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Background: Class II functional appliances have been used in orthodontics for over 100 years. Although the
stability of corrections is one of the main goals of orthodontic treatment, there is a paucity of longitudinal
studies on the long-term stability of treatment of Class II malocclusion based on functional appliances.
Methods: This narrative review attempts to summarize the limited related evidence available and dis-
cusses the clinical implications of important aspects related to occlusal and skeletal changes that arise
after Class II malocclusion treatment with functional appliances.
Results: The occlusal changes obtained through Class II functional treatment do mostly exhibit long-term
stability. While mild posttreatment changes occurred, they were most likely due to physiologic aging
processes and not likely associated with actual treatment relapse. Long-term retention in the lower jaw
would be particularly beneficial. A stable occlusion with good intercuspation in the posterior arches
seems more likely to preserve a Class I occlusion after treatment through dentoalveolar compensatory
mechanisms. After treatment, the maxilla and the mandible do grow anteriorly, with the mandible
growing more than the maxilla. Patients treated with functional appliances are not likely to develop TMJ
disorders over the long term.
Conclusions: Long term skeletal corrections achieved with functional appliances seem to be overall stable.
Class II molar and overjet relapses can be likely explained by a combination of tooth movement and an
unfavorable posttreatment maxillomandibular growth pattern, especially when combined with unstable
interdigitation of the posterior teeth. No specific intermaxillary retention approach has been assessed yet.

� 2020 World Federation of Orthodontists.
1. Introduction

Orthodontic treatment has multiple goals, but stability of cor-
rections is a major goal. Relapse after treatment has been a long-
established concern in orthodontics. In 1907, Angle [1] mentioned
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that the teeth do not remain in their new positions if treatment fails
to achieve normal occlusion.

More often than not, orthodontic treatments are long and
complex. Even though orthodontics consistently produces aston-
ishing outcomes, these outcomes may be negatively affected after
removal of the active appliances. The usual type of orthodontic
relapse is well documented in the literature [2], and includes
crowding or diastemas, recurrence of previous overjet and overbite,
and unstable Class II and Class III molar relationship corrections.

Although several factors may affect the outcomes of orthodontic
treatment in the long run, the outcomes are likely to be unstable,
because of three major reasons [3]: 1) periodontal tissues are
affected by orthodontic tooth movements and take time to adjust
after removal of the appliances; 2) soft tissues (lips, cheeks, tongue)
exert constant pressure on the teeth until an equilibrium is
attained; as described by Rogers [4] in 1922, muscle forces should
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Table 1
Longitudinal studies on the stability of treatment with removable functional appliances

Author, year Method Participants and intervation Outcomes Conclusions

DeVincenzo
1991 [17]

Recruitment period: 1982 to 1984
Trial design: Retrospective
Measurement methods:
Cephalometric analysis.

Forty-seven girls with Class II malocclusion treated
with an Activator were assessed. After functional
appliance treatment, which was over when a Class I
molar relationship was attained, all patients
underwent fixed appliance treatment (29 cases
treated with extraction and 18 with nonextraction).
In the control group, 47 girls (55% Class I and 45%
Class II) were selected and matched with their
treated peers.

In the postfunctional phases,
mandibular length (ML) did not
increase as much as in the control
group. After 4 years, there was no
additional increase in long-term ML,
when compared with the control group.
Had the treatment duration been
2 years, the increase in length would
have been highly significant; and had
the treatment lasted 3 years, ML would
have been smaller but significant.
Impressive outcomes disappeared by
the end of 4 years. The same was
observed when 20 patients were
compared with a control group with
Class II malocclusion

It was concluded that, when a
functional appliance is used and
negligible orthopedic response is
achieved, there will be little or no
relapse in postfunctional assessments.
Conversely, the better the orthopedic
outcome, the greater the possibility of
relapse.

Ferrrazini 2008 [18] Recruitment period: patients were
invited for a check-up visit in 2005.
Trial design: Retrospective.
Measurement methods:
Cephalometric analysis and a
questionnaire.

Treatment with a removable appliance acting as an
activator was evaluated in a group of 18 Class II/2
patients (Group I) 3 times: before treatment (T0,
10.8 years); removal of all orthodontic appliances
(T1, 14.5 years); and at least 20 years later (T20,
36.1 years). The remaining 26 treated patients
(Group II), were evaluated only at initial and final
treatment (at T0, 10.1 years, and T1, 14.2 years).

Treatment corrected Class II/2,
normalizing the ANB angle, the Wits
appraisal, the inclination of the upper
incisors, and intercuspation. The PAR-
index, was 14.3 and was reduced by the
treatment to 3.65. Twenty years later,
this value changed to 6.72.
Palatal-mandibular plane angle
worsened slightly, whereas the
inclination of the lower incisors was
practically unchanged. Only minor
changes had occurred, except for a
nearly 5� relapse of the upper incisor
inclination, maintaining a gain of only
1.5� .

The one-stage early treatment with
removable appliances of the Class II/2
analyzed in this study has been shown
to be simple, efficient, and less a burden
to the patients, with good stability for
more than 20 years. The stability could
certainly be improved with a long-term
fixed retention in the lower anterior
arch.

Freeman et al. 2009 [19] Recruitment period: Not reported
Trial design: Retrospective
Measurement methods:
Cephalometric analysis.

The sample consisted of 30 patients (17 boys, 13
girls) treated exclusively with FR-2. Themean age at
the start of treatment was 8 years (T1), with a
posttreatment cephalogram (T2) taken 10 years
later. The control group included 20 subjects (11
boys, 9 girls) with untreated Class II.
FR-2etreated subjects were followed for an average
of 6 years and 9 months beyond the active phase of
appliance therapy and for at least 3 years after the
end of the retention periods, for an average overall
observation of 9 years and 11 months.

