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Introduction

Canine retraction refers to a deliberate posterior shift of  canines 
to foster enhanced stability, functionality, and aesthetics. This is 
often achieved either by using frictional (sliding) or non-frictional 
(non-sliding) mechanics [1]. Sliding mechanics are generally pre-
ferred if  movement of  teeth is required over a relatively long dis-
tance [2]. Precluding intrusion of  posteriors into the extraction 
space i.e. anchorage control - is an essential component of  treat-
ment design in orthodontics. Anchorage loss can be ascribed to 
improper anchorage preparation, excessive force, and impinge-

ment of  the roots of  the incisors or anterior teeth to the labial 
cortical plate etc [3].

Orthodontic brackets are viewed as an advent of  the modern 
medicine, however the desire for well aligned teeth has a rich his-
tory dating back to the ancient times. Metal braces composed of  
gold were sought after in the 1960s, which evolved into brackets 
being directly adhered to the teethby the 1980. Technological ad-
vancements have catapulted innovations in the design and use of  
orthodontic appliances [4]. During the last decade a wide range of  
metal, plastic and ceramic brackets, based on the straight wire sys-
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tem have evolved and are accessible. Pre-adjusted brackets have 
been reinvented several times; Andrew’s straight wire appliance 
being the first followed by Roth’s single prescription for mass 
correction of  the dentition [5]. One such system was the Ma-
cLaughlin, Bennet and Trevisi system(MBT system) introduced 
by Mclaughlin, Benettand Trevisi [6]. Although ceramic brackets 
provide a more aesthetic solution, they are less efficient in ena-
bling teeth movementas compared to the metal brackets [5]. Ce-
ramic brackets also have disadvantages such as, inability to form 
chemical bonds with resin adhesives, low fracture toughness and 
an increased frictional resistance between metal arch wires and ce-
ramic brackets [7, 8]. Stainless steels possess desirable properties 
such as passivation, strong formability, ductility, weldability and 
wear resistance [9]. However,concerns of  intergranular corrosion 
resistance, cytotoxicity and heat susceptibility accompany stain-
less steel brackets [9, 10]. Hence, a more preemptive approach is 
needed to assess the suitability of  these two orthodontic appli-
ances, while ensuring patients safety and satisfaction.

In this context, FEM heralds evidence based orthodontic practice, 
by breaking down a complex problem into smaller constituents 
that are accurately measured and reconstituted to yield a more 
comprehensive and precise solution [11]. FEM is a numerical 
method for solving a differential or integral equation, particularly 
useful for problems with complicated geometries, loadings and 
material properties where analytical solutions cannot be obtained 
[12, 13]. It has been experimented with in the field of  medicine 
and dentistry, including Orthodontics, to assess stress and strain, 
in various biological and mechanical systems [14]. FEM presents 
an opportunity to non-invasively visualize and analyse the bio-
mechanical stresses and displacement effectuated by orthodontic 
brackets, thereby allowing room for optimization of  design.

Although comparative studies on the rate of  canine retraction 
noted in ceramic and stainless steel brackets are available, only 
a few have employed finite element method (FEM) as a tool for 
their analysis, and have mostly focused on ceramic brackets so 
far.The resultant stress generated between orthodontic wires and 
a ceramic bracket during canine retraction remains debateable 
due to lack of  convincing data. Hence, the aim of  the study was 
to determine the tooth displacement and stress generated at the 
canine and molar regions using PEA (pre-adjusted edgewise) ce-
ramic and metallic brackets and to compare their efficiency during 
canine retraction by FEM study.

Materials and Methods

Study Design

The study was conducted on a three dimensional finite element 
model by using the cbct with ideal conditions of  first premolar 
extraction for orthodontic correction. The duration of  this study 
was 8 months. Ethical clearance was obtained from the research 
and ethics committee at KAHER, Belagavi, Karnataka, India.

