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Abstract: Objective: To compare the differences in the amount of dental root resorption (DRR) measured using 
different orthodontic techniques in the orthodontic treatment of patients with different sagittal skeletal patterns. 
Methods: Ninety-three patients undergoing orthodontic treatment were randomly divided into group A (n=46) and 
group B (n=47). Group A was treated with bracketless invisible orthodontics and group B was treated using the self-
ligating fixed orthodontic technique. Cone beam computed tomography (CBCT) was used to measure the amount of 
DRR in the patients with different sagittal skeletal patterns receiving the orthodontic treatment. Results: After the 
treatment, the amounts of DRR in the maxillary and mandibular canines in both groups were lower than they were 
in the other 4 tooth positions (P < 0.05). The amount of DRR in the maxillary and mandibular canines in the patients 
with skeletal class I in both groups was lower than it was at the other four tooth positions (P < 0.05). The amount of 
DRR in the maxillary central incisors and maxillary canines in the patients with skeletal class II in group A was higher 
than it was in group B, but the amount of DRR in the mandibular canines in group A was lower than it was in group B 
(P < 0.05). The amounts of DRR at the six tooth positions in the patients with skeletal class III in group A were higher 
than the amounts in group B (P < 0.05). Conclusion: DRR occurs in patients with different sagittal skeletal patterns 
undergoing the two orthodontic techniques in the orthodontic treatment, but there are differences in the amount of 
DRR among the patients with different sagittal skeletal patterns receiving the orthodontic treatment. Clinically, the 
orthodontic method should be selected based on the type of patient.
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Introduction

With the advances in economic and social 
development, people are increasingly pursuing 
an attractive appearance. As a result, more and 
more adults are undergoing orthodontic treat-
ment. As medical technologies progress, brack-
etless invisible appliances, which are more 
comfortable and good-looking in appearance 
and can be freely taken off or worn, have been 
extensively used to replace conventional ligat-
ing brackets. Therefore, bracketless invisible 
appliances have been widely recognized by 
physicians and patients [1].

Clinical findings show that with any orthodontic 
technique, the normal overbite of the anterior 

teeth and the good occlusion of the posterior 
teeth can be ensured, and the appearance can 
be significantly improved, but the patients may 
have adverse reactions (such as mouth ulcers, 
painful teeth, and dental caries) [2]. Some stud-
ies even suggest that dental root resorption 
(DRR) occurs after using appliances [3, 4]. 
Previous studies have found that there are two 
main causes leading to DRR, namely, treat-
ment-related and patient-related causes. The 
former includes the type of appliance, the start 
time, the force magnitude, the forcing method, 
and the distance and direction of the tooth 
movement, and the latter includes age, the 
tooth position, heredity, the root shape, and the 
severity of the malocclusion deformity [5, 6]. In 
addition, due to the recent clinical application 
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of bracketless invisible appliances, there are 
few studies on DRR after treatment with the 
bracketless invisible appliances. There are 
many studies on DRR after fixed appliance 
treatments [7, 8], but there are very few studies 
on DRR after treating patients with different 
sagittal skeletal patterns using fixed applianc-
es or bracketless invisible appliances. This 
study takes this as a starting point for research, 
which is innovative.

Therefore, a total of 93 patients undergoing 
orthodontic treatment in the Department of 
Stomatology were recruited as the study cohort, 
and they underwent cone beam computed 
tomography (CBCT) before and after their orth-
odontic treatment. The DRR of the patients 
with different sagittal skeletal patterns treated 
with different appliances was analyzed.

Materials and methods

Data

A total of 93 patients undergoing orthodontic 
treatment in Haikou Third People’s Hospital 
were recruited as the study cohort. Inclusion 
criteria: Patients for whom CBCT images were 
taken before and after the orthodontic treat-
ment, and clear images were obtained; patients 
in whom, before the orthodontic treatment, the 
tooth root had developed; patients without 
DRR; patients whose dentition was slightly or 
moderately crowded; patients in whom cutting 
was not implemented in orthodontics; patients 
without the need for tooth extraction. The 
patients voluntarily signed the informed con-
sent forms. The study was reviewed and 
approved by the Haikou Third People’s Hospital. 
Exclusion criteria: patients whose dentition had 
severe crowding; patients who had undergone 
a tooth extraction; patients with a past history 
of orthodontic treatment or tooth and endodon-
tic treatment; patients with a significant bend-
ing and overlapping of a tooth root.

