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Sazetak

Svrha: Zeljelo se s pomocu rendgenkefalometrijske analize ustanoviti mogu li duzinske vrijednosti
maksile, mandibule i kranijalne baze biti prediktori rotacijskog obrasca rasta lica na uzorku ispitani-
ka hrvatske populacije s anomalijom skeletne klase Ill. Ispitanici i metode: Ispitivani uzorak sasto-
jao se od 201 laterolateralne snimke glave (111 Zenskih, 90 muskih) ucinjene prije pocetka ortodont-
ske terapije, a dobivene su iz baze podataka pacijenata Zavoda za ortodonciju Stomatoloske klinike
Klinickoga bolnickog centra Zagreb. Sva mjerenja klasificirana su u pet kategorija: kranijalna baza,
skeletni maksilarni i skeletni mandibularni odnosi, meduceljusni sagitalni i vertikalni odnosi. Za pro-
cjenu rotacijskog obrasca rasta lica koristeno je pet modela multiple linearne regresije. Rezultati:
Efektivna duzina mandibule bila je najznacajniji prediktor rotacijskog obrasca rasta lica pri c¢emu je
povecana duZina u velikoj mjeri predisponirala tendenciju vertikalnom obrascu rasta. Nije pronade-
na znacajna spolna dihotomija, osim u cetvrtom modelu gdje je posteriorna rotacija maksile pove-
zana sa zenskim spolom. Zakljuéci: Prediktori rotacijskog obrasca rasta lica pronadeni u ovoj studiji
mogli bi pomoci ortodontima u odluci o vremenu i vrsti terapiji pacijenata hrvatske populacije s ano-
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Kljuéne rijeci
malokluzija u Ill. Angleovu razredu; ko-

malijom skeletne klase III.

Uvod

Malokluzije klase I1I privlace pozornost klinicara ve¢ sto-
tinama godina zbog sloZenosti terapije, moguceg recidiva
uvjetovanog individualnim rastom i razvojem te zbog velikog
utjecaja na estetiku lica. Incidencija recidiva koja se navodi u
literaturi ¢ak je do 50 % (1). Otegutni ¢imbenik za dijagno-
zu i planiranje terapije malokluzije klase III jest i njezina eti-
oloska raznovrsnost. Genetski i okolisni ¢imbenici pridonose
malokluziji klase I11. Uz to, koriste¢i se analizama povezano-
sti 1 istraZivanja povezanosti, identificirani su razli¢iti lokusi
i sumnjivi geni (2 — 9). Asimetrija zuba i zubnih lukova ta-
koder se smatra vaznim ¢imbenikom koji pridonosi etiologi-
ji svih malokluzija opéenito (10 — 12). Skrinjari¢ i suradnici
(13) u svojem su istrazivanju o fluktuirajuoj asimetriji za-
kljucili da je najvisa fluktuirajuca asimetrija u slu¢aju anoma-
lije klase III, $to upucuje na to da su pacijenti s tom maloklu-
zijom tijekom ranog razvoja izlozeni najvisoj razini genetskog

sti lica; kefalometrija; asimetrija lica

Introduction

Class III malocclusions have been harnessing the atten-
tion of clinicians for hundreds of years due to the complexity
of therapy, the possibility of relapses conditioned by individ-
ual growth and development and due to their great influence
on facial esthetics. The incidence of relapse is reported in one
article up to 50% (1). Additionally, etiologic diversity makes
it more difficult to diagnose and plan the therapy. Genetic
and environmental factors are considered the cause of Class
I1I malocclusions. Diversity of loci and suspicious genes have
been identified using the linkage analysis and association
studies (2-9). The tooth size and dental arch asymmetry were
also recognized as important contributing factors to the eti-
ology of malocclusions (10-12). In their research on fluctu-
ating dental arch asymmetry, Skrinjari¢ et al. (13) concluded
that the highest fluctuating asymmetry appeared in Class I1I
anomalies, which suggest that patients with this malocclu-
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i okoli$nog stresa.

Prevalencija anomalija klase III varira izmedu razlicitih
etnickih skupina — raspon je od 0 do 26 % (14). U azijskoj
populaciji je ve¢a negoli u ostalima (15). Kineska i malezij-
ska populacija imaju razmjerno visoku prevalenciju — 16 %
(14), odnosno 17 % (14). Ve¢ina africke populacije pokazala
je razmjerno nisku prevalenciju, iako je u dvjema zemljama
pronadena veca ucestalost anomalija klase III (16). Nedavna
istrazivanja pokazala su raspon od 2 do 6 % za europsku po-
pulaciju (14).

Vertikalni obrazac rasta kod pacijenata sa skeletnom kla-
som III vrlo je vazan ¢imbenik i treba ga se razmotriti pri
odredivanju dijagnoze i detaljnog plana te vremena terapije.
Schudy (17) je istrazivao interakeiju horizontalnih i vertikal-
nih displazija lica i na temelju SN — MP kuta odredio pro-
porcije prema kojima razlikujemo prosjecne facijalne tipove
i one ekstremne. Podijelio je uzorak od 120 pacijenata u tri
skupine na temelju njihova SN — P kuta i uveo izraz diver-
gencija lica za metodu indikacije vertikalne varijacije. Dva ek-
stremna tipa divergencije lica opisana su kao hiperdivergentan
za osobe s velikim kutom mandibularne ravnine prema kra-
nijalnoj bazi i hipodivergentan za one s malim kutom mandi-
bularne ravnine prema kranijalnoj bazi. Ostali pojmovi koji
su koristeni za opisivanje razli¢itih tipova vertikalnog obrasca
rasta lica su poveéani i smanjeni kut (high and low angle) koji
takoder upucuju na stupanj divergencije lica, zatim dugo ili
kratko lice na temelju linearnih mjerenja visine lica. Jaraba-
kov omjer odreduje postotak prednje i straznje proporcije li-
ca. Taj se odnos dobiva sljede¢om formulom: straznja visina
lica/prednja visina lica x 100. Prednja visina lica mjeri se od
tocke nasion do tocke menton, a straznja od tocke sela do to¢-
ke gonion. Vrijednosti izmedu 62 i 65 % upucuju na prosjec-
no lice, vedi postotak se vidi u slu¢ajevima smanjenoga kuta
(low angle), a manji postotak upucuje na povecani kut (high
angle)(18).

