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Souhrn

Cil: Pomoci systému T-Scan Il kvantifikovat v pribéhu retencni faze okluzni zmény v lateralnich tsecich
chrupu. Zjistit, zda se zmény v okluznich kontaktech liSi u riznych typ( retenc¢nich aparatd.

Material a metodika: Do prospektivni studie bylo zahrnuto 99 pacient(. Soubor byl rozdélen do 3 skupin
podle typu obdrzeného snimaciho retencniho aparatu po ukonceni aktivni faze lIéCby a Ctvrté skupiny kontrolni
(20 pacientd): I. skupina - retencni félie (30), Il. skupina - retencni desky (30), lll. skupina - kombinace aparatt
(19). Méreni okluznich sil bylo provadéno systémem T-Scan Il (Tekscan Inc., Boston, USA) ve 3 Casech: po sej-
muti fixniho aparatu (T0), po 3 mésicich (T1) a 6 mésicich v retenci (T2).

Vysledky: Porovnanim zmén rozdilti rozloZeni relativnich okluznich sil mezi pravou a levou stranou mezi sku-
pinami (1., Il., Ill.) byly prokazany statisticky vyznamné rozdily v obdobi TO aZ T2. U pacient( s retencnimi deskami
byl podil pacient, u nichZ doslo ke sniZeni rozdilu mezi stranami, statisticky vyznamné vy3si (21 pacientd, 70 %),
nez u skupiny s reten¢nimi féliemi (7, 23 % pacientd).

Zavér: V pribéhu retence doslo ve vSech skupinach k okluznim zménam. PrestoZe bylo aktivni ortodontickou
lé¢bou dosazeno pfedem uréeného vysledku I6Cby, nebyly okluzni sily rozloZeny mezi zuby rovnomérné. Nejvétsi
zmény v dosaZeni co nejlepsSich okluznich kontaktl ve vertikalnim sméru v prdbéhu prvnich Sesti mésicl retence
umoznily reten&ni desky (Ortodoncie 2015, 24, &. 2, s. 93-106).

Abstract

Aims: With the T-Scan Il system to quantify occlusal changes in lateral segments of dentition during the re-
tention period. To determine whether the changes of occlusal contacts differ depending on various types of re-
tainers.

Material and methods: The prospective study included 99 patients. The sample of patients was divided into 3
groups according to the type of removable retainer after the completion of the active phase of therapy, and the
control group (20 patients): Group | - vacuum formed retainers (30), Group Il - Hawley retainers (30), Group IlI -
combination of removable retainers (19). Occlusal forces were measured with T-Scan Il system (Tekscan Inc.,
Boston, USA) at 3 times: after the fixed appliance removal (T0), after 3 months (T1) and after 6 months of retention
(T2).

Results: By comparison of difference changes in relative occlusal forces distribution between right and left
side among the groups (1, Il, Ill) statistically significant differences were proved at TO - T2. In the group with Hawley
retainers the proportion of patients in which the difference between the sides was reduced was significantly hig-
her (21 patients, 70%) than in the group with vacuum formed retainers (7.23%).
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Conclusion: Occlusal changes were found in all groups during the retention period. In spite of the fact that
orthodontic therapy had achieved the planned results, occlusal forces were not distributed evenly among the
teeth. The best occlusal contacts in vertical direction during the first six months of retention were achieved with
the help of Hawley retainers (Ortodoncie 2015, 24, &. 2, s. 93-106).

Kli¢ova slova: okluzni zmény, T-Scan, retence
Key Words: occlusal changes, T-Scan, retention

Uvod

Dosazeni idealni okluze Ize pokladat za primarni cil
ortodontické Ié¢by. Vyrovnani zubl a okluzni stabilita
maji podstatnou Ulohu v pfedchéazeni recidivé [1, 2].
Perfektniinterkuspidace zub( posteriornich segmentt
chrupu a zajisténi Spi¢akového a rezakového vedeni
patfi bezesporu k nejlepsim zplsoblm retence. Oklu-
zni stabilitu Ize definovat ve statickych a funkcnich
podminkach [2, 3]. Dosazenim statické stability je zis-
kana i stabilita funk¢ni. Funk&ni stabilita vznikne diky
dobré interkuspidacis cetnymivertikalnimiihorizontal-
nimi mezizubnimi kontakty a sou€asné nepfitomnosti
okluznich prekazek v centralnim vztahu Celisti mimo
fadnych okluznich kontaktd, ke kterym dochazi béhem
excentrickych pohyb( dolni &elisti [4].

Kvalitni interkuspidace lateralnich zubl a dobré
okluzni kontakty maji vliv na ustaleny ortodonticky vy-
sledek. Okluze je i po ukonceni aktivni faze |éCby jesté
dlouhodobé ovliviiovana fadou dalsich faktorQ, které
mohou na ortodonticky vysledek plsobit priznivé i de-
stabilizacné [1]. Nejenom ziskani, ale predevsim
udrzeni okluzni stability docilené aktivni ortodontickou
IéCbou je tak vyznamnym cilem ortodontické terapie
[5].

Jakmile jsou zuby ortodontickou Ié€bou fixnim apa-
ratem postaveny do radné okluze, vstupuje pacient do
reten¢ni faze ortodontické lécby. Aktivni komponenta
IéCby se v tu chvili ukonci, presto vSak neni nasledujici
stadium zcela pasivni a i posléze dochazi k jemnym
zmeénam na okluzi. Nékteré zmény jsou zadané a jiné
naopak nevitané. Z toho ddivodu a s cilem zabranit re-
cidivé, kterou je nazyvan CasteCny nebo uplny navrat
k plvodni anomalii, ortodontisté indikuji reten¢ni apa-
raty [1]. Po sejmuti fixniho aparatu nadale vénuji
chrupu pozornost, dokud se neusadi ve své koneCné
pozici [6]. V retenci dochazi k relativnim, nejCastéji ver-
tikalnim pohyblm zub( v lateralnich Usecich chrupu
a tim ke zvys$eni po¢tu mezizubnich kontaktl [7, 8].
Tyto pohyby zubl jsou oznacovany jako settling [7,
9, 10, 11, 12]. Settling je pojem, pro ktery neni Cesky
ekvivalent. Je mozné ho popsat jako konecnou Upravu
okluze ¢i vyartikulovani. Diky probihajicimu settlingu
se upevriuje stabilita ortodontického vysledku [8].

Systém T-Scan Il byl predstaven americkou spo-
leCnosti Tekscan (Tekscan Inc., Boston, USA)jiz v roce
1987. T-Scan je prvni senzor, vyvinuty Williamem Ma-
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Introduction

The primary target of orthodontic treatment is to
achieve the ideal occlusion. The alignment of teeth
and stable occlusion play the important role in the pre-
vention of relapse [1, 2]. The perfect intercuspation of
teeth in posterior segments of dentition and securing
of canine and incisor guiding belong to the best me-
thods of retention. Occlusal stability may be defined
under static and functional conditions [2, 3]. Static sta-
bility ensures functional stability. Functional stability
results from the correct occlusion with a number of ve-
rtical and horizontal interdental contacts, and from the
absence of occlusal impediments in the central rela-
tion outside occlusal contacts that result from the
eccentric movements of the mandible [4].

A good quality occlusion of lateral teeth and good
occlusal contacts influence stable orthodontic results.
Occlusion is affected by a number of other factors after
the completion of the active treatment. These factors
may affect the orthodontic outcome favorably; howe-
ver, they may also destabilize it [1]. The important goal
of orthodontic therapy is thus not only to achieve sta-
ble occlusion through active orthodontic treatment but
also its preservation [5].

Once the teeth are aligned with orthodontic treat-
ment, a patient begins retention phase of the treat-
ment. The active phase is completed; however, the fol-
lowing phase is not absolutely passive, minor changes
in occlusion appear even later. Some of the changes
are desirable, others unwanted. Therefore, and also
to avoid relapse (i.e. partial or complete return to the
pre-treatment condition) orthodontists use retainers
[1]. After the removal of fixed appliance they check-
up the dentition regularly, until the dentition is settled
in desirable position [6]. During retention relative, most
often vertical, tooth movements occur in the lateral
segments of dentition, and thus the number of inter-
dental contacts increases [7, 8]. These tooth move-
ments are referred to as settling [7, 9, 10, 11, 12]. Se-
ttling may be described as the final adjustment of
occlusion, i.e. occlusion refining. Settling leads to bet-
ter stability of orthodontic treatment [8].

T-Scan Il system was developed by the company
Tekscan (Tekscan Inc., Boston, USA) in 1987. T-Scan
is the first sensor developed by William Maness on the
basis of gridded sensor providing an immediate detailed
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nessem na zakladé technologie mfizkového senzoru,
ktery nam okamzité pfinasi detailni dynamicky zaznam
okluze, v€etné Casovani a sily skusu. Tento ultratenky
senzor se vklada do snimace propojeného pres USB-
port do pocitace. Velice jednoduse a rychle tak pofi-
dime Casovy snimek v jakém poradi a jakou silou jed-
notlivych zubl dojde k okluzi, véetné zdznamu procen-
tudlniho zatizeni zubl a predCasnych kontaktd. Vse
prehledné v barevném 2-D i 3-D zobrazeni. Cely za-
znam okluzniho kontaktu v podobé videa Ize uloZit
akdykoliv znovu podle potfeby pfehravat a analyzovat.
Systém T-Scan napomaha v diagnostickém procesu
analyzy pacientova skusu tim, Ze analyzuje poradi
vznikajicich okluznich kontakt béhem interkuspidace
av jejim prlibéhu souc¢asné méfi procentualnirozlozeni
relativnich sil zatizeni jednotlivych zubl véetné vSech
zmén béhem funkénich pohybU dolni celisti. Celé mé-
feni probiha od momentu prvniho kontaktu zubl az do
maximalni interkuspidace (Obr. 2). T-Scan umi zhod-
notit inicialni okluzni kontakt v€etné poradi, ve kterém
se objevi veskeré dalsi kontakty zubl a v neposledni
fadé také velikost relativni sily okluze, ktera ke kaz-
dému z kontaktd nalezi [13].

