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Abstract: In the process of orthodontic treatment, root parallelism is related to the relapse of extraction
spaces, black triangles, and periodontal health. However, there are few studies on root parallelism in
extraction cases with different types of appliances. The objective was to compare the root parallelism
in extraction cases treated with clear aligners vs. those treated with fixed appliances by measuring the
differences per extraction site and to access the root-movement control capacity of both orthodontic
appliances. A retrospective study was conducted on cases in which the first premolars were extracted,
treated by clear aligner appliance (“Invisalign” system, 28 patients) or fixed appliance (30 patients).
The angulations of the tooth axis (canines, the second premolars, the first molars, and the second
molars) were measured to analyze and compare the difference in root parallelism between the two
orthodontic appliances. The percentage of root parallelism between the canine and second premolar
in both groups had no significant difference. However, judging from the average angle difference
value, the fixed appliance might have a greater range in root angulation adjustment than the aligner.
In the angulation categories, the aligner mainly showed root apical divergence, while the fixed
appliance mainly showed root apical convergence. The dental crown of the molars was mainly non-
tipping in both groups, but it could be observed that the dental crown of the maxillary molars had a
tendency toward mesial inclination. In conclusion, the same root parallelism and root inclination were
obtained in tooth extraction cases whether treated by clear aligners or fixed appliances. This study
provides clinicians with more information on the performance of clear aligners and fixed appliances.

Keywords: tooth extraction; clear aligner appliances; fixed appliance; orthodontics

1. Introduction

The control and adjustment of the axial inclinations of teeth is a critical step during
orthodontic treatment, which may influence the patient’s dental aesthetics and even mental
health [1]. Especially in extraction therapy, root axial inclinations are typically evaluated
after space closure to ensure that adequate parallelism of roots has been achieved [2]. This
is because proper root parallelism is beneficial to obtain a functional, stable, and esthetically
pleasing occlusion [2]. In addition, it is also beneficial for long-term periodontal health and
is therefore important to ensure a good prognosis for treatment [3,4].

Clear aligner treatment has prominent advantages (e.g., beauty and comfort) and is
increasingly favored by both orthodontists and patients [5]. Although previous studies
have compared fixed appliances with clear aligners, regarding periodontal biofilm [6],
treatment outcomes, and treatment time [7], the performance of both appliances in terms of
root parallelism control at the extraction sites is largely unknown. Initially, the clear aligner
appliance was mostly used for the correction of non-tooth extraction cases [8,9]. With
the innovation of digitization, materials, and systems, it is now gradually being applied
in tooth extraction cases or even more complex cases. However, for the efficacy of clear
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aligner treatment in tooth extraction cases, the previous literature has focused on successful
individual cases [10–13].

To compare the efficacy of the clear aligner appliance and the fixed appliance, most
of the literature has reported non-tooth extraction cases [11,14–16]. Relatively few com-
parative studies investigated the effect of the case of tooth extraction. In addition, even
fewer studies have reported the adjustment and control of root parallelism in these two
orthodontic appliances. For example, Baldwin et al. [17] reported a trend for greater tipping
of mandibular teeth into the extraction space and around the second premolar extraction
sites during treatment with aligners. Weihong et al. [18] concluded that the objective
grading system (OGS) scores were similar between the aligner group and the braces group
for root angulation. This indicates that contradictions exist with regard to tooth inclination.

Therefore, a retrospective study was conducted to compare the root parallelism in
extraction cases treated with clear aligners vs. those treated with fixed appliances by
measuring the differences per extraction site and to assess the root-movement control
capacity of both orthodontic appliances. Here, the null hypothesis was that fixed appliances
and clear aligners have the same performance on root-movement control.

2. Materials and Methods

The patients were randomly and retrospectively selected from the files of the De-
partment of Orthodontics, West China Hospital of Stomatology, Sichuan University, who
completed orthodontic treatment from October 2010 to September 2018; all the treatments
were performed by orthodontists of the same seniority. Ethical approvement for this study
was acquired from the Ethical Committee of the West China Hospital of Stomatology,
Sichuan University (WCHSIRB-D-2022-347).

2.1. Inclusion Criteria

1. The subjects were adults with Class I or Class II malocclusion requiring first premolar
extraction treatment (not necessarily symmetrical in both arches).

2. All extraction spaces were completely closed.
3. After treatment, there was a satisfactory dental alignment, occlusal relation, and

facial profile.