Uzimajuéi u obzir plan terapije, upitno je treba li poceti s
ranom terapijom ili to udiniti tek nakon zavrsetka rasta i ra-
zvoja. Bilo bi dobro da se moze predvidjeti mogu¢nost ishoda
terapije prije njezina pocetka zbog razlicitih smjerova terapije
— samo ortodontski ili ortodontsko-kirurski slucajevi. Mnogi
su autori zakljucili da su ispitanici s manjim gonijalnim ku-
tom i hipodivergentnim obrascem rasta imali dobru progno-
zu, a da su oni s vertikalnim, hiperdivergentnim obrascem ra-
sta pokazali lo$u prognozu nakon ranog lije¢enja malokluzije
klase I11 (19, 20).

Svrha istrazivanja bila je ustanoviti s pomocu rendgen-
kefalometrijske analize mogu li duzinske vrijednosti maksile,
mandibule i kranijalne baze biti prediktori rotacijskog obras-
ca rasta na uzorku ispitanika hrvatske populacije s anomali-
jom skeletne klase III.

Ispitanici i postupci

Uzorak

Uzorak ove retrospektivne studije sastojao se od 201 is-
pitanika s anomalijom klase III (90 muskaraca i 111 Zena;
dob od 12 do 20 godina; srednja dob 15 + 3 godine). Uzorak
je dobiven iz baze podataka pacijenata Zavoda za ortodonci-

Duzinski prediktori rotacijskog obrasca rasta lica kod klase Ill .

sion are under the greatest influence of genetic and environ-
mental stressors during early growth and development.

The prevalence of Class III malocclusion shows the great
variety in different ethnic groups, ranging from 0-26% (14),
being highest in the Asian population (15). Chinese and Ma-
laysian population showed a relatively high prevalence: 16%
(14) and 17% (14), respectively. The lowest prevalence is
found in the African population, although the higher fre-
quency of Class III malocclusion was found in two countries
(16). Recent studies showed a range of 2% to 6% among Eu-
ropean population (14).

For a correct diagnosis, timing and therapy plan in pa-
tients with Class III malocclusion, it is very important to
look attentively at the vertical growth pattern. Schudy (17)
investigated the interaction of horizontal and vertical facial
dysplasias and determined the proportions by which he dif-
ferentiated the average versus extreme facial types based on
the SN-MP angle. He divided his sample of 120 patients in-
to three groups based on their SN-MP angle and coined the
phrase “facial divergence” as a method of indicating verti-
cal variation. The two extremes of facial divergence were de-
scribed as “hyperdivergent” for individuals with increased
mandibular plane angle and “hypodivergent” for individuals
with decreased mandibular plane angle. Other terms which
have been used to describe different vertical facial types in-
clude high and low angle, which also refer to the degree of fa-
cial divergence, and long or short facial types, based on lin-
ear measurements of facial height. The Jarabak ratio shows
the relation between the anterior (N-Me) and posterior facial
height (S-Go). The formula is obtained by dividing the pos-
terior facial height with anterior facial height, then multiply-
ing by hundred. Values between 62-65% point to an aver-
age face, a higher percentage is seen in low angle cases, while
smaller percentage points to high angle cases. (18).

Considering the therapy plan it is controversial whether
to start treatment immediately or to defer it until the growth
is completed. Due to different procedures during therapy, it
would be easier if we could immediately know whether the
case could be resolved only by orthodontists, or by surgeons
and orthodontists. Many authors agreed that a favorable out-
come of an early treatment of Class III malocclusion is associ-
ated with a smaller gonial angle and a hypodivergent growth
pattern while an unfavorable outcome is connected with ver-
tical growth pattern (19,20).

The aim of this study was to determine whether the lin-
ear values of the maxilla, mandible and cranial base could
be predictors of facial rotation pattern in a Croatian popu-
lation with Class III malocclusion by cephalometric radio-

graphic method.

Subjects and methods

Sample
The sample of this retrospective study consisted of 201
patients with Class III malocclusion
(90 male and 111 female; aged 12-20 years; mean age
1543 years) and they were obtained from the archives of the
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ju Stomatoloske klinike Klini¢ckoga bolni¢kog centra Zagreb.
Pregledano je viSe od tisu¢u laterolateralnih snimki glave.
Inkluzijski kriteriji istraZivanja:
) visoka kvaliteta laterolateralnih snimki glave
) dob izmedu 12 i 20 godina
) hrvatska populacija
) ANB kut manji od 0,5°
) Witsova vrijednost manja od 0 mm za djevojcice i -1 mm
za djecake.
Normativ za vrijednost ANB kuta uzet je iz dosadasnjih
studija za hrvatsku populaciju s normalnom okluzijom (21).
Ispitanici s prisilnim zagrizom, kraniofacijalnim sindro-
mima, rascjepom, traumom, hipodoncijom te oni koji su ve¢
bili na ortodontskoj terapiji, nisu uzeti u razmatranje.
Eticko povjerenstvo Stomatoloskog fakulteta u Zagrebu
odobrilo je ovo istrazivanje zato $to su pacijenti pregledani za
rutinske dijagnosticke potrebe i buduce planiranje ortodont-
skog lijecenja. Svi pacijenti ili njihovi roditelji (ako su mla-
di od 18 godina) potpisali su informirani pristanak kojim su
odobrili koristenje svojih radiograma.

N 0N —

Kefalometrijska analiza

Laterolateralne snimke glave dobivene su u standardizira-
nim uvjetima — u polozaju maksimalne interkuspidacije, ko-
riste¢i se olive kefalostatom za stabilizaciju (medijske Zaris-
ne udaljenosti fokusa 1,55 m; detektor do sredine udaljenosti
0,125 m). Upotrijebljena su dva uredaja. Dvadeset kefalogra-
ma ucinjeno je Planmeca PM 2002 CC Prolineom (Planme-
ca, Helsinki, Finska). Ti analogni kefalogrami digitalizirani su
Scan Makerom 1900 (Microtek, Willich, Njemacka). Jos 181
kefalogram pohranjen je na CD-ROM-u u digitalnom forma-
tu i snimljen ortopantomografom OP200D (Instrumentarium
Oy, Tuusula, Finska) s prosje¢nim vremenom ekspozicije od 10
sekunda i pri vrijednostima od 85 kV do 13 mA.

