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Abstract
Objective  The aim of our study is to analyze the forces generated by reverse curve archwires with three different 
depths and two different dimensions for Roth-type brackets and MBT-type brackets through finite element analysis 
(FEA) to assess their effects.

Materials and methods  This study involves modeling wires of different dimensions and depths (20 mm, 25 mm and 
30 mm) for Roth-type brackets with 0.018’’slot size and MBT-type brackets with 0.022’’slot size. 12 linear static analyses 
were conducted under specific loading and boundary conditions to evaluate tooth movements along the X, Y, and Z 
axes, total displacement, and von Mises stresses on the periodontal ligament (PDL).

Results  0.022 slot MBT bracket with reverse curve of spee wire 0.019 × 0.025’’and 0.021 × 0.025’’ dimensions and 
30 mm depth, 0.018 slot Roth bracket with 0.017 × 0.025’’ and 0.016 × 0.022’’ wire and 30 mm depth applied the most 
aggressive forces, leading to high displacement and PDL stress. In contrast, 0.022 slot MBT bracket with reverse curve 
of spee wire 0.019 × 0.025’’ dimensions and 20 mm depth, 0.018 slot Roth bracket with reverse curve of spee wire 
0.017 × 0.025’’, 0.016 × 0.022’’and 25 mm depth, 0.017 × 0.025’’, 0.016 × 0.022’’and 20 mm depth demonstrated more 
conservative force applications.

Conclusion  This comparative analysis of 12 different models demonstrates that varying orthodontic forces have a 
significant impact on both tooth movement and PDL stress. These findings highlight the significance of selecting 
the appropriate model based on the patient’s periodontal health to ensure orthodontic treatments are performed 
effectively and safe.
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Introduction
The Curve of Spee (COS), first described by F. Graf von 
Spee in 1890, refers to the natural occlusal curvature of 
human dentition. This curve, which connects the man-
dibular condyle, the second molars, and the incisal edges 
of the lower incisors, plays important role for efficient 
mastication [1]. Orthodontic treatment often aims to 
flatten this curve to achieve occlusal stability and correct 
deep bites. This is commonly done using reverse curve 
archwires, which extrude lower premolars and minimally 
intrude lower incisors, according to Tweed’s orthodon-
tic philosophy [2]. Two major bracket systems, Roth and 
MBT, include the correction of the Curve of Spee in their 
treatment protocols. Roth’s system overcorrects deep 
bites and flattens the curve through precise torque adjust-
ments [3], while the MBT system utilizes lighter forces 
and archwires designed to level the occlusal plane [4]. 
Correcting the Curve of Spee can be achieved through 
molar extrusion, incisor intrusion, or both, depending on 
the patient’s facial esthetics, occlusal plane stability, and 
functional needs [5]. Reverse curve archwires are key to 
correcting deep bites, and Ni-Ti archwires with exagger-
ated Spee curvature are particularly especially effective 
for initial bracket engagement in orthodontic systems [6].

Applying orthodontic force to a tooth with reduced 
periodontal support may lead to circulatory issues, 
potentially impacting the treatment’s clinical effective-
ness and outcomes [7–10]. Vascular disruptions and 
periodontal degradation are influenced by factors such 
as the type, application point, force magnitude, and dura-
tion of orthodontic force [7–9, 11, 12]. FEA is a widely 
utilized mathematical approach for analyzing stress 
within the periodontium. It enables the evaluation of 
stress patterns by examining how forces are absorbed 
and dissipated across human anatomical structures [11, 
12]. FEA allows detailed assessment of stress distribution 
and tooth movement, providing insights that help ortho-
dontists optimize treatment forces and predict outcomes, 
minimizing risks such as root resorptions [13].

The aim of our study is to evaluate the forces applied 
by reverse curve Spee archwires of different depths in 
0.018’’ slot Roth and 0.022’’ slot MBT bracket types using 
FEA. By considering individual factors such as patients’ 
periodontal health and lower incisor inclinations, this 
research aims to support the development of custom-
ized treatment plans aligned with each patient’s specific 
needs.

