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NMEPIAHWH

Eioaywyh: O1 petaforés otnv opoidataon wv
00UV katd tn didpkeia tou BnAukoU avanapaywyl-
KoU KUKAOU PNopouv va ENNPEACOUY TN PETAKIVAON
wv Sovuidv katd t Siapkeio tns opBodovIKAS Be-
paneias. Qot600, Ol OXEUKES EPEUVES OE avBpwnous
ouvavtoUv nBika kal npakukd epnodia. O atoxos
tou BeUTEPOU PEPOUS TS NAPOUOAs avaokonnons
ntav va SIEpEUVACE! TS OXEUKES NANPOPOPIES anoé
werétes o neipapatdlwa katd n BIGPKEID TS EYKU-
Hoouvns kal tn yadouxias.
YAikG ka1 péBo6oi: Eyive avadatnon NpwIotuNwy
bnpooietogwv kar avackonnogwy nou oxetdovial
HE 10 Bépa ous akooubes Baocels HeOOPEVWV:
PubMed, Cochrane Database for Systematic Review
kai o Cochrane Central Register of Controlled
Trials Léow s Cochrane Library, Scopus ka1 Web
of Science.
Anotedéopara: O pubuss tns opBoBOVIKAS PEW-
KVnons 1wy Govudv au€avetar katd tn yafouxia.

1500, o1 oxeTkés nANpoPopies Katd t DIGPKEID
s EYkupooUvNs €ival avUpaTIKES.

Unépaopa: 1 petaPoriikés afayés nou OUH-

EAn
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ABSTRACT

Introduction: Alterations in bone homeostasis
during the female reproductive cycle may influence
tooth movement during orthodontic treatment.
Nevertheless, relevant research in humans may
need to overcome ethical and practical obstacles.
The objective of the second part of the present re-
view is to investigate the relevant information from
animal studies regarding pregnancy and lactation.
Materials and methods: Original papers and re-
views relevant to the subject were searched in the
following databases: PubMed, Cochrane Database
for Systematic Reviews and the Cochrane Central
Register of Controlled Trials through the Cochrane
Library, Scopus and Web of Science.

Results: The rate of orthodontic tooth movement
increases during lactation. However, relevant infor-
mation during pregnancy was inconsistent.
Conclusion: The metabolic changes occurring
during pregnancy and lactation may have an im-
pact on the rate of tooth movement. Although the
overall evidence assessment provides the clinician
with a cautious perspective on the strength of the
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FEMALE REPRODUCTIVE CYCLE AND ORTHODONTIC TOOTH MOVEMENT: PREGNANCY AND LACTATION HELLENIC ORTHODONTIC Ry,

Baivouv xard tn didpkeia tns eykupoouvns kal s
yadouxias pnopel va éxouy enidpaon aro pubpo
obovukhs petakivnons. NapoéAo nou n ouvoAikh
afioAdynon wu 61aBtoipou eninédou expunplw-
ons bev enpéner 1n Siawinwon IOXUPWV KAIVIKWY
ouotdotwy, Ba tav kadn npakukh va AapPdéverar
uNGYN O AVIIKTUNOS AUTWV twy Quolofoyikwv an-

faydv ot kAwikh npagn, kaBas xai or nBavés
ENINTWOEIS TOUS.

AEXEIZ-KAEIAIA: Oappcka, €ykupoouvn, yadou-

zlo. opBodovukn kivnon twy bovuwy, neipapatod-
wa.

EAdnvikiy OpBodovuixn EmBempnon 2019,22:23-36.

EIZATQrH

H au€npgvn euaioBntonoinon oxeuka ME ta Aertoup-
YIKQ Kat alo8nuka o@éAn tns opBodoviikhs Oepaneias
£xel 0ONYNOEI OE onpavukn avgnon tou apIBpoy twv
evnAikwv nou avalntouv Bepaneia (Melsen et al., 2012).
LUpGwva Pe Nnpdogata otoixeia and tnv ApEpIKaviKi
Etaipeia OpBobdovukwy, or evidikes anotedolv nepinou
10 30% wv awpwy nou unoPandovial oe opBodovikn
Bepaneia. Ané autous, n nAsioyneia €ival yuvaikes
(American Association of Orthodontists, 2019).

Kata i didpkeia s eyKUpOOUVNS Of YUVAIKES pPa-
vilouv 6papaukes alfayés o puaiofoyia u avBpm-
nivou owpatos. Autes ol afiayés, nou xapakinpilovtal
KUPIWS ano Wia onpavukn avénon twy eninédwv twy
OIOTPOYOVWV Kal NS MNPOYECTEPOVNS, Elval KPIOILES yia
NV npootacia 1ou epPpuou kai tnv eEaopdanion pias
enituxous eykupoouvns (Cornwall, 2018). Exer HixBei
Ou 1600 1a 0I0TPOYOVa GO0 Kal N NPOYECTEPOVN EMNPE-
alouv 10 petafoniopd twv ootwv (Bartzela et al, 2009).
EninAéov, kata tn SiGpkeia autns s NEPIGOOU ENICU-
Baivouv afdayés otov petaoiopd wwv 101wV, kabs
kai auénon tou BaoikoU petafonikou pubuou (Aguado
et al., 1998). ApxiK@, N NEPIEKUKOTNTA TOU OKEAETOU O
aoBéotio au€avetal (Verhaeghe et al., 1989), adna oe
HETQYEVEOTEPT OTAOIG NS EYKUPOOUVNS NAPANPOUVIal
HIKPES PEIDOEIS tns ooukns nukvotntas (Tojo et al., 1998;
Yamaga et al., 1996). Metd v eykupoolvn, n yadouxia
xapakinpiletal and pia paon QVENGPKEIAS OITTPOYOVWY
Adyw s anouoias Kavovikmy EYUNVWY pUCEWY, N onoia
éxel oUOXeuotel pe v andela ogukns padas (Prior et
al., 1997). Enindéov, n npofaktivn, n onoia eival n kUpia
oppévn unenBuvn yia n yanouxia, pniéketal kar auth
otwn Siabikaoia puBbuions ts avadiapoPPWONS WV 00TV
(Van Houten and Wysolmerski, 2003).
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relevant recommendations, safe practice woyq
suggest that it is important to con;ider the impact
of these physiological changes during clinical prac.
tice and their possible implications.

KEY WORDS: Medication; pregnancy; lactation;
orthodontic tooth movement; animals.

Hellenic Orthodontic Review 2019;22:23-36.

INTRODUCTION

The increased awareness of the benefits of ortho-
dontic treatment in terms of function and esthetics
have led to a considerable increase in the numbers
of adults seeking treatment (Melsen et al., 2012). As
per recent evidence from the American Association
of Orthodontists, adults constitute approximately 30
percent of individuals under orthodontic treatment. Of
those, the majority are females (American Association
of Orthodontists, 2019).

During pregnancy, females tend to experience dra-
matic physiological changes. These changes, mainly
involving a significant rise in estrogen and progesterone
levels, are critical to safeguard and ensure a healthy
pregnancy (Cornwall, 2018). Both estrogen and pro-
gesterone have been shown to affect bone turnover
(Bartzela et al, 2009). Moreover, changes in tissue
metabolism and an increase in the basal metabolic
rate occur during this period (Aguado et al., 1998).
Initially, the calcium content of the skeleton is increased
(Verhaeghe et al., 1989), but, at a later stage in preg-
nancy, small reductions in bone mineral density can
be observed (Tojo et al., 1998; Yamaga et al., 1996).
Following pregnancy, lactation is characterized by a
phase of estrogen deficiency due to the absence of reg-
ular menses that is associated with loss of bone mass
(Prior et al., 1997). In addition, prolactin, the principal
hormone responsible for lactation, participates in the
regulation process of bone remodeling (Van Houten
and Wysolmerski, 2003).

