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1. Wykaz zastosowanych skrotow

DWT Daily Wear Time

PI(E)CO Population, Intervention, (Exposure),
Comparison, Outcome

TISAD Temporary Intraoral Skeletal Anchorage
Devices

RCT Randomized Clinical Trial

CCT Controlled Clinical Trial

CVMS Cervical Vertebral Maturation Stage

ANOVA Analysis of Variance

0oJ Overjet
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3. STRESZCZENIE

Wstep

Leczenie ortodontyczne aparatami wyjmowanymi jest nadal powszechne u dzieci i mlodziezy.
Aparaty te charakteryzuje niskie ryzyko powiktan w trakcie leczenia, a takze stosunkowo tatwy
sposob wykonania, co przektada sig na niski koszt terapii dla pacjenta. Swietnie sprawdzajg sie
w leczeniu wczesnym 1 interceptywnym, co sprawia, ze sg czgsto metodg z wyboru u pacjentow
rosngcych. Jednak skuteczno$¢ leczenia aparatami wyjmowanymi zalezy przede wszystkim od
przestrzegania zalecen przez pacjentow. Wigkszo$¢ dotychczas przeprowadzonych badan, w
ktérych oceniano efekty leczenia, zaktadala optymalng wspotprace pacjentéw ina tej podstawie
autorzy formutlowali wnioski oraz zalecenia kliniczne. Podejmowano proby zwigkszenia
wiarygodnosci wynikow, bioragc pod uwage czas noszenia podawany przez pacjentow, jednak
przez wiele lat brakowalo metody catkowicie obiektywnego pomiaru dobowego czasu noszenia

DWT (Daily Wear Time).

Obecnie jest mozliwe obiektywne monitorowanie DWT aparatdow wyjmowanych za pomocg
mikroczujnikow, co pozwala na rzetelng ocen¢ skuteczno$ci leczenia. Jednym z
najpopularniejszych systemow stosowanych wspotczesnie jest TheraMon® (MC Technology
GmbH, Hargelsberg, Austria), opierajacy si¢ na zastosowaniu sensoréw o wymiarach 12,8 x
8,7 x 4,2 mm, montowanych w aparatach w taki sposéb, zeby wyeliminowa¢ bezposredni
kontakt z jamg ustng pacjenta. System sktada si¢ ponadto ze stacji dokujacej pozwalajacej na
sczytanie zarejestrowanych pomiarow oraz dedykowanego oprogramowania. Skutecznos¢
mikroczujnikdow TheraMon zostata wielokrotnie potwierdzona w obiektywnych badaniach

naukowych.

Po zamontowaniu w aparacie mikroczujnik na podstawie precyzyjnych pomiaréw temperatury
okresla czas, w jakim aparat znajdowat si¢ w jamie ustnej pacjenta. Nastepnie zapisane dane
sa sczytywane 1 poddawane analizie za pomocg oprogramowania komputerowego, co pozwala
na ich interpretacj¢ i skonfrontowanie z wczesniej zatozonymi celami leczenia. Co wigcej, daje
rowniez mozliwo$¢ wykrycia przypadkéw oszukiwania przez pacjenta w celu fatszywego

zawyzenia DWT.

Dotychczas, dzigki precyzyjnemu, obiektywnemu monitorowaniu DWT, udowodniono, ze

pacjenci nie przestrzegaja zalecen lekarza i w znaczacy sposob skracajg czas noszenia



aparatow wyjmowanych w ciggu doby. Zauwazono réwniez znaczne rozbiezno$ci mig¢dzy
rzeczywistym DWT a czasem noszenia podawanym przez pacjentéw. Jednak wcigz brakuje
informacji, jaki rodzaj ruchomego aparatu ortodontycznego jest najlepiej tolerowany przez
pacjentow oraz zapewnia dobra wspoipracg. Nie wykazano rowniez jednoznacznie, czy
wystepuja inne potencjalne czynniki majace wptyw na zwigkszenie lub zmniejszenie DWT.
Pozostajg otwarte rowniez pytania o wplyw dobowego czasu noszenia aparatéw wyjmowanych
na skuteczno$¢ leczenia, a takze o obiektywne korzysci zwigzane z leczeniem takimi aparatami
w porownaniu do leczenia aparatami stalymi, a wigc o rzeczywiste miejsce aparatow

wyjmowanych we wspotczesnej ortodoncji.
Cele

1) Podsumowanie aktualnego stanu wiedzy na temat wptywu réznych czynnikéw na
wspolprace pacjentdéw podczas leczenia ortodontycznego za pomoca aparatow
wyjmowanych, w szczeg6lnosci rodzaju zastosowanego aparatu oraz pici 1 wieku
pacjentow

2) Ocena wspotpracy pacjentéw w zaleznosci od rodzaju uzywanego aparatu
wyjmowanego i analiza korzy$ci stosowania okreslonych typow aparatow

3) Ocena wplywu pici 1 wieku pacjentow leczonych aparatami wyjmowanymi na ich
wspoOltprace podczas leczenia

4) Ocena skutecznos$ci leczenia z wykorzystaniem wybranych aparatow wyjmowanych,
w celu oceny faktycznego wptywu DWT na uzyskanie oczekiwanego efektu
klinicznego (wyleczenie wady zgryzu)

5) Okreslenie progowego DWT dla wybranych aparatow wyjmowanych, gwarantujacego
osiggnigcie wyznaczonych celow leczenia

6) Poréwnanie skutecznosci leczenia wad dotylnych ro6znymi metodami, z
uwzglednieniem metod wykorzystujacych aparaty wyjmowane, w celu okreslenia
rzeczywistych korzysci stosowania tych aparatow we wspodtczesnym leczeniu

ortodontycznym
Metody
Rozprawe doktorska stanowi cykl czterech publikacji o facznym IF= 8,7; MNiSW= 310 pkt.

W pierwsze] publikacji przeprowadzono przeglad systematyczny piSmiennictwa w celu
okreslenia, czy rodzaj aparatu wyjmowanego, a takze wiek i pte¢ pacjenta moga wptywac na

wydtuzenie lub skrocenie DWT. Z uzyskanych wstepnie 542 artykutow zakwalifikowano



ostatecznie 31 publikacji 1 wyekstrahowano dane tagcznie 1674 pacjentow dotyczace pici i wieku
badanych, rodzajow zastosowanych aparatow ortodontycznych, typow mikroczujnikow
mierzagcych DWT, zalecanego i rzeczywistego czasu noszenia aparatdw oraz czasu trwania

obserwacji.

Druga praca ma strukture prospektywnego badania kohortowego, w ktérym oceniano stopien
wspolpracy pacjentow w zaleznosci od rodzaju zastosowanego aparatu wyjmowanego. Po
wstepnej selekcji wedtug ustalonych kryteriow do badania wlgczono 167 pacjentow, ktorych
leczono w zalezno$ci od wady zgryzu za pomocg aparatoéw blokowych (Klammt, Twin- Block),
ptytek Schwarza oraz aparatéw blokowych w potaczeniu z wyciagiem zewnatrzustnym. U
wszystkich pacjentow przez 6 miesigcy monitorowano czas noszenia aparatdéw wyjmowanych

za pomocg mikroczujnikow TheraMon zamontowanych w aparatach.

W trzecim badaniu podjeto si¢ oceny skuteczno$ci leczenia pacjentow z klasg 11 z
wykorzystaniem aparatdow czynnosciowych w zaleznos$ci od rzeczywistej wspOtpracy
pacjentow. Grupe badawczg stanowito 55 pacjentow w wieku rozwojowym ($rednia wieku 10,4
roku) ze zdiagnozowana wada klasy II/1, ktorych leczono za pomocg aparatow Twin- Block z
zamontowanymi mikroczujnikami TheraMon. Przed i po zakonczeniu leczenia wykonano

cefalogramy, na ktorych dokonano oceny wybranych parametréw zebowych 1 szkieletowych.

W czwartej pracy, bedacej badaniem retrospektywnym, dokonano poréwnania ré6znych metod
leczenia pacjentow z klasg II, w celu oceny zasadno$ci wykorzystania aparatow wyjmowanych
we wspotczesnej terapii ortodontycznej i ewentualnej przewagi metody 2- etapowej nad 1-
etapowa. Na podstawie danych zebranych od 180 pacjentow leczonych w Poradni Ortodoncji
Uniwersytetu Medycznego we Wroclawiu okreslono skutecznos$¢ leczenia metoda 2-etapowa z
wykorzystaniem aparatoéw czynnosciowych i ortopedycznych w 1. fazie i aparatéw stalych w
2. fazie oraz metoda 1-etapowg z wykorzystaniem aparatow statych 1 zakotwienia
szkieletowego (miniimplantow ortodontycznych), poréwnujgc czas leczenia oraz zmiany
parametrow zebowych i szkieletowych na cefalogramach wykonanych przed rozpoczgciem i

po zakonczeniu terapii.
Wyniki

W przegladzie systematycznym wykazano, ze niezaleznie od rodzaju aparatu, sredni DWT
byt krotszy niz zalecany, chociaz pacjenci noszacy aparaty wewnatrzustne wspotpracowali

lepiej. Najlepsza wspotprace zanotowano dla aparatow Schwarza (73,70%) oraz dla



retainerow plytkowych (85%). Nie udowodniono istotnego wptywu ptci 1 wieku pacjentow na

stosowanie si¢ do zalecen ortodonty podczas leczenia.

W pierwszym badaniu wiasnym stwierdzono jednoznacznie, ze rodzaj aparatu ma wpltyw na
wspolprace pacjentow. DWT dla aparatu Twin-Block byt istotnie dluzszy w poréwnaniu do
czasu zmierzonego dla pozostalych aparatoéw. Udowodniono, ze wigkszo$¢ pacjentdw nie stosuje
si¢ do zalecen ortodonty i nosi aparaty wyjmowane przez nieco wigcej niz polowe

rekomendowanego czasu noszenia.

W kolejnym etapie projektu dokonano oceny wplywu dobowego czasu noszenia aparatow
czynno$ciowych (Twin-block) na skutecznos$¢ leczenia okre§lang na podstawie zmian na
cefalogramach wykonanych przed i po zakonczeniu terapii. Uzyskane dane poddano analizie
statystycznej, ktora wykazata istotne pozytywne korelacje miedzy DWT a nastepujacymi
parametrami: Pg-Olp, ANB, SNA, SNB, Wits, Co-Gn. Przy dobowym czasie noszenia
mniejszym od 7,5h zauwazono istotnie mniejszg poprawe¢ analizowanych warto$ci
cefalometrycznych. Jednakze, przy DWT>7,5h nie wykazano istotnej statystycznie poprawy
nagryzu poziomego 1 wartosci liniowych dla zuchwy. Opracowano krzywa ROC, na podstawie
ktorej okreslono progowy DWT~8h pozwalajacy na wyleczenie pacjenta z wyjsciowa klasa I1

Angle'a z 83% prawdopodobienstwem.

W ostatniej pracy, bedacej analizag porownawcza efektéw leczenia 2-etapowego (z
wykorzystaniem aparatow wyjmowanych w I etapie i stalych w II etapie) oraz 1-etapowego (z
wykorzystaniem aparatow statych i zakotwienia szkieletowego) wykazano istotne statystycznie
roznice migdzy- 1 wewnatrzgrupowe (p < .05). Leczenie 2-etapowe za pomocg aparatu Twin-
Block w potaczeniu z wyciagiem zewnatrzustnym w pierwszym etapie w najwigkszym stopniu
poprawito parametry szkieletowe 1 zredukowalo potrzebe =zastosowania zakotwienia
absolutnego w 2. fazie. Ponadto zastosowanie aparatow wyjmowanych w pierwszej fazie w
istotny sposob skrocito czas leczenia aparatami statymi w fazie drugiej, w porownaniu do czasu

koniecznego do wyleczenia wady w metodzie 1-etapowe;j.
Whioski

1. Dzieci leczone ortodontycznie aparatami wyjmowanymi (w ramach Narodowego
Funduszu Zdrowia) noszg je znacznie krocej, niz jest to zalecane przez ortodonte.
Bardzo staba wspoélpraca pacjentéw, stanowigca $rednio jedynie okolo 54% z
wymaganych 12 godzin dobowego czasu noszenia, prawdopodobnie w istotny sposob

zmniejsza efektywno$¢ leczenia.



Sposrdéd zbadanych aparatéw wyjmowanych, aparat Twin-Block zapewnia najlepsza
wspolprace pacjentdw i powinien by¢ stosowany jako aparat z wyboru w leczeniu
czynnosciowym.

Leczenie 2-etapowe z wykorzystaniem aparatu Twin-Block w potaczeniu z wyciggiem
zewnatrzustnym w pierwszym etapie oraz aparatoOw statych w 2. etapie daje najlepsze
efekty szkieletowe oraz redukuje konieczno$§¢ wykorzystania zakotwienia
szkieletowego podczas leczenia aparatami statymi w drugim etapie.

Leczenie 2-etapowe (z wykorzystaniem aparatéw wyjmowanych) pozwala — w
poréwnaniu z 1-etapowym — istotnie skroci¢ czas leczenia aparatem statym.
Mikroczujniki s3 cennym narz¢dziem pozwalajacym na weryfikacje wczesniej
przeprowadzonych badan i wynikajacych z nich wnioskow, ale takze umozliwiajagcym
przeprowadzenie badan niewykonalnych w przesztosci, co ma kluczowe znaczenie dla
rozwoju ortodoncji.

Powszechne wykorzystanie mikrosensorow do obiektywnego pomiaru wspotpracy
pacjentow mogtoby stanowi¢ istotny argument w dyskusji dotyczacej dotychczasowe]
formy refundacji leczenia ortodontycznego w Polsce, na przyktad skutkowac jej
odbieraniem pacjentom niestosujacym si¢ do zalecen lekarza i przenoszeniem tych

srodkow na pacjentdéw wspotpracujacych.

10



4. ABSTRACT

Introduction

Orthodontic treatment with removable appliances is still common in children and adolescents.
These appliances are characterized by a low risk of complications during treatment, as well as
a relatively easy method of manufacturing, making the therapy for the patient inexpensive.
They are perfect for early and interceptive treatment, which makes them often the method of
choice in growing patients. However, the effectiveness of treatment with removable appliances
depends primarily on patients’ compliance. Most of the studies conducted so far, in which the
effects of such treatment were assessed, assumed optimal patients’ compliance, and on this
basis the authors formulated conclusions and clinical recommendations. Attempts have been
made to increase the reliability of the results by taking into account the wearing time reported
by patients, but for many years there was no method of completely objective measurement of

Daily Wear Time (DWT).

Nowadays, it is possible to objectively monitor DWT of removable appliances with the use of
microsensors, which allows for a reliable assessment of the effectiveness of treatment. One of
the most popular systems used today is TheraMon® (MC Technology GmbH, Hargelsberg,
Austria), based on the use of sensors with dimensions of 12.8 x 8.7 x 4.2 mm, mounted in the
appliances in such a way as to eliminate direct contact with the patient's mouth. The system
also consists of a docking station that reads recorded measurements, and dedicated software.
The effectiveness of TheraMon microsensors has been repeatedly confirmed by independent

research.

After mounting in the appliance, the microsensor, basing on precise temperature measurements,
determines the time the device was in the patient's mouth. Then, the recorded data is read and
analyzed with the use of computer software, which allows for their interpretation and
confrontation with the previously established treatment goals. Moreover, it also gives the

possibility to detect cases of cheating by the patient in order to falsely overestimate the DWT.

So far, thanks to precise, objective DWT monitoring, it has been proven that patients do not
follow the doctor's instructions and significantly reduce the time of wearing removable

appliances during the day. Significant discrepancies were also noted between the actual DWT

11



and the wearing time reported by patients. However, there is still a lack of information as to
what type of removable orthodontic appliance is best tolerated by patients and ensures good
compliance. It has also not been clearly demonstrated whether there are other potential factors
that increase or decrease DWT. The questions are still open about the impact of the daily time
of wearing removable appliances on the effectiveness of treatment, as well as the objective
benefits of treatment with such appliances compared to treatment with fixed appliances, to

assess the actual place of removable appliances in modern orthodontics.
Aims

1) Summary of the current state of knowledge on the impact of various factors on the patients’
compliance during orthodontic treatment with removable appliances, in particular the type of

appliance used, and the sex and age of patients

2) Assessment of patients’ compliance depending on the type of removable appliance used

and analysis of the benefits of using specific types of appliances

3) Assessment of the influence of gender and age of patients treated with removable

appliances on their compliance during treatment

4) Evaluation of the effectiveness of treatment with the use of selected removable appliances,
in order to assess the actual impact of DWT on the achievement of the expected clinical effect

(treatment of a malocclusion)

5) Determining the threshold DWT for selected removable appliances, guaranteeing the

achievement of the set treatment goals

6) Comparison of the effectiveness of treatment of class II malocclusion with various
methods, including methods using removable appliances, in order to determine the real

benefits of using these appliances in modern orthodontic treatment
Methods

The doctoral dissertation is a series of four publications with a total IF = 8.7; Ministry of Science

and Higher Education = 310 points

In the first publication, a systematic review of the literature was carried out to determine whether
the type of removable appliance, as well as the age and sex of the patient, may influence the
extension or shortening of DWT. From the initially obtained 542 articles, 31 publications were

finally qualified and the data of a total of 1,674 patients were extracted

12



regarding the sex and age of the subjects, types of orthodontic appliances used, types of micro-
sensors measuring DWT, the recommended and actual wearing time of appliances and the

duration of observation.

The second paper is structured as a prospective cohort study in which the degree of patients’
compliance was assessed depending on the type of removable appliance used. After the initial
selection according to the established criteria, 167 patients were included in the study, who
were treated depending on the malocclusion with block appliances (Klammt, Twin-Block),
Schwarz plates and block appliances in combination with a headgear appliance. In all patients,
the wearing time with the use of TheraMon microsensors mounted in the appliances was

monitored for 6 months.

The third study looked at the efficacy of treatment in class II patients with functional appliances
depending on the actual patients’ compliance. The research group consisted of 55 patients of
developmental age (mean age 10.4 years) diagnosed with class II / 1 defect, who were treated
with Twin-Block appliances with TheraMon microsensors. Before and after the treatment,

cephalograms were made to assess selected dental and skeletal parameters.

In the fourth paper, which is a retrospective study, a comparison of different treatment methods
for class II patients was made in order to assess the validity of the use of removable appliances
in modern orthodontic therapy and the possible advantage of the 2-stage method over the 1-
stage method. On the basis of data collected from 180 patients treated at the Department of
Orthodontics of Wroclaw Medical University, the effectiveness of the treatment with the 2-
stage method with the use of functional and orthopedic appliances in the 1st phase and fixed
appliances in the 2nd phase, and the 1-stage method with the use of fixed appliances and skeletal
anchorage (orthodontic mini-implants) was determined, comparing the treatment time and

changes in dental and skeletal parameters on cephalograms made before and after the therapy.
Results

A systematic review showed that regardless of the type of appliance, the mean DWT was shorter
than recommended, although patients wearing intraoral appliances cooperated better. The best
compliance was recorded for Schwarz appliances (73.70%) and for plate retainers (85%). There
has been no evidence of a significant influence of gender and age of patients on adherence to

the orthodontist's recommendations during treatment.

13



In the first own study it was unequivocally found that the type of appliance influences the
patients’ compliance. The DWT for the Twin-Block appliance was significantly longer
compared to the time measured for the other appliances. It has been proven that most patients
do not follow the orthodontic recommendations and wear removable appliances for slightly

more than half of the recommended wearing time.

In the next stage of the project, an assessment was made of the impact of the daily wearing time
of functional appliances (Twin-block) on the effectiveness of treatment, determined on the basis
of changes in cephalograms made before and after the therapy. The obtained data were
subjected to statistical analysis, which showed significant positive correlations between DWT
and the following parameters: Pg-Olp, ANB, SNA, SNB, Wits, Co-Gn. With the daily wearing
time of less than 7.5 hours, a significantly smaller improvement in the analyzed cephalometric
values was observed. However, at DWT > 7.5h, there was no statistically significant
improvement in the overjet and the linear values for the mandible. The ROC curve was
developed, on the basis of which the threshold DWT of ~ 8h was determined, which allowed
the establishing of Angle class I in patients with 83% probability.

In the last work, which was a comparative analysis of the effects of 2-stage treatment (with the
use of removable appliances in the 1st stage and fixed appliances in the 2nd stage) and 1- stage
treatment (with the use of fixed appliances and skeletal anchorage), statistically significant
differences between and within groups were found (p < .05). The 2-stage treatment with the
Twin-Block appliance in combination with the headgear in the first stage improved the skeletal
parameters to the greatest extent and reduced the need for absolute anchorage in the 2nd stage.
In addition, the use of removable appliances in the first phase significantly shortened the time
of treatment with fixed appliances in the second phase, compared to the time needed to treat

the malocclusion in the 1-stage method.
Conclusions

1. Children undergoing orthodontic treatment with removable appliances (under the National
Health Fund) wear them much shorter than recommended by the orthodontist. Very poor
patients’ compliance, on average only about 54% of the required 12 hours of daily wear time,

is likely to significantly reduce the effectiveness of the treatment.

2. Among the examined removable appliances, the Twin-Block appliance provides the best

patients’ compliance and should be used as the appliance of choice in functional treatment.

14



3. 2-stage treatment with the use of the Twin-Block appliance in combination with a headgear
in the first stage and fixed appliances in the second stage gives the best skeletal effects and
reduces the need to use skeletal anchorage during treatment with fixed appliances in the second

stage.

4. The 2-stage treatment (with the use of removable appliances) allows - compared to the 1-

stage treatment - to significantly shorten the treatment time with fixed appliances.

5. Microsensors are a valuable tool that allows for the verification of previous research and
the conclusions resulting from them, but also for carrying out new studies that were

impossible in the past, which is of key importance for the development of orthodontics.

6. The widespread use of microsensors to objectively measure patients’ compliance could be
an important argument in the discussion on the current form of orthodontic treatment
reimbursement in Poland, for example, result in withdrawing it from patients who do not
comply with the doctor's recommendations and transferring these funds to cooperating

patients.
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5. Wprowadzenie

Aparaty wyjmowane sg powszechnie stosowane od pierwszej polowy XX wieku, kiedy to
Andresen 1 Schwarz wprowadzili do ortodoncji aparat blokowy i ptyte aktywna (1). Od tego
czasu wielu autorow dopracowato je, dostosowujac do leczenia roznych wad zgryzu.
Poniewaz obecnie w powszechnym uzyciu sg aparaty stale cienkotukowe, klasyczne aparaty
wyjmowane mogg wydawa¢ si¢ reliktem minionej epoki, jednak maja one swoje
niepodwazalne zalety. Sa tatwe w produkcji 1 uzytkowaniu, wykazuja odpornos$¢ na
uszkodzenia oraz zmniejszaja ryzyko rozwoju prochnicy podczas leczenia ortodontycznego.
Przede wszystkim sg niedrogie i doskonale nadajg si¢ do rozwigzywania wielu problemow we
wczesnym 1 interceptywnym leczeniu ortodontycznym, a wigc w ogdélnym leczeniu dzieci i
mtodziezy. Najwicksza wadg stosowania aparatow wyjmowanych jest to, ze bardzo trudno jest
przewidzie¢ i monitorowaé wspotprace pacjenta podczas leczenia, a jednocze$nie wiadomo, ze
aparaty te musza by¢ noszone zgodnie z zaleceniami ortodonty, aby byty skuteczne.

W ubieglym stuleciu, a nawet jeszcze na poczatku obecnego, w pelni obiektywna ocena
wspolpracy pacjentow leczonych roznymi typami aparatow wyjmowanych byta praktycznie
niemozliwa. Wptyngto to nie tylko na procedury kliniczne, ale takze na wiarygodno$¢ ré6znych
badan zwigzanych z tego rodzaju terapig. Stosowanie si¢ do zalecen przez pacjentow jest
czynnikiem, ktory, jesli zostanie zignorowany, moze mie¢ istotny wptyw na badania nad
skutecznos$cig aparatow wyjmowanych, wptywajac tym samym na zalecenia dotyczace strategii
leczenia wydane na podstawie tych badan (2).

Obecnie problem ten rozwigzano, poniewaz pojawily si¢ elektroniczne systemy
monitorowania dobowego czasu noszenia aparatoéw (DWT). Jednym z takich systemoéw jest
TheraMon® (MC Technology GmbH, Hargelsberg, Austria). Jego skuteczno$¢ zostata
potwierdzona w badaniach klinicznych (2). TheraMon® sktada si¢ z: (a) czujnikdw pokrytych
poliuretanem o wymiarach 12.8x8.7x4.2mm, ktore co 15 min odczytuja i zapisuja wartosci
temperatury z doktadnoscig do 0,1°C; (b) stacji dokujacej, ktora umozliwia odczyt danych
przechowywanych w czujnikach; oraz (c) oprogramowania, ktore nie tylko umozliwia analize,
wizualizacj¢ 1 interpretacje danych, ale takze identyfikuje préby manipulacji/oszustwa
dokonywane przez pacjentow. Stwierdzono, ze wartosci DWT zarejestrowane przez
mikroczujniki Theramon® sg zanizane o okoto 4 procent (3). Czujnik ten jest tatwy w uzyciu
1 okazal si¢ niezawodny i1 doktadny w ocenie czasu noszenia zdejmowanych aparatow

ortodontycznych (2).
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Niemniej, mimo ze mozna na podstawie analizy pomiaréw 1 dokumentacji zachowan
pacjentow podczas terapii podejmowac bardziej efektywne decyzje dotyczace planowania
leczenia za pomoca aparatdow wyjmowanych, w literaturze nadal brak informacji, ktory typ
aparatu wyjmowanego jest najlepiej tolerowany przez pacjenta, a tym samym — rokuje
prognoze wilasciwej wspotpracy (4). Nie okreslono réwniez jednoznacznie, w jakim stopniu
ptec¢ 1 wiek pacjentéw wptywa na ich stosunek do leczenia i czy jest mozliwe przewidywanie
zachowan pacjentéw na podstawie tych czynnikow.

Kolejnym zagadnieniem, ktére wymaga doglebnej analizy, jest skuteczno$¢ leczenia
wad zgryzu z wykorzystaniem aparatow wyjmowanych i jej zwigzek z DWT. Zaréwno w
Polsce, jak i na $wiecie, aparaty te powszechnie stosowane sg w leczeniu wad dotylnych, ktore
sa najczesciej spotykanym problemem ortodontycznym, wystepujacym u blisko 19% populacji
swiatowej (5-7). Zazwyczaj wady te wigzg si¢ z niewlasciwym wzrostem zuchwy i/lub
szczeki, co pozwala na rozpoczgcie leczenia czynnosciowego i1 wykorzystanie skoku
wzrostowego (8—10). Z drugiej strony, skuteczno$¢ takiego leczenia pozostaje dyskusyjna, a
wyniki dotychczas przeprowadzonych badah sa czesto sprzeczne. Niezaleznie od tych
kontrowersji wielu autoréw jest zdania, ze jednym z gtownych czynnikow majacych wptyw na
zmian¢ wzorca wzrostowego 1 korekte wady u pacjentow jest dobowy czas noszenia aparatow
wyjmowanych. Dotychczas nie prowadzono jednak badan, w ktorych DWT zostatby
zmierzony obiektywnie i skonfrontowany z uzyskanymi efektami terapii, a zalecenia kliniczne
odnoszace si¢ do skutecznosci leczenia wad dotylnych formutowane byly na podstawie
obserwacji, a nie badan opartych na dowodach naukowych.