Methods

Group A: Silicone rubber impressions were 
taken before the surgery, the orthodontic plan 
was formulated based on the silicone rubber 
impression, and a bracketless invisible appli-
ance was made. The physician treated the den-
tal surface, adhered the accessories of the 
bracketless invisible appliance, instructed the 

patients to learn how to remove and wear the 
appliance, told them to wear the appliance for 
no less than 22 hours every day and to replace 
their braces every two weeks, and informed the 
patients of the precautions for hanging the 
leather loop and chewing. The patients were 
informed of the follow-up times and were 
instructed to maintain their oral hygiene. After 
the treatment, the attachments were removed, 
the dental surfaces were polished, and the 
model was taken as the retaining appliance.

Group B: A fixed, self-ligating appliance was 
selected. The physician treated the dental sur-
faces, adhered the brackets of the maxillary 
and mandibular dentition in sequence, replaced 
the thin orthodontic archwires with the thick 
orthodontic archwires in sequence, and adjust-
ed the intermaxillary relationship in accordance 
with the rubber band with an appropriate diam-
eter at the thickest stage. The patients were 
instructed to perform a follow-up visit once a 
month and maintain oral hygiene every day. 
After the treatment, the brackets and archwires 
were removed, the dental surface was pol-
ished, and the model was taken as a retaining 
appliance.

Observational indices

CBCT measurement [9]: All the patients 
received CBCT radiographs using the same 
kava, intensity, and condition. During the CBCT 
scans, the patients were instructed to keep sit-
ting upright, with the orbital plane parallel to 
the ground and the upper and lower teeth 
slightly bitten in the middle position. The CBCT 
was performed by a radiologist. The quantita-
tive analysis method was selected to assess 
the amount of DRR. The DICOM files were 
imported into Invivo Dental 5. The 3D images 
were reconstructed using the Reorientation in 
Section module. The axial, sagittal, and coronal 
sections were adjusted, the image for the lon-
gest dental root was determined, and the den-
tal root length was measured.

Judgment of DRR: The CBCT information was 
read, and the four hard tissue markers and the 
four tooth markers were marked on the Super 
Ceph module in Invivo Dental 5. The following 
bone tissue measurements were taken [10]: 
SNA°: the Sella Nasion A point (SNA) angle 
measures the anterior-posterior position of the 
maxilla in relation to the cranial base. SNB°: 
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the Sella Nasion B point (SNB) angle measures 
the antero-posterior position of the mandible in 
relation to the anterior cranial base. ANB°: The 
A point, nasion, B point (ANB) angle measures 
the relative position of the maxilla to the man-
dible. In accordance with the results of ANB° in 
the bone tissue measurements, the sagittal 
skeletal patterns were classified [11]: Class I 
skeletal pattern: 0° < ANB < 5°, Class II skele-
tal pattern: ANB > 5°, and Class III skeletal pat-
tern: ANB < 0°. The tooth measurement items 
were as follows [12]: A represents the palatal 
(lingual) enamel-cementoenamel junction; B 
represents the labial enamel-cementoenamel 
junction; C represents the apical point; line a 
represents the connecting line between the 
labial and palatal (lingual) enamel-cementoe-
namel junction; line b represents the parallel 
line of line a passing through the apical point, 
and CD represents the vertical distance 
between line a and b, namely, the dental root 
length.

All the patients were measured by the same 
physician before and after the orthodontic 
treatment, three times a week. The mean of the 
three measurements was taken and recorded.

