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Abstract

Objective: This prospective study featured 32 adolescents with Class II, division 1 malocclusion
in conjunction with mandibular retrognathia, treated using the Herbst appliance, built on metal
bands and crowns, with the objective of cephalometrically evaluating any possible changes in facial
growth pattern. Methodology: lateral cephalometric radiographs were taken at the beginning of
treatment (T1) and immediately after 12 months of treatment, with the aforementioned ortho-
pedic appliance (T2). The Jarabak ratio and Ricketts VERT index (modified) were used to deter-
mine facial pattern at T1 and T2. Results: using the Jarabak ratio, the results showed that 27 cases
(84.4%) featured hypodivergent patterns at T1 and remained so at T2. Five cases (15.6%) featured
a neutral pattern at T1 and did not change at T2. When the Ricketts VERT index (modified) was
evaluated, no changes were observed in the facial patterns of 31 patients. Facial type changed in
only one case. Conclusion: based on the obtained results, it can be concluded that, after 12 months
of treatment with the Herbst appliance, no vertical changes occurred in the facial growth pattern
of the studied patients.
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INTRODUCTION

The Herbst appliance is a bilateral telescop-
ic mechanism, anchored on the maxillary and
mandibular arches, that keeps the mandible in a
continuous anterior position during all mandibu-
lar functions'. This treatment method does not
depend on patient compliance, and among other
applications, it was used for TMD treatment,
such as clicking or bruxism'4. Although this ap-
pliance was proposed since the early 20* century,

there were scarce references to it in orthodontic
literature, until it was reintroduced as a treat-
ment method in 1979,

According to an evaluation conducted by six
of the largest laboratories in the United States,
this orthopedic functional appliance has in-
creased in popularity among'?. In Brazil, its use
increased significantly, especially after the cours-
es presented by professor Hans Pancherz, from
Germany.
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This treatment method has proved to be effec-
tive in correcting Class Il malocclusions!131421,24,
In addition to the possible stimulating effect on
mandibular growth, Herbst-based treatment re-
sults in a redirection of maxillary growth, me-
sial movement of mandibular teeth, and distal
movement of maxillary teeth!3?, These factors
combined are part of the mechanisms for Class
IT correction.

With this in mind, attention to the vertical
relationship of apical bases and the manner in
which different facial growth patterns respond
to functional appliance therapy are extreme-
ly important for the success of Class II treat-
ment'>?1, Thus, it is vitally important to evalu-
ate the vertical effects of this treatment method
on the patient’s facial pattern. The vertical rela-
tionship between the maxilla and the mandible
may be affected by the dentoalveolar effects of
the Herbst appliance, especially in patients with
increased anterior facial height, resulting in com-
promised facial aesthetics!®. On the other hand,
one study revealed no significant changes in the
vertical growth pattern of patients with neutral
and hypodivergent growth patterns®.

Some publications!??42>20 describe differ-
ent types of anchorage systems. Depending on
the patient’s facial type at the beginning of treat-
ment, clinicians must be aware of the different
dentofacial changes induced in the vertical plane
by the different Herbst appliance designs?.

The objective of this study was to cephalo-
metrically evaluate the possible vertical effects
on the vertical facial pattern in a group of adoles-
cents with mandibular retrognathia, treated with
the Herbst orthopedic appliance.

MATERIAL AND METHODS
Material

the study included 32 caucasian Brazilian
adolescents, of both genders (16 male and 16
female), who were treated with the Herbst or-
thopedic appliance to correct Angle Class I, di-
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vision 1 malocclusion in conjunction with man-
dibular retrognathia. Mean pre-treatment age
(T1) was 12 years and 10 months + 1 year and 2
months (varying from 10 years and 11 months to
15 years and 10 months of age).

The sample included patients with the fol-
lowing features: (1) clinical aspect of mandibu-
lar retrognathia, with ANB angle equal or great-
er than 4% (2) Class II, division 1 malocclusion,
permanent dentition and absence of anterior
open bite; (3) at the stage of sesamoid bone ap-
pearance (S — Bjork-Helm stage 3) until imme-
diately after pubertal peak, having reached the
beginning of the ossification of the metacarpo-
phalangeal joint of the third finger (FM, cap -
Bjork-Helm stage 4°), as shown in hand and
wrist radiographs.

The Committee for Ethics in Research of the
Federal University of Sao Paulo/Sao Paulo Hos-
pital analyzed and approved the research project
on June 12, 2000 (Ref. CEP no. 679/00).

