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Class II malocclusion treatment with the Herbst 

appliance in patients after the growth peak

José Carlos de Castro Alvares1, Rodrigo Hermont Cançado2, Fabrício Pinelli Valarelli2, 
Karina Maria Salvatore de Freitas3, Christian Zamberlan Angheben1 

Objective: The objective of this study was to evaluate dentoskeletal effects in the treatment of Class II malocclusion 
performed with the Herbst appliance in patients at post-peak stage of growth.

Methods: The sample consisted of 16 patients with Class II malocclusion and average initial and final ages of 14.04 
(ranging from 11.50 to 35.66) and 17.14 (ranging from 13.68 to 38.64) years, respectively, who were treated for an 
mean time of 2.52 years. Lateral cephalograms were obtained at treatment onset (T1) and completion (T2) to evaluate 
the effects of therapy. Initial dental casts were also used to evaluate the overjet and the anteroposterior severity of molar 
relationship at treatment onset. The cephalometric changes between initial and final stages were compared by means 
of the non-parametric Wilcoxon test.

Results: The results showed that the Herbst appliance did not promote significant changes in the maxillary com-
ponent and the effective length of the mandible significantly increased without improving the maxillomandibular 
relationship. Changes in the maxillary and mandibular dentoalveolar components revealed that the maxillary incisors 
exhibited retrusion and lingual tipping, while the mandibular incisors presented increased protrusion and buccal tip-
ping. The dental relationships exhibited significant improvements with the treatment.

Conclusion: Based on the present results, it was concluded that the effects of treatment performed with the Herbst 
appliance in patients at post-peak stage of growth are predominantly of dentoalveolar nature.
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introduction
The Herbst appliance has been widely used for 

treating Class II malocclusions due to its great ef-
fectiveness.10 Besides allowing stimulation of man-
dibular growth, the treatment performed with the 
Herbst appliances promotes redirecting of maxillary 
growth, mesial movement of mandibular teeth and 
distal movement of maxillary teeth.9 All the afore-
mentioned factors are relevant for both treatment and 
correction of the Class II malocclusion.

Most studies evaluating the skeletal and dental effects 
of the Herbst appliances are conducted in patients at the 
pre-peak stage of growth.8,9,20,21 On the other hand, 
studies on the Herbst appliance in patients at the post-
peak stage of growth have been widely accepted by the 
orthodontic community, due to the fact that it may in-
fluence the growth of bone bases within a shorter period 
of time.13,17,18 However, these studies are less frequent in 
the scientific literature.1,4,11

The objective of this study was to evaluate skeletal 
and dental effects of the Herbst appliance for treat-
ing Class II malocclusion in patients at the post-peak 
stage of growth.

Material and methods
Material

This clinical study was approved by the Research 
Ethics Committee (REC) and all patients signed an in-
formed consent form authorizing the use of their orth-
odontic records for research purposes. The sample was 
retrospectively selected and initially comprised all pa-
tients with Class II malocclusion treated by one of the 
authors using the Herbst with Cantilever Bite Jump-
er (CBJ) appliance, combined with fixed appliances 
(Fig  1). A  total of 28 patients were initially selected, 

among which 16 were selected to compose the sample 
according to the following inclusion criteria: 1) Patients 
without previous orthodontic treatment; 2) No tooth 
losses up to the permanent first molars; 3) Complete 
orthodontic records at the onset (T1) and completion 
(T2) of orthodontic treatment; 4) Patients at post-peak 
stage of growth at treatment onset, as analyzed on carpal 
radiographs; 5) The treatment of all patients should be 
performed without extraction of permanent teeth.

