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Abstract 
Background: To compare the maxillary dentoalveolar changes of patients treated with three distalization force sys-
tems: Jones Jig, Distal Jet and First Class appliances, using digitized models. 
Material and Methods: The retrospective sample comprised 118 digitized models of 59 patients with Class II ma-
locclusion divided into three groups: Group 1 consisted of 22 patients treated with the Jones Jig appliance; Group 
2 consisted of 20 patients treated with the Distal Jet, and Group 3 comprised 17 patients treated with the First 
Class appliance. Pretreatment and post-distalization plaster models of all patients were digitized and evaluated 
with OrthoAnalyzerTM software. The pretreatment and post-distalization variables regarding sagittal, rotational 
and transverse changes were compared by the One-way Analysis of Variance (ANOVA) and Kruskal-Wallis tests, 
depending on normality. 
Results: All appliances presented similar amounts of distalization. The Distal Jet appliance promoted significantly 
smaller mesial displacement of premolars and greater expansion of posterior teeth. The First Class presented the 
smallest rotation of the maxillary molars and treatment time. 
Conclusions: The distalizers were effective in correcting Class II molar relationship, however, a palatal force seems 
to provide fewer undesirable effects. Additionally, the degree of rotation and expansion was associated with the 
side of force application.
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Introduction
Intraoral distalizers require minimum patient coopera-
tion, becoming a common alternative to correct Class II 
molar relationship. These devices include magnets (1), 
nickel-titanium (NiTi) springs (2), Pendulum (3,4), Jo-
nes Jig (5,6), First Class (7), Distal Jet (8), among others.
Even though effective to obtain maxillary molar dista-
lization, the use of conventionally anchored distalizers 
is controversial since it is related do undesirable effects, 
such as anterior anchorage loss and premolars mesiali-
zation (9). The design of these appliances may be rela-
ted to the amount of distalization promoted and these 
possible undesirable effects. Therefore, different chan-
ges could be expected with the Jones Jig, that applies a 
buccal distalization force, the Distal Jet that uses a pala-
tal distalization force, and the First Class which applies 
buccal and palatal forces.
Previous studies investigated the dentoskeletal effects 
of distalizers. However, most of them were performed 
using cephalometric variables (6,8,10,11). Thus, there 
is still a deficiency in the evaluation of some clinica-
lly relevant aspects, especially regarding rotation and 
transverse changes after the use of distalizing appliances 
(12). Knowledge of these dentoalveolar effects and the 
extent of their possible side effects could influence deci-
sion-making during treatment planning.
Therefore, the purpose of this study was to compare the 
maxillary sagittal, rotational and transverse changes of 
patients treated with three different distalization force 
systems: Jones Jig, Distal Jet and First Class appliances, 
using digitized models.

Fig. 1: Pre- and post-distalization intraoral photographs: A) Jones Jig appliance; B) Distal Jet appliance; C) First Class appliance.