Materials and method
Finite element analysis, including stress analysis, was 
performed using HP workstations with 2.40 GHz INTEL 
Xeon E-2286 processors and 64 GB ECC memory. 
The bone model was obtained from the Visible Human 
Project, and bone and tooth models were processed in 

3DSlicer software and exported in.stl format. Reverse 
engineering and 3D CAD operations were completed 
using ANSYS Spaceclaim (Concord, Massachusetts, 
USA), while meshing and analysis were carried out in 
ANSYS Workbench. LS-DYNA was used for solving the 
finite element models. The mandibular bone model was 
created from Visible Human Project tomography data 
with 0.33  mm slice thickness. Data was segmented in 
3DSlicer software, cleaned of unwanted areas, and con-
verted into 3D models. Cortical bone, trabecular bone, 
teeth, and periodontal ligament were modeled in ANSYS 
Spaceclaim. Teeth were based on Wheeler’s atlas, and lig-
ament thickness was set at 0.2 mm. The depth of the Spee 
curve in the model (Fig. 1) was determined to be 2.4 mm.

Fairfield (Stratford, CT, USA) American Orthodon-
tics (Sheboygan, Wisconsin, USA) and RMO (Franklin, 
Indiana, USA) brand wires for MBT (Fig.  2) and Roth 
(Fig. 3) system brackets were modeled in ANSYS Space-
claim. Brackets were modeled according to the American 
Orthodontics Master Series brackets. The torque, angula-
tion and rotation values used in MBT (Table 1) and Roth 
brackets are shown in Table 2.

Fig. 2  The image of brackets modeled in the MBT system in FEA

 

Fig. 1  The depth of the curve of Spee in the modeled mandible
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Composite layers were limited to 0.1 mm in thickness 
(Fig. 4). In our FE model, ‘surface-to-surface contact’ was 
defined between the gingival and occlusal slot walls of 
the bracket and the archwire, using program-controlled 
formulation. Similar contacts were also defined between 
the base of the bracket and the base of the archwire. The 
frictional resistance of the archwire edges within the 

slot was also considered in the model. The coefficient of 
friction (µ) between the contact surfaces was assigned a 
value of 0.13 [14, 15].

Force transmission was achieved by aligning mesh 
structures (Fig.  5) in ANSYS Workbench. Mathematical 
models were generated by meshing geometric models 
with tria (0.1–0.25 mm) and tetrahedral solid meshes in 
ANSYS Workbench.

During the development of the mathematical models 
(mesh structures) in the study, highly precise tria (trian-
gular) mesh sizes ranging from 0.1 to 0.25 mm were used. 
After meshing all model surfaces with triangular meshes 
known as tria, the solid meshes of the objects were gen-
erated using tetrahedral (regular tetrahedron) solid mesh 
types. These models were then transferred to the LS-
DYNA solver for analysis.

In all models, forces were applied to the wires attached 
to the lower incisor teeth (Fig. 6). The forces applied by 
the wires to the incisors were measured using a Dentau-
rum measuring gauge (measuring range 25–250 g).

The magnitudes of the forces applied in the analysis 
models are given below (Table 3).

Study models
In the analyses, linear material properties with the given 
elastic modulus and Poisson’s ratio were used (Table 4). 
The material properties of the analyzed model were 
numerically defined. All materials are homogeneous, lin-
ear, and isotropic, consistent with the majority of pub-
lished studies [15–19].

The models were fixed by constraining all degrees 
of freedom at the superior and posterior regions of the 
bone, preventing movement in all three axes. A bound-
ary condition was applied to all parts of the model such 
that it was symmetric with respect to the Y-Z plane and 
normal to the X-axis.A total of 12 linear static analyses 
(Table 5) were performed under the specified forces and 
boundary conditions (Fig. 8).

Table 1  The torque, angulation and rotation values used in MBT 
brackets
0.022’’MBT System Torque Angulation Rotation
Anteriors -6 ° 0° 0°

Cuspid -6° + 3° 2°

1st Bicuspid -12° + 2° 0°

2nd Bicuspid -17° + 2° 0°

1st Molar Tube -20° 0°

2nd Molar Tube -25° 0°

Table 2  The torque, angulation and rotation values used in Roth 
brackets
0.018’’Roth System Torque Angulation Rotation
Anteriors 0 ° 0° 0°

Cuspid -11° + 7° 2°

1st Bicuspid -17° 0° 4°

2nd Bicuspid -22° 0° 4°

1st Molar Tube -10° 0°

2nd Molar Tube -30° 7°

Fig. 5  The mesh structure of the model used in the FEA

 

Fig. 4  The image of modeled composite layers in FEA analysis

 

Fig. 3  The image of brackets modeled in the Roth system in FEA
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Results
This study examines the effects of varying orthodontic 
forces across 12 models, with a focus on tooth displace-
ment and periodontal ligament stress. These models 
range from highly aggressive force applications (Models 
1, 2, 7, and 8) to more conservative approaches (Models 
5, 11, and 12). The analysis highlights the variation in 
force magnitude and its impact on tooth movement and 
PDL.

