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1. Wykaz zastosowanych skrotow

PDL Wigzadta przyzebia

OlIRR Ortodontycznie indukowana zapal na resorpcja korzeni zeba
CBCT Stozkowa tomografia komputerowa

TISAD Tymczasowe zakotwienie szkieletowe

R&R Laczny blad powtarzalnos$ci i odtwarzalnosci
ICC Korelacja wewnatrzklasowa

BP Btad powtarzalnosci

BO Blad odtwarzalnos$ci

Z| Zmienno$¢ indywidulana pacjenta

FEA Analiza metodg elementow skonczonych
FEM Model elementow skonczonych
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3. STRESZCZENIE

Wstep

Wady klasy II dominuja zarowno w populacjach kaukaskich Europy podinocne;,
Srodkowo-Wschodniej jak i w populacjach pochodzenia indyjskiego. W Polsce wady klasy II sa
roOwniez najczesciej wystepujacg wada zgryzu.

Diagnostyke wad klasy II oraz r6znicowanie wad szkieletowych i zebowych przeprowadza
si¢ na podstawie badania zewnatrzustnego, wewnatrzustnego, analizy modeli oraz badania
radiologicznego w postaci analizy cefalometryczng.

W badaniu zewnatrzustnym charakterystyczne cechy wskazujace na szkieletowa wade
klasy II to cofnieta brédka, poglgbiona bruzda wagowo-broédkowa, cofnigta warga dolna. Czesto
zaburzeniom przednio-tylnym towarzysza tez zaburzenia pionowe. Wewnatrzustnie oraz podczas
analizy modeli mozna zauwazy¢ pelng lub czesciowa klase II wg Angle’a. W zaleznosci od
rodzaju wady moze wystgpowac I lub II klasa klowa, a siekacze gorne moga by¢ wychylone,
przechylone lub moga mie¢ prawidtowa inklinacje. Niedostateczny lub nadmierny wzrost szczek
zwykle w konsekwencji powoduje rowniez nieprawidtowosci w zgryzie. Diagnostyke wady w
wymiarze strzatkowym 1 jej podtoze umozliwia analiza cefalometryczna, w ktorej uwzglednia sig
szereg pomiaréw, migdzy innymi pomiar katow SNA, SNB oraz ANB, w celu okreslenia podtoza
wystepujacego zaburzenia. Okreslenie czynnika, najbardziej przyczyniajacego si¢ do powstania
wady — zbyt dotylnej pozycji zuchwy lub/i wyrostka zgbodotowego wraz z zgbami zuchwy albo
zbyt doprzedniej pozycji szczeki lub/i jej wyrostka zebodotowego wraz z uzebieniem — powinno
warunkowa¢ zastosowanie odpowiedniej formy terapii.  Najczegsciej wykorzystywanym
pomiarem jest kat ANB, ktorego zwigkszenie wskazuje na relacj¢ dotylng szczgk.

Leczenie wad klasy II jest uzaleznione zaré6wno od przyczyny jak i wieku pacjentow. W
trakcie wzrostu przeprowadza si¢ najczesciej leczenie czynnosciowe, ktére moze wptynaé na
poprawe relacji szkieletowych. Natomiast w przypadku pacjentow dorostych mozliwe jest
leczenie ortodontyczno-chirurgiczne lub kamuflaz wady. Leczenie kamuflujace wad klasy 11/1
czegsto wymaga ekstrakcji gornych przedtrzonowcoéw oraz retrakcji segmentu zgbow przednich —
podobne postgpowanie dotyczy leczenia rowniez innych wad, takich jak: protruzji zebowo
wyrostkowej czy dekompensacja przedoperacyjna wad klasy I1I . Efektem koncowym jest czgsto
nie tylko zmiana inklinacji oraz pozycji strzaltkowej siekaczy, ale czgsto rowniez powiktanie w
postaci niepozadanej resorpcji korzeni tych zebow oraz zmiana objetosci wyrostka zgbodotowego

szczeki, a takze dehiscencje.



Zastosowanie sity ortodontycznej powoduje napr¢zenia w obrebie wiezadla przyzebia
(PDL), ktore przekraczajac cisnienie krwi w tetniczkach wtosniczkowych, powoduja hialinizacje,
niedokrwienie i martwice sgsiadujacych tkanek, cementu korzeniowego i kosci wyrostka
zgbodotowego. Komorki znajdujace si¢ w poblizu obszaru martwiczego moga inicjowac resorpcje
korzenia. W zwiazku z tym ustalono korelacj¢ pomiedzy nadmierng sita ortodontyczna,
skutkujaca utrzymujgcym si¢ wysokim poziomem stresu w PDL, uposledzonym przeptywem krwi
1 indukowang ortodontycznie resorpcja zapalng korzenia zeba (OIIRR). W dobie powszechnej
dostepnosci badania CBCT z mozliwosciag zastosowania TISAD, mozna dokltadnie i
indywidualnie przeanalizowa¢ anatomi¢ kazdego pacjenta, dopuszczajac mozliwo$¢ zastosowania
retrakcji powyzej 7 mm. Zastosowanie retrakcji charakteryzuje si¢ czegsto dluzszym czasem
leczenia, konieczno$cig zastosowania wigkszych sit oraz przesunigciem zg¢ba na wigksza
odlegtos¢ w porownaniu do innych strategii leczenia. Powyzsze cechy moga by¢ przyczyng
indukowanej ortodontycznie resorpcji zapalnej korzeni (OIIRR). Resorpcja korzenia zgba podczas
leczenia ortodontycznego jest jednym z najczestszych powiklan jatrogennych. Na to zjawisko
sktada si¢ wiele czynnikéw. W ostatnich latach, w wyniku rozwoju obrazowania 3D, zwrdcono
uwage na kolejny wazny element, jakim jest kanal przysieczny i jego zwiazek z korzeniami
siekaczy gornych.

Kanat przysieczny, zwany takze kanalem nosowo-podniebiennym, to potaczenie miedzy
jama nosowa a jama ustng, zawierajace naczynia i nerwy. Jest to czgsto pomijany element w
procesie planowania leczenia ortodontycznego, a otoczony jest stosunkowo grubg ptytka korowa.
Ocena 1 znajomos$¢ cech anatomicznych kanatu przy siecznego, jego budowy, wielkosci 1
zmian nachylenia w zaleznos$ci od wieku, plci, a takze parametréw decydujacych o potozeniu
siekaczy szczgki moze skutecznie zapobiega¢ powaznym powiktaniom leczenia ortodontycznego,
takim jak resorpcjakorzeni.

W praktyce klinicznej , w leczeniu aparatami statlymi cienkotukowymi stosuje si¢ dwa
rodzaje slotow zamkow ortodontycznych: 0.018 1 0.022 cala. W zaleznos$ci od zastosowanego
slotu dobiera si¢ odpowiednie rozmiary tukéw stalowych, na ktérych prowadzi si¢ pozadany ruch
ortodontyczny. Poniewaz celem leczenia ortodontycznego jest uzyskanie optymalnego ruchu
zebOéw oraz poprawa profilu pacjenta, przy minimalnych efektach ubocznych, w przypadkach
nasilonych wad konieczne jest dodatkowo zastosowanie miniimplantéw ortodontycznych jako
zakotwienia szkieletowego w celu uzyskania maksymalne retrakcji siekaczy.

W wyniku przylozonej sily ortodontycznej w ozgbnej (periodontal ligament - PDL)
pojawiajg si¢ naprezenia, ktore po stronie nacisku powodujg resorpcje kosci a po stronie
rozciggania nawarstwianie nowej tkanki kostnej. Naprezenia, ktore przekraczajg cisnienie Krwi w

tetniczkach wlosowatych powoduja hialinizacj¢ zwigzang z niedokrwieniem i martwicg tkanek,



przylegajacego cementu korzeniowego i kosci wyrostka zebodotowego. Komorki znajdujace sig
w blisko strefy martwicy mogg zainicjowac resorpcj¢ korzeni. W zwigzku z tym wykryto zwigzek
pomiedzy zastosowaniem zbyt duzej sity ortodontycznej powodujacej zbyt duze i stale naprezenia
w PDL i zahamowanie przeptywu krwi a ortodontycznie indukowang zapalng resorpcja korzeni
zgbow (OIIRR).

Z powyzszych rozwazan wynika, ze w celu osiggni¢cia optymalnych wynikéw leczenia
konieczne jest przeprowadzenie precyzyjneg diagnostyki, zastosowanie optymalnej biomechaniki
leczenia oraz uwzglednienie indywidualnych cech anatomii pacjenta w celu unikniecia

jatrogennych powiktan w czasie leczenia ortodontycznego.

Cedl pracy:

1 Okreslenie wartosci 1 doktadnosci diagnostyki cefalometrycznej wad w wymiarze
strzatkowym.

2. Ocena wptywu roéznych czynnikow na ryzyko resorpcji siekaczy goérnych w wyniku

kontaktu z blaszkg kanatlu przysiecznego
3. Ocena biomechaniki retrakcji zebow goérnych w aspekcie ryzyka wystgpienia resorpcji

korzeni zgbdw siecznych oraz zmiany objetosci kosci wyrostka zgbodotowego szczeki.

Material i metody:

Rozprawe doktorska stanowi cykl 7 publikacji o tagcznym [F=25; MNiSW= 800 pkt.
Jestem pierwszym autorem w 5 artykutach (artykuty nr 3, 4, 5, 6, 7), a drugim autorem w 2
artykutach (praca nr 1 | 2). Opublikowatam, w ramach cyklu: 4 przeglady
systematyczne(odpowiednio prace 1, 3, 4, 6) oraz 3 prace oryginalne (artykuty 2, 51 7).

W ramach cyklu na podstawie przegladu systematycznego 1451 artykutéw (praca 1)
dokonatam analizy dostgpnej wiedzy na temat doktadnos$ci réznych metod diagnostyki wad
strzatkowych. Okreslitam, na podstawie dostgpnej wiedzy, skutecznos¢ réznych pomiardéw
cefalometrycznych stuzacych do okreslania pozycji podstaw szczeki 1 zuchwy w wymiarze
wertykalnym 1 strzatkowym. Wykazatam, ze diagnostyka ortodontyczna przy uzyciu dotychczas
stosowanych wskaznikoéw antropometrycznych zostala wzbogacona o nowe katy Tau, Yen, SAR,
W, DW, Pi i analize linijng Pi oceniajace relacje sagitalne podstaw szczeki i zuchwy i
wzbogacajace ztoty standard analizy w postaci kata ANB. Okreslitam rowniez mozliwos¢
zastosowania nowych kata R, ptaszczyzny zewnatrzustnej KR oraz plaszczyzny goérnej granicy

tuku jarzmowego do oceny relacji wertykalnych. Na bazie dostgpnej literatury wykazatam, ze



dotychczas uzywane w diagnostyce cefalometrycznej wskazniki pomiarowe dla oceny relacji
sagitalnej 1 wertykalnej utrzymujg swoje zalety wobec umiarkowanych 1 stabych dowodéw na
jakos¢ nowych wskaznikéw do ich oceny.

W pracy oryginalnej dokonatam samodzielnej weryfikacji zakresu, zaleznego od lekarza,
btedu pomiaru w dostgpnych metodach analizy cefalometrycznej (praca 2: grupa badana 29.
ortodontow). Zbadalam wiarygodnos¢ dwoéch roznych metod pomiarow cefalometrycznych
stuzacych okreslaniu strzatkowej pozycji szczeki 1 zuchwy. Wykazatam, ze uzyskane wyniki po
zastosowaniu narzedzi statystycznych wskazuja, ze dyspersja poziomych wspotrzednych punktéw
determinujacych kat ANB jest mniejsza niz w przypadku kata tau, wigc wartosci kata ANB
cechujg si¢ mniejszym bledem pomiarowym niz warto$ci kata tau. Wykazatam réwniez po
zastosowaniu wspoOlczynnika Kappa Cohena ze kat ANB nadal pozostaje podstawowym
parametrem do diagnozowania szkieletowych zaburzen strzatkowych, a upowszechnienie kata tau
wymaga wczesniejszego edukowania ortodontow.

W dwoch kolejnych przegladach systematycznych zbadatam zakres dostepnej wiedzy na
temat czynnikow mogacych wptywac na biomechanike retrakcji siekaczy szczeki (praca 3: 3175
artykutoéw, praca 4: 1401 artykutow). W pracy 3 dokonatam analizy dostepnej wiedzy dotyczace;j
metod kontrolowania pozycji siekaczy, podczas ich retrakcji w toku leczenia kamuflujacego wad
klasy II. Wykazatam, ze dwustronna kortykotomia oraz zastosowanie miniimplantow do retrakc;ji
en masse sa ngjlepszymi i skutecznymi metodami kontroli torku podczas retrakcji siekaczy w
leczeniu ortodontycznym. W pracy 4 zbadatam zakres dostepnej wiedzy w zakresie
charakterystyki remodelingu kos$ci wyrostka zgbodolowego w czasie retrakcji siekaczy szczeki.
Analiza dostepnych publikacji wykazata, ze w wyniku retrakcji siekaczy nastepuje znaczna utrata
kos$ci, co zmniejsza odlegto$¢ migdzy powierzchnig kosci a powierzchnig korzenia od strony
podniebienng).

W kolging pracy oryginalng (praca5) dokonatam analizy biomechaniki retrakcji zebow
szczeki w przypadkach ekstrakcyjnych 1 nieekstrakcyjnych za pomoca nowatorskiej metody
nielinearnej analizy metoda elementow skonczonych. W tej pracy okreslitam wartos¢ sit
retrakcyjnych mogacych skutkowac przekroczeniem progu naprezen optymalnych w wigzadtach
ozebnej. Przedstawitam analize¢ naprgzen w ozebnej wykonang metodg elementéw skonczonych,
na nowatorskim, nielinearnym modelu szczgki, w trakcie retrakcji zebow gornych. W badaniu
jako zmienne badane uwzgledniono retrakcje en masse segmentu zgbow gdérnych przednich do
miniimplantu (TISAD) umieszczonego w okolicy pomiedzy drugim zg¢bem przedtrzonowym a
pierwszym trzonowym oraz dystalizacje catego tuku réwniez do TISAD przeprowadzong na tuku
0.017*0.025 SS w zamkach slotu 0.018, z uwzglednieniem ro6znych wartosci sit i wysokosci

haczykow wplywajacych na wektor zastosowanej sity. Wykazatam, ze optymalnie tuki
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0,017*0,025 SS w zamkach MBT 0,018 zapewniaja doskonatg kontrole torku, prowadzac do
precyzyjnego osiowego przemieszczenia zebow, przy zastosowaniu optymalnych sit 180-
200g/strone¢ nie ma ryzyka resorpcji wierzchotka korzenia.

Na podstawie dostepnej wiedzy, poprzez przeglad systematyczny 1862 artykutéw (praca
6) okreslitam ryzyko resorpcji siekaczy szczeki, w trakcie ich retrakcji, w zwigzku z kontaktem
z blaszka zbitg kanatu przysiecznego. Okreslitam obecny stan wiedzy na temat wplywu morfologii
kanalu przysiecznego na mozliwos¢ wystepowania resorpcji korzeni siekaczy goérnych w trakcie
ich retrakcji w toku leczenia kamuflujacego wad klasy II. Wykazatam, Zze kontakt korzeni siekaczy
z kanatem przysiecznym zwigksza ryzyko resorpcji tych korzeni.

Na tej podstawie zaplanowatam badanie oryginalne, opublikowane jako praca 7, w ktorej
dokonatam analizy badaa CBCT 67 pacjentow. Dokonatam klasyfikacji morfologii kanatu
przysiecznego pacjentéw, w zaleznosci od wieku i plci. Na tej podstawie stworzytam wykaz
zalecen dotyczacych unikania ryzyka resorpcji korzeni siekaczy gornych w trakcie ich retrakcji,
w zwigzku z kontaktem ze Scianami kanatu przysiecznego. Przeprowadzone przeze mnie badania

wykazaty r6zng szeroko$¢ kanatu siecznego w zalezno$ci od pici.

Wyniki

W publikacji 1 na podstawie dostgpnej literatury usystematyzowano dostepng wiedze
dotyczacg skutecznos$¢ roznych pomiardw cefalometrycznych stuzacych do okreslania pozycji
podstaw szczeki 1 zuchwy w wymiarze wertykalnym 1 sagitalnym. Wykazano, ze diagnostyka
ortodontyczna przy uzyciu dotychczas stosowanych wskaznikow antropometrycznych zostata
wzbogacona o nowe katy Tau, Yen, SAR, W, DW, Pi i analiza linijna Pi oceniajace relacje
sagitalne podstaw szczeki 1 zuchwy wzbogacajace zloty standard analizy w postaci kata ANB.
Okreslono réwniez mozliwos¢ zastosowania nowych pomiaréw: kata R, plaszczyzny
zewnatrzustnej KR oraz plaszczyzny gornej granicy tuku jarzmowego do oceny relacji
vertykalnych. Na bazie dostgpne;j literatury wykazano, ze dotychczas uzywane w diagnostyce
cefalometrycznej wskazniki pomiarowe dla oceny relacji sagitalnej i wertykalng utrzymuja
swoje zalety wobec umiarkowanych 1 stabych dowodow na jakos¢ nowych wskaznikéw do ich
oceny.

W pracy oryginalng nr 2, dotyczacej porownania wiarygodnosci i powtarzalnos$ci
pomiaréw cefalometrycznych odnoszacych si¢ do dyskrepancji sagitalnej porownujacej
pomiary kata ANB 1 kata Tau uzyskano nastgpujace wyniki:

Kat ANB. Najwyzszy wspotczynnik korelacji Pearsona stwierdzono w przypadku

wspoOtrzednych Ax i Ay. Blad Dahlberga wahatl si¢ od 0,265 do 0,665, a wspdlczynniki
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korelacji migdzyklasowej i wewnatrzklasowej (ICC) miescity si¢ w przedziale od 0,841 do
1,000, wskazujac na bardzo duza zgodno$¢ pomiardéw badaczy. Btad powtarzalnosci (BP), btad
odtwarzalnosci wsrdéd réznych lekarzy (BO), zmienno$¢ indywidualna pacjenta (ZI) oraz
taczny blad powtarzalnosci 1 odtwarzalnosci (R&R) wyniosty, odpowiednio: 1,61%, 0,92%,
97,47% oraz 2,53%.

Kat tau. Najwyzszy wspotczynnik korelacji Pearsona stwierdzono w przypadku wspotrzednych
poziomych Tx i Mx. Btad Dahlberga wahat si¢ od 0,891 do 1,639, a wartosci ICC miescity si¢
w przedziale od 0,147 do 0,624, wskazujac na stabg zgodnos¢ pomiarow badaczy. Wartosci
BP, BO, Zi oraz R&R wyniosty, odpowiednio: 4,30%, 3,94%, 91,76% oraz 8,24%.

Prawie catla zmienno$¢ wynikow pomiaréw kata ANB i tau wynikala z wariancji
migdzygrupowej (zmiennosci indywidualnej pacjenta). Niska wartos¢ R&R (ponizej 10%)
oznacza, ze oba katy sg dobrym parametrami diagnostycznymi wad strzatkowych

Ortodonci bioracy udzial w badaniu znacznie doktadniej mierzyli kat ANB niz kat tau: btad
Dahlberga i wartos¢ R&R byly okoto trzy razy wicksze, a warto§¢ ICC — trzy i pdtkrotnie
mniejsza w przypadku pomiaréw kata tau. Wyniki te wskazujg, ze dyspersja poziomych
wspotrzednych punktéw determinujacych kat ANB jest mniejsza niz w przypadku kata tau,
wiec wartosci kata ANB cechujg si¢ mniejszym bledem pomiarowym niz wartosci kata tau.
Warto$¢ kappa Cohena, czyli wspdiczynnika rzetelnosci zastosowanego do oceny spojnosci
ortodontéw w kwestii ustalania klasy szkieletowej wyniosta 0,778 w przypadku kata ANB i
0,722 w przypadku kata tau, a analiza wyniku dowiodla statystycznej istotno$ci roznicy (p <
0,001). Oznacza to, ze kat ANB nadal pozostaje podstawowym parametrem do diagnozowania
szkieletowych zaburzen strzatkowych, a upowszechnienie kata tau wymaga wczesniejszego
edukowania ortodontow.

W publikacji 3 we wszystkich badaniach podczas ruchu retrakcji obserwowano
przechylenie siekaczy, czyli wystepowal przedsionkowy tork korzenia zgba. W grupach
leczonych $rednia zmiana nachylenia policzkowo-podniebiennego korzeni siekaczy wyniosta
10,46. Biorac pod uwage wszystkie badania, §rednia réznica w nachyleniu gérnych siekaczy
pomiedzy grupa kontrolng i leczong wyniosta 2,46°, co bylo statystycznie istotne (p = 0,0003).
Stosowanie kortykotomii podczas cofania zgbow przednich znacznie zmniejsza nachylenie
siekaczy szczgki, a kortykotomia moze mie¢ znaczenie w kontroli nachylenia korzeni, tj.
nacigcia nalezy wykonywaé zard6wno po stronie przedsionkowej, jak 1 podniebienne;.
Stosowanie TISAD podczas retrakcji znaczaco zmniejsza takze przechylenie siekaczy szczeki.
Przy cofaniu z¢gbow przednich korzystniejsze jest zastosowanie mechaniki przedsionkowej niz
jezykowej. Retrakcja masowa za pomocg miniimplantoéw 1 tukéw po stronie przedsionkowej
skutkuje zmniejszeniem nachylenia siekaczy szczeki w porownaniu z takim samym masowym

ruchem z dostepu jezykowego i miniimplantami umieszczonymi na podniebieniu. Nalezy
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wspomnie¢ o0 zastosowaniu protokotow postgpowania takich jak tuk intruzyjny czy system
PASS podczas retrakcji siekaczy. Zastosowanie wyciagow klasy I skutkuje mniejszym
nachyleniem siekaczy podczas retrakcji w pordwnaniu z zastosowaniem tancuszka
elastycznego.

W publikacji 4 po retrakcji sickaczy obserwuje si¢ istotng statystycznie zmiang
grubosci kosci. Po stronie podniebiennej obserwuje si¢ znaczny ubytek kosci. Zaobserwowana
zmiana moze zaleze¢ zarowno od stopnia przesunigcia siekaczy, jak 1 zmiany ich nachylenia, a
CO za tym idzie, zmiany polozenia wierzchotkéw korzeni. Zmiana ta jest znacznie wigksza u
dorostych niz u dorastajacej mtodziezy. Dodatkowo tempo retrakcji moze skutkowac wigksza
utratg koSci, poniewaz procesy naprawy moga nie nadgzac za procesami resorpcji. Zmiany w
kos$ciach strony wargowej budza kontrowersje, gdyz wykazuja zaréwno zyski, jak 1 straty.

W pracy oryginalng 5 podczas retrakcji en masse w spektrum przytozonych sit od 50
g do 300 g wartosci ci$nienia hydrostatycznego ch dla catego tuku zebowego wahaja sie od
0,37 kPa do 2,5 kPa. Warto zauwazy¢, ze wartosci ci$nienia ch wykazuja liniowa korelacje ze
wzrostem przytozonej sity. Jednakze obserwuje si¢ marginalne roznice w warto$ciach nacisku
ch odpowiadajace r6znym wysokosciom haczykow dla danej wielko$ci sily, ktore sg nieistotne
klinicznie. Warto zauwazy¢, ze we wszystkich opisanych scenariuszach najnizszy nacisk ch
obserwuje si¢ dla wysokosci haka 6 mm, natomiast najwyzszy dla wysokosci haka 2 mm.
Cisnienie ch wywierane w ozgbnej siekaczy centralnych waha si¢ od 0,23 kPa do 1,54 kPa i
wykazuje liniowg zalezno$¢ od przytozonej sity. W odrdznieniu od catego tuku zgbowego,
minimalne wartosci ci$nienia ch obserwuje si¢ przy najnizszej wysokosci haka wynoszacej 2
mm, stopniowo narastajac wraz ze wzrostem wysokosci haka. We wszystkich przypadkach
warto$ci nacisku ch wywieranego na siekacze centralne stanowia okoto 55% calkowitych
warto$ci ci$nienia obserwowanych w obrebie przyzgbia catego tuku zebowego. Cisnienie ch w
ozebnej siekaczy bocznych stanowi okoto 45% cis$nienia tuku petnego i waha si¢ od 0,18 kPa
do 1,14 kPa przy rozkladzie liniowym. W odroznieniu od catego tuku 1 siekaczy centralnych,
nanizsze wartosci odnotowuje si¢ przy najwyzszej wysoko$ci haka wynoszacej 10 mm i
zwigkszaja si¢ wraz ze zmniejszaniem si¢ wysokosci haka. W przypadku ktéw warto$ci
naciskdw ch sg najwicksze i stanowia okoto 75% wartosci catego ci$nienia w PDL petnego
tuku. Jego wartosci wahajg si¢ od 0,28 do 1,83 kPa. Zalezno$ci sg rOwnowazne dla siekaczy
bocznych. Wartos$¢ krytyczna 4,7 kPa zostaje przekroczona dla pelnego tuku zgbowego przy
dziataniu sity 642 g i koncentruje si¢ na gornych korzeniach pierwszych zebow trzonowych,
osiggajac jednoczes$nie w odcinku przednim 2,93 kPa, ktére kumuluje si¢ glownie w prawym

srodkowym siekacz w okolicy dolnych potéwek korzeni podniebiennych
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W publikacji 6 we wszystkich artykutach skrocenie korzeni siekaczy goérnych po
retrakcji byto statystycznie wigksze w przypadku kontaktu z kanatem przysiecznym. Aktualne
publikacje zawarte w przegladzie systematycznym wyraznie wskazuja na mozliwe wigksze
ryzyko resorpcji korzeni siekaczy podczasretrakcji oraz bocznego przemieszczenialub intruzji
po kontakcie z ptytka korowg kanatu przysiecznego.

W pracy oryginalng 7 stwierdzono wyrazng zalezno$¢ pomiedzy szerokoscig kanatu
ajego dlugoscig AP. W wigkszosci grup wiekowych zwigkszonej dlugosci kanatu towarzyszyta
zwigkszona szeroko$¢ na wszystkich poziomach (L1, L2 i L3). Ze wzgledu na znacznie
wiekszg dlugos¢ kanatu na poziomie L1, ryzyko kontaktu szyjki z kanatem korzeniowym byto
wyzsze u m¢zczyzn niz u kobiet. Badania u kobiet wykazaty, ze rozbiezno$¢ korzenia siekacza
zwigksza si¢ wraz ze wzrostem szerokosci kanalu, co wydaje si¢ logiczne. Dla mezczyzn w
wieku od 13 do 30 lat korelacja ta byta ujemna, tj. im szerszy kanat, tym korzenie sg bardziej
réwnolegte lub zbiezne. Analiza nachylenia siekaczy i nachylenia kanatu siecznego wykazata
bardzo silng zaleznos$¢, szczegolnie w grupie wiekowej od 13 do 20 lat. U kobiet nachylenie
kanalu zwigkszalo si¢ wraz ze wzrostem tylnego ruchu siekaczy, natomiast u mezczyzn
sytuacja byla odwrotna. Analiza szerokos$ci kanatu 1 odleglosci pomigdzy najbardziej
mezjalnym punktem korzenia a styczng przechodzaca przez najbardziej wysuniety do przodu
punkt kanatu siecznego wykazata ujemna korelacj¢ we wszystkich grupach wiekowych

mezcezyzn. Im szerszy kanal, tym mniejsza odlegtos¢ migdzy korzeniami a kanatem.

Whnioski

Analiza pordownawcza kata ANB i kata Tau w ocenie dyskrepancji sagitalnej potwierdzita, ze
kat ANB nadal pozostaje podstawowym parametrem do diagnozowania szkieletowych
zaburzen strzatkowych, a upowszechnienie kata tau wymaga wczesniejszego edukowania
ortodontow. Powtarzalno$¢ oznaczania punktow pomiarowych oraz ocena indywidualnej
koperty kostnej ma istotne znaczenie w aspekcie prawidtowej diagnostyki i doboru metody
leczenia. Btad ludzki moze wptynac na sam proces pomiaru oraz na jego interpretacje. W celu
najwiekszej wiarygodnosci nalezy zidentyfikowa¢ najbardziej stabilne 1 powtarzalne punkty
antropometryczne, niezaleznie od kierunku wzrostu 1 zastosowanego leczenia
ortodontycznego. Warto jednak pamigta¢, ze zadna metoda nie jest calkowicie wolna od
btgdow, a w niektorych sytuacjach uzyskane wyniki moga wymaga¢ walidacji metoda
alternatywng. Badania skupiajace si¢ na analizie cefalometrycznej zazwyczaj koncentrujg si¢
na jedng grupie etniczne, co moze prowadzi¢ do blednej interpretacji wynikow. Za$
powtarzalno$¢, oceniagjaca stopien w jakim pomiary wykonywane przez tego samego operatora
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pokrywajg si¢, i odtwarzalno$¢, oceniajagca pomiary wykonywane przez roznych operatorow,
maja kluczowe znaczenie dla doktadnej oceny zaleznosci pomiedzy podstawa szczeki,
wyrostkami zgbodotowymi i zebami w zarowno w wymiarze strzatkowym, jak i pionowym. W
przypadku nowego nieznanego i niewykonywanego dotychczas pomiaru istnigje wysokie
ryzyko btedu ludzkiego. Blad Dahlberga p>0,1 $wiadczy o konieczno$ci nauczenia ortodontéw

oznaczania punktow antropometrycznych wchodzacych w sktad pomiaru.

Kontakt korzeni siekaczy z kanatem przysiecznym zwigksza ryzyko resorpcji tych korzeni. W
diagnostyce ortodontycznej za pomoca obrazowania 3D nalezy uwzgledni¢ anatomi¢ uktadu
IC, a ryzyko powiklan resorpcyjnych mozna zmniejszy¢ poprzez odpowiednie zaplanowanie
zakresu przemieszczenia i torku korzeni siekaczy oraz ewentualne zastosowanie zamkow
siecznych z wbudowanym wigkszym katem. Istnieje zroéznicowanie szeroko$ci kanalu
siecznego w zaleznos$ci od ptci. Dhugo$¢ przednio-tylna kanatu w duzej mierze zalezy od jego
szerokosci. Nachylenie kanatu jest zalezne od nachylenia siekaczy w réznych grupach
wiekowych. Szeroko$¢ kanalu zalezy od zaleznego od plci polozenia zbieznego lub
rozbieznego siekaczy. Blaszka zbita, ktora otacza kanal przysieczny jako pierwsza moze
przeszkadza¢ siekaczom podczas retrakcji, a takze powodowac ich resorpcje. Nasilone
wychylenie siekaczy nalezy leczy¢ jak najwczes$niej w okresie wzrostu mtodzienczego, kiedy
zdolno$¢ organizmu do przebudowy jest duza i1 gdy wraz z ko$cig nastgpuje ruch
ortodontyczny. W tym wieku kanal przysieczny, ktdérego nachylenie zalezne jest od nachylenia
siekaczy, réwniez moze mie¢ wigkszg zdolnos¢ do przebudowy. Znajomos$¢ anatomii kanatu
siecznego 1 zastosowanie obrazowania 3D u pacjentdéw wysokiego ryzyka moze zapobiec
resorpcji korzenia siekacza, uwzgledniajac indywidualne warunki anatomiczne pacjenta

podczas planowania ortodontycznego przesuwania z¢bow.

Dwustronna kortykotomia oraz zastosowanie miniimplantow do retrakcji en masse sa
najlepszymi i skutecznymi metodami kontroli torku podczas retrakcji siekaczy w leczeniu
ortodontycznym. Zastosowanie zarowno mechaniki przedsionkowej, jak i dodatkowej rurki w
zamkach umieszczonych na zgbach trzonowych, co pozwala uzyska¢ efekt podobny do tuku
intruzyjnego, badano w protokotach o niejasnym ryzyku btedu systematycznego, w ktorych
rézne czynniki mogly mie¢ wptyw na wiarygodno$¢ wynikoéw. Wiek pacjenta wydaje si¢ nie
mie¢ znaczenia dla kontroli torku. W wyniku retrakcji siekaczy nast¢puje znaczna utrata kosci,
co zmniejsza odlegtos¢ miedzy powierzchnig kosci a powierzchnig korzenia od strony
podniebiennej. Wielko$¢ tej zmiany moze by¢ rozna, w zalezno$ci od stopnia przemieszczenia
siekaczy i zmian w ich nachyleniu, co wptywa na potozenie wierzchotkow korzeni. Zmiana ta

jest znacznie wigksza u dorostych niz u dorastajacej miodziezy. Uzasadnieniem tego
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twierdzenia jest powszechnie znane zjawisko spadku aktywnos$ci komorkowej wraz z wiekiem.
Zmniejszenie szybko$ci 1 intensywno$ci zmian komérkowych moze wyjasnia¢ zmniejszong
zdolnos$¢ do przebudowy wraz ze wzrostem wieku pacjenta. Ruch ortodontyczny u dorostych
odbywa si¢ poprzez kos¢ 1 najczesciej kos¢ nie dostosowuje si¢ do nowego potozenia zebow.
Blaszke korowa podniebienng nalezy traktowac jako nieuszkodzong $ciang ograniczajaca
zakres planowanego ruchu siekaczy.

Luki 0,017*%0,025 SS w zamkach MBT 0,018 zapewniajg doskonatg kontrole torku, prowadzac
do precyzyjnego osiowego przemieszczenia zebow, przy zastosowaniu optymalnych sit 180-
200g/strone nie ma ryzyka resorpcji wierzchotka korzenia dzigki réwnomiernemu roztozeniu
lekkiego i §redniego ci$nienia hydrostatycznego ch w wiezadle przyzebia (PDL). Przytozenie
potrojnych sit ortodontycznych (600-640 g/strong) moze zainicjowac proces resorpcji poprzez
zamkniecie naczyn wlosowatych, natomiast proba wyréwnania tuku zgbowego przy znacznej
rozbieznosci zebowo-wyrostkowej moze skutkowac fenestracja plytki przedsionkowe;j
wyrostka zgbodolowego. Zaleca si¢ stosowanie wysokiej jakosci modeli nieliniowych do
analizy elementow skonczonych (FEA), aby zapewni¢ wiarygodne, poréwnywalne i

realistyczne symulacje bardzo przypominajace warunki w jamie ustne;j.
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4. Abstract

I ntroduction

Class |1 defects are prevalent in Caucasian populations of northern Europe, Central and
Eastern Europe, aswell asin populations of Indian origin. In Poland, class || malocclusions are
also the most common.

Thediagnosisof class |l defects and the differentiation of skeletal and dental defects are
conducted through extraoral and intraoral examinations, model analysis, and radiological
examination in the form of cephalometric analysis.

During extraoral examination, characteristic featuresindicating aclass |1 skeletal defect
include a receding chin, a deepened submental furrow, and a retracted lower lip. Additionally,
anterior-posterior disorders often coincide with vertical disorders. Intraorally and during model
analysis, full or partial Angle class || malocclusions can be observed. Depending on the type of
defect, canineclass | or 11 may be present, and the upper incisors may be tipped, tilted, or have
anormal inclination. Insufficient or excessive jaw growth typically resultsin biteirregularities.
Cephalometric analysis enables the diagnosis of the defect in the sagittal dimension and its
basis, considering measurements such as SNA, SNB, and ANB angles, to determine the
underlying cause of the disorder. Identifying the primary factor contributing to the defect,
whether it be a posterior position of the mandible and/or the alveolar process with the lower
teeth, or an anterior position of the maxillaand/or its alveolar process with the teeth, guides the
selection of appropriate therapy. The ANB angleis commonly utilized, with an increased angle
indicating a posterior relationship of the jaws.

Treatment of class Il defects is contingent upon both the cause and the patient's age.
Functional treatment istypically administered during growth stages, aiming to improve skel etal
relations. Conversely, adult patients may undergo orthodontic and surgical treatment or
camouflage of the defect. Camouflaging treatment of class 11/1 defects often involves the
extraction of upper premolars and retraction of anterior teeth segments, akin to treatments for
other defects such as dentoalveolar protrusion or preoperative decompensation of class Il
defects. The final outcome often encompasses changes in incisor inclination and sagittal
position, aong with potential complications such as root resorption of these teeth and
dterations in the volume of the maxillary alveolar process, as well as dehiscence.

Orthodontic force application induces stress in the periodontal ligament (PDL),
surpassing blood pressure in capillary arterioles, leading to hyalinization, ischemia, and
necrosis of adjacent tissues, root cement, and alveolar bone. Cells adjacent to the necrotic area

may initiate root resorption. Thus, a correlation exists between excessive orthodontic force,

17



persistent stress in the PDL, impaired blood flow, and orthodontically induced inflammatory
root resorption (OlIRR). With the advent of widespread availability of CBCT examination and
the utilization of TISAD, meticulous anaysis of individual patient anatomy is achievable,
facilitating retraction exceeding 7 mm. However, retraction employment often entails longer
treatment duration, necessitates greater forces, and involves tooth displacement over longer
distances compared to aternative treatment strategies. These features may contribute to
orthodontically induced inflammatory root resorption (OIIRR), one of the most common
iatrogenic complications during orthodontic treatment. Many factors contribute to this
phenomenon. In recent years, as aresult of the development of 3D imaging, attention has been
paid to another important element, which isthe incisive canal and its relationship with the roots
of the upper incisors.

Theincisive canal, also called the nasopalatine canal, is a connection between the nasal
cavity and the oral cavity, containing vessels and nerves. Thisis an often overlooked element
in the orthodontic treatment planning process and is surrounded by a relatively thick cortical
plate. Assessment and knowledge of the anatomical features of the incisal canal, its structure,
size, and changes in inclination depending on age, gender, as well as parameters determining
the position of the maxillary incisors can effectively prevent serious complications of
orthodontic trestment, such as root resorption.

In clinical practice, two types of orthodontic bracket slots are used in the treatment with
thin-arch fixed appliances. 0.018 and 0.022 inches. Depending on the slot used, appropriate
Sizes of steel arches are selected, on which the desired orthodontic movement is carried out.
Since the goal of orthodontic treatment is to obtain optimal tooth movement and improve the
patient's profile, with minimal side effects, in cases of severedefects, it isadditionally necessary
to use orthodontic mini-implants as skeletal anchorage to obtain maximum retraction of the
incisors.

As aresult of the applied orthodontic force, stresses appear in the periodontal ligament
(PDL), which cause bone resorption on the pressure side and the accumulation of new bone
tissue on the tension side. Stresses that exceed the blood pressure in the capillary arterioles
cause hyalinization associated with ischemia and necrosis of tissues, adjacent root cement, and
alveolar bone. Cells close to the necrotic zone can initiate root resorption. Therefore, a
relationship was found between the use of excessive orthodontic force, causing persistently
high stressin the PDL and inhibition of blood flow, and orthodontically induced inflammatory
tooth root resorption (OlIRR).
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The above considerations show that to achieve optimal treatment results, precise diagnostics,
optimal treatment biomechanics, and consideration of individual patient anatomy are necessary

to avoid iatrogenic complications during orthodontic treatment.

Objective of thework:

1. Determining the value and accuracy of cephalometric diagnosis of defects in the sagittal
dimension.

2. Assessment of the impact of various factors on the risk of resorption of the upper incisors
as aresult of contact with the lamina of theincisive canal.

3. Assessment of the biomechanics of upper tooth retraction in terms of therisk of resorption

of the roots of incisors and changes in the volume of the maxillary aveolar bone.

Materials and Methods:

The doctoral dissertation comprises a series of seven publications with a cumulative
Impact Factor (IF) of 25 and 800 points awarded by the Ministry of Science and Higher
Education. | am thefirst author on five of these articles (articles 3, 4, 5, 6, and 7) and the second
author on two articles (papers 1 and 2). The series includes four systematic reviews (papers 1,

3, 4, and 6) and three original research papers (articles 2, 5, and 7).

In this series, | conducted a systematic review of 1,451 articles (paper 1) to analyze the
current knowledge on the accuracy of various methods for diagnosing sagittal defects. Utilizing
this knowledge, | assessed the effectiveness of various cephalometric measurements in
determining the positions of the maxilla and mandible bases in both the vertical and sagittal
dimensions. My research demonstrated that orthodontic diagnostics, which traditionally relied
on anthropometric indices, could be enhanced with new angles such as Tau, Yen, SAR, W,
DW, Pi, and linear analysis Pi. These new measures supplement the gold standard ANB angle
in assessing the sagittal relations of the maxillary and mandibular bases. Additionaly, |
explored the potential use of new angles R, the extraoral plane KR, and the plane of the upper
border of the zygomatic arch to evaluate vertical relationships. My findings indicated that the
traditional measurement indices used in cephalometric diagnostics for sagittal and vertical
relationships maintain their advantages, whereas the quality of evidence for the new indicesis

moderate to weak.
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In my original research, | independently verified the measurement error scope in
existing cephalometric analysis methods, depending on the orthodontist (paper 2: study group
of 29 orthodontists). | assessed the reliability of two different cephalometric measurement
methods for determining the sagittal positions of the maxillaand mandible. Statistical analysis
revealed that the dispersion of horizontal coordinates for points determining the ANB angleis
smaller than that for the Tau angle, indicating that the ANB angle has a smaller measurement
error. Additionally, using Cohen's Kappa coefficient, | demonstrated that the ANB angle
remains the primary parameter for diagnosing skeletal sagittal disorders. The adoption of the
Tau anglein clinical practice requires prior education and training of orthodontists.

In two subsequent systematic reviews, | examined the scope of available knowledge on
factors that may influence the biomechanics of maxillary incisor retraction (paper 3: 3,175
articles, paper 4: 1,401 articles). In paper 3, | analyzed the existing knowledge regarding
methods of controlling the position of the incisors during their retraction in the camouflaging
treatment of Class Il defects. | demonstrated that bilateral corticotomy and the use of mini-
implants for en-masse retraction are the most effective methods of torque control during incisor
retraction in orthodontic treatment. In paper 4, | explored the characteristics of aveolar bone
remodeling during maxillary incisor retraction. The analysis of the available literature revealed
that significant bone loss occurs as a result of incisor retraction, reducing the distance between

the bone surface and the root surface on the palatal side.

In another original work (paper 5), | analyzed the biomechanics of maxillary tooth
retraction in both extraction and non-extraction cases using an innovative non-linear finite
element analysis method. In this study, | determined the retraction force values that may exceed
the optimal stress threshold in the periodontal ligament. | conducted a stress analysis in the
periodontium using the finite element method on an innovative, non-linear model of the jaw
during upper tooth retraction. The study variables included en masse retraction of a segment of
the upper front teeth to a mini-implant (TISAD) placed between the second premolar and the
first molar, and distalization of the entire arch also to TISAD, performed on a 0.017 x 0.025 SS
archwire in 0.018 slot brackets. Various force values and hook heights influencing the applied
force vector were considered. I showed that optimal 0.017 x 0.025 SS archwires in MBT 0.018
brackets provide excellent torque control, leading to precise axia displacement of the teeth.
With the use of optimal forces of 180-200g per side, there is no risk of root apex resorption.

Based on asystematic review of 1,862 articles (paper 6), | assessed therisk of resorption
of the maxillary incisorsduring retraction due to contact with the compact laminaof theincisive
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canal. | evaluated the current state of knowledge on the influence of the morphology of the
incisive canal on therisk of resorption of the roots of the upper incisors during retraction in the
camouflaging treatment of Class Il defects. | found that contact of the incisor roots with the

incisive canal increases the risk of root resorption.

Subsequently, | planned an origina study, published as paper 7, in which | analyzed
CBCT examinations of 67 patients. | classified the morphology of the incisive canal according
to age and gender. Based on these findings, | developed alist of recommendationsto avoid the
risk of resorption of the roots of the upper incisors during retraction due to contact with the
walls of the incisive canal. My research demonstrated varying widths of the incisive canal

depending on gender.

Results

Publication 1 systematized the available knowledge regarding the effectiveness of
various cephalometric measurements used to determine the position of the maxillary and
mandibular bases in the vertical and sagittal dimensions. It was demonstrated that orthodontic
diagnostics, previoudly reliant on traditional anthropometric indices, have been enhanced with
new anglessuch as Tau, Yen, SAR, W, DW, and Pi, along with linear Pi analysis for assessing
sagittal relationships of the maxillary and mandibular bases. These additions enrich the gold
standard of analysis, which includes the ANB angle. The study a so identified the potential use
of new measurements—the R angle, the extraoral KR plane, and the plane of the upper border
of the zygomatic arch—for assessing vertical relations. Despite moderate and weak evidence
supporting the quality of these new indices, traditional measurement indices in cephalometric

diagnostics for sagittal and vertical relationship assessment maintain their advantages.

Original Paper 2 focused on comparing the reliability and repeatability of
cephalometric measurements related to sagittal discrepancy by comparing the ANB angle and
the Tau angle. The following results were obtained:

ANB Angle: The highest Pearson correlation coefficient was found for the Ax and Ay
coordinates. The Dahlberg error ranged from 0.265 to 0.665, and the interclass and intraclass
correlation coefficients (ICC) ranged from 0.841 to 1.000, indicating very high agreement
between researchers measurements. The repeatability error (BP), inter-physician
reproducibility error (BO), individual patient variability (ZI), and total repeatability and
reproducibility error (R&R) were 1.61%, 0.92%, 97.47%, and 2.53%, respectively.
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Tau Angle: The highest Pearson correlation coefficient was found for the horizontal Tx and
Mx coordinates. The Dahlberg error ranged from 0.891 to 1.639, and the ICC values ranged
from 0.147 to 0.624, indicating poor agreement between researchers measurements. The BP,
BO, ZI, and R&R vaues were 4.30%, 3.94%, 91.76%, and 8.24%, respectively.

Almost al of the variability in ANB and Tau measurements was due to between-group
variance (individua patient variability). A low R&R vaue (below 10%) indicates that both
angles are good diagnostic parameters for sagittal discrepancies. The orthodontistsin the study
measured the ANB angle much more accurately than the Tau angle: the Dahlberg error and
R& R were approximately three times greater, and the ICC was three and a half times lower for
Tau angle measurements. These resultsindicate that the dispersion of the horizontal coordinates
of the points determining the ANB angle is smaller than that for the Tau angle, resulting in a
smaller measurement error for the ANB angle. The value of Cohen's kappa, the reliability
coefficient used to assess the consistency of orthodontistsin determining the skeletal class, was
0.778 for the ANB angle and 0.722 for the Tau angle. The analysis of these results proved the
statistical significance of the difference (p < 0.001). This means that the ANB angle remains
the primary parameter for diagnosing skeletal sagittal disorders, and the popularization of the
Tau angle requires prior education of orthodontists.

In Publication 3, al tests demonstrated tilting of the incisors during retraction
movements, specifically showing vestibular torque of the tooth root. In the treated groups, the
average change in the buccopalatal inclination of the incisor roots was 10.46°. Across all
studies, the mean difference in the inclination of the upper incisors between the control and
treatment groups was 2.46°, which was statistically significant (p = 0.0003). The use of
corticotomy significantly reduces the inclination of the maxillary incisors during retraction,
suggesting that corticotomy may be crucial for controlling root inclination; this involves
making incisions on both the vestibular and palatal sides. Additionally, the use of temporary
anchorage devices (TISAD) during retraction significantly reduces the tilt of the maxillary
incisors. When retracting anterior teeth, vestibular mechanics are more advantageous than
lingual mechanics. Mass retraction using mini-implants and arches on the vestibular side results
in lessinclination of the maxillary incisors compared to using the lingual approach with mini-
implants placed on the palate. Notably, treatment protocols such as the intrusion arch or the
PASS system during incisor retraction, as well as using Class | tractions, result in less

inclination compared to the use of an elastic chain.
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Publication 4 reports a statistically significant change in bone thickness following
incisor retraction, with significant bone loss observed on the palatal side. This change may be
influenced by both the degree of incisor displacement and the change in their inclination, which
affects the position of the root tips. The change is significantly greater in adults compared to
adolescents. Additionally, the rate of retraction can lead to greater bone l0ss, as reparative
processes may not keep pace with resorption. Changes in the bone on the labial side are

controversial, with observations of both gains and losses.