T-Scan umozriuje posoudit zmény zatizeni zubl bé-
hem celého vyvoje pacientova skusu a procentualné
vycislit velikost relativnich sil v okluzi, diky Cemuz jsme
mimo jiné napiiklad schopni identifikovat a lokalizovat
misto traumatického kontaktu [13, 14, 15]. | tyto nej-
mensi disharmonie skusu mohou byt pfi€inou bolesti-
vosti zub( a hlavy [13].

Material a metodika

V prospektivni studii bylo hodnoceno 99 pacient(,
z toho 65 Zen a 34 muzl. 79 pacientl podstoupilo
[éEbu fixnim aparatem, 20 tvofilo kontrolni skupinu
méreni. Retencni aparaty byly pacientlim pfitazovany
metodou nahodného vybéru. Vyjimku tvorili 4 pacienti,

w

dynamic record of occlusion, including timing and bite
force. An ultra-thin sensor is connected via USB port
with PC. With the help of T-Scan we can make very
easily and quickly time scans describing the order and
the force of individual teeth in occlusion, including the
record of the proportion of teeth loading and premature
contacts. The records are well-arranged in color 2D and/
or 3D image. The recording of the occlusal contact can
be stored as a video-recording, used and analyzed
whenever required. The T-Scan system helps in the
diagnostic analysis of a patient’s bite - it analyzes the
sequence of occlusal contacts during intercuspation,
and at the same time it measures proportional distribu-
tion of the relative load forces on individual teeth toge-
ther with all the changes in the functional movements
of the mandible. The measurement starts with the first
contact of teeth and ends with achieving the maximum
intercuspation (Fig. 2). T-Scan can assess the initial
occlusal contact together with the order of all following
teeth contacts; it can assess the amount of occlusal re-
lative force of each contact [13].

T-Scan makes it possible to evaluate the changesin
teeth load during the development of a patient’s occlu-
sion, and express the amount of relative forces in
occlusion in per cents. Thus we are able to identify
and locate the place of traumatic contact [13, 14, 15].
Even the least disharmony in occlusion can lead to
tooth pain and headache [13].

Material and methods

In the prospective study we evaluated 99 patients
(65 female, 34 male). 79 patients underwent treatment
with fixed appliance, 20 patients formed the control
group. Retainers were assigned to patients at random.
Four patients with the retention of corrected lateral
cross-bite were immediately indicated for Hawley re-
tainers.

Scan Type: Mo - - 1 | L

00000

Obr. 1. Snimac¢ sil se senzorem
Fig. 1. T-Scan handle with sensor

www.orthodont-cz.cz e-mail: redakce@orthodont-cz.cz

Obr. 2. Hlavni okno po ukonéeném méfeni
Fig. 2. Main window after finished measurements
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u kterych se jednalo o retenci korekce zkfizeného
skusu. Témto pacientlm byly okamzité indikovany
deskové reten¢ni aparaty.

Mezi kritéria pro zafazeni pacientl do souboru pa-
tfila: léCba fixnim aparatem v obou zubnich obloucich,
kompletni dokumentace pred zahajenim IéCby a po
ukongeni aktivni faze 1éCby fixnim aparatem, souhlas
s noSenim retenc¢nich aparatd podle zadanych in-
strukci a dodrzeni ¢asovych intervall pro opakovani
méreni. Pacienti byli informovani o nutnosti perfekt-
niho dodrzovani protokolu noseni nejen z dlivodu do-
bré retence, ale i vyzkumu. Podminkou zafazeni do
souboru dale byla artikulace po skon¢eni ortodontické
IéCby: Spicaky v Angleové |. tfidé, fezakové vedeni
a molary v Angleoveé |. tfidé (resp. Angleové Il. tfidé,
v pfipadeé extrakci pouze v horni Celisti). Pacienti byli lé-
¢eni pro v8echny typy vad a nerozhodovalo, zda byla
IéEba extrakeni Ci neextrakeni. Do studie nebyli zara-
zeni: pacienti s extrémnimi vadami na skeletalnim pod-
kladé, pacienti IéCeni rupturou Svu patrového, pacienti
s roz$tépy a syndromy, pacienti s dentalnimi implan-
taty a fixnimi (i snimacimi) protetickymi nahradami.
Ze studie byli vyfazeni pacienti, u kterych byla v pri-
béhu vyzkumu provedena jakakoliv konzervacni sa-
nace chrupu.

Soubor byl rozdélen do tii skupin podle typu ob-
drzeného snimaciho reten¢niho aparatu po ukonceni
aktivni faze ortodontické lécby a Ctvrté kontrolni sku-
piny (viz. Tab. 1): I. skupina - horni a dolni retencni folie
(80 pacientd), Il. skupina - horni a dolni reten¢ni deska
(80 pacientd), lll. skupina - kombinace aparatt (19 pa-
cient(), IV. skupina - kontrolni (20 pacientd).

U vS8ech pacientll, ktefi podstoupili 1é¢bu fixnim
aparatem, byl v obou zubnich obloucich v Ease sejmuti
fixovan samopolymerujici pryskyfici (Spofacryl, Spo-
faDental, CR) retainer z vicepramenného splétaného
ocelového dratu (ocel 5pramenna pozlacena
0.0215”, Gold’n BRACES INC., USA). V dolnim ob-
louku byl fixni retainer nalepen vzdy v rozsahu Sesti
zub{ od $picaku po $picak. V hornim oblouku byl fixni
retainer v témze rozsahu u 60 pacientd, v ostatnich 19
pripadech byl horni retainer pouze na fezacich, tedy
v rozsahu ¢tyr zubl. Nékus dolnich fezakd do fixniho
retaineru v horni Celisti byl vylouCen. (Z téchto 19 pfi-
padul se v |. skupiné se jednalo o 9 pacientd, ve Il. sku-
piné o 8 pacientl a ve lll. skupiné o 2 pacienty.)

Pacienti zafazeni do IV. skupiny méli idealni okluzi
bez ortodontické terapie a v ase mezi 2 méfenimi byli
beze zmén na okluzi (bez konzervacni a protetické sa-
nace Ci chirurgické intervence).

Méreni bylo provadéno systémem T-Scan Il (Teks-
canInc., Boston, USA) ve standardizovanych podmin-
kach. Béhem jednotlivych méreni pacienti sedéli vzpfi-
meneé s podeprenou hlavou, senzor byl vioZzen do ust
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The criteria for the patients to meet were the follo-
wing: treatment with fixed appliance in both dental ar-
ches; complete records prior to the treatment and after
end of the active phase of treatment with fixed ap-
pliance; consent to wear a retainer according to given
instructions, and keeping the time intervals for repea-
ted measurement. The patients were informed about
the required perfect abiding of the retainer wearing
protocol not only for the good quality retention, but
also for the research purposes. The patients included
in the sample had to meet the required occlusion after
completed orthodontic therapy: canines in Class |, in-
cisal guiding and molars in Class | (or Class Il in case
the extractions were performed only in the upper arch).
The patients were treated for all kinds of anomalies; the
therapy included extractions or was without extrac-
tions. The following cases were not included in the
study: patients with extreme skeletal anomalies; pa-
tients treated with rapid palatal expansion; patients
with clefts and syndromes; patients with dental im-
plants and fixed (also removable) dental prosthodontic
restorations. Patients in which any conservative re-
construction of dentition was performed during the
study were excluded from the sample.

The sample was divided into three groups accor-
ding to the type of removable retainer, the fourth was
the control group (see Table 1): Group | - upper and lo-
wer vacuum formed retainers (30 patients), Group Il -
upper and lower Hawley retainers (30 patients), Group
lll - combination of removable retainers (19 patients),
Group IV - control (20 patients).

Tab. 1. Charakteristika I. - IV. Skupiny
Tab. 1. Characteristics of Group | - IV

Groups Graup | | Group il | Group Hi ] Group IV
|- Mumbes.of putients 30 j 0 | 19 | 2
e _Famale 17 1 | s | 1n
Male 13 s | 3 | 9 |
Female 14,1-42.3 1 13.0-39.4 ' 13.4-42.4 1 17.8-40.5
o | Male | 121-331 |146-395]143-314 | 260-479

In all patients who had undergone treatment with fi-
xed appliance the retainer of multi-stranded steel wire
(5-stranded steel 0.0215”, Gold’n BRACES INC., USA)
was bonded with self-polymerizing resin (Spofacryl,
SpofaDental, CR). In the lower dental arch fixed retai-
ner was bonded on six teeth, canine-to canine. In the
upper dental arch the same method was used in 60 pa-
tients, in 19 the retainer was only on incisors, i.e. on
four teeth. The bite of lower incisors into the fixed retai-
ner in the upper arch was eliminated. (Out of the 19 pa-
tients, 9 belongto Group I, 8to Group Il, and 2 to Group
1)

The patients in Group IV had an ideal occlusion wi-
thout orthodontic treatment, and at the time between 2
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pacienta s ukazatelem stfedu na drzadle namifenym
mezi horni stfedni fezaky a snimaCem paralelnim
s okluzni rovinou. Pacienti byli pozadani, aby skousli
dolt do fdlie - senzoru, podrzeli 1 vtefinu ve svém ma-
ximalnim skusu a poté otevreli Usta. U kazdého pa-
cienta po ortodontické IéCbé fixnim aparatem byly
zhotoveny 3 skeny v kazdém ze tfi ¢ast TO - ihned
po sejmuti fixnich aparatd, T1 - 3 mésice po sejmuti
a T2 - 6 mésicl po sejmuti.

