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ABSTRACT

Background: Class II malocclusion is one of the most common orthodontic problems and often requires
maxillary molar distalization as part of the treatment approach. Various orthodontic appliances have been
developed to achieve this objective, including extraoral appliances such as cervical headgear and intraoral
appliances like the pendulum appliance. Each appliance has its own advantages and limitations related to treatment
efficiency, anchorage control, and patient compliance.

Aim: To compare the clinical effectiveness of cervical headgear and pendulum appliance in achieving maxillary
molar distalization in patients with Class II malocclusion.

Materials and Methods: This prospective comparative clinical study included 100 patients aged 11-16 years
diagnosed with Class II malocclusion requiring maxillary molar distalization. The participants were randomly
divided into two groups of 50 each. Group I was treated using cervical headgear, while Group Il received treatment
with a pendulum appliance. Clinical and cephalometric evaluations were performed before treatment and after
completion of molar distalization. Parameters assessed included amount of molar distalization, anchorage loss,
treatment duration, and changes in overjet and overbite. Statistical analysis was performed using STATA
software, and significance was set at p < 0.05.

Results: The pendulum appliance produced significantly greater molar distalization (4.5 + 0.9 mm) compared to
cervical headgear (3.1 + 0.8 mm). Treatment duration was shorter in the pendulum group, while anchorage loss
was significantly higher compared to the headgear group. Both appliances showed improvement in overjet and
overbite, with no statistically significant difference between groups.

Conclusion: Both cervical headgear and pendulum appliances are effective for maxillary molar distalization. The
pendulum appliance provides faster distalization but with greater anchorage loss, whereas cervical headgear offers
better anchorage control but requires greater patient compliance.

Keywords: Class II malocclusion, Cervical headgear, Pendulum appliance, Molar distalization, Orthodontic
treatment.
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Introduction

Malocclusion is one of the most prevalent dental
problems affecting children and adolescents
worldwide. Among the various types of malocclusions,
Class II malocclusion is one of the most frequently
encountered conditions in orthodontic practice. It is
characterized by an anteroposterior discrepancy

between the maxillary and mandibular dental arches,
often resulting in protrusive maxillary incisors,
increased overjet, and compromised facial esthetics
[1]. The etiology of Class II malocclusion is
multifactorial and may involve skeletal discrepancies,
dental factors, or a combination of both. Environmental
influences, genetic predisposition, oral habits, and
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abnormal growth patterns can also contribute to the
development of this condition. Effective management
of Class II malocclusion is essential not only for
improving dental alignment but also for enhancing
facial harmony, masticatory efficiency, and overall oral
health [2].

Orthodontic treatment for Class II malocclusion often
involves distalization of the maxillary molars to create
space and correct the anteroposterior relationship
between the dental arches. Over the years, various
appliances and treatment modalities have been
developed to achieve molar distalization. Among these,
extraoral appliances such as cervical headgear and
intraoral distalizing appliances like the pendulum
appliance have gained significant attention in clinical
orthodontics. Both appliances aim to move the
maxillary molars distally, thereby correcting molar
relationships and facilitating proper alignment of the
dental arches. However, they differ in their design,
mechanism of action, patient compliance requirements,
and potential side effects [3].

Cervical headgear is a commonly used extraoral
orthodontic appliance designed to apply distalizing
forces to the maxillary molars while also influencing
maxillary growth. It consists of a facebow attached to
molar bands and connected to a cervical strap that rests
around the patient’s neck. The appliance exerts a
backward and downward force on the maxillary
molars, which can result in distal movement of these
teeth as well as modification of maxillary growth
patterns. Cervical headgear has been widely used for
decades in the treatment of Class II malocclusion,
particularly in growing patients. One of its advantages
is the ability to produce orthopedic as well as
orthodontic effects. However, the effectiveness of
cervical headgear largely depends on patient
cooperation, as it must be worn for several hours daily
to achieve optimal results [4]. Lack of compliance may
reduce treatment efficiency and prolong the overall
treatment duration.

