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Evaluation of root length following 
treatment with clear aligners and two 
different fixed orthodontic appliances. 
A pilot study
Osama Eissa, Terry Carlyle1 and Tarek El‑Bialy2

Abstract:
OBJECTIVES: The purpose of this pilot study was to evaluate the root lengths of upper incisors as 
an indication of the degree of orthodontically‑induced apical root resorption following treatment with 
Smart Track® aligners and compare it with two different fixed orthodontic appliances – regular and 
Damon brackets – using cone‑beam computerized tomography (CBCT). 
MATERIALS AND METHODS: The sample comprised 33 patients with class I malocclusion and 
4–6 mm crowding divided in 3 groups; Group  I: 11 patients treated with Smart Track® aligners, 
group II: 11 patients treated with Damon brackets, and group III: 11 patients with regular brackets. 
Maxillary incisors teeth lengths were assessed using Dolphin imaging software before and after 
treatment. All data were analyzed using analysis of variance and t‑test. 
RESULTS: All groups showed statistically significant root resorption, 0–1.4 mm for clear aligners, 
0.1–2.3 mm for Damon, and 0–2.5 mm for regular brackets group. However, cases treated with fixed 
appliance in general showed significantly higher resorption than those treated with Smart Track® 
aligners (P < 0.05). 
CONCLUSION: Orthodontically‑induced root resorption, as evaluated by root length, is an inevitable 
drawback with different orthodontic techniques. However, the use of Smart Track® aligners showed 
less root resorption relative to regular fixed appliances.
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Introduction

Orthodontically‑induced root resorption 
is one of the common undesirable 

sequalae of orthodontic treatment. Literature 
has shown that most orthodontically‑treated 
patients experience variable degrees of 
root resorption. The incidence of root 
resorption during orthodontic treatment 
varies widely among investigators.[1] In a 
study by Taithongchai et al.,[2] one‑third of 
the patients treated with fixed appliances 
showed more than 3 mm of root resorption 

whereas at least 2% of orthodontic patients 
showed more than 5 mm of root resorption.

Orthodontically‑induced root resorption 
can affect any tooth in the oral cavity. 
However, the maxillary central and lateral 
incisors are considered the most susceptible 
to resorption.[3]

The exact mechanism of orthodontically-
induced root resorption is not clearly 
understood. However, this phenomenon 
presents with multifactorial etiology. Several 
biological, mechanical, and clinical factors 
were considered for root resorption following 
orthodontic treatment.[4] Biomechanically, 
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the technique or the appliance used for an orthodontic 
treatment can be an important determinant factor in the 
degree of root resorption.[5] In general, light orthodontic 
forces usually tend to cause less resorption.[6]

The use of passive self‑ligating systems with low 
friction brackets allowed clinicians to apply only light 
orthodontic forces to move the teeth.[7] However, 
previous studies on self‑ligating bracket systems 
concluded that orthodontically‑induced root resorption 
occurred similar to conventional preadjusted edgewise 
bracket systems.[8,9]

There is a controversy in the literature regarding the effect 
of clear aligners on apical root resorption. One previous 
study reported that some kinds of removable aligners may 
have the potential of minimizing orthodontically‑induced 
root resorption due to the studied piezoelectric property by 
these materials.[10] On the other hand, several studies found 
no significant differences in the rate of root resorption 
following treatment with clear aligners compared to 
conventional fixed orthodontic appliances.[3,11]

Till now, the degree of apical root resorption following 
treatment with Smart Track® aligners has not been 
reported in the literature. Therefore, the purpose 
of this pilot study was to evaluate the degree of 
orthodontically‑induced apical root resorption following 
treatment with Smart Track® aligners and compare it 
with two different fixed orthodontic appliances – regular 
and passive self‑ligating brackets.

Materials and Methods

This study was approved by the Human Research Ethics 
Board (HREB) at the university of Alberta, Edmonton, 
Alberta. Canada (Protocol # Pro00040543). Sample size 
was calculated based on a study by Raza et al.,[12] with 
an alpha error of 0.05 and a beta of 0.2 to achieve a test 
power of 80%. The sample size calculation showed that 
11 patients were needed in each group. Thus, a total of 
33 patients were included in this pilot study.

