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A comparison of two intraoral molar
distalization appliances: Distal jet versus
pendulum
Patricia P. Chiu,a James A. McNamara, Jr,b and Lorenzo Franchic

Boston, Mass, Ann Arbor, Mich, and Florence, Italy

Introduction: This study compared the dentoalveolar and skeletal effects on Class II malocclusions of the
distal jet with concurrent full fixed appliances and the pendulum appliance both followed by fixed appliances.
Methods: The 2 samples each consisted of 32 subjects (19 girls and 13 boys) with mean ages at the start
of treatment of 12 years 3 months in the distal jet group and 12 years 6 months in the pendulum group. The
durations of the distalization phase of treatment were 10 months in the distal jet group and 7 months in the
pendulum group, and the durations of the second phase of treatment with fixed appliances were 18 months
in the distal jet group and 24 months in the pendulum group. Lateral cephalograms were analyzed at 3
observation times: before treatment, after distalization, and after orthodontic treatment. Results: During
molar distalization, the pendulum subjects showed significantly more distal molar movement and significantly
less anchorage loss at both the premolars and the maxillary incisors than the distal jet subjects. The distal
jet used simultaneously with fixed appliances and the pendulum were equal in their ability to move the molars
bodily. Very little change occurred in the inclination of the mandibular plane at the end of the 2-phase
treatment (less than 1°) in both groups. At the end of comprehensive treatment, the maxillary first molars were
0.6 mm mesial to their original positions in the distal jet group and 0.5 mm distal in the pendulum group.
Nevertheless, total molar correction was identical in the 2 groups (3.0 mm), and both appliances were equally
effective in achieving a Class I molar relationship. Simultaneous edgewise orthodontic treatment during
molar distalization in the distal jet group shortened the overall treatment time but produced significant flaring
of both maxillary and mandibular incisors at the end of treatment. The impact on the soft tissue profile was

minimal with both appliances. (Am J Orthod Dentofacial Orthop 2005;128:353-65)
Maxillary molar distalization for nonextraction
treatment of Class II patients has become
increasingly popular in the last 10 years.

Traditional appliances for molar distalization such as
extraoral traction,1-7 Cetlin removable plate,8,9 and
Wilson distalizing arches10-12 require patient coopera-
tion to achieve molar distal movement. Recently, prob-
lems related to patient compliance have led many
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clinicians to prefer intraoral distalizing systems that
minimize reliance on the patient and are under the
orthodontist’s control.

These intraoral devices consist schematically of an
anchorage unit (usually comprising premolars or decid-
uous molars and an acrylic Nance button) and an active
unit. Various force-generating devices for molar distal-
ization have been proposed, including repelling mag-
nets,13-17 coil springs on continuous archwire,18,19 su-
perelastic nickel-titanium archwires,20 coil springs on a
sectional archwire (Jones jig,21-25 distal jet,26-29 and
Keles slider30,31), springs in beta titanium alloy (pen-
dulum,32-38 pendulum with distal screw,39,40 K-loop,41

intraoral bodily molar distalizer42), and vestibular
screws combined with palatal nickel-titanium coil-
spring (first class) appliances.43,44

The distal jet and the pendulum are 2 of the more
commonly used “noncompliance appliances” for molar
distalization. Few studies, however, have investigated
the dentoalveolar and skeletal postdistalization changes
induced by the distal jet27-29 and the pendulum appli-
ances33-38 (Table I). Previous studies have indicated

that the pendulum appliance produces on average
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greater molar distalization (3.4-5.7 mm) than the distal
jet appliance (2.1-3.2 mm). The distalization, however,
is associated with greater molar tipping (8.4°-15.7°)
that can be reduced substantially (6.1°) when molar
uprighting bends are incorporated into the pendulum
appliance.35 The distal jet produces better bodily move-
ment (1.8°-3.3° of molar distal tipping) because the
distalizing force is directed close to the level of the
maxillary first molar’s center of resistance. The
amounts of anchorage loss that can be expected as a
result of the mesial reciprocal force on the premolars
ares similar for both appliances (1.8-2.5 mm for the
pendulum; 1.3-2.6 mm for the distal jet; Table I).

Evaluations of the effects of the pendulum and
distal jet appliances on vertical skeletal relationships
have had conflicting outcomes. According to most
studies on the pendulum appliance,33,35,36,38 significant
increases in the vertical dimension must be expected.
These vertical changes comprise a slight opening of the
mandibular plane angle (about 1°) and an increase in
lower anterior facial height (2.2-2.8 mm). Bussick and
McNamara36 found no significant difference in lower
anterior facial height increase among patients with
high, neutral, or low mandibular plane angles, whereas
Ghosh and Nanda33 reported that the increases in lower
anterior facial height are significantly greater in patients
with higher pretreatment mandibular plane angles.

Contrary to these reports, both Nishii et al28 and
Bolla et al29 found that the distal jet appliance without
simultaneous edgewise treatment during molar distal-
ization produced no significant change in vertical di-
mension. The distal jet used in combination with full
fixed appliances, however, produced a significant in-
crease in lower anterior facial height.27 No significant

Table I. Dentoalveolar effects of pendulum and distal j

Report Appliance N

Treatmen
duration

(mos)

Ghosh and Nanda33 Pendulum 41 6.2
Byloff and Darendeliler34 Pendulum 13 4.1
Byloff et al35 Pendulum* 20 6.8
Bussick and McNamara36 Pendulum 101 7.0
Joseph and Butchart37 Pendulum 7 3.4
Chaqués-Asensi and Kalra38 Pendulum 26 6.5
Ngantung et al27 Distal jet† 33 6.7
Nishii et al28 Distal jet‡ 15 6.4
Bolla et al29 Distal jet‡ 20 5.0

*Pendulum with molar uprighting bends.
†Distal jet with full fixed appliances.
‡Distal jet without full fixed appliances.
changes in lower anterior facial height among patients
with high, neutral, or low mandibular plane angles have
been reported for the distal jet without fixed appli-
ances.29

There are controversial opinions about the effect of
erupted maxillary second molars on distalization of the
first molars. All investigators agree that the presence or
absence of the second molars does not significantly
influence the amount of first molar distalization with
either the distal jet 27,29 or the pendulum appliance.33-38

Bussick and McNamara,36 who studied the largest
sample of subjects treated with the pendulum appliance
to date, suggest to start moving the first molars distally
before the eruption of the second molars to avoid
significant increases in mandibular plane angle and
lower anterior facial height. As for the distal jet
appliance, Bolla et al29 found significantly less tipping
of the maxillary first molars and significantly less
anchorage loss and extrusion at the first premolars in
subjects with erupted second molars when compared
with subjects with unerupted second molars.

