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Summary

Introduction > Treatment of skeletal class II growing patients often requires the use of functional
appliances, aimed at promoting mandibular advancement. Among these, Herbst appliance is
recommended for its effectiveness, efficiency, and reduced need for compliance. Despite its
skeletal favourable effects, well-known dental compensations can occur, especially when the
appliance is not used close to the pubertal peak: upper incisors retroclination, lower incisors
proclination, upper molars distalization and lower molars mesialization could reduce the overjet
needed for a proper mandibular advancement. To counteract these unfavourable effects skeletal
anchorage could be crucial.
Aim > The aim of this case report is to describe and evaluate the effects of using a skeletally
anchored Herbst appliance in an 18-year-old (CVM5) male patient with skeletal Class II malocclu-
sion and a convex profile.
Treatment protocol > The treatment started with a tooth-bone-borne palatal expansion, then the
upper arch was bonded with pre-adjusted ceramic brackets. After 2 months, a Manni Telescopic
Herbst (MTH) supported by 4 miniscrews (two in the maxilla and two in the mandible) was applied.
To avoid anchorage loss, TADs were connected with elastic chains to the arches. Nine months later,
the Herbst was removed, the lower teeth were bonded and the patient wore class 2 elastics to
stabilise the occlusion.
Results and conclusions > After 24 months the treatment goal was achieved with a considerable

improvement of the profile and a clinically significant mandibular advancement (Pogonion moved
forward 7 mm). A one-year follow-up lateral X-rays showed a good stability of the result.
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Introduction
Class II is a very common malocclusion affecting about 20% of
the worldwide population, with significant racial and geographic
differences [1]. This percentage rises to 36–48% considering
Caucasian patients requiring orthodontic consultation [2,3].
This malocclusion is generally characterized by prognathic max-
illa or retrognathic mandible or a combination of them. How-
ever, mandibular retrognathism is the most common variant,
with a prevalence of 90% [4].
There are many treatment options available for patients suffer-
ing from Class II malocclusion: removable or fixed functional
appliances, buccal or lingual multi-bracket appliances combined
with elastics, etc. The aim of these appliances is to correct the
intermaxillary relationship and reduce the overjet. Fixed func-
tional devices include Herbst: a non-compliance device for Class
II skeletal correction [5,6]. This appliance has both skeletal and
dental effects, such as enhanced sagittal displacement of the
mandible, reduction of sagittal growth of the maxilla, anterior
movement of the mandibular arch and distalization of the
maxillary arch.
While skeletal results are always favourable, dental effects may
not be so; generally, they are due to anchorage loss with poor
control of the upper and lower incisors, mesialization of man-
dibular molars and distalization of maxillary ones. In particular,
the proclination of lower incisors and retroclination of the upper
ones could decrease the mandibular growth response due to
rapid reduction of the overjet [7,8]. On the contrary, a better
control of these unfavourable teeth movements may result in a
greater skeletal mandibular advancement [9,10].
Thereby, several modifications of the original Herbst design
have been proposed at this purpose [11].
The Manni Telescopic Herbst (MTH) appliance (American Ortho-
dontics, Sheboygan, WI) consists of a maxillary fixed transpalatal
arch linked to a mandibular acrylic splint with two telescopic
rods, allowing a lateral excursion movement of the mandible of
about 128. The splint is aimed at reducing the flaring of lower
incisors and can be partially removed to allow hygiene proce-
dures to the patient [12]. Moreover, the MTH Herbst Appliance is
generally associated with limited emergencies, complications
and failures, if compared with the traditional one [13].
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Despite the benefits provided, this system alone is not effective
to completely prevent labial tipping of lower incisors; for this
reason, some authors considered the effects of combining
Herbst appliance with two Temporary Anchorage Devices (TADs)
in lower arch to prevent the undesired anchorage loss [14–17].
Only one study [18] analysed the effects of using Herbst appli-
ance anchored to four buccal miniscrews, two in the upper and
two in the lower arch (Skeletal Therapy Manni Telescopic Herbst
4 TADs – STM4), obtaining a greater Pogonion advancement, less
distalization of upper molars and a reduced flaring of lower
incisors, compared with the use of just two lower TADs.
Another significant prognostic factor is represented by the skel-
etal maturation of the patient, which is important to decide the
ideal timing of class II treatment [19,20]. According to the
cervical vertebral maturation (CVM) method, the period among
CVM3 and CMV4 is considered the best to increase the skeletal
effects of an orthopaedic appliance [21]; from this point
onwards, the growth potential gradually decreases, limiting
the efficacy of the treatment.
However, the orthodontist does not always have the opportunity
to treat patients during this favourable time window; moreover,
some patients, despite no longer showing mandibular growth,
refuse the ideal combined orthodontic and orthognathic
treatment.
Although some authors have considered the use of the Herbst
appliance without skeletal anchorage in adult patients with good
results, there are no general recommendations for the use of
fixed functional appliances after the peak puberty [22,23].
Therefore, the aim of this case report is to evaluate the effects of
combining skeletal anchorage and Herbst appliance in an 18-
year-old (CVM5) male patient with Class II malocclusion, who
refused an orthodontic treatment combined with orthognathic
surgery.

