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ORIGINAL ARTICLE

Effect of Bionator and Farmand Appliance on the 
Treatment of Mandibular Deficiency in Prepubertal Stage

ABSTRACT

Objective: The present study aimed to compare dentoskeletal changes in mandibular-deficient patients treated with Bionator and 
Farmand appliances. 

Methods: This study included 54 subjects treated for class II division I malocclusion. All subjects fulfilled the following criteria: ANB>5°, 
SNB<77°, and overjet >5 mm. The Bionator group consisted of 27 patients (15 girls, 12 boys) with the mean age of 11 (SD 1) years 
and the Farmand group consisted of 27 patients (17 girls, 10 boys) with the mean age of 11.1 (SD 1.4) years. Statistical analyses were 
performed using t-test, paired t-test, Wilcoxon, and Mann–Whitney test.

Results: In the Farmand group, SNB significantly increased from 74.3° (SD 1.7) to 77.6° (SD 2.3) and ANB decreased by 3.2° (SD 1.7) 
(p<0.001). In the Bionator group, SNB significantly increased from 75.5° (SD 0.9) to 79° (SD 0.9), and ANB decreased by 3.3° (SD 1.3) 
(p<0.001). The increase in IMPA showed that the lower incisors were significantly tipped using both appliances. T-test did not show 
any significant differences between the two groups. 

Conclusion: Despite the different designs of the appliances, both were successful in the treatment of class II division 1 malocclusion 
in mandibular-deficient patients.
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INTRODUCTION

Skeletal class II malocclusion may result from mandibular deficiency, maxillary protrusion, or a combination of 
both (1,2). For more than a century, this deformity has been treated with various functional appliances. Many 
studies have shown the positive effects of different functional appliances such as the Activator, Bionator, Frän-
kel-2, Herbst, Twin block, and R-appliance on the treatment of mandibular deficiency (3-11). Functional applianc-
es can be classified into two groups: tooth-borne and tissue-borne.

In general, tissue-borne appliances such as Fränkel produce less dental compensation than tooth-borne ones 
such as the Activator, Bionator, and Twin block.

The Bionator is a tooth-borne appliance developed in Germany by Wilhelm Balter in the early 1950s. This appli-
ance is one of the most universally used functional appliances for the treatment of class II division 1 malocclusion 
associated with mandibular deficiency (12,13).

Another functional appliance which has been recently used for the correction of class II division 1 malocclusion 
with mandibular deficiency is the “Farmand appliance.” This appliance has been shown to be effective in the for-
ward movement of the mandible (14) and causes significant changes in the position and anterior displacement 
of the hyoid bone, resulting in improved airway and respiratory status of patients (15).

Although there are various studies on the treatment effects produced by the Bionator in the literature, there 
has been no direct comparison between the Bionator (16) and Farmand appliances (14). Therefore, this study 
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aimed to compare dentoskeletal effects between the Farmand 
and Bionator appliances in the treatment of class II division 1 
malocclusion with mandibular deficiency in prepubertal pa-
tients.

METHODS

In this retrospective study, patient data were handled according 
to the requirements and recommendations of the Declaration of 
Helsinki. Informed written consent was obtained from each pa-
tient and a parent or guardian.

All patients were selected according to the following inclusion 
criteria:

1) 	 ANB >5°, SNB <77°, overjet >5 mm at prelateral cephalo-
grams

2) 	 Normal growth
3) 	 No dentofacial syndromes
4) 	 No previous surgical intervention
5) 	 No previous orthodontic intervention
6) 	 No skeletal asymmetry

This study included 54 (32 girls, 22 boys) patients, of whom 27 
(17 girls, 10 boys) had been treated with Farmand (Figures 1, 2) 
and 27 (15 girls, 12 boys) with the Bionator (Figure 3).

All patients were in their prepubertal stage (CS1 and CS2), ac-
cording to the cervical vertebral maturation method as de-
scribed by Franchi et al. (17) and Baccetti et al. (18) at treatment 
initiation.