Most studies on treatment effects induced by either
the distal jet or the pendulum have been limited to the
analysis of postdistalization changes (the period of
posterior molar movement) only. To date, there is little
information about outcomes after comprehensive ortho-
dontic treatment including a second phase of therapy
with fixed appliances. The only exceptions are the
studies by Ngantung et al27 on the distal jet appliance
used simultaneously with full fixed appliances and
Burkhardt et al,45 who compared the effects of the
pendulum and the Herbst appliances after comprehen-
sive orthodontic treatment.

Carano and Testa,26 the developers of the distal jet,
recommended that this appliance system be used alone

liances

Molar
distal
ovement
(mm)

Molar
distal

tipping
(°)

Premolar
mesial

movement
(mm)

Molar
distalization

%
Anchorage

loss %

3.4 8.4 2.5 57 43
3.4 14.5 1.6 71 29
4.1 6.1 2.2 64 36
5.7 10.6 1.8 76 24
5.1 15.7 — 50 50
5.3 13.1 2.2 71 29
2.1 3.3 2.6 45 55
2.6 1.8 1.5 63 37
3.2 3.1 1.3 71 29
et app

t
m

during the molar-distalization phase. Further distaliza-
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tion of the anterior dentition is accomplished with fixed
appliances. On the other hand, Bowman46,47 suggested
the use of fixed appliances concurrently with distal jet
treatment to achieve initial incisal alignment.

The aim of this study was to compare the dentoal-
veolar and skeletal effects on Class II malocclusions of
the distal jet used concurrently with full fixed appli-
ances and the pendulum. Treatment effects were ana-
lyzed both at the end of distalization and at the end of
comprehensive orthodontic treatment comprising fixed
appliance therapy.

SUBJECTS AND METHODS

This retrospective study was designed to evaluate
cephalometrically the skeletal and dentoalveolar ef-
fects of molar distalization produced by the distal jet
(Fig 1) and the pendulum (Fig 2) appliances in
subjects with Class II malocclusions. The distal jet
group consisted of 32 subjects who received fixed
appliance therapy during the molar distalization
phase according to Bowman’s recommendations.46,47

The outcome of the distal jet group was compared
with that in 32 patients treated with the pendulum
appliance. In both groups, the first phase of treatment
was designed to achieve a Class I molar relationship
with molar distalization; the second phase consisted
of fixed appliance therapy to align and detail the
dentition. Three serial cephalograms for all patients
in both groups were available at 3 observation times:
before treatment (T1), after distalization (T2), and

Fig 1. Distal jet appliance.
after orthodontic treatment (T3).
The distal jet group

The distal jet sample was selected from an original
group of 94 subjects from 2 private orthodontic prac-
tices. To be included in this group, each patient had to
meet the following criteria: (1) a pretreatment Class II
Division 1 malocclusion, defined by at least an end-to-
end molar relationship; (2) no permanent teeth ex-
tracted before or during treatment; (3) good-quality
radiographs with adequate landmark visualization and
minimal or no rotation of the head; and (4) no other
molar distalization procedures (eg, headgear) per-
formed between the T1 and T2 cephalograms. The final
distal jet sample consisted of 32 subjects (19 girls and
13 boys) (Table II). The mean ages at T1, T2, and T3
and the mean treatment intervals are summarized in
Table III.

In the patients in the distal jet group, coil springs
were activated every 4 to 6 weeks; most patients

Fig 2. Pendulum appliance.

Table II. Sample selection and exclusionary criteria for
distal jet with full fixed appliances

Sample selection n

Patient sample 94
Primary exclusionary criteria

1. Poor film quality/magnification problems 6
2. Incomplete records 13

Secondary exclusionary criteria
1. T1 to T2 interval greater than 12 months 16
2. Non-Class II malocclusion 4
3. Use of other molar distalization methods

between T1 and T2
23

Final sample 32
received 3 to 5 activations. The forces generated by the
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Ni-Ti coils were recommended by Carano and Testa26

(240 g). The anterior dentitions were aligned during
molar distalization with full fixed appliances. Once a
“super Class I” molar relationship was achieved, the
distal jet was converted to a large Nance holding arch
by removing the coil springs. The extension arms to the
second premolars were cut and removed to allow the
premolars to drift back or be actively retracted. During
the postdistalization period, 22 of the 32 patients
received Jasper jumpers48 bilaterally, used passively to
stabilize the maxillary molars. The remaining 10 pa-
tients received headgear to help hold the molars in
position. The Jasper jumpers and the Nance holding
arches were removed after maxillary space closure and
attainment of a Class I molar relationship. Full fixed
appliances were maintained until the completion of
treatment.

The pendulum group

The parent sample for the pendulum group con-
sisted of 50 patients from previous pendulum stud-
ies.36,45 The final sample (32 subjects, 19 girls and 13
boys) was selected by matching the subjects to the
distal jet sample based on sex and age at the start of
treatment. The mean ages at T1, T2, and T3 and the
mean treatment intervals for the pendulum group are
shown in Table III.

The pendulum/pendex appliance used in this study
was similar to that described by Hilgers.32 With the
appliance in place, the 0.032-in TMA springs were
placed in the lingual sheaths on maxillary first molar
bands. This 60° activation exerted approximately 230 g
of distalizing force. The pendulum appliance was re-
moved when a “super Class I” molar relationship was
achieved. A Nance holding arch was placed after molar
distalization. Typically, the occlusal rests were re-
moved from the second premolars, and the premolars
were allowed to drift posteriorly. No archwire was
placed in the brackets (if present) on the second
premolars during the first few months after molar
distalization. Comprehensive fixed appliances followed

Table III. Demographics of observation periods and ob

Observation
period/interval

Distal jet group (n � 32)

Mean SD Min

T1 12y 3mo 1y 4mo 9y 2mo
T2 13y 1mo 1y 4mo 10y 2mo
T3 14y 7mo 1y 4mo 11y 2mo
T1-T2 10mo 2mo 6mo
T2-T3 18mo 4mo 11mo
T1-T3 28mo 5mo 21mo
molar distalization.
In both groups, 9 subjects had unerupted maxillary
second molars at the start of treatment, and 23 subjects
had either partially or totally erupted second molars.

