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The effects of the Pendulum distalising appliance

and cervical headgear on the dentofacial structures
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Background: Headgears are effective in distalising maxillary molars, but success depends on patient compliance and
tolerance. Intra-oral distalising appliances are simple to construct and use and may be a better alternative for patients who are

non-compliant or cannot tolerate headgear.

Aims: To compare the Pendulum [PEN) appliance and cervical headgear (CHG) on distal movement of maxillary first molars in

patients requiring maxillary molar distalisation.

Methods: Thirty patients were randomly divided into two groups. Both groups had comparable occlusal and cephalometric
characteristics before freatment. Fifleen patients (9 girls, 6 boys) with a mean age of 11.45 + 1.54 years [Range:
8.58-13.50 years) were freated with Pendulum appliances and 15 patients {10 girls, 5 boys) with a mean age of 11.72 +
1.24 years [Range: 9.58-13.33 years) were freated with a Ricketftstype CHG. A pilot study of four patients estimated that the
time required fo distalise the maxillary molars with the Pendulum appliance was five months. Therefore, the end of treatment
records for the CHG group were taken after 4.96 + 0.35 months. Lateral and postero-anterior cephalometric radiographs
were taken of both groups at the start (T1) and end of distalisation/treatment (T2). Changes in cephalometric measurements in
the two groups were compared with Wilcoxon and Mann-VWhitney U tests.

Results: Measurements indicated that U6-ANS distance, overjet and U1-APo distance increased, U6-PP angle and U6-PTV
distance reduced, and the molar relationship improved more in the PEN group compared with the CHG group. Statfistically,
significant right molar — left molar differences were found between the two groups. Distalisation produced significant side
effects, resulting in distal fipping of the first molars and an increase in overjet, whereas the CHG reduced the overjet.
Conclusion: The Pendulum appliance was more effective than the CHG in distalising the maxillary first molars.
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Introduction

Dentoalveolar Class II malocclusions may be treated
by the distal movement of the maxillary teeth.
Treatment options range from extra-oral appliances,
such as cervical headgear, to an ingenious collection
of intra-oral devices designed to move the maxillary
teeth distally. These appliances use magnets, wire
springs, orthodontic screws and Class II intermaxil-
lary traction to achieve their objectives.1-11 The intra-
oral treatment methods rely less on patient com-
pliance for success compared with the extra-oral
appliances, and in the absence of mini-screws, derive
anchorage from the maxillary teeth and/or the hard
palate. A frequent side effect of an intra-oral approach
to molar distalisation is a loss of anterior anchorage.

Although the dental and skeletal effects of the
Pendulum intra-oral appliance have been pre-
viously reported,!-212-17 only one randomised trial
has compared the skeletal and dental effects of intra-
and extra-oral treatment approaches.10.18,19 There-
fore, the aim of the present study was to compare the
effects of an intra-oral distalising appliance and cer-
vical headgear on the dentofacial structures of
adolescents.

Subjects and methods

The subjects comprised 30 consecutive patients,
referred to the Department of Orthodontics,
Hacettepe University, who fulfilled the following

inclusion criteria:
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Figure 1. The Pendulum appliance.

1. Skeletal Class I malocclusion with a bilateral Class
IT molar relationship.

2. Radiographic confirmation that at least one third
of the roots of the unerupted maxillary second molars

had developed.
3. Nonextraction treatment plan.
4. Good oral hygiene.

5. No or minimal crowding in the mandibular dental
arch.

6. No signs of a temporomandibular joint disorder.

The subjects were randomly allocated to either a
group treated with an intra-oral Pendulum appliance
with a midline expansion screw (PEN) or a group
treated with a Ricketts-type cervical headgear
(CHG).20 The 15 subjects in the PEN group (9 girls,
6 boys) had a mean age of 11.45 + 1.54 years (Range:
8.58-13.50 years) and the 15 subjects in the CHG
group (10 gitls, 5 boys) had a mean age of 11.72 +
1.24 years (Range: 9.58-13.33 years). A pilot study
on four subjects in the PEN group established that
the Pendulum appliance distalised the maxillary
molars in 5 months. Therefore progress records were
taken as close as possible to 5 months after the

appliances were fitted (4.96 + 0.35 months).