The FR-2 group maintained stable
correction of the initial Class II
malocclusion over the evaluation
period. Significant mandibular and
intermaxillary changes and
dentoalveolar changes were noted in
the treated group, with a 3-mm long-
term increase in mandibular length
compared with the untreated Class II
controls.

The FR-2 appliance, over a long period,
has a minor restraining effect on the
position of the maxilla (1.5 mm) and a
significant enhancing effect on
mandibular length and sagittal position.
FR-2 has its greatest long-term effects
on anteroposterior intermaxillary
measurements.

Angelieri et al. 2014 [20] Recruitment period: Not reported
Trial design: Prospective
Measurement methods:
Cephalometric analysis.

The FR-2 sample comprised 17 subjects (10 boys
and 7 girls, mean age of 10.8 years) who were
treated with the FR-2 appliance for 1.7 years and
reevaluated 7.1 years after treatment.
The control group consisted of 17 class II subjects (9
boys and 8 girls, mean age of 11.3 years), matched
to the treated group.

FR-2 treatment provided a significant
improvement in the maxillomandibular
relationship due to an increase in
mandibular length (3.7 mm, T1-T3)
compared with controls, which
remained stable over time. Also,
overjet, overbite, and molar
relationship corrections demonstrated
stability. Among dentoalveolar changes,
only the increased mesial movement of
the mandibular molars in the FR-2
group demonstrated stability.

Correction of Class II malocclusion
remained stable 7 years after FR-2
treatment mainly due to the stability of
the skeletal changes.

(Continued on next page)
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Table 1 (Continued )

Author, year Method Participants and intervation Outcomes Conclusions

Malta et al. 2010 [21] Recruitment period: Not reported
Trial design: Retrospective
Measurement methods:
Cephalometric analysis.

Treatment with Bionator, followed by
approximately 1 year of fixed appliance therapy.
The treatment sample consisted of 20 Class II
patients (6 males and 14 females). Mean age at the
start of treatment was 10 years and 2 months (T1);
at posttreatment, 12 years and 4 months (T2); and
at long-term follow-up, 18 years and 11 months.
The control group consisted of 20 subjects (8 males
and 12 females) with untreated Class II.

The Bionator group showed significant
and favorable T1eT2 changes both at
the skeletal and dentoalveolar levels.
The treated group showed a final
improvement in soft tissue pogonion of
approximately 2.5 mm. Significant
mandibular changes were noted in the
treated group, with a net average of 3.3-
mm long-term increase in mandibular
length compared with untreated Class II
controls.

Bionator appliance produced a
significant enhancing effect on
mandibular length, significantly
improved overjet and the molar
relationship, with a significant
reduction of overbite associated with an
increase in lower anterior facial height.

Pavoni et al. 2018 [22] Recruitment period: Not reported
Trial design: Retrospective
Measurement methods:
Cephalometric analysis.

A group of 46 patients (23 females and 23 males)
with Class II treated consecutively with either
Bionator or Activator, followed by fixed appliances.
The treated sample was evaluated at T1, start of
treatment (mean age: 9.9 years); T2, end of
functional treatment and before fixed appliances
(mean age: 11.9 years); and T3, long-term
observation (mean age: 18.3 years).
Comparison was made with a matched control
group of 31 subjects (16 females and 15 males) with
untreated Class II.

When treatment was initiated before
puberty, Class II correction was mostly
confined to dentoalveolar changes, with
significant improvements of both
overjet and molar relationships. On the
other hand, treatment initiated at
puberty produced significant long-term
increase in total mandibular length (Co
eGn þ 5.5 mm), a significant chin
advancement (Pg to N perp þ 3.1 mm),
and a significant reduction in the Wits
appraisal of �5.8 mm was observed.

Treatment with removable functional
appliances at puberty induced a
significant long-term enhancement of
mandibular growth with an increase in
mandibular ramus height and
protrusion of the chin. Prepubertal Class
II treatment results primarily in
dentoalveolar changes.

Jungbauer et al. 2019 [23] Recruitment period: Bionator cases
collected in 2018. Treatment was
initiated between 1973 and 1979
Trial design: Retrospective
Measurement methods: Dental cast
analysis.

Evaluation of 18 patients with skeletal Class II
treated with a Bionator without any additional fixed
therapy was performed at three stages: before (T0),
after (T1), and 20 years after (T2) treatment.
Mean patient age was 9.8 years before treatment
(T0), 13.3 years after Bionator treatment (T1), and
33.3 years after 20 years of follow-up (T2).

Lower intercanine distance remained
fairly unchanged during treatment, but
decreased significantly during follow-
up. Lower incisor irregularity improved
slightly during treatment but increased
significantly in the long term (from 2.0
to 3.7 mm). After treatment, sagittal
molar relationships on both sides were
improved and overjet and overbite
reduced; these significant changes
remained stable in the long term. The
PAR index was significantly lower after
treatment, (T0eT1, 18e6.5) showing
nonsignificant increase during follow-
up (T2 ¼ 12).

The improved sagittal relationship and
the reduced overjet and PAR index
remained fairly stable. Long-term
changes were most likely due to
physiological aging processes and are
not associated with Bionator treatment.

