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ABSTRACT  

 

Background: Maximal voluntary occlusal bite force (MVOBF) is the maximal force 

applied by the jaw muscles in dental occlusion. MVOBF is one parameter for functional 

capacity of the jaw system.  

Aim: To evaluate MVOBF in different positions in the bite and to evaluate possible intra-

individual differences between sessions.  

Methods: MVOBF was measured with an electronic bite force device, with transducers 

sensitive to force, in 20 healthy men (mean 24.5 years). Eligibility of participants was full 

dental occlusion, Angle Class I relation, no diagnosis according to Diagnostic criteria for 

temporomandibular disorders. The test included three repeated measurements on each 

site: first molar right, first molar left and central incisor, in random order, with test-retest 

study design. Unpaired T-test was used to test the MVOBF in different positions in the 

bite and paired T-test for possible intra-individual differences between sessions. A post 

hoc test for repeated measure one-way ANOVA was added.  

Results: MVOBF in different positions in the bite was lower in the incisor area compared 

with the molar region (P<0.0001), but similar between right and left molar side (P=0.48 

and P= 0.96, respectively). No intra-individual differences between sessions (molar right 

P= 0.40; molar left P= 0.81; incisor area P= 0.66). The intra-individual variability for 

repeated measurements showed variability for incisor area (P= 0.007), but not for molar 

right and left region (P=0.95 and P=0.49, respectively).  

Conclusion: The results may provide reference values for MVOBF in young adult men, 

to be compared with men with pain or dysfunction in the jaw system. 
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BACKGROUND 

Bite force  

Bite force can be defined as the force applied by the jaw muscles in the dental occlusion 

(Verma et al., 2017). Unilateral maximal bite force is one parameter for functional 

capacity of the jaw system and to understand the jaw muscle function in patients with jaw 

pain or dysfunction (Kogawa et al., 2006). The action of the jaw elevator muscles 

modified by the craniomandibular biomechanics is responsible for creating the bite force 

(Bakke, 2006). 

The force results from many physiologic and morphologic variables. The individuals' 

habitual chewing side can be noted to evaluate how maximum voluntary bite force is 

affected depending on habitual chewing side versus non habitual chewing side. The bite 

force production is the result from different factors; the jaw elevator/closing muscles, 

craniofacial morphology, biomechanics factors, dental occlusion, periodontal support of 

the teeth, age and sex as well as limitations from pain and dysfunction in the jaw and neck 

system (Koc, Dogan and Bek, 2010; Sonnesen and Bakke, 2005; Bakke et al., 1990; Varga 

et al., 2011) 

 

Appropriate reference for unilateral Maximal Voluntary Occlusal Bite Force (MVOBF) in 

molar region in healthy adults, 20-60 years of age, averages between 300N and 600 N 

(Bakke et al., 1990). With the transducer placed on the incisor area the measured force is 

about 40% of the unilateral force recorded in the molar region. Difference between sexes 

average for young adult men and women (18 years of age) 778N and 482N, respectively 

(Varga et al., 2011).  

Recording technique 

The bite force can be measured with different recording devices. These devices can be 

simple springs, or more complex electronic devices (Koc, Dogan and Bek, 2010). The first 

recording device described was a gnathodynamometer used in an experimental setting 

performed by Borelli in 1681 (Ortuğ, 2002). In dental research, sensitive recording 

electronic devices is needed with high precision and accuracy (Koc, Dogan and Bek, 
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2010). A common device consists of a fork with two transducers to convert force to 

electrical energy (Volt). The change in voltage can be calibrated to a weight to indicate the 

applied load (Newton). The devices have the ability to record 1000 N force and more 

(Verma et al., 2017). To record the bite force, the transducers are placed between two 

opposing teeth, then the subject must clench the teeth as much as possible to get the 

maximal individual bite force (Verma et al., 2017; Bakke, 2006). 

Jaw muscles 

Bite force is generated by jaw muscular-skeletal system. The main jaw closing, or elevator 

muscles are masseter, temporalis, medial pterygoid muscle, and the superior part of the 

lateral pterygoid muscle. Furthermore, normal jaw function is composed of coordinated 

movements of the jaw and neck neuromuscular system (Eriksson et al., 2000).  

