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Efficiency of Noncompliance Simultaneous First and
Second Upper Molar Distalization:

A Three-dimensional Tooth Movement Analysis

Anestis Mavropoulosa; Andreas Karamouzosb; Stavros Kiliaridisc; Moschos A. Papadopoulosd

Abstract: Objective of this prospective study was the three-dimensional (3D) analysis of tooth
movements after the noncompliance simultaneous distalization of the first and second maxillary
molars. Ten patients (five girls and five boys; mean age: 13.2 years) with bilateral Class II molar
relationships were treated with a noncompliance, fixed intraoral appliance. Upper second molars
had already erupted in all cases. Dental casts and lateral cephalometric radiographs were taken
immediately before placement and after removal of the appliance. The casts were 3D digitized
and superimposed on a predefined area in the palate. The resulting holograms, as well as the
cephalometric radiographs, were digitized and analyzed by means of customized cephalometric
software. The whole procedure was repeated after a two- to four-week interval to estimate the
error of both methods. The cast assessment of 3D sagittal and vertical tooth movements was
more reliable than the cephalometric record. The average maxillary first molar distal movement
was 2.8 mm. Anchorage loss was expressed by a 1.9-mm proclination of the central incisors. A
substantial variation among patients and among the right and left side in the same patient was
observed. Noncompliance simultaneous distalization of the first and second maxillary molars can
be an efficient treatment option for the correction of Class II molar relationship. However, an-
chorage loss and individual variation have to be seriously considered. Bilaterally symmetrical
effectiveness should not be relied upon. (Angle Orthod 2005;75:532–539.)

Key Words: Class II malocclusion; Noncompliance distalization; Jig assembly; Three-dimen-
sional cast superimposition

INTRODUCTION

Noncompliance approaches involving distalization
of the maxillary molars have become very popular for
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the correction of Class II malocclusion. A variety of
treatment methods that require minimum patient co-
operation have been proposed to move molars distal-
ly, most notably intramaxillary appliances such as the
pendulum appliance, the distal jet, repelling magnets,
and the Jones jig.1 These appliances are commonly
used when the second upper molars have already
erupted.

In a recent prospective clinical study, the effective-
ness of a fixed, noncompliance intraoral appliance2 in
such clinical context was evaluated on lateral cepha-
lometric radiographs.3 In that study, the Class II rela-
tionship was corrected in all cases, but the distal
movement of the first molars was accompanied by dis-
tal tipping and a considerable loss of anchorage. The
anchorage loss was manifested as mesial tipping and
displacement of the anterior anchorage unit, as has
been reported in previous studies testing analogous
noncompliance appliances.4–8 The analysis of the den-
toalveolar and skeletal effects of these appliances was
done using either lateral cephalometric radiographs or
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FIGURE 1. Lateral (A) and occlusal view (B) of the used intraoral
appliance.

dental casts and used various methods of two-dimen-
sional assessment. However, these methods present
significant limitations, notably the difficulties in estab-
lishing a valid and reliable reference system,9 plus the
significant error associated with measuring small linear
distances on radiographs or casts.

Recent advances in the application of three-dimen-
sional (3D) imaging for dental purposes have made
possible a more accurate assessment of tooth posi-
tional changes on dental casts.10,11 Laser scanners are
now widely used in orthodontics and maxillofacial sur-
gery for the 3D acquisition of dental casts or the
face.10,12

The reliability of generating 3D dental images using
surface laser scanners has also been investigated,
and these devices were reported to have great re-
search potential in orthodontics because of their ability
to yield accurate and reproducible data. Differences
between direct measurements made on dental casts
and those made on computer-reconstructed images
generated by surface laser scanners have shown that
these devices are highly accurate for dental cast anal-
ysis.13–15

The aim of this prospective study was the 3D anal-
ysis of tooth movements after the noncompliance or-
thodontic simultaneous distalization of the first and
second maxillary molars on 3D reconstructed images
generated from 3D surface laser scanning and on lat-
eral cephalometric radiographs. The hypothesis was
that cephalometric assessment alone cannot provide
an accurate and comprehensive description of the or-
thodontic tooth movements that occur in such clinical
situation.

MATERIALS AND METHODS

Subjects

Ten patients (five girls and five boys; mean age:
13.2 years) with bilateral Class II molar relationships
and maxillary second molars already erupted were
treated with a fixed intraoral appliance2 during the first
phase of their overall orthodontic treatment by Dr Pa-
padopoulos. In all cases a Class I molar relationship
was achieved on both sides during an average treat-
ment period of 17.5 weeks. Maxillary dental casts and
lateral cephalometric radiographs were taken imme-
diately before placement and after removal of the ap-
pliance.