The sample consisted of 32 lateral cephalograms 
obtained at the onset (T1) and at the completion of the 
orthodontic treatment (T2), and 16 dental casts ob-
tained at the onset of the treatment (T1) of 16 patients 
(10 females and 6 males) with Class II malocclusion 
(14 patients with Class II, division 1 malocclusion; 
and 2 patients with Class II, division 2 malocclusion). 
These patients presented median initial and final ages 
of 14.04 (interquartile deviation of 3.68; amplitude of 
11.50–35.66) and 17.14 (interquartile deviation of 4.07; 
amplitude of 13.68–38.64) years, respectively, and were 
treated for an mean period of 2.52 years (SD = 1.00). 
They also presented mean overjet of 6.7 mm, evaluated 
on the initial dental casts (T1). Considering the sever-
ity of anteroposterior relationship between the dental 
arches, four patients presented ½ Class II, four patients 
presented ¾ Class II and eight patients had complete 
Class II. Criterion adopted to classify them as patients at 
post-peak stage of growth was the evaluation of skeletal 
maturation stages of the median phalanx of the third fin-
ger on carpal radiographs. The patients were considered 
as patients at post-peak stage of growth when the radio-
graphic interpretation comprised the stage in which the 
epiphysis did not present the width of the metaphysis 
up to the stage with complete fusion of epiphysis and 
metaphysis7,16 (Table 1).

Figure 1 - Herbst appliance (CBJ) combined with fixed appliance: A) right lateral view, B) frontal view, C) left lateral view.
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All patients in the sample initially received a fixed 
Roth appliance with 0.022 x 0.028-in slot, and the dental 
arches were aligned and leveled until a 0.019 x 0.025-in 
rectangular stainless steel archwire would passively 
adapt itself to the slot of all brackets. After alignment 
and leveling, the Cantilever Bite Jumper (CBJ) appli-
ance was placed to correct the anteroposterior Class II 
relationship observed between molars. The CBJ is a 
system composed of four stainless steel crowns, for the 
maxillary and mandibular first molars, respectively, and 
a cantilever soldered to the crowns of mandibular first 
molars, extending itself in the anterior direction to-
wards the premolars and canines, to position the pivot 
of the mandibular arch. The maxillary pivots are sol-
dered to the external aspect of the maxillary crowns and 
also constitute the system of telescopic tubes and two 
pistons, which promotes anterior positioning of the 
mandible by fixing the appliance with screws. There-
fore, the Herbst appliance is indicated for cases with 
Class II division 1 malocclusion when the main prob-
lem is mandibular retrognathism, with anterior teeth 
without marked crowding or after alignment with fixed 
orthodontic appliances, preferably with lingually tipped 
mandibular incisors.14 A transpalatal bar in the maxil-
lary arch and a Nance lingual arch in the mandibular 
arch were placed for anchorage.

Methods
Lateral cephalograms

In order to evaluate the dentoskeletal changes of 
the Herbst-CBJ appliance, lateral cephalograms ob-
tained at treatment onset and completion were ana-
lyzed. All radiographic images were obtained with 
the lips at rest and in maximum intercuspation, aided 
by a Broadbent cephalostat in order to standardize the 
position of the head. All lateral cephalograms com-
prising the sample were obtained in three different 
devices and the magnification of each device was de-
termined for greater accuracy. The different types of 
devices presented distinct percentages of magnifica-
tion, ranging from 8.2% to 11.13%.

Cephalometric tracing and achievement 
of measurements

The lateral cephalograms were digitized in a resolu-
tion of 9600 x 4800 dpi in a Microtek ScanMaker i800 
scanner (Microtek International, Inc., Carson, CA, 
USA) and connected to a Pentium microcomputer. The 
images were transferred to the Dolphin Imaging Pre-
mium 10.5 software (Dolphin Imaging & Management 
Solutions, Chatsworth, CA, USA), through which the 
cephalometric points of interest were identified and 
measurements involving planes and lines were obtained.

Name Gender Initial age Skeletal maturation stage

A.P.F F 20.31 Rut (complete epiphyseal union in the radius) 

A.M.S.A F 11.95 FMui (onset of epiphyseal union in median phalanxes)

C.H.F M 15.10 FDut (complete epiphyseal union in distal phalanxes) 

D.A.R.L M 16.18 Rut (complete epiphyseal union in the radius)

F.R F 11.50 MFDui (onset of epiphyseal union in distal phalanxes)

G.P F 12.29 FMui (onset of epiphyseal union in median phalanxes)

G.Q.V M 13.90 FMui (onset of epiphyseal union in median phalanxes)

