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1. Wykaz zastosowanych skrotow

PICO Population, Intervention, Control,
Outcome

QUADAS Quality Assessment of Diagnostic
Accuracy Studies

GRADE Grades of Recommendation, Assess-
ment, Development, and Evaluation

ANOVA Analiza wariancji

0] Nagryz poziomy

OB Nagryz pionowy

IMW Szerokos¢ miedzytrzonowcowa

ICW Szerokos¢ miedzyktowa

FD Metoda analizy wymiaru fraktalnego

TA Metoda analizy tekstur

SEM Skaningowy mikroskop elektronowy

W Grupa badawcza sok pomaranczowy 1
tydzien

2W Grupa badawcza sok pomaranczowy 2
tygodnie

C1wW Grupa badawcza Coca-Cola 1 tydzien

2w Grupa badawcza Coca-Cola 2 tygodnie
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3. STRESZCZENIE

Wstep

Aparaty wyjmowane s3 stosowane w leczeniu ortodontycznym od wielu lat. Jedng z ich
najwigkszych zalet jest mozliwos¢ tatwego utrzymania higieny jamy ustnej. Do najwigkszych
wad nalezg: brak mozliwos$ci dobrej kontroli ruchu przesuwanych zebow oraz ich
niezadowalajgca estetyka. W zwigzku z tym aparaty wyjmowane przez wielu lekarzy i
pacjentow sg stosowane niechetnie, przegrywajac ten swoisty wyscig z roznymi odmianami
aparatow statych. W ostatnich latach coraz wigksza popularnos¢ zyskuja jednak naktadki
(alignery) — aparaty wyjmowane wykonane z elastycznego, przezroczystego tworzywa,
pokrywajacego cate tuki zebowe.

Z punktu widzenia ortodontdw, posiadaja one wiele zalet w poréwnaniu do klasycznych,
tradycyjnych aparatéw statych: dzigki mozliwosci zaktadania 1 zdejmowania utatwiajg
dbanie o prawidtowa higien¢ uzebienia. Zmniejsza to ryzyko gromadzenia si¢ ptytki
nazgbnej, a w konsekwencji obniza prawdopodobienstwo wystapienia choroby
prochnicowej, a takze chordb przyzgbia. Zwigksza to rowniez komfort spozywania
pokarmdw i obniza ryzyko wystapienia awarii. Dodatkowo, dzigki swojej cienkiej,
przezroczystej budowie aparaty te s niemal niewidoczne, co odpowiada stale rosngcym
oczekiwaniom estetycznym pacjentéw. Jednoczes$nie alignery pozwalajg na trojwymiarowa
kontrole ruchu zgbdw, ktora dotychczas nie byta mozliwa przy zastosowaniu tradycyjnych
aparatow wyjmowanych.

W ramach procesu produkcji naktadek wykorzystane sa techniki cyfrowe odpowiadajace za
odtworzenie anatomicznej budowy uzebienia pacjenta w ramach modelu cyfrowego
zapisanego w pamie¢ci komputera. Nastepnie, w specjalistycznym programie

przeprowadzana jest symulacja leczenia ortodontycznego, a caty proces podzielony jest na 1-,
lub 2- tygodniowe etapy, w ramach ktdrych ma nastgpowac stopniowy ruch zgbow w
pozadanym przez lekarza kierunku. W ramach kazdego z etapow nast¢puje wymiana naktadki
na kolejna, ktorej ksztalt ma odpowiada¢ utozeniu z¢gboéw w danym momencie leczenia. W ten
sposob, uzgbienie pacjenta ma stopniowo osiagna¢ zamierzone przez lekarza potozenie.

W pi$miennictwie istnieja jednak liczne doniesienia wskazujace, ze osiggane w ramach takiej
terapii efekty w istotny sposob odbiegaja od celu leczniczego, zatozonego w ramach
komputerowej symulacji ruchow zebowych.

Jako przyczyny takiego stanu rzeczy, badacze wskazujg migdzy innymi: niedoktadnos¢
cyfrowej reprodukcji uzebienia pacjenta w ramach modelu cyfrowego, indywidualng
zmienno$¢ geometrii korzeni zgbow (ktéra moze w istotny sposob odbiega¢ od usrednionych,
przyjmowanych przez oprogramowanie wartosci), a takze zmiany wlasciwosci materiatu
naktadek pod wplywem $rodowiska jamy ustnej, co moze negatywnie wptywac na ich
zdolno$¢ do wywierania optymalnych sit ortodontycznych.

W celu zwigkszenia skutecznosci 1 przewidywalnos$ci leczenia naktadkowego konieczne jest
zatem okreslenie, czy modele cyfrowe wiernie odwzorowujg uzebienie pacjenta. Ma to
szczegoOlne znaczenie z uwagi na fakt, ze w ramach terapii pojedynczy etap przesunieé



zebowych zaktada ruch w zakresie okoto 0,2 mm. Aby proces ten byt doktadny, musi opiera¢
si¢ na bardzo precyzyjnym i wiarygodnym odwzorowaniu danych.

Okreslenie, czy wystepuje indywidualna zmienno$¢ anatomii uzgbienia pacjentow (ze
szczegdlnym uwzglednieniem roznic w dtugosci korzeni zgbow, ktore nie sg rutynowo brane
pod uwage w ramach symulacji komputerowej leczenia naktadkowego) ma kluczowe
znaczenie dla lekarzy praktykow. Moze to bowiem pomoéc zindywidualizowac plan terapii ,
lub podja¢ decyzj¢ o innej metodzie leczenia ortodontycznego — na przyktad przy pomocy
aparatu statego cienkolukowego. Da ono takze wiedz¢ producentom oprogramowania
stuzacego do projektowania naktadek ortodontycznych, jak je usprawni¢. Moze to
potencjalnie pozwoli¢ tworzy¢ lepiej dopasowane, bardziej realistyczne symulacje leczenia
ortodontycznego.

Z kolei wypracowanie metod stuzacych do okreslenia zmian wtasciwo$ci powierzchniowych
naktadek moze pomdc producentom w poszukiwaniu bardziej odpornych materiatow o
lepszych wlasciwosciach mechanicznych, co korzystnie wplynie na efektywnos¢ leczenia.
Dodatkowo uzyskanie takich wynikow moze sta¢ si¢ podstawg do oceny dtugosci interwatu,
w jakim naktadki powinny by¢ wymieniane.

Cele

1) Zbadanie, czy odwzorowanie uzgbienia pacjenta w formie modelu cyfrowego jest
statystycznie tozsame (identyczne) z modelem gipsowym (dotychczasowy ztoty
standard w leczeniu tradycyjnym).

2) Okreslenie, czy wystepuje osobnicza zmienno$¢ w dtugosci korzeni zebow
dolnych z uwzglednieniem indywidualnych charakterystyk pacjentéw, takich jak
przerost zuchwy jedno-, lub obustronny. Ocena, czy wystepuje dymorfizm ptciowy
w dhugosci korzeni zeboéw dolnych u cztowieka.

3) Proba okreslenia idealnego interwatu wymiany naktadki ortodontycznej, ze
wzgledu na proces jej degradacji w sSrodowisku jamy ustnej. Ocena zmian
wystepujacych na powierzchni naktadek poddanych dziataniu kwasnych
pokarmow, majacych imitowac diete¢ wspotczesnego cztowieka oraz okreslenie
najbardziej wiarygodnej metody badania procesu starzenia naktadek.



Metodyka

Rozprawe doktorska stanowi cykl trzech publikacji o tgcznym IF= 9,819; MNiSW= 350 pkt.

W pierwszej publikacji przeprowadzono przeglad systematyczny pis§miennictwa potaczony z
analizg statystyczng (metaanalizg) w celu okreslenia, czy pomiary uzgbienia wykonywane na
modelach cyfrowych sg identyczne z pomiarami wykonywanymi na modelach gipsowych. Z
uzyskanych wstepnie 1507 prac, ostatecznie do analizy jakosciowej zakwalifikowano 50
publikacji. Po przeanalizowaniu formalnych kryteriow wiaczenia do analizy statystycznej, do
analizy ilo$ciowej zakwalifikowano 9 publikacji. Wyekstrahowano tacznie dane 428
pacjentow, u ktorych wykonano modele diagnostyczne przed leczeniem ortodontycznym.
Pobrano informacje dotyczace pici i wieku badanych, rodzaju i warto$ci wykonywanych
pomiarow, $redniej réznicy migdzy pomiarami wykonywanymi metodg cyfrowa, a
tradycyjna. Nastgpnie wykonano metaanaliz¢ nastgpujacych pomiarow: szerokosci
mig¢dzytrzonowcowej gornej, szerokosci miedzytrzonowcowej dolnej, szerokosci
mig¢dzyklowej gornej, szerokosci migdzyklowej dolnej, nagryzu pionowego, nagryzu
poziomego.

Celem drugiej pracy bylo zbadanie, czy wystepuje osobnicza zmienno$¢ w dtugosci zebow
dolnych - koron i korzeni. Jako odpowiednie dystraktory wyznaczono: dtugos¢ zuchwy,
asymetri¢ w budowie zuchwy, pte¢ pacjenta. W sposob retrospektywny przeanalizowano
tomografie stozkowe (CBCT) wykonane w ramach diagnostyki przed leczeniem
ortodontycznym. Do udziatu w badaniu zakwalifikowano 92 pacjentéw, na tomografiach
ktorych zmierzono dlugosci zgbow dolnych od siekacza centralnego, do 2. zgba trzonowego.
Analizowano pacjentéw z prawidtowa przednio-tylng relacja szczeki 1 zuchwy (I klasa
szkieletowa), oraz pacjentdw prezentujacych przerost zuchwy jedno-, lub obustronny (III
klasa szkieletowa z- 1 bez asymetrii).

Okreslono trzy hipotezy zerowe: 1) nie ma dymorfizmu ptciowego w dtugosci zebow dolnych
2) u pacjentdw z jednostronnym przerostem zuchwy, zgby dolne po stronie z przerostem nie
sg dluzsze, niz zgby po stronie o prawidtowej dtugosci zuchwy 3) nie ma r6znic w dlugosci
z¢bow miedzy pacjentami z I klasa, a pacjentami z III klasg szkieletowa bez asymetrii.
Nastepnie, przy pomocy analizy statystycznej zweryfikowano kazda z nich.

W trzecim badaniu analizowano wptyw plynéw o niskim pH na zmiany zachodzace na
powierzchni materiatu, z ktérego wykonywane sa naktadki ortodontyczne. Wykorzystano
nap6j Coca-Cola oraz sok pomaranczowy, w celu zasymulowania dziatania pokarmow
bedacymi sktadnikami diety przecigtnego wspodiczesnego cztowieka. Stworzono grupe
kontrolng (n=15) oraz cztery grupy badawcze (kazda o liczebnos$ci n=15), w ramach ktoérych
zanurzano naktadki odpowiednio w Coca-Coli i soku pomaranczowym przez 1, lub 2
tygodnie. Zmiany zachodzace na powierzchni naktadek badano przy pomocy analizy kata
zwilzania 1 napi¢cia powierzchniowego. Wykorzystano takze metode¢ analizy wymiaru
fraktalnego 1 analizy tekstur w celu doktadniejszego opisu zachodzacych zmian i oceny
procesu starzenia naktadek w funkcji czasu.



Wyniki

Wykonany w ramach pierwszej pracy przeglad piSmiennictwa ujawnit znaczna
heterogeniczno$¢ wsrod 50 analizowanych publikacji. Stwierdzono tacznie 25
niestandaryzowanych rodzajéw pomiarow modeli cyfrowych i gipsowych (tradycyjnych). Do
analizy ilosciowej witaczono prace, ktore porownywaty przynajmniej jeden z ponizszych
parametréw: szerokos¢ miedzytrzonowcowa goérna/dolna, szeroko$¢ migdzyktowa
goérna/dolna, nagryz pionowy, nagryz poziomy. Finalnie do dalszej analizy statystycznej
wlaczono pomiary z 9. prac opisujacych tacznie pomiary uzgbienia 428. pacjentow.

W o$miu pracach, z analizowanych dziewigciu, autorzy stwierdzili wystgpowanie istotnych
statystycznie réznic mi¢dzy pomiarami cyfrowymi, a tradycyjnymi. Ponadto ocena
poszczegblnych analizowanych badan wykazata, ze wystepujace w 8. na 9 badanych prac
réznice byly istotne statystycznie, ale nie wykazywaty réznic, ktore powinny mie¢ znaczenie
kliniczne. Jednakze, analizujac wszystkie dane zbiorczo w ramach metaanalizy z efektem
zmiennym nie stwierdzono istotnych statystycznie (p<0,05) r6znic dla zadnego z
analizowanych pomiaréw. Potwierdza to wzrost poziomu istotnosci statystycznej testu po
przeanalizowaniu wigkszej ilo$ci danych, ktory pozwolit unikna¢ bledu pierwszego rodzaju
(bledu statystycznego polegajacego na falszywym stwierdzeniu roznic, ktére wynikajg ze zbyt
malej liczebnosci analizowanych grup) oraz potwierdza stusznos¢ decyzji o wykonaniu
analizy metoda ilo§ciowq.

W ramach drugiego projektu badawczego zmierzono dtugosci korzeni zebow dolnych na
tomografiach stozkowych (CBCT) 92. pacjentow (49. mezczyzn, 43. kobiety). Sredni wiek
badanych wynosit 24,3 lata. Analiza statystyczna umozliwita zweryfikowanie postawionych
hipotez zerowych.

Stwierdzono, ze wystepuje dymorfizm piciowy w dtugosci zebow dolnych (hipoteza zerowa
pierwsza zostala obalona). W trzech badanych grupach (I klasa szkieletowa, III klasa bez
asymetrii, Il klasa z asymetria) zeby dolne mezczyzn byty dtuzsze od zebow kobiet srednio o
odpowiednio 1,57mm, 1,35mm, 1,43mm.

U pacjentow z jednostronnym przerostem zuchwy nie odnaleziono istotnej statystycznie
zalezno$ci miedzy dtugoscig trzonu zuchwy, a dlugoscig zeboéw po tej samej stronie (hipoteza
zerowa druga zostala potwierdzona).

Potwierdzono, ze z¢by dolne u pacjentéw z przerostem zuchwy sg dluzsze, niz u pacjentow z
prawidtowa budowa zuchwy — $rednio o 1,17mm dla mezczyzn i 1,39mm dla kobiet (hipoteza
zerowa trzecia zostata obalona).

Podsumowujac: Wykazano istotne statystycznie réznice w dlugosci zgbow dolnych migdzy
kobietami, a m¢zczyznami oraz miedzy pacjentami z prawidtowa budowa zuchwy, a
pacjentami z przerostem zuchwy.

W ramach trzeciej pracy, w metodzie analizy wymiaru fraktalnego (FD) wykazano istotne
statystycznie réznice mi¢dzy grupami kontrolng i grupg poddawang immersji w soku
pomaranczowym przez 1 tydzien (JIW), a grupami poddawanymi immersji w Coca-Coli przez
2 tygodnie (C2W) 1 w soku pomaranczowym przez 2 tygodnie (J2W).

W badaniu metoda analizy tekstur (TA) uzyskano istotne statystycznie roznice dla kazdego z
poréwnan, za wyjatkiem C2W-J2W. Zauwazono silng zalezno$¢ spadku poziomu entropii
(miary wzrostu uszkodzen materiatu) od czasu moczenia naktadek, a takze nizszy poziom
entropii dla soku pomaranczowego, niz napoju Coca-Cola. Zaleznos$¢ te¢ potwierdzono zar6wno
w porownaniach grup poddawanych immersji przez 1 tydzien (C1W-J1W), jak i grup
poddawanych immersji przez 2 tygodnie (C2W-J2W). W badaniu metodg analizy kata
zwilzania uzyskano istotne statystycznie roznice mi¢dzy grupa kontrolna, a grupg C1W dla
wody oraz migdzy grupami kontrolng, a CIW 1 J2W oraz JIW-C1W dla glikolu.



W analizie napigcia powierzchniowego uzyskano istotne statystycznie réznice dla wody w
poréwnaniu: grupa kontrolna - grupa C1W. Dla glikolu nie uzyskano statystycznie istotnych
roznic.

W poréwnaniu metod TA okazata si¢ metoda najczulsza.

Wartym odnotowania jest fakt, ze sok pomaranczowy wykazywal nieznacznie bardziej
uszkadzajace dziatanie od Coca-Coli, co potwierdzono w analizie TA.

Podsumowujac: Zmiany widoczne na powierzchni naktadek sg bardziej widoczne po 2-
tygodniowe;j inkubacji, niz po 1- tygodniowej, przy zastosowaniu metody TA. W czasie 1-
tygodniowej obserwacji, sok pomaranczowy powodowal wigkszg intensywno$¢ zmian na
powierzchni naktadek, niz nap6j Coca-Cola. Najlepsze do oceny zmian obecnych na
powierzchni naktadek wydajg si¢ by¢ metody TA i FD.

Whioski

1) W sposob statystyczny dowiedziono, ze modele cyfrowe sg identyczne wzgledem
modeli gipsowych 1 mogg je zastgpi¢ jako nowy ,,ztoty standard” w ortodoncji w
celach diagnostyki, planowania, analizowania osiggnig¢tych rezultatow leczenia.

2) Zgby dolne sg dtuzsze u mezczyzn, niz u kobiet. Zeby dolne u 0sdb z przerostem
zuchwy sg dtuzsze, niz u 0sob z prawidlowa budowa zuchwy. Asymetria w budowie
zuchwy nie jest skorelowana z dtugoscia zebow dolnych.

3) Metody analizy fraktalnej 1 analizy tekstur moga by¢ metodami z wyboru do badania
wlasciwosci powierzchniowych materiatu, z ktérego wykonuje si¢ naktadki oraz moga
by¢ z powodzeniem uzywane przy rozwoju nowych tworzyw do produkcji naktadek.
Kwasne ptyny wchodzace w sktad diety wspolczesnego cztowieka majg uszkadzajacy

wplyw na powierzchni¢ naktadek. Proces ten najskuteczniej uwidaczniajg badania

metoda analizy fraktalnej i analizy tekstur. 2-tygodniowy interwal wymiany naktadek

wydaje si¢ wystraczajacy, ale nalezy wzia¢ pod uwage, ze niekiedy zmiana
wlasciwos$ci powierzchniowych tych aparatéw moze nastapic juz po 1. tygodniu
uzytkowania.
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4. ABSTRACT

Introduction

Removable appliances have been used in orthodontic therapy for many years. One of their
major advantages is the ability to easily maintain good oral hygiene. Some of their biggest
drawbacks are: lack of good tooth movement control and unsatisfactory aesthetics. For those
reasons, many clinicians and patients were reluctant to use them. Thereby, different kinds of
fixed appliances started to overcome the removable ones in terms of popularity in this specific
“race”. In recent years, however, aligners are beginning to gain popularity — they are
removable appliances made of elastic, transparent material, which covers whole dental arches.

From the orthodontists’ perspective, they offer many advantages over classic, traditional fixed
appliances: thanks to the possibility of easy appliance removal and insertion, maintaining
proper mouth hygiene is much easier. This decreases the risk of dental plaque accumulation,
which in turn lowers the likelihood of carious disease, as well as periodontium breakdown. It
also increases the comfort during food consumption, and decreases the risk of appliance
breakage. At the same time, aligners offer the ability of tridimensional tooth movement
control, which, until recently, was only achievable with edgewise fixed appliance.

In addition, thanks to their thin, transparent body these appliances are almost invisible, which
accommodates the patients’ ever increasing aesthetic demands.

During aligner fabrication, digital techniques are utilised. They enable the reconstruction of
anatomic structure of the patient’s teeth as a digital model saved on the computer’s hard drive.
As a next step, a simulation of an orthodontic treatment is carried out in dedicated orthodontic
software. This process is split into one- or two week steps, in which gradual tooth movement
should occur in the direction the clinician had planned. Every step involves a next set of
aligners, whose shape represent the teeth position at a given moment of treatment. In this way,
the patient’s dental arches should gradually become aligned according to the clinician’s plan.