Patients’ data were collected from the orthodontic 
graduate clinic in University of Alberta. Patients with 
the following inclusion criteria and none of the exclusion 
criteria were included in the study.

Inclusion criteria:
1.	 Males and females between 14 and 25 years of age
2.	 Females between 14 and 25 years of age.
3.	 Minimum‑to‑moderate crowding.
4.	 All root apices should be completed
5.	 Patients should have a cone‑beam computed 

tomography (CBCT) taken before and after 
orthodontic treatment.

Exclusion criteria:
1.	 Class II or class III malocclusion
2.	 Severe crowding (more than 7 7sio
3.	 History of previous trauma or endodontic treatment.
4.	 Patients exhibiting apical root resorption at the 

pretreatment stage
5.	 Patients with parafunctional habits and/or systemic 

conditions that may affect root resorption
6.	 Cases with deep bite (100%) or open bite.

Group  I  (Smart Track®): 11  patients  (5  males and 
6 females, mean age of 18.34 ± 2.82 years) were treated 
with Smart Track® aligners (San Jose, California, USA). 
Group II (Damon): 11 patients (4 males and 7 females, 
mean age of 17.71 ± 2.22 years) received treatment with 
Damon‑Q self‑ligating brackets (Ormco Corporation 1717 
West Collins Avenue Orange, CA). Group III (regular 
brackets): 11 patients (6 males and 5 females, mean age of 
17.34 ± 2.38 years) were treated with regular preadjusted 
edgewise brackets (3M Unitek, California, USA).

Methods
Digital Vernier caliper and brass wire were used to 
assess the degree of crowding in the maxillary and 
mandibular arches. Only patients with 4–6  mm of 
crowding were included in the study. Assessment 
of the malocclusion was based on cephalometric 
measurements using Dolphin imaging software 
version 11.8. Patients who presented with skeletal and 
dental class I malocclusion were included in this study. 
Duration of treatment for each patient was recorded; 
for Smart Track® group: 15.14 ± 1.94 years, for Damon 
group: 15.75  ±  1.74  years, and for regular brackets 
group: 16.22 ± 2.75. years

Radiographic examinations
The lengths of the maxillary central and lateral incisors 
were measured before and after treatment using CBCT 
using Mimics software version  19. The incisal edge 
and root apex were first determined on in the sagittal 
plane [Figure 1] based upon visual inspection only. If 
necessary, adjustment of their exact position was made 
in the coronal plane [Figure 2] and axial plane [Figure 3]. 
Using the Mimics software, the coordinates of these two 
points were determined, and the length of each tooth 
was recorded from the incisal edge to the apex as the 
distance between these two points.

Blinding
Evaluation of root resorption was performed by one 
author who was blinded to the patients’ treatment 
techniques. Further, the investigator was blinded to 
whether they were before or after treatment. All data 
were labelled with numbers and sent to a statistician who 
was also blinded regarding patients’ groups.
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Figure 1: The incisal edge and root apex on in the sagittal plane

Figure 2: The incisal edge and root apex on in the coronal plane

Figure 3: The incisal edge and root apex on in the axial plane

found (P < 0.05), a Tukey multiple‑comparison test was 
used.

Results

Kappa statistics showed no significant systematic errors 
and casual errors  (Dahlberg formula) were within 
acceptable limits (P = 0.740 and Dahlberg = 0.371). This 
indicates that there was an acceptable reliability in the 
measurement method.

Groups were comparable regarding patients ages, 
treatment duration, and pre‑treatment crowding 
as there were no significant differences among all 
groups  (P > 0.05) [Table  1]. Measurements of teeth 
lengths as well as comparisons before and after treatment 
for all groups are shown in Tables  2-4. Comparisons 
among all groups are shown in Table 5.

