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INTRODUCTION

isting skeletal imbalances, arch form, and orofacial
function.1 One of these is the Herbst appliance, and
the popularity of this appliance has increased so much
during the past two and a half decades that it is now
the most widely used functional appliance in the United States.1,2
The short- and long-term effects of Herbst appliance
treatment in Class II, division 1 malocclusions have
been investigated in many studies.3,4–9 The restraining
effect on maxillary growth has been reported to be of
minor importance in improving maxillomandibular relationships.3,4,6,10–12 In contrast, previous Herbst studies
have documented significant increases in mandibular
length compared with untreated controls. These in-

Several types of functional appliances currently
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Abstract: This prospective clinical investigation evaluates the dentoalveolar and skeletal cephalometric changes produced by the Herbst appliance during treatment of mixed dentition patients
with Class II division 1 malocclusion. Thirty individuals (15 male and 15 female individuals; initial
mean age nine years 10 months) were treated with the Herbst appliance for a period of 12 months.
For comparison, the records of 30 untreated Class II children (15 boys, 15 girls; initial mean age
nine years eight months) were followed without treatment for a period of 12 months. The results
indicated that the treatment effects produced in the mixed dentition patients were primarily dentoalveolar in nature. The mandibular incisors were tipped labially, and the maxillary incisors were
retruded; a significant increase in mandibular posterior dentoalveolar height occurred, and there
was a restriction in the vertical development of the maxillary molars. There was no difference in
the forward growth of the maxilla between the two groups. In comparison with the controls, however, the Herbst treatment produced a modest but statistically significant increase in total mandibular length. This increase in total mandibular length, however, was less than that observed in
adolescent Herbst patients in other studies. (Angle Orthod 2005;75:540–547.)
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compared with a matched untreated Class II control
sample.
MATERIALS AND METHODS

creases in mandibular length ranged from 2.0 to 2.2
mm for a six-month period for the banded appliance4,6
and from 2.7 to 3.5 mm for a one-year treatment period for the acrylic splint Herbst appliance.12
The vast majority of previous studies have considered patients treated in the permanent dentition.4,12–19
To our knowledge, only four Herbst studies in the English literature have evaluated Herbst treatment effects
for patients in the mixed dentition.20–23 No previous
clinical investigation has considered only the treatment
effects of the Herbst appliance while having an adequate sample size.
Therefore, this prospective clinical study investigates the effects of mixed dentition Herbst therapy in
patients presenting Class II division 1 malocclusion as

Table 1. Descriptive Statistics: Sample Description
Groups

n

Male

Female

T1

Controls
Herbst

30
30

15
15

15
15

9 y 8 mo
9 y 10 mo

T2
10 y 8 mo
10 y 10 mo

Average
Treatment/Observation
12 mo
12 mo
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FIGURES 1 and 2. Modified Herbst appliance.

Beginning in 2002, the first 40 patients with a Class
II malocclusion in the mixed dentition applying for
treatments at Lins Dental School, Methodist University, were evaluated by one investigator. Of the original
40 patients in the parent sample, 10 patients were excluded. Eight patients had the Herbst appliance removed prematurely because of breakage, and two patients had inadequate radiographs because of improper head positioning. Consequently, the final sample
comprised 30 subjects (15 boys, 15 girls) with Class
II division 1 malocclusions characterized by a bilateral
distal molar relationship greater than one-half cusp,
presence of mandibular deciduous second molars,
and an ANB angle $4.58. The initial mean age was
nine years 10 months (range, 8.2–11.0 years), and the
final mean age was 10 years 10 months (range, 9.2–
12.0 years).
The patients were treated with a modified Herbst appliance with reinforcement wires soldered to bands on
the maxillary permanent first molars and the primary
mandibular first molars region (Figures 1 and 2). No
brackets or other appliances were used during Herbst
therapy. The construction bite was registered with the
mandible protruded 5.0 mm in only one step.3
A control sample, derived from the files of the University of São Paulo (Bauru) Growth Study, comprised
30 subjects (15 boys, 15 girls; Table 1). The control
subjects presented with a bilateral distal molar relationship ($one-half cusp), mandibular deciduous second molars still present, and an ANB angle $4.58. The
initial mean age of the control sample was nine years
eight months (range, 8.0–10.9 years), and final mean
age was 10 years eight months (range, 9.0–11.6
years). This Class II sample had no previous orthodontic treatment and was observed for a period of 12
months.
Both groups were matched in skeletal maturation at
T 1 according to cervical vertebrae maturation
(CVM).24,25 The mean maturation stage for all the
groups at T1 was between stage 1 and stage 3.
The 120 lateral cephalograms were traced on acetate paper by one investigator and verified by a second
investigator. The tracings were digitized and analyzed
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FIGURE 5. Dental linear measurements: 1, U1-NA; 2, L1-NB; 3, U6PP; 4, L6-GoMe.

