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to receive a cervical headgear and half to a no-treatment group, using block ran-

gear for 12 hours daily and monitored using an electronic module. After 9 months,
the following dental outcomes were measured: first maxillary molar distalisation,
rotation, tip and torque, arch depth, and interpremolar and intermolar distances.
Caregivers and participants were not blinded to group assighnments, but those as-
sessing outcomes were. Linear regression models were used to detect differences
between groups and correlation coefficients to find correlations between compli-
ance and dental outcomes.

Results: All 40 included patients were analysed. A significant difference in molar
distalisation was observed between the treatment (1.2mm) and control groups
(-0.2mm). Arch depth change was also increased to a larger extent in the treatment
groups (1.3mm vs 0.1 mm), as was the interpremolar distance (1.9 mm vs 0.4 mm).
In contrast, no significant differences in molar rotation or torque change were ob-
served. With regard to compliance, average compliance was 55%. A significant corre-
lation was found between molar distalisation and compliance in the treatment group.
Conclusions: Headgear therapy has significant effects on molar distalisation,
arch depth, and arch width. Compliance has a significant positive effect on molar

distalisation.
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1 | INTRODUCTION

Since its introduction in the field of orthodontics, headgear or ex-
traoral traction therapy has remained a popular option among or-
thodontists™? as a non-invasive extra-oral source of traction aiming
either to distalise maxillary molars in the treatment of Class Il maloc-
clusion, to reinforce anchorage, or to achieve an orthopaedic effect
in Class Il malocclusion treatment. In fact, despite the introduction
of other non-compliance-based methods, headgear appliances are
still considered a popular choice for treating Class Il malocclusions
in children, being used by 62% of North American orthodontists ac-
cording to a survey from a few years ago.3

Meta-analysis data indicate that headgear can be effective in re-
stricting sagittal maxillary growth, distalising maxillary molars, and
reducing overjet.“’7 When worn by patients as instructed, favour-
able results can be achieved, although as with any other removable
appliances compliance is an important requirement for effective
headgear therapy with optimal outcomes.®°

The belief that compliance influences the success of treatment
has pushed clinicians to find ways to objectify this variable.**
Indirect clinical methods of deducing patient compliance, such
as the appraisal of tooth mobility, appliance fitting, evaluation of
space created between teeth or the progress of treatment, and
direct questioning of the patient or parent/guardian remain ques-
tionable.'® For this reason, modern microelectronic modules are
now being used, such as those embedded into removable appli-
ances®® or attached to the headgear.8 One important advantage
of devices that are sensitive to force is that not only can compli-
ance be quantified, but the force exerted on the molars can also be
quantified dynamically over the period of wear.

Results from studies using objective evaluations of compliance,
or adherence to instructions, have provided invaluable results. It has
been seen that when applying light force (approximately 300cN)
as opposed to heavy force (approximately 500cN), patients adhere
better to instructions for headgear wear.’” Interestingly, however,
despite the better compliance in the light-force group, treatment
outcomes were similar.'**> The dental movements in the heavy-
force group, however, were also accompanied by more distal tipping
of the maxillary molars.*

The fact that compliance can now be assessed objectively and
quantified enables one to evaluate the dose-effect relationship be-
tween headgear use and treatment outcome when correcting Class
Il malocclusion, such as molar distalisation, in helping identify a po-
tential threshold for treatment effect. Is there a certain threshold
above which headgear therapy is effective? Answers to this ques-
tion still remain unclear, although the aforementioned studies sug-
gest that applying a higher force requires patients to wear it less
than what would be required with lower forces to achieve similar
outcomes.!* In addition, a further important unanswered question
is whether a dose-effect relationship exists between headgear wear
and treatment outcome, and if so, if this relationship is linear or fol-

lows another more complex trajectory.

To delve deeper into the question of compliance and treat-
ment outcome, the aim of the present study was (i) to use three-
dimensional analytical tools to deepen our understanding of what
happens to the maxillary teeth during headgear treatment and
(ii) to evaluate the effect of compliance, evaluated objectively
with a temperature- and force-sensitive module, on treatment
outcomes on the maxillary dentition following headgear therapy
in growing children with Class Il malocclusion over a nine-month

period.

