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ASSESSMENT OF TOOTH MOVEMENT EFFICIENCY DURING CLASSICAL
ORTHODONTIC AND CLEAR ALIGN THERAPY

Fadil Azizi
Faculty of Medical Sciences, Goce Delcev University, Stip, North Macedonia, fadilj.31159@ugd.edu.mk
Cena Dimova
Faculty of Medical Sciences, Goce Delcev University, Stip, North Macedonia, cena.dimova@ugd.edu.mk

Abstract: The process of orthodontic tooth movement is initiated by applying forces to the teeth via particular
appliances that orthodontists carefully choose, place, and activate based on the identified malocclusion. The
response of the teeth and their supporting tissues to these forces involves a complex biological reaction, resulting in
the movement of the teeth through the surrounding structures. Conventional orthodontic treatment utilizing fixed
appliances facilitates tooth movement to treat different kinds of malocclusion by employing fixed components on
the surfaces of teeth, including orthodontic bands, brackets, archwires, ligatures, and abutments. The popularity of
aligners in orthodontic treatment has notably increased in recent years, especially among older individuals primary
because of their aesthetic advantages, comfort, and the ease of maintaining oral hygiene compared to conventional
fixed braces. Regarding the importance of this issue from a clinical perspective, and because this issue is
underpinned by scientific literature, we have set the following aim for this study- to compare the movement of the
crown and root of the tooth between the two studied groups (traditional braces therapy and aligner therapy) after a
predetermined time frame from the beginning of treatment. To achieve the defined objectives, a clinical trial was
conducted at the private dental office "ALJBI ORTODENT" in Tetovo. Total number of 360 teeth from 30 subjects
suffering from primary crowding malocclusion were included in this study. The study population as categorized into
two groups of 15 individuals each, as follows: (1)First group: 15 patients, a total of 180 teeth, from both genders,
who will be treated with a fixed appliance, DentaurumRrooth 0.22. and (2) second group: 15 patients, a total of 180
teeth, of both genders, who will be treated using an aligner, Biolon 0.75.The post-treatment digital models and the
final virtual treatment plan were exported from the software as STL files and subsequently imported into Geomagic
Qualify® software for comparison of the final tooth positions. Variations were calculated and analyzed for statistical
significance for each tooth in the mesial-distal dimensions. For F=1.700 and p>0.05 (p=0.193) there is no significant
difference between the value of the mesial-distal direction of the teeth at the beginning of the study (To), one month
after treatment (T1), three months after treatment (T3), treated with a fixed appliance and an aligner. Clear aligner
therapy marks a notable progression in orthodontic care, providing benefits over conventional braces, including
enhanced aesthetics, greater comfort, and improved oral hygiene. Research indicates that clear aligners are effective
in addressing mild to moderate malocclusions, requiring fewer visits and shorter treatment times than traditional
fixed appliances. Consequently, it is essential for clinicians to weigh the attributes of these two types of orthodontic
devices when determining treatment options.

Keywords: Orthodontic 3D model; tooth movement; Orthodontic fixed appliances; Clear aligners; Geomagic
software

1. INTRODUCTION

The process of orthodontic tooth movement is initiated by applying forces to the teeth via particular appliances that
orthodontists carefully choose, place, and activate based on the identified malocclusion. The response of the teeth
and their supporting tissues to these forces involves a complex biological reaction, resulting in the movement of the
teeth through the surrounding structures.

By addressing and minimizing the unknown factors associated with treatment implementation, the variability in
clinical outcomes can be reduced. On the other hand, the forces and moments produced during the various phases of
orthodontic treatment are subject to controlled variables.

Conventional orthodontic treatment utilizing fixed appliances facilitates tooth movement to treat different kinds of
malocclusion by employing fixed components on the surfaces of teeth, including orthodontic bands, brackets,
archwires, ligatures, and abutments (Spirito et al. 2023). Consequently, comprehending the biomechanical principles
and mechanisms involved in the activation of orthodontic appliances during each phase of tooth movement is crucial
for optimizing the effectiveness of orthodontic treatment.

The popularity of aligners in orthodontic treatment has notably increased in recent years, especially among older
individuals. This rise can be attributed to their aesthetic advantages, comfort, and the ease of maintaining oral
hygiene compared to conventional fixed braces (Madariaga et al. 2020; Stefano et al. 2021). Today, aligners are
effectively used to treat various types of malocclusions (Staderini et al. 2020; Dianiskova et al. 2022), thanks to
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advancements in abutments, attachments, and aligning materials (Bucci et al. 2019; Stefano et al. 2019). These
developments enable the performance of complex movements, including rotation and torque (D’Anto et al. 2022;
Stefano et al. 2021).

