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he success of Class II treatment with

I functional appliances is said to depend,

among other things, on the vertical jaw

base relationship. Hyperdivergent cases are

supposed to exhibit an unfavorable reaction to

therapy due to a posterior mandibular growth
rotation.>®

Prior studies on Herbst appliance treatment®3
have shown that, at least on a short time ba-
sis, mandibular growth direction can be
changed by therapy and an unfavorable growth
pattern can be overcome.

Champagne’ reported that hyperdivergent
subjects treated with the Herbst appliance ex-
hibited more dental than skeletal changes. He
attributed this to differences in the force vector

of the appliance acting on the lower dentition
when comparing subjects with different verti-
cal jaw base relationships. Unfortunately, no
statistical analysis of the results was per-
formed.

The purpose of the present retrospective
Herbst study was to analyze and compare the
sagittal dental and skeletal effects contributing
to Class II correction in patients with small or
large pretreatment mandibular plane angles in
order to reveal possible differences in treatment
response among these subjects.

Materials and methods
Subjects

All Class II patients of the Department of
Orthodontics, University of Giessen, who had
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affect the treatment response unfavorably.
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This retrospective Herbst study analyzes and compares the sagittal dental and skeletal effects contributing to Class
Il correction in subjects with small or large pretreatment mandibular plane angles. Lateral headfilms of 15 hypodivergent
(ML/NSL < 26°) and 16 hyperdivergent (ML/NSL > 39°) Class Il subjects treated to a Class | occlusal relationship with
the Herbst appliance were analyzed. Radiographs were taken before and after an average treatment period of 7 months.
Cephalograms were evaluated according to the method of Pancherz.! In both groups, improvements in sagittal incisor
and molar relationships were achieved by greater dental than skeletal changes. The amount of skeletal changes
contributing to overjet and molar correction was larger in the hyperdivergent group (37% and 44%, respectively) than
in the hypodivergent group (25% and 25%, respectively). Dental and skeletal changes contributing to Class Il correction
were found to be independent of the vertical jaw base relationship. Thus, a hyperdivergent jaw base relationship did not
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Figure 1

Figure 1
Assessment of the
mandibular plane angle
(ML/NSL). The following
reference points were
used: N (nasion), S
(sella), Go(gonion)and
Gn(gnathion).

Figure 2

Measuring points and
the reference grid (OL
and OLp) used in the
cephalometric analy-
sis. Fordefinition of the
landmarks see Materi-
als and methods sec-
tion.
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been treated with a Herbst appliance and ex-
hibited a hypodivergent or hyperdivergent ver-
tical jaw base relationship were included in the
study. The patients were selected according to
their pretreatment mandibular plane angle
(ML/NSL) (Figure 1):

Hypodivergent, ML/NSL < 26°(Mean= 22.1°,
SD = 2.7°)

Hyperdivergent, ML /NSL > 39°(Mean = 42.1°,
SD = 2.6°)

Sixteen subjects (3 females and 13 males) be-
longed to the hyperdivergent and 15 subjects
(5 females and 10 males) to the hypodivergent
group. The ages of the subjects at the start of
Herbst treatment varied between 11 and 14
years. All patients were treated to a Class I or
overcorrected Class I molar relationship within
an average period of 7 months. The appliance
used has been described earlier.?
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Measurements

Pre- and posttreatment lateral headfilms from
the patients were analyzed according to the
method of Pancherz.! Headfilm measurements
were made to the nearest 0.5 mm. For all the
recordings on pre- and posttreatment radio-
graphs, the occlusal line (OL) and occlusal line
perpendicular (OLp) from the first headfilm
were used as a reference grid. The grid was
transferred from the first radiograph to the sec-
ond radiograph by superimposition on the
stable bone structures of the anterior cranial
base.”" All registrations were performed twice
and the mean value was used for evaluation.
The roentgenographic analysis comprised the
following variables (Figure 2):

1. is/OLp minus ii/OLp = overjet.

2. ms/OLp minus mi/OLp = molar rela-
tionship (positive value indicates a dis-
tal relationship; negative value indicates
a normal or mesial relationship).

3. is/OLp = position of the maxillary cen-
tral incisor.

4. ii/OLp = position of the mandibular cen-
tral incisor.

5. ms/Olp = sagittal position of the maxil-
lary permanent first molar.

6. mi/OLp = sagittal position of the man-
dibular permanent first molar.

7. ss/OLp = position of the maxillary jaw
base.

8. pg/OLp = position of the mandibular jaw
base.

9. ar/OLp = position of the condyle.

10. pg/OLp plus ar/OLp = mandibular
length.