In Original Work 5, during en masse retraction with applied forces ranging from 50 g
to 300 g, hydrostatic pressure (ch) values for the entire dental arch ranged from 0.37 kPato 2.5
kPa, demonstrating a linear correlation with the increase in applied force. Differences in ch
values corresponding to different hook heights for a given force magnitude were clinically
insignificant. The lowest pressure ch was observed at a hook height of 6 mm, while the highest
was at 2 mm. The ch pressure in the periodontium of the central incisors ranged from 0.23 kPa
to 1.54 kPa, also showing a linear dependence on the applied force. Unlike the entire dental
arch, the minimum ch values for the central incisors were observed at the lowest hook height
of 2 mm, increasing with greater hook heights. In all cases, the ch pressure on the central
incisors constituted approximately 55% of the total pressure observed in the periodontium of
the entire dental arch. For the lateral incisors, the ch pressure was approximately 45% of the
full arch pressure, ranging from 0.18 kPa to 1.14 kPa with a linear distribution. The lowest
valuesfor the lateral incisors were recorded at the highest hook height of 10 mm, increasing as
the hook height decreased. For canines, the ch pressure values were the highest, constituting
about 75% of the total pressureinthe PDL of the full arch, ranging from 0.28 to 1.83 kPa, with
relationships similar to those of the lateral incisors. The critical value of 4.7 kPa was exceeded
for afull dental arch with aforce of 642 g, concentrating on the upper roots of the first molars,
while reaching 2.93 kPa in the anterior section, predominantly in the area of the lower halves
of the palatal roots of the right central incisor.

In Publication 6, al articles reported that the shortening of the roots of the upper
incisors after retraction was statistically greater when there was contact with theincisive canal.
Current publications included in the systematic review clearly indicate a higher risk of incisor
root resorption during retraction and lateral displacement or intrusion after contact with the
cortical plate of theincisive canal.

In theoriginal work 7, aclear relationship was found between the canal width and its

anteroposterior (AP) length. In most age groups, increased canal length was accompanied by

23



increased width at all levels (L1, L2, and L3). Due to the significantly greater length of the
canal at the L1 level, the risk of cervical contact with the root canal was higher in men than in
women. Studies in women have shown that incisor root divergence increases with increasing
canal width, which islogical. For men aged 13 to 30, this correlation was negative; the wider
the canal, the more parallel or convergent the roots were. The analysis of the inclination of the
incisors and the inclination of the incisive cana showed a very strong relationship, especialy
in the age group from 13 to 20 years. In women, canal inclination increased with the posterior
movement of the incisors, while in men the situation was the opposite. Analysis of the canal
width and the distance between the most mesial point of the root and the tangent passing
through the most forward point of the incisive canal showed a negative correlation in all age

groups of men. The wider the canal, the smaller the distance between the roots and the canal.

Conclusions

1. The comparative analysis of the ANB angle and the Tau angle in the assessment of sagittal
discrepancy confirmed that the ANB angle remains the basic parameter for diagnosing skeletal
sagittal disorders. The popularization of the Tau angle requires prior education of orthodontists.
The repeatability of marking measurement points and the assessment of the individual bone
envelope are important for correct diagnosis and selection of treatment methods. Human error
may affect the measurement process and its interpretation. For maximum reliability, the most
stable and repeatable anthropometric points should be identified, regardless of the direction of
growth and orthodontic treatment used. However, it is important to remember that no method
iscompletely error-free, and in some situations, the results obtained may require validation with
an alternative method.

Studies focusing on cephalometric analysis usually focus on one ethnic group, which may lead
to misinterpretation of the results. Repeatability, assessing the degree to which measurements
performed by the same operator overlap, and reproducibility, assessing measurements
performed by different operators, are crucial for accurately assessing the relationship between
the jaw base, alveolar ridges, and teeth in both the sagittal and vertical dimensions. In the case
of a new, unknown, and previously unperformed measurement, there is a high risk of human
error. A Dahlberg error greater than 0.1 indicates the need to teach orthodontists how to mark
anthropometric points included in the measurement.

2. Contact between the incisor roots and the incisive canal increases the risk of root resorption.

When conducting orthodontic diagnostics using 3D imaging, the anatomy of the incisive candl
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system should be considered. The risk of resorption complications can be minimized by
carefully planning the extent of displacement and torque of the incisor roots and potentially
using incisal brackets with a built-in larger angle. The width of the incisive canal varies by
gender, with the anteroposterior length of the canal largely dependent on its width. The
inclination of the canal correlates with theinclination of theincisors across different age groups.
The width of the canal is influenced by the sex-dependent position of convergent or divergent
incisors. The lamina compacta surrounding the incisive canal is the first to interfere with the
incisors during retraction, potentially causing resorption. Severe inclination of the incisors
should be addressed as early as possible during adolescence, a period of high remodeling
capacity and orthodontic movement alongside bone growth. At this stage, the incisive canal,
whose inclination is affected by the incisors, may also have a greater capacity for
reconstruction. Understanding the anatomy of the incisive cana and utilizing 3D imaging in
high-risk patients can prevent incisor root resorption by considering individual anatomical
conditions when planning orthodontic tooth movements.

3. Bilatera corticotomy and the use of mini-implants for en masse retraction are effective
methods for torque control during incisor retraction in orthodontic treatment. The application
of vestibular mechanics and an additional tube in molar brackets, providing effects similar to
an intrusion archwire, has been examined in studies with potential bias due to various
influencing factors. The patient's age does not significantly impact torque control. Significant
bone loss occurs during incisor retraction, reducing the distance between the bone surface and
the root surface on the palatal side. The extent of this change varies with the degree of incisor
displacement and inclination, affecting the position of the root tips. This change is more
pronounced in adults than in adolescents, explained by the declinein cellular activity with age.
The decreased rate and intensity of cellular changes in adults may account for the reduced
capacity for remodeling as they age. In adults, orthodontic movement occurs through the bone,
which often does not adapt to the new tooth positions. The palatine cortical plate should be
treated as an undamaged barrier l[imiting the range of planned incisor movements.

Theuseof 0.017*%0.025 SS archwiresin MBT 0.018 brackets provides excel lent torque control,
leading to precise axia displacement of teeth. When optimal forces of 180-200g/side are
applied, thereisno risk of root apex resorption due to the even distribution of light and medium
hydrostatic pressure (ch) in the periodontal ligament (PDL). However, applying triple
orthodontic forces (600-640 g/side) may initiate the resorption process by occluding the
capillaries, and attempting to align the dental arch with significant dento-alveolar discrepancies

may result in fenestration of the vestibular plate of the alveolar process. The use of high-quality
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nonlinear finite element analysis (FEA) models is recommended to provide reliable,
comparable, and realistic simulations that closely resemble oral conditions.
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5. Wprowadzenie

Wady klasy II dominuja zarowno w populacjach kaukaskich Europy potnocnej, sSrodkowo-

wschodniej jak i1 w populacjach pochodzenia indyjskiego[1]. W Polsce wady klasy II sg rowniez
najczesciej wystepujaca wada zgryzu, przy czym dominuje podtyp zwigzany z protruzjg siekaczy
gérnych. Na drugim miejscu sg wady poprzeczne w postaci zgryzow krzyzowych. Czgstos¢
wystepowania wad zgryzu ros$nie tez z wiekiem|2].
Diagnostyke wad klasy II oraz roznicowanie wad szkieletowych i zebowych przeprowadza si¢ na
podstawie badania zewnatrzustnego, wewnatrzustnego, analizy modeli oraz badania
radiologicznego w postaci analizy cefalometrycznej. Przyczynag wad klasy II moze by¢
retrognatyczna zuchwa, prognatyczna szczgka lub potaczenie ich obu. Podloze moze miec
charakter morfologiczny lub czynno$ciowy.

W badaniu zewnatrzustnym charakterystyczne cechy wskazujace na szkieletowa wadg
klasy II to cofnigta brodka, poglebiona bruzda wagowo-brodkowa, cofnigta warga dolna. Czgsto
zaburzeniom przednio-tylnym towarzysza tez zaburzenia pionowe. Wewnatrzustnie oraz podczas
analizy modeli mozna zauwazy¢ petna lub czgsciowa klas¢ II wg Angle’a. Klasa Il wg Angle’a
okresla takie potozenie tukow zgbowych, w ktérych dolny trzonowiec ustawiony jest dotylnie w
stosunku do gornego. W zaleznosci od rodzaju wady moze wystepowac I lub II klasa ktowa, a
siekacze gorne moga by¢ wychylone, przechylone lub moga mie¢ prawidtowa inklinacje, co jest
dodatkowo okreslane jako podtyp II/1 lub II/2. Niedostateczny lub nadmierny wzrost szczgk
zwykle w konsekwencji powoduje rowniez nieprawidlowosci w zgryzie. Diagnostyke wady w
wymiarze strzatkowym 1 jej podioze umozliwia analiza cefalometryczna, w ktorej uwzglednia sig
szereg pomiaréw, miedzy innymi pomiar katdéw SNA, SNB oraz ANB, w celu okreslenia podtoza
wystepujacego zaburzenia. Okreslenie czynnika, najbardziej przyczyniajacego si¢ do powstania
wady — zbyt dotylnej pozycji zuchwy lub/i wyrostka zebodotowego wraz z zgbami zuchwy albo
zbyt doprzedniej pozycji szczeki lub/i jej wyrostka zgbodotowego wraz z uzebieniem — powinno
warunkowac zastosowanie odpowiednigj formy terapii [3]. Najczgéciej wykonywanym pomiarem
jest kat ANB, ktorego zwickszenie wskazuje na relacje dotylng szczek. Dodatkowo takie
parametry jak WITZ, katy Tau, Yen, SAR, W, DW, Pi i analiza linijna Pi oceniajg relacje sagitalne
podstaw szczeki 1 zuchwy oraz wzbogacajg ztoty standard analizy w postaci kata ANB. Na
doktadno$¢ pomiaréw wplywaja pewne parametry takie jak powtarzalno$¢ i1 tatwo$¢ okreslania
poszczegblnych punktow oraz odmienno$ci anatomiczne struktur twarzoczaszki oraz ich wzrost.
Sa one zwigzane miedzy innymi: ze stabilno$cig kata ANB na skutek zmian wzrostu oraz
niestabilnos$cig potozenia punktu N, co ma wplyw na wielkos$¢ 1 klarownos$¢ kata ANB podczas
wzrostu; zmianami w pomiarze dtugos$ci podstawy czaszki, ktore rowniez wplywaja na kat ANB;

rotacja klykcia w stawie skroniowo-zuchwowym, ktora wptywa na zmiany relacji strzatkowe;
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podstaw szczeki wzgledem siebie oraz rotacje zuchwy podczas leczenia ortodontycznego; oceng
WITS, ktora jest zwigzana z niestabilnoscig ptaszczyzny zgryzowej; oceng kata W, mierzonego
pomiedzy prostg prostopadia do punktu M na prostej SG a prosta MG, w ktérym wykorzystuje
si¢ punkty M i G, ktore sg stosunkowo stabilne i nie ulegajg relokacji na skutek przebudowy
zwigzanej z ruchami z¢bdw, to punkt S jest natomiast wysoce niestabilny, poniewaz podczas
wzrostu porusza si¢ do tytu 1 w dot; niedoktadnoscig 1 trudnos$cig wyznaczenia kata Beta, ktory
wykorzystuje trzy charakterystyczne elementy szkieletu — punkt A, punkt B i wydatng o$
ktykciowg - analiza kata beta opiera si¢ na punkcie A jako punkcie orientacyjnym, a zmiany jego
polozenia wiaza si¢ z przebudowa zgbodotu wynikajaca z ruchdéw ortodontycznych a dodatkowo
okreslenie potozenia kiykcia zuchwy moze by¢ trudne, co w konsekwencji ogranicza
wiarygodno$¢ kata Beta; oceng kata YEN opierajacego si¢ na punktach orientacyjnych S, M
(srodek przedniej czgsci szezgki) 1 G (Srodek w dolnej czgsécei spojenia), ktore razem tworza kat
YEN mierzony w punkcie M - niedoktadnos¢ wynika z faktu, ze punkt G w trakcie wzrostu
przesuwa si¢ w sposob przypominajacy litere ,,S”’[4].

Leczenie wad klasy II jest uzaleznione zar6wno od przyczyny jak 1 wieku pacjentow. W
trakcie wzrostu przeprowadza si¢ najczgsciej leczenie czynnosciowe, ktoére moze wplynaé na
poprawe relacji szkieletowych. Natomiast w przypadku pacjentoéw dorostych mozliwe jest
leczenie ortodontyczno-chirurgiczne lub kamuflaz wady. Leczenie kamuflujace wad klasy 11/1
czesto wymagaja ekstrakcji gornych przedtrzonowcdw oraz retrakcji segmentu zgbow przednich
— podobne postgpowanie dotyczy leczenia rowniez innych wad, takich jak: protruzji zebowo
wyrostkowej czy dekompensacja przedoperacyjna wad klasy 111 . W trakcie tego etapu moze
nastgpi¢ osiowe cofanie zebow, ich kontrolowane lub niekontrolowane nachylanie. Efektem
kofncowym jest nie tylko zmiana inklinacji oraz pozycji strzalkowej siekaczy, ale czgsto
powiktanie w postaci niepozadan€g resorpcji korzeni tych zebéw oraz zmiana objetosci wyrostka
zgbodotowego szczgki, a takze dehiscencje.

Zastosowanie sity ortodontycznej powoduje napr¢zenia w obrebie wiezadla przyzebia
(PDL), ktore przekraczajac ci$nienie krwi w tetniczkach wtosniczkowych, powoduja hialinizacje,
niedokrwienie i martwice sasiadujacych tkanek, cementu korzeniowego i kosci wyrostka
zebodotowego. Komorki znajdujace si¢ w poblizu obszaru martwiczego moga inicjowac resorpcje
korzenia[5]. W zwigzku z tym ustalono korelacje pomigdzy nadmierng silg ortodontyczna,
skutkujaca utrzymujacym si¢ wysokim poziomem stresu w PDL, upos$ledzonym przepltywem krwi
1 indukowang ortodontycznie resorpcja zapalng korzenia zgba (OIIRR)[6]. Jednakze dokladne
przyczyny OIIRR pozostajg nie do konca wyjasnione. Jego etiologia jest szczegdlnie ztozona i
nie do konca poznana. Oprocz wspomnianych powyzej nadmiernych sit ortodontycznych, na
szereg czynnikdw wpltywajacych skladajg si¢ predyspozycje genetyczne, czas trwania leczenia
ortodontycznego, stopien przemieszczenia ze¢ba oraz charakter zastosowanej sity, zardwno

28



ciaglej, jak i przerywanej. Granica maksymalnej retrakcji siekaczy jest od lat przedmiotem
dyskusji. Przyjetym standardem, zgodnie z zakresem rozbiezno$ci ustalonym przez Profitta i
Ackermana w 1994 roku, jest mozliwos¢ retrakcji gornych siekaczy o okoto 7 mm[3]. Okreslenie
tych wymiardéw przeprowadzono na podstawie radiogramow 2D i obecnosci ptytki korowej. W
dobie powszechnej dostgpnosci badania CBCT z mozliwos$cig zastosowania TISAD, mozna
doktadnie i1 indywidualnie przeanalizowa¢ anatomi¢ kazdego pacjenta, dopuszczajgc mozliwos¢
zastosowania retrakcji powyzej 7 mm|[7]. Zastosowanie retrakcji charakteryzuje si¢ dtuzszym
czasem leczenia, zastosowaniem wickszych sit oraz przesunieciem zgba na wigkszg odleglos¢ w
poréwnaniu do innych strategii leczenia. Uwaza si¢, ze wszystkie powyzsze cechy mogg by¢
przyczyna OIIRR[8,9]. Resorpcja korzenia zeba podczas leczenia ortodontycznego jest jednym z
najczestszych powiktan jatrogennych[8]. W ostatnich latach, w wyniku rozwoju obrazowania 3D,
zwrocono uwage na kolejny wazny element, jakim jest kanal przysieczny i jego zwiazek z
korzeniami siekaczy gornych.

Kanat przysieczny, zwany takze kanalem nosowo-podniebiennym, to potaczenie miedzy
jama nosowa a jama ustna, zawierajace naczynia i nerwy. Jest to czgsto pomijany element w
procesie planowania leczenia ortodontycznego, a otoczony jest stosunkowo gruba plytka
korowg[10,11]. Poniewaz istniejg dowody na wptyw ptytki korowej policzkowej 1 podniebienne;j
na indukcje resorpcji korzenia, analogicznym czynnikiem moze by¢ ptytka korowa kanatu
siecznego. Kanal przysieczny stuzy jako potaczenie migdzy jama ustng i nosowa. Konczy si¢ w
jamie ustnej w dole siecznym, ponizej brodawki przysiecznej, bezposrednio za goérnymi
siekaczami srodkowymi. Jest otoczony z kazdej strony grubg koscig korowg 1 zawiera nerwy 1
naczynia zaopatrujace gorne siekacze 1 przednig cze$¢ podniebienia. Ocena 1 znajomos¢ cech
anatomicznych kanatu przysiecznego, jego budowy, wielko$ci i zmian nachylenia w zaleznoS$ci
od wieku, plci, a takze parametrow decydujacych o potozeniu siekaczy szczeki moze skutecznie
zapobiega¢ powaznym powiklaniom leczenia ortodontycznego, takim jak resorpcja korzeni.
Wymagaja one dalszych badan ze wzgledu na niedostateczng ocene¢ tego obszaru na rutynowo
wykonywanych zdjeciach panoramicznych i cefalometrycznych. Natomiast doktadna kontrola
torku zapobiegajaca nadmiernemu przychyleniu siekaczy goérnych oraz spersonalizowane
planowanie polozenia siekaczy w istniejacej kopercie kostnej sa niezbedne dla zachowania
zdrowych korzeni.

W praktyce kliniczng, w leczeniu aparatami stalymi cienkotukowymi stosuje si¢ dwa
rodzaje slotéw zamkoéw ortodontycznych: 0.018 1 0.022 cala. W zaleznosci od zastosowanego
slotu dobiera si¢ odpowiednie rozmiary tukdéw stalowych, na ktorych prowadzi si¢ pozadany ruch
ortodontyczny. Poniewaz celem leczenia ortodontycznego jest uzyskanie optymalnego ruchu
z¢gbow oraz poprawa profilu pacjenta, przy minimalnych efektach ubocznych, w przypadkach

nasilonych wad konieczne jest dodatkowo zastosowanie miniimplantow ortodontycznych jako
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zakotwienia szkieletowego w celu uzyskania maksymalng retrakcji siekaczy. Kombinacja
zastosowanych zamkow, tukow, wektorow i1 wartosci sit oraz metod ortodontycznych w
potaczeniu z anatomig wyrostka zebodotowego szczeki ma przetozenie na ruch ortodontyczny
oraz ewentualne dziatania niepozadane w postaci nadmiernego przechylenia siekaczy, kontaktu z
blaszka zbitg lub resorpcji korzeni gtownie siekaczy gornych.

W wyniku przylozonej sity ortodontycznej w periodontal ligament (PDL) pojawiaja si¢
naprezenia, ktoére po stronie nacisku powodujg resorpcje kosci a po stronie rozciggania
nawarstwianie nowej tkanki kostnej. Napre¢zenia, ktore przekraczaja cisnienie krwi w tetniczkach
wlosowatych powoduja hialinizacje zwigzang z niedokrwieniem 1 martwicg tkanek,
przylegajacego cementu korzeniowego i kosci wyrostka zgbodotowego. Komorki znajdujace sie
w blisko strefy martwicy moga zainicjowac resorpcje korzeni. W zwiazku z tym wykryto zwigzek
pomiegdzy zastosowaniem zbyt duzej sity ortodontycznej powodujacej zbyt duze i stale naprezenia
w PDL i zahamowanie przeptywu krwi a ortodontycznie indukowang zapalng resorpcja korzeni
zegbow (OIIRR)[6]. Wartosci ci$nienia hydrostatycznego w PDL wynikajace z zastosowanego
leczenia ortodontycznego oraz jego rozklad na korzeniach nie sg mozliwe do zmierzenia w
warunkach klinicznych. Moga by¢ jednak ocenione na podstawie analizy modelu metoda
elementow skonczonych (FEM). Pozwala ona zasymulowa¢ zlozone sytuacje naprezen
mechanicznych w obszarze szczeki, wyrostka zebodotowego 1 zebow. Analiza wynikow moze
wykazaé, ktore obciazenia 1 w jakich lokalizacjach moga przekraczaé ci$nienie panujace w
naczyniach krwiono$nych ozgbnej i skutkowaé powiktaniem w postaci resorpcji korzeni.

Z powyzszych rozwazan wynika, ze w celu osiggnigcia optymalnych wynikéw leczenia
konieczne jest przeprowadzenie precyzyjng diagnostyki, zastosowanie optymalne biomechaniki
leczenia oraz uwzglednienie indywidualnych cech anatomii pacjenta w celu uniknigcia

jatrogennych powiktan w czasie leczenia ortodontycznego.
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6. Zalozenia i cele pracy

Celem pracy doktorskiej byto okreslenie powiktan w trakcie leczenia wad wymiarze strzatkowym,

a w szczeg6lnosci:

1 Okreslenie wartosci 1 doktadnosci diagnostyki cefalometrycznej wad w wymiarze
strzatkowym.
2. Ocena wptywu réznych czynnikoéw na ryzyko resorpcji siekaczy goérnych w wyniku

kontaktu z blaszkg kanatlu przysiecznego
3. Ocena biomechaniki retrakcji zgbow gornych w aspekcie ryzyka wystapienia resorpcji

korzeni z¢bdw siecznych oraz zmiany objetosci kosci wyrostka zebodotowego szczeki.

Zatozone cele badawcze zrealizowano poprzez przeprowadzenie 3 projektow badawczych oraz 4

przegladow systematycznych, a kazde z badan stanowito podstawe do artykutu wspottworzacego

cykl.
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7. Material i metody

W ramach cyklu, na podstawie przegladu systematycznego 1451 artykutow (praca 1),
dokonatam analizy dostepnej wiedzy na temat doktadnosci rdéznych metod diagnostyki wad
strzatkowych. Okreslitam, na podstawie dostepnej wiedzy, skuteczno$¢ réznych pomiarow
cefalometrycznych stuzacych do okreslania pozycji podstaw szczgki i zuchwy w wymiarze
wertykalnym i strzatkowym. Wykazatam, ze diagnostyka ortodontyczna przy uzyciu dotychczas
stosowanych wskaznikow antropometrycznych zostata wzbogacona o nowe katy Tau, Yen,
SAR, W, DW, Pi i analiza linijna Pi oceniajace relacje sagitalne podstaw szczeki i zuchwy
wzbogacajace zloty standard analizy w postaci kata ANB. Okreslitam réwniez mozliwos¢
zastosowania nowych kata R, ptaszczyzny zewnatrzustnej KR oraz plaszczyzny gérnej granicy
tuku jarzmowego do oceny relacji wertykalnych. Na bazie dostepnej literatury wykazatam, ze
dotychczas uzywane w diagnostyce cefalometrycznej wskazniki pomiarowe dla oceny relacji
sagitalnej 1 wertykalnej utrzymuja swoje zalety wobec umiarkowanych i stabych dowodéw na
jako$¢ nowych wskaznikow do ich oceny.

W pracy oryginalnej dokonatam samodzielnej weryfikacji zakresu, zaleznego od lekarza,
blgdu pomiaru w dostgpnych metodach analizy cefalometrycznej (praca 2. analiza
przeprowadzona przez 29 ortodontéw). Zbadatam wiarygodnos¢ dwodch roznych metod
pomiarow cefalometrycznych stuzacych okreslaniu strzaltkowej pozycji szczgki 1 Zuchwy.
Wykazatam, zZe uzyskane wyniki po zastosowaniu narzedzi statystycznych wskazuja, ze
dyspersja poziomych wspotrzednych punktow determinujacych kat ANB jest mniejsza niz w
przypadku kata tau, wigc wartoSci kata ANB cechujg si¢ mniejszym btedem pomiarowym niz
wartos$ci kata tau. Wykazalam rowniez po zastosowaniu wspotczynnika Kappa Cohena Ze kat
ANB nadal pozostaje podstawowym parametrem do diagnozowania szkieletowych zaburzen
strzatkowych, a upowszechnienie kata tau wymaga wcze$niejszego edukowania ortodontow.

W dwoch kolejnych przegladach systematycznych zbadatam zakres dostepnej wiedzy na
temat czynnikow mogacych wplywac na biomechanikg retrakcji siekaczy szczeki (praca 3: 3175
artykutow, praca 4: 1401 artykutow). W pracy 3 dokonatam analizy dostepnej wiedzy dotyczacej
metod kontrolowania pozycji siekaczy, podczas ich retrakcji w toku leczenia kamuflujacego wad
klasy II. Wykazatam, Zze dwustronna kortykotomia oraz zastosowanie miniimplantoéw do
retrakcji en masse sa nagjlepszymi i skutecznymi metodami kontroli torku podczas retrakcji
siekaczy w leczeniu ortodontycznym. W pracy 4 zbadatam zakres dostepnej wiedzy w zakresie
charakterystyki remodelingu kosci wyrostka zgbodotowego w czasie retrakcji siekaczy szczgki.
Analiza dostgpnych publikacji wykazata, ze w wyniku retrakcji siekaczy nastepuje znaczna
utrata kosci, co zmniejsza odleglto$¢ miedzy powierzchnig kosci a powierzchnig korzenia od
strony podniebienng.
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W kolgng pracy oryginang (praca: 5) dokonatam analizy biomechaniki retrakci
zgbow szczeki w przypadkach ekstrakcyjnych i nieekstrakcyjnych za pomoca nowatorskiej
metody nielinearnej analizy metoda elementow skonczonych. W tej pracy okreslitam wartos¢ sit
retrakcyjnych mogacych skutkowac przekroczeniem progu naprezen optymalnych w wiezadtach
ozebnej. Przedstawitam analize naprezen w ozgbnej wykonang metoda elementow skonczonych,
na nowatorskim, nielinearnym modelu szczgki, w trakcie retrakcji zgbow gornych. W badaniu
jako zmienne badane uwzgledniono retrakcje en masse segmentu zgboéw goérnych przednich do
miniimplantu (TISAD) umieszczonego w okolicy pomigdzy drugim zgbem przedtrzonowym a
pierwszym trzonowym oraz dystalizacje¢ catego tuku rowniez do TISAD przeprowadzong na
tuku 0.017*0.025 SS w zamkach slotu 0.018, z uwzglgdnieniem r6znych wartosci sit i wysokosci
haczykow wplywajacych na wektor zastosowanej sity. Wykazalam, Zze optymalnie tuki
0,017*0,025 SS w zamkach MBT 0,018 zapewniaja doskonatg kontrol¢ torku, prowadzac do
precyzyjnego osiowego przemieszczenia z¢bOw, przy zastosowaniu optymalnych sit 180-
200g/strong nie ma ryzyka resorpcji wierzchotka korzenia.

Na podstawie dostepnej wiedzy, poprzez przeglad systematyczny 1862 artykutow
(praca: 6) okreslitam ryzyko resorpcji siekaczy szczeki, w trakcie ich retrakcji, w zwigzku z
kontaktem z blaszka zbita kanatu przysiecznego. Okreslitam obecny stan wiedzy na temat
wplywu morfologii kanalu przysiecznego na mozliwo$¢ wystepowania resorpcji korzeni
siekaczy gornych w trakcie ich retrakcji w toku leczenia kamuflujagcego wad klasy II
Wykazatam, ze kontakt korzeni siekaczy z kanatem przysiecznym zwigksza ryzyko resorpcji
tych korzeni.

Na tej podstawie zaplanowatam badanie oryginalne, opublikowane jako praca7, w ktore;j
dokonatam analizy badan CBCT 67 pacjentow. Dokonatam klasyfikacji morfologii kanatu
przysiecznego pacjentow, w zaleznosci od wieku i plci. Na tej podstawie stworzytam wykaz
zalecen dotyczacych unikania ryzyka resorpcji korzeni siekaczy gornych w trakcie ich retrakeji,
w zwigzku z kontaktem ze §cianami kanatu przysiecznego. Przeprowadzone przeze mnie badania

wykazaty rozng szerokos¢ kanalu siecznego w zaleznosci od pici.

8. CyKkl publikacji stanowigcych podstawe pracy doktorskiej
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Abstract: Cephulomnetanc analyais b an essencial ol wed in orthadontic diageoes and teatment
placwieg, The madis obpctives of corsect oo phiaborueteic analysss kckode esolv g areeopotetion
a0 vertical maxihary and mandibalar base discrepancies. For a disgrostic tood to be of value, It
shoukd be peacise, sedlable and speoduchle. Unfortunately. aoooeding o soase stadies, the accurxy
of tnput and, therelone, the diagnostic l\‘l})bdll‘y of scome of the poants and measuremenss may not
b sassfactory. To thin end, new cephal i axv being deviloped with incrvased
procison. [n andor te propoely and definibvedy deturmine tho waefuliness of a given messsmomone in
cephalumetric dagrosis. I s sooeeary o comy vut 3 orecal evalustion of &y aikbde studies. The o
of this syaheman neview was 1o evalaate the avallab ke colontiic lratune describing new Lndmarks
and seference bmwar and anguler messurements of 20 cephalometric analyses assessing the sagtal
s verthoa! discrepancy In the posstion of jaw hases since the L syssematic review in 2003 The
modnrr um Wi 1o amsess the socsiracy and relistility of new antheopometnic Jandrearks and

in relation 1o thowe uwed MMMW"} i relation to growth and
mth\lmmm:nnwm& To carry out the i dodd plan, eloctrime databuses sach s PubMad,
Scholir Google, Web of Scierce and oo Quest were searched using specific keywords. Inatlally,
& total of 1451 articlies were retrieyed. Then, duplicate artichs in all dasabases weee eacludod from
the resulting publications, The resulls showed that despite sich 2 high rumbes of arscies published
In precreviewed schenadic mumals anly 12 studies on new cephakoanetric aealyses in the sagpital
plane and 3 stodies oo new cephalometnc analyss in the hieizontal plane met the criterio snd, sr 2
newult, weew included in the review.

Ky ds: cefrhial I dety s sagittl s pancy, Wwitheal discoepancy

1. Introduction

Methads of conducting the cophadometrie analysis of lateral head radiographs In two-
dimensaonal vissalisation have deen developed since their piooeering sse by Broadben! in
the USA and Hofrath in Germany that took place in 1931 [1-8] Since then, cephakimetric
amalysis bas been ome of the basic instrume s usesd routinely in the diagnoss and planming
of orthodontic treatment [ 4], Althaugh caly a small parcentage of arthodontic treatment
plans are modified 9] on the bass of cephalometric analyss [1], it results allow the
orthedontist to plan 2 compeehensive therapeutic process that is Improved [2]. A correct
cephalometric analysis is particulady impartant in bordesline cases when an extraction or
orthegnathic /surgical treatment plan is considened [4]

Admittedly, modem orthodontics Is inoeasingly using CBCT imaging. However,
ghven the number of scluntific studivs on 20 cephalometric analyses and the nead for
the radickogical protection of the patient, 20 lateral cephalograms remain the peimary
diagnostic examinaticn in arthodonti assessment and treatment plaaning.

Oapeution 2022, 37, 1735 Witpe [ dadang /03330 dlagestic 07T

retpa / Dwwowanedpl oo esumal [ ilegrention
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To date, many new analyses have been developed, each contaiming some rew mea-
suremuris arsd Jor sefurence values [2], Disprte the numeroas paguers published = poer-
reviewed scientific journals in this field [1], the actual values of this imaging techadgue in
otthodontc trvatment planneng s 0ot been sciontifcally proven. This = maindy due to
the Irstability of the seferonce poinits used in cophalometric diagnoesls in welaton to changes
in growth type amd the therapeutic process usad. Dae to the inacouracy and differences in
the Inderpretation of the positions of mumerous Badmarks in 2D kteral cephalograms, new
landmarkssne besng soaght that will not change bacation dunng te growth prooess or s 3
result of tooth movement during treatment. Examples of such measusements incude:

L YENaagk formed by the polnts S, M, G defining the sagittal relaticnship between

e msiila and the mancible, first described By Noed et al. in 2008 [10].

2 Panalysis referring to the angular measurement Pi (CCM| and the linear measuses

ment P (GM based on the points G, M from which the perpendicular 5oes (o the trae

horlzantal plare In the natural position of the head, defining, the sagittal refationship

Busbween the maxilks and the mandible [11], finst described by Kumar et al, in 2002 [12]

W oangho farmwd by the paings S, M, & defining the sagittal ndationship between the

maxilla and mandible, first described by Bhod etal, in 2000 [13]

SAR angle foemed by the points M, G, W, delining the sagittal jow base disceepancy,

described by Scoahits et al. i 2015 [14]

DW angle using Walker and Wing (W) points (o assoss the sagiisal discrepancy,

described by Hatewar et al. in 2085 [15]

Tau angle formed by the polnes T, M, G, defining the sagittal relatinship betwsen the

maxilla and the mandible, first described by Gupta et al. in 2020 6]

Rangle formud by the points N, C, Me b sssess the vertical discropancy, liest discribed

by Rizwan and Mascarenbas i 2013 [10]

B KP (extraornal) phiow and points NS, SAE bilaterally bo agsoss the vertical discoepasey,
first descriped by Kattan et al in2018(17]

9. Superior border of the Zygomabic arch to assess the vertical discrepancy as an albeena-

thve to the Frankfurt hortzontal lne Introdoced by Park et al, in 20149 [24]

However, to confirm the diagnastic effectiveness of the above-mentioned measure
s, 1 s iecessary 10 carry out a thospugh analysis and compariaon of studies vn theis
use. The aim of this study was to evaluate the available scientific literature describing new
lanhmarks and redenence finear ared angulac meassaeements of 20 cophalometssc analyses
assessing the sagittal and vertical discrepancies in the positions of jaw bases.

2. Methods Protocol and Registration

The peotocol for this review was registered on the International Praspective Register
of Svstematic Keviews [FROSPERO) database (CRD. .. ) avallable fram hitpe / /wwiwond
vorkac uk/prospero . {accessed on | February 20122), The present systematic review
was conducted according 1o the Preferned Reporting [tums for Systematic Ruviews and
Meta-Analyses (PRISMA) [ 19] and the Cochrane Handbook for Systematic Reyvwews of
Interventions (0], The PRISMA Bow diagrams summarize all steps in the selection of
Included studies, were built using an anline teal [21] and included edigibality crisersa and
study participant characterisgics. The eligibility criteria foe the included stadies were
dedired considering the PXIO strategy. The types of studies induded in the systematic
review were rimdomazest controlind frisls, nonrandamizect cenical trisds, and observational
studies. Case reports, case series, ketters, comments, shart communicatians, pliol studies
{tem patients or fewer), animal studies, in vitro studies, in slico studes, and literature
reviews were exduded. The elighle studies were fulltext articles in English and Russian
with pubbcation date during 2008 ta 2021,

5. Information Sources and Search Strategy

The search was pesformed in the clecsrone databases PubMed and Web of Scienoe,
Schwolir Google and Pro Quest were used for the ddentification of the regsters and protocols

S T

b
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for the clinikal tnaks. The manue! search was achieved through examining the biblicgraph-
ical svfervnoes of the studivs mcuded in S seviews. Thas search wae carried put from
September 2121 to Daecember 2021, The keywords and algorithms wsed foe the search strats
gy are shown in Tabde 1, Two reviewers (IK and PS) performed the searchy arsd seloction,
In the absence of unanimity between the researchers, MS had the finad say.

Table L. The algoritheres used In the search stratogy updated for each datbase and qoestion,

Population: Patients with octhod envthe toss o
Irserventioers aphalometric 20
R Cwmol sagittal anadyses, Q2 « horacosal anadyss
gy licwtorr 0f sagrittal hysplosan: YEN ungho, W amgle, T angle, Tas srghe, SAR angghe,
ODl APTH, lllNu'de W plane, AF-6%,
Anathes anaysis ANB Angle, Wits markee. ROC, beta anghe, Downs angle, All plane argle

QF = Wich ks the oot on the rew lmdmﬂ&mdmlwummln mmm wsalvaes v5
K 4 1 comventional asalyses of the aagittal nkationabgs of e jaws
S 02 = Wich ks the etfect om the new landmarks and measunesmens in the cephaloasetne aoalyses vs
comeentional analyses of the horinoosl relationships of the jaws

pumsher SATERISIS  Atgariehims usasd i O sesanchy stratigy acapd e each dotabee and qecstion

Ql Copdulomutr® asd (cothodontic® ce “cethodanti treatimer planning”) and {'efficac” or
or ‘repeatability’ o “reltabaity’ ar ‘zooarcy” or ‘vall ar “validathon’ or “peecistnn’

ur varabibty or efficlency’ or ‘compartson’) and (YEN Angle or W lzz;uv P Argle or Tau Anghe or
SAR Asgle e ANB Angle or Wits ssarkir ar ODI ar AFDI oe ROC o0¢ Beta Angle or Dowire Asgle oe
AE plane Angle or HEN Angle oo DW plane or AFBF) st |'Cone-Boam Companed Tomagrapin or
“Theee-Dimensioral imaglng or Cone Beam Computed Tosography’ o ‘Cone Beam CT° or
‘Nolumetnc Computed Tomography” o “Wiume Computed Tomograghy " o “Yohene CF or
“Nolumetne CT" or ‘Cone beass CT' or ‘CHCT o “digital velume tomegraphy’ o ‘DVT or *Spiral
Camputed Tomography ' oo Sptaal Computee-Assistod Tomography’ o Speesl Computeriasd
Tomography” o ‘splral CT Scan’ ar “spéeal CT Scare” ar Hhelical CT o "Helical CTS or "Holical

PubMed Comgutnd Tomography' o Spical CAT Scan’ o “Sparal CAT Scans’ e "I o 34 oe “heew
Q=140 dimereton™) ] AND (7203501 /" Wkﬂml 30 [Date—Completon i)
Q2 « 1151 %) Q- Cquomek‘M(au dontic® o “ceibodontic teatient planaing ) aod {‘efficny” or
g doacdselity” o 'npeatability’ ur sliabelaty” or ‘acosracy” or ‘validity’ or ‘validetion’ or “pescision’

ar vambuny or "effkcency’ or ‘compacieon’) and (OD] or DW plane o zygomatic arch oc foraming of
thae trigeminal nerve landmarks or Frankfurt b oo cebitningotic Bexe or gonial saghe or AFBF) oot
{'Coow-Beonm Compumad Tomagrapin or “These-Dimensional imaging” or ‘Cone Besen Computed
Toenngraphy” or ‘Cone Beam CT or *Volumetric Compested Tomography or ‘Volume Compited
Toemugraphy’ of "“Vodume CT7 o “Volametric CF o "Cone Baam CT7 o CBCT or 'digitd volume
tnagaaphn” o DVT af *Spiral Compated Tomogaaedn” or ‘Spaeal Campuios-Assasesd Tomoggapin
or "Speed Computer aod Tomography” or sporal CT Scan o “spenal CT Scans’ o 'Helical CT ar Helesd
C1¥ or "Helical Computed Tomography® or Splral CAT Scan’ o1 Spanl CAT Scaes’ o0 10 or 30" or
‘e dimersson ) AND (720850 100 Duse—Cormp hetiom]: * 300" [ Date—Complitoni|
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STLEN]

Tabbe L Cont.

Lncggle Scholar
Qi=7T{n
Q=0

PFro Ques
Q1 =11242)

Ql « Ceptalometr * and (orthodontis * or cmodwncuulmemgnlnmmg)and 'efticacy’ oe
prodockility o rability ' o ‘ot abslioty” or ‘socwnincy” or ‘validity” or ‘validition” or ‘peecision”
or “variabdty’ or dﬁnm ur “comparison’) end (YEN Angle oo W Angle or Pi Argle or Tau Anghe or
SAKWeotANIlAq;l:mwmnuhemr(\)I ar AFD] or ROC or Beta Angle or Dosvre Angle of
AB plarw Anghe or HEN Anghe or DW plane ur AFBF) not |'ConeBeam Compated Tomography” o
“Theee-Dimensiomal imaging” or ‘Cane Beam Computed Yomograpby” oe ‘Cone Beam CT or
‘Nolumetnc Compuated Tomography’ or “Viodume Computed Tumograghy* o “Volume CT or
Volumetsic CT" e 'Cooe bewss CT° or 'CBCT or “digital volunw tomography” of VT ar ‘Spiral
Corgrutind Towography' oo Spical Comprate- Assisiod Tomopraphy " oo Speral Comgruteriaed
Tomography” oc "spiral CT Scan’ or “spieal €T Scans” or Helicol CT° o0 "Helical CTS or "Helial
Computed Tomography” o Splral CAT Scan’or 'Spiral CAT Scans’ ce 31 oc 300 or ‘dwee
dimemsson®) ) AND (17200501 /00" [Dvte—Commpbetion]: “3X0° [Date—Completion i}
12 = Cophalametr” and (orthodontic” oc “ecthadantic trestmeent planming) and (‘etficocy” ar
"reproduciility” o 'Nwaummy' OF Wl abdliey " or “acownacy” or valldity” or ‘validation’ or peecisiun’
ur ‘Variability” or “efficancy” o "coaguarson’) and mam\'y{ma 2ypematic anch oo Joramina of
th brigeminal nesve lndkamrks or francioet line or arbito ‘:afnht gonkal aegle or AF-0F) mot
1'Corne-Beam Competed Tomography” or "These-Dimensi umgln:.’ or 'Lone Beam Computed
n:angt.\yhv' or ‘T Boae CT o \hhlmmc.:mpuud Temagruphy” or "Volume Cosgraitnd
graphy’ or “Vol CT" o “Viotumetric CT o "Cone bvam CT o ‘CRCT or ‘digited volume
tomagraphy’ o "DV or "Spiral Compated Tomography” or ‘Speral Computer-Asssted
ur “Spdead Computedand Fosographn” or sparel CT Scan’ or spéal CT Scans' of Heleal CT7 o "Hidcd
CTY or "Helical Comngemed Tomography' or “Spiral CAT Scan’ ar Spanal CAT Som' or J0 ar 30" ar
“theee dimersion™) ) AND 112053/01 /05 Dite—Coompletion]: *3000°[Date—Completoni)

Cophabomets arsd ce ‘cathodontc analysis') and (2D bateral cephalometrytand (W angle
or YEN angfe or 7' ANgle or Tau Anghed

Wb of Scaence
Q=1
Q-0

Q1 = Copbalometr and {orthodontic or “onthodono analyss)
2 = Cophalametr and {orthodootic oc “nrthodoot: analyss)

4. Materials and Methods

To prepire the systerratic reviow, the electrosic datalass PubiMad, Coogle Sclwlar,
ro Quest, and Web of Science wene searched to find pisblications that met the inclusion
eritevia. Nosttangt was e s exploee informaBy publihed asticles, omferase mabermals
or abstracts of presentations given at scientific conferences. The search was conducted
fromms 20013, thw vnd OF the prvviis systematic sevies, o 2021, satended backwand o
2009 ta include analyses published between 2008 and 2013 that were not Included in the
provioas pablication,

5. Selection of Material

Artichs were inchaded in this publication in two stages. Ty the firss stage, fwo or-
thodontist reviewers (JK and I'S) independently reviewed PubMed, Scholar Google P'mo
Qhaent, andd Wobs 0 Scioncans uaing, ey won®s corsispanding (o th cribesis spocifind in e
paper [Table |} Studies efigible for mdusion in the systematic review were determined by
5w githe and aretract of Gaddy econd identifind by (he seanch.

Then, in the retrieved database of artiches, two reviewers made an inbal sedection of
articles that med the soarch critetin i accerdanos with the research kopic, Thw following,
were used 25 exclusion criterla:

s Publications in languages other than Englash and Russian;
Publications pubishud bofore 2009

Publications that appeared repeatedly in vanous databases;.
Pubdications whise fall teats wemw not made available caline,
Publications evaluating soft tissue analysis.
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After initial screening, abstracts of the retrieved publications were analysed and
cnteynrized by nessarch sopsc by wach of the two reviewrrs. At this stege, publications were
excluded according %o the following criterla:

s Article objectives wore irrefevant to the subject of this reveew;
o Artictes covered the topic of cone-beam comprisid lomography:
o Articles were related 0 three-dimensional analysis.

Fach artacle included i the next selection stage had 10 be favourably evalisssed by al
least oo o the mviewers; In the absence of unanimity, the thind eviewer had the casting
vobe. At thés stage, full texts of articles were downloadied ond subjected to critical analysss.
Biblicg raghivs and referenoe sty of pablicaions that wer considemd relevant in th fiest
stage were seorched manually. The aim of this review was to evaluate parent studies A
detziknd seloction troe 5 shown i Figare Tak [11)
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The collected artcles were sufyecied o sk of bias analysis according to Lie et al, |22]
(Tl 2a relative bo Q1 and Table b relative so Q2)

The quality and internal relevance (leved of refiability) of each publication were raled
3 hagh, modlerate or low according to the criteris indicased in g review by Durdoetal, |7)

Table 2. (a) The sisk-cd-bewn analysis of asticlex evaluatiog, new cophalommtric analysi p toex iy
melation Lo the sagittal plarw. (b) The slsbool-Dias analysds of articie evaluating rew cophalometsic
analysds paopentors w0 clation 1o hoctzontal plane,
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5. Levels of Exvdenor emd Criteriz fur Syntiesising Exwdemoe
5.5 Hgh Level of Evidence

Rescarch was classilied as having a high level of evidence IF it met all of the fallow-
g Criboria
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o Anindeperddont blind comparison Between test and tedorenoe methods was podfarmed
fin Tabde 2a refative to Q1 and Table 3b relative to Q2, marked as A).

o Population was described in such o way that the condition, prevalence snd severity
of the condithon were chear. The spectium of patients was similar o the spactrum of
paberds ooy whom the reseasch method would be used in dinical practice (in Table 5
refative to Q1 and Table Jb relative to Q2, marked 2 B).

s The test method results did not influence the decision to perform refererce method (in
Table 3a refative to Q1 and Tabde 3b relative to Q2, marked & C).

e The test and reference methods are well desoribed m terms of technique and imple-
mentation (i Table 52 relative ta Q1 and Tablke 3b relative to Q2, marked as D).

e The evalnations {chservations and measurements) were well descrbed, giving the
diagnastic criterla used as well as nformatton and nstooctions to observers {in Table 'a
refative to Q1 and Tobde 2b relative to Q2, marked as E).

o The eprodacibility of the research method wies desorsbed for cae otserver (intra-
observer action) and for several (minimum 3) observers (intercbserver action) (in
Tabde 3o refative o Q1 and Taldke b cehative to OF, mearked s F).

e The results are presented as eefevant data needed for necessary calculaticas (in Table
refative to Q1 and Table Tb selative 1o Q2. markead &5 G),

Tabbe 3 (0} Thw evaluation of the condusions poceeding 30 the degroe of ovidenoe of artiches discussing,
new Indicvors of cephalometric snalysis in relathon o the sagittal plane. (b) The evaluaton of the
comehaoes by dugrew ol evidenon of artidos discussing new indicabons of copialometric analyvats in
nelation b the hoeizontal pline,

w

Neds

Kuwer  Nome  Sessvie  Webene Al Avewe  Shwitty -
e Gopta Tedlivsbs Coalehan

008 a2 1w x4 wes PO T .
b T e 1 14t v 124 5] 13 MUK (] oy
o
Lend ot
- @ ] & D
— -
Ruwan  AAemd
st treant v - Pack JA. 2040 [ 4]
i T
Laowad of wvlinner ‘ .
Velbour : bevod ith evaderee, Comen—tira bevel 18 enrdhomey

5.1.2 Moderate Level of Evidence

Research wos sssessed o having o moderate level of evidence if any of the above
critora wene nog met. On the othor hand, o study with any of the deficits described below
was asses=ed as having a low Jevel of evidence.

513 Low Level of Evidence

Research wins gudged 10 have a 3w Jovel of evidonoe if st et any of the followinge
criterix
s Theevaluation of the lest and reference methods was independent (A),
s The population was not clesdy duserbed, and the specrum of pasents was distariod
1B).
The test muthod resulty infleencosd the decsion to perform sefonece muthod (C).
The test, reference method or both wese net well described (D).
The results wene ot well describnd (E)
The reproducbility of the research method was not described or was anly described
for one observer (F),
o T[he wsalts may have a systematic bias (H)
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o The mesults wene not peesented ina way that onablod caleuliting effoctiveness (G).
Quality assessanents of the lncludad eeseand) were pedormed wsing the dshool-bias
table in RevMan 5.3 for RCTs (Table 2ab)

2. Eovdence-Basad Evalustion of Conclnsions
The sGentific evidence for the ondussons on diagnostic efficacy was comsidered
strang, moderately strong, Umited or Insutfickent depending on the quality and internal
redevance {level of credibality) of the pubBications evaluated,
*  Strong research-based evidence: of least twa publicatsons or @ systematic review mus!
have o frigh level of evidence.
e Moderately strang research-based evidence: One pubbication must have a high level
of evidence. and two sabsequent publications must bave » moderate kvl of evidence
o Limited research based evidence: at least two publicaticns must have & mederate bevel
of evadenee,
o Insulficient researchvbased evidence: scientific evidence s insufficient cr nanexistent
ecconding to the critenia defined in this research,
Articles presented i the PRISMA flow diagram that obtained a minimam of 4 poats
wane selocted foe final analysis (Talse 2),
The results presented in the sofocted articles are semmarised i Table da.b.

