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Changes in Soft Tissue Profile Using Functional
Appliances in the Treatment of Skeletal Class Il
Malocclusion
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University of Belgrade, School of Dental Medicine, Department of Orthodontics, Belgrade, Serbia

SUMMARY

Introduction The effects of orthodontic treatment are considered to be successful if the facial harmony
is achieved, while the structures of soft tissue profile are in harmony with skeletal structures of neuro-
cranium and viscerocranium. In patients with skeletal distal bite caused by mandibular retrognathism,
facial esthetics is disturbed often, in terms of pronounced convexity of the profile and change in the
position and relationship of the lips.

Objective The aim of this study was to determine the extent of soft tissue profile changes in patients
with skeletal Class Il malocclusion treated with three different orthodontic appliances: Frankel functional
regulator type | (FR-I), Balters'Bionator type | and Hotz appliance.

Methods The study included 60 patients diagnosed with skeletal Class Il malocclusion caused by man-
dibular retrognathism, in the period of early mixed dentition. Each subgroup of 20 patients was treated
with a variety of orthodontic appliances. On the lateral cephalogram, before and after treatment, the fol-
lowing parameters were analyzed: T angle, H angle, the height of the upper lip, the position of the upper
and lower lip in relation to the esthetic line. Within the statistical analysis the mean, maximum, minimum,
standard deviation, coefficient of variation, two-factor analysis of variance with repeated measures and
the factor analysis of variance were calculated using ANOVA, Bonferroni test and Student’s t-test.
Results A significant decrease of angles T and H was noticed in the application of FR-I, from 21.60° to
17.15°, and from 16.45° to 13.40° (p<0.001). FR-l decreased the height of the upper lip from 26.15 mm to
25.85 mm, while Hotz appliance and Balters’Bionator type | increased the height of the upper lip, thereby
deteriorating esthetics of the patient.

Conclusion All used orthodontic appliances lead to changes in soft tissue profile in terms of improving
facial esthetics, with the most distinctive changes in the application of Frankel’s functional regulator
type I, which is the most successful appliance for achieving the overall facial harmony of the patient.
Keywords: Frankel functional regulator; malocclusion, Angle Class II; orthodontic appliances, functional;
soft tissue profile

INTRODUCTION ment of distal skeletal bite during the period of
intensive growth.

Skeletal Class IT malocclusion is an orthodon-
tic malocclusion that is very commonly found
in the general population and requires a com-

prehensive treatment, considering that in ad-
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dition to the disturbed occlusal morphology
and functional variations, changes in facial es-
thetics and soft tissues are often present, which
are one of the primary reasons why patients go
to the orthodontist for help. Functional appli-
ances can successfully affect not only skeletal
and dentoalveolar structures, but also changed
soft tissues of the face, resulting in harmony of
the soft tissues with craniofacial structures, and
providing significantly more acceptable facial
appearance of the patient, primarily profile [1].

OBJECTIVE

The aim of this study was to determine how
can different types of orthodontic appliances
— Frinkel functional regulator type I (FR-I),
Balters’ Bionator type I and Hotz appliance -
cause changes in soft tissue profile in the treat-

The study included 60 patients with skeletal
Class II malocclusion (the angle ANB>4°). The
entire sample was divided into 3 subgroups,
with 20 patients in each: the first subgroup (Ia)
was treated with the FR-I, the second subgroups
(Ib) was treated with Balters’ Bionator type I,
and the third subgroup (Ic) was treated with
Hotz appliance with a frontal inclined plane.
All patients were in the age before the pubertal
growth spurt, and because of that they were not
divided by gender. There were 28 boys and 32
girls, 10 boys and 10 girls in subgroup Ia and Ib
each, and 12 girls and 8 boys in subgroup Ic. Av-
erage chronologic age in the whole group was 9
years and 9 months, in subgroup Ia 8 years and
9 months, in Ib 10 years and 7 months, in Ic
10 years and 2 months. Clinical and functional
analysis, analysis of study models, orthopanto-
mogram (Siemens orthopantomograph 10, ex-
posure 14 s) and lateral cephalogram (Philips,
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Graph 1. Average values of angle T (°) before and after orthodontic
treatment

F - Frankel I; H - Hotz; B - Balters'|

Table 1. Statistical analysis of position of the upper lip (UL) related to
the esthetic line (EL)

UL/EL F1 F2 H1 H2 B1 B2
X (mm) 0.77 0.12 -210 | -1.75 | -1.65 | -1.50
SD 239 1.78 2.83 2.02 2.83 2.06
Max (mm) | 4.00 3.00 3.00 2.00 4,00 1.00
Min (mm) | -400 | -3.00 | -8.00 | -6.00 | -10.00 | -7.00
Ccor 0.756 0.769 0.742

F1 - Frénkel | before treatment; F2 — Frankel | after treatment; H1 — Hotz before
treatment; H2 — Hotz after treatment; B1 - Balters'| before treatment; B2 - Balters’
| after treatment; X — mean value; SD - standard deviation; Max — maximum
value; Min — minimum value; C - coefficient of variation

1.7 m distance from the source of radiation to object, expo-
sure 1. 5 s) were done on each patient before the start of the
treatment. Therapeutic effects of different orthodontic ap-
pliances and resulting changes were noticed and analyzed
on control study models, orthopantomogram and lateral
cephalogram, which were made upon completion of the
orthodontic treatment. Average period of wearing the ap-
pliance was 18/24 months, with retention period also of
24 months. On lateral cephalogram these parametes were
measured and analyzed: T angle; H angle (Holdaway); the
position of the upper lip in relation to the esthetic line (UL/
AL); the position of the lower lip in relation to the esthetic
line (LL/AL); and height of the upper lip.

