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Herbst appliance anchored to miniscrews
in the upper and lower arches vs standard
Herbst: A pilot study
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Introduction: The aim of this pilot study was to present the preliminary results of Class II malocclusion treatment
using a skeletally anchored Herbst appliance with miniscrews inserted in the maxillary andmandibular arches to
improve anchorage control and skeletal effects.Methods: The treatment group (TG) consisted of 13 patients (10
males [M], 3 females [F]; mean age of 12.8 years) with Class II Division 1malocclusion who were treated with the
Herbst appliance and miniscrews inserted in the maxillary and mandibular arches. They were compared with a
control group (CG) of 13 patients (10 F, 3 M, mean age of 12.2 years) with Class II Division 1 malocclusion
treated with the standard Herbst appliance without miniscrews. Lateral cephalograms were taken before and af-
ter Herbst treatment, and cephalometric analysis was performed.Results: In the TG group SNB (�) increased by
2.9�, whereas in CGgroup SNB (�) increased by 1.1� (P5 0.017). ANB (�) decreased in both groups:�3.3� in the
TG group vs �1.3� in the CG group (P5 0.014). Pg-OLp distance increased in both groups: 5.70 mm in the TG
group and 0.8 mm in the CG group (P 5 0.022). Mandibular incisors proclined 1.6� in the TG group and 3.7� in
the CG group. Conclusions: Herbst treatment reinforced with 4 miniscrews (2 in each arch) increased the
orthopedic effect of treatment in growing patients with Class II malocclusion. (Am J Orthod Dentofacial
Orthop 2019;156:617-25)
Class II malocclusion is 1 of the most commonmal-
occlusions, and it affects one third of the white
population1; mandibular retrusion and facial

convexity are consistent findings among subjects with
Class II malocclusion.2-4

Many therapeutic options exist to treat patients with
Class II malocclusion: functional orthopedics, including
fix and removable appliances, is 1 of the recommended
therapeutic approaches; the objectives of these treat-
ments are correction of jaw relationship and overjet
reduction.3-5

Among the fixed functional appliances (FFA), the
Herbst appliance (HA), proposed by Emil Herbst6 and
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Hans Pancherz,7,8 is widely used and is 1 of the most
efficient.

HA has both dental and skeletal effects in patients
with Class II malocclusion, including enhanced sagittal
position of the mandible, reduced growth of the maxilla,
reduction of the overjet, anterior displacement of the
mandibular arch, and posterior displacement of the
maxillary arch.9-12

Beside these favorable treatment results, side effects
resulting from anchorage loss have been reported in the
literature: weak control of upper and lower incisors, as
well as uncontrolled movement of posterior teeth. Pro-
clination of the mandibular incisors and retroclination
of the maxillary incisors could reduce mandibular
growth response because of the reduction of the space
for mandibular enhancement.13,14

Better control of unfavorable tooth movements may
lead to greater skeletal effects; for this reason, different
approaches have been proposed to reduce the side ef-
fects of Herbst treatment: an acrylic splint design for
the lower arch and Class III elastics.14-16

However, none of these modifications were effective
in eliminating proclination of the lower incisors.14-16 For
this reason, skeletal reinforced FFAs were
introduced.17-20 Since miniscrews were introduced,21
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Fig 1. Acrylic splint Herbst appliance skeletally reinforced with 2 upper and 2 lower miniscrews, ligated
with an elastic chain (TG group).

Fig 2. Standard acrylic splint Herbst without miniscrews
(CG group).
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they have been applied in many treatment planning sit-
uations to improve or solve the limits of traditional
biomechanics.21-23 The combination of HA with
skeletal anchorage has been described in the literature
using miniscrews only in the lower arch to reduce
proclination of the mandibular incisors; most of these
studies reported improvements in skeletal effects.17-20

Ideally, a skeletally anchored HA using miniscrews in
the mandibular and maxillary arch could further
improve anchorage control and skeletal effects.