The mean age of the patients was 11.1 (SD 1.4) years in the Far-
mand group and they were treated for 16 (SD 1.7) months. The 
Farmand appliance is a passive tooth-borne device. It contains 
two extended labial bows in the lower and upper jaws, a tongue 
bow, four rests or stops, and an acrylic part. The acrylic plate cov-
ers the occlusal area to the lingual shields. A thick wire with a 
diameter of 1 mm, which functions as a tongue bow, connects 

the right and left acrylic plates on the palatal aspect to reinforce 
the appliance. The upper and lower labial bows are composed 
of 0.8-mm stainless steel wire extended from canine to canine 
with horizontal loops in the canine area. The rests or stops are 
located on the mesial surface of the upper and lower first per-
manent molars. Construction bites were taken with 2-3 mm pos-
terior clearance and an edge-to-edge occlusion in the upper and 
lower incisors.

Twenty-seven patients in the Bionator group were the control 
group and the mean age was 11 (SD 1) years and treatment time 
16 (SD 1.7) months. The occlusal surfaces of the posterior teeth 
and mandibular incisors were covered with acryl in both appli-
ances. This acrylic coverage prevents undesirable eruption of the 
teeth.

All patients were trained to wear the appliances at all times ex-
cept when eating, contact sports, and brushing. Lateral cepha-
lograms of the samples were taken in centric occlusion at treat-
ment initiation and completion in natural head position when 
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Figure 1. A frontal view of the Farmand appliance Figure 3. The Bionator appliance

Figure 2. A lateral view of the Farmand appliance



patients were focusing at a long distant spot at eye level. The 
linear and angular cephalometric measurements were used for 
comparison of the treatment effects between the two groups. 
These measurements were as follows:

SNA, SNB, ANB, Witts (connecting points A and B perpendicu-
lar to occlusal plane), GoGn (the distance between gonion and 
gnathion representing mandibular length), CoGn (the distance 
between condylion and gnathion), Co–Pog (the distance be-
tween condylion and pogonion), overjet, Jarabak index (the ra-
tio between posterior and anterior face heights; S–Go/N–Me), 
GoGn–Sn (the angle between SN and the mandibular plane), 
palatal–GoGn (the angle between the palatal and mandibular 
planes), facial depth angle (the angle formed by the intersection 
of the Frankfort plane with the nasion–pogonion line), U1 to SN 
(the angle between the long axis of the upper central incisor and 
anterior cranial base), IMPA (the angle between the long axis of 
the lower central incisor and mandibular plane), and interincisal 
angle (the angle between the upper and lower incisors). Mea-
surements were obtained using the pre- and post-treatment ra-
diographs. Each lateral cephalogram was traced by one investi-
gator in two weks intervals on a 0.07 mm frosted acetate using a 
0.3-mm lead pencil. Measurements were rounded to the nearest 
0.5 mm or degree.
The cephalometric tracings were reevaluated by the same inves-
tigator after 1 month. An intraclass correlation coefficient (ICC) 
test was used to define the repeatability of the data. ICCs extend-
ed from 0.67 to 1, indicating acceptable to perfect reliability of 
the measurements. Table 3 shows the ICCs of all measurements.

The Kolmogorov–Smirnov normality test was used for the ceph-
alometric data. Statistical significance was set at p<0.05. The 
magnification factor of each cephalogram was standardized at 
8%. The Statistical Package for Social Sciences, Version 22 (IBM 
Corp.; Armonk, NY, USA) was used to analyze the data. Paired 
t-test was used for intra group evaluation if the distribution was 
normal; otherwise, Wilcoxon test was performed. T-test was used 
to compare the data between the two appliances if the distri-
bution was normal; otherwise, Mann-Whitney test was applied. 
Figures 4 and 5 show the pre- and post-treatment images of pa-
tients in the Farmand group, respectively.

RESULTS

Tables 1 and 2 show the data of the cephalometric measure-
ments with the two appliances.

In the Bionator group, ANB decreased by 3.3° (SD 1.3) (p<0.001), 
and SNB increased from 75.5° (SD 0.9) to 79° (SD 0.9) (p<0.001). 
Witts decreased from 4.2 (SD 1.6) to 1.9 (SD 1.7). Overjet also 
showed a significant decrease from 7.6 (SD 1.9) to 4.2 (SD 1.7) 
mm. IMPA increased from 91.3° (SD 4.2) to 98.8° (SD 5.3) (p<0.001). 
GoGn, CoGn, Co-Pog, Jarabak index, GoGn-Sn, palatal-GoGn, fa-
cial angle, gonial angle, the angle formed by the junction of the 
posterior and lower borders of lower jaw, and U1–SN showed 
significant changes (Table 1, 2).