Kontrolni skupina byla zmétena za ucelem zjisténi
chyby méfeni, nikoliv k posouzeni miry settlingu. Mé-
feni T-Scanem u ni probéhlo shodnym postupem dva-
krat, s odstupem nékolika dni. VSechna méreni byla
provedena jednim vySettujicim.

Analyza okluze systémem T-Scan lll byla hodno-
cena procentudlné v maximalni interkuspidaci. Jed-
nalo se o hodnoty rozlozeni sil skusu v pravé alevé po-
loviné a ve Ctyfech segmentech (pravy a levy anteriorni
a posteriorni) horniho zubniho oblouku. Dale bylo ana-
lyzovano rozlozeni relativnich sil zatizeni jednotlivych
zubd.

Predmétem vyzkumu se vzhledem k pfitomnosti fix-
nich retainer( ve frontalnich Usecich chrupu staly zuby
lateralnich Usekd. Jednalo se o premolary a prvni
a druhy molar na obou stranach oblouku, respektive
1. (pravy posteriorni) a 4. (levy posteriorni) segment
horniho zubniho oblouku. U kazdého pacienta byl poté
ve vS§ech ¢asech méreni vyloucen jeden zaznam okluz-
niho kontaktu (sken), ve kterém se objevovalo nejvice
odlehlych nebo extrémnich hodnot. Ze zbylych dvou
méreni v kazdém Case byl pro statistické zpracovani
spocitan aritmeticky pramér.

Ke statistickému zpracovani byl pouzit statisticky
software SPSS verze 15, SPSS Inc. Chicago USA
a program Microsoft Excel 2010. VSechny statistické
testy byly provedeny na hladiné signifikance 0,05. Zis-
kana data byla popsana pomoci ukazatelll popisné
statistiky - poctu méreni (N), aritmetického prliméru,
smeérodatné odchylky, minimalni a maximalni hodnoty
a medianu. Statistické porovnani bylo provedeno pa-
rovymi t-testy. Testy normality Shapiro-Wilk bylo pro-
kazano, ze data jsou hormalné rozdélena, proto byly
pro statistické zpracovani pouzity parametrické me-
tody (parové t-testy a analyza rozptylu (ANOVA)).
Vzhledem k existenci odlehlych a extrémnich hodnot
byly vysledky parametrickych metod ovéreny i nepara-
metrickymi metodami, jejichz vysledky byly obdobné.

Vysledky

Porovnanim rozlozeni relativnich hodnot okluznich
sil pfi maximalni interkuspidaci (vyjadfeno v procen-
tech) na pravé a levé strané u retencnich folii (v tabul-
kach a grafech dale jen folie, viz. Tab. 2 a Graf 1), re-
tencnich desek (viz. Tab. 3 a Graf 2) a u kombinace
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measurements there were no changes in their occlu-
sion (without restorative or prosthetic reconstruction
or surgical intervention).

Measurements were done with the T-Scan Il sy-
stem (Tekscan Inc., Boston, USA) under standard con-
ditions. Patients were sitting upright with their head
supported, the sensor was inserted into a patient’s
mouth, the indicator of the center on the handle poin-
ting between the upper central incisors, and the scan-
ner parallel with occlusal plane. The patients were
asked to bite down into the foil - sensors, remain for
1 second in their maximum intercuspation, and then
open their mouth. In each patient 3 scans were made
ateach of the three times: TO - immediately after the re-
moval of fixed appliance, T1 - 3 months after the remo-
val, T2 - 6 months after the removal.

The control group was measured to identify the
measurement error, not to assess the degree of se-
ttling. The measurements were done according to
the same protocol, twice, after several days. All mea-
surements were performed by the same person.

The analysis of occlusion with T-Scan Ill was eva-
luated in per cents in the maximum intercuspation.
The values assessed were distribution of occlusal for-
cesinright and left half, and in four segments (right and
left anterior and posterior) of the upper dental arch. The
distribution of relative forces loading individual teeth
was also analyzed.

Due to fixed retainers in anterior segments of denti-
tion, the study focused on the teeth of lateral seg-
ments: premolars, first and second molar on both si-
des of the dental arch; 1st (right posterior) and 4th (left
posterior) segment of the upper dental arch, respecti-
vely. In each patient one recording of the occlusal con-
tact (scan) was excluded at each time of measurement.
It was the scan showing most distant or extreme va-
lues. The arithmetic mean for statistical data proces-
sing was then calculated from the two remaining mea-
surements at each time.

The data were statistically processed with the soft-
ware SPSS, version 15, SPSS Inc. Chicago, USA, and
Microsoft Excel 2010. All statistical tests were perfor-
med on the level of significance 0.05. The data obtained
were described with the use of descriptive statistics -
number of measurements (N), arithmetic mean, stan-
dard deviation, minimum and maximum values, and me-
dian. Statistical comparisons were performed with pair
t-tests. Shapiro-Wilk tests of normality proved the nor-
mal distribution of the data, and therefore, for statistical
processing parametric methods (pair t-tests, and analy-
sis of variance (ANOVA)) were used. With regard to exi-
sting distant and extreme values, the results of parame-
tric methods were verified with non-parametric methods
the results of which were similar.
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Tab. 2. Procentualni rozlozeni okluznich sil na pravé a levé strané
zubniho oblouku pro I. skupinu - retenéni félie

Tab. 2. Proportional distribution of occlusal forces on right and left
side of the dental arch for Group | - vacuum formed retainers

&as retenéni fdlie, vacuum formed retainers
time | strana primér P
N A I il
e o 5D median | minimum | maximum

3 right ‘:3»0‘ 50,9 11.0 51.2 18.1 74,0 0674
left 1300 491 11.0 489 26.0 Bl1.9

am. right |30 533 13.0 51.0 224 £9.7 0333
Fcf‘_t____E{_:l: 477 | 130 430 3 76

g right |30 45.0 13.5 43.0 233 1.7 0624
ieft  |30| 510 135 52.0 283 76.8

2 pair t-test, N - pocet, number, S.D. - smérodatna odchylka, standard deviation

Tab. 3. Procentualni rozlozeni okluznich sil na pravé a levé strané
zubniho oblouku pro Il. skupinu - retenéni desky

Tab. 3. Proportional distribution of occlusal forces on right and left
side of the dental arch for Group Il - Hawley retainers

Eas retendni desky, Hawley retainers

e ool ﬂmf'!' so; | medien | minimum | medmun| T

om Right |30] 536 | 142 550 | 115 806 0,182
Left  |30! 464 142 45.0 19.4 885

im | might ;u: 514 139 535 59 Bz | oo,
Loft  |30) 489 | 138 | 474 | 183 .t

fm. Right |30| 516 118 s0.7 6.9 73 loast
Left 30| 483 119 49.3 218 g3.1 -

pair t-test, , N - pocet, number, S.D. - smérodatna odchylka, standard deviation

Tab. 4. Procentualni rozlozeni okluznich sil na pravé a levé strané
zubniho oblouku pro lll. skupinu - kombinace aparat(

Tab. 4. Proportional distribution of occlusal forces onright and left side
of the dental arch for Group Il - combination of removable retainers

Eas komhbinace aparitil, combination of removable retainers
time '".'"' NP il 5D, maedian | minimum | maximaem #
side mean
om right |19 48.4 8.9 43.9 338 4.5 D0.485
“| teft [19] 518 85 511 56 65.3 '
right |19 404 9.2 49.3 EES:] 70,4
Im, 0.795
i left |19 50.6 9.2 50.7 2906 66.1
&m right (19| 438 8.5 0.0 7.5 64,7 is31
“| teft |19] 513 85 | 501 | 354 72.6 '
pair t-test, N - pocet, number, S.D. - smérodatna odchylka, standard deviation
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Obr. 3. Rozlozeni okluznich sil na pravé a levé strané zubniho ob-
louku v ¢ase 0, 3 a 6 mésicu pro |. skupinu - retencni folie

Fig. 3. Distribution of occlusal forces on right and left side of the den-
talarch at 0, 3 and 6 months for Group | - vacuum formed retainers
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Obr. 4. Rozlozeni okluznich sil na pravé a levé strané zubniho ob-
louku v ¢ase 0, 3 a 6 mésicl pro Il. skupinu - retenéni desky
Fig. 4. Distribution of occlusal forces on right and left side of the den-
tal arch at 0, 3 and 6 months for Group Il - Hawley retainers
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Obr. 5. RozloZeni okluznich sil na pravé a levé strané zubniho ob-
louku v ¢ase 0, 3 a 6 mésicl pro . skupinu - kombinace aparatd
Fig. 5. Distribution of occlusal forces on right and left side of the den-
talarchat 0, 3 and 6 months for Group Il - combination of removable
retainers
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aparatt (v tabulkach a grafech déle jen kombinace, viz.
Tab. 4 a Graf 3) v ¢asech TO (ihned po sejmuti, 0 mé-
sicl), T1 (po 3 mésicich) a T2 (po 6 mésicich) nebyly
prokazany statisticky vyznamné rozdily mezi okluznimi
silami, p bylo ve vSech situacich vétsi nez 0,05 .

