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STRESZCZENIE W JEZYKU POLSKIM

Ocena tkanek migkkich profilu twarzy w zaleZnosci od morfologii twarzowej czesci czaszki

WSTEP

Ocena profilu twarzy pacjenta ma istotne znaczenie w diagnostyce oraz planowaniu leczenia
ortodontycznego. Tkanki migkkie mogg si¢ znacznie r6zni¢ gruboscia, a przez to maskowac
wystepowanie istotnych zaburzen szkieletowo-zebowych. W ostatnich latach obserwuje si¢
wzrost zainteresowania morfologia tkanek migkkich profilu twarzy (TMPT) u pacjentéw
diagnozowanych przed rozpoczgciem leczenia ortodontycznego. W celu oceny
charakterystyki tkanek migkkich profilu wykorzystuje si¢ najczesciej analize cefalometryczng
teleradiogramu bocznego gtowy. W pismiennictwie sg opisywane sprzeczne doniesienia
dotyczace grubosci TMPT w odniesieniu do istniejacej wady szkieletowej u dorostych. Takze
jest niewiele badan oceniajacych grubos¢ u pacjentow w wieku rozwojowym i zmian
zachodzacych z wiekiem. Obecnie coraz powszechniej ortodonci wykorzystuja algorytmy
sztucznej inteligencji (Al) do przeprowadzania analizy cefalometrycznej. Mimo
dynamicznego rozwoju Al w wielu dziedzinach medycyny w ostatnich latach, klinicysci
wcigz majg obawy odnosnie do wiarygodno$ci pomiaréw uzyskiwanych droga
zautomatyzowanego oznaczania punktow cefalometrycznych przez Al. Ponadto algorytmy
sztucznej inteligencji zawierajg ograniczong liczb¢ pomiaréw tkanek migkkich, chociaz ich

morfologia moze w istotny sposdb wptywac na wybdr metody leczenia ortodontycznego.

CEL
Celami pracy byto:
1. podsumowanie danych z aktualnego piSmiennictwa dotyczacych zaleznosci migdzy
czynnikami takimi jak klasa szkieletowa lub pte¢ pacjenta a gruboscia TMPT,
2. ocena mozliwo$ci wykorzystania algorytmow sztucznej inteligencji i jej skutecznosci
w diagnostyce ortodontycznej w oparciu o badania wykorzystujace rozne typy
algorytmow Al,
3. ocena zaleznosci migdzy gruboscig TMPT a klasg szkieletowa wady zgryzu pacjenta,
4. porownanie grubosci TMPT u 0s6b w roznych grupach wiekowych,

5. pordwnanie grubosci TMPT u me¢zczyzn i kobiet.



MATERIAL I METODY

W pierwszej publikacji przeprowadzono przeglad pis§miennictwa z lat 2002-2020, z
wykorzystaniem bazy danych PubMed i podsumowano informacje na temat istniejacych
zalezno$ci migdzy morfologiag TMPT a rodzajem szkieletowej wady zgryzu oraz plciag
badanych. Ze wzgledu na istniejace rozbieznos$ci w wynikach opublikowanych dotychczas
badan, niewielka ilo$¢ doniesien naukowych dotyczacych grubosci tkanek migkkich w grupie
dzieci oraz brak przeprowadzonego podobnego badania w populacji polskiej podjeto decyzje
o przeprowadzeniu badania wiasnego.

W drugiej publikacji przeprowadzono przeglad pis$miennictwa w celu podsumowania
informacji dotyczacych doktadnosci algorytmoéw sztucznej inteligencji w diagnostyce
ortodontycznej na podstawie analizy cefalometrycznej teleradiograméw bocznych glowy. W
tym celu przeszukano bazy danych PubMed, Medline, Scopus and Dentistry & Oral Sciences
Source z lat 2009-2023.

Trzecia praca byta badaniem retrospektywnym, w ktorym oceniano zalezno$ci migdzy
grubos$cig tkanek migkkich profilu twarzy a szkieletowa wada zgryzu, wiekiem i ptcig
badanych. Do badania zostali wiaczeni pacjenci rasy kaukaskiej w wieku od 7 do 35 lat,
ktorzy zgtosili si¢ w celu leczenia ortodontycznego do Zaktadu Ortodoncji Warszawskiego
Uniwersytetu Medycznego w latach 2019-22. Zakwalifikowani do badania pacjenci mieli
wykonane teleradiogramy boczne glowy przed rozpoczeciem leczenia ortodontycznego.
Kryteriami wylaczenia z badania byli pacjenci z wadami wrodzonymi i urazami w obrgbie
twarzoczaszki, wczesniej przeprowadzone leczenie protetyczne lub chirurgiczne, jak rowniez
zabiegi augumentacji tkanek migkkich, niekompetencja warg oraz zta jakos¢
zdje¢ rentgenowskich. U wszystkich wiaczonych do badania przeprowadzono analize
cefalometryczng z uwzglednieniem analizy tkanek migkkich profilu twarzy. Pacjenci zostali
przydzieleni do jednej z szesciu grup badawczych na podstawie wieku i wystgpujacych relacji
szkieletowych (kat ANB). Zaktadana minimalna liczba pacjentéw w kazdej grupie miala
wynosi¢ 60 z rownomiernym podzialem ptci. Przeprowadzona analiza tkanek migkkich

profilu twarzy obejmowala dziesi¢¢ pomiaréw liniowych.

Analiza statystyczna

W badaniu retrospektywnym poréwnywano pomig¢dzy grupami grubo$¢ TMPT w réznych
miejscach pomiarowych. Ze wzgledu na brak znajomos$ci warto$ci $redniej i odchylenia
standardowego ocenianych parametréw dla populacji, z ktérych pochodzily oceniane proby,

do analizy normalnos$ci rozktadu wykorzystano test Lillieforsa. Analiza wykazata brak



zgodno$ci z rozktadem normalnym wigkszo$ci ocenianych parametrow, stad w dalszych
analizach wykorzystywano testy nieparametryczne: test U Manna-Whitneya oraz test
ANOVA Kruskala-Wallisa. Analizg statystyczng przeprowadzono przy uzyciu
oprogramowania PQStat v. 1.6.8. Za prog istotnosci statystycznej przyjeto wartos¢ p < 0,05.
Dwadzie$cia losowo wybranych radiogramoéw zostalo ponownie zanalizowanych w
odstepie czterech tygodni. Uzyskane wyniki zostaty nastgpnie poréwnane z wynikami
wczesniejszej analizy cefalometrycznej. Wspotczynnik korelacji wewnatrzklasowej (ICC)
zostal uzyty do okreslenia korelacji migdzy pierwszymi a drugimi pomiarami. Stwierdzono
wysoka powtarzalno$¢ pomiardéw (p < 0,001), z wartosciami ICC > 0,90 dla wigkszo$ci

parametrow, z wyjatkiem (U1-St i B-Lms), gdzie warto$ci wynosily odpowiednio 0,89 1 0,87.

WYNIKI

Przeglad pi$miennictwa dotyczacy réznic w grubo$ci TMPT wykazal wystgpowanie
dymorfizmu ptciowego. U mgzczyzn wartosci pomiardw grubosci warg, tkanek migkkich
okolicy podnosowej, bruzdy wargowo-brédkowej oraz okolicy brodki byty istotnie wyzsze
niz u kobiet. Ponadto stwierdzono tendencj¢ do kompensacji przez TMPT okolic
niedorozwoju szczeki lub zuchwy lub ich dotylnej pozycji.

Przeglad baz danych na temat skutecznosci algorytmow Al wykorzystywanych do
analizy cefalometrycznej potwierdzil, ze wigkszo$¢ algorytmow Al stosowanych do
automatycznego pozycjonowania punktow na radiogramach cefalometrycznych
charakteryzowata si¢ stosunkowo wysoka doktadnoscia. Jednoczesnie skutecznosé
stosowania Al w cefalometrii r6zni si¢ w zalezno$ci od algorytmu lub rodzaju aplikacji, co
nalezy uwzgledni¢ w interpretacji wynikow.

W badaniu retrospektywnym uczestniczylo 300 pacjentow, ktdrzy zostali przydzieleni
do pieciu grup. Grupa 6 (pacjenci w fazie wzrostu z 11 klasg szkieletowa) nie zostala
uwzgledniona w badaniu, poniewaz nie osiagni¢to zatozonej liczebnos$ci grupy. Stwierdzono
wystepowanie istotnych réznic w grubosci TMPT w odniesieniu do typu szkieletowej wady
zgryzu. U dorostych z III klasg szkieletowa grubos¢ tkanek podnosowych byla istotnie
zwigkszona w poréwnaniu z pacjentami z I 1 II klasg szkieletowa. Grubos$¢ dolnej wargi u
pacjentoéw z II klasg szkieletowa byta istotnie zwigkszona w poréwnaniu z innymi grupami.
Dzieci i mlodziez z I klasg szkieletowa miaty grubsze dolne wargi w pordwnaniu z grupg z [
klasg szkieletowa. Wigkszo$¢ pomiarow TMPT byta znaczaco mniejsza u dzieci i mtodziezy
w porownaniu z dorostymi. Grubos¢ TMPT u me¢zczyzn byta istotnie wigksza we wszystkich

grupach wiekowych w poréwnaniu z kobietami.



WNIOSKI

1. Stwierdzono istnienie zalezno$ci migdzy gruboscia TMPT a wystepowaniem
szkieletowej wady zgryzu oraz plcia, co ma znaczenie w planowaniu leczenia
ortodontycznego u pacjentdw z wadami szkieletowymi.

2. Algorytmy Al moga by¢ z powodzeniem wykorzystywane w diagnostyce
ortodontycznej, ale ich skuteczno$¢ zalezy od jakosci danych wprowadzonych do analizy,
liczby 1 jakosci radiogramow oraz zastosowanego algorytmu lub aplikacji.

3. Stwierdzono wystepowanie zalezno$¢ miedzy gruboscia TMPT a klasg szkieletowa
wady zgryzu i wykazano obecno$¢ kompensacji w rejonie niewystarczajacego wzrostu
doprzedniego szczek lub zuchwy.

4. Grubos¢ TMPT rozni si¢ w zalezno$ci od wieku pacjentdéw i jest zwigkszona u
pacjentéw dorostych.

5. Stwierdzono obecnos$¢ dymorfizmu ptciowego w odniesieniu do grubosci TMPT oraz
zwigkszenie ich grubosci u badanych ptci meskiej w poréwnaniu z plcig zenska, zarowno u

dorostych jak i u dzieci i mlodziezy.
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Publikacja nr 1 wchodzaca w sklad cyklu rozprawy doktorskiej

Kielczykowski M, Zadurska M, Czochrowska E, Perkowski K. Roznica grubosci tkanek

migkkich profilu twarzy w zaleznosci od klasy szkieletowej oraz pici. Przeglgd pismiennictwa.

Forum Ortodontyczne 2022;18(4):230-236

W pierwszej publikacji przeprowadzono przeglad pismiennictwa i podsumowano informacje
na temat istniejagcych zalezno$ci migdzy gruboscig tkanek migkkich profilu twarzy a klasa
szkieletowg oraz picig badanych. W tym celu przeszukano baze¢ danych PubMed z
wykorzystaniem stéw kluczowych: facial soft tissue thickness, malocclusion, skeletal class,
facial soft tissue depth. Do analizy zakwalifikowano 21 publikacji z lat 2002-2020 w jezyku
angielskim. W badaniach stwierdzono wyst¢powanie dymorfizmu plciowego w zakresie
grubosci tkanek migkkich profilu twarzy u dorostych, zgodnie z ktorym mezczyzni cechujg si¢
grubszymi tkankami migkkimi. W piSmiennictwie brak jest jednoznacznych wnioskéw
dotyczacych réznic w grubosci TMPT u pacjentow w wieku rozwojowym. Stwierdzono
roéwniez wystepowanie réznic w grubosci TMPT w zaleznos$ci od klasy szkieletowej wady
zgryzu. Zalezno$ci widoczne byty gtdéwnie w rejonie okolicy podnosowej oraz w okolicy wargi
gornej 1 dolnej. U pacjentéw z III klasg szkieletowa okolica podnosowa i warga gorna
cechowaty si¢ wigksza grubo$cig w porownaniu z pacjentami z II klasg szkieletowa. Natomiast
u pacjentéw z II klasg szkieletowa grubos$¢ okolicy wargi dolnej byta istotnie wigksza niz u
pacjentow z III klasg szkieletowa. Te zaleznos$ci moga swiadczy¢ o istnieniu kompensacji w
zakresie tkanek migkkich w rejonach, w ktorych szczeka lub zuchwa jest niedostatecznie
rozwini¢ta lub potozona bardziej dystalnie. Moze to wplywaé na profil twarzy pacjenta
maskujac wystgpowanie gnatycznej wady zgryzu. Nie stwierdzono jednoznacznych wynikow
dotyczacych roznic w grubosci tkanek migkkich w gdérnym pigtrze twarzy oraz w rejonie brodki

w zaleznosci od wystepujacej klasy szkieletowe;.

Publikacja nr 2 wchodzaca w sklad cyklu rozprawy doktorskiej

Kielczykowski M, Kaminski K, Perkowski K, Zadurska M, Czochrowska E. Application of
Artificial Intelligence (Al) in a Cephalometric Analysis: A Narrative Review. Diagnostics
(Basel). 2023 Aug 10,13(16):2640.

W pracy dokonano przegladu pismiennictwa dotyczacego skuteczno$ci zastosowania
algorytmow sztucznej inteligencji w analizie cefalometrycznej teleradiograméw bocznych

glowy. Przeszukano bazy danych takich jak PubMed, Medline, Scopus oraz Dentistry & Oral
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Sciences Source z lat 2009-2023 wykorzystajac stowa kluczowe artificial intelligence 1
cephalometric analysis. Do analizy zakwalifikowano 23 publikacji z lat 2009-2023 roku w
jezyku angielskim. Stwierdzono, ze w ostatnich latach znacznie zwickszyto si¢ zainteresowanie
zastosowaniem algorytméw Al w diagnostyce ortodontycznej opierajacej si¢ na analizie
cefalometrycznej. Wykazano, ze doktadno$¢ roznych typow algorytméw Al jest zroznicowana.
Algorytmy oparte na konwolucyjnych sieciach neuronowych (CNN), opracowanych
indywidualnie przez autorow prac do celow ich badan lub algorytmy takie jak YOLOvV3 czy
SSD, ktore nie sa dostepne dla lekarzy w codziennej praktyce klinicznej, s bardziej efektywne
1 doktadniejsze niz dostgpne programy komercyjne. W wigkszosci badan przeprowadzonych
przy zastosowaniu Al przedziat ufnosci wynosil do 2 mm, za$§ $redni procent wykrytych
punktéw orientacyjnych w tym przedziale wynosit powyzej 80%. Jednocze$nie, $rednia roznica
w lokalizacji punktow cefalometrycznych pomigdzy dwoma do$wiadczonymi klinicystami
moze wynosi¢ nawet do 1,5 mm. Autorzy publikacji wykorzystywali rdzng liczbe
teleradiograméw do testowania i walidacji baz danych, ktore wahaty si¢ od kilkunastu do
tysigca. Wykazano, ze wraz ze wzrostem liczebnosci bazy danych stuzacej do nauki algorytmu
Al wzrasta jego skuteczno$¢. Badania wykazaly réwniez, ze czas potrzebny na analizg
cefalometryczng przy pomocy wigkszosci popularnych algorytméw Al wynosi kilka sekund,
co jest znacznie krotsze niz manualne wyznaczanie punktow orientacyjnych. Dodatkowg zaleta
stosowania zautomatyzowanego systemu do identyfikacji punktow cefalometrycznych w
poréwnaniu z oznaczaniem manualnym jest fakt, ze zawsze uzyskuje si¢ ten sam wynik dla
tego samego obrazu, podczas gdy w przypadku manualnego oznaczania istniejg duze roznice
zalezne od do$wiadczenia klinicznego lekarza. Wigkszo$¢ badan oceniajacych doktadnosé
automatycznego wyznaczania punktow cefalometrycznych opieralo si¢ na ocenie punktéw
antropometrycznych zlokalizowanych na ko$ciach oraz zg¢bach pacjenta. Biorac pod uwage
znaczenie grubos$ci i morfologii tkanek migkkich profilu twarzy w diagnostyce i planowaniu
leczenia ortodontycznego celowe jest przeprowadzenie dalszych badan doktadnosci

algorytmow Al w analizie cefalometrycznej tkanek migkkich profilu twarzy.
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Publikacja nr 3 wchodzaca w sklad cyklu rozprawy doktorskiej

Kielczykowski M, Perkowski K, Kaminski K, Zadurska M, Czochrowska E. Evaluation of the
soft tissue facial profile in different skeletal malocclusions in relation to age. BMC Oral Health.
2024 Jun 20;24(1):711. IF: 2,600; MEiN: 100 pkt.

