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Abstract 
Objective: Retention after orthodontic treatment is still an important part of the
treatment. Splints are considered as an alternative for removable retainers. The
main goal of this study was to assess splinting biomechanically. 
Materials and Methods: Three dimensional finite element models (3D) were de-
signed of a mandibular anterior segment which included six anterior teeth with
their supporting tissues (model 1 as control) and with a bonded lingual fixed re-
tainer in the two other models. The wire cross section was round (0.016”) in mod-
el 2 and rectangular (0.016” × 0.022”) in model 3. The models were designed in 
Solid Works 2006 and analyzed in ANSYS Workbench Ver. 11.0 SolidWorks In-
cisors were loaded with a vertical force of 187 N. PDL stress and tooth displace-
ments were evaluated. 
Results: The numeric findings showed an increase after splinting in the central
incisors [2.42 MPa to 4.57 MPa (round) and 16.66 (rectangular) MPa] in biting 
with four incisors. Biting with two incisors decreased the stress after splinting
[2.42 MPa to 1.7 MPa (round wire) and 1.77 MPa (rectangular wire)]. In lateral 
movement, all teeth showed an increased stress except for the working side ca-
nine. 
Conclusion: Splinted cases (with round or rectangular wires) can benefit from
stress redistribution when biting small food particles and in lateral movement.  

 
Key Words: Lower Anterior Teeth; Retention; Orthodontic Treatment; Splinting; 
Finite element method 

 
Journal of Dentistry, Tehran University of Medical Sciences, Tehran, Iran (2012; Vol. 9, No.2) 

  
INTRODUCTION 
Retention after orthodontic treatment has been 
recommended by several authors and re-
searchers. It can be stated as holding the teeth 
in optimal esthetic and functional positions. A 
proper retention regimen to prevent relapse 
after the end of an orthodontic treatment is 

frequently overlooked by orthodontists. Ade-
quate retention is needed to let PDL and supra-
crestal fibers reorganize, to allow remodeling 
of the alveolar bone and to manage differential 
growth of the jaws, while managing soft tissue 
pressure [1]. The extent of the changes hap-
pening after the end of active treatment is not 
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predictable [2]. These changes may be partly 
dependent on the type of malocclusion and the 
type of the mechano-therapy used [3]. Remov-
able retainers were usually prescribed for the 
lower arch after the end of fixed orthodontic 
treatment.  
Presence of an acceptable undercut space in 
lower molars is a prerequisite to provide 
needed retention of the removable retainer.4 

However, more patients require a fixed type of 
retention like a bonded retainer on the lingual 
part of the lower incisors and canines to elimi-
nate the risk of relapse due to a less than ade-
quate collaboration.  
Development of acid etching and bonding 
techniques made it possible for bonded retain-
er devices to gain popularity. Fixed lingual 
retainers in the mandibular arch were first used 
in the 1970s [5] and have since been consi-
dered as an accepted part of orthodontic treat-
ment procedures to prevent relapse [6,7]. 
The first goal of orthodontists to suggest 
splinting in anterior teeth of patients after 
treatment is to solve the problem of coopera-
tion leading to frequent relapse of crowding in 
the lower anterior segment.  
According to Keim, up to one third of ortho-
dontists use fixed lingual retainers after treat-
ment and relapse reduction has been reported.8 

The early bonded retainers were made of con-
ventional round or rectangular orthodontic 
wires [9-12].  
 
 
 
 
 
 
 
 
 
 
 
 
 

The elegance and efficiency of the lingual 
bonded retainers in the mandible, lack of any 
need for patient cooperation, complete invisi-
bility and finding a way to bypass molars 
without undercut is their advantage over re-
movable retainers. Initially, Zachrisson pro-
posed using a multi-strand wire for producing 
a canine-canine retainer (Flexible Spiral Wire) 
[13].  
This retainer was bonded only to the lower ca-
nines with thick wire (0.03 inch diameter). In 
1983, a fixed retainer was introduced by Zach-
risson which bonded to all the anterior teeth 
with a thin wire (0.0215 inch diameter) (14) 
providing a solution to the problem of central 
and lateral incisors’ undesirable movement 
encountered in the previous design. Different 
types of fixed bonded retainers have been in-
troduced that vary in wire material, size and 
diameter [15,16]. Some use different types of 
composite [11,12,15,16] or resin fiberglass 
strips [17] or may have mesh pads. Numerous 
types of fixed retainers have been introduced 
which include 1-mandibular canine-to-canine 
retainer, 2-direct contact splinting, 3-flexible 
spiral wire (FSW), 4-retainers for individual 
teeth.  
In a review on the retention process for fixing 
tooth location, the success of bonding retainers 
in maintaining anterior mandibular teeth was 
validated using numerous randomized clinical 
trial studies [18]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 Young’s Modulus (MPa) Poisson’s Ratio 