Keski-Nisula et al. 2019 [24] Recruitment period: Children who
were born 1992/3.
Trial design: Prospective cohort
study
Measurement methods:
Cephalometric and dental analyses

Sixty-five Class II patients (38 females and 27
males), treatedwith an eruption guidance appliance
(EGA) in early mixed dentition, were compared
with 58 children (26 females and 32 males) with
untreated Class II.
The early treatment was carried out with EGA from
T1 to T2, followed by retention.
Retention was maintained using an EGA.
The mean age in the treatment group at the start
(T1) and end of treatment (T2) was 5.4 years and
8.5 years, respectively, and 16.7 years at the final
examination (T3). In the control group, the mean
age at T1 and T2 were 5.1 years and 8.4 years,
respectively.

The mean overjet of the treatment and
control groups at T1 was 3.4 mm. At the
end of T2, it was 2.2 mm for the
treatment and 4.7 mm for the control.
At T3, the overjet for the treatment
group was 2.1 mm.
In the treatment group, the frequency of
Class II decreased from 100% to 14%
during the treatment. At T2, the
treatment and control groups showed
statistically significant differences in all
occlusal variables. In the treated
children, mandibular length increased
5 mm more from T1 to T2 compared
with the control children.

A clinically significant correction of the
molar relationship, overjet, overbite,
incisor alignment, and growth
enhancement of the mandible were
observed after treatment in early mixed
dentition. The treatment results
remained largely stable in the early
permanent dentition. However, an
increase was observed in overbite and
lower crowding. None of the children
treated in early mixed dentition needed
a second treatment phase.
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Cacciatore et al. 2019 [16] Recruitment period: Unrestricted
electronic search of 24 databases
and additional manual searches up
to March 2018.
Trial design: A systematic review
and meta-analysis
Measurement methods:
Cephalometric analysis.

Inclusion criteria: Randomized and nonrandomized
controlled trials reporting on cephalometric skeletal
and soft tissue measurements of Class II patients
(aged 16 years or younger) treated with functional
appliances, worn alone or in combination with
multibracket therapy, compared with untreated
Class II subjects.
The whole observational periods of included trials
ranged from 4.7 to 10.2 years.

Eight nonrandomized studies published
in 12 papers were included. Functional
appliances produced a significant
improvement of the maxillomandibular
relationship, at almost all time points
(Wits appraisal at the end of growth,
mean difference (MD) �3.52 mm). The
greatest increase in mandibular length
was recorded in patients aged 18 years
and older (Co-Gn, MD 3.20 mm),
although the improvement of the
mandibular projection was negligible or
not significant.

Functional appliances may be effective
in correcting skeletal Class II
malocclusion in the long term;
however, the quality of evidence was
very low and clinical significance was
limited.

Oliver et al. 2020 [25] Recruitment period: Not reported
Trial design: Prospective evaluation
Measurement methods: Dental
casts and cephalometric analysis.

Sixty-four participants (34 boys; 30 girls) seen for
posttreatment review at a 12-month follow-up. The
mean age at beginning of twin lock therapy was
12.5 years.
The mean age at debonding was 15.8 years.
The mean age at posttreatment review was
16.8 years.
There was no control group.
63% of the participants (n ¼ 41) were treated on a
nonextraction basis. The fixed appliance phase
lasted 1.88 years on average, resulting in a total
treatment time of 3.26 years.
All participants received some form of retainer.

Mean overjet reduction of 6.22 mm
arose during treatment, with canine
and molar relationship improvements
of 3.34 mm and 2.67 mm, respectively.
In the 12 months posttreatment, a
relapse of 0.67 mm and 0.06 mm in
overjet and molar relationship,
respectively, was observed, with 25% of
subjects having overjet relapse of
>1mm. There is weak evidence that the
treatment-induced change in overjet is
linked to overjet relapse.

Overall, acceptable levels of stability
were observed, although appreciable
relapse was noted in 25% of
participants. Neither the degree of
buccal segment interdigitation nor
pretreatment skeletal discrepancy was
predictive of anteroposterior occlusal
stability.

ANB, angle formed by the intersection of lines from points A and B to point N (Nasion); Gn (Gnathion), the most anterior inferior point on the bony chin; ML, mandibular length; Pg (Pogonion), the most anterior point on the bony
chin; Co (Condylion), the most posterosuperior point of the condylar outline; EGA, eruption guidance appliance (Nite-Guide or Occlus-o-Guide; Ortho-Tain, Winnetka, IL); MD, mean difference; PAR, peer assessment rating.
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Table 2
Longitudinal studies on the stability of treatment with fixed functional appliances

Author, year Method Participants and intervation Outcomes Conclusions

Pancherz et al. 2014 [26] Recruitment period: 22 patients
with Class II Div1 treated with the
Herbst appliance in 1977 and 1978.
In 2011 and 2012, they were
recalled.
Trial design: Retrospective.
Measurement methods: Dental cast
analysis.

The first 14 (12 men, 2 women) patients
from a sample of 22.
Mean age (y): T1: 12.5; T2: 14.3; T3:
20.4; T4: 46.1.
The subjects were reexamined after
therapy at the ages of 20 years and
46 years. Examinations were analyzed
before (T1) and after (T2) treatment,
and at 6 years (T3) and 32 years (T4)
after treatment.

Minor changes in maxillary and mandibular
dental arch perimeters and arch widths
were seen during posttreatment (T2-T4).
Mandibular incisor irregularity increased
continuously during the 32-year follow-up
period. Class II molar and canine
relationships had a minor relapse during
the early posttreatment period (T2-T3);
during the late posttreatment period (T3-
T4), molar and canine relationships
remained, on average, unchanged. After
treatment (T2-T4), overjet remained, on
average, unchanged, but overbite increased
nonsignificantly.

A Class II relapse seemed to be caused by
unstable interdigitation of the occluding
teeth, a persistent oral habit, or an
insufficient retention regimen after
treatment. Most posttreatment changes
occurred within the first years after
treatment. After the age of 20 years, only
minor changes were noted. Long-term
posttreatment changes in maxillary and
mandibular dental arch perimeters and
widths as well as in mandibular incisor
irregularity seemed to occur independently
of treatment and as a result of physiologic
dentoskeletal change throughout
adulthood.

