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The experimental group comprised 23 patients of both sexes (10 boys, 13 girls) at a mean 
initial age of 11.74 years (late mixed or early permanent dentitions), treated for a mean 
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improvement in apical base relationship, the palatal inclination of the maxillary incisors 
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posttreatment period.

Key words: Orthodontics. Recurrence. Malocclusion. Angle Class II. Functional orthodontic 
appliances.

INTRODUCTION

The combined use of functional and fixed 
appliances for treatment of certain malocclusions, 
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Orthodontists should, therefore, consider this 
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determine a malocclusion19.

After its introduction in 1964, the Bionator has 
been the object of several investigations aimed to 
identify both the dentoalveolar and skeletal effects 
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outcomes of Bionator therapy by using various 
types of control groups (untreated Class I or Class 
II subjects)1,3,14.

In general, correction of Class II, division 1 by 
combined orthopedic-orthodontic therapy is related 
to skeletal and dental factors. Retraction and 
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of the maxilla and favorable increase in total 
mandibular length have been consistently described 
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bone bases does not necessarily remain constant 
over the years, but can often be changed during 
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hard and soft tissues2. Many orthodontists believe 
that is possible to prevent relapse by positioning 
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eliminating harmful habits, using appropriate 
retention and establishing a favorable occlusion11.
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the fundamental key to the successful outcome 
of orthodontic treatment, this prospective 
study investigated stability of the occlusal and 
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MATERIAL AND METHODS
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Research Committee of Bauru School of Dentistry, 
and all subjects signed informed consent.
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to select 23 patients for the experimental group.
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Department at Bauru School of Dentistry, University 
of São Paulo.
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early permanent dentitions; at least half-cusp 
bilateral Class II molar relationship and 5 mm 
of overjet; absence of agenesis, supernumerary 
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The treatment protocol consisted of Class II 
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after correction of the Class II anteroposterior 
discrepancy, for leveling and alignment of the 
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Mean Minimum Maximum SD
T1 age 11.74 9.92 14.42 1.30

T2 age 15.38 13.00 19.50 1.69

T3 age 24.99 18.83 32.92 3.37

Bionator period 1.52 0.41 3.08 0.79

Fixed Appliance period 1.76 0.56 4.45 0.94

T1-T2 period 3.55 1.08 7.33 2.14

T2-T3 period 9.91 5.00 17.42 3.66

Table 1- Mean, standard deviation (SD), minimum and maximum values of the ages at T1, T2 and T3 and of the treatment 
=������������������>#����++����
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������ Balters’ Bionator with coverage of the mandibular incisors
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treated non-extraction for a mean period of 3.55 
years (S.D.=2.14; range 1.08 to 7.33 years). 

As this research aimed to investigate treatment 
stability, the selected subjects had to have been 
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(S.D.=3.66, range 5.00 to 17.42 years).

The anatomic tracing and locat ion of 
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out by a single investigator (M.F.F.) and digitized 
(Numonics AccuGrid XNT, model A30TL.F - Numonics 
Corporation, Montgomeryville, Penn, USA). These 
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calculated the angular and linear cephalometric 
variables employed in this study. The unusual 
cephalometric variables are illustrated in Figures 
2 and 3.

The peer assessment rating (PAR) index23	��
	

LAFH (mm)- Linear distance between ANS and Me points (ANS anterior nasal spine, Me menton point).

S-Go (mm)- Linear distance between S and Go points (S sella point, Go gonion point).

1-NA (mm)- Linear distance between the most anterior point of maxillary central incisor and the NA line.

1.NA (º)- Angle formed by the maxillary incisor long axis and the NA line.

1-NB (mm)- Linear distance between the most anterior point of mandibular central incisor and the NB line.

1.NB (º)- Angle formed by the mandibular incisor long axis and the NB line.

Nasolabial angle (º)- Angle formed by the Prn’-Sn line and UL-Sn’ line (Prn’ pronasal point, Sn subnasal point, UL upper 
lip).