Trzecia praca jest badaniem klinicznym retrospektywnym, w ktorym oceniano zalezno$ci
migdzy gruboscia tkanek migkkich profilu twarzy a wystgpowaniem szkieletowej wady zgryzu,
wiekiem 1 ptcig badanych. Do badania zakwalifikowano tacznie 300 pacjentow w wieku 7-35
lat, ktorzy zglosili si¢ w celu leczenia ortodontycznego w Zaktadzie Ortodoncji WUM w latach
2019-22. U wszystkich badanych byly wykonane teleradiogramy boczne glowy przed
rozpoczeciem leczenia ortodontycznego. Kryteriami wylaczenia z badania byly wady
wrodzone twarzoczaszki, urazy w obrebie twarzoczaszki, wcze$niejsze leczenie protetyczne
lub chirurgiczne, jak rowniez zabiegi augumentacji tkanek migkkich, niekompetencja warg
oraz niska jako$¢ zdje¢ rentgenowskich. Badanych podzielono na 6 grup w zalezno$ci od wieku
oraz klasy szkieletowej wady zgryzu. Na kazdym zdjeciu telerentgenowskim bocznym glowy
przeprowadzono cyfrowa analiz¢ cefalometryczng w programie DDP-Ortho 2.10.2022
(Polorto, Czgstochowa, Polska) z uwzglednieniem analizy tkanek migkkich i poréwnano
grubosci tkanek migkkich profilu twarzy pomigdzy grupami na podstawie 10 pomiardéw
liniowych. Wyniki poddano analizie statystycznej z zastosowaniem oprogramowania PQStat v.
1.6.8. Wykazano réznice w grubos$ci tkanek migkkich w zalezno$ci od klasy szkieletowej. U
dorostych z III klasg szkieletowa wykazano istotnie zwigkszong grubo$¢ tkanek migkkich
okolicy podnosowej oraz wargi goérnej w porownaniu do pacjentéw z I i II klasg szkieletowa,
za$ grubo$¢ wargi dolnej byla istotnie wigksza w II klasy szkieletowej w poréwnaniu do
pozostatych grup. Dzieci z II klasg szkieletowa mialy grubsza warge dolng niz dzieci z I klasa
szkieletowa. Wykazano rowniez, ze tkanki migkkie profilu twarzy mezczyzn we wszystkich
grupach wiekowych sa istotnie grubsze w poréwnaniu do kobiet. Wigkszo$¢ pomiarow

grubosci tkanek migkkich u dzieci byta istotnie mniejsza niz u dorostych.
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STRESZCZENIE W JEZYKU ANGIELSKIM

The assessment of the soft tissue facial profile in relation to the facial morphology

INTRODUCTION

The assessment of a patient's facial profile is important in the diagnosis and planning of
orthodontic treatment. Soft tissues can vary significantly in thickness, potentially masking the
presence of significant dentofacial defects. In recent years, there has been an increasing
interest in the morphology of the soft tissues facial profile (STFP) in the diagnosis of
orthodontic patients. The analysis of the cephalometric radiographs head's is commonly used
to evaluate the characteristics of the STFP. The literature reports conflicting findings
regarding the STFP thickness in relation to the existing skeletal malocclusion in adults.
However, there is limited evidence on the STFP in growing patients and age-related changes.
Currently, orthodontists increasingly use artificial intelligence (Al) algorithms in
cephalometric analysis. Despite a rapid development in Al's in different medical fields in
recent years, clinicians still have concerns about the reliability of measurements obtained
through automated cephalometric point marking by Al. Additionally, Al algorithms have a
limited number of soft tissue measurements, although STFP morphology can significantly

influence the planning of orthodontic treatment.

AIM
The aims of the study were:

1. to summarize the data from current literature regarding the influence of factors such as

skeletal class or patient gender on the thickness of the STFP,

2. to assess the use and effectiveness of Al algorithms in orthodontic diagnostics based

on studies assessing different types of Al algorithms,
3. to evaluate the relationship between STFP thickness and the skeletal malocclusion,
4. to compare the STFP thickness in different age groups,

5. to compare the STFP thickness in males and females.
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MATERIAL AND METHODS

In the first publication, a literature review from 2002-2020 was conducted using the PubMed
database, summarizing information on existing relationships between STFP morphology and
the type of skeletal malocclusion and gender of the subjects. Due to existing discrepancies in
the literature, the scarce evidence regarding the assessment of the STFP in children, and the

lack of a similar study in the Polish population, a decision was made to conduct an own study.

In the second publication, a literature review was conducted to summarize
information on the accuracy of Al algorithms in orthodontic diagnostics based on the
cephalometric analysis. The PubMed, Medline, Scopus, and Dentistry & Oral Sciences Source
databases from 2009-2023 were searched.

The third paper was a retrospective study evaluating the relationships between the
thickness of the STFP and skeletal malocclusion, age, and gender. The study included
Caucasian patients aged 7-35 who presented for orthodontic treatment at the Department of
Orthodontics of the Medical University of Warsaw from 2019-22. The patients had
cephalometric radiographs taken before starting orthodontic treatment. Exclusion criteria
included patients with dentofacial deformities and facial traumas, previous prosthetic or
surgical treatment, soft tissue augmentation procedures, lip incompetence, and poor-quality
radiographs. The cephalometric analysis was performed in all enrolled patients which
included the analysis of the STFP. Patients were assigned to one of the six study groups based
on age and existing skeletal relationships (ANB angle). The minimum number of patients in
each group was set at 60 with an equal gender distribution. The STFP analysis included ten

linear measurements.

Statistical Analysis

In the retrospective study, the STFP thickness at different measurement sites was compared
between groups. Due to the unknown mean and standard deviation of the assessed parameters
for the population from which the evaluated samples were derived, the Lilliefors test was used
for normality analysis. The analysis showed a lack of conformity with the normal distribution
for most assessed parameters; therefore, non-parametric tests were used: the Mann-Whitney U
test and the Kruskal-Wallis ANOVA test. Statistical analysis was performed using PQStat v.
1.6.8 software. A significance threshold of p < 0.05 was assumed. Twenty randomly selected

radiograms were re-analyzed at four-week intervals. The results were then compared with the
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results of the previous cephalometric analysis. The intraclass correlation coefficient (ICC)
was used to determine the correlation between the first and second measurements. High
repeatability of measurements was found (p < 0.001), with ICC values > 0.90 for most

parameters, except for (U1-St and B-Lms), where values were 0.89 and 0.87, respectively.

RESULTS

The literature review on the differences in STFP thickness showed the presence of sexual
dimorphism. In men, the thickness of the lips, soft tissues in the subnasal area, labiomental
fold, and chin were significantly higher than in women. Additionally, there was a tendency for
STFP to compensate for the underdevelopment of the maxilla or mandible or their retrusive

position.

The database review on the effectiveness of Al algorithms used for cephalometric
analysis confirmed that most Al algorithms used for automatic detection of cephalometric
points were relatively accurate. However, the effectiveness of using Al in cephalometry varies
depending on the algorithm or application, which should be considered when interpreting the

results.

The retrospective study involved 300 patients who were assigned to five groups.
Group 6 (growing patients with skeletal Class III) was not included in the study as the
assumed group size was not achieved. Significant differences in the thickness of the STFP
were found depending on the type of skeletal malocclusion. In adults with skeletal Class III,
the thickness of the subnasal tissues was significantly increased compared to patients with
skeletal Class I and Class. The thickness of the lower lip in patients with skeletal Class II was
significantly increased compared to other groups. Children and adolescents with skeletal
Class II had thicker lower lips compared to the group with skeletal Class 1. Most
measurements of the STFP were significantly smaller in children and adolescents compared to
adults. The thickness of the STFP in males was significantly greater in all age groups

compared to females.
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CONCLUSIONS

1.

There is a relationship between the thickness of the STFP and the presence of skeletal
malocclusion and gender, which is important in planning orthodontic treatment in

patients with skeletal abnormalities.

Al algorithms can be successfully used in orthodontic diagnostics, but their
effectiveness depends on the quality of the data entered the analysis, the number and

quality of cephalometric radiographs, and the type of Al algorithms or applications.

There is a relationship between the thickness of the STFP and the skeletal
malocclusion, with compensation present in the area of insufficient anterior growth of

the maxilla or mandible.

The thickness of the STFP varies depending on the age of the patients and is increased

in adults.

Sexual dimorphism in the thickness of the STFP was found, with greater thickness in

male subjects compared to females, both in adults and children and adolescents
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Wstep uzasadniajacy polaczenie wskazanych publikacji w jeden cykl, jak i komentujacy

osiagniecie naukowe kandydata na tle dotychczasowego stanu wiedzy.

Tkanki migkkie profilu twarzy (TMPT) stanowig obiekt zainteresowania specjalistow z
wielu dziedzin medycyny. Maja one znaczenie w diagnostyce i planowaniu leczenia w zakresie
ortodoncji oraz chirurgii plastycznej. Roznice w ich grubosci wykorzystywane sg rowniez w
antropologii oraz medycynie sadowe;.

Estetyka twarzy pacjentdw leczonych ortodontycznie zalezy nie tylko od wielkosci i
wzajemnej pozycji szczeki 1 zuchwy lub pozycji i nachylenia zgbow siecznych siekaczy. Istotny
wplyw na nig mogag mie¢ réwniez tkanki migkkie pokrywajace struktury twarde twarzoczaszki,
w tym ich harmonia, proporcje oraz grubos¢.

Analiza cefalometryczna teleradiogramow bocznych glowy jest powszechnie uzywana
do celow diagnostyki i planowania leczenia ortodontycznego. Umozliwia ona analizg
morfologii twarzoczaszki w plaszczyznie strzatkowej oraz pionowej, oceniajac wzajemne
stosunki pomiedzy kosémi twarzoczaszki oraz zgbami. Na teleradiogramach widoczny jest
takze zarys TMPT pacjenta, ktory umozliwia uwzglednienie ich pomiaréw w przeprowadzanej
analizie cefalometryczne;.

Obecnie coraz powszechniej ortodonci wykorzystuja algorytmy sztucznej inteligencji
(AL, Artificial Intelligence) do przeprowadzania analizy cefalometrycznej. Opracowano rézne
metody zastosowania Al do wykonania analizy cefalometrycznej, ktére maja na celu
zmniejszenie obcigzenia klinicysty i oszczedno$¢ jego czasu. Takze algorytmy Al moga by¢
pomocne dla mniej doswiadczonych ortodontow w oznaczaniu punktéw cefalometrycznych.
Doktadno$¢ automatycznej identyfikacji punktow przez Al podczas analizy cefalometrycznej
roézni si¢ w zaleznosci od typu zastosowanego algorytmu, jednak wigkszos$¢ z nich wykazuje
stosunkowo wysoka doktadno$¢. Mozna oczekiwaé, ze w przyszio$ci automatyczne
lokalizowanie punktéw wykorzystywanych w analizie cefalometrycznej bedzie bardziej
doktadne niz analiza manualna, a zwigkszona dostepnos¢ algorytméw Al dla lekarzy oraz
mozliwos$ci personalizacji wykonywanych pomiaréw umozliwi w wigkszym zakresie badanie
grubosci oraz relacji TMPT w diagnostyce ortodontycznej.

Wyniki opublikowanych badan dotyczacych analizy tkanek migkkich twarzoczaszki
prezentuja rozbiezne wyniki, jezeli chodzi o zalezno$¢ grubosci TMPT a obecnoscia kostne;j
wady zgryzu w plaszczyznie strzatkowej u pacjentéw dorostych. Istnieja doniesienia

potwierdzajace obecno$¢ kompensacji szkieletowych wad zgryzu przez tkanki migkkie,
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zgodnie z czym u pacjentow z gnatyczng wada doprzednig tkanki migkkie okolicy podnosowej
1 wargi goérnej mialy wigksza grubo$¢, natomiast u pacjentow z wada dotylng warga dolna
cechowata si¢ wigkszg gruboscia. W grupie dzieci niewiele uwagi poswigcano temu
zagadnieniu. Wyniki aktualnie dost¢pnych badan wskazuja rowniez na obecno$¢ dymorfizmu
plciowego w zakresie grubosci TMPT u oséb dorostych, jednakze ilo$¢ przeprowadzonych
badan na ten temat dotyczacych pacjentéw rozngcych jest ograniczona. Takze nie
opublikowano dotychczas badan poréwnujacych réznice w grubosci TMPT miedzy dzie¢mi a
dorostymi.

Ze wzgledu na rozbiezno$ci w wynikach opublikowanych badan, niewielka liczbe
doniesien naukowych dotyczacych grubosci TMPT w grupie pacjentow w wieku
rozwojowym oraz brak badan oceniajacych grubos¢ TMPT w populacji polskiej
zdecydowatem si¢ przeprowadzi¢ badanie wlasne ktorego celem byla ocena i pordwnanie
grubos$ci TMPT w zalezno$ci od klasy szkieletowej wady zgryzu, wieku i plci pacjentow
ortodontycznych.

W pierwszej pracy cyklu rozprawy doktorskiej pt. ,,Réznica grubosci tkanek miekkich
profilu twarzy w zaleznosci od klasy szkieletowej oraz plci. Przeglad piSmiennictwa”
przeprowadzono przeglad pismiennictwa i podsumowano informacje na temat istniejacych
zalezno$ci miedzy grubo$cig tkanek migkkich profilu twarzy a klasg szkieletowa oraz plcia
badanych. Przeszukano w tym celu baz¢ danych PubMed z wykorzystaniem stow kluczowych
facial soft tissue thickness, malloclusion, skeletal class, facial soft tissue depth z lat 2002-2020
roku w jezyku angielskim.

W drugiej pracy cyklu rozprawy doktorskiej pt. ,,Application of Artificial Intelligence
(AI) in a Cephalometric Analysis: A Narrative Review” dokonano przegladu pismiennictwa
dotyczacego skutecznosci roznych rodzajow algorytméw Al w analizie cefalometrycznej
radiograméw bocznych glowy. Przeszukano bazy danych PubMed, Medline, Scopus oraz
Dentistry & Oral Sciences Source z lat 2009-2023 wykorzystajac stowa kluczowe takie jak:
artificial intelligence i cephalometric analysis.

Trzecia praca cyklu rozprawy doktorskiej pt. ,Evaluation of the soft tissue facial
profile in different skeletal malocclusions in relation to age” jest praca oryginalng o
charakterze badania retrospektywnego. Krytaria wiaczenia do badania obejmowaty wszystkich
pacjentow ortodontycznych ktérzy zglosili si¢ w celu leczenia ortodontycznego w Zaktadzie
Ortodoncji WUM w latach 2019-22 u ktorych zostaly wykonane teleradiogramy boczne glowy.
Kryteriami wytaczenia byl wiek powyzej 7 lat i ponizej 35 lat, obecno$¢ wad wrodzonych i

urazOw w obrebie twarzoczaszki, wczesniejsze leczenie protetyczne lub chirurgiczne, jak
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réwniez zabiegi augmentacji tkanek migkkich, niekompetencja warg oraz niska jako$¢
zdje¢ rentgenowskich. U  wszystkich pacjentéw przeprowadzono cyfrowa analizg
cefalometryczng teleradiograméw bocznych glowy w programie DDP-Ortho 2.10.2022
(Polorto, Czgstochowa, Polska). Pacjenci zostali podzieleni na 6 grup w zaleznosci od wieku
oraz szkieletowej klasy wady zgryzu, w oparciu o wartos¢ kata ANB. Analiza cefalometryczna
obejmowata 10 pomiaréw liniowych grubosci TMPT. Uzyskane wyniki poréwnano pomiedzy
grupami oraz poddano analizie statystycznej z zastosowaniem oprogramowania PQStat v.
1.6.8. Wykazano réznice w grubos$ci tkanek migkkich w zaleznos$ci od klasy szkieletowej. U
dorostych z III klasg szkieletowa wykazano istotnie zwigkszong grubo$¢ tkanek migkkich
okolicy podnosowej oraz wargi goérnej w poréwnaniu do pacjentéow z I i II klasg szkieletowa,
za$ grubo$¢ wargi dolnej byla istotnie wigksza w II klasy szkieletowej w poréwnaniu do
pozostatych grup. Dzieci z II klasg szkieletowa mialy grubsza warge dolng niz dzieci z I klasa
szkieletowa. Wykazano réwniez, ze tkanki migkkie profilu twarzy mezczyzn we wszystkich
grupach wiekowych sa istotnie grubsze w pordéwnaniu do kobiet. Wigkszo§¢ pomiarow

grubosci tkanek migkkich u dzieci byta istotnie mniejsza niz u dorostych.
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Zalozenia i cele pracy

Celami pracy byto:

1.

podsumowanie danych z aktualnego piSmiennictwa dotyczacych zaleznosci migdzy
czynnikami takimi jak klasa szkieletowa lub pte¢ pacjenta a gruboscia TMPT,

ocena mozliwo$ci wykorzystania algorytméw sztucznej inteligencji i jej skutecznosci
w diagnostyce ortodontycznej w oparciu o badania wykorzystujace rézne typy
algorytmow Al,

ocena zalezno$ci migdzy grubos$cia TMPT a klasg szkieletowa wady zgryzu pacjenta,
porownanie grubosci TMPT u 0s6b w roznych grupach wiekowych,

poréwnanie grubosci TMPT u m¢zczyzn i kobiet.
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Streszczenie

Ocena profilu twarzy pacjenta ma istotne znaczenie w diagno-
styce oraz planowaniu leczenia ortodontycznego. Tkanki miek-
kie mogg sie znacznie r6zni¢ gruboscia, a przez to maskowac
wystepowanie istotnych zaburzen szkieletowo-zebowych.
Cel. Celem pracy byto przedstawienie danych z aktualnego
piSmiennictwa dotyczacych zaleznosci miedzy gruboscia
tkanek miekkich profilu twarzy a klasg szkieletowa oraz
picia pacjenta. Material i metody. Wykorzystujac baze
danych PubMed, wyszukano artykuty na temat istniejacych
zalezno$ci miedzy gruboscia tkanek miekkich profilu twarzy
a klasa szkieletowa oraz ptcig badanych z lat 2002-2020,
z uzyciem stéw kluczowych: facial soft tissue thickness, mal-
loclusion, skeletal class, facial soft tissue depth. Wyniki.

