
(Editor’s Note: In this quarterly column, JCO
provides a brief overview of a clinical topic of
interest to orthodontists. Contributions and sug-
gestions for future subjects are welcome.)

About a third of all orthodontic patients are
treated for Class II malocclusions.1,2 These

patients represent a heterogeneous population,
with many different etiologies accounting for
similar intraoral and extraoral manifestations.3

Because there is no single mechanical option that
can be applied to every Class II patient, it is crit-
ical to diagnose and plan these cases on an indi-
vidual basis. According to McNamara and
Brudon, “Each treatment approach differs in its
effect on the skeletal structures of the craniofa-
cial region, sometimes accelerating or limiting
the growth of the various structures involved.”4

Considerable research has been devoted to
the various options for treating a Class II maloc-

clusion. In fact, it has been estimated that in the
decade of the 1980s alone, more than 130 articles
were published on Class II treatment, providing
information on 14 different appliance systems or
approaches.5 Many more papers have been pub-
lished since 1990.

Although headgear and various functional
appliances have been the mainstay of Class II
treatment from the time of Kloehn6 and Balters,7

the idea that any one treatment modality can
address such a multidimensional problem is
naive at best. Kloehn-type headgears are an
excellent source of anchorage for holding the
maxilla back while allowing the mandible to
come forward,8-10 but their Achilles’ heel has al-
ways been patient compliance. Many practition-
ers have simply given up trying to get patients to
wear headgear.

Functional appliances that position the
mandible forward into a Class I position work
well in growing patients whose etiology involves
a retrognathic mandible. Many of these appli-
ances—usually variations on the century-old
Herbst* device (Fig. 1)—do not depend on pa-
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Fig. 1 Herbst appliance (photo courtesy of Dent-
aurum, Inc.).
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tient cooperation. Not every Class II, however, is
due to a retrognathic mandible. Some 10-15%
are caused by protrusive maxillae.11 In such a
case, hyperpropulsion of the mandible is simply
the wrong solution to the problem. What is actu-
ally needed is distalization of the maxillary den-
toalveolar structures. Fortunately, a number of
intra-arch distalization appliances that do not
depend on patient compliance are now available.

Springs and Wires

Perhaps the simplest, cheapest, and oldest
of these devices is the compressed-coil spring.
Although stainless steel and nickel titanium coil
springs have been used in conjunction with
Nance appliances to successfully distalize maxil-
lary molars since the early part of the 20th cen-
tury,11,12only a few clinical trials have specifical-
ly examined their effectiveness in Class II treat-
ment.13

Gianelly and colleagues recommended
placing nickel titanium coil springs on .016" ×
.022" stainless steel sectional wires from first
premolar to first molar.14 When compressed, each
coil produces approximately 100g of force to
move the molar distally along the wire. A Nance
appliance extending across the palate between
the first premolars acts as an anchorage unit, and
an .018" uprighting spring is placed in the verti-
cal slot of each premolar bracket. The authors
reported that with 8-10mm of activation, the
100g coils can distalize maxillary molars
1.5mm/month, with approximately 20% anchor-
age loss. If more activation is needed, a Gurin
lock can be used to augment the coil compres-
sion. Supplemental mechanics are indicated if
excessive anchorage loss is observed. Gianelly
advocated using this mechanotherapy in the
mixed dentition, before second molar eruption,
for maximum distalization.15

In 1998, Miura and colleagues compared
the properties of Japanese NiTi springs to those
of traditional stainless steel coils.16 They found
that the nickel titanium springs exhibited superi-
or springback and elastic properties, as well as an
extended range of constant, light, and continuous

force. The force of the springs could easily be
controlled by changing the diameter, the size of
the lumen, and the martensitic transformation
temperature.

Coils have also been utilized for unilateral
Class II correction. In 1992, Reiner fit 12 pa-
tients with a modified Nance appliance, resem-
bling a Quad Helix** with a unilateral lingual
open-coil spring, and reported .19mm of maxil-
lary molar distalization per week.17 Similarly,
Keles studied unilateral molar distalization in a
group of 15 patients.18 Using a Nance button, an
anterior bite plate, and nickel titanium coil
springs acting toward the center of resistance of
the maxillary first molars, he was able to move
the Class II molars an average of 4.9mm distally
in 6.1 months. Anchorage loss was measured as
a 1.3mm mesial migration of the first premolars,
a 1.8mm increase in incisor protrusion, a 3.2°
increase in incisor proclination, and a 2.1mm
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Fig. 2 Modified Nance appliance combined with
nickel titanium coil springs. 20

**RMO Inc., P.O. Box 17085, Denver, CO 80217.



increase in overjet.
Other authors have modified the Nance

appliance or used different configurations of coil
springs to effect distalization within the maxil-
la19,20 (Fig. 2). Pieringer and colleagues reported
maxillary molar distalization ranging from
1.8mm to 10.5mm, with associated distal tipping
of 5.2-22.2°.19 They concluded that complex
three-dimensional movements occurred during
distalization, and that the amount of distal move-
ment and the duration of treatment could not be
correlated with the pre-existing amounts of tip-
ping, rotation, or incisor protrusion.