In group I (Smart Track® aligners), all maxillary incisors 
exhibited statistically significant decrease in root 
length as an indication of root resorption (0.44 ± 0.35; 
P  <  0.05). Root resorption ranged from 0 to 1.4  mm. 
For group  II  (Damon), all maxillary incisors showed 
significant root resorption (0.55 ± 0.38; P < 0.05). The range 
of resorption was 0.1–2.3 mm. Regarding measurements 
in group III (preadjusted edgewise brackets), all incisors 
exhibited significant root resorption  (1.04  ±  0.67; 
P < 0.05); which ranged from 0 to 2.5 mm [Figure 4].

Intergroup comparison revealed significant differences 
in root resorption between group I (Smart Track®) and 
group  III  (preadjusted edgewise brackets)  (P  <  0.05), 
whereas no significant difference was noted between 
Smart Track® group and Damon group (P > 0.05). Except 
for maxillary lateral incisor, no statistically significant 
difference was found between group Damon and regular 
brackets groups (P > 0.05).

Discussion

Apical root resorption following orthodontic treatment 
is still one of the unfavorable consequences of different 
treatment techniques and appliances. The aim of 
the present study was to evaluate the degree of root 
resorption following Smart Track® aligners and compare 

Study error
Measurements from 18 randomly selected patients, 
6 from each group, were repeated after 4‑week interval 
and compared to calculate the measurement errors. 
Kappa statistics and Dahlberg formula  (Se

2 = ∑d2/2n) 
were used to calculate the accuracy of measurements,[13] 
where Se

2 is the error variance, d is the difference between 
repeated measurements, and n is the number of paired 
repeated measurements.

Statistical analysis
Statistical analysis was performed using SPSS 
Version 21.0 (SPSS Inc, Chicago, Illinois). Shapiro–Wilk 
test was used to verify normal distribution of the data. 
Paired t‑test was performed to detect root resorption 
within each group. Analysis of variance (ANOVA) test 
was used for comparing the mean changes among the 
three groups. If a statistically significant difference was 

Table 1: Comparison of the mean age, treatment 
duration, and pretreatment crowding among the study 
groups
Variables Group I 

(Smart Track)
Group II 
(Damon)

Group III (Regular 
brackets)

ANOVA

  Mean SD Mean SD Mean SD P
Age 18.35 2.83 17.71 2.22 17.44 2.39 0.68
Duration 15.14 1.94 15.75 1.74 16.27 2.74 0.48
Crowding 5.13 0.59 5.10 0.68 5.30 0.66 0.73
P >0.05 (Nonsignificant)
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Table 4: Changes in teeth length measurements in group III  (preadjusted edgewise brackets)
  Before After Differences t‑test P
  Mean SD Mean SD Mean SD
Rt Lateral 22.445 2.570 21.482 2.849 0.964 0.516 6.190 <0.001*
Rt central 25.064 3.173 23.927 3.279 1.136 0.638 5.911 <0.001*
Lt central 24.755 2.955 23.782 3.127 0.973 0.687 4.695 0.001*
Lt lateral 22.718 2.704 21.627 2.849 1.091 0.858 4.215 0.002*
*P ≤0.05 (Significant)

Table 2: Changes in teeth length measurements in group I  (Smart Track®)
  Before After Differences t‑test P
  Mean SD Mean SD Mean SD
Rt Lateral 21.600 1.284 21.236 1.320 0.364 0.323 3.730 0.004*
Rt central 23.345 1.786 22.841 1.743 0.505 0.428 3.909 0.003*
Lt central 23.455 1.847 23.000 1.748 0.455 0.364 4.138 0.002*
Lt lateral 21.982 1.503 21.545 1.549 0.436 0.298 4.864 0.001*
*P ≤0.05 (Significant)

Table 3: Changes in teeth length measurements in group II  (Damon)
  Before After Differences t‑test P
  Mean SD Mean SD Mean SD
Rt Lateral 22.745 1.688 22.355 1.786 0.391 0.308 4.208 0.002*
Rt central 25.000 2.128 24.445 2.088 0.555 0.321 5.738 <0.001*
Lt central 24.836 2.300 24.164 2.463 0.673 0.562 3.968 0.003*
Lt lateral 22.773 1.732 22.200 1.582 0.573 0.317 6.001 <0.001*
*P≤0.05 (Significant)