2.2. Exclusion Criteria

1. Periodontal surgery in the extraction area.
2. Any refinement adjustment under the guidance of panoramic X-rays or other aspects.
3. Dental anomalies of number (agenesis or supernumerary teeth).
4. Systemic diseases.

2.3. Grouping

Group I: The aligner (“Invisalign” system) group included 28 patients (3 male, 25 fe-
male) who had at least one first premolar extracted; the attachments on the premolars and
molars were followed by the “Invisalign G6” system. In 13 cases, 1–3 first premolars were
extracted, and 4 first premolars were extracted in the remaining cases; there were 85 ex-
traction sites in total. The mean age at the beginning of treatment was 25.89 ± 5.93 years
(range, 18–35 years).

Group II: The fixed appliance group (0.022 × 0.028-inches, Damon, Ormco, Orange,
Calif) included 30 patients (3 male, 27 female) who had 4 first premolars extracted (with
120 extraction sites). The mean age at the beginning of treatment was 23.43 ± 3.80 years
(range, 18–31 years). The fixed appliances used the metal self-locking groove system
(0.022 × 0.028 in fixed standard edgewise appliances, 3M company), aligning and leveling
the dentition followed by 0.016, 0.018, and 0.018 × 0.025 in Nitinol, then 0.019 × 0.025
stainless steel arch wires, which closed the extraction spaces by sliding the wire.
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3. Method of Measurement:

Panoramic radiographs of the patients before and after orthodontic treatment (taken
by the same machine) were collected and measured blindly in a picture archiving and
communication system (PACS system). The measurement of tooth angulation involved the
canines, second premolar, first molar, and second molar.

The maxillary reference line was drawn, connecting the lowest points of the orbital
rims, and the mandibular reference lines were the tangent lines of the mandibular margin
on both sides [17,19,20]. The root axes of these teeth were drawn connecting the midpoint
of the mesiodistal diameter of the dental crown along the root canal path or root bifurcation
(Figure 1).
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Figure 1. Measurement of the root axes. The red box shows the determination of the long axis of
the posterior tooth); the mesial angle between the long axis of the tooth and the reference line is the
angulation of these teeth (canines, second premolars, first molars, and second molars).

The angle of each target tooth was measured and collected, and the mesial angle
between the long axis of the tooth and the reference line is shown in Figure 1. t3, t5, t6, and
t7 indicated the pretreatment angulation of the canines, second premolars, first molars, and
second molars, respectively. In addition, T3, T5, T6, and T7 referred to the post-treatment
angulation of the aforementioned teeth, respectively. All the measurements were con-
ducted by the same operator twice after a three-week interval; satisfactory consistency was
achieved between this interval, and the average values were calculated as the final results.

The t3–t5 angulation indicated the absolute values of the angulation of the canines
minus the angulation of the second premolars in pretreatment, while the T3–T5 angulation
indicated the same in post-treatment, and the angle difference value indicated the absolute
values of the t3–t5 angulation minus the T3–T5 angulation.

In general, for the difference in T3–T5, the satisfactory parallelism ranges from −6◦

to +6◦; it is called apical convergence if it is less than −7◦ or apical divergence if more
than 7◦ [21]. If the difference value in t6–T6 and t7–T7 are below −7◦, the dental crown
of the molars can be considered distal tipping; on the contrary, the dental crown of the
molar is mesial tipping, if it is more than 7◦, and if it is between −7◦ and 7◦, the tooth
axis is assumed to be non-tipping. To ensure the two treatment methods were comparable,
the aligner and fixed groups were divided into two subgroups of parallelism (P1) and
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nonparallelism (NP1), according to the absolute value of the t3–t5 angulation (7◦) before
treatment. Moreover, they were divided into another two subgroups of parallelism (P2)
and nonparallelism (NP2), according to the absolute value of the T3–T5 angulation (7◦)
after treatment.

Statistical Analysis

An independent t-test was used to compare the difference in the post-treatment
angulation of the canines and the second premolars between the aligner and fixed appliance
groups. The chi-square test was used to compare the difference in the root-angulation
categories of canines and the second premolars between groups. The independent t-test
and chi-square test were also used to compare the difference in the angulation changes of
the first and second molars between the aligner and fixed appliance groups.