5.3 Evndnroe Symthests
The resalts of this review are presented descriptivedy.
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6. Resulls
This section was divided according to answers 10 Q1 and QL

6.2, Q1. Nrwe Copimlometzic Analpss Sysfem v Hhie Sagittel Plane

In the search, o total of 1951 records of asticks were identifind fram the databases. Tn
the first selectian stage, HW6 articles were excluded, and another 74 duplicote items were
remureed, Bn the end, only 12 artiches met the inclusion criteria outlined in the objectives

{i ’:_' QZ'. Vometzic Analysie Methods b the Forizontal Plime—Tae Eswlnition of
ical Dfrets
A todal of 145) records of articles wone idengified from e datitase search. In thw
first selection stage, 1046 astiches were excluded. Only 5 articles were included for further
anatvais of the full text AL this stage, 1 mone article was excluded a2 noe meeting the
criteria of the objectives, In the end, only 4 artiches met the inclusion criteria outlined

7. Discussion of Oubcomoey

Since Broadbund's ard Hofrath's intraduction of the cephakamstric analyss in 19431,
many investigatars have introduced further measunements and araly=es to assess the
skeletl or destoalveolar basis of madocclusion [27,28] A detailod aophialomtric analvsis is
stall an effective toal for the diagnosss and planneng of orthodontic treatment. Unfortunately,
like most additional methods of examimation, thwe copbalomnetric analvais is mot froe of fawdts
and errars, and thus, it should constitute a component of thoroughly conducted medical
intery iy and physical iraasians bo e tablish final diagrosis s ireplemwnt the proper
treatment of malocclusson. The basis for the systematic search for ever new analyses is
the difficulty of mapping landmarks s the dependence of ther position on groecth and
managed orthodantic treatment.

Nowilays, the increasing wse and avalabikty of CBCT equapment 3 largely celax!
to the tssue of radlologleal protection. CBCT & assocsated with higher radlation doss than
OPG or cophalogram. However, d ane projection provides the possibility of sobving several
dlagnostic problems, it will replace roglstration from severnal projctions in favour of one
CBCT smage. Howeves, in order (o be able to perlorm cephakimetoe analvaes om the CBCT
profoction, it & necvssary o evaluate the accuracy of Introducing poists such as v inage
and above all, tv develop cephalometric analyses intended for such imaging, As long as
such analyses and studics are created, # will be possidle to rofer theen, anvang otlyss, 1o
the presemied systematic neveew in order o compare the diagnestic value of 2D and 3D
cephalometric analyses,

Cephalometric analysis addresses the angm of discrepancies in the sagsttal and hor-
izontal planes for the intermelationship of both faws % identify anterior—pastesior and
vertical malocchasions | -5].

The measerments that ane the gokd standand in teems of the evaluation of sagidal
relationships of maxdlary bases include ANB angle, beta angle, Wits analysis, AP—GF,
MM-AB angle, AH-BH moasunoment and the Harvold index [7.23,75), The oain obgections
to the abos eomentioned measurements include the instability of the S, N, o, Or, A and B
during priowth, dharges in fheir position during, octhodontic tneatment i the unrefisbility
of thelr comect locatson on the cephabomeltric Image that shows the patient’s lateral proie
{a lateral cephalogram) [7,73,25) Often, objections arise regarding the correct positionmg
of anthropometric points by vanous doctors and even by the same doctor in conducting
subsaxjuent analyses of the same patient at time intervals,

The current systematic review takes 2s its main objective the analvsis of e angles
and anthropometric measurements weed in sagittal and horizantal analyses that were
pubiished after 2009, Most publications akso discuss several praviously wsed angular
and linear measurements that are standards for individual cephalometric analyses, and,
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based 06 Ehese analvaes, they introduce new anthropometric points and aphalometsic
mwasurements |7,.25.25],

The Yen angle determined by points 5, M, G defires the sagittal relatsonship between
the maxilks and mandible [10].

The measurement of the Yen angle wos snalysed in a poblished article by Neela PE
etal. {1UL Kumar and Sundareswaran [ 23] and Al et ol [24].

Nevla et al, |11 showed more stable sagsttal snalysis using the Yen angle compared
with the peeviously used Was, ANB and beta parameters. The edunination of the instability
of the A and B points in the ANB analysis in relaton to growth and changes due to
acthodoatic teatment, the functsonal ooclusal plane in Wits and the condvlar process axds in
the beta angle analysis were consadered 50 be the main advantages of Yen angle assessment

The evidential value of the study by Newla et al. was found to be moderate, with
Its main shortcomings being the low number of participants in each group; the lack of
comparatisy stadivs coosductad at a o iodeevaland the Lack of assessinent of the stalsikty,
rediability and accuracy of the landmarks, The use of statistical analysss based on ANOVA
wits comsidered an advantige of the stady, The shartcomirgs shawn above indicate thal
to abtain high evadential value, studies should be conducted on larger groups, usag
comparative studies it the same study groups in periods before and after arthodontic
treatment and by & group of investigators appropriately randomised ta assess the rediability
of the landmarks usxd in the analysis, in assessing both between-investigator and intra-
observer significance.

Kumar and Sandarcowaran [23] abso found that the Yon angle 32 mose neliablo than the
ANB angle, Wits appraisal and beta angle measurement, because # eliminates the difficulty
of Jocating potmts A and B ANB analysis, the functivoal accdusal plane m Wits appraisal
and the axs of the condylar process Inbeta anghe analysis. Howaever, the authars podnt ot
o shoetoarming in the analysis of the Yem anghe When there is rotation of the jows, the actual
sagiteal discropancy may be concealed. The esidontial value of the stady by Kumar and
Sundareswaran was considered low as its main shortcoming was that # only systematised
and described In Cheoological vrder the copbaloenetng analyses for assessing the sagittal
Pw relationship available in the literature.

The shariocenings shown abave endicsto that 1o obtain a high evidenstial value, compas-
ative studes should be performed for all parametess systematised in a systematic nevaew.
Stadies should include large study yroups, using comparative aratysis in (e same stody
groups in penods preceding and following the completion of arthodontic treatment, and
be conductd by a group of investigatoes appropeiately rancimised to assess the ndiability
of the landmarks used in cach analysls, In assessing both between-invesbgator and Intra-
observer significince. In lange-scalo studios of moss cophalometeic meassirenengs wsed (o
assoss saglital discropancy. standardised methedalogical criterta and comparisons of the
significance of individual messurements asg the same statisticnl analisis should be used
for effective comparison,

Turkes, Ozturk, Cobam and Tsgandaroy [5] omfirmed the validity of usng Yen angle
In high-angle patbents, Yen woas found to be significandly lower than in low-angle patients
and comparable with Pog-Nperp and Wits anahysis in relatson o bets angle, which was
found to be significantly highes (o this group. Deta and W angles wese siznificantiy lower in
LA patients compared with HA patients, ANB, Beta, W and Yen angles showed significant
comvelatines regandless of vertical factal growth type. The comparison af Yen angle analysis
with other analyses in relation to the horizontal plane and vertical delects and the use of
adjusted ANOVA wore conssdured attributis of e prisented stody.

A comparksan of onky some paramreters, without any indication of the selection critena,
wis consicennd s fusdamwntal shorteaming,

In oeder to obtain high evidential value, it would have been necessary to danfy
the critetia for selocting the pacameters to be assessed and to allow the comparison of
the determinations of measucement values by different observers as well as by the same
obsserver in comparative studies.
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Al ot al. [25] showod reservations about the effictiveness of using the Yoo angle in
sagittal analysis. The authors showed that companing beta, Yen and W angles with ANB
angle arwl Wits appraisal does nol show statistically sigrificant differences i class 111
patients. A total of 100 kateral cephalograms were Included In the study, and the use of
only tstudent statistcal analysis was the shortcoming of thas study. For this remson, the
evidential valueof the work was corsidered moderate. To increase the value of the evidesce,
it would have boen nocessary to use an advanced statistical method and determane whether
the Lk of statsstically significant differences was only in Class U patients o whether the
use of Yen angle amabvsis deviates from ANB. beta and W angle anafyses and Wits appraisal
In all skebesal classes determined In thelr companson.

On the bass of the above studies, the vse of Yen anglein the cephalometric analusis
of sagittal discrepancy can be considered & valuable paramoter because it & loss depen.
demit than the previously used ANB and beta angle and Wits appraisal to complement
provious asessments.

70, Y Aneduses

Pl analysis was first talien Into account by Kumar, Valiathan, Gautam, Chakravarthy
and Jayaswal [1Z]. P analysss was also applied by Shetty: Desai, Kumar Madhur and
Alphansa [26] and Kumar and Sundareswaran [23],

Kumar et al. [12] showed that the M and G landmarks ueed in M analyss are less
susoeptible to Jocal changes assoclated with remodedling darlng geowth oc to secondary
movements associated with remodelling during orthodontic treatment compared with A
and B andmarks. The authors showed that the controtdality of the lasdmarks atacts thw
precision of their determimation and their invariabslity duning growth, in contrast with
provious standards sacly as A and B, The use of the true horzontad plate obtained in thw
NHI used in I analysis instead of another intraczanial reference plane (SN, Frankfurt
plane or occlusal, which have some specific lmitations) resalis in the incrensed reliabality
of measurements. They showed that the comparisan of NG' with NM' with narmative
values determines whether the defect originated from the maxills or the mandible

A Tinutation of P analysis is that it considers the pesition of the nasion dunng the
prowth ponod, which may change during actual Jaw growth,

The evidertial value of the study by Kumar et al. was found %o be mederate. The
main shorioomings of the dbove-moentioned stady weee the Jow sumber of pastiopanss in
each group; the lack of comparative studies conductad at a time intesval; and the lack of
msessment Of the stabality, refiability and accuracy of the lmdmacks, The v of ANOVA
was consbdered an advantage of the study. The demonstratpd shortcamings indicate that
for o high level of evidentiol value, studies should be comducted on langer groups usng
comgarative analysis in the same study proaps in the pedods paeoeding and following
the completion of orthodontic treatment and be conducted by & group of investigators
appropriastely rndomised b aeseas the selsabality of the Lindimasbe neod in cach analysis,
in assessing both between-investigator and intra-observer sgnificance.

Fi analysis was included in o sysematic sevivw of 21 enalyses foe the sssessment of
anteropostenior discrepancy by Shetty et al. j20].

The evidential value of the study by Shetty o al. was conssdesed Tow. Thw main
shartcoming of the study was the systematic evaluation of enly the individual parameters
of sagistal discropancy and not taking wdo accosnt the eriteria and ovaluation of indivdual
parametess on specific groups of subjocts.

An advantage of the conducted shadv wis e sustematisation of known parameters
for the sssessment of sagittal discrepancy.

The demorstrated shortcomings indicate that for a high level of evidential valoe,
studies should be conducted by andomised obseryers comparing the values of individual
parameters for the assessment of maxillary bore relstionships in numerous groups of
subjects before and after orthodontsc trestment, assessing the rank of the seitability of
individual parameters for the asscssment of maxillary-mand ular relationships.
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Kumar and Sundareswaran [23] also found it the Pianalysis is mone depeodabio
than ANB angle. Wits appralsal and beta angle because it eliminates the diffsculty of
locating points A and B in ANB analyss, the functional cochussl plane in Wiss appriizal s
the axis of the condylar process in beta angle analysis. In thedr discussion of cephalometric
analyses in nefation o Pi analyss, the authors stated that the highest kel of comrelation
was obtained only for Pt angle and Pi linear {0.46)

The study presented here showed that Pi analysis, related 1o both the evaluation of
" argle and the Pt lincas measarement in determining the sagsttal selationships of the
maxilln and mandible, is o more cbjective amalyvsis than the evalwsation of the ANB angle,
Wits appralsal or beta angle analvsis.

7.2 Anwlyss of W Azgle Deteravinad by Paints S, M, G Defiming the Sagittad Relations
Iotnwen e Mexalle and Mandibte. W Angle Mesaured hetieen the Live Porpendiculer to Pant M
o SG Line and MG Line

W oangle analvss wos taken into account by Bhad, Nayak, Doshi |13}, Kumar and
Sumdaressyarin | 23], Al ot al, £24], Shatey ot al, |26] and Tusker et al. [4)

Bhad et al. [13] also showed the highes stability of sagittal analysis usang W anghe
ompared with the previcmsly used Wiks, ANB and beta parameters. The elimination
of the instabslity of the A, Band N points in the ANB analysis in refation to the growth
and changes due to orthadontic treatment, the functional occlusal plane in Wits and the
condylar process axis in beta angle analysls wene consdered 1o be the mam advastages of
W angle assessment. In the anakysis of W angle, points S, G and M were wsed. By replacing
the N paint, whach s unstable in the growth phase, with the S paing, they proved that W
angle messirement is more stable for the assessment of sagittal discrepancy than ANB
angie, Wits analysss or beta anghe.

The evidential valwe of the study by Bhad et sl was comsidered moderate, as the main
showtcomings of this study wen the low number of paticipants in each group; the timitation
of the study to only o group that had not yet neceved orthedontic treatment without
comparisan with the stability of the results after the treatment. the lick of comparative
studies at an mbeeval; and the lack of assessment of the stability, reliabskty and accuracy of
the bndmarks The wse of ANOVA was considesed an advimntage of the study,

Kumar and Sundareswaran [23] also found that W angle analysis is more reliable
compared with ANB angle, Wiss appeaisal and bota angle becase @ oliminates the dif-
ficulty of kcating peints A, B and N in ANB analysis, the functional occlussl plane in
Wity appraisal and the asis of the condy lar process in buts angle anafysis. In discassng
cephalometric analyses In redation to W angle analysis, the authors roted a statistucally
significunt difference betweon Woangle messuniment vahses in men ared women for Cliss
L diagnosis.

Ali et al, [24], in Weir comgrarative study, indicased that W angle analvsis is the closest
to ANB argle and Wits appralsal in Class | dedeocts. [n Class 1 and Il defects, the authaes
questioned the effectivenes of assessing the sagittal relstionship of the jaws based on W
anghe analysis. They claimed that ¢ i< less slsfactory compared with ANB, beta and Wits,
which are considered standard, In thesr review, the authors considered the ANEB angle to
be the godd standaed in the assesment of sagittal dscpancy,

The evidential value of the study by Ali et al. was corsidened moderate. Its main
shoricomings weee the small size of the study gooup, the Emitation of (he study o patients
whose crthodontic treatment bas not yet been initialed, the use of the t-studenl test as
the only statistical tool, the lack of comparative studies and the lack of the comparative
assessment of inser-observer and imtra~observer stability of landmarks

Shotty ot al, in their syssematic oview of 21 studies assissing antooposterion discup-
ancy, confirmed the value of using W angle analvsis [26).

The stsdy prosented bere showed that the analvsis of Woangle in delermining 1w
sagzttal relatiorship between the maxilla and mandible is move objective than the assess
mwend of the ANE, Wits or beta angle, althoagh ANB, Wiks and beta ane coosidensd by some
authors to be the gobd standard in the assemment of the sagittal redaticoshap.
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7.3, SAK Augle

SAR angle measurement was analysed inoastudy by Soaahits et ol [14], Kumsar aod
Sundareswaran [ 23] and Shetty S, et al. [26]

Seaahita et al [14] prosed that M, G and W esed (o the analysis are mone stable arsd
reliable as they are easier to find compared with A, Band N and do not undergo changes
duw to growth and transformatsons associated with oethodantic treatment. Theswfory, SAR
analysis was desmonstrated 10 have higher rebability than ANE. beta and Wits analyses.

The evidential value of the stady by Sonahita e al, was found 10 be moderate sinoe
thye maen shortcomings of the above mentioned study were the Jow number of pastacipants
in each group; the lack of compasative studies conductad al o time mbervalk and the kack of
assessment of the stability, retiability and accuracy of the landmarks, The wse of ANOVA
wits comsiderad an advantage of the stiudy, The demansirated shortcoaings indicite
that for a high level of evidental value, studies should be conducted on larger groups,
using comparative analvsis in the same study groups in penods precedimg and following
the completion of cethodonbic treatiment and be conducted by 2 group of Investigators
appropriately randomised to assess the relisbility of the landmarks used m cach analysis in
assessing both between-dnvestigator and mtra<observer sigaaficance,

Kumar and Sundansswaran [23] also found that SAR anghe analysis s mare reliable
than ANE, Wits and beta because it eliminates the difficalty of finding A, Band N points
in ANB aralyss. In their conclwsion, the authors emphasized that the rotational offects
of thie jaws; the variable passtions of A, Band N; changes in the lovgth of the skull base,
tooth eruption; the curve of Sper, ete. seem o affect the assessment of the posibon of the
sandible i relation o the maxilba, which also mesults in the use of extracrniad pforenoe
planes. Atthe same time, vsing only one of the cophaloenetnic analyses may not provide
A corect dinpnosss, Therefore, for a comict diapnoss, several of the angular or linear
parameters should be used without considering only one type of measurement as being
the only valid oewe in assesing the relationships to the jaw,

Shesty et al [20] in thelr systenmatic review of 21 studies assessing anteropostedion
dcrepancy confirmed the value of uring SAR angle avaly=ss [26] The authors came to
stnilar conclusions as Kumar and Sundarswaran. In thesr conclusion, they emphasized
Hunt rotationad offects of thae jws, vasable positions of points A and B, resion, changes
In skull base length, tooth eruptica, curve of Spee ete., secm to affect the assessnent
OF the position of the mandible i redation 1o the maxifla which alao results in the use
of extracranial wference planes. At the same time, using only ane of the cephalometric
analyses may not provide & cormect disgnasis. Therefure, for a correct duagnosis, several
of thwe anggular or Yinwar paramwedens slaould be tsed withowt corsidering only one type of
measarement as being the oaly valid one in assessing the redatioeship to the g,

In their conclusion, the authors emphasisod that the rotational cHecs of e jows,
the variable positians of poents A, B and masion, changes i the length of the skull base,
toath eruption, the curve of Spey, elc, seem to affoct the asasament of the position of
mandible in relation to the maxilla which also results in the wse of extracranial reference
planes. At the s Hme, using only ang of the ophaloametric analysis may not paovide
a comect diagnosis. Therefore, for a correct diagnoss, several of the angular or linear
parameters should be used wiRbous corsiderivg only oow tvpe of measumment as beng
the anly valid cee in assessing the relationship to the jaw.

Bazod on the study presensed hore, the valoe of SAR angle analvsis as a parameter
helpful in assessing agittal disceepancy and the position of the maxillary bases should
be recognised,

74 DW Anglr Using Waiker s and Wing (WW) Pant

DW plare measurnviwnt has bevn aralysed in a study by Hatewar ot al | 15], Kumar

and Surdareswaran [253) and Shetty etal. [20).

Hatewar et al. [15] showed significast regularity in tw evaluation of the sagittal
relationships of jaw bases. The measurements so far corsidercd to be authornitatively
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estabishod for the asseasanont of the sagitel nelationship often fuen out fo be inacoirite
because they are based on various angudar and lirear measurements related to the position
Of Nu A arwl B points. The Jincdmarks wsed in the DW analysis are characlerised by higher
stability and repeatability, reliabllity and Invariability in relation to growth processes and
changes nesulbmg fram orthodonbe treatment, in comtrast bo N, A anid B, which increases
the unambiguity of the measuremenss. In DIV plane analyss, Bnear messurdments are
performed to determine the vertical mandibular dimension, and angular measurements
are taken o determine the rotation of the jaw.

The eadential value of the study by Hatewar et al. was found to be moderate as
the major drawbacks of this study Include the low number of partickpanss In each growp;
limitation of the stady 1o coe race without imterracial comparison: no comparison studies
made at time inwrvals; no assessmwnt of the stability, milability and accaracy of andmarks,
ad the use of Student’s (-test stobstical ethod only. Tl use of the analyses in different age
REOGps From B b 27 years was oocsldered an advantage foe the study.

The demoostrated shortcomungs indicate that for a high level of evidential value,
shudies ahoald be comiducted on Rirgor grougs, using comparitive aalvsis in the same study
groups in periods preceding and following the completion of octhadontic treatment and be
conducted by a group of imvestigators appropriately rondomased o assess the relinbifity
of the landmarks used in each analysis, in assessing both between-investigator and intra-
observer sigmaficance. Morrover, an extensive statistical analysis based on ANOVA should
be appliad.

The evidential sssesamont makes i posesble to conclude that measurements relative to
the DW plane ane more effoctive compared with the ANE, Wits or beta measuresnents that
ane cotinedy vl for sssessing syottal discoepancy.

7.5 Tau Argle

The pwasuremsent of Tau angle was aralysed by Gupes, Singh, Tripathd, Gopal, and
Rai [¢].

The Tau argle determimed by points T, M, G and defining the sagittal relationship
between the maxilia and mandible.

The authars found higher precision and roliability in the asseement of jaw sagittal
relationships by using points G and M, with higher invanance than A and B, and Tau
podnt that is mon: edialde than S compancd 4o routinely usad ANB and Beta avgle analyses
and Wits analvsis. The authars indicate that the abtamned results dofine a skekal ratio
that depends on stable landmarks. At the same time, they meveal that the assessment
Is not affected by jaw rotation in the veetical dimenslon due to growth or implemenied
orthodontic treatment.

The wvidential vakue of the study by Gupta ot al. was cossichred modesate. The main
shortcomings of the study nclude the inequality of vanous groups of participants; the
larpe agpe sange of the patients studiod in ane gaoup that included botls adolesoenst and
adult patsenas; the kack of comparative studies before and after arthodentic treatment; the
Lack of companiizoe studies made a2 sw interval; and i Lk of an asssanwnt of stalsgly,
rediabality and accuracy of landmarks. The e of ANOVA was conssdered an advantage of
e sty

The demovstrated shortcomings indicate that for a high level of evidential value,
studies should b conductod on barger age-oquivalent groups, using coompagative anadysis
in the same study growps in pertods poeceding and following the completion of arthodetic
treatmend, and be conducted by a group of investigators agpropristely aindoemised o
assoss the rollability of the ndmarks used In each analyss, In assessing both botwecn-
imvestigator and intra-observer significance. Tt seems necessary ta confirm the dependence
of evaluated parameters an rotatbon of the mandible and maxilla that are redated to the
patient age.

Ondy one study does not enable finm conclussons supporting the rellabésty of the Tau
angle analysis in assessing sagittal dscrepancy and requires further research.
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74 R Awgle

The R argle was measured by Rizwan, Mascaenbas | 16], Ahmed, Shalkh and Fada (25),
It is determined by points N, Cand Me |16}

Rizwan et al. [16] proved that the R angle & constructed from minimal cophalemetric
landmarks that can be ensily and accurately located on digital lateral cephalograms. Over
tham, the R angle s constracted using oaly fixed sedotal landmarks and no corstrucied
poants or landmarks, thereby mnimising operator error. The C-N axis and C-Me axls are
mvore stable compared with the Gernertly ssed unstable planes.

A systematic deseription of vanous cepbalometric measurements compared with
vertical defects s favourable for the study. Attention should be paid taa chrooological
review of methods for assessing vertical discrepancy and a discussion concemlng the
redisbility snd shortcamings of varioas anthropomedric poins, Tmes ared planes, as well as
the shewed values of parameters used for assessing vertical defects.

The evidertial value of the study by Rizwan et al. wos considered moderate, The
main shartcomings of the study include the low number of pasticipanss; the specified and
limited ages of the participants (18-27 ycars); the bk of companative studics before and
after the cethodentic treatment; the lack of comparative studies made al tame mtervals; and
the lack of the assessment of stability, reliability and accuracy of Bndmarks. The use of
statistical analysis based on ANONVA was considored an advantage of the study.

The demoestrated shortcomings indicate that for a high level of evidential value,
shudies shoald be conducted oo bger age-equivalent groups, usiog comparative analysis
In the =same study groaps in periods preceding and followang the completion of orthodoetic
tvatment, and be conducted by a group of investigatars appropriately randosnised 1o
assess the reliability of the landmarks used in each analyss, in assessmg both between-
investigator and intra-observer significance, There should also be comparisans of the
refiabulity of the lines that represent the size of the angle ot different development stages of
patients from sdected high-, medium- and Tow-angle soedeta) groups.

A comparative evaluation of the R angle was also made by Ahmed, Shaikh and
Fida 25}

The authors dended the value of the R analysss in assessing vertical discrepancy. In the
light of obtaimvd resules, the authoss provied that SINGoG and FMA ane the most refsalbic
Indbcators, while LAFHLTAFH turned out to be the least rellable indicator in assessing the
vertical fadal growth pattem,

Given that the article discusses the sesulte of twice os many participants ineach vertical
discrepancy group, ity evadential value con be corsidered higher than the results of the
study by Rizwan M. et al

The evidentinl value of the study by Abmied et al was considered moderate. The main
shoricomings of the study clode e low mumber of participants; the lck of comparative
studies befare and after orthodontic treatment: the lack of comparative tudses made
ab Eme inkwvaly snd the Lick of the assesseanent of stalslity, ndiability and accusacy of
landmarks The use of statistical analysss was considered an advartage of the study. Kappa
statistics ware bsed for comparing the diagnostic accuacy of different analyses. To further
validate the results, senstivity and positive predictive value (FPV) were calculated for
each parasmeter.

The demovstrated shartcomings tndscate that foe a high level of evidential valee,
shudies shoald de oonduchd on banger age-equivalent groups, usng comparitive analysis
In the samw study geosps In perlods preceding and following the completion of arthad netic
treatment and be comnducted by a group of mvestigatars appropriately randomised b assess
the redlability of the landmarks wsed in each analy sis in asaessing both between by estigator
and intra-cbserver signsficance, There shuukd also be comparisons of the reliability of the
lines that represent the saze of the angle ot different development stages of patients from

selected hypordivergent, nonmodivergent and hy podivengent skeletal groups
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The condlicting, resufts of published studics peod repoased and moee detadlod rescanch
to make constructive conclusions about the uscfulness of R anghe analysis in assessng,
vertical relatianships.

7.7 KP Plawe (Extronnd)

The measurenwat of the KI' plane was analysed by Kattan, Kattan and Ehiey [17].

An inmavation i the creation of plane K & the use of an extraoral orlentor when taking
& 2D cophalogeram to determine the natural head pasition (NHP).

The authars found a high correlabon with the Frankfurt plane; however, due to the
heglwr reliabifity and accuracy of the desermination of the now plane K the cbtained
results of the westscal discrepancy measaremnents give sesults that are similar to real valees,
mirimising the risk of exvoe Ht is associabed wigh the determination of o and Or points

The correct assessment of plane K was dependent on NHP aoxd the positioning of the
orientar by stabilise the head in its natural position

The authors noted that the suggested pesition can be used for two-dimensional radio-
graphy and computed tomagrophy.

The authoes” conelusion is that desermination of the plane K compased to the Frankfurt
plane is much more reproducible and acourate in cephalometric analy=is, especially when
wsing an ardentor for head ookntation in NHD. The introduction of plane K gives an
advantage over previous analyses by mtroducing an additional stable orentor for the
cormct arlentation of the pationt’s head n NHP.

The evidential value of the study by Kattan et al was considered moderate, The main
shartcomings of the study include the low rumber of participants; the lack of comparative
stuidies before and affer orthodontic treatment: the lack of comparative studies made at time
indorvals; aod the lick of the issessment of stabslity, reliability andd accuracy of landmarks,
as well as the Back of unbiased statistical amalysis,

The demorstrated shostcomings indicabe that for o high devel of evidential value, stud-
les should be conducted on larger age-equivalent groups, using prospective, retrospective
and comparative studies in the same study groops in periods preceding and followng
the completion of crthodontic treatment and be conducted by a group of Investigators
approprimtely ransdomised to amess the relisbility of the landmarks wsed m each aralysis in
assessing both between-investigator and intra-observes significance. It would be advisable
o study o lager nuemmber of groaips amd o oompaee rosules an differont developmaent peciods,

A further analvsis and additional tests ane necessacy to determine diagnostic values of
plane K

7.8 The Sepamipr Bomler of Zygomatic Ash

The effectiveniess of the use of & plane A, the superior border of the zypomatic arch,
was proved by Pask, Lee, Xoh and Song W.C [15],

The study was developed uring 30 cone—beam computed tamagraphy. A 3020
transcription seems passable, although this would requare further research

The authoms revealod that the proposed new plane of the zygomatic anch may bo
an abernative plane to the Frankfurt kne bat moee reliable for the assessment of vertical
dscnepany,

The applied analytical and statistical methods paveed the stabelity of the measarement
between the Frankfurt line and the zygomatic arch line,

The evidential value of the study by Park vt al. wis comsidurned moderate. The main
shortcomings of the study include the low number of participants, limiting the age of
pasticipants o 21-30 vears, the wse of caly 30 cxaminations, the lick of comparstive
studies befare and after orthodontic treatment; the lack of comparative studies made
al Eme inservals; and the Lk of e assessenersd of stalslity, refiabilay and accuracy of
landmarks, a5 well as the lack of unblased statistscal analyss, which was limited to the
Student’s &tesl analysis.
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The domonstrated shartcomings indicate that to obeain a high degeoe of evidential
value, 2D examinatioes should be conducted, groups should be larger and age-equavalent
and examinations shoald be conducted in different age groups inchuding groeps of patients
In the developmental period. Moreaver, comparative studles should be carrhed out in the
s stuxly grosps in periods befone and afher cethodantic treatment.

A further analysis and additional tests are necessacy to determine diagnostic values of

the plane of the zygomstic arch,

&, Conclusions

The evidenos suggests that thore ane many new rederence paints and aophalomessic
Indices that can be sucoessiully used for determining the sagittal discrepancy m the mu-
tual position of the maxillary bases, However, although the sistematic review has Lis
heterngenelty, the Included studies exhibited o moderate risk of blas and Jw to moderate
qquality. Fubure stadies ane requined with adequate internal and external vahdity. Sagittal
dscrepancy and mssessment methods of the relationship between the upper jaw and kawer
w should be mose scourate m the future,

In terms of the aew copbalomwetric measurements to determine discrepancy in the
vertical dimension, the number of performed studies is kmited, with very low quality and
maderate rsk of beas of the study assessed. Simultancously, the review revealed the exs.
tence of novel altemative parameters 5o comtemparary mensurements in 3D examinations.
Trackng the process of determining referonce paints, knes and anthropometric plarss in
volumetnic tomography also scems possible in 2D, Howeyver, such suggestions nequire
further research and analysis. Current studies do not seym 1 be very constnactive.

Oue to the radsological protection of patients and the tendency to limit exposure to
Xeays, it seems nooessary 10 use 2D cophalometric dingnoss and, ondy in boederline cases,
3D dimgnosis.
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Abstract: Backgrimind: Cophukmwine amalyws is am oseuntal ol wad in orthedonbio disgroses end
Ineattnerst glanieg. The smm of Shis sudy was o evaluate the ndisbsdity and nepwatobelity of mew
cephabonetsic polnt wwoduced In Tau angle analysis, in coatrist 10 he gobd stindeed, which & the
avalysts of e ANE angle, For this purpose, an attempt was made 1o asess the repeatateity and
rellability of the Introduction of anthropometric polos by evaluating both Inter- and intraobserver
parnmeters, as woll as the agreement among the cethodonbists partacipatrg (o the shidy, Metheds
Wopeatabality and reliabdity acsesmints for all six anthropoeretsic points IN, A, B, T, M. G usod
in the analysis of the ANB and Tau snghos wene coodoctod mdividually by 29 crthodontats. This
asscsamuont wes porformad in trgplicate on the dey of the study, on the doy foowing the frst sbudy,
a0t oo the seventh day afser the second study. Measurement erroes fur the ANB and Tau anghes
wure evaluated using the Dohlbeng formwlas and intraclass correlition coettickents (KKCs), Results:
The octhodontists in the study measured sagittal discrepancy sggnificantly more acourately wsng
the ANB srgle compared 30 fhe Tau angle [r < Q0011 The Dahlbery; ermoc for messuring the Tay
anglo wean Survw lunws gosaber than that for the ANE angle (p < 0001} Addatianally, the KC dor
the Tt acgle wias mone thaen 3.5 Beses amalor thues St fe e ANB ngle, whik the RER emor
for Tau pscasuremient was moee than throe taes grorler than that for the ANB aagle {p < 00
Conclusions. The results of AN aaghe mersurements exhibd ewer emats i ocomgardson to Tau
angle measurements,

Keywords: cephalometnic anahyses: disgnasts; orthadontio

1. Introduction

Orthodontic treatment planaing nedles on the accurate diagnaesis of skeletal decropan-
e, necessitating precise cephalometese parameters. Cephalometnc analysis serves as a
crudial toal in assessang the sagsttal dimeosion and compatibility of sandibubar-maxillary
bases [1.2). To ensuse the reliability of dlagnestic data obtained threagh cephalomet.
e analveis, it is imperative 10 maintin stability, clarity, and repeatability in Bndmark
Identification, as well as in linear and angulir measuremonss [ 2]

In 2022, o new systematic review was publisheld, which included new linear and
angular meast o the sagitead discyepancy of maxillary bases [1]. Few studees
utilizing new methods of cephalometric evaluation have been published i recent years,
An example of such an approadh Is the Taa method developed by Gupta et al. 3] This
angle is determined by three T landmarks (new landmarks), as well as G and M points,

JoOVu Ral 3033, 17, 5505, Rerpe /S dodong [ J0T390/ es 2296333
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which form T-G and G-M auxiliary lines. The Tau angle is measured between them,
idengifying the mandibalar positon mneation o the musilla in the sagittal dimension,
The devedopment of this new analysks, used for detesmining the sagittal position of the
maxillary bases in redation to cach other has raised pamenonss obpections mlasad 1o the
stability and repeatalxlity of previows cephaloanetric parameters. The authors made effarts
to addidness issues with the repeatability of cephaloasetric pacomneter analyses, which, amaong,
other things, are associated with the following.

1. ANBangle stabilsty due to growth changes and the irstability of the position of point
N, which affects the size and clanty of the ANB anple during groweh [4,5].

2. Changes in the measurement of the length of the skull base, which affects the ANB

le 14,5).

3 ganmdmmmalhmmanﬂbuhpmt. which influences changes In
the sagittal refationship between the maxillary bases in celation 10 each other and the
rotation of the mandible dunng cethodontic treatment.

4 Wils assessment |5, which is related to the instabslity of the occlusal plane, Tt can be
challenging to accursdely dutvrmine the peactse occlusal plane at varous stages of
twoth development and dertal age. The irmegularity of the occlusal plane is also influ-
eruced by factons such as missing teethy malocelusions, and sandibular defomitics.

5. Assessment of the W angle, which & measused betwoen the pespendicular line to
proing M on the SC o and the MG Hne f5]. Although W ang)e anadysis utilizes poiats
M ard G {the same paints used in Tau angle analysis), which are relativedy stable and
do naot undeego relocation dae to remadeling associated with tooth monvements, the
S point, on the other hand, is highly unstable as it moves backward and downward
during growth.

6. Imprecision and difficulty of determining the Beta angle [7]. The Beta angle Is the
angle formed by the perpendicalar line deawn from point € to point A, indessecting,
with the line AR This angle utitizes three distinctive sheletal dements—polnt A, point
B, and the promanent cordyfas axis—a0 measurne an angle that indicates the severity
and type of skeletal dysplasia In the sogittal dimension [5]. Beta angle analysss relies
om point A 25 a larcdmark, and changes i its posstion are sssocated with alveclar
remodeling resulting from arthedontic moverments. Additiooally, determining the
pasition of the mandibukar condyle can be dhallengmg, which consequentiy limats the
rellabdity of the Beta angle.

7. YENangle assessment [9] is based on landmarks such as S, M {midpoint of the antenior
maxilla), and G (center at the botsom of the symphysis), which together form the
YEN angle measared at point M. Points M and G ane the same as those wsed in Tau
angle analysis. The Imprecision arlses from the fact that point G shifts In a manews
nesembling the letter 'S durng growth
The awthors of the Tau angle method considier the location of the censer of the maxills

and the mandibular symphiysss as precise andd 2pproprate compared to other reference

points m the analysis of sagittal discrepancy of the maxillary bases, and as more stable
compared 1o peints N and S in the correct asscssment of the sagittal discrepancy of the
designated T poant [1], The T paint is located at the highest paint at the junction of the
faontal wall of the pltustary fassa and the tuberculum sellae. The M and G paints are

also stable. Aralysts of the Tau valoes between 287 and 347 suggests shedetal Chas 1

malpccluson; values below 287 indicaty skalotal Class 11 and thase above 347 suggest

skeletal Class 1l [ However, as mentioned above, ench cephulometnic measumement is onky
of disgnossic value if e points that defioe it ane casily desermined in a cear and repeatabile
manper using a digilal image. Morcover, the introduction of a new measurement anly
maakes sevae if 8 use either enables the dingnosis to be made i a clearer. more condident
manner orenables other diagnostic benefits to be achdeved.

Orthodantic brmums planning is based oo the cormaet diagnoss of dadotal discogp-
ancy, whidh requires accurate and precise cephalometric parameters. This article aims to
seses the messurement accuracy of two cephalometsie angles (ANE—the gold standand in
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the sattal discrepancy amalysis—and the new Tau angle) based on nine cephalegrans of
pationts differing m terms of skdetal class

The aim of selecting cephalometnic images with typlcal skeletal classes was jo assess
whether e accuracy and repeatability of determanmg anthropometne points, and, thas
the results of internal sagittad analysis in all configurations, ane comparable, or whethwe the
skeletal discrepuncy affects the rebability of the enterad paints and measurements

2. Materials and Methods

Thik stndy wak approned by the Bioethacal Coenmitton at the District Maodical Clhasbor
in Zeloow Gora, decidon no, 01 /17372025 of 6 March 2023, and informed consent i accoe
dance with the Doclaration of Hlelsanki was abitasewed from all participuting subpcts /theis
pareets. The sample size of 29 arthedoeatists fobservers was calculated wsing G Power (Kl
Undversity, Germany' ) software dased on prediminasy mwssarements with o sypvhicanoe
level of 005, & « 05, 95% confidence inervals, and 83°% power. All subjects were selected to
meet the inclusion oridersa, reprresenting patients before arthodontic mstment with various
Angle Class 1L Class 11, and Class I categoetes characterizad by different base angles, whike
alan meeting conditions of beang free froom systernic illnesses, or untreated dental and

periodontal diseas.

The authors evalusted the relubilty of leral cephalogrames and their ANBangle cephulo-
mtric analvals in cocrelaticn with tw newly introduced Taw angle analysis, which was nol
present i the soentific literature prioe fo the cooclusson of 201 [1.0] (Figures | and 2)

Figure 1, The lancmarks TMG weed i Tau angle analymes

Cophalomwtric eadiographs were taken with the pationt’s hoad correctly fixed in o
cophalestat. Oils were nserted contrally iato the extornal ear canals, The correctness of
A bearms path perpendicular bo the sagittal plane was verified. The head was positioned
insuch a way that the Frankfoet hortzontal plane was paralld to the loor. Patients were
advisesd to grit their teeth in central occlusion and have a slighthy closed mouth
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Figure 2, The landmnarks used In AN analysis.

The posstion of the six cephalometric points was determined on 9 rodiographs, These
were the cocrdinates of the N, A, B, T, M and C points fram which ANB and Tau were
determined. The software Orthodontios v. 9 was used for determining the cooedimates of
the points and calculating the angles. Analyses wore perfoemed using NEC Multisyne EA
2440 WAR INEC, Tokyo, Japan) medical monitors, certified by the Diagnostic Eguipment
Quality Laboratoey.

Fanally, ¥ cophalometric radiographs of patients before ortbodontic treatment were
used for the study:

Cophalogram 1, showing Anghe Class | patient *A" with a high base angle;
Cephalogram 2, showing Angle Chass [ patient “I" with an average base angle:
Cophalogram 3, showing Anghe Class [ pattent “E" with a low base angle;
Cephalogram 4, showing Angle Class [T patient "B with a high bose angle,
Cephilogram 5, showing Anghe Class [ patent “F*" with an averige base anghy,
Cephalogram &, showing Angle Class | patient "G with a low base angle:
Cophulogram 7, shyowing Anghe Class 11 putions "C™ with & high base angle:
Cephalogram S, showing Anghe Class |l patient “H” with an average base angle:
Cephalogram 9, showing Angle Class 111 patiens “17 with a Jow base angle,

The assessment of 481 images was performad independently by two authoes of this
article 4 K, A E K y—only correctly taken cephalograms were vsed, The authors imitially
conducted a cephalometric analyss folowing the Segner Hasund mwthod to categorine the
phatos into the appropriate groups based oo the specified oriteria, The following exclusion
Criena womn used:

1 The peesence of asymmetsy that & visible on the radagraph and Is Interpeeted as
greater than 1078 divengence of contours of the night and left mardibular bases;

2. Landmarks on cephalograms that could not be Identified due 1o a peojection error or
an incorrect contrast;

Lo Bilateral asaromical structunes that did not overdap propedy by superimpoesing on the
mediolateral plane
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From this selected group of cephalograms, one cephalogram was chosen for each of
the # patiesst wroups mentioned earlier, matsching the appropriate Angle Class and snyle of
the maxillary bases. Twenty-nane cethodontsts were nvited to participate in the study and
recorverd irstial traiming on accurssely kentifvivg anthuopoesdric paines for botly the ANB
angle and the Tau angle. Each researcher conducted the ANB and Tau angle analyses theee
times, on days 0, Loand 7,

The landmark identification was carded aut mamually oo digital Insages using a
curser contrallied by a computer moase The resules wene recarded in ae Exoel spreadsheet
IMicrosoft, Seattle, WA, USA), Subseqoentiy, statstical analyais was conductad. The mean
and stardand deviation of the Tau angle for cach o the 9 cephalograms, refated to indivadual
sheletal defects in the segitsal plane, wese measused in cotrdation witl the size of the base
angles 1o assesa the stability of the Taw angle in evaluating skeletal defects. The obtained
values wesw then corredatod with paramiters froen the ANE angle analysis.

In total, six cephalometric points were identified on each of the Y radiographs. These
points consisted of coordinates for the N, A, B, T, M, and G points, which wen ised to
determine the ANB and Tau angles in patients before orthodantic treatment. This analysis
waes conduched by a load researchor and 28 randomly selectid observers, all of whom were
orthodoatists, Digital contours and measurensents were collected (n triplicate oo the day of
the stsdy, cn the day following e instinl ssudy, and on day 7 following the second stady.,
The positions of landmarks determined by the 29 observers were assessed In relation to
the x-ani (harizantal divergence) and the y-oxis (vertacal divergence) o5 mesn values and
standard deviatioms (Figures 1 and 2).

The refability of the method, signifying the significance of the relatiorsdiip between
the coordinates ot the points Included i determineng cephalometric angles, was assessed
using the Pearson correlation cocfficient (r*). The level of statistical significance was =ct at
» < 005, The repeatability between methods was calcubated by detesmining eeroes using
Dahfery’s formula and assessing interclass and intrackass correlation coefficients (ICCs),
Intraciass corndation coeffickent values weee Interpeuted accarding to Koo and LI [10). The
evaluation of the repeatability and reproducibdity of messurements was based on the
variability {variance} of the cocedinates of designated points. The assessmunt was divided
into the following three groups:

e Variabihty i the position of cephalometne points among the group of 9 studied
patients (between-group variance);
s Variability in the posibon of cephalometne points made by 29 different doctors

[repreducibibity),

o Measurement ermors across three measurements made by the same doctor on the same
patnts (repeatabiliy).

The R & R (Repeatability and Reproducibility) module of STATISTICA v 331 {TIRCO
Software Inc, Palo Alto, CA, USA) was utilized for the analyvsis of repeatability and
reproducibilsty. When analyzing ANB and Tau values for assssing the correct classification
of patients into one of three skeletal clases, the Cohen's kappa coefficient was used,
Cohen's kappa & the reliahility coefficlent for measuring the same varable twice, which is
the nominal and dependent variable Coben’s kappa takes valnes from — 180 1 The closer
the vakue is o 1, the moew concoedant the assessments ane when uging the two methods

3. Resulls

The mean values presented (n the analysss were caloalated from a comprehensive
dataset encompussing 3 total of 87 messurement results, These results were obtamed
through the combined measurements of 24 different doctors, each performung theee rep-
etitices of measurcments for both the AN and Tau anghes. The measunements were
conducted using the coordinates assockated with palses AN, B, T, G, and M, ensuring a
thotough and robust assessment of these cephalometric angles (Table 1),
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32, ANB Angle

The ANB angle ks determined by the coordinates of paints A, N, and B, and it canbe

calculated acoonding o the following relationship:

- &)'Nv -&)I(Nl-&]'

Therefore, the accuracy of the ANB angle identification depends on the location
occuracy an the cephalograms of points A, N, and B Table 2 shows the mean values
obsained from 87 measunement sesults (29 doctors < 3 repetitions) for the ANB angle and
coordinates of points A, N, and B. The A and B disperssons are vertical {variability ts greoter
in the direction of the vertical mas AQA, ), while N dispersion is concentric (varability in
both directaons & of the same order). The Jocation accuracy of the horcontal coordnates of
pomts A, N, and B is approximately twioe that of the vertical coordinates, The accuracy of
the ANB angle measurement s most affected by the accuracy of the hoetzontal bocation of
poants A (A, coordinate) and B (B.) and both coordinates of paing N (Table 3)

Table 2. Mean and standand deviation vahaes of the ANE angle and coondmates of polnks A, N, and
B mevsasrid on % cophalngruns throe times by 29 docsoes (n = 870

Peint A Point N Point &
Patiet  Cliss  ANROY —UER Aow | Nbm Nkl Bufam Byiow
A | b E L W00 FTFZ001 AW A2 UR 0 SNOLUD] 1S4 008
o n S7400 467 =002 ZE 006 46T 4000 4364001 441 L0002 1594 0K
G U 02x)% K00 2N =06 AWl 4 'msxnm 127 % 0.04
D I 4710 WO AWOM  S3sa0 30 120000 190+ 047
£ | IS0 3o M0 SWadin &M :om mu.nm 151 1004
F n TIEl4 4% =0R 2706 AB2000 432001 395100 1A 2008
G i AS:18 SO 2HMoO A% (U &Yl Sol 001 LA Ode
H Ll ~I8ls TWZO@ ZW 8 TR eMH T T 1SeioR
1 m A7 06 A0 200 AR A0 d6F 00 6T H001 LTS 00
Whve fired digdt bs the aversge vabo, and the o+ 7~ st ts fidboraad bry the stamdand d IM S and

ol destation)
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Tabbe 3. Hoeomaal and viortacad coomlinase dovatioos of points A, N, aed B mossurad thnw tsewes by
29 doctoes {n = 575 on  cephalogranes, and 950 coedidence inervals of fhe ANB angle,

T T S S ¥ W7V S SO v SR ¥ A S S 91 S =
A ame on 34 0106 01 26 M oM u [21:23
L} LB m7r L5 niy 1106 ns BB g os7y ¥ | |5anit
C ade a 38 037 045 12 oM o L (-0 -2
0 ae s T [ IR 22 ar o o [44:51]
E o am 20 (s 0.1% 14 am 020 o3 TR E]

I an aM 14 nns 007 14 ams 020 iy 7 60}
G s als 54 e 034 ] a0 44 [54; 581
H am 04 23 010 022 22 ant ouw 81 (-2 -20)
1 ain am 20 s 005 i ap o A (0947
AN ol 05 27 0l 049 15 am oM 43 [-07:53]
AR, =AY — A AR — = A A SR AN - N NS AN - N e
~ABc~ = ~BP™ - B, AR~ = -] M |

The maximum ANB angle is described by coordinates such as A%, A, ™%, N, *3,
N™ B ™™, e BT, whide the iinimam angghe is desoribed by coondinsdes such as
A“-II' A&'M' N.‘”‘, N -ll' &‘lun' w B’"h-

The significanoe of the relataeshgy betwoon the coondinases of paints A, N, and B and
the ANBE angle was confirmed by the values of the Pearsoa correlation coefficknts. The
marst significant correlation was far the A, (six patients) and A, (five patients) coondinates
(Tabde 4).