Cephalometric analysis

Lateral cephalograms of a given series were hand-
traced at a single sitting in the same manner. Cephalo-
grams were traced by one investigator (P.P.C.); land-
mark location was verified by a second investigator
(J.A.M.). Disagreements were resolved by retracing the
landmark or structure in question to the satisfaction of
both.

Lateral cephalograms for each patient at T1, T2,
and T3 in both treatment groups were standardized as to
magnification factor (8% enlargement) and digitized. A
customized digitization regimen based on Dentofacial
Planner (version 2.5, Toronto, Ontario, Canada) that
included 78 landmarks and 4 fiducial markers was used
for the cephalometric evaluation. The cephalometric
analysis, containing measurements from the analyses of
Jacobson,49 McNamara,50 Ricketts,51 and Steiner,52

consisted of 31 variables (10 angular and 21 linear) for
each tracing.

Fiducial markers were placed in the maxilla and
mandible on the T2 tracings and transferred to T1 and
T3 tracings in each subject’s cephalometric series,
based on superimposition of internal maxillary or
mandibular structures. Regional superimpositions were
done by hand, and the 78 landmarks and the 4 fiducial
markers (anterior and posterior maxilla, anterior and
posterior mandible) were digitized with Dentofacial
Planner. Cranial base superimpositions assessed the
movements of the maxilla and mandible relative to the
basion-nasion line registered at the posterosuperior
aspect of the pterygomaxillary fissure.50,53 These
movements were shown by the direction and magnitude
of displacement of the fiducial markers in the maxilla
and mandible relative to cranial-base structures.

The maxillae were superimposed along the palatal
plane by registering on the bony internal details of the
maxilla superior to the incisors and the superior and

ion intervals

Pendulum group (n � 32)

Mean SD Min Max

o 12y 6mo 1y 1mo 10y 9mo 15y 10mo
o 13y 1mo 1y 1mo 11y 2mo 16y 5mo

15y 1mo 1y 2mo 12y 10mo 18y 6mo
7mo 2mo 4mo 24mo
24mo 6mo 15mo 36mo
31mo 6mo 22mo 44mo
servat

Max

15y 10m
16y 11m
18y

14mo
29mo
inferior surfaces of the hard palate. Fiducial markers
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were placed in the anterior and posterior part of the
maxilla along the palatal plane. The movement of the
maxillary dentition in the maxilla was determined from
this maxillary superimposition. The mandibles were
superimposed posteriorly on the outline of the mandib-
ular canal. Anteriorly, they were superimposed on the
anterior contour of the chin and the bony structures of
the symphysis.50,53 Fiducial markers were placed in the
center of the symphysis and the body of the mandible
near the gonial angle. This superimposition facilitated
measuring the movement of the mandibular dentition
relative to the mandible.

Statistical analysis

Descriptive statistics were calculated for all cepha-
lometric measures at T1 for the 2 groups and for the
changes at T2-T1, T3-T2, and T3-T1 in each group.
Significant between-group differences were tested with
the Hotelling T2 as an initial exploratory test
(MANOVA). When significance was detected, the
independent sample Student t test was used to identify
significant between-group differences for each cepha-
lometric variable. Statistical significance was tested at
P � .05, P � .01, and P �.001. All computations were
performed with a statistical software package (Statisti-
cal Package for the Social Sciences, Version 10.0,
SPSS, Chicago, Ill).

The error of the method has been described previ-
ously by McNamara et al.54

RESULTS

Descriptive statistics for the 19 cephalometric mea-
sures at T1 for the distal jet and pendulum groups are
given in Table IV. Multivariate analysis did not show a
significant between-group difference in starting forms
for the distal jet group when compared with the
pendulum group at T1.

Descriptive and inferential statistics for changes
during overall treatment intervals T1-T2, T2-T3, and
T1-T3 are summarized in Tables V-VII. Average
craniofacial forms for both groups at the 3 observation
times and their superimpositions are shown in Figures
3 and 4.

Pretreatment to postdistalization

No significant difference in both sagittal and verti-
cal skeletal changes could be detected between the 2
groups during the distalization phase. The only excep-
tion was a slightly more protruded chin in the distal jet
sample (Pg to nasion perpendicular, �0.3 mm v �1.1
mm) that was associated with significantly greater

increments in total mandibular length (Co-Pg, 2.5 mm
v 1.3 mm). In both groups, the mandibular plane angle
opened slightly (FH to mandibular plane, 0.7°-1.3°),
resulting in a comparable increase in lower anterior
facial height (ANS to Me, 2.4-2.5 mm) (Table V).

The pendulum group showed a significantly greater
correction of molar relationship (6.4 mm) and a signif-
icantly larger amount of molar distalization (U6 hori-
zontal, �6.1 mm) compared with the distal jet group
(3.8 and �2.8 mm, respectively). The maxillary first
molars in the pendulum group, however, experienced
significantly more distal tipping (U6 to FH, �10.7°)
than the distal jet group (�5.0°). The maxillary first
molars also extruded slightly in both samples (U6
vertical, 0.5-1.0 mm) (Table V).

At the end of the first phase of treatment, the
pendulum group showed significantly less anchorage
loss measured at the first premolars (U4 horizontal, 1.4
mm mesial movement) than the distal jet group (2.6
mm). The first premolars tended to extrude in both

Table IV. Comparison of starting forms†

Cephalometric measures

Distal jet
n � 32

Pendulum
n � 32

Mean SD Mean SD

Maxillary skeletal
SNA (°) 82.0 4.2 80.5 3.7
Pt A to nasion perp (mm) 0.7 3.9 �0.9 3.2

Mandibular skeletal
SNB (°) 77.8 3.2 76.9 3.5
Pg to nasion perp (mm) �4.1 5.4 �6.1 5.4
Co-Gn (mm) 114.0 5.7 114.0 7.2

Maxillary/mandibular
ANB (°) 4.1 2.4 3.6 2.1
Wits (mm) 1.7 2.3 1.4 2.7

Vertical skeletal
ANS to Me (mm) 63.4 4.4 64.9 4.2
FH to occlusal plane (°) 8.3 4.6 8.2 3.6
FH to palatal plane (°) 1.3 3.0 0.3 2.8
FH to mandibular plane (°) 21.5 6.0 24.4 3.9

Interdental
Molar relationship (mm) �1.0 0.9 �1.2 1.3
Overjet (mm) 4.7 1.3 4.8 1.5
Overbite (mm) 4.9 1.8 4.8 1.8

