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Aim: This retrospective study was undertaken to assess the rotational effects of the Herbst appliance and
fixed appliances in the treatment of Class II Division 1 subjects with different vertical facial patterns.
Method: Pretreatment, post-Herbst, and post-fixed appliance lateral cephalograms from 115 growing
Class 11 Division 1 subjects were divided into three groups based on differences in the mandibular plane
angle. Changes in dental and skeletal measurements were assessed within these vertical groups and in
relation to pretreatment overbite, overjet, and stage of cervical maturity.

Results: During the overall treatment period, there were changes as expected in upper and lower incisor
angulations, reductions in the incisal overjet, and increases in total mandibular length in all groups. A
real increase in horizontal chin projection was, however, seen only in mesofacial and brachyfacial sub-
jects. In general, rotational facial changes during treatment were minimal, so that dolichofacial patterns
remained long and brachyfacial patterns remained short.

Conclusion: The results support previous reports that combined Herbst and fixed appliance treatment is
likely to be associated with considerable Class Il dental correction in many cases. Although there is likely to
be a wide range of individual response to the use of the Herbst appliance, it is unlikely that such overall
treatment will be associated with clinically significant forward mandibular rotation in dolichofacial subjects.

© 2019 World Federation of Orthodontists.

1. Introduction

The Herbst appliance is commonly used as a fixed Class II
corrector in contemporary orthodontic practice. As with all forms of
functional appliance, a greater chance of successful Class II
correction has been associated with cases in which a favorable di-
rection of growth is expected. As a result, the use of the Herbst
appliance has often been restricted to those with average to
decreased vertical facial dimensions, in whom increases in the
vertical dimension would not be detrimental to facial appearance.
In a number of previous studies examining the effect of this
appliance on the vertical dimension, no predictable rotational
response has been found for patients with extremes of vertical
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facial pattern [1-9]. In two recent studies, however, it was shown
that during Herbst treatment, short faces generally remain short
and long faces generally remain long [10,11].

Only a few previous studies have addressed Herbst treatment
combined with a follow-up fixed appliance phase [12—14] and none
have directly addressed rotational effects in subjects with different
underlying vertical facial patterns. With this in mind, the present
study was undertaken to confirm the generally accepted ante-
roposterior dental and skeletal changes occurring during overall
Class II Division 1 treatment with the Herbst appliance and
contemporary fixed appliances, and then to focus on the range of
vertical and rotational effects.

2. Materials and methods
2.1. Sample
Approval for this study of patient records was first obtained from

the Melbourne Dental School Human Ethics Advisory Group and
Dental Health Services Victoria. All patients had been treated by one
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Table 1
Age, CVMS, and Duration of Herbst phase (months)

n Age at Herbst commencement CVMS at Herbst commencement Duration of active Herbst phase
Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Min Max Signif
Total sample 115 143.68 22.56 96.00 186.00 N.S. 3.00 1.07 1.00 5.00 N.S. 8.67 0.93 7 13 N.S.
Brachyfacial 37 144.09 26.69 96.00 184.00 N.S. 3.18 1.40 1.00 5.00 N.S. 8.54 0.81 7 11 N.S.
Mesofacial 49 142.84 18.51 113.00 173.00 N.S. 3.11 1.05 1.00 5.00 N.S. 8.66 0.88 8 12 N.S.
Dolichofacial 29 144.73 26.55 99.00 186.00 N.S. 2.64 0.67 2.00 4.00 N.S. 8.79 1.14 8 13 N.S.

CVMS, cervical vertebrae maturational staging; Max, maximum value; Min, minimum value; N.S., not significant; SD, standard deviation

specialist orthodontist, with a well-known interest in Herbst
treatment. All available patients treated with Herbst/fixed appli-
ances with complete sets of hard copy lateral cephalograms were
included and the sample consisted of 115 adolescent Class II Divi-
sion 1 patients. Once the number of available patients was known,
the authors reflected on the appropriate sample sizes [14] that
might ensure that the results of this retrospective assessment
would be meaningful. It was decided that these samples were in
fact large enough for the comparisons of the means and ranges
being proposed. Skeletal maturity, rather than age or gender, was
used as the basis for comparison in this study. The skeletal maturity
of each patient was assessed using the cervical vertebrae matura-
tional staging (CVMS) method, as described by Baccetti et al. [15].
Most patients were assessed as being in CVMS stage 3, approaching
the peak of mandibular growth (Tables 1 and 2). At the completion
of overall treatment, most patients were then classified as being
2 years or more past the maximum mandibular growth spurt, with
an average CVMS of 5.6.

