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OAHTIEZ NPOZ TOYZ ZYITPA®EIZ

- To Acta Orthopaedica et Traumatologica Hellenica 6éxetal dpBpa nou avagépovtal kal cupBdannouv oty npdodo s opBo-
naibikhs kai ta onoia npogpxovtal and v EARGda kar 1o eGwtepiko.

- Ta dpBpa yivovtal bektd poévo yia anokAeiotkn dnpoaoieuon oto Acta Othopaedica et Traumatologica Hellenica.

- O1 6npoaleupéves epyaaies Kal ol €IKOVES yivovial IS10KINGia Tou eniotnpovikoU nepIodikou.

- Epyaoies nou dnpooietovtal, kaBms kal oxhpata, pwioypadies, diagdveies kar CD nou unoPanfovial npos dnpoaoiceuon, dev
ENICTPEPOVTAL.

Ynofonh epyaaias

Otav anooténnetal yia dnpoaieuon éva dpBpo npénel va ouvodeUetal and ta NapaKATw:

1. Mia ouvobeuukn eniotoin n onoia Ba nepiéxel v akéAoudn Napdypa@o, unoyeypapuévn and éAous Tous cuyypagess:
"0 (o1) kGBI unoyeypapuévos (-o1) ouyypa@éas s unoPanAduevns NPos Kpion pyaacias tns Napouons UETaBETEl (-ouv),
ekxwpef (-ouv), n dANws petafiBadel (-ouv) kGBe Sikaiwpa nveupatkns idloktnaias oto Acta Orthopaedica et Traumatologica
Hellenica kal ouvnyopei 6t autd katéxel 6Aa ta Sikalmpata ws Npos 1 unoPanidpevo uikd. O(o1) cuyypapéas (-&is) Befalmvel
(-ouv) eninpdaBeta du 1o dpBpo ival npwtdtuno kai dev tenei unod kpion oe dANo emotnpovikd nepIodikd, Kabws kal &t o
UNIk6 auto dev €xel Nponyoupévws OnpooieuBei”.

Auth n oupgwvia Npokertal va Ebei og 10xU POvo oty NePINtWon nou Wia tétola pyacia dnpooieubei oto nepiodikd. Otav
oto apBpo undpxouv NePICOOTEPOI and €vav Cuyypageis, NpEnel n eniotodn va nepigxel enions v akdéAouBn npdtaon:
"KaBévas anod tous ouyypapeis ouvnyopel 0T éxel avayvaael Kal eyKpivel To TEAIKO Keiuevo™ .

2. To NpwTtdTtUNO KEeipevo Kal tpia NANPN avtiypapa tou KeIPévou, Je eIkOves (Eooepa nAnpn oet). Autd ta €ooepa NAnpN oet
Ba xpnoigonoinBolv anod tous Kpités. O1 pyaocies ol onofes napanapBavovial npos kpion dev eniotpépoval.

3. AUo ouvodeutkd eEpunia oe kdBe epyaoia. To npato eEbeuAno npénel va nepiéxel Tov Titlo s pyacias, 1o dvopa Kal
n SleUBuvon k&Be ouyypagéa, evid To Seltepo Npénel va oupnepinapBaver Lovo tov titio s epyacias. To KEVIPO OTo ornoio
énaPe xwpa n yeném dev npénel va avagépetal noubevd oto Keipevo.

4. H epyaoia npénel va anooténnetal kal o nAektpovikh popen, o CD, oto onoio 1o keipevo Ba eival ypappévo og WORD.

Tpbdnos cuyypagpns

Ta kefyeva npénel va sivar dakwnoypapnuéva pe dinAd didouxo kai dveta nepiBapia. fevikd, éva dpBpo Ba npénel va ano-
teneital ané ta akénouba:

1. Mia nepidnyn and 200 £ws 300 Né€ers, n onoia Ba nepifapBdvel: Zkond, MéBodo, Anotenéopata kal Zupnepdopata. Enions,
Ba npénel va avagépetarl n kAivikn onpacia s unofanidpevns epyaaias. H nepidnyn nponyeital tou Kupiws Keiuévou s
epyaoias. H nepidnyn dev eivar anapaitntn otav unodAnovial NeEpIyPAPEs NEPINTOEWY (case report).

2. H epyaoia Ba npénel, katd kavova, va anoteneital and pia Eioaywyn, éva kepdiaio pe tov titlo YAiké kal MéBodos, éva
kepdnalo pe tov ttio AnoteAéopata kal tn Tudhtnon.

H Eicaywyn Ba npénel va diatundvel tnv undéBeon n onoia 0dnynoe otn dievépyeid NS PENEINS KAl TO CUYKEKPIUEVO OKOMo
s ev Aoyw penéns. Mpénel va nepidapBaver enions pia ouviopn avaokénnon ms BiBAioypagias.

To ke@dnaio YAiko kar MéBodos Ba npénel va nepinaufdvel dSnpoypagikd otoixeia tou nAnBucpiakoy Sefypatos oto onoio
otnpixBnke n penémn, va kabopicel tnv nepiodo katd  Sidpkeia s onoias dievepynBnke, Ta kpithpia nou eAneBnoav undyn,
us evOeitels yia v eyxeipnukh diadikaaia kal 1o Xpévo s napakoAoubnons.

To kepdnalo pe titlo Anotenéopata Ba npénel va napéxel pia Aentopeph ékBeon twv dedopévv nou npoékuyav and
peném. Eival autovonto 6u éda ta dedopéva nou napatiBevial oty epyacia NPENel va CUPPWVOUY pE ekeiva s nepinnyns,
KaBWs Kal e EKEVa MOU EPNEPIEXOVTAI OTS EIKOVOYPAPNTEIS, TS NECAVIES N TOUS MIVAKES.

H Zu¢htnhon Ba npénel va nepidapBaver pia avackdnnon s oXeTKNS LE T avukeipevo BiBRioypagias, pe tautdxpovn éueaon
o€ nponyoUpeva dedopéva Nou cUPPVOUV N gival o avunapdBeon Ye autd s napouaoas epyacias. H oudhtnon Ba npénel
enions va diatundvel ta nAgovekthuata, KaBws kal us aduvapies tns peAémns.

3. Or eIkdves Npénel va gival aorpOUaUPES INOUCTRACIOV EKTUNMOEIS PWTOYPAPIDV Kal MPWIOTUNWY oxediwv h oxediaypaupdtwy.
Ztnv niow éyn k&Be eikdvas npénel va enikoNidtal autokdAANTN €UKETA, OTNV OMoia va avagEéPETal 0 apiBuds s eIkOvas
Kal 0 ttios s epyaoias (Oxi 1o GVopa Twv OUyypaéwy h 10 Ovoa tou 1I6pUpatos). Monovou to nepiodikd anoBappuvel
v unofofn eikdvwy nou éxouv dnuooleubei oe anAa NepIodIKG, OE NEPIMTWON MOU TEToIou €iboUs €lkoves BewpnBolv
anapaintes, o ouyypagéas opeifel va oupnepiAdRel pia eniotofn NMPOEPXOUEVN NG TOV APXIKO KATOXO TOU MVEUUATIKOU
Sikaimdpatos, n onoia napéxel ddgia yia Ty avatinwon s gikovoypdenaons. Enions, otnv eniotonh auth npénel va napé-
xetal onokANpwpEévn evnuépwaon yia v nponyoUpevn dnuoaieuon, nepifapBavovias tn ouykekpipévn oenida otnv onoia
gUpavietal n eikovoypaenon.

4. Or Aedavtes yia 6nes us eikdves Ba npénel va unofaniovial o€ EexwpIioto Keipevo Kal va gival daktuioypanpéves og dinAd
diGotnpa. Na ene€nyeite enakpiBws U aneikovilel KABe eikovoypd@nan Kai OxI va avapépete annd, dnws yia napddelyua "pia
HETEYXEIPNTKNA akuvoypagia”. Or pikpopwrtoypagies va unofdnioviar peyeBupéves.

5. HBiBAioypaia va unopdnnetal cUpgpwva pe 1o ouotnua Vancouver. O BiBAioypagikos dnAadn nivakas kai of BIBAIoypapIkés
NapanoPnés ToU KeIUEvou NPENEl va cUPNInTouv anoAutws, €101 (MOTE HO0I CUYYPAPELS Kal EPYACIES avapEPOVTal OTO KeiUevo



va avaypd@ovial Kal otov Nivaka e th oglipd avagopds tous kal oxi aApapnuka.

Zus avapopés og ApBpa and neplodikd npénel va avaypd@ovial 1 ovOaTa TwV CUYYPAPEWY, O TTA0S NS pyaaias, To ne-

p100IK6 6rou éxel dnpooieubei n epyaaia, To €1os dnpoaieuons, o TOUOS Tou NEPIOdIKOU, TO TEUXOs Kal ol oenibes (N npn

Kal n teAeutaia).

Mapdbeiypa: Adams JC. Reccurent dislocation of the shoulder. J Bone Joint Surg. (Br) 1948;30B(4):261-4.

Orav npodkeitar yia BiPAio, n oeipd nou npénel va akofouBeital ival n €§As: NP@Ta 10 Gvopa TOU CUYYPAPEQ, HETA O Titos

tou BiBAiou, n ékdoan, o tnos ékdoans, o ekbOTKSs 0ikos Kal N xpovonloyia ékdoans.

Mapddelypa: Ford MJ, Munro JE Introduction to clinical examination. 7th ed. Edinburgh: Churchill Livingstone. 2000.

Ortav npokertal yia kepdaio BiBAiou, avapépetal ws eghs: Catagni M. Classification and treatment of nonunion. In: Bianchi-

Maiocchi A, Aronson J, editors. Operative principles of llizarov: Fracture treatment, nonunion, osteomyelitis, deformity

correction. Baltimore: Williams and Wilkins; 1992. p. 190-198.

‘Otav napaBétete anoondopata and éva PiPAio va avapépeate ous ouykekpluéves oenides nou xpnalponolouvial, ektés Kal

€AV éxel xpnoiponoinBei oNdkAnpo to BIfAio.

Katd i ouyypagn tou kelgévou npénel enions va AapBdvovtal undyn ol napakdtw odnyies:

a. Na ypdapete ofloypdews tous pikpdtepous and 1o 100 apiBpous, ektds and ta Nocootd eni ToIs €KATO, TS POIPES Kal Td
6ekadika ynoia. O apiBunts kal napovopaotns Ba npénel va oupnepifapBavovtal oe 4Aa ta nooootd eni tois ekatd. Na
OTPOYYUAEUETE Ta NOCOOTA OTav 0 NAPOVOHACThs gival pIkpdtepos and 1o 100. Aev npénel va xpnaolgonololvial Nocootd
otav n upn tous eival Jikpdtepn and o gkool.

B. Ofes ol petpnoels Ba npénel va ekppdlovial oe Povades twv diebviv npotdnwv.

y. Katd kavéva e Ba npénel va xpnaoigonoloUvial GUVTIOPOYPAPies 1 akpwvUHIa.

6. Na AEels nou TonoBetolvial evids eI0aywyIKWY, Ta onoia unodeikviouv &t éxouv dAflo vénua and autd Nou aveupioketal
o€ kdnoio Negikd, Ba npénel va avapépetal n akpIPAs Tous éwoia.

€. H AéEn "onpavukos" Ba npénel va xpnaoigonoleital pévo yia va Nepypayel Jia otauotkn onpavukotnta. Anareitar pia uph
p 4Tav XPNOIPOMOIEal N OUYKeKPIPEVN AEEN.

Ytatuoukh

1. O1 otauotkés péBodol nou xpnolgononBnkav Ba npénel va neplypdgovial oto kepdnaio YAikd-MéBodos.

2. H &iatinwon 6u " e Bpébnke kapia onpavukn diagopd Petall twv duo opddwv" dev UNopEi va avapépeTal, KOS Kal Eav
éxel npaypatonoinBei pia otaucukh avanuon kar n uph ©ou dAgea h tou PAta éxel kataypagei. Anarteital évas Ikavos apiBuos
aoBevav (toundxiotov 60, kal ouxvd nNepioodtepol, os k&Be opdda h uno-opdda), yia va yivel pia €tola Siatinwon. Edv dev
éxel npayuatonoinBei pia tolou €ibous otatoukh avaduon, o cuyypagéas Ba npénel va xpnoigonolsi tn diatinwon: "Me
ta GiaBéaipa otoixeia Sev eivar duvatdv va kabopiatel kapia onpavukh diapopd”.

3. H xpnon tns NéEns "ouoxéuon" anaitei avagopd oto ouvieNeaT CUOXEUONS I Tou Pearson product-moment.

LuykatdBeon

‘Ofa ta keiyeva nou aoxonouvtal pe i penén avBpwnivwyv dedopévwy Ba npénel va cupnepinapBavouy pia dSnAwaon, énou
Ba avagépetal 6u ol aobeveis éxouv Soel TN ouykatdBeon Tous kal n PeNEn éxel eykpiBei and kdnoia appddia entponn.

Tuyypagikn 1616tnta

Mpénel va yivel anéAuta katavontd 0T KABE oUyYPAPEQS EXEI CUUETACXEI OTO OXedIAopd TS UEAETNS, EXEl CUVEIOPEPEI OTN
ounioyn twv debopévay, éxel NGREI Pépos ot ouyypaPn Tou xeipdypapou kai AauBdvel nAnpn euBUvn yid TO NEPIEXOUEVO
s epyaoias. ZuvhBws & Ba npénel va avapépovial NePICOOTEPOI and €€ oUyYPAPEs. ATopd NMouU €XOUV CUVEICPEPE OVO
0€ éva TNPA NS €pyacias h €Xouv NPOCPEPE! NMPOS AVACKOMNON UEPIKES UOVO NEPINTMOEIS Ba Npénel va avagépovtal o pia
UNOONEIWON TOU KEIPEVOU.

To nepiodikd Sev eNITPENEN TN XPNON TETOIWY UMOONPEIDOEWY Yia TNV anddoon euXapIoUmY O GTOUA NOU CUVEICEPEPQV OE
ypappateiakd kal texviko n dAno eninedo ota NAaicia ts KavovikAs ToUS Epyaoias, yia thv onoia apeipinkav.

KatoxUpwon NVEUPAUK®mV SIKAIWPATWV

To unikd nou dnpoacIeVETal 010 NEPIOBIKG KATOXUPWVETAI WS MVEUUATKA 1I810KINoid. Qs yevikos kavovas ioxuel éu Ba bivetal
abeia og avayvwpIopéva IaTpIKA enotnoviké NePIodIKE yia v avatinwon ornoloudNMoTe KEIPEVOU A TUAPATOS KEIPévou, edv
npwta xopnyeital n ¢deia and 1o nepiodikoé.

Kpion epyacicov

Ta keipeva v epyacidv napanapBdavovtal kar eRéyxovtal and t CUVIAKUKA ENITPONA tou nePIodikoU kal anootédnovtal
otous KpItés. Epyaaia nou éxel anoppipBei cuvnBws enioTpépetal Nepinou og U0 PNVES.

AleuBuvon andAnnioypagias:

EAAHNIKH ETAIPEIA XEIPOYPTIKHE OPSOTMAIAIKHEZ KAl TPAYMATOAOTIAL

MNa 1o nepiodikd: "ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA™

A. OAgpiyk 20, 151 23 Mapoual, TnA.: +30 210 685.4156, Fax: +30 210 685.4187, Website: www.eexot.gr
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from all sources in all countries.

- Articles are accepted only for exclusive publication in the Acta Orthopaedica et Traumatologica Hellenica.

- Publication does not constitute official endorsement of opinions presented in articles. Published articles and illustrations
become the property of the journal.

- Published articles, as well as figures, photos, slides and CD's that are submitted for publication, are not returnable.

Submission of manuscript

When you send an article, the following items must be submitted:

1. The original manuscript and three duplicate manuscripts complete with illustrations. These four complete sets are
necessary for reviewers. The editorial process cannot begin unless they are received. Manuscripts of accepted articles
will not be returned.
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Preparation of manuscript

Manuscripts must be typewritten, double-spaced with wide margins. In general, an article should consist of the
following:
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Background (the hypothesis of the study must be clearly stated here), Methods, Results and Conclusions. A fifth
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of the published paper. An abstract is not needed for case reports.
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only the relevant literature. State your hypothesis and the purpose of the study. Materials and Methods: Describe
the study design (prospective or retrospective, inclusion and exclusion criteria, duration of study) and the study
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the study. All data in the text must be consistent throughout the manuscript, including any illustrations, legends,
or tables. Discussion: Be succinct. What does your study show? Is your hypothesis affirmed or refuted? Discuss the
importance of this article with regard to the relevant world literature; a complete literature review is unnecessary.
Analyse your data and discuss its strengths, its weaknesses and the limitations of the study.

3. lllustrations, which can be photographs or black-and-white drawings and which should be professionally drawn or
photographed. Each illustration should have a label on the back that indicates the number of the figure, the title
of the article (but not the authors' names or the name of the institution) and the top of the figure. Do not write
directly on the back of a figure and do not scratch a figure by using paperclips.

Colour illustrations will be considered. If you are submitting illustrations electronically, files must be in PC format,
not Macintosh, and submitted on a 3.5-inch floppy disc, standard 100MB Zip disc or CD-ROM or sent by e-mail. If
submitting by e-mail, please use ZIP compression. Images must be in TIFF, EPS or PSD format. Halftone images must
have a minimum resolution of 300 ppi (pixels per inch) and line-art drawings must have a minimum resolution of
1200 ppi.

Do not submit colour figures electronically; we cannot vouch for the quality of the colour reproduction. The journal
discourages submission of illustrations that have been published elsewhere. When such illustrations are deemed
essential, the author must include a letter, from the original holder of the copyright, granting permission to reprint
the illustration. Give full information about the previous publication, including the page on which the illustration
appeared.

4. Legends for all illustrations submitted, listed in order and typed double-spaced. Explain what each illustration
shows.

5. The bibliography should be submitted according to the Vancouver system. That means that the references made in
the text and at the end of it must coincide, so that the authors and articles referred to in the text are also quoted in
the references in order of citation and not in alphabetical order.

The references to journal articles must include the names of the authors, the title of the paper, the journal in which
the paper has been published, the year of publication, the volume, the number and the pages (the first and the last
one).
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Catagni M. Classification and treatment of nonunion. In: Bianchi-Maiocchi A, Aronson J, editors. Operative principles

of llizarov: Fracture treatment, nonunion, osteomyelitis, deformity correction. Baltimore: Williams and Wilkins; 1992.

p. 190-198.

a. The numerator and denominator should be included for all percentages. Round off percentages when the
denominator is less than 200. Percentages should not be used when the value of n is less than twenty.

b. All measurements should be given in metric or Sl units, which are abbreviated.

¢. No other abbreviations or acronyms should be used.

Authorship

The order of names reflects only the preference of the authors. Each author must have participated in the design
of the study, in the collection of the data, in the writing of the manuscript and must also assume full responsibility
for the content of the manuscript. No more than six authors should be listed; individuals who have only contributed
to one segment of the manuscript or have contributed to only some of the cases should be credited in a footnote. If
there are more than six authors, the letter of transmittal must detail why the authors have taken exception to these
recommendations and should state how each author has contributed to the manuscript.

Review of manuscripts

Manuscripts are evaluated by the editorial staff of the journal and are sent to outside reviewers. A manuscript that
has been rejected is usually returned in approximately two months. It may take more time to make a decision regarding
a paper being considered for publication.
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- e§€apOpnpa tou A7

onovdUfou avupetwnioOév cuvinpnukda
MIA NEPINTQXH ME MAKPA NMAPAKOAOYOHXH

'AHMHTPIOX I. KOPPEZ, 'BAZIAEIOZL . NIKOAAOY, ’BAZIAEIOL A. AYKOMHTPOE,
*ANAZTAZIOZ I ANAPEAKOE, 'IQANNHE AAZAPETTOL, 'AHMHTPIOZ I'. XYTAZ
'NIKOAAOX E. EYZTAGOMNOYAOX

'B’ OpBonaibikh KAvikn Maveniompiou ABnvay, «Kwvotavionouneio» fevikd Nogokopieio, Néa lwvia, ABhva, EARada
*OpBonaibikh KAvikh «Inmokpdeio» Noookopeio, Apiototédeio Maveniothpio, Beooaiovikn
*OpBonaibikh KAikh fevikol Noookopeiou «O1 Ayiol Avapyupol», Kngioid

MEPIAHWH

Mapouaoidloupe v nepintwon evos 23xpovou dvdpa,
0 0noios unéotn pid NoAU actaBn KAKWOoN OtNV AUXEVO-
Bwpakikn poipa s onovoéuAikAs othAns, xwpis veupono-
YIKG oupnpata. Auth n Nepintwon avupetwniotnke ou-
vinpnukd pe halo vest kar eixe noAU kand tenikd anoténe-
opa. H eppévouoa napapdpPwon pas avaykaos va napa-
kKonouBnhooupe tov acBevh yid va avixveUOOUWE NpmIYa
onpeia eykatdotaons mbavns puedondbeias. e nepiodo
15 €1V, 0 aoBevhs Napapével acupntwatkéds. ulntou-
UE ta npoPAnpata nou oxetiCovial pe autd tov Wno Ka-
KWOEwWV Kal tnv avaykn yia katdAdnAn Bepaneia, cupne-
paivovtas Ou N ouvinpNUKN AVUUETDNION NPOCPEPE! Hid
anodekth evandakukn Auon.

EIZATQrH

Ta katdypata-e€apBpnpata otnv auxevoBwPakIKA poipa
s onovouAikns otnANs €ival CUXVES KAKWOEIS, avinpo-
ownevovtas 10 4,9% otn oglpd pas. Anotedolv coBaph
0ooTUKNA Kal ouvdeopikh Glatapaxn, KAvovtas Ty euniekd-
Hevn neploxn noAU aotabn kal éxouv ws enindokn uwnAid
nocooto BAARNS veUpIKWY otoixeiwy. Eival kadd tekunpl-
wpévo otn BiBAioypagia 6T N avoixth avatagn Kal Eowre-

AieuBuvon Adfdndoypagias:
Anuntpios Koppés, Opot. Kabnyntis OpBonaibikns
Maverotpiou ABnvav

pikn otaBeponoinon ival anapaftnn yia v nagiovétnta
TV NEPINTMOEWY, annd auto yivetal HEPIKES POPES PE KA-
nolou BaBpou kdotos, AdYwW twv NIBavay ennAoK®Y Nou
oxetilovtal Pe 10 xelpoupyeio. H ouvinpnukh avupetoni-
on, nap6no nou cuvendyetal pe peyadutepn voondeia Kal
nepPIOPIoHO Twv SPACTNPIOTATWY Tou aoBevous, gival pia €-
vanAakukh enidoyn nou odnyei, av epappootei katdAnn-
Aa, oe Ikavonoinukd anotédeopa. H nepintwon nou no-
pouaidloupe €6 eivarl éva Napddelyua enituxnpévns ou-
VINPNTUKAS AVUPETDNIONS pIas T€Tolas aotaBous KAKWons.

ANAO®OPA MEPINTQZHX

‘Evas 23xpovos dvopas evenddkn os tpoxaio atuxnpa
Kal HETaQEPONKE 01O T0MIKG VOOOKOEIo, 6rou o KAIVIKSS
kal akuvonoyikés éleyxos avedelEav KpavioeykePanikh Kd-
Kwon Kal pia kKdkwaon nou agopouoe ta enineda A6-O1
xwpis veuponoyikes enniokEs. Aéka PEPes apyodtepa Kal
apou akonouBnoe Bentiwon and v KpaviogykePanikh
kdkwon, o aoBevns petaépBnke otn OIKA pas yovada
onovéudikns othAns, 6rou véos €leyxos nou nepinaupa-
VE annés akuvoypapies o€ npoabioniobies, nAdyies kar Ao-
&s Anyeis emBeBaiwoe tn BAGRN tns onovéunikns otnAns
otnv auxevoBwpakikh poipa (Eikéva 1,2). H a&ovikn (EI-
kéva 3) kal payvnukn topoypagia (Eikéva 4) BonBnoav
va KatavonBei kadUtepa n unokeipyevn nabodoyia. H a-
neikdvion s auxevoBwpakikns poipas avédeite unetap-
Bpnua A6-A7, ekpnkuKkS Kdtaypa A7, katdypata kal ous
bUo nieupés tou onioBiou t6€ou tou A7 pe npdaobia oni-
oBnon tou A7, cupnIECTUKS KAtayua tns dvw enipaveias
toU ©1 kal kataypa s 6e€ids eykdpaolas andépuons Tou



Eixéva 1. lNAayia akuvoypaia n oroia
bev avabeikvUel tnv BAdBn

16iou onovéUAou. ZUvIopa, PETA TNV £I00YWYN TOU aoBe-
vous, tonoBetnBnke halo vest yia va diaopadioer and kd-
nola peyanUutepn NapeKTodNion Kai yia npoondBeia avdta-
€ns tou katdypatos. To SeUtepo dev eniteuxOnke. O aobe-
VNS aNoQacioTtNKE va avUPETWNIOTEl ouvINPNUKE, NapPd-
vOoVTas unoyiv 1o yeyovoés éu, napd tn cofaph aotdbeia
Kal NAPEKTONION Nou aneikoviZotav, Oev UNNPXav VEUpo-
Aoyikés emnnokés. O aoBevns épepe 1o halo vest yia 5 pn-
VES PE otevh napakodouBnon. H afovikn topoypagia pa-
¢ pe duvapikés akuvoypagies nou eAN@GONoav PeTd tnv a-
@aipgon tou halo €6ei€av nAnpn nwpwon, adnd eppévou-
00 NapapoépPwon. Agv avixvelBnkav onueia aotéBeias. O
aoBevns gixe pualonoyikh veuponoyikn Aertoupyia. Zuve-
otBn éva nepiAaipio Wnou Miami yia dAdes 6 eoopa-
6€s kal otn cuvéxela o acBevns htav efelBepos and k&Be
unoothpign. O aoBevhs napakoouBeito TakuKkd, apxikd
avé 2-5 €, Kal pa avé 5 €, pe kAiviké kar akuvoo-
YIKG €Agyxo yia avalhtnon onpeiwv mBavhs dyiuns pue-
AondBeias. Méxpl wpa, 15 €tn PeTd v kakwon, o aoBe-
vns givar nAnpws eNelBepos oupntwudtwy.