Abstract

The assessment of the patient’s facial profile is an essential
factor in diagnosing and planning orthodontic treatment.
Soft tissues can vary considerably in thickness, thus mask-
ing the presence of significant skeletal and dental abnor-
malities. Aim. The purpose of this paper was to present data
from the current literature on the relationship between the
facial soft tissue thickness and skeletal class and patient’s
sex. Material and methods. Using the PubMed database,
we reviewed the literature from 2002-2020 regarding ex-
isting correlations between facial soft tissue thickness and
skeletal class and sex of subjects using the following key
words: facial soft tissue thickness, malloclusion, skeletal
class, facial soft tissue depth. Results. There is sexual
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Differences in the facial soft tissue thickness depending on the skeletal class and sex. Literature review

W zakresie grubosci tkanek miekkich profilu twarzy wyste-
puje dymorfizm ptciowy. U mezczyzn wartosci pomiaréw
grubo$ci warg, tkanek miekkich okolicy podnosowej, bruzdy
wargowo-brédkowej oraz okolicy brodki sa statystycznie
wyzsze niz u kobiet. Istnieje tendencja do kompensacji przez
tkanki miekkie miejsc niedorozwoju lub dotylnej pozycji
kosci szczeki lub zuchwy. U pacjentéw z III klasg szkiele-
towa, na skutek niedorozwoju szczeki badZz nadmiernego
poziomego wzrostu zuchwy, tkanki miekkie pokrywajace
okolice podnosowag oraz warge gérng majg wieksza grubos¢
niz u osob z I1 klasg szkieletowa. Analogicznie, w przypadku
pacjentéw z II klasa szkieletowa, u ktérych profil wypukty
wynika z dotylnego potozenia lub niedorozwoju Zuchwy,
grubos$¢ wargi dolnej jest odpowiednio wieksza niz w przy-
padku pacjentéw z 111 klasg szkieletowa. Wnioski. Biorac
pod uwage obowigzujacy paradygmat tkanek miekkich,
kompensacja w zakresie tkanek miekkich szkieletowej wady
zgryzu moze miec istotne znaczenie w planowaniu leczenia
ortodontycznego. (Kielczykowski M, Zadurska M, Czo-
chrowska E, Perkowski K. R6znica grubosci tkanek
miekKich profilu twarzy w zaleznoS$ci od Klasy szKiele-
towej oraz plci. Przeglad pi$miennictwa. Forum Ortod
2022; 18 (4): 230-6).
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Stowa kluczowe: wady zgryzu, analiza cefalometryczna,
analiza profilu twarzy, analiza tkanek miekkich, klasy szkie-
letowe

Wstep
Pomiary grubosci tkanek miekkich twarzowej czesci czaszki
wykorzystywane sg przede wszystkim w ortodoncji, chirur-
gii plastycznej, archeologii oraz w medycynie sagdowej w celu
identyfikacji oséb zmartych. W przesztosci, w kryminalistyce
i medycynie sadowej, do rekonstrukcji wygladu twarzy czto-
wieka wykorzystywano metode Gierasimowa (1). Obecnie
w tym celu wykorzystuje sie gtéwnie techniki komputerowe.
Profil twarzy pacjenta i grubo$¢ tkanek miekkich maja istotne
znaczenie w diagnostyce oraz w planowaniu leczenia ortodon-
tycznego. Ackerman i wsp. zaproponowali paradygmat,
w ktorym tkanki miekkie profilu twarzy stanowig zaréwno cel,
jakinajwieksze ograniczenie leczenia (2). Ich prawidtowe re-
lacje, na réwni z warunkami zwarciowymi, stanowig zaréwno
o optymalnej stabilno$ci leczenia, jak i o idealnej estetyce
twarzy. Zmiany zebowe i szkieletowe konieczne w planowa-
nym leczeniu ortodontycznym musza bra¢ pod uwage dostepne
granice adaptacji tkanek miekkich. Holdaway wykazat, ze
osiggniecie harmonijnych ryséw twarzy pacjenta wymaga
wiedzy, jak profil twarzy zmienia sie wraz z ruchem zebéw
(3). Uwazat, ze w kazdym przypadku planowanie leczenia

FORUM

dimorphism in the facial soft tissue thickness. In men, the
values for thickness measurements of the lips, the soft tis-
sues of the subnasal area, the mentolabial sulcus, and the
chin area are statistically higher than in women. There is
a tendency of soft tissue compensation in the areas of un-
derdevelopment or a posterior position of the maxillary or
mandibular bone. In patients with skeletal class I1I, due to
maxillary hypoplasia or excessive horizontal mandibular
growth, the soft tissues covering the subnasal region and
upper lip are thicker than those in skeletal class II patients.
Similarly, for patients with skeletal class II, whose convex
profile is due to the posterior position or mandibular hypo-
plasia, the lower lip thickness is respectively more signifi-
cant than that of patients with skeletal class I1I. Conclusions.
Considering the current soft-tissue paradigm, the soft tissue
compensation of a skeletal malocclusion may have essential
implications for orthodontic treatment planning.
(Kietczykowski M, Zadurska M, Czochrowska E,
Perkowski K Differences in the facial soft tissue thick-
ness depending on the skeletal class and sex. Literature
review. Orthod Forum 2022; 18 (4): 230-6).
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Introduction

Facial soft tissue thickness measurements are used pri-
marily in orthodontics, plastic surgery, archaeology, and
forensics to identify deceased persons. In the past, the Gi-
erasimov method (1) was used in criminology and foren-
sic medicine to reconstruct the appearance of a person’s
face. Today, computer techniques are mainly used for
this purpose.

The patient’s facial profile and soft tissue thickness are
essential factors in diagnosing and planning orthodontic
treatment. Ackerman et al. proposed a paradigm in which
the facial soft tissues represent both the target and the most
significant limitation of treatment (2). Their correct rela-
tionships, on a par with occlusal conditions, account for both
optimal treatment stability and ideal facial aesthetics. The
dental and skeletal changes necessary in planned orthodon-
tic treatment must consider the available limits of soft tissue
adaptation. Holdaway showed that achieving harmonious
facial features in a patient required knowledge of how the
facial profile changed with tooth movement (3). He believed
that treatment planning should include an analysis of the
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powinno obejmowac analize profilu twarzy pacjenta. W roku
1983 opracowat wilasng analize cefalometryczng w oparciu
o analize profilu twarzy. Arnett i wsp. zwrdcili uwage na fakt,
ze leczenie ortodontyczne, mimo poprawy warunkoéw zgryzo-
wych, nie zawsze prowadzi do polepszenia czy wrecz zacho-
wania estetyki twarzy przed rozpoczeciem leczenia (4).
Planowanie terapii oparte gtéwnie na wynikach pomiaréow
analizy cefalometrycznej tkanek twardych moze prowadzi¢ do
zaburzen estetyki. Zaprezentowana w roku 1999 Soft Tissue
Cephalometric Diagnosis (STCD) obejmowata kompleksowa
analize struktur twarzy. Tkanki miekkie twarzy, ktdre sgsia-
duja z zebami i ko$¢émi szczek, moga znacznie réznic sie swojq
gruboscia i w efekcie ukrywac lub maskowaé wystepowanie
istotnych zaburzen szkieletowo-zebowych (5).

Cel

Celem pracy byto przedstawienie danych z aktualnego pi-
$miennictwa dotyczacych zaleznosci miedzy gruboscia
tkanek miekkich profilu twarzy a klasg szkieletowa oraz
picig pacjenta.

Materiatl i metody

Korzystajac z bazy danych PubMed, dokonano przegladu
pi$miennictwa z lat 2002-2020 i podsumowano informacje
na temat istniejgcych zaleznosci miedzy gruboscia tkanek
miekkich profilu twarzy a klasa szkieletowa oraz ptcig ba-
danych. Uzyto nastepujacych hasetl wyszukiwania: facial soft
tissue thickness, malloclusion, skeletal class, facial soft tissue
depth. Po usunieciu duplikatéw na podstawie przyjetych
kryteriéw wybrano 21 prac pelnotekstowych.

WyniKki

Roéznice w odniesieniu do ptci

Grubos¢ tkanek miekkich profilu twarzy badano na wiele
sposobow, wykorzystujac teleradiogramy boczne gtowy,
tomografie komputerowg wiazki stozkowej (CBCT), tomo-
grafie komputerowg (CT), rezonans magnetyczny (MR) oraz
punkcje igtowa wykonywana na zmartych (6-25). Metoda
najczesciej stosowana jest analiza cefalometryczna telera-
diogramow bocznych gltowy. Zdjecia s wykonywane ruty-
nowo w diagnostyce ortodontycznej i wymagaja niewielkiej
dawki promieniowania jonizujacego.

W wiekszos$ci analizowanych badan wykazano istnienie
dymorfizmu ptciowego w obrebie grubosci tkanek miekkich
profilu twarzy (6-10,13, 16). Wieksze warto$ci pomiaréw
tkanek miekkich profilu twarzy (TMPT) uzyskano u mez-
czyzn we wszystkich badz prawie wszystkich miejscach po-
miarowych, w poréwnaniu do kobiet. W badaniu Sarilita
i wsp. najbardziej istotne réznice uzyskano w obrebie punk-
tow pomiarowych N-N’, Rhi-Rhi’, A-Sn, Pr-Ls, U1-St oraz
Id-Li (8). Gungor i wsp. wykazali statystycznie istotne
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patient’s facial profile in every case. In 1983, he developed
his own cephalometric analysis based on facial profile anal-
ysis. Arnett et al. pointed out that despite improving occlu-
sal conditions, orthodontic treatment did not always lead
to improvement or even preservation of facial aesthetics
before treatment (4). Treatment planning based mainly on
the results of cephalometric analysis of hard tissues can lead
to aesthetic disorders. Presented in 1999, Soft Tissue Ceph-
alometric Diagnosis (STCD) included a comprehensive anal-
ysis of facial structures. The facial soft tissues adjacent to
the teeth and jawbones can vary significantly in their thick-
ness and, as a result, hide or mask the presence of signifi-
cant skeletal and dental abnormalities (5).

Aim

The purpose of this paper was to present data from the cur-
rent literature on the relationship between the facial soft
tissue thickness and skeletal class and patient’s sex.

Material and methods

Using the PubMed database, we reviewed the literature from
2002-2020 and summarised information on existing rela-
tionships between the facial soft tissue thickness and skel-
etal class, as well as the sex of the subjects. The following
search terms were used: facial soft tissue thickness, mallo-
clusion, skeletal class, facial soft tissue depth. After remov-
ing duplicates, 21 full-text papers were selected based on
the pre-selected criteria.

Results

Sex differences

Facial soft tissue thickness has been studied in several ways,
using lateral cephalograms, cone beam computed tomography
(CBCT), computed tomography (CT), magnetic resonance (MR),
and needle puncture performed on the deceased (6-25). Ceph-
alometric analysis of lateral cephalograms is the most common
method. The images are routinely taken for orthodontic diag-
nosis and require a low dose of ionizing radiation.

Most of the studies analysed showed sexual dimorphism
within the facial soft tissue thickness (6-10,13, 16). Larger
facial soft tissue thickness (FSTT) values were obtained in
men at all or almost all measurement sites compared to
women. In the Sarilita et al. study, the most significant dif-
ferences were obtained for the N-N’, Rhi-Rhi’, A-Sn, Pr-Ls,
U1-St, and Id-Li measurement points (8). Gungor et al.
showed statistically significant differences in the thickness
between men and women in each of the points analysed,
except Pg-Pg’ (9). According to Kamak et al., sexual dimor-
phism in terms of FSTT is marked particularly significantly
in terms of thickness measurements in the subnasal region,
upper lip, and lower lip (13).
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réznice grubosci miedzy kobietami i mezczyznami w kazdym
z badanych punktéw z wyjatkiem Pg-Pg’ (9). Wedtug Kamak
i wsp. dymorfizm ptciowy w zakresie TMPT jest zaznaczony
szczegOlnie istotnie w zakresie pomiaréw grubosci okolicy
podnosowej, wargi gérnej oraz wargi dolnej (13).

Do podobnych wnioskéw doszli inni badacze stosujacy
analize Arnetta (14, 15). R6znice byly wyraznie zaznaczone
w obrebie wargi goérnej, dolnej oraz w obrebie pomiaréw
Pg-Pg’, Me-Me’.

Dymorfizm ptciowy wykazano réwniez w analizie wynikow
badan CBCT prowadzonych przez Hwang i wsp. oraz Gomes
i wsp., gdzie pomiary gérnej i dolnej wargi, jak réwniez w za-
kresie N-N’ oraz bruzdy wargowo-brédkowej osiggaty wieksze
warto$ci u mezczyzn (20, 22). RézZnice w grubosci tkanek miek-
kich profilu twarzy wykazano réwniez w badaniu na doku-
mentacji MR, gdzie mezczyzni mieli grubsze TMPT w zakresie
wargi gornej, dolnej oraz okolicy podnosowej (24). W badaniu
prowadzonym jednoczesnie na zdjeciach CT oraz MR wyka-
zano istotnie statystycznie grubsze tkanki miekkie twarzy
u mezczyzn w poréwnaniu do kobiet w wiekszo$ci miejsc po-
miarowych w ptaszczyznie strzatkowej (23). Badania prowa-
dzone przez Celikoglu i wsp. na grupie oséb z I klasg szkieletowa
daty podobne wnioski, potwierdzajac istnienie dymorfizmu
ptciowego, gdzie w zakresie pomiaréw obejmujacych warge
gorng, dolng oraz okolice brédki mezczyzni wykazywali grub-
sze TKPT (21). Badania Perovi¢ i wsp. pokazujg, ze tkanki miek-
kie okolicy podnosowej oraz warg u mezczyzn byty istotnie
grubsze w I oraz I1/2 klasie szkieletowej, natomiast w II/1
wieksze warto$ci pomiaréw G-G’, B-SLI oraz Pg-Pg’ zauwazono
u kobiet (17). Wang i wsp. wykazali, ze TMPT u mezczyzn sg
istotnie grubsze niz u kobiet w obrebie Pr-Ls, U1-St oraz Id-Li
w grupach z I klasg szkieletowg, G-G’ i Rhi-Rhi’ w grupach z 11
klasa szkieletowa oraz Rhi-Rhi’ i Pr-Ls w grupach z III klasa
szkieletowa (26).

W analizie grubosci tkanek miekkich profilu twarzy u chtop-
céw i dziewczat pochodzacych z Brazylii, poza Rhi-Rhi’, Sn-A,
oraz Pr-Ls, nie stwierdzono istotnie statystycznych r6znic (11).
Wyniki te moga nie odzwierciedla¢ réznic ptciowych, ktére mo-
glyby uwidoczni¢ sie wraz z osiggnieciem dojrzatosci, poniewaz
badanie prowadzono wsrdd dzieci w wieku od 8-12 lat, a wiec
w czasie, w ktérym wzrost i rozwdj kosci oraz tkanek miekkich
nie jest jeszcze zakonczony. To zatoZenie jest zgodne z wynikami
badan prowadzonych na dzieciach i mtodziezy populacji japon-
skiej przez Utsuno i wsp., z ktérego wynika, Ze nie ma réznic
w grubosci TMPT pomiedzy chtopcami i dziewczetami ponizej
11 roku zycia, a dymorfizm piciowy zaczyna by¢ widoczny
u dzieci dopiero od 12 roku zycia (12). Statystycznie istotne roz-
nice zauwazono dopiero w grupie od 16 do 18 roku Zycia, gdzie
u 0s6b pici meskiej warto$ci pomiaréw wargi gornej, dolnej oraz
okolicy podnosowej byty wieksze niz u oséb pici zenskiej.

Badanie Domaracki i wsp., prowadzone na ciatach zmar-
tych za pomoca punkcji igtowej, nie wykazato zadnych réznic
istotnych statystycznie miedzy gruboscia TMPT u kobiet
oraz u mezczyzn (25).

FORUM

Other researchers using Arnett’s analysis have reached
similar conclusions (14, 15). Differences were clearly marked
within the upper lip, lower lip, and within the Pg-Pg’, Me-Me’
measurements.

Sexual dimorphism was also shown in the analysis of
CBCT results by Hwang et al. and Gomes et al. where mea-
surements of the upper and lower lip, as well as in the N-N’
and mentolabial sulcus, reached higher values in men (20,
22). Differences in facial soft tissue thickness were also
shown in a study using MR documentation, where men had
larger values of FSTT in the upper lip, lower lip, and in the
subnasal region (24). A study conducted simultaneously on
CT and MR images showed statistically significantly thicker
facial soft tissues in men compared to women at most mea-
surement sites in the sagittal plane (23). Research conducted
by Celikoglu et al. on a group of skeletal class I subjects
yielded similar conclusions, confirming the existence of
sexual dimorphism, where, in terms of measurements in-
cluding the upper lip, lower lip, and chin area, men showed
thicker FSTT (21). Research by Perovic et al. shows that the
soft tissues of the subnasal region and lips in men were sig-
nificantly thicker in skeletal class I and 11/2, while in I1/1
larger values of G-G’, B-SLI and Pg-Pg’ measurements were
noted in women (17). Wang et al. showed that FSTT values
in men are significantly higher than in women within Pr-Ls,
U1-St and Id-Li in skeletal class I groups, G-G’ and Rhi-Rhi’
in skeletal class Il groups, and Rhi-Rhi’ and Pr-Ls in skeletal
class III groups (26).

No significant statistical differences were found in the
analysis of facial soft tissue thickness in boys and girls of
Brazilian origin, except for Rhi-Rhi’, Sn-A, and Pr-Ls (11).
These results may not reflect sex differences that could
become apparent with maturity, as the study was con-
ducted among children between the ages of 8 and 12,
namely when bone and soft tissue growth and develop-
ment are not yet complete. This assumption is consistent
with the results of research conducted on children and
adolescents of the Japanese population by Utsuno et al.,
which shows that there are no differences in the FSTT be-
tween boys and girls under the age of 11 years, and that
sexual dimorphism does not begin to become apparent in
children until the age of 12 years (12). Statistically signif-
icant differences were noted only in the group from 16 to
18 years of age, where the male subjects had higher values
of measurements of the upper lip, lower lip, and the sub-
nasal reagin than the female subjects.