The total displacement of the incisal edge and root apex 
of the lower incisors in all models is shown in the form of 
a bar chart (Fig. 9).

Models 1(Fig.  10) and Model 2 (Fig.  11) showed the 
highest displacement magnitudes, particularly for the 
central incisors with values reaching 2.620E-04 mm and 
2.821E-04 mm. These models apply strong forces aimed 
at significant tooth movement.

Models 7 and 8 also demonstrated high displacement 
magnitudes, with 2.361E-04 mm and 2.311E-04 mm for 
the central incisors.

Model 5 (Fig. 12), Model 10(Fig. 13), Model 11(Fig. 14), 
and Model 12 (Fig.  15) showed lower displacement val-
ues. For instance, Model 5 showed a displacement of 
1.044E-04  mm, while Model 11 displayed the smallest 
displacement at 1.004E-04 mm.

Model 5 and Model 6 show the lowest displacement 
and PDL stress values, indicating a more controlled and 
balanced force application.

Directional displacements (X, Y, Z)
X-direction: All models exhibited relatively low X-direc-
tion (lateral) displacement. However, Models 1 and 2 
showed slightly more lateral movement compared to 
other models, particularly in the lateral incisors and 
canines. On the other hand, Models 5, 11, and 12 had 

Table 3  The specifications of the brackets and wires used in the study
Model 01 0.022 slot MBT bracket with 0.019 × 0.025’’ dimensions 30 mm depth wire applies 60 g forces (Fig. 7)
Model 02 0.022 slot MBT bracket with 0.021 × 0.025 ’’ dimensions 30 mm depth wire applies 65 g forces

Model 03 0.022 slot MBT bracket with 0.019 × 0.025’’ dimensions 25 mm depth wire applies 36 g forces

Model 04 0.022 slot MBT bracket with 0.021 × 0.025 ’’ dimensions 25 mm depth wire applies 40 g forces

Model 05 0.022 slot MBT bracket with 0.019 × 0.025’’ dimensions 20 mm depth wire applies 24 g forces

Model 06 0.022 slot MBT bracket with 0.021 × 0.025’’ dimensions 20 mm depth wire applies 25 g forces

Model 07 0.018 slot Roth bracket with 0.017 × 0.025’’ dimensions 30 mm depth wire applies 54 g forces

Model 08 0.018 slot Roth bracket with 0.016 × 0.022’’ dimensions 30 mm depth wire applies 52 g forces

Model 09 0.018 slot Roth bracket with 0.017 × 0.025’’ dimensions 25 mm depth wire applies 34 g forces

Model 10 0.018 slot Roth bracket with 0.016 × 0.022’’ dimensions 25 mm depth wire applies 30 g forces

Model 11 0.018 slot Roth bracket with 0.017 × 0.025’’ dimensions 20 mm depth wire applies 23 g forces

Model 12 0.018 slot Roth bracket with 0.016 × 0.022’’ dimensions 20 mm depth wire applies 20 g forces

Fig. 6  The direction of the applied force in the FEA model
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minimal lateral displacement, reflecting stability in these 
teeth.

Y-direction (intrusion): The intrusion movement 
occurred primarily in Models 1, 2, 7 and 8. Model 2 
having the highest intrusion of -2.683E-04  mm for the 

central incisors. Models 11 and 12 displayed the least 
intrusion, with − 9.555E-05 mm and − 8.453E-05 mm.

Z-direction (anteroposterior movement): Models 7 and 
8 showed the highest Z-direction displacement, with the 
central incisors moving − 6.946E-05  mm and − 6.735E-
05 mm. Models 09, 10, and 11 displayed more conserva-
tive anteroposterior movement.

