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abstract

Aim Mastication turns food into a bolus and prepares 
it for chemical digestion. Any condition affecting 
tooth structure and position may have an impact 
on mastication. The aim of this study is to compare 
masticatory performance (MP) and maximum bite 
force (MBF) between children with and without 
clinically visible caries in permanent first molars.
Materials and methods The study was conducted 
with 50 children in good general condition aged 
12-14 years (25 girls, 25 boys) with no orthodontic/
skeletal anomalies and no missing teeth due to 
dental trauma or extraction. Maximum bite force 
was measured bilaterally using strain gauge sensors. 
Masticatory performance was evaluated by silicone 
tablet comminution test. 
Results Masticatory performance was superior in 
caries-free children when compared to children with 
caries. Maximum bite force values in children with and 
without caries were not statistically different.
Conclusions Caries reduces masticatory performance. 
Therefore, treatment is crucial for masticatory efficiency.

Masticatory parameters 
of children with 
and without clinically 
diagnosed caries 
in permanent dentition
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Introduction

Mastication is the act of cutting or grinding food 
between teeth which turns it into a bolus to be swallowed 
and prepares it for chemical digestion [Woda et al., 2011]. 
Feedback for neuromotor control of mastication is provided 
by inter-arch contact in the occlusal area and receptors in 
the temporomandibular joint, dental pulp, periodontium 
[Lemos et al., 2006; van der Bilt et al., 2008]. Therefore, 
any condition affecting tooth structure and position may 
have an impact on mastication [Decerle et al., 2013].

Masticatory capacity is usually assessed according to 
masticatory performance (MP) and maximum bite force 
(MBF) [Lemos et al., 2006; Oueis, 2009; Hatch et al., 2001; 
Ohira et al., 2012]. High MBF levels and small median 
particle sizes (MPS) in MP tests are considered indicators 
of an efficient masticatory system [Su et al., 2009; Julien 
et al., 1996; Kampe et al., 1987]. Factors including age, 
sex, occlusion, number of teeth present, dentition stage, 
facial morphology and temporomandibular joint disorders 
have been reported to influence MBF and MP [Barrera et 
al., 2011; van der Bilt, 2011; Owais et al., 2013; Castelo et 
al., 2010; Duarte Gaviao et al., 2006].

Dental caries is the most frequent disease for which 
parents seek dental treatment for their children [Selwitz 
et al., 2007; Agostini et al., 2001]. However, treatment 
is usually sought only after the onset of pain and 
discomfort. Patients with missing teeth or those requiring 
prosthodontic treatment have been shown to have low 
MP and MBF [Selwitz et al., 2007; Ayhan et al., 1996, 
Hatch et al., 2001, Fontijn-Tekamp et al., 2000]. Reduced 
masticatory capacity may also predispose patients to softer 
food preferences, which are typically low in fiber and 
protein, high in carbohydrate content, and thus may lead 
to nutritional deficiencies and gastrointestinal problems 
[Hatch et al., 2001; Fontijn-Tekamp et al., 2000; de Morais 
Tureli et al., 2010; N'Gom P and Woda, 2002].

While the negative effect of caries on mastication has 
been reported in individuals with severely compromised 
dentition, few studies have examined its effect on MP and 
MBF [Decerle et al., 2013]. To investigate this further, our 
study aimed to compare MP and MBF between children 
with and without clinically diagnosed caries in early 
permanent dentition.

Materials and methods

Participants
This cross-sectional study was conducted at the Paediatric 

Dentistry Clinic of Marmara University, in full accordance 
with the ethical principles of the Helsinki Declaration 
(version 2008) and with the approval of the Yeditepe 
University Medical School Ethical Committee (Protocol 
Number: 208). Parents of 12-14 year-olds who attended 
the Pediatric Dentistry Clinic of Marmara University and 
had panoramic radiograph obtained within the last 6 
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months, were contacted from randomised patient records. 
The purpose of the study was explained to the parents and 
those willing to participate in the study were scheduled 
for an examination. One researcher (M.S.K.) performed 
the clinical examination to check the children’s eligibility 
according to inclusion criteria. Caries was checked on 
dry surfaces. Localised enamel breakdown in opaque or 
discoloured enamel and/or grayish discolouration from 
the underlying dentin, cavitation in opaque or discoloured 
enamel with exposed dentin beneath were considered as 
caries (Ekstrand Classification 3-4) [Ekstrand et al., 1998]. 
Intact enamel without any change in translucency after 
air drying was recorded as without caries. Following the 
clinical oral examination, panoramic radiographs of the 
children were also studied to exclude proximal or other 
caries that might be have been missed during the clinical 
assessment.