Kefalometrijska analiza obavljena je softverom DO-
LPHIN IMAGE (v.11.0). Kako bi se sprijecila pogreska po-
vecanja i snimka kalibrirala u softveru Dolphin da bismo do-
bili realne linearne vrijednosti, snimke su u¢injene metalnom
kalibracijskom plo¢icom ugradenom u kefalostat i dvije to¢-
ke reproducirane na glavnom filmu.

Linear Predictors of Facial Pattern in Class Ill

Department of Orthodontics, Dental Clinic, Clinical Hospi-
tal Center Zagreb, Croatia. More than one thousand patient
files were reviewed.

The inclusion criteria were as follows: 1. high quality of
pretreatment lateral cephalograms, 2. age between 12 and 20
years, 3. Croatian ethnicity, 4. ANB angle less than 0.5°, 5.
Wits appraisal of less than 0 mm for girls and less than: -1
mm for boys.

The standard of the ANB value was derived from a previ-
ous study on subjects of Croatian ethnicity with normal oc-
clusion (21).

Patients who exhibited an anterior mandibular shift, cra-
niofacial syndromes, clefts, trauma, hypodontia and those
who had already received orthodontic therapy were excluded.

The Ethics Committee of the School of Dental Medicine
approved this study, as the patients were examined for rou-
tine diagnostic needs and future orthodontic treatment plan-
ning. All patients or their parents (if the patients were under
18) signed an informed consent form authorizing the use of
their radiograms.

Cephalometric analysis

Lateral cephalograms were obtained under standard-
ized conditions: in the maximal intercuspal position, using
ear rods for stabilization (median plane focal distance: 1.55
m; detector to midsagittal distance: 0.125 m). Two devices
were used. Twenty cephalograms were taken with a Planme-
ca PM 2002 CC Proline (Planmeca, Helsinki, Finland). An-
alog cephalograms were digitized using a Scan Maker 1900
(Microtek, Willich, Germany). 181 digital ephalograms were
stored on a CD-ROM in digital format and were taken with
an Orthopantomograph OP200D (Instrumentarium Oy,
Tuusula, Finland) with an average exposure time of 10 sec-
onds and at values of 85 kV — 13 mA.

Cephalometric analysis was performed with DOLPHIN
IMAGE software (v.11.0). To prevent magnification error
and to calibrate each cephalogram in the DOLPHIN soft-
ware to obtain real linear values, pictures were taken with a
metal calibration ruler incorporated in the cephalostat and
two ruler points reproduced on the headfilm.

Slika 1. Kefalometrijske tocke koristene u ovom istrazivanju: S —
sella; N — nasion; Co — condilion; Ar — articulare; A — tocka
A (subspinale); ANS — spina nasalis anterior; PNS — spina
nasalis posterior; Gn — gnathion; Go — gonion; Me — menton

Figure 1 Landmarks used in the study: S indicates Sella; N,nasion;
Co, condilion; ar, articulare; A, point A (subspinale); ANS,
anterior nasal spine; PNS, posterior nasal spine; Gn,
gnathion; Go, gonial intersection; Me, menton
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Na svakom kefalogramu je deset kefalometrijskih to¢aka
koje oznacavaju tvrda tkiva (slika 1). Iz tih to¢aka zabiljezeno
je i analizirano 13 angularnih i linearnih mjerenja. Sva mje-
renja su klasificirana u pet kategorija za analizu — kranijalna
baza, skeletni maksilarni i skeletni mandibularni odnosi, sa-
gitalni meduceljusni i vertikalni odnosi (tablica 1.). Kao mje-
ra za svrstavanje u kategoriju obrasca rasta lica koristena su tri
parametra — Bjorkov, Jarabakov i N N — Me : S — Go omjer.
Ako su barem dva upucivala na isti obrazac rasta, pacijent je
svistan u doti¢nu kategoriju.

Tablica 1. Pet kategorija za analizu
Table 1  Five categories for the analysis

Duzinski prediktori rotacijskog obrasca rasta lica kod klase Ill .

On each cephalogram, ten cephalometric landmarks, rep-
resenting hard tissues, were identified (Figure 1). From these
landmarks, thirteen angular and linear measurements were
recorded and analysed. The measurements were divided in-
to five categories for analysis: cranial base, skeletal maxillary
and skeletal mandibular relationships, sagittal intermaxillary
and vertical relationships (Table 1). To determine the vertical
growth pattern, the Bjork and Jarabak analysis and N-Me/S-
Go were used. If at least two parameters indicated the same
growth pattern, the patient was classified in that category.

Kranijalna baza ¢ Cranial base
Linearno ® Linear: S— N, S — Ar

Angularno ¢ Angular: N - § — Ar
Skeletne maksilarne varijable ¢ Maxillary skeletal relationships variables

Linearno © Linear: Co — A

Angularno * Angular: S — N : ANS - PNS
Skeletne mandibularne varijable ¢ Mandibular skeletal relationships variables
Linearno ¢ Linear: Co — Gn, Ar — Go, Go — Gn

Angularno * Angular: Me — Go — Ar, Me - Go : S—N

Sagitalni meduceljusni odnosi ® Intermaxillary relationships variables
Angularno ¢ Angular: ANS - PNS : Me - Go

Vertikalni odnosi ® Vertical relationships

Linearno ® Linear: N — Me, S — Go

Omyjer * Ratio: S — Go : N — Me (%)

Statisti¢ka analiza

Statisticka analiza obavljena je u komercijalnom progra-
mu Statistical Package for Social Sciences (verzija 10,0, SPSS,
Cikago, SAD). Razina znacajnosti postavljena je na P vrijed-
nost < 0,05. Normalnost svih kefalometrijskih varijabli upo-
trijebljenih za multivarijatne testove potvrdena je Shapiro-
Wilkovim testom. Nakon deskriptivne statistike koristena je
viSestruka linearna regresijska analiza za procjenu jesu li du-
zinske vrijednosti maksile, mandibule i kranijalne baze pre-
diktori obrasca rasta lica u slucaju anomalija skeletne klase
III. S obzirom na to da dob i spol mogu utjecati na rezulta-
te i zbunjivati, njihovo znacenje takoder je testirano i uklju-
¢eno u analizu.