Maxillary dentoalveolar
U1 to Pt A vert (mm) 4.0 1.6 4.1 2.3
U1 to FH (°) 108.4 6.5 109.4 7.0
U4 to FH (°) 93.4 5.2 90.3 6.0
U6 to FH (°) 82.6 4.1 79.8 4.4

Mandibular dentoalveolar
L1 to mand plane (°) 97.1 6.7 93.3 6.0

Soft tissue
UL to E plane (mm) �2.8 1.8 �2.4 2.5
LL to E plane (mm) �1.6 1.8 �0.9 3.6

†Hotelling’s T2 � 0.773, F � 1.546, P � .113; not significant.
groups (U4 vertical, 1.2-1.3 mm) (Table V).
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The maxillary incisors of the distal jet group exhib-
ited significantly more flaring (U1 horizontal, 3.7 v 1.1
mm; U1 to FH, 13.7° v 3.1°) and intrusion (U1 vertical,
�1.5 v �0.1 mm) during molar distalization. The
mandibular incisors of the distal jet group also were
significantly more protruded (L1 to mandibular plane,
6.7°) than those of the pendulum group (0.9°). From T1
to T2, the distal jet group had a significantly greater
increase in overjet (2.4 mm) and a significantly greater
decrease in overbite (�2.9 mm) than the pendulum

Table V. Comparison of change during distalization pe

Cephalometric measures

Distal jet
n � 32

Mean SD

Maxillary skeletal
SNA (°) �0.1 1.1
Pt A to nasion perp (mm) 0.1 1.1

Mandibular skeletal
SNB (°) �0.3 0.8
Pg to nasion perp (mm) �0.3 1.3
Co-Gn (mm) 2.5 1.5

Maxillary/mandibular
ANB (°) 0.2 1.1
Wits (mm) 1.4 1.6

Vertical skeletal
ANS to Me (mm) 2.4 1.7
FH to occlusal plane (°) 0.8 2.6
FH to palatal plane (°) �0.1 1.2
FH to mandibular plane (°) 0.7 0.9

Interdental
Molar relationship (mm) 3.8 1.0
Overjet (mm) 2.4 2.1
Overbite (mm) �2.9 1.6

Maxillary dentoalveolar
U1 to Pt A vert (mm) 3.8 1.9
U1 horizontal (mm) 3.7 1.7
U1 vertical (mm) �1.5 1.6
U4 horizontal (mm) 2.6 1.1
U4 vertical (mm) 1.3 1.2
U6 horizontal (mm) �2.8 1.1
U6 vertical (mm) 1.0 1.1
U1 to FH (°) 13.7 8.0
U4 to FH (°) 0.3 4.9
U6 to FH (°) �5.0 3.6

Mandibular dentoalveolar
L1 to mand plane (°) 6.7 4.9
L1 horizontal (mm) 1.2 1.2
L1 vertical (mm) 0.7 1.2
L6 horizontal (mm) 0.5 0.7
L6 vertical (mm) 0.6 1.2

Soft tissue
UL to E plane (mm) 0.9 1.6
LL to E plane (mm) 2.1 1.4

†Hotelling’s T2 � 10.302, F � 9.366, P � .000; significant.
*P � .05; **P � .01; ***P � .001.
group (1.2 and �1.7 mm, respectively) (Table V).
The lower lip in the distal jet group was signifi-
cantly more protruded (2.1 mm) than it was in the
pendulum group (0.5°) (Table V).

Postdistalization to end of orthodontic treatment

Between T2 and T3, the pendulum group showed a
0.7° greater decrease in SNA angle, whereas the distal
jet group had a 1.0° greater increase in SNB angle than
the pendulum group. The distal jet group experienced

1 to T2)†

Pendulum
n � 32 Distal jet vs pendulum

Mean SD t Sig.

0.2 0.8 �1.190 NS
0.1 0.7 �0.132 NS

�0.3 0.8 �0.016 NS
�1.1 1.4 2.386 *

1.3 1.8 2.976 **

0.5 0.8 �1.249 NS
0.7 1.5 1.967 NS

2.5 1.4 �0.333 NS
1.5 2.6 �1.057 NS

�0.2 1.1 0.496 NS
1.3 1.4 �1.845 NS

6.4 1.9 �7.082 ***
1.2 1.5 2.695 **

�1.7 1.2 �3.228 **

1.0 1.2 7.071 ***
1.1 1.2 6.952 ***

�0.1 0.9 �4.159 ***
1.4 1.9 2.964 **
1.2 1.1 0.236 NS

�6.1 1.8 8.875 ***
0.5 1.1 1.712 NS
3.1 4.1 6.655 ***

�1.7 4.7 1.633 NS
�10.7 5.5 4.817 ***

0.9 3.8 5.295 ***
0.4 0.7 3.285 **
0.6 0.7 0.250 NS
0.6 0.6 �0.763 NS
0.5 0.8 0.498 NS

0.3 1.5 1.628 NS
0.5 1.7 4.055 ***
riod (T
1.8 mm more reduction in the Wits appraisal than the
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pendulum group. No statistically significant differences
in the changes in vertical skeletal relationships were
found between the 2 groups (Table VI).

During the second phase of treatment with full fixed
appliances, the maxillary first molars in the pendulum
group showed significantly more mesial movement (5.5
mm) and mesial tipping (13.6°) than the distal jet group
(3.4 mm and 7.2°, respectively). The greater tendency
to relapse in the sagittal position of the maxillary first
molar in the pendulum group was shown also by a
greater unfavorable change in molar relationships

Table VI. Comparison of change during postdistalizatio

Cephalometric measures

Distal jet n � 32

Mean SD

Maxillary skeletal
SNA (°) �0.2 1.1
Pt A to nasion perp (mm) �0.3 1.2

Mandibular skeletal
SNB (°) 0.8 1.0
Pg to nasion perp (mm) 1.3 1.6
Co-Gn (mm) 3.1 2.0

Maxillary/mandibular
ANB (°) �1.0 1.3
Wits (mm) �2.9 2.4

Vertical skeletal
ANS to Me (mm) 1.5 2.1
FH to occlusal plane (°) �0.5 2.9
FH to palatal plane (°) �0.1 1.1
FH to mandibular plane (°) �0.6 1.3

Interdental
Molar relationship (mm) �1.0 1.3
Overjet (mm) �4.2 2.1
Overbite (mm) 0.4 2.0