Wedlug niektérych autoréw wplyw leczenia aparatami czynno§ciowymi na wzrost jest
nieistotny klinicznie, a zmiany majg charakter przede wszystkim zgbowo — wyrostkowy, co
przemawia za leczeniem jednoetapowym, zwykle z uzyciem aparatdéw statych cienkotukowych
(11-13). Za ta koncepcja posrednio przemawia fakt, ze leczenie czynno§ciowe nie zapewnia
idealnych warunkéw okluzyjnych i po jego zakonczeniu zwykle konieczna jest kontynuacja
terapii za pomocg aparatow statych. Zdania na temat przewagi jednej metody nad druga sg
podzielone — ogdlnie uwaza sig, ze czas leczenia metoda 1- etapowa jest krotszy, jednak tego
rodzaju leczenie wymaga zastosowania aparatow statych od samego poczatku terapii, co moze
wigza¢ si¢ z dyskomfortem, zwlaszcza u miodszych pacjentow. Z kolei leczenie 2-etapowe
wymaga $cistej] wspolpracy pacjenta podczas 1. etapu, kiedy stosowane sg aparaty wyjmowane.

Istotng korzy$cig zwigzang z leczeniem 2-etapowym jest mozliwo$¢ wplywania na profil

ze wzgledu na modyfikacje¢ wzrostu za pomocg aparatow czynno$ciowych. Jest ono
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jednak mozliwe tylko wtedy, gdy pacjenci zgtosza si¢ do poradni w odpowiednim wieku. Po
zakonczeniu skoku wzrostowego jedyna mozliwoscig pozostaje kamuflaz ortodontyczny. W
wielu krajach leczenie za pomocg aparatow wyjmowanych jest refundowane, a nawet w
gabinetach prywatnych jest tansze dla pacjenta niz leczenie aparatami statymi, w zwiagzku z
tym leczenie 2-etapowe moze okazac si¢ korzystniejsze pod wzgledem ekonomicznym, jesli
czas leczenia aparatami stalymi bedzie istotnie krétszy (14). Ponadto moze to zmniejszaé
ryzyko wystapienia takich powiktan jak prochnica, resorpcja korzeni lub powiktania zwigzane
ze stosowaniem miniimplantéw ortodontycznych (Temporary Intraoral Skeletal Anchorage
Devices - TISAD). Kluczowe wydaje si¢ zatem réwniez okreslenie rzeczywistych korzysci
stosowania aparatow wyjmowanych we wspotczesnym leczeniu ortodontycznym wad
dotylnych, a jest to mozliwe tylko przy zastosowaniu tych aparatow, ktore gwarantuja najlepsza

wspotprace pacjentéw, a zatem pozwalaja na osiggnigcie optymalnych rezultatow.
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6. Zalozenia i cele pracy

Celem pracy doktorskiej byto okreslenie skutecznos$ci metod leczenia ortodontycznego z

wykorzystaniem mikroczujnikow, a w szczego6lnosci:

1) Okreslenie, w jakim stopniu rodzaj wyjmowanego aparatu ortodontycznego, a takze
wiek 1 pte¢ pacjentéw wptywa na wydhluzenie lub skrécenie dobowego czasu noszenia,
a zatem na wspotprace pacjentow podczas leczenia.

2) Ocena, czy i w jakim stopniu efektywno$¢ leczenia wad dotylnych za pomoca
aparatow wyjmowanych jest zalezna od dobowego czasu noszenia (DWT) na
podstawie pomiaréw zmian parametréw zebowych 1 szkieletowych podczas terapii.

3) Wyznaczenie progowego DWT, dla ktérego mozna oczekiwac satysfakcjonujacych
efektow leczenia wad dotylnych z wykorzystaniem aparatow wyjmowanych.

4) Okreslenie skutecznosci leczenia wad dotylnych réznymi metodami, zarowno z
wykorzystaniem aparatéw wyjmowanych, a nastgpnie statych (leczenie 2-etapowe),
jak 1 z wykorzystaniem aparatow stalych i1 zakotwienia szkieletowego (leczenie 1-
etapowe), z uwzglednieniem zmiany parametrow z¢gbowych i szkieletowych oraz

calkowitego czasu leczenia, w zaleznosci od pici i wieku pacjenta.

Zatozone cele badawcze zrealizowano poprzez przeprowadzenie 3 projektow badawczych
oraz 1 przegladu systematycznego, a kazde z badan stanowilo podstawe do artykutu

wspottworzacego cykl.
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7. Material i metody

W celu wstgpnego okreslenia, czy rodzaj aparatu wyjmowanego, a takze wiek i1 pte¢ pacjenta
moga wptywaé na wydtuzenie lub skrocenie DWT, przeprowadzono przeglad systematyczny
pisSmiennictwa. Pytanie badawcze oraz kryteria witaczenia zdefiniowano w formacie PI(E)CO:
P (populacja): pacjenci w wieku od 7 do 25 lat bez chorob wspoélistniejacych, leczeni
ortodontycznie za pomocg aparatéw wyjmowanych z zamontowanymi mikroczujnikami lub
innymi urzadzeniami mierzagcymi DWT; 1 (grupa badana): pacjenci noszacy aparaty
wyjmowane zgodnie z zaleceniami lekarza ortodonty; C (grupa kontrolna): pacjenci nienoszacy
aparatow wyjmowanych zgodnie z zaleceniami ortodonty; O (wyniki): stosunek obiektywnie
zmierzonego czasu noszenia aparatow wyjmowanych i czasu zalecanego przez ortodonte oraz
wynikajacy z niego stopien wspotpracy pacjentow; wplyw wybranych czynnikéw na

wspotprace pacjentéw (rodzaj aparatu, pte¢, wiek).

Do przegladu wiaczono randomizowane badania kliniczno-kontrolne, badania kohortowe, serie
przypadkéw, badania obserwacyjne, przeglady 1 analizy retrospektywne, natomiast
wykluczono opisy przypadkow, listy do redakcji i badania z wykorzystaniem aparatow statych,
a takze badania, w ktorych stosowano ro6zne rodzaje aparatdw wyjmowanych, bez
sprecyzowania liczebnosci poszczegolnych grup. Dokonano przegladu elektronicznych baz
danych Embase, PubMed, Scopus i Web of Science. Wyszukiwanie obejmowato wszystkie
publikacje dostepne do kwietnia 2022 r. i nie uwzgledniato zadnych dodatkowych kryteriow
dotyczacych jezyka i daty publikacji. Niezaleznie przeanalizowano ponadto literature zrodtowa
dostgpng w opublikowanych przegladach, przewodach doktorskich oraz nieopublikowane
prace dostepne dla autoréw. Selekcji artykutéw dokonywato niezaleznie dwoch badaczy (M.N.,

M.S)).

Z kazdego artykulu wyekstrahowano nastepujace dane: rok publikacji, rodzaj badania, liczbg i
pte¢ pacjentoéw, sredni wiek pacjentdw, rodzaje aparatéw ortodontycznych wykorzystane w
badaniu, liczbe pacjentow leczonych danym rodzajem aparatu, typ mikroczujnika mierzacego
DWT, obiektywny i zalecany przez lekarza czas noszenia aparatow, czas trwania badania i liczbg
pacjentow wyeliminowanych z badania podczas jego trwania. Oceny jakos$ci artykutow dokonali
niezaleznie dwaj badacze (M.N., M.S.). Do oceny ryzyka bias w RCTs zastosowano nastgpujace
kryteria oparte na wytycznych Cochrane Collaboration Tool. Jako$¢ CCTs oceniono zgodnie ze

zmodyfikowang skalg Newcastle-Ottawa.
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Przed przystapieniem do wiasnych badan klinicznych uzyskano zgody Komisji Bioetycznej nr
KB-293/2007 oraz KB-322/2014. (Komisja Bioetyczna Uniwersytetu Medycznego we

Wroctawiu).

Celem pierwszego autorskiego projektu badawczego byto przede wszystkim sprawdzenie, czy
motywacja do leczenia ortodontycznego aparatem wyjmowanym wyrazona jakoscig
wspolpracy pacjentow jest zalezna od typu aparatu. Do udzialu w badaniu zakwalifikowano
167 pacjentow (80 chtopcow i 87 dziewczynek). Sredni wiek badanych wynosit 9,4-11,8 lat
(Srednio 10,3 roku). Kryteria wlaczenia byly nastgpujace: zdrowi pacjenci bez zespolow
chorobowych, rozszczepdéw, chordob ogdlnoustrojowych 1 wczedniejszego leczenia
ortodontycznego. Pacjentow w zaleznosci od wady zgryzu kwalifikowano do leczenia aparatem

wyjmowanym, czyli catkowicie zaleznym od wspolpracy, wybierajac jedng z trzech metod

dziatania: 1) czynno$ciowa, realizowang za pomocg modyfikacji aparatu blokowego;
2) czynng, realizowang za pomocg aparatu jednoszczgkowego z wykorzystaniem ptytki
Schwarza (S); 3) czynnosciowo-czynng z wykorzystaniem aparatu Twin-Block (obecnie

najczesciej na §wiecie stosowanego aparatu dwuszczgkowego) 1 wyciggu zewnatrzustnego,
czyli headgeara (TB + HG). Dla potrzeb leczenia czynno$ciowego zaplanowano
wykorzystanie losowo dobieranych aparatow Twin-Block (TB) lub Klammta (K). Otrzymano
w ten sposob nastgpujace grupy badane zalezne od rodzaju aparatu wyjmowanego: TB (n =

53), K (n=53), S (n=39) i TB +HG (n=22).

Przeszkoleni technicy dentystyczni montowali czujniki TheraMon w akrylowych ptlytach
aparatow zdejmowanych zgodnie z zaleceniami producenta. Czujniki w catosci pokryte byty
akrylem, co uniemozliwiato ich bezposredni kontakt ze srodowiskiem jamy ustne;j.
Bezpieczenstwo czujnikdw potwierdzono Deklaracja Zgodnosci Sprzetu Medycznego (EC-
Declaration of Conformity of Medical Device, Medical Device Directive 2007/47/EG).
Czujniki TheraMon nie komplikowaty budowy aparatu i nie wptywaty na komfort jego
uzytkowania. Czujnik rejestrowat temperatury co 15 minut przez okres do 18 miesiecy. Kazdy
czujnik TheraMon aktywowany byl w momencie oddania aparatu pacjentowi. Pacjenci i
rodzice zostali poinformowani o mikroczujniku w aktywatorze i nie byto zadnych zastrzezen
do udziatu w badaniu. Rodzicow poinformowano takze o catkowitej nieszkodliwosci

czujnikow oraz o zasadach dobrowolnego uczestnictwa w badaniach.

U wszystkich pacjentow zalecono nieprzerwane noszenie aparatow przez minimum 12 godzin
na dobe oraz regularne comiesi¢czne wizyty kontrolne. Terapia prowadzona byta przez lekarzy

uprzednio przeszkolonych w obstudze programu komputerowego stuzacego do
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odczytu danych z czujnikéw. Dane z czujnikow odczytywane byly podczas kazdej wizyty
kontrolnej. Program TheraMon automatycznie obliczal DWT dla kazdego pacjenta.

Otrzymane dane poddano analizie statystycznej za pomoca programu Statistica v.13.3
(TIBCO Software Inc., Palo Alto, CA, USA). Do oceny normalnosci rozktadéw empirycznych
postuzono si¢ testem Shapiro-Wilka, natomiast w celu okreslenia jednorodno$ci wariancji w
podgrupach wykorzystano test Browna-Forsytha, przyjmujac poziom istotnosci testu p <.05.
Analize zwigzku DWT z plcig pacjentow oraz z rodzajem zastosowanego aparatu

przeprowadzono z uzyciem testow t-Studenta i analizy wariancji ANOVA.

W drugim projekcie analizowano znaczenie DWT dla skutecznosci leczenia wad dotylnych za
pomoca aparatéw wyjmowanych. Do badania zakwalifikowano wstepnie 116 pacjentow, u
ktérych wystgpowata klasa II wedlug Angle’a 1 uzgbienie mieszane, nieleczonych wczesniej
ortodontycznie. Nastepnie wykluczono 45 pacjentéw, u ktorych stwierdzono: szkieletowy
zgryz otwarty (ML/NL>27°), wychylone siekacze dolne (L1/ML>101°), wiek kostny okreslany
na podstawie dojrzatosci kregéw szyjnych inny niz CVMS II. Dwoje pacjentéw zrezygnowato
z udzialu w badaniu. Wszyscy zakwalifikowani pacjenci oraz ich opiekunowie zostali
poinformowani o celach badania i podpisali zgode¢ na udziat w nim. Uczestnikom wykonano
cefalogramy boczne, na ktorych wyznaczono nast¢pujace parametry: SNA (°), SNB (°), ANB
(°), Co-Go-Me (°), WITS (mm), Co-Gn (mm), Co-Go (mm), Co-Olp (mm),

Pg-Olp (mm). Nastepnie pacjenci rozpoczeli leczenie ortodontyczne z wykorzystaniem
aparatow Twin-Block z zamontowanymi mikroczujnikami TheraMon. Wszystkim badanym
zalecono noszenie aparatow przez co najmniej 12-14 godzin na dob¢. Na comiesi¢cznych
wizytach kontrolnych sczytywano dane z czujnikoéw i przeprowadzano niezb¢dne rekonstrukcje
aparatow. Leczenie zakonczono po 18 miesigcach, oceniajgc efekt kliniczny w jamie ustnej
kazdego pacjenta, a nastepnie wykonano ponownie cefalogramy boczne, na ktorych
wyznaczono te same parametry, co przed rozpocz¢ciem badania. Wyniki porownano rowniez z
grupa kontrolna, ktérg ze wzgledu na kwestie etyczne utworzono z danych pozyskanych z
innych, wczesniejszych badan. Otrzymane dane poddano analizie statystycznej za pomoca
programu Statistica v.13.3 (TIBCO Software Inc., Palo Alto, CA, USA). Do poréwnania
otrzymanych pomiar6w wykorzystano testy Shapiro-Wilka, Wilcoxona, t- Studenta, Levene’a,
U Manna — Whitneya, Kruskala — Wallisa, %>, wyznaczono réwniez wspdtczynnik korelacji

Spearmana 1 krzywa ROC.
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Trzeci projekt mial na celu pordwnanie skutecznosci i efektow leczenia wad dotylnych z
wykorzystaniem aparatdow wyjmowanych, a nastgpnie aparatow statych (leczenie 2 —
etapowe) z protokolem leczenia 1 — etapowego, w ktorym stosowane sa wytacznie aparaty
stale. Material badawczy stanowilo 180 pacjentow leczonych w Poradni Ortodoncji
Uniwersytetu Medycznego we Wroctawiu, ktorzy spetniali nastepujace kryteria wigczenia:
pacjenci z II klasa szkieletowa z retrognacja zuchwy i profilem wypuklym, bez choréb
wspotistniejagcych 1 zespotow, nieleczeni wezesniej z wykorzystaniem ortodontycznych
aparatow wyjmowanych. Do badania zakwalifikowano pacjentéw z wadami pionowymi o
srednim nasileniu, jednak pacjenci ze znacznym nasileniem dysproporcji pionowych
(powyzej 2 odchylen standardowych od wartosci prawidiowych) zostali wykluczeni z
badania. Grup¢ kontrolng dla pacjentow leczonych 2-etapowo stanowili pacjenci z grup
kontrolnych pozyskanych =z innych artykutow (15-17). Wszystkim pacjentom
zakwalifikowanym do badania wykonano cefalogramy przed rozpoczgciem leczenia oraz
po jego zakonczeniu. Porownano na nich nast¢pujgce parametry: OJ (nagryz poziomy),
WITS, SNA (°), SNB (°) i ANB (°). Z kart pacjentow wytoniono dane dotyczace wieku,
pici i czasu leczenia kazdym z aparatow (w miesigcach), z uwzglednieniem czasu trwania
dystalizacji en masse (w miesigcach). Wykonano analize statystyczng w programie Statistica
v.13.3 (TIBCO Software Inc., Palo Alto, CA, USA). W celu sprawdzenia normalnosci
rozkladu danych wykonano testy Kolmogorova-Smirnova oraz Shapiro-Wilka. Dane z
rozktadu normalnego zostaly poréwnane z wykorzystaniem testu t-Studenta, natomiast
pozostate dane porownano za pomocg testow Tau-Kendalla, Kruskalla-Wallisa i U-Manna-

Whitneya.

8. Cykl publikacji stanowiacych podstawe pracy doktorskiej
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ABSTRACT

Objectives: The aim of this review was to determine whether the type of removable appli-
ance, as well as the age and sex of the patient, may affect the extension or reduction of
wear time by assessing the correlation between the mean actual and orthodontist-recom-
mended wear times.

Methods: Randomised case control trials, cohort studies, case series, observational studies,
reviews, and retrospective analyses were identified. The quality of the studies was
assessed using the Cochrane Collaboration Tool and modified Newcastle-Ottawa Scale.
The electronic databases Embase, PubMed, Scopus, and Web of Science were reviewed,
and 542 articles were obtained, of which 31 were qualified for qualitative synthesis. The
data from 1674 participants were collected and a weighted average was determined for the
mean wear time of each appliance.

Results: Regardless of the type of extra- or intraoral appliances, mean wear time was shorter than
recommended, although patients using intraoral appliances cooperated more. The best compli-
ance was noted for Schwarz appliances (73.70%) and plate retainers (85%). There was no evidence
of an influence of patients’ age and sex on compliance during treatment.

Conclusions: The considerable inconsistency and imprecision of articles could affect the
reliability of the results. Previous studies analysing the effectiveness of treatment with
removable appliances based on an arbitrarily assumed average wear time need to be

revised in order to verify the actual wear time with the use of microsensors.
© 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Removable orthodontic appliances are commonly used in the
treatment of malocclusion, especially in 7- to 25-year-old
patients in developmental age.' Such appliances carry a low
risk of complications and, above all, are inexpensive and ideal
for solving many problems in early and interceptive orthodontic
treatment and thus in the general treatment of children and
adolescents."* However, the most important factor in achieving
the desired effect with removable appliances is a patient’s coop-
eration, which involves, amongst other things, compliance with
the recommended daily wear time (DWT), which according to
many researchers is often not observed.”*

* Corresponding author. Wydziat Lekarsko-Stomatologiczny, Uni-
wersytet Medyczny im Piastéw Slaskich we Wroctawiu. Ziotoryjska
16/18/16, 59-220 Legnica, Poland.

E-mail address: marek.nahajowski@umw.edu.pl
(M. Nahajowski).
https://doi.org/10.1016/j.identj.2022.07.004

Objective and efficlent DWT measurement is presently
ensured by microsensors fitted in removable appliances, both
intra- and extraoral'®"'? ones. With the use of such sensors, it has
already been proven that patients do not comply with the recom-
mended DWT and usually shorten it arbitrarily.”® Nevertheless,
the question of which specific factors are significantly correlated
with better or worse patient compliance remains open. Therefore,
the aim of our systematic review was to determine whether the
type of removable appliance, as well as age and sex of the patient,
might result in extending or shortening of DWT.

Materials and methods

The systematic review was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses protocol (PRISMA') and registered in PROSPERO
under the number CRD42021243067. The data sets used and/

0020-6539/© 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation. This is an open access article under

the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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or analysed in the presented study are available from the cor-
responding author on reasonable request.

Eligibility criteria

The main research question and the inclusion criteria were
defined in the PI(E)COS (Population, Intervention (Exposure),
Comparison, Outcome) format.

e P: 7- to 25-year-old patients without systemic diseases
treated with any type of removable appliance with micro-
sensors or other devices measuring DWT

e [: Patients wearing removable appliances for the time rec-
ommended by the orthodontist

e C: Patients not wearing removable appliances for the time
recommended by the orthodontist

e O: Compliance levels in relation to stipulated levels of
wearing the appliances; secondary outcomes: factors influ-
encing compliance levels (type of the appliance, age, sex)

Regarding the type of articles, only randomised case con-
trol trials, cohort studies, case series, observational studies,
and retrospective analyses were eligible. Case reports, letters
to the editor, studies with fixed appliances, and studies with
several types of removable appliances, in which the size of
individual groups was not specified, were excluded.

The study was designed to verify whether the type of
appliance as well as the sex and age of the patient had any
effect on compliance, that is, the actual DWT (aDWT) defined
as the correlation of mean DWT and DWT recommended by
the doctor (aDWT = mean DWT / recommended DWT x 100).

Information sources and search strategy

The electronic databases Embase, PubMed, Scopus, and Web
of Science were reviewed to obtain articles specified in the
methodology. The search included all publications available
up to April 2022 and did not include any additional criteria for
language or publication date. We also performed hand
searching, including the primary sources available in the
reviews, doctoral theses, and unpublished research known to
the authors. In order to include more grey literature in our
systematic review, we contacted the producers of microsen-
sors used in the studies we qualified in order to obtain infor-
mation about unpublished works on the issue analysed by us.
The search strategy is shown in Appendix Table 1.

Selection process

The literature search and assessment of relevance were per-
formed independently by 2 authors (MN and MS). The final
list of qualified articles was established on the basis of a vote
in which all authors took part. The works accepted by all
authors were qualified for further analysis.

Data collection process

Data extraction was performed independently by 2 authors
(MN and MS). The original investigators were contacted for

missing information. All authors discussed disagreements
until consensus was reached.

Data items

From each article, we extracted year of publication, type of
article, number and sex of patients, average patient age, types
of orthodontic appliances used in the study, number of
patients treated with a given device, type of microsensor
measuring the wear time, recommended and actual wear
time, and duration of the study (including dropouts).

None of the studies found accurate information on the sex
and age of patients in individual groups (only this informa-
tion was provided before the classification of patients into
groups), whilst in our analysis we used the ready-made data
on the correlation between the wear time and the age and sex
of patients collected from individual articles. Data extracted
from papers are presented in Table 1.

Qualitative analysis and bias analysis

The quality assessment of the articles was carried out inde-
pendently by 2 researchers (MN, MS). The following criteria
were used for assessing the risk of bias in randomised control
trials (RCTs): random sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding of
assessors, incomplete outcome data, selective reporting of
outcomes, and other potential sources of bias, based on the
guidelines for the Cochrane Collaboration Tool. The quality of
the Controlled Clinical Trials was assessed according to the
modified Newcastle-Ottawa Scale (NOS).™

Statistical analysis

Due to the heterogeneity of articles included in the review, it
was not possible to perform a meta-analysis. In order to com-
pare figures, a weighted average was determined for the
mean DWT in relation to the size of study groups, taking into
account different criteria for classification into each group.

Results
Study selection

A total of 542 articles were obtained. After removing dupli-
cates, 50 studies remained and were carefully analysed. Sub-
sequently, after reading full texts of the obtained articles and
excluding a further 19 studies that were considered not to
comply with the inclusion criteria for the review (Appendix
Table 2), 31 articles were eligible for final analysis. As many
as 26 of those were prospective cohort studies and 5 were
randomised clinical trials. The selection process diagram is
shown in the flowchart (Appendix Figure 1).

Research characteristics

The group size in our study ranged from a minimum of 19" to
a maximum of 141 patients.® Sex of the participants was
reported in most studies, with the exception of 2 articles.'®"’
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Table 1 - Characteristics of the analysed studies.