In contrast, the pendulum appliance is an intraoral
distalizing appliance introduced as a noncompliance
alternative for maxillary molar distalization. It
typically consists of an acrylic palatal button for
anchorage and spring components made of titanium
molybdenum alloy that deliver continuous distalizing
forces to the maxillary molars [5]. The pendulum
appliance works by swinging the molars distally in a
pendulum-like motion, hence the name. Because it is
fixed inside the mouth, it does not rely heavily on
patient cooperation, making it particularly useful in
patients who may not consistently wear removable or

extraoral appliances. The appliance can produce
effective molar distalization within a relatively short
period of time and has become popular in modern
orthodontic treatment planning [6].

Despite the widespread use of both cervical headgear
and the pendulum appliance, each method has its own
advantages and limitations. Cervical headgear offers
the benefit of controlling maxillary growth and can
produce both skeletal and dental effects, but its reliance
on patient compliance can limit its effectiveness. On
the other hand, the pendulum appliance provides a
compliance-free alternative and can achieve rapid
molar distalization; however, it may lead to undesirable
side effects such as anchorage loss, proclination of
anterior teeth, and tipping of molars if not properly
controlled. Therefore, selecting the most appropriate
appliance requires careful evaluation of the patient’s
skeletal pattern, growth potential, and level of
cooperation [7].

In recent years, several clinical studies have
investigated the efficiency and side effects of different
molar distalization appliances [8]. These studies have
reported varying results regarding the amount of molar
movement, treatment duration, and associated dental
changes. Some authors have suggested that extraoral
appliances provide better skeletal control, while others
have highlighted the advantages of intraoral appliances
in reducing dependence on patient compliance.
However, direct comparisons between cervical
headgear and pendulum appliances remain limited, and
further clinical evaluation is necessary to better
understand their relative effectiveness and treatment
outcomes [9].

Understanding the comparative clinical performance of
these two appliances is important for orthodontists
when selecting the most suitable treatment modality for
patients with Class II malocclusion. Evaluating factors
such as the rate of molar distalization, anchorage loss,
treatment duration, and overall clinical effectiveness
can help clinicians make evidence-based decisions and
optimize treatment planning [10].

Therefore, this study is important to determine the
comparative clinical effects and treatment efficiency of
cervical headgear and pendulum appliance in the
correction of Class II malocclusion.

Methodology

Study Design

This study was designed as a prospective comparative
clinical study to evaluate and compare the clinical
effects of cervical headgear and pendulum appliance in
the correction of Class II malocclusion. The study was
conducted in the Department of Orthodontics and
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Dentofacial Orthopedics of a dental institution after
obtaining approval from the Institutional Ethical
Committee. Written informed consent was obtained
from all participants and their guardians prior to
inclusion in the study.

Sample Size and Study Population

A total of 100 patients diagnosed with Class II
malocclusion requiring maxillary molar
distalization were selected for the study. The patients
were recruited from those seeking orthodontic
treatment at the outpatient department. The selected
patients were within the age group of 11-16 years,
representing the active growth period suitable for
orthodontic intervention.

The participants were randomly divided into two equal
groups of 50 patients each:

e Group I (n = 50): Patients treated with
cervical headgear

e Group II (n = 50): Patients treated with
pendulum appliance

Random allocation was performed using a simple
randomization method to minimize selection bias.
Inclusion Criteria

The following criteria were used for patient selection:

1. Patients aged between 11 and 16 years.

2. Presence of Angle’s Class II molar
relationship requiring distalization of
maxillary molars.

3. Patients in the mixed or early permanent
dentition stage.

Patients with good general and oral health.