Comparison of Displacement Effects in Models with 
0.022 Slot MBT Brackets:

The FEA images display the displacement magnitudes 
of the lower incisors in Models 1 to 6, with a color gra-
dient representing the intensity of movement (Fig.  16). 
The red areas indicate the highest displacement, while 
the blue regions show the least movement. Model 1 and 
Model 2 exhibit the greatest displacement, particularly 
in the incisal region, suggesting that these models gener-
ate higher force levels on the lower incisors. Model 3 and 
Model 4 demonstrate moderate displacement, indicating 
a more balanced force application. Model 5 and Model 6 
show the least displacement, suggesting that these mod-
els apply more controlled forces, reducing stress on the 
periodontal ligament.

Comparison of displacement effects in models with 0.018 
slot Roth brackets
The FEA images illustrate the displacement magnitudes 
of the lower incisors in Models 7 to 12, with a color gra-
dient indicating the level of movement (Fig.  17). Model 
7 and Model 8 exhibit the highest incisal displacement, 
suggesting that these models apply higher forces, leading 
to significant incisor movement. Model 9 and Model 10 
display moderate displacement, indicating a more con-
trolled force application compared to the first two mod-
els. Model 11 and Model 12 show the least movement, 
suggesting that these models provide the most stable and 
conservative force application, reducing excessive tooth 
movement and potential periodontal stress. These find-
ings emphasize the effect of wire dimensions and force 
magnitudes in Roth bracket models, highlighting the 
importance of choosing appropriate mechanics to ensure 
effective yet safe tooth movement, minimizing root 
resorption risks and excessive proclination.

Von Mises stresses
Models 1 and 2 showed the highest PDL stress values, 
with central incisor stress reaching 9.049E-03  MPa and 
9.758E-03 MPa. Models 7 and 8 demonstrated similarly 
high PDL stress levels, with 8.135E-03 MPa and 7.918E-
03 MPa on the central incisors. Models 9, 10, 11, and 12 
showed lower stress values, making them more suitable 
for gradual tooth movement. Model 12, for example, 
exhibited 3.043E-03 MPa on the central incisor, empha-
sizing its conservative approach, which minimizes the 
risk of PDL overloading. Model 11, the most conservative 

Table 4  Mechanical properties of materials used for FEA in this 
study [16]
Material Elastic Modulus [MPa] Poisson’s Ratio [v]
Cortical Bone 13,700 0.3

Cancellous Bone 1370 0.33

Tooth 20,000 0.3

PDL 50 0.49

Nickel-Titanium 44,000 0.33

Stainless Steel 200,000 0.3

Composite 8823 0.25

Table 5  Information for the twelve analysis models created
Total # of Nodes Total # of Elements

Model 1 407,132 1,538,090

Model 2 408,791 1,539,623

Model 3 407,132 1,538,090

Model 4 408,791 1,539,623

Model 5 407,132 1,538,090

Model 6 408,791 1,539,623

Model 7 404,103 1,533,592

Model 8 403,527 1,528,200

Model 9 404,103 1,533,592

Model 10 403,527 1,528,200

Model 11 404,103 1,533,592

Model 12 403,527 1,528,200

Fig. 7  The image of 0.022 slot MBT bracket with 0.019 × 0.025’’ dimensions 
30 mm depth wire (Model 1) in FEA
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Fig. 9  Comparison of the total displacement amount at the incisal edge and root apex of the lower incisors in all models

 

Fig. 8  The image of boundary conditions in FEA model
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Fig. 11  FEA image of the total displacement of the Model 2

 

Fig. 10  FEA image of the total displacement of the Model 1
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Fig. 13  FEA image of the total displacement of the Model 10

 

Fig. 12  FEA image of the total displacement of the Model 5
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Fig. 15  FEA image of the total displacement of the Model 12

 

Fig. 14  FEA image of the total displacement of the Model 11
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of all, showed the lowest PDL stress values, with 3.460E-
03  MPa for the central incisors and 2.897E-03  MPa for 
the lateral incisors.