Maxillary dentoalveolar
U1 to Pt A vert (mm) �2.3 2.2
U1 horizontal (mm) �1.9 2.1
U1 vertical (mm) 2.1 1.7
U4 horizontal (mm) �2.1 1.1
U4 vertical (mm) 0.7 0.9
U6 horizontal (mm) 3.4 1.4
U6 vertical (mm) 0.7 1.1
U1 to FH (°) �7.7 7.8
U4 to FH (°) �2.7 5.3
U6 to FH (°) 7.2 3.1

Mandibular dentoalveolar
L1 to mand plane (°) 0.1 4.8
L1 horizontal (mm) 0.7 1.0
L1 vertical (mm) 0.1 1.9
L6 horizontal (mm) 1.0 1.0
L6 vertical (mm) 1.4 1.0

Soft tissue
UL to E plane (mm) �2.2 1.5
LL to E plane (mm) �1.9 1.8

†Hotelling’s T2 � 8.125, F � 7.386, P � .000; significant.
*P � .05; **P � .01; ***P � .001.
(�3.5 mm v �1.0 mm). The amount of mesial move-
ment of the maxillary first molars in the distal jet group,
however, was greater than the amount of distalization
achieved during the first phase of treatment (Ta-
ble VI).

There were no significant differences in the hori-
zontal and vertical movements of the first premolars
between the 2 groups during the second phase of
treatment. The first premolars tipped distally in the
distal jet group (�2.1 mm and �2.7°) and the pendu-
lum group (�1.4 mm and �1.6°) (Table VI).

The maxillary incisors of the distal jet group

od (fixed appliance therapy) (T2 to T3)†

Pendulum n � 32 Distal jet vs pendulum

Mean SD t Sig.

�0.9 1.3 2.249 *
�0.8 1.4 1.565 NS

�0.2 1.0 3.942 ***
0.8 2.3 1.148 NS
4.7 3.3 �2.302 NS

�0.7 1.1 �0.899 NS
�1.1 1.8 �3.444 ***

1.8 1.9 �0.674 NS
�1.4 2.7 1.267 NS
�0.3 2.1 0.488 NS
�0.4 2.2 �0.527 NS

�3.5 1.9 6.362 ***
�2.6 2.3 �3.003 **
�0.2 1.7 1.225 NS

�0.8 2.5 �2.472 *
�0.9 2.3 �1.999 *

1.1 1.3 2.803 **
�1.4 2.0 �1.736 NS

0.7 1.2 �0.172 NS
5.5 1.7 �5.649 ***
1.1 0.9 �1.428 NS
0.1 8.9 �3.720 ***

�1.6 4.3 �0.892 NS
13.6 6.3 �5.193 ***

3.1 5.0 �2.454 *
0.6 1.4 0.544 NS
1.1 1.8 �2.023 *
0.9 0.9 0.513 NS
2.4 1.6 �3.024 **

�2.3 1.3 0.145 NS
�1.5 1.5 �0.857 NS
n peri
showed significantly more retraction (�1.9 mm and
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�7.7° v �0.9 mm and 0.1°) and extrusion (2.1 v 1.1
mm) during the second phase of treatment. The man-
dibular incisors of the pendulum group proclined 3.0°
and extruded 1 mm more than those of the distal jet
patients. The overjet was reduced to a greater extent in
the distal jet group (�4.2 mm) than in the pendulum
group (�2.6 mm); overbite showed minimal changes in
both groups (Table VI).

During treatment with fixed appliances, the upper
and lower lips tended toward retraction relative to the E

Table VII. Comparison of change during overall observ

Cephalometric measures

Distal jet n � 32

Mean SD

Maxillary skeletal
SNA (°) �0.3 1.4
Pt A to nasion perp (mm) �0.2 1.1

Mandibular skeletal
SNB (°) 0.5 1.0
Pg to nasion perp (mm) 1.1 1.6
Co-Gn (mm) 5.7 2.8

Maxillary/mandibular
ANB (°) �0.8 1.1
Wits (mm) �1.5 2.4

Vertical skeletal
ANS to Me (mm) 3.9 2.5
FH to occlusal plane (°) 0.3 2.8
FH to palatal plane (°) �0.2 1.5
FH to mandibular plane (°) 0.1 1.5

Interdental
Molar relationship (mm) 2.9 1.1
Overjet (mm) �1.8 1.3
Overbite (mm) �2.5 1.8

Maxillary dentoalveolar
U1 to Pt A vert (mm) 1.5 1.7
U1 horizontal (mm) 1.8 1.8
U1 vertical (mm) 0.6 1.6
U4 horizontal (mm) 0.5 1.2
U4 vertical (mm) 2.0 1.1
U6 horizontal (mm) 0.6 1.2
U6 vertical (mm) 1.7 1.4
U1 to FH (°) 6.0 6.3
U4 to FH (°) �2.4 4.6
U6 to FH (°) 2.2 3.2

Mandibular dentoalveolar
L1 to mand plane (°) 6.9 4.9
L1 horizontal (mm) 2.0 1.2
L1 vertical (mm) 0.8 2.1
L6 horizontal (mm) 1.5 1.1
L6 vertical (mm) 2.0 1.6

Soft tissue
UL to E plane (mm) �1.3 1.5
LL to E plane (mm) 0.2 1.3

†Hotelling’s T2 � 2.999, F � 2.726, P � 0.000; significant.
*P � 0.05; **P � 0.01; ***P � 0.001.
plane in both groups (Table VI).
Overall treatment effects

Over the entire treatment period, SNB angle and
pogonion-to-nasion perpendicular distance increased sig-
nificantly in the distal jet group (0.5° and 1.1 mm) with
respect to the pendulum group, which showed a slight
decrease for both mandibular measures (�0.4° and �0.3
mm). Both the Wits appraisal and ANB angle decreased
significantly more in the distal jet group (�1.1 and � 0.5
mm, respectively). No statistically significant differences
were found between the 2 groups for any T3-T1 changes

period (T1 to T3)†

Pendulum n � 32 Distal jet vs pendulum

Mean SD t Sig.