9�
�������J�>���������)��00��
���������)���������
�+���������
�
����0��������12,18,24,28

9�
������ Cephalometric variables: 1) LAFH; 2) S-Go; 3) 1-NA; 4) 1.NA; 5) 1-NB; 6) 1.NB; 7) Nasolabial angle

FRANCISCONI MF, HENRIQUES JFC, JANSON G, FREITAS KMS, SANTOS PBD
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calculated on the dental casts of each patient 
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by scores for molar and premolar anteroposterior 
(AP) relationship, overjet (OJ), overbite (OB), 
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malocclusion severity (PAR1), the treatment 
occlusal results (PAR2), the occlusal status at 
the long-term posttreatment stage (PAR3), the 
amount of treatment (PAR1-PAR2) and long-
term posttreatment changes (PAR3-PAR2) and 
the percentage of PAR treatment and long-term 
posttreatment changes6,23 	 �����	 ���	 ������	
estimates of the occlusal changes10.
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and remeasured by the same examiner (M.F.F.) 
after a 30-day interval. Casual and systematic 
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Statistical analyses
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RESULTS

Only 3 (SN.GoGn, S-Go and 6-PP) of the 16 
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errors greater than 1.0 mm or 1.5°.
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increase in the effective maxillary length in the long-
term posttreatment period (Table 2). Treatment 

Variable Initial (T1) Final (T2) L
�
����!�WX�YX�Z P
Mean (SD) Mean (SD) Mean (SD)

Maxillary Skeletal Component
SNA (°) 82.59 (2.75)A 81.63 (2.74)A 82.10 (3.43)A 0.180
Co-A (mm) 81.51 (4.26)A 82.83 (5.40)A 86.05 (4.10)B 0.000*
Mandibular Skeletal Component
SNB (°) 76.85 (3.24)A 78.63 (3.20)B 79.16 (3.88)B 0.000*
Co-Gn (mm) 99.64 (4.79)A 107.81 (6.75)B 112.07 (6.32)C 0.000*
Maxillomandibular Relationship
ANB (°) 5.68 (2.72)A 3.01 (2.42)B 2.93 (2.73)B 0.000*
Facial Pattern
SN.GoGn (°) 30.52 (4.89)A 30.47 (6.47)A 28.43 (6.96)B 0.008*
Vertical Component
LAFH (mm) 58.32 (4.72)A 62.92 (5.09)B 64.70 (6.28)C 0.000*
S-Go (mm) 66.55 (4.94)A 73.27 (6.58)B 77.20 (7.77)C 0.000*
Maxillary Dentoalveolar Component
1-NA (mm) 5.41 (2.76)A 4.96 (2.74)A 5.04 (2.95)A 0.706
1.NA (°) 31.94 (6.04)A 27.68 (6.56)B 26.84 (7.14)B 0.000*
Mandibular Dentoalveolar Component
1-NB (mm) 3.37 (2.40)A 5.53 (2.46)B 5.00 (2.38)B 0.000*
1.NB (°) 26.40 (5.66)A 31.06 (5.71)B 29.16 (5.83)AB 0.002*
Dental Relationships
Molar Rel. (mm) 1.17 (1.93)A -3.27 (0.61)B -2.95 (0.46)B 0.000*
Overjet (mm) 8.61 (2.34)A 3.22 (0.70)B 3.80 (1.17)B 0.000*
Overbite (mm) 4.17 (1.84)A 2.27 (0.97)B 2.78 (1.10)B 0.000*
Soft tissue Component
Nasolabial angle (°) 109.79 (9.45)A 112.01 (11.92)A 110. 06 (10.42)A 0.523

Table 2- Comparison of the cephalometric variables at the three stages (repeated measures ANOVA followed by Tukey 
tests)
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produced a significant increase in mandibular 
protrusion and in the effective mandibular length, 
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posttreatment period. These changes contributed 
to a significant improvement in apical base 
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incisors presented significant labial inclination 
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The percentage of occlusal improvement obtained 
����	���������	��
	@!#A@B	���	���	��������*�	
�	