Pancherz et al. 2014 [27] Recruitment period: 22 patients
with Class II Division 1 treated with
the Herbst appliance in 1977 and
1978. In 2011 and 2012, they were
recalled.
Trial design: Retrospective.
Measurement methods: Intraoral
photographs, mandibular dental
casts, and lateral head films.

The first 14 (12 men, 2 women) patients
from a sample of 22 with Class II
Division 1 malocclusions consecutively
treated with the banded Herbst
appliance.
Mean age (y): T1: 12.5; T2: 14.3; T3:
20.4; T4: 46.1.
The subjects were reexamined after
therapy at the ages of 20 years and
46 years. Examinations were analyzed
before (T1) and after (T2) treatment,
and at 6 years (T3) and 32 years (T4)
after treatment.

From T1 to T2, the incisors were proclined
in 11 (79%) of the 14 patients, with an
average value of 5.2� . From T2 to T4, tooth
inclination recovered completely in seven
(63%) of the 11 patients. Incisor irregularity
values were, on average, 3.4 mm at T1 and
3.0 mm at T2. They increased by 40% from
T2 to T4 and had an average value of 5.0 mm
at T4.

In Herbst patients followed for 32 years
after therapy, proclinedmandibular incisors
generally relapsed. The increase in
posttreatment incisor tooth irregularity was
not thought to be related to incisor tooth
inclination changes but more likely resulted
from physiologic processes occurring
throughout life. Minor gingival recessions
seen in a few patients 32 years after
treatment did not seem to be related to the
posttreatment tooth inclination changes.

Pancherz et al. 2015 [28] Recruitment period: 22 patients
with Class II:1 treated with the
Herbst appliance in 1977 and 1978.
In 2011 and 2012, they were
recalled.
Trial design: Retrospective.
Measurement methods: Lateral
head films.

The first 14 (12 men, 2 women) patients
from a sample of 22 with Class II
Division 1 malocclusions consecutively
treated with the banded Herbst
appliance.
Mean age (y): T1: 12.5; T2: 14.3; T3:
20.4; T4: 46.1.
The subjects were reexamined after
therapy at the ages of 20 years and
46 years. Examinations were analyzed
before (T1) and after (T2) treatment,
and at 6 years (T3) and 32 years (T4)
after treatment.

The following significant skeletal changes
occurred from T2 to T3: increase of the SNB
(1.0�), decrease of the ANB (0.9�), and
decrease of theML/NSL (2.5�). No significant
angular changes occurred from T3 to T4. In
the analysis of sagittal changes from T2 to
T3, the mandible (6.1 mm) and the maxilla
(3.0 mm) grew forward. From T3 to T4, the
mandible (2.8 mm) and the maxilla
(3.1 mm) continued to grow forward. Thus,
there was continuous forward growth of
the mandible (8.9 mm) and of the maxilla
(6.1 mm) throughout the posttreatment
(T2-T4) period.

In all subjects, there were large amounts of
sagittal and vertical growth after the age of
20 years. However, the question of when
growth stopped between the ages of 20 and
46 years remains unanswered. Closure of
the radius epiphyseal/diaphyseal plate is
not a useful indicator of full skeletal growth.
Posttreatment Class II relapse seemed to be
due to an unfavorable maxillomandibular
growth pattern, with insufficient
dentoalveolar compensation, especially
when combined with unstable
interdigitation of the teeth.

Pancherz et al. 2015 [29] Recruitment period: 22 patients
with Class II Division 1 treated with
the Herbst appliance in 1977 and
1978. In 2011 and 2012, they were
recalled.
Trial design: Retrospective.
Measurement methods: TMJ
radiography, clinical examination,
and questionnaire.

The first 14 (12 men, 2 women) patients
from a sample of 22 with Class II
Division 1 malocclusions consecutively
treated with the banded Herbst
appliance.
Mean age (y): T1: 12.5; T2: 14.3; T3:
20.4; T4: 46.1.
The subjects were re-examined after
therapy at the ages of 20 years and
46 years. Examinations were analyzed
before (T1) and after (T2) treatment,
and at 6 years (T3) and 32 years (T4)
after treatment.

There were signs of osteoarthritis in one
patient 6 years after Herbst therapy. At the
32-year follow-up, two additional patients
had developed signs of osteoarthritis. At the
6-year follow-up, TMJ clicking was present
in two patients, although none of them
reported TMJ pain. At the 32-year follow-
up, six patients had TMJ clicking and one
patient had TMJ pain.

Their very long term follow-up study after
Herbst therapy revealed only minor TMJ
disorders. TMJ findings 6 years and 32 years
after Herbst treatment corresponded to
those observed in the general population.
Thus, in the very long term, the Herbst
appliance does not appear to be harmful to
the TMJ.
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Bock et al. 2016 [30] Recruitment period: Systematic
electronic search strategy
conducted in two main databases
for literature published until
December 2013.
Trial design: Systematic review and
meta-analysis.
Measurement methods: Dental cast
and cephalometric analyses.

Inclusion criteria: the articles had to
contain clear data on the following:
Class II malocclusion with a fixed
functional appliance (>5 patients),
posttreatment period �1 year,
assessment of ANB angle, Wits
appraisal, molar relationship, soft tissue
profile convexity excluding the nose,
and overjet and/or overbite.
The literature search revealed 20
scientific publications.

