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ABSTRACT 
Objective: To evaluate and compare bite force (BF) in permanent first molars restored with glass ionomer 
cement (GIC), composite and amalgam, and normal contralateral permanent first molars. Material and 
Methods: BF was recorded in decayed permanent first molars, which were filled with GIC (n=30), composite 
(n=30), and amalgam (n=30), and in healthy contralateral first molars (n=90) with Force Transducer Occlusal 
Force Meter and compared. Results: BF was significantly higher in normal teeth on the contralateral side 
compared to teeth restored with GIC and composite. However, in patients with amalgam restoration, though 
it was less compared to that on the contralateral side, it was not statistically significant (p>0.05). Conclusion: 
Restoring teeth with various filling materials may improve bite force. In the present study, it was found that 
the teeth restored with amalgam had higher bite forces in comparison to the other restorative materials used. 
However, it was not comparable to that observed in the normal tooth (control) on the contralateral side. 
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Introduction 

Mastication is the interaction process between mandibular and maxillary teeth, related bones, and 

muscles. The force thus generated during mastication is referred to as the biting force [1]. Bite force (BF) can 

be defined as "the forces applied by the masticatory muscles in dental occlusion" [2]. Under physiologic 

conditions, it increases with advancing age from childhood, remains relatively constant from 20 yrs to 40 yrs of 

age, and then gradually decreases with further increase in age [3]. It is a good indicator of the functional state 

of the masticatory system, which occurs due to the action of the muscles that elevate the mandible and are 

modified by craniomandibular biomechanics [1]. Maintaining good oral hygiene is key to achieving good general 

health [4-7]. Studies have stressed that poor oral/dental health affects the quality of life due to several different 

elements. Various factors may affect BF, such as age, gender, craniofacial morphology, periodontal support, 

temporomandibular disorders (TMJ), pain, and dental status [8]. Dental status is an important factor that affects 

the BF. The presence of dental fillings, dentures, number of teeth, and their position in the dental arch may 

unduly affect BF [9]. The number of teeth and occlusal contact appears to be the most critical parameters 

affecting maximum BF [10]. 

Dental caries is the most common dental disease affecting humankind worldwide, both the sexes and all 

age groups. Dental caries can generally be considered a breakdown of dental hard tissues by acid-producing 

cariogenic bacteria. Under such circumstances, there is a marked decrease in the occlusal contact which may 

overtly impact the biting force. There may be other related negative consequences such as discomfort, pain, loss 

of teeth, development of malocclusion, and TMJ disorders [11]. However, restoring such badly damaged teeth 

may improve the BF and relieve the patient from other related problems. 

Bite force can be measured either by a direct method, where a specific transducer is placed between the 

teeth, or by an indirect method, by taking other physiological variables known to be functionally associated with 

the generation of force [12]. Studies measuring BF by different methods available in the past have yielded varied 

results. 

There is very little literature concerning dental decay and its effects on BF and the effect of such teeth 

restored with various filling/restorative materials on BF. Hence, the present study was undertaken to evaluate 

the impact of restored carious teeth on maximal bite force (MBF). 

In this research, the most commonly used restorative materials such as amalgam, composite, and glass 

ionomer have been used to restore the badly decayed teeth and the bite forces were evaluated and compared 

between the various restorative materials used, compared with that in the normal healthy tooth on the 

contralateral side (control) and assessed the best possible restorative material with better bite force. 

Therefore, the aim of this study was to evaluate the MBF in decayed teeth after restoring them with 

materials such as amalgam, glass ionomer, and composite, to assess the MBF in the natural tooth on the 

contralateral side, to compare the MBF after restoring carious teeth with materials such as amalgam, glass 

ionomer and composite and the control teeth and to evaluate the best restorative material among amalgam, GIC 

and composite in restoring the MBF. The null hypothesis tested was that restoring teeth with different 

restorative materials, compared to contralateral healthy teeth improves the BF. 

 

Material and Methods 

Ethical Clearance 

This study was approved by the Ethics Committee, Jouf University (LCBE#1-19-9/39). Written 

consent was obtained from volunteers after explaining the procedure and nature of the study. 
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Sample 

A total of 133 patients visiting Dental OPD, College of Dentistry, Jouf University, Sakaka, were 

screened to identify the subjects to be included in the study. The inclusion criteria for our study were: 1) Subjects 

with occlusal caries affecting enamel and/or dentin in permanent first molars; 2) Subjects free of gingival and 

periodontal diseases; 3) Subjects free of malocclusion; 4) Subjects without facial asymmetry; 5) Subjects without 

pain in the region of recording, and 6) Subjects without TMJ disorders. The exclusion criteria were: 1) 

Differently-abled subjects; 2) Subjects with missing permanent first molars, and 3) Subjects with proximal caries 

in the permanent first molars. A total of ninety patients with decayed permanent first molar on one side and 

healthy normal permanent first molar on the contralateral side satisfying the inclusion and exclusion criteria 

were included in the study. 

