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Abstract

Objective: We compared the skeletal effects of postero-anterior facemask (PAF) and func-
tional appliance (FA) therapy in growing patients with Class III malocclusion. Materials
and Methods: A total of 85 patients (mean age 9 ± 0.2 years) were treated with either a PAF
(n = 50) or a FA (n = 35). Pre- and post-treatment cephalometric records were analyzed to
assess sagittal (SNA, SNB, ANB, Wits appraisal) and vertical changes. Treatment outcomes
were compared using Student’s t test for paired samples. Results: PAF therapy produced
significantly greater improvements in the ANB angle (mean increase 4.1◦ vs. 1.7◦) and Wits
appraisal (2.4 mm vs. 0.9 mm) compared to FAs. Vertical control was superior in the PAF
group, which showed a reduction in lower facial height, whereas FA patients exhibited
a slight increase. Conclusions: PAF therapy was more effective than FAs in improving
both sagittal and vertical skeletal relationships in growing Class III patients. Functional
appliances provided only modest skeletal effects, mainly influencing mandibular position.
Early intervention with a PAF should be considered the treatment of choice when maxillary
protraction and vertical control are required.

Keywords: orthodontics appliances; postero-anterior facemask; functional appliance

1. Introduction
Class III malocclusion is characterized by a skeletal and/or dental sagittal discrep-

ancy in the relationship between the maxilla and mandible. It often leads to functional
disturbances and compromised aesthetics [1].

This malocclusion is usually associated with mandibular prognathism or maxillary
hypoplasia or both and can lead to occlusal problems, speech difficulties, and an altered
facial appearance, all of which can have significant psychological and social impacts,
including in growing children [2–5].

In growing patients, an early intervention can yield more favorable outcomes, both in
females and in males: in fact, during growth, the maxilla and mandible are responsive to
orthopedic forces and a correct treatment can lead to a functional and esthetic success [6–9].

There are two main therapeutic approaches that are used to treat Class III maloc-
clusions in growing patients: postero-anterior facemask (PAF) therapy and functional
appliances (FAs) [10,11].

The postero-anterior facemask promotes repositioning of the maxilla in a forward
direction, while simultaneously controlling mandibular growth. It is effective in managing
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Class III malocclusions in growing patients, particularly in those with maxillary deficiency.
This is a skeletal modification of the anterior growth of the maxilla with the use of reverse
traction and a face mask. Mandibular excess has been widely discussed in the literature and
several authors have described the advantages and limits of this skeletal treatment [9–11].

In contrast, Class III functional appliances are designed to alter the position of the
mandible. These appliances work by encouraging mandibular repositioning in response
to the backward functional orthopedic forces applied during therapy. While functional
appliances can produce favorable changes in occlusion and mandibular posture, they tend
to have a more limited effect on the forward positioning of the maxilla: the main action of
these appliances consists of modifying the functional position of the mandible rather than
changing the maxilla [12].

The effectiveness of these two treatment approaches has been widely discussed in
the literature: previous studies suggest that PAF therapy tends to induce more significant
skeletal changes in the maxilla, leading to greater improvements in the sagittal skeletal
relationship. In contrast, functional appliances are often seen as more effective in modi-
fying the dental and mandibular components, but they may be less effective in skeletal
corrections [13,14].

Although both treatments have shown success in treating Class III malocclusion in
growing patients, the comparative effectiveness, particularly in terms of their effects on the
sagittal and vertical dimensions, has not been deeply examined yet [13].

This study aimed to compare the outcomes of two alternative treatment modalities
for Class III malocclusion: functional appliances and facemask therapy. The sagittal and
vertical skeletal changes induced by each treatment modality and the examination of the
role of patient compliance, treatment duration, and post-treatment stability were evaluated.

2. Materials and Methods
This study was conducted on a sample of 85 patients with a mean age of 9 ± 0.2 years

old, presenting a Class III dento-skeletal malocclusion treated at Fondazione IRCCS Ca’
Granda, Ospedale Maggiore Policlinico Milan between January 2023 and August 2024.

In this study, all patients diagnosed with Class III malocclusion were offered therapy
with a postero-anterior facemask.

However, some parents of young patients declined this treatment due to the perceived
invasiveness of the device.

For these patients, an alternative suggestion was made to undergo therapy with a
functional appliance rather than simply waiting for the end of skeletal growth. The FA
used was a customized Class III acrylic (orthodontic laboratory of the Milan Polyclinic,
University of Milan, Milan, Italy) appliance with anterior bite blocks and posterior cupping,
designed to promote mandibular repositioning and discourage anterior functional shifts.
The appliances were constructed according to the design principles of the Frankel III, with
a simplified structure aimed at enhancing comfort and compliance.