Statistical analysis included calculation of mean, max-
imum, minimum, standard deviation and coefficient of
variation for each examined parameter. Statistical analy-
sis included two-factor analysis of variance with repeated
measures, in relation to time and group affiliation. One-
factor analysis of variance was done using Anova test,
Bonferroni test and Student’s t-test.

RESULTS

T angle was in correlation with facial inclination angle ] and
all of the used appliances led to a decrease in its value in the
treatment of skeletal Class II (Graph 1). The largest decrease
of T angle was caused by FR-I from 21.60° to 17.15°.
Patients with skeletal Class II malocclusion, mostly
Class II Division 1 malocclusion, are characterized by
changes in the position of the lips, which are potentially

Table 2. Statistical analysis of position of the lower lip (LL) related to
esthetic line (EL)

LL/AL F1 F2 H1 H2 B1 B2
X (mm) -1.00 | 0.00 | -0.25 | -045 | -1.25 | -0.40
SD 2.84 1.78 3.04 1.67 2.57 1.96
Maximum (mm) 4.00 3.00 6.00 3.00 4.00 3.00
Minimum (mm) -9.00 | -5.00 | -6.00 | -4.00 | -7.00 | -5.00
Ccor 0.500 0.868 0.909
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Graph 2. Average values of upper lip height (mm) before and after
orthodontic treatment

F - Frankel I; H - Hotz; B - Balters'|

competent because of existing orthodontic malocclusion.
During treatment the position of the upper lip to the es-
thetic line changes, its distance reduced in function of time
(Table 1). The most prominent change in the position of
the upper lip was caused by FR-I from 0.77 mm to 0.12
mm to EL.

Treatment with FR-I reduced the distance of the lower
lip to the esthetic line (EL) from -1.00 mm to 0.00 mm,
as well as the treatment with Balters’ Bionator type I from
-1.25 mm to -0.40 mm. In contrast to them, Hotz appli-
ance led to an increase in the distance of the lower lip to
the esthetic line from -0.25 mm to -0.45 mm (Table 2).

During treatment with FR-I the height of the upper
lips decreased from 26.15 mm to 25.85 mm. As opposed
to that, the Balters’ Bionator type I and Hotz appliance
further increased the height of the upper lip, whereby the
discrepancy of the soft tissue in relation to the skeletal
structure and the dentoalveolar increased (Graph 2).

Holdaway angle (H) is in correlation with the value of
the ANB angle. The decrease in the value of ANB angle
led to the consequent reduction in the value of the angle
H, using all three devices. The most significant decrease in
the value of the angle H was caused by FR-I from 16.45° to
13.40°, with statistical significance at p<0.001 (Graph 3).

DISCUSSION

Facial esthetics is based on meeting the criteria of har-
monic face and it refers to the establishment of balance
between the skeletal and dentoalveolar structures, on one
hand, and the soft tissue profile, on the other. During the
process of growth and skeletal maturation the extent of
changes in the soft tissues is greater than in the skeletal
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Graph 3. Average values of angle H (°) before and after orthodontic
treatment

F - Frénkel I; H - Hotz; B - Balters'|

structures, which is important for the stability of the thera-
peutic effect [2, 3]. The relations and proportions of facial
soft tissues and relations of dentoalveolar structures to the
lips and face are the main determinants of the overall ap-
pearance of the face [4]. In skeletal Class II malocclusion
caused by mandibular retrognatism the changes in the
soft tissues are a direct consequence of anterior displace-
ment of the mandible [4, 5]. The angle T is in correlation
with the value of angle J and it is significantly reduced
in treatment, mainly with FR-I [6, 7, 8]. This provides a
harmonious look of nasomaxillary complex, in accordance
with the change of inclination of the whole face. Reduced
values of T angle in treatment of the distal bite with FR-I
and Balters’ Bionator type I, were confirmed by Flores-Mir
and Major [9], Melo Moreira et al. [10] and Stamenkovi¢
[6]. The values of the angle H (Holdaway) are in correla-
tion with the value of the ANB angle. During treatment
the value of ANB angle decreases, with the consequent
reduction in the value of angle H, which indicates a more
correct relationship of skeletal structures in relation to the
line of soft tissues [6, 11, 12]. The relationship of the lips is
changed to further insertion of the lower lip between the
upper and lower lip. Treatment with FR-I, Balters’ Biona-
tor type I and Hotz appliance reduces the distance of the
upper lip to the esthetic line, which has changed position
and function because of the prominent labial inclination
of upper incisors [9, 13, 14]. Lingual inclination of the
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NMpomeHe MeKOTKMBHOT npoduna npumeHoM GYHKLMOHANTHMX anapaTa y nedery

cKkenetHnx npomeHa Il Knace

3opaHa CrameHkoBuh, Batba Panukosuh, Bnagummp Puctih

Yunsep3utet y beorpagy, CromatonoLuku dakyntet, KnuHnka 3a optoneaujy Bunuua, beorpag, Cpbuja