Material and Methods
This retrospective study was approved by the Ethics in 
Research Committee of Bauru Dental School, University 
of São Paulo (Protocol number: 71639017.0.000.5417).”
Sample size calculation was based on an alpha signifi-
cance level of 5% and a beta of 20%, to detect a mean 
difference of 2.00 mm, with a standard deviation of 1.40 
mm in the sagittal displacement of the maxillary first 
molar, as reported in a previous study (13). A minimum 
of 11 patients were required in each group based on the 
sample size calculation. 
-Sample characteristics
The sample comprised 118 digitized models of 59 pa-
tients (23 male, 36 female) divided into 3 groups, trea-
ted at the Department of Orthodontics, Bauru Dental 
School, University of São Paulo, Brazil.”. The inclusion 
criteria were based on the following characteristics: 1. 
Presence of Class II malocclusion; 2. No severe skeletal 
discrepancies; 3. No severe maxillary and mandibular 
crowding; 4. No crossbite; 5. Absence of previous or-
thodontic treatment.
Group 1 consisted of 22 patients (10 male, 12 female) 
with a mean initial age of 13.03 years (± 1.05 years), 
treated with the Jones Jig appliance (Fig. 1A). In order 
to exert a continuous force (120g) to the molars, the 
appliance was built with a nickel-titanium (NiTi) coil 
spring (American Orthodontics, Sheboygan, Wisc), acti-
vated 5mm every 4 weeks. The anchorage unit used was 
a Nance button attached to the second premolars (6).
Group 2 comprised 20 patients (6 male, 14 female) 
with a mean initial age of 12.25 years (± 1.38), treated 
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with the Distal Jet appliance (Fig. 1B). The open-coi-
ls springs of the appliance were selected to exert 240g 
of force in patients with the second molars erupted and 
180g in those with absence of these teeth. The appliance 
was reactivated once a month, and after distalization the 
Nance button was converted to a Nance holding arch (8).
Group 3 consisted of 17 patients (6 male, 11 female) 
with a mean initial age of 13.14 years (± 1.41), treated 
with the First Class appliance (Fig. 1C). The appliance 
delivered forces from the buccal and palatal sides, with 
activation screws and NiTi coil springs (10mm long) 
respectively. A modified Nance butterfly-shaped button 
was used as the anchorage unit, and the appliance was 
activated rotating the screws in a counterclockwise di-
rection once a day (7,10). 
In all three groups, distalization was performed aiming 
overcorrection until a super-Class I relationship was ob-
tained (14). The mean distalization time was 0.86 years 
(± 0.31); 0.95 years (± 0.31); and 0.69 years (± 0.21), 
for the Jones Jig, Distal Jet and First Class appliances, 
respectively.
-Digitized Model Analyses
Plaster models before (T0) and after molar distalization 
(T1) from all patients were submitted to 3D surface laser 
scanning by the 3Shape R700 scanner (3Shape, Copen-
hagen, Denmark). The scanner generated three-dimen-
sional images of all plaster models (n=118). Therefore, 
pre- and post-distalization scans were analyzed with the 
OrthoAnalyzerTM software (3Shape Ltd, Copenhagen, 
Denmark), following an adapted method previously des-
cribed (15).
A frontal plane, perpendicular to the sagittal plane, and 
passing through the most anterior point of the incisive 
papilla was constructed by the software on the digitized 
models to determine the sagittal changes of the incisors, 
canines, premolars and molars (15) (Fig. 2A). Then, per-
pendicular lines from the centroid point of the teeth to 

Fig. 2: Measurements performed on the digitized models. Centroid points (black) and reference planes (green). a) Sagittal 
(blue) and rotational (red) measurements. b) Transverse measurements (yellow).

the frontal plane were drawn. Positive values indicated 
distal teeth displacement, while negative values indica-
ted mesial displacement.
To quantify the degree of molar rotation, two lines were 
constructed. One, passing through the most anterior 
point of the incisive papilla, to the tip of the distopa-
latal cusp of the maxillary first molar, and another line 
connecting the tips of the mesiobuccal and distopalatal 
cusps of the same molar (Fig. 2A). The angle formed by 
the intersection of these two lines was used (15). An in-
crease of the angle indicated distal rotation of the molar 
during treatment and a decrease, mesial rotation.
To measure the amount of transversal changes, the sagit-
tal plane was used (15). Thus, the distance from this pla-
ne to the canines, premolars and molars centroids was 
measured (Fig. 2B). Positive values represented buccal 
displacement (expansion), and negative values, palatal 
displacement (constriction).
All these measurements were performed on the digitized 
models before (T0) and after distalization (T1), and the 
treatment changes (T1-T0) were compared.
-Error Study
After a month interval from the first measurements, 20 
randomly selected models were re-digitized and reme-
asured by the same examiner (S.A.B.P.). The random 
errors were estimated according to Dahlberg’s formula 
(16), while the systematic errors were calculated with 
dependent t tests, at P<0.05 (17).
-Statistical Analysis
Normal distribution was evaluated by Shapiro Wilk tests 
in the three groups, in both treatment stages and also for 
the treatment changes (T0 and T1) for all teeth.
Intergroup comparability regarding sex, Class II molar 
relationship severity distributions and presence or absen-
ce of second molars (7s) were analyzed with Chi-squa-
re tests. Pre- and posttreatment ages and treatment time 
intergroup comparability were evaluated with One-way 
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Analysis of Variance (ANOVA), followed by Tukey tests.
Intergroup pretreatment stage and treatment changes 
(T1-T0) were compared with ANOVA, followed by 
Tukey tests for the variables with normal distribution, 
and with Kruskal Wallis tests for those without normal 
distribution.

Results
The random errors ranged from 0.10 mm to 0.42 mm 
(sagittal displacement of teeth 24 and 22 respectively) 
(18), and from 0.89° to 0.92° (rotation of teeth 16 and 
26), considered inside the acceptable limits for clinical 
implication (19). No systematic errors were found.
The groups were comparable regarding sex, Class II 
malocclusion severity distributions, presence or absen-
ce of second molars (7s), pre- and posttreatment ages 
(Table 1). However, the First Class group presented a 
significantly smaller treatment time when compared to 
the Distal Jet group.
Pretreatment intergroup comparison showed the left first 
molar and second premolar significantly more palatally 
located in the Distal Jet group when compared to the 
First Class group (Table 2).
During treatment, the second premolars in the Distal jet 
group moved distally, while in the Jones Jig and First 
Class groups mesial displacement was observed, the-
refore, demonstrating significant differences (Table 3). 