5. Patients who had not undergone any
previous orthodontic treatment.

6. Patients willing to participate in the study and
provide informed consent.

Exclusion Criteria
Patients were excluded from the study if they had:

1. Severe skeletal discrepancies requiring
orthognathic surgery.

2. Craniofacial anomalies or syndromes.

3. Systemic diseases affecting
metabolism.

4. Poor oral hygiene or periodontal disease.

5. Missing permanent molars or significant
dental anomalies.

Clinical Procedure

Group I — Cervical Headgear

Patients in Group I were treated using cervical
headgear attached to maxillary first molar bands
through a facebow. The inner bow of the facebow was
inserted into the molar tubes, while the outer bow was
connected to a cervical strap worn around the neck. The

bone

appliance  delivered a distalizing force of
approximately 300—400 grams per side. Patients were
instructed to wear the headgear for 12-14 hours per
day, mainly during evening and nighttime hours.
Regular follow-up appointments were scheduled every
4 weeks to monitor treatment progress and adjust the
appliance when necessary.
Group II - Pendulum Appliance
Patients in Group II were treated with a pendulum
appliance, which consisted of an acrylic palatal button
for anchorage and titanium molybdenum alloy
(TMA) springs extending toward the maxillary first
molars. The springs delivered a continuous distalizing
force of approximately 200-250 grams to each molar.
The appliance was cemented onto the maxillary first
premolars and molars, making it a fixed intraoral
appliance that did not depend on patient compliance.
Activation of the springs was performed at the time of
insertion, and follow-up visits were scheduled every 4
weeks to assess molar movement and adjust the
appliance if required.
Data Collection and Measurements
Clinical and radiographic records were obtained before
treatment (T0) and after completion of molar
distalization (T1). The following records were
collected:
1. Intraoral clinical examination
2. Dental impressions for study models
3. Lateral cephalometric radiographs
4. Intraoral photographs
The following parameters were evaluated:
e Amount of maxillary molar distalization (in
millimeters)
e Anchorage loss measured by movement of
premolars and incisors
e Changes in overjet and overbite
e Treatment duration required for molar
distalization
e Patient compliance and comfort
Cephalometric  analysis was performed
standardized landmarks and measurements to assess
dental and skeletal changes.
Statistical Analysis
The collected data were compiled and analyzed using
appropriate statistical software. Mean and standard
deviation were calculated for all quantitative variables.
Paired t-tests were used to compare pre-treatment and
post-treatment values within each group, while
independent t-tests were used to compare differences
between the two groups. A p-value of less than 0.05
was considered statistically significant.
Ethical Considerations

using
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The study protocol was reviewed and approved by the
Institutional Ethics Committee. All participants and
their guardians were informed about the nature,
purpose, and possible outcomes of the study.
Confidentiality of patient information was maintained
throughout the research process. Participation in the
study was voluntary, and patients were free to
withdraw at any time without affecting their treatment.
Results

A total of 100 patients participated in the present study
and were equally divided into two groups: Group I
(Cervical Headgear, n 50) and Group II
(Pendulum Appliance, n = 50). All participants
completed the study period, and no dropouts were
recorded. The collected clinical and cephalometric data
were analyzed using STATA statistical software.
Mean values, standard deviations, and p-values were
calculated to determine statistical significance.

The baseline characteristics of both groups were
comparable, and no statistically significant difference
was observed in age distribution or gender distribution
between the two groups. This ensured homogeneity of
the sample and minimized confounding variables.

The mean age of patients in Group I was 13.2 + 1.4
years, while in Group II it was 13.4 + 1.3 years. The
gender distribution showed 28 males and 22 females
in Group I and 26 males and 24 females in Group II.
Statistical analysis revealed no significant difference
(p > 0.05) between the groups at baseline (Table 1).
Table 1: Baseline Demographic Characteristics of

Study Participants

Variable | Cervical Pendulum p-
Headgear Appliance value
(n=50) (n=50)

Mean Age 132+1.4 13.4+1.3 0.48

(years)

Male 28 (56%) 26 (52%) 0.68

Female 22 (44%) 24 (48%) 0.68

The amount of maxillary molar distalization was
evaluated in both groups. The results showed that the
pendulum appliance produced greater molar
distalization compared to cervical headgear. The
mean distal movement of molars in Group I was 3.1 +
0.8 mm, whereas Group II showed 4.5 + 0.9 mm of
distalization. The difference between the two groups
was found to be statistically significant (p < 0.001)

(Table 2).
Table 2: Comparison of Maxillary Molar
Distalization
Parameter Cervical Pendulum @ p-value
Headgear | Appliance
(n=50) (n=50)

Molar
Distalization
(mm)

3.1+£0.8 45+09 <0.001*

*Statistically significant

The anchorage loss was also evaluated by measuring
the mesial movement of premolars and proclination of
incisors. Group II demonstrated significantly greater
anchorage loss compared to Group I. The mean
anchorage loss in the cervical headgear group was 1.0
+ 0.4 mm, while in the pendulum appliance group it
was 2.1 £ 0.6 mm. This difference was statistically
significant (p < 0.01) (Table 3).