Inclusion criteria
Parents of the children who fulfilled the following 

inclusion criteria gave written informed consents. 
Additionally, in order to ensure full cooperation of the 
children, no child was included without his/her verbal 
consent. Inclusion criteria were as follows.
1.	 Angle Class I molar relationship with no anterior or 

posterior cross-bite or open-bite.
2.	 No local dental pain.
3.	 No extracted teeth.
4.	 No gingival inflammation, periodontal disease, or tooth 

mobility.
5.	 No reported systemic disease.
6.	 No parafunctional habits, no pathological facet-wearing 

and no soft-tissue abnormalities.
7.	 No restored teeth.
8.	 No symptoms of temporomandibular joint dysfunction 

(such as restricted mandibular opening, muscular pain, 
pain in the jaws, headache, ear ache, pain/difficulty 
when opening the mouth).

9.	 In the carious group, at least one carious first permanent 
molar (FPM) on the right and/or left side of the dental 
arch without proximal involvement.

10.	No proximal caries detected on the radiograph.

Sample size and anthropometric data
A previous study measuring bite force in children was 

used as a basis for power analysis conducted to estimate 
the number of participants required in this study [Owais 
et al., 2013]. This was determined to be a minimum of 
15 subjects per group (α= 0.05, β= 0.20). Accordingly, 
the study was conducted with 50 children (25 girls, 25 
boys) aged 12-14 years who met the inclusion criteria, 
with 25 children in the caries group and 25 children in 
the caries-free group. In order to minimise the effects of 
age and body size on MBF and MP, the ages, heights and 
weights of children were compared between the groups. 
Height was measured with a portable stadiometer (model 
213, Seca, Germany). Each child stood with his/her back 

straight against the rod without shoes and with the 
Frankfort horizontal plane positioned parallel to the floor. 
Body weight was measured using a calibrated electronic 
scale (model 813, Seca, Germany) without shoes and 
heavy clothing.

Bite force measurement
The bite force was measured using a portable device 

consisting of three cylindrical strain gauges similar to the 
Istanbul Bite Force Recorder designed by Diracoglu et al. 
[2008, 2011]. Previous studies have shown this device to 
provide reliable force measurements in vitro and in vivo 
[Dıraçoğlu et al., 2008; Dıraçoğlu et al., 2011]. Each strain 
gauge (Model 13; Honeywell Sensotec, Columbus, OH), 
with dimensions of 9.7 mm diameter x 3.3 mm height, was 
placed between 0.85-mm thick stainless steel (type 316L) 
panels which were hinged together with stainless steel 
wire (0.254 mm diameter). The panels were in the form 
of two dental arches with dimensions based on a dental 
casting obtained from one child in the caries-free group. 
The outer surfaces of the panels were covered with a thin 
layer of disposable bandage tape to buffer the surface 
during biting and the entire mouth piece was covered with 
a sterile latex glove which was changed after each use. The 
mouth piece was approximately 6 mm in thickness before 
use (incl. the covering) and was found to comfortably fit 
each child tested.

Force calibration was performed by placing the strain-
gauge sensors at the mid-incisor and in the left and right 
FPM regions (Fig. 1). Each sensor (with its associated 
electronic circuit) was calibrated by a small hand press 
between 0-588 Newton in 98-Newton steps. Calibration 
slopes were 113,266 and 247 Newton/Volt, respectively 
for the mid-incisor, right-molar and left-molar sensors. 
The zero-error of each sensor channel was corrected in 

fig. 1 The portable bite force recorder used in the study. On 
top the mouthpiece; below the mouthpiece, processor/recorder 
unit, and a personal computer.
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the device. Each calibration point was an average of four 
repetitive measurements. The relative error of the entire 
recording device was less than 2%. A linear calibration fit 
was almost perfect for each sensor (R2≥0.998).