Variable Group 1 - Jones Jig   
n = 22 (%)

Group 2 - Distal Jet
n = 20 (%)

Group 3 - First Class   
n = 17 (%) P

Sex   

     Male 10 (45) 6 (30) 6 (35)
0.387€

     Female 12 (55) 14 (70) 11(65)
Class II malocclusion 
severity   

     ¼ Cusp Class II 9 (41) 7 (35) 8 (47)

0.954€
     ½ Cusp Class II 7 (31) 8 (40) 4 (23)

     ¾ Cusp Class II 3 (14) 2 (10) 3 (18)

     Full-Cusp Class II 3 (14) 3 (15) 2 (12)

Second Molars (7s)   

     Presence 18 (82) 16 (80) 13 (77)
0.918€

     Absence 4 (18) 4 (20) 4 (23)

 Mean S.D. Mean S.D. Mean S.D.  

Pretreatment age 13.03 1.05 12.25 1.38 13.14 1.41 0.069†

Posttreatment age 13.89 1.17 13.20 1.37 13.83 1.41 0.194†

Treatment time 0.86ᴬᴮ 0.31 0.95ᴬ 0.31 0.69ᴮ 0.21 0.025†*

Table 1: Intergroup comparison of sex, Class II malocclusion severity distributions, presence or absence of second molars (7s), 
pre- and posttreatment ages, and treatment times.

Capital letters indicate statistically significant differences at P<0.05
€Chi-Square tests.
†One-way Analysis of Variance tests.

The Jones Jig group presented significantly greater me-
sial displacement of the first premolars when compared 
with the Distal Jet group.
The Jones Jig and First Class groups presented distal ro-
tation, while the Distal Jet group showed mesial rotation, 
therefore with significant differences (Table 3). Signifi-
cantly different behavior between the groups was also 
observed in the first molars transversal displacement, 
with the Jones Jig group resulting in palatal displace-
ment and the other two groups presenting buccal displa-
cement. Moreover, the second premolars in the Distal Jet 
group showed significantly greater buccal displacement 
than the Jones Jig and First Class groups.

Discussion
Previous studies evaluated the dentoskeletal effects of 
distalizers by means of cephalometric analysis after 
distalization (11,20) and after orthodontic treatment 
(21). However, few studies (12,22) evaluated the rota-
tional and transversal dental changes induced by these 
appliances, especially using distalizers with different si-
tes of force application. Therefore, this study compared 
three distalization systems, with different characteris-
tics, using digitized models to evaluate the dentoalveolar 
changes during distalization.
-Sample Characteristics
It could be considered that the retrospective design of 
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Measured 
Tooth¥

Jones Jig Distal Jet First Class
P

Mean S.D. Mean S.D. Mean S.D.

Sagittal

16 27.21 2.61 27.57 2.40 27.54 1.91 0.863†

26 27.49 1.91 27.66 2.11 28.00 2.04 0.735†

15 18.60 2.43 19.17 1.96 18.90 1.92 0.654††

25 18.80 1.78 19.26 1.73 19.34 2.14 0.612†

14 11.89 2.08 12.36 1.71 11.89 1.68 0.652†

24 11.96 1.60 12.39 1.51 12.32 1.82 0.664†

13 4.05 1.51 4.35 1.56 4.27 1.82 0.851†

23 4.26 1.16 4.48 1.52 4.82 1.71 0.543†

12 1.30 1.08 0.82 0.55 1.20 1.16 0.425††

22 0.93 0.75 0.80 0.54 1.15 0.93 0.601††

11 3.58 1.14 3.39 1.11 3.54 0.95 0.837†

21 3.91 0.95 3.21 1.14 3.42 0.87 0.074†

Rotational

16 61.68 5.84 61.02 4.15 63.75 5.83 0.240††

26 62.40 7.09 63.09 3.73 64.38 3.58 0.458††

Transverse

16 23.30 1.52 22.62 1.53 23.64 1.28 0.105†

26 22.82ᴬᴮ 1.32 22.03ᴬ 1.24 23.20ᴮ 1.15 0.018†*

15 20.59 1.35 19.79 1.34 20.78 1.24 0.056††

25 20.17ᴬᴮ 1.38 19.44ᴬ 1.05 20.24ᴮ 0.96 0.013††*

14 18.01 1.41 17.34 1.28 18.32 1.29 0.091††

24 17.77 1.39 17.19 1.06 17.91 0.99 0.059††

13 16.64 1.11 16.13 1.18 16.21 1.25 0.376†

23 16.23 0.90 15.83 1.12 15.99 0.97 0.464†

Table 2: Pretreatment intergroup comparison (One-way Analysis of Variance and Kruskal-Wallis tests).