����
��	�����
�	��
	C#9"B	+�����	C-#

DISCUSSION

Sample and methodology
Even though the Bionator has been part of 

routine functional appliance therapy for nearly 
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sound clinical studies of this treatment approach, 
at least by today’s standards, have appeared in 
the orthodontic literature3,14. Although several 
cephalometric investigations on the short-term 
treatment effects of the Bionator appliance in 
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been published3,14,26, no previous research has 
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be the fundamental key to successful outcome 
of orthodontic treatment, this prospective study 
investigated the stability of dentoskeletal changes 
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results are due to several effects of the Balters’ 
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The absence of a control group is a shortcoming 
of the present study. Nevertheless, relevant 
information can still be obtained in the long-term 
posttreatment period.

Maxillary component
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stages (Table 2). These results are in agreement 
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treatment3,14. Only changes in the effective 
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increase in the long-term posttreatment stage, 
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and development.

Mandibular component
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a number of investigations involving the Bionator/
activator appliance1,3,8,14 (Table 2). Mandibular 
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posttreatment period probably consequent to 
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of Class II relationship correction, but it did 
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mandibular protrusion.

Variable Initial (T1) Final (T2) L
�
����!�W
�������!����YX�Z P
Mean (SD) Mean (SD) Mean (SD)

PAR 30.13 (5.90)A 5.39 (3.39)B 5.60 (4.55)B 0.000*

Table 3- Comparison of the occlusal statuses at the three stages (repeated measures ANOVA followed by Tukey tests)

X��G��>
��������Y�/��Z��J[������������
������

Variable Mean SD
IPAR – FPAR 24.73 6.64

long-term PAR – FPAR 0.21 2.62

Percentage of PAR treatment changes 81.78% 11.26

Percentage of PAR long-term posttreatment changes 4.90% 12.26

Table 4- Results of the peer assessment rating (PAR) index changes during treatment and during the long-term 
posttreatment period

PAR=peer assessment rating; SD=Standard Deviation
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Maxillomandibular relationship
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�
���	 
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significant improvement during treatment and 
remained stable in the long-term posttreatment 
period (Table 2). Improvement in basal bone 
relationship during treatment resulted from the 

�*�������	����������	*�
���	���	��
���
�
� 	�
	
�����
�
��	��
��

��#	�������	�����*
	����	
�������	
����	 ���	 ��
���
���������
�	 �������1,29. Most 
important is that the maxillomandibular relationship 
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in the long-term posttreatment period, similarly to 
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other appliances22.

Facial pattern
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posttreatment period is characterized by mandibular 
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Vertical component
Q
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and in the posttreatment period (Table 2). Usually, 
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group and this is regarded as an effect of these 
appliances3,13#	P
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the posttreatment period can only be regarded as 
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Maxillary dentoalveolar component
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during treatment and remained stable in the 
long-term posttreatment period (Table 2). Palatal 
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palatal tipping of the maxillary incisors3,9,14,22.
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the maxillary incisors as observed in the long-
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9,13,22.

Mandibular dentoalveolar component
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produced by the Bionator associated to fixed 
appliances treatment and remained stable at the 
long-term posttreatment stage (Table 2). The 
proclination effect is probably consequent to the 
resultant mesial force on the mandibular incisors 
�������	 ��	 ����������	 ��
���
�
�#	 ���
	 �����*	
corroborates the results of previous reports14. It is 

interesting to notice that even if some proclination 
of the mandibular incisor occurs in non-extraction 
Class II malocclusion treatment, it is able to remain 
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modalities9,13,22.

Dental relationships
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at the long-term posttreatment stage21 (Table 2). 
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during the long-term posttreatment stage (Table 
2). Probably, stability of the sagittal changes of the 
maxillary and mandibular incisors contributed to 
stability of the overjet correction. Reduction of the 
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movement of the maxillary incisors, proclination 
of mandibular incisors and mandibular normal 
*�
���9.