In the present pilot study, the authors present the
preliminary results in patients with Class II malocclusion
using an HA with miniscrews inserted in the mandibular
and maxillary arch as anchorage reinforcement.
MATERIAL AND METHODS

This prospective controlled study was conducted on a
sample treatment group (TG) of 13 consecutively treated
patients (10 males [M], 3 females [F]; mean age of
12.8 6 1.5 years) treated with the HA, with miniscrews
inserted in the maxillary and mandibular arches to
enhance anchorage (Fig 1). The inclusion criteria were
the following: Class II skeletal relationships
(ANB $ 4�), overjet $ 4 mm, bilateral Class II molar
relationships $ half a cusp, patients near the pubertal
growth spurt (determined by the cervical vertebral matu-
ration [CVM] method; stage CVM 3). The exclusion
criteria were patients affected by systemic diseases,
bone pathology, tooth agenesis, premature loss of per-
manent teeth, poor hygiene, and previous orthodontic
treatments.

To evaluate the effects of the treatment on subjects
with Class II malocclusion, a control group (CG) of pa-
tients treated with standard Herbst without miniscrews
(Fig 2) was matched. The CG consisted of 13 consecu-
tively treated subjects (10 F, 3 M, mean age of
12.2 6 1.3 years). All patients gave informed written
consent and were evaluated and treated by the same
operator in his private practice (A.M.).

The HA (MTH Herbst, American Orthodontics, She-
boygan, Wis) uses a bilateral telescope mechanism
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consisting of a tube, a plunger, and 2 pivots and 2 lock-
ing screws that function to keep the mandible in a
continuously anterior position. The length of the tube
determined the amount of anterior displacement of
the mandible. The upper part consists of a transplatal
bar cemented to the first molars, while the lower part
of the HA consisted of an acrylic splint not fixed to the
teeth; the lower part can be elevated to allow access
for oral hygiene procedures.

The HA was activated initially with a mandibular
enhancement of 4-6 mm, then the mandible was
advanced in gradual increments (2 mm/2 months) until
an edge-to-edge position was achieved. All patients un-
derwent a palatal expansion of about 17.5 and 18 acti-
vations in the TG and CG, respectively, using a rapid
palatal expander before HA insertion. The activation
protocol for palatal expansion was 1 turn per day
(0.2 mm each activation) until the expansion planned.

Lower and upper miniscrews were placed 2 weeks and
4 weeks, respectively, after the HA was settled. The or-
thodontic screws used were titanium, 8.0 mm long,
with a diameter of 1.4 mm (Osstem Implant Co, Ltd,
Seoul, Korea). The screws are Ti-6AI-4V alloy and can
have a head with or without a passing hole for elastics
and a 1.5-mm neck. The devices were inserted under
local anesthesia, and the patients rinsed their mouth
with 0.1% chlorhexidine gluconate solution for 1 minute
before miniscrew insertion.

In the maxillary and mandibular arch, miniscrews
were placed between the mandibular first and second
Journal of Orthodontics and Dentofacial Orthopedics



Table I. Cephalometric baseline analysis at T0

TG CG
Comparison of
group at T0

Mean SD Mean SD P value
SNA (�) 79.0 3.4 81.7 3.5 0.03
SNB (�) 73.3 2.6 75.7 3.1 0.05
ANB (�) 5.8 2.0 5.4 1.8 1.00
Wits (mm) 3.5 2.4 2.6 1.3 0.54
SN/GoGn (�) 34.1 7.3 33.3 2.9 0.73
Is/PP (�) 108.0 6.3 108.8 8.9 0.96
Ii/GoGn (�) 98.8 6.9 99.7 5.0 0.66
A-OLp (mm) 73.1 4.6 71.9 5.4 0.88
Pg-OLp (mm) 73.3 5.0 74.0 6.9 0.64
Co-OLp (mm) 7.1 2.2 4.7 3.0 0.02
Is-OLp (mm) 78.9 5.6 78.3 5.5 0.93
Ii-OLp (mm) 72.3 5.3 71.8 5.2 0.99
Overjet (mm) 6.6 2.3 6.5 1.1 0.74
Ms-OLp (mm) 51.6 3.7 49.9 5.7 0.38
Mi-OLp (mm) 50.7 3.9 48.8 4.4 0.32

Table II. Descriptive statistics

TG CG

P valueMean SD Mean SD
N (subject) 13 13
Age T0 12.8 1.5 12.2 1.3 0.25
Age T1 13.7 1.4 13.2 1.3 0.29
Treatment time (months) 10.0 0.8 10.8 2.1 0.30
M:F 10:3 3:10
CMV 3 3
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premolars or between the second premolars and the
first molars in the attached gingiva depending on the
subject's anatomy. Lower miniscrews were ligated with
elastic chains (Memory Chain; American Orthodontics,
Sheboygan, Wis) to metallic buttons bonded to the
mandibular canines on each side, while upper screws
were loaded with elastic chains horizontally oriented
and ligated to the first molars to control the expected
distalization effect of the HA on the maxillary arch
(Fig 1).