The projected and the actual outcome of this course of treatment, however, differ
significantly. This has been shown in numerous papers in the literature focusing on the
evidence behind aligner treatment.

Researchers show many reasons behind this problem, among others: the accuracy of digital
reconstruction of patient’s teeth as a means of a digital model, individual variation of teeth
roots geometry (which can greatly deviate from the mean values, which are programmed in
the software used for appliance fabrication). Another reason are the changes of aligner
material properties under the influence of oral cavity fluids, which can have a negative impact
on their ability to exert optimal orthodontic forces.

In order to increase efficacy and predictability of aligner treatment it is therefore necessary to
determine whether the digital model is a faithful reproduction of the patient’s teeth. It is
particularly important due to the fact, that in the course of treatment one tooth movement step
may involve an increment of approximately 0,2mm. For this process to be accurate, it must be
based on very precise and reliable data reproduction.
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It is crucial for the clinician to determine whether there is a marked variation of tooth
anatomy (particularly involving teeth root length, which are not routinely analysed during the
computer simulation of aligner treatment). It can help individualise the patient’s treatment
plan, or make a decision to choose a different method of orthodontic treatment — such as
utilising the fixed appliance, for example. It could also bolster the software developers’
knowledge regarding the ways to improve their product. This, in turn, may enable them to
create a more reliable and realistic simulations of orthodontic treatment outcome.

The development of methods to determine changes in the surface properties of the aligners
can aid manufacturers in their search for more resistant materials with better mechanical
properties. This will be beneficial for the efficacy of the treatment. Additionally, these
methods may be used to help determine the length of the interval, in which the aligners should
be replaced by a new set in the course of treatment.

Aims

1) To investigate whether the patient’s teeth reproduced as a digital model are
statistically similar (identical) to the stone model (conventional golden mean in
traditional treatment course).

2) To determine whether there is personal variation in the length of the roots of the
lower teeth- taking into account individual characteristics of patients such as
mandibular hypertrophy unilaterally or bilaterally. To assess whether there is
sexual dimorphism in the length of the roots of the lower teeth in humans.

3) Evaluation of changes occurring on the surface of aligners exposed to acidic foods
designed to mimic the diet of modern humans. Determining the most reliable
method to study the ageing process of aligners. An attempt to find an answer on
how frequent should the aligners be replaced during treatment.

12



Methods

The doctoral dissertation is a series of three publications with a total IF = 9.819;
Ministry of Science and Higher Education = 350 points.

In the first publication, a systematic review of the literature combined with statistical
analysis (meta-analysis) was carried out to determine whether dental measurements made on
digital models are identical to those made on plaster models. Of the 1507 papers initially
obtained, 50 publications were finally selected for qualitative analysis. After reviewing the
formal inclusion criteria for statistical analysis, nine publications were qualified for
quantitative analysis. Data of a total of 428 patients (volunteers) with diagnostic models taken
before orthodontic treatment were extracted. Information was collected on the gender and age
of the subjects, the type and value of measurements taken, the mean difference between
measurements taken by digital and traditional methods. Subsequently, a meta-analysis of the
data on the following measurements was performed: upper intermolar width, lower intermolar
width, upper intercanine width, lower intercanine width, overbite, overjet.

The aim of the second study was to investigate whether there is personal variability in
the total length of lower teeth (crowns and roots combined). The following were identified as
relevant differentiators: mandibular length, asymmetry in mandibular bone structure, and
patient gender. Cone-beam computed tomography (CBCT) scans taken as part of the
diagnostic process prior to orthodontic treatment between 2017 and 2021 were retrospectively
analysed. 92 patients were eligible to participate in the study, and their CT scans were utilised
to measure the length of the teeth starting from lower central incisor, up to the second lower
molar on both sides. Patients with a normal anteroposterior relationship of the maxilla and
mandible (skeletal class I), and patients presenting mandibular hypertrophy unilaterally or
bilaterally (skeletal class III with and without asymmetry) were analysed. Three null
hypotheses were developed: 1) There is no sexual dimorphism in lower tooth length 2) There
is no correlation between unilateral mandibular hypertrophy and lower tooth length on the
same side 3) There are no differences in tooth length between patients with class I and
patients with skeletal class III without asymmetry. Subsequently, each of these was verified
using statistical analysis.

The third study analysed the effect of low pH liquids on changes occurring on the surface of
orthodontic aligner material. A Coca-Cola beverage and orange juice were used to simulate
the foods that are components of the diet of the average present-day individual. A control
group (n=15) and four study groups (each with n=15) were designed, within which the
aligners were immersed in Coca-Cola and orange juice for 1 or 2 weeks, respectively.
Changes occurring on the surface of the aligners were studied using wetting angle and surface
tension analysis. Fractal dimension analysis and texture analysis were also used to further
investigate the changes taking place and to assess the ageing process of the aligners in the
function of time.
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Results

The systematic review performed as part of the first study revealed considerable heterogeneity
among the 50 publications analysed. A total of 25 non-standardised types of digital and
plaster (traditional) model measurements were found. Papers that compared at least one of the
following parameters were included in the quantitative analysis: upper/lower intermolar
width, upper/lower intercanine width, overbite, and overjet.

For the meta-analysis, measurements from nine papers covering a total of 428 patients were
included in the statistical analysis.

In eight of the nine papers analysed, the authors found statistically significant differences
between digital and traditional measurements. In addition, the evaluation of the individual
studies analysed showed that the differences found in eight out of nine papers were
statistically significant, but did not show differences that should be clinically meaningful.
However, when analysing all the data collectively in a meta-analysis with a variable effect, no
statistically significant (p<0.05) differences were found for any of the measurements
analysed. This confirms the increase in the level of statistical power of the test after analysing
more data, which helped avoid an error of the first kind (the statistical mistake of falsely
finding differences that are due to too small a size of groups analysed) and confirms the
validity of the decision to perform the analysis using the quantitative method.

The second research project measured the root lengths of the lower teeth on cone-beam CT
(CBCT) scans of 92 patients (49 male, 43 female). The mean age of the subjects was 24.3
years. Statistical analysis made it possible to verify the null hypotheses. It was found that
there exists a sexual dimorphism in the length of lower teeth (null hypothesis one was
rejected). In the three study groups (skeletal class I, class III without asymmetry, class III with
asymmetry), male lower teeth were longer than female teeth by an average of 1.57mm,
1.35mm and 1.43mm, respectively. No statistically significant relationship was found
between tooth length and mandibular body length on the same side (null hypothesis two was
confirmed). It was confirmed that the lower teeth in patients with mandibular hypertrophy are
longer than in patients with normal mandibular structure - by an average of 1.17mm for men
and 1.39mm for women (null hypothesis three was rejected). Summary: Statistically
significant differences were found in the length of lower teeth between men and women and
between patients with normal mandibular structure and patients with mandibular hypertrophy.

Within the third study, the fractal dimension (FD) analysis method showed statistically
significant differences between the control and J1W groups, and the C2W and J2W groups.

The texture analysis (TA) method showed statistically significant differences for each of the
comparisons, with the exception of C2W-J2W. A strong dependence between the reduction in
entropy level (a measure of the increase in material damage) and the immersion time of the
aligners was observed, as well as a lower entropy level for orange juice than Coca-Cola drink
in the comparison of groups with the same immersion time (C1W-J1W, C2W-J2W).

In the wetting angle analysis, statistically significant differences were obtained between the
control group and the C1W group for water and between the control and C1W and J2W and
JIW-C1W groups for glycol.

In the surface tension analysis, statistically significant results were obtained for water in the
control - C1W group comparison. No statistically significant differences were obtained for
glycol.
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In the comparison of methods, TA proved to be the most sensitive of the methods, confirming
the effect of time on the increase in material damage.

It is noteworthy that orange juice showed a slightly more destructive effect than Coca-Cola,
which was confirmed in the TA analysis.

Summary: The changes visible on the surface of the aligners are more evident after a 2-week
incubation than after a 1-week incubation in the TA method. At the 1-week follow-up, orange
juice caused more intense changes on the surface of the aligners than Coca-Cola beverage.
The TA and FD methods appear to be the best tools for assessing the changes present on the
surface of the aligners.

Conclusions

1) It has been statistically proven that digital models are identical to plaster models and can
replace them as the new 'gold standard' in orthodontics for the purposes of diagnostics,
treatment planning and analysis of treatment results achieved.

2) Lower teeth are longer in men than in women. Lower teeth in persons with mandibular
hypertrophy are longer than in persons with normal mandibular structure. Asymmetry in
mandibular structure is not correlated with lower tooth length.

3) Fractal dimension analysis and texture analysis methods can be the methods of choice for
investigating the surface properties of aligner material and can be successfully used in the
development of new aligner materials. Acidic liquids included in the diet of modern humans
have a damaging effect on the surface of aligners. This process is most effectively visualised
by fractal dimension and texture analysis studies. A 2-week aligner change interval seems
sufficient, but it should be taken into account that sometimes a change in the surface
properties of these appliances can occur after just 1 week of use.
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5. Wprowadzenie

Tradycyjne aparaty ortodontyczne, sktadajace si¢ z elementow mocowanych na state na
zgbach pacjenta na czas leczenia zostaty opisane jeszcze pod koniec lat 20. XX. wieku przez
Edwarda H. Angle, nazywanego ,,0jcem wspoiczesnej ortodoncji” (1).

Pomimo wprowadzania szeregu usprawnien, wspolczesnie stosowane tradycyjne aparaty state
W znaczgcym zakresie przypominaja aparat opisany blisko sto lat temu.

Maja one swoje istotne wady: sprzyjaja gromadzeniu si¢ ptytki naze¢bnej, zwigkszajg ryzyko
prochnicy, zapalenia dzigset i przyzebia (2). Ponadto, z uwagi na stale rosngce oczekiwania
pacjentdw czesto sg one uwazane przez nich za niewystarczajaco estetyczne i niewygodne w
uzytkowaniu.

Jako alternatywe do aparatow statych opisano elastyczne, zdejmowane aparaty ortodontyczne.
Po raz pierwszy zostaly one przedstawione juz w 1945 roku (3).

Zdejmowane aparaty ortodontyczne w formie niewidocznych naktadek znajduja uznanie
wsrdd pacjentdw z uwagi na wygode (tatwos¢ zaktadania 1 zdejmowania), estetyke (nie
zastaniajg z¢bow w trakcie terapii, pozostajac catkowicie przezroczyste), higiene (fatwos¢
utrzymania higieny z¢bow oraz samego aparatu) oraz brak istotnego wptywu na wydolnos¢
zucia, w przeciwienstwie do tradycyjnych aparatow statych.

Zwickszone zainteresowanie zdejmowanymi aparatami ortodontycznymi w ostatnich latach
jest zwiazane z rozwojem odpowiednich technik materiatowych (4) oraz technik cyfrowych,
umozliwiajacych cyfrowe przedstawienie uzebienia pacjenta, wraz z analizg jego uzgbienia

(3).

Wspotczesnie, w celu uzyskania cyfrowego odwzorowania uzgbienia pacjenta wykorzystuje
si¢ najczesciej dwa procesy: 1) skanowanie uzebienia pacjenta (przy pomocy skanera
wewnatrzustnego) 2) skanowanie gipsowego modelu uzebienia pacjenta (przy pomocy
skanera laboratoryjnego). Skanery laboratoryjne sg czesto wykorzystywane w praktyce
ortodontycznej z uwagi na to, ze nie wymagaja kosztownej inwestycji w skaner
wewnatrzustny, a takze nie wymagaja specjalnych przygotowan uzgbienia pacjenta w celu
uzyskania odpowiedniej jako$ci skanu. Umozliwiajg one stworzenie wirtualnych modeli
uzgbienia, ktore sg nastgpnie wykorzystywane w dalszych etapach: analizy uzgbienia
pacjenta, stawiania diagnozy, przeprowadzania symulowanego procesu leczenia pacjenta w
srodowisku cyfrowym. Nastepnie, w trakcie procesu produkcji naktadek sg one wykonywane
na serii modeli, powstajacych w procesie druku 3D. Tak wytworzone naktadki sg nastepnie
wymieniane przez pacjenta w okreslonych odstepach w trakcie terapii wedlug wskazan
producenta: najczesciej spotyka si¢ opisy interwatoéw 1- lub 2-tygodniowych.

Wedtug zatozen takiego procesu leczniczego, w miar¢ wymiany nakladek z¢by ulegaja
stopniowemu przesuni¢ciu w kierunku z gory zaplanowanych przez lekarza, idealnych
pozycji (6). W pismiennictwie mozna jednak znalez¢ dowody na to, ze efekty osigganie w
ramach terapii w istotny sposob odbiegaja od zatozonego celu leczniczego, widocznego na
ekranie komputera w trakcie planowania (7-8).

Wsrod czynnikow opisywanych w piSmiennictwie wplywajacych na skutecznos¢ 1
przewidywalno$¢ leczenia ortodontycznego przy pomocy naktadek wymienia si¢ miedzy
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innymi: doktadno$¢ cyfrowego odwzorowania uzgbienia pacjenta, indywidualne
zréznicowanie anatomii korzeni z¢gbow u pacjentow (ktore nie jest rutynowo brane pod uwage
w czasie projektowania i symulowania leczenia ortodontycznego in silico), a takze utrate
korzystnych wiasciwosci materialowych aparatu w trakcie procesu starzenia materialu na
skutek oddzialywania srodowiska jamy ustnej 1 spozywanych pokarméw.

W przesztosci podejmowane byly proby sprawdzenia, czy modele cyfrowe moga by¢
wiernym odzwierciedleniem modeli gipsowych (5). Jednak z uwagi na znaczne
zrdéznicowanie metod poréwnawczych i réznice metodologiczne badacze nie podjeli do tej
pory proby wykonania metaanalizy, ktéra na drodze analizy statystycznej w sposob
obiektywny moglaby odpowiedzie¢ na pytanie, czy modele cyfrowe moga w praktyce
ortodontycznej zastgpi¢ modele gipsowe.

Jest to istotna luka w pismiennictwie, bowiem metaanaliza oferuje poziom dowodow
naukowych o najwyzszej jakosci. Celem pierwszej pracy w cyklu bylo sprawdzenie na drodze
metaanalizy, czy pomiary dokonywane na modelach cyfrowych uzyskanych przy pomocy
skanowania modeli gipsowych sa doktadnym odzwierciedleniem pomiaréw dokonywanych na
modelach uzyskanych drogg tradycyjna.

Wybrano t¢ metode z uwagi na to, Ze jest ona popularna wérod ortodontow z uwagi na brak
konieczno$ci inwestowania znacznych srodkéw w kosztowny skaner wewnatrzustny (9).

Podczas cyfrowego projektowania przesunie¢ zebowych i zatozonego celu leczenia
oprogramowanie stuzace do projektowania naktadek uwzglednia wytacznie czg$¢ anatomii
zeba, jaka jest korona kliniczna zgba — jest to ta cze$¢ z¢ba, na ktorg naktadka poprzez swoja
obecno$¢ w jamie ustnej wywiera sity, stuzace do przesuni¢¢ zebowych. Jednak w
piSmiennictwie udowodniono (8), ze czynnikiem w najwigkszym stopniu determinujgcym to,
jaki ruch wykona zab w odpowiedzi na sity ortodontyczne jest dtugos¢ i anatomia catego
zgba, ze szczegdlnym uwzglednieniem dlugosci korzenia zgba. Obecnie w ramach
komputerowej symulacji leczenia nakladkowego anatomia korzeni jest przedstawiana przy
pomocy usrednionych danych, nie biorgc pod uwage indywidualnej zmienno$ci anatomii
pacjenta, ktora w istotny sposéb moze wptywac na uzyskany efekt leczenia ortodontycznego,
poziom trudnosci oraz czas leczenia (6).

Celem drugiej pracy bylo zbadanie, czy istniejg réznice w dtugosci zebow zuchwy miedzy
pacjentami prezentujacymi III klas¢ szkieletowa (przerost zuchwy jedno-, lub obustronny) a
pacjentami prezentujacymi I klase szkieletowa (prawidtowa relacja strzatkowa szczeki i
zuchwy). Zostato zbadane takze, czy u pacjentéw z jednostronnym przerostem zuchwy
wystepuje zaleznos¢ miedzy zwiekszeniem dlugo$ci trzonu zuchwy po stronie
hiperplastycznej, i zwigkszeniem dtugos$ci korzeni zebow po tej samej stronie, w stosunku do
z¢bOw po stronie bez przerostu. W dostepnym pi§miennictwie istnieja dowody (10), ze na
rozwdj III klasy szkieletowej czynniki genetyczne wptywaja w wigkszym stopniu, niz ma to
miejsce np. w powstawaniu wad klasy II. Dodatkowo, istnieje wiele dowoddw na to, ze
zblizone czynniki genetyczne maja wplyw na dlugos¢ i anatomie korzeni zgbow (11). Z tego
powodu zbadanie tej zalezno$ci oraz stwierdzenie czy istnieje dymorfizm piciowy w dtugosci
korzeni zgbdw dolnych stato si¢ celem mojej drugiej pracy w cyklu badawczym dotyczacym
efektywnosci leczenia naktadkowego.

Pod wptywem $rodowiska jamy ustnej i narazenia na pokarmy o niskim pH materiat naktadek
ulega procesowi starzenia, ktory moze mie¢ wptyw na ich efektywno$¢ w zakresie wywierania
sit ortodontycznych, a tym samym moze wptywac negatywnie na proces leczenia
ortodontycznego (12). Dodatkowo, uszkodzenia powierzchni naktadek moga mie¢ wptyw na
proces adhezji bakteryjnej i formowania biofilmu na powierzchni aparatu (13).
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Majac na uwadze powyzsze, celem trzeciej pracy bylo ustalenie, jaki wptyw na powierzchnig
naktadek wywierajg ptyny o niskim pH stanowigce jedne z czgstszych elementéw obecnych w
diecie wspotczesnego cztowieka, tzn. sok pomaranczowy 1 napdj Coca-Cola. Napoje te byty
rowniez wielokrotnie uzywane w do§wiadczeniach majacych na celu zbadanie diety o niskim
pH na wlasciwosci elementow stosowanych w jamie ustnej (14,15). Naktadki bytly oceniane
po 112 tygodniach immersji w odpowiednich napojach przez 3-krotne zanurzenie
kazdorazowo na 1 godzing w ciagu jednej doby. Jako grupy kontrolnej uzyto naktadek
poddawanych immersji, wedlug tego samego protokotu w wodzie destylowanej. Do analizy
zostaly wykorzystane metoda analizy fraktalnej i analizy tekstur, opracowane i udoskonalone
w ramach dziatalno$ci naukowej pracownikow Uniwersytetu Medycznego we Wroctawiu. W
ten sposob uzyskano liczbowa warto$¢ entropii, opisujacg miar¢ homogeniczno$ci materiatu
w sposOb matematyczny.

Wykonano takze analiz¢ kata zwilzania i napigcia powierzchniowego przy pomocy nakroplen
mikrokroplami wody 1 glikolu. W ten sposob badano zwilzalno$¢ materialu — wyzsze wartosci
kata zwilzania oznaczaja wigksza hydrofobowos$¢, a zatem wieksza czysto$¢ powierzchni.
Odwrotnie: im nizszy kat, tym wigksza zwilzalno$¢. Wysoka energia powierzchniowa
materiatu i niskie napigcie powierzchniowe roztworu zmniejszaja warto$¢ kata zwilzania.

6. Zalozenia i cele pracy

Celem pracy doktorskiej byto zidentyfikowanie i opisanie czynnikdw mogacych mie¢ wplyw
na skutecznos$¢ leczenia ortodontycznego przy pomocy naktadek ortodontycznych, a w
szczegodlnosci:

1) Okreslenie, czy modele cyfrowe uzyskane poprzez skanowanie gipsowego modelu
uzgbienia pacjenta sg tozsame (identyczne) z modelami gipsowymi poprzez analize
metodami statystycznymi (metaanalize).