YYZHTHXH

Ta katdypata-e€apBpnpata ouviotolv pia noAu cofa-
ph Kakwaon tns onovoéuAikhs othAns, kaBws eninAgkovtal
og uynnd nocootd pe BAGPN tou vwuaiou yuedou. Ito
WApa pas, ta katdypata-eEapBphuata eixav veuponoyl-
kés eninAokés os Nocootd 75% (106 ano 142), site and
10 vwuaio pueid, efte and us veupikés piles.' To katay-
pa-e€dpBpnua otnv auxevoBwpakIKN Loipa €ixe oUXVOTN-
10 4,9% (7 ano ta 142). E€aitias s gUons tou, autds O
WNos KAKwaons ival aotabns Kal, ws €k ToUtou, Ba npénel
Va €XOUPE UNOYIV Jia Mo «ENIBEUKA» NPocéyyion, Kupiws
Adyw ts ouvunapéns veupodoyikns ouvdpouns. Mpdypa-
U, kal t 5 ané ta 7 nou xeipoupynBnkav gixav tagivoun-
Bei ws ASIA A.

Eikéva 2. No&n akuvoypaia nou Oei-
xvel ta e€apBpwyéva oniobia otoixeia
ota enineda A6-A7 kai A7-61

E.EX.O.T, Tépos 67, Teuxos 1, 2016

Eikdéva 3. Aovikri topoypagia nou Seixver t dielpuv-
on tou vwuaiou owArva kai tnv npdobia oNicbnon tou
unepkeiuevou onovdunou

To yeyovos 6u o acBevins evenddkn o€ tpoxaio atuxn-
pa kaver duokoAn v epunveia tou akpiBous pnxaviopou
KAKwOoNS.

H aneikovioukn e€€taon napeixe xpNolpes NANPoQopies
0€ 0,1 apopa ToV PNXaviopd KAKwons, 0 0noios gival ouv-
Betos, KaBWs évas Pabuds oTPoPNs, CUPMIECTUKMY OUVApE-
WV Kal kKapyns Ba pnopouoe va ival uneuBuvos yia To Jo-
vonAdeupo une€apBpnpa oto eninedo A6-A7 kai T0 JOVO-
nAeupo kdtaypa s eykdpaoias anégpuons ou B1, 1o ou-
pRIECUKO Kataypa tou ©1, 10 eKpnKUKO Kataypa tou A7
Kal tnv npdobia ywviwon oto eninebo A7-61 avtiotoixa.
O1 apxikés npoaBionioBies kal nNAdyies akuvoypagies dev
BonBnoav otnv avixveuon twv BAaBav (Eik. 1). O1 Ao&és
akuvoypanies htav nodu xphoiyes (Eik. 2), 6nws Kal n a-
€ovikn topoypagia (Eik. 3) kal n tpididotatn avacuotaon.
H payvnukn topoypapia €d¢i€e kaBapd v Katdotaon twv
pafakdv popiwy Kal KUpiws CUYKEKPIUEVA EKEVN TOU V-
uaiou puenou (Eik. 4).

To npdPAnua s tonikNs KUGWOoNS otV duxevoBwpa-
KIKA poipa toviletal kal ané aAfous ouyypageis’, e€artias
T0U KIvOUvou endttwons tou epPadou tou vwtiaiou cwAn-
va Kal tns enakéoudns otévwons Tou, Nou Pnopsi va o-
onynoel og pueondBeia. XNV Nepintwon Pas, N otévwon
T0U vwtaiou cwAnva ano@euxBnke NGyw Tou KAatdyuatos
Tou onioBiou 16&ou tou A7, KGU nNou au§noe v Npoabi-
onioBia S1APETPOo Tou vwtiaiou owANva Kal iXe ws anoté-
Asoua v akepaldtnta ou vouaiou puedol.>** Qotéoo,
npénel va napakonouBoupe otevd tov aoBevn yia va avi-
XxveUooupe éykalpa onoladnnote nabodoyikn petaBonn
onpartos otov vwtaio pueid. H Bepaneia autwv twv aota-
BV KAKWOoEWV €ival KUPIwS XEIPOUPYIKA YId va anoQeu-
xBei n doknon nieons ota VEUPIKA OToIxela Kal va otabepo-
NOINCOUWE TNV NEPIoXN pe Npdaobia, onioBia h 360 polpwv
onovéunodeoia.>® H npoonéiaon oxetidetal pe TV eIKOVa
ToU Katdypatos. Avagépetal 6u av n BAARN tou vwuaiou
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Eikbva 4. H apxikri payvnukn topoypagia nou Seixvel
10 EKPNKTIKO Kdtayua tou A7 ue ywviwon kai odioBnon.
O vwuaios pueos ivar og enapn LIE TNV OOTIKA MpoE-
Eoxn, annd bev BAgnoupe nabooyiké oriua

pueiou bev gival nAnpns N av dev undapxel veuponoyikn
enmnAokn kai n enéupaon pnopsi va npaypatonoinBei ou-
VIopa Petd tnv kdkwon, gival dikaioAoynuévn n Xeipoup-
yikh avupetdnion.” Enions ol Marshal et aff avagépBnkav
ot0 uynAd Nocootd eNNAOKOY NouU cuvéBnoav oTous a-
oBevels nou xeipoupynBnkav dueca. O Wnos tns BAAPNS
nou €xouv UMOOTEl 1a ootkd Kal oUvOECHIKA OTOIXEia €i-
val pia €voeign yia v ékBaon pias kakwons. Ta agiyn e-
€apBpnpata ondvia octaBeponolovvtal kal anokabiotavial,
ev ta noAAanAd ootukd tepdxia pnopoulv eUkona va -
nitaxyvouv tnv auBdéppuntn Nwpwaon kal otaBepdtnta NS
npooPePAnuévns nepioxns.

Ynv nepintwoh pas Ba pnopouce KAMOIOoS VA NMPoxXw-
pnoel pe onovbunodeaia 360 polpy, ONws KAvaue o
annes nepintoels, afid 1o yeyovos Ot o aoBevis ntav
veuponoyikd avennpéaotos o€ éva nepiBdnnov noAd a-
otaBés Ba pnopouoce va Béoel oe uynno kivbuvo nv a-
opdneid tou. Etol, ano®acioape va aviPETWwniCOUE ToV
aoBevh ouvtnpnukd pe halo vest. O aoBevns avéxBnke
noAu kand to halo vest kar akoAouBnoe miotd us odnyi-
€5 nou tou 6dBnkav. Xta 15 én wpa, n kAvikn eEétaon
tou gival puaolonoyikh Kal 0 aoBevhs €xel avwdUVo Kal g-
Aaepd peiwpévo eUpos Kivnons tou auxéva. H payvnu-
kn topoypagia (Eik. 5) dev €bei€e nabBonoyikd ohpa oto
vwtaio pueno, evid ol Suvapikés akuvoypagies £deiCav
i otaBepdtnta nou anéktnoe n npooBeRAnpévn neplo-
XN PE aohpavies ekpuniotkés aNAoIDOEIS Twv eyyUs He-
ocoonovoudiwy diaotnpdtwy.

LYMMNEPAIMA

Maponio nou n xelpoupyikn Bepaneia niotevetar ou ei-
val 0 KaBlepwpévos TpOnos avUUETDNIoNS evés Katdyua-
105-e€apBPNPATOS s auxevoBwPaKIKAS poipas ts ornov-
duAikhs othAns, n cuvinpnukh Bepaneia autwy Twv aota-

Eikéva 5. Mayvnukn touoypapia 15 €in petd tv kdkwon. H na-
paudpewaon givar akdun napouoa kai o vwraios LUenos bev Oei-
xvel naBofoyiké onua

Bv kakmoewv givarl pia anodektn evafnakukn Auon. Ol
evbei€els yia ouvinpnukn Bepaneia Bacidovial otn poppn
T0U Katdypatos-e§apBpnpatos kar otn duvatdtnta yia au-
Bépuntn ndpwon oe napektoniopévn, aifd anodektn, O¢-
on nou enitpénel T diIathpnon s AKePAIOTNTAS TOU V-
uaiou pueioU kar twv piddv. Ta eniBupntd kaAd anote-
Aéopata eaivetal va oxetidovtal pe éva katdinnia epap-
polbuevo npwtdkoAdo kal pe tnv neiBapxia twv aobevav
ous odnyies nou tous didovtal.
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H xeipoupyikn tns onovbéuiikns otnfns
oto Noocokopeio Maidbwv Meviénns
ano tnv idpuoh tou éws ohpepa

MAPKATOZ K., METPA M., KOPPEX A., ANAPOYTZOZ ., NIKOAAOY B., EY:TAGOIMNOYAOZX N., XATEP I.

B OpBonaibikn KAvikn EBvikou kar Kanobiotpiakou Maveniotnuiou ABnvay
‘Epyaothplo lotopias tns latpikns, latpikh Ixodn EBvikoU kal KanodiotpiakoU Maveniotipiou ABnvov
OpBonaidikh KAvikh Nocokopegiou Maidwy MeviéAns

MEPINAHWH

Ykonds auths TNs Epyacias €ival n avaokdnnon s xel-
poupyikns tns onovéuikhs othAns oto levikd NoookopEio
Maidwv MeviéAns anod v idpuon tou éws onpepa. Mvetal
e16IKN avapopd OToUS XEIPOUPYOUS, OUS XEIPOUPYIKES TE-
XVIKES, otous avaiobnaolondyous, ous peBddous avaiodn-
oias, kKaBws Kal ous NPWIONOPES OUYUES NMou anotedolv
onpeia avagopds yia 6no tov eNAadikd xwpo. Ennnéov
yivetal €161kn avapopd oto EMICTNHOVIKS €pY0 MOU MPoEP-
XETal anod 10 CUYKEKPIPEVO VOOOKoWElo (epyaoies kal &n-
pooledoels os O1eBvn neplodikd). Tedikd gaivetal 6t 1o €-
ninedo s Xelpoupylkhs ts onovounikns othAns oto ou-
yKekpIuévo voookopeio akonouBei ta di1eBvh npdtuna kal
eival eGioou uynno.

EIXATQrH

Ykonds auths tns gpyacias gival n napouciaon Kai n I-
OTOPIKN ANOTiINGN TNS XEIPOUPYIKAS TS onovOunikns otA-
Ans oto Noookopeio Maidwv MeviéAns and to 1957 éws
ONpEPQ. L€ auth TNy NpoondBeia Ba napouasiaotei To I0To-
pIkd dnploupyias kal e€€NIENS Tou voookopeiou, ta nepi-
otaukd kai ta uAikd nou xpnaolgonolnBnkayv, KaBws Kai ol
XEIPOUPYOI Mou ékavav tus enepPdoels. AUCTUX®S, TO ap-
x€fo ToU voookopegiou, Nou Ba Atav pia avektpntn nnyn
NANPOQOPIWY, €XEl UNOOTEl KATAOTPOPES OE peydno Bab-
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poé. NMapona autd, owlovtal ta PiRAia Tou xelpoupyeiou,
énou kal Baciotnke N CUYKEKPIPEVN épeuva, KaBWs Kal To
IoTopIKd KABAUTd TOU VOOOKOUEIOU.

TO NOZOKOMEIO

To Noookopeio Maidwv Meviénns BepeniddBnke kal ap-
XIOE N KAtaokeun tou 1o 1935. O1 ouvBnkes dPws s €no-
xNns, o B Maykoéopios MNoéAgpos kal ta xpdvia nou akodou-
Bnoav, kaBuotépnoav apketd v ofokAhpwon kai i Agl-
toupyia tou. To voookoueio dpxioe va Asitoupyei 1o 1957
ws opBonaidiké voookopeio ota nAaiola tou MIKMA Me-
viéAns pe i PonBeia ts UNICEF.

AIeUBUVTAS TOU VOOOKOUEIOU €yIve apxIkd o Xp. Xpuoav-
Bdakns kal otn ouvéxela o K. Kapnépoyiou. To 1981 1o vo-
ookopeio nepInABe otnv 161oktnoia tou dnpoaciou karl o-
piotnke SieuBuvtns tns opBonaidikns kAvikns o N. Mapi-
aKakns éws to 1985 dénou avénafe kabnkovta dieubuvin
0 A. Anpntpiédns kal tautdxpova oxeddV, 10 VOOOKOUEID
nepiniBe oto EXY. O teAeutaios napépeive dieuBuvtns tns
opBonaidikns kAvikns ws 1o 2008, onodte tov S1ad€xOnke o
onpepivés ouvtoviotis SieuBuvins |. Xdayep. Anod us apxés
s Sekaetias tou 1960 Aeitoupynoe kal n B° OpBonaidikh
kAivikn Tou voookopeiou und t SielBuvon tou A. ApQud-
voyiou péxpl 1o 1967 nou tov S1adéxBnke o M. Luupvis
¢ws 10 1975. Tov tefeutaio 61adéxBnKe yia Bpaxy xpovikod
didotnpa o . Zkeuns, ondte kal katapynBnke n B OpBo-
naidikn kAvikA Adyw ts eAaxiotonoinons ekeivn Ty eno-
X TWV KPOUOUETwV NaISIKNS GuUpaTiwons.”

To ibpupa Eekivnoe 10 1957 ws OpBonaidikd Noooko-
ueio pe téooepis ntépuyes Kal 240 kpePdua. Apydtepa npo-
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oteBnke Xelpoupylkd Tuhpa. To 1981 éyive Kpatkéd Nooo-
Kopeio, €ixe U0 Ntépuyes opBonaidikés pe 120 kpeRdua,
uia xelpoupylkn Kal pia népuya nou ¢ino&evouoe naidid
tou MMIKMA nou €puyav to 1983 kal o’ authv tnv Népuya
avantxBnkav ta EEwtepikd latpeia. Me v évapén tou EXY
10 1985, yivetal leviké Noookopeio Maidwv pe 160 kpePd-
Ta, ta 30 avhkav oto OpBonaidikd Tuhpa, yia va nepiopl-
otouv apyotepa ota 22 pe i dnpioupyia tou Neuponoyi-
KoU TUAPATOS. XT0 VOoOKOpEio unnpétnoav a&ivAoyol op-
Bonaibikoi kal N avupetnion Twv NabAcEwy Kal twv na-
PAPOPPWOEWY ts onovounikhs othins Atav éva and ta
Baoikd avukeipeva.’

H XEIPOYPIIKH THZ ZMONAYAIKHX ¥THAHZ

£TO NOZOKOMEIO

And 1a NePIOTATIKG MOU avUUETWNIZOvVIal OTO VOGOKOLEIO,
ol NApApoPPOaEls tns onovOuAikns oThANs anéktnoav -
&éxouoa onpaoia and noAu vwpis. To NPMTO XEIPOUPYEIO
onovoudikhs othAns €yive 1o 1958 o aoBevn 14 1tV pe
161onabn okoniwon and to X. XpuoavBdkn kal apopouce
o€ onioBia onovéunobdeoia ©3-01 pe auToPOOXEUPA €K TNS
aplotephns kvauns. EKTOTE, kal éws 10 2011, éxouv dlevep-
ynBei oto voookopeio 554 xeipoupyeia onovOuikns otn-
Ans, ota onofa éxouv ouppetdoxel 121 xelpoupyoi, Kupi-
ws opBonaidikof, afnd kal BwPaKOXEIPOUPYOI, YEVIKOI Xel-
poupYol Kal veEupoxelpoupyoi. O apIBUds Twy XEIPOUPYEI-
WV ava xeipoupyod ¢aivetal otov lNivaka. Enions kataypd-
Q€tal kKal N cUPPETOXN 54 €16IKeUdpEVWY PE PYECO OPO Ta
7 Xelpoupyeia o kabévas.'

O1 onpavukdtepor avaioBnoiondyol nou xopnyoloayv Ty
avaioBnoia ota xelpoupyeia Ntav o Tempylos LUPewvidns
and o 1957, n Kaponiva Xatidou and 1o 1965, o Xpn-
otos Zaxapiddns anod to 1970, n Anpntpa Mannd and to
1985 kal 0 Ztaupos AiBdvios ané 1 2000 éws 10 2012.
H uébodol avaiobnoias agopouv and to 1958 vevikh pe
pentothal kar aiBépa, ané to 1960 yevikn pe evOOTPAXEI-
akn dilaownnvwon kal ané 1 1973 yevikh pe eNeyxoue-
vn unoétaon. Ooov agopd otny eleyxduevn unodtaon, au-
T enituyxavovtav apxikd pe Alfonad, petd pe vitponpwo-
oikd, evd ano 1o 1993 xpnaolponoigital ouvouaouos pap-
HAKWY OXETKG PE To BABos s avaiodnaias.’

O1 nio afloonpeiwtol otabpoi otnv €E€AIEN TwV TEXVIKWDY
nou €xouv xpnaolyonoinBei ival o1 ns:

1. Onws npoavapEpOnKe, 10 NPWTO XEIPOUPYEio onovou-
AikAs otnAns €yive 1o 1958 o€ aoBevn 14 gtwv e 1610-
nabn okofiwon anod to X. XpuoavBdkn Kal apopoUce
o€ onioBia onovéunobeoia ©3-01 pe AUTOPOOXEUHA €K
s aplotephs kvhpuns'

2. Ané 1o 1959 xpnoigonomBnke n péBodos Hibbs nou
nepifappaver in xpnon autdénoywv Aayoviwy JOOXeU-
HATwV yia i onovbuiodesia’

3. To 1973 npaypatonolnBnke nBonAactikh pe apaipeon
nAgup@v and 1o Se€16 npIBwpdkio and tov Mav. Lpupvh'

4. Tnv iG1a xpovid (1973) npaypatonoinBnke n Npmn oty
EARaba onovéunodeaoia pe epappoyn padou Harrington
oe aoBevn 15 etwv pe 1610nabn okoniwon. To xelpoup-

MNivakas
Xelpoupyoi kar apiBuds xelpoupyeiwv onovounikns
otins oto Noookopeio Maidwv MeviéAns

XEIPOYPIOI EMEMBAZEIX
1958 - XPYZANSAKHL 2
1958 - KAMIMEPOTAQY 28
1958 - APZIMANOTAOY 19
1959 - AEQNIAHE 7
1959 - IMYPNHZ 46
1961 - MAPIAKAKHZ 20
1973 - TIANNEZTPAZ 2
1985 - AHMHTPIAAHZ 299
1985 - ANTQNIOY 25
1982 - XATEP 89
AIAOOPOI 42
LYNOAO 554

yeio npaypatonomBnke and tov kaBnynth tou naveni-
otnpiou tou Cincinnati twv H.M.A. NikéAao lNavvéotpa
HE TN OUPIPETOXN TwV ZpUpvh Kai Tolunoukn' >

5. To 1985 npaypatonoinBnke onioBia onovéunodeoia
©2-03 oe aoBevn pe 161onabn okodiwon pe tn xphon
pd&pbdou Harrington, nAgéypatos Luque kal oupudtwy.
To xelpoupyeio npaypatonoinBnke and tous Anpntpi-
abn, Avtwviou, Xayep kal Kaviep. Autd Atav to npwito
xelpoupyeio onovounikns othANs OTo VOCOKOEID Und
10 V£0 ToTE KaB=ots tou E.L.Y.

6. To 1992 npaypatonolnBnke and tous Anpuntpiddn Kal
ouv. onioBia ondévbunodeoia ©2-02 os aoBevh 13,5
€1V pe okodiwon eni yayyAloveupdpatos Kal Xpnol-
ponoinBnke ouotnua IZOLA kai Siauxevikoi koxAies yia
NPMN PopPd OTo Voookopeio'

7. Metda 1o 1985, og noiés napapopPmaoels s oniodi-
as onovounodeaias, nponynBnke npdobia npoonéna-
on yid SIOKEKTOWES h ooteotopies. Ano tote NoANEs xel-
poupynBeioes NAPAPOPPOOEIS aPopoUv acbeveis pe
VEUpOWUikés nadnoels'

8. Ano 1o 1985 xpnoigonoinBnke to Stagnara wake up test
yla veuponapakodouBnon. And 1o 1999 xpnoiyonoin-
Bnkav t1a cwpatoaicBnukd duvapikéd kal and o 2004
€ws ONPEPA Xpnaolyonololvial tTd cwuatoaliodntukd Kal
KIVNTKG NpokANntd Suvapikd'

9. To 2007 xpnaiyonolinBnke yia npdtn popd cUoTNpad au-
topetdyyions pe cell saver'

NOINEZ APAXTHPIOTHTEX KAI O POAOX TOY
NIKOAAOY INANNEXTPA

Ye autd 1o onpeio npénel va yivel €16IKA avapopd otn
oupBonn tou NikoAdou lMavvéotpa (1909-1978) otn xel-
POUPYIKA tns onovOunikAs othANs OT0 CUYKEKPIUEVO VO-
ookopeio, annd Kal yevikdtepa otov eninvikd xwpo. O-
vtas hon katagiwpévos kaBnynths OpBonaidikns otnv A-



pepikn (KAvikds KaBnynths OpBonaidikns oto Maveniot-
pio tou Cincinnati, noAuypagdtatos, nou disténece Mpo-
€dpos tou thpatos Modokvnpikns kal Akpou Modds tns
Apegpikavikhs Akadnuias OpBonaidikwv Xeipoupymv) eni-
OKEPONKE 10 VOOOKOWEIO Kal unod v enifAgyn tou N and
Tov 610 €yivav ol npwtes onioBies onovoéunodeaies ye
xphon papdou Harrington.””

EmnAéov, pe dikn tou npwrtofoudia, 1o 1974 opyav-
Bnke 10 Npwto ouvédpio onovdunikhs othAns otnv EAAG-
ba nou Qépel 10 Gvoud TOU Kal OPYAVMVETAl EKTOTE aven-
Ains oe ethola Baon.”

Ténos aiel va onpeiwBel 6u, katd tov Mav. Zyupvn, 10
1974-75 opyavmBnke and opBonaidikous Tou VOOOKOWE(-
ou n npwtn padkn e&€taon naibwyv o€ oxoneia yia napa-
HOPQWOEls Tns onovouAikhs othAns, KAt nou Ndn gixe ap-
xiogl onopadikd ous H.M.A.**

EMIXTHMONIKO EPIro

And tnv opBonaidikn KAIVIKA TOU VOOOKOUEIOU €XEl MPO-
KUyel agidAoyn eMCTNPOVIKA KAl ouyypagikn dpactnpiod-
nta. O Mavayidns Lpupvns dSnPocieuoe tnv euneipia tou
npwtou school screening otnv EARAda oto GpBpo tou oto
nep10diké JBJS (Br) pe titio: “School screening for scoliosis
in Athens”® 10 1979 kai 1o 1987, kai o10 nepiodikd Or-
thopaedics pe titio: “Idiopathic scoliosis: characteristics
and epidemiology”’. O N. Mapiakdkns eknévnoe 516a-
Ktopikh diatpiPn to 1980 pe titdo: «ZupPonn €S tnv xel-
poupyiknv Bepaneiav tns okoAibosws d1d tns ueBddou
ou Harrington».® TéAos, oI AnuntpIddns kal Xdyep ano-
wWnwoav v nAoUola EPNEIpia Tous O€ OpIopEVES ONPOOI-
evoels o€ afidvnoya nepiodikd, kabws kar noNAés avakol-
vioels oe ouvédpia.®¥"°

LYMNEPALIMA

Ev katakAeidl, paivetal éu oto voookopeio naidwv Mevié-
Ans n xelpoupyIkh ts onovounikns othAns Bpioketal and
v apxn o uynno eninedo pe noAdoUs Kal afiénoyous
opBonaidikous Nou Katayivovtal Pe 10 CUYKEKPIUEVO avu-
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KEIUEVO Kal KUPIwS UE TS NApauopPwUKES Nabnoels (oko-
Aiwon, kuewon kAn). To ouykekpipévo iGpupa €xel pia I-
otopia 50 kal nAéov €ty pe peydno aplBud xeipoupyei-
wv Kal epnelpias va enidei€el. Gaivetal du npwrtonopoloe
névta kal akofouBouoe tnv eG€AIEN otn Bepansia Nadn-
ogwv s onovounikns othAins pe Bdon ta diebvn npdtu-
na. Aikaiws Aoindév ous ouveldhoeis dNwv twv opBonaidi-
KV ohpepa Bewpeital éva KEVIPO avapopds TNSs XEIPOUP-
yIkns ts onovéunikns otnAns navenAadikd, adfa kai &1-
€Bvds, Mou napéxel unnpeaies uyeias uyniou ennédou.

BIBAIOTPA®IA

1. Mewpd M., Xdyep I.: H Xeipoupyikh ts Znovounikns
YthAns oto voookopeio Maidwv Meviénns: Avadpopn
1957-2011. Opifia oto ouvédplo Znovounikns LtnAns
“Mavvéotpas- Xpupvns”, 2011

2. BapBapouons A.: lotopia tns OpBonaidikns and tny
apxaldtnta Péxpl onpepa. ogn. 439-442. Eniotnpovi-
kés Ekdoaoels Mapiaidvou A.E., ABhva 2001

3. Mapiakdkns N.: YupBoAn €is v xelpoupyikny Bepa-
neiav s okoAihoews dia s peBddou Harrington, O1-
daktopikn diatpiPn, ABnva 1980

4. Kapnépoynou K.: H OpBonaidikh Kaivikh oto MIKMAA.
Acta Orth Traum Hell, vol. 48, 4:63 (1997)

5. NicholasJ. Giannestras, M.D., 1909-1978 J Bone Joint
Surg Am, 01,;61(3):472 (1979)

6. Smyrnis PN et al: School screening for scoliosis in Athens
JBJS Br, vol.61:2, 215-217

7. Smyrnis PN et al: Idiopathic scoliosis: characteristics
and epidemiology. Orthopedics. 1987 Jun;10(6):921-6.

8. Magnisalis EA et al: Analysis of a retrieved Isola spinal
system fractured in service. J Biomed Mater Res B Appl
Biomater. 15;64(1):6-12.

9. Krallis P et al: Hybrid instrumentation for correction
of adolescent idiopathic scoliosis. Acta Orthop Belg.
78(1):94-9.

10. Priftis KN et al. Effects of bracing on lung function in id-
iopathic juvenile kyphosis. Pediatr Pulmonol. 35(2):83-6.



EEXOT
Toépos 67, (1): 7-13, 2016

NAaoukn tetpakepanou pnpiaiou puds
yia tnv anokatdotaon dUokapntwv yovatwv

KAINIKH MEAETH ZEIPAZ AZOENQN KAI KA©GOPIZMOX LTAAIQN
XEIPOYPIIKHZ TEXNIKHZ ME APOPOXZKOIMIKH YNOBOHOHZH
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MEPINAHWH
2Komnos

H nAaoukn tetpakepdnou sivar pia 181aftepa yvwaoth pé-
Bobdos Bentiwons tou eUpous kivnons (ROM) evés duoka-
Untou N dkauntou yovatos. Exouv neplypaei SIAQopES te-
XVIKES pe avanoyes evoeitels, anAd kal onpavukés emnno-
KES. ZKOnOs autns s gpyacias gival n napouciaon pias
XEIPOUPYIKNS TEXVIKNS TNV NAACTKN TOU TETPaKePAnou Pe
OUYKEKPIPEVOUS XEIPOUPYIKOUS XpOvous, nou ouvOudletal
HE apBpookdnnaon, yia IV avuuetonion tTou SUOKAUNTou
yovatos, Adyw pikvwons Tou ektatkoU pnxaviopou. Eni-
nA€ov otoxos €ival N NEPIypapn Twv dIaBECIPWY TEXVIKDV
Kal Twv TpONonoINCEMmY ToUS, N Mapouciacn TPIWV AVULE-
TwnIoBéviwy NEPIOTATIKWOVY and T ouyypagikn opada kai
n oudhtnon twv anoteNeCHAETWY TNS XEIPOUPYIKNS TEXVIKNAS
Kal twv BiBAioypagikdv dedouévwy.