2 | MATERIALS AND METHODS
2.1 | Trial design

The consolidated standards of reporting trials (CONSORT)
guidelines were adhered to as best as possible in the reporting of
the current clinical trial. The design of the trial was a parallel-group
prospective randomized controlled trial with a 1:1 allocation ratio.
Ethical approval was obtained from the regional ethics committee
(CER 12-250), and no changes to the design of the trial were made
after commencing the trial.

2.2 | Participants

Recruitment of all trial participants took place in the division
of orthodontics of the University Clinics of Dental Medicine,
University of Geneva, Switzerland, from March to December
2016. Eligibility was based on the following inclusion criteria:
subjects 8-12years of age; healthy periodontium; late mixed
dentition; Class Il malocclusion with molars in at least a half-cusp
Class Il relationship on both sides; an overjet of 26 mm; a positive
overbite of 21 mm; an ANB angle of 24 degrees; Wits appraisal of
22mm; and a mandibular plane angle of <32 degrees. Exclusion
criteria were as follows: previous orthodontic treatment; tooth
agenesis; eruption of second permanent molars; a unilateral or
bilateral posterior crossbite; medically compromised patients
or craniofacial anomalies, including cleft lip and/or palate; the
use of regular systemic medication; antibiotic therapy within
the last 6 months; use of anti-inflammatory medication in the
month preceding the study; and a compromised periodontium or
radiographic evidence of bone loss.

A total of 40 patients were selected and then randomly as-
signed to either the experimental or control group, using block
randomization (two blocks of 6 and 2 blocks of 4, with a random
sequence). Randomization was carried out using freely available
online software (randomization.com) by someone not directly in-
volved in patient care. An opaque sealed envelope with the as-
signed group allocation was given to the treating orthodontist
following recruitment of each eligible patient. Blinding during

treatment for the caregivers and participants was not possible;
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however, all evaluations and statistical analyses were performed
fully blinded. Informed consent was obtained from both the sub-
jects and their parent or legal guardian prior to commencing the

trial.

2.3 | Interventions

Interventions involved two parallel groups: a cervical headgear
treatment group and a no treatment (control) group, respectively.
Subjects in the headgear group had bands placed on the maxillary
first permanent molars along with the cervical headgear, and force
levels were consistently adjusted to 250-300 cN. Subjects were
instructed to wear the headgear for 12 hours per day, for a period
of 9months, and patients and parents received the same set of
instructions regarding use. The headgear was equipped with an
electronic temperature- and force-sensitive module (Smartgear,
Swissorthodontics AG, Cham, Switzerland) set to record data
every 15minutes. The triggering range of the force measured
by the sensor was 100-500 cN. All subjects were informed that
their collaboration was being recorded, as previous research has
suggested that this improves compliance. During the nine-month
study period, subjects in the treatment group were seen monthly,
during which time headgear adjustments were carried out along
with a recalibration of the applied force where necessary, and
written reminders on oral hygiene and the use of headgear
were provided. One orthodontist carried out all treatments and
follow-up visits.

The control group received no treatment during the study
period, and commenced treatment subsequent to the 9-month
study period. This was ethically feasible since according to pre-
vious randomized clinical trials, the time point at which Class
Il treatment is started does not influence the efficiency of the
treatment.178

At the end of the nine-month treatment period, recorded
values were exported from the electronic module into an Excel
spreadsheet. Headgear usage was defined when a force reading
of more than zero and a temperature close to the human body
temperature range of 35°C-37°C was registered. Two investiga-
tors independently examined the software outcomes with regard
to compliance, in order to identify possible erroneous values, and
full agreement was reached.

2.4 | Outcomes

No changes to trial outcomes were necessary after trial
commencement. Compliance in the treatment group was calculated
as a percentage of the recommended 12hours per day, with 100%
representing full compliance (12 hours of wear per day).

Tooth movement was measured on digital .stl scans (Trios 3,

3Shape, Copenaghen, Denmark) of plaster casts of the maxillary
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jaw, both in the treatment and control groups, taken at TO (before
treatment or follow-up) and at T1 (after 9 months of treatment or
follow-up). The digital images were superimposed with a dedicated
software (Viewbox, dHAL Software, Kifissia, Greece) on a stable
area including the palatal rugae area and the middle posterior part of
the palatal raphe?? (Figure 2).