4. Results

For the subgroup P1, there was no statistically significant difference in the T3–T5
angulation and angle difference value between the aligner and fixed groups (Table 1). In
addition, no significant difference was found in the percentage of the root parallelism of
the canine and second premolar after treatment (p = 0.191, Table 2). This indicated that the
teeth on both sides of the extraction space remained parallel after orthodontic treatment
for the cases with parallel roots, independent of whether a clear aligner or fixed appliance
was used. For subgroup NP1, no statistically significant difference was found in the T3–T5
angulation and the percentage of root parallelism between the aligner and fixed appliance
groups. However, the angle difference value showed a statistically significant difference.
This indicated that the same treatment outcome was obtained by both appliances for
cases with nonparallel roots, but judging from the average angle difference value (aligner
7.00◦ ± 5.30◦; fixed 10.81◦ ± 9.16◦), the fixed appliance might have a larger range in root
angulation adjustment than the aligner (Tables 1 and 2).

Table 1. Comparison of the angulation between the canine and second premolar in pretreatment and
post-treatment (independent t-test).

Aligner (n = 28)
85 Extraction Sites

Fixed (n = 30)
120 Extraction Sites

Subgroup Variable Mean SD Mean SD p

P1

t3–t5 angulation 3.42◦ 2.21◦ 3.59◦ 1.94◦ 0.691
T3–T5 angulation 6.43◦ 4.60◦ 5.20◦ 3.55◦ 0.142

Angle difference value 3.93◦ 3.60◦ 3.15◦ 2.69◦ 0.264

NP1

t3–t5 angulation 14.08◦ 6.54◦ 17.04◦ 9.48◦ 0.067
T3–T5 angulation 9.32◦ 7.17◦ 6.92◦ 4.49◦ 0.069

Angle difference value 7.00◦ 5.30◦ 10.81◦ 9.16◦ 0.009 **
(1) Parallelism (P1) and nonparallelism (NP1) are the states of the canine and second premolar roots before
treatment. (2) The t3–t5 angulation indicates pretreatment, the T3–T5 angulation indicates post-treatment, and the
angle difference value indicates the absolute value of the t3–t5 angulation minus the T3–T5 angulation. (3) The
t3–t5 angulation, T3–T5 angulation, and angle difference value all use absolute values. (4) ** Statistically significant
at p < 0.01.

Table 3 showed the root-angulation categories of the canines and second premolars
after the treatment between the aligner and fixed appliance groups. With regard to satisfac-
tory parallelism (SP), no difference was found between the two groups. However, there
was a significant difference between the two groups with regard to nonparallel angulation.
As displayed in Figure 2, the aligner group mainly showed apical divergence (AD), while
the fixed group mainly showed apical convergence (AC).
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Table 2. Comparison of the root-parallelism percentages between the canine and the second premolar
after treatment (chi-square test).

Aligner
47 Extraction Sites

Fixed
56 Extraction Sites

Aligner
38 Extraction Sites

Fixed
64 Extraction Sites

Group P1 P1 NP1 NP1

P2 26 (55.3%) 38 (69.1%) 17 (44.7%) 35 (55.6%)
NP2 21 (44.7%) 18 (30.9%) 21 (55.3%) 29 (44.4%)

Total
47 (100%) 56 (100%) 38 (100%) 64 (100%)

χ2 = 1.707 p = 0.191 χ2 = 0.945 p = 0.331

P1 and NP1 are the states of the canine and the second premolar root before treatment, while P2 and NP2 are the
states after treatment.

Table 3. Comparison of the difference in the root-angulation categories of the canines and the second
premolars after treatment (chi-square test).

Aligner (n = 28)
T3–T5 Angulation
85 Extraction Sites

Fixed (n = 30)
T3–T5 Angulation

120 Extraction Sites

Variable Count (Percentage) Count (Percentage) χ2 df p

SP 43 a (50.6%) 74 a (61.7%)
AC 5 a (5.9%) 18 b (15.0%)
AD 37 a (43.5%) 28 b (23.3%)

Total 85 (100%) 120 (100%) 11.157 2 0.004 **
(1) SP, satisfactory parallelism; AC, apical convergence; AD, apical divergence. (2) The subscript letters a and
b represent a subset of the categories between groups. Identical subscripts indicate no statistically significant
difference between groups. At the level of 0.05, there is no significant difference in proportion between groups.
(3) ** Statistically significant at p < 0.01.
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Figure 2. Root-angulation categories of canines and second premolars after treatment between the
aligner and fixed appliance with regard to nonparallel angulation. The aligner mainly showed apical
divergence (AD), while the fixed appliance mainly showed apical convergence (AC).