YAIko kar MeBobos

MpOKEITal yIa TPEIS NEPINTMOEIS HUCKAPMTOU ydvaTos nou
avupetwniodnkav pe nAacukn tetpakepdnou Pe tnv Tpo-
nonoinpévn texvikn katd Thompson, o€ cuvduaopd Je ap-
Bpookdnnon yévatos. H npdtn nepintwaon agopd Kopitaol
18 e1bv pe Suokapyia apiotepou yévatos, Adyw nponyn-
Beioas emphkuvons yia avuuetdnion avicookenias 8ek.,
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pe nAnpn ¢ktaon kar 10° kGuyn. H 6eltepn nepintwon a-
@opd kopital 12 ety pe duokapyia yovatwy auew, Ad-
yw AINMSoUS atpo@Ikns ekPUAIONS AUPOTEPWV TWV TETPA-
kepdnwv. To Npogyxelpntikd eUPos Kivnons tou e€lol yo-
vatos htav nAnENs éktaon kai kaBéAou Kauwn, eV Tou a-
plotepol nAnpns éktaon kai 90° kGuyn. H tpitn nepintw-
on apopd dppeva 25 etwv pe duokapyia aplotepol yo-
vatos, Adyw nponynBeiocas NIAKUVONS YIa AVUUETDNIoN
avioookenias, petd and apBpddeon 1ou cUGCTOIXOU IoXIoU.
Mpoeyxelpnukd eUpos kivnons 0-10°.

Anotefiéouata

YInv NpdIn nepintwon eniteUxBnke NANPNS €ktaon €ws
150° kGpwn GUEOQ, PETEYXEIPNTKG OTNV MEVIAETIA TO €UPOS
kivnons tou yovatos htav 10°-110°. £n dedtepn nepintw-
on 10 PETEYXEIPNTKO €Upos Kivnons 0-130°, névie én e-
teyxelpnukd 20°-100°. Lnv Tpitn NEPINTWOoN 10 PETEYXEl-
pNUKO €UPOS Kivnons kupaivétav and 0-90° kar tpia éin
pEteyxelpnukd 0-90°.

Juunepdouata

H nAaoukn tou tetpakepdnou os cuvbuaoud ue apbpo-
oKONNoN Tou yévatos Kal akoAouBwvias OUYKEKPIPEVOUS
XEIPOUPYIKOUS xpdvous Béaoel avatopikou afyopiBuou, ey-
@aviCel evBappuVvKA anoteAéopata yia tv avuuemnion
Tou duoKauntou yovatos.

Né€eis kAelbid: Suokaunto yovaro, nAaotkn ETpakepdou,
pikvwon ektatukou Lnxaviopou
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Mivakas
AnoteAéopata BeAtiwons Tou evepynukoU eUPOUS Kivnons
Mpogyxeipnuka 3 pNves peteyxeipnukd 3 €In pETEYXEIPNTKA
AcBevhs 1 0-10° 0-90° 10-130°
AcBevns 2 0° 0-100° 20-100°
AcbBevns 3 0-10° 0-90° 10-90°
EIXATQrH Adyw pikvwons twv KABEKTKDY CUVOECUWY NS Enyovati-

‘Eva duokapnto yovato n éva yévato o€ nAnpn akay-
wia eivar pia noAunAokn kar 1diaitepa coPaph katdotaon,
nou neplopiCel Tn guaolonoyikh Badion kar v KaBnpepi-
v dpactnpidtnta, pe odUVNPES CUVEMEIES OTNV MOIGTNTA
{wns Tou ndoxovid.'

H nnéov diadebopévn péBodos avupetmnions evéds OU-
oKapntou yovatos, Adyw pikvwons Tou eKtatikoU gnxavi-
opou, ival n neplypageioa NAACTIKA TETPaKePENou apxi-
k& ano tous Thompson® kai Jude', evid petayevéotepa a-
vanwxBnkav noAnés tpononoinoels. H kAaoikn pébodos
aAnd kar ol TPOMOMNoINCEIS TNS APXIKNS €xouv OUVOEDE! pE
gia oglp@ onPavukoV eNNAOKWY, 6Nws N avendpkeia Tou
€KTATKOU pnxaviopou pe éAneiypa €Ktaons Tou yovatos
Kal n avanwén peteyxeipnukns Aofuwéns Adyw tns upei-
as npoonénaons Kal s peyanns ékBeons twv epnnekope-
vV 10TMV.” H pappoyh pias TpononoinPévns XEipoupyi-
KNS texvikns, apBpookonikd unofonBoUuevns Kal eNopé-
vws NIydtepo eneppatikns, Ue XEIPOUPYIKoUs xpdvous Ba-
01(bPEVOUS O€ €va avatopikd tonoypaiké anydpiBuo, Ba
NePIOPICE US avaPEPOPEVES ENIMAOKES Kal iows va odnyou-
O€ O€ OUYKPITIKA avTEPa anoteNéopata. Ltnv epyacia au-
T napouolaletal kar a§loAovEital pia Texvikn NAacTKNs Te-
pakepdanou, nou Bewpeital ypononoinon s avtictoIxXNs
peBoddou katd Thompson kai n onoia cuvduddetar pe ap-
Bpookonikd éAeyxo tou ydvatos yia tn Auon tuxév evdo-
apBpPIKMV CUPPUOEWV Kal TNV XaAdpwaon TwV PIKVWTUKWOV
napaeniyovatdikwyv KaBekukwy ouvoéopwy. Enions, n e-
Pappoyn avatopikoU afyopiBuou otous avolKtoUs XEIpoup-
yIkoUs xpévous PBonBd tov xelpoupyd otnv enipenn ano-
katdotaon OAwv twv eunAKopévVwY 10TV, LNV €pyacia
auth yivetal ava@opa oe TPEIS OMAVIES NEPINTWOEIS XPOVi-
ws dUoKAUNTOU yovatos e pikvwon Tou eKTaTKoU pnxa-
viopoU Kal ouykpivovtal 1 anoteAéopata tns TEXVIKAS PE
ta undapxovta BiRnioypagikd dedopéva.

ALOENEIX KAl ME©GOAOX

Tpeis aoBeveis pe SUOKAPNTO yOVATO Kal Pikvwon Tou &-
KTaTuKoU unxaviopoU unoPfinBnkav o nAAoTKA anokatd-
otaon tou tetpakepdnou ta €tn 2009 kar 2010. O péoos 6-
pos nAikias twv acBevav ntav gikool etwv (12-30), evid n
XPOVIKA SIGPKEID NS PETEYXEIPNTIKNS NapakoAouBnons n-
tav ta pia én. H npdtn acBevis ntav Kopitol HekaoKtm
€10V Je avioookenia, Adyw ouyyevous Bpdxuvons Tou api-
otepoU unpiaiou. H aoBevins unoPAnbnke oe diataukn o-
OTEOYEVEON WE EMIPAKUVON TOU Pnplaiou 0ootoU Katd 8ek.
Kal teAikn 1000okéRIon o€ nAIKia Sekagl) etv. Meteyxeipnu-
K@, n aoBevns avéntuge Suokapyia Tou apiotepoU ydvatos

bas Kkal pikvawons Tou eKtatkoU pnxaviopou. Mpayuatonol-
hBnke nAaoukn tetpake@anou pe xaNdpwon twv KaBeku-
K@V ouvOEopwy, Z-eNIPNKUVON ts NayovokvNpIaias Taivias,
V-Y €nipnkuvon Tou Tévovta Tou TETpakepdanou Kal agaipe-
on tou evdidueoou nAatéos puods. H 8eUtepn nepintwon
Atav Kopital SOEKA €TV PE 10TOPIKS NPAWPOU TOKETOU 6-
nou katd i didipkeid tns voondegias s otn Beppokoitida é-
yIvav evOOUUIKES eyXUOEIS OTOUS TETPAKEPAnous pnpiaious
(enAinés 1otopIkd and Tous YOVELs yia 1o €i60s Tou eyXedE-
VOU OKEUAOWATOS: KOPTKOEIOES, avuRiwon, avu@Aeypovam-
bes — avanynuko, epBoniaopods kAn) ol onoies npokdneoav
HUIKN pikvwaon kal atpo®ia. Katd v avantugn s, ol pues
bev akofouBnoav tov puBUd eNIPAKUVONS TWV PNPIaiwy o-
otwv. To npoéPRAnpa ntav 1diaitepa éviovo otov Oe€id Pnpo.
Ye nAikia piwv etwv éyive enéuPaon oe Noookoueio Mai-
Swv yia T xaNdpwon Twv JUOTEVOVTIWV PIKVWHEVWY OTOI-
xeiwv, aAnd kabs to naidi avanwoodtav dnpioupynBnke
duokapyia kai enikd akayyia oe nAnpn éktaon tou Hefiou
yoévartos kal duokapyia pe anmieia nANPouUs Kauyns (eU-
pos kivnans 0-90°) oto apIotepod yovato. H payvnuki topo-
ypaogia nou npaypatonoindnke oto €16 unpd kar yévato
€6¢1e puaolonoyikn eikdva yia 1o yévato, anid pe Ainmon
atpo®ia tou peyanUtepou GYKOU Tou TETpakepdiou Kal Ku-
piws tou evdidueoou nAatéos puds. H aobevins unofAnbn-
ke og xandpwaon tou opBou pnpiaiou, agaipeon tou atpo-
@IKOU Kal pikvwpévou evdiduecou NAatéos puos kai Siato-
pN TV kaBekuKkOV cuvdéopwy tns eniyovatidas. Aev anal-
BnKke enipnkuvon V-Y otov tévovta tou tetpakepdou. H
Tpitn nepintwon Atav dppev 30 €10V Ye 10topikd apBpod-
Heons tou apiotepou Ioxiou, Adyw noniopueniudas. O aobe-
vns, Ndyw s avicookenias nou npokANBnke, unoBAnBnke
O€ €NIPAKUVON TOU apIcTEPOU UNpIdiou pe Iatatkh 0oTeo-
yéveon. ENNABe pev Icookénion, adnd avantixBnke duokap-
wia Tou aplotepol yovartos pe eUpos Kivnons 0-10°. H avu-
pETONIoN s duokapyias NpaypatonolnBnke pe xaddpw-
on tou opBou pnpiaiou, V-Y TEXVIKN OTOV KOTAQPUTKS TEvVOo-
VIa ToU TETpakepdou, apaipeon tou eviiapesou pnpiaiou,
Z-xandpwon tns Aayovokvnuiaias taivias kar apBpookoni-
KN xaAApwon twv KaBeKTKwY ouvOEoUwY TS enyovatioas.

MEPIFPA®H THX XEIPOYPIIKHE TEXNIKHX
KAI TOY METETXEIPHTIKOY MPQTOKOAAQY
ATMOOEPANEIAL

O aoBevhs und vevikh avaiobnoia kar eniokAnpidio ka-
Betnpa, kaBws kal kataAAnAn avufiotkn aywyn, Tonobe-
teital og Unua Béon. Ano@eUyetal N xphon Ioxafyou nepi-
Heons tou pnpou yia 6uo Ndyous: () yia Tov ouvexn €Ngyxo
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Eixéva 1. (A) Mapaokeun opBoU unpiaiou. (B) Apaipeon evbidue-
ons kepanns tetpakepdiou. () V-Y nAaotkrn opBou unpiaiou yia
v andéktnon tEAIKAS KAUWNS tou yovatos

s algoppeayias kal tnv ano@uyn dnuioupyias PETEYXEIPN-
UKDV algatwpdtwy, nou duvnukd odnyolv o€ vées ouno-
MOINGEIS KAl PIKVAOEIS, Kal PB) yia tv eEaopdnion npéofa-
ons o€ 6o 10 PAKOS ToU PnpoU apoUu cuvhBws anaiteital
anokéAANCN WV PUIKDV YaoTEPWY apKOUVIWS KEVIPIKA.

A. ApBpookdrinon ydvatos

Av kai n apBpookonikh ¢don s enéuBacns dev gival
katd noAdoUs anapaitntn, oI CUYYPAPE(s kpivouv &t NpéE-
nel va npaypatonoleital yia tov éigyxo kal AUon TUxov ev-
b0apBpIKY cuPPUoEWY, Pikvwaons Tou onioBiou xiaotou
ouvdéopou kal apBpikou BuAdkou, annd kal yia tnv ap-
Bpookonikh xafdpwon twv NapagniyovatudIk®y KabekT-
KV oUVOEoUWV.

B. Avoikth xelpoupyikn enéuBaon
H B¢on tns xelpoupyikns touns noikifel avéioya pe v

nepintwon. Kpithpia yia t 6éon ts tophs anotedouv: (a)

O1 ouflés and us nponynBeioes xelpoupyikés npoonend-

ogls, (B) n evionion v PIKVWTK®V I0TMV (KaBektKkoi oUv-

beopiol, Tévovias TETPAKEPANoU, YOOTEPES KEPANWDV TETPA-
kepanou, Aayovokvnuiaia taivia).

Katd v enéuPfaon npaypatonoiotvial otadiakd ol e-
€Ns xeIpoUpyIKOi Xpdvol:

1) AnokoAnnon s yaotépas tou opBou unpiaiou (rectus
femoris) anoé v evdidueon keanh Tou TETpakePanou
(intermedius) (Eikéva 1A). H yaotépa ts evOIdpeons Ke-
@anns tou tetpakePanou gival cuvnBws pIKVwWUEVN Kal
anotedei v kUpla artda s duokapyias. Agaipegital o-
AokANPWTKA, Ue NPOCOXNA va Pnv apalpedei kail to ne-
PIOOTED TOU PNplaiou ootoU, yiat tdte undpxel o Kivou-
VOs VEas enikOAANONS TS yaoTtépas tou opBou pnpiaiou
€ni tou pnplaiou ootou (Eikéva 1B). H napapovh aké-
pQIOU TOU MEPIOCTEOU 0NV NPOabia eNIGAVEId TOU pUn-
plaiou enitpénel tn puaolodoyikh ofioBnon twv PUiKoy

OTOIXEIWV TOU TETPAKEPANOU PETEYXEIPNTKA.

2) Xaddpwon s Aayovokvnuiaias taivias kal enpgnkuvon
s e exvikn Z. H olykAeion ts topns Z Ba yivel oto
tAos s enépfaons yia tov éneyxo tns tdons ns Aa-
yovokvnpiaias taivias.

3) XaAdpwon twv KaBeKuK®Y ouvOECPWY NS eNlyovati-
bas e OXAOEIS N PIE TOPES ENIPNKWS TwV NAAYIWV XEINE-
wv s eniyovatidas. Mpoooxn anaiteftal va pnv avol-
Xtel 0 apBpIkés BUAaKOS ToU YOVaTOS.

4) Aidonaon 6AwV TwV PIKVWTKDV OTOIXEIWV OUS YOOTEPES
TV KEPANMmY Tou TETpakepdnou 1600 NePIPEPIKA OGO
Kal apKOUVIwS KEVIPIKA yid va eEaopaniotei n oo 1o du-
vato peyanUtepn petaty tous onioBnon. H anokéAAnon
auth anartel yvon s avatopias Tou TETpakepanou Kal
xpnhon twv daktiAwy tou xelpoupyou (blunt dissection).
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Eikova 2. (A) TeAikn evepyntkn éktaon, (B) teAikn evepyntikn Kauwn otnv tpietia

5) TéAos pnopei va anaitnBei kal n eniynkuvon Tou Kata-
QUTKOU TEVOVTd TOU TETPAKEPAnou pe texvikn V-Y. Au-
165 0 XEIPOUPYIKOS XpOVOS ano@aciCetal anod o XEIPoup-
YO 0t10 N0s s eNéuaons Kal apou €xouv nponynBei
6a ta avwtépw neplypagévia otadia. O Adyos ival 6t
val pev odnyel og peyaAUtepn KAPWn tou yovatos, an-
Ad eykataneine kdnoiou BabpoU avendpKEIQ TOU EKTA-
UKOU UNXaviopoU Kal enopévws €AAgIYUa otny evepyn-
KN €KTaon tou yévatos, Katd Jéoov 0po MéVie ws Oé-
Ka poipes (Eikéva 1T7).

Katd tn didpkeia tns enépBaons eAéyxetal to €UPOs Kivn-
ons ToU yOvVaTos Pe NaBNTUKES KIVAGEIS AuToU Kal eNeyxdpevn
ano 1a X€PIA TOU XEIPOUPYOU Kivntornoinon s apBpwons.
Y10 tAos anarteital enipenns arydotaon, tonoBémnaon dUo
TOUAAXIOTOV NAPOXETEUCEWV, OUYKAEION TWV XEIPOUPYIKWDV
TOPWV, Niecukn elaotkn eniGeon yia  Peiwon twv KEVDV
Xpwv, aueon tonoBétnon tou okénos og Béon 90-90 (k-
wn 1oxiou kal yovatos ous 90°) kal cuvexh nayoBepaneia.

I. ®uoikoBepaneia

O aoBevns eniotpépel oto dSwPAUO tou Kal und v eni-
dpaon s eniokAnpidias avaiobnaias Eekiva dueca naBnukn
KivnoloBepaneia pe i xpnon pnxavhpatos CPM (Continu-
ous Passive Movement). To pnxavnpa CPM xpnaoiponoiei-
tal kaBnpepivd yia noAnEs WpPes kal oe eUpos Kivnons nou
avéxetal o aobevns. O aoBevhs Ba napapeivel 0To VOOOKO-
EIO yIa TPEIS TOUAAXIOTOV NUEPES YIa TOV ENEYXO TOU HETEY-
XEIPNTUKOU Afyous, Tov €AEYX0 TWV AIPATWHATWY, T XpNon
nayou kal CPM. To unxavnua CPM ouvodeuel tov acBevh
Kal otnv oIkia Tou Kal Xpnaolyonolgital yia dUo e36opdades.
MapdnAnna, o acBevihs Ba Eekivhoel otadiakd evepynTkEs
QOKNOEIS TOU €KTATKOU pnxaviopou kal Ba nepnatnoel Pe
xphon Celyous Baktnpicy, oo Mio yphyopd o avéxetal. H
anokatdotaon pe puolkoBepaneutn Ba ouvexioTel yia Tou-

Adxiotov €va phva, evd Otn CUVEXEID MPOTEIVETal N Npay-
HaTOMNoiNoN WV AOKACEWY OE YUPVACOTAPIO PE KaBnpepIivh
xphon otaukou nodnAdtou, ackhoswv didtaons kal evou-
vapwons. O aoBevhs npénel va evBappuvetal va ektensi ka-
Bnpepiva Us aokNoels tou kal va AapBdver avafynukn ayw-
YN, av 10 €xel avaykn. ZuvnBws, T0 ApXIKO PETEYXEIPNTIKO €U-
POS KiVvNons Tou yovatos PEIVETAl TOV MPWTO Phva oQpeind-
pevo otnv pAgypovmdn avtidpaon twv PUikov otoixeiwy. O
aoBevhs kaBnouxdadetal Kal cuvexiCel 1o Npdypappd Tou Kal
otadIakd 1o EUPOs Kivnons auEAVETal TOUS ENOPEVOUS UNVES.

AMOTEAEXMATA

YNV Np@n NEPINTWON, N NPOEYXEIPNTKA SUCKAPYIa ToU
yovatos kupaivotav 0-10° (Mivakas). AJeoa JETEYXEIPNT-
KG kupaivotav ous 0-150°, neplopiotnke OPws Petd and
pia €Bdoudda ous 0-90°. H aobevhs akofouBnoe kavo-
VIKG 10 Npdypappa euolkoBepansias apéows PETE N Xel-
poupyIKN enéuPaon kal kaB’' 6An t didpKeia TNs NAPAKO-
AouBnons. Katd v enavegétaon tns acbevous, Tpeis pn-
VES PETEYXEIPNTIKE, TO EUPOS KivNoNs TOU yOVATOS NAPEPEI-
ve oto 0-90°. Enions, 61amotOnKe atpogia TETPaKepa-
Aou kai aduvapia nAnpous £ktaons katd 5°, Adyw s xa-
AGpwons — €NIPAKUVONS TOU TEVOVIA TOU TETPAKePAanou.
H aoBevns ouvéxioe yupvaoukn pe KUpIo otdxo thy evOou-
vapwon. Xtnv tefeutaia enavegétaon s acBevous, PeTd
and tpia éwmn, dianiotwBnkav: éANEIPPa EVEPYNTKAS €KTa-
ons 10°, nabnukn éktaon nAnEnNs, evepyntukh kai nadnu-
KA kapwn ous 130°, noAu kain evbuvdpwon Kal pualo-
Aoyikh Badion (Eikdves 2A, 2B).

Y1n OeUTEPN NEPINTWON, N MPOEYXEIPNTIKA AKAUWIa ToU
Oe€loU yovaTos, PETATPANNKE AUECA PETEYXEIPNTKG OF €U-
pos kivnons 0-130°. Tpels UNVES PETEYXEIPNTKE, KATd Ty
enaveggtaon s acBevous, dianiotdBnke €Upos kivnons
0-100° kai €éAAeIppa €ktaons tou yovatos katd 10°. H a-
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Eikova 3. (A) Teikn evepynukn €ktaon, (B) TeAIkrA evepyntikn Kauyn otny tpietia

oBevihs akonouBnoe Kavoviké 1o NPdypappa GUOIKoBE-
paneias kaB" 6An tn didpkela tns napakodoUBNons ts.
Ywnv tefeutaia enaveétaon, tpia €n peteyxelpnukd, dia-
niotwOnkav: éAAsIUpa evepynTkns €ktaons katd 20°, nAn-
pNns NaBnukA €ktacn, evepynukh Kal Nabntukh Kauyn ous
+100°, naBnukn kapyn ous 100° kal guaoiofoyikh Badi-
on xwpis xwAotwnta. To éAfeIupa evepynTIKNS €KTACNS Ka-
14 20° ogeifetal otn xaAdpwon tou tEtpakepdAou, aAAd
Kal otnv abuvapia cuonacns tou, Adyw s peyadns Ai-
nwdous atpopias tou (Eikoves 3A, 3B).

YInv Tpftn nepintwaon, N yeydnn npogyxeipnukn Suckapwia
0-10° petatpannke dueoa peteyxeipnukd os 0-150°. Tpeis pn-
VES PEtd neplopiotnke ous 0-90°. Ly teisutaia enaveéraon,
TPia €t PETa T xelpoupyIkn enépBacn, To EUPOS Kivnons Tou
yévaros napépeive ous 0-90°, pe éAeIpa evepynTIKAs £Kta-
ons 10°, nAnpn nabnukn €éktaon kai puaionoyikh Badion. H
aoBevhs napakonouBnoe kavovika To NPOYPAUHa GUCIKO-
Bepaneias kab’ éAn tn didpkeia s napakoAoUuBnons ns.

YYZHTHXH

To 1922 yia npd popad neplypdenke anod tov Bennett
n naBofoyikh avatopia evés yévatos Pe pikvwon Tou eKTa-
ukoU pnxaviopoU.® H eniyovati®a BewpnBnke ws 10 «ev-
doyevés» (intrinsic) TUAPA TOU ydvaTOS Kal O TEvovTas Tou
TEIPAKEPANOU ws 10 «eEWYEVES» (extrinsic) TUNpaA tou yo-
VaTOS Mou €AEyXoUV ToV eKTatikd pnxaviopd. Ta duo autd
avatopikd cuotaukd Bpiokovial oe nAnpn duvapikn Agl-
Toupyia petagy tous kal oudnnote npokanéoel eunAokn
ot0 éva Ba ennpedcel Tautdxpova kal 1 afo.” Xapaktn-
PICTKN €ival N NEPIYPAPN TECOAPWV TPOMWV PE TOUS OMOi-
ous n @ualofoyikn dladpopn s eniyovatibas Ynopei va
unAokapiotel otn SIGPKeIa KAPYNS TOU yovatos™: 1) V-
ons ekpunion - oupeUaoEls Tou evdiduecou NAATEDS u-
0S PE TO JUOTEVOVTIO TPAPA Tou 0pBoU pnpiaiou puds Kal

tov unepeniyovaudikd BuAako (eEwtepikn), 2) vaddns ek-
QuUAIon — cUPEUOEIS Tns onicBias eNIPAVEIAs TNS ENlyova-
1idas pe tous pnplaious kovouAous, KaBms Kal CUPPUTEIS
HETCU kvnpiafas kal gnpiaias apBpikns enipaveias (Eow-
tepikn), 3) Ivdns oUpeuon otnv napakovéudia avAaka
(nepioxn ofioBnons) — cUPEUON TWV KABEKTIKWY OUVOE-
opwv s eniyovatidas, 4) pikvwon tou idlou tou opbou
pnpiaiou puos.

O1 kAaoIKof TPOMOI AVUUETMMIONS EVOS YOVATOS JE PIKVW-
PEVO EKTATIKO UNXaviopo epnepiéxouv: 1) €101KO Kal eviat-
k6 npdypappa eualkoBepaneias, 2) Kivntonoinon yovatos
uno avaiobnafa, 3) apBpookdnnon yévartos, 4) nAacukh
TETpakePAnou. XNV CUYKEKPIPEVN pyacia epappoletal é-
vas ouvouaopds twv napandvw pebddwv.

H nio ouxva xpnoigonoloUpevn texvikh NAAoTKAS ano-
Katdotaons Tou TETRAKePANou NEPIYPAPNKE YId MPWIN GO-
pé and tov Thompson.® H nAaoukn tetpakepdnou katd
Thompson xpnoiponolei pia npdabia péon topn. Tivetal &i-
OXWPIOPOS TOU €Ew Kal é0w NAATéos Puods anod tov opBo pn-
pIaio YU PEXPI TO UWos tns NpOoPUONS TOUS OTNV EMNYOVaTi-
ba. Avayvwpiletal to Sidotnya petagy tou evoidueoou nia-
T€0S PUbS kal tou opBou pnpiaiou, yivetal enigedns diaxw-
plopos Kal péAiota otnv nepintwon nou o evoidpecos nia-
WS pus éxel unootel Ivodn ekpuAion pnopei va apaipebei
TWAPa Tou A Kal onokAnNpos o pus. O 0pBods unpiaios pus
Napapével avénagpos, xwpis Npoondbela eniPNKUVONS Tou.