The subjects in the PEN group received an appliance
similar to that described by Hilgers.2 A palatal acrylic
button was anchored to the maxillary first and second
premolars with bonded occlusal rests. A midline
screw and bilateral 0.032 inch TMA cantilever
springs (Ormco Corporation, Glendora, CA, USA)

were inserted into lingual sheaths on the first molar
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Figure 2. Lateral cephalometric measurements:

1. U6PP: posterior angle between molar axis and the palatal plane
(degrees)

2. U5-PP: posterior angle between premolar axis and palatal plane
(degrees)

3. U1-PP: posterior angle between upper incisor axis and palatal plane
(degrees)

4. U6-ANS: distance from the line constructed through the upper first molar
to palatal plane to ANS {mm)

5. U6PTV: distance from upper first molar distal surface to PTV (mm)

6. Molar relation: distance between mandibular first molar distal surface and
maxillary first molar distal surface measured along the occlusal plane (mm)
7. Incisor overjet (mm)

8. UT-APo: angle between the axis of the upper incisor and APo line
(degrees)

Q. UT-APo: tip of the upper incisor to APo line {mm)

10. U6 mesial rootANS (mm)

11: U6 distal root-ANS (mm)

12: Tilt of the occlusal plane: angle between occlusal plane and corpus axis
(degrees)

bands (Figure 1). The springs were initially activated
90 degrees, and the subjects were monitored at three-
week intervals. The appliance was left in situ until the
molars were in a slightly overcorrected (Class III)
position,2! which, on average, took 4.83 =+ 0.96
months (Range: 3.43-6.40 months). To prevent a
posterior crossbite from developing, the subjects were
instructed to turn the expansion screw a quarter turn,
once a week.

The CHG group received an appliance described by
Ricketts et al. to distalise the maxillary molars.20
It was activated to deliver 500 g of force and the
subjects were requested to wear the appliance for
12-14 hours per day, especially at night. Progress
records were taken after 4.96 + 0.35 months of treat-
ment. The subjects were monitored at three-week
intervals and the headgear was adjusted when
clinically indicated.
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Figure 3. Postero-anterior measurements:

1. R&L6 width: distance between the buccal sur-
faces of the right and left first molars (mm)

2. Maxillary width: distance between right and left
jugular points (mm)

Cephalometric analysis

Lateral, basilar and postero-anterior cephalometric
radiographs were taken at the start of treatment (T1)
and after completion of molar distalisation (12) or, in
the case of the CHG group, after 4.96 + 0.35 months
of treatment. The basilar cephalometric radiographs
were taken with the mouth fully open.

The cephalometric radiographs were traced and
measured using Jiffy Orthodontic Evaluation (JOE)
digitising software (Rocky Mountain Orthodontics,
Denver, CO, USA). Conventional lateral and pos-
tero-anterior cephalometric measurements were
applied (Figures 2 and 3). The distalising and rota-
tional effects of both appliances were measured on the

basilar cephalometric radiographs (Figure 4).

Statistical analysis

Shapiro-Wilks and Levene’s variance homogeneity
tests were used to test the normality of the data. As
the data were not normally distributed and there was
no homogeneity of variance between the groups, the
intra-group comparisons were performed with the
non-parametric Wilcoxon test and intergroup
changes were analysed with the Mann-Whitney U test.