No Author, year Article type Number and sex Mean age (y) Group 1 Group 2 Group 3 Type of Stipulated wear Mean DWT Study duration
of patients (appliance) (appliance) (appliance) microsensor time
1 Arponen, 2020" Prospective 30 13.8+4.7; HG: 10 TB: 20 TheraMon® 12 h/d HG, HG: 5h/d, TB: 7-23 mo (13 mo
cohort study range: 12-18 18h/d TB 7.5h/d average); 390 d
(210-690 d) with
follow-ups each
90 d; 17 dropouts
2 Parekh, 2019°’ RCT 55(25M, 37F) 12.37 £ 0.95; TB (FT): 25 TB (PT): 30 TheraMon® 12h/d PT,22h/d 8.78 +3.77h/d 12 mo =365 d (fol-
range: 10-14 FT PT, 12.38 + low-ups each 45-
5.89h/d FT 60 d); 7 dropouts
3 Charavet, 2018*° Prospective 69 (37 M, 32F) 7.8+1.1 Planas func- TheraMon® 24h/d 15.8+5.2h/d 9 mo; 270 d (follow-
cohort study tional up each 90 d); 10
appliance dropouts
4 Brandao, 20067’ Prospective 21(10M, 11F) 14.8; range: 11- HG (T1: unin- measurement)
cohort study 19.5 formed of
measure-
ment; T2:
informed of
Compliance Sci- 14 h/d 5.6 +£4.4h/d T1; First 3 mo of HG
ence System 7.0+5.4h/d wear
and Affirm T2
Smart Head-
gear Modules,
Ortho
Kinetics
5 Agar, 2005 Prospective 51(17 M, 34 F) 12.92 HG (G1: compli- Compliance Sci- 16 h/d G1:18.34h/d; 6 mo
cohort study ant patients, ence System G2:9.10 h/d
(23) G2: non- and Affirm
compliant Smart Head-
patients, 28) gear Modules,
Ortho
Kinetics
6 Cureton, 1993"# Prospective 28 (10M, 18F) <10 HG Fabricated from 12 h/d 6.5+3.5h/d Up to 3 mo, with at
cohort study commercial least 3 mo of HG
wristwatch wear
7 Cureton, 1993%° Prospective 28 (10 M, 18 F) <10 HG Fabricated from 12h/d 7.9 h/d with cal- Up to 3 mo, with at
cohort study commercial endar; 5.3 h/d least 3 mo of HG
wristwatch without wear
calendar
8 Ghislanzoni Prospective 20(9M, 11F) 10.2 +£1.2; HG Smartgear, 12h/d 8.7 h/d only 8-9mo;249+15d
Huanca, cohort study range: 8-12 Swissortho- days worn;
2019% dontics AG 6.4h/d
including all
treatment
period
9 Arreghini, Prospective 30 (16 M, 14 F) Class II (n = 14): Frankel func- Facemask: 16 Bionator func- TheraMon® 13h/d Frankel: 8.6 + 8 mo (range: 2-16
2016*" cohort study 9.8; class III tional appli- tional appli- 1.9; Bionator: mo); 240 d with
(n=16):10.0; ance: 11 ance: 3 126 £1.8; follow-ups each
range: 6-15 facemask: 8.0 30d (range: 60-
+3.2 480 d)
10 Schott, 2017°? Prospective 109 (54 M, 55 F) 12.3+2.9; Schwarz plates: Functional Retention TheraMon® 15.1+0.9h/d 11.9+3.0h/d 12 mo (first follow-
cohort study range: 6-20 33 appliances: 34 plates: 42 (plates); 15.2 (plates); 10.2 up appointment);
+0.5h/d +3.3h/d EP:63.4 +36.8d;
(functional); (functional); RFA:59.1+26.24d;
13.4+2.7h/d 9.0+4.9h/d R:102.8 £ 65.8d
(retainers) (retainers)

(continued on next page)
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Table 1 (Continued)
No Author, year Article type Number and sex Mean age (y) Group 1 Group 2 Group 3 Type of Stipulated wear Mean DWT Study duration
of patients (appliance) (appliance) (appliance) microsensor time
11 Tsomos, 2014 Cross-sectional 45(25M, 20F) Retention: 12.7; Functional Hawley and TheraMon® G1: 14 h/d (for 9h/d 186 d (55-318 d); R:
cohort study range: 7.2- appliances Essix functional); 177 d (range: 55-
21.5; func- (Frankel II/111, retainers G2: 8 h/d (for 293 d); RFA: 186 d
tional appli- Sander II, cow (retention retainers) (range: 96-318 d);
ances: 11.8 catch): 14 plates): 31 4 dropouts
(range: 8.0-
15.8)
12 Schaefer, 2014 Prospective 141 (88 M, 53 F) 10.95 + 1.87; Standard acti- Schwarz plates: TheraMon® 15h/d Functional: 9.5 First 3 mo of appli-
cohort study range: 7-15 vator or class 70 h/d; plate: ance wear; >90 d
1II activator: 10.1 h/d; over- with follow-ups
functional all: 9.7 h/d each 100d
appliances: 71
13 Schott, 2014 Prospective (56 M, 36 F); nor- G1:11.2+£2.2; Schwarz plates: Jumping-the- TheraMon® 11h/d (9 h/d) Normal weight: 5mo, 150d; 3
cohort study mal weight: G2:11.2 +2.6; 42 bite appliance 9.3 h/d; over- dropouts
53(32M, 21F); range: 7.9- functional weight: 9.2 h/
overweight: 15.9 appliance: 53 d
39 (24 M, 15 F)
14 von Bremen, Prospective 114 (undefined G1 (plate): 10.4 Schwarz plates: Sander II func- TheraMon® 15h/d Schwarz plate: 6 mo (180 d)
2018'° cohort study sex); normal +2.08; G2: (normal tional appli- 9.6 +£2.5h/d;
weight: 57; 11.6 £3.22 weight: 25; ances: (nor- Sander II: 8.7
overweight: (Sander 1) overweight: mal weight: +2.4h/d
57 25) 32; over-
weight: 32)
15 Trakyali, 2008°° Prospective 30(16 M, 14 F) 1G: 10.78 + 1.06; HG cervical with HG cervical Compliance Sci- 16 h/d 1G:3mo: 13.75 + Up to 6 mo
cohort study CG: 10.07 + hypnosis (IG) without hyp- ence System 5.29; 6 mo:
1.09 nosis (CG) and Affirm 12.13 +4.49;
Smart Head- CG:3mo: 8.92
gear Modules, + 3.41; 6 mo:
Ortho 9.68 +4.43
Kinetics
16 Cole, 2002%” Prospective 16 (8 M, 8 F) 12.7 HG Compliance Sci- 10-12h/d 6.78 h/d Up to 6 mo, with at
cohort study ence System least 3 mo of HG
and Affirm wear
Smart Head-
gear Modules,
Ortho
Kinetics
17 Clemmer, Prospective 20 (11 M, 9F) 13.8; range: 11- HG Aledyne Timer, 12-14h/d 7.43h/d Up to 6-9 wk
19797 cohort study 17 Aledyne Co.
18 Bartsch, 1993%° Prospective 77 (40 M, 37°F) 10.2 +1.51 Bionator func- Fabricated from 15h/d 8.7h/d 3.9mo
cohort study tional commercial
appliance wristwatch
19 Hyun, 2015* RCT (crossover 18 (7 M, 11 F); IG: 15.44 + 1.38;1G: Maxillary Haw- Maxillary Haw- SMART Retainer 19h/d 1G: T1:16.3 + 12 wk, 90 d with fol-
study) 8(3M,5F); 15.13 £ 1.55; ley retainer ley retainer Microsensor 4.39; T2:15.6 low-ups at42d
CG:10 (4 H, 6 CG:15.70 &+ modified: modified +4.77,CG: T1: and at84d; 4
M) 1.25; range: informed informed 10.6 £ 5.36; dropouts
14-17.6 about sensors about sensors T2:11.1+6.08
(IG) (cq)
20 Bos, 2007%" Prospective 56 (19M, 37 F) 12.89 + 2.16; HG Termochron i- 12h/d 5.58 £4.39 h/d Up to 29 d; duration
cohort study range: 10-22 Button of treatment: 30-

1140 d (mean:
240 d)

(continued on next page)
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Table 1 (Continued)

No Author, year Article type Number and sex Mean age (y) Group 1 Group 2 Group 3 Type of Stipulated wear Mean DWT Study duration
of patients (appliance) (appliance) (appliance) microsensor time
21 Schott, 20147 Prospective 28 (16 M, 12 F) 10.6 £2.2; Schwarz plates TheraMon® 15h/d T1(55+11d): First 6 mo; at 55 &
cohort study range:7.7- n=28,128+ 11 days after
17.4 3.8, T2 (57 = treatment begins;
13d):n=26, at57 + 13 d after
13.3+3.9; T3 first follow-up; at
(58 +7d):n 180d
=13,12.7+4.8
22 Ackerman, 2011 RCT 19(10M, 13 F) 15.4 Maxillary Haw- Smart Retainer 20h/d 17.54+16.9h/d 30 d; 4 dropouts
ley retainer (Georgia)
23 Al.-Moghrabi, RCT 62 (42 M, 42F) 17.23+1.9; Vacuum formed TheraMon® 22 h/d IG:7.25+6.71h/ 365 d with follow-
2019 range: 12-21 retainer (IG: d; CG:6.21 + ups at 90 d; 22
with 7.86 h/d dropouts
reminder app,
CG: without
reminder app)
24 Vagdouti, 2019°° RCT 76 (36 M, 40 F) 14.8 £ 1.5; Hawley Vacuum formed TheraMon® 24 h/d Hawley 90 d with follow-ups
range: 12-18 retainer: 35 retainer: 42 retainer: 15.3 at 30 d; 1 dropout
+ 6.8 h/d; vac-
uum formed
retainer: 18.3
+4.6h/d
25 Schott Prospective 100 (52 M, 48 F) 15.46; range: 13- Bimaxillary TheraMon® >8h 7h/d 450 d with follow-
etal, 2013° cohort study 20 Hawley ups each 100 d
retainer: 71;
functional
appliance
retainer: 29
26 Sarul et al, Prospective 97 (51 M, 46 F) 9-12 Schwarz TB functional TheraMon® >12-14h Active plates: 270 d with follow-
2019%* cohort study plates: 56 appliance: 41 7.88 +3.49h/ ups each 45d
d; TB:7.37 £
2.76 h/d
27 Kawala et al, Prospective 41(20M, 25F) 9.2 (8.9M/10.6 F) Schwarz plate TheraMon® 9h 8.3+0.4h/d 75 d (30-120 d); fol-
2013* cohort study low-ups each 30
d; 4 dropouts
28 Al.-Kurwi et al, Prospective 28 (20 M, 8F) 11.6 +1.25 van Beek activa- TheraMon® 12h 7.75+£3.66 h/d First 3 follow-ups
20167* cohort study tor functional (between 108 and
appliance 279 d); 10
dropouts
29 Zinad et al, Prospective 88 (47 M, 41F) 126 +£1.21 RFA (monoblock TheraMon® 16h 10.2+2.86 h/d >180 d (follow-ups
2017%° cohort study type) func- each 45-60 d); 10
tional dropouts
appliance
30 Kutay et al, Prospective 30(16 M, 14 F) MB: 12.73 £ 1.38; MB TB TheraMon® 15h/d MB: 11.02 + 4.40 6 mo; follow-ups
2021%° cohort study TB: 12.27 + h/d; TB: 10.33 each 4 wk; no
0.96 +3.51h/d dropouts
31 Sarul et al, Prospective 55(26 M, 29F) 10.4 TB TheraMon® 12h/d 7.60+3.12h/d 18 mo; follow-ups
2021"% cohort study each 4-6 wk; 14

dropouts

DWT, daily wear time; RCT, randomised control trial; M, males; F, females; HG, headgear; TB, twin-block; PT, part-time; FT, full-time; MB, monoblock; IG, intervention group; CG, control group; RFA, mono-
block type functional appliance; EP, Schwarz plate type appliance; R, retention appliance.
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The minimum observation period was 30 days,’” and the
maximum period was 23 months."” Loss of patients during
the study ranged from 05183
Retainers,”*#*** 3¢ functional appliances,
active removable appliances,®%'¢?>?43241 and extraoral
appliances®*820:21:23:27-3L33 wrere used in the study. Objective
measurement of DWT was carried out primarily using
TheraMon® microsensors. In addition, Smart Retainer®,'>*
Thermochron i-Button®,?** Smartgear®,* Compliance Science
System and Affirm Smart Headgear Modules®,”° Aledyne
Timer®,?* and modified wristwatches'®?>?® were used. The rec-
ommended DWT ranged from 8% to 24 hours per day’®* and
thus varied according to the type of orthodontic treatment
(Table 1).

to a maximum of 22.3*
7-9,13,16,17,19,24,26,31,37

—40

Risk of bias in studies

The results of the Cochrane analysis of RCTs eligible for
review proved their low risk of bias (Appendix Table 3).

The quality of case control and cohort studies as assessed
by NOS was high. As many as 17 eligible studies’-**°
—33,38,39,41,9,13,18,19,26-29 gcored 8 out of total 9 points, whilst
the remaining studies®'®'”-?°2%%0 gcored 7 out of 9 points.
The results of those analyses are presented in Appendix
Tables 3 and 4.

Results of individual studies and syntheses

Recommended DWT vs mean DWT

The mean DWT of removable appliances included in the
study, measured objectively with microsensors, was shorter
than the time recommended by orthodontist (Table 1).

DWT vs appliance type

Statistically significant differences in compliance with ortho-
dontist recommendations regarding DWT depending on the
type of removable appliances were observed only in 2
studies.”*

As was stated in the methodology section, in our system-
atic review—in addition to providing mean DWT—aDWT was
determined based on a weighted average for each type of
appliance included in the papers, taking into account the size
of study groups (Table 2).

Regardless of the type of extra- or intraoral appliance,
mean DWT was shorter than recommended, although
patients using intraoral appliances cooperated more, as
shown by the longer aDWT found in this group (Table 2).

DWT vs patient age

The influence of patient age on DWT was assessed only in 17
studies. In 10 of them,”®6 182021252931 megn DWT was
found to decrease with patient age, whilst in the remaining
7,%2%26:28,:36,39,40 ng guch relationship was found. Schott et al*?
found that mean DWT is closest to doctors’ recommenda-
tions in boys aged 11 to 13 years, and it is shortened both
below and above this age range.

DWT vs patient sex
The influence of patient sex on DWT was assessed in 20 stud-
ies. Sex determined compliance with orthodontist

Table 2 - Mean DWT and aDWT related to the removable appliance types.

1404)

Intraoral appliances (n

Extraoral
appliances

(n=317)

371)

Retainers (n

=713)

Removable functional appliances (n

FM SP

HG

FUR RP (UN)®

ER

HR

Or (UN)?

PL FR BIO SA ACT VBA MB FR, SA,

TB

CC (UN)'

14

73

29

126

143

175

15

28

71

64

80

11

69

186

320

16

301

86.42

85.00

45.81
69.79

79.35

68.47

42.31 65.83 66.15 59.46 58.00 63.33 64.58 73.47 64.29
63.65

73.70

61.54

58.57

Compliance,

58.72

aDWT (%)

67.56

6.80 9.00

10.59

9.92 11.19

9.71 8.59 15.80 8.60 8.85 8.70 9.50 7.75 11.02 9.00

8.00

7.92

Mean DWT (h)

HG, headgear; FM, face mask; SP, Schwarz plate; TB, twin-block; PL, Planas appliance; FR, Frankel appliance; Or, other; BIO, Bionator; SA, Sander appliance; ACT, activator; JTB, jumping-the-bite appliance;
VBA, van Beek activator; RFA, removable functional appliance; MB, monoblock; CC, cow catch appliance; HR, Hawley plate; ER, Essix retainer; FUR, functional retainer; RP, retainer plate; UN, unspecified;

aDWT, actual daily wear time; DWT, daily wear time.

1 group from Tsomos et al study 7.

2 groups from Schott et al, 9 Schott et al, 20 and Zinad et al 21 studies.

3 groups from Tsomos et al7 and Schott et al 20 studies.
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ORTHODONTIC COMPLIANCE ASSESSMENT 603

recommendations regarding DWT in 6 studies,®?%%%2>2%41

whilst in 12 papers’-'®1820:21,26,28,31,36,37,3940 it yrag not found
to be a significant factor affecting mean DWT.

Discussion

In the opinion of many authors,®'”"*” good patient compli-
ance with the recommended DWT during treatment with
removable appliances is associated with their ease of use,
low failure rate, and lack of discomfort. The results of our
study, on the other hand, show that better compliance
(aDWT = 86.42%) may also be caused by earlier treatment
with fixed appliances. The patients are more aware of the
sense of treatment with retainers as they want to maintain
the achieved effect. According to some of the authors,"’
extraoral appliances are worn less willingly than intraoral
ones, which is also confirmed by the results of our review
(aDWT = 58.72%). This suggests the need for further develop-
ment of other methods of skeletal anchorage.

In early treatment, different types of appliances are used
to prevent malocclusion worsening (interceptive treatment)
or to control growth of the maxilla and/or mandible in order
to reduce skeletal malocclusion. The larger the size of study
groups, the more reliable the assessment of the effectiveness
of the appliances. In the articles included in our review, some
of the appliances are described in great detail, with their per-
formance documented in extensive studies,'’*”** whilst
other are presented only as single case reports.***° Therefore,
it can only be concluded that our review provided reliable
results with regard to the cooperation of patients using
retainer plates (n = 340, aDWT = 69.79%), Schwarz appliances
(n = 320, aDWT = 73.30%), and headgear appliances (n = 301,
aDWT = 58.57%). The least reliable data were obtained for the
use of a Frankel I appliance (n = 11, aDWT = 66.15%) and face
mask (n = 19, aDWT = 61.54%), whilst the aDWT (64.16 %) of
patients using functional appliances, that is, those represent-
ing the largest study group (n = 713), should be considered
evidence-based and reliable.

The issue of patient compliance during treatment with
removable appliances has been analysed in several system-
atic reviews,” *> but their authors focussed primarily on
determining the relative difference between the objectively
measured time and the time recommended by the orthodon-
tist and the time declared by the patient. In addition, it was
assessed whether it was important to inform the patient
about the presence of the microsensor in the appliance before
the beginning of the study. However, none of the studies
thoroughly analysed the dependence of patients’ compliance
on the type of appliance.

Cozza et al assessed the effectiveness of treatment with
intraoral removable appliances and presented the results in a
meta-analysis.*® However, the studies included did not mea-
sure DWT with sensors, so the time recommended by ortho-
dontists was taken into account and at least average patient
compliance was assumed. Meanwhile, the results of our
review, in which we analysed the aDWT of the most widely
represented removable appliances, made it possible to both
accurately determine the degree of compliance and identify
the types of appliance that are best tolerated by the patient. It

appears that these are single-jaw appliances, primarily
retainers—functional retainers (aDWT = 85%) and Hawley
retainers (aDWT = 79.35%)—although patients using Schwarz
active appliances also cooperate well (aDWT = 73.70%). The
least acceptable appliance in this category is the Essix
retainer, which is worn for far too short a time in relation to
the recommendation (aDWT = 45.81%). With regards to acti-
vators, rather surprisingly, patients treated with the mono-
block appliance are more compliant (aDWT = 73.47%) than
those treated with twin-block appliances, which is apparently
more convenient as it consists of 2 separate plates
(aDWT = 42.31%).

On the other hand, the aDWT analysis performed after the
removable appliances used in the studies and included in our
review were divided into extraoral, mechanical intraoral
(Schwarz appliance), functional intraoral, and removable
retainer appliances showed that patients using active appli-
ances cooperated best (aDWT = 73.70%), whilst those wearing
retainers were less compliant (aDWT = 69.79%). Patients
treated with extraoral appliances (aDWT = 58.72%) were the
least compliant with doctors’ recommendations regarding
DWT, compared to patients wearing intraoral appliances
(aDWT = 67.56%). The excellent compliance of patients wear-
ing retainers may be due to the relatively short recommended
wear time and, as mentioned earlier in the discussion, to the
greater awareness of patients of the benefits of retainers, as
patients are keen to maintain the achieved treatment effect.
Schwarz appliances, on the other hand, are widely accepted
by patients due to their comfort: They are of simple design
compared to many other removable appliances, do not inter-
fere with speech, do not take up much space in the mouth,
and do not force specific position of the jaw.

It should be noted here that the calculated ratio of recom-
mended DWT to actual DWT is directly related to the DWT
recommended by the orthodontist, and those recommenda-
tions are not uniform for each type of appliance. In our
review, the longest DWT was reported for Planas appliances
(15.80 h/d), followed by Hawley appliances (13.30 h/d) and
plate retainers (11.41 h/d). The shortest DWT was observed in
patients wearing functional retainers (6.80 h/d) and van Beek
activators (7.75 h/d) as well as face masks (8.0 h/d) and head-
gear (8.05 h/d). Comparison of aDWT results supports the
conclusion that the exceptionally good patient compliance
regarding the functional retainer (aDWT = 85.00%) with the
shortest recorded DWT results from the relatively short rec-
ommended wear time (8 h/d). In addition, the small group of
patients in whom this appliance was used (n = 29) may reduce
the reliability of the results obtained.

The surprisingly low aDWT of the twin-block appliance
compared to other intraoral appliances is worthy of in-
depth analysis. It is noteworthy that the percentage of
this particular appliance in the group treated with func-
tional removable appliances is significantly higher than
others, which is reflected in the higher reliability of aDWT
than in the other groups. On the other hand, it is quite
likely that if the studies were carried out with other appli-
ances, but in larger groups of patients, the aDWT results
would approach the low values obtained with the twin-
block appliance. It means that the result of the reliable
aDWT of twin-block appliances makes it possible to
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predict, even at the stage of diagnosis, that the compli-
ance of patients wearing this device will be significantly
poorer than assumed by clinicians. Such results may dis-
courage the use of functional appliances in treatment.
Nevertheless, it should also be borne in mind that DWT
required to achieve a clinical effect and thus treat
malocclusion may be shorter than recommended by the
orthodontist. This was demonstrated in the study by
Sarul et al,"® who found that with a DWT of 7.5 h, which
is close to half the recommended wear time, 80% of
patients could be expected to experience complete class II
correction.

Despite the confirmed effectiveness of various types of
removable orthodontic appliances in the treatment of maloc-
clusion,*”~*° there are still few data in the literature compar-
ing that clinical effect to objectively verified, and therefore
reliable, DWT values. Amongst the articles analysed, only
2%3% provide such data, so this aspect undoubtedly requires
further research. Similarly, the contradictory results available
in the literature regarding the relationship of patient coopera-
tion to their age and sex should be verified. The current
results suggest that such a relationship, even if present, is
not clinically relevant to the general population.

Limitations

The awareness of the presence of sensors can have a positive
impact on patient compliance. Some authors have analysed
this issue”*>*1:3%3%3% and, so far, opinions are divided. Never-
theless, it is advisable to take this into account and clearly
signal in the research protocol whether the patients
were aware of the wear time measurement when wearing
appliances.

Another limitation is different follow-up time of patients,
which may affect the reliability of the results. This is espe-
cially due to the fact that patients may be more willing to
comply at the beginning of treatment, but their cooperation
wanes over time.

The considerable heterogeneity of papers in terms of age,
sex of patients, and follow-up time significantly affects the
reliability of the results, further preventing any meta-analysis
and drawing more reliable conclusions.

Conclusions

e Since the best cooperation is only to be expected in the case
of intraoral appliances, namely Schwarz appliances, it can
be concluded that in the case of other removable applian-
ces an alternative plan has to be created at the beginning of
treatment. This applies both to removable activators and in
particular to extraoral appliances.

e For satisfactory cooperation, the Essix retainer should not
be used in retention treatment.

e The studies that have not reliably assessed patient
compliance in relation to treatment efficacy ought to be
repeated, as they may significantly verify current DWT rec-
ommendations.
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Abstract: Orthodontic treatment with removable appliances is still common in children and adolescents.
However, their effectiveness depends primarily on the patients” compliance. Currently; it is possible
to check the daily wear time (DWT) of the removable appliances using special microsensors. The aim
of this prospective cohort study was to assess the degree of patients’ compliance depending on the
type of removable appliance used. In total, 167 patients (87 F, 80 M) were enrolled in the study and
were treated with block appliances (Klammt, Twin-Block), Schwarz plates, and block appliances in
combination with headgear. All patients were followed up for 6 months with the mean daily wear
time checked at followup visits using TheraMon® microsensors fitted in the appliances. It has been
shown that the type of appliance influences the patients’ compliance. The DWT for the Twin Block was
significantly longer compared to the DWT for the other appliances. Girls have been shown to wear
removable appliances better than boys. It has been proven that the majority of patients do not follow the
orthodontist’s recommendations, wearing removable appliances for just over half of the recommended
time. Microsensors can be used for objective verification of patients’ compliance, which allows for a
reliable assessment of the effectiveness of treatment with removable appliances.

Keywords: microsensors; compliance; orthodontics

1. Introduction

Removable orthodontic appliances have been widely used since the first half of the
20th century, when Andresen and Schwarz introduced a monoblock appliance and an active
plate into orthodontics [1]. Since then, many authors have improved these appliances,
adapting them to the treatment of different malocclusions. As fixed orthodontic appliances
are now in common use, standard removable appliances may seem like a relic of a bygone
era; however, they have their undeniable advantages [2]. Removable orthodontic appliances
are easy to manufacture and use, show resistance to damage, and reduce the risk of caries
development during orthodontic treatment. Above all, they are inexpensive and are ideal
for solving many orthodontic issues in early and interceptive treatment, i.e., in general
treatment of children and adolescents [3,4]. The largest disadvantage related to using
removable appliances is the difficulty in prediction and monitoring the patient’s compliance
during treatment, while it is clear that these appliances must be worn as recommended by
the orthodontist to be effective.
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In the last century and even at the beginning of the present one, a fully objective
assessment of the compliance of orthodontic patients treated with different types of remov-
able appliances was virtually impossible. This has affected not only clinical procedures
but also the reliability of various studies related to this type of therapy [5]. Patient adher-
ence is a factor that, if ignored, may have a significant effect on studies concerning the
effectiveness of removable orthodontic appliances, thereby affecting the treatment strategy
recommendations based on these studies [6].

Now, this problem has been solved by electronic systems that monitor the daily wear
time (DWT) of orthodontic appliances. TheraMon® (MC Technology GmbH, Hargelsberg,
Austria) is one such system, which is very effective clinically [6]. TheraMon® consists
of (a) polyurethane-coated sensors measuring 12.8 x 8.7 x 4.2 mm that read and record
temperature every 15 min to an accuracy of 0.1 °C; (b) a docking station that reads the data
stored in the sensors; and (c) software that not only enables an analysis, visualization, and
interpretation of data but also identifies attempts of tampering/cheating by patients. As
proven, DWT values recorded by TheraMon® microsensors were found to be underesti-
mated by merely 4% [7]. Therefore, these sensors, except for being easy to use, have proven
to be reliable and accurate in assessing DWT of orthodontic appliances [6].

The microsensors mounted in removable appliances have been shown to be reliable
predictors of good patient cooperation [8-12]. However, there is still a lack of information
regarding which type of removable orthodontic appliance is best tolerated by patients and,
thus, enables good patient compliance.

The study aims to investigate whether the motivation to continue orthodontic treat-
ment with removable appliances, as expressed by the quality of patient’s compliance, is
dependent on the type of orthodontic appliance.

2. Materials and Methods

The approval of the Bioethics Committee No. KB-322/2014 (Bioethics Committee of
Wroclaw Medical University) was obtained prior to the study.

2.1. Sample Size Calculation

The study enrolled 167 patients (80 boys and 87 girls). The mean age of participants
was 9.4-11.8 years (10.3 years on average). The sample size was calculated to provide 80%
power to identify a 20% difference between groups, p < 0.05.

2.2. Study Design

Inclusion criteria included healthy patients without clefts, systemic diseases, or previ-
ous orthodontic treatment.

Depending on their malocclusion, patients were eligible for treatment with a remov-
able appliance, i.e., an orthodontic appliance that is completely dependent on compliance,
selecting one of three methods of treatment:

(1) Functional treatment using modifications to the monoblock appliance;

(2) Active treatment using a lower or upper Schwarz appliance (S); or

(3) Functional active treatment using the twin block appliance combined with headgear
(TB + HG).

The twin block (TB) or Klammt (K) appliances were randomly used for functional
treatment.

The following study groups were obtained according to the type of removable or-
thodontic appliance used:

TB (n =53), K (n=53),S (n=39), and TB + HG (n = 22).

Highly trained dental technicians fitted the TheraMon® sensors to acrylic plates of
the removable appliances in accordance with the manufacturer’s recommendations. The
sensors were entirely covered with acrylic, which prevented them from coming into direct
contact with the oral environment (Figure 1).
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Figure 1. Removable orthodontic appliance with TheraMon® sensor embedded in acrylic (arrow).

As stated in the EC-Declaration of Conformity of Medical Device, Medical Device
Directive 2007/47/EG, the TheraMon® sensors did not complicate the design of the or-
thodontic appliance and did not affect the comfort of use. The sensor recorded the temper-
ature every 15 min for up to 18 months. The recorded time when the temperature detected
by the sensor exceeded 35 °C corresponded to the time when an activator appliance was
worn. A special integrated circuit with a 16-kilobyte internal, electrically erasable, pro-
grammable read-only memory was used for recording the data. These data were read using
a TheraMon® station to generate diagrams with DWT information (Figure 2).

Chip: E0-38-02-10-05-08-09-0C Activated: 9/15/2020
Timespan: 9/15/2020 - 4/8/2021

= Tolerance === Target hours/day — =ess= Comparison === Hours/day === Average

24

19.2

14.4

Hours

9.6

i o\ LAY
FLIATML P L —

Treatment time

Figure 2. Example graph that illustrates the average DWT of orthodontic appliances, which was
recorded by the TheraMon® sensor and was automatically generated by the software Legend: toler-
ance: deviation from average wearing time; target h/day: recommended wearing time; comparison:
an option to compare the results of different patients, not used here; h/day: graph showing the actual
wearing time; and average: mean daily wear time.

Each TheraMon® sensor was activated when the orthodontic appliance was given
to the patient. Patients and their parents signed an informed consent for participation in
the study after receiving information about: (a) the future presence of a microsensor in
the appliance, (b) complete harmlessness of the sensors, and (c) the rules for voluntary
participation in the study and the possibility to cease participation anytime.
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All participants were advised to wear their orthodontic appliance continuously for
a minimum of 12 h per day and to have regular monthly checkups. The therapy was
provided by orthodontists who were previously trained in the use of a computer program
used for reading the sensor data. The sensor data were read at each followup visit. The
TheraMon® software automatically calculated the DWT for each patient.

2.3. Statistical Analysis

The obtained data were statistically analyzed using Statistica v.13.3 (TIBCO Software
Inc., Palo Alto, CA, USA). The Shapiro-Wilk test was used for assessing the normality
of the empirical distributions, while the Brown-Forsythe test was used for determining
the homogeneity of the variance within subgroups, assuming a test significance level of
p < 0.05. The relationship between DWT and patient gender/the type of appliance used
was analyzed using the Student’s f-tests and the analysis of variance (ANOVA).