O Thompson avagépel IKavonoiNukd anoteNéopata o
10 anoé 12 aoBeveis pe SUokaPNTo ydvato nou epappUoos
auth TNV Texvikn. EKToTe, peydnos apiBuds ouyypagéwy a-
VEQPEPQAV TA ANOTENECUATA TOUS WE TNV EPAPPOoYN AuTns TNs
peB66ou.”"" Apketoi and Tous cuyypapeis GUws NePIYPA-
@OouV Kal pia cofapn enimAokn, auth tou eANEippaTos €-
VEPYNUKNS €KTAONS TOU yOvaTos, KUpiws Petd and epap-
goyn enipnkuvons tou opBou pnpiaiou puds.



O1 Moore kal ouv. o€ pelétn evvéa aoBevv Nou uno-
BANBnkav oe nAaoukn tetpakePanou, NPoKeIpévou va Pen-
uwOel n duokapyia tou yévatos, PETd and KAtayPa nepl-
@epIKOU pnplaiou, kKat€deiEav IkavonoiNtukd anoteNéopa-
10 OTOUS OKTM aoBeveis pe péoo 6po Kauyns 78°. EC a-
oBeveis eixav éAeippa éktaons 10°.% O Nicoll napousia-
o€ 1pIavia aoBeveis Pe NAACTKA TETPAKEPANOU, MOU O WE-
00s OPOS KAPWNS tou yovatos htav 68°. Tpels aobeveis €i-
xav éAfeigpa éktaons 5° xwpis enipnkuvon tou opBou
unplaiou, evid €€ aoBeveis napouciacav peydio €ANEIU-
pa éktaons, and 20°-40° petd and enipnkuvon tou opBol
pnpiaiou puds.” O Hesketh epappdlovias tnv iSia texvi-
kA NAaotkns tetpakepdiou o béka aoBeveis eixe nonU I-
Kavornoinukd anoténeopa pe eUpos kauyns ous 100° Kal
¢AAeupa éktaons katd 5° oe 600 aoBeveis.” Mapdpoia a-
notenéopata eixav ol Kundu kar ouv. e eniteuén péco 6-
pou Kapyns 98°."

YUpoewva pe t diebvn BipAioypagia, n tpononoinpévn
Hop®n tns nAaoukAs tetpake@aiou katd Thompson Napou-
oldotnke and tous Hahn kai ouv.”” kai nepiAauBével @ akd-
AouBa otddia: 1) éow-£E€w napagniyovatudikn Topn yia ap-
BpoAuon, 2) kKApyn yovatos Kal av napatpnbei avendpkeia
eneneital npéobia—£Ew N €Ew Topn oTo NEPIPEPIKS TUNHA
TOU Pnpou, pe otdxo I AUoN Twv CUPPUOEWY NEPIE dNwv
TWV TUNPATWY ToU Tetpakepdnou, 3) eykdpaola diatopn s
Aayovokvnuiaias taivias oto NePIPEPIKSG TUNEA ToU pnpou,
4) Slaxwplop6s Tou €Ew nAatéos puds and tov opbod pnpl-
aio pu kal AUoN Twv CUPPUOEWV 0€ OAO0 TO PNKOS PEXPI TNV
nPOCPUCN Tous otny eniyovatida, 5) SlaxwpIopos Tou op-
BoU pnpiaiou pu and tov éow nAatd pu kal and tov evoid-
peoo nAatU pu, kabBms kal and v NPdoeUCh TOUS PE Ty
npdobia enipaveia Tou pnpiaiou ootoy, 6) Z-NAdoTKA Tou
opBoU pnplaiou puods epdoov napampnBei dieyxelpnukd
avendpkeia otnv Kapyn tou yovatos. O1 Hahn kai cuvep-
yartes eQappodovas auth TV TExVIKA O TpIAvta dUoKaunta
yévata napouciacav éva tenikd képdos PeAtiwons kapyns
Katd péoo 6po 67.6°, Y Péoo Gpo elpous kauyns 113.5°,

To 1959 o Judet napouciaoe pia evaniakukn npdtacn
nAaoukns tetpakepdiou.'* Auth nepiAapBavel us e€ns Sia-
doxikés pdoels, 6rou oto tnos ts Kabepias yivetal €éAgyxos
s KApWNs Tou yévatos kal npoondBeia au&nons s Kap-
Wns pe Nabnukn Kivntonoinon tou yovatos SIeyxeipnukd.

A’ @don:

AUon twv evboapBpIK®Y oUPPUoEWY, KaBMmS Kal Twv
OUPQUOEWV Mou agopouv tTov unepeniyovaudikd BuAa-
KO (0wTEPIKO TWNUA), YE apBpotopn péow pias npoéodi-
as €0w Napaeniyovaudikns Topns. YuvnBws enituyxavetal
HEPIKN auEnon s KAUYNS ToU yévatos o auth T Gpaon.

B' pdon:

Anaiteftal pia peyanutepn €€w topn, Nou enekteivetal
and tov Avw néno s enlyovatidas Yéxpl 1o UYPos Tou HEi-
(ova tpoxavtnpa. lvetal enipens Slaxwpiopéds Tou €€w
nNAATéos UGS and TNV TPAXEid ypapuh Kal oxoNaotkn ai-
péotaon divovtas 161aitepn npoooxh ous Slattpaivouoes
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@AéRes. O evbiapeoos nAatUs pus avayvwpiletal kal ava-
ONKOVETal EEWNEPIOOTKA and tnv Npoabia kai €§w enipd-
VEIO TOU Pnplaiou ootou. Xe nepintwon nou o evOIAPEcos
nAatUs pus €xel Ivadn ekpuAIon apalpeital. LN CUVEXEIQ
npaypatonoleital naénukh KAUYN Tou yOVaTos PE XEIPIoPO
Kal av kai néni napatnpeital avendpkeia otny KAUYn epap-
poetal n endpevn gaon.

" @don:

MepiAapPaver enéktaon s 6w TOUNS KEVIPIKOTEPA Kal
npooBio-£€w katd Watson-Jones otnv nepioxh tou 10xi-
ou.”'® 0 0pB6s pnpiaios pus anokoAA&tal anoé tnv ékQu-
oh tou oty Npdobia katw Aayodvia dkavba, Mote va €ni-
TPANEi N JETAKIVNON TOU TETPAKEPANOU NEPIPEPIKOTEPT. LU-
vhBws, 0 éow nAatus pus 6ev napoucidlel cupguoels. O
Judet epappudlovas tnv texvikh Tou o€ 53 aoBeveis katdp-
Bwoe va aughoel 1o eUpos kivnons népav twv 100°. MoA-
Aof ival oI ouyypa@eis Nou napouciacav ta anotenéopa-
10 EQAPPOYNS AUTAS TNS TexvIKNs Katd Judet oe SUokaunta
yovata, pe BeAtiwon tou eUpous kivnons otnv nAgiovot-
10 TV NEPINTOoswY and 85 éws kar 115°.

O Palley’ Atav o NpMdTOS NoU NEPIEYPAYE TPOMONOINHE-
vn v pébodo nAaoukns katd Judet. Mo oUyKekpIpéva,
npaypatonoleital pia éow Kal pia é€w napasniyovatudikn
TOpN NMPOKEIPEVOU va eniteuxBei NUoN twv evooapBpIKhV
OUPQUOEWYV PETAtU enyovatidas kal unpiaiwy kovounwy
Kal Hetaty kvnpiaiwv Kal pnpiaiwv kovéuAwy. Ald Yéoou
aUTAV TWV ToPwV Yvivetal AUon twv unepeniyovatudikwy
oup@Uoswy kal aneeuBépwaon tou éow apBpikol BuAd-
Kou e anokoAinon kar aviywon tou €éow nAdylou ouvoé-
opou. Xt ouvéxela yivetal anefeuBépwon tou opBou pn-
plaiou puos avt tou €Ew nAatéos Puods, dnws npoPiéne-
tal otn pébodo Judet. Mpaypatonoigitar naBnukn kauyn
TOU YOVaTos pE XeIPIoPO Kal éneyxos onioBnons tou tetpa-
kepdanou. EGv napatnpnBei avendpkeia otnv kauyn, yive-
ta1 aneneuBépwon tou €€w nAatéos oto pnpod. Xn edon
auth ouvhBws undpxel peyanutepn anwAeia aipatos. Ol
Alici ka1 ouv. napouaciacav évieka aoBeveis pe SUoKAPNTo
yOvVato Mou PETd and tpononoinpévn texvikn Judet eixav
BeAtiwon tns kapyns katd 70°-100°."

H péBodos ths nAacukns terpakepdiou Ynopei va ouv-
duaotei pe apBpoaokdnNon yovatos yia th AUoN KUPIiws Twv
evboapBpIK®V cupUoEwy, aNnd -yia opIouévoUs ouyypPa-
Qeis- kal 1wV eEWapBPIKDV CUPPUOEWY OTNV NEPIOXN TOU
tetpakepdnou.'™” Me v kAaoikh péBodo apBpookdnn-
ons xpnaolgonolgital pia npéaobia-¢€w onn yia tnv €icodo
s KAuePas kal pia npdobia—£€ow onn yia v €i0odo twv
epyafeiwv oto yévato. Xnv nepintwon ms apBpookoni-
kns AUoNs Twv EEWAPBPIKDY CUPPUOEWY XpNalUonolou-
vial ol é0w Kal €Ew onés unepeniyovatdikd. H apBpooko-
nikh pébodos éxel nieovekthpata, 6edopévou Tou Jeya-
AUtepou kivdUvou BAaRmv kal eMNAOKWY NOU CUVENdye-
a1 n avolikth péBodos (kdkwon ns dpBpwaons Kal Twv Yel-
TOVIKGV avatopik®v dopwv, BAdRes apBpikou xévdpou,
Katdypata, phEN twv KaBeKTIKMY CUVOECUWY TNS EMNIyova-
tidas, eninoAns kal ev tw B&Bel yonuvoels, peyanutepn a-
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nwAeia afpatos, aigatdpata, adyoduotpodikd cuvdpopda,
HUikN abuvapia kal neplopiopéds Kivnons tou yovatos). And
v dinn nAsupd eivar anatnukn péBodos, pe uynnoTEPO
K&otos kal pe duokonies otn AUON EKTETAPEVWY CUPPUOE-
WV, VA €XEI MEPIOPIOUEVN 0PATOTNTA KUPIWS oS EEwap-
Bpikés BAGPes Tou yovatos.

Mapaninna, Bacikh ouvIoTOa TS IKAVOMOINTKAS aro-
Bepaneias €ival 1o Npdypappa GuoikoBepansias Nou ako-
AouBeital. Eivar e§aipetikd onpavukd va yivel npoondBeia
diathpnons s kauyns nou kepdiletal dieyxelpnTikd, Xwpis
TAUTOXPOVA va undpéel anmAeia otny €KTaon Tou yovatos.
H d1ebvns BiRAioypagia ival nAovUoia og npwtokoNAd Gu-
oikoBepaneias. Mepikoi ouyypaeis npoteivouv v Kapyn
90°-90° 010 10Xi0/yOVaTo yia 24-48 MPES UETG TN XEIPOUPYI-
KN enépuBaon. tn OUVEXEIQ NPOTEIVETAl NABNTKA KIVNTONOi-
Non Tou yovatos Kal otadiakd evepyntkés unofonBoupeves
QOoKNOEIS, eV Bewpeital XxpNolpos 0 NAEKTPIKOS YUTKOS EPE-
Biouo6s tou tetpakePdnou, kaBws Kal N YUikn evioxuoh tou
yia Siaotnpa touAdxiotov €61 pnvav.”>** Enions, npoteiveral
N XpNON TOU CUCTAPIATOS OUVEXOUS NABNTIKAS KIvntornoinons
CPM (Continuous Passive Motion Device) and tnv npmn
HETEYXEIPNTKNA PEPA Kal YIa XpovIkO Sidotnpa Tpidv toud-
xiotov €Rdopddwv. To npdypaupa puoikoBepaneias unopei
va ouvOudletal pe Peteyxeipntukn avafynoia (pappakeuTtKn
aywyn, evbopnéPia h and to otépa), kabs Kal pe avadyn-
ofa pe xphon eniokAnpiSiou kaBethpa.”?°

To npdypappa puaolkoBepaneias nou akoAoubBnBnke o
auth t pefétn Baoiletal ous yevikd neplypageioss uebo-
Oous Kal éxel NPOCUPHOCTEl 0TS CUYKEKPIUEVES MEPINTW-
ogls nou avandovral, pe KUpIo otoxo to kanutepo Aetoup-
yIkO anotéfeopa.

To peydno nAgoVEKTNPA TNS TPOMOMOINPEVNS TEXVIKNS KO-
@ Thompson nou epapudoTnke o€ AUTH TN JEAETN OE OUV-
duaopd pe v apBpookonikA Texvikh Kal 1o €101kd npod-
ypappa anoBepaneias — puoikoBepaneias givar 6u enitpé-
nel pia Ayotepo enepfBatkn, eleyxoépevn, diadoxikn AUoN
TV evboapBpIk®Y Kal eEwapBpIKWDV CUPPUOEWY evVOs OU-
oKapntou yévartos, pia Ailyotepo tpaupatikn anefeubépw-
on 6Awv Twv IoTKMV SopmY nou neplopi(ouv v KAPYn
TOU YOVATOS, UE €va aPKETE PIKPOTEPO APIBUO eMNAOKWDY
(ounés, éNAeipua éktaons, ACIPMEEIS, AIYATMPATA K.d.) Kal
capws Pikpdtepn anmAelia aipatos.

Yupnepaouatkd, 6a pnopoUcoe va UNOCTNPIXTET O O CUV-
duaopds (a) ins neplypageioas peBGdou NAacUKAS anoka-
T4oTaoNS TETPAKEPANOU PE OUYKEKPIUEVOUS XEIPOUPYIKOUS
xpovous, (B) tns apBpookonikhs AUoNS twv evHoapBpIKDY
OUPQUOEWV Kal (y) TNS AUEONS PETEYXEIPNTIKAS EPAPHIOYNS
OUYKEKPIPEVOU Mpoypdppatos puoikoBepaneias, anotenel
pla aogann, anotefeopatkn kal Alyotepo enepfatkn pé-
Bobo avupewmnions evds OUOKAPMTOU yovatos.
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Akpoduodotwon
Mewannageis ota yoviéia PRKAR1A ka1 PDE4D

ANAZKOIMHZH THZ BIBAIOTPA®IAL

OPYZIPA - KANIOYPA EAENA

Avandnpdtpia KaBnyhtpia KAivikhs Teveukns, Epyacthpio latpikhs feveukns, EKMA, Xwpépeio Epeuvnukoé Epyaothplo,
Noookopegio Maidwv «Ayia Zogia», Toudi, Abnva

MEPINAHWH

H Akpoducootwon anoteel pia ondvia okeAgukn Ou-
onnaofa nou oxetiCetal pe noAAanAn avtiotaon ous onpato-
HotKES OpUbdVES ToU Unodoxéa ouleuypévou pe G-npwreivn
(G Protein Coupled Receptor, GPCR) o€ pia unooudda a-
0Bevav. H Akpoduodotwon epavifel YEVEUKN ETEPOYE-
vela kaBws npogpxetal anéd etepoluywes Petanndgels ota
yovibia PRKARTA kal PDE4D, tous 6Uo napdyovies Kiel-
616 oto yovondu ths GPCR-cAMP-npwreivikhs Kivéons A.

Zkonds s epyaoias gival n avayvmpion v Galvotuni-
KWV XapaKINPIoUK®Y nou diagoporolody tous 6Uo yovotu-
nous nou npokanolv akpoducdotwon. Avagépovtal td K-
VIKG, akuvonoyikd kal petafoniké EUPAPIATA CUYKPITIKG OTOUS
dU0 tWnous akpoduodotwons pe petaniatels ota yovidia
PRKAR 1A xai PDE4D kai yivetal avapopd otn BiBAioypaia.

YAik6 kai uéBoboi

Eibikotepa, avapépovial 16 aobeveis pe akpoduodotw-
on, Un ouyyeveis, nou uneBAnBnoav oe yovidiakn avaduon
HE okond v Npocéyyion unoyneiwv yovidiwv Kal eEeta-
OTNKAV YI0 Ta GAIVOTUNIKA XAPAKTINPIOUKA TOUS.

Anoteféouata

‘Onol o1 aoBeveis napouaialav de novo etepolUywTES Pe-
tanAdaers. Aekatéooepis aoBeveis eppavioav pia PRKARTA
petanna&n (PRKARTA aoBeveis), névie aoBeveis ékaotos pe
pia véa PRKARTA petdniagn (p.G289E, p.A328VY, p.R335L
N p.Q372X), evvéa gixav tn yvwoth avapepopevn PRKARTA
p.R368X petdniaén, Uo aoBevels eixav pia petdinaén oto
PDE4D (PDE4D acBeveis) (uia véa petanfagn p.A227S, kal
pia hdén avapepBeioa p.E590A). Onor ol PRKARTA aobe-

AieuBuvon Addndoypagias:

®puaipa - Kavioupa Efleva

Epyaotnipio latpikns leveukns, EKIA, Noookopeio lNaibwv «Ayia Yopia»
©nBwv kar NeBabeias, foudi, 11527, ABnva, TnA.: 210746 7459
Email: efrysira@yahoo.gr

veis, anid kaveis anoé tous aoBeveis pe petddna&n oto yo-
vidlo PDE4D, napouciacav avtiotaon otnv PTH kail TSH.
AUo PRKARTA acBeveis, ol onoiol €épepav pia vea petan-
Aatn, napouaciaoav éva €161kd wino Bpaxudaktudias. Evas
PDE4D aoBevns napouciaoe akpookupoduonnaaoia. Eni-
nnéov gaivotunikes dlagopés nepieNdufavav i vonukh u-
otépnon otous PDE4D aoBeveis. EninpooBétws, avapépetal
N Napouacia UNePXpWHATKMY Ogppatkwy BAaBmv otous
PRKAR1A ka1 PDE4D aoBeveis, éva yvipiopa nou dev gixe
HEXPI TOPA NEPIYPAPEl 0To oUvoNo TS akpoducdoTWOnNS.

Juunepdouata

‘Onol oI PRKARTA «ai PDE4D aoBeveis eppavidav napo-
pola ooukh duonnacia nou xapaktnpilel tnv akpoducdoTw-
on. O1 paivotunikés dlagopés, oupnepidapfavopévns s
napoucias avtiotaons ous GPCR-cAMP onpatodotikes op-
poéves oe PRKARTA, annd éxi kal oe PDE4D aoBeveis, uno-
HeikvUouv v UNapén CUCXETIOHOU GpaIvOTUNOU-yOVOTUMNOU
Kal unoypaupifouv i oupBonn twv yovidiwv PRKARTA Kal
PDE4D ot onpatodoton ts CAMP otous didpopous IotoUs.

ANé€eis kAg1bid: akpobuoodotwaon, yovibio PRKARTA, yo-
vibio PDE4D

EIXATQrH

H akpoduocodotwon, nanaidtepa yvwotn PE Ty OVopad-
ofa Pug-nose (kaBinon pivés) kal NepIpepikh Sucdotwon'
h oUvOPOPO NEPIPEPIKNS BUCOOTWONS, PIVIKNS unonAdaacias
Kal VONTKAS uotépnons’ A/kal ouvdpopo twv Maroteaux-
Malamut®, avapépetal o€ pia opada ondviwy oKeAETKMDY
duonAaoiv Nou €xouv KoIvé XapaktnpIoUKE yvwpiopata
oupnepiNapBavopévns tns Bapids popens Bpaxudaktudias,
NS NPoownIkhs SucdoTtwons Kal s PIvIkhs unonnaacias.
Yus apxés s Oekaetias tou 1970, BewpnBnke ws yia véa
kAIviKA akuvoAoyikh ovidtnta and tous Robinow et al.* kai
Giedion'. O1 npdtes avapepBeioes NepINtoels akpodUTH-
otwons Atav 6Aes onopadikés.” AkoAoUBws, avapépOnkav
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NapATNPENGEIS OIKOYEVOUS aKPOOUOOOTWAONS E EPPAVA aU-
T00WHIKA ENikpatnTkh kAnpovopikotnta.” '’ Qotéoo, autés
ol OIKOYEVEls eppavioels s aoBéveias Baaoilovtav o€ paivo-
Wik KpItApIa Kail N YeVEUK KANPOVOUIKGTNTa tns akpodu-
odotwons dev €ixe avapepOei eni Tou NAPOVTOS.

H BiBnioypagia nou neplypd@el Us NEPINTOOEIS AKPO-
duodotwons €ival oUyKexupévn kKaBws Katd v enaveg-
taon, apiBuods avapepBéviwy aobeviy iows €naoxe and
annes gaivotuniké oxeuldpeves vooous Onws €ival o Peu-
bo-unonapabupeoeldiopds Wwnou 1a (PHP1a, MIM103580)
n o yeu-yeudounonapabupeoeidiouds (PPHP, MIM 612463)
Nou €xouv KOIVé XaPaKINPIoUKE PE TNV aKpodUoOoTw-
on.""™ EminA¢ov, npdopata €yive oagés 4t undpxouy bi-
q<popes (PAIVOTUNIKES HOPPES akpoduaodotwons. Eva onpa-
VTUKO €QWINPA NMOU NPOKUMTEN €ival T0 €AV 01 AOBEVEIS ek-
onAwvouy n éxi avwpania oto petaponliopd petaAfikoy
otoIxeiwv N onoia oxetidetal Ye tnv aviiotaon oty napa-
Boppoévn (PTH) n/kar avtiotaon o€ dNles opudves nou oe-
opevovtal o unodoxeis ouleuyuévous pe G-npwreivn (G
Protein Coupled Receptor, GPCR) kal nou cuvbéovtal ue
10 Gsa, 6nws napatnpeital oto PHP1a14.

Y€ TPEIS PN Ouyyeveis aoBeveis nou gixav npooPNnBei and
akpodbuodotwon e avtiotaon otnv PTH oppdvn (ADOHR
- Acrodysostosis Hormone Resistance) (OMIM 101800), &-
vionioBnke npdopata n idia etepdluyn avepunveUoIun pe-
énAagn p.Arg368X oto yovidio PRKAR 1A nou Kwdikonolei
n puBPIoTUKN unopovada Npwteivns TNs EEAPTMPEVNS AN
v cAMP npwreivikns kivaons Wnou 1a (PRKARTA)." Au-
™ n petdAnagn odnyei o€ unepneitoupyia auths ns uno-
Hovadas Kal ToIouToTPONWS O€ pia I6100UCTatiKA anwela
s Agitoupyias s NpwIeivikhs kivaons A (PKA), 1o nio
YVwot6 ekteNectukd oUotnpa Katd t gopd tns Kivnons tns
cAMP (cyclic Adenosine Mono Phosphate - kukAikn po-
vopwopopikh adevoaivn).'*'® Autd e€nyei 1600 1o okeRe-
uKO Qaivétuno 6oo Kal v noAduoppovikh avtiotaon. To
OUYKeKpPIpPévo eUpnpa odnynae: 1) otov npoadiopiopod Tou
ouvdpopou ADOHR, 2) otnv np@tn neplypapn pias oud-
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Ixnpa 1. O poAos twv pwopodIECTEPACWV OTO LOVONdT TOU KUKAI-
koU AMP (cAMP). To povondt tou CAMP biausoonaBei Kuttapikes
biabikaoies-kAeibid. Otav or ouleuyuévol unodoxeis ths G-rnpwieivns
(G-protein-coupled receptors) evepyonoiouvtal ané évav eEwtepiko
ouvbeopo ouviedouvtal andayés diaudpewons. H uriopovdda Gsa
aneneuBepwvetal and to oUpunAgyua kai npoobévetal otnv abevunli-
KN KukAdon, n oroia atn ouvexela katanuel t petatpornn tou ATP
o€ cCAMP Ta auénpéva enineba evbokuttdpiou CAMP obnyouv o€
anoouvbeon tns kataduukns unopovddas and tn pubuIcTKA uno-
povdba ts npwreivikns kivdons A. H evepyonoinpevn npwteivikn Ki-
vdon A LIMopei otn OUVEXEIQ va pwOPOPUAIOTE! LiIa OEIpd OTOXWV
rou puBuilouv éviuua kdtwbBev atn Bioxnuikn 066, diaunous 16-
VIWV Kal EVEPYOrnoloUV tn LETaypa@n yovidiwV OXETUKWY LIE TNV KUT-
tapikn avdnwuén kai Siapoponoinon. O pwopodIeatepdoes eival
kopBikoi puBuiotés tns 060U tou CAMP, kaBws éxouv tv Ikavotnta
va ubpoAuvouv 1o CAMP o€ avevepyd cAMP obnywvias o€ abpavo-
roinon ts obou. CREB: cAMP response element protein, CAMP:
cyclic adenosine monophosphate, 5-adenosine monophosphate

(Vezzosi D. and Bertherat J. Eur J Endocrinol 2011,165:177-188)

bas akpoduodotwons Pacilduevn otn yevetukn avanuon
kai 3) oty unéBeon unapéns andwv yovidiwy, oto onpa-
tobotoUpevo cAMP povondu, nou niBavév va gival uno-
WNeIa otn yeveukn artonoyia tns akpoduodotwons. Ava-
Adyws, petannatels oto yovidio PDE4D nou kwdikonolei
™ pwoodieatepdon (PDE) 4D, pia tagns IV cCAMP-g101KN
owoeobdieotepdon (PDE) nou udponuel tnv cAMP19, ava-
P€PBNKav NPOoPATa o€ pia UNoopdda akPodUCOCTWTUKWY
aoBevav (o1 aoBeveis pe akpoduodotwon Kal petdnnagn
oto yovibio PDE4D avapépovial ws ADOP4).**' (Exhpa 1)

H epeuvnukn pelémn tns Linglart kai ouv.”” avagépetal
ot0 PeyanUTtePo Péxpl onpepa deiypa aoBevav pe akpodu-
0O0TWOoN EMITPENOVIAS VA YiVOUV PEPIKOT CUOXETUOPOI ava-
PO oTo Gaivétuno Kal oto yovotuno o€ KAIVIKG, Oppovi-
k6 kal akuvonoyiko eninedo. Aekatéooepis aoBevels gixav
petdnAa&n oto yovibio PRKARTA, v U0 €ixav petdnna-
&n oto yovidio PDE4D. Ofol o1 acBeveis napouacialav na-
pdpola dUCOOTWON XAPAKINPICTIKA TS AKPOSUCHOTWONS.
Tpeis aoBeveis (6U0 ek Twv onoiwv pe pia véa PRKARTA pe-
téAAa&n kai évas e PDE4D petdAnaén) napouciacav xapa-
KINPIoTKES okeNetkes avwpanies. Av kal dAol ol PRKARTA
aoBeveis ekbnAwaoav avtiotacn otnv PTH (napaBopudvn)
kal otnv TSH (Bupeotponivn), dev Bpébnkav evoeitels op-
povikns avtiotaons otous PDE4D aoBevels.