Comparison of Von Mises stress distribution in models with 
0.022 slot MBT brackets
The FEA images illustrate the Von Mises stress distribu-
tion in Models 1 to 6, where the color gradient represents 

stress intensity on the lower incisors (Fig.  18). Model 1 
and Model 2 exhibit the highest stress concentration, 
particularly in the incisal and cervical regions, suggest-
ing that these models generate greater forces on the 
lower incisors, increasing the risk of PDL stress. Model 
3 and Model 4 show moderate stress levels, with reduced 
intensity compared to the first two models, indicating a 
more controlled force application. Model 5 and Model 

Fig. 18  The FEA views illustrate the von Mises stresses occurring in the PDL models with MBT brackets

 

Fig. 17  FEA views of the total displacement in models using Roth brackets

 

Fig. 16  FEA views of the total displacement in models using MBT brackets
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6 present the lowest stress levels, with blue-dominated 
regions, suggesting minimal force impact, leading to a 
safer and more stable orthodontic force application.

Comparison of Von Mises stress distribution in models with 
0.018 slot Roth brackets
The FEA images illustrate the Von Mises stress distribu-
tion in Models 7 to 12, with a color gradient represent-
ing stress intensity on the lower incisors (Fig. 19). Model 
7 and Model 8 exhibit the highest stress concentration, 
particularly in the incisal and cervical areas, indicating 
that these models generate stronger forces on the lower 
incisors. Model 9 and Model 10 show moderate stress 
levels, suggesting a more balanced force application with 
less risk of excessive stress on the PDL. Model 11 and 
Model 12 present the lowest stress levels.

Comparison across models
Models 1, 2, 7, and 8 are the most aggressive in terms of 
both displacement and PDL stress.

Models 3, 4, 9, and 10 offer moderate force distribution, 
making them more balanced options.

Models 5, 6, 11, and 12 are the most conservative, pri-
oritizing stability, reduced stress, and safer biomechanics.

Discussion
In orthodontic treatment, understanding the forces that 
affect tooth movement and stress distribution is criti-
cal for creating effective and safe treatment plans. The 
objective of this study is to analyze the forces applied 
by reverse curve of spee archwires with different depths 
and dimensions in both Roth and MBT-type brackets.
Our findings reflect that the force generated by the wire-
bracket combination plays a significant role in determin-
ing the displacement of teeth and the resulting stress on 
the PDL.

The results of this study further highlight the biome-
chanical differences between Roth and MBT bracket 
systems. Roth brackets, known for their precision and 

emphasis on overcorrection of deep bites, demonstrated 
higher force outputs in Models 7 and 8. These findings 
align with the Roth system’s design, which aims to flat-
ten the curve of Spee by applying stronger forces to the 
molars and premolars, leading to significant vertical and 
anteroposterior movement. This system is often pre-
ferred in cases where deep bite correction is the primary 
goal. In contrast, the MBT system, which is designed to 
apply lighter forces with more gradual tooth movement, 
demonstrated more conservative outcomes in Models 5 
and 6.

Another parameter we assessed in this study was slot 
width. 0.022” slot offers more freedom for movement for 
initial aligning archwires within the relatively larger slot, 
theoretically resulting in lighter aligning forces. Accom-
modates larger working archwires, such as 0.019” x 0.025” 
wires, which are effective for space closure and control-
ling overbite. 0.018” slot provides improved torque con-
trol, particularly in the anterior teeth, due to a tighter fit 
with typical finishing archwires like 0.016” x 0.022” or 
0.017” x 0.025”, especially in the finishing stages. Scien-
tific evidence supports many of these points. Ultimately, 
the choice between slot sizes depends on the clinician’s 
familiarity with each system’s strengths and limitations 
[20].

In our study, we used 0.22’’ slot MBT brackets and 
0.18’’ slot Roth brackets because they are the most com-
monly used prescriptions. According to a study, 52.6% of 
orthodontists prefer MBT brackets, whereas 44% ortho-
dontists prefer Roth brackets [21]. Regarding the most 
frequently used bracket slot sizes, 80.9% of orthodon-
tists prefer 0.22’’ slot brackets, while 8.6% use 0.18’’ slot 
brackets. The remaining 10.5% of orthodontists use both 
types of bracket slots. According to several studies, Yassir 
et al. [22] and El-Angbawi et al. [23] evaluated the effec-
tiveness of 0.018-inch and 0.022-inch slot MBT bracket 
systems in terms of treatment duration, outcomes, and 
effects. Their findings indicated no significant difference 
between the two slot sizes regarding occlusal outcome 

Fig. 19  The FEA views illustrate the von Mises stresses occurring in the PDL models with Roth brackets

 