3. Results

The empirical DWT distributions in individual subgroups did not differ significantly
from the normal distribution (p > 0.05). The assumptions of the applicability of the Brown-
Forsythe analysis of variance were met in the studied groups.

The mean followup time was 6 months. The DWT varied between 0.34 h/day (a female
patient treated with TB + HG) and 21.9 h/day (a male patient treated with TB). Seven pa-
tients treated with a Klammt appliance and four patients treated with a Schwarz appliance
did not attend any followup visit, making it impossible to read the sensors. Only seven
patients (six girls and one boy) complied with the medical recommendations (minimum
12 h of continuous wear per day). The average DWT in each group by gender is shown in
Table 1.

Table 1. Descriptive statistics of the real DWT of orthodontic appliances.

Study Group/Type of Appliance Gender N Mean =+ SE 95% CI
K F 29 72+0.6 6.6-7.8

K M 22 51+07 44-5.8

S F 21 64 +0.7 5.6-7.1

S M 18 53+0.8 4.5-6.1

TB F 28 8.1+0.6 7.4-8.7

TB M 27 71+0.6 6.5-7.8

TB+HG F 9 58+1.1 4.7-6.9

TB+HG M 13 52109 4.2-6.1

SE—standard error of the mean, 95% CI—95% confidence interval for the mean.

There was a statistically significant correlation between patients” adherence and their
gender. The real DWT of orthodontic appliances was longer in girls compared to boys by
an average of 1.3 h (7.1 vs. 5.8 h; p = 0.014; Figure 3).

It was also found that the type of orthodontic appliance had an effect on patient
compliance. The DWT of the TB was significantly longer compared to the DWT of the
other three types of orthodontic appliances (p < 0.05; Figure 4). The DWT of K, S, and TB
combined with HG were not significantly different (p > 0.05).
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Figure 3. The real DWT of orthodontic appliances for girls and boys and the results of the significance
test. DWT: daily wear time.

- ® Mean
ANOVA MeantSE

0 F=3.24;  p=0.024 T mean+196xsE
Kvs. TB+HG

=0.321

9 P

Svs, TB+HG

8 T p=0637
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p=0.047
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}_
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[o)]
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Figure 4. The univariate analysis of variance of the real DWT of orthodontic appliances in groups of
patients that differ in terms of the type of orthodontic appliance, and the results of the univariate
analysis of variance and post hoc tests (least significant difference test; LSD test). K: Klammt
appliance; S: Schwarz appliance; TB: twin block appliance; TB+HG: twin block appliance combined
with headgear.

4. Discussion

In recent years, the use of microsensors has enabled clinicians to objectively moni-
tor the DWT of removable orthodontic appliances during treatment. Studies using the
TheraMon® system reveal that patient compliance is much weaker than that required by
orthodontists [6,8-13]. Moreover, in this study, DWT averaged 7.1 h per day in girls and
5.8 hiin boys, with a minimum of 12 h of DWT recommended. This is consistent with studies
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by other authors in which patient compliance never exceeds 7-9 h out of the recommended
8-15 h per day, [6,8-12] indicating that it is only possible to be confident in patients” wearing
their orthodontic appliances overnight. In previous studies concerning patient compliance
during treatment with removable orthodontic appliances, it was proved that although the
average DWT was 63-67% of the recommended 14-15 h per day, this percentage revealed a
wide range in individual patients: 0.0-89.3% [8,10,11]. Schaefer et al. [10] found that patient
compliance was close to the required values (i.e., more than 12 h per day) in 7% of patients,
while Schott and Ludwig [8] stressed that 25% of patients wore their orthodontic appliance
significantly less than 7 h per day, which significantly reduced the chance of clinical success,
i.e., successful malocclusion treatment.

Schott et al. [9] found comparably low patient compliance in those treated with func-
tional appliances and those wearing retainers. Although Sergl and Zentner [14] found
that the degree of patient compliance depended on the type of an orthodontic appliance,
DWT was not objectively verified in their study. The sensor-based monitoring of patient
compliance increases the reliability of the results of this study. There was no statistically
significant difference in terms of the patients” compliance treated with K, S, and TB com-
bined with HG. However, the DWT of TB was significantly longer (Figure 4), which may
indicate that patients become easily accustomed to this appliance; thus, it can be concluded
that TB is potentially a highly effective orthodontic appliance in terms of treatment effects.
It can also be assumed that the construction bite does not hinder the patients” acceptance of
their orthodontic appliance; thus, it does not affect the level of patient compliance, which is
also evidenced by the relatively long DWT.

The least compliant patients were those treated with TB combined with HG (TB + HG
group). The significant difference in terms of DWT compared to the TB group may indicate
patients’ reluctance to wear HG.

Previous studies concerning the patients’ compliance treated with HG [15-17] revealed
that the average DWT was 5-7 h per day compared to the recommended DWT of 12 h. These
values did not change even though patients were aware that they were being monitored.
The results obtained in the current study (5.8 & 1.1 h/day for girls and 5.2 + 0.9 h/day for
boys, which corresponds to 43-48% of the recommended 12 h per day) are very similar to
the values reported in the literature and to the average DWT = 5.8 h, which was identified
in the systematic review by Al-Moghrabi et al. [18].

Our study reveals that the average DWT of orthodontic appliances exceeded 7 h/day
in the K and TB groups, was approximately 6.5 h in the S group, and did not exceed
5.5 h/day in the TB + HG group. Only seven patients from all groups fully complied with
the doctor’s recommendations. These results are similar to those obtained in a similar study
by Al-Kurwi et al. [19]. There are several plausible explanations for these results. Previous
studies found that decreased quality of life due to malocclusion and dental appearance is
related to the cooperation of adolescent patients [20,21]. Patients” motivation, in addition to
the influence of their peers and authority figures, was found to be a decisive factor in terms
of adherence to treatment recommendations [21,22]. It was found that patients treated in
private medical facilities followed recommendations regarding DWT much more strictly
than those treated under compulsory health insurance [10].

There are contradictory opinions concerning the effect of gender on patient compli-
ance [10,11,16,23,24]. The current study reported statistically significant better compliance
from girls.

Although patients knew that their compliance was monitored with a microsensor,
most of them did not achieve the recommended DWT of 12 h. These findings are consistent
with the results of previous studies that revealed that patients’ compliance is insufficient,
even when patients and parents are aware that the DWT is recorded [11]. This is consistent
with results obtained by other authors [12,25]. Importantly, by collecting sensor data it
was proven, as in studies by other authors [5,14], that patients usually do not change
their behavior during treatment. Therefore, since patient motivation during therapy is not
successful, it is relevant to initially select only those patients who will comply well.
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It is advised that the DWT of removable orthodontic appliances be 12-14 h. Unfortu-
nately, our study proved that the objectively verified DWT in question was less than 7 h
on average. Moreover, even in the most compliant group—girls treated with TB, the DWT
was on average 8.1 h/day (Table 1). The fact that almost 7% of patients in this study were
completely uncompliant also compromises the prognosis for successful treatment with a
removable orthodontic appliance.

This leaves no doubt that previous assumptions regarding treatment efficacy are
overestimated, as measuring and monitoring DWT was subject to a high risk of bias [26].
These assumptions contradict the highly reliable result of our study, which clearly justifies
the need to re-evaluate the effectiveness of removable orthodontic appliances in order to
update the outdated recommendations concerning their DWT. However, such an evaluation
requires only cooperative patients to be eligible for the study. Their simple selection is
facilitated by the conclusions drawn, among others, in our previous studies concerning the
influence of treatment needs and individual patients’ perception of smile attractiveness on
their compliance during treatment [27,28].

The analysis of the degree of patients’ compliance during treatment is a complex
problem, at the borderline between psychology and medicine; the very definition of com-
pliance is also controversial. There is not complete agreement on the meaning of the term
itself. However, regardless of the definition, patient compliance is crucial to the success of
orthodontic treatment, especially with removable appliances. Many factors can influence
the degree of patient compliance. Therefore, many researchers have focused on establish-
ing these factors, which would make it possible to predict patient compliance before an
orthodontic appliance is designed and manufactured [8,29,30]. Our previous studies [27] as
well as the study by Amado et al. [31] found that the degree of patient compliance depends
on personality traits of patients and, more importantly, their parents.

On the other hand, the study by Daniels et al. emphasized the motivation of the
patient and their parents to enter treatment, as this is a factor which significantly influences
the subsequent compliance [22]. In terms of at least two-step therapy, Bos reveals that the
success with which the first phase of orthodontic therapy is completed plays a key role in
tendency of patients for better compliance in subsequent stages [16]. A specific example of
the phase 1 orthodontic treatment is functional therapy. According to the available scientific
data [1,32], treatment of certain malocclusions, e.g., Class 1II, is most effective during the
period of growth spurt, puberty. Unfortunately, Albino et al. [30] confirmed the clinical
observations of many orthodontists that it is much more difficult to motivate adolescent
patients than adults. Moreover, Dinwiddie and Miiller prove that children’s compliance
weakens with the onset of puberty [32]. According to Tsomos et al., [11] large-scale studies
are needed to establish the correlation between patient age and compliance. In such a
perspective, an objective evaluation of methods for assessing patient compliance that is
a natural consequence of a patient’s motivation to use removable orthodontic appliances
seems quite relevant.

The current lack of objective evaluation means that the degrees of craniofacial bone
growth modification reported in studies involving patients treated with functional therapy
can be controversial. The question arises as to whether the results would have been different
if the patients’ compliance monitoring had been fully dependable. A subjective and medical
interview-based assessment of the degree of patients’ compliance during functional therapy
is a fundamental limitation not only of simple original research or comparative studies
but also of randomized trials. The studies by Ghafari et al. and O’Brien et al. indicate
statistically significant differences in terms of cephalometric measurements of patients
treated and untreated for class II malocclusion [33-35]. Proffit questions the relevance
of these results to the clinical effectiveness of functional therapy. He stresses that in
view of the impossibility of objective evaluation of the degree of patients” compliance, all
existing studies concerning the effectiveness of functional therapy, which reveal the full
potential of therapeutic options of functional appliances, are not fully dependable. Our
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recently published studies prove that very satisfactory results of functional treatment can
be obtained in compliant patients [36].

The degree of the discipline of the patients depends little on the severity of the maloc-
clusion as measured by IOTN (Index of Orthodontic Treatment Need) [27]. By planning
early orthodontic treatment with removable appliances, it can be assumed that patients with
mild malocclusion will be less compliant, which should influence health care providers’
decisions to limit the public funds spent on treating such disorders. Unfortunately, patients’
compliance is unpredictable in those with severe malocclusion, which means that treat-
ment should be carefully and objectively monitored and discontinued if the orthodontist’s
recommendations are not followed.

This article is a summary of a pilot study; however, as it continues in our university, it
may provide important evidence as to whether confrontation of patients with uncontested
confirmation of their degree of cooperation is likely to influence the therapeutic outcomes
achieved. It is also significant that all study participants benefited from orthodontic
treatment reimbursed by the National Health Fund.

The results of this study are consistent with the findings of previous studies [11,37],
in the sense that the observed large individual variation in terms of DWT highlights
the need for the adolescent patient to be actively involved in treatment. Recording the
DWT of removable orthodontic appliances using microsensors is a useful tool in the
early detection of non-compliant patients, which enables rapid intervention to improve
patients” compliance.

Limitations

Age at treatment onset and malocclusion severity were not randomized within various
groups of patients treated with different types of orthodontic appliances, which may have
biased the data obtained and, thus, negatively affected the results.

As the observation period covered the summer months, a typical decrease in patients’
compliance could be observed during holidays (mainly in July and August). It should
not be surprising that patients are significantly less motivated to adhere to treatment
recommendations during leisure and holidays. Some of them completely discontinued
treatment, especially patients treated with headgear (HG). Therefore, monitoring of patients
over a longer period of time could reduce this problem.

5. Conclusions

(1) Children treated under compulsory health insurance wear removable orthodontic
appliances for much shorter periods of time than recommended; very poor patient
compliance, nearly 54% of the required 12 h per day, probably significantly reduces
the effectiveness of orthodontic treatment.

(2) Since patients treated with removable appliances are most willing to use a twin
block appliance (TB), this appliance is most often chosen for functional treatment in
orthodontics.

(3) Further research should focus on how best to encourage patients to adhere to treatment
recommendations in order to increase the effectiveness of orthodontic treatment with
removable appliances.

(4) Microsensors are a valuable tool that allows for the verification of previously con-
ducted research and the conclusions resulting therefrom but also for carrying out
research that was once impossible, which is of key importance for the development of
orthodontics in the future.
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Abstract

Purpose The objective of this study was to investigate how daily wear time (DWT) influences class II malocclusion
treatment efficiency.

Materials and methods The study group consisted of 55 patients (mean age 10.4 years) diagnosed with a class II/1
malocclusion. Twin block appliances, with built-in Theramon® microsensors (MC Technology, Hargelsberg, Austria) to
monitor patients’ cooperation (daily wear time assessment), were used for treatment. Cephalograms were taken and the
following initial and final measurements were compared: Co-Gn, Co-Go, Co-Olp, Pg-Olp, WITS, SNA, SNB, ANB,
Co-Go-Me, overjet, molar and canine relationships. The Shapiro—Wilk test, Wilcoxon signed-rank test, Student’s t-test,
Levene’s test, Mann—Whitney U test, Kruskal-Wallis test, > test, and Spearman’s rank correlation coefficient with p<0.05
set as the statistical significance level were used to determine the correlation of the outcomes with DWT; a ROC (receiver
operating characteristic) curve was calculated to illustrate diagnostic ability of the binary classifier system.

Results DWT was very highly positively correlated with change of the Pg-Olp parameter and highly with an improvement
in the ANB, SNA, and SNB angles, an increase in the WITS parameter and an increase in Co-Gn distance. DWTs<7.5h
correlated with significantly less improvement of the investigated variables. However, DWT>7.5h did not significantly
correlate with the improvement of the overjet and most of the linear parameters in the mandible. The ROC curve and its
AUC (area under curve) allowed the determination of a DWT of 7h and 48min to be capable of establishing a class I
relationship with 83% probability.

Conclusions Class II treatment efficiency was influenced by DWT; an 8h threshold value had an 83% probability of
establishing a class I relationship.

Keywords Functional treatment - Angle class II malocclusion - Overjet - Treatment adherence and compliance -
Microsensors

Availability of data and material All obtained data (i.e., plaster
models, cephalometric x-rays) and measurement are stored at
the Department of Orthodontics and Dentofacial Orthopedics of
Wroclaw Medical University (Poland).
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Ist die tagliche Tragedauer des Twin-Blocks ein zuverldssiger Pradiktor fiir die Effizienz einer
Klasse-ll-Behandlung?

Zusammenfassung

Zielsetzung Ziel dieser Studie war es zu untersuchen, wie die tigliche Tragezeit (DWT) die Effizienz der Behandlung
von Klasse-II-Malokklusionen beeinflusst.

Materialien und Methoden Die Studiengruppe bestand aus 55 Patienten (Durchschnittsalter 10,4 Jahre), bei denen ei-
ne Klasse-II/1-Malokklusion diagnostiziert wurde. Fiir die Behandlung wurden Twin-Block-Apparaturen mit eingebau-
ten Theramon®-Mikrosensoren (MC Technology, Hargelsberg, Osterreich) zur Uberwachung der Mitarbeit der Patienten
(tagliche Tragezeitbewertung) verwendet. Es wurden Kephalogramme aufgenommen und die folgenden Anfangs- und
Endmessungen verglichen: Co-Gn, Co-Go, Co-Olp, Pg-Olp, WITS, SNA, SNB, ANB, Co-Go-Me, Overjet, Molaren- und
Eckzahnbeziehungen. Der Shapiro-Wilk-Test, der Wilcoxon-Vorzeichen-Rang-Test, der Student-t-Test, der Levene-Test,
der Mann-Whitney-U-Test, der Kruskal-Wallis-Test, der y>-Test und der Rangkorrelationskoeffizient nach Spearman mit
p<0.05 als statistisches Signifikanzniveau wurden verwendet, um die Korrelation der Ergebnisse mit der DWT zu bestim-
men; eine ROC(,receiver operating characteristic*)-Kurve wurde berechnet, um die diagnostische Fihigkeit des binidren
Klassifizierungssystems zu veranschaulichen.

Ergebnisse Die DWT korrelierte sehr stark positiv mit der Veridnderung des Pg-Olp-Parameters, hoch mit einer Ver-
besserung der ANB-, SNA- und SNB-Winkel, mit einer Erhohung des WITS-Parameters und mit einer Erh6hung des
Co-Gn-Abstands. DWTs< 7.5h korrelierten mit deutlich weniger Verbesserung der untersuchten Variablen. DWTs>7.5h
korrelierten jedoch nicht signifikant mit der Verbesserung des Overjet und der meisten linearen Parameter im Unterkiefer.
Mithilfe der ROC-Kurve und ihrer AUC (,,area under curve®) konnte bei einer DWT von 7 h und 48 min mit 83%iger
Wahrscheinlichkeit ein Zusammenhang der Klasse I festgestellt werden.

Schlussfolgerungen Die Effizienz der Klasse-II-Behandlung wurde durch die DWT beeinflusst; ein Schwellenwert von 8
h war mit 83%iger Wahrscheinlichkeit in der Lage, eine Klasse-I-Beziehung zu etablieren.

Schliisselworter Funktionelle Behandlung - Angle-Klasse-1I-Malokklusion - Overjet - Behandlungsadhirenz und
Compliance - Mikrosensoren

Introduction The Theramon® System (MC Technology, Hargelsberg,
Austria) overcame the first difficulty. This system consists

Class II malocclusion is one of the most common abnormal-  of temperature-sensitive microsensors built into the appli-

ities, occurring in approximately 19% of the world popu-
lation. In patients belonging to the Caucasian race, it is
estimated that a class II malocclusion is present in up to
23% in permanent dentition and 26% in mixed dentition
[2, 14, 28]. In cases where the etiology of malocclusion
lies in abnormal maxillary and/or mandibular growth, its
direction and rate may be modified by functional treatment
[5, 12, 24]. Unfortunately, the effectiveness of such treat-
ment is still debatable, and the results of studies examining
this issue are often contradictory [7, 10, 15-17, 19, 21,
29, 31]. Regardless of this controversy, many authors be-
lieve that one of the factors responsible for improving the
skeletal pattern is the daily wear time (DWT) of removable
appliances [18, 26]. Until recently, there were two major
drawbacks:

e No objective methods have been described to control
DWT.

e Its value recommended for treating a malocclusion was
determined based on observations rather than evidence-
based research.

@ Springer

ance, having no effect on sensations when individuals are
wearing the appliance; these appliances are also resistant to
manipulation by the patient, making it possible to identify
such behavior and estimate the wear time with an accuracy
of 15min [27]. Microsensors have provided evidence that
patients wear their functional appliances for a shorter time
than the recommended 12-14h a day [1, 25, 26]. Never-
theless, the question of what DWT threshold value allows
for effective functional treatment remains unsettled. This
is particularly important in terms of common malocclusion
treatment, which is paid for by public funds provided that
removable appliances are used, despite their theoretically
lower effectiveness. Therefore, this study aims to objec-
tively determine whether and to what extent the functional
treatment of class II malocclusion with removable appli-
ances depends on the DWT and whether there is a threshold
value of the DWT required for this treatment to be effective.
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Materials and methods

Prior to beginning the investigation, the study obtained

Bioethics Committee approval No. KB-322/2014 (Bioethics

Committee of Wroclaw Medical University, Poland).
Inclusion criteria for the study were

o Mixed dentition,

o Cervical vertebral maturation at the CVMS2 (CVMS:
cervical vertebral maturation stage),

e Mild or moderate skeletal class II malocclusions
(4.5°< ANB < 8.0,

e Full dental class II,

o Lack of features of an open bite (ML/NL=20.0°+7.0°),

o No history of prior orthodontic treatment.

Exclusion criteria for the study were

o Lack of consent to participate in the study or to be treated
with a removable appliance,

o Cervical vertebral maturation at a stage higher than
CVMS2,

o Congenital disabilities of the craniofacial region,

e Contraindications to functional treatment—protrusion of
the mandibular incisors (ML:L1> 101°).

Out of 116 individuals, we excluded 47 children. Thus,
69 patients qualified for treatment with the Twin Block ap-
pliance (Fig. 1). All patients and their parents/guardians
were informed about the objective of the study. All parents/
guardians signed an informed assent form for their chil-
dren’s participation in the study.

A single clinician evaluated the patients’ CVMS based
on the initial lateral cephalograms. At the beginning of
treatment (T1), overjet and the following values of cephalo-
metric parameters (Fig. 2) were registered:

SNA (°)

SNB (°)

ANB (°)
Co-Go-Me (°)
WITS (mm)
Co-Gn (mm)
Co-Go (mm)
Co-Olp (mm)
Pg-Olp (mm)

Fig.1 Flowchart of the study

material allocation Initial enrollment

Abb.1 Flussdiagramm zur Ver-
teilung des in der Studie ver-

Children with class Il and mixed

wendeten Materials dentition
n=116
Excluded due to:
¢ ML/NL>27.0°(n=17)
¢ Proclined lower incisors
L1:ML>101°(n=5)
e CVMS<Il & CVMS>II (n =23)
e Refused participation (n = 2)
e Abandonmentof follow-up visits
(n=14)
n=61
Study group
n=55
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Fig.2 Cephalometric points assessed in the study. S Sella, N Nasion,
A Subspinale, B Supramentale, Pg Pogonion, Gn Gnation, Go Gonion,
Co Condylion, OL functional occlusal line, OLp line drawn through
Sella, which is perpendicular to occlusal line, Co-Olp distance between
Condylion and OLp line, Pg-Olp distance between Pogonion and OLp
line

Abb.2 Fiir die Studie ermittelte kephalometrische Punkte: S Sella,
N Nasion, A Subspinale, B Supramentale, Pg Pogonion, Gn Gnation,
Go Gonion, Co Condylion, OL funktionelle Okklusionsebene, OLp Li-
nie durch den Punkt Sella, senkrecht zur Okklusionsebene, Co-Olp Ab-
stand zwischen Condylion und OLp-Linie, Pg-Olp Abstand zwischen
Pogonion und OLp-Linie

Table 1 Characteristics of the control groups
Tab.1 Charakteristika der Kontrollgruppen

All patients received conventional Twin Block appli-
ances with passive labial arches. The construction bite
secured forward posturing of the mandible to achieve
a class I molar relationship, as well as vertical disorien-
tation of 4-6mm measured between the molars. Every
appliance was equipped with a built-in Theramon® mi-
crosensor. The patients and their parents/guardians were
instructed that the appliance should be worn at least 8-10h
at night and 2-4h during the day, i.e., 12-14h per day.
During follow-up visits, every 4-6 weeks, the data col-
lected by each sensor were read by a Theramon® reader
connected to a personal computer via a USB device. Treat-
ment lasted 18 months (x1 month). At that moment (T2),
the mean value of the DWT was calculated for each patient,
as were both the overjet and the cephalometric parameters
posttreatment. The clinician took all measurements twice,
at a 2-week interval, with the mean of both values being
analyzed. The presence or lack of class I canine and mo-
lar relationships were recorded for all patients. A total of
14 patients missed their follow-up visits. Eventually, the
study group comprised 55 Caucasian patients, 26 boys and
29 girls aged 9.4-11.4 years (mean 10.4 years), whose
records underwent statistical analysis.

Because nontreatment of patients with a high index of
orthodontic treatment need (IOTN) value seemed to be pro-
hibited by ethical reasons, this study used control groups
reported in other papers [3, 4, 6, 9], with similar eligibility
criteria (Table 1).

Statistical analysis

The calculations were performed in Statistica for Win-
dows 10. The following statistical tests were used to
compare data from T1 and T2 periods: Shapiro—Wilk test,
Wilcoxon signed-rank test, Student’s t-test, Levene’s test,
Mann—Whitney U test, Kruskal-Wallis test, x> test, and

Ghislanzoni et al. Cozza et al. [6]

[9]

Baccetti et al.

(3]

Baysal and Uysal [4]

n=14 n=17 n=30
Class 11 ANB =4° Overjet>5mm
CvS 1 Angle class 11 Angle class 11

CVMS I ANB>5°

SNB <78°

7 girls and Female and male 15 girls and 15 boys
7 boys sex
Mean age: - 9-11 years (mean age:
13 years 10)
7 months

n=20

ANB > 4°

SNB <78°

Overjet=5mm

SN-GoGn=32°+6°

Angle class II

Patients with fourth (S and H2) or fifth (MP3cap, PP1cap, Rcap) epiphy-
seal stages on hand—wrist radiograph

9 girls and 11 boys

Mean age: 12.17 years

CVMS cervical vertebral maturation stage
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Table 2 Descriptive statistics of the variables
Tab.2 Deskriptive Statistik der Variablen

Variable Tl 1
Min Max Mean SD Min Max Mean SD

Overjet 6.70 10.30 8.19 0.93 2.80 14.00 7.01 3.26
Co-Gn (mm) 107.20 112.40 109.39 1.21 111.00 119.30 114.42 1.90
Co-Go (mm) 55.40 59.10 57.15 0.94 57.00 62.40 59.78 1.13
Co-Olp 9.60 14.90 11.69 1.24 8.50 19.10 12.67 2.47
Pg-Olp 74.80 90.80 82.75 4.70 75.80 95.90 86.63 5.02
WITS appraisal (mm) 4.40 6.80 5.35 0.54 -0.40 7.80 4.13 2.25
SNA (°) 77.20 81.10 79.62 0.87 76.10 81.40 79.27 1.05
SNB (°) 72.40 75.40 73.96 0.75 72.00 77.80 75.23 1.53
ANB (°) 4.20 6.90 5.68 0.60 0.60 7.40 4.06 1.91
Co-Go-Me (°) 122.00 129.00 125.31 1.70 121.10 131.00 125.85 2.27
DWT (h) - 1.40 21.90 7.60 3.12

SD standard deviation, min minimum, max maximum, DWT daily wear time

Table 3 Statistical analysis of the variable changes achieved within
T1-T2 period

Tab.3 Statistische Analyse der erreichten Variablendnderungen inner-
halb des Zeitraums T1-T2

Variable Mean SD Test P
Overjet -1.18 3.28 w 0.016410
Co-Gn (mm) 5.03 1.61 S 0.000000
Co-Go (mm) 2.63 0.49 S 0.000000
Co-Olp 0.99 1.24 w 0.000001
Pg-Olp 3.89 1.81 w 0.000000
WITS appraisal -1.21 2.24 S 0.000178
(mm)

SNA (°) -0.35 0.45 S 0.000001
SNB (°) 1.27 1.21 S 0.000000
ANB (°) -1.62 1.61 w 0.000000
Co-Go-Me (°) 0.54 1.58 W 0.024900

W Wilcoxon test, S Student’s t-test, SD standard deviation

Table4 Analysis of correlation between the variable changes and the
DWT

Tab.4 Analyse der Korrelation zwischen Verdnderungen der Vari-
ablen und DWT

Variable Spearman’s correlation test
n r p

Overjet 55 -0.408014 0.001987
Co-Gn (mm) 55 0.736825 0.000000
Co-Go (mm) 55 0.556505 0.000010
Co-Olp 55 0.584264 0.000003
Pg-Olp 55 0.848208 0.000000
WITS appraisal (mm) 55 —0.694642 0.000000
SNA (°) 55 -0.706521 0.000000
SNB (°) 55 0.737044 0.000000
ANB (°) 55 -0.768877 0.000000
Co-Go-Me (°) 55 0.850272 0.000000
DWT daily wear time

Spearman’s rank correlation coefficient; p<0.05 indicated
the statistical significance level. Finally, a ROC (receiver
operating characteristic) curve was drawn.