All patients were treated with the modified
Herbst appliance, with stainless steel crowns on
the maxillary first molars and mandibular first
pre-molars, orthodontic bands on the maxillary
first premolars and first mandibular molars, a Hy-
rax expander attached to the maxillary crowns
and bands, and a Nance appliance attached to the
mandibular crowns and bands (Fig. 1). Occlusal
supports were used in cases where the maxillary
and/or mandibular second molars were present.
Rapid maxillary expansion was necessary in all
patients, due to transverse maxillary deficiency
present in Class Il malocclusions'>?’. Rapid max-
illary expansion occurred, on average, in the first
two weeks after placement of the Herbst appli-
ance. Advancements of up to 6mm were per-
formed at the beginning of treatment. Whenever
necessary, additional advancements were done
during the third month. Asymmetrical mandibu-
lar advancements were performed in some cases,
with the objective of correcting skeletal midline
deviation'?.
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FIGURE 1 - Intraoral photos of the sequence of treatment with the Herbst appliances using stainless steel bands and crowns.

In all 32 patients, Herbst therapy resulted in
Class I or overcorrected Class I occlusal relation-
ship.

Methods

The adolescents were evaluated using lateral
cephalometric radiographs, immediately prior
to the start of treatment (T1) and after Herbst
orthopedic appliance therapy (T2), worn during
12 months to correct Angle Class II, division 1
malocclusion associated to mandibular retrog-
nathia. The head cephalogrametric readiographs
were taken using always the same cephalostat
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(B.F. Wehmer, USA) and a GE® x-ray machine
(General Electrics, USA), in right lateral norm
and centric occlusion. Cephalometric radio-
graphs were manually traced on acetate paper,
copying anatomical details of interest for the
cephalometric tracing. To measure cephalomet-
ric variables, a protractor and a metric ruler were
used, with 0.5° and 0.5mm increments, respec-
tively. A few variables of Jarabak’s cephalometric
analysis?® were used. Both the Jarabak? ratio and
Ricketts VERT index* (modified) were used to
evaluate the facial growth pattern of the sampled
patients.
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Cephalometric variables of Jarabak’s
analysis?

The following linear cephalometric land-
marks were used: S-N, (anterior cranial base,
determined by connecting points sela to na-
sion), S-Ar (posterior cranial base, determined
by connecting points sela to articulare), Ar-Goc
(mandibular ramus plane, determined by con-
necting points articulare to constructed gonion),
Me-Goc (mandibular plane, determined by con-
necting points menton to constructed gonion),
S-Goc (posterio facial height, determined by
connecting points sela to constructed gonion),
N-Me (anterior facial height, determined by
connecting points nasion to menton), S-Gnc (fa-
cial longitude, determined by connecting points
sela and constructed gnatio) and N-Goc (facial
depth, determined by connecting points nasion
and constructed gonion) (Fig. 2).

Jarabak Ratio? (FHR)
Several analysis are currently used to aid in

FIGURE 2 - Cephalometric variables of Jarabak's analysis.
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the diagnosis of growth direction. Facial mor-
phology has been characterized? based on three
distinct patterns defined by the Facial Height
Ratio (FHR) or Jarabak Ratio, meaning: Anterior
Facial Height (S-Goc) divided by Posterior Fa-
cial Height (N-Me), multiplied by 100. Thus, a
percentage is obtained which is representative in
describing facial morphology (Fig. 3).

(FHR) = (S-Goc/N-Me) x 100

Whenever the percentage is lower than 59%,
it is classified as a hyperdivergent growth pat-
tern; when it stands between 59% and 63%, it is
considered a neutral growth pattern; and when
higher than 63%, as a hypodivergent growth pat-
tern.

Ricketts VERT index"®

Applying the Ricketts' method, three facial
types can be observed: mesofacial, dolichofacial
and brachyfacial, depending on whether the di-

FIGURE 3 - Cephalometric variables used in the Jarabak Ratio.
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rection of facial growth is downward or forward,;
that is, more vertical or horizontal, respectively.
In this work, the Ricketts VERT index* (modi-
fied) was used, further subdividing dolichofacial
and brachyfacial types into slight, medium and
severe. Facial type is defined based on determin-
ing the VERT (amount of facial growth), using
the following variables: facial axis angle —angle
formed by the nasion-basion (N-Ba) plane and
the facial axis (Pt-Gn); facial angle (depth) - an-
gle formed by the Frankfort (Po-Or) and Facial
planes (N-P); mandibular plane angle — angle
formed by the mandibular (Go-Me) and Frank-
furt planes (Po-Or); lower facial height — angle
formed by the Xi-ANS and Xi-Pm lines; man-
dibular arch - angle formed by the codylar axis
(Xi-DC) and the mandibular body axis (Xi-Pm)
(Fig. 4).