Table & Comelatice contficime heh dcton nf points A, N, 20t [ and e ANA angle {n = &)

Peint A Point N Point B
Patlent Class ANB () B = 2 " = =

A 1 22404 1295+ 027 AN 001 -0z 010
n n K7L N0 [ of B -0 o3 nml Q1 -nxXe
(S u n2=19 0Ly 0026 -0013 0y s -n227¢
3] 1 WP Oamee 0.538 = Qs 02 007 naee
r I 1310 Q53 -niz* ooy 027" nisn ~11%4
F it Y1424 -0014 ~00 ~028* 0w 0119 0515°
G 1l 83418 ™ 0127 -4t T 0512+ 0
H nm —LE+1s 0241 0241 aan W74 —unz2 ~0L195
| il arus DAk IETE 0o I 0 11048

PO g0, Tt pc0

The strong selationship between the ANB angle and the A, vanable was also cunfirmed
by the resalts of the multiple regression analysis (Table 5)

The study participants, conslsting of 29 orthodontises, analyzed nine
in triplicate. The resalts from the first and third messurements (taken one week apart)
wore usod o assese supeatabllity. Errors weee calculated using Dohlboey’s formsla, and
interclass and intraclass correlation coefficients (ICCs) wene determined. The Dahlberg
wrror ranged from 0265 to 0665 (Tabde ) white the ICC esalts rangod from 0841 o
1000, indicating a very high correlation between the messurements conducted by the
29 orthodontists (Tabke 7).
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Tabke 5. The riskes of multiple cegroscson anadysis for the ANE soglo—modd parssiser sstimatos.

bk i Peint A Point N Point B
- - Ay fem) Ay lem) Ny (em) Ny (em! B, lem) by lom
A | s LERR] - -1631 - - .
B n - N8 L) - - - 132 -
C u - 1353 - - - - -
n 1 - 712 - - - -1 -
£ | 12 T - s ) > =
F n - s - ~&1.63 - - -
G ] R R - - - - -0 -
I ul : % = > > : -
I m - ned - . = : -
Tabie 6. Deblbesg wrror and ervoe ratio Sor ANBangle (PL
S S g FointA _ FemiN Point B
Ax M Ny Ny B By
A 5 Duhlbvrny error (LI96 LS s Do oy s o
Error rabio 1310 (A Ot o1 A 0% 1.2%
W n Duhlberg ermor s amo nmnz Daxe ol s now
Ersoe rakio 5A% 0N 1% 01 0 0.2% 0%
c m Dahibeny erroe s s nna 040 Q05 awe nns
Error ratio 17485 02 O 065 1.3% 0.1% 305
b ' Dahibverg ernoe (565 and 103 nom o0ls amo 040
Error rato 145% 05% 1% azs 3% 02% 1%
£ 1 Eohlbeng error ams s nnz oo omas e v
Error rato 1965 B Q8 {12% 3% 1% 1'%
§ u Eahiberg ervor axn aon noie 0oe o008 amy nozs
Erroe taio 52% 0% Qs 2% n2% 0.2% 1L5%
G u FRhibery ernor 138 w7 [Tt e Q6! QUL 0ozs
Error ratio 6% D% Q% 1% 15% 0% 1%
" m Dahlbenyg ernoe a43s ues 040 002 0016 ams na
Error rato 244N 03 e 2% 0n2s, 3% &3%
| " Dahlbeng error o Ry 1088 s o8 amr LR
Erroe rao W AL Q6% s 0.2% 0.2% LS
Table 7. Intraclass cormdation coetticmnt (ICC) values for the ANTL
ANB () A, fcm) Ay o) Ny em) Ny demi B, keml By (o)
1CC 341 0959 {155 PECL 0957 PELLU 0942

The 1CC is used for determining wisthor the results of coplalomettic messunemnts

can be assessed i a rellable way by dafferent oethodoorists,

ICC vakues were interpreted accoding b Koo and Li [11] as fallons;

<D0 Poor redsability of assessars;
05-0.75 Modesate relability of assessars;
07509 Good reliability of assessony
>0.8: Excellent reliabulity of assessoes.
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Cmquenﬂy an 1CC of 1.782 for the ANE angle indicates that the reliability of the 29

yy orthodantists can be cormidervd “pood ™.

The nethod emplayed to assess the repeatability and reproducibilisy of ANE angle
measurements i outlined in Table 8, The variability {vasianoe) of the coordinases of e
designated poants was categorized nto theve groaps:

e Variahility in the positon of cephalometric points among the group of nine studied
pabtimts (btweon-graoup variance);
e Variability in the posstion of cephalometric points made by the 29 diffesent doctors

[reproducibility);

o Meoasurement erroes across fhree measurements made by the same doctor oo the same
pratirrs (eepeatabiliey ).

Tabie 8. Kusules of the analyse of ropeatabdity oo seproducieny for the ANB angh: sscasurement
1) R&R—Repeatability aned Repeoducibiliey),

Soune of Variaace Estimated Sigma  Estimated Vasiance  eor o
Ropoatiddeny |3 sepotitinds of mensavsonts} 03733 1343 2 16l
Reproducibility (29 orthodonsess| QIR 7 W18 ne
Patiesst |4 cephalograms) 2501 LR wraAr

Towal R&R 04676 0215 oo 2%

Toul 29576 8H29 wan

In the ideal scenann, almoest all of the vanabality in measurement results should be
sttrituted %0 between-group varance (mdividunl patient vasiabifity ), with ordy a negligbie
portion of variabllity artsbag from incomplete reprodoobility among orthodontists and
incumplete repeatability of mensurements. The B & R (Repeatability and Reproducibslity)
module of STATISTECA 13,5 (TIBCO Software Inc, Palo Ao, CA, USA} was emploved to
analyze repeatabality and neproducibality,

The results for the ANB angle are presensad in Table 5. In the last caluman, values
indicating the mlative contribnstions of vacability from differemt somroes ane provided:
repeatability accounss for 1La1%, seproduchility {among different doctars) accounts foe
0192%, mterpatient vamability accounts for 9747%, and combined repentability and repro-
ducibility (RE&R) accounss for 253%. In conclision, the vast majority of the variability
in the ANB angle is attnbuted to individual pabent differences {cepbalograms). This is
A positive outoome that supports a fvorable evaluation of the ANB angle imeasurement
method. The total R&R result for ANB is 253%, well below 107, signifying satisfactory
qusality (Hhe bighest sccvptable RER vakaw being 15%),

32 Tuu Asgle

The Tou angle & a parameter used 1o determéne the trae booy sagittal maxillomand .
lor redatsomsbap (Figure 1), The Tau angle i corstructed by sdentifymy three cephalometric
landmarks. Polnt T, which Is the uppermost pobat at the juncticn of the froedal wall of the
prtuitary fossa and the tuberculum sdlae; Fomt M, a constructed point representing the
center of the largess cincle that tonsches e Frordal, spper. and palatal surfaces of the mavila
and Point G, the focal point of the largest cirdle that touches the siner fromtal, postenior, and
v oo of e snandibular symphysss. The Tau anghe is focmid Botseun tho lwo lines
connecting posnts T and G and points M and G. The abjective of the current study was to
wtablish the mean and starcdard devatson of the Taw angle for threw skiltal malocchusions.
A Tau angle between 287 and 31" sugiests o skeletal Class | malocclusion, while values
below 2387 mdicide a Class I skefetal pattern, and values sbove 347 suggest & siodotal Class
1 pattern.

The Tas angle is determined by the coondinates of paints T, G, and M and can be
caleulated accanding 1o the fellawing relationship:
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Tav = are 'd((;y - ‘y)f«;. - 7\) m 'c, — Myv«}\ - h'\"/"’ (Cv’ — Ty],«;\ e T!) hd “;' e "]]/«;A - h’#"

The accuracy of Tau angle measurement relivs oa the precese postioning of the theee
posnts T, G, @nd M on thw cophalogrars. Table “ digplays e mean values of & Tau angde
measurements, aloag with the coordinates of points T, G, and M. The dispersion of point
G s vertical (with greaser variabaliey bn Be directson of the vertical as, Agy/aGx > 1),

while the disperssans of polnts T and M are horizental {Aty/ATx and Amy /AMx < 1),

The accuracy of Taw anghe measuneemont is most significantly atfected by the harizoatal

positioning acouracy of point M (Mx cocedinate) and polnt T {Tx) (Tabde 10}

Tabbe 9. Mo o standard deviatiun valoes of die Tao anghe and cooedinates of poisss T 0 and M
mesearnd on 4 cephalagrams throe imes by 24 doctors in = §7)

Puint T Puint G Poist M
Putioat  Cue WO T Tykm GoGa Gylem  Miian) M, o
A | VO+15 IH-O06 AM=(UG S/6<002 125+003 5814003 279+000
1 n 04422 266-001 446001 LIEH0ML 16400 LT H0M 239 £00
C n T7442 2MW0M ANEMG AWA0Z ATIL00) SKZAIN 2824068
D 1 DI4L25 IM=OF LWE003 U002 15040M  SH3E005 3354004
E 1 MIL2] W00 ANE0M SO 13S0 STIL003 284400
F I We4£3S 2W/OM AU AMO AMIMUZ 1|00 LTELM 2R L0
G n FH4L27 OO0 A L0M SO0 1400 STZE00D 2444000
H u BESLIS AT LOM 471 EIMG AWAIZ 1T L0056 GSS LT 395400
1 m M2422 2MN-0MN AW =000 NS0 1280 E32 2005 291 4040
Whee irst Gigdtis e prerage valtoe, a0 e+ /= g s fodhomned by the standand dessation [ SO—weaii and
wandand devuabon)
Table 1, Horlscetal and vertical cocedinase deviations of pots 7, G, asd M sseraueed theee tines
b 29 doctars 4n = 871 oo ¥ cephaloprams, and 9% cordidence inbervals of the T angle,
Py BAT. L0 (O aAGie,  ob O asgas, SR
A 016 012 a7 00 0.8 16 219 ne 09 (325334
0 N oM av 00 v 19 o 019 [y [#02414)
C 016 006 a9 0z 07 14 220 n7 08 [26.3:27 1]
&) 017 035 a9 0 018 20 o ¥} o7 [21.333)
E 021 035 a7 041 022 20 018 0 08 (339, 347|
F 020 00l as s 024 19 o 0 06 (389 402]
G 029 0l G 110 047 17 024 024 10 |37.4: 38 5]
" o 0y ar oa 035 a7 2.5 037 %) [25.0:259]
1 0l 0 Ak 016 0.6 T FY) 024 1l 255263
AL 019 0B a7 011 021 15 024 021 09 [24.0.40.4]

AT, = 1,00 [ B AT YT TR 4G G G A (RN AR, - A E )
OM, a M, M,

The significonce of the relatiooship between the coordinates of pomts T, G, and M and
the Yau angle was condirmed by the values af the Pearson correlation coefficlents (Table 11).
The most significant carrefation was foc the T, and M, coonlinates (six patients),
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Tabbe 11. Coenvdition coeffuiimis Botwenn axmlinatos of poss T, Coand Mand the Tau angle (n = 871

b Tiw ) Polnt T Foint G Poimt M
- — “ T Ty Gx Gy My My
A 1 ~0. 4 o e iss -0 134 = e
0 n ~0216* ~003% s 0o 0371 n»
C | ~0051 ~028) =77 o 0211 0155
) I 055 -4 -3 nms e ~AUI7S
E 1 Q308 0220+ ~0055 -0.08s 02" 0™
F I ~L324 ~233* olsk 0355 * ~L14 ~(unl
G i ~0AX " -3 -Q09 0282+ ~0109 ~{L0s8
H i -0% A b)) QLT 005 azn-* s
1 m -8+ ~n2z1 —AL75 Q200 4 A7) -3~
< U, T AN T e Bl
The strong selationship betwoeen the ANB angle and the A, vanable was also confirmed
by the resalbs of the multiple regession analysis (Tabbe 12)
Table 12, The musdbgpke npgrewoces amalysm results for e Tau ang) fad e entiman
- C Paloe T Foint G folmt M
™ Chs o Comtaml Taeml Tylam | Gekml | Gykmi | Maboml  Mydkm
__7A | - IQ_M —M . - - 198 -
B 1 w2 m - - - 2047 .
< i & & : 3 : 4 =
D 1 1151 - - - . 1247
E | A0 - - - = 2611 =
_ P I % N : : £33 Rl
G ] 073 i - - 189 - -
H i —?.ﬁ - - = - ?._;_!7 .
1 m M2 - - -2 - 247 -

The eawsssiremmuent eenons for the sngle Tau aod e coordinates of points T, B, ard M
were estimated according to the Dahlberg formusda and the ICCs. The Dahlberg error ranged
From 1591 to 1639 (Tabde 13), while the results for ICC ranged from 0,347 to 0624, which
Indicates a weak corredation betweoen the measusements made by the 29 arthodontists
{Tabde 14),

The results of the analysis of svpeatability and sepeoducitility foe the Taw angle are
presented in Table 15 The repestability of the results sccosmes for 4 0% of the total vari-
abiliey, reproduciilisy (amorgg ditferent docsors) acoounts foe 399%, interpationd variability
accounts for Y1767, and combined repeatability and reproducibality (R&R) accownts for
824%. Coosequentiy, the vast majarity of the vastability @n the Tau angle can be attributed
1o individual patient differences (cephalograms). This is a positive outcome that suppoets a
favewable evaluation of the Tau asgle meacarement method. The total RER result foe Tau 1s
8.24%, which falls below 10, indicating satisfactory quality.

33 ANB s Tau

The orthodontists involved m the study demomstrated ssgraficantly greater accuracy
I omssuriog the ANB angle conspared to the Taw angle. The Daldserg crror for Tau anghe
measurements was approximately three times karger than that for the ANB angle. Similarly,
the 10C foc the Tau angle was moee than three aond a half times senalber than that for the
ANB angle. Furthermore, the R&R ermr for Tau angle measurements was moee than theee
times Larger compasod 1o that foe ANB angle measurements (Table 16). In summary, the
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ressults indicate that the ANB angle measurements exhibit kess error compared to the Tau
sl museanements. This discrvpancy & inflaemond by the sallor dispursion of horizontal
coondinates of the ponts that have the greatest Impact on angle measurement erme.

Table 13, Dunlibeng ecroe and enror natio (F)

ratiear . Poist T Poinl Poimt M
8 S T Ty Gy G My My
& y [ — 089 QM3 am3 005 07 amoe o2l
Ervor ratio Pl 0, ase 03s 14% 03% (2 S
v . [T — 48 Mz 0Dw 007 ool7 ams o
Emor ratio i s 0d% oz 8% 1.1% 04" Qv
c " Dadvioong ermur 1015 am2 aom 0025 e oy 00
m Ereor ralio AN 0% M 05% 3% DA% 08%
Doy error 1997 s nms 0013 (el e 0028
D ! Erear ratio ann 2% a5 4 2% 0% 0%
8 ' Doy ermor %4 e 0089 (L] o4 o 0w
B W% L% 0% 0¥ 19 o ov
" " [ —— N Qs omd 0017 odm o ame om?
Error ratio aurs 0% O¥e  QFe  28% 4% 06%
= 3 Usdhier: ertur 4T Qs 00 002 ome  amy 00
Ervar ratin ITE MM A 4T 7% 03% 1Y%
e i Duheg error 169 am2  0me 0011 0403 QUME (0%
Error ratio (2 0.5% a>e 2% 2% 0% 156
1 o Dok error 1223 e 0083 0018 o2 s 006
Ervor ratio 7% DA% o e 17% 0% avs
Table H. Intrachass coorelation coefficient (50C) values.
Tau ') Ty (em! Ty tem) Gy lem) Gy lem) My lomd My tem)
oS 0347 05% 87 0.2 a2 0802 s
Table 15 Results of the analysis of sepeatability and reprodeckey for the Tom angle measurement
1) RER- Rupatabitity amvd Repeuducibilityl,
Source of Varlaacs Estimate Sigma Estimased Varisece '::.' ““‘;‘
 Repwatabdiny (3 ropetitines of menssremonts) Lmm 10852 522 am
Reproducibility 29 orthadansess) 1w 1 S0as 420 394
Paticow (9 L7457 25204 N7
Towal RER L% 20011 10000 824
Total L9 245425 e

Table 16, Compurison between the Dahlberg, ermor, intrackass cormdation coefficent (CC), and
repeatabaliay 2nd neproducibily (RER) of ANE and Tow msssunverasty mad by 29 orthodontints, s
vl masan cosedinate deviations of points that st stroogly affect anghe msasuremns,

Angle Dahiberg Ervee cc Total R&R DCA fem)
ANS 012654163 1541-1.00 250% 8A, =011}
Tau 18911 /38 1470 &24% AM. 02
Toa/AND 241 0z %
DRSS TTarage daviation of (he cocrdinatw Bak Saareiires 119 S00aracy :m.—'m—
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The ability to accarately classify patients into ane of the three skeletal dlasses based on
the rwssumed ANB and Tas arsglen s somilar {p < 00013 The Cobwn's kappa valow basesd aon
the ANB angle values and the gold standard 15 0778, which is slightly higher {indicating
better agmement) than that based on the Tau angle valees (0722). Cobwn's kappa 5 a
redlabelity coefficent used 10 medsure the conssstency between two methods measanng the
somue variable, which is veminal and dependent. Cohen’s kappa values rimgy from —1 %0 1,
with values closer to | Indicating greator agresment between the two methods {Table 17).

Table ¥7. The Cobun's Sagrpa values based on (he ANB comgand 50 e Taw gl

(a)
Clas
ANBIY) 1 n n Che-sqpsaned test
n =261 n= 2061 n =261
4" {n = 224 O {TaeN (3 at) 21{96%) I p—
>3 (n = 124) 66 (25.3%) 2830650m)" 10438%) df=4
P fn=215) 2% 10 2 6 <0l A ye BOY
(b}
Clavss
o () 1 " n Chesauared sest
n =261 N2 n w26l
251" [n = AW} IS {RTH ETEN b F115%) 3 =0
S (n = 347 W0 (34.5%) 2850 T ETER N df=1
<28 in=27) 208%) 401,55 25 M ) i
ANE ()
Tl - =4 <t Che-squared sest
na2m ne3M neXS
26°-34" = 209 130 (M) 4 0 (15.4%) 2(123%) 2 =742
SH" (n=37) T3 (6% T YN Oy af =4
A (n=227) 20 4% 0 004 0 KTIN© e Ph: IOy

I Bapgh = 01778 [0741; 0315] SE = 0056, N = TR, (B0 Kagpa « 0722 |0A3); 0.763E 5E « 0006, N« TEX ()
Koppu « (La8L [0618; 006] SE = 0036, N « 783

4. Discussion

Cuphalomensic issessanwnt of smgittal discoepancy plays a cawcial robe i arthodantic
evaluation, facilitating the development of appropriate treatment plans [11,12]. Over time,
nurmnerus reseaschers have sought (o sdentity the most stable and nproducible anthro-
pometric paints, regardless of the growth direction or arthodontic treatment provided.
Homever, it is smpoetant to oodo that o method is entisedy free of ceeoes, and m corsain situ-
aticns, the obtained results may seed validation through an alternative method [12]. Most
shndies focusing oo arphalometric asalysis typically concentrate on a singie ethnic groap
However, the diverse sot of characteristic foatures observed in cophalometric anatyses for
potients frum specific ethmic groups or popalations nesiding in different regions necessitates
2 comprehensive comparative evaluation of Individual Indicators. This is crocial for accu-
rately assessing the relation=hips between masillary bases, alveolar processes, and teeth in
both sagttal ané vertical dimenssons |13). Given the recent introdoction of a new parameser
for asscssing sagattal discrepancy—Tau angle analysis [ 3], which ots authars claimed to be
mare rellable compared to ANE analysés—we almed to conduct o comparatve evaluation
of both ANB angle analysis and Tou angle aralysis in terms of assessing sagittal discrepancy.
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We also assessed the stability of dentifying anthevpometric points assoclated with each of
these sl i selation to discrepunciis betwern borizontal sod verbical axies. Additsonally,
we canducted an analysis of the repeatabelity and reproduchility {R&R) of measurements,
comgparing e variability in landmark idestification by the same observer and difforent
observers in the same study. Furthermvone, we evaluated the accuracy of classifving patimts
into ane of three skektal classes by analyzing both ANEB and T angle values. Revent
research has demoeshratod the potential of emploving artsficial mtelligence for pewcise and
comssstent aralysis, even in 30 mages, The outcomes of testing deep karming techniques
Based an Canvolutional Newral Networ ks (CNNs) have shawn them ta be effective and
accurate, comparable to the expertise of an experienced observer while being sigreficantly
laster. These Endings suggest e feasibility of utilizing Al in cethodontic diagnostacs,
whach holds substantial clinical impoetance in terms of result consistency and rapidity of
analysis. 1t ks warth noting, though, that the application of this sschoology to 3D Images
has limitabons due to patient radiological protection conssderations and should be reserved
for the moet complex cases. For simplor cases analvaed in 2D prajection, this approach can
be readily implemented |14,35).

Studies conducsed by Maheen Abeed, Attiya Shaikh, Mubassar, and Fida [19] regard-
Ing varieas cephalometric analvses have consistently shown that the ANB angle Is the
w0t precise and relable indicasor for evalsativg the maxilbomendibalar eedationship in
the sagittal plane. The findings of our stady support this conclusion as well, The ANB
angle mesurements exhibited snalbee errars compared o the Tau argle measurements,
poimarily due to the narrower dispersion of horfzontal coordinates of the points that have
the greatest impact on angle measurement errors. The nsults for ANB measurements,
Inchuding repeatability (1.61'%), reproducibality ((1L92% between ditferent observers), in-
terpatient variobility (97.47%), and combined reproducibility and repeatability (253%),
underscore the AN angle’s dependency on individual vanability. This emphasizes the
ANB angle’s effectivencss as o standard parssmeter for evaluating sagittal relationships. The
rellabllity of our data was further enhancad by the double-blinding of the study samphe,
where cbservers were unaware of both the clinical parameters of pabiests and the parpose
of the analyses, mnsuring unbiased gvaluation

Reggarding ervons sssociated with the Mentifacatson of sntheopoemetric potods [10,12,16-22)
the msajorsty Of studies that hive evaluated the reproductaity and reliability [1,3,10,02,20-25]
of indmvidual kaindmarks have reported errons in point identification. Accurate asaessment
and nepeatability ane partaculiddy cradal in growing pationts, especially when dealng, with
the imprecse delesmination of points A, N, and B. These paints can undergo sygnificant posi-
ticewsd chvaryzes during growth and orthodontic treabment, making it challengzng 0 accurakedy
assees the sagittal discrepancy between the jaws 15) The rellability of anthropometric pomt
determrinabon is a criteally important factor that unduerping the npseatabality of both Tineas
and angular messurements |1,3,10, 0220520 When the sdentification of poats cannot be
coeemetently and rolishly roproduced, the overall messuremiont wsed in cophalometric analysis
becomws sasceptible to significant erroes that can impact dsagnasts and treatment planning,
I thae saggittal analdysis of the ANB anghe, the precise evaluation of points A and B & relation
to the x-axis, as well a5 the evaluation of peant N in relation to the yasis, holds partiouar
sigmificance |12 Similarly, in the assasssment of e Tau angle, attention should be paid to
thw accurate gvaluation of paings T and M in refation to th x-axis and point G in rdation 1o
the y-axis, The findmgs from our study suggest that the discrepancy along the horizontal
w5 {x-as) whaen determicing poings A and B is psninal, posengia®y indicaging a high level
of accuracy in influencng ANB angle measurements. Ina study by Duzao [24], the 1CC for
e xcomnponent al paint B s ke than 009, asd for e y-axis ot posnt N, it wis alao bss
than 9. However, the KU values consistently ranged between 075 and 09, which was
covsidind good. Thie assessoment of the vertical divergene of paint N, which i signiticantly
higher compared to that of its hoczontal companent, aligns with this cbeaervation. Moewver,
thwe Intragroup corrlation coetlicens demoenstrase high consiseency in point sdensiicagion,
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Indicatng the measunement’s high relability when asassed by diffesent observers. Similar
vl waere obtained in th shudy consductnd by Duro et al. [24].

The introduction of a new cephalometric measurement bas the potential %o significantly
roduce erors i ANB meassironwnt, partsoulacly in growing patients who fegquently
undergo changes in the positions of points A, N, and B. Nevertheless, the adeption of
this new meassrement should also be approachad with o degree of caution and careful
considoration. Contrary 1o the clains made by Gupta P et al. |2), It s evident from
the present study that points M and G, while located near the central posibions i the
maxilla and mandibular symplasis, ame nol s suscoptible to change compared to ather
poants, incduding A and B, Furthermone, there is no clear evadence to support the assertion
that the Tau angle is imune to mandibuler sotation oe consistantly vields seable results
for determining, the correct direction of sagittal defects. The study also haghlights that
errors melated to anthrapometric poing kdensification are more significant than ernoes in
repeatability or reproducibility of landmarks in both ANB and Tau angle assessments. In
teeme of e ability to accurately cassify patients into poe of the threw shefetal clisses based
on ANB and Tau angle messurements, the assessewent remains similar, with the ANB angle
comtinuang o seeve as the gold standand.

The primary limitatons of this study wese the number of potients and its cross-
secticoal nrture, accompanied by sssociated Fimitations. Other corstmints encoampassod
alteratioes i the pasition of anthsopometric points A, N and B, and the potential for
changes in poinks G and M due 50 the pabents” growth dusing puberty, Additonally, the
sccuracy of determiining the T point presented a limdtation. Conseguently, further nesearch is
warranted, particularly randomized controlled trsls (RCTs) comparimg alternative methods
for evaluating sogittal discrepancies in adequately large groups.

5 Conclustons

This study denwnstrated signaficantty greater accusacy in measuring the ANB angle
comgrared to the Tau angle. The Dahlberg error assodated with the measunsment of the
T angle was approximately theee times larger than that of the ANB angle. Furthermare,
the intraciass correlation coedficient for the Tau anghe was mome than three and a half
times smaller than that for the ANB angle. Similardy, the R&R esror for the Tau anghe
messurement excesded that for the ANB angle by moee than threefold, In conclusion, the
measurement results for the ANB angle eahibet lower levels of error when compared to
the oesults for the Tau angle. Despite the introduction of new measunements tosed on
novel landmarks, ANB angle analysis, constdered the gold standard in assessing sagittal
maxillomandibular relatsonships, remains a fundamental indicator for determining the
sagittal directian of malocclusloes.
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Abstract: Backgrosesd Theve are various methods of controlling thw incination of the sosors durng,
Potractionn, Dot W b5 10 o0 udonon a6 10 e advaniages of sos pushods ovir cthess. Tie paspos of
this sysbumatic reviw and mels anadysis i %o dose i #w effectiteneas of Har sthods wad b
control soevjoe durng anterior teeth setracton. Meghods: [n accordance with the PRESAA guldelines,
the mvin reseasch question was desined In the FICO Sonmat [P patients with complese permanent
dentinon | the masilary incisos fimque after (1) and before | retraction with stratght-wine appliance
andd cddlerant muodes of kmgey L O statistically siygnificant cfformmoss w torce values uf the
uppes incsoms after orthodontic vatment]. The MEDUNE, EMBASE, and Cochrane Comitral Regidur
of Curtrolled Trizks databases mise sarchod for beywoods cosdining retraction orthedoatics, toeque
controd oethodoollos, teegue ardodoedicos, kclination orhodontics, lonque contnl etraccon. The
antiches wese subecied 1o tisk of bias and guality analyses with the ROBINS I protoccd and the
moditied Newcaste-Uttiwa QAS. eespectvely. Meta-analyses were pecfommed with hoth fived- and
random-efiects models, Resadbe 13 articles were selocted in which sotal number of S8 subjects tonk
goart. In all stad) IMOIN Wy by 2407 fmewen diffenunce |, which was
statistically sagrifieant. Conpdinmg the stk separatuly, the disk s in fangae Setwoen the
STUAY Zroup and the control groap were stacstically signifcant in sis artckes, The Q stanstic was
1623 with p= 00000 2nd 1P = 6595, which indicated a high kevel of study heterogencity, Condusion
Both property periormed coeticotomy and eremasse setrachon wing octhodontic microssplnts seem
to e e mrvoat effective and sctentifically valldated methods of toogue control. Further high-quatay
research o neecled 10 perfomms better quakisy amalvses and draw mone mll ablde concusinm.

Bocand &

Keywords: socth netracton; foeq {; oethodanbes

L Introduction

Torque contrad & a key clement in the extraction of the fizst premalars during o
thodontic treatment [1-16]. In siach cases, it is pecessary to thorooghly diagnose and plan
the appropeiate control of the teegue. The authaoss tried 1o show which of these methods
gives the greatest effectiveness f—19]

Burirg orthodontic teatment, torgue control of the antessar tewth roces & relevint,
It ensures the stabslity of the proper mtermcsal angle that, in tum, is responsible for the
propor support of soft Bseaes (022, providing a harmoeaious facial profile [27). The
labso-palatal inclinat:on of the Jong axds of the incisoes = also redevant to maintining a
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healthy periodentium, whach minimises the risk of recurrence after treatment, recession,
ferwerération or duhisoenor in the sntesion part of the dental arch 5]

In addition to attempts to controd the inclination of the mdsans during thesr retraction
durectly redited 40 the inseraction of the artbodontic wire with the surface of the breach gap,
2 modification of the direction of the force vectar can akso be used In particular, the use of
orthodonbe mins-implants—one of the greatest achsevements of arthodontics of the last
20 years—should be taken inta account hore. This method can affect not cnly better anchor
comtrid but also the way the incisors move during thesr netraction [22]

There is a need foe the mechanical contral of the iacieor root position in the toatmemi
of muderate fo severe cromeding, bimaxillary peotrusion [12], and open bite or Class 1l
mabocclasacer. The extraction of prenslies is often necsaary o distalzze canaws into good
position. Spaces ocourting mesally to distalised canines make the incisoes particularly
susceptible to unvontrolled fevcessive Inclination.  To avesd this effect, such different
methods of icisor torque controd were suggested 25 brackets with increased baill-in
torque | 7], anch torsion (12, placement of temporary intraccal sholotal anchorage devices
(TISAD} [5-11,14-17] that enable group distal movement of the “socal sic” (en-masse
retraction) [5,12,13], and o mini-mplant insested betwewn the maxillary indsors |9,14,13).
Regardiess of various procedusres that suppoeet peoper root pasition during space closure,
e evalusation of flwir effectivemess is based almost eschusively on individisal dinicians”
experenoe,

Therefore, this systematic reyview aims b objectively determine the effectiveness of
diffesent methods for root torque control of the maxifacy indsors during their arthodoozic
retraction, and thus o identify which of the sugested procedures deserve the highest
recommendations in clinical practice.

2. Methods

The systenatic review was registered in the PROSPERO database under identification
nsmber CRIM2021215406

The study was conducsed acconding to PREMA {Preferred Reporting lems for Sys-
tematic Reviews and Meta-Analyses) guidelines [3,40 The reseanch quaestions weee defined
In PECO fonmat

Papulstivn (P): The potients undergoing the study had complete permasent dentibion

Intervention (1) The orthodontic extraction teeatment with braces using 4 stragght arch
technique and an addstional method for inasor root torque control was used.

Comparison (Cr Evaluation of the tarque of the Incsor roots before and after the
treatment.

Ouscome (O): The influende of mothods of Inclsor soot targque contml po the final effect
of arthodontic trestmeni

The follawing electronic databases weew seanchid by two researchars (AK, JK): PubMed,
EMBASE, and Cochrane Central Register of Controlled Trinls [20], entering the following
keywords:
e Incisor retraction & orthodontics
incisor oot toeque control & arthodonbcs
root torque & octhodontics
incisor mcimation & orthodontics
Incisor oot toeque contral & netraction
Search filters include the ttime of publication of the article, the last 10 yeors, and
publications that appeared in English in relation to conventional tabial /buccal braces,

Based on the Infurmation provided in abstracts, articks were selected according to the
following orsteria: randomised clinacal trials (RCTe) and contmlled clinscal prospective trials
{OCTs). Individual case reports, case scries reparts, liserature revicws, experimental studscs,
studies with limited data (ncluding conference abstracts and jourmal wotings), studies
involving an nopresentative group of patients {less than 10 patients), studks conceming
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patients with syndromes, and animal expenments were nefected . Articles unrelated to the
subrjent of the plasined study wen also excluded.

I terms of the selected full-text asticles, those that did not include Information concerns
g the <haoge i the inclination of the maxilary incisors afser orthodontic treatmont were
excluded. Articles that did not repost the rumber of patlenss who completed acthadontic
Ireatmwnt were also rejoctad.

For the remalning articles, ederences wore eviened, and sach joamals as Amerioan
fonrma! of Ol tics, Dentibivasd Ortivepnlics, Mtermatioea! Ovelaodermbics, fowrmal of Climical
Orthadontics, and Angle Crthadanté wore manually searched

The following dota were extracted from reviewed artides: vear of publication, group
size, charactesistics of treatment and contecd grougs, method of root toeque conteod, mails
lary incsor root torgue before and after cethodontic treatmen, together with mean changes
In these angular values (Tabde 1)
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3. Risk of Blas

The nsk of bias analyss was performed for various articks using the Cochrane
Collaboration's tood |2]. The fallowing criterla were used: random sequence generatian,
allocation concealment, blinding of participants and personnel, blinding of assessors,
incomplete autome data, mpoeting of selective sutcomss and other potential sources of
blas A modified Newcasthe-Ottawa Quality Assessment Scale | 7] corsisting of three parts
wies used for the qualitative apsessment:
{1} patsent selecton, where the following elements were evaluated:

(al  the representativencss of the group exposed to the test agent,
) the selection of patients foe a contnd gaomp,
(€)  thesource of data concerming exdividual patients,
() ademorstration that staded etfects did not cocur at e beginming of the study:
A marimum of 1 point was awarded far each sub-polet, resulting in a pessibie seore
of 4 points
12} Confounding factors that evaluawd whether a control group was identical to a treats
ment group in ferms of ather factors that coudd posssbly influenae the outcomes

In this category, 022 palnts were awarded according to the significance of the nfluence
of confounding factors.
135 Outcome assessment, which analysed:
(a) the blinding of assessors,
b))  the duration of obsetvation,
(€  the percentape of patients who completed the study,
Enabling a maximum scare of 3 polnts

4. Statistlcal Analysis

For each article, 2 statistical analysis was performed for the differences in the mean
changes in maxillary mcisor incEnations between treatnwnt and cantral gaoaps. Stadies
with a statistically significant difference were selected. The cutcomes are shown graph-
ically as a forst plod {Dlotbogram). Momover, 3 hetvrogeewety analysis of the ociuded
studies wans conducted. For this purpose, a beterogenedty test based on the Q-statistic was
performid, and I was caloalated. AN calculitions were perdormed ssing Statistion 13 PFLM
software (StatSoft Poland, Keakow, Peland)

5. Resulls

By entering keywords into the included databases, 3175 abstracts were vickded. Forty-
fonsr astichs were indtially validabed s eligibie for the systematic review, and ey were
analysed in detail. A final total of 13 articles was selected, iInchisding 7 RCTs and 6 CCTs.
The complite sebaction process is dhowin in Figuse ©

5. Growp Séze

The dotal neember of participants was 550. The average group siee was 20 patients, The
largest groups were described by Chen etal, [2] and Xu et al, [5]: 32 patients per group
The senallest groups woes aeporiod by Dacpak et al. [9): 10 participants por group. In mosd
studics, the sizes of the study and control groups wese xdentical (Table 1),

5.2. Ageami Sex

The ages of the patients varied significntly botween articles, oomging from 10 yoars
in [8] to 35 years In {7} Therefore, some patients were treated befare or durlng max-
imuam growth, while athers were treabed upon reaching aduithood.  The stodies by
Sadekietal. [10], Lsestal [11] Jaoetal. | 12] and fewa ot ok [ 3] cluded only women. The
studies comducted by Deepak et al [Y] and Ruan et al [14] lacked mformation concerming
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patients’ sex, I each of the rermeening studies, the femalo group was lager than the make

groap (Tabde 1),
Krcords identified with Acdilional records
database semrching {n = ey litvrature (n =
3154) 1)
Y
[ Records removed before screened (3189 )
§
Recoeds soreened Recocds escluded
(n=3139) {v3145)

| —

~ b
£ Full text articles Records failed to meet mclusion
) assessexd tor elygibility ritera Sample size group<i
i3 . Lt :
e \ (w4} ) Lack uf vontral group  lack of
stcoame data conoerning incisor
locque value {re31)
s e N 4 R
§ Studles included in
i qualtalive synthesis
- 13
(=13} o
Figure 1, PRISMA flow diagres

5.3, Treohmient Stralegy

En all treated patients, extractions of the maniilary premodars were performed to gain
space for the incsor and camine retraction. In 1 articles, maximum anchorage was used as
TISAD in the treatment growps [S-11,14<17). Other studies evaluated the effocts of changes
in the width of he slot inchnabon in brackets placed oo the first upper molars [7], the use
of comticotamyy [17,19], and the wse of elastics and powes chains [12]. These studies atso
compared the effectiveness of en-masse retraction to twoestep anterior teeth retraction 4]

5.4 Rick Amlysis

The outcome assessment find mgs foc the rsk of bias in the randomised dimical tnals
and the gualitative analysis of CCTs are shown in Tables 2 and 3, respectively.
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Table 2. Risk of blss pasessament o the RCTs

Srady

Randam Allecation Bliading«f  Blindisg of = & plete Sclective

Sequence Corceals Participosts Owtimne Other Bies
Geresalion mers Owscome Dats Regosting

and Persormel Assessomemt

AlSDule oo Hapne
2e13%010]
Devoody et ol (2012 15
Soeduicn ot wl C0rH (1)
Nedvam ot ol 200
Chon et al DML
Tumges e ol 12007 [77]
Xu et ol CXHU [H

Low Larw hgh Law Low Lawe Larw
Lo Larw Hagh Lncloae Low High Loy
Loy Lorw rogh mgh Low Laswe Unchear
Low Low togh Lo Low Low Law
Lo Tarw Haeh Lo Low Medenie Unchear

Misderon: Low Hgh Lo Low Mederate Low

Vo Larw Hogh Law Laser Luow Urclear

Table 3. The quality tuf CCTs g b the modified Newoastle-Ottawa Scde.

Study Sedertion Comperabilisy 'o"m'

Duvepak ot ol (2004) [V]

Lee and Kim (20110 |17

Kovama ctal 42011) 1Y)
Tsean et al (2013 |14)
Zhaoetal, {2am81 {12)
Joewet sl 20133 [13)

W e -
LR I N )
LR RN R

5.5 M Parassder: Olvimge i 2 Aaxillory Tncisor Root Tongue

In all studies, incisor nclination was abservod during the retraction movemant, 1e.,
there was a vestibalor root torgue. In the treatment groops, the mean change in buceal-
pakatal inclination of the incieor rots was 1046° The greatest change In incisor torque
{19157) was descnbed by Lew et al. [LTL in the growp where mini-implants were used
Completedy differont results wene obtained by Sadeka ot al [10] who tound the simalkest
change, 4417, in the root inclination of the anteniors teeth ina vestsbulk-palatal direction
afber mini-mplimts were usad on the vestibailar side 10 retract the anterior seeth (Table 1)

Taking into acoount all studies, the mean difference in the upper inasor inclination
betwieen the comtrol and treatment grongs was 2467 which was statistically sqgnificant
(o= 0.0003). The kargest discrepancy between groups was observed by Dovoody etal [15]
In cvmtrass, no dscrvpancy wis observed between grougs by Deepak vt al. [9] (Table 1)

56 The Effctiavmey of Metlods S Upgwe Insisas Tovgur Combrol
Out of 13 artiches [6-19] incladed in this oview, the ddfenvnces betweon study and
control groups in upper antemor tfeeth inclination were statistically ssgnificant (p = 0.45) in
ondy & articlos, Tho analysss ressilts are shown in a fonest plee (Botbogram} [20] (Figure 7).
The results of the studies and their significant statistical value are shoven bedow, in
gradation from fhe study with the highest b the lowest statstical significance (Table 4)

Table 4. The muost efficient treatment strategies of anteror teeque controd during retractioo.

Stwdy

Median Difference of

Us-Inclinstion Comtribution for

Trestment Strategy between Groups ’ Analysis Result (%1
G142, )

Allmam ot ol (2019 18]
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nuboq cor thoosoany
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DU B |
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roteadtion Wik TRA 291 (0003 275
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Figure 2. The mesan differences in the inctaor inchmation between the treatment and cootrol groups,

(1) ARimam et al, 18] revealed that cortscotomy during incisor retraction reduces their
mcdisation by am avesage of 1.5 compared with non-surgleally assisted cetraction.

{20 Al-Sibaie et al. [10] revealed that en-masse retraction of the anterior teeth using TISAD
esults Inan incsor inclination on average 2.9 kawer campaned with the standard
two-step

(3 Sadeda et al. [10] mvwaded that the enamasse retraction wsing mink-implants and anches
om the vestibular side results in a reduction of maxillary Incisor inckmation by an
averige of 3857 compared with the same vn-misse movement from e lagual scoves
and mind-amplants placed on the palate,
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4 Chenet al, [7] revealod that patients svated with the PASS system had on average

1.8° bower macaliary Incisor inclination compared with paticots treated with the MBT
‘abem,

L1 gmod al. 112] found that the vse of intramaxiflary elastios during Inclor retractm
results man inclination of the maxiflany anterior teeth that is on average 7 187 lower
compared with the use of power chains.

{0)  Davoedy ctal. [15) found that the standard two-step retraction using an extra-intrusne
arch resalts in & maxallary inclsor indination ce average 8° lower compared with
TISAD-assisted en-masse retraction,

Q was 3623 with p = 00005 and F « 66.9%. Those data indicate a high level of study
hoterogeneity, This is mast likely due o the differeat arthodomtic chnigques that wene
used in ndividual studles

Additionaliy, an analysss of the heterogenaty of the studies induded in the meta-
analysis was petformed. Far this purpese, o lest of haterogenelty based on Q and F was
performed. The results are summsanast in Table 5.

Table 5. Heterogeneity analyss.
Lower Limit | Upper Limit
Q o [ v WRPUAY 9% PUAY
N 12 a3 FES0T, - T T

As ks shown, B 1s 67, which means that 6% of the differences cbsenved between
the test resailts are the resalt of beterogeneity, They ane the result of differences between
popiations and the methods of forque control.

Table 6 shows the results of the heterogeneity of the studies broken down into the
individual studivs. The change i the camulative effect shows how the osult of meta-
analysis would change if the study were not inclded. The percentage share of the study
it the meti-analysis is e oot of the effactiseness of Bw targue contral and the sae
of the study growp (Deepak et al. studied caly 10 people sach in the study and control
fpromipe). The shedios by Jowr, Davoody and Raa had the highest level of sensitivity and
heterogeneity.

Tabrbe 6. Heborogeoueity analyses sosults; changes s thw camudalive éffects.
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The last column inchades e changs in standand ernor, which shows hos the combined
effect would change, Le., how a given study affects heterogenelty, The research by Al
Immmmam ared Al-Sdhaie b the greatest impact an heterogeneity in this aspect.

The heterageneity results are shown in Plgunes 35
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Figure 8, Helevogeneity anabysis neasdts
6, Discussion
6.1, Risk of Bies

In mast articles, the risk of bias was considersd low due o the detailed, ngorous
randoenisation methods wsed. Only Tunger o al [17] describod the risk of bias as moderate
because the randomisation was not performed in a fully abjective manrer; instead, patients
ware assiged by the individual identification of their patient oligibility based on fhe
arfera mek

The risk assocased with the discosure of group digibility was considered lose inall
RCTs due to the wse of opague, sealed envelopes o other equavalien? randomisation methods.

The use of speafic treatments and the differmces betswven them were known b both
study participants and dinicians. Patients were aware of their participation in the study
and sgned an informed consent for proposed treatment, For this ressan, the Blimding of
participants and personnel regarding treatment status was impossible, and the risk of blas
for this criteron was identified as high.

Although the blnding of participants was not possible, the overall risk of bas was
reduced m =ome studies by the blinding of assessom during the outcome amaly=s. [n tho
artickes by AbShale o al. [16], Alkmam et al. [18], Chen ot al. [2]) and Tuncer et al [17],
mssessoes were not clinectly involved in the studses and did nat know their purpose; there-
fare, the risk of blas was considered low. In the articlo by Saduka ¢ al. [1)], assessors
could ensly define the purpose of the study (potents treated with vestibular or Fngual
orthodomtic applianoes), and this Blinding was not possible, and the risk was consideead
high. In contrast, Davoody et al [15] provided no mformation an the binding of asscssors,
Homwver, they eonphusssad that assessors coakd casaly idontify pationts in each group Basod
on the amalysss of cophalograms ipresence or absence of minFimplints). A simifar risk may
have cectsrmiad in the study by Al-Sahaie ot al |1} However, the authors cloady emphasised
the blinding of assessors in their study. As it was difficult so determine the actual impact
oy wisk 0f s, it wias finally corsidensd unovtain in the articke by Davoody et al [15],

I all studses, complete data from patients were cbtalned and analysed. Therefore, the
risk in this category was considend bow.
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In the astickes by Daveodv et al, [15] and Chon et al [7], the authoes highlightod e
possibility of blas due to a reduction in the number of participants during the study. In
the first stady, the tumber of participants wis nxduoed by spprosimasey 307, and in the
second study by approximately 6%, Hence, the risk of selective reposting in the antiche
by Davoody et ol [15] was identified as high, while in the artiche by Chen et ol [2] it was
identified as moderate. In this category, the artiche by Tuncer et al. {17] abso bad a moderate
risk. The reasen was selectivity when selecting partiopants for the study,

Additonal poteatiad sources of blas were identified in several studies. In the articie
by Sodeka et al. [10} the authoes haghlighted that a different vertical posstian of mini-
Implants in the treatment groups, which was not included in the outcome analysks, may
have influenced the indination of the upper incisors. [n contrast, Chen et al, 2] considered
the influsnce of various ancharge methods that were used In individual patients as a
potertial suuroe of beas in the ressdts. Xu et al, [5] emphosised that the treatment of patients
followed cinical stardirds, Lo, 18 was often tailossd to B individaal noeds of pationds wnd
modified with the course of therapy, Thenefore, a direct comparison of different treatments
wars not passsdle, which may bave affected the fonwver statissical sgraficonor of the msults
obtained. Tuncer et al. [17] pomnted out that the collection of molecular samples from
patients starled oo late from the beginning of their study and St subsequent samples
were taken at too-large intervals. In this case, however, these measurements were nol
redevant bo this eview. Finally, given she difficalty in desermining the true impact of these
limitatsomson the results obtained, the risk in the studies by Sadeka e<al [10] Chenetal {2
and Xu vt al. [5] was cormidered unclear,

The articles by Doepak et al. () Lee etal. [11] and Koyama ¢ al. [ 18] zecesved 4 points
{maxmmuam) for the patient selection criterion. Otber arsicles (Ruan et al, [14], Joea et al [13])
los2 1 point due 1o lack of centrol. Because of confounding factors, aksa due to lick of canteod,
the artickes by Roan etal [14] and Jeva et al. [73] did not receive paints, while atber artiches
reowbved the maskmum nambyr of points (2 points). Regarding the kst criterion (evaluation
of study effects), all articles lost 1 poirt due to the lack of blinding of asessors, Moreover,
the study by Ruan ot al [14] ket 1 point doe o a sigaificant reductioe in the number of
patients eligible for the cutcome analysis compared with the initial group. Finally, the
study it question cocuaved 1 point in this cabogory.

In addition to the disoassed methods of controlling the axaal inclinatsan of incsocs at
the: tene of <losing thw post-extraction hatchas, non-orthodensic methods a0 also mwntioned
such as corticotomy. According to the researchers, the use of these methods can also affsct
e rade as well as thie range of e Sing of the ncisors |21} Adequate influsnd o0 the
metabolismn of spacific areas of the compact bone can affect the distributicn of the bone
suppart of the teeth and ths the locadicn of both the contro of resistanco and the centse of
rotatica of the teeth. This may result i caster controd of the toegue of the froet teeth during
thiir metraction. Semdlarly, Zedeb et ol [21] showed, acoess to the subperiosieal vistibulay
Inclsbom tonnel (VESTA) for sarglcally assistod arthodootic treatment (SFOT) may improse
the cantral of the axisl posstion of the incisors durmy extraction therapy [21]

6.2 Owloowe Anlyss

Thiew any many dilferent mthods for contralling, root inclination during the retraction
of the anterior teeth; bowever, mast of them have not been sufficiently analysed, and heece,
their effectiveness is not fully vadidated. Acoording S0 the curned systomialic reviow, not
all metheds of incisar inclmatson control differ in teems of performance Ina statistically
Signiscant way.