J.F.R M 12.03 MFDui (onset of epiphyseal union in distal phalanxes)

J.L F 13.56 FMui (onset of epiphyseal union in median phalanxes)

J.R.C F 16.61 Rut (complete epiphyseal union in the radius)

L.J F 14.01 FDut (complete epiphyseal union in distal phalanxes) 

L.F.R M 13.13 FMui (onset of epiphyseal union in median phalanxes)

L.P F 35.66 Rut (complete epiphyseal union in the radius)

L.I.M F 27.47 Rut (complete epiphyseal union in the radius)

T.R.V M 14.17 FMui (onset of epiphyseal union in median phalanxes)

Y.R.Z.V.A F 14.08 FDut (complete epiphyseal union in distal phalanxes) 

Table 1 - Detailed description of skeletal maturation stages of patients in the sample.
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Cephalometric measurements (Figs 2 and 3)
The following cephalometric measurements were 

used in this study:
1)	 Maxillary component: SNA, A-Nperp and Co-A.
2)	 Mandibular component: SNB, P-Nperp and 

Co-Gn.

3)	 Maxillomandibular relationship:  
ANB and Witts.

4)	 Growth pattern: SN.GoGn, SN.Ocl, FMA and 
LAFH.

5)	 Maxillary dentoalveolar component: 1.NA, 
1-NA, 1-Aperp, 1-PP, 6-PTV and 6-PP.

6)	 Mandibular dentoalveolar component: 1.NB, 
1-NB, 1-AP, IMPA, 1-MP and 6-MP.

7)	 Dental relationships: overjet, overbite and molar 
relationship.

Statistical analysis
Method error

In order to analyze the intraexaminer error, all 
measurements were repeated by the same examiner 
on ten randomly selected lateral cephalograms after 
a 30-day interval. The application of the Dahlberg 
formula (Se2  =  Sd2/2n) allowed estimation of casual 
errors3. Systematic errors were evaluated by the de-
pendent t-test2,6,15.

Comparison of cephalometric measurements 
between initial (T

1
) and final (T

2
) stages

The Kolmogorov-Smirnov test was used to verify 
if the cephalometric data obtained at treatment on-
set  (T1) and completion (T2) presented normal dis-
tribution. The results revealed that some cephalo-
metric variables did not present normal distribution. 
Thus, the non-parametric Wilcoxon test was applied 
to compare the changes between initial (T1) and fi-
nal (T2) stages. All statistical tests were conducted on 
the Statistica software for Windows 7.0 (Stat Soft Inc., 
Tulsa, Oklahoma, USA) and the results were consid-
ered statistically significant for p < 0.05.

Results
Four variables (SN.GoGn, LAFH, 1.NA and 6-MP) 

presented systematic error (p < 0.05) and the amplitude of 
casual errors ranged from 0.13 (1-PP) to 1.25 (A-Nperp).

The results of the Kolmogorov-Smirnov test re-
vealed that the following cephalometric variables did 
not present normal distribution of data: SNA, SNB 
and SN.Ocl at treatment onset (T1) and SNA, SNB and 
SN.GoGn in treatment changes (T2-T1) (Table 2).

In Table 3 it can be observed that:
» The maxillary component was not influenced by the 

treatment performed with the Herbst appliance.

Figure 2 - Skeletal cephalometric measurements: 1) SNA; 2) A-Nperp; 3) Co-A; 
4) SNB; 5) P-Nperp; 6) Co-Gn; 7) ANB; 8) Wits; 9) SN.GoGn; 10)  SN.Ocl; 
11) FMA; 12) LAFH.

1

4

6

3

2

7

12

8

5

9
11

10

Figure 3 - Dental cephalometric measurements: 13) 1.NA; 14) 1-NA; 15) 1-Aperp; 
16) 1-PP; 17) 6-PTV; 18) 6-PP; 19) 1.NB; 20) 1-NB; 21) 1-AP; 22) IMPA; 23) 1-MP; 
24) 6-MP; 25) overjet; 26) overbite; 27) molar relationship.
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nificant extrusion during treatment, as evaluated by 
the 1-PP variable.