2) Zbadanie, czy wystepuje osobnicza zmiennos¢ w dtugosci zeboéw dolnych — z
uwzglednieniem wplywu dlugosci zuchwy, asymetrii w budowie zuchwy, plci
pacjenta.

3) Proba okres$lenia idealnego interwatu wymiany naktadki ortodontycznej, ze
wzgledu na proces jej degradacji w $rodowisku jamy ustnej. Ocena zmian
wystepujacych na powierzchni nakladek poddanych dziataniu kwasnych
pokarmdéw, majacych imitowac diet¢ wspolczesnego czlowieka oraz okreslenie
najbardziej wiarygodnej metody badania procesu starzenia naktadek.

Zatozone cele badawcze zrealizowano poprzez przeprowadzenie 3 projektéw badawczych, a
kazde z badan stanowito podstawe do artykutu wspottworzacego cykl.
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7. Material i metody

Celem pierwszego projektu badawczego bylo zbadanie, czy modele cyfrowe stanowia
wierng kopi¢ modeli gipsowych - a zatem, czy mogg z powodzeniem stuzy¢ do celow
stawiania diagnozy, projektowania i analizy przebiegu leczenia ortodontycznego przy pomocy
naktadek ortodontycznych. Przeprowadzono przeglad systematyczny pismiennictwa
potaczony z analizg statystyczng zebranych danych (metaanalizg). Pytanie badawcze oraz
kryteria wlaczenia zdefiniowano w formacie PICO: P (populacja): 428 pacjentow
(ochotnikow) u ktorych wykonano modele diagnostyczne w ramach diagnostyki
wykonywanej przed leczeniem ortodontycznym; I (grupa badana): pomiary wykonywane na
modelach cyfrowych otrzymanych ze skaneréw laboratoryjnych; C (grupa kontrolna):
pomiary wykonywane na modelach gipsowych wykonywane metoda tradycyjng; O (wyniki):
rdznice otrzymane pomig¢dzy grupg badana, a grupa kontrolna.

Do przegladu wtaczono randomizowane badania kliniczne, prospektywne kontrolne badania
kliniczne, badania obserwacyjne, przeglady i analizy retrospektywne, natomiast wykluczono
serie przypadkow, opisy przypadkow, listy do redakcji, badania na zwierzgtach, a takze
badania, w ktorych zawarto ograniczony zestaw danych: to znaczy badania, ktore nie
prezentowaly $redniej réznicy pomigdzy pomiarami wykorzystujac rozne metody pomiaru,
bez prezentacji odchylenia standardowego dla ocenianych pomiaréw. Wykluczono takze
badania, ktore zostaty przeprowadzone na niereprezentatywnych grupach: to znaczy te
badania, ktore nie przedstawily wyjasnienia procesu wigczania pacjentéw do badania.
Dokonano przegladu elektronicznych baz danych PubMed, Scopus, Web of Science, Google
Scholar 1 Cochrane Central Register of Controlled Trials . Wyszukiwanie obejmowato
wszystkie publikacje dostepne do 7. pazdziernika 2021 r. 1 nie uwzgledniato zadnych
dodatkowych kryteriow dotyczacych jezyka i daty publikacji. Niezaleznie przeanalizowano
ponadto pismiennictwo zrodtowe dostgpne w opublikowanych przegladach oraz przewodach
doktorskich, a takze recznie przeszukano nastepujace czasopisma: : American Journal of
Orthodontics and Dentofacial Orthopedics, Angle Orthodontist, European Journal of
Orthodontics oraz Journal of Orthodontics pod katem mozliwych brakujacych prac
naukowych. Selekcji artykutléw dokonywato niezaleznie dwdch badaczy (M.W., M.N.).
Wszelkie réznice w wyborze artykuléw byly omawiane przez obu autoréw do czasu
osiggniecia wspolnego stanowiska.

Z kazdego artykutu wyekstrahowano nastepujace dane: rok publikacji, rodzaj badania, liczbe
pacjentow, wiek pacjentow, rodzaje pomiaréw ortodontycznych poréwnywanych miedzy
grupa badawcza i kontrolng, §rednig roznic¢ migdzy pomiarami uzyskanymi metoda cyfrowa i
tradycyjng wraz z odchyleniem standardowym. Oceny jako$ci artykutéw dokonali niezaleznie
dwaj badacze (M.W., M.N.) W celu oceny ogoélnej jakosci dowodow naukowych dla kazdej z
ocenianych danych uzyto narzedzia Grades of Recommendation, Assessment, Development,
and Evaluation (GRADE). Dodatkowo, w celu oceny ryzyka bias uzyto narzedzia Quality
Assessment of Diagnostic Accuracy Studies (QUADAS). Powyzsze narzgdzia zostaty
wykorzystane, gdyz do badan diagnostycznych nie mozna wykorzysta¢ narzgdzia The
Cochrane Risk of Bias tool for RCTs.

W celu przeprowadzenia analizy statystycznej (metaanalizy) wykorzystano model z efektem
zmiennym. Gtownym wynikiem byta réznica w srednich (MDs) pomi¢dzy pomiarami
uzyskiwanymi na modelach cyfrowych i gipsowych. Drugim wynikiem byta kliniczna
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istotnos$¢ uzyskanego wyniku. W celu analizy heterogeniczno$ci wtaczonych do analizy badan
wykonano test Cochrane Q oraz obliczono statystyke 2. Wszystkie obliczenia wykonano w
programie Statistica 13 PL (StatSoft Polska, Krakéw).

Przed przystapieniem do dalszych badan uzyskano zgode Komisji Bioetycznej nr KB-415/2022.
(Komisja Bioetyczna Uniwersytetu Medycznego we Wroctawiu).

Celem drugiego autorskiego projektu badawczego bylo zbadanie, czy wystepuje osobnicza
zmienno$¢ w dtugosci korzeni z¢gbow dolnych — wraz ze zbadaniem wplywu dlugosci zuchwy,
asymetrii w budowie zuchwy, pici.

Badanie byto badaniem retrospektywnym — w badaniu przeanalizowano tomografie stozkowe
(CBCT) wykonane w ramach diagnostyki ortodontycznej u pacjentéw zglaszajacych si¢ do
gabinetu ortodontycznego jednego z autorow (M.W.) miedzy latami 2017, a 2021. Kazdy z
pacjentéw wyrazil pisemna zgod¢ na mozliwe wykorzystanie danych zebranych w czasie
diagnostyki w badaniach naukowych.

Dodatkowo, u kazdego z pacjentow w ramach rutynowej diagnostyki przed leczeniem
ortodontycznym wykonano zdjgcie boczne czaszki, na ktérym przy pomocy analizy
cefalometrycznej wedlug Segnera 1 Hasunda (16) dokonano analizy klasy szkieletowej pacjenta.

U kazdego z pacjentéw prezentujacych relacje szkieletowa klasy Il definiowang jako przerost
zuchwy oceniano, czy wystepuje asymetria w budowie zuchwy okres§lona jako zbaczanie brodki
0 przynajmniej Smm wzgledem linii posrodkowej twarzy (po wykluczeniu zaburzen stawu
skroniowo-zuchwowego 1 przesuni¢¢ czynnosciowych).

Do udziatu w badaniu zakwalifikowano 92 pacjentow (49 mezczyzn i 43 kobiety). Sredni wiek
badanych wynosit 24,3 roku. Najmtodszy pacjent miat 17 lat, najstarszy 35 lat. Kryteria wigczenia
byly nastepujace: 1) brak historii wczesniejszego leczenia ortodontycznego w wywiadzie 2)
pelne uzgbienie stale w dolnym tuku zgbowym przynajmniej od 2. zeba trzonowego do
przeciwlegtego 2. zeba trzonowego (14 zgbow) 3) Pacjenci prezentujacy I klase szkieletowa, lub
III klase szkieletowa (z, lub bez asymetrii) 4) Pacjenci ogdlnie zdrowi, bez historii zaburzen
kostnych w wywiadzie (w przesztosci i obecnie).

Z badania wylaczono pacjentéw prezentujacych wadg szkieletowq klasy III kombinowang (jesli
poza przerostem zuchwy wystepowatl niedorozwoj strzatkowy szczgki, lub inne zaburzenia).
Wykluczono takze pacjentdbw z zaburzong anatomig korzeni wywotang: niezakonczonym
rozwojem wierzchotka, urazami, procesami zapalnymi, zaburzeniami genetycznymi.

Pacjenci zostali podzieleni na 3 grupy: pacjenci z I klasg szkieletowa (prawidlowa relacja
strzalkowa szczek), pacjenci z 111 klasg szkieletowg z asymetria, pacjenci z III klasg szkieletowa
bez asymetrii (przerost zuchwy jedno-, lub obustronny). Dodatkowo, w kazdej grupie wydzielono
podgrupy wedtug podziatu na m¢zczyzn i kobiety.

Opracowano trzy hipotezy zerowe: 1) nie wystepuje dymorfizm plciowy w zakresie dtugosci
zebow dolnych 2) nie wystepuje zalezno$¢ miedzy jednostronnym przerostem zuchwy, a
dhlugoscig zgbow dolnych po tej samej stronie 3) nie ma réznic w dtugosci zgboéw migdzy
pacjentami z I klasa, a pacjentéw z III klasg szkieletowa bez asymetrii.
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Dhugosc¢ kazdego z zgbdw byta mierzona w projekcji strzatkowej w programie 3D Slicer
(https://www.slicer.org/). Kalkulacje statystyczne wykonano w programie Origin Pro 9
(OriginLab, Northhampton, MA, USA). Do oceny normalnosci rozktadow empirycznych
postuzono si¢ testem Shapiro-Wilka. Analizy statystyczne wykonano przy pomocy analizy
wariancji ANOVA przy poziomie istotnosci statystycznej p=0,05. Srednie wartosci migdzy
grupami poréwnano przy pomocy testu HSD Tukeya.

W trzecim projekcie badawczym badano, w jaki sposob na charakterystyke powierzchni
materiatu, z ktérego sa tworzone naktadki ortodontyczne wplywaja sktadniki diety
wspodlczesnego cztowieka o niskim pH: sok pomaranczowy i1 napdj Coca-Cola. Probki
materiatu, z ktérego wykonane sg naktadki (n=75) podzielono na 5 grup o réwnej liczebnos$ci
(n=15): grupe kontrolng (bez zanurzania) i 4 grupy badawcze: 1) C1W: immersja w napoju
Coca-Cola przez okres jednego tygodnia 2) C2W: immersja w napoju Coca-Cola przez okres
dwoch tygodni 3) JIW: immersja w soku pomaranczowym przez okres jednego tygodnia 4)
J2W: immersja w soku pomaranczowym przez okres dwoch tygodni. Naktadki z grup
badawczych zanurzano trzykrotnie w ciaggu kazdego dnia na okres 1 godziny w temperaturze

22 °C, w celu symulowania dziatania zblizonego do spozywania sokéw w ramach codziennej
diety. Po zakonczeniu immersji, naktadki byly ptukane przez okres 15 minut woda
demineralizowana, nast¢pnie w ciggu 24 godzin struktura ich powierzchni byla analizowana.

Po uptywie okreslonego czasu badawczego wlasciwego dla kazdej z grup, wykonano zdjecia
skaningowym mikroskopem elektronowym (SEM) — VEGA3.

Na otrzymanych obrazach wykonano analize¢ wymiaru fraktalnego i analize tekstur, uzyskujac
wynik liczbowy okreslajacy warto$¢ homogenicznos$ci (entropii) materiatu wedtug metod
opisanych przez wspdtautoréw w pismiennictwie (17,18). Kalkulacje przeprowadzono w
programie MaZda 4.6. Wartos$ci entropii porownywano mi¢dzy grupami przy pomocy testu
Kruskala-Wallisa. Przyj¢to poziom istotnos$ci statystycznej p=0,05.

Na kazdej z probek wykonano ponadto analiz¢ kata zwilzania nakroplajac materiat nakltadek
mikrokroplami o objetosci okoto 3ul wody i glikolu przy pomocy mikrostrzykawki. Krople
fotografowano aparatem CCD (Hamamatsu ORCA-285G CCD Digital Camera C4742-95-
12G04, Boston Industries) 5 sekund po tym, jak zostala ona nakroplona na badana
powierzchnig.

Do obliczen statystycznych w ramach badania wymiaru fraktalnego, kata zwilzania i napiecia
powierzchniowego materialu wykorzystano program Statistica, wersja 13.3 (StatSoft, Krakow,
Polska). Warto$¢ p=0,05 przyjeto za poziom istotnosci statystycznej. Wykorzystano
nieparametryczny test Kruskala-Wallisa do zbadania obecnos$ci réznic migdzy grupami z uwagi
na brak rozktadu normalnego. Korelacja mi¢dzy zmiennymi byta badana poprzez obliczenie
wspotczynnika Spearmana. Dla analizy tekstur grupy porownywano przy pomocy analizy
wariancji ANOVA lub testu Kruskala-Wallisa, zaleznie od obecnosci (lub braku) rozktadu
normalnego. Dla analizy tekstur wykorzystano program Statgraphics Centurion 18, wersja
18.1.12 (StarPoint Technologies, Inc, VA, USA).

8. CyKkl publikacji stanowiacych podstawe pracy doktorskiej
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Summary

Background: In recent years, digital models have become increasingly popular among orthodontists, both for clinical and scientific purposes.
It is, therefore, crucial to appropriately investigate their reliability. To this date, however, there has been no scientific, statistical investigation of
their reliability as compared to the traditional gold standard—plaster models in the form of a meta-analysis.

Objectives: To evaluate the reliability and reproducibility of measurements taken on digital orthodontic models obtained from scanning plaster
models in laboratory scanners compared to measurements taken directly on plaster models.

Search methods: Multiple electronic databases (PubMed, Scopus, Web of Science, Google Scholar and Cochrane Central Register of Controlled
Trials) were searched for articles with no year or language limitations.

Selection criteria: The included original papers should have dealt with the accuracy and repeatability of the measurements conducted on plaster
and digital models derived from laboratory scanners. In order to provide an adequate statistical analysis, the studies should have provided suffi-
cient data, that is the difference of means (MDs) with standard deviations (SDs) for analysed measurements.

Data collection and analysis: In total, 25 types of non-standardised measurements were found in the evaluated studies. The quantitative
analysis included papers that compared at least one of the parameters: upper/lower intermolar width, upper/lower intercanine width, overjet
and overbite and provided standard deviation of the mean differences between measurements obtained on plaster and digital models from a
laboratory scanner.

Results: GRADE and QUADAS tools were used to assess the quality of evidence, and they revealed substantial heterogeneity. Random-effects
meta-analysis revealed no statistically significant differences for analysed measurements. Four of the analysed papers reported differences that
may be considered clinically significant.

Conclusions: No statistical significance between the direct measurements on plaster models and the digital ones taken from laboratory
scanners could be identified by means of random-effects meta-analysis.

Registration: The systematic review was registered in the PROSPERO database (ID CRD42020215411).

Introduction investments of money and storage space, and the fact that it
takes considerable time to bring them in and out of the stor-
age room when an archival model is needed (1-11).

Due to the advancements in digital technology, both soft
and hard tissues can be visualised now electronically in a
modern orthodontic practice (1, 12, 13). Digital models are
therefore starting to become the new standard in orthodon-
tic medical documentation that may totally replace plaster
models (1, 12). There are many ways of obtaining digital
models, including scanning (a) of the patient’s dentition using
an intraoral scanner at the office, (b) of an alginate impression
or (c) of a plaster model with a laboratory scanner, as well as

For decades, manual measurements of orthodontic plas-
ter models constituted the basis of diagnostic records for
the initial assessment, as well as of the progress of ortho-
dontic treatment. In addition, such measurements were ini-
tially the only method for documenting and archiving med-
ical data describing the orthodontic treatment process (1).
Plaster models are convenient because they provide a three-
dimensional evaluation (3D) of the oral cavity, and they make
it possible to observe the dental arches from any angle. They
do, however, have numerous disadvantages, including the risk
of being damaged during analysis or storage, the need for

© The Author(s) 2022. Published by Oxford University Press on behalf of the European Orthodontic Society.
All rights reserved. For permissions, please email: journals.permissions@oup.com
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(d) by means of Cone Beam Computed Tomography (CBCTs)
following 3D imaging reconstruction (1, 12, 14). To evalu-
ate the clinical usefulness of digital models, it is necessary to
conduct an evidence-based evaluation of whether their meas-
urements are accurate, reliable, repeatable and, most import-
antly, identical to plaster model measurements.

Systematic reviews addressing this issue can be found in the
literature, and the most recent review was published in 2016
(1). In this paper, the authors concluded that digital models
may very well replace plaster models. However, it is import-
ant to note that in their qualitative evaluation there were
large discrepancies in the methodology applied in the studies,
the analysed measurements were diverse and, most import-
antly, there was no quantitative evaluation of their data, i.e.
meta-analysis that could scientifically and objectively confirm
in a more evidence-based manner the quality of the measure-
ments on the digital models.

Thus, aim of this study was to perform a quantitative
evaluation of the available data by means of a meta-analysis
in order to compare measurements directly made on plas-
ter models and measurements performed on digital models
obtained with the use of a laboratory 3D laser scanner.

Materials and methods

Registration and protocol

The systematic review was registered in the PROSPERO
database (ID CRD42020215411). The protocol for the
present study was conducted a priori in accordance with the
Cochrane Handbook for Systematic Reviews of Interventions
(15), and the respective results are reported on the basis of the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (16) and the corresponding ab-
stract extension (17).

The research questions were defined a priori in PICO format
as follows:

e population (P), which included the patients or volunteers
in whom orthodontic diagnostics were carried out.

¢ intervention (I), that is, measurements of digital models
obtained from laboratory scanners,

e comparison (C), that is, measurements of plaster models
conducted in the traditional way,

e results (O), meaning the differences between the inter-
vention and the comparison.

Search strategy

The PubMed, Scopus, Web of Science, Google Scholar and
Cochrane Central Register of Controlled Trials databases
were searched by entering keywords consistent with the
search strategy for publications with no language or time
limitations on 7 October 2021 (Supplementary Table 1).

In addition, the authors reviewed the references of the po-
tentially included papers and manually searched the following
journals: American Journal of Orthodontics and Dentofacial
Orthopedics, Angle Orthodontist, European Journal of
Orthodontics and Journal of Orthodontics for possible
missing papers. The search strategy was conducted independ-
ently by two authors (M.W. and M.N.). Any differences in
article selection were discussed by all authors until a consen-
sus was reached.

The search strategy has been validated by an independent
supplementary search performed in the review process of the
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manuscript. The supplementary search can be obtained from
the corresponding author upon request.

Inclusion and exclusion criteria

The included original papers should have dealt with the ac-
curacy and repeatability of the measurements conducted on
plaster and digital models.

In addition, with regard to the study design the following
inclusion criteria were applied:

e randomised clinical studies,

e prospective controlled clinical studies,
e retrospective studies,

e observational studies.

The following types of publications were excluded:

case reports,

case series,

reviews,

studies containing limited data (i.e. studies that did not
provide the mean differences between the measurements

Identification of new studies via databases and registers

Records identified from: R d: d before
Databases (n=5011) screening:

Duplicate records removed
(n=3504)

(n=1507) [ Records excluded (n=1436) ]

Records sought for
retrieval (n=71) — [ Reports not retrieved (n=0) ]

Reports excluded:

Records assessed for
eligibility (n=71)

No lab scanner (n=21)

New studies included in
review and qualititative

synthesis (n=50)

New studies included in
quantitative synthesis

(meta-analysis) n=9

Figure 1. Schematic representation of the selection process: PRISMA
flow diagram.
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using different measurement methods together with the
standard deviation of differences for the measurements
evaluated),

e conference abstracts and letters to journals,

e studies conducted on nonrepresentative samples (i.e.
studies that did not provide explanation of the enrolment
process of the samples included in the study),

* animal studies.