Porovnanim zmén rozdili relativnich okluznich sil
mezi pravou a levou stranou u vyS$etfovanych skupin
(skupina I, Il., 1ll.), které nastaly v ¢asech TO (ihned
po sejmuti, 0 mésicl), T1 (po 3 mésicich)a T2 (po 6 mé-
sicich) bylo pro kazdé obdobi, tedy T0az T1 (0 az 3 mé-
sicll), T0azT2 (0az6 mésict)aT1az T2 (3 az6 mésicl)
u kazdého pacienta zjiSténo, zda se rozdil v okluznich
se nezménil. Data byla zapsana do kontingencnich ta-
bulek. Statistické porovnani bylo provedeno Fishero-
vym presnym testem.

Statisticky vyznamné rozdily mezi skupinami byly
prokazany pri sledovani obdobi TO az T2 (0 az 6 mé-
sicl), p=0,001 (viz. Tab. 5 a 6). Nasledné provedenymi
testy mnohonasobného porovnani s Bonferroniho ko-
rekci bylo zjiSténo, Ze u pacientl s retenc¢nimi deskami
byl podil pacient(, u nichz doslo ke snizenirozdilu mezi
pravou a levou stranou, statisticky vyznamné vyssi (21
pacientll, 70%), nez u skupiny pacientd s reten¢nimi
féliemi (ke snizeni doslo pouze u 7 tj. 23 % pacienty),
p = 0,002.

U kazdého pacienta byly na zubech v 1. segmentu
(17,16,15,14)ave 4. segmentu (27, 26, 25, 24) horniho
zubniho oblouku spocitany rozptyly sil. Analyzou roz-
ptylu s opakovanymi meéfenimi byly tyto rozptyly po-
rovnany v ¢asech TO (ihned po sejmuti, 0 mésicu), T1
(po 3 mésicich) a T2 (po 6 mésicich). Statisticky vy-
znamné rozdily byly prokazany ve lll. skupiné (kombi-
nace aparatd) pfi porovnavani rozdilli rozptyld zubl
17,16,15a 14, p = 0,042 (viz. Tab. 7). Po I1éCbé fixnim
aparatem je pozice jednotlivych zubl u rliznych pa-
cientll ve velkém rozptylu, a tak i settling, vykazuje
velky rozptyl namérenych hodnot. Naslednymi Bonfer-
roniho testy mnohonasobného porovnani byl zjistén
vyznamny rozdil mezi rozptyly v Casech T1 (po 3 mési-
cich) a T2 (po 6 mésicich). Primérny rozptyl v ¢ase T1
byl signifikantné vysSi (79,1 £62,7) nez v Case T2 (43,7
+ 33,8), p = 0,019. Doslo tedy ke snizeni primérnych
rozptyll nazubech 17,16, 15, 14. Pfi méreni na retenc-
nich foliich areten¢nich deskach vyznamné rozdily na-
lezeny nebyly. Pfi analyzovanirozptylt hodnot sil u jed-
notlivych zub(1 27, 26, 25, 24 statisticky vyznamné roz-
dily zjistény nebyly.

Pro ovéreni vyvoje rozptyll hodnot procentudlniho
rozloZeni relativnich okluznich sil byly u kazdého pa-
cienta v 1. a 4. segmentu spocitany rozptyly jednotli-
vych zubl. Analyzou rozptylu s opakovanymi mére-
nimi byly tyto rozptyly porovnany v ¢asech T0 (ihned

www.orthodont-cz.cz e-mail: redakce@orthodont-cz.cz

Results

Comparison of relative values distribution of occlu-
sal forces in the maximum intercuspation (in per cents)
on right and left sides in case of vacuum formed retai-
ners (see Table 2 and Chart 1), Hawley retainers (see
Table 3 and Chart 2), and in combination of removable
retainers (see Table 4 and Chart 3) at times TO (imme-
diately after the removal, 0 month), T1 (after 3 months),
and T2 (after 6 months), revealed no statistically signi-
ficant differences between the occlusal forces; in all
cases p > 0.05.

The changes in relative occlusal forces between
right side and left side in the groups examined (|, Il,
Il) that occurred at times TO, T1 and T2 were compared
for each period, i.e. TO-T1 (0-3 months), TO-T2 (0-6
months), and T1-T2 (3-6 months). In each patient it
was recorded whether the difference in occlusal forces
between the right side and the left side decreased, in-
creased or remained stable. The data were recorded in
contingency tables. Statistical comparisons were
made with Fisher’s exact test.

Statistically significant differences between the
groups were proved at the period TO-T2 (0-6 months),
p =0.001 (see Table 5 and 6). The subsequent tests of
multiple comparison with Bonferroni correction revea-
led that in the group with Hawley retainers, the propor-
tion of patients with reduced differences between left
and right side was significantly higher (21 patients,
70%) than in the group with vacuum formed retainers
(7 patients, 23%), p = 0.002.

In each patient there was calculated dispersion of
forces in teeth of the 1st segment (17, 16, 15, 14) and
in teeth of the 4th segment (27, 26, 25, 24) of the upper
dental arch. The dispersions were compared at times
TO, T1, and T2 with the analysis of variance (with repea-
ted measurements). Statistically significant differen-
ces were proved in Group Il (combination of remova-
ble retainers) in comparison of differences in variance
of 17, 16, 15 and 14, p = 0.042 (see Table 7). After
the treatment with fixed appliance the positions of indi-
vidual teeth as well as settling show significant va-
riance in individual patients. Bonferroni tests of multi-
ple comparisons proved significant difference bet-
ween variances at time T1 and T2. The mean value of
variance at T1 was significantly higher (79.1 + 62.7)
than at time T2 (43.7 £ 33.8), p = 0.019. The mean va-
riance decreased for teeth 17, 16, 15, 14. Measure-
ments of vacuum formed and Hawley retainers did
not prove significant differences. The analysis of value
variance of forces inthe teeth 27, 26, 25, 24 showed no
significant differences.

To verify the development of variance of proportio-
nal distribution of relative occlusal forces we calcula-
ted variance of individual teeth in the 1st and 4th se-
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Tab. 5. Zmény rozdild procentudlniho rozlozeni okluznich sil mezi
pravou a levou stranou v obdobi TO az T2 (0 az 6 mésict) mezi sku-
pinami

Tab. 5. Changes in the differences of proportional distribution of
occlusal forces between right and left side at TO - T2 (0 - 6 months)
between the groups

Iri i '_hﬂmﬁr_aﬁ_'n;almu
stranou v obdobl 046 m. se:
Difference between right and
left side at 0-6 montha:
snifil nezménil | oyl celkem
decreased | remained | increased | total
retenéni folie
WaCUUm
skuping formed podet, rate 7 o 23 30
group retalners % 23.3% 0% 76.7% | 100.0%
retenéni desky
Hawley podet, rate 21 o L] 30
retainers % 70.0% 0% 30.0% 100.0%
kombinace
aparitd
combination of
removable | pofet rate 7 1 11 19
retainers % 36.8% 5.3% 57.9% 100.0%
celkem, overal pofet,rate 35 1 | 43 749
% 443% | 13% |_ 54.4% | 100.0%

Tab. 6. Vysledky testl. Byly prokazany statisticky vyznamné rozdily
pfi sledovani obdobi TO az T2 (0 az 6 mésicl) mezi skupinami

Tab. 6. Tests results. Statistically significant changes were proved at
TO - T2 (0 - 6 months) between the groups

Value Bilateral exact significance
Fischer's exact test 16. 091
Number of valid cases 79 0.001

po sejmuti, 0 mésicl), T1 (po 3 mésicich)a T2 (po 6 mé-
sicich).

Statisticky vyznamné rozdily byly prokazany u lIl.
skupiny (kombinace aparatd), p = 0,043 (viz. Tab. 8).
Naslednymi Bonferroniho testy mnohonasobného po-
rovnani byl zjistén vyznamny rozdil mezi rozptyly v ¢a-
sech T1 (po 3 mésicich) a T2 (po 6 mésicich). Priimérny
rozptyl v Case T1 byl signifikantné vyssi (81,9 + 38,1)
nez v ¢ase T2 (60,2 + 40,1), p = 0,009. Doslo tedy ke
snizeni prdmérnych rozptyll na zubech 17, 16, 15,
14, 24, 25, 26, 27. Pti méreni na reten¢nich féliich a re-
tencnich deskach vyznamné rozdily nalezeny nebyly.