The overbite significantly decreased during 
treatment and remained stable at the long-term 
posttreatment stage21	 +�����	 /-#	 �������	 �����*
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therapies15.

Soft tissue component
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of the nasolabial angle in the posttreatment period, 
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modalities8.

Occlusal results
���	�����
�
	
�	���	������	��
�
	
�
���	����	���	

values of the PAR index presented a statistically 
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and remained stable at the long-term posttreatment 
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literature evaluating the long-term posttreatment 
period through the PAR index31.
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at the end of treatment is equal to or less than 5, the 
occlusion can be considered to be almost perfect. 
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average PAR of 5.39, and remained stable (average 
PAR of 5.60) in the long-term posttreatment period 
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close to ideal in most patients even 10 years after 
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the end of treatment.
The percentage of occlusal improvement 
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is above the value suggested by Richmond, et al.23 
(1992) and De Guzman, et al.6	 +!99'- 	 
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(Table 4).

CONCLUSIONS

Treatment of Class II division 1 malocclusions 
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period.

REFERENCES

1- Almeida MR, Henriques JF, Almeida RR, Almeida-Pedrin RR, 
Ursi W. Treatment effects produced by the Bionator appliance. 
�
�����

�	����	 ��	 ���������	 ���

	 ��	 
�����#	 U��	 �	=���
�#	
2004;26:65-72.
2- Bass NM. Dento-facial orthopaedics in the correction of class 
II malocclusion. Br J Orthod. 1982;9:3-31.
3- Bolmgren GA, Moshiri F. Bionator treatment in Class II, division 
1. Angle Orthod. 1986;56:255-62.
4- Burden DJ, McGuinness N, Stevenson M, McNamara T. Predictors 

�	
���
��	��
�*	�������
	����	���

	��	����
�
�	!	���
����
�
�	
�������	����	����	���������
	��	���	���������	�������
�#	6�	�	
Orthod Dentofacial Orthop. 1999;116:452-9.
5- Dahlberg G. Statistical methods for medical and biological 

������
#	<��	�
�?�	�����
������N	!9C"#
6- De Guzman L, Bahiraei D, Vig KW, Vig PS, Weyant RJ, 
O'Brien K. The validation of the Peer Assessment Rating index 
�
�	���
����
�
�	
�������	���	���������	���������#	6�	�	=���
�	
Dentofacial Orthop. 1995;107:172-6.
7- Derringer K. A cephalometric study to compare the effects of 
cervical traction and Andresen therapy in the treatment of Class 
II division 1 malocclusion. Part 1 - Skeletal changes. Br J Orthod. 
1990;17:33-46.
8- DeVincenzo JP. Changes in mandibular length before, during, 
and after successful orthopedic correction of Class II malocclusions, 
using a functional appliance. Am J Orthod Dentofacial Orthop. 
1991;99:241-57.
95	 q��*�	 �� 	 P���	 <:#	 =������	 �����
�	 �
��
���*	 ������
���	
appliance therapy. Br J Orthod. 1990;17:205-13.
!"5	 q�?��	 ;6 	 ���
�
?�	 :Q 	 P��
�	 q#	 =���
�
����	 
���
��
	
assessment using the peer assessment rating index. Angle Orthod. 
2001;71:164-9.

11- Gottlieb EL. Relapse. J Clin Orthod. 1971;5:417-8.
!/5	P
������	;6#	6	 

��5��

��	 ������
������	 �����
�
	 ���	 ��
	
use in orthodontic treatment planning. Part I. Am J Orthod. 
1983;84:1-28.
13- Janson G, Caffer DC, Henriques JF, Freitas MR, Neves LS. 
���������	 
�	 ���

	 �� 	 ����
�
�	 !	 ���������	 ����	 ���	 ����*���5
�������
�	�
�������
�	�
��
���	��	���	��*���
�	���������#	6�*��	
Orthod. 2004;74:594-604.
!C5	 ���

�	 �#	 6	 ������
������	 
����	 
�	 ���	 ���������	 
�	 ���	
bionator. Trans Europ Orthod Soc. 1977;28:283-98.
!'5	 ����??����	 < 	 �����	 � 	 =�*��	 �6#	 ���������	 ���������	 ��	

?������	���

	��	�������
	�������	����	���	��
���	������#	6�*��	
Orthod. 2007;77(3):449-56.
!85	Q��*�	q� 	�����	> 	��
������	�P	��# 	:
���
	$ 	<��

�	�#	
����*�
	��	

��	��

��	��
���	�
��
���*	���������	����	���	��
���
�#	
Angle Orthod. 1995;65:423-30.
17- Maltagliati LA, Henriques JF, Janson G, Almeida RR, Freitas MR. 
��S�����	
�	
���
�����	���������	
�	����	���	

��	������	
��������
	

�	����������
	���
�����*	����	���

	�� 	q���
�
�	!	���
����
�
��	�	
comparative study. J Appl Oral Sci. 2004;12:164-70.
18- McNamara JA Jr. A method of cephalometric evaluation. Am 
J Orthod. 1984;86:449-69.
19- Miguel JA, Cunha DL, Calheiros AA, Koo D. Rationale for 
referring Class II patients for early orthodontic treatment. J Appl 
Oral Sci. 2005;13:312-7.
20- Monini AC, Gandini Júnior LG, Martins LP, Raveli DB. 
Longitudinal study on skeletal changes during and after bionator 
therapy using metallic implants. Braz J Oral Sci. 2010;9:33-8.
21- Oltramari PV, Conti AC, Navarro RL, Almeida MR, Almeida-
Pedrin RR, Ferreira FP. Importance of occlusion aspects in the 
completion of orthodontic treatment. Braz Dent J. 2007;18:78-82.
22- Pancherz H. A cephalometric analysis of skeletal and dental 
changes contributing to Class II correction in activator treatment. 
Am J Orthod. 1984;85:125-34.
/&5	 ;����
��	 � 	 ����	 �� 	 =������	 �q 	 ��������	 �� 	 �
��
	
R, Stephens CD, et al. The development of the PAR Index 
(Peer Assessment Rating): reliability and validity. Eur J Orthod. 
1992;14:125-39.
24- Ricketts RM. A four-step method to distinguish orthodontic 
����*�
	��
�	�������	*�
���#	�	����	=���
�#	!9A'N9�/"@5!' /!@5
28.
25- Rodriguez GC, Hirschheimer C, Vigorito JW. Transversal 
����*�
	
�	���	������	�����
	�
��
���*	��
���
�	�������	��	*�
���*	
�������
	����	���

	��5!	���
����
�
�#	=��
�
����#	/""!N&C�&85C/#
26- Rudzki-Janson I, Noachtar R. Functional appliance therapy 
����	���	��
���
�#	�����	=���
�#	!99@NC�&&5C'#
27- Sinclair PM, Little RM. Dentofacial maturation of untreated 
normals. Am J Orthod. 1985;88:146-56.
28- Steiner CL. Cephalometrics as a clinical tool. Philadelphia: 
Lea & Fabiger; 1962.
/95	 ����
��	 �  ̀	 :������
	 � 	 �
��	 � 	 :�
���	 �;#	 ���	 ������	 
�	
early intervention on skeletal pattern in Class II malocclusion: 
a randomized clinical trial. Am J Orthod Dentofacial Orthop. 
1997;111:391-400.
30- Wheeler TT, McGorray SP, Dolce C, Taylor MG, King GJ. 
Effectiveness of early treatment of Class II malocclusion. Am J 
Orthod Dentofacial Orthop. 2002;121:9-17.
&!5	�

�
	$ 	Q��	q 	�����
��	U#	`���
���*	
����
�
� 	��*���	
�	
stability and the PAR index. Aust Orthod J. 2000;16:9-15.

FRANCISCONI MF, HENRIQUES JFC, JANSON G, FREITAS KMS, SANTOS PBD

2013;21(6):547-553