The mean values for post-Tx relapse
(percentages relative to the Tx changes)
were as follows: ANB angle 0.2� (12.4%),
Wits appraisal 0.5 mm (19.5%), sagittal
molar relationship 1.2 mm/0.1 cusp widths
(21.8%/6.5%); soft tissue profile convexity
excluding nose less than 0.1� (1.0%), overjet
1.8 mm (26.2%), overbite Class II:1 1.4 mm
(44.7%), overbite Class II:2 1.0 mm (22.2%).

The scientific evidence concerning the
stability of treatment outcomes is
nonexistent for most fixed functional
appliances for Class II correction except for
Herbst appliance treatment. Even if
evidence obtained from most of the
selected studies is rather low, good
dentoskeletal stability without clinically
relevant changes was found for most
variables.

Fonçatti et al. 2017 [31] Recruitment period: Not reported.
Trial design: Retrospective.
Measurement methods:
Cephalometric analysis.

All 24 (11 male, 13 female) patients
were treated with Jasper jumper
associated with fixed appliances for a
mean period of 2.33 years. The mean
initial age of the patients was
12.46 years, and the mean final age was
14.79 years. The mean age at the long-
term posttreatment stage was
21.98 years. The mean long-term
posttreatment period was 7.19 years.
The control group comprised 15
subjects with normal occlusion.

Most dentoalveolar changes obtained with
Jasper jumper followed by fixed appliances
during treatment remained stable in the
long term. However, apical base
relationship, maxillary incisor
anteroposterior position, and overjet
demonstrated significant relapses in
relation to the control group.

Active retention time should be increased in
the posttreatment period.

Bock et al. 2018 [32] Recruitment period: Not reported.
Trial design: Retrospective.
Measurement methods: Dental cast
analysis.

Class II Division 1 patients who had
received Herbst-MBA Tx and whose
active Tx was completed at least
15 years ago.
52 patients (28 male, 24 female).
Mean age: T0 ¼ 12.8; T1 ¼ 15.3; T2 ¼
17.8; T3 ¼ 33.6.
Data were compared with 31 untreated
Class I controls.

In the pretreatment period, the following
mean parameter values were found: PAR ¼
27.2, Class II MR ¼ 0.7 cusp widths,
overjet ¼ 8.2 mm, and overbite ¼ 4.1 mm.
After treatment, the PAR index was 3.4. A
Class I MR with normal overjet (2.3 mm)
and overbite (1.3 mm) was observed. At
recall, there was a mild increase to 8.2
points in the PAR index; this was mainly
due to increased overjet and overbite values
(3.6 and 2.8 mm), while the MR was stable.

Class II Division 1 correction showed very
good long-term stability. Although mild
changes occur in the posttreatment period,
the long-term outcome is similar to that of
untreated Class I controls. When evaluating
these changes, however, it must be taken
into account that 21 of the 52 study
participants still wore fixed lower canine-
to-canine retainers at T3 and no
information on the underlying skeletal
growth changes was available. Also, the
final PAR index was 4.9 points lower in
patients with retainers still in place at the
follow-up when compared with those
without retainers.

Bock et al. 2018 [33] Recruitment period: Not reported.
Trial design: Retrospective.
Measurement methods: Dental cast
analysis.

Class II Division 2 patients who had
received Herbst-MBA Tx and whose
active Tx was completed at least
15 years ago.
20 patients (12 male, 8 female).
Mean age: T0 ¼ 13.5; T1 ¼ 15.7; T2 ¼
17.6; T3 ¼ 33.9.
Data were compared with historical
untreated Class I controls.

Mean pretreatment values at the age of
14.4 years showed the following: PAR ¼
15.0, Class II MR ¼ 0.8 cusp widths, and
overbite ¼ 5.3 mm. After treatment, a PAR
index of 2.9 and a super Class I MR (�0.1)
with normal overbite (1.2 mm) were
observed. At recall, the PAR index increased
by 5.9 points, mainly because of a 2.5-mm
increase in overbite. The average MR
remained Class I. The untreated controls
exhibited similar findings for all variables.

The occlusal outcome of Class II Division 2
Herbst-MBA treatment exhibited very good
long-term stability. Although mild
posttreatment changes occurred, the long-
term findings are similar to those of
untreated Class I controls.

ANB, angle formed by the intersection of lines from points A and B to point N (Nasion); SNB, angle formed by the intersection of lines from points S (Sella) and B to point N (Nasion); ML/NSL, mandibular line/Nasion sella line;
MBA, multibracket appliance; MR, molar relationship; PAR, peer assessment rating; TMJ, temporomandibular joint; Tx, treatment.
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be used to "construct occlusion instead of destroying it”; and 3)
changes resulting from normal craniofacial growth can alter the
outcomes of orthodontic treatment.

Functional appliances have been used in orthodontics for more
than 100 years and they have become quite popular worldwide [5].
The effect of fixed and removable functional appliances on the
treatment of Class II malocclusion has been extensively investigated
in recent decades [6e9]. Many studies [10e12] have sought to
elucidate whether appliances manage to stimulate mandibular
growth. Nevertheless, the lack of longitudinal studies on the sta-
bility of this treatment is rather intriguing.

Perhaps, we might even have an explanation to the paucity of
long-term research into fixed functional appliances, given that their
predecessor, the Herbst appliance, was reintroduced in 1979 [13],
and since then, there have been variations of this appliance. Forsus,
one of the most widely used appliances nowadays [14], was devel-
oped in 2002 [15] and has not had long-term assessments so far.