Treatment duration for the Herbst appliance phase averaged
9 months, followed then by an average 19-month fixed appliance
phase. The Herbst appliance phase was commonly followed by a
period of observation, with an average total treatment time then
extending to more than 3.5 years (Tables 1 and 2). Inclusion criteria
for this study were bilateral Class II molar relationships, each
greater than 5 mm. All subjects were classified as Class I Division 1,
defined from a preliminary clinical cephalometric analysis as when
the upper incisal angulation was greater than, or equal to, 18 de-
grees to the nasion point A (N-A) line [15,16].

The stainless steel crown lower-cantilever version of the Herbst
appliance used for the treatment of patients in this sample has
previously been described [10,11]. During the detailing phase, all
patients were treated with the same 0.022 x 0.028-inch slot pre-
adjusted fixed appliances. As in most Class II cases, various elastics
and adjunctive mechanics would have been used to help maintain
the Herbst correction during the fixed appliance phase.

2.2. Cephalometric analysis

The total sample was first divided into three vertical groups
based on the mandibular plane angle (FMP), measured in a pre-
liminary standard clinical cephalometric analysis of each subject.
The total sample then included 37 brachyfacial (FMP <23°), 49
mesofacial (FMP 23—-29°) and 29 dolichofacial (FMP >29°)

Table 2
CVMS and Duration of fixed appliance phase (months)

individuals. Simply reflecting the selection criteria, baseline dif-
ferences in mandibular plane angle were determined to be statis-
tically significant among these groups (P = 0.00). Pretreatment
incisal overbite and overjet were also recorded. Pretreatment, post-
Herbst, and post-fixed appliance cephalograms were used to pro-
vide measurements for the calculation of dental and skeletal
changes in the total sample and in each of the three vertical facial
groups.

All radiographs had been taken using the same calibrated
cephalostat (enlargement factor 9.2%) and were traced by hand
before digitization. The pterygomaxillary (PM) line through sphe-
noethmoidal was used to provide a consistent plane of reference for
the evaluation of anteroposterior changes at pogonion [17—19]. All
cephalograms were digitized using the Westcef analysis program
(customised for the University of Melbourne by Mr Geoffrey West),
which automatically orients the digitized image so that the pter-
ygomaxillary line becomes vertical. Horizontal differences were
then calculated relative to the X coordinates of this axis. Mea-
surements were made by a single operator (E.D.) over several weeks
and then separately assessed for reliability. Measurements were
then entered directly into an Excel spreadsheet for further statis-
tical analysis. Distances in millimeters were multiplied by a factor of
0.92 to correct for enlargement. Measurements for changes in
effective horizontal mandibular expression (Pog’ to Pog) were
compared with those in untreated brachyfacial, mesofacial, and
dolichofacial subjects, as presented previously [19].

2.3. Error study and the assessment of data

To evaluate tracing and measurement error, the cephalograms of
20 patients were retraced and measured 6 weeks later. From the
results of the paired t test at the 95% level, the differences between
the first and second measurements were determined to be insig-
nificant. A one-way analysis of variance was used to determine
significant differences in means for the total sample containing the
three vertical groups. The IBM-SPSS, Version 24, package (IBM,
Armonk, NY) was used for all statistical calculations. Further sta-
tistical testing of the three vertical facial types and their relation-
ships with the pretreatment incisal overbite, incisal overjet, and
CVMS was undertaken using a multivariate analysis of variance.
Keeping in mind the focus of the assessment being on the range of
likely rotational effects, rather than on complex statistical

n CVMS at commencement of fixed appliance phase Duration of fixed appliance phase
Mean SD Min Max Signif Mean SD Min Max Signif
Total sample 115 434 1.04 2.00 6.00 N.S. 19.05 4.10 6.00 30.00 N.S.
Brachyfacial 37 473 0.90 3.00 6.00 N.S. 18.55 5.92 6.00 30.00 N.S.
Mesofacial 49 4.21 0.98 3.00 6.00 N.S. 19.11 3.45 13.00 26.00 N.S.
Dolichofacial 29 4.18 1.25 2.00 6.00 N.S. 19.45 3.21 14.00 24.00 N.S.