tical Software for Windows, Version 1.0; SPSS Science, Chicago, Ill).
The analysis of treatment effects was derived from
the tracings of the cephalometric headfilms taken immediately before and four weeks after the removal of
the Herbst appliance. These data were compared with
corresponding data derived from the control sample.
To assess the error of locating the reference points
and the digitizing procedure, 20 randomly selected
cephalograms were retraced and remeasured after approximately one month by the same examiner. The
casual error of the method (Dahlberg formula) did not
exceed 0.88 or 0.6 mm. Paired t-tests (Houston26)
demonstrated no statistically significant systematic error differences for all measurements. Sexual dimorphism, the pretreatment cephalometric measurements
of the two groups (T1), and the changes over the treatment/observation period were compared between the
two groups using independent sample t-tests.
FIGURE 4. Skeletal linear measurements: 1, Ar-Go; 2, Co-A; 3, CoGn; 4, ANS-Me; 5, S-Go; 6, A-FHp; 7, B-FHp; 8, ANS-FHp; 9, PogFHp.

using the Dentofacial Planner 7.0 (Dentofacial Planner
Software Inc, Toronto, Canada) (Figures 3 through 5).
All statistical analyses were performed with the aid of
a commercial statistical package (SigmaStaY, StatisAngle Orthodontist, Vol 75, No 4, 2005

RESULTS
The overall comparison of the starting forms of the
two groups showed a high level of similarity, with only
three of the 21 variables showing statistical differences
(Table 2). In addition, the mean cephalometric values
for the two groups at T1 also did not differ significantly
according to sex, so the sexes were combined and
evaluated together.
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FIGURE 3. Angular measurements: 1, SN.PP; 2, SN.GoMe; 3, SNA;
4, SNB; 5, ANB; 6, IMPA; 7, U1.NA; 8, L1.NB.
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Table 2. Comparison of Starting Forms
Control

Herbst

n

Mean

SD

n

Mean

SD

Significancea

Maxillary skeletal
SNA (8)
Co-A (mm)
A-FHp (mm)
ANS-FHp (mm)

30
30
30
30

80.4
81.0
62.7
68.5

2.8
3.8
3.8
3.7

30
30
30
30

83.4
82.9
63.8
68.8

3.8
4.7
4.7
4.4

**
NS
NS
NS

Mandibular skeletal
SNB (8)
Ar-Go (mm)
Co-Gn (mm)
B-FHp (mm)
Pog-FHp (mm)

30
30
30
30
30

75.3
37.6
99.2
53.7
54.0

3.0
2.1
4.3
5.2
5.5

30
30
30
30
30

76.7
38.1
100.9
54.2
54.7

3.2
4.0
5.6
5.8
6.7

NS
NS
NS
NS
NS

Maxillary/mandibular
ANB (8)

30

5.0

1.8

30

6.6

2.0

NS

Vertical skeletal
SN.GoMe (8)
SN.PP (8)
ANS to Me (mm)
S-Go (mm)

30
30
30
30

34.7
7.6
58.7
64.1

3.7
2.7
3.9
3.7

30
30
30
30

33.8
6.8
59.3
66.2

5.0
3.9
2.4
5.4

NS
NS
NS
NS

Maxillary dentoalveolar
U1.NA (8)
U1-NA (mm)
U6-PP (mm)

30
30
30

24.8
4.7
18.2

6.7
1.3
1.6

30
30
30

24.8
5.0
19.3

6.3
1.7
2.5

NS
NS
NS

Mandibular dentoalveolar
IMPA (8)
L1.NB (8)
L1-NB (mm)
L6-GoMe (mm)

30
30
30
30

94.7
24.8
4.4
26.0

5.8
5.6
1.2
1.7

30
30
30
30

97.3
27.9
5.7
26.1

6.3
4.6
1.7
2.0

NS
*
*
NS

a

NS, not significant; * P , .05; ** P , .01.

Changes from T1 to T2

Skeletal. There were no statistically significant differences between the Herbst and control groups in
maxillary skeletal measurements (Table 3). The maxillae of the Herbst patients grew downward and forward at the same rate as the control group.
The effective mandibular length (Co-Gn) increased
significantly more in the Herbst group as compared
with the control group (P , .05). These greater increases in mandibular length also were evident in the
significant increases in Ar-Go and the SNB angle (P
, .05).
Maxillary mandibular relationship. The ANB angle
was reduced significantly more in the Herbst group
than the control group (P , .01). The mandibular
plane and the palatal plane were unaffected by treatment. No differences in lower anterior facial height
(LAFH) and in posterior facial height were present.
Dentoalveolar. The maxillary incisors were retracted
significantly relative to NA both in millimeter and angulation (P , .01). In addition, the Herbst appliance