» The mandibular incisors presented buccal tip-
ping and statistically significant protrusion (1.NB, 
1-NB and 1-AP). 

» The mandibular molars presented statistically sig-
nificant extrusion (6-MP).

» The overjet, overbite and molar relationship were 
significantly reduced with treatment.

» The effective mandibular length (Co-Gn) presented 
statistically significant increase with the Herbst appliance.

» The Herbst appliance did not provide any improve-
ments in the maxillomandibular relationship.

» The SN.Ocl and LAFH variables presented sta-
tistically significant increase, in which the occlusal 
plane presented clockwise rotation, with consequent 
increase of vertical dimension.

» The maxillary incisors exhibited statistically sig-

Table 2 - Kolmogorov-Smirnov test result for initial (T
1
) and final values (T

2
) as well as changes (T

2
-T

1
) for the experimental group.

Initial (T
1
) Final (T

2
) Changes (T

2
-T

1
)

d p d p d p

Maxillary component

SNA (degrees) 0.33720 p < 0.05 0.16173 p > 0.20 0.34321 p < 0.05

A-Nperp (mm) 0.15941 p > 0.20 0.16995 p > 0.20 0.24383 p > 0.20

Co-A (mm) 0.10683 p > 0.20 0.11728 p > 0.20 0.15965 p > 0.20

Mandibular component

SNB (degrees) 0.40337 p < 0.01 0.10290 p > 0.20 0.39996 p < 0.01

P-Nperp (mm) 0.20420 p > 0.20 0.17342 p > 0.20 0.15178 p > 0.20

Co-Gn (mm) 0.15385 p > 0.20 0.14390 p > 0.20 0.15145 p > 0.20

Maxillomandibular relationship

ANB (degrees) 0.13175 p > 0.20 0.18423 p > 0.20 0.09585 p > 0.20

Wits (mm) 0.22433 p > 0.20 0.09771 p > 0.20 0.18087 p > 0.20

Growth pattern

SN.GoGn (degrees) 0.32505 p < 0.10 0.17289 p > 0.20 0.42607 p < 0.01

SN.Ocl (degrees) 0.34652 p < 0.05 0.10566 p > 0.20 0.32497 p < 0.10

FMA (degrees) 0.18584 p > 0.20 0.21232 p > 0.20 0.09516 p > 0.20

AFAI (mm) 0.15122 p > 0.20 0.11475 p > 0.20 0.12362 p > 0.20

Maxillary dentoalveolar component

1.NA (degrees) 0.15410 p > 0.20 0.16095 p > 0.20 0.12377 p > 0.20

1-NA (mm) 0.15364 p > 0.20 0.20399 p > 0.20 0.25303 p > 0.20

1-Aperp (mm) 0.13260 p > 0.20 0.12851 p > 0.20 0.18649 p > 0.20

1-PP (mm) 0.15810 p > 0.20 0.13327 p > 0.20 0.17488 p > 0.20

6-PTV (mm) 0.14557 p > 0.20 0.14972 p > 0.20 0.16282 p > 0.20

6-PP (mm) 0.19430 p > 0.20 0.18014 p > 0.20 0.16931 p > 0.20

Mandibular dentoalveolar component

1.NB (degrees) 0.13551 p > 0.20 0.09290 p > 0.20 0.11150 p > 0.20

1-NB (mm) 0.17883 p > 0.20 0.14686 p > 0.20 0.11769 p > 0.20

1-AP (mm) 0.19957 p > 0.20 0.14227 p > 0.20 0.10627 p > 0.20

IMPA (degrees) 0.10522 p > 0.20 0.17987 p > 0.20 0.15662 p > 0.20

1-MP (mm) 0.18251 p > 0.20 0.08313 p > 0.20 0.14496 p > 0.20

6-MP (mm) 0.13172 p > 0.20 0.10799 p > 0.20 0.07635 p > 0.20

Dental relationships

Overjet (mm) 0.14026 p > 0.20 0.11879 p > 0.20 0.14074 p > 0.20

Overbite (mm) 0.15292 p > 0.20 0.18606 p > 0.20 0.15800 p > 0.20

Molar relationship (mm) 0.10220 p > 0.20 0.13571 p > 0.20 0.14571 p > 0.20
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Table 3 - Non-parametric Wilcoxon test results of comparison between initial (T
1
) and final (T

2
) stages for evaluation of treatment changes. 