Exclusion criteria included also different comparison
methods, such as the calculation of measurement correlation
coefficients and/or other statistical correlations without pro-
viding the exact values of the differences between measure-
ments.

In addition, studies lacking abstracts in English and unre-
lated to the topic of the planned paper were excluded from
current evaluation.

The authors of studies with limited, incomplete or missing
data or of studies with nonrepresentative samples were not
contacted for supplementary data or clarifications. This was
based on the premise, that including parts of unpublished
data from previously published studies might provide sources
of confusion and ambiguity regarding the quality of such
data, and the corresponding analysis based upon them.

Analysis of quality of evidence
Since The Cochrane Risk of Bias tool for RCTs cannot be
applied to analyse the associated risk in diagnostic studies, it
was decided to assess only the overall quality of the evidence
for each of the primary outcomes according to the Grades of
Recommendation, Assessment, Development, and Evaluation
(GRADE) approach (18).

Additionally, the Quality Assessment of Diagnostic
Accuracy Studies (QUADAS) tool (19) was used to determine
the risk of bias for each included study. This methodological

Table 1. GRADE Certainty assessment.

quality scoring scale is recommended for use in SRs of diag-
nostic accuracy by the Agency for Healthcare Research and
Quality, Cochrane Collaboration, and the U.K. National
Institute for Health and Clinical Excellence. Specifically, for
each category (risk of bias and applicability concerns), studies
with two or more domains of high risk would be designated
as high risk; those with only one domain of high risk would
be designated as medium risk; those with no domain of high
risk would be designated as low risk. Assessments were con-
ducted independently and in duplicate by two review authors.

Data synthesis

The statistical analysis assessed measurements that were pre-
sent in all studies. The primary outcome measure was the
difference of means (MDs) between measurements taken on
digital and plaster models. The secondary outcome measure
was the clinical relevance of the difference of means between
measurements taken on digital and plaster models. Meta-
analysis was conducted using the random-effects model.

A total difference of means (MDs) was calculated for each
of the assessed measurements (Supplementary Table 2).

In addition, an analysis of the heterogeneity of the included
studies was conducted using the Cochrane Q test and I? stat-
istics. All calculations were performed with Statistica 13 PL
software (StatSoft Polska, Krakow, Poland).

Results

After entering the keywords, the authors obtained 5011 ab-
stracts. After removing duplicate data, 1507 records were
identified and subsequently screened.

Seventy-one papers were initially included in the systematic
review. Out of this group, 21 papers were excluded because
they didn’t meet the eligibility criteria (comparison of plaster
models and digital models obtained by a laboratory scanner).

Certainty assessment

Admission type No. of participants Study design ~ Risk of  Inconsistency Indirectness Imprecision Publication Certainty
(studies) bias bias

MD (mean difference) for 428 (9) Laboratory Moderate Inconsistent® Direct Imprecise®  Strongly Low
upper intermolar width studies suspected

MD (mean difference) for 418 (8) Laboratory Moderate Inconsistent®  Direct Imprecise®  Strongly Low
lower intermolar width studies suspected

MD (mean difference) for 370 (7) Laboratory Moderate Inconsistent®  Direct Imprecise®  Strongly Low
upper intercanine width studies suspected

MD (mean difference) for 380 (8) Laboratory Moderate Inconsistent®  Direct Imprecise®  Strongly Low
lower intercanine width studies suspected

MD (mean difference) for 290 (5) Laboratory Moderate Inconsistent®  Direct Imprecise®  Strongly Low
overbite studies suspected

MD (mean difference) for 300 (6) Laboratory =~ Moderate Inconsistent® Direct Imprecise®  Strongly Low
overjet studies suspected

GRADE, Grading of Recommendations Assessment, Development, and Evaluation.
“Different sample sizes, various models of laboratory scanners and various brands of software for the digital measurements lead to inconsistency in the

results.
"Heterogeneity of analysed data leads to imprecision of the evidence.
GRADE quality of evidence:.

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a

possibility that it is substantially different.

Low quality: Our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect.
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. .
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Study

Risk of bias

Applicability concerns

Patient selection Index test Reference Flow&timing Total

Patient selection Index test Reference Total

Abizadeh et al., 2012 Low Low Low Low Low Low Low Low Low
Yoon et al., 2018 Low Low Low Low Low Low Low Low Low
Camardella et al., 2020 High Low Low Low Medium High Low Low Medium
Bootvong et al., 2010 Low Low Low Low Low Low Low Low Low
Asquith et al., 2007 High Low Low Low Medium High Low Low Medium
Koretsi et al., 2017 Low Low Low Low Low Low Low Low Low
Lim et al., 2009 Low Low Low Low Low Low Low Low Low
Kim et al., 2014 Low Low Low Low Low Low Low Low Low
Liang et al., 2018 Low Low Low Low Low Low Low Low Low
From the remaining 50 studies included in the qualitative i
: . a) p-value MD (=18 Clu) % weight
synthesis, 41 were excluded because they lacked appropriate Aooadah 8012 =) vomm 0w oon ey e
comparison data. Thus, finally only 9 papers were identified Kersa ot 1 2017 .- seem oo 080 omo s
and analysed, which presented appropriate data set that made gl 014 . oo oo 00 ooy e
it possible to include them in the meta-analysis. e pEM 00 0w o7y adex
. Camardella ot al 2020 —_— 192 E (-0.31 7
In total, 25 types of non-standardised measurements were ot TR WO ol e
. . . . .. T T i 01216 0137 (0337 0064)  12.30%
found in the evaluated studies. The quantitative analysis in- e IS B P T T —
cluded papers that compared at least one of the parameters: vmmmzen | ——— L ver weo o omn se
upper/lower intermolar width, upper/lower intercanine width, e oo 08 oms oy
overjet and overbite and provided standard deviation of the Tttt T oM 0z (013 oz 1000
mean differences between measurements obtained on plaster S B R W B
and digital models from a laboratory scanner. The PRISMA I
b o i ; b) sty pvalue MD (eI u)
flow diagram depicting the selection procedure of the articles P, A1 e e OIS [ e
is presented in Figure 1. o0 B T T .
) i ) Liang et al 2018 00000 0010 ©o10 omoy  16.14%
Characteristics of the studies o O B e P
A total of 428 models were examined in the included ori- Camarota ot 12020 — oot 02 (esm  omn)  115%
ginal papers. All studies except the paper by Camardella et al LI . oo o (ot erm e
(20). included analyses of models obtained from the arch- SRR R & G g jpem RS
ives. It was also the only study, in which the measurements e I
Total effect . 03162 0079 (0075 0.233) 100.00%
were conducted on models of students who were volunteers

recruited for the study. This was also the only paper that
provided the age of participants (21 to 39 years, mean age
27 years, 9 months). The data extracted from the articles are
summarised in Supplementary Table 2.

Some of the studies involved in the meta-analysis have pre-
sented diagnostic flaws, such as lack of sample size calcula-
tion (21-26), or they have been declared as pilot studies (26).
Further, in one study the authors found it not appropriate to
attempt a formal a priori sample size calculation due to lack
of clear indication of what would constitute a clinically rele-
vant difference in the relative spread of observations (meas-
ured by standard deviations or variances) (235).

The results of the GRADE quality of evidence assessment
are presented in Table 1.

All the included studies were additionally analysed for the
risk of bias using QUADAS-2 assessment tool. The results of
the QUADAS-2 analysis are presented in Table 2.

Data synthesis

In order to take better into consideration data heterogen-
eity in our analysis, the random-effects model was applied
for the quantitative synthesis (27, 28). However, the analysis
of the data for the upper intermolar width, which was the
first of the assessed measurements, indicated that the study

45 10 05 00 05 10 15

Digital measurement greater Plaster measurement greater

Figure 2. Forest plots of the meta-analyses: a) upper intermolar width,
b) lower intermolar width. [P-value—level of statistical significance,
MD—mean difference, Cl I.—lower confidence interval, Cl u.—upper
confidence interval, % weight—percentage share of individual studies in
the meta-analysis].

by Liang et al (23). clearly dominated in terms of its weight
on the calculation of the total effect (Supplementary Table
3). After that study was excluded from the meta-analysis,
another study was still observed to dominate (29) the re-
sults (Supplementary Table 3). Thus, a non-heterogeneity
analysis based on the Q-statistic was conducted, and the I?
statistic was calculated. The results confirmed the heterogen-
eity of the values of the parameters in the evaluated studies
(Supplementary Table 4).

After analysing these results, it was unanimously de-
cided not to exclude any study and thus to perform a meta-
analysis with variable effects for all included studies (27, 28)
(Supplementary Table 3).

Eight out of the nine studies included in the meta-analysis
reported statistically significant differences between measure-
ments performed on plaster and digital models (20, 22-26,
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Study

< pvaue MD (@il Clu) % weight

Abizaden et al 2012 - 00001 0140 (0071 0209  1665%
Liang et al 2018 - 00000 0230 (0215 0245  1703%
Yoon et al 2018 _ 05727 0220 (0544 0384  439%
Camardelia ot al 2020 — 00004 0330 (0148 0512)  1460%
Kim ot al 2014 - 00000 0174 (0220 0127}  1686%
Boatvong ot al 2010 —-— 00000 0370 (0243 0497)  1577%

Lim ot al 20090 — 00736 0160 (0335  0015) 1%

Toui eflect: —-— 01816 0126 (0050  0310)  100.00%

12 08 04 0.0 04 08 12
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Figure 3. Forest plots of the meta-analyses: c) upper intercanine width,
d) lower intercanine width. [P-value—level of statistical significance,
MD—mean difference, Cl |.—lower confidence interval, Cl u.—upper
confidence interval, % weight—percentage share of individual studies in
the meta-analysis].
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Figure 4. Forest plots of the meta-analyses: e) overbite, f) overjet.
[P-value—level of statistical significance, MD—mean difference, Cl |.—
lower confidence interval, Cl u.—upper confidence interval, % weight—
percentage share of individual studies in the meta-analysis].

29, 30). The authors of one study did not observe any stat-
istically significant differences (Supplementary Table 2) (21).

The results of the meta-analysis of the mean differences be-
tween digital and plaster model measurements turned out to
be insignificant (p < 0.05), which, along with the percentage
of the weight of the studies included in the meta-analysis and

the upper and lower confidence intervals, is presented in for-
est plots (Figures 2—-4).

Discussion

Data selection

Initially, the papers selected for the meta-analysis were those
that provided measurements on digital models obtained from
an intraoral scanner, laboratory scanner or conical-beam
computer tomography. To ensure homogeneity of the mater-
ial, which makes statistically significant, objective conclusions
possible, the literature was narrowed down to only studies
that focused on obtaining digital models after scanning the
plaster models with laboratory scanners. This method is
common in orthodontic practice because it does not require
significant investments, such as purchasing an expensive
intraoral scanner (5, 31), and it does not expose patients to
additional ionizing radiation, as in the case of CBCT (2, 8, 20,
32).Itis also the most common method for transferring arch-
ival models to a digital repository. Confirming the reliability
of this method would enable data obtained from digitalised,
archived plaster models to be used in legal investigations and,
first and foremost, in scientific studies. The use of an extraoral
scanner does not require preparation of the scanned field, un-
like the use of an intraoral scanner. Because heterogeneity in
this subject may impact the quality of the results, and thus
any meta-analysis based on them, this aspect is of significant
importance (8, 21, 33).

In all papers included in the meta-analysis, the differ-
ences among the mean values of the measurements in the
study and control groups were obtained using only one
type of hardware and software. The exception was the
paper by Camardella et al., in which differences were ana-
lysed with the use of software by two different manufac-
turers, OrthoAnalyzer (3Shape, Copenhagen, Denmark) and
Digimodel (OrthoProof, Nieuwegein, The Netherlands),
and were presented in the form of two separate data sets
(20). Due to the structure of the meta-analysis, it was neces-
sary to select only one of these data sets for the statistical
analysis. Since Camardella et al (20). used a 3Shape (R700)
scanner, it was unanimously decided to use in current evalu-
ation only the data set based on the software from the same
manufacturer of the laser scanner, as it was considered more
appropriate in comparison to using software of external
manufacturers.

Quality of evidence

The assessment of the certainty of evidence revealed low
quality of all articles under evaluation.

The quality of evidence was analysed for each of the de-
termined parameters (upper/lower intermolar width, upper/
lower intercanine width, overbite and overjet). The incon-
sistency of all studies was considered significant, due to the
different sample sizes, as well as due to the various models of
laboratory scanners and various brands of software used for
the digital measurements. The imprecision was assessed as
serious due to the width of 95% CI for all analysed param-
eters, which resulted in heterogeneity of the data. Moreover,
a small number of studies fulfilling our criteria raised the
suspicion of publication bias. Due to the fact that each
parameter was determined using the same method and the
authors did not provide differences in the method of
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measurements, a GRADE approach indicated that the qual-
ity of evidence supporting all the outcomes was low due to
significant risk of bias, inconsistency, imprecision and publi-
cation bias (Table 1).

With the help of QUADAS-2 assessment tool (Table 2),
seven of the studies evaluated were classified as having low
risk of bias (21-25, 29, 30) and two (20, 26) as having me-
dium risk of bias. Comparable results were obtained in the
applicability arm of the QUADAS-2. All of the studies dir-
ectly compared measurements from plaster casts against digi-
tal models produced by laboratory scanners. The researchers
evaluated measurements from plaster models with a digital
calliper, and digital models with computer software. The
measurement methods were adequately described.

Inmoststudies,therisk ofbiasassociated with patientselection
was determined to be low due to the use of an orthodontic
model base, from which controls were selected according to
specific inclusion criteria. However, in the paper of Camardella
et al (20)., the selection bias was considered as high, since the
study and the control groups were not representative of the
entire population (study models were obtained from students
aged 21-39 years). In the paper by Asquith et al (26)., the au-
thors included study models in the study arbitrarily, without
providing detailed inclusion criteria, which also presented a
high risk of bias in this domain.

Data synthesis

The meta-analyses of all different measurements with the
random-effects model, revealed that the P-value of the
total MD for each variable under investigation was signifi-
cantly higher than the adopted level of statistical significance
(P <0.05). Thus, in current study it was not possible to demon-
strate any statistically significant differences between the values
of the measurements obtained from plaster and digital models.

Clinical significance of differences in measurement
values between plaster and digital models

In the literature, the adopted threshold for clinically negligible
intergroup differences in orthodontic models is considered to
be 0.5 mm (26, 34). This value was exceeded in four included
articles (25,26,29, 30). Nevertheless, the authors of three pa-
pers (25, 26, 30) decided that the digital measurements were
clinically adequate, due to either the small difference in the
results (26) or the high coefficients of statistical agreement be-
tween the digital and plaster measurements (25,30). One paper
did not include an assessment of whether the measurements
based on digital models were clinically adequate (29). The
authors of the paper did, however, note that measurements
of both digital and plaster models were characterised by high
coefficients of statistical agreement. Liang et al. emphasised
that there are certain factors that impact the clinical useful-
ness of digital model measurements, indicating that (espe-
cially in the case of less-skilled operators and very crowded
teeth) it may be problematic to properly mark 3D measure-
ment points that are projected onto the two-dimensional
(2D) surface of a computer screen (23). For this reason,
prior training and experience of the physician make digital
measurements highly repeatable (5, 7, 20, 23, 30, 35-39).
Furthermore, the literature suggests that possible minor dif-
ferences in the assessment of digital models do not impact a
clinician’s decisions if data from the clinical examination of
the patient also exist (25).

European Journal of Orthodontics, 2022

Study limitations

The search strategy included a review of a number of data-
bases; however, grey literature was not searched, a fact that
could be potentially a source of publication bias. In addition,
a subject-related limitation was applied, and the authors ana-
lysed only the reliability of laboratory scanners for selected
measurements, rejecting papers in which the authors provided
incomplete data or presented the data in a way that made
conducting a meta-analysis impossible.

Researchers’ arbitrariness in the allocation of models to the
study or control group (20, 22, 24-26, 30) as well as in the
determination of the size of these groups in most of the evalu-
ated papers (21-26) resulted in heterogeneity among the in-
cluded studies. The fact that the authors used various models
of laboratory scanners and various brands of software for the
digital measurements also made comparisons of the results of
various studies more difficult. Information regarding age and
sex of the patients whose study models were analysed was
provided in only one article (20). It is also worth emphasising
that study models with deciduous and mixed dentition were
not analysed in any of the studies, indicating the need to con-
duct such a study in the future.

Conclusions

Taking into consideration the limitations of the current study,
the following can be concluded:

® By comparing the measurements taken on the plas-
ter models with the ones taken on the digital models
obtained from a laboratory scanner, the meta-analysis
with random-effects model revealed no statistically or
clinically significant differences of the variables under
investigation, i.e. upper/lower intermolar width, upper/
lower intercanine width and the overbite/overjet. Thus,
the reliability of orthodontic measurements based on
digital models obtained from scans of plaster models can
be considered significant.

e Significant discrepancy in the methods used to com-
pare the reliability and reproducibility of measure-
ments impacted the heterogeneity of the included
studies, indicating that the methodology used to ana-
lyse the reliability of digital models should be more
uniform. Thus, it may be important to develop a
standardised quality assessment procedure for new
commercially available scanners taking this issue into
consideration.
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Abstract: Introduction: The aim of our cross-sectional study is to determine whether there is a link
between sex, skeletal class and mandibular asymmetry in orthodontic patients, with tooth length
and asymmetry in tooth length on contralateral sides of the mandible. Methods: As the source for
relevant data to answer this question, 3D cone-beam tomography (CBCT) images of a total of 95
future orthodontic patients were retrospectively selected from private practice records and were
analyzed. The CBCT images were part of routine orthodontic diagnosis. Patients were divided
into three groups (Class I, Class III with asymmetry and Class III without asymmetry) based on
skeletal variables assessed on orthodontic cephalometric images and frontal photos of the face. Three
null hypotheses were developed, and a series of statistical tests was performed in order to support
or reject them. Results: We have established that there exists a sexual dimorphism in some of the
teeth’s lengths in our sample. Furthermore, we failed to find a link between mandibular asymmetry
and asymmetry in tooth length. We have also found a link between skeletal class and tooth length
differences in some of the analyzed measurements. Conclusions: Computational models used to
design orthodontic appliances and to plan orthodontic treatment should be more individualized to
consider a patient’s sex and skeletal class.

Keywords: tooth length; sexual dimorphism; mandibular asymmetry; skeletal class; orthodontic
treatment planning; orthodontics; dentistry

1. Introduction

In recent years, a number of in vitro studies have been conducted to simulate specific
tooth movements with different orthodontic methods, such as fixed appliances or align-
ers [1-17]. These studies have allowed us to better understand dental biomechanics and
make it easier to plan orthodontic therapy for optimal treatment results.

These studies use the finite element method, in which the boundary conditions require
the adoption of material parameters corresponding to the investigated tissues (cancellous,
cortical bone and tooth material) and orthodontic appliance parameters. These mechanical
properties, determined by experimental methods (such as Young’s modulus and Poisson’s
ratio), can be found in abundance in the literature. However, the finite element method
presents an analytical approach, describing the solution of a problem using differential
equations in which the results are close enough to the exact solution. This is achieved by
simplifying the geometry of the actual model or by obtaining approximate solutions to
the exact physical model. In contrast to the above, there is considerable diversity in the
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literature on how bone and tooth anatomy is determined. For example, the integration of
optical scanners and computed tomography data [1] is used, as is the manual creation of
a dental model according to the principles set out by Andrews [2,18]. Some researchers
also use data produced by scanning a dental demonstration model [3]. In order for these
studies to faithfully reflect real tooth movements during orthodontic therapy;, it is crucial
to reproduce the patient’s anatomy as closely as possible in the computer simulation.
Knowledge of the bone’s anatomy, as well as information on the length and shape of
the teeth and possible asymmetry in the patient’s dentition, are important. This has
the potential to positively influence the accuracy of mathematical predictions of dental
movements in the future.