The maximal force possible in voluntary contraction depends on muscle length and cross-

sectional area, active contraction from sarcomere, filament interaction, passive tension 

arising from elasticity in the muscle themselves, number and type of motor units that are 

active, and the frequency of action potential (Miles, 2004). 

Bite force is greater during bilateral clenching than unilateral clenching. With unilateral 

measurements of the bite force, the force on each side is greater than the half of the 

bilaterally measured force (Van der Bilt et al., 2008). 

The head posture is direct correlated to bite force, the bite force increases during head 

extension when compared to bite force in natural head position (Verma et al., 2017).  

Craniofacial morphology  

Muscle size and craniofacial morphology have a mutual influence on each other and effect 

variation in bite force (Raadsheer et al., 2004). Vertical facial morphology or long-faced 

type of the craniofacial morphology are associated with low bite force or low maximal 

mandibular elevator muscle capacity. The muscle thickness is greater in short-faced 

persons than normal- to long-faced persons which indicates that short-faced persons can 

get greater bite force values (Koc, Dogan and Bek, 2010; Farella et al., 2003). 
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Age and sex 

With growth and development in children the bite force increase in relation to age, 

occlusal contacts, and muscle thickness. Between 7-13 years of age the mean bite force for 

both girls and boys are around 362N (Sonnesen and Bakke, 2005). The difference in bite 

force between women and men is detected during the post-pubertal period, and in adults 

bite force is generally higher in men than in women (Koc, Dogan and Bek, 2010; Varga et 

al., 2011; Palinkas et al., 2010). One reason is that the muscle cross-sectional area is 

larger in men than women (Bakke, 2006). Another reason is that the size of the teeth 

most often are larger in men than in women, which means the larger teeth size, the larger 

area of periodontal ligament will be presented, which in turn can increase the bite force 

(Ferrario et al., 2004). The maximal bite force is fairly the same from 20 to 60 years old, 

and then it decreases because of normal aging. The temporal and masseter muscle 

decrease in thickness, mass and strength after 60 years of age, the muscle fibers reduces 

in number and size that can cause a decreased jaw closing force because of the loss of 

functional capacity which in turn decreases the maximal bite force (Bakke, 2006; 

Palinkas et al., 2010).  

Dental status 

The dental status may influence the value of the bite force due to the number of teeth, the 

occlusal contact, the loading of the teeth, occlusal fillings in the teeth and the position of 

the teeth within the dental arch (Koc, Dogan and Bek, 2010; Zivko-Babic et al., 2002). 

Loss of molar support will decrease the bite force and higher number of present teeth and 

occlusal contacts increases the maximal bite force (Bakke, 2006). Bite force is greater in 

the posterior dental arch, which can be explained by higher occlusal contact number and 

bigger occlusal contact areas, also the periodontal ligament surrounding the molar roots 

may influence the increased bite force in posterior dental arch (Bakke, 2006; Koc, Dogan 

and Bek, 2010; Tortopidis et al., 1998; Hidaka et al., 1999). Dental fillings in incisor area 

tend to exhibit lower bite force (Kampe et al., 1987). Restored teeth with fixed 

prosthodontics exhibit 20% less bite force value than non-restored natural teeth (Miyaura 

et al., 2000). Tooth wear may decrease the bite force because the vertical dimensions will 

be reduced, on the other hand tooth wear caused by bruxism and parafunctions increase 

the bite force due to uncontrolled practice (Zivko-Babic et al., 2002). 
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Pain and dysfunction in the jaw  

Temporomandibular disorders (TMD) is a term that includes musculoskeletal conditions 

that affect the jaw muscles, the temporomandibular joints and all the involved tissues. 

Signs and symptoms that is associated with TMD are acute or chronic pain, functional 

disturbances of the jaws which complicates the jaw functions as biting, chewing, and jaw 

opening ability. The patients may also suffer from other painful condition at the same 

time (comorbidities). TMD with chronic pain may in long-term cause reduced life quality 

(Greene, 2010).  

Pain and dysfunction in the jaw system are important factors that can affect and limit the 

maximal bite force, which is one parameter to reflect the actual jaw functional capacity. 