Intraoral appliance

The appliance was a modification of the Jones jig
appliance, which consisted of an active and an an-
chorage unit2,3 (Figure 1). The anchorage unit was a
modified Nance button, which was attached to the

bands of the upper second premolars. The active unit
consisted of a 30- to 35-mm-long, round stainless steel
wire, a nickel-titanium open coil spring, and two sliding
tubes. The spring was activated through ligation of the
hook of one of the sliding tubes to the bracket of the
second premolar band. Optimal activation of the coil
spring delivered 80 g per side. Reactivation was per-
formed at four-week intervals.

3D cast superimposition and analysis

All casts were digitized using a 3D surface laser
scanner (Laserscan 3D Pro, Willytec GmbH, Gräfelf-
ing, Germany) by placing them on a special base with
the occlusal plane in horizontal position (Figure 2A).
The image obtained was then transferred through a
video acquisition system to a personal computer (Sie-
mens Expert, Siemens AG, Munich, Germany), con-
trolled by the SCAN-3D software (Willytec GmbH).

The pre- and posttreatment 3D images were super-
imposed on a predefined area in the palate (Figure
2B). This area included the anterior part of the palate
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FIGURE 2. (A) The 3D laser scanner assembly. (B) An example of
a cast occlusal surface as seen on screen. The gray shaded area
corresponds to the region where the 3D superimposition was per-
formed.

FIGURE 3. The result of the fusion of the two holograms after their
superimposition on the palate. Colors are used to facilitate the read-
ing of the image.

FIGURE 4. The definition of effective movement as applied in this
study. The true (effective) mesiodistal movement of the tooth cor-
responds to the projection of the actual movement on the axis of the
lateral segment of the arch where it happens.

comprising the palatal rugae and a zone in the palate
along the midline raphe. It has been previously shown
that the palatal rugae can be used as reference land-
marks for the assessment of tooth movements.16–18

The zone of the palate along the midline raphe was
also used because it significantly enhances the reli-
ability of the 3D superimposition.19 The result was a
new fused hologram, which was projected on the oc-
clusal plane, and the resulting two-dimensional image
was digitized on screen by means of customized ceph-
alometric software (Viewbox 3.01, dHAL Orthodontic
Software, Athens, Greece).

To evaluate the positional changes of each tooth,
the cusps of the first molars, second premolars, and
canines, as well as the mesial and distal edges of the
central incisors, were digitized (Figure 3). Centroid

points were constructed to be used as reference
points. To make the results clinically more relevant,
tooth movements were measured along the axis
where they actually took place, ie, the lateral arch seg-
ments. As an example, in the case of the first molar,
the term ‘‘effective distal movement’’ represented the
projection of the movement of the first molar on the
mesiodistal axis of the corresponding lateral segment
(Figure 4). The vertical changes were measured di-
rectly on the fused hologram by placing the cursor
over the mesial fossa of the second premolar and over
the central fossa of the first molar to register the dif-
ferences in the z-axis. The 3D cast analysis performed
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FIGURE 5. Cephalometric linear and angular measurements.

FIGURE 6. Mean tracing, where the mean positional changes of the
teeth under investigation, are shown in solid thick lines. Dashed and
solid thin lines represent the position of the teeth before and after
treatment, respectively.

TABLE 1. Mean, Standard Deviation, and Error of the Method for the Main Variables Under Study Measured Using the Three-dimensional
(3D) Cast Analysis or Cephalometrics (or) Botha

Movement

3D Cast
Analysis, mm

(Mean and SD)
Error of

the Methodb

Cephalometrics
(Mean and SD)

Error of
the Methodb

First molars Sagittal
Vertical
Tipping

22.80 (0.84)
20.55 (0.33)

—

0.21
0.13
—

21.90 mm (2.12)
20.63 mm (0.90)
26.88 (4.8)

0.47
0.25
1.58

Second premolars

Incisors

Sagittal
Vertical
Tipping
Sagittal
Tipping

13.32 (1.02)
10.87 (0.34)

—
11.89 (0.76)

—

0.21
0.12
—

0.16
—

12.08 mm (2.04)
10.72 mm (0.56)
17.58 (5.9)
11.80 mm (2.86)
15.168 (3.44)

0.49
0.23
1.36
0.39
1.19

a ‘1’ indicates mesial or extrusive movement; ‘2’, distal or intrusive.
b Estimated using Dahlberg’s formula.29

in this study could not yield any information concerning
the mesiodistal inclination (tipping) of the teeth under
study.

Lateral cephalometric measurements

All lateral cephalometric radiographs were scanned
and digitized on screen by means of customized soft-
ware (Viewbox 3.01, dHAL Orthodontic Software). All
radiographs were taken with the same x-ray equip-
ment (Orthophos 10, Siemens, Erlangen, Germany)
and under the same conditions (magnification 10%).
Sagittal and vertical movements were estimated by
measuring the distances of the centroid points of the
first upper molar, the second upper premolar, and the
upper central incisor from the pterygoid vertical (PtV)
and the palatal planes, respectively (Figure 5). Life-
size values were used for the description of the re-
sults. Tipping changes were measured with reference
of the long axes of the teeth to the Sella-Nasion plane.

