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I. KROTKA CHARAKTERYSTYKA CYKLU PRAC STANOWIACYCH PODSTAWE
ROZPRAWY DOKTORSKIE]
Podstawe niniejszej rozprawy doktorskiej stanowi spodjny tematycznie zbior
4 artykutow opublikowanych w czasopismach naukowych, o fagcznym IF = 8,761.
1. Ortodontyczny ruch zgba a zmiana pozioméw hormondéw podczas cyklu
miesigczkowego.
2. Are currently selected laboratory animals useful in the research of how
female hormones influence orthodontic biomechanics?
3. The impact of progesterone and estrogen on the tooth mobility.
4. Correlation of sex hormone levels with orthodontic tooth movement

in the maxilla: a prospective cohort study.

Projekty badawcze wuzyskaly zgode komisji bioetycznej (nr 788/2018), ktdra
przedstawilam w rozdziale VI niniejszej rozprawy.
Kazde z badan prospektywno-obserwacyjnych przeprowadzitam pod opieka

i nadzorem promotora.

Indywidualny wkiad wszystkich autoréw w powstanie kazdego z artykutow

stanowiacych cykl niniejszej rozprawy opisatam w rozdziale VI.



II. STRESZCZENIE

1. Wstep.

Wspotczesnie, ortodonci szukaja mozliwosci przyspieszenia tempa przemieszczania
zebow, ale ze zminimalizowaniem ryzyka wystepowania recesji dziasta i resorpgcji
korzeni, czyli zwykorzystaniem procesow fizjologicznych  zachodzacych
w organizmie, miedzy innymi endokrynologicznych. Powszechnie wiadomo, zZe
hormony systemowe, takie jak: estrogeny, androgeny i kalcytonina, prowadzac do
wzrostu zarowno zawartosci mineratow w kosciach, jak i masy kostnej, powoduja
spowolnienie resorpgji kosci, natomiast przyspieszaja ja hormony tarczycy
i kortykosteroidy. Nie ma jednak zadnych badan oryginalnych z udziatem kobiet, na
temat tego, czy zmienny poziom progesteronu i estrogenéw w cyklu miesigczkowym
oraz stosowanie antykoncepcyjnych lekdéw hormonalnych ma zwiazek
z rozciagnieciem lub naprezeniem wiezadel ozebnej (ang. Periodontal Ligaments,
PDL) w trakcie leczenia ortodontycznego: gtéwnymi procesami odpowiedzialnymi
za przesuwanie zeba pod wplywem sily. Zdobycie jakosciowych i ilosciowych
dowodoéw na wptyw hormondéw kobiecych na PDL pozwolitoby stworzy¢ protokdt
akceleracji ruchu zebow, ale z utrzymaniem rownowagi, czyli bez negatywnych
nastepstw resorpgji, ktora jest warunkiem sine qua non przemieszczen zebdéw sitami

ortodontycznymi.

2. Cel pracy.

Udowodnienie, ze zmiany poziomu hormonéw podczas cyklu miesiaczkowego moga
istotnie wplywac¢ zarowno na PDL, czyli na tempo przesuwania zebdw, jak i na
skuteczna profilaktyke chordb przyzebia po leczeniu ortodontycznym kobiet w wieku
prokreacyjnym.

Cele posrednie:

2.1. Poszukiwanie wynikow badan dotyczacych wpltywu hormonéw cyklu

miesigczkowego na PDL,



2.2. Ocena jakosci dowodowej wynikéw badan na zwierzetach doswiadczalnych
w aspekcie wplywu hormondéw cyklu miesiaczkowego na PDL u kobiet,

2.3. Ocena ruchomosci zgbow w réznych fazach cyklu miesiaczkowego i podczas
przyjmowania antykoncepcji hormonalnej,

2.4.Ocena ruchomosci i tempa przemieszczania zebow po aktywacji aparatu
ortodontycznego w roéznych fazach cyklu miesigczkowego i podczas

przyjmowania antykoncepcji hormonalne;j.

3. Materiat i Metody.

3.1. Przeglad adekwatnego piSmiennictwa,

3.2. Krytyczna ocena wynikéw eksperymentalnych badan oryginalnych nad
wplywem hormondéw zenskich, naturalnych lub egzogennych, ktérych dziatanie
zmienia tempo przemieszczania zebow: ewaluacja naukowa i moralna zasadnosci
selekcji zwierzat oraz uzyskanych dowoddéw w aspekcie dzialania sit
ortodontycznych u ludzi,

3.3. Ocena - za pomoca urzadzenia Periotest — ruchomosci zeboéw ludzkich w czasie
cyklu miesigczkowego i podczas przyjmowania antykoncepcji hormonalnej. Do
badan zakwalifikowano 60 kobiet w wieku 20-30 lat z mezjorotacja zebdw 16 i 26.
Grupe, odpowiednio: badana i kontrolna, tworzylo 30 prawidiowo
miesigczkujacych pacjentek (M), podzielonych na trzy réwnoliczne podgrupy
zalezne od momentu cyklu, w ktérym przeprowadzano badanie: M1 (w fazie
menstruacyjnej), M2 (w fazie owulagji) i M3 (w fazie lutealnej) oraz 30 pacjentek
przyjmujacych regularna antykoncepcje hormonalna, dwuskladnikowa
ijednofazowa przez ponad 4 miesiace (S). Ruchomosé zeboéw otrzymywano
w jednostkach PTV (ang. Periotest Values, PTV): wzrost wartosci oznaczat wzrost
ruchomosci zeba w zebodole,

3.4. Ocena ruchomosci i tempa przemieszczania zebow ludzkich po aktywacji aparatu
ortodontycznego w czasie cyklu miesigczkowego i podczas przyjmowania

antykoncepcji hormonalnej. W tym celu badano skany porownawcze przed
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aktywacja przerzutu podniebiennego (ang. Transpalatal Arch, TPA) i po jej
dokonaniu. Badaniem objeto 120 pacjentek w wieku 20-30 lat z mezjorotacja zebow
16 i 26. Grupe badana (A, n = 60) podzielono na trzy rownoliczne podgrupy:
Al (w fazie menstruacyjnej), A2 (w fazie owulacji) i A3 (w fazie lutealnej); grupe
kontrolng (B) stanowily kobiety (n=60) przyjmujace regularng antykoncepcje

hormonalng, dwusktadnikowa i jednofazowa przez ponad 4 miesiace.

4. Wyniki.

4.1. Przeglad pismiennictwa dowidd}, ze wplyw cyklu miesiagczkowego i hormonow
jajnika na PDL byt dotychczas badany jedynie u zwierzat,

4.2. Dokladna analiza badan, poparta wiedza weterynaryjna wykazala, ze Zadna
z dotychczasowych publikacji na temat zwigzany z niniejsza rozprawa doktorska
nie pozwala na ekstrapolacje wynikéw na populacje kobiet,

4.3. PTV mies$cily sie w granicach normy, ale kly i zeby trzonowe byly zawsze
stabilniejsze niz pozostate. W grupie kobiet miesigczkujacych (M) ruchomos¢
zebow byla statystycznie poréwnywalna w fazie menstruacyjnej (M1)
i owulacyjnej (M2), a istotnie wzrosta w fazie lutealnej (M3). We wszystkich
badaniach w grupie przyjmujacej antykoncepcje hormonalng (S) omawiana
ruchomos¢ pozostawata stata i mniejsza niz w grupie M,

4.4. Tempo przemieszczania zebdw po aktywacji aparatu ortodontycznego bylo
istotnie r6zne w grupach badanych (p < 0,001), a najszybsze w podgrupie A3

(w fazie lutealnej).

5. Podsumowanie i wnioski.

Badanie wplywu poziomu zenskich hormonow piciowych i dopuszczonych do
uzytku ogodlnego doustnych srodkéw antykoncepcyjnych na stabilnos¢ zebdw
w wyrostku zebodotowym oraz na skutecznos¢ przemieszczen ortodontycznych
przeprowadzono po raz pierwszy u ludzi. Analizujac badania eksperymentalne

dowiedziono, Zze nie mozna ekstrapolowa¢ wynikow zmian PDL zachodzacych pod
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wplywem obcigzenia u dotychczas wyselekcjonowanych zwierzat, na model ludzki,
dlatego zaprojektowano badania z udziatem kobiet. Dzigki temu pokazano, ze poziom
omawianych hormondw jest istotnie skorelowany ze stabilnoscia zebéw w wyrostku
zebodolowym oraz ze skutecznoscia przemieszczen ortodontycznych. Tym samym
bezspornie dowiedziono, Ze u kobiet miesigczkujgcych aktywacji aparatu nalezy
dokonywacé w fazie lutealnej cyklu, w celu zwigkszenia skutecznosci leczenia
ortodontycznego i ograniczenia jego powiklati, natomiast kobietom stosujgcym
antykoncepcje hormonalng nalezy jeszcze przed rozpoczeciem terapii wyttumaczyc,

Ze moze ona spowalniac ruch zebéw i wydtuzyé czas leczenia.



1. ABSTRACT

1. Introduction.

Nowadays, orthodontists are looking for opportunities to accelerate the pace of tooth
movement, but while minimizing the risk of gingiva recession and root resorption, i.e.
using physiological processes occurring in the body, including endocrine ones. It is
well known that systemic hormones such as estrogens, androgens and calcitonin, by
increasing both the mineral content in bones and bone mass, slow down bone
resorption, while thyroid hormones and corticosteroids accelerate it. However, there
are no original studies conducted in women on whether variable levels of progesterone
and estrogen in the menstrual cycle and the use of hormonal contraceptives are related
to the loosening or tightening of the periodontal ligaments (PDL) during orthodontic
treatment: main processes responsible for tooth movement under the influence of
force. Obtaining qualitative and quantitative evidence of the influence of female
hormones on PDL would allow the creation of a protocol for the acceleration of tooth
movement, but maintaining balance, i.e. without negative consequences of resorption,

which is the sine qua non condition for tooth displacement by orthodontic forces.

2.Aim of the study

Proving that changes in hormone levels during the menstrual cycle can significantly
affect both PDL, i.e. the rate of tooth movement, as well as effective prevention of
periodontal diseases after orthodontic treatment in women of reproductive age.
Intermediate objectives:

2.1. Searching for research results regarding the influence of menstrual cycle hormones
on PDL,

2.2. Assessment of the evidentiary quality of the results of studies on experimental
animals as evidence in terms of the impact of menstrual cycle hormones on PDL,

2.3. Assessment of tooth mobility during the menstrual cycle and while taking

hormonal contraception,



2.4. Assessment of the pace of tooth movement and their mobility after activation of
the orthodontic appliance during the menstrual cycle and while taking hormonal

contraception.

3. Material and Methods

3.1. Review of relevant literature,

3.2. Critical evaluation of the results of experimental original research on the influence
of female hormones, natural or exogenous, whose action changes the rate of tooth
movement: scientific and moral evaluation of the justification for animal selection and
the obtained evidence in the aspect of the action of orthodontic forces in humans.

3.3. Assessment — using the Periotest device — of human tooth mobility during the
menstrual cycle and while taking hormonal contraception. 60 women aged 20-30 with
mesiorotation of teeth 16 and 26 were qualified for the study. The study and control
groups, respectively, consisted of 30 normally menstruating patients (M), who were
divided into three subgroups depending on the moment of the cycle in which the study
was performed: M1 (in the menstrual phase), M2 (in the ovulation phase) and M3 (in
the luteal phase) and 30 patients taking regular single-phase two-component
hormonal contraception for more than 4 months (S). Tooth mobility was obtained in
Periotest Values (PTV) units: an increase in the value meant an increase in tooth
mobility in the alveolar.

3.4. Assessment of the rate of movement of human teeth after activation of the
orthodontic appliance during the menstrual cycle and while taking hormonal
contraception. For this purpose, comparative scans were examined before and after
activation of the Transpalatal Arch (TPA). The study included 120 patients aged 20-30
with mesiorotation of teeth 16 and 26. The study group (A, n = 60) was divided into:
Al (in the menstrual phase), A2 (in the ovulation phase) and A3 (in the luteal phase)
and a group control group (B, n = 60) taking regular two-component, single-phase

hormonal contraception for more than 4 months.
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4. Results.

4.1. A review of the literature showed that the influence of the menstrual cycle and
ovarian hormones on PDL has so far only been studied in animals,

4.2. A thorough analysis of the research, supported by veterinary knowledge, has
shown that none of the previous publications on the topic related to this doctoral
dissertation allow for the extrapolation of the results to the female population,

4.3. PTVs were within normal limits, but canines and molars were always more stable
than other teeth. In the group of menstruating women (M), tooth mobility was
statistically comparable in the menstrual (M1) and ovulatory (M2) phases, and
increased significantly in the luteal phase (M3). In all studies, mobility in the hormonal
contraceptive group (S) remained constant and smaller than in the M group.

4.4. The rate of tooth movement after activation of the orthodontic appliance was
significantly different in the study groups (p < 0.001), and the fastest in subgroup A3

(in the luteal phase).

5. Summary and conclusions.

The study of the influence of the level of female sex hormones and oral contraceptives
approved for general use on the stability of teeth in the alveolar ridge and on the
effectiveness of orthodontic relocations was carried out for the first time in humans. It
was thus shown that the results of PDL changes from previous experimental studies
in selected animals cannot be extrapolated to the human model. The study showed
that the level of these hormones is significantly correlated with the stability of teeth in
the alveolar process and with the effectiveness of orthodontic movements. Thanks to
this, it has been indisputably proven that in menstruating women, the device should
be activated in the luteal phase of the cycle in order to increase the effectiveness of
orthodontic treatment and reduce its complications, while women using hormonal
contraception should be explained before starting the therapy that it may slow down

the movement of teeth and prolong the treatment time.

11



IV. SZCZEGOLOWA CHARAKTERYSTYKA PRAC STANOWIACYCH PODSTAWE
ROZPRAWY DOKTORSKIE]

IV.1.

Ortodontyczny ruch zeba a zmiana pozioméw hormondéw podczas cyklu
miesiaczkowego.

Charakterystyka. Przemieszczenie zebow pod wplywem sit ortodontycznych moze
ulega¢ spowolnieniu pod wplywem, miedzy innymi: bisfosfonianéw, metabolitow
witaminy D, fluorkow, lekéw przeciwzapalnych oraz sekrecji hormonow
systemowych, takich jak estrogeny, androgeny i kalcytonina. Substancje te powoduja
wzrost zaréwno zawartosci mineratow w kosciach, jak i masy kostnej oraz wolniejsza
resorpcje kosci. Przeciwnie, hormony tarczycy i kortykosteroidy moga by¢ sprawcami
szybszego przesuwania zeba, przez co potencjalnie wptywaja na mniej stabilny wynik
leczenia ortodontycznego.

Praca dowiodta, ze dotychczas nieznany jest wptyw progesteronu, estrogenéw oraz
antykoncepcyjnych lekéw hormonalnych na przemieszczanie zebow u cztowieka, bo
nie ma zadnych badafi na ten temat. Wprawdzie oceny niestabilnosci wiezadet
w czasie cyklu miesiaczkowego dokonywano wielokrotnie, ale tylko w badaniach
ortopedycznych i ginekologicznych zdrowych, mlodych kobiet, a nie na poziomie
stawu zebowo-zebodotowego, ktory ulega catkowitej przebudowie podczas terapii
ortodontycznej. Wynik przegladu doprowadzit do realizacji pierwszego celu
posredniego pracy, czyli opisania teoretycznego wptywu ludzkich hormondéw cyklu

miesigczkowego na PDL podczas leczenia wad zgryzu.

IvV.2.

Are currently selected laboratory animals useful in the research of how female
hormones influence orthodontic biomechanics?

Charakterystyka. Zaleznosc¢ reakcji zebéw na obciazenie sitami ortodontycznymi od

poziomu hormonoéw zenskich i antykoncepcji hormonalnej byta przedmiotem badan
12



wieloosrodkowych, prowadzonych na r6znych gatunkach zwierzat. Wigkszosc testow
wykonywano na biatych szczurach Wistar stosowanych powszechnie w badaniach
farmakologicznych, toksykologicznych, zywienia i testach behawioralnych; podobne
badania przeprowadzono na krolikach ikotach. Badania wykonywano albo na
zdrowych samicach z wlasnym cyklem rujowym, albo na sterylizowanych, lub
podawanych egzogennej stymulacji hormonalnej. Niektéorym zwierzetom badano
krew, innym $luz pochwowy. Przesuwano gtéwnie kly, przedtrzonowce i siekacze.
Wtym celu zwykle stosowano otwarte sprezyny niklowo-tytanowe, a niekiedy
zakotwienie kostne, czyli miniimplanty. Zakresy przemieszczen mierzono na zebach
gipsowych (wyciski pobierano w dniu badania) lub bezposrednio u zwierzecia, za
pomoca suwmiarki. Po badaniach zwierzeta poddawano eutanazji.
Realizacja drugiego celu posredniego, czyli ocena jakosci dowodowej wynikdw badan
na zwierzetach doswiadczalnych wykazata, ze catkowita heterogennos¢ zaréwno
uzebienia, jak i budowy ozebnej w poroéwnaniu z populacjq ludzka nie pozwala
ekstrapolowa¢ wynikéw zadnych badan eksperymentalnych dotyczacych zwiazku

poziomu hormondéw z zachowaniami PDL, na pacjentéw homo sapiens.

IV.3.

The impact of progesterone and estrogen on the tooth mobility.

Wstep. Dziatanie estrogendw na tkanki przyzebia jest bezsporne. Hormony te reguluja
produkcje glikogenu nablonkowego, redukuja keratynizacje dziasel, a ostatecznie
zmniejszaja zardwno ochronng role bariery nabtonkowej, jak i reakcje limfocytow T,
co prowadzi do zwigkszonego wystepowania chorob dziasel. Estrogeny stymuluja
takze synteze i dojrzewanie tkanek tworzacych fibroblasty dzigsla oraz ich
proliferacje. Progesteron rozszerza lozyska naczyniowe, zwigkszajac ich
przepuszczalnos¢. Pobudza produkcje prostaglandyn i przyczynia si¢ do wzrostu
poziomu leukocytow wielojadrzastych, w przeciwienstwie do estrogenow.
Progesteron utrudnia takze synteze kolagenu wystepujacego w wiezadtach przyzebia,

co prowadzi do zmniejszenia zaréwno ich potencjalu do napraw, jak i liczby
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budujacych je widkien; progesteron katalizuje metaboliczny rozktad kwasu foliowego
niezbednego do wzrostu, rozwoju i proliferacji komorek.