�0.7 1.3 1.204 NS
�0.6 1.3 1.591 NS

�0.4 1.0 3.778 ***
�0.3 2.3 2.816 **

6.0 3.5 �0.399 NS

�0.3 1.0 �2.099 *
�0.4 1.5 �2.171 *

4.4 2.7 �0.722 NS
0.1 3.1 0.260 NS

�0.6 2.1 0.757 NS
0.9 2.2 �1.645 NS

2.9 1.4 �0.319 NS
�1.4 1.6 �1.103 NS
�1.9 1.7 �1.297 NS

0.2 2.1 2.838 **
0.2 1.9 3.355 **
0.9 1.2 �0.910 NS
0.1 1.2 1.442 NS
2.0 1.5 0.064 NS

�0.6 1.4 3.583 **
1.6 1.2 0.322 NS
3.3 7.7 1.572 NS

�3.3 4.8 0.758 NS
3.0 4.8 �0.800 NS

4.0 4.7 2.344 *
1.0 1.4 2.971 **
1.7 1.7 �1.848 NS
1.5 0.9 0.010 NS
2.9 1.4 �2.288 *

�2.0 1.8 1.649 NS
�1.0 1.9 2.993 **
ation
in vertical skeletal relationships (Table VII).
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At the end of treatment, the pendulum group
showed significantly more molar distalization (1.2 mm
more than the distal jet group). The maxillary first
molars were 0.6 mm distal to their original positions for
the pendulum group, whereas they were 0.6 mm mesial
for the distal jet group. Both appliances, however,
induced the same amount of correction in molar rela-
tionships (2.9 mm). From T1 to T3, the maxillary first
molars tended to extrude (1.6-1.7 mm) and tip mesially
(2.2°-3.0°) in both samples. During overall treatment,
the mandibular first molars moved mesially 1.5 mm in
both groups, whereas they were 0.9 mm more extruded
in the pendulum group (Table VII).

Fig 3. Average craniofacial forms for distal jet group at
T1, T2, and T3. A, Cranial-base superimposition; B,
maxillary and mandibular superimpositions. Black, T1;
blue, T2; red, T3.
There were no significant differences in horizontal
or vertical movements of the first premolars between
the 2 groups at the end of treatment (Table VII).

After comprehensive treatment, the maxillary
incisors of the distal jet subjects were 1.6 mm more
labial than those of the pendulum subjects. The
mandibular incisors also were proclined significantly
more in the distal jet group (2.0 mm and 6.9°) than
those in the pendulum group (1.0 mm and 4.0°).
There were no statistically significant differences in
overbite and overjet between the 2 groups (Table
VII).

At the end of comprehensive treatment, the upper
lip showed a tendency toward retraction relative to

Fig 4. Average craniofacial forms for pendulum group
at T1, T2, and T3. A, Cranial base superimposition; B,
maxillary and mandibular superimpositions. Black, T1;
blue, T2; red, T3.
the E plane in both groups. The lower lip of the distal
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jet group maintained its original position relative to
the E plane, whereas the lower lip of the pendulum
group became significantly less protrusive (Table
VII).

DISCUSSION

Many intraoral molar distalization appliances have
been designed to minimize or eliminate the need for
patient cooperation. The pendulum appliance and the
distal jet are recent examples of noncooperation appli-
ances. The purpose of this study was to compare the
treatment effects of the distal jet and the pendulum
appliances for the correction of Class II malocclusions.

The analysis of starting forms showed that the distal
jet and pendulum patients generally were not signifi-
cantly different at the start of treatment (Table IV) and
verified that this study has a low susceptibility bias.
Susceptibility bias occurs when the groups received
different treatment modalities based on the patients’
characteristics at the start of treatment.55,56 One of the
best ways to minimize the susceptibility bias is to
randomly assign patients to the different treatments. In
this study, all patients came from orthodontic practices
that were using either the distal jet or the pendulum
appliance exclusively, not both appliances. In other
words, every patient who was thought to require dis-
talization received the distal jet in 1 practice and the
pendulum in the other. Essentially, this study in some
respects resembles a randomized trial in that treatment
was not rendered based on the patient’s pretreatment
characteristics.

Skeletal changes

During the distalization phase of treatment, the
patients treated with the distal jet showed more man-
dibular growth that was associated with a more pro-
truded chin (Figs 3 and 4). This difference in mandib-
ular growth can be explained, in part, by the longer
duration of treatment (3 months) with the distal jet
during a period of accelerated growth for most patients.
The mandible also rotated slightly downward and
backward in similar amounts for both groups, resulting
in comparable increases in lower anterior facial height.
The bite opening might have been caused by extrusion
of posterior teeth or the maxillary molars being distal-
ized into the arc of closure. The amount of changes in
vertical skeletal relationships during molar distalization
in the pendulum sample is comparable with those
reported in previous studies,33,36-38 whereas the distal
jet produced greater increments in vertical dimensions
than those reported by other authors.27-29

During the postdistalization phase, distal jet pa-

tients had a slightly greater improvement in the Class II
skeletal relationship that was reflected in the decreases
of both the Wits appraisal and ANB angle when
compared with the pendulum patients. The bite opening
observed during molar distalization was reversed
slightly in both groups. Similar skeletal findings in the
postdistalization period were recorded by Ngantung et
al27 for the distal jet used simultaneously with fixed
appliances.

Over the entire treatment, the distal jet subjects
experienced more mandibular advancement and, as a
result, showed a slightly greater improvement in the
Class II skeletal relationship (Figs 3 and 4).

Very little change occurred in the inclination of the
mandibular plane at the end of the 2-phase treatment
(less than 1°) in both groups, whereas the increase in
lower anterior facial height was slightly greater than
that in normal subjects57 during the same observation
interval (4.0-4.5 v 3.5 mm in normal subjects). The
final outcomes of the 2 treatment protocols can be
compared with cephalometric composite norms57 to
evaluate the sagittal and vertical intermaxillary skeletal
harmony at the end of overall treatment (T2). Although
the 2 sagittal components appeared to be in good
reciprocal balance (midfacial length, Co-Pt. A, 93 mm
for both groups; mandibular length Co-Gn, 120 mm for
both groups), the vertical dimension increased slightly
in both samples (67 mm in the distal jet group and 69
mm in the pendulum group v 65-66 mm in the
composite norms).

Dentoalveolar changes

From T1 to T2, a “super Class I” molar relationship
was achieved, on average, in 7 months in the pendulum
treatment group and 10 months in the distal jet group.
The data suggest that the pendulum appliance was more
efficient in distalizing molars than the distal jet. By T2,
the molars moved posteriorly 2.8 mm in the distal jet
group and 6.1 mm in the pendulum group, which also
showed 2.6 mm greater correction in molar relationship
(Figs 3 and 4). This difference was statistically and
clinically significant. The main objective of molar
distalizing therapy is to induce a true bodily distal
movement or at least to keep molar distal tipping to a
minimum. The amount of molar distal tipping relative
to Frankfort horizontal was 5.0° in the distal jet group
and 10.7° in the pendulum group (Figs 3 and 4).