In view of this, in the authors” opinion, studies shedding light on the anatomy of
patients” dentition and possible variability in the structure (also depending on sex and
the possibility of asymmetry) are justified. This is because the length and morphology of
the tooth roots are key elements affecting the tooth movements achieved in the course of
orthodontic treatment [4-6,19,20].

Knowledge of the presence (or absence) of tooth length differences may allow clin-
icians to make better decisions about planned tooth movements and for aligner design
software developers to potentially more effectively individualize aligners by accounting
for the patient’s dental characteristics, which has the potential to result in more effective
orthodontic treatment with aligners in the future.

As the morphometric features of teeth significantly influence movement during or-
thodontic treatment, this study aims to assess if there are differences in lower teeth length.
Particular attention was paid to the dependencies resulting from sex (sexual dimorphism),
skeletal class (skeletal class I and skeletal class III patients) and mandibular asymmetry
(longer side/shorter side).

Three null hypotheses were developed:

1.  There is no sexual dimorphism in lower tooth length;

2. There are no differences in tooth length in skeletal class III patients with asymmetry
depending on the side of the mandible (with/without excessive growth);

3. There are no differences in tooth length between patients with class I and patients
with class III without asymmetry.

2. Materials and Methods

The study conducted was a retrospective study; cone beam computed tomography
(CBCT) scans taken between 2017 and 2021 prior to orthodontic treatment were used
as part of the orthodontic diagnostic process. All scans were taken with a single CT
scanner (Carestream CS 8200 CS 3D, Carestream Health, Rochester, NY, USA) and were
then analyzed using CS 3D Imaging Software. The study was conducted in the context
of individual private medical practice of one of the co-authors (M.W.). Every patient
had signed an informed consent form to include data created during the gathering of
orthodontic records (such as CBCT scans) in scientific research.

The patients’ personal data were anonymized, and a different researcher (M.S.) was re-
sponsible for the assignment of the measurement data to the corresponding research groups.

Ethical approval of the Bioethical Committee of the Wroclaw Medical University was
granted for our study (number KB-231/2021, accessed on 19 March 2021), providing that
all the data were anonymized (as was the case in our study).

In all patients, a lateral skull radiograph, which assessed skeletal class based on the
Wits [21] measurement, as well as SNA, SNB and ANB angles according to Segner-Hasund
analysis [22], was also taken as part of the diagnostic process. Patients were also examined
for the presence (or absence) of asymmetry in facial features, defined as a shift of the
chin greater than 5 mm relative to the facial midline (after excluding temporomandibular
joint disorders and functional shifts). Patients with an anterior defect related to isolated
excessive mandibular growth, without a maxillary defect, i.e., SNA angle normal, SNB
angle and the Wits measurement enlarged, were considered skeletal class III patients. In
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our research, we identified any elements that may affect the correct measurement of tooth
length, reflecting the established inclusion or exclusion criteria:
Patient inclusion criteria:

No history of previous orthodontic treatment;

Complete dentition in the lower arch from at least the 2nd molar to the 2nd molar
(minimum 14 teeth);

Patients with skeletal class I and skeletal class III (with or without asymmetry);
Generally healthy patients, with no history of bone disease (past or present).

Patient exclusion criteria:

Incomplete root development;

Root resorption (due to trauma or inflammation);

Genetic defects in tooth anatomy;

Significant damage to the tooth crown, making it impossible to assess anatomy;
History of previous orthodontic treatment;

Class III problem in conjunction with other skeletal malformations, which may indicate
a genetic syndrome;

e No sex, age or race limitations were applied.

The patients were then divided into three groups: skeletal class I patients, skeletal class
III patients without asymmetry and skeletal class III patients with asymmetry. A calculation
of the statistical power of the test was not performed due to the lack of data in the literature
specifying what difference in tooth length constitutes a clinically meaningful difference in
measurements. Instead, a convenience-based sample was used. Additionally, each group
was divided into subgroups of men and women. The youngest patient was 17 years old,
and the oldest was 35 years old. All patients were Caucasian. In patients with skeletal
class I and skeletal class III without asymmetry, teeth were grouped into left/right sides.
In skeletal class III patients with asymmetry, teeth were grouped into sides with /without
excessive mandibular growth. The sizes of the groups are presented in Table 1.

Table 1. The sizes of the research groups.

Group Name Mandibular Asymmetry Sex n Age
CIL I - men 19 23.8 +2
s - women 18 229 +2
without asymmetry men 17 2413
women 14 23.7+£3

Class III
with asymmetr men 13 258+3
y y women 11 244 +3

The length of each tooth was measured separately in the sagittal section with 3D Slicer
(version 4.11.20210226. https:/ /www.slicer.org/, accessed on 6 January 2022) using the
“Create line markup” function. In single-rooted teeth, the crown and apex were identified
on a single sagittal section. In multi-rooted teeth, the most prominent cusp on the mesial
part of the crown and the apex of the mesial root were identified on separate sagittal
sections (Figure 1).

Statistical calculations were performed using the Origin Pro 9 software (OriginLab
Corporation, Northampton, MA, USA). A normal distribution of the results obtained
was developed using the Shapiro-Wilk test, which can also be used for analyses of small
samples. Statistical analysis was performed using a one-way ANOVA for independent
samples at a statistical significance level of p = 0.05. The results were presented as means
with standard deviation. Tukey’s multiple comparison test was used to compare mean
values between groups. There were no cases of missing or incomplete data in our sample.
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Figure 1. Example measurements of the length: (a) of a single-rooted tooth using a single section;
(b) of a multi-rooted tooth using more than one section.

3. Results
3.1. Verification of Null Hypothesis No. 1: Hypothesis Rejected

The results of the tooth length analysis are presented in Figure 2. Studies have shown
that, in patients with class I skeletal configuration, mean tooth length is greater in men
(23.75 £ 2.06 mm) than in women (22.18 £ 2.01 mm), as can be seen in Figure 2a. The
largest difference in tooth length between women and men was found in the case of the
first premolars (34, 44). In both women and men, the longest teeth turned out to be canines
(33, 43). However, the smallest difference in tooth length between women and men was
found for the central incisor (31, 41).
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Figure 2. Representation of mean teeth length in groups: (a) Class I; (b) Class III without asymmetry;
(c) Class III with asymmetry: teeth from the non-hyperplastic side of the mandible are found on the
left side of the graph, and teeth from the hyperplastic side of the mandible are found on the right side
of the graph.

In the case of class III without asymmetry, the mean tooth length was greater in men
(24.92 £+ 2.23 mm) than in women (23.75 + 2.03 mm), as can be seen in Figure 2b. The
largest difference in tooth length between women and men was found in the case of the first
premolars (34, 44). The difference in the lengths of the second premolars (35, 45) between
women and men was also shown to be smaller than in the case of class I. In both women and
men, the longest teeth turned out to be canines (33, 43). However, the smallest difference in
tooth length between women and men was found for the central incisor (31, 41).

In class III with asymmetry, it was shown that the average length of the teeth was
higher on the hyperplastic side in both women and men, as can be seen in Figure 2c.
In the case of women, the mean value of the tooth length on the non-hyperplastic side
was 23.55 & 2.18 mm, and on the hyperplastic side it was 24.14 & 2.36 mm. The biggest
difference between the non-hyperplastic side and the hyperplastic side in women was
demonstrated for the lateral incisor (2) and first molar (6) teeth.
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In the case of men, the mean value of tooth length on the non-hyperplastic side was
25.05 £ 2.26 mm, and on the hyperplastic side it was 25.51 & 2.36 mm. The greatest differ-
ence between the non-hyperplastic side and the hyperplastic side in men was demonstrated
for the canine (3) and first molar teeth (6). The smallest difference in tooth length between
women and men was demonstrated on the non-hyperplastic side for the canine (3) and
central incisor (1), and on the hyperplastic side, it was for the canine (3) and the incisors
(1,2). These differences were not statistically significant, however, as is explained further.
In all groups, the longest teeth turned out to be the lower canines (33,43).

The statistical analysis of the comparison between the sexes in the class I group
showed statistically significantly longer teeth in men than in women, as can be seen
in Table 2. On the right side, these differences were significant for teeth 47, 45 and 44,
whereas on the left side they were significant for teeth 37, 36, 35 and 34. Statistically
significant differences between the sexes were also found in the class III without asymmetry
group. On the right side, these differences were statistically significant for teeth 47, 46
and 44, whereas on the left side they were significant for teeth 37 and 34. The only
tooth whose length was greater in women was the lower central incisor (31,41). This
was not statistically significant, however. In the class III with asymmetry group, we also
demonstrated statistically significant sexual dimorphism in tooth length for some of the
measurements analyzed. On the non-hyperplastic side, these differences were significant
for teeth 7, 6, 5 and 4, whereas on the hyperplastic side they were significant for teeth
7,6 and 4. The only teeth longer in women were the lower central incisors, both for the
non-hyperplastic and hyperplastic side. This was not statistically significant, however.

Table 2. Results of statistical analysis for within-group comparisons between sexes (to reject or
confirm null hypothesis no. 1). Class I (Women: n = 18; Men: n = 19). Class III without asymmetry
(Women: n = 14; Men: n = 17). Class IIl with asymmetry (Women: n = 11; Men: n = 13).

Class I Class III without Asymmetry Class III with Asymmetry
Tooth p-Value Mean Diff. p-Value Mean Diff. Tooth p-Value Mean Diff.
47 *0.006 1.748 *0.022 1.792 7 *0.019 1.817
46 0.055 1.464 *0.032 1.732 6 *0.002 2.127
45 *0.007 1.740 0.608 1.092 5 *0.018 1.828
44 *8.06 x 1078 2.803 *5.36 x 1070 2.760 4 *456 x 1077 3.042
43 0.100 1.371 0.487 1.173 3 0.995 0.590
42 0.056 1.460 0.341 1.278 2 0.571 1.117
41 0.999 0.425 1.000 —0.291 1 1.000 —0.007
37 *0.008 1.701 *0.010 1.872 7h *0.010 2.162
36 *0.014 1.626 0.063 1.593 6N *0.045 1.909
35 *0.001 1.892 0.571 1.096 5h 0.192 1.606
34 *5.90 x 1077 2.594 *1.06 x 1075 2.640 4h *1.04 x 1074 2.804
33 0.091 1.370 0.475 1.159 3h 0.999 0.583
32 0.072 1.406 0.219 1.359 2h 1.000 0.531
31 1.000 0.408 1.000 —0.337 1h 1.000 —0.058
Total: *1.78 x 1078 1.572 *255 x 1074 1.351 Total: *3.96 x 1078 1.432

h Marks the teeth on the hyperplastic (overgrown) side of the mandible. * Marks statistically significant values at
p < 0.05 with Tukey’s correction. A positive value of Mean diff. means that the tooth is longer in men. A negative
value of Mean diff. means that the tooth is longer in women. The Total summarizes the mean differences in
between-sex comparisons for all teeth in the given group.

3.2. Verification of Null Hypothesis No. 2: Hypothesis Confirmed

The statistical analysis of comparisons of class III patients with asymmetry for between-
sides comparison did not show statistically significant differences at the level of p < 0.05, as
can be seen in Table 3. In both women and men, teeth have been shown to be longer on the
non-hyperplastic side. None of these differences were statistically significant, however.
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Table 3. Results of statistical analysis for within-group comparisons for class III patients with
asymmetry for between-sides comparisons (to reject or confirm null hypothesis no. 2). Women: n = 11;

Men: n =13.
Class III with Asymmetry Class III with Asymmetry
(Men) (Women)
Tooth Mean £ SD [mm] p-Value Mean Diff. Mean £ SD [mm] p-Value Mean Diff.
7 24.02 +1.31 22.21 +1.39
7h 24.56 + 1.62 0-999 0-541 2240 +1.89 1.000 0-195
6 2461 +£1.13 2248 +£1.30
6h 2523 +£1.25 0994 0.628 23.33 £ 1.09 0.947 0.846
5 26.18 +1.03 2435+ 1.15
5h 26.60 £+ 1.31 1.000 0-427 25.00 4+ 1.53 0-994 0.649
4 26.04 +1.20 23.00 £+ 1.05
4h 26.27 +1.40 1.000 0.228 23.47 +1.59 1.000 0467
3 28.34 +£1.58 27.75 £1.20
3h 29.02 £ 1.56 0-988 0.678 28.43 £1.14 0-991 0685
2 2433 +£1.23 23.21 £0.74
2h 24.55 4+ 0.90 1.000 0.329 24.13 £ 0.81 0.907 0-915
1 21.82 £1.16 21.83 £0.95
1h 2220 £1.28 1.000 0.380 2226 £1.16 1.000 0.431
Total: 7 + 1 25.05 +£2.26 23.55 +£2.18
Total: 71 = 11 25.51 +2.36 0182 0459 24.14 4236 0.104 0-598
h Marks the teeth on the hyperplastic (overgrown) side of the mandible. A positive value of Mean diff. means that
that the tooth is longer on the hyperplastic side. A negative value Mean diff. means that the tooth is longer on the
non-hyperplastic side. The Total summarizes the mean differences in between-sides comparisons for all teeth in
the given group.
3.3. Verification of Null Hypothesis No. 3: Hypothesis Rejected
The statistical analysis of comparisons between-groups for class I and class III patients
without asymmetry has revealed that all of the teeth that were analyzed were longer in the
class III without asymmetry group; however, only some of the differences were statistically
significant, as can be seen in Table 4.
Table 4. Results of statistical analysis for between-group comparisons for class I and class III without
asymmetry groups (to reject or confirm null hypothesis no. 3). Class I (Women: n = 18; Men: n = 19).
Class III without asymmetry (Women: n = 17; Men: n = 14).
Men Women
Tooth Class Mean £ SD [mm] p-Value Mean Diff. Mean + SD [mm] p-Value Mean Diff.
I 2278 £1.73 21.03 £+ 1.69
47 il 24.00 + 1.70 0073 1219 2221 4203 0164 1175
I 22.77 £1.18 2131 £1.11
-4
46 I 2439 + 1.13 *0.33 x 10 1.622 2266 + 1.12 *0.008 1.354
I 2420 +1.17 2246 +1.34
4 —6
o 1 25.87 + 1.49 *7.00 %10 1674 2578 £058 2110 2.323
I 24.67 +£1.40 . 21.86 £1.24 .
4 1 25.87 + 127 0.0214 1.206 23.11 + 1.24 0.018 1249
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Table 4. Cont.

Men Women
Tooth Class Mean £ SD [mm] p-Value Mean Diff. Mean + SD [mm] p-Value Mean Diff.
£ m agmary OO as il ool law
2w uwiiae 075 00 ggiays 0% odm
£ m oz 0% 066 yiglyg  coo 13
7w e O M gy o 1w
36 Iil %ﬁi? i 112 *5.69 x 1074 1.583 gg? i 133 *0.001 1.617
35 1%1 ;é:éé i (1):23 *7.79 x 10~ 1618 ii% i ;gz *8.99 x 107° 2414
M m osmaas o B iy coew 1
B mmiim 000 136 ppigy ool 15w
e T - e L
S m asiias  O20m iy o 18
Total: 47 < 31 Iil ;i;g i %gg *2.54 x 1077 1.172 igég i ;8; *0 1.393

* Marks statistically significant values at p < 0.05 with Tukey’s correction. A positive value of Mean diff. means
that the tooth is longer in class I group. A negative value of Mean diff. means that the tooth is longer in class III
without asymmetry group. The Total summarizes the mean differences in between-sides comparisons for all teeth
in the given group.

4. Discussion

In the current scientific studies describing the biomechanics of tooth movement us-
ing computer analyses, such as the finite element method, there is a significant discrep-
ancy in the assumptions related to the anatomy of the teeth, the alveolar process and
surrounding structures.

Calculations are performed either based on computer-generated models representing
ideal dental anatomy based on Andrews’ keys [2,18], obtained from scans of a dental
demonstration model [3], created de novo based on arbitrary assumptions made by the
researchers [7] or on averaged models [8]. However, models most commonly found in the
literature are those created based on data collected from one, or a few, patients [5,9-16].

This approach has its obvious advantages; it makes it possible to compare different
methods of moving teeth relative to each other using the same geometric model. In this
way, it is possible to avoid complicating calculations that account for different variations in
tooth anatomy. An example of such a study may be a comparison of different shapes of
aligner attachments [2].

At the same time, it should be emphasized that the individual variability of a patients’
anatomy, particularly the different lengths of the tooth roots, has a significant impact on
the different biomechanics of tooth movements [4-6,19,20].

As a result, great caution should be exercised in extrapolating the results of currently
existing studies that use the finite element method to the general population, and the
calculations themselves still need to be validated by actual obtained results [20].
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Some authors have noted this problem, proposing as an example the solution of
individualizing calculations using segmentations of the patients’ teeth isolated from the
CBCT scan with subsequent modelling of their geometry [4] and then combining them with
an aligner model in order to better adjust orthodontic therapy to the patients” individual
anatomies [5].

This approach, although undoubtedly better at addressing individual patients” anatomies
and associated biomechanical challenges, may be difficult to implement in routine or-
thodontic practice due to the time-consuming process of isolating patients’ structures from
CBCT data.

The authors of the present paper propose an alternative solution: the creation of a
publicly available database of patients’ dental anatomies, individualized by distinguishing
patients on the basis of sex, age, race and skeletal relationships.

Having access to such a tool, a clinician, when designing an orthodontic appliance
and predicting tooth movement, can select from the available list the values closest to those
characterizing his/her patient, thus obtaining an anatomical model as close as possible to
the individual anatomy of the examined case.

This solution can also make it easier for companies that manufacture removable
appliances (aligners) to individualize treatment based on the needs of a particular patient.

This approach seems to be a reasonable compromise between the need to account for
the individual anatomy of the patient and the difficulty of using different, more advanced
and complicated solutions in practice (as no additional measurements or calculations are
needed here).

The presented study answers questions about asymmetry in tooth length in skeletal
class III patients with mandibular asymmetry, differences in tooth length between patients
with skeletal class I and III, and sexual dimorphism in tooth length. The authors showed
that tooth length depends on the sex of the patient. This is important, because most of the
studies using the finite element method that were analyzed in this paper do not differentiate
methodologies based on the sex of the virtual patient [1-3,5,7-10,13-17]. Therefore, they
report results that are averaged or specific to only one sex. Similarly, out of the reviewed
papers, none but one [16] accounts for the skeletal class of the analyzed “virtual” patient;
thus, they do not take into consideration whether skeletal class affects the biomechanics of
tooth movement.

The authors showed that skeletal class I1I is directly associated with excessive mandibu-
lar growth (mandibular prognathism) and can affect the size of tooth roots and therefore the
biomechanics of their movement as well. Interestingly, the study showed that mandibular
asymmetry does not have a statistically significant effect on asymmetry in tooth length on
opposite sides of the mandible. This opens up opportunities for further research that can
explain the genesis of such a phenomenon.

The presented results clearly indicate that further research is needed to analyze factors
influencing tooth root size and the relationship between those factors and the factors
affecting mandibular size.

Finally, it should be noted that the measurement method presented in this paper
may also be applicable to studies on variations in root anatomy in patients with genetic
disorders, such as MSX1 gene mutations [23]. It has been proven that such disorders can
affect the length of tooth roots [24].

The authors intentionally did not include patients with skeletal class II in the study. It
has been shown in the literature that there is a greater number of genetic factors influencing
the development of skeletal class III than skeletal class II [25]. Moreover, there is ample
evidence that genetic factors influence the length and anatomy of tooth roots [24]. Therefore,
patients with skeletal class IIl naturally represent the main area of interest in determining
the correlation between tooth anatomy and skeletal class. However, according to the
authors, further studies should be considered, including ones involving skeletal class
II patients.
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This study assessed only the length of the roots, without considering their volume.
This is due to the pilot nature of the paper. Consideration should be given to conducting
similar studies in the future using solutions, available in the literature, which enable
assessing root anatomy in a more individualized manner [20].