After the calculations required to determine
VERT were performed, as described in the lit-
erature'>?8, the patients were classified according
to panel 1.

Statistical method

Primarilly applied tests showed a symmetric
distribution of measured values. For this reason,
parametric tests were applied for statistical anal-
ysis.

In order to evaluate possible differences be-
tween linear and angular cephalometic measure-
ments at the beginning (T1) and at the end of
treatment (T2), a paired t-test was applied. Lev-
els of significance were established at p < 0.001,
p <0.01 and p <0.05.

Method error

In order to evaluate method precision, radio-
graphs of 16 patients from the studied sample (n
= 32) were selected at random. All radiographs
were traced and measured again by a single oper-
ator one month after the initial tracing. A paired
t-test was then applied to evaluate systematic er-
ror. Using the difference between the first and

16

FIGURE 4 - CCephalometric variables used in the Ricketts* VERT index
(modified).

FACIAL TYPE

severe brachyfacial +20
medium brachyfacial +1.0
slight brachyfacial +05
mesofacial 0
slight dolichofacial -0.5
medium dolicofacial -1.0
severe dolicofacial -20

PANEL 1 - Relationship between the Ricketts* VERT index (modified) and
facial type

second measurement of each radiograph, Dahl-
berg’s formula was applied to estimate casual
error'?. The formula applied was E = \Yd%/2n,
where d is the difference in measurements and n
is the number of re-traced cases from the sample.

RESULTS

Systematic error was not significant in any of
the cases. Casual error is shown on tables 1 and
2.

At T1, according to the criteria by Siriwat



& Jarabak?®, 27 patients showed hypodivergent
growth pattern (84.4%), while 5 presented a neu-
tral pattern (15.6%). At T1, the Ricketts VERT
index* (modified) showed the following distri-
bution: 16 mesofacial (50%), 5 medium brachy-
facial (15.6%), 5 slight dolichofacial (15.6%), 4
slight brachyfacial (12.5%), 1 severe dolichofa-
cial (3.1%), and 1 severe brachyfacial (3.1%).

Not a single case, according to the Siriwat &
Jarabak?® evaluation, showed changes in facial
pattern between T1 and T2. Evaluating the Rick-
etts VERT index* (modified), in only one patient
did the pattern change from mesofacial in T1 to
slight brachyfacial in T2.

All linear measurements of the Siriwat &
Jarabak?® analysis showed statistical differences
between T1 and T2 (p < 0.001) (Table 1). The
variables used to find the Ricketts VERT index*
(modified) showed the following results between
T1 and T2: facial plane angle (n.s.); facial angle
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(p < 0.001); mandibular plane angle (n.s.); lower
facial height (p < 0.001); mandibular arch (n.s.)
(Table 2).

DISCUSSION

Any possible vertical changes resulting from
antero-posterior corrections in the apical bas-
es are a reason for concern when planning an
orthodontic treatment, as facial types are un-
changeable!®. This means no changes take place
throughout the patient’s entire life — it is a natu-
ral individual trait. On the other hand, a study®
evidenced a general trend of counterclockwise
rotation of the face between childhood and ado-
lescence in all three facial types. These facial
types, however, change easily, becoming more
vertical if certain precautions are not taken dur-
ing planning for biomechanical treatment. Thus,
it is believed that the maintenance of the pa-
tient’s facial type is a factor of post-treatment

TABLE 1 - Mean, standard deviation (s.d.) of the linear cephalometric variables (mm) at T1 and T2 (comparison of quantitative evaluations with paired
t-tests) and casual error (T1 and T2).