In torms of the methods of tanque controd that wese ropoetixd in this systematic roview,
those with the highese statistically validased efficacy ane waorth amalysing.

The use of corticotamy when retracting anteriar teeth signlticantly redeces maxillary
incisor indmation |19], and corticotomy may be relevant to root inclinaton control, ie,
Inclssons should be made an both the vestibular and palatal sides. Al thmam [19] revealed
that forgue comtrol after corticotomy was good; that study had high-value evidence. In
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Tunger o4 A5 ssudy [17] inowhich inisions weee made only on Hwe vestibelar side, there
was no statlstcally sigaificant difference in the loss of contral of Inclzor root lnelination
comgpared with a contral group. Therefore, the shady revealed that tosque cortrol was
not good enaugh when Himiting corticotemy o the vestibular side only; that study's
evidenoe bad moderate value, Given the above-menboned analyses, it can be aomduded
that the possibility of torque contral using corticotomy was proven; however, It requires
additional studies on a larger group divided imto control and treatment groups, and it
requiires a coenparison between costicotomy perfarmed only an the vestbular slde and that
performed on both the vestibular and palatal ssdes,

The e of TISADs during retractson also significantly reduces the maxillary inclsor
inclimation {loss of conirod over the buccal-palatal indimabion of the incisor roots), This is
becasse the vectar of force used for retraction appronches the cntre of weestance of the
teeth more closely than, e, during the standard retraction, where the force bs applied
to brackets placed on the maxillary molaes. Furthermore, e standard retraction i oflen
perfarmed @ two steps, which may further affect the greater retrodinataon of the incisors,
This is confismed by Al-Sibaae et al, [16] The value of the evichonoe Toe those studivs 53 high
In this respect, it can be coocluded that the tongue controf using TISALD is prover; bowever,
w3 only one stady was conducted, additional comgarative stiadies will be necessary (o
umanimously accept this thesis.

When retracting the anterior beeth, o is moee advantageoes $o usae vestibuksr than
lingual mechanics [10], The en-masse retraction using minismplants and arches on the
veostibular sicde pwulbs in a reduction of maxilkary incsor inclmaton compared with the
same en-masse movement from the lingual access and manl-amplants placed an the palate.
[ el Ltses, the foeoe vecsor Ties farthwr from the centre of resistance of the reteacted segmnt,
which canses the tecth to be inclined mowe strongly and tarque control 2o become weakes.
Those ssues were addnessed by Sadek et al, [10], whose study evidence had moderate
valoe A shostooming of that dudy is that the authors did not corsider the outeome
analysis of the different vertical positons of the mini-implants in the analysed groups,
which may affect the inclination of the upper incisors and make a prscise camgparisan
of loxquc controls impossible. With these concems i mind, detailed studies taking into
a t the Srcibality of misi-implant placement should be conducted 10 obesin
mﬁt‘eﬁndmyd\at describe the effects of this type of anchorage and its placement an the
final inclinativa of the incisor loey axks. When ccesidering the studies conceming, the use
of mini-implants to cantrel incisor inclination during retraction by acknowledging some
impetfections in the studies comdacted but taking into account their Tigh-value evidence,
this methad can be considered proven.

The wise of manigement protocois sudh &5 the intrsive arch [10,15] or the PASS [7]
system during inclsos retraction should be mentioned.  Brackets placed on the molars
in the PASS system bave an exta slot with an incimation angle of 257, The inserton of
an extra arch Ingo this ot and Its attachment to the Incisecs have a simdlar effict 1o the
use of an intnusive arche Tt strengthers the anchorage in the molar region and canses
the intrusion of the incisors and their protrusion, thus Incressing the root Inclinatiom
control during retraction. The study vsed an intrusive anch both combaned with mini-
Implants |10] and without minl-implants | 13 ], with better results foc tonque controd when
a skoletal anchorage was included, Nevertheless, the use of the intrasive arch alooe in
antegior teeth retraction [ 15] turned out to be moce effective In controlling mot inclination
compared with isclased skeletal anchorage {16 This emphasises the rale of the contral of
the vertical dimunsion during neraction in mainaining the coenct Incisor root inclinativn.
The evidence from the studies in guestion was of moderate value. Due to the small sees
of the treatment growps, it should be concluded thad the above-mwntoned methods ane
effective in terms of incisoc torque control; however further studies of larger groups are
noecessacy s unaguivocally prove the supetionsty of these methods over others.

The use of cdass [efastics nesults = dess mcesar inclination during retraction comparned
with the use of a pawer chain for this parpese [12], This difference is probably dee to the
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Signifcanthy lower fosce scting o0 the antenor segment when using ntramsecillary elassics
fapprox. 100 g} instead of o power chan (approx 250 g).

The effect of age on the degnee of indisor inclination control 55 probably minoe, as
suggested by Ruan etal, [341 Although the retroclination of the incisors In that study was
grester m the adult grovp, there was no statistically significant differenae between groups
at different ages. The value of evidence for that study is consadersd low, and thus the 3ge
crterion cannat be consadered a factor that influences the change in mcisor inclination
during orthodantic treatment mvolving premoedar extraction.

The statistical azalysts revealed that the wse of additional components that control
root nclination reslted In koss incisar mdination during retractson compared with closing
gaps after missing teeth without the use of these methods (Table 41, Nevestheless, notall
mwthods were equally offactive. The gamatest difference between the contral growp and
the treatiment group osssted by control mechanisms of oot inclmation was found for the
standand two-step metraction using the edea-idresece anch (Tabde 4, In toems of aengaring
the effectiveness of torgue cootrol during en-masse retroction i vanous studses and ranking
it from higghwest & lowest, the follosving order of studies was obssined Sadeka ot al, [10],
Lietal [12] Chen et al [2] Al-Sixase et al. [10], and Aklmam ct al. [18] (Table 1) It showlkd
be noted that the scientific credibility of fhose soudies, ranked from banzest 10 smaliest, had
2 different order: Aldmam et al. [ 18], Al-Sébate et al. [16], Chen et al. |2], Sadeka et al. [10L
Davocrdy o2 2l [15] and Zhao et al, [17] (Tables 7 and 3)

The effect on the combined result of the statistical analysis also varied. In descendimg
order from the bighest aggrogate scoro to the loweat, the ranking of stadies was ax followss
Al-lmam et al. {15], AlSibaie et al. [16] Sadeka et al. [10). Chen et alk [2], Zhao et al. [12]
ancd Davoody et al. [15] (Table 41 In condusion, (e nesufts of studies that prove the
high effectiveness of root Inclination contral are, undoetunately, often assoclated with low
statistical reliabulity, However, it can be assumet that the use of corbicotomy involyng
incksions made on boah the vestibular and palatal sdes, the en-masse retracticer of the
enterior beeth using TISAD placed on the vestibular sade, and the use of the extra-intrusye
arch provide the best incisor tongque conteol. This dees net preclude the need loe mane
detniled studies of larger control groups to demonstrate greater differences in terms of
aucthods e,

7. Limsitalions

The main Bmitations of this review include the time-period restriction, the last 10 vears,
and the restrichion to Bnglish-language publications, This may kave had an impoct on the
righ of statistical bias in the publication. Ancther Hinsitation was te low muember of clinical
triaks (RCTs and CCTs) that aralvsed the topec addnessaad, The inclusion of enly artichs that
dvsc ribe studivos comoering the forque value both beforne and after crthodontic troatimerds
proposed sccording to spedfic trratment protocels abso became a limitation.

I e of shudviag the offectiveneas of &lferent methods of leeth setraction, the
presence of a controd group proved to be very impostant. By definition, a controd group
should nat teceive treatmiml. Theeekore, it is ot possible 1o establsh o contol group
when examining the change in roet inclination of the anterios teeth because amoeng other
e s00s, OnnNodontic reatment canaot be dispersed with ather an yxtraction for orthodetic
Indicatoms. Comsexqquently, this study bs a comparisen of diffenent methods of torque control,
In the artiche sehection process, some dinical triaks weee corsidend equivalent to control
studies because the results showed a comparnsan of treatment groups despite differences In
the article description. The review alse incladed one artiche that wis a metrospective stady
bust mot the roquirements for CCTs. The statistical analysis revealad that a signlficant S0 in
tiwe absence of farge study and control groups casts doubt m many artiches on the redfiability
of results abtained. This explains the nead for further studies, especially RCTS with more
homogeneous groups of sufficiently large size.
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8. Conclusions

The avalysed studies sdicate that corticotamy o anthodontic minl-dmplats ane
the most effective and scientifically proven methods of incisor inclinatson cantrol durng
inclsor eremasse rotraction [16,19). The use of doth vestiular mochanscs and anextra slot in
brackets placed on the moedars, which creates an effect that s smilar ta that of the intrusive
arch, was studsd in protocols with usclyar sisk of bias whesw various factoes could afict
the rediabiity of the results [7,10,15) In contrast, the use of light force of intramaxillary
elastics wiss only analysed ina non-randomised clinical tral Theretoee, the conelusions
of the present study should be Interpeeted with caution (Table =), The patient’s age also
200 b be irndevant to sorque conteol [14],

Although all studies repocted that the Incisors were Inclined after retsaction, It shoukd
b mobed that extraction & often performed when the incisom are exoessively indined.
Hence, treatment aims to partially strawghten the incisors and sbight inclsor inclinaton
cannot be coneidered as a lack of control of the buccal-palatal inclination of mcisor roots
provided that it s not excessive. To give a definstive snswer to the goestion coacemanyg
which method mast effectvely controls torque during anterior teeth retraction. further
highquality RCTS studies.
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Abseract: Backgreand: Incsor sctraction s often a crucal phase in aogging crthodunbic trestment,
with sigerificant implicetinn for alvevlar dding reechent There ovv bwr prevailing Sheonies
which sk bo explain @vs. According to the flest, toeth move with e boew, while according b e s
oo, teeth mone within the boae, This systemath review seeks to assess morphametric charges in the
maxiliary alveolir process resslteg from Incsor retraction sollowieg premolar extraction and o eval-
uate the posntip) for bore remodeling assaciated with ccthodontic movement. Methods: The study
wie condustid Scllowing PRISMA {Prefuroed Rirparting e for Systumatic Rvinws and Mota-
Analyses) gadddines. Thw following eloctronic dasalvses woose soanchud: Pubbied, Google Schokar,
Wb of Scence EMBASE and the Codvane Central Begisiey of Commillal Trak The detabases wire
seanchoed wedng the following keywords: “Bune omodeding and retraction of incheors™, “ Alveodar bone
and Incisar retrachion”, “Bone thickress and ecsar retraction”, aod “Boae changes sod orhodontic
treatment”, Search filters wese utilieed o sdenady relevant papers and aetcks witten in Erglish
and published durmg the leet 10 yveers. Raged on the mformation provided in fheir atstracts, pogens
and artiches wers wlectind acrondiog o the fnllowing critenia rancoasceed clinical trials (RCTa), con-
treiod Clinkal prospective ki (CCT], and nrfrospective seadivs. Articks uinilitod s e stady’s
scope ot failing W wewt knlusion criterts were excluded. These genceally cousprsed ndsvicasl
case fepocts, Case sevies repors, lteratioe reviews, expesimessal studies, studies with Bmised data
{insluding comderence abstracts and pousmal writings|, studss involving an unrepresepsahive grup of
patierts (less than W poatanish, stiadies conoomeng pationts with sy nctromes, and aneral cxperiments
The nemsaining artckes which were doemaod relevast undemwist compreheorsive néeremor sncaw
and sachs josmaly oy the Amuricans Journg of Octhodontics, Dentofacial Orthopedion, | il
Outhodontics, Joumal of Clinkad Osthodontics, and Anghe Orthod oot wene manually searchad
Resules Seven artiches mecting (he incheson critesia articles wese selectad for o evalsation, wish &
total of 284 partcipants, ncloding 235 womes and 31 men. Daring the analysis of the sesults Incdluded
in the pubbcations, » lack of homogenetty was observed, rendering a reltable statistical amalysés and
hetecogenwerty asscsament uncbtanable. Neteworshy disparibes i methodoliogies and meassroments
povind 2 sdoof drawing maggpniprate condhusices. Consequently, emplisis ws pliood copalitasve
acalysis, erphasecing the nood for stamilandization o Futuse stodaes 0Fa simil Sury, b esubl

valld and comparalde analyses. Conclasionse The rewarch findings incorporated in ths review
demimetrale that sEyvficamt bore fuss vocurs because of fnckear retractihon, whach dimiviebes distance
between the boow susface and the oot surface on the palatal aspect. The magnitode of this change
may vary, cealingent upon bots the extent of mcisor displaoament and aberbioos in Swir inchnabon,
thevetn: affecting the posbicoing of the root tips: This change i= significantly bighee o adale than in
growig sdeliscuses. The sidicesale Ivhind his rthon lies an e widaly necognized plwnosmron
of declining collular sctivity withs advancing ape. The decrvaso i the spead and ssencity of colilar
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chamges may explain the diminesdad capacity for rmodeling s patient age Increases, There ls
nngaieg decourse regand g alterations I the vobume of boe oo the hibial aspect of the alveolar
process Further research is necessary to messury whether bone remodeling during orthodontic
movement & contmgent upon other factors, such as the speed and biomechanics of netraction, the
leved ol appliod cethodintic foeew, and the petient 2y

Keywords: bone nemoceling: reteacson; cethodomtic ot CBCT study

L Introduction

Orthodontic treatment encompasses not anly the cocrection of maleechusion and
enbancemont af dental arch aesthetss, but alse the preservation or restoration of op-
timal function and perlodontal tissue health [1]. Smooth movement of teeth to their
planmed ared stable position is contingent upon sudficient suppost of the abveolar process [ 2],
Whaen planning oth pasitianing, the anatomical timitatices of the alvoolar bone should be
comesidhered 0 avoid istrogenic conseoences in the farm of debascence, ferestration of the
alveolar pricess, or resorption of tooth roess |3).

There are many theoties regarding boee remodeling during orthodonbe tooth move-
ik Amotg them, two concepls are widely regarded as the mvast dependabiv: tooth
mavement “with the bone™ and tooth movement “through the bone.” If, where the force is
appliod, rosorpsan cocuss 2 e prossune 2o, and Booe apposilicn ooours s the traction
zovwe, then we are dealing with the movement of the tooth “with the bone®™. The tooth
e remaans surrosrcded by B alveolar bone. In the case of footh movemint “through
the bone”, we are dealing with an imbalance between bane resorption and appasition.
Iy s sitsaation, thie soolh vialates (hw boow boundary, mrmaining partially bevond is eeach.
The moephology of penodontal tissues, differences in bune density, indinatioa and position
of bovth, and direction and magnitude of sethodontic fore determine the type of bopwe
reaction [4-7].

Retracion is 4 common procedane performed during orthodontic treatment, especally
In the ansertor maxiila §5) Patients with a narrow alvenlar booe width constinige a group
that may show sgnificant foss of periadontal bssue, especially alveolar bome, during mosor
retraction [4) The thickness of the alveodar booe around the incisors is an loportant factor
in determining the directson of tooth moversent. Morphometric assessment of the alvectar
bovse should be an ndis pensable clesent whien planning cethodontic teatment, induding
changing the pesation of the incisors to avosd undesirable effects in the form of bone Joss,
dehéscence, tenwstration, or oot nsorptian |11} Moseover, previous research has confirmed
that in the group of orthodontically treated patients, the incidence of various types of booe
debiiscunce is highwr than i thwe general population | 1]

The use of cone beam computed soenography (CBCT) allows foe o detadied assesssment
of the dimsnsions of e alveolar bone. Owing do e two-dimersional tatuse, coommmooly
vead cophalometnc inges exdhibit sgraficant Limitations in periockontal tissaue assessinent 117,12],
Twodimwensional images an churactediaxd by oveclap, magnificition and consoguent disdoetion
of anatamécal structures, rendering scourate sssessment of moephametric bone danges befioce
o after orthodontic téatment undensivle. The threedimensional mmaging method (CBCT)
ehminates fhe problem of overlapping anatomical structures, allowing for detalled qualitaine
nd quantitative verification of the ahveolar bore and sesssment of champes in the posstion of
teeth. Imaging using CBCT can provade a detailed and reliable preeentation of abveolar booe
dimensices and s custently the best foal for planning cethodiontic tooth moverments §1,4.9]. Given
the radlation risk and $w imperative for patient mdicdogacal protection, candul conslderation of
the cost vs benefits associated with heighlenisd tesue radinfion absorption should sedespin CBCT
diagnastic planning,

The aim of this study was 8o present the nesulls published in saentific publications
asssRing, morphomettic changes in the antessor part of the maxilkary alveclar bone that
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pocumed because of arthodontic retraction of incisors after premolar extracton, based an
CBOT images, The mdl hypothess was that sooth movesment dunrg retraction foliows e
“throngh the bose™ pattern of movement

2. Materials and Methods
2., Selectian of Materkd

Thes systematic review has been registersd in the PROSPERO database under the
identification number CRE40Q3406059.

The study was conducted following the PREMA (Prefered Repoting liems for
Syssematic Reviews and Meta-Analyses) pusdelanes. The stisdv design was defined using,
the following PECO foemat.

Fopulation [Py pabents with full permment dentition, encampassing: both adalescents
and adults;

Intervention (11: orthodantic extractiom tréatment with a fixed broce vsing meisor
et bson,

Compurison (O evaluation of the dimimsioes of the maxillary alveolar process before
and afews lncivor setraglioey;

Outerme (O sdentification of statistically sgnificant / non-signifcant differences in
the dimensions of the jaw alvealar process bofore and 2fter treatment.

Electrinic databases, including PebMed, EMBASE, and the Cochrane Central Regaster
of Controlled Trals, wen searchind using the fallowing keywords
o Bane emodeling and retraction of incisors,

Alveolar bone and incsor retraction;

Bone techoess and indsor retraction,

Eone changes and oethodootic treatment.

Search filters were utilized to sdentify nefevant papers and articles written in English
and published during the L2 10 years (bedame this date, caly studieos comducted on cephale-
mwtric images were detected ). Independent searches of databuses were conducted by the
authors [AEK. and 1K) Follewing the removal of duplicates, the tthes wene revivwid for
relevance to the subject of this systemabic review. Titles that passed this initial soreenang
were then subjected o o detabled evaluation. Durirg this review process, the authors
were unaware of each other s selectices. Any discrepancies were discussed antil an agree-
mwnt was reached, with the invedvement of the thind authar (MS) U necded. Based on
the information provided in abstracts. papers and articles were selected acconding to the
following eriteria: randomized dinical triaks (RCTx), controdled dinkcal prospective trials
{CCTs), and retrospective studies. Articles unrelated to the study's scope ar failing to meet
inclusion criteria were excluded. Thwse generally comprised individasl case wports, case
series repocts, ilerature neviews, experimental studies, studies with limited data dncluding
comfererce abstracts ancd jourmal witings), stucdios invalving an wrepresentitive group of
patients {less than 10 patients), studies concerning patienas with syndromes, and anlmal ex-
periments, The remaining articies wisch wene deemed refevant, undeewent comprebensive
reference review and such journals as the American [ourmad of Orthedondics, Dentodactal
Orthopedics, Internatianal Orthodontios, Jourmal of Climical Orthodomtics, and Angle Or-
thodontist were manually searched (Figune 1). The following data were extracted from
reviewed articles: vear of publication, group size, patient malocdusson, characteristics of
treatment and coatrol groups, the assessment method, and results.
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22 Riskof Bles
The callected articles were subjected to risk of bias analyses accoeding to Livetal. [15)
wibang the ROBINS ool
The gquality and avemal relevance {levd of reliability) of each publication were rated as
high moderie, oc bow. Lesels of evidene and crieria for evidenoe syntlwsis wese as follows
o High el of evadencs; Stadios were clasabiod as lsaving a high leved of ovadience if
they met all the following criteria
C An independent blind comparison of the test and reference methods was
perfurmed (I Figure 2, marked as Al
o The population was described in such a way that the disease status, prvalesce,
and severty of the disease weee cloar. The specteam of patioats was like the
spectrum of patients in whom the rescorch method would be used in clinical
practice {msarked & Bin Figare 2)
( The results of the test method had no impact an the decision 1o use the neference
method (marked 2, Cin Fguw 2).
C The test and reference methods ane well described in technical and implemen-
faticn terms {marked as 1 in Bgure 7).
0 The asscssments (observations and measurements) performed were well des
scribed, providing, the diagnostic eriterin wsed as wall a5 information and
instructions for observers (marked as E i Figuee 2),
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The repeatabelity of the west method & described fnr one observer {Intra-observer
performanoe) aocd several (minimaim 3) observers (inter-observer perfoemance)
(masked as F in Fagure 2),
The results are presented o3 nelevant data neaded for the necessary cakculations
(marked as G i Figure 2).

o Moderate level of evidence: Studies were rabed os haviegg 2 maderate kevel of evidence
It any of the above oritorin wene not med. On the other hand, a study shoswing any of
the deficencies described below was rated as low evidence.

o Lo lewed of evidenos; Studies were considesed to have a lose level of evidende if they
met any of the following criteria:

Assessment of the test and reference methods was independent (A),

The population has not been cearly described, and thw spectium of patients 1s
disturbed {B).

The resuls of the test mwthod influenced the decison b use thi neferenoe
method(C).

The tost, seference mothod, or both, were not well deseribed (D)

The resulss were nat well described (E)

The repeatability of $he resvarch method was not described or was described
anly for one observer (¥}

The results may have o systematic baas (H)L

The results were not presented in a way that woald enabie the calculation of
effechveness (G).

Hurg

2heng Zharg
Tksriwong Maoet | Wang e
wa, otal, wtul,
etal. ol 2020 | al.2022
2022 nn 2020

L
o,
2022 2021

A - confourning

0 - wiwction hae

C - chassification of

D deviatoss from

§

E - misung date

oo 00

I - measiring
matcomes

oo
® 0

G- reporting s

H - ovwrad

. Low srror rate
Moderats arrar rate

Figure 2. Tre cish of bexs amalysts of artichos ovabuating boew nemincu hngg, of ssasills afsor retraction of
incisies durmg orshadiabic tratmint with extrection of peemalars | 1-20]
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The evaluation of the conclusions acconding to the degree of cvadence of artides
disassing bome romodeling of maxilla afser etradtion was performed wsivg the risk of bas
table in RevMan 5.3 for RCTs (Figure 1)

Hung
Zheng Zhang Zhang
et Eksriwong Maoet | Wanget
etal, etal, etal,
Author, year al, etal, al, 2020 | al, 2021
2022 2022 2020
2022 2021
Level of evidence i
@ sh cuality evidence
Moderate quality of evidence
Figare 3. The eval of the 1 Ling 1o thw degree of evidence of artclon discussrg,
Doew smmodading of She sl aftor peteacthon |13-20)
23, Stabisdica! Analaris

Durirg the analyss of the collexsed data, o significant kmitation was encountesed
impeding the execution of a dependable statistical amalvsis and the evaluation of hetero-
penwity. This impedinsent stemmed from the lack of coherence in resulis acroes individual
studies. Differences in methodolegy, patient inclusion criteria, and methods of measuring
and carsifylng catoamis were sufficlntly defined 1o peeclude any endwavar 0 amalgamate
these data, thus nsking fallacous deductions.

Without consissent and comgaratido data, thae risk of dissorting the tesubs of sudistical
analysis increases significantly, which may cocsegquently affect the credibility and scientific
vilse of the results. Consequenthy, o quaditative analvsis of availible daka was dhasen as
the basls for coaclussons, with an emphasts on advoating for standasdization in future
research endeavors, in order to fcilitate procise snd reproducible stabistical analysis

3 Results

Keyword ontris yielded 1207 abstects. b total, 49 arichs wes instially condimed s eigible
foe systematic reviesw and wene amalyzed in detall, Out of the 49 Rull-test articks assesead for
gl 82 articks were ngotid ooinse the studivs Shey conbaned did not sty to the method
Invelving premakir extraction, ar they solely rdiod an copbalometric analyss. Ultimately; seven
artichss waw sobacted. The full sedxction process is shosn i Figeee 1

3.2 Growps
300 Growg Size

The study group included 284 people, 233 women and 51 men. The average group size
was 3 people. The largest group was found in Zhang's article—72 people. The smallest
group was induded in Ekswrong’s stadv—17 people (Table 1)

97



§ OV Mot 2004, 13, 10

Tolld

Tabbe 1. Seuthes lnctoded in Uy syseematic vview,

Grosp

A

Pataran s A
Mol ecciusies Metad

el
1

Ll o
(LR ]

b=l

eian)
%
b
(ndadiy
125

b of Pre- ad

Poitiedey
CRCT and lan

Chungs of the Wi o) borw oo o
crovial il eoct and apxal fund n e
corral bochor (adahuy

Lay o 044
Lo 01w & e
Lk 028 1 U
Falat
FLo-188- 0
o =124 1A
™ N
CIvrges of e aloond ar bove Buiass
o et J L TR B
il L [omriesh
Lobwat
L 0 sy
Tade 024 ¢+ 042
Lt D32 0w
Palatst:
Mo
DS 412

-t
M-in-22

Nedd
OL=w
=

Gi=o

oy
protrason w i
whocketd Clam |

Foiirer ey
OXTend (o
=n cptulegrans

Chumgw ot B abhosfur bvew Bocioos (AFT]
Laptol AKY: 288 = 032
Polatal ALY 258 = 108

Tk
el
I

TEZ
5=

it

Hakdd el
moenadbry e
Frtraves

&‘rm Low:
cptviagores

(¥ i Anoser Borw T dhenoss
h‘n:[ﬂdﬂln('huﬂtbh-l
1
Labtal 3ide

(A5

R L0

T AT =+ 08
(55

TEAM = oW

TEEM L 04
(&5

T bse L 00
TH U « 0%
L
TR - as
T Lo

L% ..
[LORE o (s ]
TN sm
uu-l“-a-

1
T2 L 0%
ThAN) =0
=
T 1005 + 087
ML LD
X

R LR LU BV
T =1L
£ S
TO AW - 110
Th2s . a2

i
T 597 2 1N
TuAM 27

gty

"M

= b

BTy
s oM

Abeckar e o CT8 1)t comeul
ke and wwdal 8
ag:' '~ wauivrny

Tadead
Croasd ~13 e bl
Mitann (0413
Arvia)l ~UX L by

Malat
Crend ~#1 205
Midant 010X
Aphal ~02 4 M4

98



§ OV Mot 2004, 13, 10

Sof 14

% IM = Ly @-m T
11# F=10

Exsomion ol bo
bt pevvmakas

T thichmms charign 1 dw ot
sneoler boee na-ﬂ.mdm.-.ﬂ"
arwal v
Ladsal

Al
T LW o 00
TEAIN T O35

A
TOATL 054
TE AW a0

Ax

TN = LW
THATS < 100
Pabsh

By
T, 140 = 0
LR ETRR LA

"
To2% = 1%
TEIw 2 1

LS

LA S P
TN 22D

Masetal, N otk v
. - o
300 114 -7, Gis s e

yn

wtracthn wday
A

v
wittiairg

The thichmes Chrgas vy tranbany
Wonder borw ot the el wedrsot, ané

Mhoes =

L 1

ﬂm N ™ H»+ _mj
= ¥-21 124 vourn B

L

Bosaian of the

foar et
- b

o0 P
Wemdar bome dechevso o T1 (pacteaprasil,
W21 posteat paer ) and T3 aetersam) el
oh e conind tmchor

T 19
=743
TR =153

99



F OV Rt 2004, 15, 10

ol i

512 Population

In the majority of studies, the partiapants were adult patients: however, in the studues
by Zheng st al., Mao et al, and Warg et al. adolescents constitutod the study cobart. In total,
284 ndividuals were enrolled for the study. comprisang 233 wamen and 51 men (Table 1)

343 Intervention

The inclussion crileria for patients in all of the amalyzad studies were as follows: exteac-
ton of the first maxitlary premolars, absence of significant medical history, ro penodontal
disense, no history of dental trauma, and the performance of CBCT before and after or-
thodoatic treatment, Wang ct al, Zheng et al., and Hung ot al. also induded patsents with
mild crowding in the arch in their studies. The treated patients underwent extraction of
the maxillary first paemalars to abtain space for the rotraction of the iaclsors and canknes.
Skeletal anchorage was used in the studies by Hung ot al, Mao et al, ard Wang et 3l
Additionally, Moo ot al. and Zheng Y. ot al. used sell-ligating brackets. Ekshwong ot al.
vssed 2 T-hoop archwise for retracton purposes (Table 1),

32 Owhoowe

The main porameter was a change in the thickness of the maxillry alveolar bone on
the vestibular and palatal sides.

In all studies, a correlation between masor retraction and changes in alveolar process
thickness was cbacrved {Table 2).

Table 2. Bone remrodiding after mdervention

Zaeng Y.otal, MHangetal, ZhangC.etd,  Ewiwenyg Zrang Fetal, Maz et al, Wang ot al,

ez

1022 (15 W20l etal, 2021 1171 Wwinl WM 1) o2

Lahual
Fesarpuon

Falanal
Apposilam/ne
labal!
Appewitonn /o
palanl

Asa result, in all studses, maxillary bane resarptian ocourned on the palatal side during
incisor retraction, The greatest nesorplion was observed an tw palatal side among 4 group
of adults in Zheng's study (—1.59) {Table 1} The resuls of statistically significant tests are
presented below;

Zheng et al. democstrated bone resception on the palatal side both in the atracton group
of adultx (average —1.46) and adolesoonts (average ~064): however, pesarplion was msch
greates in adules. Akhough beoe thidaess Increasaed oo the vestibular side in both groweps, the
increase was amaller in adubis {oenn +017) than in sdolesoongs (mean £.33) [14].

Hung et al. showed resorption on the palatal ede (average - 0.54) and an increase
in bone thickness an the vestibalar side laverage (1.55); however they did not obsesve
changes in the total thickness of the atveolar bore before and after cothodoatic teatment
{average —01.27). Additionally, they noticed a significant boee reduction both vertscally and
horizoatadly on the palatal e [15)

Zhang €. et al. showed alveolar bone resorptson both on the vestsbular sade at all
oveds (avonnge —035) and o the palasal ssceat the middle ovel faverage —035) (Figute 4)
They did not notice any difference in changes depending on gender, age. or duration of
ovthodantic treatenent [16].
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Figure 4. Throe levels of measaremomts [ 110,107,318 200

Eksiwong et al. soticed that an the vestibalar slde, the satio of semodeling consisting,
of boowe resarption o the amount of tooth movement s 10, while on the palatal side, 1t
I5 0204, The bone on the palatal side does not seem (o change, and goly the digtanoe
between the roat and the lamina compact palatine dweges However, the inciinatwon of the
Inwcisor rooed is the ondy factor influencing the <hange in boow volume {17]

Zhang F. et al, demonstrated ssgnificant changes i the shape and thickness of the
alvectar bome adter indisor rebractsan. The process bocamws thicker on the vestibular side,
except at leved 1. Bone resorption occurs on the palatal side [average — 1L09) [15]

Moo et Al roticnd that an the vestibsalar side, there 6 an irncneese = alveular bone adlor
retroction or it does not change (o0 average 0U1), with smaoltaneous bone reweption at all levels
on thw ;Mlal.al sy fon avwrige —ALb) and a deresise s Treight Detwosen the T0 el T1 levels
The greatest bone resception was found ot the crestal leved on the palatal side faverage ~09)
{Fgane 45 They showod aoeredations botweon the displiocment of the incisor root apex axl
bone sesarption on the palatal side [19).

Wing et al. did not notice any changes in bane thickness on the vestibular side
laverage (1.1), bat on the palatal side, they found a significant decrease in bone thickness
{average ~0.7), However, after a retention peviod of 18-24 manths, bone reconstructon
ook place at the L1 kevel, with no changes of the other kaeke {Figure 1) Additionally, they
showed a significant reduction m the height of the process on both ssdes after orthodontic
Ireat=went, which persisted afeer the ectention peried [20]

4. Discusaion
Amxifoads of fhe Risulls

There has been a debate for many years about whither the blomechanics of oethodan:
b treatment cavse the tooth to mave in the bane or with the booe [271] Thas is an important
aspect whin i1 comes to malntalring healthy pesodentiem and meducivg the risk of snclsor
resarphon in the case of extraction treatment of bimaxiibary dentoalveolar protroson, cam:
outlage treatiewest In the Gase of Class B madoccusians, o treatment of open bites. Thwe use
of maximum anchorage after prempodar extraction and Incsor retraction can significaraly
imprrove lip position, facial profike, and occusion [72], A large cange of indisor displace-
ment, unfortunately, comes with a high-risk of excoeding the so-called bone envelope,
canssing contact betwaen the incisor toots and the palatal plate, the lamina compacta of
incisive canal, which may result in resorption of the ncisee roots or fenestrabons of the

polatal plate [23.24] Many factoes, such as the amount of arthodontic force applied, the
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spoed of tooth movement, the type of orthodonbe moyvement—ancontrobled inclimation,
oombnlhid inedination, o assal shift—as well as the patient’s age, influemoe booe remosdel-
ing [19]. The alveoksr bone in voung patients is very fexible dunng growth and quickly
odapts to changes, while in adult patents, remodeling is significantly limited. This may
be related to a reduction m the number of progenitor cells, reduced blood supply and
derwity of fibroblasts, or a nedusced ability of asteoblasts to proliferate snd form bore [19).
Knowledge of the processes cocumning dusing inclsor retraction combined with the abality
to precisely visualize the pre-treatment condition based on CBCT examinations allows for
the development of an optimal artlsodoatic treatment plan foc perlodoatal tssues and the
booe envelope.

Undoubtedby, all studses analyzed In thes neview showed sgnificant changes in the
thickmess of the maxiBary alveolar bone after arthodontic trestrent associated with ncsor
retraction, In all studies, a decrvase in boew thickness was observed on the palatal side,
whale oo the vestibudar sade, the resalts are varied and show both atroply and gan, It has
alsn been shawn thad the grcater the distal oot movement, the greater the dhange= in the
volume of the alveolar process. Morwover in children ar adolescents, these changes are
smaller, and bone neorption on e palatal ard vostibulas sidis is not i sevenn o in adull
patients. However, it was not observed that gender or the duration of arthedonbic treatment
had an impact oo the changss ocurrivg in w booe. Moot studies are aefrosgedtive studiss
of medium evadentiary value. However, Eksiwrong’s research, as a praspective study, is
characteriand by ligh evidentary value.

The research of Zheng et al. turmed out ta be very valuable and undoubtedly showed
Hat age s a huge impact on charges in e volume of the alvoolar process durng
retraction. Greater bone kas an both the vestibular and palatal sdes was observed in
adult patients than in adolesoent patents, This suggests that arthodontic mavement m
adolescunts may, according to the theoey, lake place with the bone, while after the end
of growth in adults, the same movement will take place throogh the bone. Thas may
explain the charges cocurring dusing retraction in the alveolar process avd guide beatment
planning = adults, depending oo the bone volume @ the vestibular and lingual dimenson,
Movcover, the vestibular and palatal laminae can be treased as walls Umiting the range of
toath movement. The nesults of these tests may also be an indication to start reatment as
early a5 pessible when bone emodeling capabiitios allow for minbmbzing sido effects or
complications in the form of bone and inclsor root resorption J14].

Research by Hurg et 3l sharmad no change @ the total vestibalopalatal volume of the
alveadar bove after Incisor retraction. There was bone raducton on the palatal sade. bat this
wis accompanied by bowse growth on the labsal sice, Such results indicating the lack of
narrowing of the alveolar process after oethodontic treatment may be the result of the use
of mini orthodonts implares for the axal netraction of the ingsors, In these biomedsinics,
the incisors ane not only retracted buat al=o controlied in the vestical dimension, which may
explain the lack of change in bone thickness at the appropriate levels, However, these
studies confirmed the correlation between the extent of distal displacement of the incisers
and bone thinning on the palatal side {15,

The rescarch by Zhang C. et al., on the other hand, indicased that bone resocpbon
occurs om bath the labial and pakstal sides as an end result of mcesoe retraction durmg
extraction treatment. They did not ohserve boae segeneratsan on elther side. However, the
ressilts may be subject 1o a risk of eooe since the measurements wene made 2 weeks after the
end of treatment. However, the processes of sew boswe foemation take longor and am slower
than bore resorption, Morsaver, the study partiopants were exchasivey adults. This may
comfirm that age has anv ingact oo changes in alveokie prooess volume after orthodontic
treatment and that the range cornesponds to the amount of bone resarpbon [16),

Suaquent meassirements pottarmed by Eksriwong, were of high evidontiary value,
as they were prospective control studies, and they guestioned the dependence of changes
in thwe voldume of the alveolss process oo the extent of setraction sl corneased it with 1he
change in the inclination of the incsors. Contrary to previous studies by Cangialos | 25], the
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bone remodeling on the Jabeal side ocowrned tn a 125 rabio in nesponse to ‘ooth displacement,
whide on the palatal sacde, the bone did noe change, Only the distance bebween the root and
the palatal lamina compacta changed due to tooth movement. [n these measurements, only
the mcliration of the incisors was » factor miftuencing the changes in the maxillary alvealar
process. The advantage of the study was the wse of skeletal structures as reference points for
the memsunements taken. The incisor asis can only be referenced if the change in mdination
Is bess than 107 In other cases, a change in inclination may falsify the measurement
results §17], The resulis obtained in this stady align with Handelman's rescanch [26], which
shows that the palatal plase of the maxtllary alvendar process ought to be regarded as an
orthodonbie barmer e to be breached. The stabilty of the palatal cortical plate, regardiess
of the range of incesoe mavemend, indicates that movesnent shoukd be planaed within the
range of the process, Uncontrolled mechanicos may predispose to fenestrabon, dehascence
of the alvealar process, and weoeption of 1he incesor moot tips as a esult of greator etraction
than the mitial pesitson of the palatal lumine compacts [17],

Intensting resulis wene prosonted by Zharg F et al, They showed that baothy on the
labsal and palatal sdes, the alveolar bone drifts with the movement of the tooth, and
the Hingual booe cnest moves apscally. There & a significant reduction in bone volume
on both sides, and on the lingual side, the Joss reaches approximately one-third of the
original boow Baight. Additdonally, it has baen observad that sooth Gl causes greatue boiw
resorption than axial displacement. The estent of this 2t corresponds to the amount of
resorpdion, but no direct correlation was found. This may be relided 10 the e that othwy
factors, such as gingival phenotype oc individual pericdantal conditions, may influence
e bissogical response resulting from orthodontic sosement and make it imposssble 1o
find any mathematical correlation [15].

Mao ¢ al. perfoemed a retrospective cobort study, the resuits of which confinmed
that because of orthodontic movement involving the retraction of the incisoes, wee s a
signaficant reduction in booe thickness on the palatal sade, and the dsplacement of the
inlsor Lips is the maln foctar that detetmines the size of this change |19]. This conlinns
that while the alveolir process can undergo dynamic remodeling in growing paticnts,
orthodontic movement i adults must be lmited by e arthodaontic walls of the cortical

tes §27],
- The most wecent included studies as maorparated by Wang, o2 al. confirmed significant
atrophy of the palatine bone at all levels; however, no changes in the thickness of the
process an the labial side wore observed. These studies additicnally showed that after
almost two years of setention at the L1 level, there is an increase n bone volume oo the
lingusal sidhe, whvide no sigaificant charges oocour in othee anees [20)

The above studies demonstrate that signaficant booe Joss occurs on the palatal side
becasse of incisor retraction. This amount may depend on botl the extent of the incisos
sheft and the change in thesr inclimation, and thus, the change in the posstion of the root tips,
Thiis change i signaficantly higher in adults than in growing sdolescents. Ceflular fumctions
decline with age, which may explain the reduced abildty to remodel as we age. Additkmally,
the rate of retraction may result in greater bome loss Snoe repair processes may not keep
up with resorption processes [ 20]. However, bane changes on the labial side are debatable,
Further rescarch is noecessary. which would make the obtuned measusements dependent
on othwr factors, such as, perhaps, the speed and blomsechanics of retraction, the applied
orthodantic force, or the age of the patients.

The latest research conductod by Gua et al. may be optimistic, suggesting that despite
the frequent ocourmence of bone dehiizcence vn both the palatal and labas) sides after
orthodontic treatment using indsor miraction, (he ssation improves during wtention
by mitiating bone remodeling. Addiborally, spontancous recaentabion of the incisor
roots was abserved, which contribubes bo covering the fenistration and debisoomwe with
o thin Eayer of bone. In addition, the thick gingiva covering the palatal booe may enable
Bome tissue regeneration by preserving periodontal lizamenes, which particpate in booe
remodeling, [25]

103



F OV Aaf 2004, 15, 16 Dol

It should, theredare, be assumed that orthedonte movement in adults takes place
throagh the bone, and most aften, the bone does not adapt to the new position of the
teeth, The pakatal cortical lsmina shauld be treated as an intact wall that Limits the range
of planned moverment of the incsors. An additional Bmitation is the laming compacts,
which surrounds the incisive canal and may be the first to get in the way of the incsors
durirg metraction and may also cavse Shear nesorption [25.24] Advanoed mosor pratnasion
should be treated as carly as possible in the adelescent growth period when the body's
ahilsty to remodel is Fegh and when orthodontic movement occus Sogether with he bone,
At this age, the inclsve canal, the inclination of which & dependent oa the Inclination of
the mcisars, sy alse have a greater avpacily for remodeding [23.24)

5, Conclusions

The studies show that becanse of mcisor retraction, there is o statistically ssgnificant
change in bone thickness. Sygnaficant beoe loss |s noted on the polatal side. This dbserved
change may depend oo both the extent of the incisor shift and the change m their mdination,
and, thus, the change in the pasibon of the root tips. This change s sgnihcantly highes
in adults than m growing adelescents, Cellular functions decline with age, which may
explain the reduced ability to emodel as we age. Additienally, the rate of rotracton
may result in greater bone Jss since epair prooesses mity sot keep pade with resorptiom
processes. The changes in the banes on the Lbdal side are contraversial, as they show
both gams and losses, Further research s recessary bo maoke the cbtoined messurements
depsscent on other tactors, such as the spead and bioeechanics of mtractivn, oethodentic
farce magntude, and patient age.
6, Limitabons

The primary constraints of this review encompass the inclasion of artiches pablinhed
exclusively In English within the last 10 vears. This may affect the risk of statistical
prublication bias. Additiorally. only studees dhat relied on 3D CBCT imaging were included.
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Absteact: Exovaive cethodootic foros cas indude sdflaumationy by root sisorpeace: doe 0 susdainil
high stresses within the peciodcotal Sgament (DL This study almed 1o analyze the PDL pressures
during wpper ncsor reraction vsdog the en masse method with TISAD. The finlte eement medkod
{FEM| crsamed conwsistent comditions across cases. The mindeds inchuded bone geometry, adgaocnt
foeth, POL and orthodonbie hurdwase, ansdysed with LS-Ovmu. The prossune rasged feom (L5
hr 25 kl'a acroes the dorstall arch, with the coniral swesoes bearery, 555 of the load. The pressase
distritution nesaived censhnt regardioss of e foece o ook hadght. The criscal pressure (4.7 WPa)
wits excended at 600-650 & foroe, with notable peessute (328 KP2) an the palstad ool wall of the
right central Incisoc Lulizing U017 = 0028 55 archwires in MET 0018 brackets provided good
tongue control and rediced the poot resarption risk when foroes of 180200 g per shde were applied,
maintaméog light ' moderate stress. Triple koces may pitsale sesarption, highlghting the importane
of rwoelinnar fusey w) bl (FEA} S ool cavity sinualatiorn

Keywords: FDL hodios b p 1040 pen orthod

o s retractaon; PDL stoess distribution

i trmabinent, FEM maisor notractioey

v

L Introduction

Orthodoatc treatment cenploying sliding blomechanics repeesents the poevallng
methxd for restoring, proper aochuasion, In instanees of cooding, Class T malocciusion,
Incisor protrusion, ar when proparing for surgloal correction of Class I defcts, extraction
of the uppes fisst premolans is freguently mdicabed 0 facilitote incisor retraction. Alter-
natlvaly, In bess sovere Cases, distalization of the entiey dortal axch may by warranted (o
restore proper occlusion and erthance the patient’s facial profide {11 In clinscal proctice,
octhadoatists have a chaioe betwien two bypes of bracket sboss: 018 and D422 inches. The
selectsan of an appropriate stocl mthwme size depends on the chosen slot, theough which
the desared oethodonsse o ane tod. Foactors such as the aschwise dissensions,
hook besght, and torque play a crucial role in controlling incisor inclination during arch
retraction or distalization. The archwine's stiffness aids in pevventing unwanted indina.
bins and the occurmence of 3 “rofler coastes” effect, which can exacerbate vertical avenet.
Furthesmoey, in cases of significant soverity, arthadantic mind-implanss serve as viluabio
skeletal anchoes, offering superior toegue asd anchosage cootrol (2],

The insegration of brackess, archwines, fane vectors, and orthodontic tedanigues,
In comfunction with the anatomy of the maxillary alvealar process, dictates orthodontic

Alcteriels 2024, I7, 341 hitpes ! el o) 302500 { cral NIT 1A

hetpas/ Swwwsdpicom S parea fmadals
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movement and potential side effects such as excessive mesos ipping, contact with the
Lamsina cier, o roob eesouplion, particalarly in the upper mdsons, The prmary obctive of
orthodeatic treatment is to attasn optmal sooth displacement while minimizing adverse
effects and enhancing the patient’s fadal profile,

Orthedontic movement s facilitated by the inherent ability of the alvenlar processes
in the maxilla and mandible to undergo remodeling in respanse to arthodontic foroes.
Adhering to the principhes of homeostasls goveming bore apposition medlated by ose
teoblasts and bone resorption regulated by osteoclats is vital for faclitating optimal beoo
remodeling, resalting In the farmation of healthy boee tissue. The cyclical processes of
resorptivn and apposition inhenmt i orthodansic interventions shoukd be corefudly man-
aged in aceordaace with blomechanical principles to pramede the developmwnt of healthy,
well-structured bone throughout the entime therapeutc process. However, in pathological
conditions, such as pathological osteolyss, inflammation plays a pivotal rol in initlating
and perpetuating booe destruction, Excessive activation of mflammasome—upramolecular
protein complexes mspocsible for maturing and seomting pro-mflammatory ortokines
can lead 0 chronéc mflamaation, miecton spread, and urcontmbled alveclar bone boss,
potentially accurring during orthodantic breatment [4].

The activation of inflammasomes may contribuse to alveolar bane loss in sesponse
o arthodantic e application. This prooves closedy corelates with the induction of
perodontal inflammation. Moreover, iIncreased orthedontic feece can enhance the pro-
osteociastogenisis capacity of asteobilasts whike simuttaneously diminishing ceteoblist
actuvity, thereby reduding the boae farmatsan ability, dfferentiation, and proliferation, and
promoting osteablast pyroptosis, Corsequentiy, this dysaegalation mosalés in snchecked
boow resorption and compeomised new bone farmatsan [5).

The application of arthodoatic foroe generates stresses within the periodontal Bgament
1PDL), which, when surpassing the Bood pressure in the capillary arteeioles, induce
byalinization, ischeria, and necrosis of adjocent besoes, root cement, and alveolar bone,
Cells near the necnstic ares may inilsate coot resorpdion (6] Henoe, a coerelation has been
establishod between excessive orthodontic force, sesulting m sustained hagh stress levels in
the DL, compromised blood flow, and orthodontically induced Inflammatory tooth roat
resarption (OLRR) §7].

However, the pracse orlios of orthadonzically induced smflammatary tooth oot
resarption (ONRR} remam incompletely elucidated. [ts etiology is notably multifaceted and
ool entingdy comprvbended. Apart fram the aforvmsntioned excssive onthedontic foros,
the various contributing factors Include genetic predisposibon, duration of orthodontic
treatment, extent of wwoth displacement, and the natuee of the force applied, whother
continuous or intermittent [4-15]. Additionally, root resorption may ocour due to contact
with the lamina dira relabed 80 B alvealar process o the incisive canal [9,145-10] Natably,
Kadev and Ihilips demonstrated a twentyfold increase in the nsk of root resorption of
the upper incisors due to cortical plate comtact |9 Hence, meticulons sorqoe control
and personalized planning ol mcsor pesitioning within the existing booe envelope are
imperative for preserving healthy roots,

Measureng the pressure values within the pessodontal kgament {PDL) resulting fram
octhedontc treatment and their distribution in the roots is impractical under clinial
conditions. Howeves, such values can be sstimated through the finite element nsethod
(FEM) model amalywis pioneered by Yettram et ab- m orthadcotios [17], This method enables
the simulation of complex mechanical stress soenarios within the aw, alveolar rdge, and
teeth, By analyzing the results, it becomes possible to identity the loads and locations
whwre pressures may excved those in e periodantal blood vessels, posntially loading to
complications such as root resorption,

Fanite elemwont analysis (FEA) stands out as an exemplary appeoach for scoutiniz-
ing data within mathematical models. It fumishes prease, accurate, and quanttfiabie
irsights, emabling thoraugh evalantion and analvsis across varioes skt Consequiently,
FEA emerges as the quintessential analytical tool for sssessing the stress and strain in im-
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plantology’s planned technical systems. A key charactenistic of the firute ebement method
{FEM} is s high fidediy in ceplicating physacal properties betweon the eal-workd strocture
and the FEM model, However, it wammants acknowledgment that oversimplification of
the geometry of the cbgect under scrutiny poses a potential rsk of yiekding inconsistent
evaluation cutcomes [ 13].