The introduction of three-dimensional (3D) printing has brought about a significant transformation in dentistry,
particularly in the orthodontic correction of malocclusion. While aligners appear to meet the criteria for an ideal
orthodontic appliance, certain biomechanical limitations still need to be addressed (Patterson et al. 2021). The
predictability of tooth movement is largely contingent upon various factors, including the types of teeth, the desired
movements, and the characteristics of the arch, including its structure, thickness, and shape.

Furthermore, studies indicate that aligners provide benefits compared to fixed appliances, particularly in terms of
segmented tooth movement and shorter treatment times (Buschang et al. 2014). Conversely, fixed appliances have
shown greater efficacy in achieving proper occlusal contacts and managing tooth torque and rotation (Ke et al.2019).
Nevertheless, advancements in technology have enabled the treatment of various complex malocclusions using
aligners (D’ Anto et al. 2023).

According to Smith et al. (2022), in non-extraction patients, only 0.4 of the prescribed movement for each
mandibular incisor root tip was clinically achieved with the Invisalign system. Ren et al. (2022) also reported similar
findings in a study involving patients who underwent double maxillary extraction of first premolar. Dai et al. (2024)
conducted research on patients who had four first premolars extracted and were treated with aligners, revealing that
deficits in crown movement resulted in more significant mesial tipping of the maxillary first molars and distal
tipping of the maxillary canines than what was anticipated by the clinician's verification software.

The efficiency of tooth movement significantly impacts the establishment of treatment goals, the duration of
treatment, and the associated costs. Erroneous predictions may necessitate extended treatment periods, lead to
patient dissatisfaction, and increase the risk of relapse. Therefore, it is essential to evaluate the accuracy of tooth
movement predictions and the effectiveness of clear aligners in achieving major tooth and root movements when
compared to fixed orthodontic treatments.

The results some research indicated that treatment with clear aligners was more effective in terms of duration than
treatment with braces. This conclusion is corroborated by Zheng et al. (2017) who found that clear aligners
significantly reduced treatment duration compared to braces. It is important to emphasize that the effects are biggest
at the biggening of the treatment (first six months).

According to Kravitz et al. (2009), patients experiencing simple malocclusions require an extra 4.8 months of
treatment with aligners in comparison to conventional brackets, although the treatment and occlusal results after six
months are similar. The study concluded that the device demonstrated the highest precision in achieving lingual
displacement, averaging 47.1% accuracy, while egression and mesiodistal tilt were the least precise, with accuracies
0f 29.6% and 26.9%, respectively. The authors attribute this limitation to the fact that Invisalign® cannot provide a
vertical pulling force on teeth.

Also, according to Simon et al.(2014) reported that a distalization of the upper teeth of at least 1.5 mm led to a
highly accurate bodily movement of the teeth. The authors also discovered that the accuracy of this movement was
increased when it was facilitated by tooth attachment.AlMogbel et al,(2023) noted that if the maximum activation
over a two-week period is lowered from 0.5 mm to 0.25 mm or less, it is likely that precision and treatment
efficacity will be enhanced

With regard to the importance of this issue from a clinical perspective, and because this issue is underpinned by
scientific literature, the aim for this sudy was to compare the movement of the crown and root of the tooth between
the two studied groups (traditional braces therapy and aligner therapy) after a predetermined time frame from the
beginning of treatment.

2. MATERIAL AND METHOD
To achieve the defined objectives, a clinical trial was conducted at the private dental office specialized for
orthodontics "ALJBI ORTODENT" in Tetovo, North Macedonia. Total number of 360 teeth from 30 subjects
suffering from primary crowding malocclusion were included in this study. The study population, was aged from 14
to 16 years, include both males and females and categorized into two groups of 15 individuals each, as follows:
- First group: 15 patients, atotal of 180 teeth, from both genders, who will be treated with a fixed appliance,
DentaurumRrooth 0.22.
- Second group: 15 patients, a total of 180 teeth, of both genders, who will be treated using an aligner, Biolon 0.75.
The following procedures and methodologies were implemented for all participants involved in the study:

e  Collection of a comprehensive personal history;

e  C(Clinical examination;

e Evaluation of a digital CT scan of the dental structures;
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e Determining the necessity for orthodontic treatment based on the aesthetic criteria of the Index of
Orthodontic Treatment Need (IOTN), as outlined by Bruck and Show (1989) and later modified by
Richmond (1990) for an objective assessment of orthodontic treatment requirements. This index is also
utilized to evaluate patient eligibility for orthodontic treatment within public health contexts (Sharma et al.,
2012).

e Development of digital and final models for a virtual treatment plan.

e  The post-treatment digital models and the final virtual treatment plan were exported from the software as
STL files and subsequently imported into Geomagic Qualify® software for comparison of the final tooth
positions. Variations were calculated and analyzed for statistical significance for each tooth in the mesial-
distal dimensions.

e Laboratory protocol — order: selection and modification of various parameters.

e Digital protocol — treatment plan and design: Subsequently, the data from the scanned master model, which
is cast in plaster from the patient’s impression, will be transformed into an STL file.

o Installation of a fixed orthodontic appliance of the Dentaurum Rroth 0.22 type.

o Installation of an aligner (straightener) of the Biolon 0.75 type.

e Follow-up examinations were conducted in the first month, followed by assessments in the third and sixth
months.