As orthodontic tooth movement is achieved by alter-
ations in the balance between resorption and formation
of the alveolar bone, it could potentially be modulated
by any development affecting the pertinent cellular and
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obovUKN PETaKivNoNn twv Sovudy ni-
¢ petaponés oty l0opponia petagl anop-
wprove?' ¥ 0V TOU PAVIIaKoL :
ans K oxnpauoy pavuakou ootou, Ba
P HOoE vHEXOPEVS, Va TpononoinBel and onola-
pﬂop‘:E EE’éﬁ'E” nou eNNPEAlEl 1@ OXEUKA KUTTAPIKA
Knlngouoplam 5[!<(u0 (Jiang et al., 2016; Xiao et al.,
016 H gykupoouvn Kai N ycﬂouxéo avUNPOCWNEUOUV
Uo;oﬁOYlKéS KQTAOTAOEIS NOU 0dNYOUV OE Npodap-
o0UIKES afilayés OV OPOIGOTAON TWV OOV Kal OF
aoortés oY |ooppo,nlo petagy s ooteokAaotkns
a10ppoPNONS TV ooty Kai tns ooteofidaotikns oou-
(s gvanoBeans, N onoia Ba pnopoUce va odnynoel oe
ofifayés oV axunta s oOoVUKNAS HEaKIVNONS Katd
i BIGPKEID TS opBodovukns Bepaneias (Hellsing and
Hammarstrom, 1991).
fro, N KQaVoNoON s enidpaons s eykupoouvns
«ar s yadouxias otnv opBodoVUKA pEtakivhan twv
govuiov KaI N EEETAON TWV nBavav enintogwy Ba
unopoooav va £xouv evbiagepov yia tov opBodovuxd. H
oxeukh EpEuva O avBpwnous Napoudiadel cNPAviKous
npaxmcot:s NEQIOPIOOUS, kabws ka1 nBika {nthpata.
Katd ouvénela, n xphon neipapatolwwy 8a pnopouoe
va anobexBel weénipn (Lelovas et al., 2008; Komori,
2015). O o1dx0s TOU HEUTEPOU PEPOUS QUTAS TNS Bi-
Blioypagikns avackonnans eivai va napouoiqoel us
addayés nou AapPAVOUY XWPQ OTO YUVAIKEIO oKeetd
xatd tn HIAPKEIA TNS EYKULIOOUVNS Kal TS yardouxias,
«aBas kal us diabéoipes NANpoPopies and PEAETES Ot
nepapatdlwa OXEUKA HE TS ENIMTWOEIS OT0 pubpo6 s
opBobovtikis PETaKivIONS TwV OVTIMY.

05 1 PO

AAAATEE £TO IKEAETIKO LYETHMA
KATA THN ANATNAPATQriKO KYKAO

Katd tn 618pKEIQ TOU AVANAPAYWYIKOU kukAou ep-
pavidovtar Gpapatikés affayés otn bopn Kai 1o petd-
Bofiouo tou yuvaikeiou OkeAETOU. AUTES OI povabdikés
feroupyikés petafonés emoupPaivouy, MPOKEIYEVOU
va biaogadioouy t SiaBecipétnta tou aoPeotiou kal
wv GAfwy petafikov afdtwy, kabws kai biathpn-
on ms guoloAoyIkAs IKAVOTNTAs ToU opyavicpou Npos
ovancpaywyh. Ta petaiiAikG otoixeia nou xpeialovial
Yo 1ov avanapaywyikd KUKAO npogpxovial oo and
biatpogikes nnyés 600 Kal and tov PUNTPIKO okeEeTo.
E’Gilff'l Katd t SiGpkeIa tns EyKUPOOUVNS, Ol avAaykes tns
“mEPUS yia petandikd otoixeia au§avovtal onpavukd,
K0B@s 10 épPpuo 1o AapPavel and us pntpikés anodi-
KES, npokeipévou va ofokAnpaaer Tn H1apopewon U
E:?E;U?Géusvou okeAetoU tou. Metd v EYKUUOOUVH
. OVImt&o ™ yaflouxia, of anaitoE!s tns HNTEPas augc-

fotg EYO, kaBs to VEOYEWNTO anoppogd petanfika

0 On(-) av ol Glgtpocpmés nnygs eivai QveNapKEIs, tétg

TR umfépownaa peyadutepn nooOtnFo and 1 oxeﬁato

. PUs, yeyovos nou Ba pnopoUoe va ENNPECOE
K tn opn tou (Skouteris et al., 2018).

nt
NIKH OPEOAGNTIKH EMIGEQPHEH 2019 « TOMOX 22 » TEYXH 1 &2

O EMMHN
OPPYZIAKOE KYKAOX TON [YNAIKON KAl OPEOAONTIKH METAKINHEH AONTION

biomolecular networks (Jiang et al., 2016; Xiao et al.,
2016). Pregnancy and lactation represent physiologi-
cal conditions that result in adaptive changes in bone
homeostasis, and an alteration in the balance between
osteoclastic bone resorption and osteoblastic bone
deposition could potentially result in changes during
treatment in terms of the rapidity of tooth movement
(Hellsing and Hammarstrom, 1991).

Thus, an understanding of the impact of pregnancy
and lactation on orthodontic tooth movement and
some consideration of the possible effects could be
of benefit to the orthodontist. Relevant research in
human subjects presents significant practical limita-
tions as well as ethical considerations. Consequently,
the use of animal models could prove to be beneficial
(Lelovas et al., 2008; Komori, 2015). The aim of the
second part of this literature review is to present the
changes that take place in the female skeleton during
pregnancy and lactation, as well as the information
available from animal studies regarding the effects on
the rate of orthodontic tooth movement.

CHANGES IN THE SKELETAL SYSTEM DURING
THE REPRODUCTIVE CYCLE

Dramatic changes in the skeletal structure and min-
eral metabolism in the life of the female skeleton occur
during the reproductive cycle. These unique functional
alterations in the skeletal system occur to ensure the
availability of calcium and the maintenance of physio-
logical competency. The essential minerals needed for
the reproductive cycle come from both dietary sourc-
es and the maternal skeleton. During pregnancy, the
needs of the mother for minerals greatly increase, as
the fetus demands them from the maternal stores in
arder to fulfill the mineralization of the developing
fetal skeleton. After pregnancy, the requirements from
the maternal system increase further as the newborn
gains minerals from the mother during lactation. If the
dietary sources are insufficient, then a greater amount
will be drawn from maternal skeletal sources, an event
that could negatively affect the maternal skeletal struc-
ture (Skouteris et al., 2018).

Changes associated with puberty

The period before and during puberty is very im-
portant for determining bone mass. Around 25% of
calcium is deposited in the skeleton during the years
of the growth spurt in adolescents (Bailey et al., 2000).
Increased bone retention of calcium is also associated
with high calcium intake, increased dietary absorption
via the intestine and decreased bone resorption (Wast-
ney et al., 2000). The latter phenomenon has been
attributed to the increase in estrogen levels (Lyritis et
al,, 2000; Schiessl et al., 1998). It seems that during the
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Adfayés nou oxetifovrar pe tnv epnBeia

H nepiobos npiv kar kata v epnPeia eivar noAu
onpavukn yia v oAokAnpwon 1ou akeAE00 Kal tny
eniteufn ou enBupntoy eninédou ths oouKAS padas.
Nepinou 10 25% tou aofleotiou evanotiBetar otov oke-
e katd n Hiapkeia wwv Erwv katd 1 onola KOPUPW-
vetar n avEnon otous epnpous (Bailey et al , 2000). H
au€npévn katakpanon aofiroviou ota ootd ouvbéetal,
€nlons, pe uynin npooAnyn aoPeoviou, autnpévn bia-
IPOPIKN ANOPPOPNON HEOW 10U EVIEPOU KaI PEIWHEVN
anoppo@non tu ootitn I0tow (Wastney et al., 2000).
To teAeutaio pavépevo éxel anoboBel atnv auEnon twv
ENINESWV wwv o10TpoydVwY (Lynitis et al., 2000; Schiess|
etal., 1998). Maivetar 6u katd m HIGPKEIA s EPNPIKNS
nepiodou, 1a kopitoia Ba anoktoouy NEPIOOOTEPN
okeAeukh pala ané authv nou anaiteitar yia o eninebo
owpaukns epyaotas nou anaiteitar. H napatnPoupevn
HEIWoN Tou opiou ootiknAs avadiapOpPWOnNs EXel aNo-
608el otn augnon twwv enNEdwv wv OIOTPOYOVWV KAl
EXEl WS ANOTEAEOHA TNV anoppAPNON TWV OOTMY OF
HIKPOTEPO BaBpO, evid n Gnpioupyia vEou ootitn 10100
kaBws kal n avénon wwv ooty o€ phkos ouvexiletal
(Lyritis et al., 2000; Schiess| et al., 1998).