Computer aided design of  orthodontic brackets

A computed tomography CBCT scanned image of  the maxillary 
arch with first premolars extraction was acquired, following which, 
a finite element model of  the maxilla and the teeth were simulat-
edusing the MIMICS software. Computer-aided design models of  

E chain, metal and ceramic brackets, and 0.019 "x0.025” SS Arch-
wire were designed. Elastomeric chain was fixed using 3-MATIC 
software. The ANSYS10.0 software (ANSYS Inc., Houston, PA, 
USA) software was employed for carrying out volumetric mesh-
ing. A force of  50 grams was applied for canine retraction with 
elastomeric chain using preadjusted MBT (MacLaughlin, Bennet 
and Trevisi system) edgewise brackets of  ceramic and metallic na-
ture. ANSYS software was used for the FEM analysis of  the rate 
of  canine retraction, anchor loss and stress generated.

Simulation of  stresses and displacement

Burrstone and Grooves reported that the optimal force for indi-
vidual tooth movement was 50 – 75 grams [14]. Therefore, the 
force selected for individual canine retraction in this study was 
set at 50 grams (0.5N) of  force. This standardised force applied 
from the elastomeric chain for the distal movement of  canine 
with both, the ceramic bracket and 0.019×0.025-inch stainless 
steel wire. Antecedent to the placement of  0.019"x0.025” stain-
less steel wire,preliminary leveling and alignment were done us-
ing 014” round Niti wire, 016” round Niti wire, 018” round Niti 
wire, 17*25 rectanguar NiTi wire, 19*25 rectangular Niti wire and 
19*25 rectangular Stainless steel wire. Subsequently, the rate of  
canine movement and the stress distribution were analysed. 

Data collection and estimation

Stress (N/mm2) was calculated and depicted as a spectrum of  
colours, which represented different stress levels. Red colour of  
the spectrum indicated a maximum principal stress and the fol-
lowing colours like orange, yellow, green and blue represented the 
reducing level of  stresses while blue colour represented the low-
est level of  stress (Figure 1). The rate of  retraction was estimated 
along all three planes of  space by dividing the distance travelled 
by the time taken to achieve space closure and expressed in mm. 
The extent of  movement incurred in the direction opposing the 
direction of  applied resistance was determined to be the anchor-
age loss observed.

Results

In the present study, deflection of  beam (DMX), maximum stress 
(SMX), and minimum stress (SMN) along each of  three dimen-
sions i.e. X, Y and Z were calculated using FEM.

The rate of  canine retraction with the ceramic bracket was 
0.40mm along with lingual tipping and intrusion. Evaluation of  
the resultant stress from ceramic brackets showed maximization 
along the X axis i.e. labio-lingual orientation, reporting a von Mis-
es stress of  2749MPa.

The rate of  canine retraction with the metallic bracket was 1.279 
mm with von Mises stress of  3019 MPa (Figure 4). Finite element 
method revealed that metal brackets impose maximum stress 
onthe Y axis i.e. mesio-distal direction (Figures 2 & 3). Metal 
brackets also showed a space closure along with lingual tipping 
and intrusion of  canine. Molar displacement was more in the X 
axis (Figure 5). 

Anchor loss measured with ceramic bracket was greater along the 
X axis (Figure 6).
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Figure 1. Colour coding of  stress generated.
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Figure 2. Principal stress observed along X, Y and Z planes by FEM study in (A) ceramic brackets (B) metal brackets.

Figure 3. Stress levels observed with respect to molars in X, Y and Z planes by FEM study in (a) ceramic brackets (b) metal 
brackets.