Tooth 20300 0.26 
PDL 0.667 0.49 
Spongy Bone 13400 0.38 
Cortical Bone 34000 0.26 
Composite 61000 0.24 
SS Wire 179000 0.33 
SS (Tube ) 205000 0.3 
 

Table 1. Mechanical Properties of the Materials  
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It is worth noting that bonded retainers are also 
used as a labial or lingual periodontal splint for 
stabilizing hypermobile teeth due to horizontal 
bone loss [19-23]. This type of splint is also 
applicable after trauma, periodontal surgery 
and occlusal trauma. 
Negative effects of using these types of retain-
ers and splints have been the matter of contro-
versy for many years. It seems to be a rather 
unpleasant strategy from a periodontist’s point 
of view. However, long-term studies have in-
dicated that although these devices make the 
bonding area vulnerable to calculus and plaque 
accumulation around the wire, periodontal 
health may be maintained if oral hygiene is 
adequate [24-27]. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
Enamel decalcification was not reported ex-
cept for very rare cases [28]. 
No reports have been found that look at the 
effect of long-term bonding of anterior teeth 
on their ability to respond to occlusal stresses 
and the effects on the periodontal ligament. 
Finite element method, as a numeric method of 
finding accurate answers to different questions 
was introduced less than a century ago in aero-
space industry and soon found its way through 
biologic sciences. This method has proven its 
efficiency in different question scales [29-37]. 
Considering the popular usage of fixed retain-
ers, the purpose of this study was to quantify 
the changes in stress distribution and dis-
placement manner by bonding fixed retainers 
on normal alveolar bone after the end of or-
thodontic treatment by the finite element me-
thod.  
 
MATERIALS AND METHODS  
Three dimension (3D) finite element models 
were designed from a mandibular anterior 
segment which included six anterior teeth 
based on the average dimensions and support-
ing structures. Each model consisted of a 
spongy core surrounded by 1 mm-thick cortic-
al layer. A simplified 0.25 mm-thick periodon-
tal ligament layer (PDL) was also modeled 
based on the root-form geometry of the teeth.  
 

  
Fig 1a. The non-splint model meshed Fig 1b. The round wire splint model 

Fig 1c. The rectangular wire splint model 
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A bonded fixed retainer was designed in the 
lingual surface of the anterior teeth in two 
models and attached with composite. The 
models were similar except for the cross sec-
tion of the retainer wire in the second (=0.4 
mm diameter) and third model (= 0.4 mm × 
0.55 mm) (Figure 1a-c). The first model 
served as control and did not have a bonded 
retainer. SolidWorks 2006 (300 Baker Ave. 
Concord, Massachusetts 01742, USA) was se-
lected for the modeling phase. The next phase 
was to transfer the models for calculation to 
the ANSYS Workbench Ver. 11.0 (ANSYS 
Inc. Soutpointe, 275 Technology drive, Con-
onsburg PA 15317, USA). All the vital tissues 
were presumed elastic, homogeneous and iso-
tropic. The corresponding elastic properties 
such as Young’s modulus and Poisson’s ratio 
were applied (Table I). Models were meshed 
with 95262 nodes; 84578 10-node-quadratic 
tetrahedron body elements, 34363 contact 
elements.  
All nodes at the distal extremes of the models 
on the right and left were restrained so that all 
rigid body motions were prevented. A vertical 
force of 187 N was applied at each incisal 
edge of the central incisors according to pre-
vious studies [38,39].  
Three functions were defined which were bit-
ing on two incisors, biting on four incisors and 
the canine function in mandibular lateral 
movement. The average von Mises stress in  
 

 
 
 
 
 
 
 
 
 
 
 
 
the PDLs and the displacement of the mesio-
inciso-labial point angle of the right central 
incisor were considered to assess the effects of 
splinting. 
 