To fully understand the real effects of functional appliances on
the growth of the jaws and profile, it is essential to study these
effects at the completion of patient growth, when biases and con-
founding factors due to natural craniofacial changes become less
impactful [16]. Considering that the long-term stability of treat-
ment outcomes is key to successful orthodontic treatment, the aim
of this narrative review was to summarize the available related
evidence that has been published. Unfortunately, a systematic re-
view was not advisable at this moment because of the small
number of related publications and also because of major meth-
odological problems among them. In this sense, this narrative re-
view could be considered an attempt to answer various clinically
relevant questions rather than a specific question. Systematic re-
views are better suited to answer one specific narrow clinical
question.

2. Narrative review

Assessment of the literature on the stability of Class II correction
with functional appliances revealed a paucity of studies. Tables 1
and 2 present some longitudinal studies on removable and fixed
functional appliances for Class II malocclusion correction. Our
intention at first was to select articles that evaluated patients
treatedwith functional appliances during their growth and reassess
them after the age of 20 years (i.e., articles that assessed patients
several years after the end of their craniofacial growth); however,
while searching for published articles on this topic, we realized
there were very few articles that met this criteria. Therefore, we
decided to also consider articles that provided important infor-
mation on longitudinal assessments, even if they did not meet our
criteria.

Our overall question was: Why only assess longitudinal studies
that consider treatment stability only after the age of 20 years?

Postpubertal growth has shown to produce dramatic alterations
in aging in the craniofacial complex and it does not fully stop soon
after puberty. According to Pancherz et al. [28], many clinicians
consider the age of 20 years to be an indicator of completed skel-
etofacial growth. Nevertheless, skeletofacial growth still occurred
in their patients [28] from 20 to 46 years; however, this publication
could not verify exactly when that growth had actually taken place.
Was growth distributed over the whole period, or did it only occur
at the beginning of the period? In untreated subjects, Behrents [34]
observed remaining skeletofacial growth after the age of 25 years in
50%, after 30 years in 24%, after 35 years in 9%, and after 40 years in
4% in the subjects he screened. Pecora et al. [35] found that growth
continues up to middle adulthood (47 years), with different pat-
terns between male and female individuals. Male individuals show
anterior rotation of the mandible, whereas female individuals
demonstrate posterior mandibular rotation. Although the changes
after adolescence are smaller than those during adolescence, the
accumulation of these changes throughout life results in facial
features that one can normally associate with orthodontic and or-
thopedic relapse.

The lack of longitudinal studies on functional appliances was
also highlighted by Cacciatore et al. [16] in a recent systematic re-
view. They analyzed data at two primary time points (older than
18 years and at the end of the growth period according to the
Cervical Vertebral Maturation method) and at a secondary time
point (at least 3 years after retention). Eight nonrandomized studies
were included. The whole observational periods of included trials
ranged from 4.7 to 10.2 years. They concluded that Class II func-
tional appliances may be effective in correcting skeletal Class II
malocclusion over the long term; however, the quality of the evi-
dence was very low and the assessment of the clinical significance
of the identified changes was minimal.

Comparison with normal expected craniofacial growth was
another hindrance in the assessment of articles. Some used ceph-
alometric measurements, whereas others used superimposition.
Some articles did not have a control group and others included
historical groups. Although historical control groups may present
limitations, the use of historical controls was necessary because of
the lack of ethical rationale to leave Class II patients untreated
during a long-term observation interval. However, it is still possible
to make some inferences about what has been published.

The Herbst appliance is the only fixed appliance that has been
actually assessed longitudinally by Pancherz et al. [26e29,36]. They
published a series of five articles describing the long-term changes
that occurred in the first 14 patients from a sample of 22 with Class
II Division 1 malocclusions consecutively treated with the banded
Herbst appliance at ages 12 to 14 years. The subjects were reex-
amined after therapy at the ages of 20 years and 46 years. Exami-
nations were analyzed before (T1) and after (T2) treatment, and at
6 years (T3) and 32 years (T4) after treatment. However, no un-
treated controls were used for comparison, and most of those pa-
tients did not have any further treatment other than just 6 months
of mandibular bite jumping eventually followed by a period of
activator appliance for retention purposes for 2 to 4 years.

Regarding removable appliances, only the Bionator and Acti-
vator have been investigated more consistently. The Fränkel
appliance has also been assessed longitudinally by several authors,
but patients have not been evaluated after the age of 20 years.

Curiously enough, Twin Block has not been evaluated in more
robust longitudinal studies. Many short-term studies have been
conducted, but none have assessed patients after the second decade
of life.

Based on this review (Tables 1 and 2), wewill try to answer a set
of clinically relevant questions.

3. Is the long-term growth of the maxilla and mandible
different after functional treatment compared with that of
equivalent untreated controls?

It was identified that FR-2 [19,20], Bionator [21,22], and Jasper
Jumper [31] had a minor or no long-term restraining effect on the
position of the maxilla. Pancherz et al. [28] observed anterior
maxillary growth (3.0 mm) 6 years after treatment with the Herbst
appliance in patients aged 14 to 20 years. In the subsequent
26 years (patients aged 20 to 46 years), the maxilla grew 3.1 mm
anteriorly.

Freeman et al. [19] and Angelieri et al. [20] used FR-2 and re-
ported an increase in mandibular length by 3.0 mm and 3.7 mm,
respectively, and Pavoni et al. [22] and Malta et al. [21] assessed
Bionator and noted an increase inmandibular length by 5.5mm and
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3.3 mm, respectively, when compared with normal craniofacial
growth. Pancherz et al. [28] observed that patients treated with the
Herbst appliance had an anterior mandibular growth of 6.1 mm at
6 years after treatment (ages of 14 to 20 years). In the subsequent
26 years (ages 20 to 46 years), there was an anterior mandibular
growth of 2.8 mm, but such growth was not different from the one
observed in Class I patients [34]. However, other authors found
different results. DeVincenzo [17] with Activator, Pavoni et al. [22]
with Bionator when treatment was performed and completed
before puberty, and Fonçatti et al. [31] with Jasper Jumper found no
additional increase in long-term mandibular length, when they
compared their results with the control groups.