Each child was asked to perform bilateral clenching three 
times while seated and facing forward in a natural position. 
There were 30 seconds of rest between measurements 
to avoid poor performance due to fatigue. Output from 
each sensor was recorded by a data logger (HOBO U12; 
Onset Computer, Bourne, MA). After each session, the 
data were transferred to a PC via USB cable, and saved 
as a separate computer file for analysis using the software 
program Onset Greenline. The maximum voltage value 
(Volts) of the three tests was converted to a force value 
(Newtons) using the calibration slopes given above. The 
sum of the right (RBF) and the left (LBF) sides was recorded 
as the MBF value [Koc et al., 2011; van der Bilt et al., 2008; 
van Kampen et al., 2002]. The sum was considered to 
approximate the total force exerted due to the masticatory 
muscles.

Masticatory performance
Masticatory performance was determined by silicone 

tablet comminution as reported in the literature [Albert 
et al., 2003]. Silicone tablets (Optosil Comfort Putty, 
Heraeus Kulzer GmbH, Germany) were prepared and 
stored in plastic bags for up to seven days before use. 
Tablets were of a standardised size (20 mm diameter x 
5 mm height) and hardness (62-65 Shore), as measured 
by a Type A Shore durometer (Kori Seiki MFG Co. LTD 
Japan). Tablets were cut into quarters to ease chewing 
and weighed before use (Fig. 2), with approximately 11 
g given to each participant. Participants were asked to 
bilaterally chew 3 silicone quarter-tablets 20 times in a 
single chewing cycle, and to repeat the procedure for a 
total of 6 cycles. There was a resting period for 30 seconds 
between cycles to avoid fatigue. At the end of the test, 
the participants spit into a plastic cup and were allowed 
to swish until no fragment was left behind. Fragmented 
particles were dried at room temperature for 24 hours 
and weighed to check for material loss. In cases of mass 
loss greater than 6%, the test was either repeated, or the 
sample was excluded from the study. Fragmented particles 
were separated by sieving them through a stack of 6 
sieves with progressively smaller aperture sizes (5.4, 4, 2, 
1, 0.5, and 0.25 mm) placed on a laboratory vibrator for 
two minutes. Fragments separated according to particle 
size were weighed by using an electronic scale accurate 

to 0.0001 g (Fig. 3). Cumulative percentages (defined as 
the mass percentage of sample able to pass through each 
successive sieve) were plotted as a function of the aperture 
size, and a curve was interpolated through the data points 
by Excel software program (Microsoft Office 2007). MPS 
was defined as the theoretical sieve aperture size through 
which 50% mass of the chewed particles could pass. This 
median size was found on the interpolated curve for each 
participant [Aras et al., 2009]. 

Statistical analyses
Statistical analyses were performed by using SPSS 

20.0 for Windows (IBM Corporation, Chicago, IL, USA). 
Normality of the distributions was confirmed by skewness, 
kurtosis and the Kolmogorov-Smirnov test. Paired-sample 
t-test was used to evaluate differences between LBF and 
RBF in each group. Independent-sample t-test was used 
to compare MP and BF between groups and to compare 
boys and girls within the same group. All results were 
considered significant at p<0.05.

Results

The study sample consisted of 50 children who fulfilled 
the inclusion criteria. The sample was homogeneous in 
terms of the measured anthropometric data except for 
the presence of caries in the carious group. Specifically, 
there was no statistical difference between the control 
and the carious groups in terms of age (p= 0.427), 
weight (p= 0.506) and height (p= 0.202) (Table 1). The 
mean number of decayed teeth in the carious group was 
3.08±0.88. Furthermore, no significant differences were 
found between the anthropometric data of boys and girls 
within each group.

Maximum bite force
There was no significant difference between right and 

left segmental bite forces (RBF, LBF) in either study group. 
Additionally, for both RBF and LBF, no group differences 
were found (Table 2). Maximum bite force levels in children 
with and without clinically diagnosed caries were similar. 
The mean MBF in the carious group was approximately 

fig. 2 Silicone tablets for the masticatory performance test.

fig. 3 Sieves and the fragmented particles used in the 
masticatory performance test.



Developing dentition and occlusion in paediatric dentistry

European Journal of Paediatric Dentistry vol. 18/2-2017 119

316 N compared to 356 N in the control group, but this 
difference was not statistically significant (p = 0.286) 
(Table 2).