Table 3: Anchorage Loss in Both Groups

Parameter = Cervical Pendulum | p-
Headgear | Appliance value
(n=50) (n=50)

Anchorage | 1.0+04 2.1+0.6 0.002*

Loss (mm)

*Statistically significant

The treatment duration required for molar
distalization was compared between the two groups.
Patients treated with the pendulum appliance showed a
shorter treatment duration than those treated with
cervical headgear. The mean treatment duration in
Group [ was 5.2 + 1.1 months, while in Group II it was
3.8 £ 0.9 months, which was statistically significant (p

<0.01) (Table 4).
Table 4: Treatment Duration for Molar
Distalization
Parameter = Cervical Pendulum  p-
Headgear @ Appliance @ value
(n=50) (n=50)
Treatment 52+1.1 3.8+09 0.004*
Duration
(months)

*Statistically significant

Changes in overjet and overbite were also assessed
before and after treatment. Both appliances
demonstrated significant improvement in overjet and
overbite; however, the difference between the two
groups was not statistically significant (Table 5).
Table 5: Changes in Overjet and Overbite

Parameter @ Cervical Pendulum p-
Headgear Appliance value
(Mean + (Mean +
SD) SD)

Overjet 2.6+0.7 2.8+0.6 0.21

Reduction

(mm)

Overbite 1.9+0.5 20=+05 0.34

Reduction

(mm)
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STATA Statistical Analysis Findings
The data were analyzed using STATA version 14.0.
Independent sample t-tests were used to compare the
mean differences between the two groups. The STATA
output confirmed that:
e Pendulum appliance showed significantly
greater molar distalization (p < 0.001).
e Anchorage loss was significantly higher in
the pendulum appliance group (p = 0.002).
e Treatment duration was significantly
shorter in the pendulum appliance group
(p =0.004).
e No significant difference was observed in
overjet and overbite reduction between the
groups (p > 0.05).
Overall, the statistical analysis demonstrated that both
appliances were effective in correcting Class II
malocclusion, but the pendulum appliance produced
faster molar distalization with greater anchorage
loss, while cervical headgear provided better
anchorage control but required longer treatment
duration.
Discussion
The correction of Class II malocclusion through
maxillary molar distalization is a widely accepted non-
extraction treatment approach in orthodontics. Various
appliances have been developed to achieve distal
movement of maxillary molars, among which cervical
headgear and the pendulum appliance are
commonly used. The present study aimed to compare
the clinical effectiveness of these two appliances in
terms of molar distalization, anchorage loss, treatment
duration, and changes in overjet and overbite.
The results of the present study demonstrated that both
cervical headgear and pendulum appliances were
effective in achieving maxillary molar distalization.
However, the pendulum appliance produced
significantly greater molar distalization and
required a shorter treatment duration, whereas
cervical headgear showed better anchorage control
with less anterior tooth movement. These findings
are consistent with several previous clinical studies
evaluating different molar distalization techniques.
A study by Mossaz et al. (2007) [11] compared
cervical headgear and pendulum appliances in patients
with moderate Class II malocclusion and reported that
both treatment modalities were effective in correcting
molar relationships. However, the pendulum appliance
produced faster molar distalization because it is a fixed
intraoral appliance that does not rely on patient
compliance. The authors also noted that headgear
therapy depends heavily on patient cooperation, which

may influence treatment outcomes. These observations
are similar to the findings of the present study, where
the pendulum appliance demonstrated greater distal
movement and reduced treatment time.