Statistical analysis

SPSS 23.0 was used for the data collation and 
statistical analysis. The measurement data 
were expressed as (

_
x  ± s) and compared using 

t tests. The multi-point comparisons were ana-
lyzed using ANOVA, and determined using F 
tests. The graphs were made with GraphPad 
Prism 8. P < 0.05 indicated a significant 
significance.

Results

General data

There were no significant differences in the 
male-to-female ratio, the mean age, or the ther-
apeutic durations in groups A and B (P > 0.05), 
and there were no significant differences in the 
ratios of sagittal skeletal class I, class II, or 
class III in groups A and B (P > 0.05) (Table 1 
and Figure 1).

Amount of DRR in group groups A and B

After the treatment, DRR occurred in the maxil-
lary central incisors, the maxillary lateral inci-
sors, the maxillary canines, the mandibular 
central incisors, the mandibular lateral inci-
sors, and the mandibular canines in groups A 
and B. The amounts of DRR in the maxillary and 
mandibular canines in groups A and B were 
lower than they were at the other four teeth 
positions (P < 0.05). There were no statistically 
significant differences in the amounts of DRR in 
the maxillary central incisors, the maxillary lat-
eral incisors, the maxillary canines, the man-
dibular central incisors, the mandibular lateral 

Table 1. Comparison of the general data between the two groups (
_
x  ± s)/[n (%)]

Data Group A (n=46) Group B (n=47) t/X2 P
Gender Male 26 (56.52) 24 (51.06) 0.279 0.598

Female 20 (43.48) 23 (48.94)
Age (years) 26.83±5.79 28.45±6.37 1.283 0.202
Therapeutic duration (years) 1.85±0.37 1.91±0.40 0.751 0.455
Sagittal skeletal patterns Skeletal class I 15 (32.61) 12 (25.53) 1.634 0.442

Skeletal class II 19 (41.30) 17 (36.17)
Skeletal class III 12 (26.09) 18 (38.30)

Figure 1. Mean therapeutic duration. There was no 
significant difference in the mean durations of the 
orthodontic treatment between groups A and B (P > 
0.05).
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incisors, or the mandibular canines in groups A 
and B (P > 0.05) (Figures 2-4).

The amount of DRR in the sagittal skeletal 
class I patients ingroups A and B

Regarding the sagittal skeletal class I patients, 
the amount of DRR in their maxillary central 
incisors, maxillary lateral incisors, maxillary 
canines, mandibular central incisors, mandibu-
lar lateral incisors and mandibular canines in 
group B was higher than it was in group A (P < 

illary canines was significantly lower than it was 
in the other five teeth positions in group B (P < 
0.05) (Figure 6).

The amount of DRR in the sagittal skeletal 
class III patients in groups A and B

Regarding the sagittal skeletal class III patients, 
the amount of DRR in the maxillary central inci-
sors, the maxillary lateral incisors, the maxillary 
canines, the mandibular central incisors, the 
mandibular lateral incisors, and the mandibular 

Figure 2. The amount of DRR in group A. Compared with before the treat-
ment, the dental root lengths at the six tooth positions in group A were sig-
nificantly reduced after the treatment (P < 0.05) (A). (B) shows the mean 
amount of DRR in group A. * indicates a comparison between the two groups’ 
root lengths before and after the treatment (P < 0.05).

Figure 3. The amount of DRR in group B. Compared with their lengths before 
the treatment, the dental root lengths at the six tooth positions in group B 
were significantly reduced after the treatment (P < 0.05) (A). (B) shows the 
mean amount of DRR in group B. * indicates a comparison between the two 
groups (P < 0.05).

0.05). The amount of DRR in 
the mandibular central inci-
sors was significantly higher 
than it was at the other five 
teeth positions in group A (P < 
0.05), and the amount of DRR 
in the maxillary central inci-
sors was significantly higher 
than it was at the other five 
teeth positions in group B (P < 
0.05). The amount of DRR in 
the maxillary and mandibular 
canines was lower than it was 
at the other four teeth posi-
tions in groups A and B (P < 
0.05) (Figure 5).