Based on the method of Huanca Ghislanzoni et al.,?° the following

measurements were recorded on the TO and T1 scanned plaster casts:

e first molar distalisation (mm): pure sagittal distal displacement
along the occlusal plane;

e first molar rotation (°): positive numbers representing distal
rotation;

e first molar tip (°): positive values representing mesial inclination of
the crown;

e first molar torque (°): positive values representing vestibular
molar crown movement;

e arch depth (mm): the perpendicular distance between a line con-
necting the upper first molars and the contact point between the
two central incisors;

e interpremolar distance (mm): the distance between the maxillary
second premolars (or the first premolar if the second premolars
nor already present) from the vestibular cusp of one premolar to
the contralateral premolar;

e intermolar distance (mm): the distance between the first perma-
nent maxillary molars from the mesiovestibular cusp of one molar

to the contralateral molar.

2.5 | Statistical methods

Sample size was calculated to detect a clinically significant amount
of molar distalisation of 1 mm, with a standard deviation of 1 mm,
an alpha level of .05 and a power of 90%, based on a one-sided test
since it was assumed that the control group would have no molar
movement. One millimiter of distal molar movement with the use
of headgear has been found in a Cochrane meta-analysis.” This
resulted in a required sample of 18 patients per group, and thus
20 patients per group were included to account for any poten-
tial dropouts. Statistical analyses were performed using Statplus
(AnalystSoft Inc., Walnut, California, USA). Mixed-effect linear
regression models with a random effect on the subject of the
treatment group and a nested random effect within the treatment
group were used to determine differences in dental outcomes be-
tween the treatment and control groups. Associations between
compliance and dental movements in the treatment group were
assessed using correlation coefficients. Dental casts for 25 sub-
jects were digitized twice and measurements on the digital dental
casts were performed a second time within a one-month interval,
and systematic error was assessed using paired-sample t tests,
while random method error was calculated using the method of

moments estimator.?!
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v Analysis ]
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(lost to follow-up)

FIGURE 1 Flow diagram representing participant recruitment and flow.

3 | RESULTS
3.1 | Participant flow and recruitment

Forty patients were randomly assigned to the experimental (treat-
ment) or control group (Figure 1). The experimental group consisted
of 11 girls and 9 boys, with a mean age of 10.2+/-1.3years. The
control group was comprised of 13 girls and 7 boys, with a mean
age of 9.4+/-1.2years. Using a Chi-squared test and an independent
sample t test, respectively, differences in sex distribution or age be-
tween the groups were not statistically significant. Baseline dental
and cephalometric characteristics of the two groups were not statis-
tically significant between the two groups. No adverse events were
reported. There were no dropouts in the experimental group, but
one participant in the control group dropped out before the nine-
month study period had ended, as they wished to start orthodontic

treatment earlier.

3.2 | Compliance

Overall, the average rate of compliance was 55% across the 9-month
study period, suggesting usage for only an approximate 6.6 hours of

the recommended 12 hours per day.

3.3 | Dental outcomes

The error of the method assessment revealed the absence of any
significant systematic error, and random error was found to not exceed
0.5mm for linear measurements and 2.8° for angular measurements.
The maxillary first permanent molars of the subjects in the head-
gear treatment group showed an average distalisation of 1.2mm
(95% Cl: —=0.8 mm; 1.5mm), while control subjects showed minor
mesialisation of 0.2mm (95% Cl: -0.2mm; 0.6 mm), with a statis-

tically significant difference of 1.4mm (95% Cl: -1.9mm; 0.8 mm;
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FIGURE 2 Superimposition of digital dental casts on the palatal
rugae area showing before (yellow) and after (blue) moderate
distalisation.
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FIGURE 3 Correlation between compliance and first molar
distalisation in the treatment group. Black squares represent the
right side, while black circles represent the left side.

P<.001) (Table 1). A similar statistically significant difference in
arch depth was also found, with an increase in depth of 1.3mm (95%
Cl: 0.8 mm; 1.9 mm) in the treatment group and only 0.1 mm (95% Cl:
-0.4mm; 0.7 mm) in the control group (P=.005) (Table 1).