Exer napawnpnBei, enions, 6u o1 Gppeves katd m bi-
apkeia s epnPeias napoucialouvv evanoBeon ootol
OUSs NEPIOTUKES ENIPAVEIES, EVW 1a BNAE OTO EOWTEPIKO
tou eAoiwdous ootitn 1otoU (Schoenau et al., 2001). To
0010 NoU NPOCTBETAlI OUS ENIPAVEIES QUTES EXEI PIKPO-
(EPO AVUKTIUNO OTNV avioxn 1wV 0CTMV O CUYKPION WE
autd nou npootiBetal ous nepiooteikes empaveies. Etal,
@aivetal 6u 0 avBpwnivos BnAukos oKEAETOS anokta
acPBéouo nou unepPaivel us Aueces avaykes 10U, Ne-
PICOOTEPOD yIa AOYOUS NPOCAPHOYNS 0TS AVAYKES TWV
ENOPEVWV avanapaywylkwy KUkAwv, Napa yia Adyous
Hopikns evioxuons. Autd 10 aivopevo Qaivetal va ival
xapaxkmnpioukod 6wy wv onovbudwtmy, kabws dev
napatnpeital pévo ota BnAactuxd. Neipapatikés peetes
oe {wa, ot enipues, (Bowman and Miller, 1999) kai nou-
Aia (Miller, 1992) katébeiav, €nions, 1 CUCOWPEUON
nepioogias okeAguxns padas npiv anoé v évapgn s
avanapaywyns.

Afddayés katd tn bidpKera tns eykupoouvns

Katd tn S1apkeia s eyKupoouvns epgavifovial oe
HIaQOPETIKES XPOVIKES OUYHES ONUAVUKES NPOOAPHO-
oukés addayes, ol onoies eAgyxovial and us BnAukes
oppoves. Ta 010TPOYOVa KGI N NPOYECTEPOVN anotenolv
S KUPIES OPHOVES TNS gykupoouvns, epgavidovias &pa-
paukh auENON OUS £YKUES YUVAIKES. AUTES O OPHOVIKES
petaBonés eival (wuKns ONpAcias yia Ty Npootacia wou
euBpUOU Kal tny ECPANION pIas Vy10Us Kal ENItuxoUs
gykupoouvns (Skouteris, 2018).

H aUénon twv olotpoydvwy katd th diGpkeia tns
EYKUHOOUVNS ENITPENEI OTNV ayygiwan s Yntpas kai
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pubertal period, girls will acquire more skeleta| Mass
than that required for their level of physical work The
noted increase in estrogen levels during Puberty has
been stipulated to lower the remodeling threshgjg
resulting in less bone resorption, while acquirement o%
bone from modeling and longitudinal growth continyes
(Lynitis et al., 2000, Schiessl et al., 1998).

It has been also noted that males during the nu-
bertal phase gain bone mostly on periosteal surfaces,
while females accumulate bone on endocortical 5.
faces (Schoenau et al., 2001). The bone added on the
endocortical surfaces has less of an impact on bone
strength compared to bone added to periosteal syr-
faces. Thus, it might be the case that during puberty,
the human female skeleton acquires calcium in excess
of its immediate needs as an adaptation mechanism
for the needs of subsequent reproductive cycles rather
than for structural reinforcement. This phenomenon
appears to be a characteristic of all vertebrates, and
not unique to mammals. Animal experimental studies
on rats, (Bowman and Miller, 1999) but also on birds
(Miller, 1992) demonstrated the accumulation of excess
skeletal mass prior to the initiation of reproduction.

Changes during pregnancy

A number of significant adaptive changes occur at
different times during pregnancy that are controlled
by the sex steroids. Estrogen and progesterone are the
principal pregnancy hormones, and pregnant females
tend to experience a dramatic rise in their levels. These
elevations are critical to safeguard and ensure a healthy
pregnancy (Skouteris, 2018).

The rise in estrogen during pregnancy allows the
uterus and placenta to enhance vascularization, deliver
nutrients, and support the growing fetus (Skouteris,
2018). The high estrogen levels during the first tri-
mester are responsible for the symptoms of nausea
and sickness. During the second trimester, estrogen
plays a role in the development of milk ducts and en-
largement of the breasts. Its levels reach a peak in the
third trimester. Estrogen plays a preservative role for
the skeleton in females, which may be related to the
need of calcium storage for later embryonic skeletal
development. As an example, estrogen in birds causes
extensive bone formation preceding egg laying (Riggs
etal, 2002). In mammalian adult males and females,
including humans, estrogen inhibits bone remodeling
by preventing osteoclastogenesis from marrow pre-
cursors.

Estrogens boost osteoblast activity and enhance bone
growth by inhibiting bone resorption through effects
on the receptor activator of nuclear factor-Kappa B
(RANK)/RANK ligand (RANKL)/osteoprotegerin (OPG)
system and the production of some pro-resorptive

HELLENIC ORTHODONTIC REVIEW 2019 « VOLUME 22 » ISSUES 1 &2
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ouvta va evioxuBel, au€avovtas v napoxn

oy K@V QUOTOUKWY NPOS O AVANIUOOOLEVO épfpuo
en T, 2018). Ta uynAd enineba o1otpoyOVWY Katg
Ko (0 fpipnvo Elvai unevBuva yia 1o aiodnpa vautias

i grnpeital ouxvd. Kata to Seutepo tpipnvo, wa
ou oy0ve siabpapatiouv pofo atv avantuén wwv

(OPOPAV nOp'mv KQl otn pPeyeBuvon tou omnBous.

1o enin€da Y QLAvOLV TNV KOPUPR TOUS 010 1pito

V0. gninAéov, ta o1otpoyodva BonBouv ot Giau-
s HUIKNS HOZAS OUS EYKUPOVOUQES yuvaikes, n
f,ng;a oxetietar HE TV QvayKn anthKEQOns aoPeotiou

o T HEEEMENT epoglKn GKEﬂEtiKn'GVOH‘(UET\. Ma nao-
pd&,vua, a o:otpoyovc ota nouia npokadoly exte-
VD ootKn ovqntu&n npw onéltnv wotokia (Riggs et
, 2002). 10 evn@m Bndaouka kal twv U0 eUAwY,
wungplﬁapﬁovouavcuv Kar v avipwnwy, ta olotpo-
ova ovaoteARouY TV avadiauoPPWoN 1wV ooy,
gunobilovias TV ooteokAaotoyéveon ano ta npddpopa
LUTapa 10U HUEROU TWV 00TWV.

T0 0IOTPOYOVa EVIOXUOUY TN Spaonpidtnta 1wv oote-
opAactawv Kat EVIOXUOUV TNV avantuén twv 0otwy, ava-
oAdovtas v OOUKN anoppoPnon, eNdpwvIas ot
receptor activator of nuclear factor-Kappa B (RANK)
JRANK ligand (RANKL) / ooteonpoteyepivn (OPG) kai
v napaywyn OPIOPEVV KUTOKIVY NOU EVVOOUV Ty
anopeOGNaN WV ootwv (n.x. IL-1, IL-6, IL-7, TNF) (Xu
etal, 2017; Weitzman and Pacifi, 2006, Drake et al,,
2015; Syed and Khosla, 2005, Kearns et al., 2008;
Turner et al., 1990, Pacifici, 2008). H avactoin wns
avabiauépPWOoNs TWV OOV aNo 1a OICTPOYOVa Eivar
anotAeopa tns avadoyns Spaans eni s ootekAacto-
Yéveons anod ta NPGGPOKa KUTIapa tou pueiou, kadas
s naywyns ToU oUCTNHATOS Fas / FasL, to onoio obnyei
v anéntwon twv ooteokAaotiy (Nakamura et al.,
2007; Srivastava et al., 2001). Ynoboxels 010tpoyo-
YOV NAPATNEOUVTAl ENiNAEoV ous OOTEORAAOTES Kai US
oateokAaotes (Oursler et al., 1994). Kawd n diapkeia
ms opBobovukns Bepaneias, N NapoUaia CIoTPOYOVWY
€XEl OUOXEUOTE! PE PEIWON TNS TaXUTNIaSs petakivnons
wv Sovucv (Sirisoontorn et al., 2011).