¥Teeth were numbered according to the Federation Dentaire Internationale (FDI) World Federation 
notation (18).
Capital letters indicate statistically significant differences at P<0.05
†One-way Analysis of Variance tests.
††Kruskal-Wallis tests.

this study may give rise to selection bias and other biases 
(23). However, the presence of this inherent methodo-
logical limitation should be overcome by the great in-
tergroup comparability. The groups were quite similar 
in terms of sex, Class II malocclusion severity distribu-
tions, presence, and absence of second molars, pre- and 
posttreatment ages (Table 1).
One may argue that due to the amount of variables and 
comparisons between groups, Bonferroni corrections 
(24) should have been performed. However, the proba-
bility of detecting slight significant differences would be 
smaller if the correction was performed, and these small 
differences could be important in this comparison.
Furthermore, the treatment time of the groups was inside 

the limits suggested by previous studies (9,25). Additio-
nally, the shorter treatment time presented by the First 
Class appliance was similar to previous reports (7,26).
At the pretreatment stage, the majority of dental charac-
teristics was also comparable between the groups (Table 
2). The first molar and second premolar significantly 
more palatally located in the Distal Jet group might not 
have interfered in the results, since this difference could 
be considered without clinical significance and did not 
alter the performance of the distalizers.
-Sagittal Changes
The major objective of using intraoral distalizing 
appliances is to correct molar relationship by distalizing 
the molars until a super-Class I is achieved. In this study, 
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Measured 
Tooth¥

Jones Jig Distal Jet First Class P

Mean S.D. Mean S.D. Mean S.D.

Sagittal

16 3.36 1.79 3.50 1.46 3.04 1.40 0.636††

26 3.71 1.41 3.14 1.31 2.93 1.03 0.249††

15 -2.52ᴬ 1.33 1.65ᴮ 1.43 -1.59A 0.99 0.000†*

25 -2.46ᴬ 1.10 1.52ᴮ 1.24 -1.73ᴬ 0.87 0.000†*

14 -2.40ᴬ 1.11 -1.24ᴮ 1.20 -1.68ᴬᴮ 1.20 0.007†*

24 -2.38ᴬ 0.95 -1.34ᴮ 1.23 -2.01ᴬᴮ 0.90 0.008†*

13 -1.58 0.79 -1.15 1.27 -1.52 1.48 0.520†

23 -1.95 0.88 -1.29 1.19 -1.92 1.02 0.112†

12 -0.68 0.78 -0.67 0.98 -0.67 1.48 0.753††

22 -0.76 0.95 -1.02 1.30 -0.78 1.09 0.880††

11 -0.33 0.70 -0.29 0.89 -0.32 0.79 0.984†

21 -0.48 0.70 -0.29 0.81 -0.30 0.48 0.611†

Rotational

16 6.28ᴬ 4.41 -3.08ᴮ 3.85 1.76C 2.86 0.000††*

26 6.15ᴬ 5.39 -4.17ᴮ 4.64 0.05C 3.44 0.000†*

Transverse

16 -0.50ᴬ 0.73 1.90ᴮ 0.73 0.81B 0.80 0.000†*

26 -0.66ᴬ 1.12 1.60ᴮ 0.95 0.99ᴮ 0.99 0.000††*

15 0.02ᴬ 0.53 0.95ᴮ 0.45 0.08ᴬ 0.72 0.000†*

25 0.07ᴬ 0.57 0.58ᴮ 0.68 0.06ᴬ 0.85 0.035†*

14 -0.23 0.78 0.22 0.52 -0.26 0.71 0.052†

24 -0.01 0.68 -0.12 0.61 -0.04 0.50 0.824†

13 0.13 0.49 0.02 0.60 -0.17 0.94 0.413†

23 -0.01 0.67 0.15 0.47 0.26 0.58 0.453†

Table 3: Intergroup treatment changes comparison (One-way Analysis of Variance and Kruskal-Wallis tests).