produced more inhibition of maxillary molar eruption
relative to the palatal plane (P , .05).
The mandibular incisors were retracted significantly
relative to IMPA as well as to NB both in millimeter
and angulation (P , .01). The Herbst patients also
showed more mandibular molar eruption relative to the
mandibular plane (P , .05).
DISCUSSION
Changes in linear and angular measurements less
than one millimeter or one degree were considered
clinically insignificant, even if statistical significance
was present.
Maxillary skeletal
There were no clinically significant changes in any
of the four variables used to evaluate maxillary growth
in the Herbst group. This result is in agreement with
that of McNamara et al,12 who also found no significant
restriction of maxillary growth in patients treated by the
acrylic splint Herbst appliance for a period of 12
Angle Orthodontist, Vol 75, No 4, 2005
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Table 3. Difference in Mean Changes (T1 to T2)
Control

Herbst

n

Mean

SD

n

Mean

SD

Significancea

Maxillary skeletal
SNA (8)
Co-A (mm)
A-FHp (mm)
ANS-FHp (mm)

30
30
30
30

20.4
2.3
0.8
1.3

1.3
2.8
1.6
1.9

30
30
30
30

20.8
1.8
0.1
0.5

1.8
2.6
1.7
2.0

NS
NS
NS
NS

Mandibular skeletal
SNB (8)
Ar-Go (mm)
Co-Gn (mm)
B-FHp (mm)
Pog-FHp (mm)

30
30
30
30
30

20.1
1.5
3.2
0.9
1.1

1.3
1.8
3.4
1.9
1.8

30
30
30
30
30

0.5
2.9
4.8
1.3
1.3

1.3
2.2
3.5
2.4
2.7

*
*
*
NS
NS

Maxillary/mandibular
ANB (8)

30

20.4

0.9

30

21.4

1.2

**

Vertical skeletal
SN.GoMe (8)
SN.PP (8)
ANS to Me (mm)
S-Go (mm)

30
30
30
30

20.3
0.7
1.4
2.7

1.7
1.3
1.7
2.1

30
30
30
30

0.1
0.9
2.1
3.4

2.1
2.4
1.9
2.5

NS
NS
NS
NS

Maxillary dentoalveolar
U1.NA (8)
U1-NA (mm)
U6-PP (mm)

30
30
30

0.6
0.4
1.1

3.8
1.2
1.1

30
30
30

24.9
21.1
0.7

6.5
1.9
1.2

**
**
*

Mandibular dentoalveolar
IMPA (8)
L1.NB (8)
L1-NB (mm)
L6-GoMe (mm)

30
30
30
30

1.0
0.3
0.2
0.7

2.9
3.5
0.7
1.2

30
30
30
30

5.0
5.7
1.2
1.4

6.1
5.8
1.1
1.2

**
**
**
*

a

NS, not significant; * P , .05; ** P , .01.

months. A slight restriction of maxillary growth was
noted by Croft et al,24 who reported a decrease of 0.98
in the SNA angle in their mixed dentition patients.
They concluded that the maxillary orthopedic effect of
early treatment in their sample produced a 1.2-mm restraint on the sagittal displacement of point A. In other
studies, long-term maxillary orthopedic effects reported for older Herbst patients, if evident, appeared to be
only temporary in nature.5,8,11,23
Mandibular skeletal
One of the key questions addressed in this study
was the effect of the Herbst appliance on increases in
mandibular length of children in the mixed dentition.
Are the resulting increases in length similar in magnitude to those documented previously in adolescent
Herbst patients?3,4,6,10,12,13,20,23 For example, significant
short-term increases in the length of the mandible
have been documented in adolescents by Pancherz
(2.2 mm)3,6 and Windmiller (3.4 mm).13
Franchi et al27 indicated a favorable and clinically
significant mandibular increase produced by the acrylAngle Orthodontist, Vol 75, No 4, 2005