Katé t Sidpkeia ts eykupioouvns, au€avoviar Spapo-
K ka1 1@ ENiNEBO TS NPOYESTEPOVNS, LE NOTEMECHD
va xaAapivouy of guvbEeopol kal of apBpdoEls Ot oo
10 akpa (Skouteris, 2018). EmnAgov, N NPOYEOTEPOVN
noile onpaviiko poio otnv aAdayh Tou pEYEBOUs s
MA%pas, ote va unopei va grofevhaer éva NANpws
QVENUYpEVD £pBPUO. H NPOYECTEPOVN EXEI OUOXETOTE!
HE T Leion puBpod petakivnons twv Soviwv (Poosti

etal, 2009). Qotéoo, n NPoyeoTivn, N ONOIa EVal HIA
vaestmﬁ popen npoyeotepdvns, O gaivetal va yEeta-
Baide o LEYAAUTEPO PEPOS TS NPOCTATEUTKNS HPAONS
Wy oigtpoydvev ota ootd (Thijssen, 2003), EVID EXEI KO
Nibio npootateutiks poio ooy apopd atn Hiatpnan
s ogukits padas (Graham and Clarke, 1997). H bpdon
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cytokines (e.g. IL-1, IL-6, IL-7, TNF) (Xu et al., 2017,
Weitzman and Pacifi, 2006; Drake et al.,, 2015; Syed
and Khosla, 2005; Kearns et al., 2008; Turner et al.,
1990; Pacifici, 2008). The prevention of bone remad-
eling by estrogen is a consequence deriving from 0s-
teclastogenesis inhibition from marrow precursors and
induction by the Fas/FasL system which results in 0steo-
clast apoptosis (Nakamura et al., 2007; Srivastava et
al., 2001). it has been proven that estrogen receptors
are observed on osteoblasts and osteoclasts as well
(Oursler et al,, 1994). In the context of orthodontic
treatment, the presence of estrogen has been shown
to be associated with a reduction in the rapidity of
tooth movement (Sirisoontorn et al., 2011).

In addition, progesterone levels increase dramatically
during pregnancy. The observed changes result in a lax-
ity of ligaments and joints around the body (Skouteris,
2018). In addition, progesterone plays an important
role in altering the size of the uterus so that it can har-
bor a full-term baby. Progesterone has been linked with
a reduction in the rapidity of tooth movement (Poosti
et al., 2009). However, progestin, which is a synthetic
form of progesterone, might not add to or indeed neu-
tralize much of the protective action of estrogens on
bones (Thijssen, 2003). It has been substantiated that
progesterone has a protective role for bone (Graham
and Clarke, 1997). This effect seems to be mediated
directly by progesterone receptors in osteoblasts (Wei
et al., 1993), and indirectly by progesterone itself being
a ligand to the glucocorticoid receptor (Graham and
Clarke, 1997; Pricr, 1990).

it has been reported that the first reproductive cycle
in mammals that have been studied is not as successful
as the later reproductive cycles, as primiparous moth-
ers are young, may still be growing and have yet to
achieve their full adult size (Kunkele and Kenagy, 1997).
Regarding bone homeostasis, bone loss associated
with normal reproduction in teenage females may not
recover as fast, if at all, compared to reproduction in
older females. The effect associated with reproduction
cycles early in a female's life may not appear until much
later during the menopausal period (Lloyd et al., 2000).
Despite these concerns, there is little data to conclude
that pregnancy in younger women or adolescents may
compromise the function of the skeleton during or
after reproduction (Skouteris, 2018).

Early to mid-pregnancy

Pregnancy or “pseudopregnancy” commenced by
cervical stimulation in rats is initially regulated by the
pituitary gland and lasts about 11-12 days. The re-
mainder of the pregnancy (e.g. from about 11 days to
parturition at 21 days in rats) is under the control of the
placenta. This initial phase of pregnancy is characterized
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autn eivar ano¥neopa tns Gueons EVEpyonoinons twv
UNOBOXEWV NPOYESTEPAVNS TV ooteopiaotwv (Wei et
al., 1993) aAAd kal tns evepyonoinons twv UNOBOXEWY
twv YAUKOKOPUKOEIBDY anG ty iB1a oppovn (Graham
and Clarke, 1997; Prior, 1990).

Exer avagepBei 6u 0 npwros avanapaywyikos Kukios
o OnAaoukd Bev eival 10OO ENUXAS GO0 O HETaYE-
VEOTEPOI, KOBWS O1 NPWIOTOKOI PINTEPES Eival VEQPES, KI
€101 nopel va e§akofouBouv va avantooovial kai va
unodeinovial akdpn wu nAnpous evniikou peyéBous
tous (Kunkele and Kenagy, 1997). Ooov apopd v
OHOI00TAoN WV OOTWY, N OOUKNA ANMAEID NOU Oxet-
Cetan pe puoiooyikn avanapaywyn o€ £¢pnRes pnopel
VO pNV avakapnter 10oo yphyopa, fows kai kafddou,
OE OUYKPION HE TNV avanapaywyh og peyadUtepes yu-
vaikes. Akopa, ol EnidpAocels pias EYKUHPOOUVNS VpIs
ot {wh ias yuvaikas, pnopel va Epgpaviotouv nofo
apyotepa kawa mv nepiodo ts eppnvénaucns (Lioyd
et al., 2000). Napa us avnouxies autes, Sev unapxouv
apketa Sedopéva yia va pas odnynoouv oto oupnépa-
Opa OU N EYKUHOOUVN OF VEOTEPES YUVAIKES 11 EPRPOUS
Hnopei va B¢oel oe kivbuvo tn Asioupyia tou okede-
ToU KaTa tn HIGpKEIa A PETG Ty avanapaywyikn nAikia
(Skouteris, 2018).

Ané tnv npwipn ws tn péon nepiobo
INs yxupoouvns

H gykupoouvn 1 n «yeudogykupoouvn» akoNouBel
n SiEyepon tou tPaxnfou s pNtpas otous EnipUES,
puBpidetal apxikad anod v uNoGeUON Kai Siapkei nepi-
nou 11-12 nuépes. To unéioino s eykupoalvns (n.x.
nepinou and tnv evOEKATN NPEPA €WS TOV TOKETO OUs
21 nuépes otous enipues) Pplokewal unod tov édeyxo
ou nAakouvia. Auth n apxikn ¢daon s eykupoou-
vns xapakwnpifetar and v TEPPAuoHO Twv OI0TPIKMY
kUkAwy, pe anoténeopa petaBonés o onoies eival gu-
vOikés yia us au§npéves anaithoels acfeotiou nou Ba
akonouBnoouv. Autés nepidapBavouv atous enipues tny
au€naon tou puBuoul tns evboxdvbdpias avEnons (Redd
et al., 1984), tns evanoBeons odovtivns (Miller et al.,
1985), tou oxnPauoud oot 10ToU, tns evanoBeons
pEaAAIK@Y OTOIXEIWV Kai tNs OUVOAIKAS NS OCUKAS
palas (Brommage and Baxter, 1988; Miller et al., 1986).

H ouoowpeuon agBeotiou Kata v NPp@IKN eaon
s EYKUPOOUVNS Napatnpeital kar oe Bndaoukd pe
peyaiutepn BiGpkeia {whs, 6nws 1a npofata (Benzie
et al., 1955) kal ol avBpwnor (Heaney and Skillman,
1971). Mevikd, n NPWIKUN Kal n péon nepiodos tns eyku-
poaouvns xapaktnpiovtal ané mv avénon tou pubuoy
oXxnpauopoU Tou ootitn 10ToU, N onoia &ival 1biaitepa
aioBnth gus Neploaukés enipaveles (Miller et al., 1986)
aAAd kal ous ENIPGVEIES ECWTEPIKA TOU 0OTKOU (proioy
(Bowman and Miller, 1997; Redd et al., 1984). Exel
npotaBel Gu QUTES Of NPWIKES OKEAEUKES NPOTAPHOYES
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by a termination of estrous cycles, resulting in changes
advantageous for the increased calcium demangs that
will follow. These changes in rats include increases in
the rate of endochondral growth (Redd et al, 1984)
dentine apposition (Miller et al., 1985), bone formatiop,
mineral apposition and bone mass (Brommage anq
Baxter, 1988; Miller et al., 1986).

The aggregation of calcium during the early phase
of pregnancy is observed in longer-living mammals 35
well, including sheep (Benzie et al., 1955) and humans
(Heaney and Skillman, 1971). In general, the early to
mid-pregnancy phase is characterized by an increase in
bone formation, which is especially noticeable on perj-
osteal surfaces (Miller et al., 1986) but also present on
endocortical surfaces (Bowman and Miller, 1997; Redq
et al.,, 1984). It has been suggested that these early
skeletal adaptations do not depend on the placenta,
but on the relative ratios of estrogen and progesterone
present (Bowman and Miller, 1997).