Both activations were planned to control inclination
of the maxillary and mandibular incisors. Elastic chains
were changed every 3 or 4 weeks. Lateral cephalograms
for all treated subjects were obtained using the same
x-ray machine, and taken by the same operator in the
same centric relation at the beginning of orthodontic
treatment (T0) and after Herbst removal (T1). Centric
relation was further verified at the end of comprehen-
sive treatment. All lateral x-rays had the same magnifi-
cation factor of 1.1, and they where then normalized.
Mean ages at T0 and T1 and mean durations of T0-
T1 intervals for both treated and control samples were
matched.

A cephalometric analysis was performed by hand
using landmarks described by Pancherz et al24 for each
patient at T0 and T1.

Superimpositions of the radiographs on the stable
bone structures of the anterior cranial base were per-
formed to transfer the occlusal line and the occlusal
line perpendicular from T0 to T1 cephalometric analysis.
Variables not included in the Pancherz sagittal analysis
were also added, such as mandibular incisor proclination
(Ii/GoGn) and skeletal divergence (SN/GoGn). The
American Journal of Orthodontics and Dentofacial Orthoped
operator (C.C.) was blinded with respect to group classi-
fications.

Statistical analysis

Descriptive statistics (means and standard deviations)
of all continuous variables were evaluated (Table I). The
Shapiro-Wilk test was used to estimate the normal distri-
bution of the data.

Baseline t test for normal data, and Mann-Whitney
test for non-normal data, were performed to analyze
the homogeneity of groups.

The estimated P values were adjusted for multiple
comparisons, and when the adjusted P value
was\0.05, the differences were considered to be signif-
icant. Data were acquired and analyzed using SPSS Sta-
tistics 22 software (IBM, Armonk, NY). A t test was also
used to analyze the age at T0 in both the TG and CG
groups.

To compare the absolute variations in cephalometric
values after treatment between the TG and CG groups,
the Mann-Whitney test was used.

A linear mixed effects model test was also performed
to investigate the absolute variations in cephalometric
values in the TG and CG groups, and their associations
of sex, age, and treatment group. ANB angle and Co-
OLp were studied using the linear mixed-effects model
with a log transformation of the dependent variables.

The likelihood ratio test was used as a test of statis-
tical significance.

Error method

The same operator who analyzed the cephalograms
repeated the measurements for a total of 10 randomly
selected patients. The intraclass correlation coefficient
values for linear and angular values were 0.82 and
0.91, respectively.

RESULTS

The descriptive statistics of the treated cases are re-
ported in Table II. The mean treatment times were
10.0 6 0.8 months in the TG group and
ics November 2019 � Vol 156 � Issue 5



Table III. Mann-Whitney test T1-T0

TG, T1-T0 CG, T1-T0
Comparison
among groups

Mean SD Mean SD P value
SNA (�) �0.7 1.6 �1.0 2.1 0.62
SNB (�) 2.9 1.8 1.1 2.8 0.02
ANB (�) �3.3 1.8 �1.3 1.3 0.01
Wits (mm) �4.4 2.4 �2.1 2.2 0.10
SN/GoGn (�) �0.5 2.1 2.2 2.7 0.01
Is/PP (�) 5.1 7.7 1.0 9.4 0.33
Ii/GoGn (�) 1.6 5.6 3.7 4.2 0.40
A-OLp (mm) 1.1 2.1 1.2 3.0 0.98
Pg-OLp (mm) 5.7 3.5 0.8 4.2 0.02
Co-OLp (mm) 0.4 1.7 0.5 3.0 0.73
Is-OLp (mm) 2.2 4.0 1.3 2.7 0.44
Ii-OLp (mm) 6.0 2.7 5.2 3.1 0.62
Overjet (mm) �3.7 2.6 �3.8 1.9 0.44
Ms-OLp (mm) 0.8 3.1 �0.9 3.1 0.33
Mi-OLp (mm) 5.4 2.5 4.3 3.3 0.51
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10.86 2.1 months in the CG group, and all patients suc-
cessfully reached molar Class I relationships with a cor-
rect overjet.