Diskuse

Cilem této prospektivni studie bylo systémem T-
Scan lll zjistit, zda v prlibéhu retence dochazi ke zvy-
Seni poctu okluznich kontaktl (settling) a pomoci poci-
taCové analyzy okluze porovnat procentualni rozlozeni
okluznich sil v chrupu pfi maximalni interkuspidaci.
Dale si studie kladla za cil posoudit, zda se tyto zmény
liSi v zavislosti na typu zvoleného retencniho aparatu.
Okluznim zménam u pacientl v retencni fazi ortodon-
tické IéCby pfi retenci zajisténé rozdilnymi retenénimi
aparaty se ve svych studiich vénovalo nékolik autor(
[7,8,9,11,12,16, 17, 18]. V nasi studii jsme se zaméfili
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Tab. 7. Procentualni rozloZeni okluznich sil na zubech 17, 16, 15, 14
v 1. segmentu horniho zubniho oblouku

Tab. 7. Proportional distribution of occlusal forces in the teeth 17,
16, 15, 14 in the 1st segment of the upper dental arch

retenéni fdlie, vacuum formed retainers
Las
time (& priendr 5.0, medlon | minimum | masimum ¢
mean
om 30| so0 | 823 72 | 131 4930
im. |30| 842 918 25 | 3.1 3038 0438
Em. |30 67.8 70.1 49.8 3.5 342.4
= retenkni desky, Hawley retainers
primis ' [
time & i 5D, medion | minimum | Maximuom
Om. (30| 500 | EO.1 655 | n.o 390.4
3m. 130] 855 | 624 LLE 00 711 | 0889
6 m 30| o924 | 734 B7.7 0.0 25T
o kombinace aparitl, combination of removable retainers
time | w | PrOmEr 50, median | minimum | Maximim e
m&an
Om. 19| 5219 B3.1 s | 04 1.4
_3 m. 15.! 79 I EJ._'." '532 1 07 :HS_._! 0.042
Em 19 43.7 331.E 37.9 1.3 1276

° ANOVA s opakovanymi méfenimi, ANOVA with repeated measurements

Tab. 8. Procentualnirozlozeni okluznich silna zubech 17, 16, 15, 14,
27,26, 25,24 v 1. a 4. segmentu horniho zubniho oblouku

Tab. 8. Proportional distribution of occlusal forces in the teeth 17,
16, 15, 14, 27, 26, 25, 24 in the1st and 4th segments of the upper
dental arch

i retenéni folie, vacuum formed retainers
5
time | N promér 5.0, median | minkmum | maximum P.
mean
 Om, j30) 802 | 570 | 715 | 42 1 3076
3m. |3D| 79.8 75.8 | 54.9 3.6 301.1 0.951
6m. 30| 762 471 | 80.2 131 1835
i retenéni desky, Hawley retainers
5
time N P 5.0. median | minkmum | makimum "
mean
Om. (30| 90.0 618 72.1 4.7 257.6
Im. (30| 840 449 8 | 182 | 1720 | 0797
6m. |30| 90.1 49.0 | 83.5 19.8 193.6
s kombinace aparati, combination of removable retainers
L]
time | N priméie 5.0, median | minimum | maximum o
mean
Om. (19| 825 53.3 48.9 156 256.9
3m. [19] 819 81 | 759 | 150 1375 | 0.043
6m, (19| 602 40.1 | 427 | 78 | 1439

® ANOVA s opakovanymi mérenimi, ANOVA with repeated measurements

gment for each patient. ANOVA with repeated measu-
rements was used to compare the variances at times
TO, T1 and T2.

Statistically significant differences were proved in
Group lll (combination of removable retainers), p =
0.043 (see Table 8). Bonferroni tests of multiple com-
parisons found a significant difference between va-
riances at T1 and T2. The mean variance at time T1
was significantly higher (81.9 £ 38.1) than at T2 (60.2
+ 40.1), p = 0.009. The mean variance decreased for
theteeth 17, 16, 15, 14, 24, 25, 26, 27. Measurements
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na estetické retencnifdlie, retencni desky a kombinace
aparatu.

Porovnanim rozlozeni relativnich okluznich sil (vy-
jadreno v procentech) na pravé a levé strané zubniho
oblouku nebyl v Zadné skupiné prokazan statisticky
vyznamny rozdil mezi okluznimi silami. Nesignifikantni
vysledky uvedeného porovnani jsou vysledky kladné
a zadané. Lze fici, ze co se tyCe procentualniho rozlo-
zeni okluznich sil na strany zubniho oblouku ve sledo-
vaném souboru, trval po celé obdobi 6 mésict obou-
stranné vybalancovany harmonicky skus a v priibéhu
retence nedoslo ke zhorSeni skusu ve smyslu stranové
nevyvazenosti. V prlibéhu ¢asu se ve Il. skupiné, kde
byla retence ortodontického vysledku zajisténa re-
tencnimi deskami, variabilita namérenych hodnot bé-
hem Sesti mésicl postupné snizovala, coz Ize prikladat
probihajicimu settlingu. Dale bylo cilem studie porov-
nat zmény rozdil( procentualniho rozlozeni okluznich
sil mezi stranami v zubnim oblouku. Zjistit, zda se rozdil
v okluznich silach mezi pravou a levou stranou snizil,
skami byl v obdobi TO az T2 (0 az 6 mésicll) podil pa-
cientl, u nichZ doslo ke snizeni rozdilu mezi pravou
alevou stranou, statisticky vyznamné vyssi, nez u sku-
piny pacientl s reten¢nimi féliemi. V obdobi TO az T2
tedy umoznily retenCni desky statisticky vyznamné
lepsi settling oproti retennim foliim.

Zmény v poctech okluznich kontakt( pti retenci za-
jisténé retencnimi féliemi nebo retenénimi deskami zji-
gfovali také Sauget et al. [7]. VySetfovany soubor tvo-
filo celkem ftficet pacientl; patnact z nich obdrzelo
po lé¢bé fixnim aparatem retencni félie a patnact re-
ten¢ni desky. Registrace okluznich kontaktd byla pro-
vedenavinylpolysiloxanovou otiskovacihmotou a jejim
naslednym prosvicenim. Narlst poc¢tu okluznich kon-
taktd v lateralnim Useku chrupu byl zjistén u obou sku-
pin, ve skupiné s reten¢nimi deskovymi aparaty signi-
fikantné vyznamnéjsi. Diky tomuto vyzkumu je usuzo-
vano, ze retencni deskové aparaty umoznuji vice
relativnich vertikalnich pohyb( zub( v lateralnich Use-
cich chrupu, zatimco retencni folie drzi zuby v pozici
podobné stavu pfi sejmuti fixniho aparatu.

K dal$im cildm nasi studie patfilo zjistit rozptyly pro-
centualniho rozlozeni okluznich sil na zubech v 1. a 4.
segmentu horniho zubniho oblouku u kazdého pa-
cienta. Analyzou rozptylu s opakovanymi méfenimi
potom tyto rozptyly v €ase porovnat. Bylo zjisténo sta-
tisticky vyznamné snizeni prdmérnych rozptyltv 1. se-
gmentu ve lll. skupiné (kombinace aparatt) v ¢ase T1
az T2 (po 3 az 6 mésicich). V tomto ¢ase probéhl ve
skupiné s kombinacemi aparatl settling.

Narlst poctu okluznich kontaktll béhem retence
potvrdili pfi rdznych retencnich aparatech ve svych
studiich také dalsi autofi. Basciftci et al. [10] zjitovali,
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of vacuum formed and Hawley retainers did not show
significant differences.

Discussion

The aim of this prospective study was to determine,
using the T-Scan Ill system, whether during retention
period there occurs a higher number of occlusal con-
tacts (settling), and with computer analysis of occlu-
sion to compare the occlusal forces distribution in
the maximum intercuspation. Another aim was to as-
sess whether these changes differ in relation to the
type of the retainer applied. Several authors dealt with
occlusal changes in patients during retention period of
the orthodontic treatment where the retention was se-
cured with different retainers[7,8,9,11,12,16,17,18].
Our study focused on the esthetic vacuum formed re-
tainers, Hawley retainers and combination of remova-
ble retainers.

Comparison of relative occlusal forces distribution
(in per cents) on right and left side of the dental arch
did not prove any statistically significant difference in
any group. Insignificant results of the comparison are
the positive and desirable results. We can say that
for the period of 6 months there remained bilaterally
balanced and harmonious bite and the bite did not
worsen during retention phase in terms of lateral imba-
lance. During the time, in Group Il (Hawley retainers)
the variance of the values measured gradually decrea-
sed, which can be assigned to ongoing settling. The
study also aimed to compare the changes in different
distribution of occlusal forces between the sides of
the dental arch - to find out, whether the difference of
occlusal forces between left and right side decreased,
increased, or remained the same. In the group with
Hawley retainers in the period TO - T2 (0 - 6 months)
the proportion of patients with the decreased diffe-
rence was significantly higher than in the group with
vacuum formed retainers. Within the period TO - T2
thus Hawley retainers led to statistically significant
better settling compared to vacuum formed retainers.