In contrast, there were no significant differences in the rota-
tion or torque of the maxillary first permanent molars between the
treatment and control groups (Table 1). Distal tipping of the maxil-
lary first permanent molar of 3.4° (95% Cl: 4.6° dissal tipping; 2.2°
mesial tipping) was observed in the treatment group, while in the

W wiLey-L

control group 0.6° (95% Cl: —=0.7° distal tipping; 1.8° mesial tipping)
of mesial tipping were observed; a statistically significant difference
in crown inclination of 4.0° was thus found (P <.001) (Table 1). Inter-
premolar distance was also significantly different between groups,
with first and second premolars showing widening of +1.9 mm (95%
Cl: 1.4mm; 2.5mm) and+1.4mm (95% Cl: 1.0mm; 1.8 mm) respec-
tively in the treatment group versus +0.4 (95% CI: =0.2mm; 1.0mm)
and+0.3mm (95% Cl: -0.1mm; 0.7 mm) respectively in the control
group (P<.001 and P=.001 respectively) (Table 1). Meanwhile, no
significant differences in intermolar distance were observed be-
tween the treatment and control groups (Table 1).

3.4 | Correlations

Analysis of the effect of compliance on the measured dental
outcomes revealed that only distalisation of the maxillary first
permanent molars was significantly correlated with compliance
(Figure 3), suggesting that more intensive use resulted in more
effective distalisation of these molars. Compliance was not

significantly correlated with any other dental variables measured.

4 | DISCUSSION

The dental and skeletal effects of headgear therapy have been
previously investigated, and meta-analysis results provided results
with regard to linear changes.“’6 One of the purposes of the present
study was to use three-dimensional analytical tools?®?2 to deepen
our understanding of what happens to the maxillary teeth during
headgear treatment. An average molar distalisation of 1.2mm (95%
Cl: -0.8 mm; 1.5mm), coupled with an average arch depth increase
of 1.3mm (95% Cl: 0.8 mm; 1.9 mm) following headgear treatment
was observed. Even though the clinical significance of maxillary
molar distal movements of only 1mm or so remains questionable,
similar results have been found in a recent meta-analysis.”

Interestingly, another important effect of headgear therapy
found in the present study was what is sometimes referred to as the
“lip bumper” effect,?® which was reflected by a significant increase in
the maxillary interpremolar distance (+1.9mm and+1.4mm for the
first and second premolars, respectively). These results are similar
to those reported for the interpremolar distances in the mandibular
arch (range: 2-4mm) when a lip bumper is used.?® Numerous studies
have found similar results with both a wider and longer maxillary
dental arch being measured following headgear use.'>?*?” While
the headgear applies a distally-directed force to the maxillary mo-
lars, the lateral arms of the bow keep the cheeks from resting on the
posterior teeth and thus disrupt the soft tissue equilibrium of forces,
making the effects of the intraoral design of the headgear inner bow
very similar to that of the lip bumper. This increase in the transverse
dimension along with distalisation helps create space in the upper
arch, which can also result in an improvement of moderate crowding
in the maxillary arch.?
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TABLE 1 Differences in clinical variables between the treatment group and control group.

Treatment group (n=20);

Variable mean (+/- SD)

First molar distalisation -1.2 (+/- 1.0)
(mm)

First molar rotation (°) 1.3 (+/- 2.3)

First molar tip (°) -3.4 (+/- 3.6)

First molar torque (°) 1.4 (+/-2.7)

Arch depth (mm) 1.3 (+/- 1.5)

Interpremolar distance 1.9 (+/-1.4)
(4-4)°

Interpremolar distance 1.4 (+/-1.1)
(5-5)

Intermolar distance (6-6) 0.7 (+/-1.7)

Controls (n=19); Mean difference

mean (+/- SD) (95% Cl) P value
0.2 (+/- 0.5) -1.4(-1.9 to -0.8) <.001?
0.5 (+/- 2.0) 0.8 (-0.4 to 2.1) 176°
0.6 (+/- 2.3) -4.0(-5.7 to -2.2) <.001?
2.0 (+/- 3.2) -0.6 (-2.1 to 1.0) 4642
0.1 (+/- 0.8) 1.2 (0.4 t0 2.0) .005°
0.4 (+/- 0.7) 1.5 (0.7 to 2.3) <.001°
0.3 (+/- 0.5) 1.1(0.6t0 1.7) .001°
0.2 (+/- 0.5) 0.5(-0.3t0 1.3) .244b

Note: Values represent the mean difference and standard deviations (SD) for each group individually between T1 (9 months after the start of
treatment) and TO (start of treatment), and the mean and 95% confidence intervals (Cl) for the differences between the two groups.