Figure 4. Von Mises stress observed by FEM study in (A) Ceramic brackets (B) Metal brackets.
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Discussion

Fixed-appliance structures constitute an integral part of  modern 
day orthodontics and hence have elicited panoply of  orthodontic 
studies. However, most studies in this domain canvass the effi-
cacy and suitability post-treatment, when precious resources have 
already been spent. A more predictive and proactive approach is 
required which can provide adequate leeway for optimization of  
orthodontic bracket design. In this study, the rate of  canine re-
traction, anchor loss and the stress generated during the canine re-
traction have been evaluated by using FEM. The stress generated 
was evaluated using von Mises Stress. The magnitude of  stress 
was compared between the ceramic and metallic brackets andit 
was found to be a maximum in metal brackets when used for ca-
nine retraction. The stress intensities for anchoring teeth with the 
orthodontic bands were the highest. A generalised distribution of  
stresswas seen around the previously extracted premolar socket 
area. A higher stress was noted on the converging planes in the 
extraction socket.

The application of  an orthodontic force results primarily in stress 
and strain distributions in the root of  the tooth and the sup-
porting structures, finally resulting in bone re-absorption on the 
compression side and bone apposition on the tension side [15]. 
Importantly when a tooth moves under orthodontic force, two 

kinds of  movement are observedi.e. tipping and bodily move-
ment. During distal tipping movement, there is a greater stress 
distribution in the cervical part of  root than that of  the apical part 
of  the root. While in the distal translation, there is quite an even 
distribution of  stress volume along the root surface [16]. Since the 
displacement pattern and speed of  teeth are determined by the 
orthodontic force generated, the outcome of  orthodontic proce-
dures are directly influenced by the biomechanics of  orthodon-
tic structures. Therefore, the measurement of  orthodontic force 
generated by appliance loading is imperative for proper bracket 
design and optimization, planning, as well as predicting efficacy 
of  the treatment chosen [17].

In vivo monitoring of  orthodontic force is riddled with proce-
dural complexities and operational constraints [17]. Numerous 
in vitro force estimation techniques have been demonstrated pre-
viously. However, finite element method (FEM) uses functions 
based on theoretical calculations to facilitate a more meticulous 
and multi-variate analysis. Controllable experimental criteria, af-
fordability, and short experimental cycle are the hallmarks of  this 
method [18-20].

A 3-D quantitative analysis like FEM requires using a geometric 
model accurate both in anatomical and physical characteristics, 
along with a computer application. This involves the subdivision 
or discretization of  the structure under consideration into a num-

Figure 5. Total Displacement observed by FEM analysis in (A) Ceramic brackets (B) Metal brackets.
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Figure 6. Displacement observed in terms of  anchor loss along in X, Y and Z planes by FEM analysis in (A) ceramic brack-
ets (B) metal brackets.
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ber of  finite sections or elements. These elements are connected 
at intersections called nodes [6]. A discretized complex structure 
or continuum usually contains many elements, which can be ar-
ranged in two or three dimensions in layers. In our study, FEM 
was instrumental in the precise quantification and location of  
stress. General distribution of  stresses was apparent around the 
previously extracted premolar socket area, with higher stress on 
the converging planes. Stress intensities for anchoring teeth with 
the orthodontic bands were highest. 

A study by Kojima et al. studied maxillary canine retraction using 
the FEM model, wherein on application of  a constant force to 
the brackets the canine tipped initially but then showed steady 
movement [21]. This tipping of  the canine was found to reduce 
on decreasing either the wire size or force applied. Similarly, Am-
maret al. noted that as the hook length on the orthodontic bracket 
increases, a corresponding decline in canine PDL stress from 80 
kPa to 22 kPa was observed [22].

Li et al. presented a study on the three-dimensional finite element 
analysis of  the mechanical stress on the root from orthodontic 
tooth movement by sliding mechanics and concluded that when 
orthodontic forces were applied to the tooth, the stress was main-
ly concentrated at the neck of  the tooth decreasing uniformly to 
the apex and crown [23]. The highest stress on the root was on 
the cervical margin of  the canine, followed by the apical region 
of  the canine [23]. These results are congruent with the results of  
the present study. The stress was more at the apical region than 
the coronal part of  tooth in both the metal as well as the ceramic 
brackets.It was reported in a previous study thatthe sliding force 
of  2N was ideal to ensure the bodily orthodontic tooth movement 
[24]. Hence, a force higher than 50 grams was used in the present 
study, which would lead to bodily movement of  the canine. FEM 
study on stress generation during rapid canine distraction carried 
out by Kalili et al., showed results congruent with the present 
study. They also mentioned the need for anchorage preservation 
as the stress generated was high in the molar region [25].