Z kolei nowoczesne antykoncepcyjne S$rodki hormonalne moga modyfikowac
odpowiedZ immunologiczna,  powodujac  ryzyko uszkodzenia  ukladu
odpornosciowego przyzebia ze wzgledu na zwigkszenie zarowno liczby bakterii
beztlenowych, jak i czesto$ci wystepowania prochnicy.

Cel pracy. Poniewaz poziom omowionych hormondéw istotnie wplywa na przyzebie
utrzymujace zab w zebodole, celem pracy byta ocena ruchomosci zebow w zaleznosci
od fazy cyklu miesiaczkowego i podczas przyjmowania antykoncepcji hormonalne;j.
Material i Metody. Badaniem prospektywnym, zgodnym z Deklaracja Helsiniska
objeto pacjentki w wieku 20-30 lat z mezjorotacja zebdw 16 i 26. Grupe, odpowiednio,
badang i kontrolng tworzylo 30 pacjentek prawidlowo miesigczkujacych (M) oraz
30 pacjentek przyjmujacych regularna antykoncepcje hormonalna, dwusktadnikowa
i jednofazowa przez ponad 4 miesiagce w momencie rozpoczecia badania (S). Badanie
laboratoryjne krwi wraz z okresleniem poziomu progesteronu i estrogendw oraz
badanie ruchomosci ze¢ba przeprowadzono w trzech fazach cyklu miesigczkowego:
menstruacyjnej (podgrupa M1), owulacji (podgrupa M2) i lutealnej (podgrupa M3)
oraz w trzech terminach w grupie kontrolnej (S), z czestoscia réwna badaniom
podgrup.

Wyniki. W obu grupach poziom progesteronu i estrogenu miescil si¢ w normie
wlasciwej dla fazy cyklu lub suplementacji hormonalnej. W podgrupach
zaobserwowano istotna statystycznie réznice w poziomach obu badanych hormonéw
(p <0,001), co potwierdzilo samodyscypline pacjentek zglaszajacych sie na badanie
i rzetelno$¢ podziatu jego uczestniczek. Wszystkie PTV miescily si¢ w granicach
normy, jednak kty i zeby trzonowe zawsze byly znaczaco stabilniejsze niz pozostate
zegby, niezaleznie od zaréwno dnia cyklu miesiaczkowego, jak i czasokresu stosowania
srodkow antykoncepcyjnych. Ruchomos¢ zebdéw byla statystycznie poréwnywalna
(p > 0,05) w podgrupie M1 i M2 i istotnie nizsza (p < 0,001) niz w podgrupie M3. Zeby
byly tak samo ruchome (p = 0,758) u wszystkich badanych z grupy kontrolnej,
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niezaleznie od terminu badania. PTV byty znaczaco wyzsze u kobiet miesigczkujacych
(grupa M) niz u kobiet z grupy S, czyli ruchomos¢ zegbéw w grupie M byta wigksza
(p <0,05).

IV 4.

Correlation of sex hormone levels with orthodontic tooth movement in the maxilla:
a prospective cohort study.

Cel pracy. W zwiazku ze zdobyciem dowoddéw na wpltyw hormonow cyklu
miesigczkowego na PDL, celem pracy byta ocena ruchomosci i tempa przemieszczania
zebdw po aktywacji aparatu ortodontycznego, w zaleznosci od fazy cyklu i podczas
przyjmowania antykoncepcji hormonalnej.

Material i metody. Badaniem prospektywnym objeto pacjentki w wieku 20-30 lat
z mezjorotacja zgbow 16 i 26. Podzielono je na grupe badana (A, n = 60) i kontrolna
(B, n = 60), zachowujac schemat z trzeciej pracy skladajacej si¢ na cykl niniejszej
dysertacji. Badano ruchomos¢ wszystkich zebdw szczeki (poza 17 i 27) oraz
przemieszczenie zebow 16 i26 po aktywacji TPA, ktorej dokonywano za pomoca
kleszczy Angle’a w taki sposob, aby uzyskac dystorotujaca site ortodontyczna. Wolne
konce TPA aktywowano pod katem 45°, na podstawie katomierza. Potozenie zgbow
16 i 26 przed aktywacja TPA i po jej dokonaniu rejestrowano za pomoca skanera.
Na skanach wykonanych przed aktywacja (badanie 1) guzki policzkowe blizsze
zebdw 16 i 26 oznaczono, odpowiednio, jako mb16 i mb26, a odlegtos¢ miedzy nimi
w linii prostej (mm), jako szerokos¢ miedzytrzonowcowa (ang.: Intemolar Width,
IMW1). Po aktywacji oceniano ruchomos¢ zebdéw 16 i26 za pomoca Periotestu.
Potozenie punktéw mb16 i mb26 na skanach wykonanych 6 tygodni po aktywacji TPA
(badanie 2) oznaczano jako mbl6' i mb26' oraz mierzono nowa szerokos¢
miedzytrzonowcowa IMW2. Nastepnie skany z badania 1 i 2 naktadano wzdtuz
srodka przednio-tylnej bruzdy centralnej zeboéw 16 i 26 w celu pomiaru zaréwno
odrotowania z¢bdéw 16 (O16 = mb16' — mb16) i 26 (026 = mb26' — mb26), jak i wzrostu

szerokosci miedzytrzonowej (IMW2-IMW1) w wyniku dziatania TPA.
15



Wyniki. Ruchomos$¢ pierwszych zebow przedtrzonowych, kiow i siekaczy byla
podobna (p =0,57), poza podgrupa A3, w ktorej zaobserwowano wigksza ruchomos¢
zebow 14 i 24. Wartosci PTV1 i PTV2, IMW1 i IMW?2 oraz O16 i O26 roznily sie
w zaleznosci od grupy. W wyniku dziatania TPA doszlo do przesunigcia zebow 16 i 26
u wszystkich badanych kobiet, ale bylo ono najmniejsze i podobne w podgrupie A2
iB (p = 0,64). Wartosci wymienionych parametréow w podgrupie Al byty istotnie
wyzszeniz w grupie B (p <0,001), ale tez istotnie nizsze niz w podgrupie A3 (p <0,001).
Dowiodlo to, Ze najlepsza skutecznos¢ TPA uzyskuje si¢ aktywujac go w lutealnej fazie

cyklu miesigczkowego.

Podsumowanie i wnioski.

Poniewaz badan stanowiacych podstawe niniejszej rozprawy nigdy nie
przeprowadzono z udziatem kobiet, podczas pozyskiwania ewidencji oceniano
rezultaty uzyskane w wielu eksperymentach przeprowadzonych na rdéznych
gatunkach zwierzat laboratoryjnych. Szybko jednak ustalono, Ze heterogennos¢
materiatu (w poréwnaniu z populacja ludzka), w potaczeniu z faktem, iz badania na
modelach zwierzecych nie s dlugoterminowe, czyli malo wiarygodne naukowo,
stanowi ich powazne ograniczenie. Nie oznacza to rzecz jasna rekomendadji ,, reductio
ad absurdum” badan na zwierzetach w medycynie. Niemniej, powinno zacheca¢ do
staranniejszej selekcji gatunkéw zwierzat do badan eksperymentalnych.

W wyniku zdobycia powyzszych materiatéw dowodowych zaprojektowano badania
oryginalne z udziatem populacji kobiet, zgodne z zasadami bioetyki. Na podstawie
ilosciowych 1ijakosciowych ocen zmian ruchomo$ci zebow i tempa ich
przemieszczenia w wyniku leczenia ortodontycznego dowiedziono, ze obie te
zmienne sg istotnie zalezne od poziomu zenskich hormondéw plciowych.

Reasumujac, zaprezentowane wyniki dysertacji wykazaly, ze leczenie ortodontyczne
mlodych kobiet powinien poprzedza¢ wywiad zawierajacy, miedzy innymi,
informacje na temat cyklu menstruacyjnego. Dzigki temu mozna wyjasni¢ pacjentkom

stosujacym antykoncepcje, dlaczego spowalnia ona ruch zebéw i wydtuza czas

10



leczenia ortodontycznego. Przede wszystkim jednak mozna wybraé optymalny
moment aktywacji aparatu ortodontycznego, ktory u kobiet miesigczkujgcych
powinien nastepowac w fazie lutealnej cyklu miesigczkowego, w celu zaréwno
zwigkszenia skutecznosci terapii wad zgryzu, jak iograniczenia jej powiktan

w postaci jatrogennych resorpcji.
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Ortodontyczny ruch zeba
a zmiana poziomow hormonow
podczas cyklu miesigczkowego

Orthodontic tooth movement and changes
in hormone levels during the menstrual cycle

lek. dent. Malgorzata Peruga’, prof. dr hab. n. med. Joanna Antoszewska-Smith*

Indywidualna Praktyla Lekarska
“Katedra 1 Zaklad Ortopedi Szczekowey 1 Ortodancy
50-425 Wroctaw, ul Krakowska 26

Uniwersytet Medyczny im. Rlastow Sigskich we Wrockawiu

uch zeba nastepuje muin. w wyniku przytozenia sity
generowanej przez aparat ortodontyczny. Ruch ten

kiada sig z trzech etapdw: poczatkoweqo przechy-

lenia, fazy opdénienia i progresywnego ruchu zeba. W fa-
Zle pierwszej wigzadla ozebnej (ang. periodontal ligament
~ PDL) sq $ciskane w sasiedziwie kosci wyrostka zebodoto-
wego po stronie, w ktdrg skierowana jest sita. Po przeciw-
nej stronie wigzadta ozebne| wydiuzaja sie | napinaja. Po fa-
Ze poczatkowego pezechyienia nastepuje faza opéinienia,

ooth movement occurs among others as a result
of applying force generated by orthodontic appli-
ances. This movement consists of three stages:
Initial tipping, lag phase and progressive tooth move-
ment. In the first phase, the periodontal ligament (PDL)
is squeezed In the vicinity of the alveolar bone on the
side to which the force is directed. On the opposite side,
periodontal ligaments stretch and tense. After the initial
tipping phase, there is a lag phase, i.e. cell mobilization,

Stowa kluczowe:

ortodoncja, uktad hormonainy, cykl rmiesigczkowy, wigzadia przyzebia, metabolizm koscl
Keywords:

orthodontics, endocrine system, menstrual cycle, pericdontium ligaments, bone metabolism

Streszczenie: Ortodontyczny ruch zeba wynika z reakcji tkanek przyzebia na przykiadane sty mechaniczre, co prowadz
do przermnodelowania lub przebudowy kosc zebodotu. Wiadomo jednak, ze opisywane przemigszczenie nie zalezy tylko
od samej sity, ale | - miedzy innymi - od ukiadu wewngtrawydzielniczego. Szczegdinym przyktadern jeqo dziatania
53 zrmiany poziomu hormonow w cyklu rmesigczkowym. Hormony te, ze wzgledu na wplyw na metabotizm kostry
i wigzadta mogq miec zwigzek z tempem przesuniec zebowych Analiza tej tezy byla celem niniejszej pracy shuzace)
pogtebieniu wiedzy o leczeniu ortodontycznym pacjentek w wieku prokreacyjriym

Summary: Orthodontic tooth movement results from the reaction of periodontal tissues to applied mechanical forces,
leading to remodeling or reconstruction of the alveolar bone. It is known, however, that the described movernent
does not depend only on the force itself, but also - among others - on the endocrine system. A special example
of its action involves changes in haormone levels in the menstrual cycle. These hormones, due to their influence
on bone metabolism ard ligaments, rmay be related to the rate of tooth movernent. The analysis of this thesis was
the purpose of this study, aimed at deepening the knowledge about orthadontic treatment of female patients at the
procreative age.
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czyli mobilizacja komérek, ktéra pozwoll na przebudowe
PDL | kosci dzigki osteoklastom i osteoblastom. Diugosc tej
fazy zalezy czeéciowo od zastosowanej sily: jej przedawke-
wanie powoduje, ze korzen zbliza sie nadmiemie do $cian-
ki zebadotu. Nastepuje wowczas zamkniede naczyn krwio-
noénych, a ruch zeba ulegnie spowolnieniu. Ten etap moze
trwac od kitku dni do kitku tygodnl. Faza koricowa charakte-
ryzuje sig faktyczng przebudowg kosci polegajaca na ape-
2zycjl w obszarach napiecia | resorpcjl w obszarach kompre-
sjl. Praces ten skutkuje przesuwaniem zeba [1-8].

Opisane zjawiska zachodzace podczas leczenia orto-
dontyczneqo zalezq nie tylko od samej sHy. Nie bez wply-
wu 53 muin: jako$¢ pozywienia, zaburzenia metaboliczne
wywolujace choroby koéci, wiek pacjentéw czy tez przyj-
mowane przez nich lekarstwa. W réznych badaniach wyka-
zano, ze leki, takie jak: bisfosfoniany, metabolity witaminy D
czy fluorkl, hipotetycznie powoduja spowolnienie ruchu
zebdw, podobnie jak niesteroidowe leki przeciwzapalne,
ktdre zmniejszajg resorpcje kosci. Diugotrwale stosowa-
nie tych substancji moze zatem opdZnic odpowieds? oste-
oklastdw, niezbedna do przesunigcia zebdw pod wplywem
przylozonej sty [9, 10).

Nie sposdb w tym wachlarzu czynnikdw pominad dzia-
lania hormondw, ktére - wplywajac na wigzadfa stawu ze-
bowo-zebodolowego czy tez metabolizm kostny - moga
istotnie moderowac tempo przemieszczen zebdw. Sekre-
cja hormondw, takich jak: estrogeny, androgeny i kalcy-
tonina, powoduje wzrost zaréwno zawartosci mineratow
w kosciach, jak | masy kostnej oraz spowolnienie resorp-
¢ji kodci, co moze opdini¢ ruch ortodontyczny zeba. Prze-
ciwnie, hormony tarczycy | kortykosteroidy moga przy-
spieszad tempo przesuwania z¢ba, przez co potencjainie
wplywaja na mniej stabilny wynik po leczeniu ortedon-
tycznym [9, 10}.

Wspdlczesny wazrost zainteresowania leczeniem orto-
dontycznym wirdd miodych dorostych kobiet - w wieku
od 20 do 30 lat - jest w naturalny sposéb powlazany z se-
krecja hormondw jajnika. Powstaje zatem pytanie, czy tem-
po uzyskania prawidiowe; okluzji | kosmetyczne] poprawy
usmiechu, ktérych oczekuja pacjentki, moze by¢ zalezne
od réznych faz cyklu miesiaczkoweqo | wydzielanych przez
jajniki hormondéw.

Cykl miesigczkowy i hormony jajnika
wptywajace na ukiad kostny

oraz gre naczyniowa

Cykl miesigczkowy Jest korelacjq trzech rdznych sprzezen
2wretnych: podwzgdrzowo- przysadkowego, jajnikowego
oraz endometrialnego. Nadrzedny jest uklad podwzgérze
~ przysadka. Skiadaja si¢ na niego trzy petle. Pierwsza, zw.
ultrakrétka, jest uzalezniona od podwzgérza. Wydzielana
przez nie pulsacyjnie gonadoliberyna (GnRH) powoduje
sprzezenie zwrotne w wyniku zmiany stezenla hormonu
w komérkach. Kolejna petla, nazywana krotka, jest zalez-

na od przysadki mézgowe). Jej przedni plat wydziela - pod

24 |

which allows for the reconstruction of PDLs and bones,
thanks to ostecclasts and osteoblasts. The duration of this
phase depends partly on the force applied: its overdose
causes the root to approach to the alveolar wall exces-
sively. Then, the blood vessels are closed and tooth move-
ment will slow down. This phase can last from several
days to several weeks. The final phase is characterized
by actual bone remodeling, consisting in apposition
in the areas of tension and resorption In the areas of com-
pression. This process results in tooth movement [1-8].

The phenomena described occurring during ortho-
dontic treatment depend not only on the force applied.
Among others, quality of feod, metabolic disorders that
cause bone diseases, patients’ age, and medications
taken by them are also important. Various studies have
shown that medications such as bisphosphonates, vita-
min D metabolites or fluorides hypothetically cause that
tooth movement is slowed down, as do non-steroidal
anti-inflammatory drugs that reduce bone resorption.
Long-term use of these substances may therefore delay
the osteoclast response necessary to move teeth under
the influence of the applied force [9, 10].

Itis impossible to leave out the influence of hormones
in this range of factors, which - affecting the ligaments
of the dental-alveolar joint or bone metabolism - can
significantly moderate the rate of tooth movement. The
secretion of hormones, such as estrogens, androgens
and calcitonin, increases bone mineral content as well
as bone mass and it slows bone resorption, which may
delay orthodontic tooth movement. On the contrary, thy-
roid harmones and corticosteroids can accelerate the rate
of tooth movement, thus potentially affecting the less sta-
ble outcome after orthodontic treatment [9, 10].

The current increase in the interest in orthodontic treat-
ment among young adult women - 20 to 30 years old -
is naturally related to the secretion of ovarian hormones.
Hence, a question arises: can the rate of correct occlu-
sion and cosmetic improvement of the smile expected
by patients be dependent on the various phases of the
menstrual cycle and hormones secreted by the ovaries?

Menstrual cycle and ovarian
hormones affecting the skeletal
system and vessel peristalsis

The menstrual cycle constitutes a correlation of three
different feedbacks: hypothalamohypophyseal, ovarian
and endometrial. The hypothalamohypophyseal complex
is the supreme one. It consists of three loops. The first
one - the so-called ultra-short loop - depends on the
hypothalamus. Gonadoliberin (GnRH), secreted in pulses,
causes the feedback due to changes in the hormone con-
centration in cells. The next loop - the called the short
one - depends on the pituitary gland. Its frontal lobe
secretes - under the influence of GnRH - lutropin (LH)
and follicle stimulating hormone (FSH), which inhibit the
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wplywem GnRH - lutroping (LH) | folikulotropine (FSH), kté-
re hamuja zwrotnie czynnosc podwzgdrza. Ostatnia petla,
nazywana diuga, jest utworzona przez sprzezenie zwrot-
ne miedzy hormonalng czynnodcia jajnikdw a podwzgd-
rza i przysadki [11-15]).