Changes in the different measuring points in
relation to OLp taking place during the treat-
ment were calculated as the after-minus-before
difference (d) in landmark position. Changes in
variables 3 to 6 represent the composite effect
of skeletal and dental changes while changes
in variables 7 to 10 represent skeletal changes.
Variables for dental changes within the max-
illa and mandible were obtained by the follow-
ing calculations (variables 11-14):

11. is/OLp (d) minus ss/OLp (d) = changes
in position of the maxillary incisor within
the maxilla.

12. ii /OLp (d) minus pg/OLp (d) = changes
in position of the mandibular incisor
within the mandible.

13. ms/OLp (d) minus ss/OLp (d) = changes
in the position of the maxillary perma-
nent first molar within the maxilla.

14. mi/OLp (d) minus pg/OLp (d) = changes
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Overjet correction

Hr 7.6 mm = 100%
Ho 5.5 mm = 100%

/

Skeletal

Hr 2.8 mm = 37%
Ho 1.4 mm = 25%

N

Dental

Hr 4.8 mm = 63%
Ho 4.1 mm = 75%

AN

Maxilla Mandible Maxilla Mandible
Hr-0.2 mm Hr 3.0 mm Hr 1.8 mm = 24% Hr 3.0 mm = 39%
Ho -0.5 mm Ho 1.9 mm Ho 1.9 mm = 35% Ho 2.2 mm = 40%
Figure 3
Molar correction
Hr 6.4 mm = 100%
Ho 5.7 mm = 100%
Skeletal Dental
Hr 2.8 mm = 44% Hr 3.6 mm = 56%
Ho 1.4 mm = 25% Ho 4.3 mm = 75%
Maxilla Mandible Maxilla Mandible
Hr -0.2 mm Hr 3.0 mm Hr1.5 mm=23% Hr 2.1 mm = 33%
Ho -0.5 mm Ho 1.9 mm Ho 2.4 mm = 42% Ho 1.9 mm = 33%
Figure 4

in the position of the mandibular perma-
nent first molar within the mandible.
Statistical methods
For the different variables the arithmetic mean
(Mean) and the standard deviation (SD) were
calculated. Student’s t-tests for unpaired
samples were performed to assess the statisti-
cal significance of the differences in the skel-
etal and dental changes between the two
investigation groups. The significance was de-

termined at the 0.05 (*), the 0.01 (**) and 0.001
(***) levels of confidence. A p-value larger than
0.05 was considered not significant (n.s.).

For assessment of the combined method error
in locating, superimposing, and measuring the
changes of the different landmarks, the pre- and
posttreatment cephalometric radiographs from
10 randomly selected subjects were evaluated.
The following formula was used for the method
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Figure 3

Dental (variables 11
and 12, Table 2) and
skeletal (variables 7
and 8, Table 2) changes
contributing to overjet
correction in 16
hyperdivergent (Hr)
and 15 hypodivergent
(Ho) Class ll malocclu-
sion cases treated with
the Herbst appliance.

Figure 4

Dental (variables 13
and 14, Table 2) and
skeletal (variables 7
and 8, Table 2) changes
contributing to sagittal
molar correction in 16
hyperdivergent (Hr)
and 15 hypodivergent
(Ho) Class Il malocclu-
sion cases treated with
the Herbst appliance.
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Table 1

Cephalometric records before and after 7 months of Herbst appliance treatment in
16 hyperdivergent and 15 hypodivergent Class Il malocclusions

Hyperdivergent group (n=16)

Hypodivergent group (n=15)

Group difference

pg/OLp plus ar/OLp

Before After Before After Before After

Variable (mm) Mean S.D. Mean S.D Mean S.D. Mean S.D. Mean p-value Mean p-value

1. Overjet 77 23 0.0 1.8 6.6 2.4 1.1 1.2 1.1 ns. -1.1  <0.05
is/OLp minus ii/Olp

2. Molar relation +1,8* 17 -46* 22 +16* 17 -41* 18 0.2 ns. -05 n.s.
ms/OLp minus mi/OLp

3. Maxillary incisor 80.8 3.5 791 4.6 79.9 50 784 5.3 0.9 ns. 0.7 n.s.
is/OLp

4. Mandibular incisor 73.1 40 791 5.0 73.2 56 77.3 5.1 -0.1 ns. 1.8 n.s.
i’OLp

5. Maxillary molar 50.4 3.5 491 4.2 49.5 41 47.6 4.0 0.9 ns. 15 n.s.
ms/OLp

6. Mandibular molar 48.6 33 5837 4.8 47.9 50 517 4.5 0.7 ns. 1.9 n.s.
mi/OLp

7. Maxillary base 72.7 34 729 4.2 73.2 48 736 41 -0.4 ns. -0.7 n.s.
ss/OLp

8. Mandibular base 703 41 733 55 74.4 53 763 45 -4.1 <0.05 -3.0 n.s.
pg/OLp

9. Condyle 8.8 1.8 86 22 12.6 27 127 3.1 -3.7 <0.001 -4.1 <0.001
ar/OLp

10.Mandibular length 79.1 43 818 5.2 86.9 55 889 4.0 -7.8 <0.001 -7.1 <0.001

* + indicates distal molar relationship; - indicates normal or mesial molar relationship
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! 2
error (ME) calculation: ME = %qn—where d is

the difference between two registrations of a
pair and n is the number of double registra-
tions. The combined method error did not ex-
ceed 0.7 mm for any of the variables
investigated.