Results

The mean daily wear time was 7.60+3.12h/24 h. Statistics
describing the DWT and range of changes obtained in the
period from T1 to T2 are presented in Table 2. The mean
values of overjet and all cephalometric parameters changed
significantly (p<0.05; Table 3). Namely, there was a re-
duction in overjet and WITS parameter. A decrease in SNA
and ANB angles and an increase in all linear measurements
and in the SNB angle were observed.

A statistically significant correlation of all the examined
variables with the DWT was demonstrated. This correla-
tion was very high and positive for the parameter Pg-Olp.
A longer DWT had a high correlation with an improvement
in the angles ANB, SNA, SNB and with the WITS param-
eter; a longer DWT also demonstrated a high correlation
with an increase in the Co-Gn distance and the Co-Go-Me
angle. The parameters Co-Go and Co-Olp as well as overjet
were moderately dependent on the DWT (Table 4).

The median DWT was 7.5h. Table 5 shows the results
of the comparative statistical analysis of changes in the val-
ues of overjet and cephalometric parameters from T1 to
T2 in patients wearing the appliance for a shorter or longer
time than the median DWT. A statistically significant, more
considerable improvement of all continuous variables was
demonstrated by patients adhering to a DWT>7.5 com-
pared to patients with a DWT <7.5h. The analysis did not
indicate that a DWT longer than the median affected the
improvement of the overjet and most of the linear changes
obtained in the mandible. While a DWT longer than 7.5h
showed a weak correlation with an increase in the dis-
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Table 5 Statistical analysis of the variable changes in relation to the DWT<7.5h and the DWT>7.5h
Tab.5 Statistische Analyse der Variableninderungen in Abhéngigkeit von DWT<7,5h und DWT>7,5h

Variable Group Descriptive statistics Mann—Whitney U test Spearman’s correlation test
Mean SD )4 r P
Overjet DWT<7.5h 0.44 1.85 0.001941 0.016 0.934
DWT>7.5h -2.87 3.61 -0.097 0.629
Co-Gn DWT<7.5h 3.97 1.33 0.000001 0.569 0.002
DWT>7.5h 6.14 1.06 0.367 0.059
Co-Go DWT<7.5h 2.44 0.54 0.000273 0.533 0.004
DWT>7.5h 2.84 0.33 -0.048 0.812
Co-Olp DWT<7.5h 0.31 0.71 0.000024 0.213 0.277
DWT>7.5h 1.69 1.28 0.262 0.186
Pg -Olp DWT<7.5h 2.60 1.10 0.000000 0.802 0.000
DWT>7.5h 5.22 1.38 0.495 0.009
WITS DWT<7.5h 0.24 1.27 0.000001 0.169 0.389
appraisal - pwTs75h 272 2.02 ~0.773 0.000002
SNA DWT<7.5h -0.07 0.32 0.000005 -0.541 0.003
DWT>7.5h -0.63 0.39 -0.421 0.028
SNB DWT<7.5h 0.48 0.92 0.000001 0.445 0.018
DWT>7.5h 2.08 0.89 0.474 0.013
ANB DWT<7.5h -0.55 1.10 0.000000 -0.461 0.013
DWT>7.5h 273 1.26 -0.495 0.009
Co-Go- DWT<7.5h -0.71 0.85 0.000000 - -
Me DWT>7.5h 1.83 1.01 - -

SD standard deviation, DWT daily wear time

Table 6 Comparison of the results in study and control groups
Tab.6 Vergleich der Ergebnisse in Studien- und Kontrollgruppen

Variable Study group (T1-T2) Baccetti et al. [3] Ghislanzoni Cozza Baysal and

DWT<7.5h DWT>7.5h Whole group etal. [9] et al. [6] Uysal [4]
Overjet 0.44 -2.87 -1.18 -0.12 0.1 -0.13 0.38
Co-Gn (mm) 3.97 6.14 5.03 - 4.9 3 3.83
Co-Go (mm) 243 2.84 2.63 1.25 3.1 - 1.98
Co-Olp 0.31 1.69 0.99 -0.20 - 0.8 0.75
Pg-Olp 2.6 5.22 3.89 0.90 - 2 2.12
WITS appraisal 0.24 -2.72 -1.21 - 0.3 - -
(mm)
SNA (°) -0.07 -0.63 -0.35 - 0.2 0.33 -
SNB (°) 0.48 2.08 1.27 - 0.4 0.17 -
ANB (°) -0.55 -2.73 -1.62 - -0.3 0.13 -
Co-Go-Me (°) -0.71 1.83 0.54 -1.32 (Ar-Go- -0.1 - -

Me)

DWT daily wear time

Table 7 Statistical analysis of success and failure of class II treatment in relation to the DWT, overjet, age and gender
Tab.7 Statistische Analyse von Erfolg bzw. Misserfolg der Klasse-II-Behandlung in Abhéngigkeit von DWT, Overjet, Alter und Geschlecht

Canine and DWT (h) Overjet (mean values) Age (mean values) Gender

molar relation- Mean SD  <7.5h >7.5h TI T2 T1 T2 Girls  Boys
ships at T2 W% W%

I 24 8.97 1.97 5/17.8 19/70.3 8.33 3.67 10.9 12.4 13 11

1T 31 6.54 3.45 23/82.2 8/29.6 8.08 9.59 10.8 12.39 16 15

)4 - 0.00024 0.0009 - - - - - -

SD standard deviation, DWT daily wear time
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ROC Curve

Youden Index = 0.60
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Fig.3 Receiver operating characteristic (ROC) curve. AUC=0.835,
SE=0.056; p>0.001
Abb. 3 ROC(,receiver operating characteristic”)-Kurve. AUC=0.835,
SE=0.056; p>0.001

tances Co-Gn, Co-Go, and Co-Olp, shortening the DWT
below the median demonstrated a moderate correlation with
these changes. A similar, moderate correlation of a longer
and shorter treatment time was found for the angular pa-
rameters, namely, SNA, SNB, and ANB. A DWT>7.5h
strongly influenced the reduction in the WITS parameter
(r=-0.77). In comparison, a significantly smaller increase
in the distance Pg-Olp showed a strong correlation with
a DWT<7.5h (r=0.802).

Changes of the parameters in the control groups were
comparable with those achieved by the patients with
aDWT<7.5h (Table 6). For the patients witha DWT>7.5h,
their values of linear parameters improved. However, this
improvement was not as significant as that of the angular
parameters, where the values increased fivefold (SNB) and
decreased fivefold (ANB and WITS).

After treatment, at T2, there was no patient with vary-
ing canine and molar relationships: Angle class II always
coexisted with the canine class II, so did class I. Over half
of the patients still demonstrated a full class II or cusp-
to-cusp relationship. The Mann—Whitney U test revealed
that the DWT was significantly (p <0.05) longer in patients
with established class I than in patients requiring further
treatment (Table 7). The y? test demonstrated that achiev-
ing a class I relationship was achieved significantly more
often in patients with a DWT>7.5h (p=0.0009, Table 7).

The calculated ROC curve (Fig. 3) made it possible to
determine the minimum DWT required to establish a class I
relationship. Since the area under the ROC curve equaled
0.835, it was determined that wearing the appliance for 7h
and 48 min a day provides an 83% probability of establish-
ing a class I relationship.

Discussion

Although the effectiveness of functional treatment of
class II malocclusion has been often analyzed by re-
searchers [5, 7, 10-13, 15-19, 21, 24, 29, 31], most of the
study results have been inconsistent, mainly due to compar-
ing fixed and removable functional appliances in terms of
the treatment effects [4, 16, 18, 21]. This demonstrates that
considering a control group is a major concern. Several
authors overcame this problem [3, 4, 6, 9]. Ghislanzoni
et al. [9] and Bacetti et al. [3] used data of untreated
class II patients in their pubertal growth spurt extracted
from the University of Michigan and Denver Child Growth
Studies. In turn, Baysal and Uysal [4] and Cozza et al. [6]
based their studies on skeletal maturity stages of class II
patients aged 9—11 years, whose parents/guardians declined
activator therapy. Such inclusion criteria were very similar
to ours; therefore, we referred to the control groups of
those authors. This approach is fully justified since expos-
ing young patients to additional radiology exams seems to
be ethically questionable in the absence of a decision on
treatment.

The data of those patients who did not complete our
study obviously could not be included in the analysis. How-
ever, it did not entitle us to assume patients’ poor compli-
ance a priori, since they could either migrate or experience
alteration of their treatment plan.

According to the meta-analysis by Ishaq et al. [11],
dentoalveolar change is the main therapeutic effect of func-
tional treatment, without pronounced effects on the skele-
ton, which is mainly determined by physiological growth.
Livieratos and Johnston [13] also undermined the effects
of functional therapy, stating that class II correction may
be temporary due to transitional mandibular advancement.
However, other authors proved that functional therapy
makes it possible to achieve a permanent change in the
mandibular growth direction and an increase in mandibular
length [10, 16]. This is in accordance with our outcomes,
especially with regard to sagittal changes. The increase in
the SNB angle in patients with a DWT>7.5h was as high
as 2.08°, which was a considerable improvement compared
to both the control groups and patients with a DWT<7.5h.
Similarly, Parekh et al. [22], who examined patients treated
with the Twin Block appliance, observed an increase in
the SNB angle by 1.47° and 1.54° for a DWT equaling
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8.78h and 12.38h, respectively. According to Wieslander
[30], such an increase in the SNB angle may be caused by
several factors, including both natural mandibular growth
and additional growth changes induced by functional ther-
apy for class II malocclusion. The results of our study
prove that it is, however, functional stimulation that leads
to successful treatment of class II malocclusions since
a DWT>7.5h significantly increased the SNB angle com-
pared to a DWT<7.5h, with the final effect of reducing
the ANB angle to 2.73° (Table 5).

Wieslander [30] reported that B-point advancement
could be attributed to a change in the position of the
condylar within the temporomandibular joint; Johnston et
al. [13] described these phenomena as a bodily functional
shift. The results of our study provided evidence that the
change in the position of the mandible is not merely the
result of functional advancement but also the result of an
increase in linear dimensions. We found that there is a con-
siderable (r=0.367) and significant (r=0.569) relationship
between increase in mandibular length, that is a Co-Gn
distance increase, and a DWT>7.5h and a DWT<7.5h,
respectively; this relationship confirms that improvements
in the growth pattern of the mandible resulted from the
functional treatment. Although increasing the DWT above
the median only caused a tendency (p=0.0569) for fur-
ther improvement in the Co-Gn parameter, a DWT=7.5h
must—in view of our results—be considered to be effective
in terms of mandibular elongation. This observation also
confirms the conclusion drawn by Parekh et al. [22].

We demonstrated a statistically significant (p <0.05) im-
provement in the SNA parameter in patients adhering to
a DWT>7.5h compared with patients with a DWT<7.5h.
This finding may theoretically support the so-called “head-
gear effect” that has been described by several authors [19,
20, 29] as the outcome of functional treatment. Neverthe-
less, since the reduction equaled only 0.63°, we treat the
statistical result with caution.

Regarding the vertical dimension of the mandible, our
results proved that the values Co-Go significantly varied be-
tween patient adhering to DWTs<7.5h and DWTs>7.5h.
Furthermore, a comparison of our results with the control
groups from the studies by Ghislanzoni et al. [9] and Baysal
and Uysal [4] revealed that DWTs> 7.5h led to an increased
vertical growth of ramus compared with the growth in un-
treated individuals. Franchi et al. [8] stated in their article

that patients with Co-Go-Me angles smaller than 125.5°
were more prone to functional treatment (better skeletal
and dental effects can be expected). To exclude an influ-
ence of this parameter on the final outcome in our study,
statistical analysis was performed (Table 8). No significant
difference could be found between the group with a final
class I relationship and the group with a class II relationship
regarding the initial gonial angle. The same conclusion was
drawn after analysis of the initial Co-Go-Me distribution in
the group with DWTs longer and shorter than 7.5h. More-
over, the mean values of gonial angles in each cohort were
quite similar. All this information entitled us to claim that
the Co-Go-Me angle was not a differentiating factor, which
could pose a bias on our results. However, a significant
correlation between the DWT and gonial angle change was
observed (r=0.85). Thus, a greater gonial angle increase
can be expected in patients wearing Twin Block for more
than 7.5h daily.

The aim of early functional treatment in a two-stage
therapy is to facilitate later treatment with a fixed appli-
ance [5]. If mechanical treatment starts in a patient with
an Angle class I instead of II, this limits anchorage re-
quirements, thus, facilitating this part of the therapy. In our
study, 24 patients finished their treatment with good oc-
clusal results, namely, reduced overjet, as well as molar
and canine class I (Table 7). Thirty-one patients required
further therapy with a fixed appliance, due to a full class II
or cusp-to-cusp molar relationship. Initial overjet values in
both groups were comparable. In Table 7, the distribution of
treatment success regarding gender and age is also demon-
strated. It can be clearly seen that neither gender nor age
had an impact on good occlusal correction in the treated
group. One patient, despite good compliance, ended his
treatment with 14 mm of overjet. The etiology of this phe-
nomenon can be either inherited or acquired. For example,
juvenile idiopathic arthritis often causes a poor response
to the functional stimuli provoked by the construction bite
[23]. Our paper demonstrates that the mean DWT required
to successfully treat class II malocclusion is 8.9h. How-
ever, the comparative analysis of the DWT results provides
evidence that a DWT>7.5h is already sufficient to correct
the malocclusion since this improvement occurs statistically
significantly more frequently than for patients adhering to
DWT < 7.5h. Moreover, analysis of the ROC curve revealed
that the cut-off value, from which a statistically significant

Table 8 Statistical analysis of initial Co-Go-Me mean values in relation to the success or failure of class II treatment and DWT
Tab.8 Statistische Analyse der Co-Go-Me-Mittelwerte zu Beginn in Bezug auf den Erfolg bzw. Misserfolg der Klasse-II-Behandlung und DWT

Canine and molar relationships at T2 Co-Go-Me (mean values in T1) DWT Co-Go-Me (mean values in T1)
I 125.08 <7.5h 125.31

I 125.48 >7.5h 125.29

P >0.05 p >0.05

DWT daily wear time
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improvement in skeletal and occlusal parameters was ob-
served, equaled 7.8 (approximately 8) hours. This is promis-
ing, especially because in our study, over half of the subjects
did not comply with the recommended DWT of 10-14h per
day, which confirmed previously published results [25, 26].
Furthermore, we found that the DWT threshold value of
7.5h, which, despite being almost half as low as the recom-
mended DWT, makes it possible to treat class II malocclu-
sions with a probability of more than 80% (Fig. 3). This is
proven by a statistically significant correlation of the DWT
with the changes of all measured parameters (Table 4), as
well as by a significant improvement of the investigated
cephalometric values in patients wearing the appliances for
more than 7.5h per day (Table 5). This is also demonstrated
by the fact that for DWTs< 7.5h, changes in angular mea-
surements were comparable to those observed in untreated
control groups from the studies by Ghislanzoni et al. [9] and
Cozza et al. [6]. Finding evidence that the recommended
DWT may be significantly shortened without compromis-
ing class II treatment efficiency is of major importance, as
functional therapy with removable devices still has many
advocates due to the reimbursement of such treatment costs
from public funds.

Conclusions

o The outcome of functional treatment of class II malocclu-
sions with removable appliances depended on the daily
wear time (DWT).

o The DWT threshold required to treat class II malocclu-
sions using the Twin Block appliance was 8h, which is
promising in terms of achieving good patient compliance.
In practice, the appliance may be worn only while sleep-
ing.

o The efficient treatment of class II malocclusions within
18 months occurred significantly more often when the
DWT was at least 7.5h. In other words, the Twin Block
appliance may be used as an inexpensive and effec-
tive therapeutic device, which may be paid for by public
funds provided that the patient is properly qualified based
on both his/her developmental age and cooperation.

e However, there were individuals who, regardless of their
skeletal configuration being conducive to functional
treatment and scrupulous adherence to the suggested
DWT, did not respond to the therapy; this fact requires
further investigation.
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Streszczenie

Leczenie klasy 11 jest jednym z najwazniejszych zadan wspoét-
czesnej ortodoncji, ale zdania na temat przewagi metody
jednoetapowej nad dwuetapowa sg podzielone. Cel. Celem
naszego badania byto poréwnanie skutecznosci leczenia
w odniesieniu do zmian parametréw zebowych i szkieleto-
wych wraz z uwzglednieniem czasu leczenia. Materiat
i metody. Do badania zebrano dane od 180 pacjentéw
(96 K, 84 M), ktorych w zaleznosci od fazy wzrostu leczono
metoda dwuetapowa, z wykorzystaniem aparatéw czynno-
$ciowych w pierwszym etapie i aparatéw statych w drugim

Abstract

Class II treatment is one of the most important tasks of
modern orthodontics, but opinions are di-vided on the ad-
vantage of the 1-stage over the 2-stage method. Aim. The
aim of our study was to compare the effectiveness of the
treatment with regard to changes in dental and skeletal pa-
rameters and taking into account the duration of treatment.
Material and methods. The data from 180 patients
(96F, 84M) were collected in the study. Depending on the
growth phase, the patients were treated with the 2-stage
method, with the use of functional appliances in stage 1 and
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etapie oraz metodg jednoetapowg, z wykorzystaniem apara-
tow statych i zakotwienia szkieletowego. U wszystkich pa-
cjentdw wyznaczono parametry zebowe i szkieletowe na
podstawie cefalograméw wykonanych przed rozpoczeciem
leczenia i po jego zakoniczeniu. Wyniki. Wykazano wystepo-
wanie istotnych statystycznie réznic wewnatrz- i miedzygru-
powych (p < 0,05). Leczenie dwuetapowe z wykorzystaniem
Twin-Blocka, w potaczeniu z HG w pierwszym etapie, w naj-
wiekszym stopniu poprawito parametry szkieletowe i zmniej-
szyto konieczno$c¢ zastosowania zakotwienia absolutnego
w drugim etapie; natomiast leczenie jednoetapowe z zako-
twieniem szkieletowym i ekstrakcjami drugich gérnych trzo-
nowcow pozwolito najszybciej wyleczy¢ wade zgryzu oraz
dato najlepsze efekty zebowe w postaci redukcji nagryzu po-
ziomego, a zatem najbardziej efektywnie poprawito usmiech.
Leczenie dwuetapowe pozwolito - w poréwnaniu z jedno-
etapowym - istotnie skrdci¢ czas leczenia aparatem statym.
Whioski. Reasumujac, przy podejmowaniu decyzji o leczeniu
jedno- lub dwuetapowym nalezy bra¢ pod uwage réwniez
oczekiwania pacjentow odnosnie checi poprawy ustawienia
samych zeb6w czy polepszenia catego profilu. (Nahajowski
M, Lis ], Kawala B, Sarul M. Skuteczno$¢ réznych proto-
kotow leczenia Klasy II: badanie retrospektywne. Forum
Ortod 2022; 18 (3): 127-43).
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Wstep

Klasa II to najczesciej spotykany problem ortodontyczny, wy-
stepujacy u blisko 19% populacji Swiatowej (1-3). Zazwyczaj
wigze sie ona z niewlasciwym wzrostem zuchwy i/lub szczeki,
co pozwala na rozpoczecie leczenia czynnosciowego i wyko-
rzystanie skoku wzrostowego (4-6). Wsrdd wielu stosowanych
w tym celu aparatéw szczegdlng popularnoscia cieszy sie aparat
Twin-Block, ze wzgledu na szybka akceptacje przez pacjentow
i bardzo zadowalajace efekty leczenia (7, 8). Wedtug niektd-
rych autoréw jeszcze lepsze efekty mozna uzyskac, dotaczajac
do aparatu czynnosciowego wyciag potyliczny, ktéry hamuje
ekstruzje gérnych trzonowcéw i przyczynia sie do anterioro-
tacji zuchwy (9, 10). Z drugiej strony, zdaniem niektérych au-
toréw wptyw leczenia aparatami czynnos$ciowymi na wzrost
jest nieistotny klinicznie, a zmiany majg charakter przede
wszystkim zebowo-wyrostkowy, co przemawia za leczeniem
jednoetapowym, zwykle z uzyciem aparatéw statych cienko-
tukowych (11-13). Za ta koncepcja posrednio przemawia fakt,
Ze leczenie czynnos$ciowe nie zapewnia idealnych warunkéow
okluzyjnych i po jego zakonczeniu zwykle konieczna jest kon-
tynuacja terapii za pomocg aparatéw statych.

FORUM
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fixed appliances in stage 2, and with the 1-stage method
with the use of fixed appliances and skeletal anchorage.
Dental and skeletal parameters were determined in all pa-
tients on the basis of cephalograms taken before and after
treatment. Results. There were statistically significant dif-
ferences within and between groups (p <.05). Two-stage
treatment with the use of Twin-Block in combination with
high-pull headgear in the first stage improved the skeletal
parameters to the greatest extent and reduced the need
for absolute anchorage in stage 2, while the one-stage treat-
ment with skeletal anchorage and extractions of the second
upper molars allowed the most time-efficient treatment
of the malocclusion. Compared to the 1-stage treatment,
the 2-stage treatment shortened the treatment time with
fixed appliances significantly. Conclusions. When decid-
ing on a 1-stage or 2-stage treatment, one should also take
into account the patients' expectations regarding the will-
ingness only to improve the alignment of the teeth or to
improve the entire profile. (Nahajowski M, Lis ], Kawala
B, Sarul M. Effectiveness of different protocols of Class
Il treatment: a retrospective study. Orthod Forum 2022;
18 (3) 127-43).
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Introduction

Class II is the most common orthodontic problem, occurring
in nearly 19% of the world's population (1-3). Usually, these
defects are associated with inadequate growth of the man-
dible and/or maxilla, which enables performing functional
treatment and taking advantage of growth spurt (4-6). Among
the many orthodontic appliances used for this purpose, the
Twin-Block appliance is particularly popular because patients
accept it quickly and treatment results are satisfactory (7,8).
According to some authors, even better results can be ob-
tained by attaching high-pull headgear to the functional ap-
pliances, which inhibits extrusion of the maxillary molars and
contributes to the anteriorotation of the mandible (9,10). On
the other hand, according to some authors, the effect of treat-
ment with functional appliances on growth is clinically insig-
nificant, and the changes are mainly of a dentoalveolar nature,
which suggests one-stage treatment, usually with fixed ap-
pliances (11-13). This concept is indirectly supported by the
fact that functional treatment does not provide ideal occlu-
sion and afterwards it is usually necessary to continue treat-
ment with fixed appliances.
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Effectiveness of different protocols of Class 1l treatment: a retrospective study

Zdania na temat przewagi jednej metody nad druga sa
podzielone - og6lnie uwaza sie, Ze czas leczenia metoda jed-
noetapowa jest kroétszy, jednak tego rodzaju procedura
wymaga zastosowania aparatéw statych od samego poczatku
terapii, co moze wigza¢ sie z dyskomfortem, zwtaszcza
u miodszych pacjentéw. Z kolei leczenie dwuetapowe ozna-
cza konieczno$¢ Scistej wspotpracy pacjenta podczas pierw-
szego etapu, kiedy stosuje sie aparaty wyjmowane. Istotng
korzyscia zwigzang z leczeniem dwuetapowym jest mozli-
wo$¢ wplywania na profil ze wzgledu na modyfikacje wzro-
stu za pomocg aparatéw czynnosciowych. Jest ono jednak
mozliwe tylko wtedy, gdy pacjenci zgtosza sie do poradni
w odpowiednim wieku. Po zakoniczeniu skoku wzrostowego
jedyna mozliwos$cia pozostaje kamuflaz ortodontyczny.

W wielu krajach leczenie za pomocg aparatéw wyjmowa-
nych jest refundowane, a w gabinetach prywatnych jest
nawet tansze od leczenia aparatami statymi. W zwiazku
z tym procedura dwuetapowa moze okazac sie korzystniej-
sza pod wzgledem ekonomicznym, jesli czas leczenia apa-
ratami statymi bedzie istotnie krétszy (14). Ponadto moze
to zmniejszac ryzyko wystapienia takich powiktan, jak proch-
nica, resorpcja korzeni lub komplikacje zwigzane ze stoso-
waniem miniimplantéw ortodontycznych (Temporary
Intraoral Skeletal Anchorage Devices, TISAD).

Cel

Gléwnym celem badania byto okreslenie skutecznosci le-
czenia wad dotylnych r6znymi metodami, zaréwno z wyko-
rzystaniem aparatow wyjmowanych, a nastepnie statych
(leczenie dwuetapowe), jak i z wykorzystaniem aparatow
statych i zakotwienia szkieletowego (leczenie jednoeta-
powe), z uwzglednieniem zmiany parametréw zebowych
i szkieletowych. A takze catkowitego czasu leczenia, w za-
leznosci od ptci i wieku pacjenta.

Materiatl i metody

Uzyskano zgode Komisji Bioetycznej przy Uniwersytecie
Medycznym we Wroctawiu nr KB-293/2007 oraz KB-
322/2014.

Projekt badania

Materiat badawczy stanowito 180 pacjentdw, ktorzy zgto-
sili sie do Poradni Ortodontycznej Uniwersytetu Medycz-
nego we Wroctawiu.

Kryteria wlaczenia byly nastepujace: pacjenci z Il klasa
szkieletowa z retrognacja zuchwy i profilem wypuktym, bez
choréb wspotistniejacych i zespotdw, nieleczeni wezesniej,
z wykorzystaniem ortodontycznych aparatéw wyjmowa-
nych. Do badania zakwalifikowano pacjentéw z wadami
pionowymi o $rednim nasileniu, jednak pacjenci ze znacz-
nym nasileniem dysproporcji pionowych (powyzej dwoch
odchylen standardowych od wartosci prawidtowych) zostali

FORUM

Opinions are divided on the superiority of one method
over the other - it is generally believed that the duration
of treatment with the one-stage method is shorter, but
this type of treatment requires fixed appliances from the
very beginning of the therapy, possibly causing discom-
fort, especially in younger patients. Two-stage treatment,
on the other hand, requires patient's compliance during
stage 1 in which removable appliances are used. An im-
portant benefit of the 2-stage treatment is the ability to
change the profile due to growth modification with func-
tional appliances. However, once the growth spurt is over,
the only option that remains is orthodontic camouflage.
In many countries, treatment with removable appliances
is reimbursed, and even in private orthodontic practices,
itis cheaper for the patient than the treatment with fixed
appliances; hence the two-stage treatment may be more
advantageous economically if the duration of the treat-
ment with fixed appliances is evidently shorter (14). Fur-
thermore, it may reduce the risk of complications such
as caries, root resorption or those associated with the
use of Temporary Intraoral Skeletal Anchorage Devices
(TISAD).

Aim

The main aim of this study was to determine the effective-
ness of the treatment of distocclusion with different meth-
ods, both with removable and then fixed appliances
(two-stage treatment) and with fixed appliances and skel-
etal anchorage (one-stage treatment), taking into account
the change in dental and skeletal parameters and the total
treatment duration, depending on the patient's gender
and maturity.

Material and methods

The approval of the Bioethics Committee No.KB-293 /2007
and KB-322/2014 (Bioethics Committee of Wroclaw Medi-
cal University) was obtained prior to the study.