Two band breakages were observed in the TG,
whereas 1 palatal arch debond was noted in the CG.

Cephalometric baseline analysis showed that the 2
groups of patients were homogeneous at T0 for age
and CVM stage (Tables I and II).

The baseline age was 12.8 6 1.5 years for the TG
group and 12.2 6 1.3 years for the CG group (Table I).

The groups showed differences only in sex distribu-
tion: 10 boys and 3 girls in the TG group and 3 boys
and 10 girls in the CG group.

At baseline, no differences were found in vertical
dimension, skeletal class, maxillary bone, molar posi-
tion, overjet, proclination of maxillary incisors, or pro-
clination of mandibular incisors (P .0.05). At T0, the
only differences were found in SNA (�) (P 5 0.032)
and SNB (�) (P 5 0.048). SNB (�) was greater in the
CG group (mean: 75.7 6 3.1) than in the TG group
(mean: 73.3 6 2.6). Condyle distance from the vertical
line OLp was higher in the TG group (mean:
7.1 6 2.2) than in the CG group (mean: 4.7 6 3.0)
(Table I).

Skeletal and dentoalveolar changes after Herbst
treatment in the 2 groups are reported in Table III.

SNB (�) increased 2.9� in the TG group, whereas SNB
(�) increased 1.1� in the CG group (P 5 0.017). ANB (�)
decreased in both groups: �3.3� in the TG group vs
�1.3� in the CG group (P 5 0.014).

The Pg-OLp distance increased 5.7 mm in TG group.
The CG group showed a Pg point advancement of
0.8 mm (P 5 0.022).
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Vertical dimension (SN/GoGn) decreased slightly in
the TG group (0.5�) and increased 2.2� in the CG group
(P 5 0.007).

A-OLp distance increased 1.1 mm in TG group. The
CG group showed an A-point advancement of 1.2 mm.

The position of the maxillary incisors combines 2 dis-
tances: maxillary bone length and the distance between
Is and the vertical line OLp. In the TG group, the position
of the maxillary incisors increased 2.2 mm and the upper
incisors proclined 5.1�. The CG group showed proclina-
tion of the maxillary incisors by 1.3�. The Is-OLp dis-
tance increased by 1.3 mm in the CG group.

The position of the mandibular incisors combines 2
distances: mandibular bone length and the distance be-
tween Ii and the vertical line OLp. In the TG group, the
Ii-OLp distance and the inclination of the mandibular in-
cisors increased by 6.0mm and 1.6�, respectively. The CG
group showed a proclination of the mandibular incisors
of 3.7�, and the Ii-OLp distance increased by 5.2 mm.

Both groups showed a reduction of overjet:�3.7 mm
in the TG group and �3.8 mm in the CG group.

With regard to the position of the molars, a
mean 10.8 mm forward movement was observed for
maxillary molars in the TG group, whereas in the CG
group, the mean value was �0.9 mm. The changes in
the mandibular molars were similar in both groups:
5.4 mm in the TG and 4.3 mm in the CG.

Linear mixed model analysis with covariate age, time,
group, and sex are reported in Tables IV-VII, respectively.
DISCUSSION

Miniscrews have been shown to be effective in assist-
ing in placement of FFAs and in improving the skeletal
effect of functional devices, such as the Forsus Fatigue
Resistant Device (3M Unitek Corp, Monrovia, Calif) and
the HA. In all these approaches, 2 miniscrews are applied
to the mandibular arch to reduce the main undesirable
effect of proclination of the incisors.17-20,25-27 In this
study, we evaluated the Herbst treatment using 4
miniscrews, and investigated the advantages of FFA
skeletally anchored to both arches: the hypothesis to
be tested was an improved skeletal correction of the
overjet when compared wih a standard Herbst treatment.

Both Class II treatments were effective in correction
of Class II malocclusion, with bilateral molar Class I
achievement in all patients, with overjet reduction and
mesial movement of mandibular molars.