Objectine

The objective of this study was to analyze the pressure exerted on the penodontivm
of tooth roots durieg the mteaction of upper Incsors wsirg the vn misse method with
Temporary Anchorage Devices (TADs) following the extractson of first premaolars using a
haglvstandard snnovative finite element model, Additionally, this stady aimed b assess
the pressure during the retraction of the enlire dental arch, considering the applied force
and its vector on the Q017 « 0025 smnless steel {55) archwire in 0018 MBT prescription
slot brackets, utilizing finite cdement moded aralvsis.

2. Materials and Methods

To achleve the cbjectives, a research methedodogy centered on numercal analyres,
spevilically employing the finie element methed, was chosen, This approach facilitatod the
procise replication of conditions across all cases under esamination. Ensuring the uniformity
of conditions is essential foc meaningful comparative analyais of seleviad puramters,

2.2, Compéraction of 0 Nasaerkoal Modo!

O of the primary objectives of this study was to faithfully replicate real patient
conditions while ersuring the proper consideration of cranial stiffness n the pressrvation
of dental and perlodontal stroctures. To achivve this, & numerical moedel was constructed
based on computed tomography (CT) scare of the crandal region and itraoral scanning
DICOM filis derdvad from e CT scars were processed into STL files utifizing the MIMICS
system (Materalise, Leuven, Bedgium) {19) During thus process, eonphasts was placed on
delineating theee distingt geometncal groups: compact bome, spongy Boew, and beeth (inciu-
sive of thes roots). To enhance the geometnic procissom, each layer of the DICOM file was
meticudonsly outfined based an grayscale vaiues comespamiding 10 individual structanes,

The result of this process was a surface mesh consisting of triangles representing the
ouher contour of the cortical boee (Figure lal and teeth (Figume Thl, The cancellous bore
was delmeated by identifying the enclosed volumes within the cortscal bore contour.

——

‘- “W

Figure 1. FE puodiel: {al goometry eatrocted from a O image, (b) recthy exuacoed oo a CT image,
{€) scan of a dental arch with brackets, (dl comblnation of cortical and cancdlous boae, 1) tinite
elomwents of the peniodontium, and (£} deeth with brackets.
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In addition, data from intraoral scans of dental arches, mmduding those with fixed
brockets, were mcluded in the constroction of the numericad model, The dental archy scan
{Fgure ic) was aligned with the teeth delmeated from the CT scans, and then STL models
of the Brackets provided by the manuisctumes were imported and mdividually positioned
for each tooth.

In the subsequent phase, the contours defimmating the cortical booe, cancellows boow,
teeth, and brackets (see Figure 1d) were populated with a nwsh of 5D clements usng
the Hypermwesth systom (Altair, Troy, ML USA). Tetragonal demonts were sckectod for this
purpase. Taking advantage of the tooth and bone geometries, the periodontal Egament
(POL) was modeded using hesabedral elements, with an sssumed cormissent thickness of
(125 mam [20]. The average mesh si2e was 564 o 032 mm.

The final stage of replicating the patients arsbomy was to model the mim-implant snd
wire. The wine was dhapod based on the bracket geometry, delineating a rectangular cross-
section aloag a curve connecting successave bracket openings. Hexahedral elements were
used 1o reproduce thas geometey in the numerical msadel. Capsegauently, 4 comprfiensse
numerical model comprising 3D elements was generated, as depicted in Figurnes 2.

Figure 2. Cross-sisbon: numricad moded.

Mini-implant (rigid body)

Heok (CNRE)

Figurs 3. Loud in the icad model
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Figure 4. Boundary conditivn e @w ssamenical modid {red line epresents constrained surfecet and
finite clements (o erge mesh stae « 132 mm)

2.2, Matersl Modeling

In the numerical model, based on the peelimmary simulations, it was venfied that the
wire, brackets, teeth, snd bonws woukd be susbjocted to low loads and that there would be
no significant stresses in these components. It was therefore assumed that these struchures
wonld be modeled wsing an isotropic, lmesr elastic constitutive moded. The brackets ancd
wire were made of steel. The material data for the above companents are given in Toble &

Tabde 1. Maseral data vsed to descrbe the material behaviorn

Component Young's Modwlus IMPa) Poisson's Ratle
St 20400 o
Toath{21] 15000 0.3
Cordoal booe [ 22] 1300 0
Cancelloas £22] X0 0

The mass heavily loadod compooent, andl at the e time, the cosponent 0f greatis)
interest to the authars, was the pedodontivm (PDL). Therefore, the hyperdastic Ogden
macnlol was used to moddel the POLL This moded assuanses thal the Bolassour of the masenial
can be described by the strain esengy function, fram which the stress—strain relationship
can by dervend, In the ()5du'n vded, S steain vowegy functsan s defird Dy e function:

W:E'_ZE“_.E{:‘.U,')-l‘wﬁ'a]-—:—lnh (n

whwore W is the straan onergy potential, A, is the main deviant steetches, g, ared &, ane
maserial parameters, [ 1s the determinant of the elastic strain gradient, and A 1s the volume
modulias, The bulk modalss is caleulated wsing the values of Paisson’s ratio and Young's
Modulus. The parameters preseated n Table 2 [23] were used to descobe the behavior of
the PDIL

Table 2. Pasarmunions ueod for describang the PODL

My IMIPa) ay IMPal Poisson’s Rake
5w 150 046

2.3, Restraint and Lomd Conaditsons, Cinfacts

In the developed naumwerical model, e mine-implar's stiftoess signaficantly sar-
passed that of the surrourding structure. Consequently, the mindemplant (see Figure 5)
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was nepresented as a ngld clement constrained to the adpoent nodes. Simikarly, a hook
attaciued bo the wire was modeled using the same approach, The ripad element, called a
Constrained Nedal Rigid Body (CNREBY encompasses all six degrees of freedom, [n practical
soenarios, in elastic element typacally bridges the gap between the mini-smplant and the
hook, generating tension of o predetermined magnitude. Thus, within the numerical moded,
a voordinate system was established with the x-axis aligned botween the CNRE nodes,

to the actual pasitions of the fixtuses. Alang this defined x-axis, a foroe (F)
was applied, as illustrated in Figure 3. The force was therefore applied between the upper
node of the hook (Fagure 3} and the auter nede of 1the minkimplant, This procedure was
replicated om both sides of the numerical model.

The nomwrical model was flsed ovor the entlee surlace of thy wpper part (Figuse 4—mnd
color) All the translational degrees of freedom of the nodes Tyirg on thes surface have
boen lixed

Appropriste contacts were defined between the toudhing components. A penialty
function-tused combact with a fricBon coefficiont of 06 was definad botween e wire and
the brackets [24]. The tooth brackets were attached using a tied contact available in the
LS-Dyna system. The wame contact was defined betweon the teeth and pessodontivm,
periodonbium and bone. All the analyses were static and were performed using an implicit
integration step b the L5-Dyna svatern. The individusd loads changed Tinwarly during tiw
analysis froe 0 2t t = D to the mavimam value att« 1,

3. Results

The hydrostatic pressure values oy, along with the distribution map within the peri-
odonsal ligament (PO during e masse retraction using Temgorary Skeletal Aocharage
Devices {TISADs) subsequent to the extraction of first premodars in the 0,018 slot on the
0017 « 0025 sainksa stoul [S5) arch, emploving varioas hook heiphits and ioece magri-
tudes, are presented in Tables 5-¢. Table I depicts the comprebersive dstrbution and
prvssane values o, acmes tw entine dintal arch. Furthermany, Table & delineatvs thy pes-
sure ¢, distnbution and values within the POL of the roots of the upper central incsors,
whide Table 5 elucdates the cormespanding data for the upper lateral indisors. Additianally,
Tabde & poetrays the distribution and peessisre oy, values within the DL of the canane roots,

Across & fone spectrum ranging from 50 g s 300 g, the pressune oy valtes for the entite
dentad arch vary between DAY k¥a and 2.5 k' (sev Table 1), Notably, the pressure o, valees
demmoerstrate a finear cormelation with (e increment of applied force (refer to Figune 5).
However, marginal differonces are chserved in the prussare values o), comusponding
to different hook heights fur o gven force magritude, which are clmically msignificant.
Notatdy, (o all the described scenarios, the lowest pressure oy, s observed for a 6 men hook,
height, while the highest 15 noted for a 2 mm hook height.

The pressune oy, exerted within the perlodoatium of the central incisoes (refer to Table 4)
spans fram 023 kPa 10 154 kPa, exhibiting a linear relationship with the applied force.
In contrast to the entire dental azch, the minimum pressure o), values ate observed at tho
lowest hook height of 2 mm, progressively escalating with an increased hook height. Acss
all Instancs, the peessure o, values exirted an the contral Incisons represent Jpproximasdy
S5 of the total pressinre values cbserved within the penodootium of the entire destal arch

The pressun oy in the pessodontivm of the bseral incisoes (Tabsle 3) i approximasely
5% of the pressure of the full arch and ranges from (118 kPa to 1.14 kPa, with a lincar
dstrivution, Urdike the entire arch and contral incisors, the lowest values ane recorded ol
the highest hook height of 10 mam and increase as the hook helght decreases.

T the caser of thee camirms (Table 0), the préssure values oy, ane the Righest snd corstitute
approvimately 75% of the value of the entire pressure in the PODL of a full arch. The values
range froen 028 to 183 kPa, The relativnshaps are equivalent for the lateral inosors.
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Tabbe 3. Prescey oy [WPa] diste feation s the POL—wtin dudad iech.
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Tabbe 3. Coul.
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Tabbe 4. Prosscey oy [KPa] distefeation (i the POL—Oertral incsces.
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Tabbe 6, Proescey oy [KPa] disteation s the PO —canines,
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Table 6, Conl.
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Tabbe s, Coul.

During the comparative analvsis of the hydrostatic pressure o, withan the petiodantal
ligament (PILY aoross Both the endine densal anch and individual teeth, the distribaton
map remalns conssstent irrespective of the applied force ar hook height. Thercfore, the
distribution map remains constant regandiess of the forve voctar utilized, with only the
propartianal vahoes varving (refer to Tables +46).

For the central mcisors, the haghest pressure oy, values are observed alony the palatal
wmpect, with cosslstent accumulation predominantly in the Jower half across all cases.
Additionally, the apical thisd of the roots typacally resides within $he neutral pressure zone,
excepl for mrinor poieas ot the apices where bigher pressuincs comentrate, Notaldy, highes
prussure oy, vakues ane generally observed for the night incisor compared to the keft incisor
{sce Tabdke 5)

Regarding the lateral incisoes, pressure o, accumudation predomrinantly cocurs in the
corvical mgion aloeg the distal palatal wall and arspecdic poings near the apices, whike the
remaining portsons of the roess ressde within the neutral pressaure zone (reder to Table 5).

Howwvur, hw majority of the canines are located in the neutral 2one, with a single
place of pressure oy, accumulation in the cervical ansa of the palatal wall. The bkeft conine
has slighily higher values {Table &),

The entical value of 4.7 kPa &5 exceeded for the full dental arch with a forceof 642 g
and is comeentrated on the spper roots of the first malars, reachving at the same time in thw
antenor segment 2,95 kPa, which accamulstes mainly on the right central incisor In the
aren of the lower palatal half et wally (Fgures 6 and 7)

The pressure o, values, akong with the distnbution map generated within the peri-
odontal ligament (PDAL) duning distalization of the entire dental arch using Temgporary
Skeletal Ancharage Devices {TISADs) in the 0.018 slot on the 0.017 » QL0235 staindess steel (55)
arch emploving varions hook heights and force magnitudes, are delineated m Tables =10,
[able 7 presents the compechensive dstribution and peessure ay, values acrass the entine
dental arch. Furthermore, Tablke # depicts the pressare distribution and valaes within the
PDL for the roots of the upper central inclaes, while Tabile ¢ olucidates the comespoanding
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data for the upper kteral incsors, Additionally. Table [0 portrays the distnbution and
pressuane o values within e PDL for the roots of the canines ar first premolars,

In the range of applied farces from 30 g to 300 g, the pressure o}, values for the entire
denital arch are very similar and range from 0.33 kPa 10 2.4 kPa (Table 7). The pressure iy,
values also increase linearly with the mcrease in the applied force (Frgure 5). However, the

differvmoes at the Jevel of one fome value at different hook heghts ane sven mone mmimal,

All the dependencees are as above. The pressure o, values are approximately 9-107% kwer
evervwhere. Heavever, the pressarne oy, distribution map is the same in all cascs,

Pressure
470
;.rr]
283
190 _
0.9
0.3
2.8
-1.85
278
372
455 |
Figure & Posssune oy, (k%] in the FUL toclond = 642 g—tull anch
Pressure
293
236
179
123
0.66
0.08
-0.47
-1.04
-1.61
217
274

Figure 7. Pressure o, (R19) in the PO foc fosd « 742 gecontrad Incisors.
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Tabibe 7. Proscey oy [WPa] diste @eation (s the POL—wtine dudad iech.
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Tabbe 7. Conl.
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Figure 8. Pressure o), [hl'a] versus owd appliod in the PEL for the entine dentad anch
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Tabbe 8. Prosscey oy [KPa] distefeation i the POL—Oertral incsces.
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Tabbe 9. Conl.
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Tabbe 10, Posaute o), [KP2] detsibution inthe POL—canines.,
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4. Discussion

Side effects are commim eccurnnces during arthodontic tratmsst, with rot escep-
bon (O1RR) being a frequent concerm. The initial signs of resorption typcally become
evident under & micnescope approximatedy wo weeks e reatment initiation {25], whike
radiological manifestations may appear several manths mto treatment [26,.27] Although
provious shudies siggeat that the bracket sze and archwine sedection da nod significardly
influence the occurrence of resarption [25,29], comtact with the cortical lamina is a well-
documented rsk fackor for sevene ot resarption 9],

The most desirable cutcome of arthodantic treatment is achieving axal movement
of the teeth while maintaiming appropraste tongue control 8o minimize the misk of oot tip
mawement in the opposste direction. Often, achieving this goal necessitates additional
interventions such as bilateral corticotamy, mtrusion aschwines or skeldtal anchomage. This
Is particularly lmportant due to the approximately 9-100% difference In torque between
the woeking anchwires, such ax 00190025 stainkess steel wires in 0,022 brackebs, and the
comenondy used archwires, such as RARNZE wires in brackets with a 0.018 slot [%).

The finite element model (FEM) represents & modern and invirluabde kool foe fssessing,
the risk af root risarption assoclased with nacrosss indoced by capillary lamen chosuse due
to stress and increased pressune oy, within the periodontal Bgament (FOL) sesulbing from
orthodontic focoe application. The sliabiliey of this method varkes basod on the quakity
of the moded proparation. One of the saliont characteristacs of FEM is the near physical
similarity among the real stracture as well s s FEM. Honoover, tssicssiry samplification
of geametry will invaciably Jead to inconsistent results [15], Linear modeds, which have
bown the focus of ouch sesearch [3140], lack spexcificity and fail 10 accuralely represent
bodily tissues compared to nonlinear models 18] In aur proposed rescorch, we otilized a
Ngh-qualky. Hnovative, lul!)’ fMexilde nonlinear maded Dicsed on Come Beam (‘.ompuw
Tomography (CBCT) scans of a typecal patient with Class 11/1 mal-occlusion reguiring
extensive mtraction. This model indudes comprebensive anslomy, encompassing the
vestibular and palatal cortical plates, alveokr laminae, interdental septa, and the inclsive
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canad kamima, with all the structures interacting s they would in vivo. By ensuring all the
shrvsses are acratedy transmitted 40 the surnounding stroctures, we can confidently assume
the high reliability of our measurements, The presence of fenestrations in the vestibular
plate of the maxillary ahveclar process, subseguent o tooth movement for alignment and
irsertion of a 0017« 0025 stanless steel {S5) workng wire into arthodontic brackets,
srrves as & cear mdication of the conseguimoees of insppropriste orthodonbe treatiment
methods. Falkure ta respect the bane envedope and reduce tooth material while espanding
the dental arch <an lead to such complications,

The periodantal igansent (PDL} plays 2 aadal rale in osthodontss movemen: [41).
Therefore, the model shoukl accurately repriseny the muovement of seeth through the
perindantium and varous bone lavess with appropriate elastic moduli, ensuring intesoon-
nectedmess, In our analyss, we focused on hydrastatic stress o, rather than von Mises
shresss oy andd minimam principal stsess oy, 96 the formvwer s directly associased with Hhw
formation of resorption lacunae in tooth roots [5,57], Rescarch has demonstrated that
lowatoms whaese the hydrostatic preessane oy, excoods 4.7 KPa cotespond bo areas of nool
resarption observed via edectron microscopy. Conversely, areas exdubiting expansion during
ol sismslatioes dic not exhsdbit active rsarption [31]. Clinical studaes bave not revealed
resorphon defects in locations with high von Mises oy values or mindmum principal stress
3 as deteninined by finiw dsoneat aralysis | 5],

Thes study focused on analysing 0.018-inch sbot brackets, It demoastrated a linear
relatonship betwaoon the applied foror and the resulting prossiee o, in the penodental
ligament (PDL} of tooth roots, with increasing foree keading to higher bydrostatic pressare
Oh, These findings align with priviows stadies by Owman-Moll [42] and Maltha [£3] but
contradict those of Cas [44] and Chan and Darendeliler [45]. This study alsa exploeed
the percentage distribution of pressure ampng different tooth groups: 55% on the central
Incizars, 45% o the latenal Incisons, and 75%, o the canires. Notably, this diseribution
has not been repocted in the prvor libesature. Furthermore, o significont differences were
obsesved in the hydrostatic pressuse oy, values o their distrbution maps concenming e
height of the hook, whether dunng en myasse retraction oc the dastalization of the entire
arch. These findings are particalarly intrigulng, 25 oo might expect significant changes
in the movement mechanacs when extractng teeth. However, our study revealed that
during en masse otractson with appeopriately low forces, the distribution of stiesses o,
around the reots of the anterior teeth remams langely unchanged. It 1s worth noting that
dune t0 our utilization of newer inodeling technigues, compa s sons with studivs usig lineas
models, mersuring von Mises stresses o,y oF minimum principal stress o §99,94,55 6051
or examining POL defoemstion [45] are challenging,

The absence of significant high values at the Inclsor apsces and the relatively even
distribution of the roots along the paliatal wall suggest effective torgue control and axial
disphicement of the teeth, erespective of the applied force vectar. These conclusions differ
from those of Tominaga et ol whose study reveshsd disorepancies in the axial displacement
among the front teeth segment at a hook hetght of 5 mm positioned behind the lateral
incizor, 2 well 3 tilting at hook heights of O mm and [ mm [19,50], Sadh variations may
stem from the utdization of an indsvidualized moddd that accurately reflects the anatomical
conditions under whach speafic biomechanios are employed and all stressses are transferned
to adjacent structures. Additionally, in the presented model, the applied farce may result
in the bending of both the mat and the interdental septum plate, which may result in a
diffesent stress o), distribusion than in simplified models. Further siseanch 1s warranted o
confirm or nefute this hypotiesis

Bassed an the study findings, W can b infermd that a theofokd inceass in the aptimal
orthodanti: force for en masse retraction, ideally ranging from 180 to 200 g per side, leads
o areas where the pressise @y, within the periodantal Tigament IPDL) exconds 4.7 kPa,
This poses a significant risk of root resorption does to the complete occhision of capillares,
leadding, o oot necrasis and subsequaent resarption [17]. Tt is conceivable that dating a
two-stage retraction of a segment camprising four incsors, 8 focce dess than three imes

135



Meterkts 0, )7 161

Noid

the applied value may still result in capillary occluston, as the foroe & distnbuted over a
sonillet b of sevth, Howeser, furtler nsearch is necessary to conckusavely validate
this hypothesis.

Upon analysis of the above results, it becomes evident that meticulous control of
the forces and torques acting on the incisor roots dunng torgue control is paramsount in
preventing footh root tip resorplion. In var model, vven under axial moverent, substantial
forces ane evenly distributed across the surface, locally remaining bedow the critscal value
o, of 47 kPa. Optimal arthodontic forces, ranging from 130 to 200 g per side, rosult in
pressare oh values slightly exceeding half of the critical threshaold. This level of pressure
may stimalate physiologionl bome resorptiom, facilitating cethodontic movement withou!
advarse effocts by modulating bood flow in the caplilaries without complete acclusion,
The present study reveals that Iaseral mcisors experience beightened pressane soldy in the
cervical area, somaining froe from signdicant hydmstatic stresees o, on both the palatal sod
labsal aspects. However. despite this, resorption of the four upper incisors is a common
occurnenay in canical practice. Nevertheless, based on our findings, it can be infereed
that such eccurrences are Jess probuable when utdizing a 0007« 025 archwire in a D018
shot with the Force values spicified by the authors, In this soerasso, ther i oo abrupt
increase in hydrostatic pressure o), in the apical region, which could initiate the formation
of rsarption defocts. These esules ase applicable to both en masse wiraction tvatinent
followsng premolar extraction and during full arch distalization.

Brackots featsring 4 (LIS dot were replaoed in the initial phase of toatment day to
thedr madegquate shze, which ts undesirable when creating ample ceasance in the brackets,
Adlitionally, their use lod to increased friction daring the slideng madsinecs asd insufficiont
space betwesn the working arch and the beacket slot. Neveetheless, recent studles indicate
that these brackets offer exoellent torgue control, Momeover. the inconvenience associaled
with thetr use (i the initial alignment phase may be mitigated bn the curment vra of high-
quality, thin (LU14 A-NiT archwines, These brackets and archwires possess significant
polential & minkmize e severe oot resocpion atlributed to schemia and excessive
tipping, therchy reducing the likelihood of unintenitianal comtact with the cortical Lamina,
particularly the vestibular laména.

In their randomized studies comparing the effectiveness and trestment guality of
both (LOTS and 0022 beackets, Yassis ot al. cbserved no significan: differonces tn teatment
outcomes |51], Therefore, conssdering the hydrostatic pressure o, distribution describad
#bhowy, It may be reasonabd to regard these brackets is viable alsematives to mitigate the
risk of root resorption, particuladly in sdividuals with thin odges and other oot resorption
risk factors whore precise torque control 5 essendial, 18 can also be taken ito acoour
that sesoeption duning orthodontie treatment may be cansed by nickel-titansum wires or
rectangular wires, which may have enbancd ey exooeding the theeshald values [57),
Owver the last few years, research has focused on clear aligeers and no research has been
comducted om the problem we ane anelyzing. Other peevions studies concermed o simillar
method but oo different sized arches, which makes comparison smpassible. In the research
comducted by Ruenpol on the wn masse retrachan of the upper anterior tooth segment in
0018 shot brackess on thenner 0016 « (LI22 S arches, the greatest stresses were found in the
central part of the roots, while the grestest expansions were found in the apical third of the
maxillary biteral incssars [45]. In his sescarch, Tamlnaga noticed that the axial displacement
of teeth does not ocour when force is applied a1 the level of the center of nesistance. His
analysis showed that in the (U018 « (025 S5 wisy, the rarslational mavemant lakes plice
ot a level of 2.2 mm Jower than the resistance center toward the inclsal edge, whille in the
016 » DAR2 arg, it & 38 am higher than the resistanoe oerder owand the apex [50). This
dows not agree with our results, m which the 0.018 slot on 1017 < Q025 S5 showed good
torque control regandies of the smount of applied foete, In turn, Singh's reseacch in 0.022
slot brackets on (1019 = 0025 55 wire showed that the stress value in the cortical bone
arovand the cenvtral and Lateral incisoes increases linearly sith the inaesse in the height
of the hook. Additionally, the authors noticed hagh stresss values around the canines and
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associated that with the fact that they are surrounded mainly by cortical booe. They also
shyosvind that as the beight of the hook incneases, the stresses decrease at Ehe canines and
increase at the incssors [47], Our results indicate that the new type of modeling may provide
different results in terms of the applicaton and point of application of the optimal force
Muoceoves, the use of cur tooth retraction parameters means that the force value has a large
tolerance range befare it exoeeds the optimum and also provides excellent torgae contral.

S, Canclusions

1 Optimally, 007 « 0025 SS archwires in MBT (L018 brackets prowide exoeliont tongue
control, leading to precise axtal displacement of the tecth,

2. When applymg optinsl foroes of 180-200 g /sicke, thixw 55 no risk of rood tip ss0rption
due to the even distribution of light and medium hydrostatic pressure o, in the
persodontal Bgament (PDL)

3. Theapplication of triple orthodontic forces {600-040 g /ssde) con instiate the resorption
process by vechuding the capillaries,

4. Atempting to level the dental arch with a sgnificant dentoalveolar discrepaccy may
rosult in fenestrations of the veshbular plate of the ahveolar process,

Highquality noalineas models for finite clement analysis (FES) are mcommended
10 ensaire reliable, comparable, and readistic semulations <losely resombling the ocal
cavity conditions,

Limttations

The presented model assumes passive insertion of the wire into the brackets after
Full heveling,
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and coocact withy the incidve canal aed the (2 of resorption Suring orthadontic treatment Jssociaied
with upper incison retracthon ond soogue control, Seanch medods: Accondig t PREEMA guldetmes,
the main reseanch queston was defined n PROC: Sdeatific databases MEDLINE, EMBASE and the
Cochrane Central Reygster of Controlled Trinks were searched Jor linking keywords Resorption of
maols miisive caml, Resception of rocts nasogulative canal, Incisive casal netraction and Nasopwilatine
Lapal ntriac oo Sedoctica critniic No time Blters wiese aprplied Qo b0 B s sy Esstod numbey
of studios. Poldcaions in the Beglich lingruage womw seloctod. Based on e inforsation peonidod s
the abstracts, anthdies were sehocted accnnding in the fodlowing caterta controlled clinkcal prspectye
Friads aned Coree reports, N0 ramdonn o clinical irkals (RCTR) ar controlked climical proepoctive trisis
(CCTS) were foardd, - Articles ueaelted %o the sopic of the plaread study were excluded, The
literature wos nevarved, and the Solliemy jourmsds were searched: American Jourmal of Ovthodonbos
sond Denbodacial Orthopedics, Insernatiomal Orthodentios, Tournad of Clinieal Orthodontics, Angle
Ovthodontst, Progeess in Oatbodordios, Ovihodoatics and Craniofacial Reseaech, [oursal of Ovolacial
Oxthopedics. Essvgwac Joursal of Oethodostics seel Kaman kel of Ovthodentics. Duse 2oloction
and analysis: The articles were subjected 5o risk of blas and quality assessmene using the ROBING|
torl. Raesults: Fosar artiches wils a ol of 164 participants were sebectedd, i all stusdbes, diferences in
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1. Introduction

Planning octhodontic trantment often invoives the exteaction of the first premokass,
In makocchasions assoclated with protmaston and in cases of high skeletal disceepancy,
IRANTMAIT NCTR0r retraction s afteny necessary o improve not only ocdusion, lip positiaon
and the patient’s facial and smife profile, but also penodontium protection |1-3]. The
introduction of orthodontic mini-implants o5 & maximum anchocage bas enabled much
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mare effective treatment and greater tooth displacement. Howeves, the limit of maximam
incimr retrnction hay boen debutable for years. The soepted standarnd, sccording to the
envedope of discrepancy established by Profitt and Ackerman in 1994, & the possibility
of the mtraction of the uppor indisors by approximately 7 o [4], The determination
of these dimenssons was based on 2D radiograpts and the presence of the cortical plase.
In the era of widespread availadility of CECT examination with the possability of usng
TISAD, the anatomy of each patient can be carefully and Individually aralysed, with
retraction in excess of 7 mm being a possibility for application (5] The vse of rebracton
i characterised by longer treatmont Limes, the use of greater forces and tooth mavement
over a greater distance compared to other types of trestment. The above dharacterastics
nay be ihe causes of erthodeetically inducat inflummasory ool sesorptson (OIRR) |63 ~].
Tooth root resorption during orthodontic treatment is coe of the most common i
connpRications [&]. Many factoes cantribuge 3 this phenomenca. In reoend vears, as a result
of the development of 3D imaging, attention has been drawn to arcther impartant element,
namuly the incsive canal, and its slationship to epper inchsor roots. The incistve canal,
also known as the nasopalatine canal, Is the comnection between the nasal cavity and the
oral cavity, containivg vessels and nerves withan it 18 is an often oveciooked element
In the arthadontic treatment planneng process, but it s surmounded by a relatively thock
cortical plade. As then is evidenoe of an offect of the heccal and palasal cortical phate on
the Induction of oot resoeption [6,14,17], the cartical plate of the inclenve canal could be an
anakogous factor, n this sy stematic review, the authocs attermpied to gather evidence an
the relatiorship between resorption and the presence and anatomy o the inclsdve canal,
a3 well as fhe Groumstances under which the canal collides with roots, and also %0 assess
the risk In imdividual patient groups dunng osthedontic treatment and the rode of Inclsor
torque controd depending on growth dinection, skeletal class, gender or treatment with or
witheut inclsor retraction.

Ohfvtive

The aim of the study was to analyse the possibility of minimazing the rescrption of
incisor roots during retraction theough approgriate treatment planming and contral of theer
Inclination n celation o the individual anatomy of the incldyve canal.

2. Materlals and Methods
20, Prodocal amd Registration

The systematic review was registered in the PROSPERO database under the identifi-
cation number CRIMIN22354125, The study was conducted in accordance with PRISMA
guldedines 18], Due to the type of the study, there was no patient participatica, no in-
terventiom, and no coquirement to collect any personal data, herce ethical approval was
not requested.

22 Eltgihniry Criterw

The study design was defined in PICO format: Populstion (P)—pabents with complete
permanent dentitiom; Intenvention (D—orthodonhic estraction teatment with braces usang o
stralght wire technigue with inclsor retraction; Comparison (Ch—assessment of the distance
bebween the upper incsoc roots and the canal before and after treatment and assessment
of the legth of the incsoe voots befare and after treatment; Outcome (O)—statistically
significant/ non-sgnificant differences in the distance between the upper incisor roobs aod
the canal before and after ereatment and in the kength of the Inclsor soots befare and after
treatment

Du 0o thwe signiticantly limited numbwr of stadies, randomised clinical trials (RCTs),
comtrofled dmica) prospective triaks [CCTs), systernabc reviews, rebrospective studies and
s reports wene included. Only publications in the English Bnguage wote sefocted.
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2.3 Tformmtion Sourzes ami Sesroh Stantegy

The authors IAEK, | K. and | N comducted an independent ssarch of the followmg
ehctronic datubises: PubMed, EMBASE and the Coctirane Central Register of Controlled
Trials, Web of Science, Scopus, by entering the following kevwords:

o Root esorplion incimve canal;

e Root nsorption nasopalating canal;
e Incisive canal refraction:

e Nasopalatioe canal retractica,

The literature was reviewed, and the following joumals were manually searched:
American Josmal of Orthodontios and Dertofacial Orthopedics, Intermativeal Orthadon-
s, Journal of Clindeal Orthodonties, Angle Orthedoatist, Progress i Orthedoeatics, Or
thodontscs and Craniofacial Rescarchy Journal of Orofacial Orthopedics, Exropean Jourmal
of Orthodontics and Kosean Journal of Orthodoatics. Handsearching was performed by
scneening similar artickes under every artide found by keywords. Ne time filters or status
were applied. AS the databases wore seasched from 14 July 2022 to 31 Judy 2022, Grey kiteras
ture sources wene screened, such o8 Pro-Quest Dissertations snd Theses Global and Google
scholar. If data from the study reports were insufficlent, unchar, oc missing, we atlempiod
to contact the study authors for additenal infarmatsan, If we judged that the missng data
might render the result ameoderprtable, w excluded the data froen tee analysis and clesrly
stated the reason.

24. Sty Sefechon

The authors (ALK, LK. and | N.) independently searched databuses and, after du-
plicane removal, reviewed titles by thelr melevance to the topic of this systematic review.
Artickes inchuded after Hithe screening wene evaluated tharoughly. Due to the imited num-
ber of va-topic studivs, no exclusion criteeia woew applied. The reviewens were blinded to
each other's decisions, The authors discusaed any disagroements unsil a conserses was
reached, and if sevessary the fourth author (MS) was consulted.

2.5 Data Colfevdion and Data [tk

The fullowing data were extracted to Microsoft Excel sample size, vear of publication,
asthor s mamee, mean amaount of rool resarption after intorvension, differonoe between
mean root resarptlon in control and retraction group, standard deviation for Usted data,
preneral characteristios of each grop, general characteristios about mberventon associnhes!
with each group. Study investigators (authors of the articles accopted in the systematic
review ) would be comtacted for unseported dota or addibonal detasls.

2.6 Risk of Bios dv Imfioidned Stmnfies

In accordanae with the Cochrane Handbook for Systematic Reviews of Interventions,
the Risk of Blas (Roll) was achieved using Risk of Bias In Non-randomized Studies of
Intervemtions {ROBINS-I tool) [19], [t was planned to use the Cochrane risk-of-bias sool
{RoB 2) for randeanized trials; however. due to the absence of RCTs, using the RolS 2 sool
was unroessary, An overall judgement about the risk of bias was reactwd after complesing,
7 main domaing for vach study. The catcome of overall blas coudd be: 1. low sk of biag,
2. moderate risk of bias, 3, serious risk of beas, 4. critical risk of biax 5. no information
The evalustion was performed by 2 authors (A E K. and LN independently. The authoes
discussed any disagroements until o consersus was reached, and if necessary the last author
(MS) was comsulted.

27, Sumtury Mudseens, Sunthss of Resvlls omd Adddional Auafuses

The planned formal method of cambning individweal study data, rendomised and con-
trolbed climical stuclivs was statistically evalnatad both ointly by heterogeneity analysis—
the Cochrane Q test and I statictics, and random-effect meta-analysis) and separatoly
[satstreal impartance between groups m easch study) with subgroup analysis and sagnif-
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lcance established at p < 0.05. Results of the analyses will be prusented graphacally with
fonest plots afler comparisans of study dexigns, methodalogies and participants, o jadge
the clinkeal heterogenelty of the studies. Unfortunately, due to the lack of RCTs and CCTs
ancd an isability o sost the heterogeneity of the studses, s provents the conducting of
statistical analysts and meta-analysis.

3. Resulls

The kevwords yielded 1862 abstracts. Thirty-nine articles were mitialky validated as
eligitle for the systomatic snciow, and they werw analyaad in dotail Tnthe ond, s anvides
were sehected, inchuding four controlled chnical prospective trisls and two case reports.
The full selection processs is shwn @ Figgare 1.
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Figure 1, PREAIA flow dingrass of the literature selection p

3.1, Growep Popuietion

The total pumber of partiopants was 161 The average group population was
A3 patients. The largest group was found in the articles by Yu et al. {1], with 35 participants
in the grosip. The smallest group was included in the study by Nakada et al, [20) with
W participants. Oaly one stdy Incduded 2 control 2nd a retraction group [15L = the
remaining, studies, ordy retracion groups were present (Table 1),

143



A Pl Mt N 12,3773 oy

Tyl b Sl ataded W the St e Fas v

[e— [ t—— A T [ et - [
seur L -matew Yl =40 Peep—r— “-;'-o:a- o ) V= s e i = 1 9,25
Nnd-zen) e e —-—— g::;:a l'mafl d—mha. -~ o e e
— vty -
l.m*dw
e an A [P Pa——_—— .....d":-‘ -

m‘ 0’.‘5 &’w ﬂ:ﬁ = Eﬁ““_m ﬂ:‘:’m Wnl‘ ‘I-“'..' -m-ul
‘m

T
[t T VPR L] et Pt Lo b
~ P s BT L LYo gty oo ol
Do M3 .z.cg-. oy o enceem L30T Win
Wi :
Ond bon ¥ Tamutes of4 ot purhn Ui
m-.'..-".«,an w ed A ven BE - T g B | e sah A ot s
u:......u =
L e b T ] :a ‘“
T e M - g AR S AW ...‘ﬂ T Ao 1N P

» b Voo = e b = 0
ﬁ-ﬁ |"I-'=-ob-|u:u:

Som e nm“
%u -.v.. =1 Ao bt e, = ..& .-m- ¥ U 4 &u? “mc’(-
[~y Rl

Whmvimoms T W ML il (3, g G gy L G s B 1, oy A A0 e T ORCT, omw J
NI

144



) CAw Mol 2003, 22, 274

sof 13

32 Age amd Gentfer

In mawst studies, parficipants were adult patients; in the study by Pan et al [2]. partici-
pants were also adelescents. In each sthsdy, the female groap population was Lager than
the male group population: see Table |

33 Treatmient Strategy

I treated patents, extractions of maxillary premokars wene perfarmed fo gain space
for ncisor and canine retractan. b two studies, maxsmum anchorage in the form of TISAD
was applied to the study groups. In the remaming two grougs, there was no information
on the use of TISAD {Table 1),

A4 sk Asalysis

The main parameters were a change in the Jength of the incisor yoots bedore and
after treatment and the distance between the roots amd the indisive canal befome and after
treatment.

T all stoadhes, a relatxmshap was observaxd betwesen the resarphon of the upper mosor
roots and thelr prosimity to the Inclsive canal,

In all studies, the root resorptsan of the central upper incisons occurned during incsor
retraction. The greatest resorption wis observed In the stuady by Chusg, Ina group with
canad mvasion and without remedelling 33 = 154 mm {Table 1},

35 Changes in the Lemgth of the Central Incisor Roods iir Contoct nhit b fecssioe Camn!

Trr all artiches, the sharkening of the upper incsor mots afber retracion was statistically
greater when contact was made with the incsive canal. The resubts of statistically significant
studies are presented below (Table 1),

Yuetal 1] revealed a greater root reserption in the retracton group (23 £ 140 mm)
comgpared to the control group (1.1 £ 0.75 mm). In addition, subgroups wene created
acconding to the distance from the roots 1o the K after treatment (separation, approximation,
comtact, invasson). The doser the cosor root was to the mosive conal, the greater the
resorption, but this result was not statistically significant. The retraction groap was fous
times mare likely to have root invasion or cantact with the incisive canal compared 10 the
controd group. In 114 percent of the wivaction group, there was a change in the course of
the indsive canal, which may paint to it remoddling ability,

Chung et al [3] found that 53 percent of retraction teatmwnt ceses nesulted in the
Inwasion of the Incistve canal by the incsor roots, A higher risk of contoct between the moots
and cinal was shown when the intee-mot dstance wis less Ban the width of the incisise
canal. In the subgroup with invasion, resocption was statistically hagher (24 2 159 mm)
than  the pan-invasive group (8 = 0986 mm) < Q001 Resorption was lower in patients
with invasion and resnadelling (1 £ 0.92 mm) comparad to patients without remodelting
3312 153 mm)p < 00001,

Pan et al. |2] showed 2 significantly greater shortening (163 3 0.95) of the incisor roots
in the contact group between the roots and the ncisne canal than in the group without
contact {1.14 & O83), possdly pointing to thelr positive correlation. With urcontrolied
tpping of the mcisars, theee e an increased risk of card invassan in the cervical arca. The
risk of roet contact &5 increased when the pasition of the inasive canal is Jow.

Nakada et al, [20] showed that root resoephion was statistically greater on the side
chaser 8o the incigve canal than can the opposite side. In addition, the range of palatal
resorption on the ssde closer (249 + 061) to the camal was also greater than on the farther
side (1.51 £ 0,49 man). Ulimately, he concluded that the proximity of the apex to the 50
cortical plate wiss a factor in rool resorption

Imarnuga ob al. [22) describod 4 clisioal case of a pationt in whom, after the rerction
of the incisors, the root of the one in contact with the incsive canal resorbed at the contact
are (3.4 mam). Themfore, the size and mompbology of the 1O wiss considened 1o have an

impact oo oot resorption
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Chung of ab [21] also describad a case of mot resorplion ater contact with the ¥,
together with tooth vitality preseevation
34 Risk of Biss

The risk of bias analysed according %o the ROBINS-I tool (Figure 2) can be described
as critical for all articles but ene—Nakada ot al. |20L wheze the risk of blas was sersous.
Diespite the critical and senous overall risk of bias, the studies may be accepted o5 useful.
Only ane domain categoreed studivs at hgh o crtical sk, and W was caused by the
natune of the research. In the study by Pan et al., retraction was performed using TISAD
{naxim anchorage), bt thon i o information on whesher the placement of she mini-
Implants was the same i all cases and thus whether the force vector followed a simiar
oo, Thee tescarchers statistically asalysed the retraction distanoe and the difference in
Inclsor Inclinatson before and after retsaction, but did not sabulate speaitic values. Smilarly,
there was no mfarmation on the type of brackets or whether sach patient was treased
with the same prescrption. In the study by Yu et al, the extent of retroction (deserminant
of group membership—<2 mm cantrol, >4 mm retraction) was given, but there was no
Informatice on the method of treatment other than that the retracton group nvelved
premolar extraction. [n additson, there was no information aboat torque control durmg
treatment and 0o Information about the type of brackets and whether cach patient in the
control and retraction groaps wats treated in the same way. The study by Nakada et al
only congsdured o groop ot of all thase studied—aondy In this group cousd there be an
mssociation between the presence of the incaive conal and root nesorption. There wasno
information aboat the rwthod of trvatrment, extent of wtraction or torgue control; only
Information on the destance by which the central incisors wene moved was provaded. The
sl sample 20 is also a factor of crvor, The best-makched stady group wis ropreseniied
by the study by Chung et al. |3]. It repocted the average treatment time, and the patients
qualzied for the study mes certain comditions: Skeletal Class 1oe T malocdasion, bismasillay
protnssion, treatment completed with Class [ canine relationship and retraction >4 mm.
Study grosp exchusion criteria wene investggated and TISAD was vsed, but there wasno
Information an its Jocation or type of brackets, sorque control or retraction distance (the
only information was >4 mm].

Piwk of b coerenires
o1 | @ | os | ¢ | o8 [ o | or |owemn]

Yeutal 2022 lo|o|eoc|e|s|2]|0
‘ Pan ol 2t 2813 0lo|/o|{c/o|eo|o0]|O0

cugean2t | Q| Q| 0|0 | S| 0| 0|0

maneit 6 [ Q | Q| S| O | O (0|00

Domang: Jsogement:

O1: Beys 2un to corfos © o

2 Baas due 1o ssaction of e icpants, °w

00 8538 i claseitcanon of intorverdons.

04 Bars s 00 S0V 8L Tron Hr i Knerartose. O Vodeek

08 Béas due Lo missing data o~

0 Boan » maszuremeed of outcomes

00 Bias in sedocson of the reported sesutt

Figure 2, The results of the bias risk assessment acoondieg to the ROBINS- ool |1-520

37, Analyss of Results

The planning of arthadantic treatment of maloccluslons assoclatod with bimaxitfary
protosion and & skedetal Clasa 2 mulocchsion with mcisor protrosion often mvalves
premalar toath extraction to make mom for maximum inglsar setraction. Orthadaontic
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miini-impiangs, which bave boon in use for many years, enable masimum anchorage and a
range of retraction that can exceed the patient’s anatomical conditions. Often, 7 oum in the
mxilla, 4s determined by Profitt and Ackermin, is given as e mavimam retraction rasge
based on the palatal cortical plate, which is a Hmiting factor [,23] The studies analysed by
the guthors on the chimge in the incisor root length after consact with the incisive conal and
the sheer diversity of the marphology of the incisive canal in terms of possible contact with
the ecisor roots show that this range may be semaller in some patients because it i docated
between the roots of the incisar tecth and the palatal cortical plate, and may be the first to
stand in the way of the displaced maxilliry incisoes. As is common knoowledge. the indsve
canal, also known as the nasopalatize canal, Is an anatosical structure located In the
midline progecting the inosive nerve and blood vessels [20.75] The stroductson of CBCT
Imaging enabled a more accurate diagnosis and analysis of anatomical structars in the
field of orthodontic displacement, with these images providing more complete information
oomgred b panteamic radiography and literad cophalomitec radiography {25 There
are few studies or pubbcabons on the passible relatonship between canal meephology
ancl prosimity to Mcisor roots in korms of orthodontic leatmont complicatons, However,
the current publications included in this systematic review clearly indicate a possible
hagher risk of resarption of the inGsor roots during retraction and lateral displacement or
intrusion after contact with the cortical plate of the incsive canal [1-3,20]. These studies
nre charactersad by moderate evidentinl value due o the nature of amtrolled clinianl
prospective triak. Among these, Chung's study [1] shows the highest evadential value due
to the Jowvest risk of bins,

4. Discumsion

The pathomoechanism of root resorprtom duriog crthodontic treatment is the offoct
of the damage of cementeblasts and precement, as well as an imbalance between the
resarption effect of esteoclasts and the spposition effect of cemensoablasts during the action
of a stimulating factar. A symptom of root resarption is a change in shape and shortening
of tooth roats o varving degrees [70-25], Tn onder 80 mhibit neorption, e stimulatos
must stop workmg, In orthodontic treatment, this mears desabling any arthodontic forces
to allow the ceteoblasts to rebuidd lost timme. In the case of brst and socand degrees of
resoeption, the shape of the apex changes, while in the case of crcular apecal resorption
{thind degeoe), the length of e root is ireversibly shorteoed [26-25]

In addition, aceceding to the latest knowledge, photomedulations such as low-bevel
laser theeapy (LLLT), hght-emitting diodes (LED) aml low intensity pudsed ultrasomnnd
(LIPUS) can have a pesitive effect on the avseage total root sesorpeion |29).