At first glance, this finding (T1-T2) seemed to show
that the distal jet produced less tipping. However, when
the amount of distal movement was considered with the
degree of tipping, the result showed that the molars
tipped 1.8° per millimeter of distal tooth movement in
both groups. In other words, the 2 appliances were

equally likely to tip the maxillary molars. The amount
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of distal tipping per millimeter of distal molar move-
ment in the distal jet group was similar to that reported
by Ngantung et al27 for the distal jet with full fixed
appliances (1.6°/mm) and Bussick and McNamara36 for
the pendulum (1.9°/mm), although it is greater than that
reported by Bolla et al29 for the distal jet without full
fixed appliances (1.0°/mm).

The anchorage loss (T1-T2) measured at the first
premolars during molar distalization was 48% for the
distal jet group and 19% for the pendulum group (2.6
and 1.4 mm, respectively) of mesial movement, a
clinically and statistically significant difference. The
inclusion of 2 premolars in the anchorage unit for the
distal jet versus 4 premolars for the pendulum might
have contributed to the greater loss of anchorage in the
distal jet group than in the pendulum group. For every
millimeter the maxillary first molar moved distally, the
premolars moved forward 0.9 mm in the distal jet
patients and a mere 0.2 mm in the pendulum patients. A
similar amount of anchorage loss at the first premolars
has been found by Ngantung et al27 for the distal jet
with fixed appliances (55%). The distal jet when used
without fixed appliances28,29 produced less anchorage
loss (29%-37%). The percentages of anchorage loss for
the pendulum appliance have been reported to be 24%
35 to 43%32 (Table I).

The patients in the distal jet group also showed a
significantly greater anchorage loss measured at the
maxillary incisor from T1 to T2. The maxillary incisors
were 10.1° more proclined than the pendulum group
(Figs 3 and 4). The simultaneous use of full fixed
orthodontic appliances to align the anterior teeth con-
tributed greatly to the incisor flaring observed during
molar distalization. Ngantung et al27 reported similar
findings for the distal jet with fixed appliances (12.1° of
vestibular tipping). When the distal jet was used with-
out fixed appliances,28 the amount of labial tipping of
the maxillary incisor varied from 0.6°29 to 4.5°28 during
distalization. In our study, the mandibular incisor of the
distal jet group also showed greater labial inclination
(5.8°) than the pendulum group. The findings of the
study showed that incorporating anterior teeth into the
anchor unit does not appear to reduce anchorage loss. It
confirmed the observation of Melsen and Bosch,58 who
stated that teeth that have been mobilized provide very
little, if any, anchorage value.

In general, during the first phase of treatment, the
pendulum appeared to be more efficient than the distal
jet (combined with fixed appliances), both in distalizing
the maxillary molars and in controlling anchorage loss.

The analysis of the changes from T2 to T3 showed

that the pendulum group had a greater tendency to
rebound in the sagittal position of the maxillary first
molars (2.5 mm greater mesial movement than in the
distal jet group). About 90% of the molar distalization
achieved during the first phase of treatment in the
pendulum group was lost during the second phase of
treatment. The amount of relapse in the sagittal position
of the maxillary first molars in the distal jet group,
however, was greater than the amount of distalization
achieved during the first phase of treatment (Figs 3 and
4).

As expected, the premolars also experienced posi-
tional rebound from T2 to T3. They moved and tipped
distally 2.1 mm and 2.7° in the distal jet group and 1.4
mm and 1.6° in the pendulum group. The maxillary
incisors, which were flared significantly during phase 1,
were retracted and tipped lingually in the distal jet
patients (Fig 3). Such “round tripping” of the incisor
position might lead to undesirable side effects, such as
increased root resorption.59 For the pendulum patients,
edgewise treatment did not flare the maxillary incisors,
as was seen in the distal jet patients during molar
distalization. An advantage was that the space created
from molar distalization could be used to align the
anterior segment.

For the distal jet patients from T2 to T3, the
maxillary molars were 0.6 mm mesial of their original
positions. This surprising result agreed with that of
Ngantung et al,27 who found 1.8 mm net mesial change
in maxillary first molar position at the end of treatment.
In the pendulum group, the maxillary first molars were
0.5 mm distal of their pretreatment positions at T3 (31
months). However, the total molar corrections were not
significantly different between the groups, and, most
importantly, both groups achieved and maintained
Class I molar relationships.

The forward movement of the maxillary molars
after applying a device for distalization must be ex-
pected as part of a normal process of dentoalveolar
compensation. As the mandible continues to outgrow
the maxilla, and through intercuspation of the buccal
segment and dentoalveolar compensation, the maxillary
molars need to move mesially to maintain the Class I
molar relationship.7

At T3, the premolars maintained approximately the
same positions as at T1 in both groups, whereas both
the maxillary and mandibular incisors had more procli-
nation in the distal jet group. Because the maxillary and
mandibular incisors moved similarly in each group,
however, total overjet and overbite corrections were the
same in the groups. Overall, both appliances had

minimal impact on soft tissue profiles.
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CONCLUSIONS

The distal jet and the pendulum appliances are 2
intraoral molar distalization appliances commonly used
in the treatment of Class II malocclusions. This study
compared the treatment effects of the distal jet with
concurrent full-fixed appliances and the pendulum ap-
pliance followed by fixed appliances.

Our findings can be summarized as follows:

1. During molar distalization, the pendulum subjects
demonstrated significantly more distal molar move-
ment and significantly less anchorage loss at both
the premolars and the maxillary incisors than did
the distal jet group.

2. The distal jet used simultaneously with fixed appli-
ances and the pendulum were equal in their abilities
to move the molars bodily.

3. At the end of comprehensive treatment, the maxil-
lary first molars were 0.6 mm mesial to their
original positions in the distal jet group, and 0.5
mm distal in the pendulum group. Nevertheless,
total molar correction was identical in the 2 groups
(3.0 mm), and both appliances were equally effec-
tive in achieving a Class I molar relationship at the
end of treatment.

4. Simultaneous edgewise orthodontic treatment dur-
ing molar distalization in the distal jet group short-
ened the overall treatment time but produced sig-
nificant flaring of both maxillary and mandibular
incisors at the end of treatment.