¥Teeth were numbered according to the Federation Dentaire Internationale (FDI) World Federation notation 
(18). 
Capital letters indicate statistically significant differences at P<0.05
†One-way Analysis of Variance tests.
††Kruskal-Wallis tests.

all the appliances tested were capable to perform molar 
distalization effectively with amounts ranging from 2.93 
to 3.71 mm (Table 3). These findings corroborate with 
other studies that presented similar amounts of distaliza-
tion using these appliances (26,27). 
Effectiveness of these appliances is controversial since 
their use is commonly associated with undesirable effects 
such as premolars mesial displacement and incisors protru-
sion (9,28). However, in the case of the second premolars, 
the groups behaved differently, since the second premolars 
in the Distal Jet group followed the molar distal movement 
(Table 3). The anchorage unit of the Distal Jet appliance 
is supported on the first premolars, therefore, allowing the 
second premolars to drift distally under the pulling effect of 

the transseptal fibers (22,28). Nonetheless, as expected, the 
first premolars from all groups presented mesial displace-
ment. The Jones Jig group presented the greater displace-
ment, similar to other studies (5,29).
The anterior teeth from all groups presented mild pro-
trusion (Table 3). This anchorage loss can be reflected 
in a clinically significant increase in the overjet (26). 
These findings are suggested in most studies with in-
traoral distalizing appliances conventionally anchored 
(5,11,20,26,28). It could be possible that the anchorage 
unit of the appliances was insufficient to counteract the 
reciprocal distalization force, and the use of skeletal an-
chorage is the only possibility to reduce or even prevent 
anterior anchorage loss (9,29).
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-Rotational and Transverse Changes
In the case of the Jones Jig, the force applied from the 
buccal side promoted distal rotation (29,30) (Table 3). 
Thus, a force from the palatal side promoted mesial rota-
tion, which was the case for the Distal Jet appliance (28). 
Furthermore, the First Class group showed distalization 
without significant rotational effects since the force was 
applied from both sides. It is reasonable to state that mo-
lar rotation is directly affected by the side of force appli-
cation, whether from the buccal, palatal or both sides.
A recent study compared the buccally acting Karad’s In-
tegrated Distalizing System (KIDS) with the palatally 
acting Frog appliance (12). The first, promoted maxi-
llary molar distal rotation ranging from 5.5° to 6.3°, and 
the Frog appliance showed mesial rotation ranging from 
4.4° to 5.9°. Our findings are consistent with those, and 
showed similar amounts of rotation with a force applied 
from the buccal (Jones Jig) and palatal (Distal Jet) sides 
(Table 3). Another study (22) obtained greater mesial ro-
tation, ranging from 7.88° to 8.35° with a skeletonized 
Distal Jet appliance, suggesting that skeletal anchorage 
might have small impact on molar rotation.
These findings may be extrapolated even when dista-
lization is associated with skeletal anchorage. The or-
thodontist should consider the initial molar status and 
correctly plan the side of force application.
Regarding the transversal aspect, the significant changes 
during distalization were concentrated on the molars and 
second premolars (Table 3). The Jones Jig group showed 
significant palatal displacement of the molars. The mo-
ment of force produced by the coil spring caused distal 
rotation and this could probably reflect in a tendency of 
a posterior crossbite in some teeth (29). Nevertheless, 
these transversal changes on the molars did not exceed 
1 mm, and may not have clinical significance. On the 
other hand, the Distal Jet and First Class groups presen-
ted buccal displacement of the molars, representing mild 
expansion, as previously demonstrated (22,26,28).
The Distal Jet group showed significantly greater buccal 
displacement of the second premolars when compared 
to the other groups (Table 3). This was already expected, 
since the anchorage unit is supported by these teeth in 
the Jones Jig and First Class appliances, resulting in no 
transversal changes. Differently, the second premolars in 
the Distal Jet groups were able to follow molar distaliza-
tion and expansion (22,28).
Orthodontists should understand the dentoalveolar 
effects promoted by distalizers and their undesirable 
effects, to comprehend the benefits of associating these 
appliances with skeletal anchorage. 
Selection of the appliance design must consider 
cost-effectiveness, fewer undesirable effects, and the 
patients’ assumptions. The appliances compared in this 
study were able to achieve maxillary molar distalization. 
However, after their use, orthodontic mechanics should 

be applied to correct the undesirable effects inherent by 
the use of conventional anchorage.

Conclusions
- Correction of the Class II molar relationship was 
effectively obtained with the appliances tested. Similar 
amounts of distalization were promoted with some de-
gree of undesirable effects.
- The Distal Jet appliance promoted smaller mesial dis-
placement of premolars and greater expansion of poste-
rior teeth.
- The First Class promoted the smallest rotation of maxi-
llary molars and had the smallest treatment time.
- The degree of molar rotation and expansion was asso-
ciated with the side of force application. 
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