Study design
The research material comprised 180 patients who reported
to the Orthodontic Clinic of Wroclaw Medical University.
The inclusion criteria were as follows: skeletal Class II
patients with mandibular retrognathia and convex profile,
without comorbidities or syndromes, who were not previ-
ously treated with removable orthodontic appliances. Pa-
tients with vertical defects of moderate severity were
eligible, but patients with significant vertical discrepancy
(more than 2 standard deviations from normal values) were
excluded from the study. The control group for the patients
undergoing the two-stage treatment consisted of patients
from control groups in other papers, whose data are pre-
sented in Table 1 (15-17).
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Tabela 1. Charakterystyka grup kontrolnych
Table 1. Characteristics of the control groups

M. Nahajowski et al.

Ghislanzoni i wsp. Cozza i wsp. Baysal i Uysal
Ghislanzoni et al. Cozza et al. Baysal and Uysal
n=17 n=30 n=20
ANB (9) >4 >5 >4
Klasa Angle’a 1 1
Angle Class
Nagryz p(?zmmy (mm) >5 s5
Overjet (mm)
SNB (9) >78 <78
CVMS 11 -

Ocena rentgenogramow
nadgarstka -
Hand-wrist rtg evaluation

Pte¢ (kobiety/mezczyzni)
Sex (female/male)

Wiek (w latach)
Age (years)

9-11 ($rednia = 10)
(mean =10)

Pacjenci wykazujacy 4. (S i H2)

lub 5. (MP3cap, PP1cap, Rcap) stadia dojrzatosci
Patients with fourth (S and H2)

or fifth (MP3cap, PP1cap, Rcap) epiphyseal stages

15/15 9/11

Srednia =12,17
Mean =12.17

wykluczeni z badania. Grupe kontrolng dla pacjentéw le-
czonych dwuetapowo stanowili pacjenci z grup kontrolnych
pozyskanych z innych artykutéw (15-17), ktérych dane ze-
stawiono w tabeli 1 (15-17).

Wszystkim pacjentom zakwalifikowanym do badania wy-
konano cefalogramy przed rozpoczeciem leczenia oraz po jego
zakonczeniu. Poréwnano na nich zmienne cefalometryczne
stosowane do opisu potozenia i wzajemnych relacji szczeki
i zuchwy, czyli: overjet (nagryz poziomy), wskaznik WITS, kat
SNA, kat SNB i kat ANB. W celu zmniejszenia prawdopodobien-
stwa przypadkowego wyniku fatszywie dodatniego liczbe
zmiennych ograniczono do tych najbardziej istotnych dla oceny
efektow leczenia. Wszystkie pomiary zostaty przeprowadzone
przez jednego badacza (MS) dwukrotnie, w odstepach dwuty-
godniowych. Wyznaczono wspoétczynnik zgodnosci wewnatrz-
klasowej (Intraclass Correlation Coefficient, ICC) w celu oceny
wiarygodnosci pomiaréw w czasie. Ostateczne wartosci para-
metréw okreslono przez wyciggniecie $redniej arytmetycznej
z uzyskanych pomiaréw. Zaslepienie badaczy oceniajacych
zebrane dane uzyskano, nie informujac ich o metodzie lecze-
nia stosowanej u kazdego pacjenta.

Z kart pacjentow wytoniono dane dotyczace wieku, ptci
i czasu leczenia kazdym z aparatéw (w miesigcach), z uwzgled-
nieniem czasu trwania dystalizacji en masse (w miesigcach).

Analiza statystyczna

Wszystkie dane zostaty wprowadzone do arkusza Excel.
Wykonano analize statystyczng w programie Statistica 13,
StatSoft, Krakéw, Poland. W celu sprawdzenia normalnosci
rozktadu danych wykonano testy Kolmogorova-Smirnova
oraz Shapiro-Wilka. Dane z rozktadu normalnego zostaty
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Tabela 2. Charakterystyka grup badanych ze wzgledu
na plec i wiek pacjentéow
Table 2. Group characteristics: sex distribution and age

Grupa Plec (procent) Sredni wiek przed
Group Gender (percentage) rozpoczeciem
leczenia (w latach)
Mean age before
treatment (years)
Mezczyzni: 45,1%
Kobiety: 54,9%
1 9,74+0,29
Men: 45.1%
Women: 54.9%
Mezczyzni: 42,2%
Kobiety: 57,8%
2 9,65+0,33
Men: 42.2%
Women: 57.8%
Mezczyzni: 51,4%
Kobiety: 48,6%
+
3 Men: 51.4% 21,03+1,21
Women: 48.6%
Mezczyzni: 52,6%
i . 0,
4 Kobiety: 47,4% 21,56+1,39

Men: 52.6%
Women: 47.4%

In all patients qualified for the study the cephalograms
were taken before and after treatment. The cephalometric
variables used to describe the position and interrelation-
ship of the maxilla and mandible, which included overjet
(O]), WITS, SNA angle, SNB angle and ANB angle, were com-
pared. To reduce the likelihood of random false positives,
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poréwnane z wykorzystaniem testu t-Studenta, natomiast
pozostate dane poréwnano za pomoca testow Tau-Kendalla,
Kruskalla-Wallisa i U-Manna-Whitneya. Poziom istotnosci
okreslono dla p < 0,05.

Wyniki

Poczatkowo pacjentéw podzielono zaleznie od tego, czy byli
przed skokiem wzrostowym, czy po jego zakonczeniu. Pa-
cjenci przed skokiem wzrostowym byli leczeni za pomoca
aparatu Twin-Block (TB) lub za pomocg TB, w potgczeniu
z wyciagiem zewnatrzustnym (headgearem, HG). Po zakon-
czeniu leczenia czynno$ciowego w tej grupie kontynuowano
leczenie za pomoca aparatéw statych. Sposrod 105 dzieci,
ktore ukonczyty I faze, tylko dziewiecioro (piatka z grupy
TB + HG i czwdrka z grupy TB) uznano za niewymagajace
dalszego leczenia. U tych pacjentéw czas leczenia w drugim
etapie okreslono jako rowny 0. Wszyscy pozostali pacjenci
kontynuowali leczenie aparatami statymi.

Pacjentow po zakonczeniu skoku wzrostowego leczono
za pomoca aparatow statych, dystalizujac zeby gorne, co
wymagato ekstrakcji wybranych zebéw trzonowych. Bez-
posrednio przed rozpoczeciem cofania zebéw w szczece,
czyli na etapie tuku stalowego o przekroju 0,016 x 0,022”,
usuwano zeby: albo 18 28, albo 17 i 27, a nastepnie prze-
prowadzano dystalizacje en masse z uzyciem zakotwienia
absolutnego, czyli TISAD. U wszystkich pacjentow wizyty
kontrolne odbywaty sie co miesiac.

U pieciu pacjentéw grupy 1. zaistniata koniecznos¢ eks-
trakcji: u czterech pacjentéw usunieto gérne pierwsze przed-
trzonowce, natomiast u jednego pacjenta zaré6wno gorne,
jaki dolne pierwsze przedtrzonowce. Z kolei leczenie dwoch
pacjentow z grupy 3. wymagato dodatkowo usuniecia zebow
14 i 24. Pacjenci grupy 2. i 4. nie wymagali dodatkowych
ekstrakcji. Wszystkich pacjentéw, u ktérych zaistniata ko-
nieczno$¢ usuwania zebow przedtrzonowych, wytaczono
z analizy catosciowe;.

Strategie terapeutyczna w kazdej z grup przedstawiono
na rycinie 1.

Leczenie - zaréwno jedno-, jak i dwuetapowe - ukon-
czyli wszyscy zakwalifikowani do badan; ich $Srednig wieku
wraz z udziatem procentowym ptci w czterech ocenianych
grupach zestawiono w tabeli 2. Jesli chodzi o parametry
zebowe i szkieletowe, wykazano wystepowanie istotnych
statystycznie réznic wewnatrz- i miedzygrupowych (Tab.
3). Wspo6tczynnik zgodnosci wewnatrzklasowej (ICC) wy-
ni6st 0.988, co $wiadczy o bardzo wysokiej wiarygodno-
$ci pomiarow.

Zmiany wszystkich parametrow w grupach leczonych
dwuetapowo (1 i 2) byty statystycznie istotne (p < 0,05),
w poréwnaniu do grupy kontrolnej (tab. 4). Zmiany wszyst-
kich parametréw podczas catego okresu leczenia w grupach
leczonych jednoetapowo (3 i 4) byly statystycznie istotne
w stosunku do wartos$ci poczatkowych (p < 0,05).

FORUM

the number of variables was limited to those most relevant
to the assessment of treatment effects. All measurements
were performed by 1 investigator (MS) twice at two-week
intervals. Intraclass correlation coefficient (ICC) was deter-
mined in order to assess the reliability of measurements
over time. The final parameter values were determined by
taking the arithmetic mean of the obtained measurements.
The outcomes assessors were blinded as they were not in-
formed about the treatment method used at each patient.

Data on age, gender and duration of treatment with each
appliance (in months), including the duration of the en
masse distalization (in months) was obtained from patient
charts.

Statistical analysis

All data were entered into an Excel sheet. Statistical analy-
sis was performed using Statistica 13, StatSoft, Krakow,
Poland. Kolmogorov-Smirnov and Shapiro-Wilk tests were
performed to check the normality of the data distribution.
Normally distributed data were compared with Student’s
t-test, whilst others were compared with Tau-Kendall test,
Kruskal-Wallis test and Mann-Whitney U-test. The level of
significance was set at p <.05.

Results

Initially, we divided the patients basing on whether they
were before or after their growth spurt. Patients before the
growth spurt were treated with the Twin-Block appliance
(TB) or with TB combined with headgear (HG). After the
completion of functional treatment in this group, treatment
with fixed appliances was continued. Of the 105 children
who completed phase 1, only 9 (5 in the TB+HG group and
4 in the TB group) were not considered to require further
treatment. In these patients, the duration of treatment in
the second stage was defined as 0. All other patients con-
tinued treatment with fixed appliances.

Patients after the growth spurt were treated with fixed
appliances by distalizing the maxillary teeth, which required
extraction of the molars interfering with this distal move-
ment. Immediately prior to the beginning of teeth retraction
in the maxilla, i.e. at the .016 x.022" stainless steel archwire
stage, either 18 and 28, or 17 and 27 were extracted, and
then the en masse distalization using absolute anchorage,
i.e. TISAD, was performed. Follow-up visits took place
monthly for all patients.

Five patients in group 1 required extractions: four pa-
tients had maxillary first premolars extracted and one pa-
tient had both maxillary and mandibular first premolars
extracted. The treatment of two patients in group 3 addi-
tionally required the extraction of teeth 14 and 24. Patients
from group 1 and group 4 did not require additional extrac-
tions. All patients who required the extraction of premolars
were excluded from the overall analysis.
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Spetnione kryteria wtgczenia
Met entry criteria
n =180

/

Pacjenci w wieku rozwojowym
Growing patients

n =105
Grupa 1’ (TB + aparat Grupa 2
staty) (TB+HG+aparat

Group 1’ (TB staty)
+ fixed appliance) Group 2 (TB+HG
n=55 + fixed appliance)

n =50

Pacjenci, u ktérych
przeprowadzono dodatkowe

ekstrakcje (wykluczeni z

dalszej analizy)
Patients with additional
extractions (excluded from
further analysis)
n=5

v

Grupa 1(TB +
aparat staty)
Group 1 (TB

+ fixed appliance)
n=50

\

Pacjenci dorosli
Adult patients
n =75
Grupa 3’ (ekstrakcja Grupa 4 (ekstrakeja
18,28 + aparat staty 17,27 + apparat
+ TISAD staty + TISAD
Group 3’ (extraction Group 4 (extraction
Of18 and 28 +fiX€d Of17 and 27 +fixed
appliance + TISAD) appliance + TISAD)
n=37 n=38
Pacjenci, u ktérych
przeprowadzono
——>
dodatkowe ekstrakcje
(wykluczeni z dalszej
v analizy)

Patients with additional
Grupa 3 (ekstrakcja extractions (excluded
18,28 + aparat staty from further analysis)
+ TISAD) n=2
Group 3 (extraction
of 18 and 28 + fixed
appliance + TISAD)
n=35

Rycina 1. Diagram kwalifikacji pacjentéw do grup badanych.

Figure 1. Chart depicting the study groups.

Wykazano, Ze nagryz poziomy poprawit sie najmniej po le-
czeniu dwuetapowym w grupie 1., a najbardziej - po leczeniu
jednoetapowym po ekstrakcji zebéw 17127, czyli w grupie 4.;
réznice byly istotne statystycznie (Ryc. 2). Parametr WITS naj-
bardziej poprawit sie po leczeniu dwuetapowym w grupie 2.,
czyli uzytkujacej headgear. W pozostatych grupach poprawa
ta byla znacznie mniejsza, a réznice - statystycznie istotne
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The therapeutic strategy for each group is presented in
Figure 1 (Fig. 1).

Both one-stage and two-stage treatments were completed
by all eligible patients; their mean age and the percentage
distribution of gender in the four analysed groups are pre-
sented in Table 2 (Tab. 2). Regarding dental and skeletal
parameters, statistically significant intra- and inter-group
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Variable: overjet_Change
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Rycina 2. Zmiana nagryzu poziomego w grupach badanych.

Figure 2. Overjet change in the study groups.

Variable: Wits.(mm)_Change
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Rycina 3. Zmiana parametru WITS w grupach badanych.

Figure 3. WITS change in the study groups.

(Ryc. 3). Kat SNA ulegt najmniejszej poprawie po leczeniu dwu-
etapowym w grupie 1., podczas gdy w pozostatych grupach
poprawa ta byla istotnie statystycznie wieksza (Ryc. 4). Kat
SNB poprawit sie bardziej po leczeniu dwuetapowym (zaréwno
w grupie 1.1 2.) niZ jednoetapowym (grupa 3.1 4.), a réznice
byly istotne statystycznie (Ryc. 5). Kat ANB ulegl najwiek-
szej poprawie po leczeniu dwuetapowym w grupie 2.,
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differences are shown (Tab.3). The intra-class correlation
coefficient (ICC) was 0.988, which proves the very high re-
liability of the measurements taken.

Changes in all parameters in the two-stage treatment
groups (1 and 2) were statistically significant (p <.05) com-
pared to the control group (Tab. 4). Changes in all param-
eters during the entire treatment period in the two-stage

ORTHODONTIC

ORTODONTYCZNE

133

FORUM
60



Badania kliniczne / Clinical research

M. Nahajowski et al.

Variable: SNA.(*)_Change
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Rycina 4. Zmiana kata SNA w grupach badanych.
Figure 4. SNA change in the study groups.
Variable: SNB.(*)_Change
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Rycina 5. Zmiana kata SNB w grupach badanych.
Figure 5. SNB change in the study groups.

natomiast w pozostatych grupach poprawa byta znacznie
mniejsza, a roznice - statystycznie istotne (Ryc. 6). Zmiany
parametréw nie byly silnie skorelowane z ptcig i wiekiem
pacjentéw (p > 0,05).

Jesli chodzi o taczny czas leczenia kazda z metod, to byt on
istotnie rézny. Najszybciej zakonczono leczenie w grupie 4.
(Tab. 5, Ryc. 7). Czas leczenia byt niezalezny od ptci pacjen-
tow (p > 0,05). Wykazano ponadto, ze w grupach 1.i 2., gdzie
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treatment groups (3 and 4) were statistically significant
compared to the initial values (p <.05).

It was shown that overjet improved the least after the
two-stage treatment in group 1 and the most after the two-
stage treatment that followed the extraction of teeth 17 and
27,i.e.in group 4; the differences were statistically signifi-
cant (Fig. 2). The WITS parameter improved the most after
the two-stage treatment in group 2, i.e. the group using

ORTHODONTIC

ORTODONTYCZNE

134

FORUM
61



Badania kliniczne / Clinical research

Effectiveness of different protocols of Class 1l treatment: a retrospective study

Variable: ANB.(°)_Change
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Rycina 6. Zmiana kata ANB w grupach badanych.
Figure 6. ANB change in the study groups.
Variable: treatment time
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Rycina 7. Caltkowity czas leczenia w grupach badanych.

Figure 7. Full treatment time in the study groups.

zastosowano Twin-Block, czas leczenia aparatem statym
jest istotnie krétszy niz w przypadku metod jednoetapo-
wych (Ryc. 8).

W grupie leczonej dwuetapowo z wykorzystaniem apa-
ratu Twin-Block az u 18 pacjentéw (35% sposrod pacjen-
téw zakwalifikowanych do drugiej fazy) konieczne byto
wykorzystanie TISAD w szczece podczas drugiej fazy lecze-
nia. Z kolei w grupie leczonej z wykorzystaniem aparatu
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headgear. In the other groups, that improvement was much
more limited and the differences were statistically signifi-
cant (Fig. 3). The SNA angle improved the least after the
two-stage treatment in group 1. In the other groups, that
improvement was evidently greater and the differences
were statistically significant (Fig. 4). The SNB angle improved
more after the two-stage treatment (both in group 1 and 2)
than the one-stage treatment (groups 3 and 4), and the
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Variable: treatment time with fixed appliance
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Rycina 8. Poréwnanie Sredniego czasu leczenia aparatami stalymi przy protokole 1-etapowym i 2-etapowym.

Figure 8. Comparison of mean time of wearing fixed appliance in one-stage and two-stage treatment.

Twin-Block, w potgczeniu z headgearem w pierwszym etapie,
TISAD okazaty sie niezbedne tylko u o$miu pacjentéw (18%
sposrod pacjentéw zakwalifikowanych do drugiej fazy). Sta-
nowi to réznice istotng statystycznie.

Dyskusja

Jezeli chodzi o metodologie badan, to chociaz historyczne
grupy kontrolne cechuja sie pewnymi ograniczeniami, mu-
sieliSmy je wykorzystac ze wzgledu na to, ze dtugotermi-
nowa obserwacja pacjentdw rosnacych z klasg I, a wiec
z zaburzeniem o ztozonej etiologii, pozostawiona bez lecze-
nia, bytaby nieetyczna (18).

Ghislanzoni i wsp. wykorzystali dane nieleczonych pa-
cjentow w wieku rozwojowym z wada klasy II, pochodzace
z University of Michigan (17). Z kolei Baysal i Uysal oraz
Cozza i wsp. badali stadia dojrzatosci szkieletowej pacjen-
tow z wada klasy I w wieku 9-11 lat, ktérych rodzice/opie-
kunowie odmoéwili terapii aktywatorami (15-16). Takie
kryteria wtgczenia byty bardzo podobne do zastosowanych
w naszym badaniu, dlatego wykorzystaliSmy dane z grup
kontrolnych tych autoréw.

Do powstania wady klasy Il moze doj$¢ w wyniku pota-
czenia zmian szkieletowych, zebodotowych i tkanek miek-
kich. Jednak, jak donosza Franchi i wsp., u wiekszosci
pacjentow wystepuje niedorozwoéj zuchwy w wymiarze
przednio-tylnym (19-20). Dlatego wsrdd réznych strategii
terapeutycznych stosowanych u pacjentéw z klasa Il aparat
czynno$ciowy wydaje sie by¢ idealnym sposobem leczenia
0s6b rosnacych.
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differences were statistically significant (Fig. 5). The ANB
angle improved the most after the two-stage treatment in
group 2. In the other groups, the improvement was much
smaller and the differences were statistically significant
(Fig. 6). Changes in parameters were not strongly correlated
with gender and the patients’ age (p > .05).

The total duration of treatment differed significantly for
each method. The treatment was completed most quickly
in group 4 (Tab. 5, Fig. 7). Treatment duration was inde-
pendent of patients' gender (p > .05). It was also shown
thatin groups 1 and 2, in which Twin-Block was used, the
duration of treatment with fixed appliances was signifi-
cantly shorter than in the case of the one-stage methods
(Fig. 8).

In the two-stage Twin-Block treatment group, up to 18
patients (35% of the patients qualified for the second stage)
needed to use TISAD in the maxilla during the second stage
of treatment, whereas in the group treated with Twin-Block
in combination with headgear in the first stage, TISADs
proved to be necessary in only 8 patients (18% of the pa-
tients qualified for the second stage). It is a statistically sig-
nificant difference.

Discussion

Regarding the methodology of the study, although the his-
torical control groups have some limitations, the authors of
this paper were forced to use them because the long-term
observation of growing patients with Class II, a disorder with
complex aetiology, left untreated would be unethical (18).
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Tabela 3. Zmienne cefalometryczne - statystyka opisowa

Table 3. Cephalometric variables - descriptive statistics

Zmienna Nagryz poziomy
G falomet
rupa ce’alometryczna (mm) WITS (mm) SNA (o) SNB (0) ANB (0)
Group Cephalometric
0] (mm)
parameter
Przed leczeniem 8,16+0,93 5,33+0,54 79,60+0,85 73,95+0,75 5,67+0,60
Before tx
1 Po leczeniu 3,37+0,74 4124225 79,25+1,04 75,64+1,29 3,93+1,91
After tx
Réznica -4,79+1,20; 1,21+-2,24; -0,35+-0,50; 1,69+-1,14; 1,74+-1,61;
Difference p1=0,0000 p1=0,0004 p1=0,0000 p1=0,0000 p1=0,0000
Przed leczeniem 8,07+0,93 5,33+0,75 80,10+0,79 74,05+0,88 6,04+0,43
Before tx
2 Po leczeniu 2,68+0,64 2,73+1,88 78,73+1,24 75,64+1,61 3,09+1,87
After tx
Réznica -5,38+1,28; -2,598+1,72; -1,37+0,96; 1,59+1,17; -2,96+1,68;
Difference p1=0,0000 p1=0,0000 p1=0,0000 p1=0,0000 p1=0,0000
Przed leczeni
rzed leczeniem 7,86+0,92 5,45+0,53 80,10+0,67 74,64+0,77 5,45+0,47
Before tx
Po leczeni
3 o leczemiu 2,27+0,72 4,26+0,86 79,09+0,90 74,94+0,89 4,15:0,67
After tx
Réznica -5,59+1,19; -1,19+0,71; -1,01+0,68; 0304052 -1,30+0,78;
Difference p1=0,0000 p1=0,0000 p1=0,0000 e p1=0,0000
Przed leczeni
rzed leczeniem 7,95+0,82 5,31+0,57 79,910,72 74,26+0,79 5,65+0,51
Before tx
4 Po leczeniu 2,09+0,65 3,99+0,98 78,89+1,24 74,57+0,94 4,32+1,22
After tx
Réznica -5,86+1,03; -1,31%0,89; -1,38+0,85; 0,32+0,53; -1,33+1,09;
Difference p1=0,0000 p1=0,0000 p1=0,0000 p1=0,0021 p1=0,0000
p2 0,0039 0,0001 0,0000 0,0000 0,0000

p1l: istotno$¢ statystyczna réznic migedzygrupowych; p2: istotnos¢ statystyczna réznic wewnatrzgrupowych

pl: inter-group statistical significance; p2: intra-group statistical significance

Niektorzy autorzy sugeruja, ze leczenie aparatem czyn-
nos$ciowym pobudza dodatkowy wzrost zuchwy. Takie le-
czenie ma kilka zalet, poniewaz moze zredukowac¢ nagryz
poziomy oraz poprawic profil pacjenta. Wptywa ono réow-
niez na samoocene pacjenta i pozwala zminimalizowac¢
ryzyko urazu gérnych siekaczy. A rzutujac na poprawe pa-
rametréw szkieletowych, utatwia pézniejsze leczenie za
pomoca aparatéw statych (11, 19, 21-23).

Kwestia optymalnego czasu rozpoczecia czynno$ciowego
leczenia ortopedycznego pacjentéw z Il klasg szkieletowa
jest sporna od wielu lat (21, 22, 24). Dyskusja dotyczy wieku
lub stadiéw uzebienia, takich jak p6zZne uzebienie mieszane
i wczesne uzebienie state. Wiekszos¢ badaczy uwaza, ze
okres skoku wzrostowego jest najwtasciwszym momentem
dla czynno$ciowego leczenia ortopedycznego prowadzo-
nego w celu modyfikacji wzrostu zuchwy (11, 23). Inni au-
torzy udowodnili, ze leczenie czynno$ciowe mozna
prowadzi¢ réwniez po zakonczeniu skoku wzrostowego,
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Ghislanzoni et al. used data of untreated class II patients
in their pubertal growth spurt extracted from the Univer-
sity of Michigan (17). In turn, Baysal and Uysal and Cozza
et al. based their studies on skeletal maturity stages of class
I patients aged 9-11 years, whose parents/guardians de-
clined activator therapy (15,16). Such inclusion criteria were
very similar to ours; therefore, we referred to the control
groups of those authors.

Class Il may occur due to a combination of skeletal, alveo-
lar and soft tissue lesions. However, as reported, mandibular
hypoplasia in the anteroposterior dimension occurs in most
patients (19,20). Therefore, among various therapeutic strat-
egies used for Class II patients, a functional appliance seems
to be the ideal treatment for growing individuals.

Some authors suggest that treatment with functional ap-
pliances stimulates additional mandibular growth. Such
treatment has several advantages as it can reduce overjet
and improve the patient's profile. It also helps improve the
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Tabela 4. Zmiany parametrow cefalometrycznych w grupach kontrolnych w poréwnaniu do zmian w grupach

badanych 1i 2

Table 4. Changes in cephalometric parameters in control groups compared to changes in study groups 1 and 2

Réznice miedzy zmiennymi

Variable changes
Ghislanzoni
Zmienna iwsp. Cozza i wsp. Baysal i Uysal Grupa 1 Grupa 2
Variable Ghislanzoni et al. Cozza et al. Baysal and Uysal Group 1 Group 2
Nagryz po.zwmy (mm) 01 013 0,38 -4,86+1,20 -5,38+1,28
Overjet (mm) p=0,0000 p=0,0000
-1,21+2,24 -2,598+1,72
WITS 0,3 -
(mm) p=0,0139 p=0,0000
-0,35+0,50 -1,37+0,96
SNA (°© 0,2 -
) p=0,0000 p=0,0000
1,60+1,14 1,59+1,17
SNB (° 0,4 -
© p=0,0003 p=0,0001
-1,62+1,61 -2,96+1,68
ANB (° -0,3 -
© p=0,0263 p=0,0000

Tabela 5. Czas leczenia - statystyka opisowa
Table 5. Treatment time - descriptive statistics

Sredni czas leczenia w I

Sredni czas leczenia w I1

Sredni czas leczenia

. Calkowity czas leczenia
z wykorzystaniem

Grupa etapie (w miesiqcz?ch) etapie (w miesiqca.lch] TISAD (w miesiacach) (w miesiqcach.)
Group Mean treatment time Mean treatment time i Full treatment time
stage I (months) stage II (months) Mean treatment time (months)
with TISAD (months)
13,31+2,44
1 (n=50) 18 13,82+5,24 (16 pacjentow) 31,76+5,37*
(16 patients)
12,38+1,1 j ¢
2 (n=50) 15 13,52+4,84 38+1,19 (8 pacjentow) 28,52+4,84*
(8 patients)
Nie dotyczy Nie dotyczy
= 22,37+1,29* 25,46+1,36*
3 (n=35) Not applicable Not applicable 37£1,29 546:1,36
4(n=38) Nie dotyczy Nie dotyczy 16,71£2,09* 21,79+1,47*
Not applicable Not applicable

*migdzygrupowa istotnos$¢ statystyczna; p < 0,00000
*inter group statistical significance; p <.00000

a pacjentéw z umiarkowanie nasilong retrogeniag mozna
leczy¢ bez operacji ortognatycznej (25, 26).