Planning, measurements, and simulations are executed on a detailed 3D representation of the teeth, which is initially
generated from digital models created by scanning plaster models or through direct intraoral scans. Both intraoral
scans and those captured by technical scanners are utilized (refer to Fig. No. 1). Serial 3D models acquired at
different time points can be registered and consolidated into a single international coordinate system, facilitating the
measurement of tooth mobility. The impact of therapeutic interventions over time has been assessed using various
techniques and software tools designed for the digital 3D registration of virtual models and the quantification of
tooth movement.

Figure No. 1. Illustrates the analysis of dimensional discrepancies by comparing a scanned object to a reference
model. The extent of these deviations is depicted through a color gradient on the right, transitioning from blue to
red. A negative deviation, characterized by distal movement, is represented in blue, indicating either an excess or a
deficiency of material in the current model. Conversely, a positive deviation, denoting mesial movement, is shown
in red. Deviations marked in green are considered negligible or absent, indicating proximity to the nominal
tolerance.

Source: authors

3. RESULTS
Table No. 1. and Fig. No.1. show descriptive statistics of the values (limit values) of the mesial-distal direction in 48
teeth at the beginning of the study (To), one month after treatment (T1), three months after treatment (T3), treated
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with a fixed appliance (0) and an aligner (1).For F=1.700 and p>0.05 (p=0.193) there is no significant difference
between the value of the mesial-distal direction of the teeth at the beginning of the study, one month after treatment,
three months after treatment, treated with a fixed appliance and an aligner.

In the Post Hoc Tests / Bonferroni test / analysis of the relation R1*Group; LS Meansfor p>0.05, no significant
difference was determined in the displacement of teeth treated with a fixed appliance and aligner, between the
values determined at the beginning of the study (T0), one month after treatment (T1), three months after treatment
(T3).In Post Hoc Tests / Bonferroni test / analysis of the relation R1*Tooth*Group; LS Means / (Table No. 2.) a
significant difference in tooth displacement was registered:

- The value of the mesial-distal direction of displacement during orthodontic treatment with an aligner for
tooth 12 after three months of treatment (T3) -0.05 for p<0.001 (p=0.0005) is significantly greater than the initial
value of the mesial-distal direction (To) -12.66.

- The value of the mesial-distal direction of displacement during orthodontic treatment with an aligner for
tooth 12 after three months of treatment (T3) -0.05 for p<0.001 (p=0.0007) is significantly greater than the value of
the mesial-distal direction after 1 month of treatment (T1) -12.41.Among the remaining teeth in the relation
R1*Tooth*Group for p>0.05 there is no significant difference in the values of the mesial-distal direction.

Table No. 1. Descriptive statistics of the values (limit values) of the mesial-distal direction in 48 teeth at the
beginning of the study (To), one month after treatment (T1), three months after treatment (T3), treated with a fixed
appliance (0) and an aligner (1)

R1*group; LS Means;

Current effect: F(2, 48)=1,7006, p=,19339
Effective hypothesis decomposition

DV1 |DV1 |[DV.1 | DV 1

Cell No ['pyna R1 Mean | Std.Err. |-95,00% +95,00%
1 | 0 |TOM-D direction |-5,10167 |1,759301 |-8,73269 |-1,47065 |24
2 | 0 [T1M-D direction |-4,73292 |1,763317 -8,37222 -1,09361 24
3 | 0 |T3M-D direction -5,17167 [1,904962 -9,10331 |-1,24002 |24
4 [ 1 [ToM-D direction -0,41167 |1,759301 -4,04269 | 3,21935 24
5 | 1 |TIM-D direction |-0,38042 |1,763317 -4,01972 | 325889 |24

6 1 |T3 M-D direction | 0,67208 |1,904962 |-3,25956 | 4,60373 (24
* fixed orthodontic appliance (0), Aligners (1)

Figure No. 2. Values (limit values) of the mesial-distal direction in 48 teeth at the beginning of the study (To), one
month after treatment (T1), three months after treatment (T3), treated with a fixed appliance (0) and an aligner (1)
R1*Tpvma; LS Means
Cugrent sfct: F(21, 4817008, p=19330
Efective ypothesis dac omposition
artic 2l bars denots 0 05 confidence intervals