Both groups of patients were homogeneous at base-
line for age and CVM stage (stage 3 CVM), and there was
no significant difference in age at T0 between groups
(P 5 0.24); no differences in cephalometric data were
shown (P .0.05); the only difference was for sex, but
Journal of Orthodontics and Dentofacial Orthopedics



Table V. Descriptive statistics and output of linear mixed model (variable: time)

Variable Parameter Estimation SE

95% CI

LR adjusted P valueLower bound Upper bound
Time
T0 SNA (�) 0.00 0.00 0.00 0.00 0.00
T1 �1.68 0.51 �2.69 �0.66
T0 SNB (�) 0.00 0.00 — — 0.03
T1 1.30 0.56 0.16 2.43
T0 ANB (�) 0.00 0.00 — — 0.24
T1 �1.09 1.07 �1.25 �0.94 —

T0 Wits (mm) 0.00 0.00 — — 0.00
T1 �3.25 0.53 �4.33 �2.17
T0 SN/GoGn (�) 0.00 0.00 — — 0.29
T1 0.90 0.84 �0.78 2.59
T0 Is/PP (�) 0.00 0.00 — — 0.18
T1 2.44 1.77 �1.16 6.05
T0 Ii/GoGn (�) 0.00 0.00 — — 0.38
T1 �2.08 2.33 �6.95 2.79
T0 A-OLp (mm) 0.00 0.00 — — 0.03
T1 1.65 0.73 0.20 3.11
T0 Pg-OLp (mm) 0.00 0.00 — — 0.01
T1 3.18 1.09 0.99 5.37
T0 Co-OLp (mm) 0.00 0.00 — — 0.63
T1 �1.03 1.07 �1.18 �0.90
T0 Is-OLp (mm) 0.00 0.00 — — 0.04
T1 1.90 0.91 0.08 3.72 —

T0 Ii-OLp (mm) 0.00 0.00 — — 0.00
T1 5.70 0.80 4.10 7.30
T0 Overjet (mm) 0.00 0.00 — 0.62
T1 0.26 0.52 �0.82 1.34 —

T0 Ms-OLp (mm) 0.00 0.00 — — 0.86
T1 0.11 0.61 �1.10 1.33
T0 Mi-OLp (mm) 0.00 0.00 — — 0.00
T1 4.84 0.70 3.44 6.24

SE, standard error; LR, likelihood ratio.

Table IV. Descriptive statistics and output of linear mixed model (covariate: age)

Variable Parameter Estimation SD

95% CI

LR adjusted P valueLower bound Upper bound
Age

SNA (�) 1.03 0.45 0.11 1.95 0.03
SNB (�) 0.84 0.37 0.07 1.61 0.03
ANB (�) 1.02 1.03 0.96 1.07 0.53
Wits (mm) 0.00 0.23 �0.47 0.47 0.99
SN/GoGn (�) �0.07 0.78 �1.66 1.52 0.93
Is/PP (�) 0.73 0.71 �0.72 2.19 0.31
Ii/GoGn (�) �0.59 0.66 �1.94 0.76 0.38
A-OLp (mm) �0.59 0.64 �1.91 0.74 0.37
Pg-OLp (mm) 0.08 0.79 �1.55 1.71 0.92
Co-OLp (mm) 1.07 1.03 1.01 1.13 0.03
Is-OLp (mm) �0.10 0.75 �1.65 1.44 0.89
Ii-OLp (mm) �0.15 0.67 �1.53 1.23 0.82
Overjet (mm) 0.14 0.16 �0.20 0.48 0.41
Ms-OLp (mm) �0.64 0.52 �1.71 0.44 0.23
Mi-OLp (mm) 0.06 0.48 �0.93 1.05 0.91

LR, likelihood ratio.
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Table VI. Descriptive statistics and output of linear mixed model (fixed effect: group)

Variable Parameter Mean SD Estimation SE

95% CI

LR adjusted P valueLower bound Upper bound
Group
TG SNA (�) �0.70 1.60 �3.66 1.42 �6.57 �0.75 0.02
CG �1.00 2.10 0.00 0.00 — —