Diagnosis and aetiology
An 18-year-old male patient (CVM 5) presented with a chief
complaint of unattractive smile, dental crowding and retrusive
chin.
The macro-aesthetic analysis showed convex profile with severe
mandibular retrusion and normal nasolabial angle (figure 1).
tome 22 > n82 > 2024



Figure 1
Pretreatment extraoral photographs

Figure 2
Pretreatment panoramic radiograph and lateral cephalogram
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The cephalometric analysis confirmed a skeletal Class II maloc-
clusion (SNA = 87.58, SNB = 818, ANB = 6.58) and an hypodiver-
gent skeletal pattern (Sn/GoGn = 218). Maxillary incisors were
retroclined (Is/PP = 106.58) and mandibular incisors proclined
(Ii/GoGn = 1008) before the treatment (figure 2).
Intraoral examination showed a class II malocclusion, with
increased overbite and dento-skeletal reduction of transverse
maxillary diameter, evidenced even more by simulating man-
dibular advancement. The upper incisors, except for the right
tome 22 > n82 > 2024
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central incisor, were retroclined. The result was a forced man-
dibular retroposition with deviation visible on panoramic and
lateral ceph (the condyles were asymmetrical and there was a
duplication of the right ramus and the gonial angle). In addi-
tion, the curve of Spee was more pronounced on the right side,
where the class II was more severe and the mandible more
retropositioned. A small supernumerary tooth was observed
on the buccal side of the upper left second molar, (figures 3
and 4).



Figure 3
Pretreatment intraoral photographs

Figure 4
Pretreatment models
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Treatment objectives
The main treatment objective was to convert the skeletal class II
in Class I, reducing the convex profile and encouraging a signifi-
cant mandibular advancement, rather than maxillary distaliza-
tion, limiting the side effect of opening the nasolabial angle. To
achieve these goals a transverse control of the upper arch (with
dento-skeletal increase of maxillary diameter) and a vertical and
sagittal control of the position of both the maxillary and man-
dibular incisors were required.
Treatment alternatives
In such adult skeletal class II patients, the first-choice option,
which is able to totally correct the skeletal malocclusion, is the
4

orthognathic surgery: bilateral osteotomy of the mandible (with
possible extractions of two lower premolars) helps improve the
facial aesthetic and correct the skeletal pattern. However, the
patient refused this treatment option.
Another option is represented by camouflage with upper pre-
molars extractions or upper distalization (with palatal or infra-
zygomatic TADs), even though limited effects on skeletal pat-
tern are possible. Similarly, the use of class II elastics on fixed
orthodontic appliances leads only to dental compensations and
this approach is not recommended at the end of the growth.
Although the reduced residual growth (the patient was CVM5),
the use of Herbst appliance anchored to four TADs in upper and
lower arches (STM4) could represent an effective option to get
some favourable skeletal outcomes and to limit adverse dental
effects.
Treatment progress
Considering that microimplant-assisted rapid palatal expansion
(MARPE) has been demonstrated successfully in maxillary
expansion in late adolescence and adulthood [24], treatment
started with a palatal expansion through Hyrax Rapid Palatal
Expander anchored to two palatal miniscrews (placed in the T-
zone [25,26]) and bands on upper first molars, so to improve the
dento-skeletal transverse deficiency. Upper TADs were titanium,
with length of 11 mm and diameter of 2 mm (Leone, Sesto
Fiorentino Italy, TAD for expanders D2 L11 mm). They were
inserted with a CBCT-guided workflow.
The activation protocol for maxillary expansion was 1 turn per
day (0.2 mm each activation) until the planned expansion was
completed. At the same time, the upper arch was bonded with
tome 22 > n82 > 2024