A study by Domaracki et al. conducted on deceased bodies
by needle puncture found no statistically significant differ-
ences between FSTT in women and men (25).

Differences in relation to the skeletal class

The results of most studies indicate that there is no corre-
lation between FSTT and skeletal class (G-G’, N-N’" and Rhi-
Rhi’ measurements) in the upper face (8,13, 16, 18, 19, 22).
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Roéznice w odniesieniu do klasy szkieletowej

Wyniki wiekszosci badan wskazujg, ze nie istnieje korelacja
miedzy grubo$cig TMPT a klasg szkieletowa (pomiary G-G’,
N-N’ oraz Rhi-Rhi’) w gérnym odcinku twarzy, (8, 13, 16,
18, 19, 22). Odmienne wyniki grubosci TMPT w zakresie
pomiaru N-N" uzyskano w badaniach Kurcuoglu i wsp., gdzie
wykazano, ze u mezczyzn z I1I klasg szkieletowa pomiar
N-N’ byt najmniejszy spo$réd pozostatych grup (10). W ba-
daniach Hamid i wsp. ten pomiar byt najwiekszy w grupie
mezczyzn z | klasg szkieletowa (6). Wyniki Gungor i wsp.
wskazywaty na najciensze TMPT w rejonie N-N" u kobiet z
klasa szkieletowa, w poréwnaniu do klasy 111 I1I (9).

Wielu badaczy wykazato istotnie wieksza grubo$¢ tkanek
miekkich okolicy podnosowej wyrazonej pomiarem A-Sn u kobiet
z I11 klasg szkieletowa, w poréwnaniu z grupa kobiet z IT klasg
szkieletowg (8, 16, 18, 19). Hamid i wsp. w swoich badaniach
wykazali ta sama zalezno$¢ zaréwno u kobiet, jak i u mezczyzn
(6). Wieksza grubo$¢ wargi gornej, tj. pomiar Pr-Ls, miaty ko-
biety z klasa I1I, w poréwnaniu do kobiet z II klasg szkieletowa
(8,10, 18, 19). Taka samg zalezno$¢ w grupie mezczyzn wyka-
zali inni badacze (6, 9, 16). W badaniach Kamak i wsp. warga
gbrna byla istotnie grubsza w III niz w II klasie szkieletowej
zaréwno u kobiet, jak i mezczyzn (13). Wieksze wartosci po-
miaru U1-St wyrazajacego grubo$¢ TMPT wykazano w grupie
[1I klasy szkieletowej, w poréwnaniu z IT klasg zaréwno u kobiet,
jak u mezczyzn (6, 13). Podobne wnioski wyciggneli inni bada-
cze w grupie mezczyzn oraz w grupie kobiet (8, 10, 16, 19).
W licznych badaniach wykazano réwniez, Ze grubo$¢ wargi
dolnej wyrazona pomiarem Id-Li jest znaczaco wieksza u os6b
z 11 klasg szkieletowa niz z Il klasg szkieletowa, zaréwno u kobiet
jakiumezczyzn (6,8, 9, 10, 13). W badaniach Chu i wsp. na po-
pulacji kobiet wykazano identyczng zalezno$¢ (19).

W wielu badaniach nie stwierdzono istotnych réznic
w grubosci TMPT w zakresie pomiaru B-Lms zaréwno
u kobiet, jak i u mezczyzn (9, 10, 13, 16). Odmienne wyniki
uzyskano w badaniach Sarlita i wsp. oraz Hajime i wsp.,
w ktorych tkanki miekkie w okolicy bruzdy wargowo-bréd-
kowej, wyrazone pomiarem B-Lms, przyjmowaty najwyzsze
wartosci u kobiet z II klasg szkieletowg (8, 18). Grubos¢
tkanek miekkich profilu twarzy pokrywajacych brodke
w wymiarze przednio-tylnym (Pg-Pg’) jak i pionowym (Me-
Me’) nie wykazywaty réznic pomiedzy klasami szkieleto-
wymi zaréwno u kobiet, jak i mezczyzn (8, 9, 13, 16).

Dyskusja

Badania przytoczone w tej pracy byty prowadzone na réz-
nych populacjach, tj. sudanskiej, japonskiej, indonezyjskiej,
tureckiej, brazylijskiej, hinduskiej, koreanskiej, irackiej,
chinskiej, kaukaskiej oraz australijskiej (6-26). Mimo zrdz-
nicowania etnicznego os6b stanowigcych grupy badawcze
wyniki wiekszosci z nich sg zgodne odno$nie istnienia za-
leznosci miedzy gruboscig tkanek miekkich profilu twarzy
a ptcig oraz klasg szkieletowg pacjenta.
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Different results of FSTT in terms of the N-N" measurement
were obtained in research by Kurcuoglu et al. where it was
shown that men with skeletal class III had the lowest N-N’
measurement among the other groups (10). In the studies
by Hamid et al., this measurement was the greatest in a group
of men with skeletal class I (6). The results of Gungor et al.
indicated the lowest values of FSTT in the N-N’ region in
women with skeletal class I, compared to class Il and III (9).

Many researchers have shown significantly greater soft
tissue thickness of the subnasal region expressed by the
A-Sn measurement in women with skeletal class III, com-
pared to a group of women with skeletal class II (8, 16, 18,
19). In their research, Hamid et al. showed the same rela-
tionship in both women and men (6). Greater upper lip
thickness, i.e. Pr-Ls measurement, was found in women with
skeletal class III, compared to women with skeletal class I
(8,10, 18, 19). The same relationship in the male group has
been shown by other researchers (6, 9, 16). In the studies
by Kamak et al.,, the upper lip was significantly thicker in
skeletal class III than in skeletal class II in both women and
men (13). Larger values of the U1-St measurement express-
ing corresponding to FSTT were shown in the skeletal class
[1I group, compared to class Il in both women and men (6,
13). Other researchers have reached similar conclusions for
the male and female groups (8, 10, 16, 19). Numerous stud-
ies have also shown that lower lip thickness expressed by
the Id-Li measurement is significantly greater in patients
with skeletal class II than skeletal class III, in both men and
women (6, 8,9, 10, 13). The research by Chu et al. on a female
population showed an identical relationship (19).

Many studies have found no significant differences in
FSTT in relation to the B-Lms measurement in both women
and men (9, 10, 13, 16). Different results were obtained in
the studies by Sarlit et al. and Hajime et al. in which the soft
tissues in the region of the mentolabial sulcus expressed by
the B-Lms measurement, showed the highest values in
women with skeletal class II (8, 18). The thickness of facial
soft tissues covering the chin in both the anteroposterior
(Pg-Pg’) and vertical (Me-Me’) dimensions showed no dif-
ferences between skeletal classes in both men and women
(8,9,13, 16).

Discussion
The research cited in this paper was conducted on different
populations, i.e. Sudanese, Japanese, Indonesian, Turkish,
Brazilian, Indian, Korean, Iraqi, Chinese, Caucasian, and Aus-
tralian (6-26). Despite the ethnic diversity of individuals in
the study groups, the results of most of them are consistent
in that there is a relationship between the facial soft tissue
thickness and the sex and skeletal class of patients.

The results of the studies presented suggest that there is
a correlation between the patient’s skeletal class and the
facial soft tissues thickness in terms of the thickness of the
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Wyniki opisanych badan sugerujg istnienie zalezno$ci miedzy
klasg szkieletowa pacjenta a tkankami miekkimi profilu twarzy
w zakresie grubosci wargi gornej i dolnej oraz okolicy podno-
sowej. Moze to wynika¢ z tendencji do kompensacji tkanek
miekkich w miejscach niedorozwoju lub dotylnej pozycji kosci
szczeki lub zuchwy. U pacjentow z I11 klasg szkieletowa o wkle-
stym profilu twarzy na skutek niedorozwoju szczeki lub nad-
miernego poziomego wzrostu zuchwy, tkanki miekkie
pokrywajace okolice podnosowg oraz warga gérna, wyrazone
pomiarami: A-Sn, Pr-Ls, U1-St, majg wiekszg grubos¢ niz u oséb
z Il klasg szkieletowg. Analogicznie w przypadku pacjentéw
z 1l klasg szkieletowa, u ktérych profil wypukty wynika z do-
tylnego potozenia lub niedorozwoju zuchwy, grubo$¢ wargi
dolnej wyrazona pomiarem Id-Li jest odpowiednio wieksza
niz w przypadku pacjentow z I1I klasg szkieletowa.

Innym wytlumaczeniem wymienionych zaleznosci moze by¢
fakt istnienia kompensacji zebowo-wyrostkowej towarzyszacej
wadom szkieletowym oraz ich wplyw na podparcie okolicy wargi
gornej i dolnej. W wadach szkieletowych klasy Il obejmuje ona
wychylenie gérnych zebéw przednich oraz przechylenie dol-
nych siekaczy. To wychylenie gérnych zebdw siecznych moze
wplywac na pozycje gérnej wargi. Podobnie w przypadku pa-
cjentéw z Il klasg szkieletowa wychylone dolne zeby sieczne
moga mie¢ wplyw na podparcie oraz grubo$¢ wargi dolne;j.

Ograniczeniem opisywanych badan jest brak informacji
o BMI lub masie ciata pacjentéw, ktorych zdjecia cefalome-
tryczne poddano analizie. Wykazano, ze wskaznik BMI moze
mie¢ wptyw na grubo$¢ tkanek miekkich twarzy pacjentai dla-
tego powinien by¢ rowniez brany pod uwage (27, 28). W ba-
daniu Dong i wsp. u 0séb otytych tkanki miekkie pokrywajace
profil twarzy pacjenta byty grubsze we wszystkich badanych
miejscach pomiarowych, w poréwnaniu do oséb o szczuptej
budowie ciata (27). Natomiast w badaniach De Greef i wsp.
istotne zalezno$ci miedzy wzrostem BMI a zwiekszeniem gru-
bosci tkanek miekkich profilu twarzy wykazano w obrebie
tkanek miekkich pokrywajacych okolice brédki i okolice pod-
brédkowsa (28). Pozostate pomiary w obrebie gérnego i $rod-
kowego pietra twarzy nie wykazywaty podobnych zaleznosci.

W populacji polskiej nie przeprowadzono dotychczas badan
nad zalezno$ciami miedzy grubosciag TMPT a klasg szkieletowa
oraz ptcia. Ze wzgledu na rosngce wymagania estetyczne pa-
cjentéw oczekujacych leczenia ortodontycznego konieczne jest
przeprowadzenie takich badan wsrdd rodzimej populacji.

Whioski

Na podstawie przedstawionego piSmiennictwa nalezy stwier-
dzi¢ obecno$¢ dymorfizmu ptciowego w zakresie grubosci tkanek
miekkich profilu twarzy. Zauwazona kompensacja w zakresie
tkanek miekkich szkieletowej wady zgryzu moze miec istotne
znaczenie w planowaniu leczenia ortodontycznego, co ma szcze-
gblne znaczenie w $wietle paradygmatu tkanek miekkich obo-
wigzujacego w ortodoncji. W populacji polskiej nie zostaty
dotychczas przeprowadzone badania, ktore pozwolityby na od-
niesienie do wynikéw omawianego pi$miennictwa.
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upper and lower lips and the subnasal region. This may be
due to a tendency of soft tissue compensation in the areas
of underdevelopment or a posterior position of the maxil-
lary or mandibular bone in patients with skeletal class III
with a concave facial profile due to maxillary hypoplasia or
excessive horizontal mandibular growth. As a result, the
soft tissues covering the subnasal region and upper lip, ex-
pressed by the A-Sn, Pr-Ls, U1-St measurements, are thicker
than those in skeletal class Il patients. Similarly, for patients
with skeletal class II, whose convex profile is due to the pos-
terior position or mandibular hypoplasia, the lower lip thick-
ness expressed by the Id-Li measurement is respectively
greater than that of patients with skeletal class IIL

Another explanation for the correlations mentioned above
may be dentoalveolar compensation accompanying skeletal
defects and their effects on the support of the upper and
lower lip region. In class III skeletal defects, it consists of
inclination of the upper anterior teeth and tilting of the lower
incisors. This inclination of the upper incisors can affect the
position of the upper lip. Similarly, for patients with skel-
etal class 1], tilting of lower incisors can affect the support
and thickness of the lower lip.

Alimitation of the described research is the lack of infor-
mation on the BMI or body weight of the patients whose
cephalometric images were analysed. It has been shown
that BMI can affect the patient’s facial soft tissue thickness
and should, therefore, also be taken into account (27, 28).
In a study by Dong et al. in obese patients, the patient’s facial
soft tissues were thicker at all the measurement points an-
alysed, compared to patients with a slim body posture (27).
On the other hand, in the research by De Greef et al,, signif-
icant correlations between an increase in BMI and an in-
crease in the facial soft tissue thickness were shown for the
soft tissues covering the chin and submental area (28). Other
measurements in the upper and middle facial regions did
not show similar relationships.

In the Polish population, no studies have yet been con-
ducted on the relationship between FSTT and skeletal class
or sex. However, due to the increasing aesthetic demands
of patients awaiting orthodontic treatment, it is necessary
to conduct such studies among the Polish population.

Conclusions

Based on the literature presented, it is necessary to conclude
the presence of sexual dimorphism in the facial soft tissue
thickness. The soft tissue compensation of a skeletal maloc-
clusion that has been observed may have important impli-
cations for orthodontic treatment planning, which is
particularly relevant in light of the soft-tissue paradigm
prevailing in orthodontics. In the Polish population, no stud-
ies have been conducted to date that would allow reference
to the results of the literature discussed above.
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Abstract: In recent years, the application of artificial intelligence (AI) has become more and more
widespread in medicine and dentistry. It may contribute to improved quality of health care as
diagnostic methods are getting more accurate and diagnostic errors are rarer in daily medical practice.
The aim of this paper was to present data from the literature on the effectiveness of Al in orthodontic
diagnostics based on the analysis of lateral cephalometric radiographs. A review of the literature
from 2009 to 2023 has been performed using PubMed, Medline, Scopus and Dentistry & Oral Sciences
Source databases. The accuracy of determining cephalometric landmarks using widely available
commercial Al-based software and advanced Al algorithms was presented and discussed. Most Al
algorithms used for the automated positioning of landmarks on cephalometric radiographs had rela-
tively high accuracy. At the same time, the effectiveness of using Al in cephalometry varies depending
on the algorithm or the application type, which has to be accounted for during the interpretation of
the results. In conclusion, artificial intelligence is a promising tool that facilitates the identification of
cephalometric landmarks in everyday clinical practice, may support orthodontic treatment planning
for less experienced clinicians and shorten radiological examination in orthodontics. In the future, Al
algorithms used for the automated localisation of cephalometric landmarks may be more accurate
than manual analysis.

Keywords: artificial intelligence; cephalometric analysis; convolutional neural networks; orthodontics

1. Introduction

Artificial intelligence (Al) is the ability of a machine to imitate logical human behaviour,
including complex activities [1]. For the first time, this term was introduced by John
McCarthy during a conference at Dartmouth College in 1956 [2]. There are many forms of
Al most notably machine learning (ML), artificial neural networks (ANNSs), convolutional
neural networks (CNN) and deep learning (DL) [3]. Artificial intelligence is used on a
daily basis in the internet search engines (Google) and online private intelligent assistants
(Siri), also rapidly evolving in other areas, including medicine. It may contribute to the
improved quality of health care due to the increased quality of diagnostic methods and the
elimination of diagnostic errors in daily medical practice [4]. In medicine, it is primarily
used in radiological diagnosis of neoplastic lesions and in assessing histological specimens
regarding the advancement of pathological processes. In gastroenterology, it may assist in
detecting and monitoring colon polyps and preventing intestinal cancers; in cardiology, it
may assist in the interpretation of ECG results [5]. Medical radiology offers a wide range
of Al applications as it relies on digitally coded images that can be easily converted into
a computer language [6]. Also, in many areas of dentistry, interest in the use of artificial
intelligence has considerably increased in recent years [7]. Al algorithms can be useful in the
diagnosis of dental caries, periapical or periodontal diseases, classification of maxillofacial
cysts or tumours and localisation of cephalometric landmarks [8].
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Analysis of lateral cephalometric radiographs is a method widely used in orthodontic
diagnosis and treatment planning. It allows for assessing skeletal relations of the maxilla,
mandible and cranial base in the sagittal and vertical dimensions as well as dental relations
of the upper and lower teeth to the skeletal bases. It is also used to predict the growth
direction in children and adolescents and to evaluate the results of orthodontic treatment.
Cephalometric analysis is valuable when planning orthognathic surgery to correct skeletal
maloclussions in adults [9]. At present, it is used to identify cephalometric points via their
digitalisation on the computer screen utilising software for digital cephalometric analysis.
In recent years, Al was employed to perform cephalometric analysis, which is supposed to
relieve clinicians” work and save time. Applications that use Al-based image analysis are
becoming more common and available to clinicians.

“Deep learning” utilises convolutional neural networks (CNNs) and is the most
frequently used algorithm for Al image analysis. The concept of deep learning is based on
the following: the algorithm is subjected to pairs of data and corresponding data labels,
which in the case of computer vision, will correspond to the images and definitions of the
described parameters. In the learning phase, pairs of data and data labels are repeatedly
shown to the algorithm, so it becomes optimised to minimise errors in the predicted
models. A well-trained algorithm is able to evaluate the structure of the data input and
its association with a given label and ultimately is able to predict data labelling on new
data/images [10]. A major limitation in training and testing DL models for cephalometric
analysis of radiographs is the complexity of data labelling. There is not one true localisation
of a specific anthropometric point which would serve as a gold standard. Usually, many
specialists manually mark a specific point, and the unification of measurements serves to
determine the right label for DL algorithm learning.