KPATAK CAQPXKAJ

YBop [la 61 ce yurHaK OpTOLOHTCKOT fleyerba MOrao CMaTpa-
TV YCMELWHUM, HEONXOAHO je noctuhu dpauujanHy xapMoHujy,
npu Yemy cy CTPYKType MEKOTKVBHOT Npoduia y XapMOHWjK ca
CKeNEeTHNM CTPYKTypama HeypoKpaHujyma v BUCLIEPOKPaHW;jy-
ma. Kop, 0coba ca cKeneTHO-AMUCTaNHUM 3arpukajem U3a3BaHum
MaHIUOYNapHUM PETPOrHaTA3MOM YEeCTO je HapyLieHa dauu-
janHa ecTeTuKa y By U3pakeHOr KOHBeKcMTeTa npoduna 1
NpoMeHe y nonoxajy 1 MmehycobHoM ofHoCy ycaHa.

Linms paga Lium oBor nctpaxuatba 6110 je aa ce yTBpan o06vm
MPOMEHa Ha CTPYKTypama MeKOTKMBHOT npoduna Kog ocoba ca
CKENIETHO-ANCTATHIM 3arpUKajem JIeYeHVIM MoMoNy Tpu pasnii-
yumTa OPTOLOHTCKa anapata: OpeHkenoBor (Frdnkel) perynatopa
¢dyHkuwje Tin | (FR-I), BuoHaTopa no bantepcy (Balters) Tvn I v
Xouosor (Hotz) anaparta.

Metope paga Victpaxusarem je obyxBaheHo 60 naumjeHa-
Ta ca AMjarHO30M CKeNeTHO-ANCTaHOr 3arpukaja h3a3BaHor
MaHAVOYNapHVIM PETPOrHATU3MOM Y NepUoy paHe MEeLLOBUTE
geHTuupmje. CBaka nogrpyna og no 20 ncnutaHuka fieyeHa je
pas3nMuUTUM OPTOAOHTCKMM amnapaTuma. Ha npodunHom Te-
NEePEHATEHCKOM CHUMKY MPe 1 NOC/e NIeYetba aHanm3npaHm
cy cnegehn napameTpu: yrao T, yrao H, BUCKHA ropHe yCHe 1
MOJI0Xaj FOPHE 1 [OHE YCHE Y OAHOCY Ha ecTeTCKy NuHUjY. Y
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OKBUPY CTaTUCTUUKE aHaNn3e n3padyHaTu cy cpefitba, Hajseha
1 HajMarba BPeAHOCT, CTaHAapAHa AeBujaLmnja n KoedrumjeHT
Bapujauuje, ypaheHe aBodakTopCKa aHanm3a BapujaHce € no-
HOBJbEHUM MepetbrMa 1 jeHObaKTOpCKa aHanm3a BapujaHce
y3 npumeny Tecta ANOVA, boHdepoHujeBor (Bonferroni) TecTa
n CTyaeHTOBOr t-TecTa.

PesynTtatm [lowno je o 3HauyajHOr CMakbera BPeAHOCTH
yrnosa T u H npv npumenn FR-/ ca 21,60° Ha 17,15°, 0AHOCHO
ca 16,45° Ha 13,40°, ca CTaTUCTMUYKOM 3HayajHOLWRY Ha HMBOY
p<0,001. MpumeHom FR-I cmatbeHa je BUCMHA ropkbe YCHe ca
26,15 mm Ha 25,85 mm, fok ce npumeHomM XoL0BOT anapata
1 6ruoHaTopa no bantepcy Tn / nosehana, Yime ce NoropLao
€CTeTCKM M3rneq nayujeHTa.

3akrmbyuak CBY KopUheHr OPTOROHTCKIM anapaT AOBOAE A0
NMPOMeHa Ha MEKOTKMBHOM Npoduny y Bray nobosbluara da-
LmjanHe ecteTuKe, Npy Yemy Cy NPOMeHe HajuspasnTtunje npu
Kopuwhery OpeHkenoBor perynatopa ¢yHkumje T1n /, Koju
HajycneluHrje genyje Ha NoCTn3arme YKynHe XxapMoHuje nnua
nauujeHta.

KmbyuHe peun: dyHkuvoHanHy anapatu; OpeHkenos peryna-
TOp PyHKLMje; MEKOTKUBHU NPOWI; CKENeTHO-ANCTaHN 3a-
rpuxaj
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