Limitations of the Study

No class II patients were included in the study. It only included Caucasians of a certain
age, even though no age or race limitations were applied. In addition, the study did not
account for the possibility of individual anomalies of root structure, such as dilacerations
or other shape abnormalities, due to the preliminary nature of the study. Individual bone
anatomy was not accounted for, which may also be important for biomechanical calcula-
tions, especially in patients with periodontal atrophy [6]. Further research is warranted in
order to eliminate some of the limitations.

5. Conclusions

e In all three study groups, some of men’s lower teeth were longer than women'’s, so
null hypothesis 1 was rejected.

e  Mandibular asymmetry and the resulting differences in the anatomy (length) of the
alveolar part of the mandible on the right and left side did not affect the differences in
the length of the teeth on the hyperplastic and non-hyperplastic side, so null hypothesis
2 was confirmed.

e Inskeletal class III patients without asymmetry, some lower teeth were longer than
they were in skeletal class I patients, so null hypothesis 3 was rejected.

e  When creating computational models that allow for the designing of orthodontic
aligners and analyzing the forces acting on teeth, software developers should account
for the sex and the skeletal class of the patient. This is why current models, which do
not differentiate between patients in these respects, have significant limitations and
cannot be extrapolated to the whole population.

e  (linicians should account for sex as well as the skeletal class of patients when predict-
ing the difficulty and effectiveness of an orthodontic treatment to be implemented.

e Itmay be advisable to create a database describing the dental anatomy of patients with
different anatomical characteristics, which can be used by clinicians when examining
their patients. This can enable simple individualization of orthodontic treatment
without the need to take any additional, time-consuming steps.
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Abstract: Orthodontic removable appliances made of transparent thermoplastic materials—aligners—are
becoming increasingly popular in contemporary orthodontic practice. It is important for the clinician
to fully understand the mechanical properties and behavior of the appliance used. Because of that, the
aim of our study was to investigate the changes in aligner surface after immersion in Coca-Cola and
orange juice. For surface evaluation, fractal analysis, texture analysis, and wetting angle measurement
were performed. Statistically significant changes were found between some of the groups in the
fractal dimension analysis. In texture analysis, all but one intergroup comparison showed statistically
significant differences. For wetting angle assessment, statistically significant differences were found.
These were, however, more numerous when assessing glycol droplets, rather than water droplets.
Fractal dimension analysis confirmed a correlation between the intensity of changes in the aligner
surface with immersion time in the liquids assessed. Texture analysis showed a high sensitivity to the
changes in aligner surface. It failed, however, to reveal changes relative to immersion time. Wetting
angle analysis revealed aligner surface degradation for Coca-Cola. It did not, however, prove the
dependence of the intensity of this degradation as a function of time. Both Coca-Cola and orange
juice can cause aligner surface degradation.

Keywords: orthodontic aligners; orthodontic aligner surface; fractal dimension analysis; texture
analysis; wetting angle; Coca-Cola; orange juice

1. Introduction

Edgewise fixed orthodontic appliances have been in use for over 100 years. The
contemporary standards with regard to aesthetic looks, also in terms of the appearance of
teeth and smile, have resulted in the use of orthodontic therapy also in adult patients. The
same standards make patients want their therapeutic appliances to be as little visible as
possible. Traditional orthodontic brackets are often not considered sufficiently aesthetically
pleasing and, as they promote the accumulation of dental plaque, they increase the risk
of caries, gingivitis, and periodontitis [1]. Even though the use of elastic positioning
appliances was described as early as 1945 [2], it is only for the above-mentioned reasons
that invisible orthodontic aligners (IOAs) are increasingly gaining popularity. They are
an innovative alternative for fixed orthodontic appliances due to their ability to be easily
applied/removed from the mouth without affecting the ability to masticate or the aesthetic
look of the patient’s smile [3].

4
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The market has seen the emergence of a considerable number of companies dealing
with aligners that employ a similar strategy in treating patients. Thermoplastic materials
used by aligner manufacturers currently include polyethene terephthalate glycol-modified
(PET-G), polypropylene, polycarbonate (PC), thermoplastic polyurethanes (TPUs), ethylene-
vinyl acetate, and many others. Materials should be biocompatible, transparent, have a
low level of toughness and high elasticity, and be able to effectively fix the alignment of
teeth [4]. For this reason, many authors have undertaken the analysis of the mechanical
and chemical properties of aligners [5-9].

It is recommended that a single aligner be used for a period of 14 days. During
that period, the brace is exposed to the environment of the patient’s oral cavity, with
highly variable temperature and pH conditions. Therefore, it is important to determine the
influence of the ageing of these elements under the influence of the oral environment with
regard to their mechanical properties [9]. The most frequently analyzed data include the
elasticity coefficient and the surface topography of these elements [5,6,8-10]. The physical
and chemical properties of the oral environment can affect the level of changes occurring in
the structure of the brace material. Beverages such as Coca-Cola or fruit juices are one of
the main factors affecting them [11,12].

Various methods of microscopic imaging (SEM, AFM), laser spectroscopy, and X-ray
diffraction analysis are the techniques most often used to analyze the surface of orthodontic
components. However, the use of such methods may require application of complicated
and expensive equipment and does not always allow conclusions to be drawn about
functional properties [13,14]. A relatively simple method based on image analysis is the
analysis of the values of the fractal dimension and texture analysis. They are increasingly
often applied for analyzing the surface of elements used in orthodontic therapy [15,16]. For
assessing the level of surface degradation, wetting angle analysis can also be used. This
method assesses the shape of droplets forming on the analyzed surface—the higher the
wetting angle (higher hydrophobicity), the lower the wettability of the element, and thus
the cleaner the surface, and the other way around—the smaller the angle, the higher the
wettability. High surface energy of the material and low surface tension of the solution
decrease the value of the wetting angle. The level and time in which dental/orthodontic
biomaterials absorb moisture from the oral environment have a considerable impact on the
durability of these elements and determine the level of their degradation [17].

The present study aimed to determine the changes in the surface properties of aligners
under the influence of the immersion in Coca-Cola and fruit juice with the use of fractal
dimension analysis, texture analysis, and wetting angle analysis.

A null hypothesis was proposed that immersion in orange juice and Coca-Cola does
not cause changes to the surface properties of aligners, as measured with fractal dimension
analysis (FD), texture analysis (TA), and wetting angle analysis (WA).

2. Materials and Methods

Aligners made of three-layer polyurethane (Zendura™ FLX) were selected for the
test. The material was 0.76 mm thick, consisting of two hard outer shells and an elastic
inner core. All aligners were made using one selected model, only for the purpose of this
experiment, increasing its range within the palate. A 25 x 25 mm aligner element was
selected for the study, located on its palatal surface.

To assess the effect of immersing aligners in different beverages, a total of 75 aligner
samples were selected. Each of them was initially molded on the same model.

Then, the aligners were divided into 5 groups:

The control group—not immersed—15 aligners;

A group immersed in Coca-Cola (pH = 2.5) for one week (C1W)—15 aligners;
A group immersed in Coca-Cola (pH = 2.5) for two weeks (C2W)—15 aligners;
A group immersed in orange juice (pH = 3.5) for one week (JIW)—15 aligners;
A group immersed in orange juice (pH = 3.5) for two weeks (JIW)—15 aligners.

G LN

The total size of the studied group of aligners was 75 specimens.
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The Coca-Cola beverage used was the Coca-Cola Original Taste™ beverage, which
is a trademark of The Coca-Cola Company. The orange juice beverage used was the
“Tymbark™ sok 100% pomararicza”, which is a trademark of Tymbark-MWS Sp. z 0.0., a
popular brand of juice in Poland.

The immersion involved immersing aligners in a beverage 3 times a day for 1 h, at
room temperature (22 °C), as follows:

e  In freshly squeezed orange juice for groups J1W and J2W—for 1 or 2 weeks, respectively.
e In Coca-Cola for groups C1W and C2W—for 1 or 2 weeks, respectively.

After completion of the immersion, each piece was rinsed for 15 min with demineral-
ized water, and in a dry state, they were submitted for testing within 24 h.

2.1. Taking Images

All images for analysis were taken using the scanning electron microscope (SEM)—VEGA3
(Tescan, Brno—Kohoutovice, Czech Republic). The resolution of images was 1280 x 1430,
with a magnification of 1000x, a voltage of 15 kV, and a backscattered electron (BSE)
detector. In every group of aligners, 15 regions of interest (ROISs) for fractal dimension and
texture analyses were set. All ROIs were 25 mm x 25 mm in size. ROIs were saved as 8-bit
grayscale bitmaps. To apply all necessary graphical operations, GIMP version 2.10.30 (GNU
Image Manipulation program: www.gimp.org, free and open-source license, accessed on
1 April 2022) was used.

2.2. Fractal Dimension Analysis

All fractal analyses were performed in Image]J, version 1.53e (Image Processing
and Analysis in Java—Wayne Rasband and contributors, National Institutes of Health,
USA, public domain license, https:/ /imagej.nih.gov/ij/ (accessed on 1 April 2022)), and
the FracLac plugin, version 2.5 (Charles Sturt University, Bathurst, Australia, public
domain license).

A modified algorithm of the box-counting method, which makes it possible to analyze
monochromatic images (such as 8- or 16-bit images) was used in the presented analysis.
For the greyscale images, the intensity difference algorithm was used to calculate the
fractal dimension, as it was applied in other studies examining the surface of orthodontic
components with the FDA method [16]. The analyzed image was divided into boxes, as in
the box-counting method. The image size selected for analysis was 25 x 25 um. Performing
every FDA, repetitive actions were performed: in the first step, the grid size equals 200 mm
(dimension of the analyzed image, € = 1); then, ¢ is divided by 2 (e value for the following
steps: € = 0.5; € = 0.25). In each step, the difference in pixel brightness intensity is calculated
in every grid on scale ¢. In the FracLac plugin, the algorithm of the ¢ calculation is called
a block series. This option scans a square block within an image using a series of grids
calculated from the block size. According to the authors, this specific algorithm is the best
solution when analyzing the pattern that fills the entire area of the image.

The difference between the maximum pixel intensity and the minimum pixel inten-
sity is calculated in each box (8l;; ., where i, j—the location of the analyzed box in the
¢ scale) [14,18]:

8ljje = maximum pixel intensity;; . — minimum pixel intensity; (1)

In the next step, 1 is added to the intensity difference to prevent its value from

becoming a 0 [14,18]:
Lje =08lije +1 ()

Finally, the fractal dimension of the intensity difference is described using the following
formula [14,18]:

) ®)
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where FD is the final fractal dimension of intensity, [e = % [18];; . + 1], and ¢ is the box scale.

2.3. Texture Analysis

SEM images of orthodontic aligner surfaces were evaluated in ROIs of 25 um x 25 um.
The surface texture was evaluated using features derived from the co-occurrence matrix.
The regions of interest (ROIs) were normalized (i & 30) to share the same average (i) and
standard deviation (o) of optical density within the ROIs. Selected image texture features
(entropy and difference entropy from the co-occurrence matrix and long-run emphasis
moment from the run-length matrix) in ROIs were calculated for the reference bone and
the bone with the collagen scaffold applied [19]:

Entropy = — Y 18 Y08 p(i ))log(p(i, ) @)

where Y. is the sum, Ng is the number of optical density levels in the radiograph, i and j are
the optical density of pixels that are 5 pixels away from one another, p is probability, and
log is the common logarithm.

Calculations were performed in the MaZda 4.6 program [15,16,18-24]. Entropy values
were compared between groups with the Kruskal-Wallis test. When p < 0.05, the difference
was considered statistically significant. Statgraphics Centurion 18 ver.18.1.12 (StarPoint
Technologies, Inc., Warrenton, VA, USA) was used for statistical analyses.

2.4. Wetting Angle Assessment

Two wetting agents were used to test the wetting angle. H,O was selected as the
substance with polar properties. Ethylene glycol was chosen as a substance that does
not have the properties of dissolving the aligner material and, at the same time, has
nonpolar properties.

In the presented test, droplets of approximately 3 uL of water or glycol were placed on
the surface of the sample using a microsyringe, keeping the needle at the same minimum
height above the surface to be analyzed, and maintaining the truncation direction of its
tip. The droplet was photographed with a CCD camera (Hamamatsu ORCA-285G CCD
Digital Camera C4742-95-12G04, Boston Industries) 5 s after it was placed on the sample
surface. A minimum of six droplets were placed on each sample, each time on a ‘fresh’
surface—Figure 1.

. ‘ MICROSYRINGE

DROFLET OF THE

AMNALYFED SURFACE

SELECTED

SOLUTION

Figure 1. Illustrative image of a droplet on the surface of a sample, taken with a CCD camera.

2.5. Statistical Analysis

Statistica, version 13.3 (StatSoft, Cracow, Poland), was used to perform statistical tests
in the aspect of fractal dimension analysis, wetting angle, and surface tension. A value of
0.05 was deemed to be statistically significant. The Shapiro-Wilk test was applied to confirm
the normality of distribution. Due to the lack of a normal distribution, the nonparametric
Kruskal-Wallis test was applied to reveal differences between groups. The Spearman
coefficient was used to check for correlations between variables. Texture comparisons
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between wire sides and the material were performed with the one-way ANOVA or the
Kruskal-Wallis test, depending on the presence of a normal distribution. When p < 0.05,
the difference was considered statistically significant. The assumed power of the test was
greater than 0.8. Statgraphics Centurion 18, version 18.1.12 (StarPoint Technologies, Inc.,
Warrenton, VA, USA), was used for statistical analyses.

3. Results
3.1. Fractal Dimension Analysis

Table 1 shows the results of statistical differences in fractal dimension (FD) values
between the different series of samples. Statistically significant differences of the control
group with the J2W and C2W groups, and of the JIW group with the J2W and C2W groups
were found. As the only group, the C1W group showed no differences compared to any
other group.

Table 1. Summary statistic of fractal dimension value, and results of Kruskal-Wallis multiple compar-
ison test. (Control—control group, JIW—juice one week, J2W—juice two weeks, C1W—Coca-Cola
one week, C2W—Coca-Cola two weeks, n.s.—no statistically significant difference).

N?:;%Er Name Count Average Median Steav?:taif)(lil Minimum  Maximum p <0.05
1 Control 15 1.8032 1.8364 0.1176 1.5118 1.9436 vs. 3,vs. 5
2 JIW 15 1.8400 1.8957 0.1374 1.4986 1.9803 vs. 3,vs. 5
3 2w 15 1.5944 1.6528 0.1605 1.3031 1.7667 vs. 1, vs. 2
4 C1w 15 1.7615 1.7695 0.1156 1.5016 1.8970 n.s.
5 2w 15 1.5424 1.5225 0.2560 1.1085 1.8737 vs. 1,vs. 2

The results of the correlation of FD and TA with wetting angle, surface tension for
water and glycol, and total tension are presented in Table 2. There was no correlation
between FD and wetting angle with water and glycol or total tension.

Table 2. Value of R (Spearman) coefficient between examined variables, FDA—fractal dimension
analysis, and TA—texture analysis.

R Spearman p Value
FDA vs. Water wetting angle 0.5000 0.3910
FDA VvS. Glycol wetting angle 0.5000 0.3910
FDA vs. Water surface tension —0.3000 0.6238
FDA vs. Glycol surface tension —0.1000 0.8729
FDA vs. Total tension —0.6668 0.2189
TA vs. Water wetting angle 0.4000 0.5046
TA vs. Glycol wetting angle 0.4000 0.5046
TA VvS. Water surface tension —0.1000 0.8729
TA vs. Glycol surface tension 0.0000 1.0000
TA vs. Total tension —0.8721 0.0539
TA vs. FDA 0.6000 0.2848

3.2. Texture Analysis

The average entropy of the aligner surface texture (control) is high and indicates the
homogeneity of the material structure and the chaotic arrangement of small elements in
the SEM image of the surface. Incubation with the two test substances increases the surface
complexity in a time-dependent manner and directly proportional to the time elapsed.
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After 1 week, visible texture-organized fields appear. These are globular and rod-shaped
structures on part of the homogeneous native surface, and after 2 weeks, they cover most
of the surface. These image elements are fragmented, which raise the calculated entropy in
the samples—Figure 2.

SEM ENTROPY

Control

J1W

J 2w

c1w

c 2w

Figure 2. Investigation of surface structures on orthodontic alignments using digital texture analysis.
The left column shows images from scanning emission microscopy (SEM). The right column shows
intensity maps of chaotic and nonorganized structures (Entropy)—the brighter the local areas, the
higher the entropy of the site. In these maps, textures with organized structure have low entropy
(dark fields) because their structure is not chaotic.

The highest entropy measured was in the control group (3.21 = 0.03). The next highest
was in the C1W group (3.07 £ 0.06, but statistically significantly lower than the control). It
was lower in group J1IW (2.91 £ 0.06 statistically lower than in control and C1W), and the
lowest texture entropy values were in both groups after two weeks of incubation, i.e., C2W
and J2W (2.65 & 0.24 and 2.65 & 0.23, respectively, significantly lower than the other three
groups, p < 0.001) (Tables 3 and 4).
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Table 3. Summary statistics for entropy.

Name Count Average Median ]g:i,rilggii Minimum Maximum
Control 15 3.21389 3.20668 0.0333161 3.17229 3.26219
JIW 15 2.91045 2.92633 0.0586776 2.7919 2.97064
J2W 15 2.55829 2.58065 0.233394 2.17102 2.9178
C1w 15 3.06823 3.07739 0.0563168 2.96178 3.15617
2w 15 2.63535 2.6641 0.237663 2.28786 3.03994

Table 4. Statistically significant differences in entropy between groups (* denotes a statistically
significant difference).

Contrast Sig. Difference +/— Limits
Control-JIW * 0.303439 0.112201
Control-]2W * 0.655598 0.112201
Control-C1W * 0.145663 0.112201
Control-C2W * 0.57854 0.112201

JIW-J2W * 0.352159 0.112201

JIW-C1IW * —0.157776 0.112201
JIW-C2W * 0.275101 0.112201
J2W-C1W * —0.509935 0.112201
J2W-C2wW —0.0770581 0.112201
CIW-C2W * 0.432877 0.112201

It should also be noted that there are differences between the two experimental groups.
Both after 1 week of incubation (p < 0.001) and after 2 weeks (p < 0.001), values in group C
are higher than in group J—Figure 3.

33— _]

ar| - g |

5 A
o
£ 27— i
=
(W]

25— —

T 1

Control JI1W J 2w C1wW c2w
Groups

Figure 3. Entropy measured in presented texture on the surface of orthodontic aligners. Contact
with incubation fluid decreases entropy in a time-dependent manner. Abbreviations: JIW—orange
juice incubation 1 week, J2W—orange juice incubation 2 weeks, C1W—Coca-Cola incubation 1 week,
C2W—Coca-Cola incubation 2 weeks.
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3.3. Wetting Angle

The study aimed to determine the values of the wetting angle and surface tension of
samples of the material used to make Clear Aligner braces. The results obtained are shown
in the tables below. They were grouped into successive wetting angle results using water
and ethyl glycol. Statistically significant differences were found only between the control
group and the C1W group for water, as well as between the control group and the J2W and
C1W groups and between the J1IW and C1W groups for glycol-Table 5.

Table 5. Summary statistics of water and glycol wetting angle, and results of Kruskal-Wallis multiple
comparison test. (Control—control group, JIW—juice one week, J2W—juice two weeks, C1W—Coca-
Cola one week, C2W—Coca-Cola two weeks, and n.s.—no statistically significant difference).

Wetting Angle [°]—Water

Group Standard

Number Name Count  Average Median Deviation Minimum Maximum p <0.05
1 Control 15 68.9 65.5 5.4 64.2 75.9 vs. 4
2 JIW 15 57.1 53.9 6.8 50.1 64.5 n.s.
3 J2W 15 53.4 52.3 2.7 50.7 57.7 ns.
4 C1w 15 30.5 36.8 9.9 195 38.7 vs. 1
5 2w 15 53.9 54.6 4.8 48.8 60.7 ns.