The aim of this paper was to present data from the literature on the effectiveness of Al
in orthodontic diagnostics based on the analysis of lateral cephalometric radiographs.

2. Methodology

PubMed, Medline, Scopus and Dentistry & Oral Sciences Source databases were
searched for publications from years 2009 to 2023 to review information on the accuracy
of Al in orthodontic diagnostics based on analysis of lateral cephalometric radiographs.
The following terms were used: artificial intelligence and cephalometric analysis. After
removing duplicates, twenty-three articles were selected based on inclusion criteria.

3. Results

Several authors have studied the accuracy of detecting key landmarks using artificial
intelligence in cephalometric analysis. Table 1 presents the summarised studies on the
application of Al in cephalometric analysis. In total, 23 articles were included based on
both Al algorithms designed by their authors for the purpose of a specific study [11-25]
and web-based software available on search engines and mobile applications [26-33]. The
studies focused on comparing the reliability of Al algorithms in localising cephalometric
landmarks on lateral cephalometric radiographs with the manual tracing of these points;
differences between various algorithms were also examined [11-33].
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3.1. Developing Automatic Localisation of Cephalometric Landmarks

In 2009, Leonardi et al. verified the algorithm’s reliability for the automated identi-
fication of cephalometric landmarks designed by the authors [11]. A total of 41 digital
lateral cephalometric radiographs of patients aged 10-17 years were used; the patients
had undergone orthodontic treatment, and different types of malocclusion were included.
Ten hard tissue cephalometric landmarks were marked by five experienced clinicians in
the horizontal and vertical planes. Their measurements were averaged to obtain arbitral
localisation of each point. Then, the localisation of the cephalometric points was performed
using the Al algorithm. The differences in the localisation of points determined using Al
as opposed to the localisation of experienced clinicians, which was deemed “true”, were
assessed. It was demonstrated that the differences between algorithm-located points and
the mean localisation of points by the orthodontists were very small and did not exceed
0.59 mm. Statistically significant differences were shown in the horizontal plane for the
following landmarks: Nasion (0.217 mm), A point (0.596 mm), B point (0.161 mm), Upper
Incisor Edge (0.172 mm) and Lower Incisor Edge (0.226 mm). In the vertical plane, statisti-
cally significant differences in localisation included the following points: Nasion (0.483 mm)
and Porion (0.538 mm). Tanikawa et al. in 2010 confirmed that automatic recognition of
anatomic features on cephalograms is accurate and reliable also in preadolescent children
with mixed dentition [12].

A fully automatic landmark annotation system (FALA), which follows a machine
learning approach using Random Forest regression-voting and Constrained Local Model
framework was developed by Lindner et al. [13]. The system was trained and validated
using 19 landmarks located in 400 cephalograms from patients aged 7-76 years. Two
experienced orthodontists independently traced manually all radiographs to obtain the
“ground truth” annotations, and eight measurements were used, such as SNA, SNB, ANB
and others, to evaluate skeletal malformations. The FALA system located, on average,
84.7%/96.3% of all landmarks within a 2 mm /4 mm precision range, while the manual
inter-observer precision range was 62.1%/85.0%, respectively. The authors concluded that
the system is very promising for conducting a fully automatic cephalometric analysis.

Park et al. compared the accuracy of the automated tracing of cephalometric points
via two algorithms: You-Only Look-Once version 3 (YOLOv3) and Single Shot Multibox
Detector (SSD) [14]. The accuracy of both algorithms was verified by comparing the
localisation of anthropometric points against arbitrarily determined manual localisation
of points by an experienced orthodontist. The study was based on 1311 cephalometric
radiographs obtained from the medical dataset of radiographs (INFINITT Healthcare Co.,
Ltd., Seoul, Korea). Both tested algorithms were supposed to automatically determine the
position of 80 landmarks. YOLOv3 surpassed SSD in accuracy for 38 out of 80 landmarks,
while the remaining 42 did not show statistically significant differences between the two
methods. There was no single landmark which the SSD algorithm would identify with
higher accuracy, and YOLOv3 showed approximately 5% higher SDR in all ranges. The
successful detection rate for the YOLOv3 algorithm was 80.4% for 2 mm ranges. The
analysis of one cephalogram via the YOLOv3 algorithm lasted 0.05 s, while the SSD
algorithm needed 2.89 s to perform the same analysis.

The following study was based on the same set of cephalometric radiographs and
compared YOLOv3 with human examiners [15]. Al showed better accuracy in 14 out of
46 skeletal landmarks, the human examiner performed better in 14 out of 46 landmarks,
and the remaining 18 out of 46 did not show statistically significant differences. For the
soft tissue landmarks, the YOLOv3 showed better accuracy in 5 out of 32 landmarks, while
the human examiner performed better in 7 out of 32, and the remaining 20 out of 32 did
not show statistically significant differences. Interestingly, the mean difference between
Al and human examiners was similar to the mean difference between human examiners
(1.46 £ 2.97 millimetres versus 1.50 &= 1.48 mm, respectively). Gender, skeletal classification,
image quality and the presence of metallic artefacts did not affect the Al’s accuracy in the
localisation of landmarks. The YOLOvV3 system was also used in a study by Moon et al.
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(2020) for the examination of 80 landmarks in 2400 cephalograms [16]. Their results proved
that the accuracy of Al increased linearly with the increasing number of learning data sets
on a logarithmic scale.

Lee et al. obtained 400 cephalometric radiographs from the ISBI 2015 Challenge dataset
and assessed them using an automated framework for the detection of cephalometric points
using Bayesian BCNN [17]. The characteristics of the patients included was not given. The
authors compared results obtained by two junior and senior orthodontists, who had traced
manually cephalometric points, with those obtained using Al The successful detection
rate was 82.11% for the 2 mm confidence interval value. The biggest discrepancy was seen
for the point Soft Tissue Pogonion, while the point Sella was the easiest to identify. In
conclusion, the authors stated that there was a high accuracy of the applied automated
framework with the averaged values obtained manually.

The study of Kunz et al. presented the assessment of the accuracy of automated tracing
of cephalometric landmarks using an Al algorithm created by the authors [18]. A total of
1792 cephalometric radiographs from a private dental office were evaluated. However, no
information was given regarding the characteristics of the included patients. Twelve linear
and angular measurements were assessed using 18 cephalometric points. To assess “true”
values of measurements, the analysis was carried out by twelve orthodontists, and the
obtained results were averaged. It was demonstrated that there was a very high correlation
between Al predictions and the “gold standard” of manual localisation of points. Absolute
mean differences between the two analyses were less than 0.37° for angular measurements,
less than 0.20 mm for all the metric parameters and less than 0.25% for the proportional
parameter of the facial height. These values did not show statistically significant differences
between Al predictions and the human “gold standard”, except for the angle SN-MeGo
with a p-value equal to 0.043, which was the only parameter with a 0.31-degree deviation.

Kim et al. examined the reliability of their own DL-based algorithm using 2075
lateral cephalometric radiographs that were taken for orthodontic purposes in two medical
centres [19]. Medical records of patients, regardless of age, gender or type of malocclusion,
were included in this study. A total of twenty-three points were marked on radiographs by
two experienced orthodontists, and the localisation of these points was used as a reference
during Al reliability verification. The landmarks included both hard tissue (facial bones and
teeth) and soft tissue landmarks. Successful detection rates (SDR) of the anthropometric
points were 84.3% with a 2 mm margin of error against arbitrarily marked landmark
positions. The algorithm took 0.4 sec on average to recognise the localisation of all the
points on a given radiograph. The mean time of manual determination of all the points
by the orthodontists was not presented, nor was the interexaminer reliability of the two
clinicians provided.

Kim et al. created their own programme using artificial intelligence, which was
supposed to identify points on cephalometric radiographs automatically [20]. A total of
950 lateral cephalometric radiographs, taken at the Maxillofacial Surgery Clinic of the
University Hospital in Yonsei in South Korea, were used to trace thirteen hard tissue points.
In this study, the clinically accepted margin of error was the difference in the measurements
taken by two experienced orthodontists and not the standard 2 mm margin of error adopted
by other researchers. Both clinicians identified thirteen landmarks. The accuracy detection
index between the two orthodontists, as assessed using Al, was 36.2% on average, and for
the points Orbitale and Porion, it was 7.3% and 3.3%, respectively. Higher accuracy was
observed when Al detected the following points, Nasion, A point, Menton, Upper Incisor
Border, Lower Incisor Border and Anterior Nasal Spine, for which the accuracy index for
the inter-examiner difference exceeded 50%. This study has shown that the deep learning
model can achieve better results for some landmarks than experienced clinicians, and the
inter-examiner variability is very important for assessing the effectiveness of Al detection
of cephalometric landmarks.

Tanikawa et al. evaluated the clinical applicability of an automated system for the
identification of cephalometric landmarks with the aim to identify errors related to patients’
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factors and a minimum number of images required for the re-learning [21,22]. The authors
confirmed the effectiveness of Al in various patient groups. Approximately 5-10% of the
original data set of cephalograms is required for system re-training.

Yao et al. examined the reliability of their own algorithm in evaluating lateral cephalo-
metric radiographs [23]. The study material consisted of 512 radiographs of patients from
the Maxillofacial Surgery Clinic in Sichuan, China. Patients who qualified for the study aged
9-40 years, and the number of women and men was similar. Two experienced orthodontists
manually traced 37 points. The inter-examiner reliability was not assessed. However, the
averaged values of their measurements were treated as “true values” for the Al analysis. It
was demonstrated that the accuracy of their algorithm was 97.30% for the 2 mm margin of
error, and the duration of localisation of 37 anthropometric points was 3 s. The pronosale
point had the highest accuracy value (SDR for 2 mm = 99%), while the Pogonion point had
the smallest accuracy, for which SDR was 76% for the 2 mm margin of error.

Another study by Ugurlu assessed the accuracy of the automated detection of cephalo-
metric points via the authors-designed Al algorithm [24]. The study material consisted of
1620 radiographs of patients aged 9-20 years treated at the Orthodontic Clinic of the Es-
kisehir Osmangazi University in Turkey. An experienced orthodontist manually identified
21 hard and soft tissue cephalometric points, which constituted reference localisations for
testing the accuracy of the automated determination of points via the Al algorithm. The
value of the SDR index was, on average, 76.2% for the 2 mm error value. The algorithm’s
accuracy for the Sella, Nasion, Orbitale, A point and B point was 98.3%, 77.8%, 66.1%, 76.1%
and 66.1%, respectively, for the 2 mm measurement error. The lowest accuracy was for
the point Gonion, with 48.3% for the 2 mm error. Recently, Popova et al. confirmed that
the presence of orthodontic appliances did not significantly influence the performance of
CNN-based open-source models, such as the Python programming language [25].

3.2. Commercial Software/Applications

Jeon et al. compared the outcomes of the conventional cephalometric analysis with the
commercially available software CephX based on lateral head radiographs from 35 adult
individuals [26]. Significant differences were found in the localisation of saddle angle, linear
measurements of maxillary incisors to the NA line and mandibular incisors to the NB line.
There were no significant differences in the localisation of the two soft tissue landmarks. The
authors stated that the widths of limits of agreement were wider for the dental measurements
compared to the skeletal measurements and concluded that automatic cephalometric analyses
based on CNN might offer clinically acceptable clinical performance.

An automated cephalometric analyser Ceppro was tested on 110 cephalometric radio-
graphs for the detection of 16 cephalometric landmarks (Bulatova et al., 2021) [27]. The
software was initially trained on 15,000 cephalograms with a 1:1 scale obtained from one
cephalometric machine at the Seoul National University Dental Hospital (Seoul, Korea).

Al errors were marked in 38 images out of 110. The authors concluded that the tested
system facilitates cephalometric analysis in daily clinical practice and the assessment of bigger
databases for research purposes. However, different artefacts may affect its effectiveness.

Ristau et al. examined the accuracy of automated detection of landmarks on lateral
cephalometric radiographs using the AudaxCeph commercial software that utilises AI [28].
The study was based on 60 archived radiographs of patients presenting for orthodontic
treatment at the University of Louisiana, USA. The inclusion criteria included the pres-
ence of all permanent teeth except third molars. On each radiograph, two experienced
orthodontists independently marked 13 anthropometric points. The same points were
later automatically marked using AudaxCeph. The inter-examiner reliability between the
two orthodontists and between each orthodontist and the Al software was assessed. It
was demonstrated that the differences in the mean positions of the points marked by both
orthodontists did not exceed 2 mm, which is the clinically accepted margin of error during
cephalometric analysis. Likewise, the positions marked using AudaxCeph did not differ
from the measurements obtained by any of the two practitioners by more than 2 mm, except
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for the points Porion and Lower Incisor Apex, where the algorithm deviated more than
2 mm in the horizontal or vertical planes.

Kilingi et al. assessed differences between values from the cephalometric analysis ob-
tained in three different ways [29]. Hand-tracing cephalometric analysis performed by the
orthodontist was compared with AI (WebCeph software) and the CephNinja (version 4.2)
smartphone application, which involves the manual identification of landmarks by an
orthodontist on the screen of their phone. Magnifying and decreasing the size of the picture
was applied to pinpoint the areas. The study material consisted of 110 cephalometric
radiographs from the archives of the orthodontic clinic of Aydin University in Istambul,
Turkey. The patients were in the age range of 10-24 years. Each of the three methods was
used to perform cephalometric analysis and to obtain values for 11 linear and angular
measurements. SNA, SNB, SN-MP angle, U1-SN angle, L1-NB (mm) and E Line-Upper
Lip values differed considerably for each method, and these differences were clinically
significant. The authors demonstrated that the accuracies of WebCeph and CephNinja
software were markedly worse than the hand tracing of landmarks, thus restricting their
clinical applicability.

Coban et al. examined 105 cephalometric radiographs of patients who presented at
the Department of Orthodontics at Erciyes University in Turkey to undergo orthodontic
treatment [30]. The inclusion criteria included patients older than 15 years. The radio-
graphs were subjected to cephalometric analysis, including 23 measurements obtained with
two methods: manual tracing of cephalometric points by an orthodontist and automated
detection using Al-based software. It was shown that the results obtained with the Web-
Ceph software were statistically significantly different in comparison with the standard
cephalometric method in which the orthodontist was responsible for the tracing. Major
differences were detected for the SNA, ANB, NA, Y-axis and SN. GoGn, SN.PP, ANS-Me,
CoA, CoGn, U1.PP, U1-NA, IMPA, L1-NB, L1.NB, NLA and ULE measurements. It was also
demonstrated that 17 out of 23 comparable measurements showed discrepancies between
the two applied methods of cephalometric analysis.

Also, Mahto et al. compared the values from the cephalometric analysis performed
manually with the Al-based, WebCeph software [31]. A total of 18 landmarks and 12 angu-
lar and linear measurements were analysed on 30 cephalometric radiographs obtained from
the Department of Orthodontics of the Dhulikhel Hospital in Nepal before orthodontic
treatment. The mean age of patients was 20.17 years + 6.72. Manual cephalometric analysis
was performed by one clinician, and the results were compared with the values provided
by the WebCeph. The intraclass correlation coefficient (ICC) indicated a high correlation
between the values obtained using both methods, which was demonstrated in 7 out of
12 examined measurements. They included ANB, FMA, IMPA, LL to E-line, L1 to NB
(mm), L1 to NB (°) and S-N to Go-Gn. For the remaining five measurements, the ICC was
between 0.75 and 0.9. The small number of examined cephalometric radiographs was a
major limitation of this study.

Tsolakis et al. performed the cephalometric analysis of 100 radiographs of patients
who presented for orthodontic treatment at a private dental office [32]. The medical
records of patients included in the study did not account for gender or age. The accuracy
of automated detection of points and measurements taken using CS imaging V8 was
compared with manual tracing conducted by an experienced orthodontist. Mean values
of the SNA, SNB, ANB, SN-MP, U1-SN, L1-NB, SNPg, ANPg, SN/ANS-PNS, SN/GoGn,
U1/ANS-PNS, L1-APg, U1-NA and L1-GoGn measurements did not reveal statistically
significant differences between the two methods. Some measurements, however, did
demonstrate larger discrepancies between the automated and manual determinations of
points. Significant differences were observed for FMA measurements (2.1 degrees), IMPA
(4 degrees), ANS-PNS/GoGn (3 degrees) and U1-L1 (3.3 degrees).

Recently, Jiang et al. developed a novel and accurate system for automatic cephalo-
metric landmark location and analysis based on a two-stage cascade CephNet system [33].
The system consisted of two-stage neural networks, from which the first aimed to de-
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tect 10 regions of interest (ROI), each containing 1-9 landmarks, and in the second stage,
the landmarks were accurately located in the ROIs. The system was not dependent on
the cephalography machine or anatomical variability of patients, and 9870 cephalograms
from 20 medical institutions in China were included for evaluation and training. Five or-
thodontists manually annotated 30 skeletal, dental and soft tissue cephalometric landmarks
to establish the standard data for comparison and training of Al, and in the next stage,
100 orthodontists adjusted the landmark location using web browsers (SaaS system). The
accuracy of automatic landmark localisation reached, on average, 66,15% within 1 mm
SDR and 91.73% within 2 mm. The least accurate landmark location was seen for the
point Gonion (Go), and landmarks surrounding stable and clear anatomical structures
exhibited higher SDR than landmarks interfered with by overlapping anatomical struc-
tures. The landmarks defined as the “most front” or “most convex”, for example, Pog)
have also shown larger detection errors. The accuracy of cephalometric analysis based on
11 cephalometric measurements was, on average, 89.33% for CephNet.