Masticatory performance
Median particle size of children with caries (4.40± 0.62 

mm) was significantly larger than caries-free (3.82± 0.75 
mm) children, which showed lower MP in children with 
caries (p= 0.006) (Fig. 4).

Discussion

Dental caries, which is the most common oral health 
problem in the world [Balakrishnan et al., 2000], is a 
progressive disease. It begins with enamel demineralisation 
and continues to enamel cavitation. If left untreated, dental 
caries can cause pulpal and periapical infection and tooth 
loss [Selwitz et al., 2007]. However, asymptomatic caries 
in children are rarely treated in a timely manner; dental 
treatment is usually delayed until the onset of complaints. 
To our knowledge, none of the previous studies on this 
topic reported the effects of caries on MBF and MP with 
well-defined caries level/severity criteria.

The carious process has a detrimental effect on the 
structural integrity of the tooth, and hence on the primary 
masticatory function. Chewing capacity, in turn, has an 
effect on food choices, making dental health crucial in 
terms of nutrition [Barbosa et al., 2013], which is closely 
related to children’s physical development [Ayhan et al., 
1996; Heinrich-Weltzien et al., 2013; van Gemert-Schriks 

et al., 2011]. However, despite the commonality of dental 
caries, the effect of the disease on the masticatory function 
of children has seldom been studied [Su et al., 2009; Shiau 
and Wang, 1993]. Thus, we specifically studied the effect 
of the carious process on food comminution and MBF. For 
the study groups, we selected children with similar ages, 
heights, body weights and maxillomandibular skeletal 
relations. Our results revealed impaired comminution in 
the carious group.

Changes in mastication patterns and loss of antagonistic 
contacts due to caries have been reported as the cause of 
this impaired comminution [Decerle et al., 2013]. According 
to Decerle et al. [2013], untreated caries reduces occlusal 
interarch contacts in adults, resulting in a decrease in MP. 
For 11-12 year-old children, Barbosa et al. [2013] reported a 
positive correlation between number of decayed teeth and 
MPS. De MoraisTureli et al. [2010] also found higher MPS 
with higher dmft/DMFT scores in normal and underweight 
8-12 year-old children. Similarly, we observed that children 
with clinically visible carious FPMs had lower MP. Although 
the participants of our study had fewer carious teeth than 
those in Decerle et al. [ 2013], a significantly lower MP 
was still found in participants with caries when compared 
to controls. First permanent molars exert the greatest 
bite force in the dental arch [Mansour and Reynik, 1975; 
Tortopidis et al., 1998]. In our study, the loss of interarch 
contacts in cavitated FPMs resulted in poorer masticatory 
performance, but we could not verify a significant change 
in the maximum bite force. 

Advanced caries can cause pain in response to mechanical 
stimuli. In order to eliminate any pain-related negative 
effect on MP and MBF, our study included only children 
without spontaneous pain and pain upon percussion. Shiau 
and Wang [1993] observed lower MBF values in children 
with decayed and missing teeth during the stages of mixed 
and permanent dentition. Similarly, Su et al. [2009] and 
Mountain et al. [2011] reported lower MBF in children with 
carious primary teeth. Some researchers [Shiau and Wang, 
1993] have attributed the negative effect of caries on MBF 
to pain or fear of pain from periodontal mechanoreceptors 
and a damaged occlusal table. Although the carious group 
in our study had lower MBF compared to controls, this was 

LBF
(N)
Mean± SD

RBF
(N)
Mean± SD

MBF Sum (LBF+RBF)
(N)
Mean± SD

Control 
Group

158.52±71.87 197.28±92.14 355.80±131.00

Carious 
Group

149.11±92.72 166.40±74.81 315.51±130.53

p 0.692 0.205 0.286

tabLE 2 Bite force values in the carious and the control group. fig. 4 Masticatory performance in the study groups. 

Control Mean± SD Carious Mean± SD

Age (Year) 12.30± 0.55 12.20± 0.51

Sex 15 Girls 14 Girls

10 Boys 11 Boys

D 0 3.08±0.88

Weight (kg) 44.4± 12.24 42.14± 10.66

Height (m) 1.49± 0.09 1.45± 0.10

SD: Standard deviation, D: Number of decayed permanent teeth

tabLE 1 Anthropometric data of the study sample.
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not statistically significant. The high variance of bite force 
levels in our participants may be due to the age group 
selected and, in particular, the variability in pubertal timing. 