TMD patients have decreased bite force compared to healthy people (Kogawa et al., 2006; 

Bakke, 2006; Ahlberg et al., 2003; Hansdottir and Bakke, 2004; Todic et al., 2017). Pain 

in the temporomandibular joint can reduce maximal bite force with 40% (Bakke, 2006). 

In women with myofascial pain and bruxism, a weak correlation in decreased pain level 

and increased bite force in the molar region could be seen after treatment (Goiato et al., 

2017).  

 

 

 

 

 

 

 

 

 



 

 

 

 

7 

Aims  

1. To evaluate the maximal voluntary occlusal bite force (MVOBF) in different 

positions in the bite (test sites; first molar right, first molar left, and central 

incisor area), in young adult men (age 20-40 years). 

2. To evaluate possible intra-individual differences between sessions (test – retest 

design), in MVOBF in different positions in the bite, in young adult men.  

Hypotheses   

1. MVOBF is higher in the molar region than in the incisor area, but similar between 

right and left molar side.   

2. There is no intra-individual difference between sessions during MVOBF in 

different positions in the bite, in young adult men.  

METHODS 

Participants  

A total of 20 men, (mean 24.5 years; SD 2.35) participated. The participants were 

recruited amongst Umeå University by an internet screening survey, which was shared via 

facebook, on dental student groups. The screening survey contained questions about 

general health, possible trauma to the head, jaw, and neck, furthermore, jaw pain and 

dysfunction. In addition, one question about excessive chewing on gum chewing (> 30 

minutes per day) 

The inclusion criteria for the participants were permanent teeth 17-27, 37-47, Angle Class 

I relation. Negative answer on the screening questions 3Q/temporomandibular disorder 

(3Q/TMD) (Lövgren et al., 2016),  no diagnosis of pain and dysfunction according to 

established Diagnostic criteria for temporomandibular disorders (DC/TMD) (Schiffman 

et al., 2014) and no history of trauma to jaw, face, head, and neck that had caused 

persistent pain or dysfunction.  
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The exclusion criteria were severe systemic disease according to American Society of 

Anesthesiologist (ASA), physical status >2 and known periodontal disease.  

A total of 34 men answered the online screening survey of which five persons were 

excluded because of positive answer on the screening questions (3Q/TMD). A total of 29 

men were included in the DC/TMD examination, of them two dropped out without any 

reason before the clinical examination. Two participants were excluded after the 

DC/TMD examination because of diagnosis of pain and dysfunction according to 

DC/TMD. Further, two persons dropped out after the DC/TMD examination. A total of 23 

men participated in the bite force test 1, of which three were excluded because two weeks 

had passed before the retest was repeated, the interval between test 1 and test 2 was 

determined to be 1-2 weeks.  Further, three participants were excluded when the bite 

force transducer was broken before the retest was performed. In total, 20 participants 

completed test 1 and 17 participants completed both test 1 and test 2 (retest after two 

weeks). The flow chart showing the draft process (Fig. 1). 

Outcome variable 

Maximal voluntary occlusal bite force (MVOBF) in Newton (N). 

Test sites: first molar right, first molar left, and central incisor areas. 

The bite force device 

The MVOBF was measured with an electronic bite force device, with two metal forks 

provided with transducers sensitive to force (Fig. 2.). The bite fork was connected to a 

recorder and the force (in Newtons) was displayed on a digital display. The device can 

display the maximal values during the measurements during biting. The transducer 

surface area of 1 cm2 was covered with soft rubber tubes to protect the teeth. To keep the 

bite force transducer clean between the measurements the transducer was covered with a 

cut end of a finger from a latex glove.   

Experimental design and procedure  

The clinical examination, followed DC/TMD examination protocol and after that the 

morphological occlusion was examined. The participants were seated on a steady chair, in 

an upright position with back support, without head support and with the feet on the floor 
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and looking straight ahead. The experimental procedure followed a strict study protocol, 

according to recommendations (Verma et al. 2017). Before the measurement was taken, 

the participants were given opportunity to test their maximal bite force on the transducer. 

The participants were not allowed to see the display where the force in Newton was 

displayed. The MVOBF were measured between the upper and lower jaw at three sites 

(first molar right, first molar left, and central incisor area) in random order. 