Results

The results of the cephalometric analysis be-
fore and after 7 months of Herbst appliance
treatment are shown in Table 1.

Before treatment, the hyperdivergent subjects
exhibited a significantly reduced mandibular
length (p<0.001), a more retruded position of
the mandible (pg/OLp) and condyle (ar/OLp)
(p<0.05 and p<0.001, respectively). For the den-
tal parameters no significant group differences
were perceptible.

After treatment, the group differences for
mandibular length and condylar position (ar/
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OLp) were still present (p<0.001), while no
group difference existed for mandibular base
position (pg/OLp).

The effects for the 7 months of Herbst appli-
ance treatment are shown in Table 2. Except for
a larger overjet reduction (p<0.05) in the
hyperdivergent group, no statistically signifi-
cant differences were found for either skeletal
or dental parameters. Unexpectedly, mandibu-
lar base (pg/OLp) was, on average, advanced
1.1 mm more in the hyperdivergent group than
in the hypodivergent group, although the dif-
ference did not reach statistical significance.

The relationship between dental and skeletal
changes contributing to Class II correction in
the incisor and molar regions is shown in de-
tail in Figures 3 and 4. In both groups the im-
provements in sagittal incisor and molar
relationships were achieved by more dental
than skeletal changes. The amount of skeletal
change contributing to overjet and molar cor-
rection was larger in the hyperdivergent group
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Table 2
Changes in cephalometric records during 7 months of Herbst appliance treatment in
16 hyperdivergent and 15 hypodivergent Class Il malocclusions
Hyperdivergent Hypodivergent Group difference
(n=186) (n=15) (treatment effect)
Variable (mm) Mean S.D. Mean S.D Mean p-value
1. Overjet -7.6 3.2 -5.5 2.0 22 <0.05
is/OLp(d} minus ii/Olp (d) '
2. Molar relation -6.4 2.7 -5.7 1.8 -0.6 n.s.
ms/OLp (d) minus mi/OLp(d)
7. Maxillary base 0.2 2.0 0.5 1.3 -0.2 n.s.
ss/OLp (d)
8. Mandibular base 3.0 3.4 1.9 1.6 1.1 n.s.
pg/OLp (d)
9. Condyle -03 - 141 0.1 1.5 -0.4 n.s.
ar/OLp (d)
10. Mandibular length 2.7 3.2 2.0 24 0.7 n.s.
pg/OLp (d) plus ar/OLp (d)
11. Maxillary incisor -1.8 2.7 -1.9 15 0.0 n.s.
is/OLp (d) minus ss/OLp (d)
12. Mandibular incisor 3.0 1.4 2.2 1.0 0.8 n.s.
ii/OLp (d) minus pg/OLp (d)
13. Maxillary molar -1.5 1.5 -2.4 1.5 0.8 n.s.
ms/OLp (d) minus ss/OLp (d)
14. Mandibular molar 2.1 1.2 1.9 1.1 0.1 n.s.
mi/OLp (d) minus pg/OLp (d)

(37% and 44%, respectively) than in the
hypodivergent group (25% and 25%, respec-
tively).

Discussion

Both pretreatment and posttreatment, the
hyperdivergent subjects exhibited smaller man-
dibular lengths than the hypodivergent sub-
jects. This was partly due to the geometrical
effect of the measurement procedure. In
hyperdivergent cases, increased inclination of
the mandibular plane in relation to the oc-
clusal plane'? resulted in decreased mandibu-
lar length values. Furthermore, in interpreting
the results, it should be taken into account that
mandibular length was measured in relation
to articulare and not in relation to a condylar
landmark. This may imply a methodical error
in individual cases, but it is a viable procedure
for group comparison.”® In agreement with
previous Herbst studies,*'® Class II correction
in the present subjects was a result of both den-

tal and skeletal changes. Except for increased
overjet reduction in the hyperdivergent group
due to a larger pretreatment overjet, no signifi-
cant group differences were present. This is in
concordance with Dermaut et al.,” showing
comparable skeletal and dental correction for
hypodivergent and hyperdivergent subjects
during headgear activator treatment.