The stainless-steel wire (0.019×0.025inch SS) used in the pre-
sent studyacted as a stabilizer to maintain the obtained position 
of  the canine during the earlier levelling and aligning stages of  
the treatment. The present study results are in concordance with 
the study done by Tanneet al.which reported that the amount of  
tooth movement produced by ceramic bracket was significantly 
less than the movement produced by a metal bracket [26]. The 
wire surfaces were scratched more obviously by ceramic brackets 
than by metal bracket. AlSayagh et al. concluded that the canine 
retraction with the standard ceramic bracket with elastomeric 
chain could be regarded as the best combination variable that 
produced less tipping [24]. In comparison,the results in present 
study showed that the total displacement was more with the pre 
adjusted edgewisemetallic brackets than the pre adjusted edgewise 
ceramic brackets. Even the stress on all the three-principal axes 
i.e. X, Y and Z was more in the metallic bracket than the ceramic 
bracket.The friction at wire and bracket interface was more in the 
ceramic brackets than the metallic bracket.

The efficiency of  the tooth movement was slightly lost in the ce-
ramic bracket as compared to the metallic bracket. The loss of  
efficiency seems to be due to the friction at the wire and brack-
et interface in ceramic bracket while the friction in the metallic 
bracket at the wire and bracket interface was comparatively less, 

with more tooth displacement as indicated by the microscopic 
findings of  the wire surfaces [28].

Anchor loss was also studied and it was observed that a very mini-
mal stress was generated at the molar region with both metallic 
and ceramic brackets with almost negligible displacement. Hence, 
the results cannot be stated significant. But in comparison the 
stress generated was more at the apical region with the ceramic 
bracket than the metal bracket. It can be stated that the anchor 
loss would be greater with the ceramic bracket than the metal 
bracket.

Even though the results of  the study concluded that the space 
closure was more effective with the metallic brackets, there were 
a few limitationsof  the present study. The frictional parameters 
were not incorporated in the study or model design. Also predic-
tive analysis of  FEM could have been compared to outcomes ob-
served on clinical assessment. So, these parameters can be includ-
ed and evaluated in future studies. The performance of  different 
orthodontic brackets in relation to the varying bone morphology 
or in patients with concomitant dental pathologies can also be 
investigated. The novelty of  this study lies in its use of  FEM, to 
conduct a detailed analysis of  the components constituting stress 
and displacement in ceramic and stainless steel MBT Preadjusted 
Edgewise Brackets. Multidimensional observations of  these two 
types of  routinely used brackets have been brought to fore their 
benefits and deficiencies, that must be considered while establish-
ing suitability, and creating novel designs.

Conclusion

The rate of  canine retraction between preadjusted edgewise ce-
ramic and conventional metallic brackets highlighted a clinical dif-
ference. It was observed that the retraction was maximum with 
metal bracket in all the three planes compared to the ceramic 
bracket. Metallic brackets proved to be more efficient in the clo-
sure of  space. Frictional values are high for the ceramic bracket 
when compared to the metallic bracket. The use of  FEM dem-
onstrated that the amount of  orthodontic force required to move 
a tooth depends upon the amount of  friction created. Selection 
of  material with a low coefficient of  friction is required to opti-
mize the treatment. Hence, it is recommended that orthodontic 
appliances must first be evaluated by FEM to adjudge its suitabil-
ity following which clinical trials are recommended. As FEM is a 
building foundation to any innovation, so as not to compromise 
the treatment progress and provide a more fructuous outcome.
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