DVl

=~ &uEreW amapaT
-7 Ansjep

To Mes - guc HacoH T1 Mes - gwc Haoo® T3 Mes - guc Hacow
Rl

742



KNOWLEDGE — International Journal
Vol.69.4

Table No. 2. Post Hoc Tests / Bonferroni test

Bonferroni test; variable DV_1; Probabilities for Post Hoc Tests
Error: Between; Within; Pooled MS = 78,666, df = 25,838

a1 w @ e @ e @
-5,10 -4,73 -5,17 -0,41 -0,38 0,67

0 |TO M-D direction 1,000000 |1,000000 |1,000000 |1,000000 |0,492498
0 |T1 M-D direction |1,000000 1,000000 |1,000000 |1,000000 |0,669071
0 |T3 M-D direction |1,000000 |1,000000 1,000000 |1,000000 |1,000000
1 |To M-D direction |1,000000 |1,000000 |1,000000 1,000000 |1,000000
1
1

Cell No |T'pyma

T1 M-D direction |1,000000 |1,000000 |1,000000 |1,000000 1,000000
T3 M-D direction |0,492498 |0,669071 |1,000000 |1,000000 |1,000000
* Fixed orthodontic appliance (0), Aligners (1)

OO W N

4. DISCUSSION

Orthodontic tooth movement is achieved by applying forces to the teeth through specific appliances that
orthodontists select, position, and activate according to the malocclusion type. The teeth and their surrounding
supportive tissues respond to these forces with a complex biological reaction, leading to the movement of the teeth
through the supporting structures. By reducing the unknown factors involved in treatment implementation, the
variability of clinical outcomes can be minimized. In contrast, the forces and moments generated during different
phases of orthodontic treatment are governed by controlled variables.

Most fixed appliances are designed to deliver continuous forces. Continuous force is defined as a force that is
sustained within certain intervals, ensuring that its intensity does not drop below the threshold necessary to stimulate
cellular activity (including apposition and resorption) during orthodontic treatment. These forces are gentle, enabling
consistent and uniform movement of the teeth over prolonged periods.

Aligners have gained popularity not only for their aesthetic appeal but also for their ability to enhance oral hygiene
compared to traditional fixed orthodontic appliances. Nevertheless, from a biomechanical perspective, the two
treatment modalities are not yet equivalent (D’Alessandro et al., 2020). Aligner therapy, which involves custom-
made and removable appliances, is increasingly adopted in clinical settings as a more aesthetically pleasing and
comfortable alternative to multi-attachment systems (Macri et al., 2023). Over time, there has been a shift towards
more aesthetically pleasing orthodontic appliances, driven by technological advancements and a growing number of
adults seeking orthodontic care.

Borda et al. conducted a study in 2020 to compare the efficacy and efficiency of clear aligners with fixed appliances
in treating mild malocclusions in adolescents. The research analyzed retrospective data from a private practice,
which included 26 patients in each treatment group, either receiving Invisalign or Damon braces. The findings
revealed that the aligner group had significantly fewer discrepancies from the ideal treatment outcome (CRE: 30.1
vs. 37.0; P < .01). Furthermore, aligner patients attended fewer appointments (13.7 compared to 19.3; P < .0001),
had a reduced number of emergency visits (0.8 vs. 3.6; P <.0001), and completed their treatment in a shorter time
frame (16.9 months vs. 23.4 months; P < .0001). Thus, while clear aligners were found to be equally effective as
fixed appliances for mild malocclusions, they offered enhanced efficiency in the treatment process.

According to the results from this study, there is no significant difference between the value of the mesial-distal
direction of the teeth at the beginning of the study, one month after treatment, three months after treatment treated
with a fixed appliance and an aligners. This findings are similar to the data presented by numerous studies did not
found the statistically significant difference between two appliances ( Li et al, 2015; Hennessy et al, 2016; Gu et al,
2017; Laneti et al, 2018). Other studies verified that clear aligners could not treat malocclusion as well as
braces. (Djeu et al, 2005; Kuncio et al, 2007; Pavoni et al, 2011; Griinheid et al, 2016)

Nonetheless, additional studies are necessary to fully assess their effects on oral health, particularly in more
complicated cases, and to analyze the clinical efficacy of various aligner brands.

5. CONCLUSIONS

Clear aligner therapy marks a notable progression in orthodontic care, providing benefits over conventional braces,
including enhanced aesthetics, greater comfort, and improved oral hygiene. Research indicates that clear aligners are
effective in addressing mild to moderate malocclusions, requiring fewer visits and shorter treatment times than
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traditional fixed appliances. Consequently, it is essential for clinicians to weigh the attributes of these two types of
orthodontic devices when determining treatment options.
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