Figure 4. Basilar measurements:

A. R6 distance: distance from the perpendicular fo the maxillary right first
molar and the anterior margin of the foramen occipitale, measured along the
midsagittal plane (mm)

B. R6 rotation: anterior angle between axis of the maxillary right first molar
and midsagittal plane (degrees)

C. L6 distance (mm)

D. L6 rotation (degrees)

All statistical analyses were performed using the
Statistical Package for the Social Sciences, version

13.0 for Windows (SPSS Inc., Chicago, IL, USA).

Error of the method

Two weeks after the first measurements, 45 films (15
postero-anterior, 15 lateral and 15 basilar radio-
graphs) were selected at random and remeasured by
the same investigator and a paired #-test was applied
to the first and second measurements. There were no
statistically significant differences between the first
and second measurements. Pearson correlation
analyses were applied to the same measurements, the
highest r value was .997 for U6-PTV and the lowest
r value was .930 for the lower lip to aesthetic plane
distance.

Results

The results are presented in Table I.

Pendulum group

The lower anterior face height (LAFH) angle (p =
0.001), maxillary depth angle (p = 0.041), lower lip-
E plane (p = 0.007) and upper lip length (» = 0.021)
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Table I. Dentofacial changes affer distalisation with Pendulum (PEN] and cervical headgear (CHG) appliances.

Variables PEN group CHG group

Mean difference p* Mean difference p* pt

(T2-T1) (T2-T1) PEN vs CHG

Skeletal and soft tissue measurements
Total facial height (degrees) 0.79 0.140 0.14 0.995 0.436
Lower anterior face height (degrees) 1.63 0.001 0.28 0.460 0.267
Mandibular arch (degrees) 0.62 0.590 0.12 0.865 0.567
Mandibular plane angle (degrees) 0.65 0.164 0.15 0.887 0.389
Facial axis (degrees) -0.60 0.061 0.23 0.650 0.056
Maxillary depth angle (degrees) 0.66 0.041 0.00 0.944 0.250
Llower lipE plane (mm) 0.65 0.007 0.75 0.221 0.713
Upper lip length [mm) 0.79 0.021 0.00 0.910 0.217
Nasolabial angle (degrees) 0.17 0.977 -3.83 0.281 0.412
Dentoalveolar measurements
U6 -PP (degrees) -15.10 0.001 0.90 0.616 0.000
U5-PP [degrees) 0.93 0.496 1.80 0.092 0.870
U1-PP [degrees) 1.67 0.112 -0.53 0.529 0.116
US-ANS (mm) 4.07 0.001 1.73 0.001 0.001
US—PTV (mm) -3.69 0.001 0.77 0.038 0.000
Molar relation (mm) -3.55 0.001 1.08 0.025 0.001
Incisor overjet ([mm) 0.54 0.024 -0.82 0.005 0.000
U1-APo (degrees) 2.10 0.052 -1.67 0.016 0.001
U1-APo (mm) 1.05 0.001 0.62 0.006 0.000
U6-Mesial rootANS (mm) 0.47 0.427 2.10 0.003 0.037
U6-Distal root-ANS (mm) 0.17 0.691 1.80 0.003 0.007
Occlusal plane (degrees) 0.75 0.514 2.58 0.005 0.161
Upper molars measurements
R6LO width (mm) 3.17 0.001 0.93 0.213 0.015
Maxillary width (mm) 1.43 0.006 2.10 0.002 0.455
R6 Distance (mm) -3.87 0.001 2.10 0.002 0.008
R6 Rotation (degrees) 4.43 0.100 10.06 0.001 0.081
L6 Distance (mm) -4.00 0.001 -1.87 0.002 0.000
L6 Rofation (degrees) 6.87 0.029 8.36 0.001 0.575

Significant differences are in bold
p" Wilcoxon test
p! Mann-Whitney U fest

increased significantly during treatment. Of the
dentoalveolar measurements, the UG6-PP angle
(p = 0.001) and the U6-PTV distance (» = 0.001)
reduced, the molar relationship (p = 0.001)
improved, and the U6-ANS distance (p < 0.001),
incisor overjet (p = 0.024) and Ul-APo distance
(p = 0.001) increased.