Wear instructions included full-time usage (at least 16 h/day), including during sleep,
with removal only during meals and oral hygiene.

This choice formed the basis of the present study. We know that the sample is un-
balanced, as, under similar conditions, the majority of patients underwent therapy with
the postero-anterior facemask. Nonetheless, this study provides an objective comparison,
although with a smaller sample, of the differential effects of the two treatment approaches.

The patients were divided into two treatment groups: 50 patients underwent therapy
with a PAF, while 35 patients opted for functional therapy with a Class III FA.
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The PAF therapy aimed to stimulate corrective maxillary growth and improve the
sagittal relationship between the maxilla and mandible. In contrast, the functional appliance
therapy aimed to modulate the mandibular position without direct traction.

This study was approved by the Research Protocol of the Fondazione IRCCS
Ca’Granda, Ospedale Maggiore Policlinico (Ethical Committee: 7597-Prot. 0015641—
16/02/23).

The study was conducted in accordance with the principles of good clinical prac-
tice (ICH/ISO 14155) and the Helsinki Declaration (2008) [7]. Patients’ parents or their
guardians signed an informed consent form, allowing us to use diagnostic records for
research motivations.

Records consisted of lateral cephalograms obtained before and after therapy of patients
that underwent orthodontic treatment at the Department of Biomedical Surgical and
Dental Sciences.

The inclusion criteria for the study were:

• Diagnosis of Class III dento-skeletal malocclusion.
• Pre- and post-treatment radiographs X rays.
• Age between 8 and 10 years at the start of treatment.
• Adequate cooperation during the treatment.

Exclusion criteria were:

• Lack of complete and correct radiographic documentation.
• Insufficient compliance with treatment protocols.
• Systemic or growth diseases that could influence the results.
• Previous orthodontic treatment.

Treatment efficacy was evaluated using pre- and post-treatment cephalometric lateral
analysis following School of Milan, measuring the following parameters: SNA (angle
between sella-nasion line and nasion-A line), SNB (angle between sella-nasion line and
nasion-B line), ANB (difference between SNA and SNB angles), the distance between point
A and point B on the occlusal plane (Wits appraisal) and the distance between point SNA
and ME [15]. The software used was Ceph Pratic. The lateral projection teleradiographs of
the skull were performed at the radiology department of the Fondazione IRCCS Ca’Granda,
Ospedale Maggiore Policlinico by the same operator.

Measurements were performed using cephalometric software to ensure accuracy and
repeatability and were repeated by two different operators and the average was considered
to minimize individual variability.

Method error was calculated using Dahlberg’s formula to assess measurement reliabil-
ity. Treatment stability was evaluated 12 months after completion.

Significant differences between the groups were analyzed using Student’s t test for
paired samples to compare improvements in cephalometric parameters between patients
treated with postero-anterior facemask and those treated with functional appliances.

The sample size was calculated based on an alpha significance level of 5% and beta
of 20% to achieve 80% of power to detect a mean difference of 2.5 mm with a standard
deviation of 2 mm in Wits appraisal change between pre and posttreatment. The sample
size calculation showed that a sample size of 11 patients was needed.

3. Results
The results of the study demonstrated a statistically significant difference in the

treatment results between the two groups: those treated with the postero-anterior facemask
(PAF) and those treated with the functional appliance (FA).
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The PAF group showed a greater improvement in cephalometric parameters associated
with sagittal correction, especially in the ANB angle and the distance between points A and
B (Figure 1, Table 1). The SNB angle varies more significantly in the FA group.

Figure 1. ANB angle: changes during the treatment. Comparison between the two groups.

Table 1. ANB, SNA, and SNB Angles: changes during the treatment. Comparison between the
two groups.

PAF PAF FA FA

T0 T1 T0 T1

ANB (◦) −1.8 ± 0.3 2.4 ± 0.4 −1.6 ± 0.4 0 ± 0.3

SNA (◦) 77.5 ± 0.2 82 ± 0.3 77.7 ± 0.4 81.4 ± 0.3

SNB (◦) 79.3 ± 0.4 79.6 ± 0.3 79.3 ± 0.1 81.3 ± 0.2

WITS (mm) 0 ± 0.4 2.4 ± 0.3 −0.3 ± 0.3 0.6 ± 0.5

vertical facial height
difference (mm) −1.3 ± 0.7 +0.5 ± 0.2

In fact, the functional appliance therapy aimed to modulate the mandibular position
without direct traction.