The participants were instructed to clench their teeth as hard as they could for five 

seconds on the bite force transducer. For each position, the MVOBF measurement was 

repeated three times, with relaxation period of one minute between each measurement 

position. The total time for the experimental procedure was estimated to 30 minutes. The 

values of MVOBF was collected in Microsoft Excel.  To avoid incorrect registrations of 

data the bite force transducer was calibrated and reset before each measurement and 

checked regularly while data were collected. The test procedure was repeated after one-

two weeks (test - retest study design). The averages of the three measurements for test 1 

and retest were used for further analysis. 

Ethical reflection  

This study was an experimental pilot study with test-retest study design with research 

participants. An ethical review was made and approved by the Local Ethical Board, Umeå 

University. Informed consent was obtained from each participant after oral and written 

information about the study and its risks. Verbal information regarding the measurement 

procedure was given directly preceding the start of measurements. The participants 

themselves decided their voluntary maximal bite force they were willing to endure. An 

ethical consideration was that the repeated loading of the teeth and jaws could cause 

transient pain as well as the risk for tooth fracture. The duration of the load was however 

short, and the force direction was applied in an axial direction of the teeth as possible. 

The force transducer was covered with soft rubber and a cover to protect the teeth and 

ensure hygiene. The risk for harm was considered low. The participants could at any time 

discontinue the tests without reporting any reason.  
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Literature search 

Relevant articles was provided by our tutor before the start of the experimental part of the 

pilot study. For literature search PubMed was used, with the MeSH term: bite force, 

which generated 4847 articles. The MeSH terms was combined with keywords (e.g. bite 

force transducer, maximal voluntary bite force, tooth, molar, incisor). Out of the 

generated articles, thirty-one were included as they were considered relevant to our study 

and was read in full-length. Google scholar was also used for additional literature search.  

Statistical methods 

All data were entered into an Excel spreadsheet. Descriptive statistics were calculated in 

Excel and used to characterize the study sample. The data was then transferred to SPSS. 

For descriptive statistics, the data distribution was analyzed as mean, standard deviation, 

min and max values in Newton (N). For analytic statistics, parametric test was used since 

the variables were normally distributed. Unpaired sample T-test was used to test the 

MVOBF in different positions in the bite. Paired sample T-test was used to test possible 

intra-individual differences in MVOBF between sessions (test 1 and retest). Added post-

hoc test used statistical analysis with repeated measure (RM) one-way ANOVA. A 

probability level of P < 0.05 was considered significant.  

RESULTS 

MVOBF in different positions in the bite  

The MVOBF was higher in the molar region than in the central incisors area, but similar 

between right and left molar side in both tests (test 1 and retest). Molar right compared 

with incisors for test 1 and retest P<0.0001, respectively. Molar left compared with 

incisors for test 1 and retest P<0.0001, respectively. Molar right compared with molar left 

for test 1 and retest P=0.48 and P= 0.96, respectively (Table 1). 

Intra-individual differences in MVOBF between sessions  

There were no differences in MVOBF between test 1 and retest for each test site, first 

molar right P= 0.40; first molar left P= 0.81 and for incisor area P= 0.66 (Table 1). 
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Post-hoc analyses  

Based on collected data, a post-hoc analysis was performed, with no differences in 

MVOBF between test 1 and retest for each test site, the number of values were combined 

(in total n=37). Based on n=37 tests for each side, there was no intraindividual variation 

in MVOBF between right and left molar (paired T-test, P=0,086) and a correlation 

(Spearman r=0,82). The mean values and standard deviation in MVOBF in different 

positions in the bite (n=37) were for molar right 632N SD 166, for molar left 609N SD 

202 and for incisor area 200N SD 55 (Fig. 3) 

A further post-hoc analysis, of the intra-individual variability in MVOBF for repeated 

measurements, was added. The intra-individual variability in MVOBF for three repeated 

measurements showed significant variability for incisor area (P= 0.007), but not for 

molar right and left region (P=0.95 and P=0.49, respectively). 

 

DISCUSSION 

The maximal voluntary occlusal bite force (MVOBF) in different positions in the bite was 

lower in the incisor area compared with the molar region, but similar between right and 

left molar side, with no intraindividual differences between sessions. The first hypothesis 

in session as well as the second hypothesis between sessions were confirmed. One new 

finding in this study was that the intra-individual variability (within subject variability) in 

MVOBF for repeated measures showed variability in the incisor area but not between 

molar teeth.  