The amount of DRR in the 
sagittal skeletal class II pa-
tients in groups A and B

Regarding the sagittal skeletal 
class II patients, there was no 
significant difference in the 
amount of DRR in the maxil-
lary lateral incisors, mandibu-
lar central incisors, or the 
mandibular lateral incisors 
between groups A and B (P > 
0.05). The amount of DRR in 
the maxillary central incisors 
and the maxillary canines in 
group A was higher than it was 
in group B, but the amount  
of DRR in the mandibular 
canines in group A was lower 
than it was in group B (P < 
0.05). The amount of DRR in 
the mandibular canines was 
significantly lower than it was 
in the other five teeth posi-
tions in group A (P < 0.05), and 
the amount of DRR in the max-
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qualitatively assess the degree of DRR, but 
these photographs are two-dimensional, so the 
differences in the shooting angles may lead to 
overlapping images, significantly affecting the 
image results [13, 14]. Therefore, it is some-

Figure 4. Comparison of the amount of DRR. There 
was no significant difference in the amount of DRR 
at the 6 tooth positions in groups A and B after the 
treatment (P > 0.05).

Figure 5. The amount of DRR in the skeletal class I 
patients. The amount of DRR at the 6 tooth positions 
in the skeletal class I patients in group B was higher 
than it was in group A (P > 0.05). * indicates a com-
parison between the two groups (P < 0.05).

Figure 6. The amount of DRR in the skeletal class II 
patients. The amounts of DRR in the maxillary cen-
tral incisors and the maxillary canines of the skel-
etal class II patients in group A were higher than they 
were in group B, but the amount of DRR in the man-
dibular canines of the skeletal class II patients in 
group A was lower than it was in group B (P < 0.05). 
There was no significant difference in the amounts of 
DRR in the maxillary lateral incisors, the mandibular 
central incisors, or the mandibular lateral incisors of 
the skeletal class II patients between groups A and B 
(P > 0.05). * indicates a comparison between the two 
groups (P < 0.05).

Figure 7. The amount of DRR in the skeletal class III 
patients. The amounts of DRR at the 6 tooth posi-
tions in the skeletal class III patients in group B were 
lower than they were in group A (P > 0.05). * indicates 
a comparison between the two groups (P < 0.05).

canines in group A was higher than it was in 
group B (P < 0.05). The amount of DRR in the 
maxillary canines was significantly lower than it 
was in the other five tooth positions in groups A 
and B (P < 0.05) (Figure 7).

Discussion

Previous studies have indicated that periapical 
photographs or pantomograms are used to 
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times impossible to accurately reflect the spe-
cific tissue structures of the alveolar bones and 
teeth. In this study, the CBCT method has a 
higher image resolution, leading to higher defi-
nition images. Therefore, the tiny amount of 
concave resorption on the dental root surface 
can be accurately detected [15]. A comparative 
study revealed that compared with the CBCT 
method, the intraoral periapical photographs 
show more significant errors in measuring the 
dental root length [16]. Clinical findings show 
that the margin of error using the CBCT method 
is only about 0.3 mm, but the margin of error 
using intraoral periapical photographs is about 
2.5 mm [17]. In this study, sagittal skeletal 
class I, II, and III patients were treated with 
bracketless invisible appliances and fixed self-
ligating appliances. CBCT was used to measure 
and compare the amount of DRR before and 
after the orthodontic treatment. It was found 
that groups A and B showed different degrees 
of DRR. The amount of DRR of the anterior 
teeth of sagittal skeletal class I patients in 
group A was lower than it was in group B, but 
the amount of DRR in the maxillary anterior 
teeth of sagittal skeletal class II patients and 
the amount of DRR of the maxillary and man-
dibular anterior teeth of sagittal skeletal class 
III patients in group A were higher than they 
were in group B. One study also reported that in 
the orthodontic treatment of patients with dif-
ferent sagittal skeletal patterns, two orthodon-
tic techniques show the differences in the 
amount of DRR, and research on sagittal skel-
etal class III patients showed that the amount 
of DRR from bracketless invisible appliances 
was higher than it was from fixed self-ligating 
appliances [18].