In the Farmand group, paired t-tests showed that ANB decreased 
by 3.2° (SD 1.7) (p<0.001) and SNB increased to 3.3° (SD 1.9) 
(p<0.001). Witts decreased from 3.5 (SD 1.5) to 1.5 (SD 1.1). Overjet 
significantly decreased from 7.1 (SD 2.1) to 3.6 (SD 1.9) mm. IMPA 
significantly increased by 6.2° (SD 3.8) (p<0.001). GoGn, CoGn, Co-
Pog, Jarabak index, GoGn-Sn, palatal-GoGn, facial angle, gonial 
angle, and U1 to SN also showed significant changes (Table 1, 2).

T-test showed that there were no significant differences between 
the two groups at treatment initiation. The anteroposterior posi-
tion of the maxilla (SNA) was unaffected by treatment with both 
appliances; whereas the sagittal position of the mandible (SNB) 
improved with both functional appliances.

Both appliances showed significantly increased GoGn, Co-Gn, 
and Co–Pog. T-test did not show any significant differences be-
tween the two groups.

DISCUSSION

Both the Farmand and Bionator improved the intermaxillary 
discrepancy in Class II division 1 malocclusion patients with 
mandibular deficiency. Favorable mandibular growth was also 
achieved with both functional appliances.

The Farmand is a passive tooth-born device, consisting of a 
labial bow on each dental arch, two rests or stops on the first 
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Figure 5. Post-treatment image of the same patient with Farmand 
appliance

Figure 4. Pre-treatment image of a patient with mandibular 
deficiency



permanent molars, as well as tongue bow and an acrylic plate. 
Two labial bows are placed 1 mm away from the labial surfaces 
of the lower and upper anterior teeth. It performs as a barrier for 
eliminating the force of the perioral muscles, particularly in case 
of severe mentalis muscle contraction, and as well as an eruptive 
guidance for the incisors. Each Farmand has a tongue bow with 
a loop located in a distal direction. Tongue bows help the patient 
to redirect their tongue to a distal position, thus the pressure of 
tongue is removed from the anterior part of the upper jaw. The 
patient is trained to push the tongue tip on the tongue bow. 
This type of function will improve the mandible into a more ad-
vanced position. The rests or stops, which are positioned in the 

mesial aspect of the first permanent molars, control the first per-
manent molars from mesial movement and assist in achieving 
class I molar relationship while the mandible moves in a forward 
position. The effects of Twin Block and Farmand were evaluated 
by Yassaei et al. (14), and they showed that both the Twin Block 
and Farmand were effective in the treatment of class II division 
I with mandibular deficiency. It has also been proven that Far-
mand significantly shifted the hyoid bone forward and nonsig-
nificantly upward (15).

The Bionator is a tooth-borne apparatus that has been report-
ed to produce considerable changes in dentoskeletal structures 
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Table 1. Pre- and post-treatment measurements in the Bionator and Farmand groups