The R6 distance (p = 0.001) and L6 distances (p =
0.001) reduced and R6-L6 width (p = 0.001), maxil-

lary width (p = 0.006) and L6 rotation (p = 0.029)
increased significantly. The maxillary right first molar
rotated approximately 4.5 degrees.

CHG group

There were no statistically significant skeletal or soft
tissue changes. Of the dentoalveolar measurements,
only the U6-PP angle, U5-PP angle and U1-PP angle
did not change significantly.
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All maxillary molar measurements, except the R6-L6
width, changed significantly during treatment.

Intergroup comparisons

There were no statistically significant skeletal or soft
tissue changes. There were six statistically signifi-
cant dentoalveolar differences: U6-ANS distance
(p = 0.001), U6-PTV distance (p < 0.001), molar
relationship (p = 0.001), incisor overjet (p < 0.001)
and U1-APo distance (p < 0.001). In all cases the
changes in the PEN group were greater than the
changes in the CHG group. Importantly, both right
and left molars distalised approximately 2 mm more
in the PEN group compared with the CHG group.

Discussion

Many intra-oral molar distalisation appliances have
been designed to minimise or eliminate the need for
patient cooperation. In the present comparative study
of different appliances, postero-anterior and basilar
cephalometric radiographs were added to standard
records to assess transverse, rotational and distalising
effects on maxillary molars.

As an example of a non-compliant device, the
Pendulum appliance efficiently distalised the maxil-
lary molar teeth to a Class I relationship without the
need for patient cooperation. Furthermore, only one
activation period was required. These are distinct
advantages of the appliance when compared with
other mechanistic approaches requiring patient com-
pliance, such as CHG and Class II elastics.

Studies of the effects of the Pendulum appliance
usually do not use a control group because the obser-
vation period is invariably short (4.83 + 0.96 months
for the Pendulum and 4.96 + 0.35 months for the
CHG, in the current study) for normal growth
changes to play a significant role in the treatment
result.47.14-16,1822 Previous studies describing the
appliance have revealed that approximately 4-5
months of treatment time has been adequate.323
Joseph and Butchart3 reported that Pendulum appli-
ance treatment time ranged from 1.5 to 5 months.
Angelieri et al.23 found that the mean time for distal-
isation of the maxillary molars was 5.85 months.
While accepting these published time periods, the
present study required confirmation of the effective
time period to take second records and apply the
result to gathering progress records of the CHG

group. At the end of the pilot study, it was confirmed
that a five-month treatment period was adequate.

The amount of distal movement of the maxillary first
molars was higher and more rapid with the Pendulum
appliance compared with the CHG and was a signif-
icant finding of the current study.24 As seen on the
lateral cephalograms measured by U6-ANS, the cor-
rection of the Class II relationship was achieved by
maxillary first molar distalisation of 4.07 mm in the
Pendulum appliance group and 1.73 mm in the
CHG group. The amount of molar distalisation was
statistically greater in the Pendulum group than in
the CHG for each subject. Overcorrection is desirable
because it has been noted that molar anchorage loss
invariably occurs during retraction of the premolars,
the canines and especially the incisors.2> The distali-
sation values generated by the Pendulum appliance
agree with those previously reported by Ghosh and
Nanda,!4 Byloff and Darendeliler,!> Bolla et al.8 and
Gelgor et al.24¢ However, the mean molar distalisation
value of 1.73 mm for the CHG group was less than
the data of Hubbard et al.,26 who found 2.4 mm of
Kloehn type CHG movement in four months.