Error of the methods

The whole measurement procedure was repeated
2–4 weeks after the initial measurements. The error of
both methods was calculated according to the formula
Se 5 ÏSd2/2m where Sd2 is the sum of the squared
differences between pairs of recordings and m is the
number of duplicate measurements.20

The sagittal tooth changes of the first molars and
the second premolars were underestimated on the lat-
eral cephalometric radiographs. It was decided to rely
on the results obtained through the 3D laser scanner
for all measurements except the tipping of the first mo-
lars, second premolars, and central incisors, which
could be measured only on the radiographs.

RESULTS

The 3D cast analysis was associated with signifi-
cantly less variation and error than the cephalometric
assessment (Table 1). Figure 6 shows the mean trac-
ing combining the data obtained from the 3D cast dig-
itization. The total and effective sagittal movements of
the first molars, second premolars, canines, and inci-
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TABLE 2. Evaluation of Movement of All Teeth Under Investigation After the Use of the Noncompliance Molar-distalizing Intraoral Appliance.
Values are Given as Mean 6 SD (Range in Parentheses)a

Total
Movement, mm

Effective (Mesiodistal)
Movement, mm

Asymmetric Mesiodistal
Effect, mm

Active unit

First molars 2.82 6 1.08 (0.46 to 4.3) 22.80 6 0.84 (21.45 to 24.29) 0.97 6 0.70 (0.11 to 2.14)

Anchorage unit

Second premolars
Canines
Incisors

3.50 6 1.11 (2.19 to 5.66)
3.09 6 0.66 (1.93 to 3.98)
2.35 6 0.80 (1.43 to 3.65)

13.32 6 1.02 (12.06 to 15.25)
12.41 6 1.05 (10.49 to 13.76)
11.89 6 0.76 (11.11 to 13.48)

1.87 6 1.67 (0.22 to 5.62)
1.69 6 1.47 (0.07 to 4.00)
0.90 6 1.01 (0.07 to 3.42)

a ‘1’ indicates mesial, buccal, or extrusive movement; ‘2’, distal, palatal, or intrusive movement; R, right; L, left.
b As measured in cephalometric radiographs.

FIGURE 7. Presentation of a case: intraoral photographs (A) before treatment, (B) after removal of the distalizing appliance, and (C) after
removal of fixed appliances.

sors, the mean asymmetric mesiodistal effect, and the
vertical, lateral, tipping, and rotational changes are
presented in Table 2.

In summary, the space created between the first
molars and the second premolars averaged 6.1 mm.
However, only 2.8 mm (46%) of this space was due
to the distalization of the first molars, which was ac-
companied by distal tipping (6.88) and distal rotation

(7.98). Loss of anchorage was demonstrated mainly by
a mesial movement and tipping of the canines and
second premolars and by a proclination of the central
incisors.

DISCUSSION

Distal movement of both first and second upper mo-
lars in full occlusion is considered extremely difficult to
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TABLE 2. Extended

Tipping (8)b

Vertical
Movement, mm

Lateral
Movement, mm Rotation (8)

26.8 6 4.8 (20.6 to 214.4) 20.55 6 0.33 (20.08 to 21.09) 20.24 6 0.66 (21.29 6 10.96) 27.9 6 4.9 (20.5 to 215.9)

17.5 6 5.9 (13.1 to 120.3)
—

5.2 6 3.4 (10.1 to 19.5)

10.87 6 0.34 (10.29 to 11.30)
—
—

10.73 6 0.59 (20.09 to 11.70)
11.25 6 0.35 (10.64 to 11.86)
0.22 R 6 1.37 (1.37 L to 3.42 R)

13.7 6 1.9 (10.9 to 18.0)
—
—

accomplish without patient cooperation or substantial
anchorage loss. The intraoral appliance used in this
study was successfully used for the simultaneous dis-
talization of maxillary first and second molars into a
bilateral Class I molar relationship (Figure 7) in all cas-
es. After its removal, the first molars were stabilized
by means of a transpalatal appliance for a period of
two months before the final stage of orthodontic treat-
ment with full fixed appliances. The stabilization was
to encourage the spontaneous distal drift of the first
and second premolars, taking advantage of the tran-
septal fibers pull.

The space created between the maxillary first mo-
lars and second premolars using the present noncom-
pliance appliance averaged approximately six mm. A
part of this space was due to distal tipping of the first
molars and part due to mesial tipping of the second
premolars. Distal movement of the molar crown ac-
counted for the 46% of the total space created on each
side. However, individual variations as well as differ-
ences between the right and the left side in the same
patient were significant.