TG SNB (�) 2.90 1.80 �2.65 1.17 �5.05 �0.25 0.03
CG 1.10 2.80 0.00 0.00 — —

TG ANB (�) �3.30 1.80 1.07 1.08 0.91 1.26 0.42
CG �1.30 1.30 0.00 0.00 — —

TG Wits (mm) �4.40 2.40 �0.37 0.71 �1.82 1.09 0.61
CG �2.10 2.20 0.00 0.00 — —

TG SN/GoGn (�) �0.50 2.10 1.23 2.46 �3.83 6.29 0.62
CG 2.20 2.70 0.00 0.00 — —

TG Is/PP (�) 5.10 7.70 0.96 2.18 �3.51 5.44 0.66
CG 1.00 9.40 0.00 0.00 — —

TG Ii/GoGn (�) 1.60 5.60 �1.35 2.03 �5.52 2.82 0.51
CG 3.70 4.20 0.00 0.00 — —

TG A-OLp (mm) 1.10 2.10 �0.97 2.04 �5.18 3.23 0.64
CG 1.20 3.00 0.00 0.00 — —

TG Pg-OLp (mm) 5.70 3.50 �4.71 2.52 �9.88 0.46 0.07
CG 0.80 4.20 0.00 0.00 — —

TG Co-OLp (mm) 0.40 1.70 1.31 1.09 1.09 1.57 0.01
CG 0.50 3.00 0.00 0.00 — —

TG Is-OLp (mm) 2.20 4.00 �1.46 2.37 �6.34 3.43 0.55
CG 1.30 2.70 0.00 0.00 — —

TG Ii-OLp (mm) 6.00 2.70 �1.50 2.14 �5.90 2.91 0.49
CG 5.20 3.10 0.00 0.00 — —

TG Overjet (mm) �3.70 2.60 �0.13 0.51 �1.19 0.93 0.80
CG �3.80 1.90 0.00 0.00 — —

TG Ms-OLp (mm) 0.80 3.10 �0.38 1.66 �3.80 3.03 0.82
CG �0.90 3.10 0.00 0.00 — —

TG Mi-OLp (mm) 5.40 2.50 �0.20 1.53 �3.35 2.96 0.90
CG 4.30 3.30 0.00 0.00 — —

SE, standard error; LR, likelihood ratio.
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the linear mixed-effects model that was performed
showed that difference in sex did not significantly affect
the treatment effects among the groups; the only vari-
ables with statistical effects were A-OLp and Ms-OLp
(Table VII). However, the same analysis showed a signif-
icative effect of TG on pogonion changes over time.
Because of the fair measurement repeatability, it can
be assumed that some of the differences observed could
fall in the margins of error; moreover, a cautious inter-
pretation of results should be taken because of the
possible difference in growth spurt between the groups.

The 4-miniscrew Herbst treatment resulted in a
greater skeletal effect and a better control of retroclina-
tion of the maxillary incisor and proclination of the
mandibular incisor compared with the CG; in particular,
Pg-OLp showed a mean increase of 5.7 mm in the TG,
which is considerably higher than the CG advancement
(mean 0.8 mm) or data published in the literature.12,27,28

The greater skeletal results were also confirmed by the
ANB (�) and Wits (mm) modifications achieved. A
November 2019 � Vol 156 � Issue 5 American
standard HA therapy generally improved pogonion
position of 0.8-2.2 mm12,27,28,29 and obtained a
skeletal correction up to 65% of the Class II
relationships.

Pogonion advancement was greater than that
observed in studies on HA with skeletal anchorage
applied only in the mandibular arch; most of these
studies reported improvement in skeletal effects.18-20

Manni et al17 evaluated the effectiveness of Herbst
treatment with an HA acrylic splint anchored to
miniscrews in the mandibular arch with 2 types of li-
gations; they showed that the skeletal anchorage
reduced flaring of the mandibular incisors and that
the elastic chain increased the orthopedic effect of
the Herbst treatment.

Bremen et al25 assessed whether loss of mandibular
anchorage during treatment with Herbst/multibracket
appliances can be prevented using interradicular
miniscrew anchorage. They showed that this anchorage
did reduce proclination of the mandibular labial
Journal of Orthodontics and Dentofacial Orthopedics



Table VII. Descriptive statistics and output of linear mixed model (variable: sex)

Variable Parameter Estimation SE

95% CI

LR adjusted P valueLower bound Upper bound
Sex
F SNA (�) �0.74 1.44 �3.69 2.22 0.61
M 0.00 0.00 — —