Table 5: Comparison of the mean changes in root resorption among all groups
Measurements ANOVA Tukey’s Post hoc Tests

F P Gp I and Gp II Gp I and Gp III Gp II and Gp III
Diff P Diff P Diff P

Rt Lateral 8.129 0.002 −0.027 0.986 −0.600 0.003* −0.573 0.005*
Rt central 5.879 0.007 −0.050 0.968 −0.631 0.012* −0.581 0.051
Lt central 2.425 0.106 −0.218 0.630 −0.518 0.089 −0.300 0.423
Lt lateral 4.252 0.024 −0.136 0.834 −0.555 0.025* −0.518 0.090
P >0.05 (nonsignificant) *P ≤0.05 (Significant)

it with similar cases treated with either a passive‑ligating 
Damon‑Q system and the conventional preadjusted 
edgewise brackets appliances.

The amount of root resorption following orthodontic 
treatment is associated with treatment duration due to 
persistent bone turnover associated with prolonged tooth 
movement.[14] In the current study, the mean treatment 

duration was similar among all the groups, thus 
treatment duration did not contribute to any difference 
in root resorption.

In the present study, only maxillary incisors were selected 
for evaluating the degree of orthodontically‑induced root 
resorption because these teeth are uni‑radicular and 
usually more affected by resorption than other teeth in 
the mouth.[15]

The findings of this study showed that all cases treated 
with Smart Track® aligners showed significantly less 
root resorption than those treated with conventional 
preadjusted edgewise brackets appliances. This 
result is in agreement with a study by Boyd[16] who 
concluded that aligners could be preprogrammed to 
control the magnitude of force applied on teeth, and 
consequently, the stresses on apical area could be 
controlled to prevent or even minimize the incidence of 
orthodontically‑induced root resorption. A  possible 

Figure 4: Mean differences of tooth length before and after treatment in mm
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explanation of this finding may be attributed to the 
intermittent forces applied by removable aligners which 
may allow root cementum to heal, and consequently, 
further root resorption could be prohibited during the 
pause.[17] On the contrary, a recently published study[3] 
found similar predisposition to apical root resorption 
using either removable aligners or fixed appliances. 
They suggested that orthodontic forces with either 
appliances triggers a cellular and molecular responses 
that would result in root resorption.

The low friction Damon self‑ligating bracket system 
was believed to produce light orthodontic forces 
which could be more physiological to the periodontal 
ligaments, and hence, less root resorption would be 
expected.[7] The findings of the current study did not 
support this hypothesis. All cases treated with Damon 
Q showed statistically significant root resorption 
following orthodontic treatment which indicated 
that magnitude of orthodontic force was not the 
main decisive factor in the process of root resorption, 
and consequently, light orthodontic forces can also 
cause root resorption.[18] Surprisingly, after analyzing 
all data, and despite lower values for resorption 
were found with aligners, we found no statistically 
significant root resorption between cases treated with 
Smart Track® aligners and those treated with Damon 
Q system.

Regarding the difference in root length as a reference of 
root resorption between self‑ligating and conventional 
bracket systems, the results of this study suggested no 
significant differences between both systems. This is in 
accordance with several other studies[8,15] who found 
similar degrees of root resorption following treatment 
with either bracket system.

Limitations
The results of the present study should be interpreted 
with caution. Despite using a three‑dimensional imaging 
method to measure teeth lengths, the use of linear 
measurements between incisal edge and root apex may 
be less accurate than the more comprehensive volumetric 
measures. Fortunately, an ongoing research by the 
authors using volumetric teeth and roots measurements 
is under investigation.

Conclusion

According to the results of the present study, 
orthodontically‑induced root resorption is an inevitable 
drawback with different orthodontic techniques 
including removable aligners. However, the use of Smart 
Track® aligners showed less decrease in root length as 
an indication of decreased root resorption relative to 
conventional preadjusted edgewise appliances in cases 

of Class I malocclusion with mild to moderate crowding. 
No significant difference in root resorption were found 
between aligners and passive self‑ligating Damon Q 
systems.
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