DAHLBERG'S FORMULA
SIGNIFICANCE CASUAL ERROR
(P)
mean 72.42 13.72
S-N <0.001 *** 0.45 0.34
s.d. 375 391
mean 36.13 31.21
S-Ar <0.001 *** 0.55 0.48
s.d. 3.37 3.56
mean 4531 47.28
Ar-Goc <0.001 *** 0.52 0.41
s.d. 413 418
mean 70.14 72.86
Me-Goc <0.007 *** 0.61 0.41
s.d. 412 3.91
mean 71.80 80.52
S-Goc <0.001 *** 0.54 043
s.d. 5.12 5.66
mean 118.36 121.61
N-Me <0.001 *** 0.40 0.41
s.d. 6.06 6.31
mean 126.56 131.38
S-Gnc <0.001 *** 0.45 0.52
s.d. 6.19 6.45
N-Goc mean 119.89 122.38 <0.007 *** 0.33 0.39

*** statistically significant at 0.1%.
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TABLE 2 - Mean, standard deviation (s.d.) of the angular cephalometric variables (degrees at T1 and T2 (comparison of quantitative evaluations with paired
t-tests) and casual error (T1 and T2).

DAHLBERG'S FORMULA
SIGNIFICANCE CASUAL ERROR
(P)

mean 89.27 89.41

facial plane angle 0.534 n.s. 0.47 0.56
s.d. 3.39 3.67
mean 88.16 89.11

facial angle (depth) *xE 0.61 0.53
s.d. 3.13 349
mean 23.69 23.67

mandibular plane angle 0.909 n.s. 0.64 0.75
s.d. 424 4.38
mean 46.23 46.88

anterior facial height e 0.43 0.53
s.d. 3.99 4.08
mean 32.66 32.66

mandibular arch 1.000 n.s. 0.61 0.51
s.d. 4.01 3.88

n.s. = non-significant.
*** statistically significant at 0.1%.

stability, as neuromuscular balance will be pre-
served in these circumstances?.

In the present work, 27 of the 32 patients
(84.4%) presented patterns with a predominant
tendency for horizontal growth?. The Ricketts
VERT index* (modified) showed that 26 of the
32 patients (81.2%) featured predominantly bal-
anced patterns (50%) or with a tendency towards
horizontal growth (31.2%). Six patients from
the sample (18.7%) had vertical growth pat-
terns. The same interpretation was not found for
all patients between the two different methods
used to determine facial type, which corrobo-
rates the results of another previous study??. In
reality, the two methods feature different and
complementary approaches. The higher preva-
lence of hypodivergent patterns found in the
present sample does not corroborate the study®
that found a higher prevalence of neutral facial
growth patterns in a group with Class II, divi-
sion 1 malocclusion. It also did not confirm the
results of a study® in Sdo Paulo that evaluated lat-
eral cephalometric radiographs of a group of 157
consecutive adolescents with Class II, division 1
malocclusion and mandibular retrognathia, with
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mean age of 11 years and 3 months (£ 1 year
and 5 months) and ANB angle > 4°. The authors®
verified that, according to the Ricketts VERT
index*, most adolescents featured dolichofacial
type (48%), followed by mesofacial type (33%),
and less frequently brachyfacial type (19%). This
difference is due to the fact that in the present
study, the prognosis for long-term stability was
taken into consideration when selecting patients.
This factor seems to depend on a favorable post-
treatment growth pattern'. Thus, patients with
anterior open bite, which is more frequent in ver-
tical patterns®, were excluded from the sample.
Clinically evaluated sagittal, vertical and
transverse changes were quite evident in patients
in the present study during the first months of
treatment using the Herbst appliance. When-
ever the Herbst appliance is set on bands and
crowns, mandibular advancement, which corre-
sponds to the therapeutic position imposed by
a constructive bite, creates a disocclusion in the
posterior area. This disocclusion is compensated
during the first months of treatment, as a result
of vertical alveolar growth, which is expressed by
the absence of vertical occlusal contacts. At that
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time, the necessary occlusal supports are made
on the second molars, in order to avoid a differ-
entiated extrusion of these teeth. In the present
study, it was observed that, although these adap-
tive changes in dentoalveolar growth had taken
place, they did not negatively influence facial
type between T1 and T2.

Another aspect to consider is the crossbite
that occurred at the time the Herbst appliance
was placed. A great part of Class II malocclusions
with retrognathic mandibles show transverse de-
ficiencies in the maxilla, evidenced by the sagittal
advancement promoted by the Herbst appliance.
Moreover, maxillary expansion reduced occlusal
interference and functional changes, as the wider
portion of the lower arch was placed anteriorly.

On average, one week after appliance place-
ment the Hyrax expander began to be activated,
resulting in opening of the midpalatal suture, in a
pre-established protocol of one complete turn in
the first day and a half-turn in the following days,
until overcorrection was achieved. During this
stage, the bite was opened, occasionally dimin-
ishing the effect of the initial constructive bite.