Changes in the number of occlusal contacts during
retention phase secured with clear overlay or Hawley
retainers were dealt with by Sauget et al. [7]. The sam-
ple included thirty patients; fifteen treated with clear
overlay and fifteen with Hawley retainers. Occlusal
contacts were registered with help of vinylpolysiloxane
impression material and the following transillumina-
tion. In both groups the authors reported the increase
in number of occlusal contacts in lateral segment of
dentition; the increase was significantly higher in the
group with Hawley retainers. Therefore, it is assumed
that Hawley retainers allow for more relative vertical
movements of teeth in lateral segments of dentition,
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jak se méni okluzni kontakty v prlbéhu jednoho roku
retence ve tfech skupinach po dvaceti pacientech.
V prvni skupiné obdrzeli pacienti retenéni deskové
aparaty (Hawley retainer), ve druhé skupiné horni de-
skovy aparat podle Jensena (Jensen plate) vkombinaci
s dolnim fixnim retainerem a tfeti skupina byla kon-
trolni. Registrace okluznich kontaktd byla provedena
v centralni okluzi pomoci silikonového otiskovaciho
materidlu. Autofi vyzkumu zjistili, Ze ve vSech tfech
skupinach doslo k relativnimu vertikalnimu pohybu po-
steriornich zubd, signifikantné vyznamnému v mola-
rech. Ve skupiné nelécenych subjektd pricitali tyto ve-
rtikalni pohyby rlstovym zménam. Durbin a Sadowsky
[18] porovnavali pozicionator s retenéni deskou. Oklu-
zni kontakty registrovali polyetherovou otiskovaci
hmotou s naslednym pfeneseniminformaciz registratu
skusu na studijni modely. Jiz po tfech mésicich v re-
tencni fazi nalezli 16,3% narUst poctu okluznich kon-
taktl v lateralnich Usecich chrupu. Statisticky efektiv-
né&jSim aparatem byl v této studii pozicionator, u kte-
rého se totdlni ¢islo okluznich kontaktl v lateralnich
usecich zvysilo z 9,73 na 10,66; u retencni desky se
jednalo o narlist z 10,65 na 11,39. Zmény okluze pfire-
tenci zajisténé retencnimi deskami nebo pozicionato-
rem shodné s Durbinem a Sadowskym zjitovali také
Haydar et al. a Bauerova et al. Haydar et al. [16] porov-
navali okluzni kontakty u dvaceti pacientt ve dvou ¢a-
sech; ihned po sejmuti fixniho a aparatu po trech me-
sicich v retenci. Deset pacientl dostalo horni a dolni
retencni desku a deset pozicionator. Ke srovnavani vy-
sledk slouzila jesteé treti skupina deseti subjektl s ne-
Ié€enou idealni okluzi. Registrace okluze byla prove-
dena silikonovou otiskovaci hmotou, okluzni kontakty
preneseny na studijni modely a nasledné potizeny
standardni fotografie téchto modeld. K ur¢eni zmény
v okluznich kontaktech se fotografie z obou ¢asti mé-
feni prekryly. Nalezen byl pouze maly vzestup poctu
kontaktd, ktery u retencnich deskovych aparatt ¢inil
22,4 a ve skupiné pacientll s pozicionatorem 27,0.
V porovnani s kontrolni skupinou byl tento vysledek
s témér o polovinu nizsim pocétem zjisténych kontakt(
povazovan za neuspokojivy. Bauerova et al. [12] zkou-
mali okluzni zmény v lateralnich Usecich chrupu v pri-
béhu osmi mésict retence ve dvou skupinach pa-
cientd. Patnact pacientl obdrzelo snimaci deskovy
aparat, pétadvacet na dva mésice pozicionator a po
této dobé taktéz deskovy aparat. Okluzni kontakty zji-
fovali pomoci silikonové otiskovaci hmoty aplikované
na zuby dolniho zubniho oblouku. Registrace skusu
byla provedena v maximalni interkuspidaci a kazdy re-
gistrat skusu byl za standardizovanych podminek
oskenovan k analyze okluznich kontaktd. V obou sku-
pinach byl prokazan vyznamny nardst poctu okluznich
kontaktd, ktery se mezi skupinami signifikantné nelisil.
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while clear overlay retainers keep the teeth in the posi-
tion similar to that after the removal of fixed appliance.

Our study also dealt with variances of proportional
distribution of occlusal forces on the teeth in the 1st
and 4th segments of the upper dental arch in each pa-
tient. With ANOVA and repeated measurements the va-
riances in time were compared. Statistically significant
decrease of mean variances was proved in the 1st se-
gment in Group Ill (combination of removable retainers)
attime T1-T2 (after 3 to 6 months). At that period settling
took place in the group with combined retainers.

Increase in the number of occlusal contacts during
the retention was reported by other authors, too. Bas-
ciftci et al. [10] monitored the change in occlusal con-
tacts within one year of retention in three groups, each
of twenty patients. In the first group patients received
modified Hawley retainers, in the second group upper
Jensen plate combined with lower fixed retainer, and
the third was a control group. Occlusal contacts were
registered in central occlusion with silicon impression
material. The authors found out that in all three groups
relative vertical movement of posterior teeth occurred,
statistically significant in molar area. They assumed
that vertical movements in the control group were rela-
ted to growth changes. Durbin and Sadowski [18]
compared positioner with Hawley retainer. Occlusal
contacts were registered with polyether impression
material and then transferred on study casts. As early
as after three months of retention they found a 16.3%
increase in the number of occlusal contacts in lateral
segments of dentition. Positioner proved to be statisti-
cally more effective - the number of occlusal contacts
in lateral segments increased from 9.73 to 10.66; in
case of Hawley retainers it was from 10.65 to 11.39.
Haydar et al. [16] compared occlusal contacts in
twenty patients at two times - immediately after the re-
moval of fixed appliance, and after three months of re-
tention. Ten patients were treated with upper and lo-
wer Hawley retainer, ten patients with positioner. The
third group, a control one, included ten people with
an ideal occlusion and without any treatment. Occlu-
sion was registered with silicon impression material,
the contacts were transferred on study casts and pho-
tographs of the casts were taken. To determine the
change in occlusal contacts, the photographs taken
at individual times were superimposed. Only a minor
increase in the number of contacts was found - in Haw-
ley retainers 22.4, in positioner 27.0. When compared
with the control group, the result was considered
unsatisfactory. Bauerova et al. [12] dealt with occlusal
changes in lateral segments of dentition during eight-
month retention period in two groups of patients. Fif-
teen patients were treated with removable Hawley re-
tainer, twenty five patients were treated with Perfector
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V dalSich dvou studiich zamérfenych na zjisténi
zmeén v okluznich kontaktech v retencni fazi ortodon-
tické IéCby, byli porovnavani pacienti, ktefi absolvovali
ortodontickou [é¢bu fixnim aparatem a obdrzeli re-
tenéni aparat, s kontrolni skupinou subjektl s idealni
okluzi bez ortodontickeé terapie. V prvni studii porovna-
vali Dincerova et al. [8] okluzni kontakty dvaceti orto-
donticky nelé¢enych subjektl s dvaceti pacienty, ktefi
obdrzeli na devitimésiéni sledované obdobi retencni
faze deskoveé reten¢ni aparaty. Ve druhé studii srovna-
vali Dingerova et al. [9] patnact neléenych subjektl
s patnacti pacienty, kterym byl pridélen foliovy re-
tenéni aparat. K registraci okluznich kontaktd v cen-
tralni okluzi slouzila silikonova otiskovaci hmota.
V obou studiich byl zji§tén signifikantni narlist poctu
okluznich kontaktl, nicméné v pripadé retencni folie
az po 2,5 roce od ukonc&eni aktivnifaze 1éCby a v porov-
nani s kontrolni skupinou byl pocet idealné lokalizova-
nych kontakt( stale nizsi. [8, 9] Sari et al. [11] srovnavali
pocet okluznich kontaktd mezi tfemi skupinami.
V jedné pétadvaceticlenné skupiné obdrzeli pacienti
po ortodontické [é¢bé fixnim aparatem jako retenéni
aparat horni a dolni reten¢ni desku. Ve druhé skupiné
o stejném poctu pacientl byla retence zajisténa hor-
nim a dolnim fixnim retainerem. Treti skupinu tvofilo
dvacet nelécenych subjektl s idedlni okluzi. Ve vSech
skupinach byly nejdfive alginatovou otiskovaci hmo-
tou zhotoveny otisky na studijni modely. Registrace
okluze byla provedena silikonovou otiskovaci hmotou.
Vyzkumem bylo zjisténo, ze oba sledované typy re-
tence dovoluji relativni vertikalni pohyb posteriornich
zubl. Pocet okluznich kontaktl v lateralnich Usecich
chrupu vsak byl vétsi u fixnich retainer( nez u retenc-
nich desek a neléCenych okluzi.

Systémem T-Scan Il je mozné analyzovat velikost
okluznich kontakt(l béhem maximalini interkuspidace.
Diky T-Scanu se ziskaji podrobné informace o rozlo-
zenirelativnich okluznich sil vztazené k jednotlivym zu-
bdm, jejich skupinam ¢&i na poloviny zubniho oblouku.
Cely systém proSel od doby, kdy byl poprvé predsta-
ven, fadou vyvojovych zmén hardwaru a softwaru az
k souCasné verzi 8, kterd je s plivodnim systémem T-
Scan | dnes jiz nesrovnatelna. [20] Posouzeni spolehli-
vosti systému T-Scan Il se vénovalo nékolik autord.
Lee et. al. [21] provedli vyzkum, jehoZ cilem bylo zhod-
notit preciznost a divéryhodnost systému T-Scan lll
jako nastroje k analyze okluze. Ve studii byla hodno-
cena korelace mezi hodnotami ziskanymi mérenim
okluze pomocisystému T-Scan Il v porovnanis dvéma
indexy k hodnoceni okluze; PAR Indexem (Peer As-
sessment Rating Index) a OGS (Objective grading sy-
stem for dental cast and panoramatic radiographs).
Na zakladé vysledkl studie byl index OGS doporucen
jako objektivnéjsi metoda k hodnoceni okluze nez PAR
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for two months and then with Hawley retainer. Occlu-
sal contacts were registered with silicone impression
material applied on the teeth in the lower dental arch.
The registration was made in the maximum intercu-
spation and each occlusal register was scanned under
standard conditions to serve the following analysis of
occlusal contacts. Statistically significant increase in
the number of occlusal contacts was found in both
groups, there were no significant differences between
the two groups.