Wiele badan dowodzi, ze aparat czynnos$ciowy moze pro-
wadzi¢ do doprzedniej repozycji punktu B i pogonion, po-
wodujac wzrost kata SNB (27). Baysal i Uysal odnotowali
znaczny wzrost kata SNB po zastosowaniu aparatu Twin-
-Block (28). Khoja i wsp. réwniez stwierdzili wzrost kata
SNB o 1,56° a dodatkowo zaobserwowali przyrost dtugosci
zuchwy o 3,27 mm w ciggu 12 miesiecy (29). Ponadto stwier-
dzono wzrost dlugosci zuchwy (Co-Gn) w poréwnaniu
z grupa kontrolng (27, 30). Wyniki naszego badania sg zatem
zgodne z uzyskanymi we wczes$niejszych pracach.

Badania wykazaty réwniez, ze zmniejszenie kata SNA,
zwiekszenie kata SNB lub potaczenie obu tych zmian moze
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patient's self-esteem and minimizes the risk of injury to the
maxillary incisors. By improving skeletal parameters, it fa-
cilitates subsequent treatment with fixed appliances
(11,19,21-23).

The question of the optimal time to start functional or-
thopaedic treatment in patients with skeletal Class II has
been a matter of dispute for many years (21,22,24). The
discussion focused on the patient’s maturity or stages of
dentition, such as late mixed dentition and early permanent
dentition. Most researchers concluded that the growth spurt
period is the most appropriate time for functional ortho-
paedic treatment to modify mandibular growth (11,23).
Other authors have shown that functional treatment can
also be carried out in the post pubertal period, and patients
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skutkowac¢ zmniejszeniem kata ANB po terapii aparatem
Twin-Block. W jednym z badan u pacjentéw, ktérzy otrzy-
mali aparat Twin-Block odnotowano zmniejszenie kata ANB
0 1,8° (30). Takze Illing i wsp. zaobserwowali statystycznie
istotne zmniejszenie kata ANB (27). Podobnie jak w wyzej
wymienionych pracach, nasze wyniki wykazaty srednie
zmniejszenie kata ANB o 1,76° po zastosowaniu zmodyfi-
kowanej terapii aparatem Twin-Block, ktére zostato spo-
wodowane gtéwnie wzrostem kata SNB.

Warto podkresli¢, ze poprawa parametru SNB jest istotna
tylko przy leczeniu dwuetapowym, gdzie aparat czynno-
$ciowy stymuluje doprzedni wzrost zuchwy.

W przypadku leczenia jednoetapowego zmiana kata SNB
zawiera sie w granicach btedu statystycznego, zatem mozna
ja uznac za pomijalna.

W literaturze sg dowody, Ze rozciggniecie miesni i przy-
legtych tkanek miekkich cze$ci twarzowej czaszki powoduja
repozycjonowanie przesunietej do przodu zuchwy do jej
wyj$ciowego potozenia, co prowadzi do efektu reakcyjnego
hamujacego wzrost szczeki, znanego jako efekt headgeara
(19, 31). Kilka badan wykazato taki wtasnie wptyw aparatu
Twin-Block na szczeke. O’Brien i wsp. zaobserwowali, Ze
13% og6lnych zmian szkieletowych wynikato z hamujgcego
wzrost szczeki dziatania aparatu Twin-Block (8).

Warto podkresli¢, ze parametry szkieletowe, a zwtaszcza
ANB i WITS, poprawity sie najbardziej po leczeniu czynno-
$ciowo-ortopedycznym (grupa 2.), co wynika z dodatkowego
dziatania wyciagu potylicznego na szczeke powodujacego
zahamowanie jej wzrostu i cze$ciowq intruzje, a to z kolei
indukuje anteriorotacje zuchwy korzystng w przypadku
klasy II. Skuteczno$¢ takiego ztozonego leczenia zostata po-
twierdzona w innych badaniach (9, 10, 32, 33). Dowodzi jej
réwniez stopien ztozonosci leczenia w drugiej fazie - w grupie
trzeciej odsetek pacjentdw, ktérzy wymagali nastepowego
leczenia z wykorzystaniem TISAD byt istotnie nizszy, niz
w grupie leczonej wytacznie za pomoca aparatu Twin-Block.

Leczenie aparatami wyjmowanymi w pierwszym etapie
jest bezpieczniejsze pod wzgledem mozliwych powiktan,
w poréwnaniu do leczenia jednoetapowego aparatami sta-
tymi. U pacjentéw z nieprawidtows higieng znacznie zmniej-
sza sie ryzyko wystapienia prochnicy czy zapalenia dzigset,
co jest do$¢ czeste u mtodych pacjentéw leczonych aparatami
stalymi ze wzgledu na ich niska $wiadomos¢ potencjalnych
powiktan. Dzieci czesto nie sg przekonane o koniecznosci le-
czenia, co pogarsza wspotprace. A przeciez terapia w okresie
skoku wzrostowego ma niezaprzeczalne zalety, poniewaz
pozwala wykorzysta¢ wzrost pacjenta do wywotania oczeki-
wanych efektow szkieletowych, a to znacznie zwieksza sta-
bilno$¢ uzyskanych rezultatéw. W wielu krajach, m.in. w Polsce,
leczenie za pomocg aparatéw wyjmowanych jest refundo-
wane, w zwigzku z tym leczenie dwuetapowe moze okazaé
sie korzystniejsze pod wzgledem ekonomicznym (14).

Niektorzy autorzy wykazali, ze modyfikatory wzrostu
maja poczatkowo niewielki wptyw na wzrost zuchwy, ale
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with moderate retrogenia can be treated without orthog-
nathic surgery (25,26).

Many studies show that functional appliances can lead to
anterior repositioning of the B point and pogonion, causing
an increase in the SNB angle (27). Baysal and Uysal (28) re-
ported a significant increase in the SNB angle after using
the Twin-Block appliance. Khoja (29) also found a 1.56° in-
crease in the SNB angle, and also observed a 3.27 mm in-
crease in mandibular length after 12 months. In addition,
an increase in mandibular length (Co-Gn) was found com-
pared to the control group (27,30). The results of this study
are therefore consistent with those obtained in earlier papers.

Studies have also shown that a reduction in the SNA angle,
an increase in the SNB angle or a combination of both can result
in areduction in the ANB angle after treatment with the Twin-
Block appliance. In another study, a 1.8° reduction in the ANB
angle occurred in patients treated with the Twin-Block appli-
ance (30). Illing also observed a statistically significant reduc-
tion in the ANB angle (27). As in the aforementioned papers,
the results of this study showed a mean reduction in the ANB
angle of 1.76° after treatment with modified Twin-Block appli-
ance, mainly due to an increase in the SNB angle.

[t is worth noting that the improvement of the SNB pa-
rameter is only significant in the two-stage treatment, in
which the functional appliance stimulates anterior mandib-
ular growth. For the one-stage treatment, the change in the
SNB angle is within statistical error limits, so it can be con-
sidered negligible.

There is evidence in the literature that stretching the
muscles and adjacent soft tissues of the craniofacial region
repositions the forward-shifted mandible to its initial posi-
tion, leading to a reactionary effect that inhibits maxilla
growth, known as the headgear effect (19,31). Several stud-
ies pointed to this effect of the Twin-Block appliance on the
maxilla. O'Brien observed that 13% of the overall skeletal
changes were due to the growth-inhibiting effect of the Twin-
Block appliance on the maxilla (8).

It is worth emphasizing that skeletal parameters, espe-
cially ANB and WITS improved the most after functional
orthopaedic treatment (group 2), which is due to the addi-
tional effect of the high-pull headgear on the maxilla, caus-
ing inhibition of its growth and partial intrusion, in turn
inducing anteriorotation of the mandible, beneficial in Class
II treatment. The efficacy of this complex therapy was con-
firmed in other studies (9,10,32,33). It is also demonstrated
by the complexity of treatment in phase 2 - in group 3, the
percentage of patients who required follow-up treatment
with TISAD was significantly lower than in the group treated
only with Twin-Block.

Treatment with removable appliances in the 1st stage is
safer in terms of possible complications compared to the
one-stage treatment with fixed appliances. In patients with
poor hygiene, the risk of caries or gingivitis, which is quite
common in young patients treated with fixed appliances
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ostateczny rezultat u pacjentéw po drugiej fazie leczenia
aparatem stalym nie rézni sie od efektu uzyskanego u pa-
cjentéw leczonych wytacznie aparatami staltymi (34-36).
Pancherz i wsp. udowodnili, Ze terapia czynnosciowa wpty-
wata na wzrost zuchwy tylko podczas aktywnego leczenia,
po czym nastgpit powrét do pierwotnego wzorca wzrostu
(37). Czesc¢ autoréw uwaza z kolei, ze takie leczenie nie moze
zmieni¢ dtugosci zuchwy. Stwierdzaja oni, Ze najbardziej
znaczace efekty leczenia ograniczaja sie do zmian zebowo-
-wyrostkowych (13, 38, 39). Z kolei Keeling i wsp. stwier-
dzili, ze efekty szkieletowe po leczeniu ortopedycznym lub
czynnos$ciowym pozostajg stabilne, natomiast wady zebowe
ulegajg wznowie (40). Batista i wsp. wykazali brak dowo-
déw na jakiekolwiek korzysci leczenia dwufazowego, za
wyjatkiem zmniejszenia liczby urazéw wyrostka zebodoto-
wego u pacjentdw, ktorzy zostali poddani takiemu leczeniu
(41). W naszym badaniu wykazali$my, Ze leczenie dwueta-
powe w istotny sposdb skraca czas leczenia za pomoca apa-
ratow statych (druga faza), cho¢ stoi to w sprzecznosci
z rezultatami niektorych badan (34). Ponadto u dziewieciu
pacjentow (czworo z grupy 1.1 piecioro z grupy 2.) nie byto
konieczne leczenie aparatami statymi, a wiec zadowalajgce
efekty uzyskano wyltacznie dzieki terapii aparatami czyn-
nosciowymi.

Leczenie jednoetapowe jest najskuteczniejszg metodg le-
czenia wad klasy II, jednak daje gtéwnie poprawe parame-
trow zebowych. Jest to zgodne z uzyskanymi przez nas
rezultatami, gdyz nagryz poziomy ulegt najwiekszej reduk-
cji podczas leczenia za pomoca aparatéw statych oraz po
ekstrakcji zebow 17 i 27. Wykorzystanie TISAD umozliwia
catkowitg korekte wady na skutek dystalizacji gérnego tuku
zebowego, bez koniecznosci stosowania HG.

Ekstrakcja zebéw 17 i 27 znaczaco skraca czas leczenia ze
wzgledu na uzyskanie miejsca bezposrednio za zebami 161 26
oraz umozliwienie wyrzynania zebow 18 i 28, ktére w wiek-
szo$ci przypadkéw samoistnie ustawiajg sie prawidtowo w tuku
zebowym. Warto podkresli¢, ze ani razu nie spotkano powi-
ktania zwigzanego z wyrzynaniem zebéw 18 i 28, co dodat-
kowo przemawia za stosowaniem tej metody, zwtaszcza
w przypadkach czesciowego lub catkowitego zatrzymania tych
zebow ze wzgledu na brak miejsca w tuku. Postepowanie takie
eliminuje konieczno$¢ ich chirurgicznego usuwania w przy-
sztosci. U pacjentéw grupy 4. wykazano rowniez istotnie krot-
szg obecno$¢ TISAD w jamie ustnej, niezbedng do wyleczenia
wady zgryzu, co wigze sie zaréwno z mniejszym dyskomfor-
tem dla pacjenta podczas leczenia, jak i redukuje ryzyko powi-
ktan zwigzanych z zastosowaniem TISAD.

Warto zwroci¢ rOwniez uwage na istotng statystycznie
poprawe parametru SNA po leczeniu jednoetapowym, zwiasz-
cza w grupie 4. Wynika ona z miejscowej przebudowy kosci,
jaka powstaje w odpowiedzi na zmiane pozycji gérnych sie-
kaczy podczas dystalizacji. Zatem, mimo braku wptywu na
wzrost kosci, leczenie jednoetapowe moze w niewielkim
zakresie poprawi¢ profil pacjenta.
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due to their low awareness of potential complications, is
significantly reduced. Children are often unconvinced of the
need for treatment, which makes compliance worse, but
therapy during the growth spurt has undeniable advantages
because it allows the patient's growth to be used to produce
the expected skeletal effects, greatly increasing the stability
of the obtained results. In many countries, e.g. in Poland,
treatment with removable appliances is reimbursed from
the public funds, hence the two-stage treatment may be
more advantageous economically (14).

Some authors revealed that functional appliances initially
have little effect on mandibular growth, but the final result
in patients after the second phase of treatment with fixed
appliances does not differ from that obtained in patients
treated with fixed appliances alone (34-36). Pancherz dem-
onstrated that functional treatment affected mandibular
growth only during active treatment, after which the origi-
nal growth pattern returned (37). Some authors, on the
other hand, believe that such treatment cannot change the
length of the mandible. They conclude that the most signif-
icant treatment effects are limited to dentoalveolar changes
(13,38,39). In contrast, it was found that skeletal effects
after orthopaedic or functional treatment remain stable,
while dental problems relapse (40). Another study showed
no evidence of any benefit of the two-stage treatment, except
for a reduction in the number of alveolar traumas in patients
who received this treatment (41). We showed that the two-
stage treatment significantly reduces the duration of treat-
ment with fixed appliances (phase 2), although this
contradicts other results (34). Moreover, in 9 patients (4
from group 1 and 5 from group 2) treatment with fixed ap-
pliances was not necessary, so satisfactory results were ob-
tained with functional appliances only.

The one-stage treatment is the most effective treatment
for Class II, but it mainly improves dental parameters. This
conclusion is consistent with the results obtained in this
study, as the overjet was reduced most significantly upon
treatment with fixed appliances and after extraction of teeth
17 and 27. The use of TISAD enables a complete correction
of malocclusion due to distalization of the upper dental arch,
without the need for HG.

The extraction of teeth 17 and 27 shortens the treatment
duration significantly as it provides more space directly
behind teeth 16 and 26 and enables the eruption of teeth
18 and 28, which in most cases position themselves cor-
rectly in the dental arch. It is worth noting that no compli-
cation related to the eruption of teeth 18 and 28 was found,
which further supports the use of this method, especially in
cases of partial or complete impaction of these teeth due to
the lack of space in the dental arch. This procedure elimi-
nates the need for future surgical extraction of these teeth.
It was also demonstrated that patients from group 4 re-
quired a significantly shorter period of using TISAD to treat
the malocclusion, which results in less discomfort for the
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Ograniczenia

Retrospektywny charakter badania moze niekorzystnie
wplywaé na wiarygodnos$¢ wynikéw. Analizujac ryzyko
zwigzane ze stronniczos$cig wynikow (risk of bias), nalezy
wzig¢ pod uwage dwa problemy: réznice miedzy grupami
wynikajace z braku randomizacji oraz osobnicza zmiennos¢
poszczegoblnych pacjentéw. W naszym badaniu gtéwnym
kryterium wyboru leczenia czynno$ciowego lub mechanicz-
nego stanowito stadium wzrostu, natomiast przydziat do
grupy 1. lub 2. oraz 3. lub 4. byt catkowicie losowy. Duza
licznos¢ kazdej z czterech grup pozwala z kolei na wyelimi-
nowanie problemu zmiennosci osobniczej. Leczenie w kazdej
z grup byto prowadzone przez jednego ortodonte (MS).
Nalezy podkresli¢, ze wyniki badania odnosza sie tylko do
pacjentow, u ktorych nie wystepowaty choroby uktadowe
lub zespoty, a takze wady pionowe o znacznym nasileniu.

Whioski

1. Leczenie dwuetapowe z wykorzystaniem aparatu
Twin-Block, w potaczeniu z wyciggiem zewnatrzust-
nym w pierwszym etapie oraz aparatéw statych
w drugim etapie, daje najlepsze efekty szkieletowe,
bowiem powoduje najwieksza redukcje parametru
WITS i kata ANB.

2. Leczenie dwuetapowe z wykorzystaniem w pierw-
szym etapie aparatu Twin-Block, w potaczeniu z wy-
ciggiem zewnatrzustnym w poréwnaniu z samym
tylko aparatem Twin-Block, istotnie redukuje ko-
nieczno$¢ wykorzystania zakotwienia szkieletowego
podczas leczenia aparatami statymi w drugim etapie.

3. Leczenie jednoetapowe z zakotwieniem szkieleto-
wym oraz ekstrakcjami zeboéw 17 i 27 jest najszybsza
metoda leczenia wad klasy II oraz daje najlepsze
efekty zebowe w postaci najwiekszej redukcji na-
gryzu poziomego, a zatem najbardziej efektywnie
poprawia u$miech.

4. Leczenie dwuetapowe — w poréwnaniu z jednoeta-
powym - pozwala istotnie skrocic¢ czas leczenia apa-
ratem statym.

5. Decydujac o odroczeniu leczenia lub o leczeniu dwu-
etapowym nalezy zawsze bra¢ pod uwage potrzeby
pacjentéw: oczekiwania tylko poprawy ustawienia
zebow czy polepszenia catego profilu.
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patients during treatment and reduced risk of complications
connected with the use of TISAD.

The statistically significant improvement to the SNA pa-
rameter after the one-stage treatment, especially in group
4, is also worth emphasizing. It results from the local bone
remodeling that occurs in response to the repositioning of
the maxillary incisors during distalization. Therefore, de-
spite having no effect on bone growth, the one-stage treat-
ment may improve the patient's profile to a small extent.

Limitations

The retrospective nature of the study may adversely affect
the reliability of the results. When analysing the risk of bias,
two issues should be taken into account: differences be-
tween groups due to the lack of randomization and the in-
dividual variability of patients. In this study, the main
criterion for choosing functional or mechanical treatment
was the stage of growth. The large difference in the mean
age between the two-stage and one-stage treatment groups
may seemingly distort our conclusions, but the main goal
of our study was to assess whether it is worthwhile to con-
duct early treatment in class II patients, or if it is better to
wait until completion of growth and perform 1-stage treat-
ment. The large size of each of the 4 groups makes it pos-
sible to eliminate the individual variability problem.
Treatment in each group was provided by one orthodontist
(MS). It should be emphasized that the results of the study
only concern the patients with no systemic diseases or syn-
dromes, as well as severe vertical malocclusions.

Conclusions

1. The two-stage treatment with the Twin-Block appli-
ance combined with headgear in the first stage and
fixed appliances in the second stage produces the
best skeletal results, as it causes the greatest reduc-
tion in the WITS parameter and ANB angle.

2. The two-stage treatment with Twin-Block in the first
stage in combination with headgear significantly re-
duces the need for skeletal anchorage during the second
stage involving treatment with fixed appliances com-
pared to the treatment with Twin-Block alone.

3. The one-stage treatment with skeletal anchorage and
extractions of teeth 17 and 27 is the most time-effi-
cient treatment method for Class Il and gives the best
dental results in terms of the greatest reduction of
the overjet, thus improving the smile most effectively.

4. Compared to the one-stage treatment, the two-stage
treatment makes it possible to shorten the duration
of treatment with fixed appliances significantly.

5. When deciding to postpone treatment or to use the two-
stage treatment, the needs of patients — expectations
only to improve the alignment of the teeth or to improve
the entire profile - should always be considered.
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9. Podsumowanie wynikow

Publikacja 1

Z uzyskanych wstepnie 542 artykutow zakwalifikowano ostatecznie 31 publikacji i
wyekstrahowano dane tagcznie 1674 pacjentoéw dotyczace ptei 1 wieku badanych, rodzajow
zastosowanych aparatow ortodontycznych, typéw mikroczujnikow mierzacych DWT,
zalecanego i rzeczywistego czasu noszenia aparatow oraz czasu trwania obserwacji.
Niezaleznie od rodzaju aparatu, Sredni DWT byt krotszy niz zalecany, chociaz pacjenci
noszacy aparaty wewnatrzustne wspotpracowali lepiej. Najlepsza wspotprace zanotowano dla
aparatow Schwarza (73,70%) oraz dla retaineréw ptytkowych (85%). Najmniej chetnie
pacjenci nosili aparaty zewnatrzustne (58,72%) i retainery Essix (45,81%). Nie udowodniono
istotnego wptywu plci 1 wieku pacjentdow na stosowanie si¢ do zalecen ortodonty podczas

leczenia.

W dyskusji omowiono czynniki mogace wptywac na interpretacje wynikow, miedzy innymi
liczebno$¢ grup badanych (najliczniej reprezentowani byli pacjenci noszacy ptytki Schwarza i
retainery ptytkowe), a takze zalecany czas noszenia, ktory r6znit si¢ w zaleznosci od typu
aparatu. Pacjenci sg bardziej zdyscyplinowani, gdy zalecany czas noszenia jest wzglednie
krotki. Lepsza wspotpraca moze by¢ tez spowodowana wczesniejszym leczeniem aparatami
statymi — pacjenci sg bardziej sSwiadomi sensu leczenia aparatami retencyjnymi, gdyz chca
zachowac uzyskany efekt. Jednak typ retainera rowniez ma znaczenie, poniewaz szyny
retencyjne Essix byly noszone zdecydowanie mniej ch¢tnie niz retainery ptytkowe — moze to
wynika¢ z mniejszej wygody ich stosowania ze wzgledu na Scisle przyleganie do zgbow. Z
kolei plytki Schwarza sa chetnie akceptowane przez pacjentow ze wzgledu na komfort
uzytkowania w porownaniu do wielu aparatéw wyjmowanych — sg to proste aparaty,
niezaburzajace mowy, niezajmujace duzo miejsca w jamie ustnej oraz niewymuszajace
okreslonej pozycji zuchwy. Najstabszg wspotprace zanotowano dla aparatdéw zewnatrzustnych
(wyciag zewnatrzustny, maska twarzowa), co sugeruje potrzebg dalszego rozwoju innych

metod zakotwienia szkieletowego, czyli TISAD.

Istotny i warty podkreslenia jest fakt, ze w niemal wszystkich badaniach nie okreslono
faktycznej skutecznos$ci aparatow wyjmowanych w catkowitym wyleczeniu wady zgryzu.

Dotychczas prowadzone badania miaty na celu jedynie oceng czasu noszenia aparatow na
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danym etapie leczenia i pordwnaniu z czasem zalecanym lub skonfrontowaniu z informacjg o

czasie noszenia uzyskang od pacjenta.
Publikacja 2

Wnhnioski wyciagnigte z przeprowadzonego przegladu systematycznego byly przyczynkiem do
badan wlasnych skoncentrowanych na okresleniu wptywu rodzaju aparatu wyjmowanego na

stosowanie si¢ pacjentow do zalecen ortodonty.

Wykazano, ze rodzaj aparatu ma wptyw na wspotprace pacjentéw. DWT dla aparatu Twin-
Block byt istotnie dtuzszy w poréwnaniu do czasu zmierzonego dla pozostatych aparatow.
Udowodniono, ze wigkszo$¢ pacjentow nie stosuje si¢ do zalecen ortodonty 1 nosi aparaty
wyjmowane przez nieco wigcej niz potowe rekomendowanego czasu noszenia (dziewczynki
7,1h/d; chtopcy 5,8h/d; przy zalecanych 12h/d). Wskazuje to na fakt, ze mozna by¢ pewnym

jedynie noszenia aparatow przez pacjentdOw w ciggu nocy.

Dyskusje poswigcono interpretacji wynikow, zwlaszcza w kontek$cie wspotpracy pacjentow
noszacych aparat Twin-Block, z pozoru mniej wygodny od ptytki aktywnej Schwarza.
Wczesniejsze badania wykazaly, ze pogorszenie jako$ci zycia spowodowane wadami zgryzu i
wygladem zgbow wigze si¢ z wspotpraca pacjentow dorastajacych (15,16). Stwierdzono, ze
wlasna motywacja pacjentow, oprocz wptywu rowiesnikow i autorytetow, jest czynnikiem
decydujacym o przestrzeganiu zalecen terapeutycznych i prawdopodobnie mogta mie¢ istotne

znaczenie dla rezultatow naszych badan (16,17).

Co warte podkreslenia, zbierajac dane z czujnikow dowiedlismy — podobnie jak inni autorzy —
ze pacjenci zwykle nie zmieniajg swojego zachowania w trakcie leczenia (18-20). Wydaje si¢
zatem, ze skoro motywacja pacjentdéw podczas terapii nie przynosi oczekiwanych rezultatow,

to istotna jest poczatkowa kwalifikacja tylko tych pacjentow, ktdrzy rokuja dobra wspodtprace.
Publikacja 3

Po udowodnieniu zadowalajacej wspotpracy pacjentow podczas terapii aparatem Twin-Block,
kolejnym etapem byla ocena rzeczywistej skutecznosci tego aparatu w leczeniu wad

dotylnych, w zaleznosci od DWT.

Wykazano istotne pozytywne korelacje miedzy DWT a nastepujgcymi parametrami: Pg-Olp,
ANB, SNA, SNB, Wits, Co-Gn. Przy dobowym czasie noszenia mniejszym od 7,5h

zauwazono istotnie mniejszg popraw¢ analizowanych wartosci cefalometrycznych.
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Opracowano krzywa ROC, na podstawie ktorej okreslono progowy DWT~8h pozwalajacy na

wyleczenie pacjenta z klasa II z 83% prawdopodobienstwem.

Udowodniono zatem, ze leczenie z wykorzystaniem aparatu Twin-Block pozwala, przy
prawidlowej wspolpracy pacjentow, na korekte wady zgryzu na poziomie szkieletowym, co
znacznie ulatwia dalsze leczenie za pomocg aparatéw stalych, zmniejszajac potrzeby

zakotwienia.
Publikacja 4

W ostatnim etapie skupiono si¢ na porownaniu efektow leczenia aparatem Twin-Block z
rezultatami osiggalnymi dla innych metod, aby zweryfikowac rolg leczenia czynno$ciowego z

wykorzystaniem aparatdow wyjmowanych we wspolczesnej terapii ortodontyczne;.

W pracy udowodniono, ze leczenie 2-etapowe za pomocg aparatu Twin-Block w polaczeniu z
wyciagiem zewnatrzustnym w pierwszym etapie w najwigkszym stopniu poprawito parametry
szkieletowe 1 zredukowalo potrzebe zastosowania zakotwienia absolutnego w 2. fazie.
Ponadto zastosowanie aparatow wyjmowanych w pierwszej fazie w istotny sposob skrocito
czas leczenia aparatami statymi w fazie drugiej, w porownaniu do czasu koniecznego do

wyleczenia wady w metodzie 1-etapowej.

Z drugiej strony wykazano, ze leczenie 1-etapowe jest najskuteczniejszg metoda leczenia
klasy II, jednak daje gtdéwnie poprawg parametrow zgbowych. Nagryz poziomy ulegt
najwigkszej redukcji podczas leczenia za pomoca aparatow stalych oraz po ekstrakcji zgbow
17 127. Wykorzystanie TISAD umozliwia catkowita korekte wady na skutek dystalizacji

gbérnego tuku zgbowego, bez koniecznosci stosowania HG.
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10. WhnioskKi

1. Dzieci leczone ortodontycznie w ramach Narodowego Funduszu Zdrowia nosza
wyjmowane aparaty znacznie krocej, niz jest to zalecane przez ortodontg. Bardzo staba
wspoOtpraca pacjentdw, stanowigca blisko 54% z wymaganych 12 godzin dobowego czasu
noszenia, prawdopodobnie w istotny sposéb zmniejsza efektywnos¢ leczenia

ortodontycznego.

