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Introduction

Periodontitis or periodontal disease is reported as an infectious 
pathology that is caused in dental plaque by a susceptible host 
and bacterial factors [1]. This causes inflammation which results 
in disorganisation of  periodontal fibres, initiation of  bone resorp-
tion, and destruction of  epithelial cell attachment [2]. Due to this 
destruction, there is reduced periodontal attachment which causes 

tooth mobility and migration, which causes the occlusal forces to 
misalign. Treatment of  such a condition depends on the degree 
of  damage to the bone. So, the treatment for teeth that are affect-
ed with gingival inflammation and have higher grade of  mobility 
due to higher loss of  bone includes a combination of  periodon-
tal therapy, occlusal adjustments, and tooth restraints for stability. 
This can be accomplished by periodontal splinting, which mainly 
works on the principle of  distributing functional and parafunc-
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tional forces. It is a widely accepted treatment for traumatic inju-
ries, and is used to stabilise subluxated, luxated, avulsed and root 
fractures teeth. The treatment outcome of  these injured teeth is 
determined by the course of  healing of  the severed periodontal 
ligament. This helps in reorganising gingival tissues, periodontal 
fibres and alveolar bone. 

Splinting helps in promoting tooth stabilisation and tissue healing 
by reducing inflammation [3]. There are many ways to do so; wire 
splinting, acrylic cap splints, acid etched splints, porcelain veneers, 
trans-alveolar sutures and fiber reinforced composite splints [4]. 
Most commonly, wire splints and fibre reinforced splints are used. 
Wire splints involve the use of  conventional orthodontic wire, 
which is held onto the teeth with the help of  dental composite [5]. 
Such a procedure involves multiple steps such as etching, priming 
and application of  adhesive. Avulsion is defined as the complete 
displacement of  the tooth out of  its socket with disruption of  the 
fibers of  periodontal ligament, remaining some of  them adhered 
to the cementum and the rest to the alveolar bone [6]. This con-
dition is more frequent in young permanent teeth, because the 
root development is still incomplete. Splint is the device used to 
support, protect or immobilize in order to avoid possible dam-
age to the pulp and periodontal tissue, which retards the repair 
of  neurovascular bundles and reintegration of  periodontal fibers 
broken by trauma [7]. Splints are used to immobilize traumatized 
teeth that suffered damage in their structures of  support, pre-
venting their constant movement [8]. The literature has shown 
that after replantation, it is necessary to use splints in order to 
immobilize the teeth during the initial period, which is essential 
for the repair of  periodontal ligament; the use of  semi-rigid splint 
is more indicated than the rigid one, and long periods of  splinting 
showed that substitutive resorption or ankylosis is an expected 
complication [9].

A bond strength describes the amount of  force required to break 
the connection between a bonded restoration and the tooth sur-
face with the failure occurring in or near the adhesive/adherens 
interface [10]. Thermocycling is a laboratory method of  exposing 
dental materials and teeth to temperature ranges similar to those 
occurring in the oral cavity that could produce adverse conse-
quences as a result of  different coefficients of  thermal expan-
sion between the tooth structure and the filling material. Through 

these cycles, thermal stresses could affect the bond strength be-
tween the control groups and tested samples [11]. Comparison of  
these materials (flowable and bulk filled composite) for splinting 
has not been widely reported. Hence, the aim of  this study is to 
evaluate the bond strength of  splinting material to the teeth after 
thermocycling.

Materials and Methods

The experiment consisted of  three main steps; namely, prepara-
tion of  the testing samples, thermocycling and measurement of  
bond strength. 

Step 1: Preparation of  Samples

8 pairs of  natural maxillary central incisors were obtained from 
a tooth dealer. They were splinted in pairs, using stainless steel 
wire. The 8 pairs were divided in two groups; group 1: where 
the wire is splinted using bulk filled composite (BFC) (4 pairs) 
and group 2: where the wire is splinted using flowable compos-
ite (4 pairs). Both groups were splinted in the same manner, the 
teeth samples were etched, coated with bonded agents, and cured 
with respective composite. Both groups were then attached to an 
acrylic mold (Figure 1).

Step 2: Thermocycling

8 pairs were labelled and wrapped in gauze. Each group was put in 
the thermocycling containers and the machine instructions were 
set. TC 4 SD Mechatronik, Integrated thermocycler was used. 
The temperatures were set to 60 degrees Celsius as the highest 
limit and 10 degrees Celsius as the lowest limit. It was also set 
to record 1000 thermocycling cycles, which roughly replicates 6 
months of  presence in the oral cavity.

Step 3: Measurement of  Bond Strength

After completion of  thermocycling, the samples were taken out 
and dried. INSTRON E 3000 universal testing machine was used 
to measure the bond strength, by recording the amount of  force 
it takes to detach the splint from the incisors (Figure 2).