Caries diagnosis in our study was assessed by clinical 
examination and panoramic radiographs. Children in our 
study had already been examined with panoramic x- ray by 
their primary examiner during their initial oral examination 
for various reasons (e.g. eruption sequence, etc.) before 
their assignment to attending physician for treatment.  
Our aim was to compare BF and MP in cavitated and non 
cavitated FPMs but also panoramic radiographs were used 
to further exclude hidden major proximal caries. Lack of 
bitewing radiography for proximal caries examination is a 
shortcoming of our study, however BF and MP in intact 
occlusal surfaces vs cavitated could be assessed. 

In summary, the results of our study suggest that caries 
may reduce MP in children. Future studies may focus on 
the ability of restorative treatment to re-establish the 
masticatory capacity.
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Key messages
•	 Masticatory performance is hindered by caries even in 

asymptomatic stages.
•	 Maximum bite force does not differ in asymptomatic 

caries.

References

›	 Agostini FG, Flaitz CM, Hicks MJ. Dental emergencies in a university- based 
pediatric dentistry postgraduate outpatient clinic: a retrospective study. ASDC 
J Dent Child 2001;68: 316-21.

›	 Albert TE, Buschang PH, Throckmorton GS. Masticatory performance: a 
protocol for standardized production of an artificial test food. J Oral Rehabil 
2003: 30: 720-2.

›	 Aras K, Hasanreisoglu U, Shinogaya T. Masticatory performance, maximum 
occlusal force, and occlusal contact area in patients with bilaterally missing 
molars and distal extension removable partial dentures. Int J Prosthodont 
2009; 22: 204-9.

›	 Ayhan H, Suskan E, Yıldırım S. The effect of nursing or rampant caries on 
height, body weight and head circumference. J Clin Pediatr Dent 1996; 
20:209-212.

›	 Balakrishnan M, Simmonds RS, Tagg JR. Dental caries is a preventable 
infectious disease. Aus Dent J 2000; 45: 235-245.

›	 Barbosa T De S, Tureli MC, Nobre-Dos-Santos M, Puppin-Rontani RM, Gaviao 
MB. The relationship between oral conditions, masticatory performance and 
oral health-related quality of life in children. Arch Oral Biol 2013; 58: 1070-7.

›	 Barrera LM, Buschang PH, Throckmorton GS, Roldan SI. Mixed longitudinal 
evaluation of masticatory performance in children 6 to 17 years of age. Am J 
Orthod Dentofacial Orthop 2011; 139: 427-34.

›	 Castelo PM, Pereira LJ, Bonjardim LR, Gaviao MB. Changes in bite force, 
masticatory muscle thickness, and facial morphology between primary and 
mixed dentition in preschool children with normal occlusion. Ann Anat 2010; 
192: 23-6.

›	 De Morais Tureli MC, De Souza Barbosa T, Gaviao MB. Associations of 
masticatory performance with body and dental variables in children. Pediatr 
Dent 2010; 32: 283-8.

›	 Decerle N, Nicolas E, Hennequin M. Chewing deficiencies in adults with 
multiple untreated carious lesions. Caries Res 2013 ;47: 330-7.

›	 Dıraçoğlu D, Alptekin K, Çifter ED, Güçlü B, Karan A, Aksoy C. Relationship 
between maximal bite force and tooth wear in bruxist and non-bruxist 
individuals. Arch Oral Biol 2011; 56: 1569-75.

›	 Dıraçoğlu D, Güçlü B, Alptekin K, Karan A, Aksoy C. Maximal Bite Force 
Measurement by the “Istanbul Bite Force Recorder”. J PMR Sci 2008;3:117-23.

›	 Duarte Gaviao MB, Durval Lemos A, Diaz Serra M, Riqueto Gambareli F, 
Nobre Dos Santos M. Masticatory performance and bite force in relation to 
signs and symptoms of temporomandibular disorders in children. Minerva 
Stomatol 2006; 55: 529-39.

›	 Ekstrand KR, Ricketts D, Kidd EaM, Qvist V, Schou S. Detection, diagnosing, 
monitoring, and logical treatment of occlusal caries in relation to lesion 
activity and severity: an in vivo examination with histological validation. 
Caries Res 1998; 32, 247- 254.