Cyki jajnikowy sklada sig z trzech faz. Pierwszg jest faza
folikularna. Rozpoczyna sie ona od stymulowanego przez
FSH przeksztalcenia pecherzykéw pierwotnych w peche-
rzyki preantraine, po czym dokonuje sie rozwéj komérki
jajowe), ostonki przejrzystej | komérek ziamistych produ-
kujacych estrogeny. Nastepnie FSH wraz z estrogenami
powoduje przeksztalcenie pecherzykdw preantrainych
w pecherzyki antralne. Poprzez selekcje tworzy si¢ pe-
cherzyk dominujacy, ktdry zaczyna wydzielac estradiol,
€O - przez sprzezenie zwrotne - skutkuje spadkiem FSH.
Wplywa to na zahamowanie wzrostu innych pecherzy-
kéw. Pecherzyk dominujacy jest przekszialcany w peche-
rzyk przedowulacyjny, co wzmaaga jeszcze bardziej wy-
dzielanie estregendw, a to - poprzez sprzgzenie zwrotne
dodatnie - wptywa na wzrost wydzielania LH. Réwnocze-
$nie Inicjowany jest proces luteinizacjl | nastepuje pro-
dukcja progesteronu i inhibiny. Szczyt wydzielania es-
trogendw zachodzi na 24-36 godziny przed owulacja.
Na te pierwsza faze jajnikowa przypadaja dwie pierwsze
fazy cyklu endometrialnego: miesiaczkowa i proliferacyj-
na. Faza miesigczkowa zaczyna sie krwawieniem wynika-
jacym ze zluszczenia warstwy czynnosciowej blony Sluzo-
wej macicy. Koriczy sie po 5 dniach | przechodzi plynnie
w faze proliferacyjna, kidra jest scisle zwlazana z rézni-
cowaniem si¢ pecherzyka przedowulacyjnego. Czas fazy
proliferacyjnej jest zmienny, jednak okreéla sig, 2e fizjolo-
gicznie trwa od 7 do 13 dni. Nastgpnie w cykiu jajniko-
wym wystepuje owulacja, a w cyklu endometrialnym -
faza owulacyjna. Wynikajg one ze wzrostu peziomu LH
| estrogendw. Pod wplywem progesteronu nastepuje de-
stabilizacja éciany pecherzyka. Ziozone dzialanie FSH, LH
| progesteronu wptywa na aktywacje enzyméw proteci-
tycznych | podwyzszenie stezenia prostaglandyn w ply-
nie pecherzykowym oraz wzrost ciénienia w pecherzyku
Graafa, co powoduje jego peknigcie | uwolnienie oocytu.
Faza trwa 24 godziny | jest najkrétsza. W cyklu jajnikowym
nastepuje faza lutealna wynikajaca z intensywnej wasku-
laryzac)i ciatka 26ttego. Szczyt przypada na 8.1 9. dzien
od owulacji, koreluje to tez ze wzrostem wydzielania pro-
gesteronu. Okoto 10-11. dnia od owulacji rozpoczyna sig
regresja ciatka 26ttego. Faza lutealna trwa 13-15 dni (prze-
cietnie 14). W tym czasie w cyklu endometrialnym trwa
14-dniowa faza sekrecyjna. Pod wplywem progesteronu
nastepuje pogrubienie blony $luzowe] macicy, ktdra jest
Zrédiem wielu substancji, takich jak: relaksyna, endorfina,
czynniki wzrostu $rédblonka naczyniowego, transformu-
Jacy czynnik wzrostu oraz lipidy | interleukiny. Faza owu-
lacji | faza lutealna sa stale, fizjologiczna dtugosé cyklu
wynosi érednio 28 dni, a jej skrécenie do 24 dni lub wy-
diuzenie do 35 dni zalezy od plerwszej fazy [11-15].

CLINICAL ORTHODONTICS 4/2018

hypothalamus function. The last loop - called the long
one - is formed by the feedback between the hormonal
activity of the ovaries and the hypothalamus and pitul-
tary [11-15].

The ovarian cycle consists of three phases. The first
one Is the follicular phase. it starts with the transforma-
tion of primary vesicles into preantral follicles stimulated
by FSH, followed by the development of the ovum, the
transparent membrane, and estrogen-producing gran-
ulosa cells. Next, FSH together with estrogens causes
the transformation of preantral follicies into antral folli-
cles. By selection, a dominant follicle is formed, which
beqins to secrete estradiol, which - by feedback - results
in a decrease in FSH. This affects the inhibition of growth
of other follicles. The dominant follicle is transformed
into the preovulatary follicle, which further enhances the
secretion of estrogens, and this - through positive feed-
back - affects the growth of LH secretion. At the same
time, the process of luteinization is initiated and proges-
terone and inhibin are produced. The peak of estrogen
secretion occurs 24-36 hours before ovulation. This first
ovarian phase is divided into the first two phases of the
endometrial cycle: menstrual and proliferative. The men-
strual phase begins with bleeding resulting from the
exfoliation of the functional layer of the uterine mucosa.
It ends after 5 days and passes smoathly to the prolifera-
tive phase, which is closely related to the differentiation
of the preovulatory follicle. The duration of the prolifer-
ative phase is varable, but it is determined that physio-
logically it lasts for 7 to 13 days. Then, in the ovarian cycle
ovulation takes place, and in the endometrial cycle - the
ovulation phase. They result from an increase in the level
of LH and estrogens. Under the influence of progester-
one, the follicular wall is destabilized. The combined
action of FSH, LH and progesterone affects the activa-
tion of proteolytic enzymes, and increases the concen-
tration of prostaglandins in the follicular fluid and pres-
sure in the Graafian follicle, which causes its rupture and
release of the cocyte. The phase lasts 24 hours and is the
shortest one. Within the ovarian cycle the luteal phase
occurs resulting from intensive vascularisation of the cor-
pus luteum. The peak falls on the 8th and Sth day of ovu-
lation, it also correlates with the increase in progesterone
secretion. About 10-11 days after the ovulation regres-
sion of the corpus luteum begins. The luteal phase lasts
13-15 days (14 on average). During this time, the endo-
metrial cycle involves a 14-day secretion phase. Under
the influence of progesterone, thickening of the endo-
metrium occurs, which is the source of many substances,
such as: relaxin, endorphin, vascular endothelial growth
factors, transforming growth factors and lipids and inter-
leukins. The ovulation phase and the luteal phase are con-
stant; the physiological cycle length is 28 days on average,
and its reduction to 24 days or the extension 10 35 days
depends on the first phase [11-15].
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Hormonami jajnikéw wplywajacymi na metabolizm ko-
§ci oraz gre naczyniowg prowadzaca do relaksacji wigzadet
53 hormony steroidowe: estradiol | progesteron, oraz hor-
mon peptydowy ~ relaksyna. Przedstawiciel estrogencow,
czyli 17-beta-estradiol to hormon, ktdrego wydzielanie od-
bywa sie przez komarki zlamiste pecherzyka jajnikowego,
poczawszy od menarche (pierwsza miesigczka), az do me-
nopauzy (ostatnia miesiaczka). Odgrywa on istotng role
w requlacji cyklu miesigczkowego. Estrogeny s3 uwaza-
ne za najwaznlejsze hormony wplywajace na metabolizm
koéci u kobiet. Hamuja wytwarzanie réznych cytokin po-
wodujacych resorpcje kosdi, stymuluja organizm do two-
rzenia osteoblastéw oraz hamuja reakcje tych ostatnich
na parathormon. Nie maj3 zadneqo dzialania anaboliczne-
go na tkanke kostng. Stymulujg bezpodrednio aktywnodé
kosciotwércza osteoblastow | wplywajq na wzrost liczby re-
ceptordw witaminy D3, diatego tez hipoestrogenizm po-
woduje osteoporoze, kidea jest czesta u kobiet po meno-
pauzie [11-15].

Progesteron nalezy do grupy gestagendw. Stymuluje
rozrost endometrium, ulatwiajac zagniezdzenie sie zarod-
ka. Poza wptywem na narzady rozrodcze dziata réwniez
na caly organizm. Hamuje odpowiedz immunologiczng
na antygeny, jest substratem do produkgji kortykostero-
idéw | mineralokortykoidéw. Powoduje takze zwigkszenie
tozyska naczyniowego poprzez rozszerzenie zyt | spowol-
nienle przeptywu krwi [11-15].

Relaksyna 1o znany od dziesiecioleci hormon cigzo-
wy, ale wydzielany takze w nieznacznych ilosciach tuz
przed miesigczka. Produkowany jest przez ciatko 2otte jaj-
nika i blone Sluzowa macicy. Wykazano, ze ma on wplyw
na wiele innych procesow fizjologicznych zachodzacych
w organizmie kobiety, m.in. na: gre naczyniowo-ruchowa,
osmolainoé¢ osocza, angiogeneze oraz metabolizm kola-
genu [11-15].

Jak wynika z przedstawionego tu mechanizmu dziatania
wydzlelanych w czasie cyklu miesigczkowego hormondw
jajnika, ich wptyw na tempo ruchu 2ebéw pod wplywem
sily ortodontyczne| wydaje sie bardzo prawdopodobny.
Mimo to w polskim piémiennictwie naukowym nigdy nie
pedjeto tego zagadnienia.

Dyskusja

Wiekszos¢ opisanych w literaturze zagranicznej badar do-
tyczacych zwiazku tempa przesuwania zebdw za pomocy
aparatéw ortodontycznych z dziataniem hormondw wy-
dzielanych podczas menstruacjl przeprowadzono na 2wie-
rzgtach, ktérym podawano ludzki progesteron, estrogen
i relaksyne [16-18]. Jezeli chodzi o progesteron, to bada-
nia eksperymentaine na szczurach przeprowadzone przez
zagranicznych autoréw dowiodly, ze hormon ten modyfi-
kuje ruch ortedontyczny zebéw, poprzez wplyw na przy-
zebie | na sprezystos¢ blaszki kostnej wyrostka zebodo-
towego. Z kolei diugotrwate podawanie progesteronu
krélikom spowodowato zmniejszenie szybkosci porusza-

26 |

Qvarian hormones that affect bone metabolism and
vessel peristalsis leading to relaxation of the ligaments
are steroid hormones: estradiol and progesterone, and
peptide hormone - relaxin. An estrogen representative,
ie. 17-beta-estradiol, is a hormone the secretion of which
takes place through granulosa cells of the ovarian fol-
ficle, beginning with menarche (the first menstruation)
up 10 menopause (the last menstrual period). It plays
an important role in regulating the menstrual cycle.
Estrogens are considered the most impartant hormones
affecting bone metabolism in women. They inhibit pro-
duction of various cytokines that cause bone resorp-
tion, stimulate the body to form osteoblasts and inhibit
the latter's response to parathyroid hormone. They have
no anabolic effect on bone tissue. They directly stimulate
osteoblasts' osteogenic activity and increase the number
of vitamin D3 receptors, which is why hypoesiregenism
causes osteoporosis, which is common in postmenopau-
sal women {11-15].

Progesterone belongs to the group of gestagens.
It stimulates growth of the endometrium, facilitating the
implantation of the embryo. In addition to the effects
on reproductive organs, it also works on the whole body.
Itinhiblts the immune response to antigens, is a substrate
for the production of corticosteroids and mineralocor-
ticoids. It also increases the vascular bed by expanding
veins and slowing down the blood flow [11-15].

Relaxin is a pregnancy hormone that has been known
for decades, but itis also secreted in small quantities just
before menstruation. It is praduced by the corpus luteum
of the ovary and the endometrium. It has been shown
that it affects many other physiological processes taking
place in a woman's body, among other vessel and motor
peristalsis, plasma osmolality, angiogenesis and collagen
metabolism [11-15].

As evidenced by the mechanism of action of ovar-
tan hormones secreted during the menstrual cycle, their
impact on the rate of tooth movement under the influ-
ence of orthodontic force seems very likely. Neverthe-
less, this subject has never been addressed In Polish sci-
entific literature.

Discussion

The majority of studies described in foreign literature
on the relationship between the rate of tooth movement
with orthodontic appliances and the effects of hormones
secreted during menstruation were carried out on ani-
mals administered with human progesterone, estrogen
and relaxin [16-18]. As for progesterone, experimental
studies on rats conducted by foreign authors have shown
that this hormone modifies orthodontic tooth movement,
through the effect on the periodontium and the elastic-
ity of the alveolar bone plate. On the other hand, pro-
longed administration of progesterone to rabbits caused
a decrease in the rate of tooth movement; the authors
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nia si¢ zeba; autorzy uznali, ze powedem maogt by¢ fakr,
2e osteoklasty obserwowane s3 gidwnie 2 dni po zastosc-
waniu sily ortodontycznej [11-16]. Co do relaksyny, tow li-
teraturze istnieja wyniki badan - réwniez eksperymen-
talnych - ktdre dowodza, ze podanie relaksyny szczurom
| psom powodule przyspieszenie ortadontycznego ruchu
2ebdw w poréwnaniu do grup kontrolnych, a takze - roz-
ciagnigcie utworzonej z tkanki migkkiej ozebnej u szczu-
row [11-15,17,19-22].

Temat niestabilnoéci wigzadel w czasie cyklu miesiacz-
kowego byt wprawdzie wielokrotnie poruszany w ba-
daniach na ludziach, ale jedynie w medycynie ogdinej.
Badania przeprowadzono na zdrowych, miodych kobie-
tach. Lekarze zauwazyli wplyw estragenu i progesteronu
na mniejszg stabilnos¢ wigzadet stawu kolanowego oraz
stawu skokowego, dowodzac tym samym 2wigkszonego
ryzyka kontuzji tych stawdw w czasie cyklu miesiaczko-
wego [23]. Podobne badania prowadzili lekarze ginekolo-
dzy u cigzamych kobiet, u ktérych stwierdzili zwigkszong
pad wptywem tych dwédch hormondw mobilnosé wieza-
del spojentia fonowego [24].

Mime udokumentowanego wptywu hormondw cyklu
miesiaczkowego na kos¢ | wiezadla ludzkie, nie ma jed-
noznacznej ewidencji dotyczace) zwigzku tych substancji
z tempem ruchu zebdw w wyrostku zebodotowym. Za-
gadnienie to jest bardzo wazne, bowiem dzi$ gabinety or-
todontyczne odwiedzane sq przez pacjentow dorostych,
ktérych gro stanowia kobiety miedzy 20. a 30. rokiem 2y-
cia, czyli w wieku prokreacyjnym. Gléwna przyczyng zgla-
szania sig takich pacjentek do ortodonty jest nlezadowo-
lenie z uSmiechu lub ryséw twarzy, bowiem wiadnie wtedy
wzrasta u kobiet Swiadomosc swojeqo ciala. Latwie) jest tez
im decydowac o sobie, gdyz zarabiaja, a wiec maja wia-
sne dochody, ktére moga poswiecic na dbanie o swéj wy-
glad. Pacjentki te oczekujq réwniez jak najszybszego efek-
tu leczenia nieprawidtowej okluzjl. Co istotne - u kobiet
pomiedzy 20. a 30. rokiem 2ycia stabilizuje si¢ gospodar-
ka hormonalna, rozchwiana okresem dojrzewania. | skoro
hormony cyklu miesiaczkoweqgo zaczynaja cdgrywac sta-
la, ale jednoznaczng role w organizmie, wypelnienie luki
w nauce dotyczacej ich powigzania z tempem przesuwa-

nia zebéw pod wplywem leczenia ortodontycznego wy-
daje sie nieadzowne.

Podsumowanie

Poglebienie wiedzy na temat wplywu cyklu miesiaczko-
wego, a tym samym hormondw jajnika na zwiotczenie
wigzadet stawu zebowo-zebodoloweqo i na sprezystodd
wyrostka zebodolowego moze w przyszioscl pozwolid
na skuteczniejsza profilaktyke chordb przyzebia po lecze-
niu ortodontycznym oraz na okreslenie najlepszej meto-

dy przyspieszenia ruchu zeba pod wphywem sity ortedon-
o)

tycznej.
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concluded that this could be caused by the fact that
osteoclasts are observed mainly 2 days after the applica-
tion of the orthodontic force [11-16]. As for relaxin, litera-
ture provides results of studies - also experimental - that
prove that administering relaxin to rats and dogs acceler-
ates orthodontic tooth movement compared to control
groups; it also accelerates stretching of soft periodontal
tissue formed in rats [11-15, 17, 19-22].

The subject of instability of ligaments dufing the men-
strual cycle has been repeatedly discussed in human
studies, but only in general medicine. Studies were carried
out on healthy young women. Doctors noticed the effect
of estrogen and progesterone on lower stability of knee
ligaments and ankle joints, thus proving the increased
risk of injury to these joints during the menstrual cycle
[23]. Similar studies were carried out by gynecologists
in pregnant women in whom it was found that mobility
of pubic symphysis was increased under the influence
of these two hormones [24].

Despite the documented Influence of hormones
of the menstrual cycle on the bones and human liga-
ments, there is no unambiguous record regarding the
relationship of these substances with the rate of tooth
movement in the alveolus. This issue is very important,
because 1oday orthodontic clinics are visited by adult
patients, including women between 20 and 30 years
of age, that Is at their procreative age. The main reason
for such patients 1o come to orthodontists is their dis-
satisfaction with the smile or facial features, because
it is the time when women's awareness of their body
Increases. It is also easier for them to decide for them-
selves, because they earn money and have their own
income which they can devote to taking care of their
appearance. These patients also expect that results
of the treatment of abnormal occlusion can be achieved
as soon as possibie. What is important - in women
between 20 and 30 years hormonal balance stabilizes,
which is unstable during adolescence. And since the hor-
mones of the menstrual cycie start to play a constant,
but unambiguous role in the body, filling the gap in sci-
ence regarding their connection with the rate of tooth
movement under the influence of orthodontic treatment
seems to be indispensable.

Summary

Deepening knowledge about the influence of the men-
strual cycle, and thus ovarian hormenes on the flaccid-
ity of ligaments in the tooth-alveolar joint and on the
elasticity of the alveolar ridge may allow for more effec-
tive prophylaxis of periodontal diseases after orthodon-
tic treatment In the future and for determining the best
methad to accelerate tooth movement under the influ-
ence of orthodontic forces. o}
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Simple Summary: Animal experiments should be carried out in consultation with veterinarans,
who, having clinical knowledge, will help doctors choose the appropriate animal model. Our review
of the Literature shows how the harmiful and unethical duplication of research from other research
centers can be. Familiarization with the experimental protocols on an antmal model 15 important each
thrme we want o later extrapolate the obtained results o the target species, Le., human. This is due to
the law on the Implementation of the procedures on people. This article focuses on orthodentle teeth
maovement. While experiments with laboratory animals seerm easy, there are many pitfalls. Cur goal
in this article is to collect data on the maintenance of laboratory animals as models and to eritically
analyze them based on our literature review.