Da bismo testirali pogresku mjerenja za kefalometrijske
varijable u ovom istrazivanju, 30 slucajno odabranih lateral-
nih kefalograma ponovno su analizirani mjesec dana posli-
je — to je ucinio isti ispitivac — te su ponovno mjereni intra-
klasnim korelacijskim koeficijentom (ICC) s pripadaju¢im
95-postotnim intervalima pouzdanosti, pogreskom mjerenja
(engl. measurement error — ME), najmanjom detektabilnom
promjenom (engl. smallest detectable change — SDC), grani-
com slaganja (engl. limits of agreement — LoA) i udjelom ra-
zlika izmedu dvaju mjerenja koja se nalaze unutar granica sla-
ganja. ME je izracunat prema Blandu i Altmanu kao drugi
korijen rezidualnog prosje¢nog kvadrata iz analize varijance
(22).

Reproducibilnost ispitivaca u mjerenju bila je znatna do
izvrsna (ICC = 0,65 - 1,00). Pogreska mjerenja bila je niska
(raspon 0,12 — 3,01) i uvijek je bila manja od bioloske varija-
bilnosti pripadajuée varijable.

Statistical analysis

Statistical analyses were performed using Statistical Pack-
age for Social Sciences software (version 10.0, SPSS, Chica-
go, SAD). The level of significance was set at P-values of <
0.05.

The normality of all cephalometric variables used for
multivariate tests was confirmed using the Shapiro-Wilk test.
After deriving descriptive statistics, multiple linear regres-
sion analysis was used to study the associations between lin-
ear measurements of maxilla, mandible and cranial base and
facial growth rotation. As age and gender may influence the
results and act as confounders, their significance was also test-
ed for inclusion in the analysis.

To test the measurement error for the cephalometric vari-
ables used in this study, the lateral cephalograms of 30 ran-
domly selected patients were redigitized 1 month later by the
same examiner and were measured again using intraclass cor-
relation coefficients (ICCs) with their respective 95% con-
fidence intervals, measurement errors (MEs), smallest de-
tectable changes (SDCs), limits of agreement (LoAs) and
the relationship between the differences of the two measure-
ments that were within the limits of agreement.

ME was measured according to the procedure described
by Bland and Altman as the square root of the mean square
error from an analysis of variance (22).

Intraexaminer reproducibility was substantial to excellent
(ICC=0.65-1.00). Measurement error was low (0.12-3.01)
and was always lower than the biological variability of the as-
sociated variables.
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Rezultati

Model multiple linearne regresije za predikciju obrasca
rasta lica procijenjenu Jarabakovim omjerom
Univarijatne korelacije prikazane su u tablici 2. Uz kon-
trolu spola, duzinske vrijednosti maksile, mandibule i krani-
jalne baze statisticki su znacajni prediktori rotacijskog obras-
ca rasta lica procijenjenog Jarabakovim omjerom (p < 0,001).
Cijeli regresijski model objasnjava 69,3 % varijabiliteta rota-
cijskog rasta lica. Najvedi samostalni doprinos objasnjenju va-
rijabiliteta rotacijskog rasta lica daje visina ramusa (Ar — Go)
i efektivna duzina mandibule (Co — Gn) koje objasnjavaju
46,8 1 34,3 % varijabiliteta. Najmanji je udjel u objasnjavaju
duzina prednje lubanjske jame (S — N) i maksile (Co — A) -
od 3,1i4,8 % (tablica 3.). Tendencija prema horizontalnom
obrascu rasta povezana je sa smanjenjem S — N-a i poveca-
njem straznje lubanjske jame (S — Ar), poveéanjem Co — A-e,
visine ramusa i duzine mandibularnog korpusa (Ar — Go) te

Tablica 2. Spearmanove korelacije

Linear Predictors of Facial Pattern in Class Ill

Results

The multiple linear regression model for prediction of
facial rotation pattern estimated by the Jarabak’s ratio
Univariate correlations are presented in Table 2. With
the control of gender, linear measurements of the maxilla,
mandible and cranial base are statistically significant predic-
tors of facial growth rotation estimated by the Jarabak’s ratio
(p<0.001). The entire regression model accounts for 69.3%
of variability of the facial growth rotation. The largest inde-
pendent contribution to the explanation of rotation pattern
variability is the height of the ramus (Ar-Go) and the effec-
tive length of the mandible (Co-Gn) accounting for 46.8 and
34.3% of the variability. The length of anterior cranial base
(S-N) and the length of maxilla (Co-A) (3.1 and 4.8%) (Ta-
ble 3) had the smallest contribution. The horizontal growth
pattern tendency was associated with shorter S-N, longer
posterior cranial base length (S-Ar), longer Co-A, longer Ar-

Table2  Spearman’s correlation
Jarabak s-n s-ar co-a ar-go go-gn co-gn ggz(li;r Dob * Age

Jarabak r 1.000 0.112 0.362 0.211 0.418 -0.008 0.005 -0.050 0.049
s-n r 1.000 0.475 0.820 0.576 0.691 0.708 -0.219 0.289
s-ar r 1.000 0.597 0.413 0.483 0.549 -0.229 0.315
co-a r 1.000 0.572 0.759 0.781 -0.205 0.316
ar-go r 0.495 0.745 -0.172 0.530
go-gn r 1.000 0.870 -0.135 0.447
co-gn r 1.000 -0.209 0.570
gender r 1.000 -0.058
age r 1.000
Jarabak p 0.056 <0.001 0.001 <0.001 0.456 0.472 0.242 0.243
s-n p <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001
s-ar p <0.001 <0.001 <0.001 <0.001 0.001 <0.001
co-a p <0.001 <0.001 <0.001 0.002 <0.001
ar-go p <0.001 <0.001 0.007 <0.001
go-gn p <0.001 0.028 <0.001
co-gn p 0.001 <0.001
Spol ® Gender  p 0.205
Dob © Age p

Tablica 3. Model multiple linearne regresije za predikciju obrasca rasta procijenjenu Jarabakovim omjerom straznje i prednje visine lica

Table 3  Multivariate linear regression model for prediction of rotational growth pattern estimated by Jarabak’s ratio posterior and anterior
facial height
Nestandardizirani Standardizirani Korelacije * Correlations
- R X en o - R ;
Nowstusdurdived Sarectemor Standardisd cochiens. 5%  Nulogreda Parcialna . Semiparcalna
coefficient B Beta Zero order Partial Semipartial

(konstanta)  (Constant) 62.066 2.768 <0.001
s-n -0.296 0.066 -0.323 <0.001 0.112 -0.307 -0.176
s-ar 0.494 0.058 0.428 <0.001 0.362 0.524 0.335
co-a 0.314 0.057 0.466 <0.001 0.211 0.371 0.218
ar-go 0.901 0.052 1.196 <0.001 0.418 0.782 0.684
go-gn 0.346 0.051 0.647 <0.001 -0.008 0.436 0.264
co-gn -0.720 0.048 -1.822 <0.001 0.005 -0.733 -0.586
Spol ® Gender -0.135 0.356 -0.016 0.706 -0.050 -0.027 -0.015

R=0.839; R?=0.703; Prilagodeni ¢ Adjusted R*=0.693; p<0.001
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smanjenjem Co — Gn-a (tablice 2 i 3). Spol nije znacajan
prediktor rotacijskog obrasca rasta lica. Dob pozitivno linear-
no korelira sa svakom linearnom varijablom (raspon r = 0,29
—0,57) te je u multiploj regresiji stvarala problem multikoli-
nearnosti zbog ¢ega nije ukljucena u analizu.