A potentially undesirable effect of Pendulum appli-
ance treatment is excessive distal tipping of the upper
first molars. According to the U6-PP measurement,
the maxillary first molars were tipped distally 15.1
degrees in the Pendulum and 0.9 degrees in the CHG
group. Gosh and Nanda,'4 and Byloff and
Darendeliler!’5 found tipping, as a result of the
Pendulum appliance treatment, to range from 8.3
and 14.5 degrees. The value of 15.1 degrees of
tipping of the first molar was similar to the 14.5
degrees of distal tipping described by Byloff and
Darendeliler,!5 when the original Pendulum design
was evaluated. The small amount of molar tipping in
the CHG group was contrary to the findings of
Ringenberg and Butts,2” who reported substantial
tipping. Byloff and Darendeliler!5 attempted to cor-
rect molar tipping by incorporating an uprighting
bend in the Pendulum spring after distalisation of the
molar had been completed. The uprighting bend
appeared to be successful in uprighting the roots of
the tipped molars, but has the potential to increase
anchorage loss.

The Pendulum appliance group suffered mild
anchorage loss as defined by maxillary incisor pro-
trusion (U1-APo mm) (mean differences 1.05 mm)
and increased overjet (mean differences 0.54 mm).
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No clinical importance was attributed to the changes
because of their minor nature. U5-ANS, U1-PP and
Ul1-APo angles showed no statistically significant
changes during treatment. Anchorage loss, as defined
by the significant maxillary incisor proclination and
concomitant increase in overjet has been clearly
shown previously.15 The present study determined a
comparatively smaller increase in overjet.

The possible bite-opening effect of CHG is well
known, and so any appliance that is capable of distal-
ising molar teeth without adversely altering the ver-
tical dimension is advantageous in the treatment of
high-angle Class II and/or dentally crowded patients.
Distalisation and tipping of the upper first molars can
result in molar extrusion relative to the palatal plane
and therefore affect face height. In the present study
and in agreement with previous reports, the
Pendulum appliance produced clockwise mandibular
rotation, demonstrated by statistically significant
increases (1.63 degrees) in LAFH.117 In addition, a
statistically significant increase (0.66 mm) in maxil-
lary depth was seen in the same group. However, over
the short time frame of treatment, no statistically sig-
nificant skeletal differences were observed in the CHG
group. According to Ghosh and Nanda,!4 a small
backward rotation of the mandible (Mean 1.09 °) was
reported following CHG use. While there was a trend
toward an increase in the mandibular plane angle
observed after treatment, it was not statistically sig-
nificant. In the opinion of Ngantung et al.,28 the
increase in LAFH during treatment was a result of
normal vertical craniofacial growth. Burkhardt et al.29
explained the change as an increase in inclination
of the mandibular plane as a result of Pendulum
appliance effects.

An advantage of CHG is that as molar distalisation
occurs, distal movement of the maxillary incisors also
takes place. This implies a decrease in overjet, which
is a desired aim in the treatment of Class II division 1
malocclusions. However, when the maxillary molars
are distalized by an intra-oral appliance, anchorage
loss or forward movement of the anterior teeth is like-
ly.14.15,30-33 The maxillary incisors were proclined by
2.1 degrees and protruded by 1.05 mm by the Pen-
dulum appliance and retroclined by 1.67 degrees and
retruded by 0.62 mm in the CHG group. A similar
amount of mesial and distal movement of maxillary
incisors was observed by Bondemark and Karlsson!®
for intra-oral and extra-oral appliances. Escobar et

EFFECTS OF PENDULUM APPLIANCE AND CERVICAL HEADGEAR

al.34 and Ongag et al.35 described distal incisor move-
ment in their implant-supported Pendulum appli-
ance groups. In contradistinction, Taner et al.18
found that incisors showed a significant amount of
proclination due to molar distalisation following
Pendulum appliance treatment. In support of Taner
et al.,18 additional authors%.14.30.36 have reported pro-
clination of anterior teeth during molar distalisation
with intra-oral mechanics.