CVMS, cervical vertebrae maturational staging; Max, maximum value; Min, minimum value; N.S., not significant; SD, standard deviation
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Table 3
Changes in ANB angle (degrees)

E. Deen, M.G. Woods / Journal of the World Federation of Orthodontists 8 (2019) 18—23

n Pretreatment After Herbst After fixed appliances Overall change
Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Signif
Total sample 115 5.76 223 1.03 1025 NS. 4.33 187 -038 7.66 NS. 447 254 375 877 NS. -129 229 NS
Brachyfacial 37 5.89 202 1.87 836 NS. 437 1.98 110 7.62 NS. 3.98 249 -1.15 810 NS. -191 263 NS.
Mesofacial 49 520 239 1.03 926 NS. 3.76 172 -038 656 NS. 421 273 375 848 NS. -0.99 2.00 NS.
Dolichofacial 29 6.60 204 235 1025 NS. 5.27 1.80 247 7.66 NS. 5.40 217 250 877 NS. -1.20 250 NS.

ANB, A point, nasion, B point; Max, maximum value; Min, minimum value; N.S., not significant; SD, standard deviation

interrelationships, it was considered to be most important to focus
on the raw data within each group.

3. Results

Pretreatment, post-Herbst, and post-fixed appliance measure-
ments, and changes in all measurements, are detailed in the tables.
There was considerable individual variation for all measurements
within each of the vertical pattern groups. There were reductions in
mean ANB (A point, nasion, B point) angles within all groups during
overall treatment, but all were still reflective of a mild Class II
relationship (Table 3); reductions in mean incisal overjets during
overall treatment, with greater reductions occurring during the
Herbst phase (Table 4); anterior movements in mean lower incisor
angulations, and at debond, the dolichofacial mean was signifi-
cantly less than those for the other two vertical groups (Table 5);
increases in mean mandibular lengths for all groups during overall
treatment (Table 6); general increases in Pog’ to Pog in all groups
during overall treatment, with dolichofacial values generally being
less than for the other groups, which reflects less horizontal
expression of the chin in dolichofacial subjects (Table 7); similar
changes in mean facial axes for all groups during overall treatment,
at all stages, the means reflected the original vertical pattern groups
(Table 8); and little change in the mean mandibular plane angles for
all three groups. After overall treatment, the mean mandibular
plane angles still reflected distinctly different brachyfacial and
dolichofacial groups (Table 9).

For the total sample, significant correlations were found, as ex-
pected, between overall treatment changes in incisal overjet and
the pretreatment overjet; and overall increases in mandibular
length and pretreatment CVMS.

4. Discussion
4.1. Limitations

To control the limitations of this study of clinical records, efforts
were made to gather as homogeneous a Class Il Division 1 sample as
possible, treated by one clinician with very similar versions of the
Herbst appliance. As with any retrospective study, this sample was
dependant on the availability and accuracy of the records. It is
difficult to account for those patients who did not complete

Table 4
Changes in incisal overjet (mm)

treatment. It is possible that it may have been more likely for
complete records to have been taken after successful treatment. The
chosen sample was divided into significantly different vertical
groups based on the mandibular plane angle. During cephalometric
analysis, all efforts were made to eliminate error in landmark
location and measurement [20]. Although some might consider it
important to undertake all clinical studies on a prospective basis,
including a discrete contemporary control group, the control group
was not considered to be absolutely necessary in this case, because
the main focus was simply to assess whether or not it is likely for
mandibles to undergo sufficient rotation for there to be a major
change in the description of the vertical pattern after this type of
treatment.