Abstract: Animal testing was and remains the only method of introducing a certain treatment
andd medical procedure on humans. On the other hand, animals have their rights resulting from
applicable legal acts, including Divective 2000763 /EU and, indivectly, the Woeld Medieal Associabion
International Code of Medical Ethics {Helsinki Declaration, 1973, amended 20000 Thus, the question
arises whether the credibility of the results of hormonal and erthodontic tests obtained so far and their
usefulness for the human population 1s selentifically justified and worth saceificing laboratory anlmals
for. Especially that, according to statistical data, about 50% of laboratory animals are euthanized
at the conclusion of the experments. The aim of this article was to determine whether animal
experiments are scientifically or morally justified in bringing significant evidence in studies that
may validate the influence of changes in the concentration of fermale hormaones secreted by the
ovaries in various phases of the menstrual evele in young patients on the duration of an increased
tooth movement rate in orthodontic treatment. Papers reporting the results of the enginal research
into fermnale hormones, elther natural or exogeneous ones, lkely to alternate the orthodontic tooth
movermnent tabe were celtically evaluated in teems of anlmal selection. Thorough analyais supported
by veterinary knowledge proved that none of the publications enabled an extrapolation of the results
o humans, The evaluation of the relation between the rate of tooth movement upon loading with
orthodontic forces and hormaones efther secreted during the menstreal cyele of women or released

feomn the contraceptives already present in the market, does not require sacriflelng laboratory anlimals.

Keywords: veterinary ethics; qualitative and quantitative research designs; animal experimental
madel; steroid hormones
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1. The Use of Laboratory Animals in Orthodontics

Animal testing was and remains the only method of introducing a certain treatment
and medical procedure on humans. The social acceptance of such experiments has been
fervently debated since 13th century, when Saint Thomas Aquinas saw animals as useful
machines, whilst Saint Francis of Assisi believed them to be humans’ smaller brothers.
Descartes continued the debate in the 16th century. However, the real rebellion aimed at
anti-vivisection was pioneered by a woman, Fanny Matin, who in 1845 married Claude
Bernard who was infamous for conducting experiments on stray dogs [1]. Moteworthy, at
that time women had no voting rights, therefore Fanny Matin's opposition to vivisection
reverberated across the scientific world and turned out to be the driving force behind the
shift in the researchers’ approach to respecting animals. Female sensitivity was also the
catalyst for a mass protest in London. A conflict between Professor William Bavliss, a
scientist who experimented on a terrier dog, thus discovering hormones, and whom the
majority of the society considered to be a sadist, ended with a bronze monument of a dog
being erected in London. The fate of a simple terrier had become the spur for adopting
legislation protecting laboratory animals. However, it was not until the 21st century that
the world of science changed forever: animals now have their “protection” under existing
legislation, including Directive 2010/63/EU [2], and it is primarily recognized in European
Union countries. This directive was transposed into Polish legislation in 2015 [3], and states
that animals must be provided with medical and veterinary care and conditions adequate
to their health and until their natural death regardless of whether the experiment has ended.
However, it must be emphasized that animals subjected to experiments very rarely fully
recover, so their “natural” death issue is rather controversial [4]. Furthermore, animals react
and metabolize substances ditferently in comparison to humans. For example, the lethal
dose of potassium cyanide for rabbits and mice is, respectively, twice and seven times higher
(obviously relative to their body mass) than for humans. In this term, many researchers,
such as Ober [5] as well as Azkona [6], believe that in the case of interdisciplinary research
wark, cooperation between clinicians and scientists and qualified veterinarians is necessary.

Since experimental animals are present throughout all fields of science related to
human healthcare, unsurprisingly, they are also involved in the development of dentistry,
specifically in the field of orthodontics. The treatment of malocclusions in the case of young
adult women, aged 20 to 30, is naturally linked to a menstrual cycle, which constitutes
a sequence of recurring fluctuations of hormones that prepare the body for potential
pregnancy: estrogens and especially progesterone. These hormones regulate ostecblast
activity and the production of collagen, responsible—among other things—for a proper
perindontal structure [7-12]. The natural cycle of sex hormones physiological fluctuations is
disrupted by ovariectomy or hormonal contraception taken by a patient. Although modern
oral contraceptives contain much lower doses of hormones when compared to medication
used in the past, they still may damage periodontium, as they contribute shifting a balance
between aerobe and anaerobe microorganisms towards the latter [13-15].

Any impairment in the alveolar bone structure immediately affects the rate of or-
thodontically induced tooth movement. It is therefore quite likely that if loading the teeth
is planned in accordance with the menstrual cycle, one obtains the most efficient tooth
movement due to the highest “plasticity” of pericdontal tissues, which results in shortening
the treatment time. Mevertheless, the World Medical Association International Code of
Medical Ethics (Helsinki Declaration, 1975, amended 2000 requires that medical support,
including orthodontic procedures, be carried out on at least two species, animals, before
it can be used in humans [16]. Therefore, since the orthodontic experiment must burden
laboratory animals so much, the credibility of the results of hormonal and orthodontic
tests obtained so far and their usefulness for the human population should be critically
assessed. Especially that, according to statistical data, about 50% of laboratory animals are
euthanized at the conclusion of the experiments [17,15].

In this cormmentary, we aimed to determine whether animal experiments are scientifi-
cally or morally justified in bringing significant evidence to studies that may validate the
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influence of changes in the concentration of female hormones secreted by the ovaries in
various phases of the menstrual cycle in young patients on the duration of an increased
tooth movement rate in orthodontic treatment.

T this end, we searched PubMed, Elsevier ScienceDirect [ournals, and EBSCOhost
(Medline) electronic databases for laboratory research performed on animals, concerning
orthodontic movement depending on the level of hormones during the menstrual cycle
and while using hormonal contraceptives. We included review, clinical, comparative, inter-
vention papers, and unusual cases, using the following keywords: estrogen, progesterone,
hormonal contraception, menstrual cycle, heat, orthodontics, and orthodontic treatment.
We disregarded the research performed on humans, as well as in vitro or in silico texts. We
found 12 studies published between 1997 and 2022, which discussed the related subjects
we target in this review.

2. Selected Studies

The impact of female hormones and hormenal contraception on orthodontic move-
mient has been the subject of research in various centers, done on different species of animals.
Muost tests were done on Wistar rats, i.e., white rats used in pharmacological, toxicological,
niutrition, and behavioral testing, but similar studies were performed on rabbits and cats.
The canines, premolars, and incisors were moved predominantly. Open orthodontic springs
and nickel and titanium wires were usually used for this purpose, with some studies using
bone anchoring, i.e., mini implants. Some of the animals had their blood tested, others had
their vaginal mucus tested. The tooth movement ranges were measured on gypsum dental
casts poured on the examination day or inside the animals” mouths using a caliper. Most
animals were euthanized after the research. Only healthy females took part in testing, with
their own heat cycle or sterilized and exogenously administered with hormones [15,19-29].

The publications were divided into groups and specific publications were selected
based on the scheme shown in Table 1.

Table 1. List of research methods and results obtained in papers analyzed as part of the review.

Animals and Their Tooth and Type of e Method Used to Test
Authars Division Tooth Shift Material Used the Hormane Level Results
Ethariyl
Wistar rats T
Age—3 months L . Adminstration of Hrﬂdmhmm"."ml
- Ceritral incisors a5 spring with a . {oral ntm!rm'pnhm'l
Olyaee et al. [15] M = 48 X X . - ethinyl ’
- tipped distally diameter of (L35 mm L can decrease the
m=2504+35¢ estradiol /norgestrel
Females amarunt of toeath
ek
Estradiol level in
‘Wistar rats serum and
Age—not given perindontium Hssue Extromen affects teeth
G, Fhao, Chen [19] N =13 Mot given Mot given using radinimmunes B emenit
m = not grven amd mmimumee- -
females cytochemical
methods
Estradiol level in
Wistar raks serum and
71 Age—not given perindontium tssue -
- Than, Gue, M = nat given Mot given Mot given using radioimmuns Estrogen affectr teeth
Chen [20] ITHAVEITAETE
m = not given amd mmmume-
females cytnchemical
methods
Wistar rats
Age—3 months Left upper incisor .
Gy, Zhao, Chen [21] N =Bl and left upper molar Mot given Mot given Terth mervemneat
y dependent an cycle
m = not grven Tipped
females
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Table 1. Cont.

Animals and Their
DHivision

Aunthors

Tooth and Type of
Tooth Shift

Material Used

Ylethod Used to Test
the Hormone Level

Results

Wistar rats
Age—not given
M = nt given
m = not given
females

Fhaay, Than, Gun,
Chen [22]

Mat given

Mot given

Mot given

Estrogen affects beeth

TRV EImee it

Rats, strain not given
Age—not given
Mat given
M =00
m = not grven
females

G, Zhao, Chen [23]

Nat given

Mot given

Estradiol level in
serum

Estrogen affects beeth
Vet

Wistar rats
Age—10 weeks
M =E5
m=13g
females

Haruyvama et al. [24]

right and beft, first
upper molar

Tipped

MNiTi spring with a
diameter of
(L012 inch

Acc. b estrous cycle
with vaginal smear

Estrnis can increase
tonth mawement

Wistar rats

Age—3 months Ledt distal incisor and MNiTi spring with a Monitaring estrus L can increase
Tametal [25] I = K] first left molar diameter of cyele and vaginal it movensent
m=300g Tipped 0002 inch smiear
females
Drwmeestac cat
Age—2-d vears Jaw canine and ming . . . Teeth movement
Celebi [26] N =15 implant d“.“T' spring witha - According boestnus g e higher in
iameter of (1.2 inch cyche s
m = not given Tipped sterilized specimens
females
Wistar rats
Age—10 weeks Ledt distal incisor and MNiTi spring with a Monitaring estrus Teeth movement
Sinsoomtom |17 MN=10 amed First left madar diameter of ovele and vaginal speed was higher in
m = 170=190 g Tipped (L012 inch smear sterilized specimens
females
Sprague Dawley rats
Age—i weeks Right distal incisor MNiTi spring with a . P
Mackie et al. [25] N =55 and first right meolar diameter of Mot given ':I"m’ L‘h" :‘:“'ﬁ:’f
m =160 & Mg Tipped 0.03 = 001 inch
females
Eabbat
Ape—8 werks . - 55 spring with a . . .
Pansti et al. [29] M =74 E.Lntmlll;.:uzr?i diameter af Administration of I."rnj;e:ller.-n affects
m= 1850 g tipped distally 0014 inch progesterone tonth mawvemaent
females
Legend: M—number of animals used in festing: m—body mass of animal used in testing; S5—stainless steel;
MiTe—nitirel.

3. Cross-Species Comparison with Humans

Factors crucial for hormonal and orthodontic experiments, differentiating women
from female animals selected for testing, are shown in Table 2.
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Table 2. Comparison of laboratory animals in terms of dentition, pertodontium, reproductive evele,
body temperature.

Species Size Dental Teeth Pertodontium Hormones Body
Formula Temperature
Daphyodont Cyele
mﬂ::]“;“':ﬂ " Target species 22 o Heterodont B;J:.:\?]-Tddn::t 24-33 days 6°C
plet Bunodont yee Ovulation 24 b
Thecodont
!'.dn;'mph}'r.rdmt Cyele d-5 days
Laboratory rat Maonophyodont oo Spontaneous
Acceptable size X 5 y hypsodont, 3753900
(Ratties) heterodont ovulation
elodant Estrus 10-20 b
Modars— TS
brachydont
Rabbit Monophyodont Thecodont Cyele 16 days
bl 2m3 ¥ . 5 40°
[C.Fr_:.u_nfm'n‘:.,us Acceptable size X T Heterodont Hyp=odaont Induced A5-40C
cuemiculus) Elodont ovulation
) Diphiodaont
Domesticeat o ctable size LI Heterodont Thecodont 14-21 days 3639 °C
(Felis caties) #LE 5 Secodant Brachydont 4

Definition of terme {ace. to Kobryn, H; Kobryrczuk, F; Knysmk, K. Anafomde Zaierzgf Tome -3 (A miman Arebomny
Vol I-3) PWN: Warsaw, Paland, 2011 |Z]i: X- does not ooour; rnnr-rrphymdml—ha'l:lng one set of teeth;
leh'.-'annt—hJ.\':il‘lH two set of teeth; heterodont—-wath tooth sha.plc differences befwesn Incisors, canines,
pn.-rnnl.::s, and maolars; thecodont—tooth embedded m a socket; brachy dont—having short crowns with short
growth time; hypsodont—having high crowns with long growth time; secodont—having sharp enameled teeth;
bunodont—having rounded enameled teeth; elodont—teeth with an open bop. An animal’s dentition for either
deciduous (Arst fraction) or permaneni {second fractson) teeth cxpm:smd as a dental formula, writben in the form
of a fraction, as JI:-H-PE mnxillar_!.' arch {above the line) and mandibular arch (below the line) 1—incisors, C—canine,
I‘—Pn.'rm:llar. and M—maolar, fex human 2123—2-[, 1-C, 3-C, 3-,.

4. Rats

Rats (Figure 1a,b) procreate quickly and their genes have also been well-mapped. Their
transgenic strains, possible to be created nearly exclusively in small rodents, regardless of
certain difficulties in maintaining their permanence, are still an important aspect favoring
the selection of rats as experimental animals. This choice is also determined by the size of the
animal, which facilitates the conduct of treatments and the preparation of histopathological
materials. Rats are also cheap, which helps in testing their large groups. This is likely
why rats were experimental animals in the majority of reviewed studies [15,19-2527 28]
The evaluated studies theoretically demonstrated that the forced tooth movement rates
are dependent on menstrual cycle or hormonal contraception. However, studies by Guo
etal. [1920,22] and Zhao et al. [21,23], performed at various intervals on various groups of
rats, do not provide data for the measurements of the tooth movement and orthodontic
biomechanics in relation to the heat cycle. The full-text articles are available only in
Chinese, sowe were able to review their abstracts, which merely summarized the research
and did not fully report the results. We attempted to contact the researchers, but they
did not reply to our emails. In turn, Mackie et al. [25] performed their tests on a strain
other than Wistar, namely Sprague Dawley characterized by longer jaws, which naturally
increases the distance between the incisors and the molars. Longer wires and springs
are more easily deformed during chewing, when the so-called trampoline effect caused
by the occlusal forces becomes evident [31]. Furthermare, the study used very young,
t-week-old specimens additionally subjected to stress that might drastically change their
hormone levels; rats are less willing to reproduce when experiencing distress. As many
as 4 specimens out of 535 died from stress, which undermines the entire test results, as
the intensity of the metabolism is significantly increased during stress. In another study,
also done on young rats, Olyaee et al. [15] used a spring between two incisors, which
also challenges the reliability of the outcomes; due to the high probability of the not-fused
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palatal suture, the diastema quite likely resulted not from the tooth movement itself, but
from separating the maxillary halves. Thus, it may be concluded that choosing a rat as
an animal model for hormonal and orthodontic research is also unfounded. Although,
similarly to humans, gaps between rat teeth (Figure 1c-e) are sufficiently wide to secure the
natural drift of molars, and the teeth may be affected by caries; this is where the similarities
end. Aside from the many evident differences (Table 2), the incisors in rats have enamel
only on their front surfaces and they grow throughout the animals’ lifetimes, which requires
continuous sharpening of those teeth; in addition, the enamel is harder than metals such as
iron, platinum, and copper. Continuous tooth eruption does not provide anchorage and
sufficient control over the direction of force, which may lead to bias while interpreting the
published data.

(d) e

Figure 1. Rat teeth in a skull: semi profile view (a), lateral view (b), premolars and molars view (c).
Rat teeth: incisors, frontal view—enlarged overbite (d) and incisors, lateral view—enlarged overjet
(e) (by Malgorzata Peruga).

As for the periodontal ligaments (PDL) of rats, they are built of connective tissue
collagen fibers, which requires vitamin C (synthesized by rats in their kidneys or liver) to
grow. Rats therefore do not have to obtain vitamin C exogenously, in contrast to humans,
who do not produce L-gulonolactone oxidase (GULQO), an enzyme contributing to vitamin
C synthesis. It is worth noting here that although rats without GULO have been bred,
they did not correctly reproduce the vitamin deficits seen in humans, which made the
extrapolation of the obtained results impossible.
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5. Rabbits

Rabbits, and specifically their thigh bones, are used in dentistry as a material for
research into the osseointegration of implants. However, rabbit is an animal with a fragile
anatomical structure, in particular its limbs, which often fracture under a load. Rabbits
not only show little aggression toward humans but are also the smallest and the cheapest
animals whose sperm can be harvested and used for artificial insemination. They produce
tears and have large eveballs, which facilitates the testing of chemical substances. However,
apart from research into irritating substances, there is scant information available on other
experimental studies. Poosti et al. [29] demonstrated that orthodontic movement changed
after a female rabbit was provided with hormones from a human female that have a
different chemical structure to their own hormones. The teeth of rabbits (Figure 2a—c),
namely the incisors and the molars, can grow throughout their lifetimes. The incisors grow
even two to three millimeters per week. Rabbits’ teeth consist of clinical and anatomic
crowns almost entirely covered by a layer of enamel absent at the top of the tooth, in
the growth center. The PDL area is very limited (Figure 3a—c), which madifies the tooth
behavior under loading with occlusal or orthodontic forces [32-34]. Mastication is also
very different compared with humans. After reaching occlusal interdigitation, the rabbits’
mandibular teeth rest on pegs (second part of the maxillary incisors) in a reversed overjet. To
achieve normal occlusion, a rabbit must unilaterally and partially dislocate the mandibular
condylar process from the fossa to close the arcade (Figure 4a,b).

Figure 2. Rabbit teeth: incisors frontal view—overbite (a) incisors lateral view—overjet (b) and
premolars and molars view (¢) (by Jakub Kotowicz).

(a) (c)

Figure 3. Rodent incisor with open top and living pulp (a). Comparison with thecodont and
brachydont dog tooth (b) and human tooth (¢} (by Malgorzata Peruga).
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Figure 4. Anisognathism in rabbits: in 1:1 scale (a), enlarged (b) (by Malgorzata Peruga and
Jakub Kotowicz).

Choosing rats and rabbits as test animals to assess the tooth movement during either
a menstrual cycle or the administration of hormonal contraceptives is also controversial
due to the fact that the estrus of these animals is too short [15,19-25,27-29,32-35] (Table 2)
to notice visible changes in the three-stage process caused by orthodontic forces. Moreover,
small animals do not match human biologically and do not live for long, not allowing for
longitudinal studies.