Tables 4 and 5 showed no significant difference between the aligner and the fixed
groups in the angulation changes of the upper first molar, the upper second molar, and the
lower first molar. However, a significant difference was found between the aligner and fixed
groups in the angulation changes of the lower second molar. For the maxillary first and
second molars, regardless of whether clear aligner treatment or fixed appliance treatment
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were used, non-tipping and mesial tipping accounted for the vast majority, which indicated
that the dental crown of the maxillary molars had a tendency toward mesial inclination. In
comparison, the mandibular first molars mainly showed non-tipping and distal tipping
for both appliances, and the mandibular second molars mainly showed non-tipping in
the clear aligner treatment, while they showed non-tipping and distal tipping in the fixed
appliance treatment (Table 6).

Table 4. Comparison of the angulation changes in the upper first and second molars pretreatment
and post-treatment (independent t-test).

Aligner (n = 46)
46 Extraction Sites

Maxillary

Fixed (n = 60)
60 Extraction Sites

Maxillary

Variable Mean SD Mean SD t df p

U6 6.26◦ 4.25◦ 7.92◦ 5.08◦ 1.789 104 0.076
U7 8.52◦ 5.53◦ 8.04◦ 6.57◦ 0.398 104 0.691

U6 for the upper first molar, U7 for the upper second molar.

Table 5. Comparison of the angulation changes in the lower first and second molars pretreatment
and post-treatment (independent t-test).

Aligner (n = 39)
39 Extraction Sites

Mandibular

Fixed (n = 60)
60 Extraction Sites

Mandibular

Variable Mean SD Mean SD t df p

L6 4.59◦ 3.16◦ 4.95◦ 4.23◦ 0.46 97 0.646
L7 3.88◦ 2.53◦ 6.23◦ 4.86◦ 3.1 92.67 0.003 **

** Statistically significant at p < 0.01. L6 for the lower first molar, L7 for the lower second molar.

Table 6. Comparison of the root-tipping direction of the first molar and the second molar from
pretreatment to post-treatment (Chi-square test).

Distal Tipping Mesial Tipping Non-Tipping

Variable Count
(Percentage)

Count
(Percentage)

Count
(Percentage) Total

U6-aligner 6 a, b (13.0%) 15 b (32.6%) 25 a (54.3%) 46 (100%)
U6-fixed 11 a (18.3%) 23 b (38.3%) 26 a (43.3%) 60 (100%)

U7-aligner 1 a (2.2%) 25 b (54.3%) 20 a (43.5%) 46 (100%)
U7-fixed 3 a (5.0%) 25 b (41.7%) 32 a (53.3%) 60 (100%)

L6-aligner 7 a (17.9%) 2 b (5.1%) 30 a (76.9%) 39 (100%)
L6-fixed 11 a (18.3%) 1 b (1.7%) 48 a (80.0%) 60 (100%)

L7-aligner 2 a (5.1%) 3 a (7.7%) 34 b (87.2%) 39 (100%)
L7-fixed 19 a (31.7%) 1 b (1.7%) 40 c (66.7%) 60 (100%)

p 0.0001 ***
(1) Difference in angulation before and after treatment. Less than −7◦, distal tipping; more than 7◦, mesial
tipping; between −7◦ and 7◦, non-tipping. (2) Different subscripts (a–c) indicate a statistically significant
difference between groups; identical subscripts indicate no statistically significant difference between groups.
(3) *** Statistically significant at p < 0.01. (4) U6, U7, L6, and L7 represent the upper first molar, the upper second
molar, the lower first molar, and the lower second molar, respectively.