3.3. Successful Detection Rates (SDR)

Hwang et al. compared the accuracy of the YOLOvV3 algorithm with the accuracy
of manual identification of anthropometric points by two orthodontists: the first had
28 years of clinical experience, while the other was a 3rd-year orthodontic resident [15].
Both were employed at the same institution. The study material was the same as in part
1 of their research [14]. It was demonstrated that the YOLOv3 algorithm detected the
same position for each landmark, while the human inter-examiner variability of manual
detections demonstrated a detection error of 0.97 & 1.03 mm. The mean difference between
human examiners was 1.50 & 1.48 mm. Comparisons in the detection errors between Al and
human examiners for the identification of all cephalometric points were less than 0.9 mm,
except for one landmark at the apex of the lower incisor, where measurement showed an
error of 1.2 mm. The authors concluded that the differences between Al algorithms and
human examiners did not seem to be clinically significant.

A similar study was conducted by Bulatova et al. in which the accuracy of the
automated determination of points via the YOLOv3 algorithm was compared with manual
tracing performed by one orthodontist [27]. Cephalometric analysis was conducted on
110 cephalographs obtained from the AAOF Legacy Denver medical database. Sixteen
points were identified with both methods. The successful detection rate of Al with an
accuracy of up to 2 mm when manual detection and Al were compared was 75% and 93%
with an accuracy of up to 4 mm, which the authors believe to be clinically acceptable. The
points for which the localisation difference was greater than 2 mm were L1 apex, U1l apex,
Basion, Gonion and Orbitale.

3.4. Size of the Dataset and Patients” Characteristics

Tanikawa et al. were the first to evaluate the effectiveness of the automatic system
for recognition of cephalometric landmarks in patients with full permanent dentition
(400 patients, mean age: 23.6 years) and patients with mixed dentition (459 patients, mean
age: 8.9 years) [12]. The authors concluded that the system successfully recognised all the
anatomic structures surrounding all the landmarks. The mean success rate was 84%, with a
range from 60% (N landmark) to 100% (Ptm landmark).

Moon et al. determined the size of the dataset for Al algorithm training to make it
as reliable as a human hand that manually performs cephalometric analysis [16]. It was
estimated that the mean difference in a manual tracing of cephalometric landmarks by
different orthodontists was 1.5 mm. The study assessed the accuracy of Al cephalometric
analysis by changing the number of cephalograms available for the Al training from 50 to
2000 radiographs and the number of marked points in one picture from 19 to 80. It was
shown that the accuracy of Al increased linearly in proportion to the increasing number of
learning data sets (cephalometric radiographs) on a logarithmic scale. It decreased with
the increasing number of detection targets (points needed for a specific cephalometric
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analysis). It was calculated that at least 2300 sets of learning data were necessary to make
the algorithm as accurate as human examiners are.

Tenikawa et al. examined the accuracy of an Al algorithm, which was used for the
automated detection of cephalometric landmarks depending on patients’ characteristics
such as dental age, the use of orthodontic devices, presence of clefts lip and/or palate
and overjet [21]. For training and testing the algorithm, a total of 1785 cephalometric
radiographs of patients who presented for orthodontic treatment at the University Dental
Hospital in Osaka, Japan, were used. The patient’s age ranged from 5.4 to 56.5 years. It was
demonstrated that the successful detection rates (SDR) differed in subgroups from 85% to
91%. It was also observed that cleft of the lip and/or palate was a factor responsible for
higher identification errors, while the dentition type, orthodontic devices and the extent of
overjet were not significant factors.

Artificial intelligence is used for copying previous solutions in trained samples. There-
fore, it cannot guarantee exact solutions if the image has new input data (picture quality) or
if the picture considerably differs from the samples used for training. In order to overcome
this problem, Al should re-learn additional samples that are similar to the new data input.
For example, a system that was trained to be used in adult patients and has shown 88%
accuracy in adults may still drop to 69% when used in children, even if the radiation dose
was maintained. After the system was re-trained using 400 additional cephalograms of
children, the success rate increased to 82% [12]. In comparison, to obtain high accuracy of
landmark identification for cephalometric analysis of radiographs taken with a different
cephalograph (with a different quality), the Al algorithm has to be additionally trained
with 85-170 radiographs having a specific desired quality, which amounts to approximately
5-10% increase in the initial data set [22].

Recently, Popova et al. assessed the influence of growth structures such as tooth buds
and the presence of fixed orthodontic appliances on the accuracy of a customised CNN
model for the automatic detection of cephalometric landmarks [25]. Sixteen skeletal and
dental cephalometric landmarks were included in the analysis. Two last year orthodontic
residents and an orthodontic specialist created a verified dataset, which was used as a refer-
ence for the training, testing and validation of the CNN model. In total, 890 cephalograms
were used, from which the training dataset consisted of 430 cephalograms with both mixed
and permanent dentition and orthodontic appliances. The performance of the developed
CNN was tested using 460 cephalograms with various radiographic features, such as fixed
orthodontic appliances and anatomical structures in patients at different growth stages.
Significant differences were observed in the recognition of the Ap-Inferior point and the
Is-Superior points between patients with mixed and permanent dentition. Fixed orthodon-
tic appliances, such as brackets, bands, and other fixed orthodontic appliances, had no
significant effect on the performance of the CNN model. The growth structures, such as
tooth germs in mixed dentition, play a role in the performance of the Al model.

4. Discussion

The majority of the studies included in this review have been published in the last
three years, which shows a rapid increase in interest in the application of Al in cephalo-
metric analysis and orthodontic diagnostics of malocclusions. The accuracy of different
types of Al algorithms varies, as demonstrated by the results published in the included
studies (Table 1). The authors used different numbers of cephalograms for the testing and
validation of the database, which varied from dozen to a thousand. Also, the number
of clinicians performing the manual annotation of landmarks varied in number and in
clinical experience in cephalometric tracing. Moon et al. (2020) concluded that the more
data that were implemented during the training procedure of Al, the smaller the detection
errors observed [16]. The development of reliable “gold standards” in the identification of
cephalometric landmarks is important to reduce bias in the dataset used for Al training.
Also, the time of the Al analysis varied between studies.
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Today, CNN-based algorithms derived by many authors for the purpose of their
studies, or YOLOv3 or SSD algorithms, not available to doctors in their daily clinical
practice, are more effective and accurate than the widely available web-based software
such as WebCeph, AudaxCeph or CS Imaging.

Most Al algorithms used for the automated tracing of landmarks on lateral cephalo-
graphic radiographs are characterised by relatively high accuracy. In most studies, the
confidence interval was within 2 mm, and the mean percentage of detected landmarks
within this margin was above 80%. However, from the clinical point of view, the localisation
error up to 2 mm can be acceptable for some, but not all points traced in cephalometric
analysis. The localisation of cephalometric points A and B in the horizontal plane is crucial
for the determination of maxillary /mandibular relations in the sagittal plane. An inaccurate
localisation of these points in the range of 1.5-2 mm would result in a considerable inaccu-
racy of many angular and linear measurements, especially if errors are duplicated using
the same landmark in several measurements. It also has to be stressed that cephalometric
analysis of lateral head radiographs performed manually is a subjective examination, and
the localisation of specific anthropometric points may differ between orthodontists. It has
been demonstrated that the mean discrepancies between two experienced clinicians could
be up to 1.5 mm as well. Moreover, a repeated tracing of landmarks on the same radiograph
by one orthodontist may entail an error of approximately 1 mm between two measure-
ments. Unlike manual tracing of cephalometric landmarks, the Al algorithm always marks
identical localisation of the landmarks, which can be an additional asset for its use [15].

The studies confirmed that the time needed for analysing a cephalometric radiograph
using most of the popular Al algorithms takes a few seconds. This is considerably shorter
than the manual tracing of landmarks by clinicians. The most recent algorithms evolve
rapidly, and their calculating capacity increases, which will probably result in their in-
creased efficiency and reliability. It can be expected that in the future, Al algorithms that
are used for the automated localisation of landmarks may be more accurate than manual
tracing. At the same time, the interpretation of cephalometric analysis via artificial intelli-
gence may be inferior to the interpretation performed by experienced orthodontists but
can still be useful to less experienced specialists or even non-specialists. It is necessary to
conduct further studies to assess the reliability of Al-performed cephalometric analysis
in planning, monitoring and analysing orthodontic treatment. There is no doubt that the
ease and short duration of cephalometric analysis via Al may be a significant factor in
facilitating orthodontic treatment in clinical practice.

The use of Al algorithms in radiological diagnostics in the area of orthodontics is not
restricted to the automated detection of landmarks in cephalometric analysis. Al provides
high accuracy in the assessment of cervical vertebral maturation on radiographs [34,35].
Another Al algorithm that is described in the literature is supposed to predict the need for
tooth extractions due to orthodontic reasons [36].

The identification of cephalometric landmarks is challenging, as a skull is a 3D object
projected onto a 2D plane on a lateral head cephalogram. Overlapping structures increase
the difficulty in precise landmark identification, especially in patients with facial asymmetry.
Moreover, improper head position during image acquisition and radiographic distortions
may lead to errors in landmark identification by orthodontic professionals. The quality
of cephalograms used for landmark identification, the level of orthodontic training and
experience in landmark identification as well as inter-observer variability between clinicians
who participate in the training and validation of the Al model are important factors and
limitations of this diagnostic tool. Another source of Al inaccuracy might be due to the
operator’s mistake while calibrating images for the Al cephalometric analysis, like in the
Ceppro software (Bulatova et al., 2021) [27]. Even a small error in using a digital ruler alters
the number of pixels in 1 mm and can influence the coordinates for all points.

The advantage when using an automated system for the identification of cephalometric
landmarks in comparison with the manual annotation is the fact that it would always give
the same result for the same image, while there are large variations in the accuracy of
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manual annotation related to the levels of training and experience [13]. Improving the
training and validation of Al algorithms may completely replace manual cephalometric
tracing in the future.

Threats and challenges of the future use and development of Al in the analysis of
patients’ medical records are related to the data protection and application of the principles
of medical ethics whenever computer software that simulates human brain activity is used.
It is possible that new legal regulations concerning the application of Al in the diagnostics
and monitoring of orthodontic treatment will have to be proposed and implemented.
Pre- and postgraduate curricula and clinical practice must be adjusted for technological
advancements, so they can contribute to the optimisation of orthodontic treatment without
adversely affecting its effectiveness.

5. Conclusions

In recent years, artificial intelligence has been more and more frequently used in the
orthodontic diagnostic process. It is a promising tool that facilitates the tracing of cephalo-
metric landmarks in daily clinical practice, which can assist less experienced clinicians in
orthodontic treatment planning and shortens the time devoted to performing radiologi-
cal diagnoses of patients. At the same time, the reliability of Al in cephalometry differs
depending on the accuracy of manual landmark identification related to the operator’s
clinical training and experience, the number and quality of radiographs, the type of algo-
rithm or application, which have to be accounted for during interpretation of results. It is
predicted that Al will continue to be implemented and further developed for its application
in orthodontics.
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Evaluation of the soft tissue facial profile 2
in different skeletal malocclusions in relation
to age
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Abstract

Background The aim of the study was to assess the thickness of the soft tissue facial profile (STFP) in relation to the
skeletal malocclusion, age and gender.

Methods All patients, aged 7-35 years, who were seeking orthodontic treatment at the Department of Orthodontics,
Medical University of Warsaw between 2019 and 22 were included in the study. All patients had lateral head
radiographs taken before the treatment. The cephalometric analysis was performed including the STFP analysis. The
patients were allocated to one of six groups based on age and skeletal relations (ANB angle). The minimum number of
patients in each group was 60 with equal gender distribution. The STFP analysis included ten linear measurements.

Results A total of 300 patients were included in the study and allocated to five groups. Group 6 (growing patients
with skeletal Class Il malocclusion) was not included in the study as it failed to achieve the assumed group size. There
were significant differences in the thickness of the STFP in relation to the skeletal malocclusions. Adults with skeletal
Class Il malocclusion had significantly thicker subnasal soft tissues compared to patients with skeletal Class | and
Class Il malocclusions. The thickness of the lower lip in patients with Class Il skeletal malocclusion was significantly
bigger compared to the other groups. Children and adolescents with Class Il malocclusions had thicker lower lip in
comparison to the group with Class | malocclusion. The majority of the STFP measurements were significantly smaller
in children and adolescents compared to adults. The thickness of the STFP in males was significantly bigger in all age
groups compared to females.

Conclusions The thickness of facial soft tissues depends on the patient’s age and gender. The degree of
compensation of the skeletal malocclusion in the STFP may be a decisive factor during orthodontic treatment
planning regarding a surgical approach or a camouflage treatment of skeletal defects.
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Introduction

Soft tissue facial profile (STFP) is the subject of inter-
est for many specialists from different medical fields.
In orthodontics and plastic surgery STFP is important
regarding diagnosis and treatment planning [1]. The dif-
ferences in thickness are used in anthropology to deter-
mine the facial appearance of ancient populations and in
forensic medicine to identify the deceased on the basis of
skeletal traits [2].

Maxillary and mandibular morphology and position
as well as incisor position and inclination play an impor-
tant role regarding facial aesthetics. Also, the thickness
of overlying soft tissues, their harmony and proportions
in the face, is very important, hence its recent applica-
tion to different treatments, including plastic surgery, to
enhance fullness of the profile, or to camouflage underly-
ing skeletal malocclusions.

Ackerman et al. [3] have proposed a paradigm that
now prevails in orthodontics: proper STFP relations
constitute the most important objective in orthodontic
treatment and their proper proportion in relation to the
underlying hard tissues determines optimal aesthetics
and treatment stability. Holdaway [4] and later Arnett et
al. [5] introduced STFP analysis in orthodontic diagnos-
tics and orthognathic surgery. Awareness of how soft tis-
sue thickness changes relative to age, gender or skeletal
malocclusion may provide valuable information during
orthodontic treatment of patients with gnathic defects.
The existence of compensation regarding the thickness of
patient’s soft tissue profile in the insufficient growth zone
may to a lesser or greater extent conceal the existence of
bone disproportion, in this way improving the harmony
of the face in a patient who is affected by malocclusion.
The higher the compensation, the less visible the gnathic
malocclusion in the patient’s profile. Such a situation
may motivate both the patient and the doctor to consider
more conservative treatment methods including orth-
odontic camouflage.

Cephalometric analysis is commonly used in orth-
odontic diagnosis and treatment planning to analyse
the sagittal and vertical skeletal and dental relations. At
present, clinicians more and more frequently apply Arti-
ficial Intelligence algorithms to conduct cephalometric
analysis, which may facilitate their work and save time
[6]. Because the outline of the patient’s soft tissue pro-
file is visible on teleradiographs it will be accounted for
during cephalometric analysis of hard tissues of the jaws
and teeth, without unnecessary exposure of the patient
to radiation or additional costs. It matters when the orth-
odontic treatment is planned since STFP thickness influ-
ences the patient’s profile after therapy in view of the
intended alterations of tooth positions.

In the literature, there are contradictory results con-
cerning soft tissue thickness in relation to the existing
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skeletal sagittal malocclusion in adult patients. Several of
them seem to confirm compensation of skeletal maloc-
clusion by soft tissues, which means that in patients with
Class III skeletal malocclusion the soft tissues of the sub-
nasal and the upper lip areas are thicker, while in patients
with skeletal Class II malocclusion the lower lip is thicker
[7-11]. In growing patients only one study was con-
ducted, which supported the presence of the soft tissue
compensation in this age group [12]. The majority of pub-
lished studies indicate the presence of sexual dimorphism
related to soft tissue thickness in adults, manifested by
thicker tissues in adult males than in females [13-16]. In
the literature, the same observation relates to children
although the number of studies on this subject is limited
[17-19]. There have been reports concerning changes in
the thickness of facial soft tissues at subsequent stages of
growth, increasing with age [20—22]. Few published stud-
ies dwell on the same subject in adults, with the avail-
able reports indicating a positive correlation between
soft tissue thickness and age [23—-25]. So far, comparative
studies concerning STFP thickness differences between
children and adults have not been published.

Due to the discrepancies in the published results and
the limited number of scientific reports analysing STFP
in growing patients the aim of the present study was to
assess and to compare the STFP thickness in relation to
the skeletal malocclusion, age and gender.

Materials and methods

All Caucasian patients aged 7-35 years who were
orthodontically treated in the Department of Orthodon-
tics, Medical University in Warsaw between 2019 and
2022 were included in the study. The exclusion criteria
were: presence of dentofacial deformities, history of cra-
niofacial trauma, previous orthodontic treatment, previ-
ous prosthodontic or surgical treatment including any
soft tissue augmentation procedures, incompetent lip
closure and poor quality of radiographs.

All the patients had a cephalometric analysis based on
the lateral head radiographs taken before the orthodontic
treatment. All radiographs were taken with 4-in-1 Den-
tal X-ray Imaging system PAPAYA 3D PLUS. Each radio-
graph had been calibrated with a millimetre scale before
the cephalometric analysis. The cephalometric analysis
was performed using the DDP-Ortho 2.10.2022 soft-
ware (Polorto, Czestochowa, Poland), which was pread-
justed for STFP analysis including ten measurements in
accordance with the methodology proposed by Utsuno
et al., Kamak et al. and Hamid et al. (Table 1; Fig. 1) [7,
8, 17]. The cephalometric analysis was performed by
the researcher, who was blinded to the patient’s clinical
records and treatment (M.K.).