6. Cats

Celebi et al. [26] used the domestic cat as a research model in hormonal testing.

However, cats have no masticating surfaces (Figure 5a—c). The arrangement of their teeth
in the dental arches and high degree of nodularity precludes using cats for orthodontic
research, unless the bite is raised, which the authors did not mention describing their
methodology (Table 2). Although cats are used as laboratory animals, due to the fact that
their brain demonstrates the closest similarity to humans, these animals are primarily used
in neurological, ophthalmological, and immune deficiency research, and not in hormonal
and orthodontic studies.

Figure 5. Cat skull and teeth: semi profile view (a), lack of adhesion of the side teeth—scissor
arrangement (b,¢) (by Malgorzata Peruga).

In a nutshell, a good understanding of the anatomy and physiology of experimental
animals will provide us with information that animals such as rats, rabbits, or cats were
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lacking validity as laboratory animals for orthodontic movement research. The analyzed
articles i Table 1) found numerous errors in the research assumptions, due to the fact that the
authors did not take into acoount the important aspects that were pointed out, such as the
different anatomical structure of teeth and pericdontal and completely different occlusions.

7. Hormone Cycle

Most studies into the relation between the rate of the tooth movement and the action
of hormones secreted during the menstrual cycle were done on animals, who were ad-
ministered human progesterone, estrogens, and relaxin [36—41]. As far as progesterone is
concerned, experimental research on rats has demonstrated that the hormone modified
the orthodontic movement of their teeth by affecting the perindontium and elasticity of
the cortical plate of the alveolar process. On the other hand, the long-term administration
of progesterone to rabbits resulted in a reduced rate of the tooth movement; the authors
concluded that it was due to the fact that osteoclasts are observed primarily 2 days after
an orthodontic force is applied [31]. Administering relaxin to rats resulted in an increase
in the rate of orthedontic tooth movement when compared to control groups, as well as
the stretching of perindontium made of soft tissue [42—25]. Unfortunately, as the normal
hormonal cycle of animals was disrupted in every reviewed study, it cannot be stated
with certainty whether the changes in the rate of tooth movements were caused only by
the excessive amount of artificially introduced hormones or a disruption in the natural
hormonal balance, particularly given the short observation period.

8. Orthodontic Materials

Most of the reviewed studies used materials made from nickel and titanium (MiTi)
allow, which has been popular in orthodontic treatment since the 1970s. Its elasticity
modulus approximately equals 20% of the modulus of the stainless steel, which secures
a very wide scope of working elasticity. The complex metallurgical nature of nickel and
titanium materials and its relation to clinical application have been the subject of many
scientific studies. It has been demonstrated that the NiTi alloy has two phases. The first
phase, austenitic, has an ordered structure, whereas the second phase, martensitic, is a
highly strained body-centered tetragonal form. Shape memory is linked to the reversible
transformation of martensite into austenite, which occurs as a result of a cryvstallographic
process. The microstructure of alloys in the temperature found in the human oral cavity
(36.1-37 “C) is not fully austenitic. The temperature of the complete transformation to
austenite is 40 °C, which is evidently higher than the temperature in the oral cavity. That is
why the alloy will behave differently in patients breathing through their mouth (27 *C)or
consuming hot food (40 “C). The issue of the natural bodily temperature of animals [46]
cannat therefore be ignored, as it changes the behavior of the nickel and titanium spring.

9. Conclusions

Many experimental tests have so far been done on various species of animals to obtain
a better understanding of their biological reactions to orthodontic forces. Unfortunately,
one of the main problems related to animal experiments is the fact that their results can-
not be extrapolated to humans. The two- or even four-year lifespans of rats and rabbits,
respectively, together with short estrus, enable us only to observe the immediate effects
of the tooth loading, which are impossible to extrapolate on humans due to severe dis-
similarities of the tooth anatomy, their PDL, as well as female hormone secretion cycles.
Additionally, the lack of long-term results, which are the most reliable scientifically, is a
serious limitation of the so-far designed experimental studies. The orthodontic treatment of
humans with fixed appliances has been ethically accepted since at least the beginning of the
previous century. Thus, evaluating the relationship between the rate of tooth movement
upon loading with orthodontic forces, and hormones either secreted during the menstrual
cvecle of women or released from the contraceptives already present in the market, does
not require experimental testing. It is enough to interview the patient and to determine the
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adequate timing of a force application, with subsequent measuring of the rate of the tooth
movement during scheduled appointments. Perhaps a “reductio ad absurdum” argument
is irresponsible; however, orthodontic treatment is carried out successfully and, above all,
does not involve any risk, because the general principles of mechanics and biomechanics
are known. Our results should encourage researchers to analyze the methods and selec-
tion of animals for research in more detail. There is no moral justification for performing
orthedontic examinations on rats, rabbits, or cats, which we have proved.

Author Contributions: Conceplualization M.I.; methedology, MUP. and ] L.; software, MP.; valida-
tion, M.E; formal analyais, M.F. and JL.; investigation, M. resources, M.P; data curation, M.F.
and J.L.; writing—original deaft preparation, M.I; writing—review and editing, [ L., M5, and BE.;
viswalization, M.P. and | K.; supervision, B X, M5, and L. project administration, M.F. and ].L. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

[astitutional Review Board Statement: Ethical review and approval were waived for this study
because it 15 a rebrospective analysis of medical records.

laformed Condent Statesment: Mot applicable.

Data Availability Statement: Mot applicable.

Acknowledgments: Thanks to Jerzy Nadolski, Katarzyna Majecka and Robert Kaminska from Natural
H|.-'dx:ltj.' Museum of the Ur‘u'.'n-.‘-hi]l}' of Lodz ||l:1:1-:.-' ) WW W MLZEUMPrey rocd e AI.'.LI.I'lI..]IIIJv’.I.I] {acceased
om 8 February 2023) for their help.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Midgley. M. Animals and Wiy They Maiier; Universily of Georgia Press: Georgla, GA, USA, 1998; p. 28,

2. Directive 2000/63/EL of the European Parliament and of the Council of 22 September 2000 on the Protection of Animals Used
for Sclentific ]"urpmm. Awailable online: h.lll:h:.-" Feur-lex e lp.:.l.'u_-" legal-content /EMN S TXT /PDF / Turi=CELEX: 320 0L 003
from=pl (acoessed on 9 February 2023).

3. Ustawa z Dnla 15 Styeznia 2015 r. o Ochroale Zwierzat Wykorzystywanych do Celéw Maukowych lub Edukacyjnyeh. Available
online: httpa:/ Ssapseimgov pl /saponst/ DocDetails xapPid =W DU 201 50000266 (accessed on 9 February 2023).

4. Gof-Balentziaga, O Ortega-Saez, 1 Vila, 5 Azkona, G. A survey on the use of mice, pigs, dogs and monkeys as animal models
in bioanedical research in Spain. Lab. Anim. Res, 2022 38, 14, [CrossRef]

5. Ober, RA Ho, LW, Kemp, M.T.; Keeney-Bonthrone, TR, Geist, G.E,; Alam, HEB. Culture and collaboration between the
elimician-scientist and veterlnary speclalist: An essential interprofessional pactneeship in the translational sctencea. Lab. Asisz.
2022, 51, 95-97. [CroasRef]

6. Azkona, G Sanchez-Pernaute, B Mice In translational neurosclence: What R we dolag? Prog. Newrobiol. 2022, 217, 102330,
[CrosaRef] [Pubhed]

7. Peruga, M. Antoszewska-Smith, | Orthedontlc tooth movement and changes in hormone levels during the menstrual eyele
Clin. Orifeadd. 2018, 4, 23-27.

8. Magowan, BA; Owen, P.; Thomson, A Clinicel Obslelrics and Gynaecology; Elsevier: Amsterdam, The Netherlands, 2022

9. Tal, K; Tayloe, H.5. Endocrinology of Pregnancy. In Endolex? [Infernet]; Feingold, K.R., Anawalt, B, Boyee, A, Chrousos, G., de
Herder, WW_, Dhatariya, K., Dungan, K., Hershman, .M., Hofland, |, Kalra, 5., et al,, Eds.; MDTextoom, Ine.: South Dartmouth,
WA, USA, 2000,

1 Sperodf, L; Fritz, M Fratz, MoA. Clinical Gyrecologic Endocrinotagy and Infertility; Lippincott Williams & Wilkins: Philadelphia, PA,
USA, 2005.

11, Sperling, M. Pediatric Endocrinalogy: Elsevien Amsterdam, The MNetherlands, 2014,

12 Calina, D; Docea, A0 Golokhvast, K5, Sifakis, 5. Taatsakis, A Makelglannakia, A Management of Endocelnopathies in
Pregnancy: A Review of Current Evidence. Int. [ Environ. Res. Pulilic Healtfe 2009, 16, 781. [CrossRef] [Pubbed]

13, Hamed, N.A; Mirza, K.B.: AlL-Rubale, M.5. Effects of Oral Contraceptives Intake on the Gingiva. Iragi Peslgrad. Med. ]
2010, %, 335-341.

14, Brunet, L.; Miranda, ].; Farre, M. Gingival Enlargement induced by drugs. Drag Saf 1996, 15, 219-231, [CrossRed]

51



Animale 2005, 13, 629 11 of 12

16
17

18

149

21

29

3l
32
33

dlk

4l

42

43

a4

Myaee, P; Mirsakouchaki, B, Ghajar, ¥ Seyyedi, 5.4, Shalchi, M Gagani, A Dadgar, E. The effect of oral contraceptives on
orthodontic tooth movement in eat. Med. Owal Padol. Owal Cir Bucal 2013, 18, elda—e150. [CrosaRef]

WA, The Declaration of Heleinki; WhiA: Helsinki, Finland, 1964

Available online: '.'1|.|:F1-\.:.-" .-"|.~:'.l.'l.|.r|.:-}'l.|.-='1.| Jerwiroament /chemicals flal .LII:II:rI.II.‘r.'r]JIJ.r.'.Si'\'.IJ ":-3:]}'1.1:1 A anad H.pd:f (amessed 1]
9 February 2023).

Available online: ||1lp.-|._-" JSaiir- |.|.'K.|.'u:r|lp.|.|.'u.-"]l.'_q.l|--.'\s:l||1l.'r|.l_-"E.\|.-"T)-'CT.-"]:'['_||'-.-"§'ur:|=L:E|..|;X:51l:'2||['.|f.-.||||l:_|&'.l'n:l|||=];N {amd 1]
9 February 2023).

Guo, 1L; Zhao, O Chen, YX Zeng, XL Effects of orthodontie tooth movements on serum and local estrogen expression.
Shanghai Kow Quireg Y7 Xue 2007, 16, 618-622.

G, | Zhao, O Chen, YWY, A bio-mechanism study of differential orthodontic tooth moving speed during the estrous cyele.
Higa Xi Ko Qriang YT Xuee Ziv Zhi 2008, 26, 327-330.

Zhao, (; Tan, Z; Gua, |; Chen, Y.X Influences of applying force during the different stages of estrous cycle on orthodoantic tooth
movement of rats. Hia Xi Keu Qinng YT Xue Ziv Zhi 2005, 23, 480482, [PubMed]

Gu, | Che, XX Zhao, (. Chen, ¥.X. An expermental study on the relationship between the orthodontic tooth movements and
menatrisal evele. Shaighal Ko Qimag YT Xue 2007, 16, 187-191.

Zhao, Q. Tan, Z; Guo, | Chen, Y.X. Influences of orthodontic tooth movement on estrous oycle and estrogen in rats.
Chiergg His Kosi Chigng Heiel Tsa Chiki 2006, 41, 9091 [PubMed]

Haruyama, N.; Igarashi, K.; Saeki, 5. Otsuka-lsoya, M. Shinoda, Ho Mitamn, H. Estrous-cycle-dependent vanation in orthodontic
tooth movernent. | Dend. Res. 2002, 81, 406410, [CrossRef]

Tam, Z.; Zhao, (1 Chen, Y. The mutual effects between orthodontic tooth movement and estrous cyvcle or estrogen. Biol. Riegtfon.
Res. 2000, 42, 75-81. [CrossRel]

Celebi, AA Demirer, 5. Catalbas, B.; Arikan, 5. Effect of ovarian activity on orthodontic tooth movernent and gingival crevicular
fluid levels of interleukin-19 and prostaglandin E(2) in cats. Asmgle Orifiod. 2003, 83, 70-75.

Sirsoontorn, L; Hotokezaka, H.; Hashimoto, M. Gonzales, C.; Luppanapornlarp, 5. Darendeliler, M.A . Yoshida, N. Tooth
movernent and root resorption; The effect of evanectomy on orthodontic foree application in rats. Angle Ortlaod. 2011, 81, 570-577.
[CrosaRef] [PubMed]

Mackie, M_A; Momeni Danael, 5. H.; Habibagahi, 5.; Tanide, N.; Montazerd, M. Effect of Ovarectomy on Orthodaontic Tooth
Moverment in Rats. |- Inpe. Dent. Assoc. 2006, 28, 8691, [CrossRef]

Poost, M.; Basafa, M., Eslami, M. Progesterone effects on experimental tooth movement in rabbits. [ Calift Dent. Assoc.
2009, 37, 483484

Kobryn, H. Kobryoezuk, B Krysiak, K. Anatomia Zuserzql Tom 1-3 {Anrimal Anatory Vod, 1-30; PWN: Warsaw, Poland, 2011.
Benmett, |.C.; MeLaughlin, R.E Fandemerilals of Ovthodmitic Treatoien! Mechanics; Legrander Publishing: London, UK, 2014,
Mapara, M. Thomas, B.5.; Bhat, KM, Rabbit as an animal model for experimental research. Dend. Res. | 2002, 9, 111-118.
Mizoguchi, ¥.; Matsuoka, T Asano, Y. Changes in blood parameters in New Zealand White rabbits dusing pregnancy. Lab. Anir.
2010, 44, 33-39. [CrossRef] [Pubbed]

Hanke, H.; Hanke, 5.; Finking, G.; Muhic-Lokrer, A Muck, A0, Different Effects of Estrogen and Progesterone on Experimental
Atherosclernsis inFemale Versus Male Rabbits. Circulittion 1996, 2, 175181, [CrossRef]

Ren, ¥.; Maltha, |.C.; Kuijpers-Jagtman, AN, The rat as a model for orthodontie teoth movement—A critical review and a
proposed solution. Ewr. | Orthod. 2004, 26, 483—4%). [CrossRef] [PubMed]

Hellsing, E.; Hammarstriim, L. The effects of pregnancy and fluorlde on erthodontie tooth movements in rats, Ewr. | Orifhad.
1991, 13, 223-230. [CroasRef] [PubMed)

He, Z.; Chen, ¥.; Luo, 5. Effects of pregnancy on orthodontic tooth movements: Effects of progesterone on orthodantic tooth
movements in pregnant rats. Hua Xi Kow Qiang Yi Xue Zn Zii 1998, 16, 124-126.

Bartzela, T.; Tirp, ].C.; Motschall, E.; Maltha, [.C. Medication effects on the rate of orthodontic tooth movement: A systematic
liteeatiire peview. Adi | Onthnd. Destofoe. Ortliap. 2009, 135, 16-26. [CrosaRef]

Dachietzig, T.; Bartsch, O Baumann, G.; Stangl, K. Relaxin—A pleiotropic hormaone and ks emerging role for experimental and
clinkeal therapewties. Murniacol. Ther. 2006, 112, 38-56. [CrossRel] [Pubbed]

Liu, Z.].; King, G Gu, G.M.; Shin, .Y, Stewart, D E. Does hurman relaxin accelerate orthodontic tooth movement in rats? As.
NOY. Acad. Sei. 2005, 1047, 388394, [CrosaRed]

Stewart, D.E.; Sherick, I; Kramer, 5; Breining, P. Use of relaxin in orthodontics. Asmn. N Y. Acad. Sci. 2005, 1041, 379-387.
[CrossRef] [PubMed]

Nicozisis, .L; Mabh-Cederquist, H.D. Tuncay, 000 Relaxin affects the denbofacial sutural esues. Clin. Ovilod. Res. 2000, 3, 192-201
[CrossRef] [PubMed]

Tyrovola, |B.; Spyropoulos, MUN. Effects of drugs and systemie fackors on orthodontic treatment. Quntessance [l 2001, 32, 365-371.
[Pubhed]

Yamashiro, T.; Takano-Yamamots, T. Influences of ovarlectoiny on experlimental tooth movement in the rab | Dl Res,
2001, 50, 1858-1861. [CrossRef] [Pubhed]

52



Animals 2023, 13,629 12 pf 12

453, Arslan, 5.6 Arslan, Ho; Ketani, A Hamamei, O. Effects of estrogen deficiency on tooth movement after force application: An
experimental study in ovartectomized rats. Acta Odandol. Scand. 2007, 65, 319-323. [CrossRef] [PubMed]
46, Brantley, W, Eliades, T. Ortfodontic Malertals: Scientic and Clinical Aspects; Thieme: Stuttgart, Germany, 2001,

Disclaimer/Publisher’s Note: The statements, opindons and data contalned in all publications are solely those of the individual
authorzh and contributor]s) and not of MDPL and /or the editons). MOPLand for the editor(s) disclaim responaibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred o in the content.