Although not as popular as compressed-
coil springs, compressed wires have also been
adapted for molar distalization. Locatelli and
colleagues described the use of a superelastic

nickel titanium wire (NeoSentalloy***) to move
maxillary molars distally21 (Fig. 3). By placing
crimpable stops mesial and distal to a com-
pressed section of wire, it was possible to gener-
ate 100g of distal pressure against the maxillary
molar, causing a distalization comparable to that
achieved with magnets or superelastic nickel
titanium coil springs.

Gianelly advocated the use of NeoSentalloy
wires and Sentalloy*** coils, coupled with a
modified Nance appliance, in his textbook on the
Bidimensional technique.22 With 100g of con-
stant force applied by the coils, .018" × .025"
sectional or continuous nickel titanium archwires
could effectively distalize the maxillary molars.
Gianelly reported .5mm of distal movement per
month, although he cited individual variations
and the need to overcorrect molar relationships
by 2mm.

Kalra bent a TMA† wire into what he
called a K-loop for more control over moment-
to-force ratios in molar distalization.23 He argued
that this compressed wire segment between the
first molar and first premolar, in conjunction
with a Nance button, would produce more trans-
latory movement than tipping of the molar.

Jones Jig

The Jones Jig‡ uses an open-coil nickel
titanium spring to deliver 70-75g of force over a
compression range of 1-5mm, with a modified
Nance appliance attached to the first premolars,
second premolars, or primary second molars.
After successful distalization of the maxillary
posterior segments with minimal anchorage loss,
Jones and White concluded that the Jones Jig is
“a predictable, rapid, and painless method of cor-
recting Class II relationships without the necessi-
ty of patient cooperation”.24 They reported that
rotated Class II cases could be treated in 90-120
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Fig. 3 Superelastic nickel titanium wire used to
move maxillary molars distally. 21

***Trademark of GAC International, Inc., 355 Knickerbocker
Ave., Bohemia, NY 11716.

†Registered trademark of Ormco/“A” Company, 1717 W. Collins
Ave., Orange, CO 92867.

‡American Orthodontics, 1714 Cambridge Ave., Sheboygan, WI
53082.



days, and severe Class II molar corrections in
120-180 days. This appliance is designed to be
used in conjunction with any other mechanother-
apy. Jones and White cautioned, however, that
patients with fully bonded maxillary appliances
tended to show an initial forward movement of
the anterior teeth compared to patients who were
treated only with the Jones Jig and Nance appli-
ance.

Because the Jones Jig’s line of force appli-
cation lies occlusally and buccally to the center
of resistance of the teeth, it has been shown to
produce tipping and rotation of the maxillary
molars.12,25-27 A study by Brickman and col-
leagues evaluated the long-term effects of the
appliance after final debonding27 (previous
authors had only measured the results before and
after distalization25,26). Compared to a sample
population treated with headgear, the Jones Jig
tipped the maxillary first molar 7.5° distally and
the maxillary second premolar 4.5° mesially,
while moving the maxillary first molar 2.5mm
distally and the maxillary second premolar 2mm
mesially. Brickman and colleagues found that the
Jones Jig sample showed no statistical difference
from the matched headgear sample when the
maxillary molars and incisors were evaluated
post-treatment, but attributed this result to self-
uprighting of the molars, premolars, and incisors
with the placement of full orthodontic appli-
ances. Like Haydar and Üner,26 they advised
using extraoral traction (J-hook headgear) or
Class II elastics in conjunction with the Jones Jig
for anchorage control. They concluded, “Treat-
ment with the Jones Jig offers the practitioner a
nonextraction treatment modality for Class II
malocclusion that minimizes patient compliance
yet delivers final results consistent with known
treatment modalities, including cervical head-
gear.”27

Distal Jet

The Distal Jet‡ is another intra-arch “non-
compliance” device, designed by Carano and
Testa in 1996 for distal movement of maxillary
molars without the undesirable molar crown tip-

ping associated with other appliances.28 The
Distal Jet consists of bilateral lingual tubes
attached to an acrylic Nance button and to the
second premolars and first molars (Fig. 4). A coil
spring and screw-clamp are slid over each tube,
and the spring is reactivated by sliding the clamp
closer to the first molar on a monthly basis. Once
distalization is complete, the appliance can easi-
ly be converted to a Nance retainer.