5. Discussion

The objectives of this study were to compare the root parallelism of the teeth on both
sides of the tooth extraction space and the posterior teeth in extraction cases treated with
clear aligners vs. fixed appliances by measuring the differences per extraction site and to
assess the root-movement control capacity of both orthodontic appliances. The same root
parallelism was obtained by both appliances for cases with parallel roots or nonparallel
roots. This result was different from the results reported by Baldwin et al. [17] and Womack
et al. [11] who reported a trend for increased tipping of the teeth into the extraction space
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during treatment with aligners, especially in the cases of second premolar extraction.
However, the results of the present study matched those reported by Weihong et al. [18]
that both the “Invisalign” appliance and fixed appliance achieved good root angulation.
This result may be attributed to the innovation in the “Invisalign” system, supported by
big data and the improvement in the aligner materials. In addition, judging from the
average angle difference (aligner 7.00◦ ± 5.30◦; fixed 10.81◦ ± 9.16◦), the fixed appliance
might have a greater range in root angulation adjustment than the aligner, which was
basically consistent with the conclusion of a systematic evaluation from Jiafeng et al. [22],
who reported the likelihood of achieving “great improvement” in a malocclusion with fixed
appliances. Nevertheless, since, the root control performance of clear aligner and fixed
appliances remains controversial, we believe that further studies (for example, research
on the mechanical properties of materials and 3D printing) are needed to verify the root-
movement control capacity of both orthodontic appliances.

The categories of the nonparallel angulation of the root on both sides of the tooth
extraction space after treatment with an aligner and a fixed appliance were different: the
former mainly showed root apical divergence, while the latter mainly showed root apical
convergence. Lack of root parallelism has long been reported as a possible factor for the
relapse of extraction spaces [21]. The nonparallel root can lead to an uneven distribution
of the bone between the roots. If the distance of the root apical is too large (root apical
divergence), the interproximal contacts can move toward the crown, possibly resulting
in a black triangle, which is not only unaesthetic but also easily leads to food impaction
and thus affects periodontal health [23,24]. Furthermore, if the distance of the root apical
was too small (root apical convergence), i.e., a width of bone and tissue < 0.8 mm, it easily
causes the risk of periodontitis [25]. Therefore, it is very important to control the root
parallelism with an orthodontic system. A clear aligner appliance, which mainly showed
root apical convergence, may be prone to relapse, and this inference is consistent with the
results of Kuncio et al. [15]. This indicates the necessity to analyze root parallelism near the
tooth extraction side before finishing the clear aligner appliance treatment, to guide the
axial inclination adjustment of the teeth in refinement.

To avoid the influence of measurement error, we set the angulation change outside
this range (between −7◦ and 7◦) to be considered as effective tipping change. The results
of this study showed that the dental crown of the maxillary molars had a tendency of
mesial tipping after treatment with either appliance. This phenomenon may be caused by
the blocking of the maxillary bone structure, the loss of anchorage, and the contraction–
deformation of aligner, which is consistent with clinical observations. However, the dental
crown of the mandibular first molars had a tendency toward distal tipping after treatment
with either appliance. The dental crown of the mandibular second molars showed no
obvious tipping change after clear aligner treatment, while it showed a tendency toward
distal tipping after fixed appliance treatment. Comparing the mean value of the angulation
changes, the difference was statistically significant between the clear aligner and the fixed
appliance. In the treatment of class I and class II cases, when close to the tooth extraction
spaces, the mandibular molar may need more mesial movement, while the root movement
of the mandibular molars was more obvious than the crown due to the pull of the supra-
alveolar fibers. This may explain why the mandibular molars likely tended toward distal
inclination. Overall, the clear aligner requires both effective attachments and completed
aligner coverage to load the orthodontic forces that can be calculated and designed by
computer. It is possible that the inclination change in the posterior teeth by the clear aligner
will be able to be avoided in the near future.

One of the limitations in our study was that cephalometric analysis data were not
added into our research, which may have assisted with the location of the reference
line. Another limitation was that we did not take certain factors into consideration, for
example, the attachments on the premolars and molars, the biocompatibility of different
appliances [26], and the self-perception and cooperation of patients during orthodontic
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treatment [27,28]. Moreover, future studies on root parallelism control could focus on
symmetrical tooth extraction, as well as some special orthodontic patients.

Based on the results of our study, the null hypothesis can be accepted. However,
judging from the average angle difference, the fixed appliance might have a greater range
in root angulation adjustment than the aligner.

6. Conclusions

1. A similar root parallelism of the canine and second premolar was obtained in tooth
extraction cases after treatment by either clear aligners or fixed appliances; however,
judging from the average angle difference, the fixed appliance might have a greater
range in root angulation adjustment than the aligner.

2. For the categories of the nonparallel angulation of the root on both sides of the tooth
extraction space after treatment, the clear aligner appliance mainly showed root apical
divergence, while the fixed appliance mainly showed root apical convergence.

3. The dental crown of the molars was mainly non-tipping in both groups; however, the
dental crown of maxillary molars had a tendency toward mesial inclination.
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