[

Mid to late pregnancy

As pregnancy progresses, calcium needs increase in
all mammals, corresponding to the mineralization of
the developing fetal skeleton. It has been shown in
rats that calcium demands increase from <0.5 mg/day
during early pregnancy to around 12 mg/fetus on day
17 of pregnancy onwards (Comar, 1956). In humans,
the average calcium transfer to fetus calcium is 50mg/
day during the second trimester and 250mg/day during
the third trimester (Oliveri et al., 2004). Most of this
calcium will be acquired by the fetus during the third
trimester, through an increase in dietary absorption by
the mother, which doubles from the third trimester,
due to the culmination of calcium demands. Thus, early
increase in calcium absorption may allow the maternal
skeleton to store calcium in advance (Soma-Pillay et
al., 2016).

During later phases of pregnancy in humans, there is
an involvement of the parathyroid hormones, leading to
an increase in bone turnover and resorption (Naylor et
al., 2000; Yoon et al., 2000), which is associated with
a small reduction in bone mineral density (Bjorklund
etal., 1999; Kolthoff et al., 1998). The amount of loss
in bone mineral density has been found to be greater
in adolescent females than adult pregnant women
(Sowers et al., 2000).

Changes during lactation

Prolactin, the principal hormone responsible for lac-
tation, participates in the regulation process of bone
remodeling (Van Houten and Wysolmerski, 2003). It has
been shown that prolactin mediates lactation-induced
maternal bone loss by acting on the prolactin receptors
that are expressed in osteoblasts but not osteoclasts
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bev eCaprawvial anod tov ndakouvia, adia and us ouvu-
NAPXOUOES OXETKES avaAOYIES TV OITPOYOVWV KAl TNS
npoyeotepovns (Bowman and Miller, 1997).

Ano tn péon ws tnv Uotepn nepiobo
INs eyKkupoouvns

KaBws n eykupoouvn egeniooetal, ol avaykes oe
aoféonio augavovtal, kaBws aufavovial o1 anaithoess
ToU avamuoodpevou eHRpUIkoU okeAEToU. Exel HeixOel
O€ ENiPUEs OU 01 anaithoels o aoféouo aufavovial
and <0,5 mg / nuépa katd mv Np@IPN nepiodo tns
€YKupoouvns o€ Nepinou 12 mg / £pPpuo and v 17n
NUERQ NS EYKUPOOUVNS kat pEtd (Comar, 1956). Ftous
avBp@nous, n péon petagpopa acBeotiou oto £ufpuo
€ivar 50mg / npépa kad to Sedtepo ipnvo kal 250mg
/ npepa xatd to 1pito tpiunvo (Oliveri et al, 2004). To
PEYQRUTEPO PEPOS aUTOU TOU aoBeatiou Ba AngOei
and 1o €ufpuo Kkatd o it piunvo, péow s au-
Enons s Giatpoikns anoppoenons anoé  pntépa,
n onoia dinAaoiadetal katd v neplodo auth. Eai, n
npwipn augnon s anoppdenons aoBeotiou pnopei
Va ENITPEYE! OTOV UNTPIKG OKEAETS va anoBnKels! to
aoBEoTI0 €K TwV NPotépwy (Soma-Pillay et al., 201 6).

Kata us petayeveéotepes QAaoels tns EYKULOOUVNS OTov
avBpwno, napatnpeital ouppEToXA Twv napaBupeoei-
bwv opUOVV OTa OXETIKG PaIvOEVa, n onoia obnyei
o€ auEnon tou petaBoioPoy Kai s anoppoenons
wv oowwv (Naylor et al., 2000; Yoon et al., 2000), ka
N onoia oxetidetal Pe pia PIkph pEiwon s ooukAs Nu-
kvowntas (Bjorkiund et al., 1999, Kolthoff et al., 1998).
To nocoatd anweias ooukhs nukvétntas éxer Ppede
Ou eivar peyanutepo oe epnfes yuvaikes ané éu oe
EvnriKEs €yKUES yuvaikes (Sowers et al., 2000).

MetaBonés xatd tn 6idpkera tns yadouxias

H nporaktivn, n kUpIa opudvn nou eival unetBuvn
yia tn yadouxia, cuppetéxer otn diadikaoia pubuions
s avadiapdpPwons wv ooty (Van Houten and
Wysolmerski, 2003). Exel anobeixBei 6u n npofaktivn
owvbéetar Pe us anEIEs TOU UNTPIKOU OTTN 10TOU
nou napatnpouvtal katd tn Sidpkeia ns yoAouxias,
EVEpYWVTas atous unodoxeis NpoAaktivns Nou ekgpa-
(oviai ous ooteofAdotes addd oxi ous ooteokAAaTES
(Clement-Lacroix et al., 1999). H npoAakuvn npokadei
Unepékppaon twv RANK ka1 RANKL (Seriwatanachai
etal, 2008) pe anotéAeopa mv av€non oto puBHG
biagoponoinans kal EVEPYONOINONS TV OOTEOKAQTTWY
(Boyle et al., 2003).

Enndéov, aAAa Biopdpia pnopei va egnAékovial otn
PUBIon 1oy petaBoniopod twv ooty kard tn dIapkeia
s yadouxias. H yanouxia xapaktinpiletar and pia aon
QVendpkeias toy oigtpoybvwy egaitias s anouoias
:OV.OV'K(“V EUUNVWY pUOEWY, N onoia CUOXET{gTa!l PE

NOieia ooukps padas (Prior et al., 1997). H napa-

;
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(Clement-Lacroix et al., 1999). Prolactin mediates an
overexpression of RANK and RANKL (Seriwatanachai
et al., 2008) resulting in increase of osteoclast differ-
entiation and activation (Boyle et al., 2003).

Moreover, other biomolecules have also been sug-
gested to modulate bone metabolism during lactation.
Lactation is characterized by a phase of estrogen de-
ficiency, due to the absence of regular menses, that
has been associated with loss of bone mass (Prior et
al., 1997). Parathyroid hormone, which promotes the
increase in serum calcium concentrations, has been
found to be unchanged or slightly less during lactation
(Prentice et al.,1998; Kalkwarf et al., 1997). However,
parathyroid hormone related peptide, another molecule
promoting serum calcium increase, has been found to
augment (Sowers et al., 1996) and to present in high
concentrations in mammary glands (Thiede and Rodan,
1988) and in breast milk (Budayr et al., 1989).

Lactating female rats produce about 70 ml of milk
per day with an approximate calcium content of about
300 mg/ml (Brommage and Deluca, 1985). It has been
observed that the loss of skeletal mass depends on the
number of rat pups (Peng et al., 1998) and that each
diminishes maternal bone mineral density in the lumbar
vertebrae by about 6.7 mg/cm? (Tojo et al., 1998), with
bone loss occurring not only in cancellous bone but
also in cortical bone (Miller et al.,1986). In the alveolar
bone, osseous tissue loss has also been observed and
associated with the higher expression of inflammatory
molecules during this period (Ardeshirpour et al., 2007).

As lactation continues, marked bone loss and ces-
sation of endochondral growth can be observed. The
loss in cancellous bone mass is more evident during
the first lactation, but still occurs in the following lac-
tation cycles (Bowman and Miller, 1999) and cannot be
prevented by an increase in dietary calcium (Kalkwarf,
1999; Prentice et al., 1998; Kalkwarf et al, 1997; Cross
etal., 1995).

In humans, calcium loss in females during 9 months
of lactation is four times more than the calcium loss
that might be encountered during pregnancy. The loss
of calcium in breast milk on a daily basis is 280-400 mg
but it can reach as high as 1000 mg (Skouteris, 2018).
Bone resorption markers in serum and urine during
lactation are elevated to values higher than those ob-
served in late pregnancy (Affinito et al., 1996; Cross
etal., 1995; Kent et al., 1990). Most of the studies on
human bone mineral density during lactation showed
loss of mineral, specifically at cancellous bone sites
(Kent et al., 1990).

Changes after lactation

Weaning seems to induce an intense anabolic re-
sponse in the skeletal system with increased rates of
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Bupeoeidns oppovn, n onoia npodye v avEnon wwv
OUYKeVipwotwy aofeatiou otov opd, éxer napatnpnBel
Ou 6¢ peraPanierar n QVEUPIOKELON OF EAQPPWS HIKPO-
TEPES OUYKEVIPWOEIS kata tn Biapkeia tns yadouxias
(Prentice et al., 1998; Kalkwarf et al., 1997). Qotdoo,
10 OxeuldpEvo pe napabupeoeidh oppdvn nentidio,
€va aAdo Bio-pdpio 1o onoio npoayel tnv augnon tou
aofeatiou otov 0po, éxer BpeBei Gu auave (Sowers et
al,, 1996) kai va QvEuploKeTal Og LYNAES OUYKEVIPWOEIS
OtouUs paoukous abéves (Thiede and Rodan, 1988) kai
010 pntpikd yada (Budayr et al., 1989).