 

Clinical Procedures 

After the soft caries was removed from the test teeth, 30 patients with decayed first molars were restored 

with GIC, composite, and amalgam respectively (Figure 1), and the BF was evaluated three weeks after the 

restoration. The maximal bite force (MBF) was recorded/registered using a bite force registration device 

(Occlusal Force-Meter GM10; Nagano Keiki Co., Ltd, Japan). The device consists of a hydraulic pressure gauge 

and an end for the patient to bite on that is enclosed in a plastic casing. When the patient is asked to bite, the 

reading is displayed digitally in Newtons. During the procedure, the patient was seated upright on the dental 

chair with Frankfurt's horizontal plane parallel to the floor. The BF was registered on both sides separately by 

placing the transducer in between the occlusal surfaces of the restored first molars first, and the patient was 

asked to bite slowly with maximum force till the patient felt pain and to release immediately upon pain, followed 

by the same process repeated on the contralateral side. The procedure was repeated three times on each side, and 

the highest value was considered MBF in all the subjects. 

 

 

 
Figure 1. First molars were restored with GIC (B), Composite (C), and Amalgam (D); contralateral side 

(A) (normal tooth). 
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Data Analysis 

The data was then analyzed using statistical software (SPSS; IBM Corp., Chicago, IL, USA) using 

‘paired t test’ for comparison of the MBF between the test side (restored) and the control side (contralateral) 

within the groups and for multiple comparisons of MBF between the different restorative materials used and 

between the controls, one-way Anova post hoc test was used. 

 

Results 

The mean bite force registered on the test side (n=90) with the decayed teeth restored with GIC (n=30), 

composite (n=30), and amalgam (n=30) was lower (492.52±90.21 N) as compared to that on the control side 

(528.89±93.21 N) (Figure 2). 

 

 

Figure 2. Mean biteforce comparison contralateral side versus restoration side. 
 

The difference in the mean BF in teeth restored with GIC (479.7±96.77 N) and composite material 

(493.6±86.17 N) was significantly lower in comparison with control (532.77±96.38 N and 540.47+85.86 N, 

respectively). However, though the mean BF in teeth restored with amalgam (504.27±88.71 N) was lower than 

that on the control side (513.43±97.98 N), it was not statistically significant (Table 1 and Figure 2). 

When the mean BF on the test sides was compared between the different restorative materials used in 

the study, it was found to be lowest in teeth restored with GIC (479.7±96.77 N), highest in those with amalgam 

(504.27±88.71 N) and the values for those with composite was between these two values (493.6±86.17 N) (Figure 

2). However, there was no statistically significant difference between any of the two given restorative materials 

compared. Similarly, a similar relationship was found when MBF was compared on the control side between the 

patients with different restorative materials used in the study (Table 2). 

 

Table 1. Bite force comparison between restoration side versus contralateral side. 
Restorative 

Material 
Aspect SE MD 95% CI p-value   

Lower Upper 
 

GIC Restoration side 17.67 -53.07 -54.75 -51.38 <0.001  
Contralateral side 17.60 

    

Composite Restoration side 15.73 -46.87 -48.50 -45.24 <0.001  
Contralateral side 15.68 

    

Amalgam Restoration side 16.20 -9.17 -54.58 36.24 0.68  
Contralateral side 17.89 

    

MD=Mean Difference; SE=Standard Error; CI=Confidence Interval; GIC=Glass Ionomer Cement. 
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Table 2. Bite force among the groups: Multiple comparisons using One-way ANOVA post hoc test. 
Variables   MD SE 95% CI p-value 

     Lower Bound Upper Bound  
Bite force on the Restoration side      
GIC vs. Composite -13.90 23.41 -71.04 43.24 1.00 
GIC vs. Amalgam -24.57 23.41 -81.71 32.58 0.89 
Amalgam vs. Composite -10.67 23.41 -67.81 46.48 1.00 
Bite force on Contralateral side      
GIC vs. Composite -7.70 24.16 -66.67 51.27 1.00 
GIC vs. Amalgam 19.33 24.16 -39.64 78.30 1.00 
Amalgam vs. Composite 27.03 24.16 -31.94 86.00 0.80 

MD=Mean Difference; SE=Standard Error; GIC=Glass Ionomer Cement. 