53



medicina

an Open Access Journal by MDPI

The Impact of Progesterone and Estrogen on the Tooth
Mobility

Matgorzata Peruga; Joanna Piwnik; Joanna Lis

Medicina 2023, Volume 59, Issue 2, 258

Indexed in: ‘m‘m
PubMed e 2.948

CERTIFICATE OF PUBLICATION

an Open Access Journal by MDP1

Certificate of publication for the article titled:
The Impact of Progesterone and Estrogen on the Tooth Mobility

Authored by:
Matgorzata Peruga; Joanna Piwnik; Joanna Lis

Published in:
Medicina 2023, Volume 59, Issue 2, 258

@\w catumic O e e

Basel, April 2023

54



=K .
medicina

oy

Article

The Impact of Progesterone and Estrogen on the Tooth Mobility

Malgorzata Peruga **, Joanna Piwnik * and Joanna Lis *

check far

updates
Cilalian: Peraga, 51, Prwnik, | Lis, |
The lepact of Progesbeeone and
Estrosgn cen (b Toath Mobsility.
Misficie 1023, 59, 250 hitps:/
cled e/ 1035 il canaSHIZM 5SS

Academic Ediloe: Gluseppe
Minervink

Racgived I7 Diceisbar 2(02
Ravisind: 19 Jasuary 2023
Acceplid: 24 January 2123
Published. 2% Japuary 2023

) @

V
Copyright: & 2023 by the aulbars.
Licesn MDFL, Basel, Swntzeelard.
This asticle is an epey acose arlcle
distributed  under  the  lerms  and
condilions ol e Creative Consinns
Atribulicn (CC BY) license {Mips./
erealivecamns oeglicenses Ty /
400

1 Individual Medical Practice, 93-410 Eod#, Poland

& Physics and ﬁppl:il.'d Informabics, 92-321 Eod#, Poland

Y Adult Orthodontics Clindc, Dep.arm'bnntn“:lcnb:ll'ncial ﬂrlhnpudm: and Orthodonbics,
Wroclaw Medical University, 50-376 Wroclaw, Foland

*  Correspondence: gosiaperuga@gmail.com

Abstract: Background and Objechives: Progesterone and estrogen modify the bose metabolism directly
felated to the perlodontiuim, this stedy alimed ab answering the question whether fuctuations i the
bevels of these hormones or the use of therr synthetic equivalents in modern contraceptives have a
significant impact on the natural tooth mobility (TM) in its alveclus, Materials and Methods: Sixty
healthy women who had never been pregnant and when inteeviewed reported elther (1) having regular
menatruations every 28-30 dava o (2) taking oral bwo-phase two-dngredient hoemonal conteaceptives
formed, respectively, groups b and 5 in the studyv. TM evaluated as the Pedotest value (FTV) was
checkied in the menstruation, ovulation, and luteal phases of the menstrual evcle {group M) and on the
days corresponding to the moment of the menstrual cycle In group 5. Resilts: Although the PTV-5 were
within the Linits of noem, the canines and the molars were always more stable than the other teeth. In
group b, the Th was statistically comparable (p = (L05) in the menstrual and ovalation phases, thus
significantly increased (p < 0.001) in the luteal phase. The TM remained constant {p = (.758) inall
atiidies b geoup 5 The resiills demeonsteated that the candnes and the molars in the luteal phase were
significantly more mobile in group M than in group 5 (p < 0001), although increased maobility of the
teeth in group M affected the canines and the first molars to a significantly kesser degree than the
other teeth. Conclusions: However, since women between 20 and 30 vears old constitute the majority
of oetho-dontle patients, posaible determination of the optmuim moment of force application in
relation to the sex hormones cycle, namely, to is luteal phase, s clinically very promising.

Keywords: progesterone; estrogen; hormonal contraceptives; perlodontal Dgaments; bone metabolism;
tooth mobility

1. Introduction

The temale menstrual cycle is a sequence of recurrent hormonal fluctuations, pri-
marily of estrogen and progesterone. Levels of these hormones differ in various periods
of women's lives: adolescence, menstruation, pregnancy, menopause, or when taking
hormonal contraceptives [1,2].

Estradiol is an estrogen produced by female gonads, placenta, and some peripheral
tissues (mainly adipocytes). It plays a key role in the development of secondary sex char-
acteristics, and also contributes to the development of the limb and axial skeleton [3-5].
The latter effect is of kev importance for orthodontists and perindontologists, as the peri-
odontium is made of—among others—the cortical plate of the alvenlus with an adjoining
scaffolding of cancellous bone trabeculae. Estrogen and progesterone receptors are also
located in other perindontal components, namely, the gingiva and the periodontal liga-
ments [6,7], so it has already been proven that estrogen exerts a range of effects on tissues
in the perindontium [#-10]. By regulating the production of epithelial glycogen, it reduces
the keratinization of the gingiva, ultimatelv decreasing the role of the epithelial barrier. It
reduces the reaction of T-lymphocytes, thus leading to an increased occurrence of gingival
inflammations, without favering dental plague formation. Estrogen also stimulates the
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proliferation of fibroblasts and the synthesis and maturation of tissues composing the
gingiva. It reduces the production of leucocytes in bone marrow, impeding the release of
pro-inflammatory cytokines by human marrow cells [11,12].

Progesterone is released by the corpus luteum, placenta, and adrenal cortex. The
literature on orthopedics presents an extensive body of information on its impact on
bone metabolism and the effects on ligaments. [t expands vascular beds, increasing their
permeability. It stimulates the production of prostaglandins and contributes to increased
levels of multinuclear leucocytes, in contrast to estrogen [2]. Progesterone impedes the
synthesis of collagen present in the perindontal ligaments. As a result, their potential to
repair reduces, as does the number of their fibers. An increase in the level of progesterone
accelerates the metabolic decomposition of folic acid required for growth, development,
and proliferation of the cells. Progesterone levels are the highest during the luteal phase of
the menstrual cycle, mamely, 7 days after ovulation, whereas estrogen levels are the highest
during owulation [1,2,10].

The natural cyclicality of fluctuations of the discussed hormones is disrupted by using
hormonal contraceptives, the effects of which include stopping ovulation. Women who
have not given birth are usually prescribed two-ingredient two-phase pills, swhich contain
ethinylestradiol and svnthetic equivalents of progesterone—gestagen. These pills change
the level of estrogen and gestagen throughout the entire menstrual cycle, in contrast to
single-phase pills [12-16]. Current contraceptives contain much lower doses of hormones
than pills used in the past. Mevertheless, it has been proven that modern contraceptives
may still significantly modify the immune response, resulting in a risk of damage to the
periodontium due to an increased number of anaerobic bacteria in comparison to aerobic
bacteria and the increased prevalence of tooth decay [16-21].

Given the fact that progesterone and estrogen maodify the bone metabolism directly
related to the perindontium, a question arises whether fluctuations in the levels of these
hormones or the use of synthetic equivalents in modern contraceptives have a significant
impact on the natural mobility of the teeth in their alvenli.

Oyectize of the Study

The objective of the study was to assess the profile of the tooth's natural mobility in the
alveolar processes during the menstrual cycle and while taking hormonal contraceptives.

2. Materials and Methods
2.1. Matertals

Participants in the study were chosen among women in good general health, with a
normal body mass index (18.5-24.9), who reported for an orthodontic consultation to the
individual medical practice, had never been pregnant, and when interviewed reported
either (1) having regular menstruations every 28-30 days or (2} taking oral two-phase
two-ingredient hormonal contraceptives for at least four months, which was the factor
deciding which group a given participant was assigned to. With regard to oral health, the
inclusion criterion was the lack of both the chronic inflammations in the oral cavity and the
active caries lesions. A total of 113 women were initially enrolled in the study; the process
of further selection based on the application of exclusion criteria is shown on the flowchart
(Figure 1).

All women that required conservative, periodontal, or surgical treatment, as deter-
mined during an initial examination, received appropriate referrals to dental specialists.
Women with irregular menstruations were referred to a gynecologist.

Ultimately, &1 women between 20 to 30 years old qualified for the prospective study:
Written informed consent for testing was obtained from all participants; the tests took place
between January and April 2019,
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Initial selection

n=113
1 Excluded due to nicatinism

m=19

Medical interview

) Exclusded due Lo past orthodontic
&1 treatment with fixed appliances
v n=14

[ecluded dise to missing testh
n=1&

Intraoral assessment

& xcluded due to hyopodontia
¥ n=2

n=&0

Figure 1. Flowchart of the study material selection.

2.2, Methods

Chosen women were divided into two groups that underwent a series of three exami-
nations (Table 1). Each participant was instructed to report for testing on strictly specified
davs and at a specific, constant time.

The examination was designed to enable achieving the goal of our study. For this
purpose, a single sample of venous blood was always taken at 7.00 am, each time from the
cubital fossa to assess the axis of the hypothalamus—pituitary gland-ovary and to determine
the blood levels of progesterone and estrogen subsequently evaluated by a gynecologist.
The tooth mobility was assessed objectively using a Periotest electrical device that measures
the deviation and reduction in speed of a small headpiece (that comes out from inside the
machine) while it hits a tooth in its alveolus. Contact time is converted into numerical
values of the Periotest, referred to as PTV (Periotest value). The range of the Periotest values
was —8 to +5(1. The higher the PTV, the higher the mobility of the tested object [22-24].
Three measurements were taken at each tooth, and the average result was recorded.

Table 1. Composition of the study material and timing of the examination.

Examination
I ] I
Women wrzz m[:ln-i.truate. Third day of the cyele Owvulation day 7 days after ovulation

group Menstruation phase Owvulation phase Luteal phase

n=30
Women taking contraceptives,

group 5 1st day * A2nd day * T7th day *

n=30

* Day corresponding to the moment of the menstrual cycle in group M
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2.3, Stafistical Analysis

The StatSoft Statistica 13.3 software package was used to perform a statistical amalysis
of the intra- and intergroup comparisons of the clinical parameters. The significance level
was set to o = 105, The Shapiro-Wilk test was used to examine the normality of the data
distribution. As the data distribution was not normal, the results were presented as a
median {interquartile range, IQR). The Kruskal-Wallis non-parametric test was used to
compare the tooth mobilities within groups M and 5 and the Mann-Whitney U test was
used to compare the mobility of each tooth between groups M and 5. Median ranges of all
group pairs were compared in order to perform a post-hoc analysis. Results of the post-hoc
analysis were evaluated using the Mann—Whitney U test. The mobility of the teeth in group
M was compared using Friedman’s ANOYA non-parametric, and the Wilcoxon test was
twice used for post-hoc analvsis. Maobility of the teeth in group 5 was compared using the
Mann-Whitney U test, reducing the level of significance in multiple comparisons using the
Bonferroni correction.

3. Results

Despite all of the PTV results being within the normal range, the results of the exami-
nations from [ to [1 demonstrated that the tooth mobility varied, namely, the median FTV
values in both groups differed statistically (Table 2). Moreover, the canines and the molars
were always significantly more stable than the other teeth (Table 3). Significantly lower
maobility of the canines and the molars in comparison with the other teeth was independent
of both the day of the menstrual cycle and the duration of using contraceptives.

In women who menstruated (group M), the tooth mobility was statistically comparable
(pp = (L05) in examinations [ and Il (i.e., during the menstrual phase and during ovulation),
however, increased significantly (p < (L001) in examination U1 (i.e., in the luteal phase of the
menstrual cycle). The tooth mobility remained constant (p = (L.758) in all examinations in
group 5, irrespective of the duration of medication (Table 4). This mobility was significantly
higher in women from group M than in women from group 5. The highest difference
occurmed in examination 11, and therefore it underwent additional comparative analysis.
For its purpose, homonymous teeth in both quadrants were treated as one, which resulted
in a lower number of multiple comparisons (Table 5). The results demonstrate that the
canines and the molars in examination [l were significantly more mobile in group M than
in group S (p =< 0.001), although increased mobility of the teeth in group M affected the
canines and the first molars to a significantly lesser degree than the other teeth.

Table 2. Statistical analyais of the intra-group differences of FTV (oblalned for the individual teeth).

Growp  Toolk 16 15 1 13 1z 1 21 22 23 1] 5 % r
" i 1 1 al 11 21 2 2 nu 1 1 1 .
Mledian 1 D30 A2} §0325 [ D201 (153 (1228 (12,27 (143 [ a200h (3R} 0425 inasy
Exansinalicn 5 (M) I 1 1 al 2 LH & 2 ni 1 1 nz o
1 ; 404} 321 05 [-0501) (153X (1237 (11,31 (133 [-040 (052 (@61 {009y
B 0,40 0 058 [ na7 08k oz UL a4 054 nz nza
» 0z 1 1 al 11 21 11 2 nu 1 1 n4 L
Moediam  OS1 0621) (0328 (-0202) (L3 (1328 (12,27 (143 (-0201) (132E) (042) 01,08
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u : [~D40d) 0625 (623 [-0402) (173X (131 (L3 (.23 (-0500 (ke21} @523 (- 0408
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‘lable 3. Statistical analysis of the intra-group FIY ditterences between the teeth demonstrating

higher and lower stability

Examinalion 1 Examination [l Exassimatlen 1
Cromp ! 5 M 5 M 5 M 5 M 5 5
Stability Median (QH) Mcan Median 10R) Mean Mdian (10 Mean
Highar
! 0 0 i .1 o ~ a5 o
I',:;:; [~0.203)  (-0303 TheEs ME - oans fenzpm  ME L& wma1s feogny ad
Livwar
His, 145 15 135 i1 155 16
L [M9TE  MEZE) 140 1.4 L6y (0403 L% 1= (LOS275)  0=28) 182 L
2
¥ <AL i BT DI <D <L

Legend: +M1+—the first molars; +F2+—the seonnd pmrn.m]nr:\: +P1+—the first pmmnlarx: +{ +—the canines;

+[2+—the lateral mai=ors; +11+—the central incesors.

Table 4. Statistical analysis of both the intra- and the intergroup median FTV differences betwesn all

examinations.
Group M Group 5 Total P
Examination [ 1{0.15,2.1) 102,25 1{022.05) (667
Examination [1 1(0.2,21) 0.9 {.2,2.1) 1{0.2,2.1) (1.386
Examination I 1.24052.3) 0.9 4.1,2.2) 1.1{03,2.2) <(.001
3 0,001 0.758
Table 5. Statistical analysis of the intergroup FTV differences in examination [I1L
Tooth Group M Group 5
Median (IQR) Mean Median (IQR) Mean I
+1+ 231328 135 195 (1.43.2) 23 065
+12+ 215(1.53.1) 248 22(1.23) 232 0.59
+C+ 0 (0.2} 0.1 —0.2{-(60.2) -0.24 <0001
+Pl+ 1.05 ((4.3) 142 1405 (0.4,2.4) 147 067
+P2+ 1.1 {(e,2.2) 143 1.2{0.7,2.1) 1.40 098
+M1+ 1.1 0.6,1.9) 1.4 0.1 {—0.3,0.6) .08 <0001

Legend: +M1+—the first molars; +F2+—the second [.m:m-rﬂam +P1+—thu first pn."mnl.:rx; + +—the canines;

+[2+—the lateral maisors; +11+—the central incesors.

4. Discussion

During the menstrual cycle in healthy women in their procreative period, the level of
progesterone rises until the seventh dav after the egg cell is released from the ovary, and
then—if fertilization occurs—continues to occur in later stages of the pregnancy [1]. Without
fertilization, the levels of progesterone in the patient’s blood drop, resulting in menstruation
in further cascade reaction. In healthy women, progesterone levels should range between
(L057 and 0,893 ng/mL during the follicular case, between (L1121 and 12.0 ng/mL during
the ovulation phase, and between 1.83 and 23.9 ng /mL during the luteal phase. In post-
menopausal women, these levels should range from 0.05 to 0,126 ng/mL [1,2]. To ensure
that the values have a point of reference in any study, the study must include women from
a homogenous group, which was the case in our study. Participants in our study were
waomen of similar ages, from whom we sampled blood at a constant set time, within a short
period of time {January—April). In this way, we were able to rule out the impact of factors
such as age, time of day, and season on the result of the test. By referring to numerical
data [1], which indicated the level of progesterone in the luteal phase increases by nearly
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four times in comparison to the follicular phase, the PTVs we obtained in study [1in group
M enabled us to identify this hormone as the driving force behind the increased average
maobility of teeth.

Choosing Periotest as a measurement instrument was also fully justified. Periotest
is widely accepted and used to measure mobility in vivo and in vitro in periocdontology,
implantology, orthodontics, and traumatology. The advantages of the Periotest include its
ease of use, ability to make measurements in the horizontal and in the vertical dimensions,
and primarily the repeatability of results [22,25]. Thus, our studies can be reproduced at
any scientific center or even a medical practice.

As the PTVs measured in our tests ranged between —8 and +% [26], which is considered
proof of stability of a tooth, we were able to demonstrate that changes in the female
menstrual cycle caused by contraceptives do not have a destructive effect on young and
healthy period ontinm.

However, this does not mean that there is no link between the movement of teeth and
contraceptives. On the contrary: the long-term use of hormonal pills has a stabilizing effect
on the anchoring of the teeth in the alveolus, as the tooth mobility among women whao
took contraceptives (group 5) was higher than in menstruating women (group M) only
in examination L. In further examinations, tooth mobility was greater in group M tham in
group 5, although a statistically significant inter-group ditference was observed only in
examination 11

The use of hormonal therapies is an important issue for both orthopedists and dentists,
as it may result in disruptions to the physiological development of bone and its density [1].
Unfortunately, there too few studies have been conducted on adolescent women, and those
that involved young and mature women not only did not formulate clear conclusions on
the effects of taking hormonal contraceptives, but alse had divergent results [27,25], and as
such offer little value as evidence. However, the fact that estrogen promotes the termination
of bone growth including the mandible has been demonstrated beyond doubt [29-33], and
therefore the effects of this hormone may affect the tooth mobility.

Since the metabolism of the alveolar ridge cannot be considered the cause for the
changes in PT% among women who menstruate and women who take hormonal contra-
ceptives, we needed to focus on the second component of the periodontium, namely, the
perindontal ligaments, particularly as the literature indicates that hormonal contraception
leads to an increased risk of breaking the attachments of ligaments in the knee joint [34-37].
In this aspect, our results are hugely significant. Without animal testing, we were able
to demonstrate that the impact of progesterone and estrogen on the periodontium was
different to that on the rest of the human svstem: we did not observe any reduction in the
function of perindontal fibers in the representative, homogenous group 5.

Hyvperplasia of the gingiva—another part of the perindontium—is a documented
phenomenon in healthy women who use hormonal contraceptives in the long-term [35-30].
Unfortunately, researchers have been unable to determine the limit dose of hormones
that affects the above-described changes [41-43]. However, as sex hormones reduce the
immune response of the gingiva to the dental plaque, hormonal contraception, in particular
estrogen-based, may intensifv the action of localized irritating factors [44,45], especially
given that estrogen is responsible for keratosis of the gingiva and proliferative changes in
its epithelium and increased fibroblast activity [1,2,10]. On the other hand, by increasing
the permeability of microvessels, progesterone causes increased irritability and swelling of
the gums and facilitates the resorption of bones and reduces collagen production, in this
way promoting the catabolism of tissues and hampering their repair, and as such, may
deepen gingival pockets, particularly with improper hygiene [1,2,10,41-43]. All of these
processes contribute to the destabilization of the anchoring of teeth in the alveoli, but the
obtained I"TVs did not confirm the ocournence of this negative phenomenon.