4.2. Class Il dentoalveolar correction: ANB

The current results would support those of previous studies, in
that Herbst appliance treatment, followed by a phase of fixed ap-
pliances, may be an efficient method of Class II dentoalveolar
correction in many cases. In this sample, on average, molars were
corrected to at least a Class I relationship with ideal incisal overbite
and overjet at the end of overall treatment. However, despite the
overall improvement in ANB angulation in all vertical groups, most
would still be considered Class II at the end of treatment, when
compared with accepted cephalometric norms for Class I subjects.
Close examination of the results shows that most of the reduction
in ANB angulation occurred in all groups during the Herbst appli-
ance phase, while, on average, the ANB angulation seemed to in-
crease a little during the fixed appliance phase. Because equivalent
increases in mandibular length were found in all groups, this
apparent reversal of the Class Il correction in some cases may well
be attributed to a combination of the extrusive effects of fixed ap-
pliances and some continued vertical facial development or
rebound, especially in the dolichofacial group.

4.3. Changes in lower incisor angulation

Changes in lower incisor angulation found in this study are
similar to those that have been described previously [2,4,12]. The
changes largely occurred during the Herbst appliance phase, with
an average proclination of 4.5 degrees. On average, there was only
minimal further proclination of the lower incisors during the fixed

n Pretreatment After Herbst After fixed appliances Overall change
Mean SD Min  Max Signif Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Signif
Total sample 115 8.77 346 484 1400 NS. 3.38 2.07 0.00 9.00 NS. 2.17 1.09 0.00 600 NS. -512 355 NS
Brachyfacial 37 944 3.88 524 1220 NS. 2.41 153 0.00 500 NS. 1.91 094 0.00 3.00 NS. -3.73 415 NS.
Mesofacial 49 8.79 275 582 1388 NS. 3.74 235 1.00 9.00 N.S. 2.32 134 100 600 NS. -547 326 NS.
Dolichofacial 29 8.09 219 484 1400 NS. 3.73 185 2,00 7.00 NS. 2.18 075 1.00 4.00 NS. -591 333 NS

Max, maximum value; Min, minimum value; N.S., not significant; SD, standard deviation
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Table 5
Changes in lower incisor angulation to mandibular plane (degrees)

n Pretreatment After Herbst After fixed appliances Overall change
Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Signif
Total sample 115 97.88 7.02 84.03 113.05 NS. 10237 7.38 89.01 115.18 NS. 102.81 6.72 8924 11827 * 493 762 NS.
Brachyfacial 37 9790 6.77 85.07 106.77 N.S. 104.73 797 90.79 115.18 NS. 106.64 6.57 100.67 118.27 NS. 875 5.63 NS.
Mesofacial 49 98.84 8.04 84.03 113.05 NS. 10245 650 91.85 11220 NS. 10356 4.62 96.86 11343 NS. 472 913 NS.
Dolichofacial 29 9620 548 89.42 106.93 N.S. 99.89 8.09 89.01 114.13 NS. 97.67 727 8924 11117 ° 147 459 NS.

Max, maximum value; Min, minimum value; N.S., not significant; SD, standard deviation; Signif, analysis of variance, significant differences in means.

2 P<0.05.
b p < 0.05, significant difference in vertical pattern subgroup.

Table 6
Changes in mandibular length (Co-Gn) (mm)

n Pretreatment After Herbst

After fixed appliances Overall change

Mean SD  Min Max Signif Mean SD  Min Max Signif Mean SD  Min Max Signif Mean SD  Signif
Total sample 115 112,58 597 101.14 127.22 NJS. 116.61 621 102.79 129.74 NS. 119.26 658 106.29 131.06 NS. 6.68 579 NS.
Brachyfacial 37 11482 6.58 10552 12344 NS. 11994 6.03 11035 127.06 N.JS. 119.87 654 10945 12835 N.JS. 505 544 NS.
Mesofacial 49 113.08 5.53 101.14 127.22 NS. 116.43 651 102.79 129.74 NS. 119.84 6.04 106.62 129.57 N.S. 6.76 6.17 NS.
Dolichofacial 29 10949 5.27 102.10 119.79 NS. 11358 439 108.14 12353 NS. 117.66 7.80 106.29 131.06 N.S. 8.17 554 NS.