The average increase in the ANB angle was 4.1◦ (±1.5), compared to 1.7◦ (±0.8) in the
FA group. Similarly, the Wits appraisal index increased by an average of 2.4 mm (±1.2) in
the PAF group, whereas the FA group showed a lower increase of 0.9 mm (±0.5) (Figure 2).

The statistical analysis confirmed these differences were significant (p < 0.05): the
postero-anterior facemask treatment resulted in a more substantial correction of sagittal
discrepancies.

The changes in the vertical dimension were also evaluated (Figure 3).
The PAF group showed a significant reduction in vertical growth, with a decrease

in lower facial height of 1.3 mm (±0.9), which has the advantage of preventing excessive
vertical growth often seen in Class III cases. The FA group showed a slight increase in the
vertical dimension, with an average increase of 0.5 mm (±0.4).
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Figure 2. Wits appraisal index: changes during the treatment. Comparison between the two groups.

Figure 3. Lower Facial Height: changes during the treatment. Comparison between the two groups.

This difference was statistically significant (p < 0.05), highlighting that the PAF was
more effective at controlling vertical growth, while the FA has a more limited effect on the
posterior maxillary region.

The FA group demonstrated greater intragroup variability in results, especially in
terms of sagittal correction, which may reflect lower patient compliance with appliance use.

4. Discussion
This study aimed to evaluate the effects of PAF and functional therapy with a Class

III functional appliance to treat Class III dento-skeletal malocclusion in growing patients.
(FA) [16,17]. The results indicate that PAF therapy led to significantly greater improvements
in both the sagittal and vertical dimensions compared to the FA group.
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The results obtained underscore the importance of choosing the appropriate treatment
modality based on the severity of the malocclusion, the growth pattern of the patient, and
their ability to comply with the recommended appliance wear. PAF treatment proved more
effective than FA treatment in both sagittal and vertical planes, and also offers greater
long-term stability, making it a preferred option for achieving stronger corrections [16,17].

On the other hand, the FA remains a valuable choice, in particular for patients with
less important discrepancies or those who may not be suitable candidates for the more
intensive PAF therapy. Additionally, the ease of use and comfort of the FA may still appeal
to certain patients.

The increased variability within the FA group, which may be attributable to lower
compliance with appliance use, represents a critical factor in treatment planning, since
reduced adherence could limit the ability of functional appliances to deliver consistent and
durable results.

The FA group showed a higher degree of variability in the clinical outcomes, which
may be linked to inconsistent usage patterns so the facemask, although uncomfortable,
proved to be a more effective option for correcting skeletal class III malocclusions.

Our findings are similar to previous studies that have demonstrated the effectiveness of
PAFs in treating Class III malocclusions, offering significant advancements over functional
appliance therapy [18–20].

The greater correction in the PAF group could be attributed to the more direct me-
chanical forces applied by the facemask, which likely exerted a stronger influence on the
maxilla, promoting forward movement in the sagittal plane.

The results obtained in the vertical dimension suggest that while the FA group shows
some improvements, it may not be as effective in controlling vertical-dimension changes,
which is critical for achieving optimal facial aesthetics in growing patients. Also, these
results are consistent with prior studies that emphasize the ability of the PAF to manage
vertical growth patterns in Class III malocclusion [21].

The importance of patient cooperation is underlined in several studies in the literature,
which may explain why the FA group, despite showing some improvements, experienced
less consistent outcomes [22–24].

The PAF group exhibited a more substantial improvement in the ANB angle and the
sagittal relationship between the maxilla and mandible, which was reflected in the increased
distance between points A and B. These results are aligned with previous studies, which
found similar improvements in sagittal relationships with PAF therapy, confirming that
this method effectively induces maxillary protraction and corrects Class III malocclusions
in growing patients [25].

Consistent with our results, Ngan (1998) demonstrated that postero-anterior facemask
therapy represents one of the most effective modalities for enhancing the sagittal skeletal
relationship, especially when applied at an early stage of growth [26].

According to Baccetti (1998), the combination of a bonded maxillary expander and
facemask therapy yields greater effectiveness when applied during early mixed dentition
than in the late phase, especially with respect to maxillary protraction [27].