The bacterial biofilm is another important area that was studied in terms of the effects
of progesterone and estrogen on the movement of teeth. Bacterial biofilm is defined as
a highly specialized, single- or multi-species form of microorganism life, permanently
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located on its substrate and surrounded by a laver of extracellular polysaccharides that
create mucus [45]. Pioneers inhabiting the biofilm include strep bacteria: Strepfococcas mifis,
Streptococons oralis, and Streptococcus semgs. Other microorganisms include Actimonmyces
and Gram-negative bacteria (e.g., Hasmoplulus) [46]. They reduce the resting pH of the den-
tal plaque [47—4Y], which reaches its lower values (pH = 4) near the maxillary incisors. This
is associated with the free flow of saliva that contributes to the long-term retention of acids
in the dental plague as well as with the weight of saliva and distance between the incisors
and the openings of salivary ducts [50]. Low pH leads to fast fluoride loss and reduces
its carinstatic action, the limit point of which is pH = 4.5 [49,51]. Strepfococens putans and
Lacfobacillus may reduce the pH of the dental plaque to <4.5, which is of huge importance,
as Ali et al. [16] moted that the number of bacteria in women taking oral contraceptives
was increased. The researchers stressed that the long-term use of hormonal contraceptives
had a destructive effect on the delicate structures of the periodontium. Another significant
fact related to these structures is that low pH contributes to an increase in the number
of microorganisms from the Candida genus (i.e., Porphyromonas gingioalis, Perphyromongs
intermedia, and Actinohacillus achimomycetemcomitas) in the gingival pockets [16]. As contra-
ceptives are conducive to the proliferation of microorganisms, which cause the acidification
of the oral cavity, which in turn poses a threat to the perindontium, increased mobility of
teeth in the frontal section should be expected [16]. This was confirmed by the results of
our studies, in which women who took contraceptive pills had less stable incisors than in
waomen with a physiological menstrual cycle, in every phase.

With regard to the modern scope of our study, nowadays, oral contraceptives are
safe and effective. The previous generation of medication contained much higher doses
of synthetic hormones than those currently used and was based on a single ingredient,
causing much more disruption [52]. Hormone doses had to be reduced due to their harmnful
effects on the cardiovascular system in large doses [1,2,10]. Unfortunately, despite the
widespread and long-term use of oral contraception around the world, there is still no
clear data on its impact on the condition of the bones of teenagers and young adult women
available. Studied parts of the body (spinal bones, femoral necks, alveolar process), dates
of studies (the 1980s and the early 21st century), their durations (from 1 year to 5 years),
length of use of contraceptives and their types, and populations of studied patients {ethnic
origin, age of 14 to 30, body mass, height) significantly varied. Therefore, interpretation of
the results of all studies is extremely difficult. Studies undertaken on young women on
short-term hormonal therapy in low doses did not show any changes in bone build and
disorders in the periodontium. [t has to be noted that selecting patients is quite difficult,
as long-term studies of voung adults taking hormonal contraceptives are often limited
due to discontinuation or change of medication, and result in their hormonal composition.
Mevertheless, these studies continue to create opinions among dentists, who are convinced
that oral contraceptives increase the risk of gum and periodontal inflammation. It is worth
noting that in order to determine whether modern oral contraceptives have any effect on
the perindontium, much fewer studies have been conducted using modern medication
than older generation medicines. Despite the incontrovertible significance of the results of
our study on the impact of modern contraceptives on the periedontium during their use,
we cannot lose sight of the observations of the long-term effects that are required from the
scientific perspective and evidence-based medicine.

5. Conclusions

Given the fact that progesterone and estrogen modify the bone metabolism directly
related to the perindontium, this study aimed at answering the question of whether fluctu-
atioms in the levels of these hormones or the use of their synthetic equivalents in modern
contraceptives have a significant impact on the natural tooth mobility (Th) inits alveolus.
Long-term use of hormonal pills has a stabilizing effect on the anchoring of teeth in the
alvenolus, as the tooth mobility among women whe took contraceptives (group 5) was
higher than in menstruating women (group M) only in examination L In further exami-
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nations, tooth mobility was greater in group M than in group 5, although a statistically
significant inter-group difference was observed only in examination 1L Although the PTVs
were within the limits of norm, the canines and the molars were always more stable than
the other teeth. Although the exam involved a large group of women, the results of our
research into the impact of hormonal contraception on FTVs are still merely preliminary
findings.

However, since women between 200 and 30 vears old constitute the majority of or-
thodontic patients, possible determination of the optimum moment of force application in
relation to the sex hormones cycle, namely, to its luteal phase, is clinically very promising.
Certainly, determining whether lomg-term intake of contraception may change the bone
and perindontal ligament structures and whether such changes are reversible after the
patient ceases to take medication, and if so, how quickly they reverse after medication is
stopped, requires long-term studies.
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Summary

Background: Sex hormmones secreted during the menstrual cycle and the application of orthodontic forces to teeth can affect the metab-
olism of periodontal ligaments. This study simed to determine whether there are any differences in arthodontic tooth displacement during the
menstrual cycle and when using hormonal contraceptives and whether the amount of fernale sex hormones influences the efficiency of tooth
displacement.

Methods: A total of 120 women aged between 20 and 30 years with Angle Class |l requiring transpalatal arch (TPA) to derotate teeth 16 and
26 were included in this study. The participants were divided into two groups: group A, which included women with regular menstreation, and
control group B, which included women taking monophasic combined oral contraceptives. Group & was divided into subgroups according to
thie moment of TRA activation: menstruation (A1), ovulation phase (A2], and luteal phase (A3) (examination ). On intraoral scans, measwrement
points were marked on the proximal mesial cusps of teeth 16 and 26, and the intermolar distance (M') was determined. The change in the pos-
ition of the measurement points & weeks after activation (examination ) made it possible to determine the derotating extent of teath 16 {016]
and 26 (026] and the widening of the intermolar distance (M-} In examinations | and 11, tooth maobility in the aleoli was assessed using
Periotest based on the perictest values [PTV) PTV" and PTV?, respectivaly.

Results: A significant difference in all parameters was observed amaong groups A1, A2, and A3 [P < 0.001]. Group A3 showed the highest values
of parameters 016, 026, and MP-M', and group A2 showed the lowest values, which did not differ from the control group (F= 0.64). PTV and
FTW" ware the highest in group A3 and the lowest in groups A1 and B. Intergroup differences were statistically significant (F < 0.0070}.

Conclusions: \With the guantification of changes in tooth mobility in the ahweoli during the menstrual cycle in wormen undergoing orthodontic
treatment, it was possible to determine that female sex hormones affect the effectiveness of orthodontic treatment, and the optimal moment
for TRA activation is the luteal phase of the menstrual cycle.

Keywords: progesterone; estrogen; contraception; periodontal ligaments; bone metabalism; crthodontic tooth movement

Introduction initial tipping, delay phase, and progressive displacement. In
the nitial tipping phase, the PDL is compressed adjacent to
the alveolar bone on the side where the force is directed, and
on the opposite side, the PDL lengthens and tightens. This
phase 1s followed by a delay phase or cell mobilization, which
allows the PDL and bone to remodel with ostecclasts and
osteoblasts. The length of this phase depends partly on the
applied force. An excessive amount of force causes the root to
move too close to the alveolar wall. The blood vessels are then
compressed, and the movement of the tooth slows down. This
stage can last from several days to several weeks. The final
phase is characterized by actual bone remodeling with appos-
ition in tension areas and resorption in compression areas.
This process results in tooth movement [4].

Considering these facts, a question arises: Does the secre-
tion of progesterone and estrogen, which affect the PDL reac-
tion, contribute to changing the effectiveness of malocclusion
treatment? Experimental, epidemiological, and clinical data
indicate that progesterone is involved in bone metabolism.
Progesterone acts directly on bone by engaging an osteoblast
receptor or indirectly by competing for a glucocorticond osteo-
blast recepror, promotes bone formation, and increases bone

Sex hormones, namely, progesterone and estrogen, secreted
during the menstrual cycle, directly affecting the amount
of insulin-like growth factor-l (a mediator of collagen pro-
duction) and carboxy-terminal telopeptide type I collagen
(a marker of type I collagen degradation), cause cartilage
growth, strengthen collagen and proteoglycan synthesis, and
promote calcium, magnesium, and potassium homeostasis
[1]- In addition, they affect the metabolism of periodontal
ligamenes (PDL), which causes the mobility of the wooth in
the alveoli to change and reach its greatest value during the
menstrual phase [2]. Acute fluctuations in hormone concen-
trations across a woman's menstrual cyele, specifically higher
estradiol levels, can inhibit collagen synthesis and reduce liga-
ment strength [1].

Furthermore, orthodontic forces applied to the tooth can
cause changes in the functioning of the PDL. When exposed to
mechanical force, a coordinated signaling cascade is activated,
involving various cell types, including PDL Abroblasts, mes-
enchymal stem cells, inflammatory cells, osteoblasts, osteo-
cytes, and osteoclases [3]. This induces bone remodeling and
tooth displacement, which consists of three stages, namely,

0 The Authori(s} 2024, Publshed by Oxford University Press on behalf of the European Orthedonne Society. All rights reserved. For commercaal re-use,
please contact reprints@oup.com for reprints and translanon rights for reprings. All other permussions can be obtained through our RightsLink service via
the Permissions link on the article page on our site—for further information please contace journals_permissions@oup.com.
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turnover. Estrogen mcreases the number of vitamimn 3 recep-
tors. Progesterone plays a role in the coupling of bone resorp-
tion and formation by increasing the binding of progesterone
to the osteoblast recepror, which is sumulated by estrogen.
A relationship has been reported between osteoporosis and
bone fragility and a decline in estrogen levels during the men-
strual cvele. In addition, compelling evidence has shown that
bone-destroving cytokines, such as [L-1, IL-6, and TNF-, are
released and increase rapidly as estradiol levels decline [5].
From this perspective, a normal ovulatory cycle 15 a natural
coherence cycle that activates the bones [6]. Mechanically in-
duced tooth movement 15 associated with the risk of varous
complications [7, §] and 15 an extremely complex process,
Theretore, it is important to understand the factors that af-
fect the outcomes of orthodontic treatment of malocclusion
in yvoung and adult women who are interested in improving
their appearance.

This study aimed to determine whether the pattern of
orthodontic tooth displacement changes when using hor-
monal contraceptives and during menstruation and whether
the amount of female sex hormones in the body affects tooth
displacement efficiency. We hypothesize that there is a 0.05-
unit difference in tooth mobility measured by the O param-
eter, which represents the extent of rotation of teeth 16 (016)
and 26 (026) and is considered the most important param-
eter in this study, at different times in the menstrual eycle.

Materials and methods

Study design

This  prospective  cohort study  was  conducted  at the
Orthodontic Clinic between April and July 2019, This study
was approved by the Bioethics Commission of the Medical
University. Written informed consent was obtained from all
participants.

Participants

A total of 173 Eastern European women were enrolled in
this study. The participants were in good general condition
and aged berween 20 and 30 vears, with a normal body mass
index of 18.5-24.9, The parncipants had never been preg-
nant. They declared regular menstruation every 28-30 days
or taking hormonal combined contraceptives (monophasic
combined oral contraceprives) for at least 4 months. The in-
clusion criteria included Angle Class ITwith mesial rotation of
teeth 16 and 26, confirmed by intraoral scanning, and the ab-
sence of acute carious lesions and chronic inflammation in the
oral cavity. The exclusion criteria included nicotinism, past
orthodontic treatment with fixed appliances, missing teeth,
hypodontia, and reduced periodontal bone level, confirmed
by an orthopantomogram. Fig. 1 shows the study selection
criteria.

This study focused on cases of Angle Class IL The selec-
tion of such cases allowed for obtaining precise results and
excluding potential confounders. For example, a crosshite in
the upper first molars can complicate tooth derotation. Adules
with a Class Il malocclusion can be treared with orthodontic
camouflage and non-extraction treatment by moving the
upper teeth to the back. In Class Il patients, the first molars
are rotated medially and ngually, According to the ortho-
dontic treatment recommendations for adults, correcting this
rotation is necessary to obtain a correct bite with the lower
first molar, moving the buccal cusps backward. It improves
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occlusal relanons and creates a mesial space between the
muolars. All women who reguired conservanve, periodontal,
or surgical rreatment during the initial examination were re-
ferred to dentists, and women with irregular menstruation
were referred to a gynecologist.

Assuming that three groups will be tested {three moments
in the cycle) and considering a standard deviation of 0.04, the
minimum number of patients i each group should be 29 to
obtain a test power of 0.9, Considering a possible dropout,
a sample size of 30 patients for each group was considered
adequare [2].

Methods

An intraoral scanner was used to obtain precise measure-
ment results. Specally crafted bands (Fig. 2} were positioned
on teeth 16 and 26 in all patients to measure tooth mobility
throughout testing.

Based on the information obtained from the medical inter-
view, the patients were divided into two groups: the study
group (A}, which included women who were menstruating,
and the control group (Bl, which included those who were
taking hormonal supplements. Women in group A were as-
signed to three subgroups according o the timing of ortho-
dontic force application: Al [menstruation), A2 {ovulation
phase), and A3 (luteal phase) {Table 1). Each patient recerved
detailed instructions regarding the date of visits and use of the
orthodontic appliance.

O examination day [ always ar 7:00 a.m., a single venous
blood sample from the cubital fossa was collected from pa-
tients in groups A and B to determine the progesterone and
estrogen levels in the blood and evaluate the hypothalamic—
pitnitary—ovarian axis, which was analyzed by a gynecologist.
The mobility of teeth 16-26 in the sockets was objectively
assessed using the Periotest device, Periotest consists of a head
that taps the test object and a mechanism that measures the
deflection and decrease in speed. The device converts the con-
tact time into a numerical value, which is referred to as the
periotest value (PTV). The PTV ranges from -8 to +50. The
higher the PTV, the greater the mobility of the examined ob-
ject [9-14]. The Pertotest device 15 a reproducible tool that can
be trusted to carry out the tooth mobility readings accurately
|15]. Pertotest measurements were conducted three times, and
the average value was calculated for each tooth. In the last
stage, the bands on teeth 16 and 26 were connected using a
transpalatal arch (TPA) made of steel wire with a diameter of
(1.8 mm, passive in the transverse, sagirtal, and vertical dimen-
sions, TPA was attached to the tube molar band and secured
with steel ligatures. The frec ends of the TPA were activated at
an angle of 45% by measuring the activation with a protractor
(Fig. 3a). The positions of teeth 16 and 26 before TT'A acriva-
tion (examination 1) and after TPA activation {examination
I} were recorded using a scanner. On the scans taken during
the examination I, the tops of the proximal buccal cusps of
teeth 16 and 26 were marked as mblé and mb26, respect-
ively, and pictures were taken to ensure that the markings
would be reproducible on subsequent scans. The distances be-
tween mhla and mbh26 were then measured o determine the
intermolar widech (M').

In examination II, the mobility of the upper teeth was as-
sessed (PTVY) using Periotest according to the scheme from
examination 1. Then, the locations of points mblé and
mb26& were noted on successive scans as mb16” and mb2a’
The intermolar width (M*) was measured. The scans from
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Angle class 11 with mesiorotation of teeth 16 and 26

Initial selection
N=173
L Menstruation Oral contraceptive pill J
Imitial — -1 Initial
selection selection
N=134 N=23%
I—" Medical mterview "—T
Excluded due to nicotinism Excluded due to nicotinism
N=17 N=2
Excluded due 1o past ortho- Excluded due to past ortho-
dontic treatment with fiwed dontic treatment with fixed
appliances appliances
N=10 N=4
| )
N=107 N=33
Intraoral assessment
Excluded due o missing Excluded due to missing
tecth tecth
N=15 N=3
Excluded due 1o hypodontia ‘ Excluded due to hypodontia
N=2 N=0
+ ]
N9 | N =30
rundomly divided N =3 — group B
N =30 — group Al

N =30 — group A2
N = 30 — group A3

Fgure 1. Flowchart of the selection process of the study participants

examinations [ and [T were superimposed relative to the center
of the anterior-posterior central groove of teeth 16 and 26 to
measure the derotation of reeth 16 (016 = mb16" - mhia)
and 26 {026 = mb26° - mb26) and an increase in intermolar
width {M*-M'} obtained as a result of TPA (Fig. 3b).

Statistical analysis

Statistical analysis was performed using Statistica 13 (TIBCO
Software Inc., Palo Alto, CA, USA). The normality of the
distrbution of continuous variables was tested vsing the
Shapiro-Wilk test. Comparisons of tooth mobility were

performed using the Friedman ANOWVA test, and post hoc
analysis was performed using the Wilcoxon test. Multple
comparisons were performed with Bonferroni correction.
The mobility of teeth was compared berween groups A and B
using the Mann-Whitney U test. The mobility of individual
teeth was analyzed wsing the Kroskal-Wallis non-parametric
AMNOWVA test, and multiple comparisons of mean ranks were
performed to evaluate it in the context of differences berween
individual teeth. The Statistica 133 power analysis module
was used. For one-way ANMOVA Statistica demands a signifi-
cance level of alpha (0.05), assumed power (0.9), number of
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groups [3], population standard deviation (0.06), and means
for each group set to 0, 1,0.1, and 0.15. The level of statistical
significance was set at I' = 0L0S for each test.

Error method study
Scans

Recordings of n = 120 patients were performed by two op-
erators on two occasions, with an interval of approximately

Y

L8

Figure 2. The design of a band especaly adapted 1o the aim of owr study.
The "window” erables the spplication of Perietast 1o the toath (at the cross).

Table 1. Scherme of research and division into groups.
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10 min {using scans that could always be recalled). The
standard error of the mean difference (5E) was calculated

using the formula SE = /25 _; d7/m, where d is the differ-

ence between the recordings of the individual. The marking
SE was (L0171 mm in 016 and 0.0156 mm in 026, A paired
-test was performed and no significant systematic difference
was found ar the 5% confidence level between the two re-
cording occasions.

Superimposition

Superimposing the scans from examinations [ and 11 relative
to the center of the anterior-posterior central groove (single
point] may be regarded as another limitation of the study.
Superimposing an image on soft tissue may be controversial
[1&], but use hard tssue [17], that is, incisor surfaces, it can be
clearly stated that this test has no measurement error because
all error factors have been eliminated to a minimuam [18, 19].

Results

A total of 120 women between the ages of 20 and 30 years
were included in this study. Since the clinical data were
obtained by dividing the patients into groups based on their
medical history, the menstrual cyvele hormone levels were
measured in cach case to rule out the possibility that patients
incorrectly determined the study’s start time. Thus, the re-
liability of the rescarch group assignments was assessed in
conjunction with the hormone level test resules (Table 2).