Co-Gn, condylion-gnathion; Max, maximum value; Min,

appliance phase. A significant association was found between the
vertical facial pattern and the amount of lower incisor proclination
occurring during treatment, with less proclination occurring in the
dolichofacial group. This is consistent with the results of previous
studies that have highlighted such a relationship between procli-
nation and vertical facial type, with the orofacial musculature in
brachyfacial patients seeming to be more tolerant of proclined
lower incisors than that in dolichofacial patients, and the lower
incisors perhaps remaining more upright on basal bone as any
further clockwise mandibular rotation occurs [21—-24].

4.4. Changes in mandibular length

Average increases in mandibular length (Co-Gn [condylion-
gnathion]) found during the Herbst appliance phase in this study
were consistent with those previously reported and greater than
might have been expected in untreated cases over the same
approximately 9-month period [25—29]. It must be remembered,
however, that such increases in mandibular length do not neces-
sarily lead to increases in horizontal chin projection, especially in
dolichofacial subjects. In such cases, increases in mandibular length
may be expressed more vertically without significant increases in
chin prominence.

The fact that there seemed to be less overall horizontal chin
projection in the dolichofacial subgroup at each stage is important.
This would support the conclusions of previous authors [13,14] that
it is unlikely for a dolichofacial, retrognathic mandible to grow, or
rotate forward significantly, with the use of any functional appli-
ance. In these cases, it is also unlikely that significant extra

Table 7
Changes in Pog’ to Pog (mm)

minimum value; N.S., not significant; SD, standard deviation

mandibular growth, beyond that which would normally be ex-
pected, will accompany combined Class II correction with the
Herbst appliance and fixed appliances.

4.5. Facial axis and mandibular plane angle changes: rotations

It is interesting to note that only small average changes were
found for both facial axis and mandibular plane angles during the
Herbst appliance phase, with the rotational changes seen in
response to treatment being similar to those previously reported
[4,30,31]. During the fixed appliance phase, a slight average
decrease in the facial axis angulation occurred. Similarly, small
opening rotations were seen in the mandibular plane angle. Once
again, although there was considerable individual variation, there
was no real evidence of clinically significant forward rotational
changes occurring in dolichofacial patients, to the extent that their
individual vertical pattern descriptions might be changed.

It has been reported previously that any opening rotation during
the fixed appliance phase is likely to be the result of molar extrusion
exceeding the amount of posterior facial growth. Even small
opening rotations may complicate management of an ante-
roposterior discrepancy by accentuating the Class II profile and
increasing both the incisal overjet and the amount of dentoalveolar
compensation required to achieve a detailed occlusion [30—32].

Regardless of the underlying vertical pattern, it would be of
interest to examine whether vertical and rotational changes
occurring during treatment somehow revert toward the original
pattern in the long-term [22,32—34]. It must be pointed out again
that there was a wide range of individual variation for all study

n Pretreatment After Herbst After fixed appliances Overall change
Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Signif
Total sample 115 53.03 6.13 40.62 6432 NS. 5552 729 3939 6948 NS. 5649 7.71 3911 69.79 NS. 3.46 596 NS.
Brachyfacial 37 5418 621 4725 6432 NS 5713 829 4476 69.48 N.S. 57.92 732 4599 69.79 NS. 3.73 6.81 N.S.
Mesofacial 49 53.85 591 4515 6356 NS. 56.46 517 46.19 67.88 NS. 5843 597 4319 69.51 NS. 4.58 555 N.S.
Dolichofacial 29 5047 625 4062 6034 NS. 5227 892 3939 6827 NS. 51.71 925 3911 6545 NS. 1.24 569 NS.