Therefore, it may be summarized that in those years that follow
the treatment with functional appliances, the maxilla and the
mandible do growanteriorly, with themandible growingmore than
the maxilla, but there is a large variation in the magnitude of those
changes. Also, longitudinal growth of the maxilla and of the
mandible does not seem to differ after treatment with functional
appliances when compared with untreated controls.

4. Is Class II treatment with functional appliances stable in
the long term considering occlusal relationships and teeth
alignment?

Several studies reviewed herein used the PAR index to assess the
stability of occlusal changes after treatment with functional appli-
ances. Examples are Ferrazzini [18] with Activator (T0 ¼ 14.3, T2 ¼
3.65; T20¼ 6.72), Jungbauer et al. [23] with Bionator (T0¼ 18; T1¼
6.5; T2 ¼ 12), Oliver et al. [25] with Twin Block (T1 ¼ 39.91; T2 ¼
7.50; T3 ¼ 11.94), Bock et al. [32] with Herbst (T0 ¼ 27.2; T1 ¼ 3.4;
T3 ¼ 8.2), and also Bock et al. [33] with Herbst (T0 ¼ 15; T1 ¼ 2.9;
T3 ¼ 5.9). Their results suggest that most of the changes obtained
during treatment were maintained for several years.

The relapse of anterior crowding was also evaluated (in milli-
meters) by some authors. Ferrazzini [18] with Activator (T0 ¼ 1.33,
T1¼0.88, T20¼ 2.05), Jungbauer et al. [23] with Bionator (T0¼ 2.3;
Fig. 1. Patient treated with a Herbst appliance with stainless steel crowns on the maxillary
treatment; T2 ¼ immediately after Herbst appliance placement; T3 ¼ at the end of fixed a
T1 ¼ 2.0; T2 ¼ 3.7), Keski-Nisula et al. [24] with Eruption Guidance
Appliance (T1¼35%; T2¼ 2%; T3¼ 14%), and Pancherz and Bjerklin
[27] with Herbst (T1 ¼ 3.4; T2 ¼ 3.0; T3 ¼ 4.1; T4 ¼ 5.1). In general,
there was an increase in lower incisor irregularity after the long-
term follow-up.

Considering molar relationship, Jungbauer et al. [23] with Bio-
nator, Keski-Nisula et al. [24] with Eruption Guidance Appliance,
Oliver et al. [25] with Twin Block, and Pancherz et al. [26] and Bock
et al. [32,33] with Herbst treatment noted that first molar rela-
tionship significantly improved after treatment and remained
reasonably stable in the long term.

In summary, the occlusal outcome of Class II functional treat-
ment mostly exhibited long-term stability. Although mild post-
treatment changes occurred, they were most likely due to
physiological aging processes and were not likely associated with
treatment relapse. Long-term retention in the lower jaw would be
particularly beneficial for maintaining overjet, overbite, and align-
ment stability.

5. What factors influence the stability of functional Class II
treatment?

Oliver et al. [25] studied the Twin Block appliance followed by
preadjusted edgewise appliances and tried to identify what factors
influenced their stability. They used logistic regression and did not
identify any factors that significantly influenced posttreatment
changes; however, there was a weak association with change in
overjet.

Overall, like other orthodontic treatment modalities [37], the
use of functional appliances for Class II correction does not guar-
antee alignment stability over the long term. Class II molar and
overjet relapses can be explained by a combination of tooth
movement (upper teeth inclined forward and lower teeth inclined
posteriorly) and an unfavorable posttreatment maxillomandibular
growth pattern, especially when combined with unstable inter-
digitation of the teeth [28]. A stable occlusion with good
first molars and a removable mandibular occlusal coverage acrylic splint. T1 ¼ before
ppliance treatment (age 14); T4 ¼ 17 years after treatment (age 31).



Fig. 2. Patient treated with cantilever Herbst appliance. T1 ¼ before treatment; T2 ¼ immediately after Herbst appliance placement; T3 ¼ at the end of fixed appliance treatment
(age 15); T4 ¼ 5 years after treatment (age 20).
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intercuspation in the posterior arches will likely preserve a Class I
occlusion after treatment by dentoalveolar compensatory mecha-
nisms [38] (Figs. 1-4).

6. Is permanent retention indicated?

Deterioration in mandibular incisor alignment during the sec-
ond, third, and fourth decades of life has been reported in several
Fig. 3. Patient treated with Bionator. T1 ¼ before treatment; T2 ¼ at the end of Bionator t
treatment (age 31).
studies of untreated subjects [39,40] and in subjects with previous
orthodontic treatment followed through retention periods [41].
Such changes are now recognized to be a normal rather than an
exceptional occurrence throughout life.

Several studies assessed in this review revealed a relapse of
incisor alignment after the long-term follow-up, which was most
likely associated with a significant decrease in both lower arch
perimeter and intercanine width. Long-term changes were most
reatment; T3 ¼ at the end of fixed appliance treatment (age 14); T4 ¼ 18 years after



Fig. 4. Patient treated with Bionator. T1 ¼ before treatment; T2 ¼ immediately after Bionator placement; T3 ¼ at the end of fixed appliance treatment (age 16); T4 ¼ 20 years after
treatment (age 36).
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likely due to physiological aging processes and were not likely
associated with functional appliance treatment, as they also
occurred in Class I subjects.