YAIKO KAl MESOAOI

Aekaé€l aoBeveis pe akpoduodotwon oupnepINNeon-
kav otnv peAémn tns Linglart kal ouv.”, KATOIKO! TwV aKo-
AouBwv xwpwv: Béyio (évas), fandia (téooepis), fepuavia
(tpers), ENAGOa (évas), Itadia (évas), lonavia (tpeis) kar Néa
KaAndovia (évas). Evas aoBevhs Ntav PEIKTNS Kataywyns
(Autkogupwnaios Kal AUTKOA(PIKavos) kal évas acBevhs
pe MoAuvnolakn kataywyh, aueotepol katoikol fandias.
Aekatpeis aoBeveis dev eixav eeyxBei oto NnapenBov, evm
Tp€ls (aoBeveis 1-3) eixav eNeyxOei 0g NPOYEVETTEPO XPOVO
ané v idia opdda.”

Apxikd ol acBeveis eixav napanep@Oei pe didyvwon U-
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Ixnpa 2. [evetikés aobéveles mou ouvOéovial e UEIWUEVN ONUATO-
66tnon ato onuatobotiké povorndt PTHR 1-Gsa-cAMP-PKA

napé&ns okedeukns duondacias petaty twv nAIKIGOV and 2
€ws 24 €. Kapia ano us oIkoyéveles twv aobeviv Sev eixe
ouyyévela Kal 6nes ol NepINWoEls htav onopadikés. EAn-
eBnoav éyypages katabBéoels ouvaiveons and tous aoBe-
VEIS Kal Tous yoveis twv aoBevv (ol onoies oupnepleAdp-
Bavav kar tn XpAon PWTOYPAPIDY TWV NPOCMNWY TWV -
00evv) KaBS Kal pAPTUPES yia OAes TS PENETES.

Bioxnpikni avdiuon

Ones o1 Bloxnuikés YETPNOEIS Npayuatonolnénkav o€
apuo6dia KEvIpa PE TN XpNon TUNOMNOINUEVWY EQyAcTnpIa-
KOV HEBOOWV yia s NAEKTPONUTIKES KAl OPHOVIKES OUYKE-
VIPMOEIS 01O aipa Kal ta oupa. H cAMP twv oUpwv (ku-
KAIKA HOVOPWOPOopIKN adevoaoivn) HETpNBNKE Pe T xph-
on s cAMP Biotrak yia tnv ev{upo-avocodoyikh Sokiuh
(Amersham, Courtaboeuf, faAdia) énws neplypdenke '
yia 6nous tous aoBeveis nAnv U0 €€ autwv [6 kal 10 —yia
T0Us ev Adyw aoBeveis N CAMP petpnBnKe e th xphon Tou
RIA (Radioimmunoassay) tns €taipeias Innovation Beyond
Limits, Teppavia]. O1 6okiués avuowpdtwy BupeosldIKAS U-
nepo&eidbdons npaypatonolnBnkav o 6GAouUs tous acHeveis
Kal Ta anoteAéopata Tous NTav apvnuka.

O1 dokipés gyxuons PTH gixav npaypatonoinBei npoye-
VEOTERA YIa Tous aobeveis 1-3 kal o€ €81 pdptupes. H 6o-
Kigh €yxuons PTH npaypatonoménke otov acBevh 16 6-
nws éxel NPONYoUpévws Nepypage.

Avdruon tns adfdnAdouxias

fevwpiké DNA kal RNA agaipgébnkav and nepipepiko ai-
Ha HovonupNnVIK@Y KUTIIpWY XPNOIPONOIMVTas cuvhBels Oi-
adikaofes. Eowvia kal katd nepintwaon €€@via, Xpnalyonoln-
Bnkav oav ekkIvNTEs yia tov noAnanAaciaopo twy eEwviwy
Kal TwV EVOOEWY ECWVIV-eEwviwv yia to yovidlo PRKARTA
(NM_002734) (12 e€wvia) kal PDE4D (NM_001104631) (17
e€via).”” Ta npoidvia PCR avaAuBnkav pe T xphon aneu-
Beias avanuons ts voukieoudiknhs adfndouxias.
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AMOTEAEXMATA

Ta anoteAéopata s penéns tns Linglart kar ouv.” a-
popouocav 16 aoBeveis ocupnepINauBavopévwy TPIdV pi-
as nponyoUpevns dnpoaicuons'”. OAol or aoBeveis (enta
AVTPES, EVVED YUVAIKES) EPPAVICAV XOPAKINPIOUKA yvwpi-
opata s akpoducsdotwons' > nou nepleAduPave v
Bapids poppns Bpaxudaktuia pe npoofoin Twv PETAKap-
Niwv 00TV, TWV PETATAPOiwY 00TMV Kal Twv Gafdyywy,
duodotwon npoownou kai unoniacia pivos. Evas aoBbe-
vns (aoBevns 16) diayvmotnke e akpookugoduoniaaia.
O1 nAikies twv aoBevdv Katd t dIApKEId tns peAEns Ku-
paivovtav peta&l 3 kar 26 ewwv (Mivakes 1 kai 2).

Aokiyaoia avixveuons (screening) yia petanidéeis ota
yovibia PRKARTA kai PDE4D

O1 de novo napepunvedolpes petanndéels tou PRKARTA
svtoniotnkav og 14 aoBeveis, dSnAadn sminAéov 11 anod tous
3 nou eixav avapepBei nponyoupévws otn BIBAIoypagia.'”

‘B ano tous 11 acbeveis épepav Ty etepduyn petdina-

€n p.R368X (c.1101C ->T) oto €€vio 11 t1ou PRKARTA.

‘Ekaotos ek twv addwv 5 aoBeviv épepe pia véa napan-

Aayn, 6Uo napanfayés evioniopéves oto PRKARTA e€vio
9 (c.854A ->G/p.Q285R, ¢.866G ->A/p.G289E) kal tpels
oto €€wvio 11 (c.983C ->T/p.A328; ¢.1004G ->T R335L;
c.1114C ->T,p.Q372X) (Mivakas 1). O1 unénoinol duo a-
oBeveis 6ev napouciacav petanndatels oto PRKARTA. Le
éva aoBevh (aoBevns 16) avixvelBnke pia véa €tepoluyn
napgpunveuoiun napaddayn (variant) oto PDE4D, ¢.679G
->T/p.A227S, evid 0 acBevns 15 €pepe v NpdoPaATa ava-
pepBeioa c.1769A ->C/p.E590A andayn oto PDE4D ot €te-
pOluyn popen. Kavels ek twv acBevdv nou napouciacav
10 avwtépw KAIVIKE kal akuvooyikd kpithpla dev htav ap-
VNTKOS O€ autd ta cuykekpipéva yovidia. Ones ol PRKARTA
Kal PDE4D petannd&els htav anoUoes atous yoveis N/kal
ta adéApia, dnws enions o 200 pdptupes kai o diabéal-
ues Paoeis dedopévav (Single Nucleotide Polymorphism
performance database/EBviké Kévipo MAnpopopidv yia
v Biotexvonoyia, 1000 genomes, exon variant servers,
Human Genome Mutation Database, fdon 6edopévwy
PRKAR 1A petandaéns) (ta debopéva dev aneikovidovtal).
Mepinou 300 evOEIKUKES NEPINTWOEIS YE UNowia cupniéy-
patos Carney N YEPOVWUEVN NPWTONABA UNEPXPWHATIKA
olwdn eniveppoiolmdn vooo (PPNAD), puEwpa h @a-
Kwpatwon, PeRethBnkav ouyxpovws ws npos 1o yovidio
PRKAR 1A kai kaveis bev napouciace tn voukAeoudikh na-
paiAayh nou avixvelBnke otn peAétn tns Linglart kai ouv.”
EninpooBétws, 100 Autkosupwnaiol kar 100 Autikoappi-
Kavoi pdptupes uneRAnBnoav oe Sokipés Kal Oev eupavi-
oav autés us napandayés. Kabe pia and autés us petan-
Aaypéves npwreives napouciacs avwpania oty evepyo-
nofnon tns PKA nou xapakinpiétav and peiwpévn ual-
oBnoia otnv CAMP. Mia napdépola avendpkelia otnv avia-
nokpion tou PKA otnv CAMP neplypdenke npdo®ata yia
10 PRKARTA nou é@epe tnv p.T239A petdAfagn.”

Ye 6N v avwtépw €pyaocia, Ta unokatiotata auivogé-
wv otnv PDE4D nou evioniotnkav anokAeiotkd oe aoBe-
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Eixéva 1a kai 18. Bpaxubaktuiia dvw kai kdtw dkpwv o aoBevi Lie akpobuodotwaon

VEis pe akpoduodotwaon, neplypdeovial ws Yetanndaters,
av Kal n AEITOUPYIKA ENNTWON AUTMOV TWwV UNOKATEoTaTtwY
bev aflonoynBnke neipapatkd.

BIOXNUIKES Kal OPLIOVIKES MapduEeTpol

Kai o1 14 aoBeveis nou épepav tnv PRKARTA petdina-
€n napouciacav avtictaon otn PTH énws unodeikvuetal
and ta au§npéva enineda kukAopopouoas PTH nou ku-
paivovtav ané 70-296 pg/ml (160 £16 péon upn +SEM,
n=14) (uynnodTEPA aNd 10 AVATATO OPIO KUPAVONS TWV €-
ninédwv tns PTH) napouaia xapnAou (évas acBevins) 1 gpu-
olofoyikoU (13 acBeveis) acBeotiou tou opou h au§npévns
PwoPatdons tou opou (10 aoBeveis) kar anouacia €nnel-
yns Brtapivns D A veppikn avendpkeia. H avtiotaon otnv
TSH eniBeBaiBnke anoé tnv augnpévn TSH og 12 ek 14 a-
0Bevadv pe pualofloyikd h xaunid enfneda T,. AUo acBe-
veis gixav @uaolodoyikd enineda TSH. O1 duo aobeveis pe
petannagn oto yovibio PDE4D eixav puaiofoyikd enineda
aopeotiou tou opou Kal T,, dpws o€ avtiBeon pe Tous a-
oBeveis pe petaniaypévo PRKARTA, gixav puolonoyikd e-
nineda pwo@atdons tou opou, PTH kai TSH.

Menétes tns CAMP

MetphBnkav ta enineda s CAMP ota oUpa oav deikins
enidpaons ts PTH oto veppikod gyyus ocwAnvaplo, 0 oKW
and tous 14 PRKARTA acBeveis kal otous 6Uo PDE4D a-
0Beveis, kaBws kal n CAMP oto nAdopa o€ névie and tous
14 PRKAR1TA aoBeveis kal o€ éva and tous 6Uo PDE4D a-
obeveis. OI PRKAR 1A aoBeveis ixav au€npéves (entd otous
OKTIM) N AVTATES PUOIONOYIKES (vas OTOUS OKTW) OUYKE-
vipwoels CAMP ota oUpa. O1 PRKARTA aoBeveis gixav au-
Enpéves (TEooEPIS OTOUS MEVTE) N aVATATES PUOIOAOYIKES (¢-
Vas OTOUS MEVTE) OUYKEVIPWOEIs CAMP oto nAdopa. Avubé-
wws, ta Paoikd enineda cCAMP ota oUpa htav guciofoyika
otous 6Uo PDE4D aaobBeveis kai ta enineda cAMP oto nAd-
opa htav guolodoyikd otov éva PDE4D acBevn.

Mia paybaia au€non s cCAMP ota oUpa petd anod éy-
xuon avacuvéuaopévns PTH, napopolas pe ekeivn nou Oi-
aniotwONKe otous PaPTupES, napatnphbnke otov éva a-

0Bevn pe PDE4D petdnia&n. O1 PRKAR 1A aoBeveis napou-
oiaocav enions paydaia au&non s cAMP ota oUpa petd
v éyxuon s avacuvduaopévns PTH.

Xapaktnpiotkd twv acOevaV ths LENETNS LIE

akpobuoooTwon
O1 nepioodtepol aoBeveis tns penéwns tns Linglart kai

ouv.”? (11 ané tous 14 PRKARTA acBevefs kai évas and
tous dUo PDE4D acBeveis) yevwnBnkav pe pikpn naikia
kuhoews (SGA) (Mivakas 1). Kai o1 16 acBeveis napouai-
aocav kAIVIKA Kal akuvoAoyIKE yvwpiopatd s npoowni-

KNS Kal NepIQepIkns duadoTwons Nou xapakinpilouv v

0Kp06uoéom)on1'4'23(I'I|’v0|<os 1, Eikéva 1a kai 1B, Eikéva

2a kar 2P). L& 6nous tous aoBeveis, nAnv duo, nou agio-

AoynBnkav katd v naidikn nAikia n tnv epnPeia, n ooukn

nAikia Atav npoxwpnpévn. Or €€ aoBeveis Nou €ixav Qta-

ogl 10 teAikd Uyos tous (aoBeveis 1, 2, 4, 11, 12 kai 16)

napouciacav évtova kovid avdotnya [péon uph -3.5 SD

(Standard Deviation-Tunikh AndkAion) KUPAIVOPEVO and

-2.9 éws -4.6]. Ynnp&av wotdoo PEPIKES OIaPOPES OTOV OKE-

Aetd katd i ouykpion aoBevdv pe ADOHR kar aoBevmv

pe ADOP4 1 katd tn olykpion Peta&u atdpwv pe ADOHR:

1) H yvaBopivikh unonfacia pe nAdtuvon s pIVIKAS a-
kpondoias htav nio évtovn otous SUo aoBeveis nou é-
@epav us PDEAD petanndagels ouyKpIVOUEVOI PE TOUS a-
oBeveis pe PRKAR1TA petanidéels.

2) Mia napépola évtovn Kal CUPPETPIKN avwuadia os 6a
10 Jakpd 00td TwV GKPWVY XEIPWV Kal TwV AKpwV Nodmv
(e€aipoupévou tou peydnou daktiAou) ntav napouoa
o€ 6Aous tous PRKARTA kai PDE4D aoBeveis ue €aipe-
on 6Uo (aoBeveis 11 kal 12) €KOOTOS €K WV OMoiwvV €-
Qepe pia véa PRKARTA petannagn (Mivakas 1).

3) Onor oI PRKAR 1A kai PDE4D aoBeveis napouciaoav Kw-
voeIdeis eMUOEls ota xépia kal ota nédia (Mivakas 1 kal
Eikéva 2a) kal 0 aoBevhs 10 nou eixe pia véa PRKARTA
petannagn, napouciaoe cUPEPUON TOU ayKva.

4) AnmAeia tou eUpous s pecoanovdunias andotaons
otV 00QUIKA XMPa napatnphbnke ouxvd os PRKARTA
aoBeveis, anid oxi otous SUo PDE4D aoBeveis (Mivakas
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MNivakas 1 - KAvikd kar akuvoioyikd yvwpiopata twv 16 AcBevav pe Akpoduodotwaon.
AT= Aev Tekunpi®Bnke, SGA= Mikp6 Bdapos yia tnv HAikia Kunons

Xapakmnplotiko 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

Ouho A 0 A 8 ] 8 A 8 A A A 8 A 8 8 0

PRKAR1A petdAagn R368X | R368X [R368X | R368X [R368X | R368X | R368X | R368X | R368X | R335L | A328V | Q372X |G289E| Q285R

PDE4D petdA\agn E590A |A227S
KAwikd yvwpiopata

E{?}pgc[gg]t]dmvévvncn SGA | 2400 | 2100 | 1850 | 1780 | 2640 | (-20) | (-19) | (-1.8) | 1810 | AT | 2200 | 2530 | 2400 | 1845 | 3300
Mnkog katd tn yévvnon SGA | 45 | 49 | 43 | 40 [ (20| (200 | (22| 16| 43 | AT | 42 | 46 |05 | 50 | 51

[yp.n (SD]

HAwkia katd tn perétn (€n) 260 | 160 | 1.0 | 260 [ 130 | 45 | 110 | 86 | 126 | 50 240 | 204 | 140 | 30 70 | 140
Yyog (SD) -40 | -30 | -25 | -35 [-355 | -25 | 10 | -25 | 15 | 32| 29 | -29 | -10 | -18 | 04 | -30
Mpoownikn dugdatwan

gé}?&:gé;\/%’ﬂsgf#{%‘{ﬁgﬁu Nat Nat | Nat [ Nat | Nat [ AT Nat | Nat | Nat | Nat Nat Nat | Nat | Nat | Nat | Nat
[vaBopuvikn unoniaaia Nat Nat Nat | Nat Nat | Nat [ Nac | Nat | Nat | Nat Nat Nat | Nat | Nat | Nat | Nat
KAWwikn neploeptkn ducdatwon

Mikpd katnAatud xépta

KaLnoba Nat Nat Nat Nat Nat | Nat | Nat Nat Nat Nat Nat Nat Nat | Nat | Nat | Nat
Kovtoxovipa 6Gktuha Nat Nat Nat Nat Nat | Nat | Nat Nat Nat Nat Nat Nat | Nat Nat | Nat
g/laiyﬁje}\uotugopﬁﬁ‘ég)‘ou Nat Nat Nat Nat Nat | Nat | Nat Nat Nat Nat Nat Nat | Nat | Nat | Nat | Nat
Axtivoloyikd euphpata

Kpavio

Bapidg popengunoniacia Nat Nat Nat | Nat AT Oxt | Nat | Nat | Nat AT Oxt Oxt | Oxt | Nat | Oxt | Oxt
gg;\(éjgcmouxpovmmu Nat Nat Nat | Nat AT Oxt | Nat | Nat | Nat AT Oxt Nat AT Nat | Nat | AT

Xépta

Egg;?}%zigmg Nat Nat Nat Nat Nat | Nat | Nat Nat Nat Nat Nat Nat | Nat Nat | Nat
Kwvoeldeigenpuoelg Nat Nat Nat Nat Nat | Nat | Nat Nat Nat Nat Nat Nat | Nat Nat | Nat
Mpoxwpnpévn oKEAETKA . .

wpijavon Nat Nat Nat Nat Nat Nat Nat Oxt Oxt Nat AT Nat Nat | Nat | Nat | Nat
Méda

Mapdpola pe a xépta | Nat | Nat | Nat | Nat | Nat | Nat | Nat | Nat | Nat | Nat | | | Nat | Nat | Nat | Nat
InovOUAkn athAn

EUpog ooguikng ; ; . . , ,

HEC0onOVBUAGC anGataone Oxt Oxt Oxt Oxt AT AT AT AT AT Nat Oxt Oxt Oxt AT Nat

And Linglart kat auv. J Clin Endocrinol Metab 2012, 97.£2328-E2338

1). H PDE4D petainagn nou épepe o aoBevns 16 ixe ap-

xikd diayvwobei ws akpookupoduonnaaia (Mivakas 1).

Av kal apgotepol ol aoBeveis pe PDE4D petaniaén napou-
ofaoav vonukn uotépnon, autd Oev ouvéRn o€ kavéva and
tous PRKARTA aoBeveis. Qotdoo, okt and tous PRKARTA
aoBeveis napouaiacav KAMoles dIatapaxés ouPnePIPopds 1/
kal duokodies oto oxoneio. O Agiktns Médas Xmdpatos (BMI)
Atav xapnnos o€ tpels aoBevels, pualoAoyIKOs N avaTatd Gu-
oloAoyIkGs O€ OKIW aoBevels kal augnpévos oe €1 aobeveis
oupnepiAaupavouévou evds PDE4D aoBevous (Mivakas 2).
O enikavBos Atav epeavns otous PRKARTA aoBevels, 6nws
kal otous 6Uo PDEAD aacbeveis (Mivakas 2).

Avépueoa otous entd dppeves acBeveis (o1 dUo PDE4D o-
oBevels htav yuvaikes), ol 6Uo napouciacav ap@otepdnieu-

pN KpUYopxid, v ol névie Ox1. H BloNoyikn wpipavon Ka-
¢ kAfpaka Tanner ous yuvaikes PRKARTA kal PDE4D aoBe-
veis htav oUpewvn pe tnv nAikia. H évap&n ts epunvapxns
Atav puolonoyIkA, PE Kavovikous KUkAous og dUo aoBeveis
Kal akavoviotous o dnies uo. O1 Tpels eVARIKES YUVaikes
eixav edappis auénpéva enineda LH (Qxpivotpdnou Opud-
vns) i/kal FSH (Bunakiotpénou Oppoévns) (Mivakas 2). H tpi-
N K TV aoBevav yévwnoe naidi nou dev gixe NpooPndei.

Afddes avanw€lakés avwpanies nou napatnpndnkav n-
av: aupotePONAEUPN AyEVEDia TOU omneppatikoU népou (a-
oBevns 1), okoniwon (acBeveis 6, 10 kar 15), auxevikn Kal
eninedn oo@uikn N6pdwon (acBevins 6), aupotepdnieu-
pn ouvdakwia wv 2% kal 3* daktAwY Tou AKPOoU Mno-
06s (aoBevns 7), buoniaoia kar ota dUo 1oxia kal avwa-
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Eikéva 2a kai 26. Akuvoypapia dkpas Xeipds kai dkpou nodos. Bpdxuvon twv LEtakapnicwy, Letatapoiowv kai pandyywy. ZnUeivetal n

Bpdxuvon éAwv twv ootV kar n oykwdns uedvion tous. Eikéva 2y. Akuvoypapia kpaviou. Eugavns n yvaBopiviki unoniaoia

dies 066viwv (aoBevns 8), aunuévo péyebos s yvabou
pe Bapids popens avwpanies ouykneions odéviwv (aobe-
vns 9), kakouxia petd and katanévnon kar unotpornialov
anyos ota kdtw dkpa katd ta tefeutaia 5 étn (aoBevns 11),
kaBuotepnpévn ékpuon oddéviwv/unodovtia (aobeveis 12,
13 kai 16) kal unotponidlov dnyos ota Katw Akpa, yova-
10, xépla kal oopu (aoBevhs 12).

LYZHTHZH

Avdpeoa otous 16 aoBeveis pe akpoduodoTwon otn pe-
A¢tn s Linglart kal ouv.”?, ol 14 eixav pia PRKARTA pe-
wnAagn, kal dUo pia PDE4D petdniagn. Monovou kal
ol 16 aoBeveis PRKARTA ka1 PDE4D acBeveis napoucia-
(av xapakmpiotkd akpoduodotwons, povo ol 14 €& au-
v nou gixav PRKARTA petdnnagn e€éppaoav avtiotaon
ownv PTH kar TSH.

O1 aoBeveis napouaidlouv pia yevikdtepn Bpdxuvon twv
petakapnicwv ootdv A/kal wwv eandyywy, Napanéunovias
oe Bpaxubaktudia wnou E (BDE).”” Eva Baciké xapaknpl-
ouko s BDE nou napatnpnBnke otnv akpoducdotwon €i-
val n coPapdinta s 0oTUKNS avwpanias Ue MpoxXwpnuévn
OKeAEUKN wPIUavoN TwV HAKPMY 00TV OTa XEPIA KAl Ta Né-
61a."* Ta ouykekpIpéva oot akoAouBouv éva I81aitepo Tpd-
no avanwéns kabws 1o oxhpa Kal N auénoh tous eEapt-
vtal ano v evboxévopia oateonoinon, pia diadikacia nou
og peyano Babud pubuicetal and us adnnnienmidpdoels tou
unokataotan unodoxéa avapeoa otov PTHrP/PTH unodo-
xéa wnou 1 (PTH1R).?** H evepyonoinon tns PTHR1 bieu-
KoNUVEI TN CUVEXN avanapaywyn twv XovopoKUTIapwy otny
EMNPAVEID TWV APBPIKWOV ENIPUOEWY Kal avaotéAnel TNy Npo-
ypappauouévn S1apoponoincin Tous o€ UNEPTPOPIKA XOV-
Spokuttapa.” Avubétws, N avactoAh TOU GUYKEKPIPEVOU
povonauou enitaxuvel th guaolofoyikh diadikacia Slapopo-
nofnons twv x6vopwv twv apBpIKWY eMNPUOEWY Kal 0dnyei
otV NpoXwpnuévn okeNetkN wpipavon, dnws cuvavidtal
otnv xovépoduonnacia katd Blomstrand, nou npokaneital
ano us yetanndEers nou napeunodifouy tn Agitoupyia tou
PTH1R (loss of function mutations). O PTH1R avhkel otn B
opdda twv olkoyeveldv GPCR kal onpatodortei kupiws dia
péoou tou povonatou Gsa-cAMP-PKA (G protein a- cyclic

Adenosine Monophosphate - Protein Kinase A)’' (XxApa 2) .

O1 NePIoOBTEPES TwV OKEAEUKDY avwpanidv otnv akpodu-
oéotwon gival niBavéy va npokuntouv Adyw €Aneipns otnv
evepyonoinon tou PKA ané tv PTHrP (Parathyroid Hormone
related Peptide) e€aitias petanidEewv oto PRKARTA h 10
PDE4D. Y€ autd 1o nAaioio, ol yetadndagels nou epnodi-
Couv tn Aertoupyia tou yovidiou otnv PTHLH (Parathyroid
Hormone-Like Hormone), 1o yovidio nou kwdikornolei tnv
PTHrP, éxel avixveuBei otnv autdéowpn-enikpatntkn Bpa-
xubaktwiia wnou E (BDE) pe kovtdé avaotnpa.”** Adyw
T0U 6T n v6o0s ennpedlel Tov Uunokataotdtn tns PTHrP, a-
vtiotaon oppovikh Ogv avapévetal kal Sev €xel avapepOei.