The findings of this study confirm the results of pre-
vious studies using similar noncompliance distalizing
modalities with nickel-titanium coil springs.4,6,7,21–23 In
these studies, the samples consisted of patients with
either unerupted7 or both erupted and unerupted6,21,23

second molars. The upper second molars had fully
erupted in all cases in only two of these studies.4,22

However, the influence of the second molars on the
distal movement of the first molars remains a matter
of controversy.

It has been reported that the presence of second
molars increases the duration of treatment time,21,24

produces more tipping4 and more anchorage loss,25

and that tipping of the second molar is greater when
a third molar bud is present.25 Germectomy of wisdom
teeth has been recommended to achieve bodily dis-
talization of both molars.25 On the other hand, some
authors have reported that the presence and the po-
sition of second molars do not influence the amount
and the type of maxillary first molar distalization.26–28

In the present study, anchorage loss manifested as

mesial movement, mesial tipping, buccal displace-
ment, and a slight mesial rotation of the second pre-
molars. A most interesting finding was the asymmetric
effect, which amounted to more than 1.5 mm. This ob-
servation could be attributed to the different states of
leveling and alignment between the two sides of the
dental arch. The canines moved also mesially and
buccally. Individual variations and asymmetric effect
were also apparent in the case of the anterior teeth,
with the midline off to either direction almost one mm
on average. The absence or irregularity of contact
points between spaced or severely crowded teeth
probably diminished the capacity of the anchorage unit
to resist forward movement. Another factor that could
partially explain individual variation is the anatomical
characteristics of the palatal vault. Patients with insuf-
ficient seating of the Nance button because of reduced
palatal vault inclination might not be suitable candi-
dates for noncompliance maxillary molar distalization.

It has been shown that the palatal rugae can be
used as reference for the assessment of tooth move-
ments.16–18 Although there are small differences con-
cerning the most reliable among them, there is general
agreement that they can be used as reference to as-
sess tooth movements. The presence of a Nance
holding arch may be a problem because it normally
contacts an area of the palate immediately below the
major rugae. In the present study, the zone of the pal-
ate along the midline raphe was also used for the 3D
superimposition because it has been shown to en-
hance the reliability of the whole procedure.19 The su-
perimposition area used in this study is thus a multi-
planar surface with uniform relief characteristics, clear-
ly and easily defined in the three planes of space even
in the case of partially missing or imprecise information
(eg, errors in the pouring technique or elastic defor-
mation of the palatal rugae due to the Nance appli-
ance).

In previous studies where treatment changes were
measured on cephalometric radiographs, one of the
major limitations imposed by the design was the in-
ability to evaluate tooth movements in the transverse
dimension. In the present study, lateral cephalometric
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radiographs were used only for the assessment of me-
siodistal inclination changes. The sagittal and vertical
tooth movements were also measured on the radio-
graphs using as reference the pterygoid vertical (PtV)
and the palatal planes, respectively. These linear mea-
surements, however, were not used because the var-
iation and the error associated with the cephalometric
data were significantly greater as compared with the
3D cast analysis.

The sagittal movements of the first molars and the
second premolars were somewhat underestimated as
compared with the findings of the 3D cast analysis.
This was expected to a certain degree because the
reference point (centroid) used for the cephalometric
measurements lies more apical than the one used for
the 3D cast analysis and is, thus, less influenced by
the mesiodistal inclination of teeth. Another reason
could be that in the lateral cephalometric radiograph
the actual tooth movements are inevitably projected on
the midsagittal plane (Figure 4). These facts could ex-
plain why the sagittal displacement of the central in-
cisors, which lie on the midsagittal plane, was almost
identical using both methods. The projection of the two
sides of the dental arch on the midsagittal plane leads
to the problem of double structure identification, which
can be extremely difficult to resolve.

Another significant problem was the selection of a
reference plane that would remain stable during treat-
ment.29 Small linear changes can be significantly influ-
enced by growth when tooth position is measured as
a distance from a remote reference plane, especially
during a long observation period. For example, a
methodological error of 0.5 mm, which is common in
linear cephalometric measurements, can be extremely
important when the measured variable has a mean of
just a few millimeters.

CONCLUSIONS

The noncompliance intraoral appliance used in this
study helped to distalize the upper first and second
molars simultaneously into a bilateral Class I molar re-
lationship in all cases. However, distal movement of
the first molar crown accounted only for the 46% of
the total space created on each side. Anchorage loss
was expressed as a considerable mesial movement
and tipping of the anterior anchorage unit. A substan-
tial variation among patients and an asymmetric me-
siodistal effect were observed. Noncompliance simul-
taneous distalization of the first and second maxillary
molars can be an efficient option for the correction of
Class II molar relationship. However, case selection is
strongly recommended because significant anterior
crowding or spacing can lead to disproportionate an-
chorage loss.
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