Thus, the use of fixed retention in the lower arch [42] or in both
arches [43], and part-time use of an upper removable retainer
could be used to prevent relapse, as also used in other treatment
modalities. Considering the lack of high-quality evidence about
the stability of corrections with removable and fixed functional
appliances, our retention approach will be strongly influenced by
our own clinical experience and expertise with different retainers,
as well as by patients’ values, expectations, and circumstances
[44,45].

In summary, the relapse of dental changes after treatment with
functional appliances could be prevented with fixed retainers on
the upper and lower anterior teeth andwith removable retainers on
the upper arch. No specific intermaxillary retention approach has
been proven to be consistently effective yet.
7. Are patients treated with functional appliances more likely
to develop temporomandibular joint disorder over the long
term?

Many short-term studies [9,46] have been conducted on the
effect of functional appliances on the temporomandibular joint
(TMJ), assessing the shape and position of the condyle, of the fossa,
and of the articular disc; however, few studies have carried out a
long-term assessment. Moreover, there is little information linking
functional appliances to the development of temporomandibular
disorders, especially in the long run.

In the only long-term study that assessed this, Pancherz et al.
[29] found signs of osteoarthritis in one patient 6 years after Herbst
therapy. In the 32-year follow-up, two additional patients had
developed signs of osteoarthritis. In the 6-year follow-up, TMJ
clicking was present in two patients, although none of them re-
ported TMJ pain. In the 32-year follow-up, six patients had TMJ
clicking and one patient had TMJ pain. Pancherz et al. [29]
concluded that very long term follow-up study after Herbst therapy
revealed onlyminor TMJ disorders and these findings corresponded
with those observed in the general population.

It would be interesting to know whether there is any difference
in the effects on the TMJ in the long term, comparing removable
functional appliances with fixed appliances. Among fixed appli-
ances, it also would be interesting to assess whether there is any
difference between rigid appliances (e.g., Herbst and MARA) and
hybrid appliances (e.g., Forsus and PowerScope). According to Arici
et al. [47], in the treatment with rigid fixed appliances, such as
Herbst and MARA, the condyle cannot return to its seated position,
whereas the Forsus nitinol flat spring (or the Forsus fatigue-
resistant spring), a flexible fixed appliance, allows the patient to
function in centric occlusion. This suggests that the use of Forsus
appliance might enable better posttreatment condylar reposition-
ing [9].

In summary, it appears that patients treated with functional
appliances are not likely to develop TMJ disorders over the long
term that differ from those observed in the general population.
8. Clinical implications and future research

Given that mandibular growth is larger than that of the maxilla
from the end of adolescence and that, in general, molar relationship
correction by functional appliances is stable, we do not believe it is
necessary to use long-term active retention with a removable
functional appliance or with an extraoral appliance. Retention
should be aimed at avoiding undesirable tooth movements. On the
other hand, active retention [48,49] would be used to move the
teeth thatmay not have finished in an ideal position. An Activator or
a Bionator appliance could be indicated as active retainer if an
occlusal correction of more than 3 mm is necessary, as in the case
without full correction of Class II malocclusion, if strong interdigi-
tation was not attained or if relapse occurred during the fixed
appliance follow-up treatment [3].
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The timing of skeletal correction appears to influence skeletal
and tooth movements but not the stability of these movements per
se. Therefore, as far as long-term stability is concerned, there is no
difference in whether the patient is treated before or during the
pubertal growth spurt.

In addition, more robust longitudinal studies on the effect of
different functional appliances on Class II malocclusion treatment
should be done. Randomized controlled trials (RCTs) comparing
treated patients with untreated subjects (not historical controls)
should be carried out. But because of significant attrition, partici-
pation 10 years after the RCTs are completed, expecting to have
meaningful long-term samples from RCTs is utopic. Well-conducted
retrospective cohort studies are needed for long-term assessment.
Proper matching of initial malocclusion characteristics is essential
in those cases.

The issue of long-term follow-up of untreated cases is contro-
versial. At the same time, not every malocclusion is treated.

A consensus should be reached on the clinically important
measurements to be used for inclusion in the study and assessment
of the effects. Few linear measurements to evaluate the position of
the maxilla andmandible, and the relationship between these jaws,
seem to be more appropriate [16]. We also suggest comparing
different retention methods for this type of treatment. Consider-
ation of patient-oriented outcomes is also paramount.
9. Conclusions

1. Longitudinal growth of the maxilla and of the mandible does
not seem to differ after treatment with functional appliances
when compared with untreated controls (low level of
certainty).

2. Skeletal corrections achieved with removable or fixed func-
tional appliances seem to be overall stable in the long term.
Dentoalveolar relapse is more frequent and very similar towhat
occurs with other types of orthodontic treatment (low level of
certainty).

3. Class II molar and overjet relapses can be likely explained by a
combination of toothmovement (upper teethmoved anteriorly
and lower teeth moved posteriorly) and an unfavorable post-
treatment maxillomandibular growth pattern, especially when
combined with unstable interdigitation of the posterior teeth
(low level of certainty).

4. Relapse of dental changes after treatment with functional ap-
pliances could be prevented with fixed retainers on the upper
and lower anterior teeth and with removable Hawley appli-
ances or vacuum-formed retainers on the upper arch. No spe-
cific intermaxillary retention approach has been assessed yet
(low level of certainty).

5. The scarce longitudinal studies performed so far suggest that
patients treated with functional appliances are unlikely to
develop TMJ disorders (low level of certainty).

6. Information on the longitudinal assessment of the effect of
functional appliances on soft tissue profile is still lacking. Pa-
tient important outcomes, such as perceived attractiveness,
self-esteem, and oral healtherelated quality of life, should be
assessed as well.
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