Model multiple linearne regresije za predikciju obrasca
rasta lica procijenjenu inklinacijom mandibularne
ravnine na kranijalnu bazu

Cijeli regresijski model objasnjava 60,5 % varijabiliteta
rotacijskog rasta lica (p < 0,001; tablica 4.). Uz kontrolu spo-
la, tendencija prema vertikalnom obrascu rasta povezana je s
povecanjem S — N-a i smanjenjem S — Ar-a, Co — A-e, Ar —
Go-a, Go — Gn-a te povecanjem Co — Gn-a. Najvedi samo-
stalni doprinos objasnjenju varijabiliteta rotacijskog rasta lica
daju Ar — Go i Co — Gn koji obja$njavaju 29,4 i 51,3 % vari-
jabiliteta. Najmanji je udjel u objasnjenju S — N-ai § — Ar-a
0d 2,21 2,8 %. Spol ponovno nije zna¢ajan prediktor obrasca
rotacijskog rasta lica, ali ni dob zbog problema multikoline-
arnosti, pa nisu ukljuceni u analizu.

Duzinski prediktori rotacijskog obrasca rasta lica kod klase Ill .

Go, longer length of mandibular corpus (Go-Gn) and shorter
Co-Gn. The age positively linearly correlated with each linear
variable (range r = 0.29-0.57) and it was creating a problem
of multicollinearity in the multiple regression analysis, which
is why it was not included in the analysis.

The multiple linear regression model for prediction of
facial rotation pattern estimated by angle between the
mandibular plane and cranial base

The mandibular plane angle model accounted for 60.5%
of the varibility in facial rotation pattern (p<0.001; Table 4).
With the control of gender, the vertical growth pattern ten-
dency was associated with longer S-N and decreased S-Ar,
Co-A, Ar-Go,Go-Gn and increased Co-Gn. Ar-Go and Co-
Gn contributed the most (29.4 and 51.3%, respectively). The
S-N and S-Ar (2.2 and 2.8%) had the smallest contribution.
Again, gender was not a significant predictor and age was not
included due to multicolinearity problem.

Tablica 4. Model multiple linearne regresije za predikciju obrasca rasta procijenjenu inklinacijom baze mandibule na kranijalnu bazu
Table 4  Multivariate linear regression model for prediction of rotational growth pattern estimated by inclination of the mandible in relation
to the cranial base

Nestandardizirani Standardizirani Korelacije ® Correlations
koeficijent Be  Std. pogreska ¢ koeficijent Beta ® .
Non—stalidardized Stanﬁargé error Standardiz,ed coefficient Sig.  Nultogreda® Parcij a.lna 7 [y z.u'cij a;na *
cocfficient B Beta Zero order Partial Semipartial
(konstanta) * (Constant) 37.877 4.290 0.000
s-n 0.339 0.102 0.271 0.001 -0.161 0.232 0.147
s-ar -0.334 0.090 -0.212 <0.001 -0.222 -0.259 -0.166
co-a -0.617 0.088 -0.672 <0.001 -0.266 -0.452 -0.313
ar-go -0.976 0.080 -0.948 <0.001 -0.186 -0.660 -0.542
go-gn -0.847 0.080 -1.159 <0.001 -0.122 -0.608 -0.473
co-gn 1.201 0.075 2.225 <0.001 0.053 0.757 0.716
Spol * Gender 0.443 0.551 0.037 0.422 0.018 0.058 0.036

R=0.786; R?=0.618; Prilagodeni ® Adjusted R?=0.605; p<0.001

Model multiple linearne regresije za predikciju obrasca
rasta lica procijenjenu Bjorkovim poligonom

Nalaz regresije koji kao ishodnu varijablu uzima inklina-
ciju mandibularne ravnine na kranijalnu bazu, potvrduje i re-
gresija s Bjorkovim poligonom kao ishodom (tablica 5).

Multiple linear regression model for prediction of facial
rotation pattern estimated by Bjork polygon

A finding of regression that as an initial variable assumes
inclination of the mandibular plane in relation to the cranial
base also confirms regression with Bjork polygon as the out-
come, accountig for 60.6% of variability (Table 5).

Tablica 5. Model multiple linearne regresije za predikciju obrasca rasta procijenjenu Bjorkovim poligonom

Table 5  Multivariate linear regression model for prediction of rotational growth pattern estimated by Bjork polygon

Nestandardizirani Standardizirani Korelacije ® Correlations

koeficijent Be  Std. pogreska ¢ koeficijent Beta ¢ .
Non-sta.lidardized Stangarg; error Standa.rdiz,ed coefficient Sig.  Nultogreda® Parcij a.lna O [ ?Idj a.]na :
coefficient B Beta Zero order Partial Semipartial

(konstanta) * (Constant) 397.843 4.278 0.000
s-n 0.340 0.102 0.272 0.001 -0.161 0.233 0.148
s-ar -0.333 0.089 -0.211 <0.001 -0.222 -0.259 -0.165
co-a -0.619 0.087 -0.674 <0.001 -0.267 -0.454 -0.315
ar-go -0.977 0.080 -0.950 <0.001 -0.187 -0.661 -0.543
go-gn -0.844 0.079 -1.158 <0.001 -0.121 -0.608 -0.472
co-gn 1.200 0.074 2.226 <0.001 0.054 0.758 0.716
Spol * Gender 0.445 0.550 0.038 420 0.018 0.058 0.036

R=0.787; R?=0.620; Prilagodeni ¢ Adjusted R?=0.606; p<0.001
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Model multiple linearne regresije za predikciju obrasca
rasta lica procijenjenu inklinacijom maksilarne ravnine
na bazu lubanje

Statisticki znacajni prediktori obrasca rotacijskog rasta
maksile su S —Ni§ - Ar te spol (tablica 6.). Posteriorna rota-
cija maksile povezana je sa zenskim spolom, pove¢anjem S —
N-a i smanjenjem S — Ar-a. Model opisuje 14,3 % varijabili-
teta, a najznacajniji samostalni doprinos daje S — Ar (7,1 %).