ic splint Herbst appliance when the patients began
treatment at CVM stages 3 and 4 at the peak in mandibular growth. According to the CVM analysis25 used
in this prospective study, most of the patients started
orthopedic treatment before the pubertal growth spurt
and mandibular length increased slightly more (1.6
mm) in the Herbst group than in the controls. Based
on sample size (30 subjects), however, with the standard deviation of the change in mandibular length (CoGn) of 3.5 mm and taking into consideration the calculation of the ‘‘power of the study’’ (a value that indicates the probability to assess false positive findings), the level for clinical significance for the
supplementary increase in mandibular length in this
study should be about 2.5 mm. The actual difference
between treated subjects and controls of 1.6 mm (CoGn in Table 3), even if apparently significant, is not
considered clinically relevant. Therefore, the results of
this study indicate that the increases in mandibular
length in patients treated with the Herbst appliance,
although evident, are less in children for whom treatment was started before the circumpubertal growth period than in those entering adolescence.
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Dentoalveolar
In this study, the treatment group showed a statistically significant retraction of the maxillary incisors.
McNamara et al12 reported that the upper incisors
moved slightly lingually (1.4 mm) relative to the untreated controls, whereas Windmiller13 observed that
the maxillary incisors tipped lingually 4.38.
Significant proclination of the mandibular incisors
was found in the Herbst group (5.78), and the IMPA
increased by 5.08. This proclination of the mandibular
incisors probably is a consequence of the resultant
mesial force on the lower incisors induced by the telescoping mechanism of the Herbst appliance that produces a downward and forward vector of force. This
observation corroborates the results of Pancherz,3
who found an increase in IMPA of 5.48, and Valant and
Sinclair,10 who found a 2.58 increase. Croft et al,24 however, reported that treatment with the Herbst appliance
did not produce a significant ‘‘flaring’’ effect on the lower incisors in their mixed dentition study that examined

both treatment and posttreatment effects. The latter
observation is in agreement with others who found that
lower incisor flaring tends to rebound after Herbst
treatment is terminated8,36 and occurs less in younger
individuals.17
In the untreated group in this study, the maxillary
first molars erupted 1.1 mm, which was statistically different, but clinically insignificant from the Herbst (0.7
mm) group. Even larger effects were observed by
Pancherz and Anehus-Pancherz11 with an average intrusion of 0.7 mm during treatment. The consequence
of such control of maxillary molar movement is that
vertical eruption of the lower first molars (L6-GoMe)
was greater in the functional appliance group (Herbst,
1.4 mm) in comparison with the controls (0.7 mm).
This effect also has been reported by Windmiller.13
Clinical implications
The findings of the current prospective investigation,
although limited to a specific developmental stage
(mixed dentition) and evaluating only a one-year treatment interval, are in agreement with previous studies20–23 that suggested that the correction of a Class II
division 1 malocclusion with the Herbst appliance is
achieved by a combination of significant dentoalveolar
changes as well as by maxillomandibular skeletal effects. In this study, the Herbst appliance produced
more dentoalveolar than skeletal effects in patients
treated in the mixed dentition period. The greater skeletal changes appear to be present when the treatment
period includes the peak in mandibular growth.
Several clinicians28,37,38 have advised against using
the Herbst appliance in the mixed dentition. von Bremen and Pancherz37 recently reported that Class II division 1 treatment was more efficient in the permanent
dentition. On assessing skeletal maturity (hand-wrist
films) of Herbst patients, Ruf and Pancherz38 found
that the ideal period for Herbst treatment was in the
permanent dentition at or just after the peak of pubertal growth.
McNamara et al28 also recommended against the
use of the Herbst appliance in the mixed dentition. He
stated that although attaining a Class I relationship can
be achieved with a number of functional appliances,
maintaining the correction throughout the transition to
the permanent dentition often proves difficult. A fully
corrected Class II malocclusion can revert back to its
original occlusal relationship without proper posttreatment stabilization during the transition to the permanent dentition.
CONCLUSIONS
The effects produced by the Herbst appliance in this
study were:
Angle Orthodontist, Vol 75, No 4, 2005
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This age-related difference in treatment response
has been shown in previous studies of functional appliance therapy.28–32 For example, McNamara et al28
examined a large group of patients (N 5 100) treated
with the FR-2 appliance of Fränkel. Mandibular length
increased by 6.4 mm during a two-year period in the
younger age group (;8.5 years at the beginning of
treatment) and 8.0 mm in the older age group (;11.5
years). Other studies also have indicated that a greater mandibular growth response is observed if Class II
treatment is initiated during the circumpubertal growth
period.2,29,31
Vertical. As a result of the observed interplay of both
anterior and posterior facial heights, the mandibular
plane (SN-GoMe) was not affected significantly. Similar findings have been reported by other investigators.10,12,23,33,34 There was a similar tendency for a
clockwise rotation of the palatal plane (SN-PP) noted
during Herbst therapy compared with the control
group, which did not adversely affect LAFH.
McNamara35 has reported that without treatment an
increase of about one mm/y in LAFH can be expected.
Although an increase in LAFH was observed in both
groups, there were no statistically significant differences between the control and treatment groups. This
finding corroborates the results of Lai and McNamara,14 who found no significant effects on LAFH after
therapy with the acrylic splint Herbst appliance or at
the end of the two-phase treatment. However, Croft et
al24 and Pancherz33 observed a similar increase of 1.8
mm in lower facial height during Herbst treatment.
Posterior face height (S-Go) showed no differences
between the groups.
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