O PTH1R peconaPei ous evOokpIvikés evépyeles tns PTH
ota vedpd Kal ta ootd Sia péoou s evepyornoinans s
Gsa-cAMP-PKA nou onpatodotei to povondu nou poipd-
Zovtal apétpntol aviaywviotés.” Tty ADOHR, n yeveukn a-
vwpadia nou ennpeddel tn dpactnpidtnta tou PRKARTA kal
s PKA, 10 nio yvwoto ekteNeatikd oUoTNHA KATE TNV MpPos
0 KATw eopd s kivnons ths CAMP, katanhyel o€ éva eupU
@aivowno avtotacns otn GPCR-Gsa-cAMP-PKA, npoka-
Awvtas €101 okeAeUKN SUCOOTWON KAl OPUOVIKA avtiotaon.
AUTs 0 PaIVETUNOS NApanéunel eupéws otov PHP1a'** 6-
nou n and v untépa kAnpovopoupevn avwpania anoiel-
as s Aeitoupyias tou yovidiou GNAS (Guanine Nucleotide
binding protein, Alpha Stimulating), tou puBuicukoU pe-
tatnodoxéa tou povonauou s GPCR-Gsa-cAMP, kata-
Anyel og avtiotaon otnv PTH kai tnv TSH kal og kanws na-
pépola okeneukn duoniacia (otov PHP1a, n Bpaxudaktu-
Aia eival petaBAnt kal ouvhBws neplopidetal oto tétap-
T0 KOl NEUNTO Petakdpmnio ootd, n Bpdxuvon twv Gandy-
ywv €ival yevika nAnias yopens h anouoa Kal N 0oukh du-
onAaoia ocuvhBws dev epgaviletal otn yévvnon h otd Npw-
1a xpdvia s naidikhs nAikias). '

Onws avaeépbnke avwtépw, ta Baocika enineda wns
cAMP ntav augnpéva otous aoBeveis pe ADOHR kal oup-
Batd ye pia avwpadia oto povondu PTH-GPCR-Gsa-cAMP
KOTd TNV NPos 1a KAtw Gopd tns Kivnons ths adevunikns
kukAdons."” AvuBétws, ol aoBeveis pe PDE4D petaniagn
dev eppavidouv petafonés otnv napaywyn s CAMP, dnws
Ba avapevotav Gv UNNPXE OPUOVIKA avtiotaon ota veppd
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Mivakas 2 - Mpdobeta kAvikd, Broxnpikd kar akuvonoyikd yvwpiopata twv 16 acBevav pe akpoduodotwon.
AT= Aev TekunpidONKe, AY= Agv YNApxel

Xapaknplotiko 1 2 3 4 5 b 7 8 9 10 1 12 13 14 15 16

®ulo A ] A ] 6 8 A 8 A A A 6 A ] ] 8

PRKARTA petdAlagn R368X | R368X | R368X | R368X | R368X | R368X | R368X | R368X | R368X | R335L | A328V | Q372X |G289E|Q285R

PDE4D petdAagn E590A| A227S

KAwikd yvwpiopata

Eﬁ;"]m KOG T EAET 240 | 160 | 10 | 260 | 130 | 45 | 10| 86 | 126 | 50 | 240 | 204 | 10| 30 | 70 | 140

BMISD 18 23 10 0.6 15 -10 | 33 0.2 13 AT 10 32 03 09 22 8.7
¢ {ec: +/Ukpn

DOOUOKECAEIOURYIEG: |y | b | |l [ o | e | | e | e | AT | Nonukd [ - | | e |l

Yotépnaon

Y”éP,Xpw"” bepuarog Nat Nat Nat Nat | Nat Nat | Oxt Nat | Oxt Oxt Oxt Oxt Oxt | Oxt Nat | Oxt

-KnAibeg

En{kavBog Oxt Oxt AT Nat | Nat | Nat | Nat AT AT Nat AT Nat Nat AT Nat | Nat

Evbokpivohoyikd yvwpiopata

Kpuwopxia ApoinA.| AY |ApeinA| AY AY AY Oxt AY Oxt | Oxt Oxt AY Oxt AY AY AY

Blohoyikn wpipavon-

kA{daka Tanner (katd tn BS I BS B3 B3 B1 2 B5 4 B1 B1 B5

peAén)

HAwk{a egpnvapxng (€tn) AT 125 AY | 13-14| AY AY AT AY AY AT AT 105 AY AY AY 1n3

KUkAog eppnvou

pUOEWE AY Kav. AY | Akav. | AY AY AY AY Akav. AY AY AY  [Kavov.

LH (IU/titer) (<9 xp. 0.01-

05,59 xp. 05-50) AY 31 AY 5.4 19 | <05 | AY 0.01 AY AY AY 13.0 AY AT | <05 | 87

FSH (IU/liter) (<9xp.

001-05, 59 xp. 0.8-4 4) AY 8.8 AY 110 | 48 13 AY 16 AY AY AY 8.8 AY AT | <07 | 80

Bepaneutikd oxnpa

Buapivn D Oxt Oxt Nat AT Nat Nat AT Nat Nat AT AT AT AT Oxt AT Oxt

L-T4 Nat Nat Nat AT AT Nat AT Nat Nat AT AT Nat AT Nat AT Oxt

é‘?ﬁﬁ Seponcutkad Ox | rhGH | rhGH | AT | AT |rhGH | AT [rhGH | AT | AT | AT | Mett | aT | a1 | a1 | ox

And Linglart kat auv. J Clin Endocrinol Metab 2012, 97-£2328-E2338

oty PTH. Mpdypau, ol Bacikés Kal ol Yetd and epebioud
pe PTH tpés ths CAMP ota oUpa, évas deikins-kAelof twv
endpacewv ts PTH oto veppikd eyyUs owAnvépio™, ei-
val oe puolooyIka enineda, yeyovds Nou ouVNyopEl LE TS
QVEUPIOKOPEVES PUOIONOYIKES TIPES TOU aOBETTiou Tou o-
pou, I pwopatdon kal tnv PTH og autous tous acBeveis.
Qot6o0, n napoucia s ootikhs SucdoTwaoNs, N onoid &i-
val napdpola PJe auth Nou Napatnpeital otous acBeveis
pe ADOHR, unobeikvUel tnv Unapén avwpadias oto on-
patodotkd povondu tns CAMP otous okengtkoUs 10ToUs.

I autd tov AdYo, av Kal apeoteEPES ol avwpanies ota
PRKAR1A xai PDE4D ennpegdlouv 10 onpatodotikd povo-
néu s GPCR-Gsa-cAMP-PKA, ol Agitoupyikés Tous eni-
nwoels eival dlapopetikés otous acbeveis. O Michot kal
ouv.”', avagépouv aoBeveis pe petadiaypévo PRKARTA
Kal avtiotacn otnv PTH kal TSH, yeyovos nou ivar oUp-
QWVO PIE TS NAPATNPACEIS tns Linglart kai ouv.”” Evoiapé-
pov gival 1o éu autol ol cuyypageis avakdduyav ot to-
ogpIs anod tous névie PDE4D aoBeveis tous dev napouasia-
oav avtiotaon otnv PTH kai tv TSH kai 6t o povadikds a-
oBevns pe petdAnagn oto PDE4D nou napouaiale aviiota-

on oty PTH, iows énaoxe andws ané éAfsiyn Brtapivns
D, k&u nou Ba eEnyouoe ta puaolofoyikd enineda s pw-
opatdons 1ou opou, T xaundn 25-0OH-kadoipepdAn kal
v ugnAdh PTH tou opou. Eival, enfons, niBavoé va undp-
XEl YePIKN @alvotunikh noikidopop@ia ooov agopd ous
Bloxnpikés Kal evOOKPIVIKES EMNTMOEIS Twv PDE4D petan-
A&&ewv. H a§loAdynon nepioootépwyv acBevv ye PDE4D
petannageis Ba xpelaotei yia v enifefaiwon autdv twv
eupnpdtwv. O1 Lee kal ouv.” bev napeixav NANPOPOPIEs
OXeUKA PE TNV aviiotaon twv aoBevdv tous otnv PTH kal
avépepav ouyyevh unoBupeoeldiopod og évav and tous dUo
aoBeveis pe petdnnagn oto PRKARTA kai o€ évav and tous
1pels aoBeveis pe petdnnagn oto PDE4D. Mpdogata otol-
x€ia unodeikvuouyv 6t ol avudpdaoels otnv LH, tnv FSH, tnv
kafoitovivn, tnv GHRH kai tnv eniveppivn €ival petafan-
Adpeves o€ pepikous aoBbeveis ue ADOHR, duws dev undp-
XOUV Mpos 10 Napov iabéoipa Sedopéva yia tnv ADOP4. "

Ytinv ADOP4 (6nA. otous acBeveis mou Gpépouv pia peE-
1@ANa€n oto PDE4D), n yeveukn avwpania ennpeddel tnv
PDE4D (éva pénos wwv PDE oikoyeveidv nou udpondouv v
cAMP) kar oupBanfel otov €81kd xpovikd Kal XwPIKE Kata-
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HEPIoUS Tou onpatodotkoU povonatol cAMP-PKAT9. Av
kal 1o Befypa otnv epyaoia s Linglart kar ouv.” anoteei-
a1l pévo and duo PDE4D aoBevels, 0 poAos tns petdniagns
oto PDE4D otnv akpoducdotwon unootnpiletal and us SUo
npooQates epyacies wwv Michot kai ouv.”' kar Lee kai ouv.”’.
H oikoyéveia PDE4D anoteneital and toundxiotov ewea pe-
apAntés 100popPES Tou apivotedikou dkpou (N-terminal
splice variant).”> Aev yvwpiloupe NoAAG yia I oUYKeKpI-
pévn ékppaon, Agoupyia kal pUBPIoN AUTMV TWV ICOPOP-
PV OToUs avBpwnivous 1otous Onws ota veppd Kail 1o Bu-
peoeIdn. 1ov Bupeoeidn adéva, uia auEnon otn cuvonikn
dpaotnpidtnta s PDE nou oxetetal ev pépel pe au§non
oU MRNA tou PDE4D éxel anobeixBei o autévopa Bupe-
016N adevpata nou eépouv petanniayuéva TSHR h Gsa
yovibia.” Or miBavés artonoyies yia 10 Gavétuno nou na-
patnpeital oe ADOP4 aobBeveis gival du o npooRefanuéves
IoopoP®ES dev ekppadlovtal 1o 610 atous dIdPopous IoToUS
Kal auto e€nyel tnv anouoia avtiotaons otnv PTH oto veppl-
K6 €yyus cwAnvépio, afid v napoucia avtictacns otnv
PTHrP ous apBpikés em@uoels kal ota 0otd. Autd woTtOo0
npénel va anodeixBei, kabBws undpxel n mbavétnta dAnwy
evanAakukwy, 6nws givar n avuppdnnon and andes PDE4D
Ioopop®Es " PDE nou Ba pnopouce va S10pBmoel tnv avw-
pania tov npooPePAnpévav PDE4D 10opopp0v O HEPIKOUS
I0TOUS 6nws €ival ta veppd Kal 0 Bupeoeidns. AIAPOPETKY,
n PDE4D pnopei va ekppactel 1000 oto VEPPIKO yyUs ow-
Anvapio 00 Kal ota KUTIAPa TwV 00TMV XWPIS OUwS va &-
unAiéketal otnv andvinon s PTH ota veppd. Ta anotené-
opata autd tovidouv v e1dIkh cupBonin twv PRKARTA kal
PDE4D otn onpatoddtnon s CAMP otous S1dpopous 1oTtoUs.
O1 piooi ané tous aoBeveis tns Linglart kai ouv.” pe petan-
AdEeis oto PRKARTA yovidio kal ADOHR kai évas aoBevns pe
petanndeis oto PDE4D kal ADOHR4 napouaiacav unepxpw-
patkés Seppauxes PAGPes, xapaknploukd nou Oev eixe ava-
pepOei nanaidtepa. H napouaia unepxpwpatikiy HSEPUATIKGDV
Brapdv pnopei va pnv anotenei éknAngn kabBws n CAMP €i-
val pia deutepn ayyeniopdpos—kAeidi nou napdyetal and ta
penavokUTiapa kai oxetidetal atevd e t S1agoponoinon twv
ueAavokuttapwv.””** O1 neploodtepes BAAGPEs npooopoialav
e kapeyanaktoxpwes knAides (café-au-lait spots) nou napa-
mpouvtal oto ouvdpopo McCune-Albright™ kal oto oupnAgy-
ua Carney™, 600 vooI MoU OXeTlovTal PE TV 15100UCTATKA
gvepyoroinon tou povonauou Sia péoou tns PKA tou uno-
doxéa s pedavokoptivns 1 (MCTR). Av Kai Ol YEVETIKES avw-
padies nou npokanouy to ouvdpopo McCune-Albright kai to
oupnneypa Carney eival yvwotés (etepdduyn augnon Aeitoup-
yias s Gsa kal anfoavendpkeia tou yovidiou PRKARTA avti-
oToIXa), Ol aKPIBELS HOPIAKOT UNXAVIOHO! TV UNMEPXPWHATIKDY
beppaukav BAapwv oto ouvdpopo McCune-Albright (kage-
yanakdxpwes knAides) kai oto oupnieypa Carney (kagpeya-
Aaktdxpwes kNAides kal pakwan) dev €xouv dIEUKPIVIODE.
EninAéov tns oppovikns avtiotacns, dUo npdobetes pai-
VOTUTIKES B1aQopés NapatnphBnkav otous aoBeveis Pe pe-
tadnaels ota PRKARTA xal PDE4D. Av kal au@OtepEs ol
voool napouoialouv o peydno Babud napduoia akpodu-
o6otwon, éxouv napatnpnBei Siapopés otnv yvabopivikn
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unonnacia Baoikh yia tn Sidyvwaon s akpoducdotwons
(o Bapids popens otny ADOP4) kal oto peyanUtepo U-
pOs TNs 00QUIKNS pecoonovdunias andotaons (cuvhBws
anouoa otnv ADOHR).

EnminAéov, évas aoBevns pe petdnna&n oto PDE4D éna-
oxe ané akpooku@oduoniaaia, unodeikvuovtas 6u ol a-
oBeveis nou ndoxouv and auth v okefeukn duonaacia
Ba npénel va unoPfandovtal oe dokipaacia avixveuons yia
petannd&els oto PDE4D.

Mia aAfn diapopd gival n vontukA uotépNon Nou napa-
peital o aoBeveis pe petanndéels oto PDE4D, 6nws a-
vagépetal kal and tous Michot kai ouv.”' og PDE4D aoBe-
vefs. O1 Lee kal ouv.”® avagépouv avant€iakh KaBuoté-
pnon, dlayvwopévn ws hnias popens o SUo PRKARTA a-
oBeveis kal o€ éva PDE4D acBevih kal coBapns Hoppns oe
éva PDE4D aoBevn. AvuBétws, aoBeveis pe PRKARTA pe-
tadnagels kat ADOHR 6ev napouaoidlouy vontkh uotépn-
on, nAnv kanolwv d1atapaxwy cupnepIPopds. Hnia npos
PETpIO VONTUKA uotépnon €ival kolvh o€ aoBevels Ye ave-
ndpkela PHP1a kar Gsa. AUtEs ol napatNPNOoEIs AneiKovi-
(ouv 10 pdNo-kAeIdi Tou onpatodotikoU povonatou s
GPCR-Gsa-cAMP-PKA kal twv €161KOV ENIOPATEDY TOU YIa
NV avantuén twv YVwolakv AEToUpyImV.

Eival cagés 6u n R368X eival pia enavadapBavopevn pe-
@AAGEN dnws apxikd eixe UNoteBei'”, 516U NapatnpABnke
o€ evvéa and tous 14 aoBeveis s Linglart kal ouv.” kal og
téooepis and tous névie PRKAR 1A aoBeveis twv Michot kal
ouv.”' H peAétn s Linglart kai ouv.”” enétpewe Tov Npoo-
b10pIop6 Névie vEwV NnapepunveUoIPdwy N avepunvelol-
pwv véwv petanidEewv oto yovibio PRKARTA. Odes au-
s ennpedlouv éva cuvINPNUEVO KATAAoIno otny NePIOXN
béopeuons B tns CAMP, 6nws n petdndaén R368X. O oke-
AETKOS PaIveTUNos twv aoBeviv nou épepav tnv R368X
petannagn Atav oxetukd NavopoIdTUNoS, VA AoBEVE(s mou
épepav vées petanndaters ekdnAwoav pepikes €idikés Oia-
Qopés own okedeukn duonnacia, au&dvovtas étal in Su-
vaTONTa CUOXEUOPOU yovownou-gaivownou. O ADOHR
Qaivétunos prnopsi niéov va Bewpeital otevd ouvdedepé-
VOS € TNV oppiovikn avtiotaon oty GPCR.">?!

Ye éva aoBevn pe ADOP4, n yAukivn 289 petadddxin-
ke o€ yAoutapdn (G289E). Metdna&n n onoia dAda&e tn
yAukivn 289 og tpuntopavn (G289W) evtoniotnke Kal oto
oupnieyua Carney. O1 onpelakés petanidgels ivar yvwotd
ot npokadouv afnayés otnv tpicdidotatn Soun s NPwTe-
vns. Autés ol anAayés pnopouv va yetafaniouv tnv npw-
teivikn Aeitoupyia kal Gaptdvial and us I61GTNTES Tou uno-
kaBiotapevou apivogéos. Mponyoupeva napadeiypata di-
QPOPETKMY UNOKATAOTATWwY Nou ennpeadouv 1o idlo ayi-
vo&U, adnd npokanolv avtiBetes enibpacels otnv Npwrei-
viKh Agitoupyia éxouv nepiypaei otn BiRAoypagia.*’***

O1 petanidgels autés nou evioniotnkav oto PDE4D ennped-
{ouv s Jakpés kal Bpaxels Icopop@és tns npwteivns PDE4D,
nANv dPWs N Katavonon twv eNiGPAcEDY TOUS OTous BIoXN-
pikoUs, BloAoyikoUs kal okeAgukoUs Gpavotunous Ba xpel-
aotei eninAgov PENETES Og NEPIOOOTEPOUS AOBEVETS in vitro.

YUPNEPAOPATKE, av Kal Ta YEXPI oNPEPa anoteféopata
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bev anokneiouv pia avwpania os dnda yovidia nou npo-
kafouv akpoducdotwon, pe napouacia h anoucia oppovi-
KNS avtiotaons, ol aoBeveis pe oUvEpopo akpoduodotwaons
nou éxouv eCetaoBel enifefaivouy 1o diaxwplopd autns

m

s ovtotntas o€ SUO SIapOPETKA YEVEUKA Kal (AIVOTUNI-

k& ouvdpoua nou pnopouv va ovopactouv ADOHR, €ai-
tias twv avwpaidv oto yovidio PRKARTA kal ADOP4, e-
€artias v avwpatiov oto yovidio PDE4D. H Unapén tns
GPCR-oppovikns avtiotaons gival wunikh povo oto ouv-
6popo ADOHR.
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ABSTRACT

We present the case of a 23 years old man who sustained
a very unstable injury at the cervico-thoracic area without
neurological symptoms.

This case was treated conservatively in a halo vest and
had a very good final result. The persisting deformity
obliged us to follow the patient in order to detect any
signs of early onset myelopathy. In a 15 years period the
patient remains asyptomatic

We discuss the problems related to this type of injuries
and the necessity for an appropriate treatment, concluding
that conservative treatment offers an acceptable alternative.

INTROCUCTION

Fracture-dislocations at the thoracocervical junction are
not infrequent injuries representing 4.9 % in our series.
These injuries represent a severe bony and ligamentous
disruption making the area involved very unstable and
complicated with a high percentage of neural element
damage. It is well documented in the literature that open
reduction and internal stabilization are needed for the
majority of the cases, but this is done sometimes with a
cost due to the potential for complications related to the
surgery. The conservative treatment even if it is related to
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longer hospitalization and limited activities of the patient
is another alternative leading, if properly applied, to a
satisfactory outcome.The cases we are reporting here are
an example of successful conservative management of
such an unstable injury.

CASE REPORT

A 23 years old young man was involved in a R.T.A. and
was transferred to the local hospital where clinical and
radiological evaluation revealed a craniocerebral injury and
an injury concerning the C6-T1 levels without neurological
involvement. Ten days later and following improvement
from the craniocervical injury, the patient was transferred
to our Spinal Unit, where a new evaluation including plain
x-rays in AP, profile and oblique views confirmed the spinal
lesion at the cervico-thoracic level (Fig. 1-2). CT-scan (Fig.
3) and MRI (Fig. 4) helped the clear understanding of the
underlying pathology. The imaging of the cervico-thoracic
junction revealed a sublaxation of C6-C7, a burst fracture
of C7, fractures on both sides of the posterior arch of C7
with forward slipping of the C7 vertebra, a compression
fracture of the upper surface of T1 and fracture of the (Rt)
transverse process. Soon after his admission a Halo vest
was applied to secure any prevalent displacement and to
reduce the fracture; the later was not achieved.

The patient was decided to be treated conservatively
taking into consideration the fact that in spite of the severe
instability and the displacement shown, no neurological
involvement was present. The patient wore the halo for
5 months with a close follow-up. CT scans, with dynamic
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Fig. 1. Lateral view shows no signs of
fracture or fracture-dislocation

and C7-T1

x-ray views taken after removal of the halo-vest, showed
complete fusion but persistent deformity; no signs of in-
stability were detected. The patient had a normal function.
A Miami type of collar was worn for an additional amount
of six weeks and then the patient was free of any support.

The patient was regularly followed-up every two to three
years and nowadays, every five years, with a clinical and
radiological evaluation looking for any sign of late-onset
myelopathy. Till now, 15 years after the sustained lesion,
the patient is completely free of any symptoms.

DISCUSSION

Fracture-dislocation represents a very serious spinal injury
as there is complicated in a high percentage with a spinal
cord involvement. In our department, fracture-dislocations
had a 75% neurological involvement either from the spinal
cord or from neural roots (106 out of 142)." Fracture-
dislocation at the cervico-thoracic area had a frequency of
4.9% (7 out of 142). Due to its nature this type of injury
is unstable and a more aggressive approach should be in
mind mainly because of the co-existence of severe neural
involvement and due to that, five out of 7 were operated;
all five were classified as ASIA A.

The fact that the patient was involved in a road traffic
accident makes the interpretation of the exact mechanism
of the injury difficult. The imagine evaluation provided
us useful information regarding the mechanism of the
injury which is a complex one as the degree of rotation,
compressive forces and flexion could be responsible for
the unilateral sublaxation at C6-C7 level, the unilateral
fracture of the transverse process of T1, the compression
fracture at T1, the burst fracture of C7 and the anterior
angulation at C7-T1 level respectively.

Fig. 2. Oblique view showing the
dislocated posterior elements at C6-C7

Fig. 3. CT scan showing the widening of the canal and
the forward olisthisis of the above vertebra

The initial AP and lateral x-rays were not helpful in de-
tecting the lesions (Fig. 1). Oblique films were very useful
(Fig. 2) as were the CT scan (Fig. 3) and the reconstruction
imaging. The MRI showed clearly the soft tissue status and
more precisely the spinal cord’s one (Fig. 4)

The problem of local kyphosis at the cervico-thoracic
area is stress by others’ because of the danger of reduc-
tion of the spinal canal superficial area and its subsequent
narrowing which can lead to myelopathy. In our case the
narrowing of the spinal canal was avoided because of the
fractured posterior arch of the C7, that fact increased the
antero-posterior canal dimension®* and had a result in the
integrity of the spinal cord. However, we have to follow
closely the patient in order to early detect any pathologi-
cal alteration.

The treatment of those unstable injuries is mainly opera-
tive in order to decompress from any pressure applied to
the neural elements and stabilize the area involved with
an anterior, posterior or 360° spinal fusion.>® The approach
is related to the fracture’s picture.

It is mentioned that if the lesion of the spinal cord is not
a complete one or if there is no neural element involvement
and the operation can be performed soon after the injury,
then an open intervention is justified.” Also, Marshal et
al® referred to the high percentage of complications that
occurred in patients undergoing immediate surgery. The
type of lesion, the bony and ligamentous elements that
have been sustained is an indication for the progress of
an injury; pure dislocations are rarely consolidated and
healed, while the presence of multiple bony fragments
can easily accelerate a spontaneous fusion and stability
of the affected area.
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Fig. 4. Initial MRI showing the burst fracture of C7
with angulation and olisthisis. The spinal cord is in
contact with the bony prominence but no pathologic
signal is visible

In our case one could proceed with a 360° fusion as
we did in other cases, but the fact that the patient was
neurologically intact in a very unstable environment could
highly jeopardize the patient’s safety. So, we decided to
treat the patient conservatively in a halo vest. The young
man tolerated very well the halo vest and followed strictly
the instructions given to him. At 15 years now, clinical
examination is normal and the patient has a painless
and slightly reduced neck range of movement. The MRI
showed no abnormalities in the spinal cord (Fig. 5), while
dynamic views demonstrated the acquired stability of
the involved area with trivial alteration to the proximal
intervertebral spaces.

CONCLUSION

Although operative treatment is believed to be the
standard mode of management of a cervico-thoracic
fracture-dislocation, conservative treatment of these un-
stable injuries is an acceptable alternative. The indications
for conservative treatment are based on the pattern of
fracture-dislocation and the potential of spontaneous
fusion in a deformed but accepted position which permit
to conserve the integrity of the spinal cord and the roots.
The desired good results seem to be related to a properly
applied protocol and the obedience of the patients to the
instructions given to them.

E.EX.O.T, Volume 67, Volume 1, 2016

Fig. 5. MRI 15 years after the injury. The deformity is still present
and the spinal cord shows no pathologic signal
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SUMMARY

The aim of this paper is the presentation of Spine Surgery
at the Penteli Children’s Hospital from its foundation until
nowadays. Special reference is made to surgeons, surgical
techniques, anaesthesiologists, methods of anaesthesia
and to milestones which introduced novelties in Greece.
In addition, special reference is made to the scientific work
coming from that hospital (papers and publications in
international journals). Eventually, it seems that the level
of Spine Surgery in that hospital follows the international
standards and it is equally high.

INTRODUCTION

The aim of this paper is the presentation and histori-
cal estimation of Spine Surgery at the Penteli Children’s
Hospital from 1957 until nowadays. In this attempt the
foundation and evolution of the hospital, the cases and
materials used and the surgeons who operated are pre-
sented. Unfortunately, the hospital record, which would
be an invaluable source, has been mostly destroyed. Nev-
ertheless, the operating room archives, where this research
was based, are intact and so is the historical record of the
hospital itself.

THE HOSPITAL
Penteli Children’s Hospital was founded and its construc-
tion began in 1935. Nevertheless, the circumstances at
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the time, World War Il and the following years delayed its
completion significantly. The hospital became operational
at 1957 as an orthopaedics-oriented institution as part of
the Patriotic Institute for Social Welfare and Understanding
(PISWU) with the assistance of UNICEF."*

In the beginning, Chr. Chrysanthakis became head of the
medical service and after him K. Kamberoglou followed. At
1981, the hospital became part of the public sector and
N. Mariakakis was appointed as head of the Orthopaedics
Department, until 1985 when the hospital became part of
the National Healthcare System and D. Demetriades was
appointed as head of the Orthopaedics Department. The
latter remained head of the Department until 2008 when
the current head, J. Hager, succeeded him. From the early
60s the 2" Orthopaedics Department became operational
under A. Arzimanoglou until 1967 when P. Smyrnis suc-
ceeded him. The latter was succeeded by X. Skevis for a
short time until the abolition of the 2™ Orthopaedics De-
partment due to lack of children’s tuberculosis at the time.?