RESULTS 
Numeric findings are divided according to the 
approaches defined. 
Stress (Table 2) 
a- Two teeth biting: The numerical findings are 
symmetrical to the midline in section “a” and 
“b”. 
a1-Periodontal ligament stress in the non-
splinted model (Table 2) 
In the non-splinted model the stresses are 2.42, 
0.0108, and 0.0349 MPa for the central, lateral 
incisor and canine, respectively (Figure 2a). 
a2-Periodontal ligament stress in the round 
wire splint: 
Findings are 1.7059 MPa for the central inci-
sor which decreases to 0.6965 MPa in the lat-
eral incisor and 0.05315 MPa in the canine 
(Figure 2a). 
a3-Periodontal ligament stress in the rectangu-
lar wire splint: 
This splint caused 1.7711 MPa   stress  in  the 
central incisor, 0.6261 MPa in the lateral inci-
sor and 0.082 MPa stress in the canine (Figure 
2a). 
b- Four teeth biting: 
b1-Periodontal ligament stress in the non-
splint model (Table 2) 
 

 

Fig 2a. Stress findings in four-incisor biting  Fig 2b. Stress findings in two-incisor biting  
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In the non-splint model, the stresses are 2.42, 
2.78 and 0.06248 MPa for the central, lateral 
incisor and canine, respectively (Figure 2b). 
b2-Periodontal ligament stress in the round 
wire splint: 
Findings are 4.57MPa for the central incisor 
which decreases to 2.075 MPa in the lateral 
incisor and 0.0169 MPa in the canine (Figure 
2b). 
b3-Periodontal ligament stress in the rectangu-
lar wire splint: 
This splint caused 16.66 MPa stress in the cen-
tral incisor, 2.53 MPa in the lateral incisor and 
0.189 MPa stress in the canine (Figure 2b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
c- Canine function (in latero-trusive move-
ment) 
c1-Periodontal ligament stress in the non-
splint model (Table 2) 
In the non-splint model, the stresses started 
with 2.7182 MPa on the working-side canine, 
decreasing to 0.016 MPa on the working-side 
lateral incisor and 0.0032 MPa on the work-
ing-side central incisor, and 0.0045 MPa, 
0.0038 MPa, and 0.00815 MPa on the balanc-
ing-side central incisor through balancing side 
canine, respectively (Figure 2c).  
c2-Periodontal ligament  stress  in  the   round 
wire splint: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. Displacement findings in mesio-incisal line angle 
of the lower right incisor

 
 

  
Left 

Canine L2 L1 R1 R2 Right 
Canine 

Biting on Four 
Incisors 

Non-Splint 0.06248 2.78 2.42 2.42 2.78 0.06248 
Round Splint 0.169 2.075 4.57 4.57 2.075 0.169 
Rectangular Splint 0.189 2.53 16.66 16.66 2.263 0.183 

Biting on Two 
Incisors 

Non-Splint 0.0349 0.0108 2.42 2.42 0.0108 0.0349 
Round-Splint 0.05315 0.6965 1.7059 1.7059 0.6965 0.05315 
Rectangular-Splint 0.082 0.62605 1.7711 1.7711 0.62605 0.082 

Canine Function 
Non-Splint *2.7184 0.016 0.0032 0.0045 0.0038 0.00815 
Round Splint 2.2245 0.594 0.6286 0.3938 0.2812 0.1362 
Rectangular Splint 1.9 0.649 0.64 0.55 0.32 0.1504 