Variables

Initial (T
1
)

(n = 16)

Final (T
2
)

(n = 16) P

Median DIq Median DIq

Maxillary component

SNA (degrees) 83.50 7.20   81.90 4.70 0.8361

A-Nperp (mm) 0.05 4.10 -0.20 8.25 0.7564

Co-A (mm) 84.75 3.65 85.25 6.00 0.3133

Mandibular component

SNB (degrees) 77.90 6.50 78.05 7.05 0.1089

P-Nperp (mm) -8.70 9.65 -8.25 11.40 0.3794

Co-Gn (mm) 107.45 10.40 111.60 7.30 0.0011

Maxillomandibular relationship

ANB (degrees) 6.00 3.35 4.60 3.20 0.1401

Wits (mm) 1.20 5.30 -1.10 3.55 0.1627

Growth pattern

SN.GoGn (degrees) 30.50 10.75 29.95 8.50 0.7174

SN.Ocl (degrees) 15.00 6.90 19.40 9.50 0.0340

FMA (degrees) 27.95 4.85 28.05 6.15 0.9176

AFAI (mm) 60.60 9.50 65.60 11.45 0.0011

Maxillary dentoalveolar component

1.NA (degrees) 18.95 16.25 21.15 11.45 0.2553

1-NA (mm) 4.75 4.50 4.45 3.45 0.3133

1-Aperp (mm) 5.10 3.40 4.25 2.95 0.1873

1-PP (mm) 27.25 7.65 28.50 6.30 0.0299

6-PTV (mm) 19.30 5.20 21.50 6.60 0.3794

6-PP (mm) 17.15 3.00 18.90 3.40 0.1961

Mandibular dentoalveolar component

1.NB (degrees) 28.25 7.90 32.10 10.60 0.0077

1-NB (mm) 6.20 3.65 7.05 3.65 0.0340

1-AP (mm) 2.00 2.75 3.80 3.25 0.0032

IMPA (degrees) 98.45 11.25 98.15 10.55 0.0557

1-MP (mm) 38.05 5.40 38.50 6.25 0.3066

6-MP (mm) 26.00 3.10 28.65 3.80 0.0011

Dental relationships

Overjet (mm) 6.40 3.65 3.30 1.30 0.0009

Overbite (mm) 3.85 2.50 1.60 2.50 0.0009

Molar relationship (mm) 1.20 1.55 -1.35 1.80 0.0021

Discussion
Sample selection

The use of fixed functional orthopedic appli-
ances in patients at post-peak stage of growth has 
been demonstrated in the orthodontic literature. Ad-
ditionally, the use of these appliances has been en-
couraged in patients in the descending growth curve. 
This  treatment modality presents some advantages 

when compared to treatment of patients at pre-peak 
stage of growth, for instance, a better occlusal stabil-
ity, due to the fact that all permanent teeth are erupt-
ed, thus allowing better intercuspation in a Class I re-
lationship7. Moreover, the retention time is reduced 
because the residual growth after active treatment is 
smaller7. However, the studies found in the literature 
have been conducted with a small number of patients, 
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similarly to this study.1,4,11 Notwithstanding, consid-
ering the strict inclusion criteria, especially inclusion 
of patients at post-peak stage of growth, only, and the 
difficulties inherent in longitudinal studies, a number 
of 16 patients may be considered satisfactory.

Dentoskeletal changes promoted by treatment
The cephalometric evaluation of dentoskeletal ef-

fects of the treatment revealed that the CBJ does not 
promote significant restriction of anterior displacement 
of the maxillary component (Table 3), similarly to pre-
vious studies.19 However, these effects on the maxilla 
are not in agreement with other authors who conducted 
similar studies using fixed functional orthopedic appli-
ances.8,12 Distension of the musculature that holds the 
mandible in constantly advanced position causes trans-
mission of the action of this muscular force in posterior 
direction on the maxilla, thus promoting restriction of 
maxillary growth.5 This action on the maxilla was not 
evidenced in this study because all patients in the sample 
were at post-peak stage of growth and, thereby, the an-
teroposterior growth of the maxilla had ceased.