Incisor resorpion may be associased with incsor retraction. Impostant factors include
the etenit of netraction and the degree of torgue contmd. The studies oy iewed sbow that
the extent of retraction is mdovidualised and stnctly dependent on the patient’s anatomical
sbruceuses, while the Sogroo of tongue cantrad & inspoetant during retraction beciase of the
ahility to assess the degree of root displacemnent in the maxillary structare. The analysis of
CT seans of different patients pointed Lo the existessoe of four main shapss of the incisive
canal, listed according to their frequency [ 23] funnelshaped, cylmdrical-shaped, hourglass-
shaped and banana-shaped {Figueo 3) This canal can be straight (<10 dug. % the plane of
the palate), slanted 1210 deg. to the plane of the palate) and may also be charactensed
addigional cusvature |11
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A Funnel -live

B. Cyfndvical C. Hourglase-tke
Flgure 3, Variety of shapes and cousses of the sncisive comal 11

According to the study by Amaut, whose results overlapped with thase of Milamovic
and Thakar, the shape of the incsive canal isself his no relation o gender [23,30,31)
I'he average camal length obtained by Amaut ¢t al. and Bornstein e al. is slightly over
10 mm [2332] Measwhile, the analyss of axial CHCT sections peavidod mformatson thal
the average widdth of the incisive canal was 3,59 mam [23,51.33]. Importantly, according to
thy study by Cho vt al | thw incisive caned was wader than the inter-ooot distance in nwre
than 6l percent of the patsents [54). The average antesior-posterior distance between the
corvtral inisors f00ts i the maxilla and the incisive canal is 5-6 mm [ 14,75). The desalled
results of the study by Arnaut et 2L on the morphalogy and shape of the KC alkso shaneed that
thye dhameter of the inwisive canal depends om shage and was sigaificantly increased in those
with a barana shape, and decredsed n thase with a oytindsical shape [231 This suggests
that patients with the banana-shaped ncsive conal ane moee peoee o combact bebween the
roots ind canal during retraction than othese An imcowase I the distance butween the roats
and the incisive canal in the apical directan was also chserved. Therefore, in the era of 3D
imaging, itis worthwhile wo individually plea the anstomecally possible extent of retraction
and casc-appropriate torgque contral durng retraction, and perhaps to use brackets with
bulin greater angulition for maxtllary nclsors to Increase the interapécal distinee and
thus allow the roots to bypass the IC [23,54,50,57). A reduction m the AP NF dimension in
the case of the banana shape Is 2 limiting factor for toath ndraction. At the same time, a
cylindrical-shaped canal & accompanied by a higher sk of root invasson after retraction
duw 1o a significant reduction in the space raquined foe retraction movement [25]

On the other hand, the analysls by Al-Rokhami et al. on the relationship of canal
morphodogy with growth divection, skeletal class and gender showed that women with
an increased vertscal jaw relatioo are more likely to have contact between the rooes and
the incisive canal due to the width of the canal being greater than the inter-root distanos,
especially at the Jevel of the incisive foramen H2, Le., half the dibtance between the rool
apex and the lowest point of the incisive foramen on the buccal wall [35] (Figure 4), In
patients with an mcisive canal wider than ghe inger-root distance, it & worth considermy
the use of brackets with mtegrated greater angulstion on the maxillary inosors. The
retraction of Inctsors after previous maxilicy expansion with palital suture expansion or
maxillary distraction osteogenesis may require special care and careful diagnoss dae o
the concomitant widining of the incisive canal—a subiect woethy of attention and careful
resesrch. Furthermore, it was shown that the incisive canal is closer to the roots in high-
anglhy patints than in medium. aod fom-anglo patkents In addition, men are charactorised
by greater sagttal distances of inclsor roots to the canal compared to women, The analysis
of the above indormataon suggests that high-angle women am at groater rsk of contact with
the mnasive canal,
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Figure 4. Topography and linsir measusemends [1%)

According to the study by Amaut, whose results overlapped with those of Milanovic
and Thakuy, the shape of tw incaive camal Ssold has oo relation e gesder |23,3071] Tiw
average canal length cbtained by Amaut et al. and Boawstein et al was shightly over
10 pm [25.32) Meanwhile, the analyss of axial CECT sections prov led mtormatsan that
the average width of the Incisive canal was 3,59 mm [ 23,31,20]. Impoctantiy, accoeding to
the stad v by Cho e al, the ecisive canal was widher thae the inges-root disgance in mane than
&0 percens of the patieats [34]. The average anteror-pesterior dstance betwoen the central
inwisnes" roots in the maxills acd e inciive canal was 5-6 mm [ =,.35] The detailad esalts
of the study by Armast ot al. on the morphalegy and shape of the 1C also showed that the
daameter of the incsive canal depended on shape and was significantly increased in those
with a banana shape, and decreased In those with o yfndrical shape |23, This suggesied
that pabients with the banana-shaped inasive canal ane mone proee to cantact between the
roots and canal during retraction than othen, An noreese in the distance between the roots
and the incisive canald in the apical dinoction was also cbserved. Therefore, in the era of 3D
Imagmg, Itis woethwhile o individually plan the anatomecally possible extont of retraction
and case-appropriate torque control dunng retraction, and perhaps 10 use brackets with
buikten greator angulation for maxtllary inclsors to increase the interapécal distance and
thus allow the roots o bypass the IC [25.5030.57] A reduction i the AP NF dimension in
the case of the banana shape is 3 limiting factor for tooth retraction, At the sanse time, a
cylindrical shaped canal & accompanied by o higher risk of root invasson after retracton
due to a signifioant nduction in the space requimd foe retoon movement [23)

Adddisonal data on contact sk were presented o the study by Costa et al Their resalts
shaonwedd that low-angle patents bave o thicker alveodar boow in fhe maxillary ansenor asea
which translates into greater distances between the roots and the mcisve canal. They found
no relationship between the facial profile snd camal volume. However, they noted shat men
had a wider canal than women regardbess of growth direscton [55]. Canal height did not
difter significantly between adults and adolescents, but was significandly lower for patients
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with congact aftcr retracion, suggesting tut the low position of the inciive canal may be a
risk factor.

B the stuxties by Matsumura et al, and Lingiwi et al, a significanfly positive relation-
ship was noted for the angles between the inclsive canal and the palacal plane a5 well as
between the long axis of the central mosoes and the palatal plane—the moee tiltsd the
Incisors, the moee slanted the incisive canal |30, %], Conseguently, orthodoatic treatment
imvalving masar tilting and retraction imcreased the risk of contact in these patients, mainky
In the lower root half and cervical arca. Thus, anslysing the above, It can be conduded
that excessve tilting, may favour cervical resorption, whereas excessive tocgae may favour
aplcal resarption. The use of 30 imaglng and the visuallsation of the incklve canal drow the
attention of researchess to the importance of its morphalogy, shape, coamse and the posshle
redatiorahio with inckor oot resarption occarring after retractian. The amaunt of studles
on the change in inclsor root length due to contact with the IC is fairly Himited, and all of
themm ame mtrospective, bn this systomsatic re sy, all of thiem showed & positive mligioeship
bertween the degree of resoeption ard the reduction in the distance from the roots w the IC,
In addition, the stady by Yu et al [1] demeestratod the possibelity of eomodelling e canal
in response to octhodontic tooth mavement, which was accompareed by a lower degree of
resomption, [n 114 percent of the patients, o dsange in canal direction from slanted-straszhi
to slanted -curved was observed after retraction. Purther high-quality studies ane needed
that would perbaps make the remodelling ability of the JC dependent cm the force applied,
the teoth displacement times or ather arthodantic factors, possably reducing the number
of roat resorption complications. A satistically ssgnificant difference in the length of the
roots not having and having contact with the incisive canal after cethodontie treatment
with incisor retraction has been proven in controfied dinici! prospective trials mdaded in
this systematic soview with a moderate risk of blas,

5. Limitations

The main Emitations of the review include articles written in English, which may
atfect the nak of bias of this publication. Furthermone, the amount of studies amalysinge
the tupic addressed was considerably limited. Controfied clinical retrospective trials and
G reports wore analyeed due to the lack of randomised dincal tninks and controlied
chinical prospective tnals. The inabikty to test the hetesugeneity of the studies prevents the
comdnetion of ameta-anlysas,

f. Conclasians

The stucdies showaed that contact between the upper incisoe roots and the masive canal
significantly increased the risk of revorption of these roots. The diversity of the mophelogy
of the indsive canal and s nefationship to ncisor roots supests the need for mane sccarate
diagrosis using 3D imaging, and the extent of possible retraction without a high risk of
resarption and indvidualsed control of incisor sarque during regraction,

The Incisive canal may have a remedelling ability in respoese to orthodantic
displacement—more thorough rescarch is neoded to shew this ability as depondent an
factoes such as 2ge, pender or apphed foece.

Furiber high-quahty stdies—primanty RCE with deardy defined methodofogy—ane
neaded foe better quality analyses and mare redlable conclusions.

Authee Cantributions: A E K. ancd LN wero the mrthoes of the research conept; AEK LK and [N
colhxted the data and were O main coautiwes in kems of wiithg the mamescript, ALK, M5,
11 and B snalvsed and inwrprosd e dats 1K, AEK, LN AB aod MS. wise ssponsible
for prepasing tables and references. Al authoes have tead and agreed o the published version of
the manescript
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PRISMA  Profurmed Reparsing, (somms for Syptomsatic Rincioves and Mala-Analyros
FICO Populotion, Intervesstion, Comparsan, Oulcome

RCT Rendomised Clinical Triad

o«T Cantrollad Clinical Peospective Trial

ROMNS L Riskof Bias In Noo-Rasdoomssed Stuidies of Intery ensoos

oBcT Come Beam Computod Tomography

TISAD Temporary Tocrocd Shebetnl Anchorage Duovce (ortfodontic minkimplast)
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Abstrect: Bachground: Understanding the arstamy of the incisive ceral i cruced fue effective
dlagrursie and troatmand plansiog in dlhedcal ofihodieios. This is beause, Suring anhodimtic sooth
Mmovement, thege 15 a ek of Contact detween the toots of the upper central Inceoes and the incsive
canal. Cbpective: The alm of this study was 10 assess the anatoanical vachability of the inclave canal
using cone beam computed somography (CBCTIL a5 well as 1o evaluate #s carmelition with age,
sex, and the position of the maaliry ccotral incisare. Thene ace only 2 few stadies on this sopc
Matenabs amd soethods Wo sualysod CBOT data from 67 paticess agad froem 13 00 8 voars. This
study was comdductod al the Weoclaw Medicel Unerersity. M were per § iwice by
twi leckepurndont rescarchers, sond intrascbscry e crroe and cormelaton wese calculated. The mwean
diffenence tetwern the Srst sod scond observathons ond Detween oleamers wins 3o desesed, We
examned the dimersocos of the Inasive aeal and its relationsbip to the roots of the upper central
incisons iy relation o age and gender. Resulie Osir stucly resulits cevealed o wgneficant cormelasion
betwewn the veadth andd length of the nciave canal. Males exhabsted o egnibicantly greater corul
Tevgeh at thae Bvivist poust of @ incisive canal on the paladal wall, Addstionally, males had wides
cals comgnared 1o fermales. The analysis of canal widils and dstese beticoen S sl mesial
paint of the root a0d the line passivng through the most antering point of the Iacsive canal showed
2 negative comredation in all age groups af men. The analysis of incsal schnation and inasal cnal
mclinatoe showed a very stroeg relatiorehip, espeoally = the age group of 13 1o 20 vears, Several
podential rid grouges of contact between the moots of anteal incisoms and fhw mosive canal iave ban
identifiend bosed om thisr structure and the planned sosoes’ orthodoosc soroment. Concaoons
o Implications: Knowledge of the anatoayy of the incsive canal and tw wse of 30 imaging s
high sk patients can provesd wsosption of he incieoe root by coosidering the individual anatcaicd
condlitions of the patiess when planning orthodontic tooth movement. We recomumend pesforming 4
COCT scam before tarting ardodontic treatment (n the case of modecate aned sgniticant retraction of
the mi=ocs, or a sgraficant change m thetr nclimabon due bo the wide anasamical diversity of the
incisive canal, esperially in adudt putions.

Kevwards: anstoeny;: CBCT: root resorption; mmnvaml. nnwhuu\ml retriction; cadicdogy;
ardhadinbe irestrmen); cethodontic dugnises anbodontic b t pl %

L Introduction

Orthodontic treatment of class 11 and 1] skedetal malecclusions, both through cam-

ouflage and orthognathic surgery, is assockibed with appropriate orthodontic proparatkn

Apyl S MR, 21, 1300, hittpe:/! /ol eeg,/ 51 300/ appl 211010

hemge [ wwwaadol oo/ jounal/appies
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Invedving proclination (labial movement), lingual movement, retracthon, or tonque move-
mamity of the upper incisors. Smor all s manipalations oocar in the sntedor segnent of
the maxilla, the anatomy of this area Is of key importance in the diagnasis and planning
of arthodontic mavements that will nat wielate the bone envelope of this section and will
not lead to the direct contact of the maxillary inclsor roots with the palatal /vestibubar
cortical booe ar the cortical bone of the indsve cqmal. Presiows studies by other authors
have shiwn that such comtact may catse complicatsans sich s inclsor oot mesarption, and
dehiscence and for fenestration [1-0] A systemstic review found that the risk of incisor
oot ssarptsan is incrersed by ot contact with the incisive canal | 5], Accurate diagnostics
based on 3D imagmg are needed to assess the diversaty of the marphology of the incisve
carsad ansd 5 redationship with the incsor rools.

The incissve canal serves as a communication between the oral and masal cavities, It
ends in the ocal cavity In the incisal fessa below the incisive papilla, lmmediatedy behind
the upper central incisors [o]. It is surrounded on each side by thick cortical bone and
artaing wrves and vessels supplying the upper incsons and the anterdoe part of the palate.
The assessment and knowled ge of the anatoenical featunes of the incisive canal, its structure,
siza, and changes inincEnation depeceding on age, sex, & well & parametes degermining,
the positicn of the masillary incisors, can help effectively prevent severe complications
of orthodontic freatmont, sach a8 root esorption, These meed investigation due o w
Insudffickent assessment of this reglon on routinedy performad panoramic cadiographs and
cephalometric images |7],

The growth and devedopment of soft and hard tissues are closely Functioerrelated.
Since the skeletal unit » nesponsble for protecting and supporting the functional matrix,
the size, shape, and position of anateenical structures criarge In onder to meet the functional
needs 5], Thercfore, it = very likely that the anatomy of the inasive canal may depend
on age, sex, position of the upper indsors, direction of fadal gsoswth, and muscle actsv-
ity It may also be moee or bess susceptible to recanstraction and remodefling resultang
fram arthodontic manipulations, depending an parameters such a5 age, sex, or applied
orthodantic forces [1]

As a resull of advances In 3D imaging i recent years, peblications showing the
morphodogical diversaty of the masive canal have appeared. Howeves, thelr results ane
ambigsions, Somwe studies [$-19] indicated a gignificant impact of 2ex, age, and growth
direction on the anatoenical and morphometrc features of the canal, suppoeting the need
to comsicher the nisk of complacations when planning cethodontie sl ssrgical inserventions
invalving the anterior maxilly. However, others [4,7,20] have not shown such o relationship
Thershane, prioe o arthadanbic ramge of mction planning, it 3 important to identify high-
risk patient groups that require theevugh diagrostics, incoding CBCT of this segment,
o minsmvise this riske Far years, there has been a debate 2 to whether CECT shonid be
performexd betore arthodontic treatment. Risk analysis in indivadual age and ses groups
may answer the guestion of whether sach an extendled diagnosis is indicated,

Cephalometric bmages ane routinely used inarthodontic treatment planning, especally
10 dssess the anteriar-posterson relationship where the ANE angle is comsidered the gokd
standard in assessing the sagittalmandbular relaticaship [21]. However, negther this nar a
pararamic radiograph is safficent ta illnstrate the ares of the indsive conal in refation to
the upper mcsers.

Olfcdine

The alm of this study was to define Nk groups according to the anatoonxcal variability
of the momove canal sising cone beam computed somography (CBCT), as well an so evaluase
the correlation of the canal shape (width, length, and inclinatioa) with age, sex, and position
of thw upper contral incisors. Thene ane only @ few studies an this topsc
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2. Materials and Methods
21, Pertivipeits

This study wsed CBCT reconds found In the resources of the Department of Maxillofa-

cial Orthapacdics and Orthodontics of the Wrodaw Medice! Univeesity. CBCT insages of
67 patients (3% women and 32 men) aged 13 to 49 vears wene analysed. CBCT scans takin
betwien 2017 and X121 prive b arthodontic treatsent wene used 15 pant of the arthodootic
diagnostic process.

The criteria for mclusion of the patient’s CBCT records in the study group were as
fallows:

{1} Complete development of the upper ncisar roots.

12y Clearty visible maxilk,

13)  Patcots with permanent dentition.

{8)  Withous a hissory of crthodonbic treatment,

15} Generally healthy patients with no histary of bone dseses
Exclasion criteria:

(1) Missamg maxillary incison(s)

12) Masillary incisoe pathology.

3y Devdopmental anomalses of the incsive canal (additional canals in the anea of the
nciive canal, as well as char asymsetrics),

{4} Poor guality of CECT, preventing accurale measurcments

15)  Thw preserwe of imaging artitacts hindedng mwasurcments in the anterior maxillary
regon,

{6} lngzploh oot develpanent.

{7y Root resorption due to trauma or inflammation.

(8 History of previous ofthodontic treatment.
The pasticepants weee dasitiod ledo groupes dccording 10 sex and uge. Fuoue age groups

{16-18 participants) have been created:

A 1320 voars
B 2129 vyears
C 30-39 vears

N 4039 vours.

Ethical approval from the Boethical Commattee of the Wroclaw Medical Univensty
was granted for our study (or KE-231/ 2021, accissed on 19 Musch 2021), peoviding that
all the data were ancaymised {as was the cases in our study). In accordance with the
docision of e bicethics comumittor, pagionss woee comprehensively mbormed about the
assumplions, risks, consequences for the boady, and benefits of the study. Patients moceived
& full wriktin justification and indornsation that they could withudraw from the stady at any
Limse without any consequences for thele participation in the comprehensive arthodantic
treatment proces. Patients under 18 years of age ax well as their parents sigred with
informed consont 4o particpate in the study.

Patientx over the age of 13 were included m the study because the treatment of
patienss of this age aequines the wse of ixed applisnces, which ane used o carry Out precise,
large-scale tooth movements, Significant tooth movements during treatment with fixed
appliances significantly affect the possibility of roots of the ceatral Incisors contactng
with the incisive canal. In treatment with removable appliances at an earlier age, such
significant shifts are rot made, which 5 assoclated with a lower rsk of cantact of the raots
of the central Incsors with the incsive canal. Therefare, the potental benefits of such
diagrastics outwelgh the bealth costs associated with exposing younger <hildeen, vwen
befon: thetr growth spart, 5o the shgnificant risks from absorbed radiation assocated with
CHOT projoction,
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2.2, Data Acguisitiaon and Moasurewents

CBCT was pertormed with a CS 9600 Carestresm Dental, The exposure parame-
wes were as follows: 12000 KV, &3 mA, an exposare time of 2000 5, and & dose of
$14.1% mGy /am’. The Frankfurt plane was paralld to the floor. €S 3D Imaging (Carestream
Devrtal LLC) was vised foe mwasurements, Thi medsumemwnts weore pecformsd twioe mde-
pendently by twa investigators (experienced orthodantists with many years of experience),
srud the mean result wak ased in the statistical amalywis. Intea- and inser-obdorer reliability
tests were performed for CBCT measurements, p < 0005

The followiryg mwassnvements warne takam:
A Huetzontal plane separadely for vach kawd—L1 L2, aed 13

L. Incisive canad whdth—i CLCl L

Antero-pastenior JC— 1 Ca-Cp !
Distance betwoen the most mesial peant of the root and the tangent passang
thromgh the most andersar point of the incsive canal— | Rm-Cat !
4 Dsstance from Cl 1o the pocteriorn exdge of the incisor root—| CLRpe|

5 Destance between rooes | Rm-Rm |

W

B Sagittal plane
1. Angle formsd by the long axis of the incisoe and thw palating place—C¥ angle
2 Anghe formed by the Jorg axis of the inosive canal and the palative plae—II*
angle
. Coronal planc:

1. Angle formed by the long axcs of the central incisors (values above zero for
camerpent roots, tegative valises for divengent roots),
L1, L2, and L3 were determined o sagittal planes as folloses: L1—-the knwest paint of
the ircisive canal on the palatal wall, L2—half the distance between L1 and L3, and L3—the
huight of the top of the maxillary contral incsor (Figun 1)

Figuee 1. Mousurement schette

Measurement landmarks:

Rin—the most mesial pomt of the root L1

Rp—the most posterior polnt of the root UL

Cl—the most lateral point of the ncesive canal

Ca—thwe mast anterior paint of the inclsive canad

Car—tangent 10 Ca,

REpl—tangent to Rp.

The long axis of the incisor was determined by conmecting the mcsal edgge with the
root apex (Figure 2)
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Figure 2, An angle formed by the long avs of the inclsoc and the palatal plane

The Jomg oo of fhe canall was determined by conmecting o pomt midway between the
lablal and palatal walls of the incsive foramen and 3 point midway across the width of the
comed n the prodetermined pakstal plane (Figuare 1)

Figure 3. An angle focmed by the long axs of the ncieyo cal and the padatad plane.

2.3 Statrstiom! Anadaes

The analysis of the research results was carmied out using the statistical package
Statistca 13.3 by Tibco, After determining the basic statistical measures, the hypothesis of
the noemality of the empircal distribation was verlfiad using the Kalmagoeon-Sabenoy
(K-5) and Shapiro- Wk (S W) tests. The normality of the distribution of variables was also
sasessed graphically using histograms and standand probability phots of the varkabdes.

In the case when at the significance level of pr = 005, the null hypothess H; was
adoptd, 1F the distsbution of the analysed variable is nonmal, parametsic tests, the 1-hest
or the classsc ANOVA analysls of vanance were perfoemed. In addition, for the ANCVA
analyses, the assomption abaut e homogeneity of vasiance in the groups was verified by
performing a Levene's test. After the venfication of the assumptions of the ANOVA test
and ngection of he null bypothesss of no differences in the companad populstions, post-hoc
tests were pesformed.

For selected groups of variables, o correlation analyss based on the Pearson lincar
coerelation coeficient was performod. The asscssment of the inteedependence of vamables
was based on the Gustford clasafication [22):

£l = Oeeno correlation

00< el < 0 )0—almpst no correlnbon

01 < el < 03 —weak cormelation.

0.3 < Irl < 0.5—moderote correlation
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U5« Irl < 07—high cornddation

0.7 < Irl < 08 —very high corndation.
019 < Irl < Lib-almost comphe corrdation
L w b—oomplese cocralation,

In the next part, a test of the sgnificance of the carrelation coctficknt was pecformued,

This hest wias carried out in onder to chick whiether the determined cocvelation in the teshsd
sample also cccurs in the population from which the sample was taken.

Thes power of the teats is not less than 0.6 with a sigreficance level (type Terrar) of
005 porformance
For each of the tests performed, the differences wene corsidered statistically ssgnificant
if p <005,

3. Resulls
37, Walth vs. Leughlr of Snosa Cana!
300 Leve 1(L1)

Thee analyss of the correlaton betwern the width anid lergth of the canal showed
varied resiults, For the whole group of patients, this cosrelation was statistically signifcant
{pr = BOSY, buat modurate (r = 0.375), and indicated an mcreas in the longth of the caral with
an morease in its width. Thes correlation was foand to be high (r = D557, p < 0.05) in the
msade growp, but weak and statistically insigificast in $he female groaip (r = Q150, i< 0.05),
Interestingly, the results varied between age groups. A very high and statistically significant
correlation (r = (LB45, p < {105; 1 = 0761, p < (105) was found in the 13 30 20-venr-old women
and wwn growp, showing a liear incovass in the dinwnsions of the ncsive canal and a
refationsdip between lemgsth and width. This high to very high comelation wes maintained
in the group of men and waren aged 21 60 29 yoars (r = 0729, p < D055 asd in the total
group of men, regardless of age. A different stustion was cbserved among women over
30 pours of age, whiene & nogacive, moderate, and seatistically insignaficust cosrolatson wak
found, indicating that the kength of the canal deareased with increasing width (Table 1)

Table 1. Width (C-Clivs, bength {Ant—pust dimensdon of the conal) of Incisal canal—11

GeadexfAge Mean Width {SDI Meun Length (SD} Y] e l »
F13-20 4144081 449 {4097y (1245 an L 1
M3 1053 (+0182) A33(HL57) 0782 53 253 s
F21-20 441 (2089 416 {-41162) (1729 ax 20 am
M2 35(413Y 479 (£052) 05% a™ 136 ay

C F3w 448 (£1.96) 400 (£08) 0398 o R oM
M 3-8 44 (£106) 4T3 (2082 (68 as 22 o
 Faaw 478 (+05 427 (+062) A a7 1 a»
M A48 S04 (£11%) 479 (4114) (418 e 208 am
312 Levd 20012

For the L2 level, s positive and high commelation was found both in all patienss and by
s (f = QAHT, @ < (415, ¥ = 0732, r < 0405 r = 0621, p < DA5) This high comelation was
mainzained in all age groups, both female and male, reacheng an almost full Jevel in the
group of men aged 21 to 29 vears (= 0945, i < 005) (Tabde 2).
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Tabbe 2. Widtis (C1-CE) vs, Jength {Ant—poat dimensdion of B canaly of cial canal—12.
Gendew/Age Mean Width (S0 Mean Length (SD} HX Y} ¢ i »
[Fee] M8 (£097) A0 0TS o am o
M1 366 1 411 548) AEA(4168) L] 04 181 013
F21-v 129 (£167) 40210 1515 s an o
M- IAH1E)  AS(418Y ey o E") 0
F30-W 179 (13 38 (4097 0361 a1 055 as
M- LM (+113) ALY DA% a7 w 1
Fad-40 Asn(Lne) 46008 DAM a2 144 02
MAD-4 422(2113) ERUTESNAT] Az aw 21 o
3013 Level 3(L3)

For LY, there was al=o a positive high and very high correlation in all patienss and
all age groups, both in men (r = 0728, p < 0.05) and women (r = D55, p < D.05), with an
almiost complete correlation in women aged 21 00 29 years (1 = 0935 p < D05} and in men
aqped 30 80 39 years (1 = 0920 p < 1L05), while the strength of this welationship was lower
omd statistically msmgnihcant m men oged 21 to 29 years and women sged 40 to 49 years
compad 40 other grouprs [Talde 3),

Table 3, Width (C-CT) vs. dength {Ant- post dimension of the caonl) of sl ceal—13
GosderAge Mean Width SD) Mean Length (SD} ROLY) a 1 »
F13.20 353 (+1.13) 3,35 (4095) (sl om 275 oo
MI3-2) A1) 283 (4155) 1729 s W as
ESTEN IRE(+05) AT (4135 0S% s 7m 0
M21-29 328140.9) 284 (L0HK) 0 om o am
N 1061119 I LM DA 0 3 am
M30-1 L 244160 05 a8y 578 n
Eae 146 (1012 12¢117) Az} 01 123 0%
M0 449 (+097) 283 (1043 o 08 207 a

3.0 Wadth and Length across Groups

The width of the canal ot the L] level was similar for both men and women, while its
lomygeh diffenod comsicherally and statestically signadficanaly {p < L0E) and was groater in men
than in women. At the L2 leved, both width and length wene ssmilar in women and men,
At the L3 loaed, the width was still samilar, while the kngth diffosed significantly and was
smaller in men vs, women. Considering age graups, a high variation was observed m the
21 10 25 year age growp, where the L1 canal kngth was definitely highws in sen than in
women, with smilar findings in the 30 to 35-year and the 40 to 49-year age groaps. The
values wese similar for other leveds and other groups.

32 WA e Tclinetion of the Lppvr Cetitrad Tnctsors (Canmergont/Inevrgent)
320 L Jevd

Angudation of the upper contral incisors did not commelate with canal width when
analysiog the tetal group or by sex. The absence of a cocrelation was statistically signaficant.
However, a high cormelation was fousd at the LT level in both women and men aged 13 fo
A0 years. This correlation was negative in the group of women (r= - (617), which means
that the interapical distance increases with inceasing canal width, while in the case of
men {r = D50, this correlation was positive, Le. the wider the canal, the more convergent
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the roots. A high positive correlation was present in the group of men up to 3 years of
agy. Pativnts wped 30 10 39 years showed stromy negative commelations. A stron negative
correkation was found in women up o 40 years of age. Between the ages of 21 and 40 years,
e correlation was also pegative but less staomg, Cornclations m the age groups did not
shwonw statistical significance (Table 4).

Table & Width (CLC1) vs. Inchination of opper contral inceces (Comyurgant/ divenaeat) L1

Mean Incliration of the

GunderiAgy Mean Width (500 Central Incisoss 4SD) oY) r ' »
FLaam 4 L) (L13 (2413) “Ns7 03 208 am
M- 405 14082 12914758 o 141 140 w2
F21=v AML(LURY) -172(=48) =492 I ~1 49 am
M2t ERIRAR A —2 1A [[Fa) s 195 U8}
F30-% AAB(11.56) 4 13 1oL -2 o -8 s
M- 44 (1) 063 (=2.77) -1 53 [+ -155 w7
F 040 478 (+0152) LK (#851) -] 0123 165 a4
M A S (20w LIRS RN a2 e 02 03

AZ2 12 1evel

Al the 12 lvel, carvelations of varying stongth weee observed, and the teend in
both men and woemen was similar to that at the L1 level. The exception was the group of
e aged 30 80 39 yeurs where, unlike other groups of men. the correlation was Righ and
negative (r = —(1546), but statistically insignificant,

32315 Level
Nocorrelations wene fourd at the L3 level,

33 Inctinetion of e frckiors Mngk Fovmiaad byt Lavg Axis and fve Patadel Plone) is.
Trochinstine of £ Eacvsad’ Caana

A pasitive and very mgcomlnﬂm veas found betwoon the inclination of the Inclsoes
and the inclination of the canal in the group of women aged 135 to 20 (r = (828, p < 0.05)
and 4o 49 years (r = DB I thw case of mon, & moderate and negative corndation was
observed between 13 and 20, and 20 and 34 years of age {re — 0829 re —0895%; p > 005),
respoctivedy. A stroog, positive, and statistically significant cormlidion was found ot those
aged 2010 29 vears (1 = O868, < D05 In the general breakdown by sex, caly women
showed a statistically significant, vet modecabe, corredation between these paramesers,
Graphs presenting statistical valoes for inclsor and canal inclinatson in women and men
confirm the above relationships (Table 5).

Table & Incination of the incions [amgle fomed by the long axis and the palasal plane) v inchmation
of the incisive canal.

Mean Angle Focmed by the Mean Angle Farmed by the
Gended/Age  Long Avis of S Incisor  Long Axis of the Incisal Canal  1X,Y) B \ »
and the Paletal Flase (SD) acud the Palatal Plane 1SD)

¥ 1320 1333 (4725 10744 | £1091) &8 L% a9 0:01
M13-20 11571 {£12.86) IR (T 0429 s 16 om
FO-m 10911 (41105 108.22(49.34) ame 0ok 06 os

M21-2% 38 26.23) 10913 (48.2) L 075 128 o0l
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Tabbe 5. Cont.

Mean Angle Formed by the  Mean Angle Formed by the
Gemded'Age  Long Avis of the Incisor  Long Axis of the Incisel Canal  (X,Y) - ' »
and the Palatal Plane (519 and the Palatal Plane (5D}

Fu- V3 (=T8T 1023 {£623) L3485 s Lm 035
M 33 11138 (=57 107.25 42377 2496 1125 -14 02l
FA0-49 IHTE (2 144) 105.84(27.73) Lens N34 2 o
M4 B33 (=499 11267 (£893) 164 uas s .56

3.4, Width s R Cat

The relaticeship between caral width and the distance between the most mesial point
of the root and the tangent passing through the most anterior paint of the mcisive canal
was cbserved only in the men's group and was negatwe in all age groups. This indikates
that the wider the canal, the closer the rooss are to the cortical bore of the incisive canal
On the other hand, & very strang and strong correlation was cbseaved in the group of men
aged 13 10 20 years (r = ~0.745) ancd 40 to 49 yoars (r = ~0578) at L1, At L2, this strong
negative carrelation eccurred only in the group of men aged 13t 20 years (1 = ~{058)
However, ot the L3 Jevel, a strong megative correlatsan was foursd in afl age groups, excep!
for the groap aged 30 to 39 years. In the case of woemen, a strong and positive coendation at
the evel of L1 and L3 was sound only in the age group of 41 10 49 years (e = 0077, pr < D5
1= 11462} This means that the narrower the canal, the chaser it is to the soots. T other Cases,
the carrelatsan was either almist sbsent or weak, Taking into account the general division
between women and meen, the correlation was absont snd statistically insigaificant, white
in men a moderate but statistically significant correlation was cbserved. The results of the
fronsp warn atatistically sgnificant caly at the L1 leed in the gronp of woosn apod 30 1o
49 years.

3.5 Walth, Length vs. Agr, amf Sex

No significint relationship was cbserved between the groap of wormen amd men in
twrms of canal width. Canal length wie definitely shorter s woman than in men a2 LI, the
same at L2 and defmitely longer st L3, It showed the greatest discrepancies at all levels
in the youngest growp af 13 to 20 vears old, both i women and men. Chacacteristically,
the length of the canal at the L] kevel decreased in women up to the age of 39 years and
incrvased again after the ago of $ yeass. In men, the knpth of the canal at this lovel was
similar between all age groups. I women, we obsesved an increase in the anteroposterior
diwssion of the L3 canal with age, while in men @ nemairesd sl o similar oo lightly
increasad Jevel. Nore of the results were statistically ssgnificant (p > 006) The mean
widdth of the canal at L1-13 wias .52 s, 409 oo, and 3594 mns, respectively, wisile thw
anteroposterior measurement was 447 mm, 392 mm, and 358 mm, respectivedy.

34 [ncior Inclivation os. Age and Sex

It was pbserved in women that the mcination of the incisoes relative to the maxillary
base Sacreased with ago up o A years of age, after which point 3t beggan b i, in
contrast to men, where the inclinaticn of the incisor incressed with age, but without a
statistically sigrificant kevol.

37, Rw-Cod . Amgaelafion of 2 Upper Contnl Tciiors (CandergemlThivrgent)

CRCT ghowed anegative carnelation In the group of young men aged 13 to 20 years
{r= 0530, p < D0G), at all hevels between the anguistion of the roats of the upper central
Incisoes and the disggence betwenn the mast messal point of the root and the tagent passing
through most antersor canal ponl [t can be assumed that ghe more convergent the roots,
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the smalles the distarce to the canal. In the case of wamen, a ssmilar correlation occursed
only ot the agpe of 40 b 49 years {r —01554) andd was seatistically insignidicant.
4. Discursion

The purgose of this study was o assess parameters such as widih, antenopostetior
length (AT), and inclimation of the incisive canal depending on age, sex, and inclination
OfF the upper incisors, and to sdentify o comelation between these parimeters, Thas will
allow the dentification of groups of patients with an increased risk of complications
in the form of sescaphion of incor moss eated orthadontically, Knoweng the tsk of
complicabions related to the anatomical structure of the incsive canal, it may tum ot
that an esthdontic conspromizse will by secessary = certain population of pativnls to
protect the roots and the pertodontal apparatus rather than strive to achieve
standards, Presaous stedivs have focusad maimly oo the analysis of the shape of the canal,
Its Jerggth fram the nasal cavity to the osal cavaty, the average diameter of the canal, as well
5 the relaticnshap of these paramesens with age, sex, type of malocciusion, or direction of
facial growth [12-1521,.23 3]

Our research assamssid the width of e canal in relation toage and sex, We desorided o
redatianship between the canal width and the angulatico of the contral wlsoos, as well s a
correlation between the incsor inclination and the canal inclination.

Thete was a ¢doar selatsonship betweon the width of e canal ard Hs AF length, In
mawst age groups, the increased canal kength was accompanicd by an moaessed width at all
leveds (L1, 12, and L3) This nseans that people with a wide canal who requite postecios
oot mavement may be at an increased risk for two reasons. This is pamarily due to the
increased longth of the AF canal. This may wesalt in 2 smaller indfial root-to-canal distance
Additionally, the width of the canal may exceed the inter-root distance between the central
irgisors. Onby womsen over 30 years of age showed a negative cormdation of these two
parameters, Le., they ane daracterised by a langer canal width than keogth. The inter-root
distance i relation o the canal width may be of graiter diagnostic importance in these
patients than the AI” root distance from the canal.

Dhae 40 the significintly gronter canal length ot LL men bad & higher risk of cervical
root-canal contact thas women. In women, the length of the AT canal was definiely greser
at L3 than m men, In the group of women, more attention should be paid when plannmg
treatment mvalving axial retraction, torquing, or iIndination of the masor root dise to the
preater reek of apical contact,

Studies In women have shown that the divergence of the Inclsor root creases with
increasang canal width, which scems bogical. For men aged 13 %0 30 years, this carrelation
was negative, e, the wider the canal, the mom pasalled or convergent the roots. The
analysis of the above data, especially at the L1 level, should lead o 3 more extensive
diagnesis in men with parallel or comyerpent incieors on a panoramic radiagraph. In this
situation, there 15 3 high likeltheod that contact with the inclsave canal will cccur durng
Incisor retraction o excessive torguing. This is due to the interapical distance being, sonaller
than the width of the canal. It is this structure, not the cortical bone of the palate of the
maaxiffary alveolar process, that may stand in the way and detesmine the degree of possdile
retraction, Wamen may be bess at risk of resorption in this regard. This & all the mare
important as stodies by Cho et 4l showed that m over &% of patients, the width of the
canal & greates than the mterroct distance [11].

Analysis of the incisor incimation and the mcisve canal inclinatiom showed a very
strang relationship, especally in the age group of 13 to 20 years. In women, the canal
inclination increased with the increasing posteror movenwst of the incsars, while m men
the oppasite cocurned. This parameter indicates a potential increased sk of resorption in
this gromp of women in B case of exoessive posteror mavement of the incisces. The risk of
pericervical contact ks increased hore. Mon ane probably at kess sisk bn this respoct, but more
research i needed an this topic. Similar results were seern in women aged 30 to 459 years
and oen sged 3010 39 yvars. When planning the taeatmaent of upper ingisor protrsion, the
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structure of the palatal canal should be taken nto account, especally in commection with
the pasterioe rotation of the mandible. Studies have shoswn that individualy with posterior
mandbuler rotation have 3 narrower maxillary alveelar ridge [¥)

Analysis of canial wiktth and dissanos between (he most mwssal poant of the oot anxd
thw tangent passing theough the mest anterior podnt of the indsive canal showed 2 tegatinve
correlation in all age groups of men, The wider e caral, the shoeter the distince between
the roots and the canal. This may be related to the convesgence of the inclsors i the
core of larger canal widths, The strongest corrdation at the L1 leved again confirms the
increased risk of condact and possiblo resorption in the pericosvical roglom inmen, A2,
boys aged 13 to 20 years were most at risk. In women, the cocrelation at the bevel of L1 and
L3 occusved i the ape group of 40 o 49 years. The rools hese were Socated cdaser bo
canal, whach had a reduced width. In women in this age groap, there was an increased risk,
of excessive movement of the Incisoes within the tongue, e.g,., in the case of decampensation
of class [ malocclusion. Differest results were obtained by Costa e al. [5]. They found no
gender-dependent relatianship betwenn the intermot distance of the upper central inclsons
and the anteror border of the incisal canal or the sagittal or vertical skeletal patterns.

Regarding the width of the canal in the aspect of gender, this msearch confinmed
the results obtalned by Casta [4]. Men had greater canal widths compared to women.
Similar results were proviosly cbtained [7,2526) Our research has contirmed the sexual
dimocphisa of the incidve canal. At the same tivw, It was noted that the Inclsive canal had
# crinsa-sectional shape similar to o Gindke at the L1 deved and an effipae ot the £2 level with a
larger transverse dimension. These findings suggest that Incisor retraction after maxilary
expansson should be perfarmed with cane.

The increasing AP dimensions of the canal In wamen aver 40 vears of age at the
L3 level suggests a greater risk in the case of axial retracton of the incisers, especially
after maxillary osteodistraction, during which the width of the canal mcreases. On the
other hand, mcreasing the wadth of the incisve canal in relation to the length of the
anteropostersar with age inwomen up 10 80 yoars aof age also increases the patential risk of
incisar resarption after maxillary expansion, Thes is due to the high nsk of greater canal
width than the ingerroot distancy.

Various complications can occur durmg orthudontic treatment. Root rescoption is
mild iy et cases and does not adversely atfoct the prognoses of the atfocted teeth. Un-
fartunately, some patients experience extensive root reduction, whach may even lead to
toath Joss, The etiology of resarption & not fally undeessood, In this plice, contact of the
roots with the vestibular or palatal coctical bone of the alveolar process & increasingly
indicated, Simitarly, the probabelity of resorpbion as a nresult of comtact with the cortical
bone surrounding the incisal caral can be assumed [1-5)

Accomiing to Kaley, the risk of sevens nesorption s highest in the case of the upper
Incisors and amounts to 3%, while the same risk increases 20 times when the roots are
moved into cortact with the palatal cortical plate of the alveolar proceas [277], Similarly,
contact with the cartical plate of the incisive caral may also Increase the risk of resarption,
whach i5 ciscussed in detail in 4 svstematic neview oo this topic [5]

Incisor wtraction, excvssive lablal or Engual mevement, and intnssion oe oxtrasion
are high-risk factors for resorpbon. Class 17 o 10 skeletal malocdusions, open and devp
bites, which are managed atter the end of groweh, usually moguiee either treatment with
vrthodeatc camouflage or decompersation of the defoct before arthognathic surgery. In
Broah cases, an extonsive vange of octhodantic movemwnd may be moces=any, depending on
the severity of the defect. Skeletal anchocage has contnibuted to the possibaities and scope
0f this movement, which does not cluange th fact dat moverwnt should i1l take place
within the bane enveope, Knowledge of the anatomy of the incisive canal, which may
inturfory with retraction, toague, intrssion, and lagaal movement of the upper incsors,
eg. during decompensation of dass [l maloccluslon, & essenbal foe the proper planning
of orthodoatic eatment. It reduces the risk of oot nesarption.
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The anatamy of the inclsal canal combened with the knowledge of the didferent widths
of the maxillary alveolir booe may by crucal in preventing root nesorption. Handelman [25]
showed that patients with mandibulas postersor rotatian ace charactensaed by a rarmower
maxillary alveolar prooess than thase with ansersor rotation, On the other hand, Sadek,
Para), and Graces [29.01] described a greater thichness of the alvealis process in the anternior
part of the maxilka in brachycephalic patients, Farthermore, changes in the width of the
maxsllary alvealar ridge before and afler reraction may be cosvelated with the magnitude
of this mavement, This suggests that greater dingnastic and themapeutic attention shoulkd
be pasd 1o pationts with an initially nareow alveolar ridge [32) Zhang [33) reposted that
the tipping of the indsor causes mone bone resarption than axial movement, [t is puzzling,
howesver, thal s some }\.ﬂirulﬁ there b e strong oot resoaption as & resialt of contact of e
root with the cortical bone, while i others, despite the bone separation, the entire roots are
preserved. The applied oethodantic foece muay play a mile, but fusther reseandy is nevded 1
confirm this hypothesis

The structune of the incisive canai and the anterioe part of the maxiflary alvealar pro-
cess are smportant for root torgue. Ten, Hoeve, and Mulie | 31] demanstrated root nesorption
that extended from the apex and alovg the pakatal surface of the root. It developed as a
result of excessve root torgue. It could have been related to comtact with bath the costical
boow of the palasal and canal

he st published study on the asasomy of the Incisive canal determined the distance
of thye roots of the upper incisoes from the canal depending om the growth pattemn. There
were gender differences, especially in the hypodivergent group. The authors also noksd
that this infoemation may be useful in climical practice | 35]

Figures 4-11 show CBCT and X-ray Images of a pabent with resorption of the left
upper contral incrsor root dac to contact of the meszal and posterior part of the oot with
the cortical bone of the incisive canal after retraction and lngual movemenst of the upper
incisors. Probably, earlier knowledgre of such a nsk could allow for the use of greater
angubation of the Incisors and bypassisg of the cantical boow of the canal and, thus, provent
resarption. After anahsing the images, 11 can be assumed that the height at which the root
contacts the canal may detorming the extent of weorption. The lower the height, the groater
the reot shortening, Further research is needed to confiom this hypothesis

Figure 4, Root rescrption of wpper mdsor after contact with mceal conal CBCT—agintal plase
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Figure 5, Root resoeption of vpeer indsor aftes comtact with eceal canal CBCT—ooecoal plane

Figure 8. Contact of upper mosoe’s root wath mcaal camal CBCT

Figure 7. Cootact of upper ivead s root wigh cisal conal CBCT

Figure 8. Rz befcew troatisuni
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Figure 11. Cephuloorwine dunng tresbment

When qualifying pathnts far oow of the groaps with a potential incosasod risk (Tabde 5)
of root contact with the incisive canal and the palatal cortical boee, orthodontic diogrwsis
shoald be individualied. Thwse pathends noed basolioe CBCT, brackets with greator angula-
tiom foe the vpper central Incisors, or treatment planning based oo a setup with 30 imagng.
1t may tuem ot that daring decomgensation of ¢lass 11 and 1T salocclusions and open
bite as preparation for orthognathic surgery, achieving the carrect textbook parameters of
the incisars waould sequire vialabing, the bane envedope ard the assoadated resorpion of
the incisors. At this point, it seems moest ressonable 1o accept an orthodonti compromise
rathwer than strive at all costs for the goal, e, tex@book cephislometnic standands, following
the principle of primum noernocere, The validity of initial treatment consisting of masllary

166



Ayl Sc My, 20 10

LLYER [

widening and decompensation of the upper inosars during the growth period, even with
extynsive class 1 malocclusions or open Bites qualifying for orthagrnathss treatment in
adulthood, should also be covsidersd 5o as 1o reduce the scope of sungery in the futre and
aviokd movements of te upper incisoss at tsk of resorplon, Previous stdies have con-
fermed the possibelity of alvecdar bone remodeliing in respoese to acthadontic movement
in growing patients [%6], Unfortunately, the vestibulae and palatine cortical bane a5 well
& the cortical bane surrpunding the canal mav constitute “prthodantlc walks™ that shoukd
not be crossed in adults, as such movements can result in bath root resorption and bore
dobisconce [37) Meanwhile, contact of the oot with the cortical boew during malooclusion
decompenssban in cocpunction with cethognathic procedures s o much stronger risk factor
for incisor resarptson, which may be additionally incrased by loog and narmw roots | 18],

Tabie & Kk groups for sex, agc, and arthodondic mnvenunts (n sciation b the anatomy of the
Incisive canal.

. SokTutor Potwntls) Kok Grovp
Incisive canal widths Mades
Maokes—curvical Gexowsaiiv Bogguad moverent of the licisors)
AP canal length Fomales—apical {axial mavement. tonquing, and proclinaticn)
Femiles over A years~linguad movement, tomquing and
) B 7 - retractson, especially afser ot .._,.T,
Rt angulstion of the uppes centzal lncisors ANlales gzt 1330 s {andal Imovenmin, excesaiie doeque,
(oo ergpent/ divergent ) and prodination)
Agre 1320 veors
Canal mchwarion vs. inclsor inctimation Eemades—pertcenyical (Hrgual moyenent, excessdve retraction
Makes—apicol (geoclinathon, sceque 20nd axial muvement)
Males—poendesyical (Begual oy ive retraction)
Canal wackh v root distanoe from the cinal Males 13-20—1 2 favial movernest]

Females over 4l yoars—perteervical and apionl (all movemenss)

Takeng Into account the safety of orthodeatic treatment, we should not forges about
the levels of farce released by orthodontic wites. They can vary =gnificantly, with the same
diameter, depending on the brand of wire, and akso change dae to the infloence of the ceal
environiment on the properties of the wire material Mself §341]

O af the Remitations of this study is the amber of patints, ks crosssectional natur,
and the associated hmitabons

5, Conclusions

This research we carried out showed a different width of the meisal canal depending
on the gender. The anteroposterior length of the canal largely depended on its width, The
inclimation of the canal depended on the inclination of the indsors in different age groups.
The width of the canal depended an the sex-colated convesgeng or diverging position of
the incimars, Knowbedge of the aratomy of the mdsive comal and the use of 3D imaging in
high-risk pativnts can preswnt resarption of the incisor root by considering thw individual
anatomical condibors of the patient when planning orthedontic tooth movement, It is
reasenable to consider perfarming CBCT before the start of arthodantic treatmwed in the
case of moderate and sgnificant retraction of the icisors or a significant change in their
inwhination due to the high anasamical diversity of e incisive Ginal area, especially in
adult patents.

Monw high-quality stodies are ovnded, primuasily RCTh with a clearly definpd mnthod-
ology, for better-quality analyses and more refiable concluskons.
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9. Podsumowanie wynikow

Publikacja 1

W  wyniku przeszukania w bazach danych dotyczacych nowych pomiarow
cefalometrycznych w plaszczyznie strzalkowej odnaleziono facznie 1451 artykulow.
Ostatecznie jedynie 12 artykutow spetnito kryteria wilaczenia okreslone w celach. W wyniku
przeszukania bazy danych dotyczacych nowych pomiaréw w plaszczyznie wertykalnej
odnaleziono lgcznie 1451 rekordow artykutow. Ostatecznie tylko 4 artykuty spetnity kryteria
wiaczenia okreslone w celach.

Dowody sugeruja, ze istnieje wiele nowych punktow odniesienia i wskaznikow
cefalometrycznych takich jak katy Tau, Yen, SAR, W, DW, Pi i analiza linijna Pi oceniajace
relacje sagitalne podstaw szczeki i zuchwy wzbogacajace ztoty standard analizy w postaci kata
ANB, ktére mozna z powodzeniem zastosowa¢ do okreslenia rozbieznosci strzatkowej we
wzajemnym potozeniu podstaw szczgki. Jednakze, chociaz przeglad systematyczny
charakteryzuje si¢ matg heterogenicznos$cia, wtaczone badania wykazaty umiarkowane ryzyko
btedu systematycznego, a ich jakos$¢ byta niska lub umiarkowana. Konieczne sg przyszie
badania posiadajace odpowiednig wiarygodno$¢ wewnetrzng 1 zewnetrzng. W przysztosci
rozbieznos¢ strzatkowa 1 metody oceny relacji miedzy szczeka gorng 1 dolng powinny by¢
doktadniejsze.