With regard to the time of treatment, the
patients began this study during their pubertal
growth spurt, as evaluated by hand and wrist x-
rays. However, clinicians should remember that
there is great individual variation in skeletal and
dental responses with this method of treatment!”.

In the present study, no cases showed changes
in facial patterns between T1 and T2, according
to the criteria set by Siriwat & Jarabak®. Studies
were found in the literature which used differ-
ent methods regarding treatment duration and
type of Herbst appliance, thus hindering a com-
parison with the present results. In a study using
the Herbst appliance in normo-hypodivergent
patients, the authors?® did not find significant
changes in the vertical growth pattern, which
agrees with the results of the present study. Dur-
ing a similar observation time of 12 months,
another investigation?*, which used the version
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of the Herbst appliance on acrylic splints, had
similar results as the present study. It is impor-
tant to note that this other study could have had
different results, as this type of appliance does
not allow dentoalveolar growth during the active
phase of treatment with the Herbst, because it
covers the occlusal surfaces. Other studies!'>?0?,
using different designs of the Herbst appliance,
did not show changes in the mandibular plane
angle, either. Evaluating the Ricketts VERT in-
dex* (modified), only one patient (3.1%) showed
changes between T1 and T2 to a more horizontal
pattern. Case no. 8 had a slight increase in the
facial plane, facial depth and mandibular arch an-
gles, going from mesofacial at T1 to slight brachy-
facial at T2, and corroborating the results of a
previous study?. However, in that investigation
the authors used the Herbst appliance in con-
junction with an acrylic splint and high-traction
extraoral anchorage. In the present sample, no
deleterious effects of the treatment were found
on patients — although few patients had a vertical
growth pattern at T1, according to the Ricketts
VERT index* (modified) (6 cases = 18.75%), and
some of them had overbite and excessive facial
height. The increase in anterior facial height oc-
curs with parallel downward growth of the man-
dibular plane's. Treatment with the Herbst appli-
ance has shown an increase in condylar growth
in the desired therapeutic sagittal direction?,
coinciding with the direction of condylar growth
in hyperdivergent individuals®, without result-
ing in downward and backward rotation of the
mandible?. Thus, individuals with a high man-
dibular plane angle have a good prognosis with
Herbst therapy. Significant increases (p < 0.001)
were found in the results of this study for an-
terior facial height (N-Me), lower facial height
(Xi-ENA.Xi-Pm) and posterior facial height (S-
Goc) (Tables 1, 2), without altering the patient’s
facial pattern, according to the criteria of Siri-
wat & Jarabak?® and the Ricketts VERT index*
(modified). It makes sense, especially because the



increase in anterior facial height during Herbst
use is due to the geometric effect of anterior re-
positioning of the mandible and increase in man-
dibular length? (p < 0.001 — Goc-Me) (Table 1).

Some studies have shown that vertical devel-
opment of the ramus increases during treatment
with an activator®® and Herbst'®. It is important
to note that in the present study, growth of the
posterior cranial base (S-Ar) in conjunction with
mandibular ramus growth (Ar-Goc) increased
significantly (p < 0.001) between T1 and T2,
contributing to the increase in posterior facial
height. The measurements S-Gnc and N-Goc
also underwent significant modifications (p <
0.001) due to the increase in anterior and pos-
terior facial height. Because a control group was
not used, due to the timely age of the patients
during the time of treatment, it becomes difficult
to ascertain which effects were the result of the
treatment or of natural growth. Treatment with
the Herbst appliance would be more useful in
Class II cases with lack of vertical development
in anterior facial height!®>. On the other hand, the
results of one study 2! showed that the skeletal
and dental changes that contributed to correct-
ing Class II did not depend on the vertical rela-
tionship of the apical bases.

80

Although no significant vertical changes oc-
curred with the correction of Class II in the
treated cases, it is extremely important to have
a longitudinal follow-up of this group of adoles-
cents, to evaluate the stability of obtained results.

Finally, all patients in this work were subject-
ed to a second phase of orthodontic treatment,
with the placement of upper and lower fixed ap-
pliances, with the objective of refining the oc-
clusion. After that stage, new evaluations will be
made in order to verify facial pattern stability of
the studied patients from beginning to end of
orthodontic treatment.

CONCLUSION

Based on the obtained results, it can be con-
cluded that, after 12 months of treatment with
the Herbst appliance, no vertical changes oc-
curred which altered the facial growth patterns
of the studied patients.
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