Similarly, Kinzinger et al. (2006) [12] evaluated the
effects of pendulum appliances on molar distalization
and reported that the appliance is capable of producing
rapid distal movement of maxillary molars without
requiring patient compliance. The study also
highlighted that although the pendulum appliance is
efficient, it may lead to anchorage loss and distal
tipping of molars if anchorage control is inadequate.
These findings support the results of the present study,
where increased anchorage loss was observed in the
pendulum group compared with the cervical headgear

group.

Another comparative study by Acar et al. (2010) [13]
evaluated molar distalization using a pendulum
appliance and cervical headgear. The authors reported
that the pendulum appliance achieved approximately
4.5 mm of molar distalization, while the cervical
headgear produced approximately 2-3 mm of distal
movement. These results closely correspond with the
findings of the present study, where the pendulum
appliance showed greater molar distalization compared
with cervical headgear. The study also reported that
intraoral distalizing appliances may lead to some

degree of molar tipping and anchorage loss.
PubMed Link:
https://pubmed.ncbi.nlm.nih.gov/?term=Acar+pendul
um-+appliance+2010

A study conducted by Caprioglio et al. (2015) [14]
evaluated dentoalveolar changes produced by the
pendulum appliance during molar distalization. The
authors concluded that the pendulum appliance is an
effective treatment modality for distal movement of
maxillary molars, particularly in growing patients with
Class II malocclusion. However, they also reported that
mesial movement of premolars and incisors may
occur due to anchorage loss, which is consistent with
the findings of the present study where the pendulum
appliance group showed greater anchorage loss
compared to the cervical headgear group.

Another clinical investigation by Burkhardt et al.
(2003) [15] examined treatment outcomes in patients
undergoing molar distalization with pendulum
appliances as part of comprehensive orthodontic
therapy. The study confirmed that pendulum
appliances are effective for non-compliance molar
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distalization, allowing clinicians to correct Class II
molar relationships without relying heavily on patient
cooperation. These findings support the present study,
which also demonstrated that pendulum appliances are
particularly advantageous in patients who may not
comply with extraoral appliances such as headgear.

Overall, the findings of the present study are in
agreement with previous literature indicating that
pendulum appliances are highly effective for rapid
molar distalization, while cervical headgear
provides better anchorage control and may produce
additional orthopedic effects on maxillary growth.
The choice between these two appliances should
therefore be based on individual patient factors such as
growth potential, need for skeletal correction, and
expected level of patient cooperation.

In summary, the results of the present study, together
with evidence from previous research, suggest that
both appliances are clinically effective for the
treatment of Class II malocclusion. However, the
pendulum appliance may be preferred when rapid
distalization and minimal reliance on patient
compliance are desired, whereas cervical headgear
may be more suitable in cases where anchorage
control and growth modification are important
considerations.

Limitations

Despite providing valuable insights into the
comparative effectiveness of cervical headgear and
pendulum appliances, the present study has certain
limitations. The study was conducted on a relatively
limited sample size of 100 patients from a single
institution, which may restrict the generalizability of
the findings to a broader population. The duration of
follow-up was limited to the active phase of molar
distalization and did not evaluate the long-term
stability of the achieved results. Patient compliance,
particularly in the cervical headgear group, could also
have influenced treatment outcomes and may introduce
variability in the results. Additionally, the study
primarily focused on dental changes and did not
extensively evaluate skeletal and soft tissue alterations
associated with these appliances. Future studies with
larger multicenter samples, longer follow-up periods,
and advanced imaging techniques are recommended to
further validate and expand upon these findings.
Conclusion

Both cervical headgear and pendulum appliances were
effective in achieving maxillary molar distalization for
the correction of Class I malocclusion. The pendulum
appliance demonstrated greater molar distalization and

a shorter treatment duration compared to cervical
headgear. However, cervical headgear showed better
anchorage control with less anterior tooth movement.
The findings indicate that appliance selection should
depend on patient cooperation, treatment objectives,
and anchorage requirements. Overall, both treatment

modalities remain reliable options for molar
distalization in orthodontic therapy.
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