Wetting Angle [°]—glycol

Group Standard

Number Name Count  Average Median deviation Minimum Maximum p <0.05
vs. 3,
1 Control 15 54.4 54.2 2.0 52.6 57.5
vs. 4
2 JIW 15 449 43.5 3.3 42.0 50.3 vs. 4
3 J2W 15 36.1 35.0 2.3 34.1 39.2 vs. 1
vs. 1,
4 C1w 15 26.5 26.1 2.4 23.4 29.8
vs. 2
5 C2W 15 424 42.7 5.8 35.8 51.2 ns.

From the individual measurement results obtained, a slight reduction in the wetting
angle values was observed when both solutions—water and the organic solution ethyl
glycol—were used for samples exposed to a particular environment, i.e., juice or in a
Coca-Cola-type drink. Moreover, a clear difference in angle values between the solutions
themselves was observed. Wetting angles were smaller when ethyl glycol was used.
However, this is characteristic of organic solutions and this type of measurement.

The next step of the measurements was to obtain the individual surface tension and
total tension values (Tables 6 and 7). In this case, an increase in surface tension can be
seen with a change in the conditions/environment in which the sample was exposed.
This increase is evident for both water and ethyl glycol that have been used. Never-
theless, the results for water show a statistically significant difference only between the
control group and the C1W group. The other measurements do not show any statistically
significant differences.

The wetting angle values determined for the control samples correspond to wettable
materials exhibiting more hydrophilic properties (6 < 90°). However, when all results are
compared, a clear reduction in wetting angles is observed for samples additionally exposed
to a particular solution. The lower the value of the wetting angle, the better the hydrophilic
properties and the worse the hydrophobic properties. This is most evident in the surfaces
of the samples that have been exposed for a week in the Coca-Cola environment.
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Table 6. Summary statistics of water and glycol surface tension, and results of Kruskal-Wallis multiple
comparison test. (Control—control group, JIW—juice one week, J2W—juice two weeks, C1W—Coca-
Cola one week, C2W—Coca-Cola two weeks, and n.s.—no statistically significant difference).

Surface Tension [mN/m]-Water

Group Standard

Number Name Count  Average Median Deviation Minimum Maximum p <0.05
1 Control 15 249 28.17 9.7 13.4 33.6 4
2 JIW 15 394 45.3 13.8 222 52.6 ns.
3 J2W 15 38.8 41.3 7.9 28.0 48.7 ns.
4 C1W 15 70.9 629 13.5 58.0 87.0 1
5 C2wW 15 422 48.0 11.0 24.1 50.0 ns.
Surface Tension [mMN/m]-Glycol
chlr::ll:)zr Name Count  Average Median 3::;:;21 Minimum Maximum p <0.05
1 Control 15 10.1 7.8 5.8 4.7 16.9 n.s.
2 JIW 15 6.5 5.0 43 2.5 11.9 ns.
3 2w 15 9.5 8.5 3.8 5.4 15.0 ns.
4 C1IW 15 2.8 3.1 1.8 0.7 53 ns.
5 C2W 15 7.1 5.4 5.7 24 16.8 n.s.

Table 7. Summary statistics of total surface tension, and results of Kruskal-Wallis multiple compari-
son test. (Control—control group, J1W—juice one week, J2W—juice two weeks, C1W—Coca-Cola
one week, C2W—Coca-Cola two weeks, and n.s.—no statistically significant difference).

Total Surface Tension [mMN/m]

Ncil;z?;r Groups Count  Average Median gztilg;fi Minimum Maximum p <0.05
1 Control 15 35.2 37.0 41 30.2 39.0 ns.
2 JIW 15 47.2 50.3 7.9 379 55.5 ns.
3 J2W 15 48.3 48.9 4.2 429 54.1 ns.
4 C1IW 15 352 37.0 41 30.2 39.0 ns.
5 2w 15 49.3 51.9 5.6 40.9 54.0 ns.

4. Discussion

Texture analysis was the research method that revealed surface texture changes in all
cases as compared to the control group. Statistical analysis showed differences between all
groups for this method, except for the C2W /J2W groups. What is notable about these two
groups is the extent of the standard deviation, which is an order of magnitude higher than
for all of the other tested groups.

The observed structures on the originally smooth (control) surface of the orthorhombic
material disturb the random texture of small elements of an image. Therefore, entropy
decreases in experimental groups. This means the appearance of some organized surface
structures [23,24]. The sites remaining intact by this process continue to have an underlying
high entropy, while the sites of altered texture are significantly organized into globular and
elongated formations. This significantly reduces the magnitude of the measured level of
texture chaoticity (entropy) [25,26].

The results show that the texture analysis can detect and distinguish changes occurring
on the surface of aligners under the influence of foods that were active over a period of one
or two weeks. It can be seen that the effect of Coca-Cola for just 1 week led to a change in the
surface structure of aligner material. The effect of orange juice was even more pronounced
in the same time frame. The action of both beverages over a 2-week period caused a very
significant change in the surface entropy of the test elements, but the level of variation in
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these changes also increased so substantially that, as a consequence, statistical analysis did
not yield a statistically significant result when comparing the J2W/C2W groups.

In conclusion, it can be assumed that the results obtained are in agreement with
studies by Kumar et al., Filho et al., and Lombardo et al., who showed that drinks such
as Coca-Cola and orange juice can affect the structure of orthodontic materials such as
elastomeric chains or aligners [27-29].

The results of the analysis indicate that crystallized precipitates from the fluids in
which the test samples were immersed may be responsible for some of the changes occur-
ring on the surface of the tested elements. It is important to consider the extent to which
such precipitates can contribute to the development of bacterial colonies and biofilms. An-
other important consideration is whether it is possible to prevent the development of such a
biofilm, as is attempted, for example, by modifying the surface of orthodontic wires [30,31].

Although many researchers consider wetting angle goniometry to be a strictly qualita-
tive technique, it can be used to measure certain properties quantitatively. The goniometer
allows the contact point at the phase contact to be observed at high magnification, with the
wetting angle value and the surface tension value to be obtained as numerical values.

A comparison of the change in water wetting angle between groups showed a statisti-
cally significant difference only for the control/C1W groups. It can be assumed that, in fact,
just 1 week of exposure to Coca-Cola on the surface of polymeric orthodontic materials
can cause a change in surface texture to occur, but in the light of both the above-discussed
texture analysis and studies by other authors [27-29], it should be assumed that this is
all the more likely to occur with the other groups. The results obtained by the authors
should therefore rather lead to the conclusion that the mentioned test method should not
be considered reliable for the analysis of aligner surface changes.

A different situation is found in the analysis of changes in glycol wetting angle. For
this measurement, it was again shown that the greatest change occurred when the surface
of the aligners was exposed to Coca-Cola for 1 week (control/C1W groups). Nevertheless,
a statistically significant difference also occurred between the control/J2W and JIW/C1IW
groups. Interestingly, the C2W group showed no statistically significant differences from
either group.

Overall, the wetting angle values determined for the control samples correspond to
wettable materials exhibiting more hydrophilic properties (6 < 90°). However, when all
results are compared, a reduction in wetting angles is observed for samples additionally
exposed to a particular solution. The lower the value of the wetting angle, the better the
hydrophilic properties and the worse the hydrophobic properties. This is most evident
in the surfaces of the samples that have been exposed for a week in Coca-Cola. However,
the change in wetting angle did not show a clear time dependence. That is, in the case of
Coca-Cola, the decrease in wetting angle was distinctly greater after one week of immersion
and then increased but to a value lower than the baseline value. In the case of juice, the
wetting angle decreased with increased immersion time. However, the analysis of the
wetting angle with water as well as with glycol did not allow the researchers to establish
an unambiguous relationship between immersion time and the degree of change, but it is
only a confirmation that immersion in orange juice and more significantly in Coca-Cola
contributes to the surface degradation of the tested elements. To some extent, this is
consistent with the results obtained by the authors in previous studies, in which they found
that the oral environment can significantly degrade even metal components used in this
environment [32,33]. Beverages that significantly lower the pH of the oral environment are
considered to be one of the elements of such an environment [34,35]. Interestingly, virtually
no difference was shown in terms of surface tension changes, regardless of the times of
immersion in juice and Coca-Cola.

The most consistent results were obtained when analyzing the fractal dimension
changes of the samples tested. Only the C1W group did not show statistically significant
differences from any of the analyzed groups. The control group showed a significant
difference compared to both groups of samples immersed for 2 weeks (control/C2W and
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control/J2W). At the same time, a similar variation occurred when comparing the JIW
group—immersion for 1 week in juice did not induce changes that would be significantly
different compared to the control group, but prolonged exposure to both fluids induced
statistically significant changes also in comparison to this group (differences occurred for
JIW/]J2W and JIW /C2W).

In general, it can be concluded that cola causes a slightly greater change in fractal
dimension value, but the decisive factor for this parameter is time—both liquids strongly
changed the values of the fractal dimension after immersion for two weeks only. It should
be noted that these have resulted in a reduction in the value of this parameter, thus changing
the nature of the disturbance of the homogeneity of the surface from a surface disturbance
toward a linear change. This may suggest the formation of micro-cracks on the surface of
the aligners as a result of prolonged exposure to both Coca-Cola and orange juice. The
occurrence of this type of degradation can alter the mechanical properties of the material
and promote damage during use. However, what is significant is that such changes
occurred after 2 weeks of immersion. According to recommendations, the aligners should
be replaced every two weeks. Some vendors, depending on the type of aligner, recommend
replacing it every 1 week. In this case, the obtained results suggest that in the assumed
period, there should be no significant changes in the structure of the aligner surface.

Unfortunately, this is not confirmed by an analysis of the occurrence of correlations
between the wetting angle of both water and glycol and FD and TA. Each of the measure-
ments: FD, TA, and wetting angle, showed changes that depended on the immersion of the
aligners in juice and Coca-Cola. However, the intensity and distribution of these changes
varied and did not show statistical significance in terms of correlation analysis. Therefore,
it is only possible to descriptively state the direction of change, i.e., the gradual degradation
of the surface of the aligners, during immersion in juice and Coca-Cola.

The results obtained are consistent with a study by Daniele et al. who also showed
degradation and a change in the mechanical properties of aligners after 2 weeks of use [36].
The presented results are also in agreement with the findings reported by Paradowska et al.
who found that aligner materials, especially after a period of use, promote microbial
proliferation [9].

Limitations of the Study

In the presented study, the most popular beverages were used for immersion. The
intention of the authors was to show certain tendencies while maintaining maximum
clarity. Of course, such a study could be extended to more liquids, and then the results
might be more comprehensive. This could make the study more difficult to correctly
interpret, however.

The authors resigned from carrying out other analyses of mechanical properties,
such as bending tests, for example. In the authors’ opinion, this topic has already been
extensively described in the literature. However, the relationship between changes in
the surface characteristics studied with the help of three methods and changes in the
characteristics of other mechanical properties has not yet been investigated. This could be
the subject of a future study.

5. Conclusions

Analysis of fractal dimension values showed a clear dependence of the intensity of
aligner surface changes on the time of immersion of these elements in Coca-Cola and
orange juice.

The texture analysis showed high sensitivity to the changes occurring on the surface
of the aligners under immersion in Coca-Cola and orange juice. This analysis, however,
was not able to show the intensity of the changes in relation to immersion time.

The measurement of the wetting angle proved that immersion of the aligners in Coca-
Cola leads to the degradation of their surface, but it did not prove the dependence of the
intensity of this degradation as a function of time.
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Repeated immersion in Coca-Cola and orange juice can cause degradation of the sur-
face of the aligners and the formation of microcracks, which supports the recommendation
to replace these elements no later than after 2 weeks.

On the surface of the aligners, microprecipitates from beverages such as Coca-Cola
or orange juice can be formed. Therefore, it would be appropriate to consider conducting
studies to assess their impact on the development of bacterial biofilm on the surface of
aligners and possibly develop a method to prevent the deposition of these precipitates or
the development of bacterial biofilm.
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9.Podsumowanie wynikow

Publikacja 1

Z uzyskanych wstepnie 1507 artykutow do przegladu pismiennictwa zakwalifikowano
ostatecznie 50 publikacji.

W celu przeprowadzenia metaanalizy przeanalizowano 9 prac, ktore posiadaty wystarczajaca
ilo$¢ danych do spelnienia formalnych kryteriow wlaczenia do analizy statystyczne;.

Z kazdej pracy wyekstrahowano dane o wieku badanych, rodzajach pomiar6w dokonywanych
na modelach, rodzaju wykorzystywanego skanera, warto$ci $redniej roznicy miedzy
pomiarami opartymi na metodzie cyfrowej 1 tradycyjne;.

Odnaleziono tacznie 25 niestandaryzowanych rodzajow pomiarow. Do analizy ilosciowej
wlaczono prace, ktore porownywaly przynajmniej jeden z ponizszych parametrow: szerokosé¢
miedzytrzonowcowa gorna/dolna, szeroko$¢ miedzyktowa gorna/dolna, nagryz pionowy,
nagryz poziomy.

Z 9 prac wlaczonych do analizy statystycznej wyekstrahowano dane tgcznie 428 pacjentow.

W o$miu pracach autorzy opisali istotne statystycznie réznice mi¢dzy pomiarami
wykonanymi na modelach cyfrowych i gipsowych (19-26). Autorzy jednej pracy nie znalezli
istotnych statystycznie rdznic (27).

Jednak po przeprowadzeniu metaanalizy z efektem zmiennym nie stwierdzono istotnych
statystycznie (p<0,05) r6znic dla zadnego z pomiaréw.

W pi$miennictwie, przyjety poziom istotnosci klinicznej dla r6znic migdzy pomiarami
wykonywanymi na modelach ortodontycznych to najczgsciej 0,5mm (24, 28). Wartos¢ ta byta
przekroczona w czterech sposréd analizowanych artykutéw (23-26). Mimo tego, w trzech
sposrod z tych prac (23,24,26) autorzy ocenili modele cyfrowe jako odpowiednie, albo z
uwagi na matg relatywng roznic¢ migdzy pomiarami cyfrowym, a gipsowym (24), albo z
uwagi na wysokie wspotczynniki zgodnosci statystycznej pomigdzy pomiarami
wykonywanymi réznymi metodami (23,26).

Dodatkowo, autorzy podkreslali role czynnikéw wplywajacych na kliniczng uzytecznos¢
modeli cyfrowych takich, jak: odpowiednie przeszkolenie lekarza w prawidtowym
uzytkowaniu oprogramowania, do§wiadczenie z analizg modeli cyfrowych niezbedne do
uzyskania biegtosci w prawidlowym zaznaczaniu punktoéw anatomicznych.

W dyskusji oméwiono czynniki moggce wplywac na interpretacje wynikow, takie jak
heterogeniczno$¢ analizowanych badan. Badania prezentowaly rézne rozmiary grup
badawczych, a takze analizowaty rozne typy skaneréw laboratoryjnych. Dodatkowo, uzywano
oprogramowania dostarczanego przez roznych producentow w celu przeprowadzenia
pomiaréw. Duza szeroko$¢ dolnych 1 gornych przedziatow utnosci dla kazdego z badanych
parametréw wptywata na heterogeniczno$¢ danych.
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Zadecydowano o wiaczeniu do badania jedynie prac analizujagcych modele cyfrowe
pochodzace ze skanera laboratoryjnego, w celu uzyskania odpowiednich danych do analizy
statystycznej. W konsekwencji, wnioski pochodzace z niniejszej pracy moga nie miec
zastosowania dla innych typow skanerow, na przyktad skanerow wewnatrzustnych.

Znaczna roznorodno$¢ prezentowanych w analizowanych pracach pomiaréw wskazuje, ze
autorzy powinni dazy¢ do zunifikowania metodologii wykorzystywanej do analizy
wiarygodnosci modeli cyfrowych. W zwiazku z powyzszym, celowe wydaje si¢ stworzenie
standaryzowanego narze¢dzia do porownywania jakos$ci, ktore w sposob obiektywny
umozliwiloby badanie nowych, dopiero pojawiajacych si¢ na rynku skanerow.

Pomimo raportowania przez badaczy obecnosci, w 8 z analizowanych 9 badan, roznic
statystycznych migdzy modelami gipsowymi a cyfrowymi, w metodzie metaanalizy z efektem
zmiennym w sposob statystyczny rdznic takich nie wykazano.

Pozwala to wnioskowac, ze po przeanalizowaniu wigkszej ilo$ci danych poziom istotno$ci
statystycznej testu wzrdst, co pozwolito unikng¢ btedu pierwszego rodzaju (btedu
statystycznego polegajacego na fatszywym stwierdzeniu réznic, ktore wynikajg ze zbyt matej
liczebno$ci analizowanych grup) oraz potwierdza stuszno$¢ decyzji o wykonaniu analizy
metodg ilo§ciowa.

Uzyskane wyniki potwierdzaja, ze modele cyfrowe sa odpowiednie do celow diagnostyki,
planowania leczenia i produkcji naktadek ortodontycznych.

Publikacja 2

Poza wiernym odwzorowaniem koron z¢bow, kluczowe dla przebiegu i planowania leczenia
ortodontycznego naktadkami jest prawidlowe przedstawienie anatomii korzeni z¢gbow, ze
szczegblnym uwzglednieniem dtugosci korzeni.

W ramach drugiej pracy przedstawiono trzy hipotezy zerowe. Uzyskane dane pozwolily na
zweryfikowanie kazdej z nich.

e Hipoteza zerowa pierwsza - Nie ma dymorfizmu ptciowego w dtugosci zebow
dolnych - zostata obalona. DIa pacjentéw z I klasg szkieletowg $rednia réznica miedzy
dlugos$cig zgba dolnego mezczyzny, a kobiety wynosita 1,57mm i byla to réznica
istotna statystycznie (p=1,78 x 10°%). Dla pacjentéw z III klasg szkieletowg bez
asymetrii i z [1I klasg szkieletowa z asymetrig r6znice wynosity odpowiednio 1,35mm
(p=2.55 x 107#) oraz 1,43mm (p=3.96 x 10°%).

e Hipoteza zerowa druga — nie wystgpuje zalezno$¢ migdzy jednostronnym przerostem
zuchwy, a dlugos$cia zebdw dolnych po tej samej stronie — zostala potwierdzona.
Analiza statystyczna porownan w grupie pacjentow z III klasg szkieletowa z asymetrig
nie wykazata roznic istotnych statystycznie na poziome p<0,05. Srednie wartosci
dhugosci kazdego z dolnych zebow byly wyzsze po stronie przerostowej, niz po stronie
bez przerostu. Nie byty to jednak istotne statystycznie rdznice. Dla $redniej rdznicy
uwzgledniajacej kazdy z zebow uzyskano poziom istotnosci p=0,104.

e Hipoteza zerowa trzecia - nie ma réznic w dtugosci z¢gbow migdzy pacjentami z |
klasa, a pacjentow z III klasg szkieletowa bez asymetrii — zostata obalona. Hipoteza

54



zostala sprawdzona poprzez poréwnania statystyczne dtugosci zebow osobno dla
grupy kobiet 1 grupy mezczyzn. Wsrdd kobiet, srednia réznica w dtugosci zebow
wynosita 1,39mm i byta to warto$¢ istotna statystycznie (p=0). Dla me¢zczyzn $rednia
réznica wynosita 1,17mm (p=2.54 x 107%).

Powyzsze ustalenia oznaczajg dla klinicystow konieczno$¢ réznicowania planow leczenia i
wprowadzenie odpowiednich modytikacji w mechanice leczenia ortodontycznego zaleznie od
pfci 1 klasy szkieletowej danego pacjenta, bowiem osiggniecie zaplanowanych ruchow
ortodontycznych u pacjentdw posiadajacych dluzsze zeby moze okazac si¢ trudniejsze (8).

Wskazane zaleznosci 1 indywidualna zmienno$¢ anatomii z¢gbow pacjentdéw wymuszajg na
producentach oprogramowania do tworzenia naktadek ortodontycznych konieczno$¢
wprowadzenia nowych narzegdzi, takich jak analiza korzeni z¢gbow pacjenta w celu uzyskania
lepszych rezultatow leczenia.