Based on the value of the ANB angle, the patients
were allocated to one of the six groups in relation to age
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Table 1 Cephalometric analysis of the thickness of the
soft tissues facial profile. The ANB angle is in degrees, other
measurements in mm

Measurement

Definition

ANB

GG

N-N'

Rh

Sn-A

Ls-Pr

St-U1

Li-Id

B-Lm

Pg-Pg’

Me-Me’

The angle formed between the Nasion point (the
most anterior point on the frontonasal suture in
the midline), Point A (the deepest point on the
curved profile of the maxilla between the Anterior
Nasal Spine and the alveoral crest) and Point B (the
deepest point on the curved profile of the man-
dible between the chin and alveolar crest). Used to
determine the skeletal class.

Linear distance from the most prominent point on
the frontal bone to the soft tissue prominence on
the forehead.

Linear distance from the skeletal Nasion to the soft
tissue Nasion.

Perpendicular distance from the intersection of the
nasal bone and cartilage to the nasal soft tissue.
Linear distance between the point Subnasale and
the A point.

Linear distance between the most prominent
point of the upper lip and the point Prosthion.
Linear distance between the most prominent
point of the upper incisor and the point Stomion.
Linear distance between the most prominent
point of the lower lip and the point Infradentale.
Linear distance from the point B to the Labiomen-
tal sulcus.

Linear distance between the skeletal Pogonion
and the soft tissue Pogonion.

Linear distance between the skeletal Menton and
the soft tissue Menton.

Fig. 1 Thickness of the soft tissue profile at landmarks
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Table 2 Allocation of patients to groups

Age ANB value/ skeletal class
Group 1 17-35 0-4°/ skeletal Class |
Group 2 17-35 >4° / skeletal Class Il
Group 3 17-35 <0°/ skeletal Class lll
Group 4 7-16 0-4°/ skeletal Class |
Group 5 7-16 >4°/ skeletal Class Il
Group 6 7-16 <0°/ skeletal Class Ill

(Table 2). The value of the ANB angle>4 degrees was
defined as skeletal Class II malocclusion, while O<as
Class III malocclusion. Class I malocclusion was diag-
nosed for the values between 0 and 4 degrees.

The inclusion criteria for the minimum sample size was
60 participants with equal gender distribution in each of
the groups based on the study by Kamak & Celikoglou
[8]. The study was approved by the Bioethics Committee
of the Medical University of Warsaw (AKBE/86/2022).

Statistical analysis

The statistical analysis was performed using PQStat
software version 1.6.8. A level of significance was set at
p<0.05. Due to the lack of knowledge about the mean and
standard deviation values of the evaluated parameters for
the assessed populations, the Lilliefors test was used to
analyze the normality of the distribution. The analysis
revealed a lack of conformity to a normal distribution for
most of the assessed parameters (age in the adult group,
age in the children and adolescents’ group, G-G; N-N;
Rh-Rh; A-Sn, Pr-Ls, U1-St, Pg-Pg, Me-Me, and ANB), the
non-parametric tests were utilized in further analyses (U
Mann-Whitney and ANOVA Kruskal-Wallis).

Reliability of the measurements

Twenty randomly chosen cephalometric radiographs
were re-traced by the same researcher (M.K.) at four-
weeks interval. The obtained results were then compared
with the previous cephalometric analysis. The Interclass
Correlation Coefficient was used to determine the cor-
relation between the first and the second measurements.

Results

The characteristics of the study groups including age
differences is presented in Table 3. Group 6 was not
included in the study as it failed to achieve the assumed
group size. No statistically significant differences were
demonstrated for age in children and adolescents; for
adults, patients in Group 3 (Class III) were younger than
patients in Group 1 (Class I) and Group 2 (Class II), and
the difference was statistically significant (Table 4).

STFP thickness in relation to the skeletal class
Table 4 presents the mean thickness of STFP and standard
deviation for each skeletal class in groups comprising
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Table 3 Characteristics of patients in groups. The group 6 was not included as it failed to achieve the assumed group size

Group size Male Female Age range Mean age+SD Age comparison
Kruskal-Wallis ANOVA post-hoc analysis

Group 1 60 30 (50%) 30 (50%) Min: 17 Max: 35 255+52 p=0.017 Gr.3vs.Gr 1
Group 2 60 30 (50%) 30 (50%) Min: 17 Max: 35 256+57 (p=0.045)
Group3 60 30(50%)  30(50%)  Min:17Max:34  230+54 Gr.3vs.Gr.2

(p=0.035)
Group 4 60 30 (50%) 30 (50%) Min: 7 Max: 16 125+24 p=0.987
Group 5 60 30 (50%) 30 (50%) Min: 8 Max: 16 125+18

Table 4 Comparisons of the STFP thickness relative to skeletal class in adult males and females (ANOVA Kruskal-Wallis test, post-hoc

analysis acc. to Dunn with Bonferroni modification)

Landmark Class | vs. Class I Class | vs. Class I Class Il vs. Class Il Mean thickness (mm)
| ] 1]
Males GG N.s. N.s. N.s. 6.1 57 6.4
N-N' N.s. N.s. N.s. 6.5 6.2 6.9
Rh-Rh' N.s. N.s. N.s. 2.8 2.7 26
A-Sn 0.036 N.s. 0.001 17.0 159 174
Pr-Ls N.s. 0.001 0.001 15.0 15.0 171
U1-St N.s. 0.001 0.001 72 6.7 95
Id-Li N.s. N.s. 0.026 155 16.3 15.2
B-Lms N.s. N.s. N.s. 11.7 12.1 1.7
Pg-Pg’ N.s. N.s. N.s. 122 12.6 1.7
Me-Me' N.s. N.s. N.s. 8.1 85 82
Females G-G N.s. N.s. N.s. 5.7 5.7 59
N-N' N.s. N.s. N.s. 56 54 57
Rh-Rh’ N.s. N.s. N.s. 25 22 22
A-Sn N.s. 0.001 0.001 14.0 138 15.7
Pr-Ls N.s. 0.004 0.023 12.3 123 139
U1-St N.s. N.s. 0.001 54 4.7 6.3
Id-Li 0.001 N.s. 0.001 13.1 14.8 132
B-Lms N.s. N.s. N.s. 10.7 1.3 10.8
Pg-Pg’ N.s. 0.049 N.s. 11.2 11.2 10.2
Me-Me’ N.s. N.s. N.s. 6.8 7.0 6.7

adult males and females. In both analyzed groups, the
significant differences were observed in measurements of
the chin area and both lips (p<0.05); furthermore, in the
female group, significant differences were also observed
for the chin. Characteristically for males with Class II, the
soft tissue thickness was the smallest in the subnasal area
(A-Sn) in comparison with other areas. By analogy, males
with Class III had the thickest soft tissues at the upper
lip (Pr-Ls) and lip contact (U1-St) areas. Soft tissues of
the lower lip (Id-Li) were thicker in males with Class II
in comparison with Class III patients. In females, the
measurement at the subnasal area (A-Sn) and the upper
lip (Pr-Ls) revealed the higher thickness in patients with
Class III, while the thickness of the lower lip (Id-Li) was
the highest in the Class II malocclusion. Females with
Class III had thicker soft tissues at the lip contact area
(U1-St) than those with Class II malocclusion. The chin
thickness (Pg-Pg) was higher in patients with Class I than
in Class III malocclusion.
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Table 5 presents mean STFP thickness and standard
deviation in relation to the skeletal class in boys and girls.
The boys with Class I malocclusion had significantly
(p<0.05) higher measurements at the Glabella (G-G’),
Subnasale (A-Sn) and the chin (Me-Me’), in contrary
to the thickness of the lower lip (Id-Li) where higher
values were found for the boys with Class II malocclu-
sion. In girls with Class I malocclusion higher soft tissue
thickness was present at the subnasale (A-Sn), upper lip
(Pr-Ls) and lip contact (U1-St) areas. Girls with Class II
malocclusion had thicker soft tissues at the lower lip (Id-
Li) and the chin (Pg-Pg’) areas.

STFP thickness in relation to age

Table 6 presents differences in the mean thickness of
STFP and standard deviation for males and females
in both age groups in relation to the skeletal malocclu-
sion. As for males, adults with Class I malocclusion had
significantly thicker soft tissues in 9 out of 10 measure-
ments, while in Class II malocclusion significantly thicker
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Table 5 Comparisons of STFP thickness in relation to skeletal
classes in boys and girls (U Mann-Whitney test)

Page 5 of 10

Table 6 Age-related comparisons of STFP thickness (considering
gender and skeletal classes). The U Mann-Whitney test

Landmark Class I vs. Class I Mean thickness
(mm)
Class | Class i
Boys G-G' 0.026 6.1 55
N-N’ N.s. 59 55
Rh-Rh’ N.s. 2.3 24
A-Sn 0.006 14.9 13.8
Pr-Ls N.s. 13.9 136
U1-St N.s. 57 49
|d-Li 0.001 137 156
B-Lms N.s. 109 1.1
Pg-Pg’ N.s. 10.8 10.1
Me-Me' 0.021 6.8 6.2
Girls G-G' Ns. 58 54
N-N’ Ns. 52 53
Rh-Rh’ N.s. 22 22
A-Sn 0.031 13.8 13.0
Pr-Ls 0.044 128 1.8
U1-St 0.009 5.0 4.2
|d-Li 0.006 12.5 13.7
B-Lms N.s. 9.8 10.0
Pg-Pg’ 0.040 926 106
Me-Me’ N.s. 6.0 6.5

soft tissues were present in 7 out of 10 measurements
(p<0.05).

Significantly thicker soft tissues in adult females in
comparison with girls were present for 3 measurements
in patients with Class I malocclusion (B-Lms, Pg-Pg;
Me-Me’) and Class II malocclusions (A-Sn, Id-Li, B-Lms).

STFP thickness in relation to gender

The differences in the STFP thickness between adult
females and males are presented in Table 7. Males had
significantly thicker STFP than females in all measure-
ments except G-G’ measurement. In growing patients,
the same tendency towards increased STFP thickness
was observed in boys, however, there were more mea-
surements for which the difference between boys and
girls was not statistically significant (Table 8). In patients
with Class I malocclusion boys had significantly thicker
STFP in seven out of ten landmarks; by analogy, in
patients with Class II malocclusion higher STFP thick-
ness was demonstrated in five out of ten measurements
in boys.

High repeatability of the measurements was found
(p<0.001), with ICC values>0.90 for most of the param-
eters, with the exception of (U1-St and B-Lms) where the
values were 0.89 and 0.87, respectively (Table 9).
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Landmarks Adults vs. Mean thickness
children and (mm)
adolescents Children Adults
and
adolescents
Males Class G-G' N.s. 6.1 6.1
| N-N' 0.030 59 6.5
Rh-Rh’ 0.005 23 28
A-Sn 0.001 14.9 17.0
Pr-Ls 0.006 139 15.0
U1-St 0.001 57 72
Id-Li 0.001 13.7 15.5
B-Lms 0.026 10.9 11.7
Pg-Pg’ 0.003 108 122
Me-Me' 0.001 6.8 8.1
Class G-G' N.s. 55 5.7
I N-N' 0.006 55 6.2
Rh-Rh’ N.s. 24 2.7
A-Sn 0.001 13.8 15.9
Pr-Ls 0.002 13.6 15.0
U1-St 0.002 4.9 6.7
Id-Li N.s. 15.6 16.3
B-Lms 0.006 11.1 12.1
Pg-Pg’ 0.001 10.1 126
Me-Me’ 0.001 6.2 85
Fe- Class G-G' Ns. 58 5.7
males | N-N' N.s. 52 56
Rh-Rh’ N.s. 2.2 2.5
A-Sn N.s. 13.8 14.0
Pr-Ls N.s. 12.8 12.3
U1-St N.s. 5.0 54
Id-Li N.s. 12.5 13.1
B-Lms 0.001 9.8 10.7
Pg-Pg’ 0.001 96 11.2
Me-Me’ 0.009 6.0 6.8
Class G-G' Ns. 54 5.7
I N-N’ Ns. 53 54
Rh-Rh’ N.s. 22 22
A-Sn 0.031 13.0 138
Pr-Ls N.s. 1.8 12.3
U1-St N.s. 4.2 4.7
|d-Li 0.004 137 14.8
B-Lms 0.001 10.0 1.3
Pg-Pg’ N.s. 10.6 1.2
Me-Me' N.s. 6.5 7.0
Discussion

There are many factors influencing therapeutic options
for patients with skeletal malocclusion such as the sever-
ity of malocclusion and the patient’s expectations. In
severe skeletal malocclusions the combined orthodon-
tic and surgical treatment is often applied. It involves
orthognathic surgery which aims to obtain normal skele-
tal relations of the maxilla and the mandible by a surgical
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Table 7 Gender-related differences in the STFP thickness in adults (U Mann-Whitney test)

Landmarks Descriptive statistics Gender differences
Male Female
Mean S.D Mean S.D p-value
Class | G-G' 6.1 09 57 1.0 0.129 (N.s)
N-N' 6.5 0.9 5.6 0.8 0.001
Rh-Rh’ 28 0.6 25 0.6 0.029
A-Sn 17.0 15 14.0 1.2 0.001
Pr-Ls 15.0 1.7 12.3 14 0.001
U1-St 7.2 1.6 54 13 0.001
|d-Li 155 16 131 16 0.001
B-Lms 1.7 13 10.7 1.0 0.001
Pg-Pg’ 122 16 112 15 0013
Me-Me’ 8.1 15 6.8 13 0.002
Class i GG 57 0.8 57 0.6 0.853 (N.s)
N-N’ 6.2 0.9 54 1.0 0.001
Rh-Rh’ 27 0.5 22 04 0.001
A-Sn 159 1.3 138 14 0.001
Pr-Ls 15.0 1.7 123 2.1 0.001
U1-St 6.7 2.2 4.7 15 0.001
Id-Li 163 14 14.8 14 0.001
B-Lms 121 1.0 113 14 0.028
Pg-Pg’ 126 18 12 18 0.007
Me-Me’ 85 1.7 7.0 15 0.001
Class lll G-G' 6.4 1.0 59 1.1 0.069 (N.s)
N-N' 6.9 1.5 57 0.9 0.002
Rh-Rh’ 26 0.7 22 0.5 0.025
A-Sn 174 1.7 15.7 1.7 0.001
Pr-Ls 171 22 139 20 0.001
U1-St 9.5 19 6.3 1.8 0.001
Id-Li 15.2 18 132 14 0.001
B-Lms 1.7 1.0 10.8 1.2 0.007
Pg-Pg’ 1.7 2.5 10.2 1.7 0.021
Me-Me' 82 1.8 6.7 1.6 0.001

repositioning. Alternatively, the treatment plan may
involve orthodontic camouflage of the underlying skeletal
malocclusion, which aims to achieve the normal dental
relations without changing the morphology and position
of the maxilla and the mandible. The orthodontic camou-
flage will not significantly alter the patient’s face despite
improvement of occlusion in contrast to the orthognathic
surgery. The thickness of the STFP is important when
planning the orthodontic treatment in patients with skel-
etal malocclusions as such differences may camouflage
the existing skeletal discrepancies. It was shown in the
present study that differences in the STFP thickness are
related to the type of skeletal malocclusion, patient’s age
and gender.

In the majority of studies evaluating differences in
soft tissue thickness of the facial profile, the number of
patients included in the study group ranged from 20 to
77 [7-9, 13, 14]. In the present study the minimum num-
ber of participants was 60 in each study group. Kamak
& Celikoglu evaluated facial soft tissue thickness among
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different skeletal malocclusions [8]. They have calculated,
that the sample size to detect a clinically meaningful dif-
ference required 30 male and 30 female patients in each
skeletal group, which was included in the present study.

STFP thickness in relation to the skeletal class
The increased soft tissue thickness in the subnasal, the
upper lip and the lip contact areas in adults with skeletal
Class III indicated, that STFP may mask the presence of
skeletal disproportion by adjustment of their thickness.
By analogy, soft tissue compensation was also demon-
strated for the increased lower lip thickness in patients
with Class II malocclusion. Similar conclusions were
reported in few published reports [7-11, 13, 14, 26, 27].
In the present study, only the growing patients with
Class I and II malocclusions were compared. That was
related to the insufficient number of recruited children
with skeletal Class III malocclusion, which is a much
rarer sagittal malocclusion in the population. It was
demonstrated, that in growing patients the thickness of
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Table 8 Gender-related differences in the STFP thickness in children and adolescents (U Mann-Whitney test)

Landmarks Descriptive statistics Gender differences
Male Female
Mean S.D Mean S.D p-value
Class | GG 6.1 1.1 5.8 0.8 0.300 (N.s))
N-N’ 59 0.9 52 0.8 0.003
Rh-Rh' 23 06 22 04 0.824 (N.s)
A-Sn 14.9 15 13.8 14 0.006
Pr-Ls 139 1.7 12.8 16 0.010
U1-St 57 15 50 1.3 0.139 (N.s)
Id-Li 13.7 1.1 12.5 1.7 0.009
B-Lms 10.9 15 9.8 0.7 0.004
Pg-Pg’ 10.8 1.6 9.6 1.3 0.003
Me-Me’ 6.8 12 6.0 0.9 0.007
Class i GG 55 1.0 54 09 0917 (N.s)
N-N’ 55 1.2 53 1.0 0.965 (N.s)
Rh-Rh’ 24 0.5 22 0.5 0.052 (N.s)
A-Sn 13.8 14 13.0 14 0.027
Pr-Ls 13.6 2.0 1.8 15 0.001
U1-St 49 15 4.2 1.1 0.041
Id-Li 15.6 14 137 1.3 0.001
B-Lms 1.1 1.1 10.0 13 0.002
Pg-Py’ 10.1 14 106 19 0314 (N.s)
Me-Me' 6.2 13 6.5 14 0.307 (N.s)

Table 9 Intraclass Correlation Coefficient which determines absolute concordance between the first and the second measurement

G-G’ N-N' Rh-RhK’ A-Sn Pr-Ls U1-St Id-Li B-Lms Pg-Pg’ Me-Me’
ICC 0.95 0.95 0.92 0.94 0.91 0.89 0.96 0.87 0.96 0.97
p (test F) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

the lower lip is higher in patients with Class II than in
patients with Class I malocclusion. By analogy, the mea-
surement of thickness at the subnasal area (A-Sn) in
both genders had lower values in Class II in comparison
with Class I skeletal malocclusions. These differences in
children and adolescents in relation to the skeletal class
were analogous to the results for adults. The correlation
between the STFP and the skeletal malocclusion in grow-
ing patients were not often previously reported. Pithon
et al. demonstrated that the soft tissue thickness in the
lip contact area in boys and girls with skeletal Class III
malocclusion was greater than in the Class II. In girls
with Class II malocclusion the thickness of the lower lip
was greater than in the Class III group. In boys with skel-
etal Class III malocclusion the chin soft tissues (Pg-Pg’)
were significantly thicker in comparison with the Class
II. On the other hand, Lopatiene evaluated children aged
14-16 years and did not report differences in the upper
lip thickness in relation to the skeletal malocclusion [28].