Carano and Testa claimed that the rate of
molar movement with the Distal Jet was similar
to that with the Jones Jig, but that their appliance
did not significantly tip or rotate the molars, and
that the anterior anchorage unit remained rela-
tively stable during treatment.28 Others have con-
firmed these findings.1 McNamara and Brudon
agreed that the Distal Jet has advantages includ-
ing less lingual movement and tipping of the
molars, improved esthetics and comfort, and
easy convertibility to a Nance holding arch after
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Fig. 4 A. Distal Jet (original version on patient’s
right side, simplified version on left). 33 B. Modified
Distal Jet. 32
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distalization.11 On the other hand, since the force
of the Distal Jet is applied palatally, rotational
control can be difficult, and mesial rotation of the
maxillary first molars is a common finding.12

Several modifications have been made to
augment the efficiency and versatility of the orig-
inal Distal Jet.29-33 One such variation used a
palatal implant in place of the Nance button for
anchorage control.34 Combining the Distal Jet
with the Jasper Jumper‡ has also become an
effective means of Class II correction.35,36

Pendulum Appliance

The Pendulum appliance,† introduced by

Hilgers,37,38 is unique in that it does not rely on
coil springs for its action. Instead, .032" TMA
springs deliver a continuous force against the
maxillary first molars (Fig. 5). Four occlusal
rests extending from the anterior acrylic are
either banded or bonded to the first and second
premolars, and a large palatal Nance button is
used for anchorage. According to Hilgers, “the
appliance produces a broad, swinging arc—or
pendulum—of force from the midline of the
palate to the upper molars.”37 A lingual force is
thereby placed upon the molars; to prevent a
crossbite from developing, an expansion screw
can be added to the appliance (the Pend-X ver-
sion), or omega loops can be placed within the
TMA springs.12

Considerable research has been conducted
on the Pendulum, with results supporting its
effectiveness in molar distalization.2,39-49Because
of its potential side effects, however, the Pendu-
lum, like other intra-arch devices, is contraindi-
cated in patients with skeletal or dental open
bites, high mandibular plane angles, excessive
lower facial height, or proclined maxillary
incisors.12,13

Bussick and McNamara added another
dimension to the Pendulum literature by evaluat-
ing the dentoalveolar and skeletal effects of the
appliance in patients at various stages of dental
development and with high, neutral, or low
mandibular plane angles.45 After studying 101
patient x-rays from 13 different practitioners,
they concluded that the Pendulum moved the
maxillary first molars an average of 5.7mm dis-
tally, with 10.6° of distal tipping and .7mm of
intrusion. The maxillary first premolars were
moved 1.8mm mesially, with 1.5° of mesial tip-
ping and 1mm of extrusion. Although lower ante-
rior facial height increased by an average of
2.2mm, there was no significant difference
among patients with high, neutral, or low man-
dibular plane angles. The authors concluded,
“For maximum maxillary first molar distaliza-
tion with minimal increase in lower anterior
facial height, this appliance is used most effec-
tively in patients with deciduous maxillary sec-
ond molars for anchorage and unerupted perma-
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Fig. 5 A. Pendulum appliance. 37 B. Modified Pen-
dulum appliance. 44

‡American Orthodontics, 1714 Cambridge Ave., Sheboygan, WI
53082.
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nent maxillary second molars, although signifi-
cant bite opening was not a concern in any
patient in this study.”45

In 2003, Burkhardt and colleagues com-
pared the treatment effects of the Pendulum with
those of the Herbst appliance.2 The Pendulum
group showed a slight downward and backward
rotation of the mandible, as evidenced by a 1.2°
opening of the mandibular plane angle, while the
Herbst group exhibited a .35° closing of the
mandibular plane angle. In the patients treated
with the Pendulum appliance, the maxillary in-
cisors were flared 2.8°, and the maxillary molars
were moved 5.9mm distally, tipped 10° distally,
and extruded 1.7mm. No statistically significant
differences in mandibular growth were observed
between the Herbst patients and the Pendulum
patients.

Conclusion

A number of similar fixed intra-arch
devices have been developed for maxillary molar
distalization. The literature on these appliances is
extensive, and the data reported are often contra-
dictory. A scientifically based systematic review
in the form of a true meta-analysis would help
the profession reach clinically applicable conclu-
sions.50
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