Conclusion

The findings demonstrated that the Pendulum appli-
ance was more effective than CHG in producing
distal movement of the maxillary first molars. The
distalisation time and rate of movement were sig-
nificantly shorter with the Pendulum appliance
compared with CHG. However, this gain in molar
distalisation was at the expense of significant side
effects, including molar tipping and anchorage loss at
the incisors. CHG treatment produced more upright
molar distalisation and a decrease in overjet. Molar
distalisation occurred without any significant changes
to the mandibular plane angle. To achieve success-
ful results, the effects of each treatment modality
on dentofacial structures need to be taken into
individual patient consideration.

Corresponding author
Dr Ebubekir Toy

Inonii Universitesi, Dishekimligi Fakiiltesi
Ortodonti Anabilim Dali, Kampiis

44280 Malatya

Turkey

Email: ebubekirtoy@hotmail.com

References

1. Hilgers JJ. The pendulum appliance for Class II noncompli-
ance therapy. ] Clin Orthod 1992;26:706-14.

2. Hilgers JJ. The pendulum appliance: an update. Clinical
Impressions 1993;2:15-17.

3. Joseph A, Butchart CJ. An evaluation of the pendulum
distalizing appliance. Semin Orthod 2000;6:129-35.

4. Gianelly AA, Vaitas AS, Thomas WM. The use of magnets to
move molars distally. Am J Orthod Dentofacial Orthop
1989;96:161-7.

5. Gianelly AA, Bednar J, Dietz VS. Japanese NiTi coils used to
move molar distally. Am ] Orthod Dentofacial Orthop
1991;99:564-6.

6. Locatelli R, Bednar J, Dietz VS, Gianelly AA. Molar distal-
ization with superelastic NiTi wire. ] Clin Orthod 1992;26:
277-9.

7. Haydar S, Uner O. Comparison of Jones jig molar distaliza-
tion appliance with extraoral traction. Am ] Orthod
Dentofacial Orthop 2000;117:49-53.

Australian Orthodontic Journal Volume 27 No. 1 May 2011



16

TOY AND ENACAR

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bolla E, Muratore F, Carano A, Bowman SJ. Evaluation of
maxillary molar distalization with the distal jet: a compari-
son with other contemporary methods. Angle Orthod 2002;
72:481-94.

Ugem TT, Yiiksel S, Okay C, Giilsen A. Effects of a three-
dimensional bimetric maxillary distalizing arch. Eur ]
Orthod 2000;22:293-8.

Altug-Atac AT, Erdem D. Effects of three-dimensional
bimetric maxillary distalizing arches and cervical headgear
on dentofacial structures. Eur J Orthod 2007;29:52-9.
Keles A, Isguden B. Unilateral molar distalization with
molar slider (two case reports). Turk Ortodonti Dergisi
1999;12:193-202.

Bennett RK, Hilgers JJ. The pendulum appliance: creating
the gain. Clinical Impressions 1994;3:14—18.

Snodgrass DJ. A fixed appliance for maxillary expansion,
molar rotation, and molar distalization. ] Clin Orthod
1996;30:156-9.

Ghosh J, Nanda RS. Evaluation of an intraoral maxillary
molar distalization technique. Am ] Orthod Dentofacial
Orthop 1996;110:639-46.

Byloff FK, Darendeliler MA. Distal molar movement using
the pendulum appliance. Part 1: clinical and radiological
evaluation. Angle Orthod 1997;67:249-60.

Byloff FK, Darendeliler MA, Clar E, Darendeliler A. Distal
molar movement using the pendulum appliance. Part 2: the
effects of maxillary molar root uprighting bends. Angle
Orthod 1997;67:261-70.

Bussick TJ, McNamara JA. Dentoalveolar and skeletal
changes associated with the pendulum appliance. Am ]
Orthod Dentofacial Orthop 2000;117:333-43.

Taner TU, Yukay F, Pehlivanoglu M, Cakirer B. A compara-
tive analysis of maxillary tooth movement produced by cer-
vical headgear and pend-x appliance. Angle Orthod 2003;
73:686-91.