			                           Before treatment		                           After treatment		

Variables		  Group	 Mean	 SD	 Min-Max	 Mean	 SD	 Min-Max	 p

Sagittal	 SNA (°)	 Farmand	 81.2	 1.5	 79–84	 81.4	 1.3	 80–84	 0.110

		  Bionator	 81.3	 0.9	 80–82	 81.4	 0.8	 80–82	 0.212

	 SNB (°)	 Farmand	 74.3	 1.7	 72–77	 77.6	 2.3	 72–80	 0.001

		  Bionator	 75.5	 0.9	 72–77	 79	 0.9	 77–80	 0.001

	 ANB (°)	 Farmand	 6.8	 1.6	 5–10	 3.6	 2.3	 1–8	 0.001

		  Bionator	 5.6	 1	 5–10	 2.4	 1.3	 0–5	 0.001

	 Witts (mm)	 Farmand	 4.2	 1.6	 1–7	 1.9	 1.7	 0–5	 0.001

		  Bionator	 3.5	 1.5	 1–6	 1.5	 1.1	 0–4	 0.001

	 GoGn (mm)	 Farmand	 66.5	 3.5	 60–71	 69.2	 3.5	 62–75	 0.001

		  Bionator	 68.1	 2	 63–73	 70.2	 2.1	 64–76	 0.001

	 Co-Gn (mm)	 Farmand	 103.7	 2.9	 98–123	 106.2	 2.6	 100–127	 0.001

		  Bionator	 103.3	 3.3	 100–110	 105.6	 3.2	 102–113	 0.001

	 Co–Pog (mm)	 Farmand	 101.8	 1.6	 100–106	 106.3	 1.8	 102–110	 0.001

		  Bionator	 102	 1.8	 100–109	 105.8	 1.6	 97.4–113	 0.001

	 Overjet (mm)	 Farmand	 7.1	 2.1	 5–12	 3.6	 1.9	 0.5–10	 0.001

		  Bionator	 7.6	 1.9	 5–12	 4.2	 1.7	 0.5–10	 0.001

Vertical	 Jarabak (%)	 Farmand	 64.1	 2.2	 60–64	 62	 1.4	 60–67	 0.001

		  Bionator	 65.1	 2.5	 60–64	 62	 1.6	 61–70	 0.001

	 GoGn–Sn (°)	 Farmand	 31.8	 4.2	 24–41	 34.1	 4	 26–41	 0.001

		  Bionator	 29.1	 3.6	 24–38	 31.3	 3.6	 26–41	 0.001

	 Palatal–GoGn (°)	 Farmand	 25.3	 2.6	 20–30	 27.5	 1.9	 24–32	 0.001

		  Bionator	 26.7	 1.1	 25–29.8	 28.4	 1	 26–34.8	 0.001

	 Facial Angle (°)	 Farmand	 82.9	 2.6	 80–88	 85.1	 2.5	 80–90	 0.001

		  Bionator	 86.3	 1.7	 81–89	 88.5	 2	 84–93	 0.001

	 Gonial Angle	 Farmand	 123.7	 3	 116–128	 128.7	 2.1	 123–133	 0.001

		  Bionator	 123.7	 4.1	 113.4–133	 127.4	 3.1	 119.5–141	 0.001

Dental	 U1–Sn (°)	 Farmand	 110.1	 7	 96–128	 104.4	 5.7	 94–114	 0.001

		  Bionator	 111.3	 5.8	 100–123	 104.2	 4.1	 94–111	 0.001

	 IMPA (°)	 Farmand	 95.7	 7.3	 86–110	 101.9	 6.6	 91–117	 0.001

		  Bionator	 91.3	 4.2	 84–99	 98.8	 5.3	 90–113	 0.001

	 Interincisal Angle (°)	 Farmand	 117.8	 5.5	 100–129	 118	 6.7	 105–130	 0.777

		  Bionator	 117	 7	 104–130	 119.3	 5.7	 110–130	 0.05

SNA, SNB, ANB, Witts: connecting points A and B perpendicular to occlusal plane; GoGn: the distance between gonion and gnathion representing the mandibular 
length; CoGn: the distance between condylion and gnathion; Co-Pog: the distance between condylion and pogonion; overjet, Jarabak index (the ratio between 
posterior and anterior face heights; S–Go/N–Me), GoGn–Sn (the angle between SN and the mandibular plane), palatal–GoGn (the angle between palatal and man-
dibular planes), facial angle (the angle formed by the intersection of the Frankfort plane with the nasion–pogonion line), gonial angle (the angle between the ramal 
plane and mandibular plane), U1 to SN (the angle between the long axis of the upper central incisor and anterior cranial base), IMPA (the angle between the long 
axis of the lower central incisor and mandibular plane), and interincisal angle (the angle between the upper and lower incisors)



through a repositioning of the lower jaw in a more forward posi-
tion, establish normal overjet and overbite, control dental erup-
tion, and improve facial structures (19).

The difference between the two appliances is that two rests or 
stops are located on the mesial surface of the upper and lower 
first permanent molars in the Farmand appliance. These rests 

are used to prevent the forward movement of dentition and 
serve as stabilizing elements. There are two labial bows in Far-
mand appliance while there is only one labial bow in the Bion-
ator. Two labial bows are used to stabilize the appliance. In the 
Bionator, the lingual flange has deep extensions beneath the 
mandibular molars and behind the lower incisors, whereas in 
Farmand, the lingual flange is not extended as much. The small 
size of the Farmand makes this appliance more convenient for 
patients.

Almeida et al. (20) evaluated the dentoskeletal effects of the Bi-
onator on class II division I malocclusion with mandibular defi-
ciency and reported favorable movement of the mandible.