The institution began in 1957 as an orthopaedics-oriented
hospital with four wings and 240 beds. Later a Surgery
Department was established. In 1981 it became a public
hospital, it had 2 Orthopaedics wings with 120 beds, a
Surgery wing and a wing for the children of PISWU. The
latter was abolished in 1983 and in this wing the admit-
tance Department was deployed. With the inauguration of
the National Healthcare System, this institution became a
Children’s Hospital with 160 beds, 30 of which belonged
to the Orthopaedics Department. Later this number was
diminished to 22 with the inauguration of the Neurology
Department. In the hospital, very remarkable Orthopaedic
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Table
Surgeons and number of spine operations at the
Penteli's Children's Hospital

SURGEONS OPERATIONS
1958 - CHRYSANTHAKIS 2
1958 - KAMBEROGLOU 28
1958 - ARZIMANOGLOU 19
1959 - LEONIDIS 7
1959 - SMYRNIS 46
1961 - MARIAKAKIS 20
1973 - GIANNESTRAS 2
1985 - DEMETRIADES 299
1985 - ANTONIOU 25
1982 - HAGER 89
OTHERS 42
TOTAL 554

Surgeons provided their services and the treatment of spine
disease and deformities was one of the main specialties.'

SPINE SURGERY AT THE HOSPITAL
From the cases treated in the hospital, spine deformities

were regarded as a major priority since the very beginning.

The first Spine operation was performed in 1958 by Chr.

Chrysanthakis and concerned a posterior T3-L1 fusion with

aleft tibial autograft. Since then, and until 2011, 554 spine

operations have been performed with the participation
of 121 surgeons, mainly Orthopaedic surgeons, but also
general surgeons, thorax surgeons and neurosurgeons.

Table shows the number of operations per surgeon. In

addition, the participation of 54 residents is recorded with

7 operations each in average.'

The most prominent anaesthesiologists were George
Symeonidis since 1957, Karolina Hadjidou since 1965,
Christos Zahariadis since 1970, Demetra Pappa since 1985
and Stavros Livanios from 2000 to 2012. The anaesthesia
methods concern general anaesthesia with pentothal
and ether from 1958, general anaesthesia with endotra-
cheal intubation from 1960, and general anaesthesia with
controlled hypotension from 1973. As far as controlled
hypotension is concerned, this was accomplished with
Alfonad in the beginning, later with nitroprusside and
since 1993 a combination of drugs with reference to the
depth of the anaesthesia.'

The most remarkable landmarks in the technique evo-
lution are:

1. As mentioned the first spine operation was performed
in 1958 on a 14-year-old patient with idiopathic scoliosis
by Chr. Chrysanthakis and concerned posterior fusion
T3-L1 with left tibial autograft’

2. Since 1959 the Hibbs technique was used which concerns
the use of iliac autografts for the fusion'
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3.1n 1973 a hump plasty was performed by Pan. Smyrnis
with coast excision from the right hemithorax'

4. At the same year (1973) the first fusion with the Har-
rington rod was made in a 15-year-old patient with
idiopathic scoliosis. The operation was performed by
Nicholas Giannestras, professor of the University of
Cincinnati, U.S.A. with the assistance of Smyrnis and
Tsimboukis'***

5.1n 1985 a T2-L3 posterior fusion was made with the use
of Harrington rod, Luque instrumentation and wiring.
The operation was performed by Demetriades, Antoniou
Hager and Kanter. This was the first spine operation in the
hospital under the National Healthcare System regime'

6. In 1992 a posterior T2-L2 fusion in a patient of 13,5-year-
old with scoliosis due to ganglioneuroma was performed
by Demetriades et al. and the IZOLA system with transpe-
dicular screws was used for the first time in this hospital'

7. Since 1985 in many spine deformities, prior to posterior
fusion, an anterior release with discectomies or oste-
otomies was performed. Since then many deformities
concern patients with neuromuscular disorders'

8. Since 1985 the Stagnara wake up test was used for
neural observation. Since 1999, the somatosensory
potential monitoring was used and from 2004 until
today the somatosensory and motor-evoked potential
monitoring has been used'

9. In 2007 a cell saver autotransfusion system was first used'

OTHER ACTIVITIES AND THE ROLE OF
NICHOLAS GIANNESTRAS

At this point, a special reference to the contribution of
Nicholas Giannestras (1909-1978) to spine surgery in this
hospital in particular and in Greece in general is in order.
As he was already a distinguished professor of Orthopae-
dics in the U.S.A. (clinical professor of Orthopaedics at
the University of Cincinnati, with many publications, as
well as a chairman in the Foot and Ankle of the AAQS) he
visited the hospital and under his supervision or by himself
the first posterior fusions with the Harrington rod were
performed.””

In addition, with his initiative, in 1974 the first spine
convention which bears his name was held in Greece and
since then it is held every year’

Finally, it must be noted that, according to Panagiotis
Smyrnis, in 1974-75 the first school screening for spine
deformities was organized by Orthopaedic surgeons of the
hospital, something that had already began sporadically
in the U.S.A.**

SCIENTIFIC CONTRIBUTION

From the Orthopaedics Department of this hospital, a
remarkable scientific and writing activity has been recorded.
Panagiotis Smyrnis published the experience of the first
school screening in Greece in his paper in JBJS (Br) titled:
“School screening for scoliosis in Athens”®in 1979 and in
1987 in KAT Hospital with his paper in Orthopaedics titled:
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“|diopathic scoliosis: characteristics and epidemiology””. N.
Mariakakis published his Ph.D. thesis in 1980 titled: “Con-
tribution to Spine Surgery for scoliosis with the Harrington
Technique”.” Finally Demetriades and Hager presented their
experience in several publications in distinguished journals
and many speeches in conventions.®*”"

CONCLUSION

To sum up, it is obvious that the Penteli’s Children’s
Hospital is from its beginning in a high level with many
and remarkable Orthopaedic Surgeons who specialize in
this discipline and with spinal deformities in particular (sco-
liosis, kyphosis etc). This particular institution has a history
of more than 50 years with a big number of operations
and experience to show. It seems that it has always been
up-to-date with international standards as far as spine
surgery is concerned. So it is fair to say that it is a reference
center for spine surgery in Greece and internationally and
it provides health services of the highest level.

REFERENCES

1. Nepd M., Xayep |.: H Xeipoupyikn s Xnovéuaikns
YtAns oto voookopeio Maidwv MeviéAns: Avadpopn
1957-2011. Opifia oto ouvédplo Znovounikns tnAns

10.

29

“NMavveotpas- Xpupvns”, 2011

BapPBapouons A.: lotopia ths OpBonaidikhs and v
apxaiétnta péxpl ohpepa. oen. 439-442. Eniotnpovi-
kés Ekdodaels Maploidvou A.E., ABhAva 2001
Mapiakakns N.: Zupfonn €is tnv xelpoupyiknv Bepa-
nefav s okoMiosws dia ths peBoddou Harrington, i-
daktopikn diatpifn, ABnva 1980

Kapnépoyou K.: H OpBonaibikn KAivikn oto MIKMA.
Acta Orth Traum Hell, vol. 48, 4:63 (1997)
Nicholas J. Giannestras, M.D., 1909-1978 J Bone Joint
Surg Am, 01;61(3):472 (1979)

Smyrnis PN et al: School screening for scoliosis in Athens
JBJS Br, vol.61:2, 215-217

Smyrnis PN et al: Idiopathic scoliosis: characteristics
and epidemiology. Orthopedics. 1987 Jun;10(6):921-6.
Magnisalis EA et al: Analysis of a retrieved Isola spinal
system fractured in service. J Biomed Mater Res B Appl
Biomater. 15;64(1):6-12.

Krallis P et al: Hybrid instrumentation for correction
of adolescent idiopathic scoliosis. Acta Orthop Belg.
78(1):94-9.

Priftis KN et al. Effects of bracing on lung function in id-
iopathic juvenile kyphosis. Pediatr Pulmonol. 35(2):83-6.



30

EEXOT
Volume 67, (1): 30-35, 2015

Quadricepsplasty for stiff knee

A PATIENT SERIES STUDY AND DEVELOPMENT OF A SURGICAL TECHNIQUE
ALGORITHM WITH ARTHROSCOPIC ASSISTANCE

Laboratory for the Research of Musculoskeletal System
Medical School, University of Athens, Greece

'I. K. TRIANTAFYLLOPOULOS MD, MSCI, PHD, FEBOT, °CH. K. KYRIAKOPOULOS, MD, MSCl,
’l. M. NIKOLOPOULOS, MD, MSCI, ‘G. GRAMMATOPOULOS, MD, °N. A. PAPAIOANNOU, MD, PHD
"Lecturer in Orthopaedics, Medical School, University of Athens, “Orthopaedic Surgeon, KAT Hospital, *Orthopaedic Sur-
geon, 4Orthopaedic Resident, KAT Hospital, *Asst. Prof. Orthopaedics, Medical School, University of Athens

ABSTRACT
Aim

Quadricepsplaty is a method for improving the range of
motion of a rigid or stiff knee. Various surgical techniques
have been described with different outcomes and complica-
tions. The aim of this study is to present an arthroscopically
assisted surgical technique for quadricepsplasty with specific
surgical steps for treating stiff knee due to extensor con-
tracture. We present our short series of three patients and
we review the literature with all the available techniques
and their modifications.

Patients and Method

We treated three patients with arthroscopically assisted
quadricepsplasty for chronic stiff knees. Certain surgical tech-
niques were followed as an anatomy based algorithm was
applied. The first patient was an 18-year-old female with stiff
left knee, due to proximal femoral focal defect and femoral
lengthening. The second patient was a 12-year-old female
with bilateral knee stiffness due to vaccination that induced
atrophic adipose degeneration of both quadriceps. The third
patient was a 25-year-old male with a stiff left knee and a
history of ipsilateral hip arthrodesis due to poliomyelitis and
left femur lengthening due to leg length discrepancy. All three
patients have been followed up for five years postoperatively.

Results

In the first case, the immediate postoperative range of
motion (ROM) was 0-150° and five years later the ROM
remained 10-110°. In the second case, the immediate post-

Correspondence to:

loannis Triantafyllopoulos MD, MSci, PhD

Laboratory of Research of the Musculoskeletal System

Tel: +30 210 6124007, +30 693766639, Email: sportdoc@otenet.gr

operative ROM was 0-130° and five years later remained
20-100°. In the third case, the immediate postoperative
ROM was 0- 90° and five years later remained 0-90°.

Conclusion

Quadricepsplasty when combined with knee arthroscopy
and when based on anatomy algorithm surgical steps, results
to satisfactory outcomes for the treatment of stiff knees.

Keywords: stiff knee, quadricepsplasty, extensor mechanism
stiffness

INTRODUCTION

A stiff knee is a complex and hard to treat condition
that restricts normal gait and daily activities and has painful
consequences in the life quality of the patient.'

The most common treatment method for a stiff knee,
due to extensor mechanism contracture, is quadricepsplasty
as had been previously described by Thompson and Jude.
Later, many modifications of these two techniques have
also been developed. However, all these methods are as-
sociated with a number of major complications such as:
severe deficiency of the extensor mechanism of the knee
with extension deficit and development of infection due
to large exposures.””® This study presents quadricepsplasty
technique, as a mainly modification of the Thompson's
method, assisted by knee arthroscopy and based on an
anatomically oriented algorithm. With arthroscopy inter-
vention, all intra-articular adhesions are released as well as
the contracted parapatellar retinacula. The open surgical
technique follows certain steps based on a topographic
anatomy algorithm that helps surgeon to treat meticulously
all tissues involved. We treated three cases with stiff knee
and extensor mechanism contracture. Also, we show our
outcomes as well as we discuss the current literature.
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Table. Results of active range of motion improvement

Preoperatively

3 months postoperatively

3 years postoperatively

Patient 1 0-10° 0-90° 10-130°
Patient 2 0° 0-100° 20-100°
Patient 3 0-10° 0-90° 10-90°

PATIENTS AND METHODS

During the period 2009 - 2010, three patients with stiff
knee and extensor mechanism contracture underwent quad-
ricepsplasty. The average age of patients was twenty years
old (12-30), while the time of postoperative follow up was
five years. The first case was a 18-year-old female with a
history of proximal femoral focal defect (PFFD) treated with
leg lengthening techniques that achieved an overall leg
length of 8 cm at the age of 16 years. However, stiffness of
the involved left knee, with a range of motion (ROM) 0-10°,
was developed. The second case was a 12-year-old female
with a history of premature birth. During her hospitalization
in incubator, she received intramuscular injections in the
quadriceps of both femur (there is an incomplete history
from her parents about the type of the injected formulation:
corticoid, antibiotics, anti-inflammatory - analgesic, vaccina-
tion, etc.), which caused muscle atrophy and contraction. The
female at her early childhood developed quadriceps muscle
contracture especially on her right femur. At the age of three
she was admitted at a Children’s Hospital for quadricepsplasty,
but as she was getting older she developed again extensor
mechanism contracture and stiff knees especially on her right
side. The right knee was fixed in extension whereas her left
one had a ROM 0-90° and was left untreated. MRI scan of
her right thigh and knee revealed fat atrophy of the major
part of quadriceps and mainly of vastus intermedius muscle.
The third case was a 30-year-old male with a history of
arthrodesis of the left hip due to poliomyelitis. At the end
of his skeletal maturation, the patient underwent distraction
osteogenesis of his left leg for leg length discrepancy. After
this operation his left knee became stiff with ROM 0-10°.

SURGICAL TECHNIQUE AND PHYSIOTHERAPY
PROTOCOL

Patient was in supine position. Combined general an-
esthesia and epidural catheter were applied. Appropriate
antibiotics were administered preoperatively and continued
two days postoperatively. Tourniquet cuff was never used
for two main reasons: (a) meticulous bleeding control and
post-operative hematoma prevention were necessary to
avoid postoperative scar tissue formation and contrac-
tion development, and (b) access to the full length of the
quadriceps was required, as proximal detachment of the
muscle bellies was necessary for a good outcome.

A. Knee arthroscopy
Knee arthroscopy was initially performed for three main
reasons: (a) cartilage inspection and evaluation, (b) intra-

articular adhesions release, and (c) contracted patellar
retinacula release. To the authors, arthroscopic release of
adhesions and retinacula is less invasive, easier, safer and
a quicker method than performing arthrotomy. Thus, the
risk of complications is less than in arthrotomy techniques.

B. Open surgery
The location of the main incision varies and preopera-

tively the surgeon must carefully draw lines according to

the involved tissues. Criteria for the location of the incision

are: (a) the position of any previous surgical scars, (b) the

contracture tissue locations (reticular ligaments, quadriceps

tendon, quadriceps muscle bellies, iliotibial band).
During surgery certain steps are followed:

1) Detachment of rectus femoris muscle from vastus in-
termedius muscle (Fig. 1A). Vastus intermedius muscle
is usually contracted and firmly attached to femoral
bone and is the main reason of stiffness (Fig. 1B). Thus,
vastus intermedious is totally removed off the bone but
there is special consideration for the periosteum not to
be detached. Periosteum should be left intact because
postoperatively it will allow normal sliding of remained
rectus femoris over the femoral bone.

2) Release of the iliotibial band and elongation of it with a
Z-plasty. Closure of the Z-plasty with sutures is reserved
until the end of the surgery to adjust the tightening of the
iliotibial band.

3) Release of parapatellar reticular ligaments with blind
cuts longitudinally to the lateral edges of the patella.
The surgeon should be very cautious not to penetrate
the articular synovium of the knee.

4) Release and detachment of all intramuscular tissue
adhesions in quadriceps muscle bellies and heads, both
distal and proximal, to ensure the best possible drift
between them. The detachment requires knowledge
of the anatomy of quadriceps and use of the surgeon’s
fingers (blunt dissection).

5) Elongation of contracted quadriceps tendon may be
required with the use of V-Y plasty. The surgeon at the
end of surgery decides this part of operation, after having
preceded all the above steps described. However, V-Y
plasty of the quadriceps tendon may lead to extension
gap and therefore to a deficit in the active extension of
the knee, on an average of five to ten degrees (Fig. 1C).
Intraoperatively, controlled passive flexion is performed

by the surgeon in order to assess the contracted tissues.

Finally, meticulous hemostasis is required and two suction

drains are inserted, one into the knee joint and the other
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Figure 1. (A) Rectus femoris preparation. (B) Vastus intermedius
detachment or removal (C) V-Y-plasty for rectus femoris elongation
in order to improve knee flexion

among the intermuscular spaces. Compression with elastic
bandage is applied to reduce free space, the leg is placed
in 90-90° flexion (hip and knee flexion at 90 degrees) and
ice therapy is applied.

C. Physiotherapy protocol

The patient returns to his room and under epidural an-
esthesia begins immediately passive physiotherapy using
CPM machine (Continuous Passive Movement). The CPM
machine is used daily for many hours and in the range of
movement that the patient can tolerate. The patient re-
mains in the hospital for at least three days for the control
of postoperative pain with iv anti-inflammatories and pain
killers and control of the hematoma with the use of ice.

The CPM machine will accompany the patient at home
and will be used for two weeks. At the same time, the
patient will gradually begin active exercises of the exten-
sor mechanism and will walk using crutches, as soon as
tolerated. The rehabilitation with physiotherapist will
continue for at least one month, and then the patient will
continue exercises in a gym with daily use of stationary
bike, stretching and strengthening exercises. The patient
should be encouraged to perform daily exercises and
receive analgesic treatment if needed. Usually, the initial
postoperative range of motion of knee decreases the first
month due to the inflammatory reaction of the soft tissues
(muscle elements). The patient is reassured and continues
his program and gradually increases the range of motion
within the next months.

RESULTS

In the first case, preoperative ROM was ranged between
0-10 degrees (Table). ROM increased immediately postopera-
tively at 0-150° but decreased after one week at 0-90°. At
three months ROM remained at 0-90°, quadriceps atrophy
and lack of full extension of 5° was noticed. At three years

follow up, there was still active extension deficit of 10°,
passive full extension, active and passive flexion to 130°,
and normal gait (Fig. 2A, 2B).

In the second case, preoperative ROM was ranged be-
tween 0-130°. At three months ROM was 0-100° and there
was a deficit of active extension of 10°. At three years,
the observation showed: active extension deficit was 20°,
there was full passive extension, active and passive flexion
to 100° and normal gait without limping (Fig.3A, 3B).

In the third case, the postoperative ROM was ranged
0-150°. At three months it was limited to 0-90°. At three
years follow up, the knee range of motion remained at
0-90°, with 10° active extension deficit, full passive exten-
sion and normal gait.
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A

Figure 2. (A) Final active knee extension. (B) Final active knee flexion at 3 years follow-up of the first patient

DISCUSSION

In 1922, Bennett described the pathological anatomy
of a stiff knee with extensor contracture.® Patella was
considered as the intrinsic part of the knee and quad-
riceps tendon as the extrinsic part of the knee, which
are controlling extension mechanism. There is a dynamic
interaction between these two components of the exten-
sor mechanism of the knee and therefore, any pathology
of one will affect the other.” In classic literature there are
four reasons of extensor mechanism malfunction: (1)
fibrous degeneration and adhesions formation between
vastus medialis muscle, musculotendinous part of rectus
femoris and suprapatellar bursa, (2) fibrous degeneration
and adhesions formation between patella and femoral
condyles (patellofemoral joint) or between femoral and
tibial condyles (tibiofemoral joint), (3) fibrous adhesions
formation and parapatellar retinacula contraction at the
parapatellar lateral and medial gutters, (4) contraction,
atrophy or fatty infiltration of rectus femoris muscle.

The common treatment methods of contracture in knee
extensor mechanism contain: 1) a focused and intensive
program of physiotherapy, 2) manipulation of knee under
anesthesia, 3) knee arthroscopy for intra-articular release,
and 4) quadricepsplasty. Quadricepsplasty as initially de-
scribed by Thompson® utilizes an anterior midline incision.
Then a split of vastus lateralis and medialis muscles from
the rectus femoris muscle is performed as far distal as to
the insertion into the upper pole of patella. Then the vastus
intermedious is recognized and split from rectus femoris. In
case that vastus intermedious is contracted with adhesions,
it is completely removed. However, rectus femoris muscle
remains intact without any elongation procedure because
of the high incidence of lag extension. A large number of
authors have reported their results with this method.”"'

Moore and colleagues in their study of nine patients that
underwent quadricepsplasty for stiff knee after fracture
of distal femur, demonstrated satisfactory results in eight
patients with average flexion of 78°. However, six patients
had extension deficit of 10°. Nicoll showed thirty patients
with quadricepsplasty, with an average knee flexion of 68°.
Three patients had a 5° extension deficit without previous
rectus femoris lengthening and six patients had a large
extension gap of 20°-40° after lengthening of the rectus
femoris muscle.' Hesketh applying the same technique of
quadricepsplasty in ten patients, had a very satisfactory
result in flexion up to 100° and an active extension deficit
5° in two patients.” Similar results from Kundu and col-
leagues with average flexion up to 98°."

According to the literature, the modified Thompson'’s
guadricepsplasty was described by Hahn and colleagues
involving four steps: 1) medial and lateral parapatellar inci-
sion arthrolysis, 2) passive knee flexion is then performed
and if there is still knee stiffness with flexion deficit, an
antero-lateral or lateral incision is performed along the thigh
for the release of all quadriceps adhesions, 3) transverse
section of iliotibial band distally, 4) separation of vastus
lateralis muscle from rectus femoris muscle and release of
all adhesions down to their insertion into the patella, 5)
separation of rectus femoris muscle from vastus medialis
muscle and vastus intermedious muscle, 6) Z-plastic of
rectus femoris muscle if there is still unsatisfactory flexion
of the knee. Hahn and colleagues applied this technique
to thirty stiff knees and showed an average improvement
in flexion of 67.6° with an average ROM 0-113.5°.

In 1959, Judet presented an alternative method of
quadricepsplasty.' He described three consecutive stages.
At the end of each one, the surgeon checks the knee flexion
and attempts to increase it with passive flexion of the joint.
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Figure 3. (A) Final active knee extension. (B) Final active knee flexion at 3 years follow-up of the second patient

Phase A: Through a medial parapatellar approach, release
of all intra-articular and suprapatellar adhesions. A partial
increase in knee flexion is gained.

Phase B: A long lateral incision is made from patella to
the greater trochanter. Vastus lateralis muscle is detached
from the linea aspera and meticulous hemostasis of the
perforating veins is performed. Vastus intermedious is
recognized and lifted extraperiosteally from the anterior
and lateral surface of femur. If vastus intermedious is
degenerated and ricnotic, it is totally removed. Passive
flexion of the knee with manipulations is again performed
and if there is still no satisfactory flexion, the surgeon
performs the next phase.

Phase C: Proximal extension of the lateral incision is made
as described by Watson - Jones in the hip area.'' Rectus
femoris muscle is detached from its origin at the anterior
inferior iliac spine to allow quadriceps transfer distally.
Usually vastus medialis is not involved with adhesions. Judet
applied the technique in 53 patients and increased the range
of motion up to 100°. Many authors presented satisfactory
results of Judet technique in stiff knees, improving ROM
in most cases between 85°-115°

Palley'® was the first author who described a modified
Jude quadricepsplasty. Medial and lateral parapatellar
incisions are initially made and release of all intra-articular
adhesions is performed. Through the medial incision,
detachment and elevation of the medial collateral ligament
are also performed. Then, release of rectus femoris is made
instead of vastus lateralis muscle as it is done in the Judet’s
method. If there is still knee stifness, release of vastus
lateralis and detachment from linea aspera is performed.
In this stage there is blood loss, so meticulous haemostasis
of the penetrating veins is needed. Alici and colleagues
presented a series of eleven patients with modified Judet’s

quadricepsplasty with flexion improvement 70°-100°."

Quadricepsplasty can be combined with knee arthroscopy
for the release of intra-articular adhesions, and for
some authors for the extra-articular adhesions of the
quadriceps.”?" In case of arthroscopic release of extra-
articular adhesions medial and lateral parapatellar portals
are utilized. The arthroscopic method has advantages
because of the high risk of injury and complications that
open method can have (damage of articular cartilage,
fractures, rupture of patellar reticular ligaments, superficial
and deep infections, significant blood loss, hematoma,
algodystrophy syndromes, muscle weakness, etc). On
the other side it is a technically demanding process, with
higher cost and difficulties in releasing extensive and extra-
articular adhesions.'®

A key component of a satisfactory recovery is a targeted
and strict physiotherapy protocol. It is extremely important
to maintain postoperative flexion. Some authors suggest
the hip - knee flexion 90° to 90° for 24-48 hours after
surgery. Then passive movement of the knee with CPM
for three weeks and gradually active assisted exercises
are performed. Electrical muscle stimulation of the
quadriceps and muscle strengthening exercises for at
least six months are also useful.?*** The physiotherapy
program may be associated with post-operative analgesia
(intravenously or orally), or even epidural analgesia.”>*°
The physiotherapy program that was applied to our
patients was based on the above described methods
and adapted to each case.

Conclusively, our modified arthroscopic assisted
Thompson’s quadricepsplasty with the use of a topographic
anatomy based algorithm for tissue release and followed
by a special physiotherapy protocol, allows a less invasive,
controlled, sequential release of intra-articular and extra-
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articular adhesions leading to decreased risk of complications
such as scaring formation, extension deficit, infection,

he

matoma and blood loss.
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ABSTRACT
Context

Acrodysostosis is a rare skeletal dysplasia that is associated
with multiple resistance to GPCR-signaling hormones
in a subset of patients. Acrodysostosis is genetically
heterogeneous since it results from heterozygous mutations
in PRKAR1A or PDE4D, two key actors in the GPCR-cAMP-
proteine kinase A (PKA) pathway.

Objective
Dismember the genotypes and phenotypes of the ac-
rodysostosis entity.

Patients and methods

Sixteen unrelated patients with acrodysostosis under-
went a candidate-gene approach and were investigated
for phenotypic features.

Results

All patients had heterozygous de novo mutations. Four-
teen patients carried a PRKARTA mutation (PRKARTA
patients), 5 each a novel PRKARTA mutation (p.Q285R,
p.G289E, p.A328V, p.R335L, p.Q372X), 9 the reported
PRKARTA p.R368X mutation; 2 patients harbored a mu-
tation in PDE4D (PDE4D patients) (one novel mutation:
p.A227S, one reported: p.E590A). All PRKARTA, but none
of the PDE4D mutated patients were resistant to PTH and
TSH. Two PRKARI1A patients, each with a novel mutation,
presented a specific pattern of brachydactyly. One PDE4D
patient presented with acroskyphodysplasia. Additional
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phenotypic differences included mental retardation in
PDE4D patients. In addition, we report the presence of
pigmented skin lesions in PRKARTA and PDE4D patients,
a feature not yet described in the acrodysostosis entity.