Othertwo studies focused on the changes in occlusal
contacts during the retention period of orthodontic
treatment and compared patients that underwent ortho-
dontic treatment with fixed appliance and wore retainer
with the control group of those with an ideal occlusion
without orthodontic management. Dincer et al. [8] com-
pared occlusal contacts of twenty people without ortho-
dontic treatment with twenty patients wearing Hawley
retainers for the nine-month retention period. Dinger et
al. [9] compared fifteen subjects without any orthodontic
treatment with fifteen patients wearing thermoplastic re-
tainers. Occlusal contacts in central occlusion were re-
gistered with silicone impression material. Both studies
found significant increase in the number of occlusal
contacts. However, in patients wearing thermoplastic
retainer the increase was determined only 2.5 years after
the active treatment completion, and the comparison
with the control group showed that the number of ideal
contact locations was still lower [8, 9]. Sari et al. [11]
compared the number of occlusal contacts in three
groups. One group of twenty five patients was treated
with upper and lower Hawley retainer following ortho-
dontic therapy. The second group (twenty five patients)
wore upper and lower fixed retainer. The third group in-
cluded subjects with an ideal occlusion. Impressions for
study casts were made with alginate impression mate-
rial. The research proved that the two types of retention
allowed for relative vertical movement of posterior teeth.
Nevertheless, the number of occlusal contacts in lateral
segments of dentition was higher in fixed retainers than
in patients with Hawley retainers and ideal occlusions.

The T-Scan lll system may be used to analyze the
range of occlusal contacts during maximum intercu-
spation. T-Scan provides detailed information on the
distribution of relative occlusal forces in relation to in-
dividual teeth, their groups or halves of dental arches.
Since its introduction the system underwent a number
of hardware and software developments. The current
version 8.0 cannot compare to the original T-Scan sy-
stem [20]. Several authors dealt with the reliability of
the system. Lee et al. [21] carried out the research
the objective of which was to assess the precision
and credibility of T-Scan Ill as the tool for occlusion
analysis. The study evaluated the correlation between
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index. T-Scan byl shledan klinicky prospésnou meto-
dou v urCovani relativni okluzni nerovnovahy, extrém-
nich okluznich sil a zmén na okluzi v ¢ase. Vyhody sy-
stému T-Scan Il nejsou spatfovany pouze v realnosti
a opakovatelnosti ziskanych dat, ale také v moznosti
zachytit zmény v okluznich kontaktech v pribéhu
Casu. Jde o jedinou metodu k vySetfeni dynamické
okluze. Korelace mezi okluznim indexem a méfenim
T-Scanem byla signifikantni, prokazujici spolehlivost
a objektivitu T-Scanu, jakozto systému k hodnoceni
okluze. Systém T-Scan lll vykazuje dostate¢nou miru
reprodukovatelnosti a proto ho Ize pokladat za objek-
tivni, kvantitativni a dynamicky systém k hodnoceni
okluze, ktery mlze nahradit statické okluzni indexy.
Koos et al. [14] a Trpevska et al. [15] studovali presnost
a spolehlivost systému T-Scan a zjistili, Ze jde o dosta-
teCné presnou kvalitni metodu k hodnoceni okluze, vy-
jime€nou zejména v moznosti ziskani informaci o sile
skusu vztazené ke kazdému jednotlivému zubu. Vyso-
kou reprodukovatelnost dat ziskanych T-Scan analy-
zou okluze potvrdili ve své studii i Cohenovi [22], ktefi
provedli méreni u pacientd IéCenych fixnim lingvalnim
aparatem. Z jejich studie vyplynulo, ze prestoze je
ortodontickou léCbou dosazeno vysledku stanove-
ného na zakladé set-upu, okluzni sily mohou byt rozlo-
zeny nerovnomeérngé, setrvavaji asymetrické a mohou
signalizovat funk&ni nerovnovahu. Béhem dvacetimé-
si¢niho obdobi retentni faze se zvysila kvalita oklu-
znich kontakt(. Doslo také k vyrovnani asymetrickych
kontaktd, které byly zjiStény v ¢ase po sejmuti fixniho
aparatu. Vyjimku tvofilo nékolik ptipad(, u kterych byly
zaznamenany odlehlé hodnoty.

Ackoliv je T-Scan shledan objektivni a presnou me-
todou k analyze okluze, statistickym zpracovanim na-
mérenych vysledkl této studie byla zjisténa velka va-
riabilita hodnot. V Case ihned po sejmuti a tfi mésice
v retencni fazi se navic objevovaly i hodnoty odlehlé
a extrémni, které byly v dal$im pribéhu retenéni faze
eliminovany. Je otazkou, zda by vyzkum v delSim Ca-
sovém horizontu potvrdil settling dolozenim vétsiho
mnozstvi vysledkll se statistickou vyznamnosti.
U vSech pacientl bylo dosazeno cileného vysledku
IéCby, tj. artikulace v I. Angleoveé tfidé v molarech i Spi-
¢acich na obou stranach, fyziologického prekusu
a predkusu. T-Scanem se u nékterych z nich presto zji-
stila extrémni stranova nevyvazenost skusu. Nékteré
zuby byly v supraokluzi, jiné v infraokluzi. Nahodnym
vybérem vSak byli do studie zafazeni i tito pacienti.
Extrém doklada méreni v Case 3 mésice po sejmuti fix-
niho aparatu ve Il. skuping, kdy pfi maximalni artikulaci
bylo zaznamenano procentualni rozlozeni okluznich sil
na pravé a levé strané s minimem 5,9 % a maximem
94,1 % (viz. Tab. 3). Nakolik mohly takové hodnoty mé-
feni ovlivnit vysledek celé studie je diskutabilni. Pfed-
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the values obtained with the T-Scan Ill system compa-
red to two indexes of occlusion evaluation: PAR Index
(Peer Assessment Rating Index), and OGS (Objective
Grading System for dental cast and panoramic radio-
graphs). OGS was recommended as a more objective
method for occlusion assessment than PAR Index. T-
Scan was found as a clinically beneficial method for
determination of relative occlusal imbalance, extreme
occlusal forces, and changes in occlusion during the
period of time. The advantages of T-Scan lll are consi-
dered reality and repeatability of the data obtained, as
well as possibility to register changes in occlusal con-
tacts over the time. T-Scan is the only method for the
assessment of dynamic occlusion. The correlation
between the occlusal index and measurements taken
with T-Scan was significant, proving reliability and ob-
jectivity of T-Scan as the system used for the occlusion
assessment. The T-Scan Il system shows sufficient
extent of repeatability, and thus is considered as an
objective, quantitative, and dynamic system for occlu-
sion assessment that may substitute static occlusal in-
dexes. Koos et al. [14] and Trpevska et al. [15] exami-
ned accuracy and reliability of the T-Scan system,
and concluded that it represents a sufficiently precise
and good quality method of occlusion assessment,
that can collect information on bite force related to
each individual tooth. Cohen [22] confirmed the high
repeatability of the data obtained through T-Scan
occlusion analysis; the authors performed the measu-
rements in patients treated with fixed lingual ap-
pliance. They conclude that though orthodontic the-
rapy may lead to results established at the beginning,
occlusal forces may be distributed unevenly, they re-
main asymmetrical, and may imply functional imba-
lance. During the twenty-month retention period the
quality of occlusal contacts increased; asymmetric
contacts found at the time of fixed appliance removal
were aligned. There were only several exceptions in
which distant values were recorded.

Though T-Scan is considered an objective and ac-
curate method of occlusion analysis, the statistical
processing of this study results shows a great variabi-
lity of values measured. Moreover, at the time TO, im-
mediately after the removal of fixed appliance, and at
T1 of the retention period also distant and extreme va-
lues occurred that were subsequently eliminated. The
question is whether the following long-term research
would prove settling with more statistically significant
results. In all the patients the aim of the therapy was
achieved, i.e. Angle Class | occlusion in molars and ca-
nines bilaterally, physiological overjet and overbite.
However, in some patients T-Scan revealed an
extreme lateral imbalance of bite. Some teeth were in
supraocclusion, others in infraocclusion. These pa-

www.orthodont-cz.cz  e-mail: redakce@orthodont-cz.cz



ORTODONCIE

Odborna prace

rocnik 24
¢.2.2015

meétem studie byly okluzni zmény pfi noSeni rozdilnych
typl snimacich retenénich aparatd, nicméné efektivita
plsobeni vSech snimacich aparatl (tedy i retencnich)
je vSak vzdy zavisla na spolupréci pacienta. Nelze
proto s jistotou tvrdit, Ze pfes opakovana dikladna po-
uceni o nutnosti pravidelného noseni retencnich apa-
ratd z ddvodu dobré retence a soucasné probihajiciho
vyzkumu, dodrzeli vSichni pacienti absolutné ur¢ené
reten¢ni schéma.

Zavér

Bylo potvrzeno, Ze v prlibéhu retenéni faze dochazi
k okluznim zménam. Settling distalnich zubd je pfiro-
zenou soucasti retencni faze 1éCby a vede nejen k lepsi
interkuspidaci, ale i stabilité ortodontického vysledku.
Prestoze bylo aktivni ortodontickou lIéCbou dosazeno
predem ur¢eného vysledku, tj. normookluze s optimal-
nimi hodnotami incizalniho schiidku a hloubky skusu,
nebyly okluzni sily rozlozeny mezi zuby zcela rovno-
meérné. Statistickym zpracovanim dat byla potvrzena
velka variabilita namérenych relativnich hodnot oklu-
znich sil. Zmény v okluznich kontaktech byly zjistény
ve vSech sledovanych skupinach, resp. u vSech re-
tencnich aparat.