F SNB (�) 0.15 1.19 �2.29 2.59 0.90
M 0.00 0.00 — —

F ANB (�) 0.99 1.08 0.84 1.17 0.94
M 0.00 0.00 — — —

F Wits (mm) �0.30 0.72 �1.77 1.18 0.68
M 0.00 0.00 — —

F SN/GoGn (�) 0.82 2.50 �4.32 5.95 0.75
M 0.00 0.00 — —

F Is/PP (�) �0.91 2.22 �5.47 3.65 0.69
M 0.00 0.00 — —

F Ii/GoGn (�) 1.46 2.06 �2.78 5.70 0.49
M 0.00 0.00 — —

F A-OLp (mm) �4.83 2.07 �9.09 �0.57 0.03
M 0.00 0.00 — —

F Pg-OLp (mm) �2.96 2.55 �8.20 2.29 0.26
M 0.00 0.00 — —

F Co-OLp (mm) 1.17 1.09 0.97 1.41 0.09
M 0.00 0.00 — —

F Is-OLp (mm) �3.67 2.41 �8.63 1.28 0.14
M 0.00 0.00 — — —

F Ii-OLp (mm) �3.21 2.17 �7.67 1.25 0.15
M 0.00 0.00 — —

F Overjet (mm) �0.26 0.52 �1.34 0.82 0.62
M 0.00 0.00 — — —

F Ms-OLp (mm) �3.97 1.68 �7.43 �0.51 0.03
M 0.00 0.00 — —

F Mi-OLp (mm) �2.67 1.55 �5.86 0.53 0.10
M 0.00 0.00 — —

SE, standard error; LR, likelihood ratio.
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segment to a small extent. The authors found statisti-
cally significant differences in anchorage preservation
between the study and CGs, even if they were small
and were unlikely to be of clinical relevance.

In agreement with results from other clinical research
found in the literature, a slight skeletal divergence (SN/
GoGn) of �0.5� was observed during treatment in the
TG. The modification of the same parameter in the CG
was also small (2.2�), even if statistically significant
from the TG. In other studies with skeletally reinforced
FFA, divergence remains stable with variations from
�0.7� to 0.8�.18-20,26

In the TG, the mandibular incisors showed a proclina-
tion of 1.6�; these results are similar to those previously
published using skeletal anchorage reinforcement and
are significantly lower than other approaches; Pancherz
published other solutions to reduce the effect of inclina-
tions of the mandibular incisors, such as premolar
anchorage, premolar-molar anchorage, pelott
American Journal of Orthodontics and Dentofacial Orthoped
anchorage, labial lingual anchorage, and Class III elastics
(150 g), nevertheless all the systems produced an procli-
nation of incisors between 3.1� and 12.1� after Herbst
treatment.16

With regard to the upper incisors, they showed no
statistically significant differences in either group; data
from the literature suggest that the position of the
maxillary incisors is less affected by Herbst therapy and
they generally move palatally or remain stable when an
HA acrylic splint is used.30 In both groups, maxillary in-
cisors became slightly labially tipped; these results may
be because of the design of the appliance. Miniscrews
could have had a key role on the maxillary first molars
instead: using traditional FFAs, they usually move
distally because of anchorage loss, whereas using a skel-
etal reinforced anchorage, a mesial movement of 0.8 mm
was observed.31,32

Miniscrew stability is extremely important in the suc-
cess of this approach; in this study, a failure rate of
ics November 2019 � Vol 156 � Issue 5
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30.7% was experienced; previously published
articles17,19,20 reported skeletal anchorage failure of
between 17.5% and 30% with Herbst-like appliances,
while 2 of 16 patients suffered miniscrew failure with
the Forsus Fatigue Resistant Device33; in those cases
where temporary anchorage devices failed, they were
replaced and the treatments were successfully
completed. The same approach has been used in this
study. Success of therapy can be considered, even if a
miniscrew has to be replaced; a single miniscrew failure
can be considered less clinically relevant, even though it
can cause patient discomfort. The same success cannot
be assumed when miniplates are used as skeletal
anchorage,34 because of the more invasive surgery
needed to place the miniplates.
CONCLUSIONS

This pilot study on Class II Division I malocclusion
ingrowing patients treatedwith anHA acrylic splint, skel-
etally reinforced with 2 upper and 2 lower miniscrews,
ligated with an elastic chain, led to the following conclu-
sions:

1. A dento-skeletal correction of the malocclusion was
achieved.

2. A pogonion advancement of 5.7 mm was observed.
3. Anchorage reinforcement using miniscrews reduced

flaring of the mandibular incisor.
4. The upper molars showed a slightly forward move-

ment in HA with miniscrew anchorage.
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