Page 12 of 15Yılmaz et al. BMC Oral Health          (2025) 25:496 

quality (as measured by Peer Assessment Rating score 
reduction), changes in incisor inclination, patient percep-
tion of treatment, or the occurrence of orthodontically 
induced inflammatory root resorption. Mittal et al. [24] 
conducted a randomized controlled trial to examine the 
impact of bracket prescription on treatment outcomes. 
They performed the study using 20 Roth and 20 MBT 
brackets with the same slot size. The study compared 
Roth and MBT brackets based on the Incisor and Canine 
Aesthetic Torque and Tip scores. Results indicated no 
statistically significant difference in the final inclination 
of the anterior teeth (p = 0.132). Similar to our study, this 
research was also conducted on non-extraction cases. In 
light of these studies, we selected a 0.022’’ slot width for 
MBT brackets and a 0.018’’ slot width for Roth brackets 
in our study. A total of six models were created for each 
bracket group, allowing for comparisons within each 
system regarding the effects of the wires used. Addition-
ally, the impact of the thickest wire applicable for each 
bracket type on the teeth could be analyzed, providing 
further insight into their biomechanical effects.

In our finite element model, the deepest point of the 
Curve of Spee (COS) was 2.4  mm, which is considered 
within the normal range by some authors [25, 26]. How-
ever, some researchers says spee depth up to 2 mm con-
sidered as normal [8]. Koyama pointed out that deepest 
point of the curve of spee is typically located at the mid-
point, around the second premolar [27] whereas some 
authors observed that it often aligns with the mesio-buc-
cal cusp of the lower first molar [8, 28, 29]. In our study, 
the deepest point of the curve of spee in mandibular 
model designed 2.4 mm, as suggested by Koyama.

In this study, Models 1, 2, 7, and 8 which represent 
more aggressive force applications with larger wire 
dimensions and depths, showed the highest levels of 
tooth displacement and PDL stress. These findings cor-
relate with the application of reverse curve archwires, 
which are often use to correct deep bites. In particu-
lar, 0.022 slot MBT brackets with 0.019 × 0.025’’ and 
0.021 × 0.025’’ wires and 0.018 slot Roth brackets with 
0.017 × 0.025’’ and 0.016 × 0.022’’ wires generated forces 
that resulted in the highest levels of displacement for the 
central incisors and significant stress in the PDL. These 
aggressive forces can be useful for correcting severe mal-
occlusions or deep bite cases. However, series of studies 
has shown that stress/ strain on the PDL are linked to tis-
sue necrosis and hyalinization, emphasizing the need to 
keep PDL stress within an optimal range. Excessive pres-
sure can lead to PDL occlusion, impaired function, and 
bone resorption [30, 31].

In contrast, Models 5, 9, 10, 11, and 12 demonstrated 
more conservative force applications. These models, 
featuring MBT and Roth brackets with smaller wire 
dimensions (e.g., 0.017 × 0.025’’ and 0.016 × 0.022’’) and 

shallower wire depths (e.g., 20 mm and 25 mm), resulted 
in significantly lower tooth displacement and PDL stress. 
For instance, Model 11, which applied the lowest forces, 
exhibited minimal displacement and the least amount of 
stress on the PDL. This conservative approach is particu-
larly beneficial in cases requiring slow, controlled tooth 
movement, such as during the finishing stages of treat-
ment or in patients with fragile periodontal conditions.

Currently, the influence of orthodontic treatment on 
root resorption is not fully understood due to its com-
plex, multifactorial causes, which likely include indi-
vidual biological factors, genetic susceptibility, and 
mechanical stress [32, 33]. Root resorpsion can impact 
long-term dental health, and studies have shown that 
patients undergoing orthodontics often experience more 
severe root shortening [34, 35]. Both of the light forces 
and heavy continuous forces in orthodontic treatment 
found that produced root resorpsion, although heavy 
forces were associated with greater resorption [32, 36, 
37]. Studies concluded that higher forces resulted in 
substantially more root resorption compared to lighter 
forces [32, 36–38]. Researchs using scanning electron 
microscopy (SEM) has shown that root resorption is 
influenced by both the duration and magnitude of the 
applied force, and that the type of tooth movement [39, 
40]. As the vertical type of movements (intrusion and 
extrusion) most closely associated with external apical 
root resorption [41, 42]. Han et al. observed that root 
resorption caused by extrusive forces did not differ signif-
icantly from the control group, while intrusive forces led 
to a notable increase in the percentage of resorbed root 
area [43]. According to the study by Harris et al., as the 
magnitude of the intrusive force increases, root resorp-
tion also increases [32].