Generally, a smaller orthodontic force leads to 
a smaller amount of DRR. The study basically 
agreed that the force magnitude given during 
orthodontic tooth movement must be lower 
than the periodontal capillary pressure, and the 
force should be kept gentle and continuous, so 
that the periodontal membrane reactions can 
be stimulated without damaging the periodon-
tal membrane to ensure the expected move-
ment of teeth [19]. Both of the appliances 
adopted in this study have light force correction 
characteristics, but there are differences in the 
principles of orthodontic treatment between 
the two appliances. The bracketless invisible 
appliance uses thrust to act on the teeth, and 

there is a slight deviation between the tooth 
positions set by all appliances and the actual 
positions of the patients’ teeth. After the teeth 
are wrapped with an appliance, there is a 
change in shape, and the resilience formed by 
its material pushes the teeth into a preset posi-
tion. Due to the special way of applying force, it 
is possible to move the molars to the far and 
middle positions [20, 21]. The amount of DRR 
in group A was lower than it was in group B. 
With the intermaxillary traction being excluded, 
this may be due to the fact that the appliance 
adopted in group A can locally expand the den-
tal arch, and the interval of 2-3 mm obtained by 
expanding the arch can relieve the slight crowd-
ing of the anterior teeth. Therefore, the DRR 
caused by lip inclination for alleviating the 
crowding of the upper and lower anterior teeth 
can be reduced [22]. A similar conclusion was 
reached in a previous study, which may be due 
to the fact that the bracketless invisible appli-
ance can be freely taken off or worn, so that the 
force exerted on the teeth is intermittent, and 
the intermittent tooth movement enables the 
high-quality periodontal cementum to be recon-
structed [23]. The findings of another study 
also showed that the amount of DRR with 
implant anchorage is significantly higher than it 
is using conventional anchorage [(1.38±0.49) 
mm vs. (0.68±0.23) mm] [24]. However, implant 
anchorage was not implemented in the two 
groups. Therefore, there was no such influence. 
In this study, the amount of DRR in the man-
dibular teeth of sagittal skeletal class II patients 
in group B was higher than it was in the sagittal 
skeletal class I and III patients. This may be due 
to the increased amount of DRR in deep over-
bite, with skeletal class II patients treated with 
the fixed appliance and the opening the occlu-
sion using an intrusive arch [25].

In summary, DRR occurs in patients with differ-
ent sagittal skeletal patterns who receive the 
two orthodontic techniques in their orthodontic 
treatment. There are differences in the amount 
of DRR among the patients with different sagit-
tal skeletal patterns undergoing orthodontic 
treatment. Clinically, the orthodontic methods 
should be selected according to the type of 
patient, so as to control the amount of DRR to 
the greatest extent possible. Regarding the 
control of the amount of DRR, physicians should 
conduct a comprehensive and systematic 
examination before the orthodontic treatment, 
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identify the DRR risk factors beforehand, com-
prehensively analyze the measured amount of 
DRR, and comprehensively consider all factors 
to determine the most appropriate regimen. For 
patients with different sagittal skeletal pat-
terns, the appliance should be selected accord-
ing to experience and to the patients’ condi-
tions, and the target position should be deter-
mined individually, so as to shorten the length 
of the orthodontic treatment to the greatest 
extent possible. In addition, from a macroscop-
ic point of view, the properties of the materials 
of bracketless invisible appliances should be 
improved continuously to help reduce the 
amount of DRR. There are also some insuffi-
ciencies in this study. The study only included a 
small number of cases. Only subjects without 
tooth extractions were analyzed, so the status-
es of tooth extraction patients were not stud-
ied. In addition, whether there were differences 
in the ages and genders of the patients with the 
same sagittal skeletal patterns treated with the 
same appliances was not analyzed. All these 
conditions need further investigation in future 
studies.
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