Jesli chodzi o nowe pomiary cefalometryczne w celu okreslenia rozbieznosci w
wymiarze pionowym w postaci kata R, ptaszczyzny zewnatrzustnej KR oraz ptaszczyzny
gbrnej granicy tuku jarzmowego, liczba przeprowadzonych badan jest ograniczona, o bardzo
niskig jakosci i umiarkowanym ryzyku stronniczosci badania. Jednocze$nie przeglad ujawnit
istnienie nowych parametrow alternatywnych do wspotczesnych pomiaréw w badaniach 3D.
Sledzenie procesu wyznaczania punktow odniesienia, linii i ptaszczyzn antropometrycznych w
tomografii wolumetrycznej wydaje si¢ mozliwe takze w 2D. Sugestie takie wymagaja jednak

dalszych badan i analiz. Obecne badania nie wydajg si¢ by¢ zbyt konstruktywne.

Publikacja 2

Wnhnioski wyciagnigte z przeprowadzonego przegladu systematycznego byly
przyczynkiem do badan wlasnych skoncentrowanych na pordéwnaniu wiarygodno$ci i
powtarzalno$ci pomiarow cefalometrycznych odnoszacych si¢ do dyskrepancji sagitalnej

poréwnujacej pomiary kata ANB i kata Tau.
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Wykazano, ze najwyzszy wspotczynnik korelacji Pearsona wystgpuje w przypadku
wspotrzednych Ax i Ay. Blad Dahlberga wahat si¢ od 0,265 do 0,665, a wspotczynniki korelacji
miedzyklasowej 1 wewnatrzklasowej (ICC) miescity si¢ w przedziale od 0,841 do 1,000,
Wwskazujac na bardzo duza zgodno$¢ pomiaréw badaczy. Btad powtarzalnosci (BP), btad
odtwarzalnosci wéroéd réznych lekarzy (BO), zmienno$¢ indywidualna pacjenta (ZI) oraz
taczny blad powtarzalnosci i odtwarzalnosci (R&R) wyniosty, odpowiednio: 1,61%, 0,92%,
97,47% oraz 2,53%. W przypadku kata tau najwyzszy wspoOlczynnik korelacji Pearsona
stwierdzono w przypadku wspotrzednych poziomych Tx 1 Mx. Blad Dahlberga wahat si¢ od
0,891 do 1,639, a wartosci ICC miescily si¢ w przedziale od 0,147 do 0,624, wskazujac na stabg
zgodnos¢ pomiarow badaczy. Wartosci BP, BO, Zi oraz R&R wyniosty, odpowiednio: 4,30%,
3,94%, 91,76% oraz 8,24%. Prawie cata zmienno$¢ wynikdw pomiaréw kata ANB i tau
wynikata z wariancji miedzygrupowej (zmiennosci indywidualnej pacjenta). Niska warto$¢
R&R (ponizej 10%) oznacza, ze oba katy sa dobrym parametrami diagnostycznymi wad
strzatkowych. Ortodonci biorgcy udzial w badaniu znacznie doktadniej mierzyli kat ANB niz
kat tau: btad Dahlberga i warto$¢ R&R byly okoto trzy razy wigksze, a wartos¢ ICC — trzy i
polkrotnie mniejsza w przypadku pomiaréw kata tau.

Wyniki te wskazuja, ze dyspersja poziomych wspotrzednych punktéw determinujacych
kat ANB jest mniejsza niz w przypadku kata tau, wigc wartosci kata ANB cechujg si¢
mniejszym bigdem pomiarowym niz wartosci kata tau. Wartos¢ kappa Cohena, czyli
wspotczynnika rzetelnosci zastosowanego do oceny spojnosci ortodontéw w kwestii ustalania
klasy szkieletowej wyniosta 0,778 w przypadku kata ANB 1 0,722 w przypadku kata tau, a
analiza wyniku dowiodla statystycznej istotnosci réznicy (p < 0,001). Oznacza to, ze kat ANB
nadal pozostaje podstawowym parametrem do diagnozowania szkieletowych zaburzen

strzatkowych, a upowszechnienie kata tau wymaga wczesniejszego edukowania ortodontow.
Dyskusje poswiecono interpretacji wynikoéw, ich wpltywu na planowane leczenie
ortodontyczne, odniesieniu do grup etnicznych oraz mozliwo$ci zastosowania sztucznej
inteligencji do analizy pomiarow cefalometrycznych.
Publikacja 3
Z uzyskanych wstepnie 3154 artykuléw zakwalifikowano ostatecznie 13 publikacji i
wyekstrahowano dane tgcznie 580 pacjentow dotyczace pici i wieku badanych, strategii

leczenia oraz zmiany inklinacji siekaczy w trakcie leczenia ortodontycznego.
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Wyniki badan iich istotng warto$¢ statystyczng przed stawiono ponizej, w gradacji
od badania 0 najwigkszej do najmniejszej istotnoSci statystycznej (tab. 4): 1. Al-Imam i wsp.
(18) wykazali, ze kortykotomia podczas cofania siekaczy zmnigjszaich przechylanie $rednio
0 1,5° w poréwnaniu z brakiem retrakcji wspomaganegj chirurgicznie; 2. Al-Sibaie i wsp. (16)
wykazali, ze cofanie zgbow przed nich en-masse przy uzyciu TISAD powoduje przechylanie
sickaczy $rednio o 2,9° mnigjsze w poréwnaniu do tradycyjnego 2-etapowego procesu; 3.
Sadek i wsp. (10) wykazali, ze retrakcja en-masse przy uzyciu mikroimplantow i tukow
po stronie przedsionkowe] powoduje zmniejszenie przechylania siekaczy szczeki $rednio
0 5,85° w poroéwnaniu z takim samym przesuni¢ciem en-masse z dostgpu jezykowego i mikro
implantow umieszczonych na podniebieniu; 4. Chen i wsp. (2) wykazali, ze U pacjentow
leczonych systemem PASS przechylenie siekacza szczeki bylo $rednio o 4,8° mniejsze niz
upacjentow leczonych syste mem MBT; 5. Zhao iwsp. (12) wykazali, ze uzycie
sroédszczgkowych wyciagow elastycznych podczas cofania siekaczy powoduje prze chylanie
zgbow przednich szczeki $rednio o 7,14° mniejsze w pordwnaniu z zastosowaniem tancuszkow
elastycznych; 6. Davoody i wsp. (15) wykazali, ze tradycyjna dwuetapowa retrakcjaz uzyciem
dodatkowego tuku intruzyjnego skutkuje przechyleniem siekaczy szczgki $rednio
0 8° mnigszym w poréwnaniu z retrakcja en-masse wspomagang przez TISAD.

Wewszystkich badaniach podczas wykonywania ruchu cofania nasiekaczach
wystepowato przechylanie, tj. wystepowat przedsionkowy tork korzenia. Srednia wartos¢
zmiany policzkowo-podniebiennego nachylenia korzenia w ba danych grupach wyniosta
10,46°. Najwickszg zmiane torku siekaczy (19,13°) opisali Lee i wsp. w grupie, w ktorej
zastosowano miniimplanty ortodontyczne. Zupelnie inne wyniki uzyskali Sadeka 1 wsp., ktorzy
PO zastosowaniu miniimplantdw po stronie przedsionkowe do cofania zeboéw przednich
stwierdzili najmniejsza zmian¢ nachylenia korzeni z¢bow przednich w kierunku
przedsionkowo-podniebiennym: 4,41°. Po uwzglednieniu wszystkich badan $rednia roéznica
W zmianie nachylenia gornych siekaczy pomiedzy grupa kontrolng a badang wyniosta 2,46°,
co byto statystycznie istotne (p = 0,0003). Najwigckszg rozbiezno$¢ migdzy grupami
zaobserwowano w badaniu Davoody’ego iwsp., natomiast w badaniu Deepaka i wsp. nie

zaobserwowano zadnych rozbiezno$ci mi¢dzy grupami.

Publikacja 4

Z uzyskanych wstepnie 1401 artykutow zakwalifikowano ostatecznie 7 publikacji i

wyekstrahowano dane tacznie 284 pacjentow dotyczace pici 1 wieku badanych oraz zmian w
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objetosci wyrostka zebodotowego szczeki po leczeniu ortodontycznym z zastosowaniem
retrakcji siekaczy po ekstrakcji pierwszych gornych przedtrzonowcow.

W efekcie we wszystkich badaniach podczas retrakcji na siekaczach wystepowata resorpcja
kosci szczeki po stronie podniebiennej. Najwieksza resorpcje zaobserwowano w grupie

retrakcyjnej dorostych po stronie podniebiennej w badaniach Zheng (-1.59)

Wyniki badan istotnych statystycznie przedstawiono ponizej:
Zhengi wsp wykazali resorpcje kosci po stronie podniebiennej zarbwno w grupie retrakcyjnej
dorostych ($rednio -1,46) jak i u nastolatkow ($rednio -0,64), natomiast resorpcja ta byla
znacznie wigksza u dorostych. Ponadto pomimo wzrostu grubosci kosci po stronie
przedsionkowej u obu grup, wzrost ten byl mniejszy u dorostych ($rednio +0,17) niz u
nastolatkow ($rednio 0,33)
Hung i wsp wykazali resorpcj¢ po stronie podniebiennej ($rednio -0,94) i przyrost grubosci
kos$ci po stronie przedsionkowej (§rednio 0,55), jednakze nie zauwazyli zmian w catkowitej
grubosci kosci wyrostka przed i po leczeniu ortodontycznym ($rednio -0,27). Dodatkowo
zauwazyli istotng redukcje kosci zarowno w wymiarze pionowym jak i poziomym od strony
podniebienng.
Zhang Ch.i wsp wykazali resorpcje kosci wyrostka zardGwno po stronie przedsionkowej na
wszystkich poziomach ($rednio -0,35) jak 1 podniebiennej ale na poziomie sSrodkowym ($rednio
-0,35). Nie zauwazyli jakiejkolwiek roznicy zmian w zaleznosci od pici, wieku czy trwania
leczenia ortodontycznego.
Eksiwong 1 wsp. Zauwazyli, ze po stronie przedsionkowej remodeling polegajacy na resorpcji
kosci w stosunku do wielkos$ci ruchu zgba wynosi 1:1, natomiast po stronie podniebiennej 0,2-
0,4. Kos¢ po stronie podniebiennej wydaje si¢ nie zmienia¢ , a zmienia si¢ jedynie dystans
pomiedzy korzeniem a blaszkg zbita podniebienng. Natomiast inklinacja korzenia siekaczy jest
jedynym czynnikiem wptywajacym na zmiang objetosci kosci.
Zhang F. 1 wsp wykazali istotne zmiany w ksztalcie 1 grubosci kosci wyrostka zebodotowego
po retrakcji siekaczy. Wyrostek staje si¢ grubszy po stronie przedsionkowej z wyjatkiem
poziomu 1. Przy czym po stronie podniebiennej nastepuje resorpcja kosci (Srednio -1,09)
Mao i1 wsp. Zauwazyli, ze po stronie przedsionkowej zachodzi przyrost kosci wyrostka po
retrakcji lub nie ulega ona zmianom ($rednio 0,1), przy jednoczesnej resorpcji kosci na
wszystkich poziomach od strony podniebiennej (Srednio -0,6) oraz zmniejszeniu j& wysokosci
pomigdzy poziomem TO a T1 oraz najwigkszej resorpcji kosci na poziomie crestal od strony
podniebiennej ($rednio -0,9) Wykazali korelacje pomiedzy przemieszczeniem wierzchotka

korzenia siekacza a resorpcja kosci od strony podniebiennej.
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Wang i wsp nie zauwazyli zmian w grubosci ko$ci po stronie przedsionkowej ($rednio 0,1),
natomiast od strony podniebiennej wykazali istotne zmniejszenie grubosci wyrostka ($rednio -
0,7). Przy czym po okresie retencji 18-24 miesi¢cy nastepuje odbudowa kosci hapoziomie L1,
przy braku jakichkoOlwiek zmian na pozostatych poziomach. Dodatkowo wykazali istotne
zmniejszenie wysoko$ci wyrostka po obu stronach po leczeniu ortodontycznym, ktore
utrzymuje si¢ po okresie retencji.

Z przeprowadzonych badan wynika, ze w wyniku retrakcji siekaczy nastgpuje istotna
statystycznie zmiana grubosci kosci. Po stronie podniebiennej obserwuje si¢ znaczny ubytek
kosci. Zaobserwowana zmiana moze zaleze¢ zarowno od wielkos$ci przesunigcia siekaczy, jak
i zmiany ich nachylenia, a co za tym idzie, zmiany potozenia wierzchotkdéw korzeni. Zmiana ta
jest znacznie wieksza u doroslych niz u dorastajacej miodziezy. Funkcje komorkowe
pogarszaja si¢ wraz z wiekiem, co moze wyjasnia¢ zmniejszong zdolnos¢ do przebudowy w
miar¢ starzenia si¢. Dodatkowo tempo retrakcji moze skutkowa¢ wicksza utratg kosci,
poniewaz procesy naprawy moga nie nadaza¢ za procesami resorpcji. Zmiany w kos$ciach
strony wargowej budza kontrowersje, gdyz wykazuja zaréwno zyski, jak i straty. Konieczne sg
dalsze badania, aby uzyskane pomiary uzalezni¢ od innych czynnikow, takich jak predkos¢ i
biomechanika retrakcji, wielkos¢ sity ortodontycznej 1 wiek pacjenta.

W trakcie analizy zgromadzonych danych napotkaliSmy istotne ograniczenie
uniemozliwiajgce przeprowadzenie wiarygodnej analizy statystycznej oraz oceny
heterogenicznos$ci. Problem ten wynikal z braku jednolitosci wynikéw pomiedzy
poszczego6lnymi badaniami. R6Znice w metodologiach, kryteriach wiaczenia pacjentow, a takze
w sposobach pomiaru 1 klasyfikacji wynikow byly na tyle znaczace, ze jakakolwiek proba
syntezowania tych danych mogtaby prowadzi¢ do biednych wnioskow. Bez spojnych i1
poréwnywalnych danych, ryzyko wypaczenia wynikéw analizy statystycznej znaczaco
wzrasta, co w konsekwencji moze wptywaé na wiarygodno$¢ i warto$¢ naukowa wynikow.
Wobec powyzszego, zdecydowaliSmy si¢ na oparcie naszych wnioskdw na jako$ciowej
analizie dostepnych danych, akcentujgc przy tym potrzebeg standaryzacji przysztych badan w

celu umozliwienia szczegdélowych analiz porownawczych.

Dyskusje poswigcono rozwazaniu czy ruch zebéw odbywa sie wg teorii przez kos¢ czy
z koscig. Wykazano, ze im wigkszy ruch retrakcyjny korzenia, tym wigksze zmiany w objetosci
wyrostka zebodolowego. Ponadto u dzieci i mlodziezy zmiany te s3 mniejsze, a resorpcja kosci
po stronie podniebiennej i przedsionkowej nie jest tak nasilona jak u pacjentow dorostych. Nie
zaobserwowano jednak, aby pte¢ czy czas trwania leczenia ortodontycznego miaty wptyw na
zmiany zachodzace w kosci. Wigkszos$¢ badan to badania retrospektywne o $redniej wartosci
dowodowej. Badania Eksiwronga, jako badanie prospektywne, charakteryzujg si¢ jednak duza
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wartoscig dowodowa. Badania Zhenga i in. okazaly si¢ bardzo cenne i niewatpliwie pokazaty,
ze wiek ma ogromny wplyw na zmiany objetosci wyrostka zgbodotowego podczas retrakcji. U
dorostych pacjentow obserwowano wickszg utrat¢ masy kostnej zaréwno po stronie
przedsionkowej, jak i1 podniebiennej, niz u miodziezy. Sugeruje to, ze u mtodziezy ruch
ortodontyczny moze zgodnie z teorig odbywaé si¢ kos$cig, natomiast u dorostych po

zakonczeniu wzrostu ten sam ruch bedzie odbywat si¢ poprzez kos¢.

Publikacja 5

Na podstawie wcze$niej przeanalizowanych publikacji zaplanowano badanie dotyczace
biomechaniki retrakcji zebow szczeki w przypadkach ekstrakcyjnych i nieekstrakcyjnych za
pomoca nowatorskiej metody nielinearnej analizy metoda elementow skonczonych.

Aby osiggna¢ zatozone cele, wybrano metodologi¢ badan skupiong na analizach
numerycznych, ze szczegdlnym uwzglednieniem metody elementow skonczonych. Podejscie
to ulatwilo precyzyjne odtworzenie warunkéw we wszystkich badanych przypadkach.
Zapewnienie jednolitosci warunkow jest niezbedne dla miarodajnej analizy poréwnawczej
wybranych parametrow.

W tej pracy okreslono wartos¢ sit retrakcyjnych mogacych skutkowaé przekroczeniem
progu naprezen optymalnych w wigzadlach ozebnej. Przedstawiono analize naprezen w
ozebnej wykonang metoda elementdw skonczonych, na nowatorskim, nielinearnym modelu
szczeki, w trakcie retrakcji zgbow gérnych. W badaniu jako zmienne badane uwzgledniono
retrakcj¢ en masse segmentu zebow gornych przednich do miniimplantu (TISAD)
umieszczonego w okolicy pomiedzy drugim zgbem przedtrzonowym a pierwszym trzonowym
oraz dystalizacje catego tuku réwniez do TISAD przeprowadzong na tuku 0.017#0.025 SS w
zamkach slotu 0.018, z uwzglednieniem réznych warto$ci sit i wysokosci haczykow
wplywajacych na wektor zastosowane;j sity.

Wartosci ci$nienia z uwzglednieniem mapy rozkladu powstajagcego w PDL w trakcie
retrakcji en masse z uzyciem TISAD po ekstrakcji pierwszych przedtrzonowcoéw w slocie 0.018
na tuku 17*25 SS z zastosowaniem roznej wysokos$ci haczykow oraz réznej wielkosci sit w
zakresie zastosowanych sit od 50 g do 300 g wartosci ci$nienia dla catego tuku zebowego
wynoszg od 0,37 kPa do 2,5 kPa. Wartosci ci$nienia rosng liniowo wraz ze wzrostem
zastosowanej sity. Natomiast roznice na poziomie jednej warto$ci sity przy roéznych
wysokos$ciach haczykdéw sa minimalne (nieistotne klinicznie), przy czym wszedzie w kazdej z
opisanych sytuacji najmniejsze ci$nienie wystepuje dla haczyka o wysokosci 6mm, a

najwicksze dla haczyka o wysokosci 2mm.
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Cisnienie w ozebnej siekaczy przysrodkowych wynosi od 0,23 kPa do 1,54 kPa i
rowniez rozktadaja si¢ w liniowo w zaleznosci od przylozonej sity. W przeciwienstwie do
catego tuku najmniejsze wartosci odnotowywane sg przy najnizszym haczyku o wysokosci
2mm i rosna wraz ze wzrostem wysokosci haczyka. We wszystkich przypadkach warto$ci
ci$nienia dla siekaczy przysrodkowych stanowig ok 55 % warto$ci ci$nienia w ozebnej catego
tuku. Cisnienie w oz¢bnej sickaczy bocznych stanowi ok 45% warto$ci cisnienia petnego tuku
1 wynosi od 0,18 kPa do 1,14 kPa z zachowaniem rozktadu liniowego. W przeciwienstwie do
catego tuku 1 siekaczy przysrodkowych najmniejsze wartosci odnotowywane sg przy
najwyzszym haczyku wysoko$ci 10 mm i rosng wraz ze spadkiem wysokos$ci haczyka. W
przypadku ktow warto$ci ci$nienia sg najwigksze i1 stanowig ok 75% wartosci dla catego
ci$nienia w PDL pelnego tuku. Jego wartosci rozktadajg si¢ w zakresie 0,28 — 1,83 kPa.
Zaleznosci sa rdwnowazne w przypadku siekaczy bocznych.

Prowadzac analize pordwnawczg wartosci cis$nienie w PDL zaro6wno catego tuku jak i
poszczegolnych zebéw mapa rozktadu nie zmienia si¢ bez wzgledu na zastosowang site ani
wysokos$¢ haczyka a co za tym idzie jest stale bez wzgledu na zastosowany wektor sity. R6znig
si¢ tylko proporcjonalnie wartosci. Na siekaczach przysrodkowych najwigksze wartosci
lokalizujg si¢ na $cianie podniebiennej, przy czym kumulacja wystepuje w dolnej potowie we
wszystkich przypadkach, a 1/3 przywierzchotkowa korzeni jest w strefie ci$nienia neutralnego
wyjatkiem matych punkéw na wierzchotkach, ktore koncentrujg wigksze cisnienia. Mozna
zauwazy¢ ogolnie wigksze wartosci dla siekacza prawego niz lewego. Korzenie siekaczy
bocznych catg sitg kumuluja w okolicy przyszyjkowej na $cianie dystalnopodniebienng oraz
punktowo na wierzchotku, natomiast pozostala cze$¢ korzeni jest w strefie ci$nienia
neutralnego. Natomiast kly w przewazajacym obszarze znajdujg si¢ w strefie neutralnej
pojedynczym miejscem akumulacji ci$nienia w okolicy przyszyjkowej §ciany podniebienne;.
Krytyczna warto$¢ 4,7 kPa jest przekroczona dla petnego tuku zebowego przy sile rzedu 600 g
1 koncentruje si¢ na korzeniach goérnych pierwszych trzonowcoéw osiggajac w tym samym
czasie na przednim segmencie 3,88 kPa, ktore kumulujg sie¢ glownie na siekaczu
przysrodkowym prawym w okolicy dolnej potowy podniebiennej §ciany korzenia.

Wartos$ci ci$nienia z uwzglgdnieniem mapy rozkladu powstajacego w PDL w trakcie
dystalizacji catego *tuku zebowego z wuzyciem TISAD po ekstrakcji pierwszych
przedtrzonowcoéw w slocie 0.018 na tuku 17*25 SS z zastosowaniem rdznej wysokosci
haczykow oraz roznej wielkos$ci sit w zakresie zastosowanych sit od 50 g do 300 g warto$ci
ci$nienia dla catego tuku zgbowego sa bardzo podobne i wynosza od 0,33 kPa do 2,4 kPa.
Warto$ci cisnienia rosng roOwniez liniowo wraz ze wzrostem zastosowanej sily. Natomiast

roznice na poziomie jednej wartosci sity przy réznych wysokosciach haczykow sg jeszcze
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bardziej minimalne. Warto$ci ci$nienia sa wszedzie odpowiednio o ok 9-10% mnigjsze.

Natomiast mapa rozktadu cis$nienia jest taka sama we wszystkich przypadkach.

Wykazano zatem , ze optymalnie tuki 0,017*0,025 SS w zamkach MBT 0,018
zapewniaja doskonalg kontrole torku, prowadzac do precyzyjnego osiowego przemieszczenia
zgbow, przy zastosowaniu optymalnych sil 180-200g/stron¢ nie ma ryzyka resorpcji

wierzchotka korzenia

Dyskusje poswigcono roli kontroli torku w zapobieganiu resorpcjom korzeni oraz
wartosci 1 znaczenia wysokiej jakosci modeli nieliniowych w analizie  ci$nienia

hydrostatycznego w PDL w trakcie ruchu ortodontycznego.

Publikacja 6

Z uzyskanych wstepnie 1862 artykuléw zakwalifikowano ostatecznie 6 publikacji 1
wyekstrahowano dane tacznie 164 pacjentow dotyczace plci 1 wieku badanych oraz obecnosci
resorpcji w wyniku kontaktu z blaszka zbitg kanatlu przysiecznego.

We wszystkich artykutach skrocenie korzeni siekaczy gornych po retrakcji bylo
statystycznie wieksze w przypadku kontaktu z kanalem przysiecznym:

Yu 1 wsp wykazali wigksza resorpcje korzeni w grupie retrakcyjnej (2.3+1.40mm) niz w
kontrolnej(1.1+0.75mm). Dodatkowo utworzono podgrupy ze wzgledu na odlegtos¢ korzeni do
IC po leczeniu (separation, approximation, contact, invasion). Im korzen siekacza byt blizej
kanatu przysiecznego, tym wigksza byla resoprcja, jednak ten wynik nie byt istotny
statystycznie. W grupie retrakcyjnej doszto 4 razy cze$ciej do inwazji lub kontaktu korzeni z
kanatem przysiecznym w poroéwnaniu z grupg kontrolng. W 11,4% w grupie retrakcyjnej doszto
do zmiany przebiegu kanatu przysiecznego co moze S$wiadczy¢ o jego zdolnosci do
remodelingu.

Chungi wsp wykazali, ze w 53% przypadkow leczenia retrakcyjnego doszto do inwazji kanatu
przysiecznego przez korzenie siekaczy. Wykazano wyzsze ryzyko kontaktu korzeni z kanatem,
gdy odleglos¢ miedzykorzeniowa jest mniejsza niz szeroko$¢ kanalu przysiecznego. W
podgrupie, w ktorej wystgpowata inwazja, resorpcja byta statystycznie wieksza(2,4+1,59 mm)
niz w grupie nieinwazyjnej(0,8+0,96mm)P<.0001. Pacjenci z inwazja, u ktorych doszto do
remodelingu(14+0,92mm) charakteryzowali si¢ mniejszag resorpcja niz pacjenci bez
remodelingu(3,3+1,54mm)P<.0001.

Pan 1 wsp. wykazali zdecydowanie wigksze skrocenie(2.634+0.93) korzeni siekaczy w grupie
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kontaktu korzeni z kanatem przysiecznym niz w grupie bez kontaktu(1.14+0.83), co moze
wykazywaé¢ na ich pozytywna korelacje. W przypadku niekontrolowanego przechylania
siekaczy istnieje zwickszone ryzyko inwazji kanalu w rejonie przyszyjkowym. Ryzyko
kontaktu korzeni zwigksza si¢ w przypadku niskiej pozycji kanatu przysiecznego.

Nakada 1 wsp. Wykazal ze resorpcja korzeni byla statystycznie wigksza po stronie blizszej w
stosunku do kanatu przysiecznego niz przeciwleglej. Dodatkowo zakres resorpcji
podniebiennej po stronie blizszej(2,49+0,61) kanatu byl rowniez wigkszy niz po stronie
dalszej(1,51£0,49mm). Finalnie uznal, ze bliskos¢ wierzchotka do blaszki zbitej IC jest
czynnikiem wptywajacym na resorpcj¢ korzenia.

Imamura i wsp. opisali przypadek kliniczny pacjentki, u ktorej po retrakcji siekaczy korzen
tego, ktory byt w kontakcie z kanalem przysiecznym ulegt resorpcji na powierzchni
kontaktu(3,6mm). W zwigzku z tym uznano, ze rozmiar i morfologia IC ma wplyw na resoprcj¢
korzeni.

Chung i wsp rowniez opisali przypadek resorpcji korzenia po kontakcie z IC z zachowaniem
zywotno$ci zeba.

Warto$¢ statystyczna Q wyniosta 36,25 przy p = 0,0003 i 12 = 66,9%. Dane te wskazuja na
wysoki poziom niejednorodnosci badan. Wynika to najprawdopodobniej z roznych technik
ortodontycznych stosowanych w poszczegdlnych badaniach. Dodatkowo przeprowadzono
analiz¢ heterogenicznosci badan wlaczonych do metaanalizy. W tym celu przeprowadzono test
niejednorodnosci oparty na Q 1 12.

W tracie dyskusji poruszono temat zastosowania obrazowania 3D i uwidocznienia
kanalu przysiecznego oraz istoty jego morfologii, ksztaltu, przebiegu na zwigzek z resorpcja
korzeni siekaczy wystepujaca po ich retrakcji. Istnieje dos¢ ograniczona liczba badan, z czego
wszystkie sg badaniami retrospektywnymi, dotyczacymi zmiany w dtugos$ci korzeni siekaczy
w zwigzku z kontaktem z IC. W systematic review wszystkie z nich wykazaty pozytywny
zwigzek pomiedzy stopniem resorpcji a zmniejszeniem odlegtosci korzeni do IC. Dodatkowo
badania Yu i1 wsp. dowiodty zdolnosci do remodelingu kanatu w odpowiedzi na ortodontyczny
ruch zgbow, czemu towarzyszyt mniejszy stopien resorpcji. U 11,4% pacjentow po retrakcji
zaobserwowano zmian¢ kierunku przebiegu kanatu ze sko$no-prostego na skosno-
zakrzywiony. Konieczne s3 kolejne badania, ktore by¢ moze uzaleznityby zdolnos¢ IC do
remodelingu od zastosowanej sity, czasu przesuni¢¢ zgbowych lub innych czynnikéw

ortodontycznych, co mogloby zmniejszy¢ ilos¢ powiktan w postaci resorpcji korzeni.
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Publikacja 7

Whioski wyciaggnigte z przeprowadzonego przegladu systematycznego byty powodem

do zaplanowania badan wtasnych ukierunkowanych na analiz¢ zalezno$ci anatomii kanatlu
przysiecznego z ptcig 1 wiekiem pacjentéw oraz w celu opracowania grup ryzyka.
W badaniu wykorzystano dokumentacje CBCT wiazki stozkowej znajdujace si¢ w zasobach
Katedry Ortopedii Szczekowej i Ortodoncji Uniwersytetu Medycznego im. Piastow Slaskich
we Wroctawiu. W badaniu wykorzystano CBCT wiazki stozkowej 67 pacjentéw (35 kobiet, 32
mezezyzn;, ) w wieku 13-49,

W diagnostyce ortodontycznej wykorzystano skany CBCT wykonane w latach 2017-
2021 przed leczeniem ortodontycznym. Kryteriami wiaczenia dokumentacji CBCT pacjenta do
grupy badanej byly: (1) Catkowity rozwoj korzeni siekaczy gornych. (2) Wyraznie widoczna
szczgka. (3) Pacjenci z uzgbieniem statym. (4) Bez historii leczenia ortodontycznego. (5)
Pacjenci ogolnie zdrowi, bez choréb kosci w wywiadzie. Kryteria wytaczenia: (1) Brakujace
sickacze szczgki. (2) Patologia siekaczy szczgki. (3) Anomalie rozwojowe kanatu siecznego
(dodatkowe kanaty w okolicy kanatu siecznego oraz wyrazne asymetrie). (4) Niska jakos¢
CBCT uniemozliwiajagca dokladne pomiary. (5) Obecnos¢ artefaktéw obrazowych
utrudniajgcych pomiary w odcinku przednim szczeki. (6) Niekompletny rozwéj korzeni. (7)
Resorpcjakorzeni na skutek urazu lub stanu zapal nego. (8) Historia dotychczasowego leczenia
ortodontycznego.

Po wytonieniu grupy badanej uczestnikow zakwalifikowano do grup ze wzgledu na pte¢
i wiek. Utworzono nastepujace 4 grupy wickowe: 13-20 lat, 21-29 lat, 30-39 lat, 40-49 lat.
Pomiary zostaty dokonane przez dwoch badaczy niezaleznie od siebie 1 Srednia ich wynikow
stanowila dane uzyte w analizie statystycznej.

Wykonane zostaly nast¢pujace pomiary:
na przekrojach horyzontalnych oddzielnie dla kazdego poziomu — L1, L2 L3:
e Szerokos$¢ kanatu przysiecznego - |Cl-Cl|
e  Wymiar przednio-tylny I1C - |Ca-Cp|
e Pomiar odlegtosci pomigdzy najbardziej mezjalnym punktem na korzeniu i
styczng przechodzaca przez najbardziej doprzedni punkt kanalu przysiecznego
- |Rm-Cat|
e Pomiar odlegtosci od punktu Cl do tylnej krawedzi korzenia siekacza - |Cl-Rpt|
e Pomiar odlegtosci miedzykorzeniowej - |Rm-Rm| naprzekrojach strzatkowych:

o Kat utworzony przez dtuga o$ korzenia siekacza i ptaszczyzn¢ podniebienng
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e Katutworzony przez dlugg o$ kanalu przysiecznego i ptaszczyzng podniebienng
na przekrojach czolowych:
e Kat utworzony przez dlugie osie siekaczy przysrodkowych (warto$¢ powyzej

zera - korzenie zbieznie, warto$ci ujemne - rozbiezne)

Badanie korelacji dotyczacej] wplywu szerokosci kanalu na dlugos¢ wykazato
zroznicowane wyniki. Biorgc pod uwage cata grupe pacjentdw na poziomie L1 ta korelacja
byla istotna statystycznie (p=0,0017) ale przecigtna (r=0,3757) i wykazywala wzrost dtugosci
kanatu wraz ze wzrostem szerokosci. W grupie samych mg¢zczyzn ta korelacja okazata si¢
wysoka (r=0,557390, p=0,0009), podczas gdy okazala si¢ staba i nieistotna statystycznie w
grupie kobiet (r=0,15035;p=0,39). Na poziomie L2 korelacja zarowno u wszystkich pacjentow
jak 1 z podziatem na pte¢ jest dodatnia i wysoka (r=0,68736, p<0,05; r=0,7527, p<0,05;
=0,62191, p<0,05). Na poziomie L3 rowniez utrzymuje si¢ dodatnia korelacja na poziomie
wysokim i bardzo wysokim u wszystkich pacjentdw oraz we wszystkich grupach wiekowych
zaréwno u mezczyzn (r=0,72893, p<0,05) jak i u kobiet (r=0,65578, p<0,05).

W przeprowadzonych badaniach szeroko$¢ kanalu na poziomie L1 byta zblizona
zarOwno w grupie mezczyzn jak 1 w grupie kobiet natomiast znacznie 1 istotnie statystycznie
(p<0,05) roznita si¢ tutaj dtugo$¢ kanatu i byta wigksza u m¢zczyzn niz u kobiet. Na poziomie
L2 warto$ci zar6wno szerokosci jak 1 dtugosci byly zblizone w grupie kobiet i m¢zczyzn, na
poziomie L3 szeroko$¢ nadal byta zblizona natomiast dlugos$¢ réznita si¢ juz znaczaco 1 byta
mniejsza u m¢zcezyzn niz u kobiet. W podziale na grupy wiekowe wysokie zrdéznicowanie
wystepowato w grupie od 21 do 29 lat , ktorej na poziomie L1 dlugos¢ kanatu byla
zdecydowanie wigksza u mezczyzn niz u kobiet podobnie jak w grupie 30-39 lat oraz 40-49 |at.
Na pozostatych poziomach 1 w pozostatych grupach wartosci byty zblizone.

Angulacja siekaczy przysrodkowych szczeki nie koreluje z szerokoscig kanatlu
analizujac pelng grupe lub tylko pte¢. Brak korelacji jest istotny statystycznie. Natomiast
wykazuje wysoka korelacj¢ na poziomie L1 zarowno w grupie kobiet jak i m¢zczyzn w wieku
13 - 20 lat. W grupie kobiet ta korelacja jest ujemna (r= - 0,6172) co oznacza ze wraz ze
wzrostem szerokosci kanatu zwieksza si¢ odlegtos¢ miedzywierzchotkowa, natomiast w
przypadku mezczyzn (r=0,64045) ta korelacja jest dodatnia czyli odwrotnie im szerszy kanat
tym bardziej zbiezne sa korzenie. Wysoka pozytywna korelacja utrzymuje si¢ w grupie
me¢zezyzn do 30 roku zycia. U pacjentéw w wieku 30-39 lat wykazuje ujemna korelacje o
wysokiej sile. U kobiet wysoka negatywna korelacja wystepuje do 40 roku zycia. W wieku od
21 do 40 lat korelacja jest rowniez ujemna ale wykazuje mniejszg sitg. Korelacje w grupach

wiekowych nie wykazujg istotno$ci statystycznej. Na poziomie L2 korelacje s réznej mocy
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a tendencja zar6wno u mezczyzn jak i u kobiet utrzymuje si¢ podobnie jak na poziomie L1.
Wyjatek stanowi grupa mezczyzn w wieku 30-39 lat gdzie w przeciwienstwie do innych
meskich grup korelacja jest wysoka i ujemna.(r=-0,5463) ae nieistotna statystycznie. Na
poziomie L3 korelacje nie wystepuja.

Pozytywng bardzo wysoka korelacj¢ pomiedzy inklinacja siekaczy a inklinacjg kanatu
zauwazy¢ mozna w grupie kobiet od 13 do 20 lat (r=0,828, p<0,05) i od 40 do 49 lat (r=0,603).
W przypadku mezczyzn przeci¢tng 1 ujemng korelacje obserwuje si¢ pomiedzy 13 -20 oraz 30-
39 rokiem zycia (r= -0,4295; r= -0,495;p>0,05). Wysoka, dodatnig oraz istotng statystycznie
korelacje uzyskano w przedziale 20-29 lat (r=0,8682, p<0,05). W ogo6lnym podziale na pte¢
tylko kobiety wykazuja istotng statystycznie ale przecietng korelacj¢ migdzy tymi parametrami.
Zalezno$¢ miedzy szeroko$cig kanatu a odlegto$cia migdzy najbardziej mezjalnym punktem na
korzeniu oraz styczng przechodzaca przez najbardziej doprzedni punkt kanatu przysiecznego
jest obserwowana jedynie w grupie me¢zczyzn i ma warto$¢ ujemng we wszystkich grupach
wiekowych. Wskazuje to, ze im szerszy kanat tym blizej blaszki zbitej kanatu przysiecznego
znajdujg si¢ korzenie. U kobiet wysoka 1 pozytywna korelacja na poziomie L1 1 L3 wystepuje
jedynie w wieku 40-49 lat. (r=0,6775; p<0,05;r=0,6628). Oznaczato, ze im we¢zszy kanat tym
korzenie sg zlokalizowane blizej kanatu.

W odniesieniu do szerokosci kanatu nie zaobserwowano istotnej zalezno$ci pomigdzy
grupg kobiet i mezczyzn. Mozna jedynie obserwowac tendencje do zwiekszania si¢ szerokosci
kanalu z wiekiem u kobiet na wszystkich poziomach. Dlugo$¢ kanatu jest zdecydowanie
mniejsza u kobiet niz u mezczyzn na poziomie L1, Wyrdownuje si¢ na poziomie L2 1 jest
zdecydowanie wigksza na poziomie L3. Wykazuje ona najwigksze rozbieznosci w wynikach
na wszystkich poziomach w najmtodszej grupie 13-20 badanych zaré6wno u kobiet jak i u
mezczyzn. Charakterystyczne jest zmniejszanie si¢ dtugosci kanatu u kobiet do 39 roku Zycia i
ponowny wzrost po 40 roku zycia ma poziomie L1. U mezczyzn dlugo$¢ kanalu na tym
poziomie jest podobna we wszystkich grupach wiekowych. U kobiet na poziomie L3
obserwujemy wzrost wymiaru przednio tylnego kanalu wraz z wiekiem, podczas gdy u
mezczyzn pozostaje na podobnym lub nieznacznie zwickszonym poziomie. Zadne z wynikow
nie byly istotne statystycznie (p>0,05).

Zaobserwowano, ze u kobiet inklinacja siekaczy wzgledem podstawy szczgki maleje z
wiekiem do 40 roku zycia, po czym zaczyna wzrasta¢ w przeciwienstwie do me¢zczyzn u
ktérych z wiekiem inklinacja siekaczy rosnie ale bez istotnego poziomu statystycznego.

Badania CBCT wykazaty ujemna korelacj¢ w grupie mtodych me¢zczyzn w wieku 13-
20 lat (r=-0,9303 p<0,05,) na wszystkich poziomach pomi¢dzy angulacjg korzeni sickaczy

przysrodkowych szczeki a odlegto$cig migdzy najbardziej mezjalnym punktem na korzeniu
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oraz styczng przechodzaca przez najbardziej dopoprzedni punkt kanalu. Mozna przyjacé ze im
bardziej zbieznie sa ustawione korzenie tym odlegto$¢ do kanatu jest mniejsza. Podczas gdy u
kobiet podobna korelacja wystepuje dopiero w wieku 40 - 49 lat. (r=-0,5544) i jest nieistotna
statystycznie.

W dyskusji zauwazono, ze znajac ryzyko powiktan zwigzanych z budowg anatomiczng
kanahlu przysiecznego moze si¢ okaza¢ ze w pewnej populacji pacjentdéw niezbedny bedzie
kompromis ortodontyczny tak, aby ochroni¢ korzenie i aparat przyzebia, a nie dgzenie do
uzyskania cefalometrycznych norm. Dotychczasowe badania skupiaty si¢ gtownie na analizie
ksztattu kanatu, jego dlugos$ci w wymiarze od jamy nosowej do jamy ustnej, $redniej Srednicy
kanatu, powigzania tych parametrow z wiekiem, picig lub typem wady szkieletowe czy
kierunkiem wzrostu twarzy.

Na podstawie uzyskanych wynikéw stworzono grupy ryzyka pacjentow w odniesieniu

do plci, wieku i ruchdéw ortodontycznych oraz do anatomii kanatu przysiecznego:

Czynnik ryzyka Gruparyzyka

Szeroko$¢ kanatu przysiecznego | Mezczyzni

Przednio tylna dlugos$¢ kanatu Mgzczyzni — przyszyjkowo (nadmierne przechylanie
siekaczy)

Kobiety — wierzchotkowo (ruch osiowy,torkowanie i
wychylanie)

Kobiety po 40 rz — przechylanie, torkowanie i retrakcja

zwlaszcza po osteodystrakeji

Angulacja korzeni siekaczy | Mezczyzni w wieku 13-30 lat (ruch osiowy, nadmierne

przysrodkowych szczgki | torkowanie i wychylanie)

(zbiezne/rozbiezne)

Inklinacja kanatu a inklinacja | Wiek 13-20

siekaczy Kobiety — przyszyjkowo ( przechylanie, nadmierna
retrakcja)

Mezczyzni — wierzchotkowo (wychylanie, torkowanie

oraz ruch osiowy)

Szeroko$¢ kanatu a odleglos¢ | Mezczyzni — przyszyjkowo (przechylanie, nadmierna
korzeni od kanatu retrakcja)

Mgzczyzni 13-20 — poziom L2 (ruch osiowy)

Kobiety po 40 rz — przyszyjkowo i wierzchotkowo

(wszystkie ruchy)
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10. Whioski

1. Analiza poréwnawcza kata ANB i1 kata Tau w ocenie dyskrepancji sagitalnej
potwierdzita, ze kat ANB nadal pozostaje podstawowym parametrem do
diagnozowania szkieletowych zaburzen strzatkowych, a upowszechnienie kata tau
wymaga wczesniejszego edukowania ortodontow. Powtarzalno$§¢ oznaczania
punktow pomiarowych oraz ocena indywidualnej koperty kostnej ma istotne
znaczenie w aspekcie prawidlowej diagnostyki i doboru metody leczenia. Blad
ludzki moze wptynaé na sam proces pomiaru oraz na jego interpretacje. W celu
najwickszej wiarygodnosci nalezy zidentyfikowa¢ najbardziej stabilne i
powtarzalne punkty antropometryczne, niezaleznie od kierunku wzrostu i
zastosowanego leczenia ortodontycznego. Warto jednak pamigtaé, ze zadna metoda
nie jest calkowicie wolna od bledow, a w niektoérych sytuacjach uzyskane wyniki
moga wymaga¢ walidacji metoda alternatywna. Badania skupiajace si¢ na analizie
cefalometrycznej zazwyczaj koncentrujg si¢ na jednej grupie etniczne, co moze
prowadzi¢ do btednej interpretacji wynikoéw. Za§ powtarzalno$¢, oceniajaca stopien
w jakim pomiary wykonywane przez tego samego operatora pokrywajag sie, 1
odtwarzalnos$¢, oceniajaca pomiary wykonywane przez roznych operatoréw, maja
kluczowe znaczenie dla doktadnej oceny zaleznosci pomiedzy podstawa szczeki,
wyrostkami zgbodotowymi 1 zgbami w zardwno w wymiarze strzalkowym, jak 1
pionowym. W przypadku nowego nieznanego i niewykonywanego dotychczas
pomiaru istnieje wysokie ryzyko btedu ludzkiego. Blad Dahlberga p>0,1 swiadczy
o konieczno$ci nauczenia ortodontow oznaczania punktow antropometrycznych

wchodzacych w sktad pomiaru.

2. Kontakt korzeni siekaczy z kanatem przysiecznym zwigksza ryzyko resorpcji tych
korzeni. W diagnostyce ortodontycznej za pomocg obrazowania 3D nalezy
uwzgledni¢ anatomi¢ ukladu IC, a ryzyko powiktan resorpcyjnych mozna
zmniejszy¢ poprzez odpowiednie zaplanowanie zakresu przemieszczenia i torku
korzeni siekaczy oraz ewentualne zastosowanie zamkow siecznych z wbudowanym
wiekszym katem. Istnieje zroznicowanie szerokosci kanatu siecznego w zaleznosci
od pitci. Dlugo$¢ przednio-tylna kanatu w duzej mierze zalezy od jego szerokosci.
Nachylenie kanatlu jest zalezne od nachylenia siekaczy w rdéznych grupach
wiekowych. Szerokos¢ kanatu zalezy od zaleznego od pici potozenia zbieznego lub

rozbieznego siekaczy. Blaszka zbita, ktora otacza kanat przysieczny jako pierwsza
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moze przeszkadza¢ siekaczom podczas retrakcji, a takze powodowac ich resorpcje.
Nasilone wychylenie siekaczy nalezy leczy¢ jak najwczesniej w okresie wzrostu
mtodzienczego, kiedy zdolnos¢ organizmu do przebudowy jest duza i gdy wraz z
koscig nastepuje ruch ortodontyczny. W tym wieku kanal przysieczny, ktérego
nachylenie zalezne jest od nachylenia siekaczy, réwniez moze mie¢ wigksza
zdolno$¢ do przebudowy. Znajomos$¢ anatomii kanalu siecznego i zastosowanie
obrazowania 3D u pacjentdow wysokiego ryzyka moze zapobiec resorpcji korzenia
sickacza, uwzgledniajagc indywidualne warunki anatomiczne pacjenta podczas

planowania ortodontycznego przesuwania zgbow.

Dwustronna kortykotomia oraz zastosowanie miniimplantéw do retrakcji en masse
sa najlepszymi i skutecznymi metodami kontroli torku podczas retrakcji siekaczy w
leczeniu ortodontycznym. Zastosowanie zarowno mechaniki przedsionkowe;j, jak 1
dodatkowej rurki w zamkach umieszczonych na zgbach trzonowych, co pozwala
uzyskaé efekt podobny do tuku intruzyjnego, badano w protokotach o niejasnym
ryzyku bledu systematycznego, w ktorych rézne czynniki mogly mie¢ wptyw na
wiarygodno$¢ wynikow. Wiek pacjenta wydaje si¢ nie mie¢ znaczenia dla kontroli
torku. W wyniku retrakcji siekaczy nastepuje znaczna utrata kosci, co zmniejsza
odlegtos¢ miedzy powierzchnig kosci a powierzchniag korzenia od strony
podniebiennej. Wielko$¢ tej zmiany moze by¢ rdézna, w zalezno$ci od stopnia
przemieszczenia siekaczy 1 zmian w ich nachyleniu, co wptywa na potozenie
wierzchotkéw korzeni. Zmiana ta jest znacznie wigksza u dorostych niz u
dorastajacej mtodziezy. Uzasadnieniem tego twierdzenia jest powszechnie znane
zjawisko spadku aktywnosci komorkowej wraz z wiekiem. Zmniejszenie szybkosci
1 intensywnos$ci zmian komérkowych moze wyjasnia¢ zmniejszong zdolnos$¢ do
przebudowy wraz ze wzrostem wieku pacjenta. Ruch ortodontyczny u dorostych
odbywa sie poprzez koS¢ 1 najczgsciej ko$¢ nie dostosowuje si¢ do nowego
polozenia zgbow. Blaszke korowa podniebienng nalezy traktowaé jako
nieuszkodzona $cian¢ ograniczajaca zakres planowanego ruchu siekaczy. Luki
0,017*0,025 SS w zamkach MBT 0,018 zapewniaja doskonatg kontrole torku,
prowadzac do precyzyjnego osiowego przemieszczenia zgbow, przy zastosowaniu
optymalnych sit 180-200g/stron¢ nie ma ryzyka resorpcji wierzchotka korzenia
dzieki réwnomiernemu roztozeniu lekkiego i $redniego ci$nienia hydrostatycznego
ch w wiezadle przyzebia (PDL). Przytozenie potrojnych sit ortodontycznych (600-

640 g/strong) moze zainicjowac proces resorpcji poprzez zamkniecie naczyn
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wlosowatych, natomiast préba wyréwnania luku zgbowego przy znacznej
rozbiezno$ci  zgbowo-wyrostkowej moze skutkowa¢ fenestracjag  plytki
przedsionkowej wyrostka zebodolowego. Zaleca si¢ stosowanie wysokiej jakosci
modeli nieliniowych do analizy elementéw skonczonych (FEA), aby zapewnic
wiarygodne, poréownywalne 1 realistyczne symulacje bardzo przypominajace

warunki w jamie ustngj.
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