›	 Fontijn-Tekamp FA, Slagter AP, Van Der Bilt A, Van THMA, Witter DJ, Kalk 
W, Jansen JA. Biting and chewing in overdentures, full dentures, and natural 
dentitions. J Dent Res 2000; 79: 1519-24.

›	 Hatch JP, Shinkai RS, Sakai S, Rugh JD, Paunovich ED. Determinants of 
masticatory performance in dentate adults. Arch Oral Biol 2001; 46: 641-8.

›	 Heinrich-Weltzien R, Monse B, Benzian H, Heinrich J, Kromeyer-HauschildK. 
Association of dental caries and weight status in 6- to 7-year-old Filipino 
children. Clin Oral Investig 2013; 17: 1515-23.

›	 Julien KC, Buschang PH, Throckmorton GS, Dechow PC. Normal masticatory 
performance in young adults and children. Arch Oral Biol 1996, 41: 69-75.

›	 Kampe T, Haraldson T, Hannerz H, Carlsson GE. Occlusal perception and bite 
force in young subjects with and without dental fillings. Acta Odontol Scand 
1987; 45: 101-7.

›	 Koc D, Dogan A, Bek B. Effect of gender, facial dimensions, body mass index 
and type of functional occlusion on bite force. J Appl Oral Sci 2011; 19: 274-9.

›	 Lemos AD, Gambareli FR, Serra MD, Pocztaruk RL, Gaviao MB. Chewing 
performance and bite force in children. Braz J Oral Sci 2006; 5: 1101-1108.

›	 Mansour RM, Reynik RJ. In vivo occlusal forces and moments: I. Forces 
measured in terminal hinge position and associated moments. J Dent Res 
1975; 54: 114-20.

›	 Mountain G, Wood D, Toumba J. Bite force measurement in children with 
primary dentition. Int J Paediatr Dent 2011; 21: 112-8.

›	 N’gom P I, Woda A. Influence of impaired mastication on nutrition. J Prosthet 
Dent 2002; 87, 667-73.

›	 Ohira A, Ono Y, Yano N, Takagi Y. The effect of chewing exercise in preschool 
children on maximum bite force and masticatory performance. Int J Paediatr 
Dent 2012; 22: 146-53.

›	 Oueis H. Factors affecting masticatory performance of Japanese children. Int 
J Paediatr Dent 2009; 19: 201-5.

›	 Owais AI, Shaweesh M, Abu Alhaija ES. Maximum occusal bite force for 
children in different dentition stages. Eur J Orthod 2013; 35: 427-33.

›	 Selwitz RH, Ismail AI, Pitts NB. Dental caries. The Lancet 2007; 369: 51-59.
›	 Shiau YY, Wang JS. The effects of dental condition on hand strength and 

maximum bite force. Cranio 1993; 11: 48-54.
›	 Su CM, Yang YH, Hsieh TY. Relationship between oral status and maximum 

bite force in preschool children. J Dent Sci 2009, 4: 32-39.
›	 Tortopidis D, Lyons MF, Baxendale RH, Gilmour WH. The variability of bite 

force measurement between sessions, in different positions within the dental 
arch. J Oral Rehabil 1998; 25: 681-6.

›	 Van Der Bilt A. Assessment of mastication with implications for oral 
rehabilitation: a review. J Oral Rehabil 2011; 38: 754-80.

›	 Van Der Bilt A, Tekamp A, Van Der Glas H, Abbink J. Bite force and 
electromyograpy during maximum unilateral and bilateral clenching. Eur J 
Oral Sci 2008; 116: 217-22.

›	 Van Gemert-Schriks MC, Van Amerongen EW, Aartman IH, Wennink JM, 
Ten Cate JM, De Soet JJ. The influence of dental caries on body growth in 
prepubertal children. Clin Oral Investig 2011; 15: 141-9.

›	 Van Kampen FMC, Van Der Bilt A, Cune MS, Bosman F. The Influence of 
Various Attachment Types in Mandibular Implant-retained Overdentures on 
Maximum Bite Force and EMG. Journal of Dental Research 2002; 81: 170-173.

›	 Woda A, Hennequin M, Peyron MA. Mastication in humans: finding a 
rationale. J Oral Rehabil 2011; 38: 781-4.