Light continuous forces tend to produce more physi-
ological tooth movement, reducing the risk of root 
resorption and maintaining the integrity of the surround-
ing bone and PDL [44]. This approach is also consistent 
with the findings of our study, as the models with lighter 
forces showed a more balanced stress distribution, mak-
ing them ideal for maintaining long-term periodontal 
health​.

One of the strengths of this study is the use of FEA to 
assess the effects of orthodontic forces on tooth move-
ment and stress distribution. If we know the mechanical 
properties of a material, determining stresses becomes 
straightforward. With finite element analysis, forces 
applied in different directions and the resulting stresses 
can be calculated [45].

Numerous studies in dentistry have studied the FEA 
Williams and Edmundson used FEA to study the rota-
tion center of the maxillary central tooth, finding that it 
is insensitive to the elastic properties of PDL and inde-
pendent of applied force [46]. Tanne and colleagues 



Page 13 of 15Yılmaz et al. BMC Oral Health          (2025) 25:496 

investigated the stress on roots, alveolar bone, and PDL, 
observing irregular stresses along the root during tipping 
movements. They compared stresses around the tooth 
root generated by translation and tipping using FEA [47].

In further research, Vasquez and others analyzed a 
model with an endosseous implant and PDL using FEM, 
finding that frictionless systems with T-loops are pref-
erable for minimizing stress when the anchorage unit 
includes an implant [48].Geramy examined stress com-
ponents in the PDL under horizontal and vertical forces 
and found that alveolar bone loss increases stress pro-
duction compared to healthy bone support, especially in 
the PDL’s cervical area during tipping [13].

Although FEA studies have been conducted on various 
topics in orthodontics, there are no studies similar to ours 
that focus on reverse curve wires. Furthermore, no other 
research compares wires of different depths or evaluates 
the commonly used MBT and Roth brackets in treat-
ment. In this context, our study stands out as a unique 
and valuable addition to the literature in the field. There 
are no studies investigating the effects of both MBT and 
Roth brackets on the dentition during the leveling of the 
curve of Spee, either through clinical research or finite 
element analysis. However, some studies have examined 
the general effects of flattening the curve of Spee. Pan-
dis et al. [49] aimed to analyze the impact of leveling the 
curve of Spee on the inclination of mandibular incisors 
and the width of the mandibular arch. The primary fac-
tor influencing COS flattening was the lower incisor to 
mandibular plane angle. It was found that for every 1 mm 
of COS leveling, the mandibular incisors proclined by 4 
degrees, without an increase in arch width. Another study 
examined the effects of different archwires on blood flow 
(BF) changes during curve of Spee (COS) leveling. Thirty 
subjects with COS > 5 mm were divided into three groups 
using different archwires: 0.017 × 0.025-inch stainless 
steel (SS), 0.019 × 0.025-inch SS, and 0.021 × 0.025-inch 
β-titanium (TMA), all with a 5 mm reverse COS. BF was 
measured using a laser Doppler flowmeter. BF decreased 
20  min after force application but returned to baseline 
within a week. Premolars showed greater BF reduction 
than incisors, and intrusive forces had a lower negative 
impact. The study highlights the importance of selecting 
forces that minimize BF disruption during COS leveling 
[50]. A different study developed and tested a dynamic 
in vitro photo-elastic model to evaluate the effects of 
orthodontic mechanics on a full mandibular arch. The 
model consisted of a mandibular arch with teeth embed-
ded in a gelatin-based material that allowed tooth move-
ment in response to orthodontic forces while providing 
excellent photo-elastic properties for stress distribution 
analysis around the roots. Using this model, research-
ers examined the effects of increasing the reverse curve 
of Spee in a 0.018 × 0.025-inch stainless steel archwire. 

The findings showed that a 1-mm reverse curve of Spee 
increased arch length by 1.6 mm, but further increasing 
the reverse curve to 5 mm did not lead to additional arch 
lengthening. Photo-elastic analysis also revealed that as 
the reverse curve of Spee increased, stress distribution 
intensified around the roots of the incisors and molars.