 

Discussion 

Bite force (BF) is defined as "the capacity of the mandibular elevation muscles to perform a maximum 

force of lower teeth against the upper teeth, under favorable conditions" [13]. It has been shown that the BF 

increases with advancing age from childhood fairly remains constant between 20 years and 40 years of age and 

then gradually decreases with aging. In a healthy adult, the average BF in the first molar region is 500-700 N 

[14,15]. It is a complex but well-organized systematic process controlled by dental, nervous, and skeletal 

systems and executed by the elevators of the mandible [16]. BF has been considered an important indicator of 

masticatory efficiency [17], and it is generally registered as maximum bite force (MBF) [18]. It has been 

established that bite force is dependent on a variety of parameters such as gender, age, periodontal support, 

muscle thickness and strength, body size, pain, temporomandibular disorders, facial morphology, dental status, 

and malocclusion expressed by dental caries. 

Dental caries has been associated with negative effects on quality of life, BF and mastication. There is 

relatively very little research in the existing literature in this regard. Most of the research assessed the impact 

of restoring decayed teeth in rehabilitating the BF levels in children with deciduous dentition. 

The present study evaluated the extent to which the MBF is rehabilitated following restorations of 

decayed teeth with commonly used restorative materials such as GIC, composite resin material, and amalgam. 

The overall mean BF recorded on the test side with the decayed teeth restored with GIC, composite, and 

amalgam was lower (492.52±90.21 N) as compared to that on the control side (528.89±93.21 N). Hence, we 

reject the null hypothesis. To the best of our knowledge, this study is the first of its kind where the BF was 

compared in restored teeth to the normal tooth on the contralateral side in fully grown adult patients (20-40 yrs) 

with decayed teeth. The studies in literature have evaluated BF in children with decayed teeth prior to and after 

restoring the teeth [3] or in young adults aged 16-18 yrs between the dentition group and fillings groups [19]. 

The study by Subramaniam and Babu [3] revealed that the BF was less on the restored side as compared to that 

in normal teeth on the contralateral side, which was similar to our study. 

The findings of our study are also compared with similar studies where other types of oral rehabilitation 

were done and BF was assessed on the test side and the normal contralateral side. In a study by Woodmansey et 

al. [20] where BF was recorded in implant supported prosthesis and endodontically treated teeth and compared 

with that on the normal contralateral tooth, the BF on the treated side was less as compared to that on the 

contralateral side, which is in accordance of our study. These studies suggest that irrespective of the different 

types of rehabilitation procedures, the BF on the test side is less as compared to the contralateral normal side. 

The probable explanation for such a difference between the sides could be explained as follows: the patient gets 

habituated and adjusted to chewing food on the healthy side due to a carious tooth or a missing tooth or any 
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other cause on the other side with the resultant hypertrophy of the muscles of mastication on that side. This 

situation persists post-rehabilitation until the patient starts to chew food on the restored side, and it may take 

about 10 months to regain the BF similar to that on the contralateral side. 

Our study also showed that the difference in the mean BF in teeth restored with GIC (479.7±96.77 N) 

and composite material (493.6±86.17 N) was significantly lower in comparison with control (532.77±96.38 N 

and 540.47±85.86 N, respectively). However, though the mean BF in teeth restored with amalgam (504.27±88.71 

N) was lower than that on the control side (513.43±97.98 N), it was not statistically significant. The reason for 

such differences between the individual restorative material and the contralateral tooth may be related to the 

differences in the physical properties and chemical composition of the restorative materials used. 

The present study also revealed that when the mean BF on the test sides was compared between the 

different restorative materials used in the study, it was found to be lowest in teeth restored with GIC 

(479.7±96.77 N), highest in those with amalgam (504.27±88.71 N) and the values for those with composite was 

between these two values (493.6±86.17 N). However, there was no statistically significant difference between 

any of the two given restorative materials compared. Similarly, when the mean MB was compared on the control 

side between the patients with different restorative materials used in the study, a similar relationship was found. 

Such differences between restorative materials on the test side could be attributed to the same reasons as 

explained in the previous section. 

Extensive research may be required with a larger sample and different methods of oral rehabilitation in 

the adult population to confirm the findings of our study. 

 

Conclusion 

Restoring decayed teeth with various filling materials may improve bite force. The bite force in the teeth 

with various restorative materials is not comparable to the bite force on the healthy tooth on the contralateral 

side, and the bite force in the teeth restored with amalgam is better than glass ionomer cement and composite. 
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