2Based on a mixed-effect linear regression model with a random effect on the subject of the treatment group and a side nested random effect within

the treatment group.

PBased on a mixed-effect linear regression model with a random effect on the treatment group.

“Data missing for two subjects in the treatment group and four in the control group.

9Data missing for four subjects in the treatment group.

Distal movement of the molars in the treatment group in this
study was not correlated with any significant distal rotation or
torque changes. This might be due to the compensation bends that
were progressively applied to the inner bow of the headgear inserted
into the tubes on the molar band, where a distal rotation and palatal
tip counteracted with compensating bends. Meanwhile, mesio-distal
inclination of the molars changed significantly (distal tipping) by 4.0°
compared to the control group. It is important to note that linear
distalisation is likely also due in part to distal tipping of the crown,
rather than a pure bodily movement, possibly causing unreliable re-
sults in the long term, as shown by Melsen et al.?8 The distal tipping
of the crown is also related to the nature of the force that is applied
below the centre of resistance.

Focusing more on the second aim of the present study, which
was the effects of compliance on these clinical treatment out-
comes, allows one to better understand an area where little is
yet known. Focusing firstly on the extreme values in the present
sample, allows a trend to emerge. In the least compliance subject
(rate of compliance: 15%), a molar mesialisation of 1.3mm was
observed on the left molar, while the subject with the greatest
amount of molar distsalisation, namely 3.9 mm seen on the right
molar, showed very good relative compliance (65% compliance).
After verifying the absence of significant differences between the
right and left molars in the whole sample, both molars were com-
bined, resulting in average values per patient. The greatest aver-
age molar distalisation (of 3.5mm) was observed following 70%
compliance. Having said that however, there were exceptions to
this trend, with one subject with a compliance rate of 60% achiev-
ing close to zero molar distalisation. This brings to light the under-
standing that treatment outcome is dependent on many factors
and not solely on compliance.

In a previous study, patient collaboration was quantitatively
examined,® highlighting the current problems with collaboration.
Overall, in the present study, compliance had a significantly posi-
tive effect on first permanent maxillary molars distalisation, which
is often the primary objective of headgear therapy. An increase in
headgear usage results in greater distalisation, the more the wear
approaches the recommended 12hours of daily use. A correlation
between compliance and clinical outcome therefore exists, support-
ing the notion that the more the headgear appliance is used, the
better the outcome, at least in terms of distalisation. However, as
can be seen in the present sample, the prescribed 12 hours of daily
use is not necessarily required to achieve molar maxillary distalisa-
tion and improvement of the Class Il malocclusion. Whether a mini-
mum threshold exists is not known, but this is probably very patient
dependent.

Generalisability of the present results may be considered good
given the design of the trial. Certain limitations were however pres-
ent. The trial was not registered in a publicly available database
which may give rise to bias, however when the trial was carried out,
this was done much less commonly than if the trial had been carried
out today. What may preclude from a very broad generalisability
of the present results is potential cultural differences with regard
to compliance where children in some cultures may have the ten-
dency to be more compliance with instructions given by the ortho-
dontist. In addition, inherent characteristics of patients that may

potentially influence tooth movement, such as bone density?”3°

31-33 are not considered in

and masticatory muscle characteristics
the analysis. Furthermore, even though age was not significantly
different between the treatment and control groups, the treatment
group was on average 8 months older which could have potentially

had some influence on the results when considering the growth
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spurt. It is also important to note that the present study focused
on the effect of extraoral traction on the maxillary arch only, which
may result in an underestimation of the overall effect of the sagittal
molar correction that also depends on the contribution of mandib-
ular growth. Lastly, the present trial was a short-term study, and it
would be interesting to evaluate long-term results, and consider
the burden of care relative to the final orthodontic outcome. Due
to the loss of patients following the 9-month study period, how-
ever, this did not permit longer-term follow-up of patients until the
end of their comprehensive orthodontic treatment.