Conclusions

All PRKARTA and PDE4D patients present similar bone
dysplasia characterizing acrodysostosis. Intra-category and
inter-phenotypic differences, including the presence of
resistance to GPCR-cAMP signaling hormones in PRKAR1A
but not PDE4D patients, indicate phenotype - genotype
correlations and highlight the specific contributions of
PRKAR1A and PDE4D in cAMP signaling in different tissues.

INTRODUCTION

Acrodysostosis (ADO), once called “syndrome of pug-
nose and peripheral dysostosis”' or “syndrome of peripheral
dysostosis, nasal hypoplasia and mental retardation”” and
also known as Maroteaux-Malamut syndrome3, referstoa
group of rare skeletal dysplasia that shares characteristic
features including severe brachydactyly, facial dysostosis and
nasal hypoplasia. In the early seventies, it was considered
as a new clinical and radiological entity by Robinow et af*
and Giedion et al'. The first reported cases of acrodysostosis
were all sporadic.”” Subsequently, observations of familial
acrodysostosis with apparent autosomal dominant (AD)
inheritance were reported.®'® However, these familial
occurrences were based on phenotypic criteria and genetic
inheritance of acrodysostosis has not yet been reported.

The literature describing acrodysostosis cases is confusing
because upon review, some reported patients may have
had other phenotypically related diseases, such, as
pseudohypoparathyroidism type la (PHPla, M1TM103580)
or pseudopseudohypoparathyroidism (PPHP, MIM 612463),
that share some features with acrodysostosis.”" ™ In addition,
it has recently become clear that several phenotypic
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forms of acrodysostosis exist. A prominent question has
been whether patients display or not abnormal mineral
metabolism associated with resistance to PTH and/or
resistance to other hormones that bind G-protein coupled
receptors (GPCR) linked to Gsa, as observed in PHP1 a."

In three unrelated patients affected with acrodysostosis
and hormonal resistance (ADGHR) (OMIM #101800), we
have recently identified the same heterozygous nonsense
mutation p.Arg368X in the PRKARTA gene encoding the
cAMP-dependent protein kinase type la regulatory subunit
protein.” This mutation leads to a gain of function of
this subunit and thus to a constitutive loss of function in
protein kinase A (PKA), the most common effector system
downstream of cAMP."®"® This explains both the skeletal
phenotype and the multi-hormonal resistance. This finding
led to (1) the identification of the ADOHR syndrome, (2)
the first description of a group of acrodysostosis based on
genetic analysis and (3) the hypothesis of other genes in
the cCAMP signaling pathway as potential candidates for
acrodysostosis genetics. Accordingly, mutations affecting
PDE4D encoding phosphodiesterase 4D, a class IV cAMP
specific PDE that hydrolyzes cAMP'®, were recently reported
in a subset of acrodysostostic patients (referred to as ADOP4
in the present manuscript).”>”' The current study reports
the largest series of patients with acrodysostosis, allowing
us to draw some phenotype-genotype correlations at the
clinical, hormonal and radiological levels. Fourteen patients
harbored a PRKARTA mutation, and two had a PDE4D
mutation. All PRKARTA and PDE4D patients presented
a similar dysostosis characterizing acrodysostosis. Three
patients (two each with a novel PRKARTA mutation, one
with a PDE4D mutation) presented with a distinct skeletal
feature. While all PRKARTA patients were resistant to PTH
and TSH, we found no evidence of hormonal resistance
in PDE4D patients.

Protein
kinase A

T~

PATIENTS AND METHODS
Patients

Sixteen patients with acrodysostosis (ADO) were included
in this study. Fourteen were western Europeans living
in Belgium (1), France (4), Germany (3), Greece (1), Italy
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Figure 1. Phosphodiesterases in the cAMP pathway. The cAMP
pathway mediates key processes. When the G-protein-coupled
receptor is activated by an extracellular ligand, a conformational
change occurs. The GSA subunit is released from the complex and
binds to adenylyl cycles, which then catalyzes the conversion of ATP
into cAMP. Elevation in intra-cellular cAMP levels leads to dissociation
of the catalytic subunit from the regulatory subunit of the protein
kinase A. The activated protein kinase A can then phosphorylate a
series of targets that regulate downstream effector enzymes, ion
channels, and activates the transcription of specific genes mediating
cell growth and differentiation. Phosphodiesterases are key regulators
of the cAMP pathway, as they are able to hydrolyze the CAMP to
inactive 5" ~AMP leading to inactivation cAMP pathway.
Abbreviations used: CREB: cAMP response element-binding protein;
Camp: cyclic adenosine monophosphate; 5’-~AMP: 5’-adenosine
monophosphate

(1), Spain (3), New Caledonia (1). One patient was from
a mixed descent (western European and west African)
and one patient from Polynesian descent, both living in
France. Thirteen had not been reported before, while three
(patients 1, 2, 3) were previously reported by our group.”

The patients were initially referred to the hospitals for
the diagnosis of skeletal dysplasia at ages ranging from
2 to 24 years. None of the patients’ families were related
or lived in the same region and all cases were sporadic.
Informed written consent was obtained from the patients
and patient’s parents (including the use of photographs
of patients’ faces) and controls for all studies.

Biochemical analysis

All biochemical measurements were performed at
the referring centers using standard clinical laboratory
procedures for electrolyte and hormone concentrations
in blood and urine. Urinary cAMP was measured using
the cAMP Biotrak Enzyme immunoassay (EIA) System
(Amersham) as described' for all patients except for 2
patients (6 and 10: for these patients, CAMP was measured
using a radioimmunoassay from IBL).

Responses to PTH infusion

PTH infusion tests were previously reported for patients 1,
2, 3and 6 controls.” The PTH infusion test was performed
on patient 16 as previously described.”

Sequence analysis

Genomic DNA and RNA were extracted from peripheral
blood mononuclear cells using standard procedures. Intronic,
and when required, exonic primers were used to amplify
the exons and intron-exon junctions for PRKARTA (NM
002734) (12 exons)”” and PDE4D (NM_001104631) (17
exons) (primers available on request). PGR products were
analyzed by direct nucleotide sequence analysis.

RESULTS

The results are presented for the 16 patients including
3 reported in our initial publication.” All patients (7 males,
9 females) had characteristic features of acrodysostosis
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Figure 2. Genetic diseases which are connected with reduced signal
in the PTHR 1-Gsa-cAMP-PKA pathway

(ADO) including severe brachydactyly affecting metacarpals,
metatarsals, and phalanges, with facial dysostosis and
nasal hypoplasia (1, 4, 23-25) (see below). One patient
(patient 16) was diagnosed as acroskyphodysplasia. The
patients’ ages at the time of the study ranged from 3 to
26 years (Table 1 and 2).

Screening for PRKARTA and PDE4D mutations

De novo missense mutations of PRKARTA were identi-
fied in 14 patients, i.e. 11 in addition to the 3 previously
reported.”” We found that 6/11 patients carried the re-
current heterozygous mutation p.R368X (c.1101C>T) in
exon 11 of PRKARTA. Each of the 5 other patients carried
a novel variant, two variants localized in PRKARTA exon 9
(c.854A>G / p.Q285R; c.866G>A / p.G289E) and three in
exon 11 (c.9830T/p.A328V; c.1004G>T R335L; C.11140T,
p.Q372X) (Table 1). The remaining two patients had no
mutations in PRKARIA. In one patient (patient 16) we
identified a novel heterozygous missense variant in PDE4D,
€.679G>T/ p.A227S. The second patient (patient 15) car-
ried the recently reported c. 17769A>C /p.E590A change
(20) also in PDE4D at the heterozygous state. All PRKARTA
and PDE4D mutations were absent in the parents and/or
siblings, as well as in 200 controls and available databases
(data not shown).

Biochemical parameters and hormone values (Figure 1)

All 14 patients carrying a PRKARIA mutation were re-
sistant to PTH, as indicated by increased circulating PTH
levels ranging from 70 to 296 pg/rnl (160+16, mean + sem,
n=14), higher than the upper limit range of PTH levels. In
these patients, serum calcium was low (1 patient) or normal
(13 patients). Serum phosphate was normal (4 patients)
or increased (10 patients). Resistance to TSH was docu-
mented by increased TSH in 12/14 patients with normal
or low thyroxine (T4) levels. Two patients had normal TSH
levels. The 2 PDE4D mutated patients had normal serum
calcium and thyroxine levels, but in contrast to PRKARIA

E.EX.O.T, Volume 67, Volume 1, 2016
mutated patients, normal serum phosphate, PTH and TSH

Cyclic AMP studies

We measured urinary cAMP levels, a marker of PTH
effects on the renal proximal tubule, in 8/14 PRKAR1A pa-
tients and in 2/2 PDE4D patients, and plasma cAMP in 5/14
PRKARTA patients and 1/2 PDE4D patients. The PRKARIA
patients had increased (7/8) or high normal (1/8) urinary
cAMP concentrations. PRKARIA patients had increased
(4/5) or high normal (1/5) plasma cAMP concentrations.
In contrast, basal urinary levels of CAMP were normal in
the 2 PDE4D patients and plasma cAMP level was normal
in the studied PDE4D patient.

A sharp rise in urinary cCAMP after infusion of recombinant
PTH, similar to that observed in controls, was observed
in the patient with a PDE4D mutation. PRKARTA patients
also had a sharp rise in urinary cAMP after infusion of
recombinant PTH, as previously reported.”

Features of patients with acrodysostosis

Most patients (11/14 PRKARTA and 1/2 PDE4D patients)
were born small for gestational age (Table 1). All 16 patients
showed typical clinical and X-ray features of the facial and
peripheral dysostosis characterizing acrodysostosis."**’
(Table 1, Figures 3 and 4, and supplemental Figure 1). In
all patients evaluated during childhood or adolescence
except 2, bone age was advanced. The 6 patients who
had reached their final height (patients 1, 2, 4, 11, 12 and
16) had severe short stature (mean -3.5 SD ranging from
-2.9 to -4.6). There were, however, a few inter-category
and inter-individual differences in the skeletal phenotype:
the maxillo-nasal hypoplasia with flattening of nasal ridge
was more severe in the two patients carrying the PDE4D
mutations compared to patients with PRKARTA mutations
(Figure 3, and supplemental Figure 1).” A similarly severe
and symmetric defect of all tubular bones of hands and
feet (except for the big toe) was present in all PRKARTA
and PDE4D patients except two (patients 11 and 12), who
each carried a novel PRKARTA mutation (Table 1, Figure
4 and supplemental Figure 1).°> All PRKARTA and PDE4D
patients presented cone shaped epiphyses of the hands
and feet (Table 1, Figure 4). Patient 10 who had a novel
PRKARTA mutation also had early fusion of the elbow (not
shown).* Loss of widening of the lumbar inter-pediculate
distance in the cephalo-caudal direction was frequently
observed in PRKARTA, and not present in the two PDE4D
patients (Table 1). Patient 16 carrying a PDE4D mutation
was originally diagnosed as acroskyphodysplasia (Table 1).

Additional clinical, biochemical and radiological features
(Table 2)

While both patients with a PDE4D mutation presented
with mental retardation, none of the PRKARTA patients
did. However, eight of the PRKARTA patients showed
some behavioral disorders and/or difficulties at school.
Body mass index (BMI) was low in 3 patients, normal or
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Figure 1a and 1b. Brachydactyly of hand and foot in a patient with Acrodysostosis

high normal in 8 patients, and increased in 6, including
one PDE4D patient. Nine patients exhibited pigmented
skin lesions, including one PDE4D patient (Table 2 and
supplemental Figure 2). Epicanthus folds were common
among the PRKAR1A patients as well as in the two PDE4D
patients (Table 2). Among the 7 male PRKARTA patients (the
two PDE4D patients were female), bilateral cryptorchidism
was present in 2 and absent in 5. Tanner stage in female
PRKARTA and PDE4D patients were in accordance with
age; onset of menarche was within the normal range, with
regular cycles in 2 patients and irregular in 2 patients. The 3
adult female patients had slightly increased LH and/or FSH
levels (Table 2). Patient 3 gave birth to a non-affected child.

Other developmental defects observed each in only one
patient are summarized in Table 2 and comprise right renal
and bilateral vas deferens agenesis (patient 1), bilateral
2-3 toe syndactyly (patient 7), dysplasia of both hips and
dental defects (patient 8), increased size of the jaw with
severe malocclusion (patient 9), scoliosis (patients 6, 10
and 15) and delayed tooth eruption/hypodontia (patients
12, 13 and 16).

DISCUSSION

Among 16 patients having acrodysostosis, 14 harbored
a PRKARTA mutation, and 2 a PDE4D mutation. While all
16 PRKAR1A and PDE4D patients presented acrodysostosis
features, only the 14 patients harboring a PRKARTA muta-
tion expressed resistance to PTH and TSH.

The patients present a general shortening of metacar-
pals and metatarsals and/or phalanges, characterizing
brachydactyly type E (BDE).”” A major characteristic of
the BDE observed in acrodysososis is the severity of the
bone defect with advanced skeletal maturation of tubu-
lar bones of the hands and feet."* These bones follow a
particular pattern of development, since their shape and
growth depend on endochondral ossification, a process
highly regulated by ligand-receptor interactions between
PTHrP and PTHR1.”*® Activation of PTHR1 facilitates the
continuous proliferation of chondrocytes in the growth

plate, and postpones their programmed differentiation into
hypertrophic chondrocytes.* Conversely, inhibition of this
pathway accelerates the normal differentiation process of
growth plate chondrocytes, and leads to advanced skeletal
maturation, as observed in Blomstrand chondrodysplasia,
caused by PTHR1 loss of function mutations.”® PTHR1
belongs to the group B of the GPCR families, and signals
mainly through the Gsa-cAMP-PKA pathway.* Thus, we
propose that most of the skeletal abnormalities in acro-
dysostosis are likely to result from the impairment in PKA
activation by PTHrP due to PRKARTA or PDE4D mutations.
In this context, loss of function mutations in PTHLH, the
gene coding PTHrP, have been identified in autosomal-
dominant BDE with short stature.’®*' Because the disease
affects the ligand PTHrP, resistance to hormones is not
expected, and has not been reported yet.

PTHR1 not only mediates the pleiotropic paracrine effects
of PTHrP, but the endocrine actions of PTH in kidney and
bone, through the activation of the Gsa-cAMP-PK A signal-
ing pathway shared by numerous agonists.” In ADOHR,
the genetic defect that affects PRKARTA and PKA activity,
the most common downstream effector of cCAMP, results
in a broad phenotype of GPCR- Gsa-cAMP-PKA resistance,
causing the skeletal dysostosis and hormonal resistance.
This phenotype is broadly reminiscent of pseudohypo-
parathyroidism type 1A"* where maternally inherited loss
of function in GNAS, the post-receptor regulator of the
GPCR-Gsa-cAMP pathway, results in resistance to PTH and
TSH and in a somewhat comparable skeletal dysplasia (in
PHP la the BDE is variable, usually limited to the 4th and
5th metacarpals, phalangeal shortening is generally mild
or absent and the bone dysplasia is usually not present at
birth or in early childhood)."***

Basal urinary cAMP, a key marker of PTH effects on the
renal proximal tubule®, was normal in the two PDE4D
mutated patients. This normal cAMP levels under baseline
conditions measured in PDE4D patients is in agreement
with the absence of a defect in PDE function in this tissue.
This, together with the normal PTH levels in the presence
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Table 1 - Clinical and radiological features of 16 patients with Acrodysostosis
SGA= small for gestational age

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
Sex M F M F F F M F M M M F M F F F
PRKAR1A mutations R368X | R368X [R368X | R368X [R368X | R368X | R368X | R368X | R368X | R335L | A328V | Q372X |G289E| Q285R
PDE4D mutations E590A|A227S

Clinical features
Birth weight g (SD) SGA | 2400 | 2100 | 1850 | 1780 | 2640 | (-2.0) | (-19) | (-1.8) | 1810 | ND | 2200 | 2530 | 2400 | 1845 | 3300
Birth height cm (SD) SGA 45 49 43 40 | (-20) | (-20) | (-2.2) | (-1.6) | 43 ND 42 46 | (-0.5) | 50 51
Age at study (yr) 260 | 160 | 1.0 | 260 [ 130 | 45 | 110 | 86 | 126 | 50 240 | 204 | 140 | 30 70 | 140
Height (SD) -40 | -30 | -25 | -35 [-355| -25 | 10 | -25 | <15 | -32 | 29 | -29 | -10 | -18 | 04 | -30
Facial dysostosis
S;gi:(jaei/izmh widely- Yes Yes | Yes | Yes | Yes ND | Yes | Yes | Yes | Yes Yes Yes | Yes | Yes | Yes | Yes
Maxillonasal hypoplasia Yes Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes Yes Yes | Yes | Yes | Yes | Yes
Clinical peripheral dysostosis
jrr:jaflel:tnd broadhands Yes Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes Yes Yes | Yes | Yes | Yes | Yes
Stubby digits Yes Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes Yes | Yes | Yes | Yes | Yes
Enlargement of the big toe Yes Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes Yes Yes | Yes | Yes | Yes | Yes
Radiological Findings

Skull
Severe hypoplasia Yes Yes | Yes | Yes ND No Yes | Yes | Yes ND No No No | Yes No | No
Thickened calvarium Yes Yes | Yes | VYes ND No Yes | Yes | Yes ND No Yes ND | Yes | Yes | ND
Hands
Severe brachydactyly Yes Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes Yes | Yes | Yes | Yes | Yes
\(;/ti):he;?@ p:pdi;r?;z:zls?;ion Yes Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes Yes | Yes | Yes | Yes | Yes
rA;]davtir:;:;(;skeletal Yes Yes Yes | Yes Yes | Yes | Yes No No Yes ND Yes | Yes | Yes | Yes | Yes
Feet
Similar to the hands | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | | | Yes | Yes | Yes | Yes
Axial skeleton
Lumbar interpediculate
widening No No No No ND ND ND ND ND Yes No No No ND Yes

Linglart et al J Clin Endocrinol Metab 2012, 97-E2328-E2338

of normocalcemia and normophosphatemia, and normal
response to PTH, indicate the absence of PTH resistance
in the renal proximal tubule. In contrast, as previously re-
ported, basal urinary CAMP levels were increased in ADOHR
patients, consistent with a defect in the PTH-GPCR-Gsa-
cAMP pathway downstream of adenylyl cyclase.”

Thus although both PRKARTA and PDE4D defects affect
the GPCR- Gsa-cAMP-PKA signaling pathway, their func-
tional consequences were different in the current series
of patients. This is consistent with two recent studies.
Michot et af’' reported in their PRKARIA mutated patients
phenotypes of PTH and TSH resistance in agreement with
our princeps'” and current observations. It is interesting
that these authors found that 4/5 of their PDE4 patients
were not resistant to PTH and TSH and that the sole PDE4D
mutated patient said to be possibly PTH resistant could

have simple vitamin D deficiency, which would explain
his normal serum phosphate, low 25-GH cholecalciferol,
and high serum PTH. It is also possible that there is some
phenotypic variability in the biochemical and endocrine
consequences of the PDE4D mutations. Lee et af® did
not provide information about the PTH resistance in their
patients and “reported” congenital hypothyroidismin 1/2
PRKARIA and 1/3 PDE4D mutated patients. Current evidence
suggests that responses to LH, FSH, calcitonin, GHRH and
epinephrine (present work +)'° are altered in some patients
with ADOHR, but we have no data yet in ADOP4.

In ADOPA4 (i.e patients carrying a PDE4D mutation), the
genetic defect affects PDE4D, a member of the PDE families
that hydrolyzes cAMP, and contributes to the specificity
and to the temporal and spatial compartmentalization of
the cAMP-PKA signaling."” Although our series comprises
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Figure 2a and 2b. X-rays of the hand and foot. Shortening of metacarpals, metatarsals and pha/angei Note the shortening of all bones

4

and the bulky and stocky appearance. Figure 2c. X-ray of the cranium. Note the maxilla-nasal hypoplasia

only two PDE4D patients, the role of PDE4D mutation in
acrodysotosis is supported by the two recent works by
Michot™ and Lee et al”®. In humans, the PDE4D family con-
sists of at least 9 N-terminal splice variant isoforms arising
from 1 subfamily gene. Little is known about the specific
expression, function and regulation of these isoforms in
human tissues, such as the kidney and the thyroid. In the
thyroid gland, an increase in total PDE activity associated
in part with an increase in PDE4D messenger ribonucleic
acids has been shown in autonomous thyroid adenomas
bearing mutant TSHR or Gsa genes.” Possible explanations
for the phenotype observed in ADOP4 patients is that
the affected PDE4D isoforms are not similarly expressed
in different tissues, explaining for instance the absence of
PTH resistance in the kidney, but the presence of PTHrP
resistance in the growth plate and the bone phenotype.
This has yet to be proven, since other alternatives are pos-
sible, such as a compensation by other PDE4D isoforins
or PDE that would specifically correct the deficiency of
the affected PDE4D isoforms in some tissues such as the
kidney and the thyroid.

Half of our patients with PRKARTA mutations and ADOHR
and one patient with PDE4D mutations and ADOP4 presented
pigmented skin lesions, a feature not reported before. The
presence of pigmented skin lesions may not be unexpected
since CAMP is a key second messenger produced by melano-
cytes and is closely associated with melanocyte differentia-
tion.”**” Most lesions were reminiscent of the cafe-au-lait
spots observed in the McCune-Albright syndrome™ and the
Carney complex™, two diseases associated with constitu-
tive activation of the PKA mediated pathway downstream
of the melanocortin 1 receptor (MC1R). While the genetic
defects causing McCune-Albright syndrome and the Carney
complex is known (heterozy gous gain of function of Gsa
and haploinsufficiency of the PRKARTA gene respectively),
the precise molecular mechanisms of the pigmented skin
lesions in McCune-Albright syndrome (cafe-au-lait spots)
and Carney complex (café-au-lait spots and lentigines) are
not elucidated. The current observation of pigmented skin
lesions in two genetic disorders with constitutive inhibition
of the PKA mediated pathway casts additional complexity

on the pathogenesis of the skin lesions.

In addition to hormonal resistance, two additional phe-
notypic differences were observed in the current PRKARIA
and PDE4D mutated patients. First, although both diseases
present with a very similar acrodysostosis, differences
are observed for maxillo-nasal hypoplasia, a canonical
feature for the diagnosis of acrodysostosis (more severe
in ADGP4) and for the lumbar interpediculate distance
widening (absent in ADOHR). Furthermore, one patient
with PDE4D mutation had acroskyphodysplasia, suggest-
ing that patients having this skeletal dysplasia should be
screened for mutations in PDE4D.

The second difference, although we deal with a small
series of patients, is the mental retardation observed in our
two patients with PDE4D mutations, as reported by Michot
et alin PDE4D patients.”' Lee et al” report developmental
disability, described mild in 2 PRKARIA and 1 PDH4D pa-
tients, and significant in 1 PDE4D patient. In contrast, the
patients with PRKARIA mutations and ADOHR presented
no mental retardation [our series and (21)], although 8/14
presented some behavioral disorders. Mild to moderate
mental retardation is common in patients with PHP1A
and Gsa deficiency." Taken together, these observations
illustrate the key role of the GPCR-Gsa-cAMP-PKA signal-
ing pathway and its specific effectors for the development
of cognitive functions.

It is now clear that R368X is a recurrent mutation as
initially postulated®, since it is observed in 9/14 PRKARIA
patients of our series and in 4/5 PRKARIA patients of Mi-
chot et af’'. The current study allowed the identification
of 5 new missense or nonsense novel mutations in the
PRKARIA gene. All of them affect a conserved residue in
the cAMP binding domain B as the previously identified
R368X. In our series, the skeletal phenotype in patients
carrying the R368X is quite uniform, while two patients
carrying novel mutations displayed some specific differ-
ences in the skeletal dysplasia, raising the possibility of a
genotype-phenotype correlation. The ADOHR phenotype
can now be said to be consistently associated with GPCR
hormone resistance.”™”'

The current study identified one previously reported
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Table 2 - Additional clinical, biochemical and radiological findings of the 16 patients with Acrodysostosis

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Sex M F M F F F M F M M M F M F F F
PRKARTA mutations R368X | R368X | R368X | R368X | R368X | R368X | R368X | R368X | R368X | R335L | A328V | Q372X [G289E|Q285R
PDE4D mutations ES90A | A227S

Clinical features
Age at study (yr) 260 | 160 | 110 | 260 | 130 | 45 | 110 | 86 | 126 | 50 | 240 20.4 140 | 30 70 | 140
BMISD 1.8 2.3 1.0 0.6 15 | -10 | 33 0.2 1.3 ND 1.0 32 03 | 09 | 22 | 87
. . +/slight
Behavioral disorder/ SRR IR [NV AR R A (A A R A I T (A IR A A
Difficulty at school )
retardation
Pigmented skin spots Yes Yes Yes | Yes | Yes | Yes No Yes No No No No No No Yes No
Epicanthic folds No No Yes | Yes | Yes | Yes ND ND | Yes ND Yes Yes | ND | Yes | Yes
Endocrine features
Cryptorchidi bilat bilat No No No No No
Tanner stage at age of B | 61 | B5 | B3 | B3 Bl | G2 B5 G4 | B1 | Bl | BS
study
Age of menarche 12.5 13-14 10.5 13
Regular/irregular cycles Reg Irr Irr Reg
LH(IU/liter) (<9 yr. 0.01-
05.59yr 05-50) 31 5.4 19 | <05 0.01 13.0 <05 | 87
FSH (IU/liter) (<9yr. 0.01-
05,59 yr.08-4.4) 8.8 1.0 | 48 1.3 1.6 8.8 <07 | 80
Treatment

Vitamin D No No Yes Yes | Yes Yes | Yes No No
L-T4 Yes Yes Yes Yes Yes | Yes Yes Yes No
Other No rhGH | rhGH rhGH rhGH Metf No

Linglart et al J Clin Endocrinol Metab 2012, 97-£2328-£2338

PDE4D mutation (E590A)*° and one novel PDE4I mutation
(A227S) adjacent to two previously reported mutations
(F2265”"; Q228E™), compatible with this amino-acid stretch
having a role in the PDE4D structure/function. The muta-
tions identified affect long and short isoforms of PDE4D,
but the understanding of their effects on biochemical,
biological and skeletal phenotypes will require further
studies in more patients and in vitro.

In conclusion, the current series of observations in
patients with “acrodysostosis syndrome” confirms the
dismemberment of this entity into two different genetic
and phenotypic syndromes that can be called ADOHR, due
to PRKARTA defects, and ADOP4, due to PDE4D defects.
The existence of GPCR-hormone resistance is typical of
the ADOHR syndrome.
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