Considering the mandibular component, the ef-
fective mandibular length (Co-Gn) presented a sig-
nificant increase of 4.15 mm between initial (T1) and 
final stages (T2) (Table 3). This result was expected 
and agrees with previous studies.7,9 This increase in 
mandibular length provided by the appliance presents 
individual variability and depends on the skeletal ma-
turity of the patients at the onset of orthopedic treat-
ment.4,11 The absence of a control group compatible 
with the patients treated in this study did not allow 
differentiation between the real effect of the Herbst 
appliance and the mandibular growth.

In the maxillomandibular relationship, no signifi-
cant improvements were identified in the bone base 
relationship, even though the ANB variable present-
ed a slight reduction of 1.40o (Table 3). These results 
demonstrate that the Herbst appliance, when used at 
post-peak stage of growth, presents more compensa-
tory action than real correction of the anteroposterior 
discrepancy in patients with Class II malocclusion.7 
A previous study demonstrated that, in patients at post-
peak stage of growth, 37% of the correction of Class II 
molar relationship derives from skeletal changes and 
63% from dental changes, while the overjet involves 
27% of skeletal changes and 73% of dental changes.7

With regard to the growth pattern of the patient, 
both SN.Ocl and LAFH variables presented statisti-
cally significant increase, suggesting clockwise rota-
tion of the occlusal plane with consequent increase in 
vertical dimension (LAFH) (Table 3). These results 
agree with previous findings that reported increase 
in vertical dimension of the patient due to treatment 
performed with the Herbst appliance.8,12 The Herbst 
appliance was constructed in modified occlusion 
with increase of the interocclusal space between the 
posterior teeth, which is common in the fabrication 
of such appliance, thus allowing extrusion of poste-
rior teeth with consequent increase in vertical di-
mension and clockwise mandibular rotation.10 Ad-
ditionally, the mandibular molars (6-MP) exhibited 
significant extrusion of 2.65 mm (Table 3).

The evaluation of the maxillary dentoalveolar 
component did not reveal any significant changes in 
the tipping and position of maxillary incisors, except 
for the 1-PP variable that evidenced significant ex-
trusion of these teeth with the treatment (Table 3). 
Considering the effects on maxillary molars, the re-
sults demonstrated that these teeth did not present 
significant changes both in horizontal (6-PTV) and 
vertical directions (6-PP) (Table 3). A previous study 
revealed distal movement of 0.5 mm of the maxillary 
incisors, which was less important to the correction 
of the molar relationship and overjet.9

The evaluation of the mandibular dentoalveolar 
component revealed that the mandibular incisors 
presented significant and marked buccal tipping 
(1.NB) as well as protrusion of these teeth in the 
mandible (1-NB and 1-AP). The mandibular mo-
lars also exhibited significant extrusion with the 
treatment (6-MP), which explains more clearly the 
clockwise rotation of the occlusal plane and the in-
crease of 5.00 mm in the LAFH (Table 3). 

The  inclination and protrusion of mandibular 
incisors is widely reported in the literature and oc-
curs as a function of the telescopic mechanism of 
the Herbst appliance which produces a force direct-
ed towards the mandibular anterior region and the 
mandibular teeth.7,8,12,13,16

The treatment effects are more evident in the eval-
uation of dental relationships. The significant reduc-
tions in overjet of 3.10 mm, in overbite of 2.25 mm 
and in molar relationship of 2.55 mm are changes that 
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contribute to the correction of anteroposterior and 
vertical discrepancies in patients with Class II mal-
occlusion (Table 3). These results are a consequence 
of the combination of dental and skeletal changes 
promoted by the Herbst appliance7,12.

Conclusion
Based on the present results, it was concluded 

that effects of treatment performed with the Herbst 
appliance in patients at post-peak stage of growth are 
of predominantly dentoalveolar nature.