The systematic use of headgear in children with Class Il mal-
occlusion in present-day adolescents is perhaps overly ambitious,
and this highlights the need for alternative treatment options in pa-
tients where collaboration may be questionable. Alternative tools,
whether requiring compliance with elastics (e.g. Carriere motion

)3435 or those that require no compliance (e.g. skeletally-

appliance
anchored distaliser),3¢~38 may therefore be more appropriate for first
molar distalisation in some patients. One must keep in mind, how-
ever, that systems that rely on intramaxillary or intermaxillary tooth
anchorage in order to distalise maxillary molars also have inherent
side effects such as loss of intermaxillary anchorage or mesializa-
tion of the lower dentition and lower incisor proclination. At pres-
ent, headgear can be said to remain the gold standard, presenting
no intermaxillary or intramaxillary side-effects, requiring no invasive
surgical procedure such as the placement of skeletal anchorage, and

remaining widely used.*™

5 | CONCLUSIONS

Headgear therapy had significant positive effects on molar
distalisation and arch depth when compared to untreated control
subjects. A significant transverse dental arch development effect
in the middle of the dental arch was also observed as measured by
the interpremolar distance (first and second premolars). Meanwhile,
the average rate of compliance was only 55% of the recommended
12hours of daily use, with compliance having a significant positive
effect on molar distalisation. Patients with better compliance who
used their headgear for a greater number of hours per day observed
the greatest amount of molar distalisation. These findings confirm
the importance of compliance during headgear use, and raise
questions over the widespread suitability of this appliance in Class Il

correction in patients with suboptimal motivation.

AUTHOR CONTRIBUTIONS

LH: Conception and design of the study, Data collection and analysis,
Interpretation of the results, Writing the manuscript. SK: Review and
editing of the manuscript, critical input in study design, analysis, and
manuscript preparation. GA: Data collection and analysis, Review

and editing of the manuscript, Overall responsibility for the research.

ACKNOWLEDGEMENT
Open access funding provided by Universite de Geneve.

¥ —WlLEYJ—7

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data underlying this article will be shared upon reasonable
request to the corresponding author.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
Informed consent was obtained from both the subjects and their

parent or legal guardian prior to commencing the trial.

CONSENT FOR PUBLICATION
Not applicable.

ORCID
Luis Huanca Ghislanzoni "= https://orcid.
org/0000-0002-8445-8208

Gregory S. Antonarakis "= https://orcid.org/0000-0001-6741-6922

REFERENCES

1. Keim RG, Vogels |, Vogels PB. 2020 JCO study of orthodontic di-
agnosis and treatment procedures part 1: results and trends. J Clin
Orthod. 2020;54(10):581-610.

2. Pietila |, Pietila T, Varrela J, Pirttiniemi P, Alanen P. Trends in finnish
public orthodontic care from the professionals' perspective. Int J
Dent 2009;2009:945074.

3. Tifekgi E, Allen SB, Best AM, Lindauer SJ. Current trends in head-
gear use for the treatment of class Il malocclusions. Angle Orthod.
2016;86(4):584-589.

4. Antonarakis GS, Kiliaridis S. Short-term anteroposterior treat-
ment effects of functional appliances and extraoral trac-
tion on class Il malocclusion. A meta-analysis. Angle Orthod.
2007;77(5):907-914.

5. Papageorgiou SN, Kutschera E, Memmert S, et al. Effectiveness of
early orthopaedic treatment with headgear: a systematic review
and meta-analysis. Eur J Orthod. 2017;39(2):176-187.

6. Nucera R, Militi A, Lo Giudice A, et al. Skeletal and dental effec-
tiveness of treatment of class Il malocclusion with headgear: a
systematic review and meta-analysis. J Evid Based Dent Pract.
2018;18(1):41-58.

7. Jambi S, Thiruvenkatachari B, O'Brien KD, Walsh T. Orthodontic
treatment for distalising upper first molars in children and adoles-
cents. Cochrane Database Syst Rev. 2013;2013(10):Cd008375.

8. Huanca Ghislanzoni L, Ameur S, Antonarakis GS, Kiliaridis S.
Headgear compliance as assessed by a temperature-sensitive
recording device: a prospective clinical study. Eur J Orthod.
2019;41(6):641-645.

9. Talvitie T, Helminen M, Karsila S, Varho R, Signorelli L, Peltomaki
T. Adherence to instructions and fluctuation of force magnitude in
cervical headgear therapy. Angle Orthod. 2019;89(2):268-274.

10. Arreghini A, Trigila S, Lombardo L, Siciliani G. Objective assessment
of compliance with intra- and extraoral removable appliances.
Angle Orthod. 2017;87(1):88-95.