Linear Predictors of Facial Pattern in Class Ill

Multiple linear regression model for prediction of
facial rotation pattern estimated by inclination of the
maxillary plane to the cranial base

The statistically significant predictors of the growth rota-
tion of the maxilla were the S-N and S-Ar and gender (Table
6). The posterior rotation of maxilla, which is related to fe-
male gender, increased S-N and reduced S-Ar. The model ac-
counted for 14.3% of variability and the most significant in-
dependent contribution gave S-Ar (7.1% ).

Tablica 6. Model multiple linearne regresije za predikciju obrasca rasta maksile procijenjenu inklinacijom maksile na bazu lubanje

Table 6  Multivariate linear regression model for prediction of rotational growth pattern estimated by inclination of the maxilla in relation to
the cranial base
Nestandardizirani Standardizirani Korelacije ® Correlations
- . Uem o - .
Nonstandadined Surlocttror Stndrdise cocfens S5 Nuliogreda ¢ Parcjalna . Smiparilna»
coefficient B Beta Zero order Partial Semipartial

(konstanta) * (Constant) 7.539 3.609 0.038
s-n 0.207 0.086 0.290 0.017 -0.053 0.171 0.158
s-ar -0.307 0.075 -0.340 <0.001 -0.337 -0.281 -0.266
co-a -0.018 0.074 -0.035 0.803 -0.151 -0.018 -0.016
ar-go -0.085 0.067 -0.144 0.210 -0.150 -0.090 -0.082
go-gn -0.090 0.067 -0.215 0.183 -0.154 -0.096 -0.087
co-gn 0.052 0.063 0.170 0.405 -0.172 0.060 0.055
Spol * Gender 1.277 0.464 0.188 0.006 0.228 0.194 0.180

R=0.416; R*=0.173; Prilagodeni ¢ Adjusted R?=0.143; p<0.001

Model multiple linearne regresije za predikciju obrasca
rasta lica procijenjenu meduceljusnim kutom

Statisticki znacajni predikrori divergentnog obrasca rasta
¢eljusti su smanjenje Co — A-e, Ar —Go-a i Go — Gn-a te po-
vecanje Co — Gn-a (tablica 7.). Cijeli regresijski model objas-
njava 56,8 % varijabiliteta rotacijskog rasta lica.

Multiple linear regression model for prediction of facial
rotation pattern estimated by intermaxillary plane angle
Significant predictors of hyperdivergent jaw growth pat-
tern were decreased Co-A, decreased Ar-Go and Go-Gn and
increased Co-Gn (Table 7). The entire regression model ac-
counted for 56.8% of the rotational growth variability.

Tablica 7. Model multiple linearne regresije za predikciju meduceljusnog rotacijskog rasta procijenjenu meduceljusnim kutom

Table 7  Multivariate linear regression model for prediction of rotational growth pattern estimated by intermaxillary angle
Nestandardizirani Standardizirani Korelacije ® Correlations
Nowstundardied  Sanlocteror Standardivd cocfions. 58  Nutogreda Parcislna+ Semiparcjalna
coefficient B Beta Zero order Partial Semipartial
(konstanta) ¢ (Constant) 30.281 4.371 0.000
s-n 0.133 0.104 0.109 0.203 -0.133 0.092 0.059
s-ar -0.026 0.091 -0.017 0.775 -0.031 -0.021 -0.013
co-a -0.599 0.089 -0.668 <0.001 -0.184 -0.435 -0.312
ar-go -0.891 0.082 -0.888 <0.001 -0.104 -0.618 -0.508
go-gn -0.756 0.081 -1.061 <0.001 -0.034 -0.557 -0.433
co-gn 1.147 0.076 2.179 <0.001 0.155 0.736 0.701
Spol * Gender -0.826 0.562 -0.071 0.143 -0.115 -0.105 -0.068
R=0.764; R?=0.584; Prilagodeni ¢ Adjusted R*=0.568; p<0.001
Rasprava Discussion

Anomalija klase III moze biti rezultat mnogobrojnih
kombinacija skeletnih i dentoalveolarnih komponenti. Sadr-
zava morfoloske znacajke koje se razlikuju u razlicitim etni¢-
kim skupinama (23). Ortodonti bi trebali poznavati morfo-
loske znacajke lica tih razli¢itih etnickih skupina kako bi u

Class III malocclusion can contain many combinations
of skeletal and dentoalveolar elements. All those morpholog-
ical features differ from population to population (23). The
knowledge of various morphological features is important to
make the outcome of the therapy as complete and individual
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cijelosti postigli svrhu lije¢enja. Unato¢ preporukama za ra-
ni pocetak terapije anomalije skeletne klase III, u kasnom pu-
bertalnom rastu moze se pojaviti recidiv koji zahtijeva kirur-
sku intervenciju. Terapija obraznom maskom za pacijente s
anomalijom klase III rezultira pomakom gornje ¢eljusti pre-
ma naprijed i dolje te pomakom donje ¢eljusti prema straga
(24 - 27). Rotacijske promjene ¢eljusti koje se pojavljuju uz
translacijske pomake mogu potaknuti nezeljene ucinke kod
ispitanika s prekomjernim rastom vertikalne dimenzije lica
(28 - 30). To motze pogorsati ve¢ postojeci hiperdivergentni
profil. U slucaju pacijenata s maksilarnom retruzijom i ma-
lim gonijalnim kutom, terapija obraznom maskom povecava
visinu lica i postizu se povoljni estetski rezultati (31). Zato je
obrazac rasta vrlo vazan u odluci o terapiji. Anomalije klase
III povezane s vertikalnim obrascem rasta klinicki se najteze
lije¢e, ortodontski ili ortopedski. Svrha ovog istrazivanja bi-
la je utvrditi mogu li duzinske vrijednosti maksile, mandibu-
le i kranijalne baze biti prediktori rotacijskog obrasca rasta li-
ca medu ispitanicima hrvatske populacije s anomalijom klase
I11, $to bi bilo od velike pomo¢i u odlucivanju o vremenu lije-
¢enja i odabiru terapije (ortodontska, ortopedska, kirurska).