We thank the following clinicians who contributed
patient records to this study: Drs Jay Bowman, Donald
Burkhardt, John Damas, James Hilgers, Robert Ritucci,
James Sadlon, Jay Singer, and Mark Unruh.
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24. Haydar S, Üner O. Comparison of Jones jig molar distalization
appliance with extraoral traction. Am J Orthod Dentofacial
Orthop 2000;117:49-53.

25. Brickman CD, Sinha PK, Nanda RS. Evaluation of the Jones jig
appliance for distal molar movement. Am J Orthod Dentofacial
Orthop 2000;118:526-34.

26. Carano A, Testa M. The distal jet for upper molar distalization.
J Clin Orthod 1996;30:374-80.

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

28. Nishii Y, Hidenori K, Hideharu Y. Three-dimensional evaluation
of the distal jet appliance. World J Orthod 2002;3:321-7.

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

30. Keles A. Maxillary unilateral molar distalization with sliding
mechanics: a preliminary investigation. Eur J Orthod 2001;23:

507-15.



American Journal of Orthodontics and Dentofacial Orthopedics
Volume 128, Number 3

Chiu, McNamara, and Franchi 365
31. Keles A, Pamukcu B. Bilateral maxillary molar distalization with
sliding mechanics: Keles slider. World J Orthod 2002;3:57-66.

32. Hilgers JJ. The pendulum appliance for Class II non-compliance
therapy. J Clin Orthod 1992;26:700-3.

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

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

35. 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.

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

37. Joseph AA, Butchard CJ. An evaluation of the pendulum
“distalizing” appliance. Semin Orthod 2000;6:129-35.

38. Chaqués-Asensi J, Kalra V. Effects of the pendulum appliance
on the dentofacial complex. J Clin Orthod 2001;35:254-7.

39. Kinzinger G, Fuhrmann R, Gross U, Diedrich P. Modified
pendulum appliance including distal screw and uprighting acti-
vation for non-compliance therapy of Class II malocclusion in
children and adolescents. J Orofac Orthop 2000;61:175-90.

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

41. Kalra V. The K-loop molar distalizing appliance. J Clin Orthod
1995;24:298-301.

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

43. Fortini A, Lupoli M, Parri M. The first class appliance for rapid
molar distalization. J Clin Orthod 1999;33:322-8.

44. Fortini A, Lupoli M, Giuntoli F, Franchi L. Dentoskeletal effects
induced by rapid molar distalization with the first class appliance.
Am J Orthod Dentofacial Orthop 2004;125:697-705.

45. Burkhardt DR, McNamara JA Jr, Baccetti T. Maxillary molar
parison of comprehensive orthodontic treatment including the
pendulum and the Herbst appliances. Am J Orthod Dentofacial
Orthop 2003;123:108-16.

46. Bowman SJ. Class II combination therapy. J Clin Orthod
1998;32:611-20.

47. Bowman SJ. Modifications of the distal jet. J Clin Orthod
1998;32:549-56.

48. Jasper JJ, McNamara JA Jr. The correction of interarch maloc-
clusions using a fixed force module. Am J Orthod Dentofacial
Orthop 1995;108:641-50.

49. Jacobson A. The “Wits” appraisal of jaw disharmony. Am J
Orthod 1975;67:125-38.

50. McNamara JA Jr. A method of cephalometric evaluation. Am J
Orthod 1984;86:449-69.

51. Ricketts RM. The influence of orthodontic treatment on facial
growth and development. Angle Orthod 1960;30:103-33.

52. Steiner CC. Cephalometrics for you and me. Am J Orthod
1953;39:729-55.

53. Ricketts RM. Perspectives in the clinical application of cepha-
lometrics. The first fifty years. Angle Orthod 1981;51:115-50.

54. McNamara JA Jr, Howe RP, Dischinger TG. A comparison of
the Herbst and Fränkel appliances in the treatment of Class II
malocclusion. Am J Orthod Dentofacial Orthop 1990;98:134-44.

55. Feinstein A. Clinical epidemiology: the architecture of clinical
research. Philadelphia: W. B. Saunders; 1985.

56. Johnston LE Jr, Paquette DE, Beattie JR, Cassidy DW Jr,
McCray JF, Killiany DM. The reduction of susceptibility bias in
retrospective comparisons of alternative treatment strategies. In:
Vig KD, Vig PS, editors. Clinical research as the basis of clinical
practice, monograph 25. Craniofacial Growth Series. Ann Arbor:
Center for Human Growth and Development; University of
Michigan; 1991.

57. McNamara JA Jr, Brudon WL. Orthodontic and orthopedic
treatment in the mixed dentition. Ann Arbor: Needham Press;
1993. p. 24-6.

58. Melsen B, Bosch C. Different approaches to anchorage: a survey
and an evaluation. Angle Orthod 1997;67:23-30.

59. Proffit WR, Fields HW. The first stage of comprehensive
treatment: alignment and leveling. In: Contemporary orthodon-
distalization or mandibular enhancement: a cephalometric com- tics. 3rd ed. Saint Louis: C. V. Mosby; 2000. p. 527-9.

BOUND VOLUMES AVAILABLE TO SUBSCRIBERS

Bound volumes of the American Journal of Orthodontics and Dentofacial Orthopedics are
available to subscribers (only) for the 2004 issues from the Publisher, at a cost of $96.00 ($115.56
Canada and $108.00 international) for Vol. 125 (January-June) and Vol. 126 (July-December).
Shipping charges are included. Each bound volume contains subject and author indexes. The
binding is durable buckram, with the journal name, volume number, and year stamped in gold on
the spine. Payment must accompany all orders. Contact Elsevier Inc., Subscription Customer
Service, 6277 Sea Harbor Dr, Orlando, FL 32887; phone 800-654-2452 or 407-345-4000.

Subscriptions must be in force to qualify. Bound volumes are no available in place of a
regular Journal subscription.


	A comparison of two intraoral molar distalization appliances: Distal jet versus pendulum
	SUBJECTS AND METHODS
	The distal jet group
	The pendulum group
	Cephalometric analysis
	Statistical analysis

	RESULTS
	Pretreatment to postdistalization
	Postdistalization to end of orthodontic treatment
	Overall treatment effects

	DISCUSSION
	Skeletal changes
	Dentoalveolar changes

	CONCLUSIONS
	Acknowledgements
	REFERENCES