The limitations of this method are boundary condi-
tions—such as the type of analysis (linear versus non-
linear) and material characteristics (isotropy versus 
anisotropy and elasticity versus plasticity) as well as the 
precision of input data, including the anatomical accu-
racy of models reconstructed from radiologic data [7, 11, 
12, 51].

Another limitation of this study is that teeth typically 
undergo leveling and alignment during the first stage 
of treatment. However, in our study, archwires were 
applied to mandibular teeth with a 2.4  mm deep curve 
of Spee without leveling and alignment stage. Similarly, 
Nasrawi et al. [52] in their finite element analysis study, 
stated that they used archwires of different sizes based 
on bracket slot dimensions, such as 0.017 × 0.025-in SS, 
0.019 × 0.025-in SS, and 0.021 × 0.025-in TMA for leveling 
the curve of Spee. In future studies, two-stage modeling 
can be conducted to include the leveling sequence fol-
lowed by the flattening of the curve of Spee. By develop-
ing more realistic models, this research can be expanded 
to provide better guidance for clinicians.

However, it is important to note that FEA is a simula-
tion-based tool, and while it provides valuable insights 
into the biomechanics of orthodontic treatment, it may 
not fully replicate the complexities of biological systems. 
For instance, individual variations in bone density, tooth 
morphology, and PDL thickness can affect the real-life 
outcomes of orthodontic treatments [11, 53]. Therefore, 
future studies should incorporate clinical trials to vali-
date the findings of FEA-based research and assess their 
applicability in real-world settings.

The results of this study understand the importance of 
individualized treatment planning in orthodontics. While 
aggressive force applications may be necessary in certain 
cases, particularly in patients with severe malocclusions 
or deep bites, the potential risks associated with high 
PDL stress and tooth displacement cannot be ignored. 
Conversely, more conservative force applications offer a 
safer alternative for patients with sensitive periodontal 
conditions or those in the final stages of treatment. These 
models allow for controlled, gradual tooth movement, 
minimizing the risk of root resorption and preserving 
the integrity of the PDL. The study findings demonstrate 
that higher force applications, particularly in Models 1, 
2, 7, and 8, resulted in greater PDL stress and increased 
tooth displacement. This aligns with clinical observa-
tions where excessive force application can contribute to 
root resorption, tissue necrosis, and prolonged treatment 
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times. On the other hand, Models 5, 9, 10, 11, and 12, 
which applied lighter forces, led to lower PDL stress, 
allowing for safer and more controlled tooth movement 
while reducing the risk of root damage. Clinicians may 
sometimes use deeper reverse curve archwires to accel-
erate treatment progress. However, they must consider 
the potential side effects that may arise as a result of this 
approach. When evaluating patients, factors such as bone 
structure, lower incisor inclinations and the periodontal 
condition surrounding the lower incisors—including the 
presence of dehiscence, fenestrations, and mobility—
should be carefully assessed. If clinicians choose to use 
models that generate higher forces, as seen in our study, 
they should be mindful of the associated risks and take 
preventive measures to minimize adverse effects.

Conclusion
In conclusion, this study provides valuable insights into 
the biomechanical effects of reverse curve archwires 
with varying dimensions and depths on tooth movement 
and PDL stress. The findings highlight the importance 
of selecting the appropriate wire-bracket combination 
based on the specific needs of the patient, ensuring that 
orthodontic forces are applied in a way that maximizes 
treatment effectiveness while minimizing the risk of peri-
odontal damage such as root resorption. As FEA contin-
ues to evolve as a tool for orthodontic research, it will 
play an increasingly important role in helping clinicians 
optimize treatment plans and improve patient outcomes.

Future research should focus on further exploring the 
long-term effects of different wire-bracket combinations, 
particularly in relation to relapse rates and post-treat-
ment occlusal stability. Additionally, future studies can 
focus on long-term clinical trials to evaluate the effects 
of different reverse curve archwires on root resorption, 
periodontal health, and treatment stability. Incorporat-
ing patient-specific finite element analysis (FEA) models 
based on CBCT scans can enhance accuracy in predict-
ing stress distribution and tooth movement. Artificial 
intelligence and machine learning can also be integrated 
to develop personalized treatment protocols, optimizing 
force application based on bone density, incisor inclina-
tion, and periodontal conditions.
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