Figure 6
Manni Telescopic Herbst (MTH) appliance

Figure 7
Elastic chains connecting TADs to the arches to increase anchorage

Figure 5
Miniscrew-Assisted-Rapid Palatal Expander and brackets in the upper arch
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pre-adjusted straight-wire ceramic brackets (0.022-inch slot
size, MBT Prescription, American Orthodontics, Sheboygan,
Wis) and a 014NiTi archwire was inserted to increase overbite
and overjet with proclination and relative intrusion of upper
incisors [27] (figure 5). Archwire sequence then included
16 � 22NiTi, 17 � 25NiTi. After two months, RPE appliance
was replaced with a fixed palatal arch on upper first molars
and a Manni Telescopic Herbst (MTH) was applied (figure 6).
To prevent the typical anchorage loss in the upper arch (distaliza-
tion of upper molars and lingual tipping of the incisors), a second
transpalatal arch was placed onto the same miniscrews used for
the expansion and bilateral elastic chains (150/200 g for each
side. Memory Chain, American Orthodontics, Sheboygan, Wis)
tome 22 > n82 > 2024
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were placed connecting the two palatal arches. Similarly in the
mandible, after 15 days, auxiliary buttons were bonded on the
buccal surface of the lower cuspids and two 1.4 mm � 8 mm TADs
(Osstem, Seoul, Korea) were placed bilaterally between second
premolar and first molar in the attached gingiva, with an insertion
angle of 458. Elastic chains (150/200 g for each side – Memory
Chain; American Orthodontics, Sheboygan, Wis) were applied
between the buttons and the lower miniscrews to limit the
proclination of lower incisors [19] (figure 7). Both upper and lower
chains were replaced every 4 weeks. Meanwhile an 18 � 25SS
arch was inserted in the upper arch.
After 9 months of Herbst therapy, a new lateral ceph was taken
(figure 8) and the MTH appliance was removed.



Figure 8
Lateral cephalogram at the end of Herbst phase and Pancherz's cephalometric superimposition (black: pretreatment; blue: end of
Herbst

Figure 9
Occlusion stabilization after the Herbst
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The lower arch was immediately bonded and the patient was
instructed to use class 2 elastics of progressive strength (4.5 oz
and 6 oz) to finalize a proper occlusion (figure 9). The small
supernumerary germ was extracted during the treatment, even
though, being in a buccal position, it did not interfere in any way
with tooth movement.
Once the treatment was completed, brackets were removed and
intraoral scans were taken to fabricate removable vacuum-
formed retainers in both arches.
Treatment results
After the expansion and herbst phase the result was a proper
skeletal class I, with considerable improvement of the profile
and a clinically significant mandibular advancement with good
control of both maxillary and mandibular incisors. After the
6

multi-bracket phase, bilateral dental class I relationship with
proper overbite and overjet was gained (figures 10 and 11).
No muscle or TMJ problems were reported. A panoramic radio-
graph, taken immediately before debonding, showed accep-
table root angulation, no evidence of root resorption and stable
bone levels (figure 12).
The final cephalometric analysis (according to Pancherz's analy-
sis [28] and superimpositions [29]) showed an improvement of
the sagittal jaw relationship (ANB angle reduced from 6,58 to
38).
The A point remained almost stable [1.5 mm of difference
between pre- (T0) and posttreatment (T2)] while a significant
Pogonion advancement of 7 mm was registered at the end of
the Herbst phase (T1) and after the orthodontic therapy (T2)
(figures 13 and 14). Upper incisors slightly moved forward
(1 mm) and their inclination varied from 106.58 to 1058. Lower
tome 22 > n82 > 2024



Figure 10
Posttreatment extraoral and intraoral photographs
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Figure 11
Posttreatment models

Figure 12
Final panoramic radiograph

Figure 13
Pancherz analysis: measuring landmarks and distances
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Figure 14
Posttreatment lateral cephalogram and Pancherz's cephalometric superimposition (black: pretreatment; red: posttreatment)

TABLE I
Dento-skeletal changes at T0 (pretreatment), T1 (after the Herbst phase), T2 (posttreatment), T3 (1-year follow-up). The head films were
analyzed according to the method of Pancherz

T0 T1 T2 T3

SNA8 87.5 87.5 88 87

SNB8 81 84.5 84 83.5

ANB8 6.5 3 3 3.5

SN/GoGn8 21 19 19 20

Is/PP8 106 116 105 109

Ii/GoGn8 100 101 101 102

A-OLP (mm) 89 90 90.5 90.5

Pg-OLP (mm) 87 94.5 94 94

Is-OLP (mm) 94 98 95 96

Ii-OLP (mm) 87 92.5 93 92.5

Ms-OLP (mm) 63.5 66.5 66 66.5

Mi-OLP (mm) 61 68 68 68

Overjet (mm) 7 4.5 2 3

International Orthodontics 2024; 22: 100868
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Figure 15
Follow-up lateral cephalogram and Pancherz's cephalometric superimposition (red: posttreatment; green: 1 year follow-up)

Figure 16
Extraoral and intraoral photographs after one year's follow-up
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incisors were successfully controlled with limited change in their
inclination (1008 at T0, 1018 at T2) and intrusion (table I).
After one year (T3), the result was stable with no signs of relapse
(figures 15 and 16) (table I).