Wedlug wiedzy autora, wykazane zalezno$ci do tej pory nie byly badane i opisane w
pismiennictwie. Wigkszos$¢ dotychczas opublikowanych prac nie réznicuje metodologii
badania bazujac na zmiennych takich, jak pte¢ pacjenta (29-31). Dodatkowo, Zadna z
analizowanych w piSmiennictwie prac, poza jedna (32) nie bierze pod uwagg klasy
szkieletowej pacjenta. Wskazuje to na istotng luke w pismiennictwie i sugeruje konieczno$é
dalszych badan, z uwzglednieniem wigkszej ilo$ci zmiennych.

Waznym punktem podniesionym w dyskusji jest udowodniona zalezno$¢ miedzy dlugoscia
zuchwy (prognatyzmem zuchwy), a dlugo$cig korzeni zeboéw. Jednakze, nie wykazano
statystycznie istotnej korelacji migdzy asymetrig zuchwy, a asymetriag w dtugosci z¢gbow. To
otwiera pole dla kolejnych badan, ktdre na polu genetycznym begda mogly wyjasnic to
zjawisko.

Opisane wyniki wskazujg takze na konieczno$¢ dalszych badan w szerszym zakresie w celu
zbadania, czy istniejg podobne zaleznos$ci dla pacjentéw z klasg II szkieletowg (wady dotylne,
mogace by¢ powigzane z niedorozwojem strzatkowym zuchwy).

Publikacja 3

Pod wptywem dzialania czynnikéw obecnych w jamie ustnej material, z ktérego wykonywane
sg naktadki moze ulega¢ degradacji, a w konsekwencji pogorszeniu moga ulec jego
wlasciwosci materialowe (12). Dodatkowo, material poddany procesowi starzenia staje si¢
bardziej podatny na proces infiltracji bakteryjnej i tworzenie biofilmu (13), w konsekwencji
mogac by¢ promotorem standéw zapalnych jamy ustnej 1 prochnicy zgbdw.

W badaniu metoda analizy fraktalnej (FD) wykazano statystycznie istotne roznice pomiedzy
grupg kontrolng, a grupami J2W 1 C2W. Wykazano takze statystycznie istotne réznice migdzy
grupa JIW, a grupami J2W 1 C2W. C1W byta jedyng grupa, ktora nie wykazata statystycznie
istotnych (p>0,05) r6znic wobec innych grup.

W badaniu metoda analizy tekstur (TA) uzyskano warto$¢ liczbowa okreslajacg poziom
entropii (nieuporzadkowania) opisujacy liczbowo skale zmian obecnych na powierzchni
naktadek. Srednia entropia tekstury powierzchni naktadki w grupie kontrolnej jest wysoka i
okresla homogenno$¢ materiatu i chaotyczne ulozenie elementow w obrazie SEM. Obnizenie
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poziomu entropii okresla wzrost heterogennos$ci tekstury 1 pojawianie si¢ zmian na
powierzchni materiatu, potwierdzajacych proces uszkadzania naktadki pod wptywem
czynnikdéw zewnetrznych.

Najwyzszy poziom entropii stwierdzono w grupie kontrolnej (3,21+0,03). Dla grup z
okresem inkubacji 1 tygodnia (C1W, J1W) entropia byta nizsza, niz dla grupy kontrolne;j. Dla
grup z okresem inkubacji 2 tygodnie (C2W, J2W) entropia byta nizsza niz dla grup C1W,
JIW. Wszystkie z tych rdznic byly istotne statystycznie (p<0,05). W poréwnaniach miedzy
napojami, w 1. tygodniu entropia byla nizsza dla soku pomaranczowego, niz dla Coca-Coli i
byto to istotne statystycznie. W 2. tygodniu nie bylo statystycznie istotnej réznicy w entropii
mig¢dzy grupa moczong w soku, a grupg moczong w Coca-Coli.

W badaniu metoda analizy kata zwilzania przy badaniu roztworem hydrofilowym (wodg)
uzyskano statystycznie istotne roznice jedynie miedzy grupa kontrolng, a grupg C1W. Dla
grupy kontrolnej, kat zwilzania wynosit 68,9+5,4 stopni. Dla grupy C1W, wynosit 30,5+£9,9
stopni. Pozostale roznice nie byly istotne statystycznie. W badaniu roztworem hydrofobowym
(glikolem etylenowym) uzyskano statystycznie istotne roznice mi¢dzy grupa kontrolng
(54,4+2,0) , w grupami C1W (26,5+£2,4), J2W (36,1£2,3). Istotne statystycznie byty takze
réznice migdzy grupami JIW (44,9 + 3,3), a grupg C1W.

Dla analizy napigcia powierzchniowego, uzyskano statystycznie istotne wyniki w pordwnaniu
migdzy grupa kontrolna, a grupg C1W w roztworze wody. Dla glikolu etylenowego nie
uzyskano istotnych statystycznie wynikow.

W niniejszej pracy wykorzystano szereg metod w procesie badawczym, co pozwala na
poréwnanie ich migdzy sobg i wyciagnigcie wnioskéw o warto$ci konkretnego podejscia przy
okreslaniu wlasciwosci materiatowych powierzchni podczas analizy. Sposrdd uzytych metod,
analiza tekstury wykazata si¢ najwigksza czutoscia, pozwalajac wykry¢ i odr6znic¢ od grupy
kontrolnej zmiany zachodzace na powierzchni naktadek juz po 1-tygodniowym okresie
inkubacji zarowno dla soku pomaranczowego, jak i Coca-Coli. Zauwazy¢ nalezy, ze w 1-
tygodniowym okresie inkubacji sok pomaranczowy wywotywatl wicksze zmiany, niz Coca-
Cola. Po 2-tygodniowym okresie inkubacji, z racji zwigkszonej wariacji w otrzymanych
wynikach réznica ta nie byla juz istotna statystycznie.

Zblizone wyniki otrzymano w metodzie analizy fraktalnej, gdzie jednak nie zauwazono zmian
istotnych statystycznie dla grupy C1W. Da si¢ jednak zauwazy¢ zalezno$¢ wykrytych zmian
od funkcji czasu — dla grup C2W oraz J2W wykryto uszkodzenia w poréwnaniu do grupy
kontrolnej 1 byto to statystycznie istotne.

Dla metod analizy kata zwilzania nie udato si¢ ustali¢ jednoznacznego zwigzku pomig¢dzy
czasem ekspozycji, a stopniem zmiany. Najnizszg czuto$¢ na zmiany obecne na powierzchni
materiatu wykazala metoda analizy napigcia powierzchniowego.

Podsumowujac, w niniejszej pracy udato si¢ wykaza¢ degradacj¢ powierzchni materiatu, z
ktérego tworzone sa naktadki pod wptywem kwasnych napojow takich, jak sok
pomaranczowy i Coca-Cola. Najczulszym narzgdziem okazata si¢ metoda analizy tekstur,
ktéra potwierdza zalezno$¢ intensywnosci zmian od funkcji czasu.

Uzyskane wyniki sugeruja, ze wiasciwa wydaje si¢ zmiana naktadek po maksymalnie
2., a optymalnie po 1. tygodniu uzytkowania. Potwierdzaja takze uszkadzajacy wplyw
kwasnych ptyndéw, co wymusza na lekarzach ortodontach konieczno$¢ edukowania
pacjentoOw na temat mozliwych czynnikow uszkadzajacych materiat, z ktorego
wykonane sg naktadki.
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10. Wnhnioski

1)

2)

3)

11.

Modele cyfrowe uzyskane ze skaneréw laboratoryjnych sg tozsame wobec modeli
gipsowych. Klinicy$ci moga z duza pewnos$cig wykorzystywac je w ramach diagnostyki,
planowania leczenia i kontroli uzyskanych wynikéw leczenia ortodontycznego.

Wystepuje dymorfizm ptciowy w dlugosci zebdéw dolnych u ludzi — zeby dolne sg dluzsze u
mezcezyzn. Zgby dolne pacjentow z przerostem zuchwy sg dtuzsze, niz pacjentow z
prawidtowa budowa zuchwy. Asymetria w budowie zuchwy nie jest skorelowana z
dtugoscia zebdw dolnych.

Kontakt z kwasnymi ptynami wchodzacymi w sktad wspolczesnej diety ma destrukcyjny
wptyw na naktadki ortodontyczne. Najbardziej czutymi narzedziami do badania uszkodzen na
powierzchni naktadek okazaty si¢ metody analizy fraktalnej i analizy tekstur. Analiza zebranych
wynikow pozwolita stwierdzi¢, ze uszkodzenia widoczne na powierzchni naktadek rosng w
miare zwigkszenia czasu ekspozycji na kwasne ptyny. Z tego powodu, wskazana jest wymiana
naktadek nie rzadziej, jak co 1 tydzien.
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14.1 Zgoda Komisji Bioetycznej 1

KOMISJA BIOETYCZNA

przy
Uniwersytecie Medycznym
we Wroctawiu

OPINIA KOMISJI BIOETYCZNEJ Nr KB —415/2022

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powotana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 278/XVI R/2020 z dnia
21 grudnia 2020 r. oraz dziatajgca w trybie przewidzianym rozporzadzeniem Ministra
Zdrowia i Opieki Spotecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie
ustawy o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 514 z 2020 r.) w skladzie:

dr Joanna Birecka (psychiatria)

dr Beata Freier (onkologia)

dr hab. Tomasz Fuchs (ginekologia, potoznictwo)

prof. dr hab. Dariusz Janczak (chirurgia naczyniowa, transplantologia)

dr hab. Krzysztof Kaliszewski, prof. UMW(chirurgia endokrynologiczna)
dr prawa Andrzej Malicki (prawo)

dr hab. Marcin Maczynski, prof. UMW (farmacja)

Urszula Olechowska (pielggniarstwo)

prof. dr hab. Leszek Szenborn (pediatria, choroby zakazne)

prof. dr hab. Andrzej Szuba (choroby wewngtrzne, angiologia

ks. prof. Andrzej Tomko (duchowny)

prof. dr hab. Mieszko Wigckiewicz (stomatologia)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolnoslaskiej Izby Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jerzego Rudnickiego (chirurgia, proktologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskie;j,

po zapoznaniu si¢ z projektem badawczym pt.

,,Ocena retrospektywna danych diagnostycznych pacjentow leczonych ortodontycznie w celu
okreslenia optymalnego postgpowania biomechanicznego w leczeniu aparatami
naktadkowymi.”
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zgloszonym przez dr hab. Michala Sarula, prof. UMW zatrudnionego w Katedrze
Stomatologii Zintegrowanej Uniwersytetu Medycznego we Wroctawiu oraz ztozonymi wraz z
wnioskiem dokumentami, w tajnym glosowaniu postanowita wyrazi¢ zgode na
przeprowadzenie badan w Katedrze Stomatologii Zintegrowanej Uniwersytetu Medycznego
we Wroctawiu, pod warunkiem zachowania anonimowogci zgromadzonych danych.

Uwaga: Badanie to zostato objete ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytutu prowadzonej dziatalnosci.

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwotania do Komisji Odwotawczej za posrednictwem Komisji Bioetycznej UM we
Wroctawiu.

Opinia powyzsza dotyczy projektu badawczego realizowanego w ramach dzialalnosci
pozastatutowe;j

Wroctaw, dniaﬁcmaja 2022 r.
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14.2 Dorobek naukowy doktoranta

Wykaz publikacj

Maciej Warnecki

1. Methods of anterior torque control during retraction: a systematic review. Anna Ewa Kuc,
Jacek Kotuta, Marek Nahajowski, Maciej Warnecki, Joanna Lis, Ellie Amm, Beata Kawala,
Michat Sarul.

Diagnostics 2022 Vol.12 no.7 art.1611 [18 s.], ryc., tab., bibliogr. 22 poz., summ. DOI:
10.3390/diagnostics12071611

!onzll 3,992

Punkty ministerialne : 70,00

63



14.3 Oswiadczenia o wspoélautorstwie

Dr hab. n. med. Michat Sarul
Katedra i Zaktad Stomatologii Zintegrowanej

Uniwersytet Medyczny we Wroctawiu Wroctaw, 13.03.2023r.

OSWIADCZENIE O WSPOEAUTORSTWIE

Oswiadczam, ze w publikacjach:

1. Warnecki M, Nahajowski M, Papadopoulos MA, Kawala B, Lis J, Sarul M:
Assessment of the reliability of measurements taken on digital orthodontic models

obtained from scans of plaster models in laboratory scanners. A systematic review and
meta-analysis. Eur J Orthod. 2022; 44(5): 522-529.

2. Warnecki M, Zak M, Szkoda-Poliszuk K, Kawala B, Sarul M: Does Sex, Skeletal
Class and Mandibular Asymmetry Affect Tooth Length and Asymmetry in Tooth
Length? Symmetry (Basel) 2022; 14: 1069.

3. Warnecki M, Sarul M, Kozakiewicz M, Zigty A, Babiarczuk B, Kawala B,
Jurczyszyn K: Surface Evaluation of Aligners after Immersion in Coca-Cola and
Orange Juice. Materials (Basel) 2022; 15: 6341.

Mo¢j udzial polegat na : formulowaniu probleméw i hipotez badawczych, projektowaniu
badan, uzyskaniu finansowania badan, analizie i interpretacji wynikéw, przygotowaniu i
korekcie manuskryptow.

Wyrazam zgode¢ na wlaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.




Prof. dr hab. n. med. Joanna Lis
Samodzielna Pracownia Ortodoncji Dorostych

Uniwersytet Medyczny we Wroctawiu Wroctaw, 13.02.2023r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Oswiadczam, ze w publikacji:

Warnecki M, Nahajowski M, Papadopoulos MA, Kawala B, Lis J, Sarul M:
Assessment of the reliability of measurements taken on digital orthodontic models
obtained from scans of plaster models in laboratory scanners. A systematic review and
meta-analysis. Eur J Orthod. 2022; 44(5): 522-529.

M6j udziat polegat na : formutowaniu probleméw i hipotez badawczych, przygotowaniu i
korekcie manuskryptow.

Wyrazam zgod¢ na wilaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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Uniwersytet Medyczny we Wroctawiu Wroctlaw, 13.03.2023r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Oswiadczam, ze w publikacjach:

1. Warnecki M, Nahajowski M, Papadopoulos MA, Kawala B, Lis J, Sarul M:
Assessment of the reliability of measurements taken on digital orthodontic models

obtained from scans of plaster models in laboratory scanners. A systematic review and
meta-analysis. Eur J Orthod. 2022; 44(5): 522-529.

2. Warnecki M, Zak M, Szkoda-Poliszuk K, Kawala B, Sarul M: Docs Sex, Skeletal
Class and Mandibular Asymmetry Affect Tooth Length and Asymmetry in Tooth
Length? Symmetry (Basel) 2022; 14: 1069.

3. Warnecki M, Sarul M, Kozakiewicz M, Zigty A, Babiarczuk B, Kawala B,
Jurczyszyn K: Surface Evaluation of Aligners after Immersion in Coca-Cola and
Orange Juice. Materials (Basel) 2022; 15: 6341.

Méj udziat polegat na: formulowaniu probleméw i hipotez badawczych, projektowaniu
badan, wsparciu przy nadzorze i zarzadzaniu projektami badawczymi.

Wyrazam zgode na wiaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinic nauki medyczne.
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MOoj udziat polegal na : selekcji i oceny jakosci artykutdéw, analizie i interpretacji wynikow,
przygotowaniu i korekcie manuskryptow.

Wyrazam zgode¢ na wiaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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M¢j udziat polegal na : formulowaniu probleméw i hipotez badawczych, projektowaniu
badan, analizie i interpretacji wynikow, przygotowaniu i korekcie manuskryptow.

Wyrazam zgod¢ na wlaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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meta-analysis. Eur J Orthod. 2022; 44(5): 522-529.

My participation included : analysis and interpretation of the outcome data, preparation and
correction of manuscripts.

| agree to include the aforementioned publication in the proceedings to award a Ph.D. degree
in the field of medical sciences and health studies to DDS Maciej Warnecki in the discipline
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Professor of Orthodontics
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Warnecki M, Sarul M, Kozakiewicz M, Ziety A, Babiarczuk B, Kawala B,
Jurczyszyn K: Surface Evaluation of Aligners after Immersion in Coca-Cola and
Orange Juice. Materials (Basel) 2022; 15: 6341.

MGdj udziat polegal na : projektowaniu metodologii badan, walidacji uzytych metod, analizie i
interpretacji wynikow, wizualizacji wynikéw.

Wyrazam zgod¢ na wiaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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OSWIADCZENIE O WSPOLAUTORSTWIE

Oswiadczam, ze w publikacji:
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Jurezyszyn K: Surface Evaluation of Aligners after Immersion in Coca-Cola and
Orange Juice. Materials (Basel) 2022; 15: 6341.

M¢j udzial polegat na : projektowaniu metodologii badan, analizie i interpretacji wynikow.

Wyrazam zgodg na wlaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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Dr inz. Klaudia Szkoda-Poliszuk

Katedra Mechaniki, Inzynierii Materiatowej i Biomedycznej
Politechnika Wroctawska Wroclaw, 13.03.2023r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Oéwiadczam, ze w publikacji:

Warnecki M, Zak M, Szkoda-Poliszuk K, Kawala B, Sarul M: Does Sex, Skeletal
Class and Mandibular Asymmetry Affect Tooth Length and Asymmetry in Tooth

Length? Symmetry (Basel) 2022; 14: 1069.

Moj udziat polegat na opracowaniu 1 walidacji metod badawczych, analizie i interpretacji

wynikow, przygotowaniu i korekcie manuskryptu.
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Oswiadczam, ze w publikaciji:

Warnecki M, Zak M, Szkoda-Poliszuk K, Kawala B, Sarul M: Does Sex, Skeletal
Class and Mandibular Asymmetry Affect Tooth Length and Asymmetry in Tooth
Length? Symmetry (Basel) 2022; 14: 1069.

Moj udziat polegat na : opracowaniu i walidacji metod badawczych, analizie i interpretacji
wynikow, przygotowaniu i korekcie manuskryptu.

Wyrazam zgode na wiaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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Materials (Basel) 2022: 15: 6341.

M¢j udzial polegal na : projektowaniu metodologii badan, analizie i interpretacji wynikow.

Wyrazam zgode¢ na wiaczenie przez lek. dent. Macieja Warneckiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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Lek. dent. Maciej Warnecki Opole, 13.03.2023r.

OSWIADCZENIE O WSPOLAUTORSTWIE
Oswiadczam, ze w publikacjach:

1. Warnecki M, Nahajowski M, Papadopoulos MA, Kawala B, Lis J, Sarul M:
Assessment of the reliability of measurements taken on digital orthodontic models
obtained from scans of plaster models in laboratory scanners. A systematic review and
meta-analysis. Eur J Orthod. 2022; 44(5): 522-529.

2. Warnecki M, Zak M, Szkoda-Poliszuk K, Kawala B, Sarul M: Does Sex, Skeletal
Class and Mandibular Asymmetry Affect Tooth Length and Asymmetry in Tooth
Length? Symmetry (Basel) 2022; 14: 1069.

Mo¢j udziat polegal na : formutowaniu probleméw i hipotez badawczych, projektowaniu badan,
analizie i interpretacji wynikow, przygotowaniu i korekcie manuskryptow.

Oswiadczam, ze w publikacji:

Warnecki M, Sarul M, Kozakiewicz M, Ziety A, Babiarczuk B, Kawala B,
Jurczyszyn K: Surface Evaluation of Aligners after Immersion in Coca-Cola and
Orange Juice. Materials (Basel) 2022; 15: 6341.

Moj udzial polegal na: wspélpracy przy analizie i interpretacjii wynikow, wspotpracy przy
przygotowaniu i korekcie manuskryptu.

Os$wiadczam, ze w/w publikacje sa elementami cyklu doktorskiego uczestniczacymi w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.
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