Patients who had lower thickness of the STFP, espe-
cially in areas with skeletal discrepancies in the sagittal
dimension, the camouflage treatment can be regarded as
a compromise, because despite improvement of occlu-
sion, the patient’s profile will still expose underlying
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skeletal malocclusion, which may be unsatisfactory to the
patient. In such clinical situations, the combined orth-
odontic-surgical treatment should be considered.

STFP thickness in relation to age

The comparisons of STEP between the adult and growing
patients confirmed their increased thickness in adults.
Significant differences, however, were not shown for all
the measurements. This may be due to the fact that the
participating children and adolescents were mixed in the
sense that their craniofacial development was at differ-
ent stages. At the age of 16, both boys and girls finished
the greatest growth associated with the period of adoles-
cence, which may indicate the stabilization of the mor-
phology of the craniofacial structures. We have decided
to set the age at 16 years based on the results by Maman-
dras [29], who evaluated lip thickness from the age of 2
until the age of 18 years. He concluded, that no signifi-
cant changes were observed after the age of 16. For these
reasons, it was decided to define the age of 16 as the
boundary age for individuals in the growth period in the
conducted study. Cervical vertebrae maturation (CVM)
is a valuable method for assessing the craniofacial skel-
etal maturational stage of an individual. In the present
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study the CVM method was not used, but it is worthy to
consider this method in evaluation of the STFP thickness
in the future.

Studies published so far indicated, that the STFP thick-
ness increases with age in growing patients [ [18-22].
Smith et al. demonstrated that soft tissues become
thicker with age with the most prominent changes occur-
ring in the nasal and subnasal areas [30]. Jeelani indicated
the increase of the STFP thickness in the lower part of
the face with age, which was not manifested for the soft
tissues at the forehead [31]. The STFP thickness changes
in adults were not much reported in the literature. Chen
et al. performed a MRI examinations in adults and dem-
onstrated a close association of the STFP thickness in
relation to age. The mean STFP thickness increased
with age in adult males and females, gradually declin-
ing after the age of 60 years. The thickest STFP in male
and females was found at the ages of 45-59 and 35-44
years, respectively [23]. A study by Drgacova et al. in
adults aged 21-83 years based on CT scans revealed that
STFP increased its thickness with age in both males and
females [24]. These results were confirmed by Formby
et al. who reported age-related STFP thickness changes
in adult patients. The soft tissue thickness of the nose
and chin increased with age in males, but decreased in
the upper lip; the thickness also decreased slightly in the
lower lip. In females, the soft tissue thickness increased
at the nose, while decreased at the chin and the upper lip.
The lower lip thickness increased only slightly [25]. There
is a lack of studies which compare the STFP thickness
between adult and growing patients.

STFP thickness in relation to gender

Different authors demonstrated the presence of sexual
dimorphism regarding STEP thickness based on cephalo-
metric radiographs [7-9, 13, 15, 32]. They demonstrated
higher values of STEP thickness in most of the measure-
ments in males in comparison to females. Inconclusive
results were presented by Perovi¢ et al. [33], according
to which females in group II division 1 malocclusion
had significantly thicker STFP while in Class III there
were no significant differences between genders. These
differences may result from the selection of different
landmarks used in the cephalometric analysis as well as
different allocation of subjects to groups. Thicker STFP
in males in comparison with females was demonstrated
in two other studies, where Arnett’s cephalometric
analysis was used [ [16, 34]; yet, both studies compared
males and females with normal occlusion. Thicker STFP
in males were also obtained from studies in which the
cone-beam computed tomography (CBCT)[ [14, 35] and
the magnetic resonance imaging (MRI) [23, 36] examina-
tions were used. Domaracki et al. [37] conducted a study
on human cadavers using a needle puncture and did not
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reveal any statistically significant differences in STFP
thickness between males and females. This may be due to
the examination method used in this study.

Studies of children aged 8-12 years conducted in Bra-
sil by Pithon et al. [12] demonstrated that boys with the
skeletal Class I maloclussion had significantly thicker soft
tissues than girls at the base of the nose, in the subna-
sal and the upper lip areas. Lopatiene examined children
aged 14-16 years and found higher values for the upper
lip thickness in boys compared with girls [23]. Hoffelder
reported, that the upper and lower lips were thicker in
boys than in girls in most of the examined age groups
[20]. Gibelli noted thicker STFP in boys versus girls, and
the differences were higher in the oldest of the examined
age groups (14—18 years) [18]. Sexual dimorphism in
relation to STFP in children was also observed in other
studies [19]. According to Jeelani, sexual dimorphism
with regard to STFP thickness manifested itself at the age
of 13 years [31]. Utsuno et al. [17] denied any manifes-
tation of sexual dimorphism relative to STFT in children
younger than 11 years; it can be observed after the age of
12 years.

Limitations

Absence of data on body mass or the body mass index in
the study group may be regarded as a limitation of this
study. According to reports in the literature, BMI may
significantly affect facial soft tissue thickness and there-
fore it should be considered [38, 39]. However, due to
the retrospective character of this study and absence of
routinely collected data on height and weight in adult
patients, calculating BMI was not possible. Consider-
ing the large sample size in the present study, it can be
assumed that the results represent a mean body masses
in the Polish/ Caucasian populations. All the patients
included in the study were Caucasians, which is another
limitation of the study. The performed cephalometric
analysis of the STFP was used to compare the thickness
of soft tissues in specific areas between groups. It does
not have specific norms serving as a reference point
regarding the normal values of the STFP thickness at the
different facial areas.

Conclusions

The evaluation of the STFP thickness revealed the pres-
ence of sexual dimorphism. Males have higher STFP
thickness than females, both in adult and in growing
patients.

The study also demonstrated the presence of com-
pensatory soft tissue adaptations to skeletal malocclu-
sions, manifested as increased thickness of the STFP in
the upper lip and nasolabial area in patients with skel-
etal Class III malocclusion, as well as increased thick-
ness of the lower lip in patients with skeletal Class II
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malocclusion. The results of the study indicated increased
thickness of the STFP in adults compared to children and
adolescents, particularly within the male gender.
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Whioski i podsumowanie

1. Morfologia TMPT oceniana na podstawie analizy cefalometrycznej teleradiogramow
bocznych glowy ma znaczenie w planowaniu leczenia ortodontycznego szkieletowych wad
zgryzu. Istnieje zalezno$¢ pomiedzy gruboscia TMPT a szkieletowa wada zgryzu i plcia, co
moze stanowi¢ cenng wskazowke w leczeniu ortodontycznym u pacjentow ze szkieletowymi
wadami zgryzu, szczegdlnie w odniesieniu do leczenia kamuflazem ortodontycznym.

2. Uzycie algorytmow Al w celu przeprowadzenia analizy cefometrycznej zar6wno
twardych i migkkich tkanek twarzoczaszki moze znaczaco ulatwic i przyspieszy¢ diagnostyke
ortodontyczna, szczegdlnie dla mniej doswiadczonych klinicystow. Skuteczno$é
automatycznego wyznaczania punktow cefalometrycznych przez algorytmy Al jest wysoka, a
dalszy rozwoj technologiczny moze sprawi¢, ze w przysztosci zastagpi manualng analize¢
cefalometryczna.

3. Istnieje zalezno$¢ miedzy gruboscia TMPT a klasg szkieletowa wady zgryzu u
pacjentow ortodontycznych. Wykazano obecno$¢ kompensacji w zakresie grubosci TMPT w
rejonie niewystarczajacego wzrostu szczek, ktora moze maskowac dysproporcje kostng i
wplywac na estetyke twarzy pacjenta z wada szkieletowa. Stopien tej kompensacji moze miec¢
znaczenie w podejmowaniu decyzji o leczeniu operacyjnym lub kamuflazowym wad
gnatycznych.

4. Grubos¢ TMPT rozni si¢ w zalezno$ci od wieku pacjentdéw i ich grubo$¢ jest wicksza
u dorostych w poréwnaniu do pacjentéw w wieku rozwojowym.

5. Kobiety i me¢zczyzni cechujg si¢ r6zng gruboscia TMPT. Wykazano obecnos¢
dymorfizmu ptciowego w zakresie grubosci TMPT zgodnie z ktorym TMPT sg grubsze u

mezezyzn w porownaniu do kobiet niezaleznie od wieku pacjentow ortodontycznych.

Biorac pod uwage powyzsze wnioski mozna podsumowac, ze analiza cefalometryczna z
uwzglednieniem grubosci TMPT powinna by¢ uwzgledniana w planowaniu leczenia
ortodontycznego u pacjentdw ze szkieletowymi wadami zgryzu. Rozwoj technologiczny, w
szczegollnie zastosowanie algorytméw Al w diagnostyce ortodontycznej utatwi jej rutynowe
stosowanie w przysztosci. Wskazane jest kontynuowanie badan dotyczacych oceny TMPT w
powigzaniu z innymi czynnikami takimi jak masa ciata pacjentéw i ich przynaleznos¢ do
r6znych ras. Takze nalezy opracowac jak najbardziej doktadny algorytm Al do analizy

cefalometrycznej TMPT oparty na odpowiednio liczebnych i1 wiarygodnych bazach danych.
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Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. dent. Michata Kietczykowskiego.

(podpis oswiadczajacego)
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Prof. dr hab. n. med. Ewa Czochrowska

OSWIADCZENIE

Jako wspotautor pracy pt. .Evaluation of the soft tissue facial profile in different
skeletal malocclusions in relation to age.” o$wiadczam., iz m6j whasny wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: wspottworzenie projektu badania, analiza i interpretacja otrzymanych
wynikow, nadzér merytoryczny nad prowadzeniem badania, wspéttworzenie manuskryptu i

odpowiedz na uwagi recenzentow.

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 26 %.

Wkiad Michata Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowat
on opracowanie protokotu badawczego. opracowanie metodologii, przeprowadzenie badan,
analizg i interpretacj¢ wynikow, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskie]

lek. dent. Michata Kielczykowskiego.
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OSWIADCZENIE

Jako wspotautor pracy pt. .Roznica grubosci tkanek migkkich profilu twarzy w
zaleznosci od klasy szkieletowej oraz plci. Przeglad pismiennictwa™ o$wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: nadzér merytoryczny nad wyborem
pismiennictwa, analiza i interpretacja otrzymanych wynikow, wspéitworzenie manuskryptu i

odpowiedz na uwagi recenzentow.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 31 %.

Wkiad Michala Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowat
on opracowanie protokotu badawczego. opracowanie metodologii. przeprowadzenie badan,
analiz¢ 1 interpretacje wynikow, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. dent. Michata Kietczykowskiego.

(podpis oswiadczajacego)
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Dr n. med. Konrad Perkowski

OSWIADCZENIE

Jako wspotautor pracy pt. .Application of Artificial Intelligence (Al) in a
Cephalometric  Analysis: A Narrative Review.” o$wiadczam. iz mdj wilasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: nadzor merytoryczny nad wyborem pismiennictwa,
analiza i interpretacja otrzymanych wynikéw, wspottworzenie manuskryptu i odpowiedz na

uwagi recenzentow.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 21 %.

Wkiad Michata Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowal
on opracowanie protokolu badawczego, opracowanie metodologii, przeprowadzenie badan,
analizg i interpretacje wynikow, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgode¢ na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. dent. Michata Kielczykowskiego.

(podpis o$wiadczajacego)
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dr n. med. Konrad Perkowski

OSWIADCZENIE

Jako wspotautor pracy pt. ..Evaluation of the soft tissue facial profile in different
skeletal malocclusions in relation to age.” oswiadczam. iz moj wlasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: wspottworzenie projektu badania. analiza i interpretacja otrzymanych
wynikow, nadzér merytoryczny nad prowadzeniem badania, wspdttworzenie manuskryptu i

odpowiedz na uwagi recenzentow.

M¢j udzial procentowy w przygotowaniu publikacji okreslam jako 25 %.

Wkiad Michala Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowal
on opracowanie protokotu badawczego, opracowanie metodologii, przeprowadzenie badan,
analizg i interpretacje wynikow, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.,

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej

lek. dent. Michata Kielczykowskiego.

(podpis oswiadczajacego)
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OSWIADCZENIE

Jako wspdtautor pracy pt. ,,Réznica grubosci tkanek migkkich profilu twarzy w
zaleznosci od klasy szkieletowej oraz plei. Przeglad pismiennictwa” oswiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: nadzér nad tworzeniem protokotu

badawczego, interpretacja otrzymanych wynikow, odpowiedz na uwagi recenzentow.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 7 %.

Wklad Michata Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowal
on opracowanie protokofu badawczego, opracowanie metodologii, przeprowadzenie badan,
analizg 1 interpretacje wynikow, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czeS¢ rozprawy doktorskiej

lek. dent. Michata Kielezykowskiego.
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Prof. dr hab. n. med. Malgorzata Zadurska

OSWIADCZENIE

Jako wspolautor pracy pt. ,Application of Artificial Intelligence (Al) in a
Cephalometric Analysis: A Narrative Review.” o$wiadczam, iz modj wihasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: nadzér nad tworzeniem protokolu badawczego,

interpretacja otrzymanych wynikéw, odpowiedz na uwagi recenzentow.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 7 %.

Wkiad Michata Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowat
on opracowanie protokolu badawczego, opracowanie metodologii, przeprowadzenie badan,
analize i interpretacj¢ wynikow, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. dent. Michala Kietczykowskiego.

(podpis oswiadczajacego)
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Prof. dr hab. n. med. Matgorzata Zadurska

OSWIADCZENIE

Jako wspotautor pracy pt. ,.Evaluation of the soft tissue facial profile in different
skeletal malocclusions in relation to age.” o§wiadezam, iz moj wlasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: nadzor nad tworzeniem protokotu badawezego, interpretacja otrzymanych
wynikow, odpowiedz na uwagi recenzentéw, udostepnienie miejsca i sprzetu do prowadzenia

badar.
Mo6j udzial procentowy w przygotowaniu publikacji okreslam jako 7 %.

Wklad Michata Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowat
on opracowanie protokotu badawczego, opracowanie metodologii, przeprowadzenie badan,
analiz¢ i interpretacj¢ wynikow, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. dent. Michata Kielczykowskiego.
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OSWIADCZENIE

Jako wspotautor pracy pt. ,,Roznica grubosci tkanek migkkich profilu twarzy w
zaleznosci od klasy szkieletowej oraz plci. Przeglad pismiennictwa” o$wiadczam, iz moj
wihasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowi: wspottworzenie protokotu badawczego,

wykonanie badan, odpowiedz na uwagi recenzentow.

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 7 %.

Wklad Michata Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowat
on opracowanie protokotu badawczego, opracowanie metodologii, przeprowadzenie badan,
analize i interpretacje wynikéw, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgsS¢ rozprawy doktorskiej

lek. dent. Michata Kietczykowskiego.
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Lek. dent. Konrad Kaminski

OSWIADCZENIE

Jako wspélautor pracy pt. ,Application of Artificial Intelligence (AI) in a
Cephalometric Analysis: A Narrative Review.” oswiadczam, iz moj wilasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: nadzor merytoryczny nad wyborem pismiennictwa,
analiza i interpretacja otrzymanych wynikow, wspoltworzenie manuskryptu i odpowiedz na

uwagi recenzentow.

M6j udzial procentowy w przygotowaniu publikacji okreslam jako 7 %.

Wklad Michata Kietczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowat
on opracowanie protokotu badawczego, opracowanie metodologii, przeprowadzenie badan,
analize i interpretacje wynikéw, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. dent. Michata Kielczykowskiego.
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Jako wspétautor pracy pt. ,,Evaluation of the soft tissue facial profile in different
skeletal malocclusions in relation to age.” o§wiadczam, iz méj wlasny wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: wspoltworzenie protokotu badawczego, analiza danych, interpretacja

otrzymanych wynikow.
M6j udzial procentowy w przygotowaniu publikacji okreslam jako 7 %.

Wktad Michata Kielczykowskiego w powstawanie publikacji okreslam jako 35 %, obejmowat
on opracowanie protokotu badawczego, opracowanie metodologii, przeprowadzenie badan,
analize i interpretacje wynikow, przygotowanie manuskryptu i odpowiedz na uwagi

recenzentow.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskie]

lek. dent. Michala Kietczykowskiego.
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