Qn BnAdukol enipues nou Bpiokovtal atnv neplodo tns
yanouxias, napayouv nepinou 70 ml yaAaktos v nué-
PQ, TO onoio nepigxel nepinou 300 mg / ml aofectiou
(Bﬂrommage and Deluca, 1985). H anwieia okeAeukns
nadas nou napatnpeitar ous pniépes eEaptaral and tov
0pIBUS WV veoyviv (Peng et ai,, 1998). KaOe veoyvod
HEIWVEI TNV NUKVOTNTG petanfikwv otoixeiwy Tou Pntpi-
KOU 000U 0T0Us 00Quikous onovBUAoUs katd nepinou
6,7 mg/cm’ (Tojo et al., 1998), pe tnv ooukn anaieia
va oupBaiver 6xi povo oto onoyymdn afda kai oto
PAoION ootitn 1ot (Miller et al., 1986). Lto pavuako
0010, napawnpninke, enions, anwia ootikoy 10TV, N
ONOIQ OUOXEUOTNKE pE TNV uynAOtEPN €kppaon PAgy-
povwdWY popiwy katd tn Siapkeia autnis tns nepdGdou
(Ardeshirpour et al., 2007).

Kabs n yadouxia ouvexiletar, napatnpeftar onpa-
VUKN anwAeia ootou kar Hiakonn s evboxovdpiakns
augnons. H anieia tns onoyymoous ooukAs padas €i-
vai nio epgavis katd m Sidpkeia tns npwins yadouxias,
anda eakonouBei va eppaviletal otous akéAouBous
KUukAous yadouxias (Bowman and Miller, 1999) kai Sev
pnopei va npoAn@Bei and thv augnon tou diatpoi-
kou aoBeotiou (Kalkwarf, 1999; Prentice et al., 1998;
Kalkwarf et al., 1997; Cross et al., 1995).

Ztous avBpwnous, n anweia acBeotiou katd n
Sidpkeia 9 unvayv yafouxias eival TECoEPIS QOPES pg-
yadutepn anod v anwAeia acBeotiou nou Unopei va
oupei kotd i didpkeia s eykupoouvns. H anwAgra
aoBeotiou oto pntpikd ydia oe kaBnpepivh Bdon &i-
val 280-400 mg, anid pnopei va tdos ta 1000 mg
(Skouteris, 2018). O1 Geiktes ANOPPOPNONS TWV OOTWY
otov opd Kal gTa oUupa Katd tn didpkela tns yadouxias
au€avovtal o€ Tpés UPnAGTEPES and AUTES Nou Napatn-
pouvtal ota €An s eykupoouvns (Affinito et al., 1996;
Cross et al., 1995; Kent et al., 1990). O1 nepiocdtepes
ano us PeAEtEs mou oxeti{ovial PE TNV MUKVOINTa twv
petadfikbv oroixeiwy twv avBponivwy 00thvV Katé
Siapkeia s yadouxias £beigav anwieia petanfikiov
oroixeiwy, €101k ous nepioxés onoyywdous ootol (Kent

et al., 1990).

MeraBoAés perd tn yafouxia
O anoyadakuopés gaivetar Gu Npokanel éviovn ava-
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bone formation and buildup of bone minera|s. This
recovery period allows the skeleton to regain bong
mass (Bowman and Miller, 1999). Longitudina| Studieg
in humans have shown recovery of bone minerg| dens;t
in the spine to baseline values of 6-12 months after
cessation of lactation (Sowers et al., 1993) anq 4.¢
months afterwards in the forearm (Kent et al | 1990)
Studies based on women who were either pregnam'
or lactating during most of their lives showed that
repeated pregnancy and lactation with an absence
of a recovery period was not associated with reduced
bone mineral density (Henderson et al., 2000). These
findings suggest that subsequent pregnancies May
initiate responses in the skeleton that serve as a hegi.
ing period by means of an increase in bone modeling.

However, the extent of bone mineral density recqy-
ery may be modulated by certain factors, such as the
site of measurement, differences between cancelloys
and cortical bone, nutrition, mechanical loading, be-
ginning of menses and the age of the mother. it has
been observed that adolescent mothers may not fuily
recover their skeletal mass after lactation (Lloyd et al,
2000). Thus, the re-establishment of bone mass after
the first lactation does not necessarily lead to the recov-
ery of bone mass to that of a nulliparous organism, and
the skeletal structure may be substantially changed.
However, in subsequent reproductive cycles, the loss
of bone mass can be somehow mitigated during the
post-lactational phase (Bowman and Miller, 1999: Miller
and Bowman, 1998).

ORTHODONTIC TOOTH MOVEMENT DURING
PREGNANCY AND LACTATION

Original papers and reviews relevant to the subject
were searched in the following databases: PubMed,
Cochrane Database for Systematic Reviews and the
Cochrane Central Register of Controlled Trials through
the Cochrane Library, Scopus and Web of Science. Four
relevant full text reports studied pregnancy and lac-
tation (three for pregnancy; one for lactation) (Ghajar
et al.,2013; Macari et al., 2018; Hellsing and Ham-
marstrom, 1991; Kim and Lee, 2000) were detected.
They were published between 1991 and 2018 and
investigated the influence of pregnancy (Ghajar et al.,
2013; Hellsing and Hammarstréom, 1991: Kim and Lee,
2000) and lactation (Macari et al., 2018) on the rate
of tooth movement. Orthodontic tooth movement
was induced by placing coil springs between maxillary
incisors and molars or between incisors, as well as by
using expansion arches on the molars, for a maximum
of 3 weeks. The rate of orthodontic tooth movement
was assessed either clinically or radiographically.

The aforementioned studies were conducted in Iran
(Ghajar et al., 2013), Sweden (Hellsing and Hammar-
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Porikn andkpion o1 okeAetkd oLETNHAO KOl AUENPEVO
PUORO OXNPATOROU 0OTOU KAl GUOOWPEUONS OTUKWV
peaAfikwy otoxeiwy. Auth n nepiodos anokatotaons
ENNPENEL OTOV OKEAETO va AVAKTAGEN IV OOTKI tou pado
(Bowman and Miller, 1999). Alaxpovikés pedétes oe
avBpwnous ¢6eiEav avakapyn s 0oTKAS NUKVONIas
o onovbudikh othAn OUs QPXIKES UpES, 6-12 pnves
petd i Grakoni s yadouxias, (Sowers et al., 1993)
kai 4-6 prves perd oto avuPpaxio (Kent et af, 1990),
Medétes nou Baciotnkav ot yuvaikes nou Atav eykues
i BnAodav katd w0 peyadutepo pépos s Lwhs tous
€beitav ou n enavafopBavopevn eykupooivn kar n
yadouxia xwpls evhiapeon nepiobo avappwons &e au-
oxetifovial He HEPEV OOUKA NUKVATNTG (Henderson
etal, 2000). Auta  eupnipata unobnAwvouy di KatG
Us ENOHEVES EYKULIOOUVES Elval Suvatd va Eexivioouy
ANOKPIOEIS Otov OKEAETO, 01 onofes XPNOIPEGOLY WS
nepiodos enouAwons kan oxetiZoviar e Ty augnon s
00uKNS avadiapdppwons.

QQ0t600, N €K1AON NS ANOKATAOTAONS NS 0OUKNS
NUKVOINTAs HNOPES va ennpeadetar and OPICHEVOUS 11Q-
PaYOVIES, ONWS n BEon wwv petphoswy, ol dagpopes
pEtay tou onoyymwoous kai toy pRotwbous ootou, n
BiatpoPn, N pnxavikn eoptwon, n évap€n s eppnivou
PLOEWS KOI N NAIKIAS ts pntépas. Exer napatnpnBel du
of €pnPEes PNTEPES pnopel va HNV avakthoouv nAnpws
N OKEAETKN tOUS pAda petd tn yaRouxia (Lloyd et al.,
2000). Eto), n anokataotacn s ooukns palas HETE TV
npwin yorouxia &ev odnyel anapaltnia otny avaxkon
opotas ootkns palas pe ekeivn evos Grokou opyaviopou
kat n okedeukn Gopn pnopel va aARGEE ONUGVTIKA.
Qot600, o€ perayevéotepous KUKAOUS avanapaywyns,
n anweia ooukns palas Pnopei Katd kanoIo pono va
HETPIOOTEN KOt tn @don petd n yodouxio (Bowman and
miller, 1999; Miller and Bowman, 1998).