GoGn–Sn increased in the Bionator and Farmand. This causes a 
clockwise rotation of the mandible, which is favorable in hori-
zontal growers. Similar findings for Bionator have been reported 
in the literature, which confirm the results of the current study 
(19,21).

In the current study, the Bionator and Farmand caused flaring 
of the lower incisors and retrusion of the upper incisors. This 
protrusion of lower incisors, which can be observed in most 
functional appliances, is not favorable in class II division I mal-
occlusion with mandibular deficiency. In the current study, no 
significant differences between the lower and upper anteriors 
were observed in both groups. These findings are concomitant 
with those of Almeida et al. (20). To date, only the R-appliance 
has been reported to move the mandible forward without any 
proclination of the lower anteriors (3,6).
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Table 3. Intraclass correlation coefficients test of all measurements

Variables	 ICC

Sagittal	 SNA (°)	 0.898

	 SNB (°)	 0.950

	 ANB (°)	 0.958

	 Witts (mm)	 0.956

	 GoGn (mm)	 0.917

	 Co-Gn (mm)	 0.670

	 Co–Pog (mm)	 0.670

	 Overjet (mm)	 0.851

Vertical	 Jarabak (%)	 0.998

	 GoGn–Sn (°)	 0.859

	 Palatal–GoGn (°)	 0.893

	 Facial Angle (°)	 0.943

	 Gonial Angle	 0.909

Dental	 U1–Sn (°)	 0.997

	 IMPA (°)	 0.831

	 Interincisal Angle (°)	 0.991

ICC: intraclass correlation coefficients

Table 2. Comparison of changes during treatment between the Bionator and Farmand

		                                      Farmand		                                          Bionator	

Variables		  Mean	 SD	 Mean	 SD	 p

Sagittal	 SNA (°)	 0.2	 0.7	 0.1	 0.6	 0.678

	 SNB (°)	 3.3	 1.9	 3.4	 1.2	 0.732

	 ANB (°)	 −3.2	 1.7	 −3.3	 1.3	 0.610

	 Witts (mm)	 −2.3	 1.5	 −2	 0.9	 0.371

	 GoGn (mm)	 2.7	 1.5	 2.1	 1.1	 0.117

	 Co-Gn (mm)	 2.6	 1.2	 2.3	 1.6	 0.331

	 Co–Pog (mm)	 4.5	 1.9	 3.7	 1.5	 0.117

	 Overjet (mm)	 −3.5	 2.3	 −3.4	 2.1	 0.851

Vertical	 Jarabak (%)	 −2.1	 1.8	 −3.1	 2.4	 0.095

	 GoGn–Sn (°)	 2.3	 1.8	 2.1	 2.6	 0.859

	 Palatal–GoGn (°)	 2.2	 2.1	 1.7	 0.6	 0.157

	 Facial Angle (°)	 2.2	 1.2	 2.2	 1.3	 0.926

	 Gonial Angle	 4.9	 3	 3.7	 2.4	 0.109

Dental	 U1–Sn (°)	 −5.7	 4.2	 −7.1	 4.2	 0.227

	 IMPA (°)	 6.2	 3.8	 7.5	 3.6	 0.205

	 Interincisal Angle (°)	 0.3	 4.7	 2.3	 5.8	 0.163

SNA, SNB, ANB, Witts (connecting points A and B perpendicular to occlusal plane), GoGn (the distance between gonion and gnathion representing mandibular 
length), CoGn (the distance between condylion and Gnathion), Co–Pog (the distance between condylion and pogonion), overjet, Jarabak index (the ratio between 
posterior and anterior face heights; S–Go/N–Me), GoGn–Sn (the angle between SN and the mandibular plane), palatal–GoGn (the angle between the palatal and 
mandibular planes), facial angle (the angle formed by the intersection of the Frankfort plane with the nasion–pogonion line), gonial angle (the angle between the 
ramal plane and mandibular plane), U1–SN (the angle between the long axis of the upper central incisor and anterior cranial base), IMPA (the angle between the 
long axis of the lower central incisor and mandibular plane), and interincisal angle (the angle between the upper and lower incisors)



Both Farmand and Bionator are used for skeletal problems and 
further correction is continued with fixed orthodontics.

CONCLUSION

There were no changes in the forward growth of the maxilla with 
either of the appliances.

Both Farmand and Bionator appliances

•	 Moved the mandible forward
•	 Caused tipping of the lower incisors
•	 Caused retrusion of the upper incisors
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