11. Northcutt M. The timing headgear. J Clin Orthod. 1974,8(6):321-324.

12. Branddo M, Pinho HS, Urias D. Clinical and quantitative assessment
of headgear compliance: a pilot study. Am J Orthod Dentofacial
Orthop. 2006;129(2):239-244.

13. Schott TC, G6z G. Wearing times of orthodontic devices as
measured by the TheraMon® microsensor. J Orofac Orthop.
2011;72(2):103-110.

5U80| 7 SUOWIWOD 3AIIEaID 3|qedljdde au Aq pausencb ase sajole O ‘8sn JO Sa|nJ 10} Areiqi8UlUQ /B UO (SUOIIPUOD-PUe-SWBYW0D A 1M ARe.q) 1 BUI|UO//SANY) SUORIPUOD PUe SWwid 1 8Ly 88S *[202/70/0E] U0 Ariqiauljuo A8|IMm ‘ulg TNSRAIIN AQ Z08ZT 100/ TTTT OT/I0PA00" AB| M AReiqjauljuo//Sdny LWo1) papeojumoq ‘0 ‘E7E9T09T


https://orcid.org/0000-0002-8445-8208
https://orcid.org/0000-0002-8445-8208
https://orcid.org/0000-0002-8445-8208
https://orcid.org/0000-0001-6741-6922
https://orcid.org/0000-0001-6741-6922

*Lwi LE Y-S \ 3}

14.
15.
16.
17.
18.

19.

20.
21.

22.

23.

24.
25.
26.

27.

28.

GHISLANZONI ET AL.

Talvitie TH, Helminen M, Karsila S, et al. Impact of force magnitude
on effectiveness in cervical headgear therapy: a cephalometric
analysis. Eur J Orthod. 2019;41(6):646-651.

Talvitie T, Helminen M, Karsila S, et al. Effects of force magni-
tude on dental arches in cervical headgear therapy. Eur J Orthod.
2022;44(2):146-154.

Talvitie T, Helminen M, Karsila S, et al. The impact of force magni-
tude on the first and second maxillary molars in cervical headgear
therapy. Eur J Orthod. 2021;43(6):648-657.

Tulloch JF, Phillips C, Koch G, Proffit WR. The effect of early inter-
vention on skeletal pattern in class Il malocclusion: a randomized
clinical trial. Am J Orthod Dentofacial Orthop. 1997;111(4):391-400.
Keeling SD, Wheeler TT, King GJ, et al. Anteroposterior skeletal
and dental changes after early class Il treatment with bionators and
headgear. Am J Orthod Dentofacial Orthop. 1998;113(1):40-50.
Huanca Ghislanzoni L, Jonasson G, Kiliaridis S. Continuous erup-
tion of maxillary teeth and changes in clinical crown length: a 10-
year longitudinal study in adult women. Clin Implant Dent Relat Res.
2017;19(6):1082-1089.

Huanca Ghislanzoni LT, Lineberger M, Cevidanes LH, Mapelli A,
Sforza C, McNamara JA Jr. Evaluation of tip and torque on virtual
study models: a validation study. Prog Orthod. 2013;14:19.
Springate SD. The effect of sample size and bias on the reliability of
estimates of error: a comparative study of Dahlberg's formula. Eur J
Orthod. 2012;34(2):158-163.

Lineberger MB, Franchi L, Cevidanes LH, Huanca Ghislanzoni LT,
McNamara JA Jr. Three-dimensional digital cast analysis of the
effects produced by a passive self-ligating system. Eur J Orthod.
2016;38(6):609-614.

Hashish DI, Mostafa YA. Effect of lip bumpers on mandibular arch
dimensions. Am J Orthod Dentofacial Orthop. 2009;135(1):106-109.
Pirttiniemi P, Kantomaa T, Mantysaari R, et al. The effects of
early headgear treatment on dental arches and craniofacial mor-
phology: an 8 year report of a randomized study. Eur J Orthod.
2005;27(5):429-436.

Mantysaari R, Kantomaa T, Pirttiniemi P, Pykaldinen A. The ef-
fects of early headgear treatment on dental arches and craniofacial
morphology: a report of a 2 year randomized study. Eur J Orthod.
2004;26(1):59-64.

Julku J, Hannula M, Pirild-Parkkinen K, Tolvanen M, Pirttiniemi
P. Dental arch effects after early and later timed cervical head-
gear treatment-a randomized controlled trial. Eur J Orthod.
2019;41(6):622-630.