Bondemark L, Karlsson I. Extraoral vs intraoral appliance
for distal movement of maxillary first molars: a randomized
controlled trial. Angle Orthod 2005;75:699-706.

Ricketts RM, Bench RW, Gugino CF, Hilgers JJ.
Bioprogressive therapy. Rocky Mountain Orthodontics,
Denver, 1979; pp. 71-92, 249-54.

McNamara JA Jr, Brudon WL. Orthodontic and orthopedic
treatment in the mixed dentition. Needham Press, 1993;
102-9.

Kinzinger GS, Fritz UB, Sander FG, Diedrich PR. Efficiency
of a pendulum appliance for molar distalization related to
second and third molar eruption stage. Am ] Orthod
Dentofacial Orthop 2004;125:8-23.

F, Almeida RR, Almeida MR, Fuziy A.
Dentoalveolar and skeletal changes associated with the pen-
dulum appliance followed by fixed orthodontic treatment.
Am ] Orthod Dentofacial Orthop. 2006;129:520-7.

Angelieri

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gelgor IE, Karaman Al, Buyukyilmaz T. Comparison of 2
distalization systems supported by intraosseous screws. Am J
Orthod Dentofacial Orthop 2007;131:161.e1-8.

Gelgor IE, Buyukyilmaz T, Karaman AI, Dolanmaz D,
Kalayci A. Intraosseous screw-supported upper molar distal-
ization. Angle Orthod 2004;74:838-50.

Hubbard GW, Nanda RS, Currier GF. A cephalometric eval-
uation of nonextraction cervical headgear treatment in Class
IT malocclusions. Angle Orthod 1994;64:359-70.
Ringenberg QM, Butts WC. A controlled cephalometric
evaluation of single-arch cervical traction therapy. Am ]
Orthod 1970;57:179-85.

Ngantung V, Nanda RS, Bowman SJ. Posttreatment evalua-
tion of the distal jet appliance. Am J Orthod Dentofacial
Orthop 2001;120:178-85.

Burkhardt DR, McNamara JA Jr, Baccetti T. Maxillary molar
distalization or mandibular enhancement: a cephalometric
comparison of comprehensive orthodontic treatment includ-
ing the pendulum and the Herbst appliances. Am ] Orthod
Dentofacial Orthop 2003;123:108-16.

Bondemark L, Kurol J. Distalization of maxillary first and
second molars simultaneously with repelling magnets. Eur J
Orthod 1992;14:264-72.

Bondemark L. A comparative analysis of distal maxillary
molar movement produced by a new lingual intra-arch Ni-Ti
coil appliance and a magnetic appliance. Eur ] Orthod 2000;
22:683-95.
Papadopoulos MA, Mavropoulos
Cephalometric changes following simultaneous first and sec-
ond maxillary molar distalization using a non-compliance
intraoral appliance. ] Orofac Orthop 2004;65:123-36.
Fortini A, Lupoli M, Giuntoli F, Franchi L. Dentoskeletal
effects induced by rapid molar distalization with the first
class appliance. Am ] Orthod Dentofacial Orthop 2004;125:
697-705.

Escobar SA, Tellez PA, Moncada CA, Villegas CA, Latorre
CM, Oberti G. Distalization of maxillary molars with the
bone supported pendulum: a clinical study. Am J Orthod
Dentofacial Orthop 2007;131:545-9.

(")ngag, G, Seckin O, Dinger B, Arikan E. Osseointegrated
implants with pendulum springs for maxillary molar distal-
ization: a cephalometric study. Am J Orthod Dentofacial
Orthop 2007;131:16-26.

Keles, A, Sayinsu K. A new approach in maxillary molar dis-
talization: intraoral bodily molar distalizer. Am J Orthod
Dentofacial Orthop 2000;117:39-48.

A, Karamouzos A.

Australian Orthodontic Journal Volume 27 No. 1 May 2011



	Toy.pdf