Max, maximum value; Min, minimum value; N.S., not significant; Pog, pogonion; SD, standard deviation
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Table 8
Changes in facial axis angle (degrees)

n Pretreatment After Herbst After fixed appliances Overall change
Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Min Max Signif Mean SD Signif
Total sample 115 8821 485 7823 100.16 *° 88.18 483 7491 10285 ° 87.01 5.10 7555 101.74 *° -1.20 3.10 NS.
Brachyfacial 37 9202 384 86.18 100.16 ° 90.28 4.83 8491 10285 ° 89.82 485 8371 10174 ° -220 210 NS.
Mesofacial 49 8928 3.14 8478 9748 ° 90.05 256 8676 9735 ° 88.10 359 83.09 9808 ° -1.18 257 NS.
Dolichofacial 29 8256 285 7823 8833 ° 82.87 3.97 7491 89.03 P 8231 470 7555 89.74 © -0.24 447 NS.

Max, maximum value; Min, minimum value; N.S., not significant; SD, standard deviation; Signif, analysis of variance, significant differences in means.

¢ P<0.05.
b p < 0.05, significant difference in vertical pattern subgroup.

Table 9
Changes in mandibular plane angle (degrees)

n Pretreatment After Herbst After fixed appliances Overall change
Mean SD Min Max  Signif Mean SD Min Max  Signif Mean SD Min Max  Signif Mean SD Signif
Total sample 115 25.77 570 1229 3860 *° 2591 6.06 12.44 40.16 *° 2643 6.16 1211 4144 *° 0.66 3.53 NS.
Brachyfacial 37 1940 293 1229 2288 ° 2085 414 1244 2905 ° 2143 459 1211 2713 ° 2.03 250 NS.
Mesofacial 49 2529 216 2335 2887 ° 2442 276 1817 3046 ° 2574 278 2129 3103 ° 046 299 NS.
Dolichofacial 29 3297 3.18 2987 3860 ° 3355 443 2721 4016 ° 3261 682 2124 4144 ° —-035 492 NS.

Max, maximum value; Min, minimum value; N.S., not significant; SD, standard deviation; Signif, analysis of variance, significant differences in means.

4 P<0.05.
b P < 0.05, significant difference in vertical pattern subgroup.

measurements. This may be partly explained by the fact that Class Il
malocclusions can occur in such a wide range of dental, skeletal,
and muscular configurations.

4.6. Clinical relevance

Based on the findings of this study, claims that the vertical facial
pattern or direction of facial growth of an individual can be reliably
altered with combined Herbst and fixed appliance treatment could
not be supported. In planning long-term treatment for a young
patient with Class II Division 1, it should not be expected that a
significant underlying vertical pattern, whether long- or short-
faced, can be changed in the long-term. This does not mean that
fine occlusal results and considerable positive facial change cannot
be achieved in many patients. It does mean, however, that, when
confronted with a significant dolichofacial or brachyfacial pattern,
there should be an expectation that, short of orthognathic surgery,
the face will always be long or short, no matter what treatment
devices are used. It does seem then that, if it is desired that the
projected eventual mature face is to fall within normal vertical
skeletal limits, without excessive hard and soft tissue convexity and
lip strain, consideration may still have to be given to eventual
routine orthognathic surgical correction [35—37].

5. Conclusions

Taking into account the limitations outlined previously, the
following conclusions may be drawn:

1. Combined treatment with the Herbst appliance and fixed ap-
pliances in rapidly growing subjects is likely to result in
reduction of the ANB angle and correction of Class Il molar and
Division 1 incisal relationships in many cases. Most of any ANB
angle change is likely to occur during the Herbst phase.

2. Such treatment is likely to be accompanied by significant
changes in lower incisor angulation.

3. It is likely to be accompanied by significant increases in abso-
lute mandibular length, with greater increases in length more
likely to be found in subjects with greater CVMS expectations of
future growth.

4. It is likely to be accompanied by significant increases in hori-
zontal chin projection, with greater projection more likely to
occur in subjects with more brachyfacial patterns.

5.1t is likely to be accompanied by only small changes in
mandibular plane and facial axis angles. In fact, a reasonable
expectation would be that brachyfacial faces will remain short
and dolichofacial faces will remain long. There is little likeli-
hood that there will be clinically significant forward autorota-
tion in dolichofacial subjects.

6. Considerable individual variation is likely to be seen with all
these changes.
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