Figure 1. Sample preparation.

Figure 2. Bond strength testing using INSTRON E 3000 universal testing machine.
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After recording the data, and obtaining graphs for the same, the 
data was analysed using SPSS statistical software. Data analysis 
was done using an independent sample t test and p value was set 
as 0.05 as level of  significance. 

Results

The table 1 shows the mean, standard deviation and significance 
values of  bond strength comparison between bulk fill composite 
and flowable composite group after thermocycling. In the BFC 
group, the mean and standard deviation values were 27.5300 and 
16.26524. In the flowable composite group, the mean and stand-
ard deviation values were 86.2575 and 53.88458. Independent 
sample t test was done and p value was 0.031 which is less than 
0.05, hence statistically significant. (Figure 3).

Discussion

As observed in the above results, the bond strength exhibited by 
the group 2 that is flowable composites is higher than that of  
bulk filled composite. This means that bulk filled composites have 
lower bond strength and hence there may be a risk of  detachment 
of  the periodontal splint if  masticatory forces exceed the thresh-
old. This finding coincides with a study that hypotheses about the 
flowable composite having lower bond strength than other types 
of  composites. Many methods can be used for the stabilisation 
and fixation of  dentoalveolar injuries [12]. Tooth splinting should 
be easy to apply, inexpensive and easy to remove without damag-
ing the dental hard tissue. They should not traumatise the teeth or 
surrounding tissues and should not interfere with the occlusion, 
dental hygiene or endodontic treatment if  mandatory [13]. Most 
importantly, they should be primitive in restoring the original ana-
tomical tooth position and ensure adequate fixation over the im-
mobilisation period, achieving rigidity or flexibility, according to 
the type of  trauma [14].

In a study conducted by Tina Puthen Purayil, the bond strength 
of  two splinting materials (orthodontic wire and Ribbond) were 
compared using three adhesive systems, namely CA ester, self-
adhering flowable composite and conventional flowable compos-
ite. A total of  120 human central incisors were selected, embed-

ded in blocks of  rapid polymerising self-cure acrylic resin with 
two teeth each. The specimens were divided into six groups with 
ten specimens each. Group I-Orthodontic wire bonded with CA, 
Group II-Orthodontic wire bonded with flowable composite 
Group III-Orthodontic wire bonded with Vertise flow, Group IV-
Ribbond bonded with CA, Group V-Ribbond bonded with flow-
able composite and Group VI-Ribbond bonded with Vertise flow 
[15]. The adhesive force in newtons to debond the splinting ma-
terial was measured in tension using a universal testing machine. 
The force at which the splint system failed was noted. The study 
showed that the bond strength with the orthodontic wire groups 
was significantly less compared with Ribbond groups p < 0.05. 
Among the adhesives, CA demonstrated lower bond strength 
value as compared to Vertise flow and flowable composite p < 
0.05. Through this experiment, it was concluded that orthodon-
tic wire groups demonstrated significantly lower bond strength 
compared to ribbond groups. Among the adhesives CAs showed 
significantly lower bond strength compared to Vertise flow and 
conventional flowable composite. Our team has extensive knowl-
edge and research experience that has translated into high quality 
publications [16-28, 29-35]. In comparison, the present study has 
also included the process of  thermocycling, which challenges the 
bond strength in a more realistic way. It conditions the samples 
to an environment similar to that of  the oral cavity, hence leading 
to more accurate and appropriate results. The results of  the pre-
sent study conclude that flowable composites have a higher bond 
strength than bulk filled composites, post thermocycling, our 
study is first of  its kind and novel. The limitations of  the study 
include a small sample size, only 2 types of  composites usage and 
adhesive systems of  the same company. The experiment can be 
conducted at a larger scale in order to observe the results more 
accurately. Adhesive systems of  different brands should also be 
tested in order to obtain a universal result as well. 

Conclusion

Within the limitations of  this study, it can be concluded that the 
splinting of  teeth with orthodontic wire using flowable composite 
shows higher bond strength than using bulk filled composite after 
thermocycling. This means that it will have higher durability and 
function in the oral cavity. 

Table 1. Mean, standard deviation and test of  significance of  bond strength values between group 1 (BFC) and group 2 
(Flowable composite).

Composite resin Groups N Mean Std. Deviation Significance
BFC 4 27.53 16.265

0.031
Flowable 4 86.258 53.885

Figure 3. The bar graph shows the average mean of  the bond strength of  the bulk filled composite and flowable compos-
ite post thermocycling along with the standard deviations. X axis represents the type of  composite and the Y axis repre-

sents the mean bond strength. Blue denotes BFC (bulk fill composite) and orange denotes flowable composite. The bond 
strength of  the splinting material in the flowable composite group is higher than that of  BFC.
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