U tu svrhu koristeno je pet predikcijskih modela.

U prvom modelu najve¢i samostalni doprinos objasnje-
nju varijabiliteta rotacijskog rasta lica daje visina ramusa.
Ocekuje se da je povecana visina ramusa povezana s hori-
zontalnim obrascem rasta lica, kao i u istrazivanju Siriwata i
Jarabaka (32). Drugi najve¢i doprinos daje efektivna duzina
mandibule. Pretpostavlja se da je smanjenje efektivne duzi-
ne mandibule posljedica smanjenja gonijalnog kuta, odnosno
rotacije mandibule oko tocke gonion. Duzina prednje kra-
nijalne baze i duzina maksile slabi su prediktori rotacijskog
obrasca rasta lica. To moze biti zbog varijabilnosti u polozaju
tocke A— supraspinale i tocke N — nasion tijekom rasta, $to
moze dovesti do kontradiktornih nalaza.

U vecini dosadasnjih istrazivanja autori su procjenjiva-
li prediktore ishoda ortodontskog lije¢enja anomalije klase
III gdje su provedene diskriminantne funkcije ili regresijske
analize kako bi se identificirali skupovi varijabli koji poka-
zuju najvecu sklonost prema predvidanju (modeli predvida-
nja). Fudalej (33) je pripremio sustavni pregled u kojemu je
14 identificiranih ¢lanaka pokazalo da ne postoje studije ko-
je dijele identican skup prediktora ishoda terapije. Naprotiv,
postojala je znatna raznolikost prediktora. Unato¢ provede-
nim opseznim kefalometrijskim analizama, samo dvije vari-
jable koje imaju predikcijsku vrijednost istodobno su uspo-
stavljene u vie negoli jednom istraZivanju, a to su duzina
mandibularnog ramusa (34, 35) i ukupna, tj. efektivna du-
zina mandibule (35, 36). Sli¢no je i u ovom istrazivanju u
kojemu najveci samostalni doprinos objasnjenju varijabilno-
sti rotacijskog rasta lica daju visina ramusa i efektivna duzi-
na mandibule.

U drugom i treéem modelu, kao $to se i oéekivalo, pove-
¢ana efektivna duzina mandibule najjaci je prediktor verti-
kalnog obrasca rasta lica. No zanimljivo je napomenuti da su
smanjenje ramusa i mandibularnog korpusa prediktori man-
dibularne postrotacije. Sli¢no su pronasli Isaacson i suradni-
ci (37) o visini ramusa. U svojem istrazivanju zaklju¢ili su da
je prosje¢na visina ramusa obrnuto proporcionalna kutu na-

Duzinski prediktori rotacijskog obrasca rasta lica kod klase Ill .

as possible. Although some orthodontists recommend early
treatment of skeletal Class III malocclusion, relapse can oc-
cur due to the postadolesent growth and therefore the case
may become surgical. The therapy with facemask can displace
maxilla forward and downward and the mandible backward
(24-27). Those rotational and translational movements may
lead to unwanted effects in high angle patients (28-30). It
will worsen pre-existing hyperdivergent facial profile. In pa-
tients with maxillary retrognathism and small gonial angle,
facemask therapy increases the vertical dimension and causes
a favorable esthetic change (31). That is why the growth pat-
tern is quite important in therapy decision. The patients with
Class III malocclusion and vertical growth pattern are con-
sidered the most difficult to treat. The aim of this study was
to determine whether the linear values of the maxilla, man-
dible and cranial base could be predictors of facal growth ro-
tation in a Croatian population with Class III malocclusion
which would be of great help when making a decison about
the treatment timing and choice of therapy (orthodontic, or-
thopaedic, surgical).

Five prediction models were used.

In the first model, the largest contribution to the expla-
nation of rotation pattern variability was the height of the ra-
mus. It was expected that the longer ramus height is associat-
ed with the horizontal growth pattern, which is in agreement
with the study of Siriwat and Jarabak (32). The second larg-
est contribution was the effective length of the mandible. It
is likely that the reduction in the effective length of the man-
dible is due to reduction of the gonial angle, that is because
of the mandibular rotation around the point of the gonion.
The anterior cranial base length and the length of maxilla
were poor predictors of facial rotation pattern. This can be
explained by the fact that there is variability in the position
of point A-supraspinale and point N-nasion during growth,
which can lead to contradictory findings.

The majority of authors of previous studies assessed pre-
dictors of the result of orthodontic treatment in Class III pa-
tients where discriminant function or regression analyses were
used to identify the variables showing the highest prediction
potential (prediction models). Fudalej (33) made a systemat-
ic review based on 14 selected scientific papers and found out
that there were no studies having the same predictors of treat-
ment outcome. Despite the extensive cephalometric analyses
carried out, only the mandibular ramus length (34, 35) and
total mandibular length (35,36) appeared in more than one
research. These findings are in line with our study where the
largest independent contribution to the explanation of rota-
tion growth pattern variability is the height of the ramus and
the effective i.e. total length of the mandible.

In the second and third model as expected, an increased
effective length of the mandible was the strongest predictor of
vertical rotation pattern. However, it should be pointed out
that the reduction of ramus and mandibular corpus is a pre-
dictor of mandibular post-rotation. Isaacson et al. (37) ob-
tained similar results regarding the height of the ramus. The
mean height of the ramus was reversly related to the SN-MP
angle i.e. ramus was shorter in the high and largest in the low

angle group.
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giba mandibularne ravnine prema kranijalnoj bazi (MP — SN
kutu), tj. ramus je kradi $to je MP — SN kut vei i obrnuto.

Smanjena duzina maksile takoder je prediktor vertikal-
nog obrasca rasta. To moze biti zbog toga $to je maksila smje-
stena distalnije i uzrokuje postrotaciju mandibule kao po-
sljedicu kompenzacijskog mehanizma. Sli¢ne podatke dobili
su Ferrario i suradnici (38) koji su proucavali odnos izmedu
mandibularne veli¢ine i oblika prema skeletnoj divergenciji
(prema MP — SN kutu) i ustanovili da hiperdivergentni ispi-
tanici opéenito imaju manju maksilu i mandibulu.