Heino T, Kokko H, Vuollo V, Pirttiniemi P. Effect of cervical head-
gear on dental arch area, shape and interarch dimensions: a ran-
domized study. J Orofac Orthop. 2021;82(3):153-162.

Melsen B, Dalstra M. Distal molar movement with Kloehn headgear:
is it stable? Am J Orthod Dentofacial Orthop. 2003;123(4):374-378.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Bridges T, King G, Mohammed A. The effect of age on tooth move-
ment and mineral density in the alveolar tissues of the rat. Am J
Orthod Dentofacial Orthop. 1988;93(3):245-250.

Hashimoto M, Hotokezaka H, Sirisoontorn |, et al. The effect of
bone morphometric changes on orthodontic tooth movement in an
osteoporotic animal model. Angle Orthod. 2013;83(5):766-773.
Antonarakis GS, Kiliaridis S. Predictive value of masseter muscle
thickness and bite force on class Il functional appliance treatment: a
prospective controlled study. Eur J Orthod. 2015;37(6):570-577.
Antonarakis GS, Kjellberg H, Kiliaridis S. Predictive value of molar
bite force on class Il functional appliance treatment outcomes. Eur
J Orthod. 2012;34(2):244-249.

Kiliaridis S, Mills CM, Antonarakis GS. Masseter muscle thickness
as a predictive variable in treatment outcome of the twin-block ap-
pliance and masseteric thickness changes during treatment. Orthod
Craniofac Res. 2010;13(4):203-213.

Schmid-Herrmann CU, Delfs J, Mahaini L, et al. Retrospective in-
vestigation of the 3D effects of the Carriere motion 3D appliance
using model and cephalometric superimposition. Clin Oral Investig.
2023;27(2):631-643.

Luca L, Francesca C, Daniela G, Alfredo SG, Giuseppe S.
Cephalometric analysis of dental and skeletal effects of Carriere
motion 3D appliance for class Il malocclusion. Am J Orthod
Dentofacial Orthop. 2022;161(5):659-665.

Raghis TR, Alsulaiman TMA, Mahmoud G, Youssef M. Efficiency
of maxillary total arch distalization using temporary anchorage de-
vices (TADs) for treatment of class Il-malocclusions: a systematic
review and meta-analysis. Int Orthod. 2022;20(3):100666.

Tuncer N, Arman-Ozcirpict A. Clinical effectiveness of buccally and
palatally anchored maxillary molar distalization: the miniscrew-
supported 3-dimensional maxillary bimetric distalizing arch vs
the Beneslider. Am J Orthod Dentofacial Orthop. 2022;162(6):e337
-e348.

Vilanova L, Aliaga-Del Castillo A, Bellini-Pereira SA, et al. Three-
dimensional changes after maxillary molar distalization with a
miniscrew-anchored cantilever. Angle Orthod. 2023;93(5):513-523.

How to cite this article: Ghislanzoni LH, Kiliaridis S,
Antonarakis GS. Headgear therapy in children with Class Il
malocclusion and the role of compliance on treatment
outcome: A nine-month randomized controlled trial. Orthod
Craniofac Res. 2024;00:1-8. doi:10.1111/0cr.12802

5U80| 7 SUOWIWOD 3AIIEaID 3|qedljdde au Aq pausencb ase sajole O ‘8sn JO Sa|nJ 10} Areiqi8UlUQ /B UO (SUOIIPUOD-PUe-SWBYW0D A 1M ARe.q) 1 BUI|UO//SANY) SUORIPUOD PUe SWwid 1 8Ly 88S *[202/70/0E] U0 Ariqiauljuo A8|IMm ‘ulg TNSRAIIN AQ Z08ZT 100/ TTTT OT/I0PA00" AB| M AReiqjauljuo//Sdny LWo1) papeojumoq ‘0 ‘E7E9T09T


https://doi.org/10.1111/ocr.12802

	Headgear therapy in children with Class II malocclusion and the role of compliance on treatment outcome: A nine-­month randomized controlled trial
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Trial design
	2.2|Participants
	2.3|Interventions
	2.4|Outcomes
	2.5|Statistical methods

	3|RESULTS
	3.1|Participant flow and recruitment
	3.2|Compliance
	3.3|Dental outcomes
	3.4|Correlations

	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	CONSENT FOR PUBLICATION
	REFERENCES