 *= The working side Canine

Table 2. The Von Mises (Mpa) Stress Findings in Six Anterior Teeth PDL

Fig 2c. Stress findings in lateral movement of the mandible 
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In the round wire splint model, the working-
side canine stress was 2.2245 MPa, decreasing 
to 0.594 MPa on the working-side lateral inci-
sor, 0.6286 MPa on the working-side central 
incisor, and 0.3938 MPa, 0.2812 MPa, and 
0.1362 MPa on the balancing side central inci-
sor through balancing side canine, respectively 
(Figure 2c). 
c3-Periodontal ligament stress in the rectangu-
lar wire splint: 
In  the   rectangular  splint  model,  the  stress 
started with 1.9 MPa on the working-side ca-
nine, decreasing to 0.649 MPa on the working-
side lateral incisor, 0.64 MPa on the working-
side central incisor, and 0.55 MPa, 0.32 MPa, 
and 0.1504 MPa on the balancing-side central 
incisor through balancing-side canine, respec-
tively. (Figure 2c) 
Displacement: 
The displacements were derived from the me-
sio-inciso-labial point angle of the lower right 
incisor (Figure 3). 
Non-splint model: 
The central incisor moved lingually (-0.059 
mm) with intrusion (-0.659 mm).  
Round wire splint: 
Displacements were labial (0.0337 mm) with 
intrusion (-0.56 mm). 
Rectangular wire splint: 
In this splint, displacements were labial (0.049 
mm) with intrusion (-0.511 mm). 
 
DISCUSSION 
Several studies have focused on the effect of 
various wire types and sizes in fixed retainers 
and recently fiber reinforced materials have 
been used widely [40-42].  
Fixed retainers are advantageous in many 
ways, most important of which is to compen-
sate for the lack of patient cooperation. The 
recommendation of this kind of retainer is 
based on this advantage. In the recent decade, 
benefit of fixed retainers in relapse control is 
well-known for orthodontists [43-45]. The 
main question to be answered at this phase is 

whether this retainer type has biomechanical 
disadvantages or not. There are benefits in its 
use for retention discipline, but never have its 
biomechanical aspects been assessed numeri-
cally.  
When a large piece of food is bitten (by four 
incisors), splinting cannot be of benefit from 
the stress distribution point of view. In this 
situation, splinting increased the stress on the 
central incisors by 88% in round wire and 
688% in rectangular wire splints which is 
against their primary defined role. This can be 
assumed as a disadvantage of splinting in the 
retention phase. Splinting may be considered 
advantageous when a small piece of food is 
bitten (by two incisors) that decreases PDL 
stress similarly with round and rectangular 
wires (29.5%). 
On the other hand, in mandibular lateral 
movement, there are certain disadvantages in 
splinting teeth together. A decrease (18.5% in 
round wire and 30% in rectangular wire) in 
canine stress and an increase in stress (an av-
erage of 57 times in round wire splint and 67 
times in rectangular wire splint) over the other 
teeth were noticed.  
These effects need to be assessed in long time 
duration. The only judgment at this phase is to 
inform a modification in the stress state of the 
teeth in mandibular lateral movement. It seems 
necessary, as mentioned earlier, to design a 
long term study to clarify the effects of this 
stress modification. The displacement pattern 
of the central incisor was also shown to be 
modified after splinting. To avoid lengthening 
the results, the displacement of the incisors in 
a two-incisor biting pattern was reported. De-
creasing the amount of intrusion of the anterior 
teeth after splinting can protect it. An interest-
ing finding in displacement pattern was a 
change of the displacement direction from lin-
gual in the non-splint model to a labial one in 
the splinted. It is obvious that initial displace-
ment depends on the relation of the point of 
force application and the center of resistance 
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of the teeth. A labial displacement of the inci-
sors before splinting is expected when dealing 
with an increased incisal mandibular plane an-
gle (IMPA). Lack of a telescopic movement in 
wire/composite connection can cause this 
modification. Although stress redistribution is 
favorable, the displacements warn us about 
retaining the splint for a long duration in pa-
tients with reduced labial bone thickness.  
A clinical trial regarding the health of peri-
odontal tissues before and after splinting while 
including teeth inclination can provide addi-
tional information about advantages and/or 
disadvantages of splinting teeth after ortho-
dontic treatment. Splinting teeth together after 
the termination of an orthodontic treatment has 
two different aspects to be noticed; one is pre-
venting teeth from unwanted movements after 
the end of orthodontic treatment (a positive 
role which is provided somewhat acceptably) 
and the second one is to modify the PDL stress 
distribution in various functions (which needs 
further studies to clarify its effects). 
 
CONCLUSION  
According to the results of this FEM study, the 
orthodontic patients with splint in their reten-
tion period will benefit from the stress redi-
stribution provided by the splint in biting small 
food particles. This benefit was not detected in 
biting with four incisors. Round wire was 
shown to bring almost the same results as a 
rectangular wire. The results needed further 
clinical studies to be completely interpreted in 
canine function. 
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