In contrast, the FA group showed more modest improvements in sagittal correction
probably because functional appliance primarily works by modifying the position of the
mandible, rather than inducing skeletal changes in the maxilla. The lower correction
of the ANB angle and Wits appraisal in FA group is similar with the result obtained
by some authors, who noted that functional appliances are more effective in modifying
the mandibular position rather than significantly altering maxillary development, thus
resulting in more modest sagittal changes compared to other modalities like the postero-
anterior facemask. The greater variability in outcomes among the FA group, probably due
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to patient compliance, was observed also by previous studies, which reported that the
success of functional appliance therapy is often compromised by inconsistent appliance
wear, leading to less predictable results [28].

As for the vertical dimension, our study indicates that PAF therapy led to a slight
decrease in the vertical growth of the lower facial height, which is often beneficial in
cases of excessive mandibular growth. This reduction in the vertical dimension may stem
from the combined effects of maxillary protraction and mandibular control, both typical
of postero-anterior facemask therapy. Our results are in agreement with previous study,
which discovered that postero-anterior facemask therapy can reduce the vertical dimension,
aiding in the management of excessive vertical growth in Class III patients. In contrast,
the FA group experienced a slight increase in the vertical dimension, with an average rise
in lower facial height [29]. This finding corresponds with previous studies, which noted
that functional appliances often encourage a slight increase in vertical growth due to their
action on the mandible, which may influence the vertical dimension [30].

Both treatments showed positive effects; however, the PAF group exhibited greater
stability over time, experiencing fewer losses in the corrections achieved after treatment.
This increased stability is likely attributed to the more significant skeletal changes brought
about by the facemask therapy, which are less likely to relapse compared to the dental and
soft tissue changes associated with the functional appliance. This finding aligns with Ngan
& Hägg (1998), who observed that the effects of skeletal treatments like PAFs are generally
more stable than those of purely functional therapies, which tend to be more vulnerable to
relapse once treatment ends [26]. Additionally, the enhanced stability of the PAF group is in
line with previous studies, which pointed out that the long-term effects of postero-anterior
facemask therapy are more enduring compared to other non-skeletal treatments [26,30,31].

While no significant complications were noted in either group, the FA group showed
more variability in results, probably because of differences in patient compliance. This
highlights how crucial patient cooperation is for the success of functional therapy [32–36].
The method error analysis validated the reliability of our cephalometric measurements,
and we reduced inter-operator variability by averaging all measurements.

Our study has several strengths. Firstly, it compares two commonly used treatment
methods for Class III malocclusion, providing important insights into their effectiveness
for patients who are still growing [37–40]. The use of pre- and post-treatment cephalo-
metric analysis guarantees that the results are evaluated in an objective and quantitative
manner. Furthermore, examining changes in the vertical dimension is a significant addi-
tion, as this factor is frequently neglected in other research that primarily concentrates on
sagittal correction.

This study also has some limitations. A key limitation is the small number of patients
in the FA group (n = 35), which may restrict the applicability of the findings to a wider
population. Additionally, the patients who opted for functional appliance therapy may
represent a subgroup with distinct characteristics, such as lower compliance or milder
malocclusions, potentially introducing bias into the results. A larger and more balanced
sample size would help address this limitation.

One drawback is the retrospective design of the study, which might introduce selection
bias. The choice to pursue PAF therapy or FA therapy was made by the patients and their
families, potentially leading to confounding factors like personal preferences or the severity
of malocclusion. To overcome these biases and achieve a more robust comparison of the
two treatment modalities, a randomized controlled trial would be necessary.

The follow-up period for the study was relatively short, lasting only 1 year after treat-
ment. A longer follow-up is crucial to evaluate treatment stability of the treatment results
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and to identify any long-term differences between the two groups, especially regarding
relapse or recurrence of malocclusion.

While our study supports the use of postero-anterior facemask therapy as a more
effective and stable treatment option for correcting Class III dento-skeletal malocclusion in
growing patients, particularly when sagittal correction and vertical control are essential
goals, the limitations of the study suggest that further research with larger sample sizes,
longer follow-up periods, and randomized controlled designs is needed to confirm these
findings and to evaluate their long-term stability.

5. Conclusions
Postero-anterior facemask therapy produced greater improvements in sagittal and

vertical skeletal relationships than functional appliance therapy in growing Class III pa-
tients. The PAF was more effective in maxillary protraction and vertical control, while FAs
mainly influenced the mandibular position with more variable outcomes. Although both
approaches can gain positive results, PAFs should be preferred when significant skeletal
correction is required. The choice between a PAF and an FA should be individualized
according to clinical findings, patient motivation, compliance, and family preferences.
Future studies with larger samples and longer follow-up would help to further support
these findings.
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