OPBOAONTIKH METAKINHEH TQN AONTQN
KATA THN EFTKYMOZYNH KAl TH TAAOYXIA

Mpwidtunes epyaoies kar avaokonnoels nou oxetilo-
vial pe 1o Bepa avadntnBnkav ous akGAouBes Paakis be-
bouévwv: PubMed, Cochrane Database for Systematic
Review kai Cochrane Database for Systematic Review
ko1 1o Cochrane Central Register of Controlled Trials
Heow wwv Cochrane Library, Scopus kai Web of Science.
Tedika, BoéBnkav TEO0EPIS OXEUKES ONPOOIEVOEIS (TPEIS
Y eykupootvn, pia yio yadouxia) (Ghajar et al,, 2013;
Macari et al., 2018: Hellsing and Hammarstrom, 1991,
Kim and Lee, 2000). Or penétes eixav SnpooieuBel pe-
1080 10U 1991 ka1 tou 2018 xa Sigpedvnaav v eni-
Spoon tns eykupoguvns (Ghajar et al., 2013; Hellsing
and Hammarstrém, 1991; Kim and Lee, 2000) ka1 s
Yaouxias (Macari et af ., 2018) oe axéon pe 1ov pubuo
VEWaKkivnons wv Sovuwv. H opBobovukn pewakivnon
v Sovuy enitexBnke pE tv tonoBetnan efamnpiwv
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strom, 1991), South Korea (Kim and Lee, 2000) and
New Zealand- Brazil (Macan et al., 2018). Respectively,
the expenmental subjects they used were one-week
pregnant Wistar rats (Ghajar et ai,, 2013), pregnant
Sprague-Dawley rats (Hellsing and Hammarstrom,
1991; Kim and Lee, 2000) and C57BL/6 day-9 post-
partum lactating mice (Macari et al.,, 2018).

All four studies employed different methods of tooth
movement measurements. To be specific, Ghajar et
al. (2013) clinically measured the distance between
the mesial incisal corners of maxillary central incisors,
while Hellsing and Hammarstrom (1991) made their
measurements on occlusal radiographs and considered
the transverse distance between the ends of the outer
arms of the wire. Moreover, Kim and Lee (200) esti-
mated the mesial movement of maxillary first molars
on lateral cephalometric radiographs. Finally, Macari et
al. (2018) made their measurements on micro-CT and
used the difference of the cemento-enamel junction
distance of first and second molars between the control
and experimental side.

The results of the studies measuring the impact
of pregnancy on the rate of tooth movement were
inconsistent. Two studies showed an increase in the
pregnant group (Hellsing and Hammarstrom, 1991; Kim
and Lee, 2000), while Ghajar and co-workers (2013)
detected no difference. Hellsing and Hammarstorm
(1991) used fixed lingual appliances constructed for
buccal movement of the upper first molars for 21 days.
Despite the noted differences in movement, histological
examination of the periodontal ligament showed that
the number of osteoclasts did not vary significantly
between the pregnant and the control animals, and
suggested that tipping movements may also account
for the observed changes in tooth pasition. Periodontal
ligaments cells have high affinity receptors for estrogen
and the hormonal changes taking place in pregnancy
might lead to water retention (Lewko and Anderson,
1986). Thus, the periodontal ligament might become
easily compressible in pregnant individuals when me-
chanical force is applied. It is also expected that slight
extrusion of the teeth will happen simultaneously with
increased water content which will facilitate initial com-
pression of the periodontal ligament as well the tipping
movement of teeth under treatment.

Similarly, Kim and Lee (2000) observed greater tooth
movement in the pregnant group after the application
of a closed coil NiTi spring for the mesialization of the
maxillary first molar for 2 weeks. The investigators also
measured alkaline phosphatase and tartrate-resistant
acid phosphatase activities as a way to assess the pro-
cesses of bone formation and resorption during tooth
movement. Their results showed high alkaline phospha-
tase and tartrate-resistant acid phosphatase activities
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HETAEU TV topéwy s Gva ywabou kar twv yopiwv
N PETOEU twv opéwv povo, kaBms kat pe xphon 16wy
Bieupuvons otous yopgious, yia 3 efbopades 1o noAu.
O puBuos s opBodovukns pETakivhons Ty Hovuwy
EKUPNBONKE eite KAIVIKA Elte akuvoypagika.

Or npoavagepBeioes pedétes Hie€nxOnoav oro
Ipav (Ghajar et al., 2013), own Youndia (Hellsing and
Hammarstrom, 1991), otn Néua Kopéa (Kim and Lee,
2000) ka1 ous Néa Zniavdio-Bpagdia (Macari et al.,
2018). Avtiotoixa, 1a NEIpapauka UNOKEIIEVa NoU Xpn-
Oiponoinoav htav éykuol enipues Wistar (Ghajar et al.,
2013), éyxuor enipues Sprague-Dawley (Hellsing and
Hammarstrom, 1991; Kim and Lee, 2000) ka1 novtikia
CS57BL/ 6 9 pépes peta tov toketd (Macari et al., 2018).

Kai o1 ooepis pedétes Xpnoiponoinoav S1apopetIkEs
HEBOSOUS yia va petphoouy 10 puBud tns petakivnons
wv dovuwy. Luykexpipéva, o Ghajar et al. (2013) pé-
tpnoav kivika tnv andotaon petaty wy EYYUS KONUKWV
YWVIQV TwV toptwv s Gvw yvabou, eved ol Hellsing
kal Hammarstrom (1991) npaypatonoinoav us HEWPN-
OFIs ToUs Oe akuvoypagies SnEews kal e€€taocay v
£YKOPOIa aNdOTaon PETaLy twv GKpwY twv EEWTEPIKDV
Bpaxibvwv tou ouppatos. EninAéov, or Kim xar Lee (200)
unofdyloav v eyyus Kivion twy NPWIWV YouPpiwv s
Gvw yvaBou oe nAdyies kepadopetpikés akuvoypagi-
€s. Ténos, o1 Macari et al. (2018) npaypatonoinoav us
HETPAOEIS ToUs o€ micro-CT kal xpnoiponoinoav t 5ia-
@OPA NS ANOOTAONS ths AdAPAVUVO-0OTEIVIKAS Evwons
WV NPWIWV Kal BeVEPWV YouPiwy PETAEY ths NAupds
€AEyX0OU Kal s Neipapaukhs nAeupds.

Ta anoteféopata wwv pegtov nou afiofdynoav v
£nibpaon s eyKUHOOUVNS atov puBud PEKIVIONS Twv
Sovuwv ntav avupaukd. Avo peiétes €6ei€av aunon
ownv opada wv eykuwy (Hellsing and Hammarstrom,
1991 - Kim and Lee, 2000), evib o Ghajar kai o1 gu-
vepyates tou (2013) bev napathpnoav kapia Siagopd.
O1 Hellsing kar Hammarstorm (1991) xpnoiponoinoav
aklvnia unepwia eAatnpla, ta onoia petakivoloav
NapEIaKa tous Gvw NPWIous Youious yia 21 nuépss.
Mapa us napatnpoupueves dIaPopés otn petakivnon,
n 1otoAoyikh €€€taon tou NEPIOBOVIKOU OuvOEéopou
£6e1Ee 61 0 apiBpos twv ooteokactwy O Siépepe
onpavtkd petau twv eykUwy Kal twv Nelpapatdlwwy
ns opadas efgyxou, yeyovos 10 onoio unodniwvel du
ol napatnpoUpeves anfayés atn Béon wwv dovuwy Ba
ynopouoav va eivar anotéfeopa tns anokfions twy
Sovuwy. Ta kOtapa tou nepiodovukol ouvbéopou
éxouv unoboxeis nou napouaialouv uwnih cuvageia
yia 10 0IoTpOYOVa Kal Ol OPPOVIKES aAfayEs nou oup-
Baivouv otnv gykugoouvn pnopouv va odnynoouv oe
au€npévn katakpamnon vepou (Lewko and Anderson,
1986). Etor, 0 neplodovukds oUVOETOS PNOPEN va ou-
pniédetar eukodtepa ous eykuous, otav epappodletat
pnxavikn duvapn. Avapévetal, €nions, 0u n aténon s
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at an earlier stage of the experiment in the pregnant
group compared to the control, suggesting that j; is
more likely that tooth movement will be promgteq
during pregnancy because the action of resorption is
faster than deposition.