Though not statistically significant, the skel-
etal reaction was larger in the hyperdivergent
group than in the hypodivergent sample (Fig-
ures 3 and 4). This is in contrast to the find-
ings of Champagne® who reported larger dental
effects during Herbst treatment in
hyperdivergent subjects. However, increased
skeletal reaction in hyperdivergent cases has
also been reported by Windmiller”® using an
acrylic-splint Herbst appliance. As Herbst
treatment has been shown to stimulate bone ap-
position at the posterior pole of the condyle,'*"®
this therapeutic effect®® coincides with the in-

The Angle Orthodontist

Vol. 67 No. 4 1997

275



Ruf; Pancherz

276 The Angle Orthodontist

herited horizontal condylar growth direction in
hyperdivergent subjects and could thus ex-
plain the unexpected favorable skeletal effect
in the hyperdivergent subjects when compared
with the hypodivergent group.

In conclusion, it can be said that the dental
and skeletal treatment changes contributing to
Class II correction during Herbst therapy are
independent of the vertical jaw base relation-
ship. Thus, a hyperdivergent jaw base relation-
ship does not preclude a favorable treatment
reaction.

Author Address

Dr. Sabine Ruf

Dept. of Orthodontics

Justus-Liebig-University of Giessen

Schlangenzahl 14

D-35392 Giessen

Germany

Tel. (business) 49-641-99-46121

Fax. 49-641-99-46119

E-mail: Sabine.Ruf@dentist.med.uni-giessen.de

Sabine Ruf, professor, Department of Orthodon-
tics. University of Giessen, Germany.

Hans Pancherz, professor and head, Department
of Orthodontics. University of Giessen, Germany.

References

1. Pancherz H. The mechanism of Class II correction
in Herbst appliance treatment. A cephalometric in-
vestigation. Am ] Orthod 1982; 82: 104-113.

2. Skieller V, Bjork A, Linde-Hansen T. Prediction of
mandibular growth rotation evaluated from a lon-
gitudinal implant study. Am J Orthod 1984; 86:
359-370.

3. Hirzel HG, Grewe JM. Activators: A practical ap-
proach. Am ] Orthod 1974; 66: 557-570.

4. Tulley WJ. The scope and limitations of treatment
with the activator. Am J Orthod 1972; 61: 562-577.

5. Woodside DG. The activator. In: Salzmann JA, ed.
Orthodontics in daily practice. Philadelphia:
Lippincott, 1974: 556-591.

6. Pancherz H, Littmann C. Morphologie und Lage
des Unterkiefers bei der Herbst- Behandlung. Eine
kephalometrische Analyse der Verdnderungen bis
zum Wachstumsabschluf. Inf Orthod Kieferorthop
1989; 21: 493-513.

7. Pancherz H, Fackel U. The skeletofacial growth pat-
tern pre- and post dentofacial orthopaedics. A long-
term study of Class II malocclusions treated with
the Herbst appliance. Eur J Orthod 1990; 12: 209-
218.

8. Higg U. Change in mandibular growth direction
by means of a Herbst appliance: A case report. Am
J Orthod Dentofac Orthop 1992; 102: 456-463.

9. Champagne M. Herbst appliance therapy related
to the mandibular plane angle. Funct Orthod 1989;
6: 17-21.

10. Pancherz H. The Herbst appliance - Its biological

effects and clinical use. Am ] Orthod 1985; 87: 1-.

20.

Vol. 67 No. 4 1997

11. Bjork A, Skieller V. Normal and abnormal growth
of the mandible. A synthesis of the longitudinal
cephalometric implant studies over a period of 25
years. Eur ] Orthod 1983; 5:1-46.

12. Schendel AS, Eisenfeld ], Bell WH, Epker BN,
Mishelevich DJ. The long face syndrome: Vertical
maxillary excess. Am J Orthod 1976; 70: 398-408.

13. Stickel A, Pancherz H. Can “articulare” be used in
the cephalometric analysis of mandibular length?
A methodological study. Eur J Orthod 1988; 10:
362-368.

14. Dermaut LR, van den Eynde F, de Pauw G. Skel-
etal and dentoalveolar changes as a result of head-
gear activator therapy related to different vertical
growth patterns. Eur ] Orthod 1992; 14: 140-146.

15. Windmiller EC. The acrylic Herbst appliance: a
cephalometric evaluation. Am J Orthod Dentofac
Orthop 1993; 104: 73-84.

16. Mc Namara JA. Neuromuscular and skeletal ad-
aptation to altered function in the orofacial region.
Am ] Orthod 1973; 64: 588-606.

17. Mc Namara JA, Bryan FA. Long-term mandibular
adaptation to protrusive function in the rhesus
monkey (Macaca mulatta). Am J Orthod Dentofac
Orthop 1987; 92: 98-108.

18. Woodside DG, Metaxas A, Altuna G. The influ-
ence of functional appliance therapy on glenoid
fossa remodeling. Am J Orthod Dentofac Orthop
1987; 92: 181-198. '

19. Bjork A. Prediction of mandibular growth rotation.
Am ] Orthod 1969;55: 585-599.