U Cetvrtom modelu zanimljivo je da duzina maksile uop-
¢e nije prediktor rotacijskog rasta maksile, nego samo prednja
i straznja duljina kranijalne baze (pove¢an S — N i smanjen S
— Ar povezani su sa straznjom rotacijom maksile). To se moze
objasniti ¢injenicom da duljina Co — A utjece na anteropo-
steriorni polozaj maksile, a rast kranijalne baze (prednji dio)
uzrokuje translaciju nasomaksilarnog kompleksa (sekundar-
ni pomak) i utjece i na vertikalnu dimenziju. Znacajno veca
srednja vrijednost kuta nagiba gornje Celjusti prema kranijal-
noj bazi (ANS — PNS : S — N) kod Zena negoli kod muska-
raca znadi da je maksila viSe usmjerena prema dolje u odnosu
prema bazi lubanje; to se moze odnositi na kaudalni rotacij-
ski rast Celjusti kod Zena.

U petom modelu statisticki znacajni prediktori divergen-
tnog obrasca rasta Celjusti su smanjena duzina maksile, sma-
njenje visine ramusa i duzine korpusa mandibule te poveca-
nje efektivne duzine mandibule. Bjork (39) je tvrdio da je
otvoreni zagriz povezan s ve¢om visinom ramusa mandibule,
a Sassouni (40) i Schudy (17) isticali su da je otvoreni zagriz
povezan sa smanjenom visinom ramusa mandibule. Hellman
(41) je izvijestio da isklju¢ivo smanjena visina ramusa i sma-
njena duzina korpusa mandibule dovode do otvorenog zagri-
za prije negoli vertikalni razvoj nazomaksilarnog kompleksa.

U éetiri od pet modela, vertikalni obrazac rasta je povezan
sa smanjenom visinom ramusa, smanjenom duljinom man-
dibularnog korpusa i pove¢anom efektivnom duzinom man-
dibule. Sli¢no su istaknuli u istrazivanju Mangla i suradnici
(42) o mandibularnoj morfologiji u razli¢itim vrstama lica,
naime, da se visina ramusa znacajno povecava u hipodiver-
gentnim i normodivergentnim skupinama u usporedbi s hi-
perdivergentnom skupinom. Ti su rezultati bili u skladu i sa
zaklju¢cima Sassounija (40, 43), Mullera (44) i Schudya (17)
koji su uocili znacajno smanjenje Sirine i visine ramusa u hi-
perdivergentnoj skupini. Taj se nalaz moze objasniti vrlo zna-
¢ajnom negativnom korelacijom izmedu visine ramusa i ku-
tova mandibularne rotacije (SN — MP, PP — MP, Ar — Go
— Me) koji kompenziraju u¢inak spustanja mandibule s po-
vecanjem visine ramusa i tako smanjuju njezin uc¢inak na vi-
sinu prednjeg lica.

Zakljuc€ak

Efektivna duzina mandibule najznacajniji je predik-
tor rotacijskog rasta lica pri ¢emu poveéana duzina u veli-
koj mjeri predisponira tendenciju vertikalnom obrascu rasta.
Nije pronadena znacajna spolna dihotomija, osim u Cetvr-
tom modelu gdje je straznja rotacija maksile povezana sa
zenskim spolom.

Linear Predictors of Facial Pattern in Class Ill

A decreased maxillary length was also a predictor of ver-
tical rotation pattern. This may be because the maxilla is po-
sitioned more distally, thus causing the post-rotation of the
mandible. Similar results was given by Ferrario et al. (38).
The aim of theit study was to find the relationship between
the mandibular size and the shape to skeletal divergency ( ac-
cording to MP-SN angle ) and found that hyperdivergent
subjects generally have a smaller maxilla and mandible.

In the fourth model is interesting that the length of the
maxilla is not at all a predictor of the rotational growth of
the maxilla, only anterior and posterior cranial base length
(increased S-N and reduced S-Ar are related to the posteri-
or rotation of the maxilla ). It my be explained by the fact
that the length Co-A affects anteroposterior position of max-
illa whereas the growth of cranial base (anterior part ) causes
the translation of the nasomaxillary complex-secondary dis-
placement and affects also a vertical dimension. Significant-
ly higher mean value of ANS-PNS:S-N angle in females than
males means that the maxillary plane is more downward po-
sitioned relative to the cranial base; this may relate to a cau-
dal jaw growth rotation in females.

In the fifth model, the statistically significant predic-
tors of divergent jaw growth pattern are a decreased maxil-
lary length, decrease of ramus height and mandibular cor-
pus length, and increase in effective mandibular length. Bjork
(39) demonstrated that an open bite is associated with a large
ramus while Sassouni (40) and Schudy (17) reported that
open bite usually goes with shorter ramus. Hellman (41) sug-
gested that a short ramus and corpus, rather than vertical de-
velopment in nasomaxillary complex, leads to the develop-
ment of open bite.

In four out of five models, the vertical growth pattern
is assocciated with decreased ramus height and mandibu-
lar corpus length and increased effective mandibular length.
Mangla et al. (42) evaluated mandibular morphology in dif-
ferent facial types and found a significantly increased ramus
height in hypodivergent and normodivergent groups when
compared to hyperdivergent group. These results coincide
with conclusions of a study by Sassouni (40, 43), Muller (44)
and Schudy (17) who observed a significant reduction in the
width and height of ramus in the hyperdivergent group. This
finding may be explained by highly significant negative cor-
relations between the ramus height and angles of mandibu-
lar rotations ( SN-MP, PP-MP, Ar-Go-Me ), which compen-
sate the effect of downward mandibular movement with the
increase in ramus heigh,t and hence decrease its effect on the
anterior facial height.

Conclusion

The effective length of the mandible was the most impor-
tant predictor of facial rotation pattern, with the increased
length largerly predisposing the tendency to the vertical
growth pattern. No significant dichotomy regarding gender
was found except in the fourth model where the posterior ro-
tation of the maxilla is related to female gender.
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Kod pacijenata s maksilarnim retrognatizmom, zbog vece
visine mandibularnog ramusa i krace efektivne duzine man-
dibule, veca je vjerojatnost da ¢e rana terapija obraznom ma-
skom biti uspjesna.

Sukob interesa

Duzinski prediktori rotacijskog obrasca rasta lica kod klase Ill .

A patient with maxillary retrognathism and greater height
of mandibular ramus and shorter effective length of mandi-
ble is more likely to succeed in early treatment with facemask
therapy.
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