Group

Study component Al

A3 B

| Menstruation phase: third day
H+PFTV' + F + MY of cycle.

It & weeks after examination L.
[FTV? + B+ O16 + O2a)

Owulation phase: on the day of
ovulation.

Luteal phase: 7 days afver
ovulation.

Any day

H, determination of hormone levels; FTV, tooth mobility assessment during examinations 1(FTV'} and IH{FTV); M, intermolar wedth measurement during
examinations [ {M'} and 11 {M*}; E, activation of the orthedontic appliance; O, measurement of tooth derotations 16 {016) and 26 (026),

Figure 3. Scheme of (a) activation and |b) superimposition. The dashed line and wfilled starlet indicate the central sulcus and mesisl buccel cusp te of

tha darntatond renlar
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Tabls 2. Sex hormone levels chserved in women physologically (33, 40) and during this study.

Group Physinlogical Diring this sdy
Progesterone  Estrogem  Group  Progesterone {ng/ml] Estrogen (pg/mi) Age of women in
[ng/ml) (pg/ml} study (years)
Median Quartiles Median Cuartiles
Menstruation phase  0L63-0LE79  E7-132 Al &4 [LF1-0.70)  E140 [73.53-94.50) 21 %=26" /0
Owulation phase 1.25-63 130-330 A2 1.50 [1.72-4.13] 13641 [128.42-224 90) 21 */12=27 /12
Luteal phase 3.81=21.7 3=150 A3 13.00 (11.30=1%.300 128.00 [(102.00-139.50) 22 %/ =27 /12
Oral contraceptives  0.05-0.116  154-3%0 B os (LO5-0.100 231 [222.00-239.50) 23 "/12=25'f1a

In all groups, progesterone and estrogen levels were within
the normal ranges related 1o the phase of the cycle or hoe-
moaal guplzlejmnmti.on. Statistically significam differences
in the levels of both hormones were observed between the
groups (P 0.001], which confirmed the self-discipline of the
parients and the reliability of the division of the study parti-
cipants. In group A, the average interval berween periods was
27.64 days and was statistically comparable (P = 0.05).

Tables 35 show the results of the descriptive statistics of
tooth mobility in the sockers in examinations 1 and 11 The
difference berween FTV? and PTV? and the change in tooth
mobility following appliance activation varied berween the
groups. However, the responses of the first premolars, canines,
and incisors o app]ia.nce activarion were similar (P = 0.57).
Since the change in the mobility of the first premolars was
only ohserved during the activation of the appliance 7 days
after ovulation, only the change in the mobility of teeth 15,
16, 25, and 26 in all study groups was subjected o further
analysis (Table 3).

Afrer & weeks from TPA acrivarion [examinarion II),
teeth 16 and 26 moved in all smedy groups (Table &), Group
B showed the smallest displacement, similar 1o group A2
(P = 0.64), in which the force was applied ar the dme of ovu-
lation. The values of parameters 016, 026, and M*-M' were
the highest in group A3, indicaring the best efficiency of TPA,
whereas they were lower in group Al bur sill greater than
those in the control group. These intergroup differences were
statistically significant (P < 0,001 ).

Discussion

MNumerous studies have been conducted on the influence of es-
trogen and progesterone on twath movement. However, these
studies were animal experiments, and their findings cannot be
generalized ro humans due 1o the vast differences in anaromy
and physiology berween animals and humans. Animal ex-
periments should be conducred in consultation with veter-
imarians, who can help researchers choose the appropriare
animal model based on their clinical knowledge [20, 21]. This
justifies the selection of patients for our study. However, be-
cause the homogeneity of the marerial is the foundarion for
material reliability, it was the primary criterion for inclusion
in oue study. Therefore, [?t:idpa.uu were of similar age, had
a statistically comparable average interval berween periods,
and had their blood obrained ar a set time over the monrhs
of April-July. In this way, the influence of factors, such as
age, time of day, and season, on the west resule was excluded.
European women have their first mensenual period ar the age

of 9-16. According to the Lavritzen scale, sexual maruriry
in girls is assessed 3-5 years after the first menstruation. By
qualifying women aged berween 200 and 30 years for chis
study, we ruled our ovalation disorders, specifically lack of
ovulation resulting in low progesterone levels, a characteristic
of both reenagers and women in the perimenopansal period
[22-24]. Finally, the effect of nicotinism on PDL metabolism
was removed by excluding female smokers from the smudy
[25, 2&]. Fuethermose, it is notable thar nicotine lowers es-
romen levels [27].

Accurate presentation and explanation of the hormonal
menstrual cyele and changes thar occur in various phases
allowed the participants o understand the imporance of
arending the visit for TPA activarion ar the specific time as-
signed to each group. This awareness and discipline of women
were reliably and objectively confirmed by assessing hormone
levels in examinarion 1.

The use of Periotest as a measurement instrument was also
fully jusrified. Periotest is widely accepted and used o measure
mahility ir eivo and i vitro in periodontology, implantology,
orthodontics, and rranmarclogy. Periotest has the advancages
of ease of use, ability 1o perform horizontal and verrical meas-
urements, and repeatability of results [9-12]. Therefore, this
study can be replicable in any research center and even in
dental practices.

The range of FTV measured in our tests was from -8 1o
+19 [28], which is evidence of vooth stability. Therefore,
we have proved thar changes caused by orthodonric appli-
ances, specifically TPA activated ar an angle of 45°, do not
lead o pathological tooth mobility in the alveoli. These find-
ings are contrary to those reported by Yee ef al., who showed
that, under the effect of osthodontic stress and as a result
of establishing a zone of compression and bone resorprion,
which widens the periodonral space, woth mobility reached
the second or even third degree [29). During our research, the
mobility was within the first degree, which means thar the ro-
rarion of teeth 16 and 26 with TPA does not have a destructive
effect on young and healthy periodontinm. The luteal phase
of the mensrrual cyele and menstruation are chasacterized by
increased mobility of teeth embedded in the sockets, even in
the absence of a mechanical load [2]. Howevee, the lack of
pathological mobility is caused, among other things, by hor-
monal factors, in which estradiol slows down bone resorp-
tion, whereas progesterone stimulares bone formartion [30].

Since the tooth movements measured had a small range,
it was necessary 1o use a scanner with an accuracy of 20 mi-
croms to assess displacement as small as 0.01 mm. Using the
scanner, significandy less tooth displacement was observed
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Table 3. PTV! by study group. The Kruskal=Yalis AN test was used to compare mobility (measured using Periotest during the first esesminationd
betwesn teath. The findings showed that some teath axhibited sigrificantly higher PTV than athers, regardless of the study group.

ml.

Al Al A3 B
Toath Median Cuartiles Median Cuartiles Median Caartiles Median Cueartiles
14 LUE] {=0.3,0.0) 0.2 (01,100 1B (1.1,2.3) 0.4 (15,13}
15 1o (D.4,2.0) 1.1 (&2 1) 1.2 (L8,2.5) 1.2 [0.7,2.05}
14 1.0 (L3 2.1 1.0 (L3 2.1} 1.1 (04,2 2y 11 (06,21}
13 =0.1 (=0.2,0.1} =0.1 (=0.2,0.1} 0.l (00,03 =01 {=0.50.1)
12 21 (1.5,3.0) 21 (1.6,3.0) 12 (1.7,3.1) 22 11.6,3.25)
11 20 [L.2,2.8) 20 [1.22.8) 21 [1.3,3.2) 11 113,34}
21 1 1227 1 1227 11 [1.3,2.8) 11 11.2,3.15)
2 20 [1.4,3.0) 20 [1.4,3.0) 21 [1.5,3.1) 20 {1.35,3.25)
13 =0.1 [=02,0.0} =0.1 [=0Z0.1} [LE] [DuD,0. 2y =02 {=0.45,001)
4 1.0 3,21 1.0 3,21} 1.0 (4,22} 1.0 {05,200
15 1.0 4,2.0) 1.0 [04,2.0) 11 6,210 1.1 {0.75,2.15)
e ol (0,05} 05 (0.1, 1.0} 1.5 (10,28} oL (0.2,1.1)
F value =0.001 =0.001 =0.001 .01

Table 4. PTW by study group. The Kruskal-Walis ANCWA test wes used to compare mobility (measured usng Perictest dunng the first esesmanationd
beteesn teath. The findings showed that some teeth exhibited significantly higher PTV than athers, regardless of the study group.

PTV?

Al AL Al B
Toath Median Quartiles Median Quartiles Median Quartiles Median Cuarriles
lé 5.9 4.5,7.0) 7.1 [5.4,8.8) B (6.9,11.5) 4.9 [2.96.75)
15 EN | (20400 43 [3.2,6.3) 55 (4.0,7.2) 2.7 [1.8,3.8)
14 1.0 (0.5 2.9) 1.1 (D%, 3.0) L& {1.0.32) 1.1 (06, 2.0
13 =01 {=0.2,0.1) =0.1 [=0Z .2} oo (0.0,0.2) 0.0 |=0.5,0.15)
12 22 L& 1) 22 (1.6,3.2) 13 {18 4.0 22 11.6,3.25)
11 21 L300 21 (1.3,31) 11 (1.33.1) 21 11.4,3.45)
P | 1 {1.3,2.8) 1l (12,28} 1 il.4,3.2] 11 11.2,3.15)
2 20 (1L43.1) o (14,31} 12 {1531 ra {135,325
13 =1 {=0.2,0.1) oo (00,04} LLE1] (0.0,0.2) 0.0 {=0.20.1)
4 Lo (0.52.1) 1.1 {07 2.9} 1.4 (0.8 3.2) 1.1 {06,200
25 15 {1L23.2) 38 {1.5.5.9) 446 [EX XX kN | 12.1,4.05)
s ] (4.8,7.2) Tz 15.6.8.9) e (e 1, 1.0} 4.7 |3056.7)
F value b4 =0.001 <00l L]

Table 8. Changes in the mobility of teeth 16, 16, 25, and 26 under the influence of TR& by study group. The: Knesiai-yWalis ANOAVA test was used to
compare changes chacddng whather the maobility drenge of the four mast mobile testh differs among groups 41, A2, A3, and B. The difference in
mohility was obsarved vary by group for all four teeth.

PTVLPTV!

Al A2 A3 B
Toath Median Cueartiles Mledian Quartiles Median Caartiles Median Quartiles Fvalue
1a ie 4.5, 7.2} 6.9 (5.1, %) B0 (5.4,10) 4.3 |23, 6.05) L]
26 iw (4.8, 7,2) a7 (5, B.B) 64 4.7, % 4.1 |2.3,6.3) <0001
15 21 0.5, 3} iz {1.E, 5) 43 (2.5,54) L5 |0, 2.25) L0l
25 1.5 .2, 2.7) x5 (0.8, 4.6) 35 (1.9, 5) 20 {015, 3.05) <0001
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Tabls 8. Orthodonbe parameters with descoptee statisbes in all study groups. Intermalar wadth (in mml and rotation of teeth 16 and 26 by study group.

Mmtimﬂdhmmﬂmvﬂ

Al A2

Al B

Parameter {mm| Median Interquartile range  Median  Interquartile range  Median

A 5458 54.49-54.67 54.56 54.46=54.60
M 5464 54.51=-54.67 5460 54.55=54.60
le .23 0.21=0.25 013 0.12-0.14
02s .13 0.21-D.25 015 0.14=0.17
MM .06 0L04=0.18 04 0.10-0.14

Interguartile range  Median  Interquarrile range

54.58 53.46-54.65 5457 54 48-54.65
54.60 54.57=54.61 54.63 54.53=-54.61
D29 0.27-0.30 ol 0.08-0.14
D29 0.27-0.30 ol 0.07-0.14
0.04 0.04-0.19 0.0s 0.05-0.09

M inrermodar width im study 1M and I (MF); O: 18 (O16) and 26 (O26) roasion.

in the proup of women taking ofal contraceptives (group
B) than in the group of women with regular menstruarion
(group A). This can be anribured o the non-physiological
levels of estrogen. Irs deficiency contributes 1o osteoporosis,
as its decrease rriggers a cascade of cytokines, the most im-
portant of which is the RANK-L signaling parhway that
stimulares rapid bone growth and resorprion [31]. This in-
dicares thar hyperestrogenism-inducing contraceprive pills,
such as restosterone, stimulare bone groweh [32, 33, which
explains why the teeth of 16 and 26 in women aking oral
contraceptives were significantly less susceprible o the force
of TPA than those in women with physiologically Hucruaring
estrogen levels. Long-term use of hormonal tablers has been
proven 1o have a stabilizing effect on the reeth during omtho-
domtic treatment, as we have proven in previous studies thar
wormen who do not have malocclusion but use contraception
have significantly lower tooth maobility than women who are
menstruaring [2].

The negative correlation berween the effectiveness of tooth
movements and estrogen shown in our study could theoretic-
ally suggest thar orthodontic force should be applied during
menstruation since estrogen levels decrease during mensoru-
ation and increase during ovulation. However, dermarological
studies [34-36] have reported thar a decrease in estrogen
levels causes skin flaccidity, which becomes less elassic. This
is due ro the effect of estrogen on collagen, which is the scaf-
folding for the skin, is found in the gingiva, and forms the gin-
giva and PDL. Furthermore, inflammarion may develop due
tov the reduced proliferation of the epithelial lining in the oral
cavity under the influence of this hormone. The increase in
oth mobility during menstruation could be due o the ease
of injury of the dry mucosa and the redwced tension of the
ligamens. In addirion, coagularion tests explain why wounds
heal worse during menstruation and why thrombosis may
occur while taking hormonal contraception [37]. These find-
ings indicate thar activating TPA during the menstrual phase
muay result in periodontal damage that the body cannot repaie.
The Fact that tooth mobility in the alveoli is determined not
only by estrogen but also by progesterone is still a marer of
debate [31, 38-40). Since no study has been conducred o in-
vestigate the impact of female hormones on tooth mobiliry,
we compared our findings with those of orthopedic studies,
which assessed the impact of female hormones on the skel-
eton and ligament svstem, indicating thar progesterone re-
duces ligament stiffness [41]. In addition, body emperarure
increases by 0.2°C-05°C under the influence of proges-
terome. This increase facilitates the passage of the RANEK-L

cascade pathways, thereby facilitaring rooth movement under
the influence of orthodontic force. Notbly, the increase in
the amount of fluid in the periodonral space associated with
water retention in the body in the lasr phase of the menstrual
cvele [42] also conrribures o the increase in tooth mobility in
the sockets.

Understanding the influence of estrogen on the mechan-
ical movement of teeth can help shorten the trearment rime,
especially since its prolongation has negarive side effects in
the form of enamel demineralization and periodontal diseases
[43]. Therefore, clinicians have directed their efforns for vears
toward developing methods o accelerate rooth movement
under the influence of orthodoaric forces. These methods in-
clude Wilckodontics [44] or reducing the frhction berween
the bracker and slor using self-ligating brackers and loosely
rwisted steel ligyures. Fusthermore, undesstanding the im-
pact of menstrual cycle hormones on the efficiency of ortho-
dontic rreatment helps take a complerely innovative approach
1o activaring the braces. It enables one 1o choose the optimal
time o apply orthodontic force 1o accelerare ooth move-
ment and reduce trearment time. Moreover, our findings that
mooth mobility in alveoli significantly increases swice during
the menstrual cycle (groups Al and A3) support the need o
srengthen the anchorage during the distalization of teeth 135
and 25 after the derotation of teeth 16 and 26, whose scabilicy
is nmrEmm:'ned when estrogen levels Hucruate. In additon,
serengthening the anchorage contributes to shorening the
rreatment duration [45).

Based on information on the behavior of the tooth and irs
PDL under the influence of hormones of the menstrual cycle
and orthodonric force load, we can conclude thar the moment
of the cycle ar which progesterone dominares (group A3) is
the most desirable for TPA activation. Menstruation fol-
lowing the luteal phase is associared with decreased estrogen
levels, facilitaring rooth movement, partially due to increased
ostecclass activity. Changes in collagen structure induced by
a decrease in estrogen levels cause capillaries to break, re-
sulting in increased bone resarption, which is most desirable
14 days after TPA activation. efore, TPA activarion in the
luteal phase, when progesterone raises the body temperarure,
softens the ligaments, and dilates the vessels, enabling delicate
tissue regeneration and subsequent bone resorprion 2 weeks
later under the influence of estrogen secreted during menstre-
ation, has a positive effect not only on the effectiveness bur
also on the long-term results of orthodontic rreatment.

Based on the study findings, the increased resorption of the
alveolar process or the alveolar part of the mandible may be
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caused by the activation of an appliance ar the time of ovula-
tion. Thus, further studies are needed o investigate this.

The srudy has several limirations, a power analysis for three
main measured parameters: scope of rotation of rooth 16 and
26 (parameter O, changes in mobility of worth 16 and 26
before and afrer activation [FTVZ-PTV1 parameter) and dif-
ference berween intermaolar width in srudy 1 and 11 [(M2-M1
parameter], was performed to check the power of the con-
ducred staristical tests. For ANOVA test for scope of rotation
and change of mobility, we achieved a power =099, but for
intermolar width change power equals 0L68.

Conclusions

Class Il rreatment in young women should be preceded by a
medical history, including information on menstruation. This
makes it possible to not only activare the appliance on a spe-
cific day of the cycle bur also explain to parients taking birth
contral how it can porentially slow down ooth movement
and prolong rreatment. Based on our research on the guali-
fication and quantification of changes in tooth mobility in
the sockers during the menstrual cycle and orthodoatic trear-
ment, it was possible to establish thar female sex hormone
lewels significantly correlate with the efficacy of rooth move-
ments. ore, the moment of appliance activation should
be oprimally selected during the lureal phase of the menstrual
cycle o increase the effectiveness of orthodontic rrearment
and reduce its complications.

Women in the ovulation phase and those raking contea-
ceptives containing high amounts of estrogen exhibir similar
clinical behavior The Andings of this study suggest thar ac-
tivation should ideally be carried our during the luteal and
menstrual phases when esrrogen levels are typically low
and greater tooth movemene is likely 1o oceur. Furthermore,
wormen using contraceptives are likely to be less susceprible mo
orthodontic surgery, although their treatment duration may
be slightly longer.
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zgloszonym przez lek. med., lek. dent. Malgorzatg Peruge zatrudniong w Malgorzata
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