In contrast to the above-mentioned results, a non-sig.
nificant decrease in the rate of tooth movement was
noted in the experimental rats after force application
for 2 weeks in the third study (Ghajar et al., 2013),
However, the number of osteoclasts was found to be
significantly reduced in the pregnant rats 7 and 14 days
after spring insertion. The authors suggested that the
metabolic changes occurring during pregnancy were
not enough to make the clinical reduction in tooth
movement significant. Nevertheless, they proposed that
female patients should be informed that pregnancy
may decrease the movement of teeth during the course
of orthodontic treatment and, therefore, they might be
subjected to longer treatment duration, but that this
should not be a source of concern as the duration of
treatment often exceeds that of the pregnancy period.

The study by Macari and colleagues (2018) reported
a significantly greater amount of tooth movement in
lactating animals compared to the control group. Lac-
tating animals exhibit elevated rates of bone turnover
resulting in bone loss in the maxilla, femur and verte-
bra. The osteopenic phenotype was associated with an
increased expression of the RANK/RANKL/OPG signaling
pathway. In addition, bone remodeling is induced by
the increased osteoclast differentiation mediated by
prolactin. Therefore, lactation may cause disruptions in
the quality of alveolar bone via a reduced bone mineral
density and diminished trabecular bone architecture.

In relation to the information presented, it has to be
acknowledged that the data related to animal studies
and cannot be directly extrapolated to humans. In addi-
tion, there are number of significant adaptive changes
that occur at different times during pregnancy. The
included studies did not consider the different phases
during the pregnancy period that might influence the
outcome. In addition to the scarcity of relevant re-
search, most included studies did not include power
sample calculations, posing another limitation relating
to the precision of the retrieved results. Thus, we can-
not conclude with certainty as to the impact of the
physiological changes observed during pregnancy and
lactation on the rate of orthodontic tooth movement.

CONCLUDING REMARKS

The metabolic changes occurring during pregnancy
and lactation may have an impact on the rate of tooth
movement. Although one should have a cautious per-
spective on the strength of the relevant recommenda-
tions, safe practice would suggest that it is important
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EAARNIKH OPOOAONTIKH ENOEQPHEH

O EMMHNOPPYIIAKOE KYKAOZ TON I'YNAIKQON KAl OPOOAONTIKH METAKINHIH AONTIQN

NEPIEKUKOTNTAS TOU NEPIOBOVTIKOU CUVEEDLIOU OE VERD
Ba obnyhoer oty €AAPPG UNEPEKPUON TwV Bovudvy, N
onoia Ba SieukoAUVE! TV OPXIKA OUNTIEDN Tou NEPIO-
SovukoU guvbEopou, kaBws kar tnv kivnon anékions
v Hovirby nou HETAKIVOUVTa).

Napopolws, of Kim kar Lee (2000) napathpnoay
peEyoAutepn petakivnon wy bovuwv otnv opdada wwy
EyKUV PELA IV EPAPHOYA KAEIoTOU eAampiou NiTi yia
Ty EyyUS HETGKIVNON TOU NP@IOU yopgiou yvaBou yid
2 efdopades. O1 EpELVNTES pEtpRoav, £nions, i bpa-
otnpIonta s aAkatikis Gwopatdons kar s 6&ivns
gwogardons, n onola eivar avBektikn ato 1puyiké ok,
ws pone afieddynons wv Siadikaoioy OXNHAToROU
KQi QnoppOPNaoNs touU 0ot 10ToU Katd HETakivn-
on twv dovudv. Ta anoteféopatd wous £6ei€av uyn-
AN dpaoukdNa v evUpWY autdy ous EYKUOUS O€
nPWIHOTENO OTAdIo GE OXEan pE thy opdda eféyxou,
unodniwvovtas ou ivar mo MBavd va entaxivetar n
pEtaKivnon twv bovumy katd t Sidpkeia tns EYKUNOOU-
vns, eneildi n Opdon tns anoppogenons efvar taxutepn
and v evanoBeon.

Le avuBeon pe ta npoavagepBévia anotefgopara,
ot Ghajar kat ouvepyartes (2013) napatmpnoav pelwon
tou pubpou petakivhons twv Sovudmy ota Nelpapatod-
(wa € EYKUPOOUVN OE OX£0N e Ty opada enéyxou,
n onoia opws b6gv Atav otauoukd onpavukh (Ghajar
et al, 2013). Qot600, 0 apIBRSS TV OOTEOKAQORY
BpéBnke va peivetal onpavukd otous EYKUOUS enipues
7 ka1 14 nuépes pETd tnv evepyonoinon tou edatnpiou.
01 ouyypageis npotevav 6u o petaPoixkés affayés
nou onpeiwBnkav katd tn SIGPKEIa s eyKupooUvNS
Sev Atav QPKETES, yIa VO KATQoThoouY T peiwon s
HELaKivNons twv Sovutv kAIVIKG onpavukn. EvioUtoss,
MPOTEIVaV OU 01 YUVAIKES GGBEVEIS MPENEN va EvRpEPOVO-
VIO Ol N EYKUPOOUVN HNOPET va [EIDOEN TN petakivnon
wv bovudwy katd tn Sidpkeia ths opBodovukiis Bepo-
neias kal, ws ek toutou, evbéxetar va unofanbouv oe
peyoUepn Bigpkeia Bepaneias, aAfa autd dev npénel
va npokanel avnouxia, kabaws n SiGpxeia s Bepaneios
ouxva unepPaivel v nepiodo s eykupooUvns.

H peAén tou Macari kai ouvepyatdv (2018) katé-
bei€e anpavika peyanUtepn petakivnon Twy Sovmv
ot BnAadovia {ba oe cUykpion pe ta NEIPaPaBlwa
s opadas eféyxou. Ta OnAalovia dba eppavilouy
auénpéva Nogoota petafoRIopoy WY 0OV HE ANoté-
feopa v ooukn an@Aeia oty Gvw yvaBo, 10 pnpaio
0016 kat tous onovbuous. O 0OTEONEVIKGS PaVOTUNOS
OUOXetiotnke pe aunuévn ékppacn ms 080U RANK /
RANKL/ OPG. Eminfiéov, n avaBiapop@won Wy 0otwv
fPokadeital ané tny augnpévn Slagoponoinon twv
O0teokAnotdv nou eféyxetal and v npodaktivn. Eno-
Wevws, n yafouxia pnopei va npokaréae! Biatapaxés
U NOIGTNTG 10U PATVIAKOU 0OTOU PECW TS PEIWPEVNS
00UKNS NuKkyGtTas.
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to consider the impact of these physiological changes
during clinical practice and their possible implications.
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Eivar onpavuxoé va avagepBel 6t 1a Gebopgva nou
HOAIs NapouaIdoTnkay NpoEpxovial and HEAETES O (WO
ka1 5ev pnopouv va enextaBouy Gpeoa oov avBpwno.
EmnAgov, unapxouy QPKETES ONHAVTIKES NPOOAPHOOTU-
Kes afdayés nou oupPaivouv O BIAPOPETIKOUS XPOVOUS
Kawa n SIGpkeIa s eykupoouvns. O nepifapBavoye-
VES pedetes Sev eAaBav undyn s OIOPOPETIKES PACEIS
Kaa n HIGPKEIa tNs EykUpPOOUVNS Nou evBExetal va
ENNPEACOUY 10 anotéAeopa. Enions, ol NEPICOGTEPES
veAetes Bev nepinapPavay unodoyiopous deiypatos
I1ox00s, Bétovias évav aAfo NEPIOPIOPO OXEUKA HE TNV
akpifeia wv anotedeopduwy tous. Eton, Sev HNOPOULE
va oupnepavoupe pe Befardnia tov aviikuno wwv
uolofoyikmv afdaywy nou napatnpouvial kawd n
Biapkeia tns eykupoouvns kar s yadouxias otov pubpd
s opBodovuikns petakivnans wwv Sovuwy.

LYMNEPALMATIKEE NAPATHPHIEIE

O1 petaPonikés andayés nou oupBaivouv katd
biGpxeia ns eykupoalvns kai tns yadouxias pnopei
va €xouv avtikuno oto pubud s opBobovukns pe-
akivnons. NapoAo nou n ouvodikn afloAdynon tou
b1aB€oipou eninédou tekpnpiwons bev enpeéner th Hi-
QUNWOoN 10XUPWV KAIVIKWDV ouotacewy, Ba htav kaAn
NPaKuKN va AapPavetal undYn o avtiKUNOs AUTMV WV
uolofoyikwv adfaywv oty kAivikn Npagn, kabws ka
01 niBavés enINtWoErs Tous.
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