Discussion
The Herbst appliance is widely used to treat Class II malocclusion
with retrusive mandible because of its efficacy and efficiency,
without need of patient compliance. Despite its favourable,
skeletal effects dental compensations (upper incisors retrocli-
nation, lower incisors proclination, upper molars distalization
and lower molars mesialization) are often reported [7,8]. These
can reduce the overjet required for mandibular advancement.
However, literature proved that these side effects could be
partially controlled combining the use of Herbst appliance with
temporary anchorage devices (TADs) and elastic chains [30,31].
In fact, in this patient the combination of lower TADs and elastic
chains prevented labial tipping of lower incisors (T0 = 1008,
T1 = 1018, T2 = 1018) and well controlled their sagittal position.
Similarly, the involvement of two palatal miniscrews provided a
satisfactory control of upper incisors, even allowing their labial
tipping during the whole Herbst phase (T0 = 1068, T1 = 1168). At
the end of the treatment, despite a mild retroclination
(T2 = 1058) attributable to the use of class 2 elastics, +1 mm
of advancement was registered, without negative effects on the
nasolabial angle. Moreover, point A remained almost stable
comparing pre- and posttreatment values (+1.5 mm), while
upper molars moved 2,5 mm forward. This kind of anchorage
management in upper and lower arches, combined with good
control of vertical dimension (SN/GoGn = �28 at T2), enabled a
significant Pogonion advancement (+7 mm at T2).
To achieve such results elastic ligatures and the lower splint are
essential.
The choice to connect miniscrews to teeth by means of power
chains instead of stainless-steel ligatures wire has a biomechan-
ical reason. Indeed, the TADs tend to slide towards the direction
of traction [32] and a ligature wire could not fully prevent the
migration of anchored teeth. Consequently, the reciprocal
movement of molars and incisors in both arches, due to the
Herbst appliance, might reduce the space available for mandib-
ular advancement. On the contrary, an elastic power chain
(changed every month), thanks to its elasticity, will produce
on the anchored teeth a constant balancing traction directed
towards the opposite side. The biomechanical result is no ante-
rior anchorage loss.
Previous studies demonstrated the elastic chains to be more
effective than metal ligatures in promoting a significant man-
dibular advancement with Herbst appliance [30].
In addition, the presence of a lower splint during the Herbst
therapy can contribute to reduce the flaring of lower incisors
[33,34]. In addition, it can stimulate the remodelling of the
condyle-fossa complex by reciprocal retro-discal stretch forces
tome 22 > n82 > 2024
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[35] and better control the vertical dimension avoiding dental
extrusion and promoting a counterclockwise rotation of the
mandible [36].
This method of inserting the TADs in the upper and lower arches,
in association with elastic chains and acrylic splint, could repre-
sent a good protocol in case of skeletal Class II malocclusion with
mandibular retrusion while limiting the opening of nasolabial
angle. In addition to establishing a good occlusal relationship,
the achievement of aesthetically valid and relevant results
(reduction of the profile convexity without opening of the
nasolabial angle) should, in accordance with the soft tissue
paradigm, be one of the main goals of orthodontic treatment.
In fact, this approach might overcome the limits of traditional
therapies (intermaxillary elastics with multi-bracket appliance,
teeth extraction, distalization, etc.), which could only determine
a dental camouflage of the malocclusion (proclination of lower
incisors, retroclination of the upper ones, clockwise rotation of
the occlusal and mandibular planes) with a small effect on the
skeletal frame.
However, fixed functional appliances are generally indicated in
growing patients before the pubertal peak [19,20]; later only
orthognathic surgery could lead to the complete correction of
the skeletal malocclusion, but this option is not always well
accepted by the patient, as it happened in this case. On the
contrary, the use of Herbst appliance anchored to 4 miniscrews
(2 in the upper and two in the lower arch, STM4), providing a
great control of dental compensations, might increase the skel-
etal and aesthetic outcome of the treatment after the pubertal
peak. Moreover, since this technique avoids dental compensa-
tions, a possible surgical reintervention is facilitated [37] in case
of failure.
On the other hand, the achievement of such a skeletal outcome
in a subject with very low growth potential (CVM 5) might open
new scenarios on the possibilities of orthopaedic correction in
non-growing patients, however more studies are necessary to
confirm this promising result. Moreover, it leads us to reconsider
the role of the cervical vertebral maturation (CVM) method in
the choice of the ideal timing for the treatment of skeletal class
II with this appliance. In fact, it is possible, as already observed in
previous studies, that this patient, despite the vertebral stage,
still had a small residual growth potential with a sagittal man-
dibular repositioning that has been favoured by orthodontics
[38,39].
Conclusions
In this case report, the treatment goal was fully achieved,
getting a proper skeletal and dental class I, a clinically significant
Pogonion advancement and an improvement of the profile,
despite the patient had a very low growth potential (CVM5).
This result leads us to the following conclusions, which certainly
need further studies to be confirmed:
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