Pr@imérné hodnoty procentudlniho rozlozeni oklu-
znich sil pfi maximalni interkuspidaci v polovinach zub-
niho oblouku se ve vSech skupinach pohybovaly v Case
po sejmuti a 3 i 6 mésicl v retenci blizko UpIné rovno-
vahy, tj. 50 % na kazdé strané oblouku.

Nejvetsi zmény v dosazeni co nejlepsich okluznich
kontakt( ve vertikalnim sméru v prlibéhu prvnich Sesti
mésicl retencni faze umoznily retencni desky. V ob-
dobi pdl roku po sejmuti fixniho aparatu doslo pfi re-
tenci zajisténé retencnimi deskami, oproti skuping,
kde byly pouzity retencni félie, ke statisticky vyznam-
nému snizeni rozdilu rozlozeni relativnich okluznich
sil mezi pravou a levou stranou oblouku.

Ve skuping, kde se k zajisténi retence pouzivala
kombinace retencnich aparatd, doslo v porovnani
s ostatnimi skupinami (reten¢ni desky a retencni folie)
ke statisticky vyznamnému sniZeni rozptyl( rozlozeni
relativnich okluznich sil na zubech v posteriornich se-
gmentech chrupu, které charakterizuje probihajici set-
tling.

K tomu, aby bylo mozné pomoci systému T-Scan llI
stanovit rozdil ve zméné okluznich kontaktt pfi pouziti
retencnich desek Ci retenCnich folii, by bylo pravdépo-
dobné nutné provést méreni v horizontu alespon jed-
noho roku a pfi vétsim souboru pacientd.

Autofi nemaji komeréni, vilastnické nebo finan¢ni zajmy na pro-
duktech nebo spole¢nostech popsanych v tomto &lanku.
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tients were included in the study at random. The
extreme is represented by measurement at T1 (3
months after the removal of fixed appliance) in Group
Il - proportional distribution of occlusal forces on right
and left sides was recorded, with the minimum value of
5.9% and the maximum value of 94.1% (see Table 3). It
is debatable to what degree those values of measure-
ments could affect the overall study result. The study
focused on occlusal changes during the use of diffe-
rent types of removable retainers. However, the effec-
tiveness of all removable appliances (including retai-
ners) always depends on the patient’s cooperation.
In spite of the repeated and detailed instructions about
the need to wear retainers regularly, we cannot be sure
that all the patients followed the given retention plan.

Conclusion

The study proved that there occur occlusal changes
during retention period. Settling of distal teeth is a na-
tural part of retention period leading to better intercu-
spation and better stability of orthodontic therapy re-
sults. In spite of the fact that the active orthodontic the-
rapy achieved the desired outcome, i.e. normal
occlusion with optimum values of overjet and overbite,
occlusal forces were not distributed evenly among the
teeth. Statistically processed data showed great varia-
bility in the occlusal relative forces values. Changes in
occlusal contacts were found in all the groups monito-
red, i.e. in all types of retainers.

The mean values of proportional distribution of
occlusal forces in maximum intercuspation in dental
arch halves were close to absolute balance, i.e. 50%
on each side of the dental arch, at times T1 and T2.

The most profound changes in terms of the best po-
ssible occlusal contacts in vertical direction during the
first six months of retention period were determined in
patients with Hawley retainers. Six months after the re-
moval of fixed appliance there was statistically signifi-
cant decrease in the difference of relative occlusal for-
ces distribution between right and left side of the den-
talarchinthe group with Hawley retainers compared to
the group with vacuum formed retainers.

In Group Il (combination of removable retainers)
showed statistically significant decrease in variance
of relative occlusal forces distribution in the posterior
segments of dentition which is characteristic of the
ongoing settling.

To determine the difference in the change of occlu-
sal contacts when using Hawley or vacuum formed re-
tainers, the measurements should be taken within at
least one year and the sample should include more pa-
tients.

The authors have no comercial, proprietary, or financial interests
in the products or companies described in this article.

105



rocnik 24

8.2.2015 Odborna prace ORTODONCIE
Literatura/References
1. Kaminek, M. et al.: Ortodoncie. Praha: Galén, 2014. year retention period. Angle Orthodont. 2009, 79, €. 5, s.

10.

11.

106

. Nanda, R. S.; Nanda, S. K.: Consideration of dentofacial

growth in long-term retention and stability: Is active re-
tention needed? Amer. J. Orthodont. dentofacial Orthop.
1992, 101, €. 4, s. 297-302.

. Dawson, P. E.: Evaluation diagnosis and treatment of

occlusal problems. St. Louis: Mosby, 1989. In: Dincer,
M.; Meral, O.; Tumer, N.: The investigation of occlusal
contacts during the retention period. Angle Ortohodont.
2003, 73, ¢. 6, s. 640-646.

. Storey, A. T.: Functional stability of orthodontic treatment -

occlusion as a cause of temporo-mandibular disorders. In:
Nanda, R.; Burstone, C.: Retention and stability in ortho-
dontics. Philadelphia: Saunders, 1993, s. 203-215.

. Miyazaki, H.; Motegi, E.; Yatabe, K.; Isshiki, Y.: Occlusal

stability after extraction orthodontic therapy in adult and
adolescent patients. Amer. J. Orthodont. dentofacial
Orthop. 1998, 114, €. 5, s. 530-537.

. Horton, J. K.: Comparison of the effects of a Hawley and

perfector/spring aligner retainers on post-orthodontic
occlusion. St. Louis: Thesis for the Degree of Master of
Science in Dentistry, 2007. [Citovano 5.11.2014]. Do-
stupné z URL <https://www.slu.edu/Documents/cade/
thesis/Horton_Thesis.pdf

. Sauget, E.; Covell Jr., D. A.; Boero, R. P.; Lieber, W. S.:

Comparison of occlusal contacts with use of Hawley
and clear overlay retainers. Angle Orthodont. 1997, 67,
€. 3, s.223-230.

. Dincer, M.; Meral, O.; Tumer, N.: The investigation of

occlusal contacts during the retention period. Angle
Ortohodont. 20083, 73, €. 6, s. 640-646.

. Dincer, M.; Aslan, B. I.: Effects of thermoplastic retainers

on occlusal contacts. Eur. J. Orthodont. 2010, 32 , ¢. 1,
s. 6-10.

Basciftci, F. A.; Uysal, T.; Sari, Z.; Inan, O.: Occlusal con-
tacts with different retention procedures in 1-year follow-
up period. Amer. J. Orthodont. dentofacial Orthop. 2007,
131, €. 3, s. 357-362.

Sari, Z.; Uysal, T.; Basgiftci, F. A.; Inan, O.: Occlusal con-
tact changes with removable and bondedretainersina1-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

867-872.

Bauer, E. M.; Behrents, R.; Oliver, D. R.; Buschang, P.H.:
Posterior occlusion changes with a Hawley vs Perfector
and Hawley retainer. Angle Orthodont. 2010, 80, ¢&. 5,
s. 853-860.

T-Scan Il user manual. Version 8. Tekscan, Boston,
2011.

Koos, B.; Godt, A.; Schille, C.; Goz, G.: Precision of anin-
strumentation-based method of analyzing occlusion
and its resulting distribution of forces in the dental arch.
J. Orofac. Orthop. 2010, 71, €. 6, s. 403-410.

Trpevska, V.; Kovacevska, G.; Benedeti, A.; Bozidar, J.:
T-Scan lll System diagnostic tool for digital occlusal ana-
lysis in orthodontics - a modern approach. Sec. Med.
Sci. 2014, 45, .5, s. 155-160. [Citovano 5.11.2014]. Do-
stupné z URL c<http://manu.edu.mk/prilozi/Contribu-
tions_35_2/20-V_TRPE-VSKA.pdf

Haydar, B.; Cier, S.; Saatci, P: Occlusal contact changes
after active phase of orthodontic treatment. Amer. J.
Orthodont. dentofacial Orthop. 1992, 102, €. 1, s. 22-28.
Razdolsky, Y.; Sadowsky, C.; BeGole, E. A.: Occlusal
contacts following orthodontic treatment: a follow up
study. Angle Orthodont. 1989, 59, €. 3, s. 181-185.
Durbin, D. S.; Sadowsky, C.: Changes in tooth contacts
following orthodontic treatment. Amer. J. Orthodont.
dentofacial Orthop. 1986, 90, €. 5, s. 375-382.

Sedy, J.: Kompendium Stomatologie I. 1st ed., Praha:
Triton, 2012.

Kim, J. H.: Computerized occlusion using T - Scan lIl.
E-book. [Citovano 5.11.2014]. Dostupné z URL <http://
www.tekscan.com/pdf/DTL-T-Scan-Clinical-eBook.pdfs
Lee, K-Y,; Lee, S-M.; Cha, L-S.; Lee, J-W.; Chung, D-H.:
Correlation assessment of occlusal evaluation among
PAR index, Objective grading system and T-Scan Ill Sy-
stem. List of abstracts, 90th Congress EOS Warsaw,
18.-22.6.2014.

Cohen-Levy, J.; Cohen, N.: Computerized analysis of
occlusal contacts after lingual orthodontic treatment in
adults. Int. Orthodont. 2011, 9, €. 4, s. 410-431.

MDDr. Daniela Vratna

Stomatologicka klinika 1.LF UK a VFN
Katefinska 32, 128 01 Praha 2

www.orthodont-cz.cz  e-mail: redakce@orthodont-cz.cz