2. Poniewaz najlepszej wspotpracy pacjentow mozna oczekiwaé tylko w przypadku
aparatow wewnatrzustnych, przy zastosowaniu innych aparatéw wyjmowanych niezbedne jest

opracowanie alternatywnego planu leczenia jeszcze przed rozpoczgciem terapii.

3. W celu osiagnigcia satysfakcjonujacej wspotpracy pacjentow, retainer Essix nie

powinien by¢ stosowany w leczeniu retencyjnym.

4. Sposrod zbadanych aparatow wyjmowanych, aparat Twin-Block zapewnia najlepsza
wspotprace pacjentéw 1 powinien by¢ stosowany jako aparat z wyboru w leczeniu

czynno$ciowym.

5. Skutecznos$¢ leczenia czynnosciowego z wykorzystaniem aparatu Twin-Block jest

zalezna od rzeczywistego dobowego czasu noszenia.

6. Zadowalajacy efekt kliniczny, a wigc wyleczenie wady zgryzu, jest osiagalne dla

aparatu Twin-Block przy DWT progowym okoto 8 godzin na dobe.

7. Aparat Twin-Block moze by¢ skutecznym i tanim narzgdziem terapeutycznym w
leczeniu wad zgryzu, refundowanym ze $rodkow publicznych, pod warunkiem wtasciwe;j

kwalifikacji pacjenta do leczenia, biorgc pod uwagg jego wiek 1 sktonnos¢ do wspotpracy.

8. Leczenie 2-etapowe z wykorzystaniem aparatu Twin-Block w potaczeniu z wyciggiem
zewnatrzustnym w pierwszym etapie oraz aparatow stalych w 2. etapie daje najlepsze efekty

szkieletowe, bowiem powoduje najwiekszg redukcje parametru WITS 1 kata ANB.

9. Leczenie 2-etapowe z wykorzystaniem w pierwszym etapie aparatu Twin-Block w
polaczeniu z wyciggiem zewnatrzustnym istotnie w porownaniu z samym tylko aparatem
Twin-Block redukuje konieczno$¢ wykorzystania zakotwienia szkieletowego podczas

leczenia aparatami statymi w drugim etapie.
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10. Leczenie 1-etapowe z zakotwieniem szkieletowym oraz ekstrakcjami z¢bow 17127
jest najszybsza metoda leczenia klasy II oraz daje najlepsze efekty zgbowe w postaci

najwickszej redukcji nagryzu poziomego, a zatem najbardziej efektywnie poprawia usmiech.

11. Leczenie 2-etapowe (z wykorzystaniem aparatow wyjmowanych) pozwala —w

poréwnaniu z 1-etapowym — istotnie skroci¢ czas leczenia aparatem statym.

12.  Decydujac o odroczeniu leczenia lub o leczeniu 2-etapowym nalezy zawsze bra¢ pod
uwage potrzeby pacjentéw: oczekiwania tylko poprawy ustawienia zgbdw czy polepszenia

catego profilu.

13.  Dalsze badania powinny koncentrowac¢ si¢ na tym, jak najlepiej zacheca¢ do

przestrzegania zalecen, aby zwigkszy¢ skuteczno$¢ leczenia aparatami ruchomymi.

14.  Mikroczujniki s cennym narz¢dziem pozwalajagcym na weryfikacje wczedniej
przeprowadzonych badan i wynikajacych z nich wnioskow, ale takze umozliwiajacym
przeprowadzenie badan niewykonalnych w przesztosci, co ma kluczowe znaczenie dla

rozwoju ortodoncji.

15.  Powszechne wykorzystanie mikrosensoréw do obiektywnego pomiaru wspotpracy
pacjentow mogloby stanowi¢ istotny argument w dyskusji dotyczacej dotychczasowej formy
refundacji leczenia ortodontycznego w Polsce, na przyktad skutkowacé jej odbieraniem
pacjentom niestosujacym si¢ do zalecen lekarza i przenoszeniem tych $rodkdw na pacjentow

wspoOltpracujacych.

75



10.

11. PiSmiennictwo

Proffit WR. Contemporary orthodontics. 5th ed. St. Louis, Mo.: Elsevier/Mosby; 2013.
754 p.

Schott TC, Goz G. Die Einstellung junger Patienten zu Tragezeit, Tragezeitverordnung
und elektronischer Tragezeitmessung von herausnehmbaren Apparaturen - Ergebnisse
einer Fragebogenstudie. J Orofac Orthop 2010; 71: 108-16.

Brierley CA, Benson PE, Sandler J. How accurate are TheraMon® microsensors at
measuring intraoral wear-time? Recorded vs. actual wear times in five volunteers. J
Orthod 2017; 44: 241-8.

Schott TC, Ludwig B. Microelectronic wear-time documentation of removable
orthodontic devices detects heterogeneous wear behavior and individualizes treatment
planning. Am J Orthod Dentofac Orthop 2014; 146: 155-60.

Alhammadi MS, Halboub E, Fayed MS, Labib A, El-Saaidi C. Global distribution of
malocclusion traits: A systematic review. Dental Press J Orthod 2018; 23: 1-10.

McNamara JA. Components of class Il malocclusion in children 8-10 years of age.
Angle Orthod 1981; 51: 177-202.

Tausche E, Luck O, Harzer W. Prevalence of malocclusions in the early mixed
dentition and orthodontic treatment need. Eur J Orthod 2004; 26: 237-44.

Bernas AJ, Banting DW, Short LL. Effectiveness of Phase | Orthodontic Treatment in
an Undergraduate Teaching Clinic. J Dent Educ 2007; 71: 1179-86.

Koretsi V, Zymperdikas VF, Papageorgiou SN, Papadopoulos MA. Treatment effects
of removable functional appliances in patients with Class Il malocclusion: A systematic
review and meta-analysis. Eur J Orthod 2015; 37: 418-34.

Santamaria-Villegas A, Manrique-Hernandez R, Alvarez-Varela E, Restrepo-Serna C.
Effect of removable functional appliances on mandibular length in patients with class Il
with retrognathism: Systematic review and meta-analysis. BMC Oral Health 2017; 17:
1-9.

76



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

McNamara JA, Bookstein FL, Shaughnessy TG. Skeletal and dental changes following
functional regulator therapy on class Il patients. Am J Orthod 1985; 88: 91-110.

Mills JR. The effect of functional appliances on the skeletal pattern. Br J Orthod. 1991;
18: 267-75.

Vargervik K, Harvold EP. Response to activator treatment in Class Il malocclusions.
Am J Orthod 1985; 88: 242-51.

Kawala B, Antoszewska J, Sarul M, Kozanecka A. Zastosowanie mikrosensorow do
oceny rzeczywistego czasu uzytkowania ortodontycznych aparatow zdejmowanych. J
Stomatol 2013; 66: 321-30.

Miguel JAM, Sales HX, Quintdo CC, Oliveira BH, Feu D. Factors associated with
orthodontic treatment seeking by 12-15-year-old children at a State University-funded
clinic. J Orthod 2010; 37: 100-6.

El-Huni A, Colonio Salazar FB, Sharma PK, Fleming PS. Understanding factors
influencing compliance with removable functional appliances: A qualitative study. Am
J Orthod Dentofac Orthop 2019; 155: 173-81.

Daniels AS, Seacat JD, Inglehart MR. Orthodontic treatment motivation and

cooperation: A cross-sectional analysis of adolescent patients’ and parents’ responses.

Am J Orthod Dentofac Orthop 2009; 136: 780-7.

Tsomos G, Ludwig B, Grossen J, Pazera P, Gkantidis N. Objective assessment of
patient compliance with removable orthodontic appliances: A cross-sectional cohort
study. Angle Orthod 2014; 84: 56-61.

Pauls A, Nienkemper M, Panayotidis A, Wilmes B, Drescher D. Effects of wear time
recording on the patient’s compliance. Angle Orthod 2013; 83: 1002-8.

Hyun P, Preston CB, Al-Jewair TS, Park-Hyun E, Tabbaa S. Patient compliance with
Hawley retainers fitted with the SMARTH sensor: A prospective clinical pilot study.
Angle Orthod 2015; 85: 263-9.

7



12. Spis rycin

Publikacja 2

Rycina 1 - str. 34
Rycina 2 - str. 34
Rycina 3 - str. 36
Rycina 4 - str. 36

Publikacja 3

Rycina 1 - str. 44
Rycina 2 - str. 45
Rycina 3 - str. 48

Publikacja 4

Rycina 1 —str. 57
Rycina 2 — str. 58
Rycina 3 —str. 58
Rycina 4 — str. 59
Rycina 5 —str. 59
Rycina 6 — str. 60
Rycina 7 — str. 60
Rycina 8 —str. 61

13. Spis tabel

Publikacja 1

Tabela 1 - str. 24-26

Tabela 2- str. 27

Publikacja 2

Tabela 1 - str. 31

Publikacja 3

Tabela 1 - str. 45
Tabela 2 - str. 46
Tabela 3 - str. 46
Tabela 4 - str. 46
Tabela 5 - str. 47
Tabela 6 - str. 47

Tabela 7 - str. 47

Publikacja 4

Tabela 1 — str. 55
Tabela 2 — str. 55
Tabela 3 — str. 62
Tabela 4 — str. 63
Tabela 5 — str. 63

78



14.1. Zgody Komisji Bioetycznej

KOMISJA BIOETYCZNA
przy
Uniwersytecie Medycznym

we Wroctawiu
ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 322/2014

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powolana
zarzadzeniem Rektora Akademii Medycznej we Wroctawiu nr 48/XV R/2011 z dnia
24 pazdziernika 2011 r. oraz dziatajaca w trybie przewidzianym rozporzgdzeniem Ministra
Zdrowia i Opieki Spotecznej z dnia 1 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie
ustawy o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 152 z
pdzniejszymi zmianami ) w skfadzie:

prof. dr hab. Karol Bal (filozofia)

| ks. dr Janusz Czarny (duchowny) l

prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski, (chirurgia szczekowa, chirurgia stomatologiczna)

mgr Irena Knabel-Krzyszowska (farmacja) przedstawiciel Dolnoslaskiej Izby Aptekarskiej
prof. dr hab. Jan Kolasa (prawo)

prof. dr hab. Jerzy Liebhart (choroby wewngtrzne, alergologia)

prof. dr hab. Krystyna Orzechowska-Juzwenko (farmakologia kliniczna, choroby
wewnetrzne)

prof. dr hab. Zbigniew Rudkowski (pediatria)

dr hab. med. Stawomir Sidorowicz (psychiatria)

Danuta Tarkowska (poloznictwo)

dr med. Andrzej Wojnar (histopatologia, dermatologia) przedstawiciel Dolnoslaskiej Izby
Lekarskiej)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)

Przestrzegajgc w dziatalno$ci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu si¢ z projektem badawczym pt.

,,Ocena czynnikéw wplywajacych na stopien wspélpracy pacjentow leczonych przy uzyciu
aparatow wyjmowanych”
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zgloszonym przez dr Mi chala Sarula zatrudnionego w Katedrze Ortopedii Szczekowej

i Ortodoncji Uniwersytetu Medycznego we Wroctawiu oraz ztozonymi wraz z wnioskiem
dokumentami, w tajnym glosowaniu postanowilta wyrazi¢ zgode na przeprowadzenie badania
w Katedrze Ortopedii Szczekowej 1 Ortodoncji UM pod warunkiem zachowania
anonimowos$ci uzyskanych danych.

Uwaga: Badanie to zostalo objete ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytulu 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: badan bgdacych podstawg grantu dla mtodych naukowcow

restawiu

Wroctaw, dnia <~ | maja2014r. 4
pref{dr hab. Jan Kornafel
N

BW

przy ! ecn. Mrdvezpym

im { . Wil

Wyt 1 bt aw
7 4 04 90
tel. 71 76 H 34 01 20

]
‘!'v‘ _u"). \?l O)/
blletyxa

V‘\t'ipifn\wv'.u;.lz,;; ‘.*nm,‘pa/
0~ L, v, \O
G G L Oif} ali
U
80



KOMISJA BIOETYCZNA

przy

Akademii Medycznej

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB - 293/2007

Komisja Bioetyczna przy Akademii Medycznej we Wroctawiu, powotana
zarzadzeniem Rektora Akademii Medycznej we Wroctawiu nr 4XIII R/99 z dnia 27 wrzesnia
1999 r., oraz dziatajaca w trybie przewidzianym rozporzadzeniem Ministra Zdrowia i Opieki
Spolecznej z dnia 12 maja 1999 r. (Dz. U. Nr 47, poz. 480) na podstawie ustawy o zawodzie
lekarza
z dnia 5 grudnia 1996 r. (Dz. U. Nr 28 z 1997 r. poz. 152 z pdZniejszymi zmianami) w
skladzie:

prof. dr hab. Karol Bal (filozofia)

prof. dr hab. Wiktor Bednarz (chirurgia)

ks. dr Janusz Czamy (duchowny)

dr Henryk Kaczkowski, (chirurgia szczgkowa, chirurgia stomatologiczna)

mgr Irena Knabel-Krzyszowska (farmacja) przedstawiciel Dolnoslaskiej Izby Aptekarskiej
prof. dr hab. Jan Kolasa (prawo)

prof. dr hab. Krystyna Orzechowska-Juzwenko (farmakologia kliniczna, choroby
wewnegtrzne)

prof. dr hab. Janusz Patkowski (alergologia, choroby wewnetrzne)

prof. dr hab. Zbigniew Rudkowski (pediatria)

dr hab. med. Stawomir Sidorowicz (psychiatria)

Danuta Tarkowska (potoznictwo)

dr med. Andrzej Wojnar (histopatologia, dermatologia) przedstawiciel Dolnoslaskiej Izby
Lekarskiej)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu si¢ z projektem badawczym pt.

,-Ocena implantéw ortodontycznych jako najnowszej technologii leczenia wad zgryzu”

'(k’jf»/f!(\,\:;.\v BIOET( IN/
-1 TVENA
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zgloszonym przez dr Joann¢ Antoszewska zatrudniong w Katedrze i Zakladzie Ortopedii
Szczekowej 1 Ortodoncji Akademii Medycznej we Wroctawiu oraz ztozonymi wraz z
wnioskiem dokumentami, w tajnym gtosowaniu postanowita wyrazi¢ zgode na
przeprowadzenie badania w Katedrze i Zakladzie Ortopedu Szczgkowej 1 Ortodoncji
Akademii Medycznej we Wroctawiu .

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

Opinia powyzsza dotyczy: grantu ministerialnego
|
i

PRZEWODNICZACY KOMISJI

prof. dr hab. Jan Kornafel

Wroctaw, dnia / czerwca 2007 r.

KOMM 9Amu‘r x n,zNA
przy Uniwe:r ym
im. F 1) Wi
Wybr roctaw
tel. 71 78 1 1 4 78401 20
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14.2. Dorobek naukowy doktoranta

MAREK NAHAJOWSKI

Wykaz publikacji

1. Publikacje w czasopismach naukowych

1.1 Publikacje w czasopi$émie naukowym posiadajacym Impact Factor

Lp

Opis bibliograficzny

T

PK

A comparative study of osteopontin expression, Ki67 index and prognosis in squamous cell
carcinoma and cysts of the oral cavity. [AUT. KORESP.) MARTA WOZNIAK, [AUT.] MAREK
NAHAJOWSKI, SYLWIA HNITECKA, MONIKA RUTKOWSKA, GRZEGORZ MAREK, ANIL [KUMAR]

"IAGRAWAL, SEBASTIAN MAKUCH, SIDDARTH AGRAWAL, PIOTR ZIOLtKOWSKI. Transl.Cancer

Res. 2020 Vol.9 no.2 5.795-808, ryc., tab., bibliogr. 50 poz., summ. DOI:
10.21037/tcr.2019.12.08

1,241

40,00

Oral cancer: the first symptoms and reasons for delaying correct diagnosis and appropriate
treatment. [AUT.] MONIKA RUTKOWSKA, SYLWIA HNITECKA, MAREK NAHAJOWSKI,

"IMARZENA DOMINIAK, HANNA GERBER. Adv.Clin.Exp.Med. 2020 Vol.29 no.6 5.735-743, ryc.,

tab., bibliogr. 17 poz., summ. DOI: 10.17219/acem/116753

1,727

70,00

Prevalence and overlaps of headaches and pain-related temporomandibular disorders
among the Polish urban population. [AUT.] MIESZKO WIECKIEWICZ, NATALIA GRYCHOWSKA,

.[MAREK NAHAJOWSKI, SYLWIA HNITECKA, KAROLINA KEMPIAK, KAROLINA CHAREMSKA,

AGNIESZKA BALICZ, ANNA CHIRKOWSKA, MAREK ZIETEK, EFRAIM WINOCUR. J.Oral Facial
Pain Headache 2020 Vol.34 no.15.31-39. DOI: 10.11607/0fph.2386

1,871

100,00

Expression of syndecan-1 in oral cavity squamous cell carcinoma. [AUT. KORESP.] MARTA
WOZNIAK, [AUT.] MAREK NAHAJOWSKI, SYLWIA HNITECKA, MONIKA RUTKOWSKA,

.|MARTYNA NOWAK, PATRYK MITELSZTET, DANUTA SZKUDLAREK, SEBASTIAN MAKUCH.

U.Histotechnol. 2021 Vol.44 no.1 s.46-51, ryc., tab., bibliogr. 26 poz., summ. DOI:
10.1080/01478885.2020.1861918

1,918

20,00

Factors influencing an eruption of teeth associated with a dentigerous cyst: a systematic
review and meta-analysis. [AUT. KORESP.] MAREK NAHAJOWSKI, [AUT.] SYLWIA HNITECKA,

.[JOANNA ANTOSZEWSKA-SMITH, KORNELIA RUMIN, MAGDALENA DUBOWIK, MICHAt SARUL.

BMC Oral Health 2021 Vol.21 art.180 [11 s.], ryc., tab., bibliogr. 27 poz., summ. DOI:
10.1186/512903-021-01542-y

3,747

Methods of anterior torque control during retraction: a systematic review. [AUT.] ANNA
EWA KUC, [AUT.KORESP.] JACEKKOTULA, [AUT.] MAREK NAHAJOWSKI, MACIEJ WARNECKI,

"|JOANNA LIS, ELLIE AMM, BEATA KAWALA, MICHAL SARUL. Diagnostics 2022 Vol.12 no.7

art.1611 [18 s.], ryc., tab., bibliogr. 22 poz., summ. DOI: 10.3390/diagnostics12071611

100,00

3,992*

70,00

14,496

400,0

*IF 2021

1.2 Publikacja w czasopiSmie naukowym nieposiadajgcym IF

Lp

Opis bibliograficzny

PK

Leczenie ortognatyczne z perspektywy pacjenta - badanie ankietowe (Orthognathic treatment:
patient's perspective. A survey questionnaire). [AUT.] SYLWIA HNITECKA, MAREK NAHAJOWSKI,
"|JOZEF ANDRZEJ KOMORSKI, KAMIL NELKE. Dent.Med.Probl. 2016 Vol.53 no.15.89-102, ryc., tab.,

|bibliogr. 27 poz., streszcz., summ. DOI: 10.17219/dmp/60138

11,00
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Analiza czestosci wystepowania kserostomii u oséb w podesztym wieku (Analysis of incidence of
xerostomia in patients of advanced years). [AUT.] MAREK NAHAJOWSKI, SYLWIA HNITECKA,
"|[PATRYCJA GORZEL, ANNA MAJCHRZAK, KATARZYNA SKOSKIEWICZ-MALINOWSKA, BARBARA MALICKA.
Mag.Stomatol. 2017 R.27 nr 10 5.64-68, ryc., tab., streszcz., summ.

Ocena czestosci wystepowania suchosci jamy ustnej i objawdow depresji u 0sob w podesztym wieku
(Evaluation of the frequency of oral dryness'in association with mood changes in the elderly). [AUT.]
3. |IMAREK NAHAJOWSKI, ANNA MAJCHRZAK, SYLWIA HNITECKA, PATRYCJA GORZEL, BARBARA 5,00
MALICKA, KATARZYNA SKOSKIEWICZ-MALINOWSKA. Twdj Przegl.Stomatol. 2019 nr 4 5.81-86, tab.,
streszcz., summ, Publikacja w czasopismie spoza listy MNiSW.

| / 22,00

6,00

2. Streszczenia zjazdowe

Lp Opis bibliograficzny

Rozpowszechnienie postaci bélowej dysfunkcji narzadu zucia oraz bélu gtowy w populacji polskie;j.
Badanie pilotazowe. [AUT.] MIESZKO WIECKIEWICZ, MAREK NAHAJOWSKI, SYLWIA HNITECKA, KAROLINA
1. [KEMPIAK, KAROLINA CHAREMSKA, AGNIESZKA BALICZ, ANNA CHIRKOWSKA, MAREK ZIETEK, NATALIA
GRYCHOWSKA. Protet.Stomatol. 2018 T.68 nr 2 5.154-155 poz.R9, XXXV Konferencja Naukowo-Szkoleniowa
Sekcji Protetyki PTS. Suprasl, 7-9 czerwca 2018.

Impact factor: 14,496

Punkty ministerialne: 422,0

2.0 2022y @wﬁ( JAWW&

Niwe octawiu
DZIAL INFORMAC UKOWEJ | BIBLIOGRAFII

ul. Marcinkowskiego 2-6, 50-368 Wroctaw
tal. 71 784 19 1 784
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14.3. Os$wiadczenia o wspdlautorstwie

Dr hab. n. med. Michat Sarul
Katedra 1 Zaktad Stomatologii Zintegrowanej

Uniwersytet Medyczny we Wroctawiu Wroctaw, 10.10.2022r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Oswiadczam, ze w publikacjach:

1. Nahajowski M, Lis J, Sarul M. Orthodontic Compliance Assessment: A Systematic
Review. Int Dent J 2022; 72: 597-606.

2. Nahajowski M, Lis J, Sarul M. The Use of Microsensors to Assess the Daily Wear
Time of Removable Orthodontic Appliances: A Prospective Cohort Study. Sensors
(Basel) 2022; 22: 2435.

3. Sarul M, Nahajowski M, Gawin G, Antoszewska-Smith J. Does daily wear time of
Twin Block reliably predict its efficiency of class II treatment? J Orofac Orthop 2022;
83: 195-204.

4. Nahajowski M, Lis J, Kawala B, Sarul M. Effectiveness of different protocols of

Class 1I treatment: a retrospective study. Forum Ortodontyczne 2022

moj udziat polegal na: formutowaniu probleméw i hipotez badawczych, projektowaniu badan,
uzyskaniu finansowania badan, pomocy w rekrutacji uczestnikow badan, analizie i interpretacji

wynikéw, przygotowaniu i korekcie manuskryptow.

Wyrazam zgode na wigczenie przez lek. dent. Marka Nahajowskiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w

dyscyplinie nauki medyczne.

85



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

Uniwersytet Medyczny we Wroctawiu Wroctaw, 10.10.2022r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Os$wiadczam, ze w publikacjach:

1. 'Nahajowski M, Lis J, Sarul M. Orthodontic Compliance Assessment: A Systematic
Review. Int Dent J 2022; 72: 597-606.

2. Nahajowski M, Lis J, Sarul M. The Use of Microsensors to Assess the Daily Wear
Time of Removable Orthodontic Appliances: A Prospective Cohort Study. Sensors
(Basel) 2022; 22: 2435.

3. Sarul M, Nahajowski M, Gawin G, Antoszewska-Smith J. Does daily wear time of
Twin Block reliably predict its efficiency of class II treatment? J Orofac Orthop 2022;
83: 195-204.

4. Nahajowski M, Lis J, Kawala B, Sarul M. Effectiveness of different protocols of

Class II treatment: a retrospective study. Forum Ortodontyczne 2022

moj udzial polegal na: formulowaniu problemow i hipotez badawczych, przygotowaniu i

korekcie manuskryptow.

Wyrazam zgod¢ na wilaczenie przez lek. dent. Marka Nahajowskiego 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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Prof. dr hab. n. med. Beata Kawala
Katedra i Zaktad Ortopedii Szczekowej i Ortodoncji
Uniwersytet Medyczny we Wroctawiu Wroctaw, 10.10.2022r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Oswiadczam, ze w publikacji:

' Nahajowski M, Lis J, Kawala B, Sarul M. Effectiveness of different protocols of

Class II treatment: a retrospective study. Forum Ortodontyczne 2022

moj udzial polegal na: uzyskaniu finansowania badan, przygotowaniu i korekcie

manuskryptow.

Wyrazam zgod¢ na wigczenie przez lek. dent. Marka Nahajowskiego 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. Grzegorz Gawin Wroctaw, 10.10.2022r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Oswiadczam, ze w publikacji:

Sarul M, Nahajowski M, Gawin G, Antoszewska-Smith J. Does daily wear time of

Twin Block reliably predict its efficiency of class II treatment? J Orofac Orthop 2022;
83: 195-204.

moj udzial polegat na: przygotowaniu i korekcie manuskryptow.

Wyrazam zgode¢ na wigczenie przez lek. dent. Marka Nahajowskiego w/w publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w

dyscyplinie nauki medyczne.

Podpis

g’%@m Sami
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Dr hab. n. med. Michat Sarul
Lek. dent. Marek Nahajowski Wroclaw, 10.10.2022r.

OSWIADCZENIE O ROWNYM WSPOLAUTORSTWIE

My, nizej podpisani, oSwiadczamy, ze w rOwnym stopniu przyczyniliSmy si¢ do powstania

niniejszej pracy:

Sarul M, Nahajowski M, Gawin G, Antoszewska-Smith J. Does daily wear time of
Twin Block reliably predict its efficiency of class II treatment? J Orofac Orthop 2022;
83: 195-204.

Podpis

Vi

7’//; - -
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Lek. dent. Marek Nahajowski
Katedra i Zaklad Stomatologii Zintegrowanej
Uniwersytet Medyczny we Wroctawiu Wroctaw, 10.10.2022r.

OSWIADCZENIE O WSPOLAUTORSTWIE

Oswiadczam, ze w publikacjach:

1. ‘Nahajowski M, Lis J, Sarul M. Orthodontic Compliance Assessment: A Systematic
Review. Int Dent J 2022; 72: 597-606.

2. Nahajowski M, Lis J, Sarul M. The Use of Microsensors to Assess the Daily Wear
Time of Removable Orthodontic Appliances: A Prospective Cohort Study. Sensors
(Basel) 2022; 22: 2435.

3. Sarul M, Nahajowski M, Gawin G, Antoszewska-Smith J. Does daily wear time of
Twin Block reliably predict its efficiency of class II treatment? J Orofac Orthop 2022;
83: 195-204.

4. Nahajowski M, Lis J, Kawala B, Sarul M. Effectiveness of different protocols of

Class II treatment: a retrospective study. Forum Ortodontyczne 2022

mdj udzial polegal na: formutowaniu probleméw i hipotez badawczych, projektowaniu badan,
rekrutacji uczestnikow badafi, gromadzeniu danych, analizie i interpretacji wynikéw,

przygotowaniu i korekcie manuskryptow.
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