 

MVOBF in different positions in the bite 

In the present study, MVOBF was higher when measured between the molars compared 

with in between the incisors. The natural variance in maximum bite force in different 

positions in the bite, in this study population, was expected and is consistent with the 

result of previous studies (Bakke, 2006; Tortopidis et al., 1998; Hidaka et al., 1999). Due 

to jaw-biomechanics, the force production from jaw closing muscles is higher in the molar 

region than in the incisor area. Moreover, the periodontal receptors in the periodontal 

ligament around teeth, discharge in response to load applied. Although the size of the 

teeth increases distally along dental arch, the number of periodontal receptors decreases. 
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The incisors are involved in initial handling of food and are used as precision tool for 

biting off  (Trulsson and Johansson 1996; Trulsson, 2006).  Besides, the participants 

concern about damage the teeth during the measurements, is greater when biting 

maximum in the anatomical narrow incisor area, than in the molar occlusal region, with 

teeth constructed to withstand great forces. We chose to take participants without major 

restorations in the bite, because previous studies have shown that fillings in the incision 

area tend to show significantly lower bite force (Kampe et al., 1987), but also for the 

fracture risk. 

The finding that the maximal bite force was similar between right and left molar side, 

may be explained by the functional capacity in a healthy musculoskeletal jaw-neck 

system. The mandible as a bone and the muscles work in synergy to develop maximal 

force when needed for the task. We chose to report the 1.96 standard deviations away 

from the means, for future comparisons between adult healthy men and men with pain 

and dysfunction. 

Jaw maximal bite force, with equal values for right and left side, differs in comparison 

with hand strength where there is usually a 10% difference between dominant side and 

non-dominant side (Wang et al., 2018).  

If fatigue, jaw-face pain, or jaw dysfunction disturb the functional capacity, a reduction in 

maximal bite force can appear. One suggested mechanism can be protective activation to 

control the jaw closing muscle forces (Kogawa et al., 2006; Bakke, 1993) 

 

Intra-individual differences in MVOBF between sessions  

The result of significantly small intra-individual differences between sessions in MVOBF 

in different positions in the bite, in young healthy men, is in agreement with previous 

study (Tortopidis et al., 1998). The result suggests that there was a consistency in bite 

force, that the same bite force for each participant could be repeated after one-to two 

weeks (test-retest study design). A possible biological explanation can be that when 

clenching the maximum, these were indeed the maximum of which the participant was 

capable of producing, and that there was the learning effect from test 1 to the retest. 

Moreover, a possible methodological explanation for the reproducibility in the bite force, 

is the unilateral measurements, which means that the force transducer probably was 
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replaced in the same position in the dental arch in the retest session. The interpretation 

could also include that device is reliable, without methodological errors. 

 

Intra-individual variability in MVOBF for repeated measurements 

Multiple recordings were used in this test, with three repeated measurements. It is known 

that repeated recordings are more reliable than a single recording (Varga et al. 2011). 

There was significant variability for repeated measurement in the incisor area but not for 

right and left molar region. This may be explained by the fact that the participants 

considered that it was easier to clench their teeth equally hard in three repeated 

measurement in the molar region, compared to the central incisor area. It is therefore 

important that the design of the transducer fork provide a comfortable and stable surface 

to the teeth in the incisor area, which may not have been met. The participants became 

more cautious after doing the first measurement in the incisor area, because they may 

have felt that it was uncomfortable to clench their teeth as hard as possible in this area. 

This can also indicate fear of tooth fracture.  

 

Strengths and weaknesses 

The participants in this study was quite a homogenous group (healthy, age, sex, dental 

occlusion, from the same University), which can be considered both as a strength and a 

weakness. A homogenous test group can provide more accurate results because they have 

same circumstances. The weakness with a homogenous group of participants is that the 

achieved results cannot be representative and not generalized in the population. A 

strength in the study design was the random order of test sites in the dental arch, 

therefore systematic error was avoided. The fact that the participant was not allowed to 

see the display where the force in Newton was displayed can be seen as a strength because 

they were not affected by the reached measurement value. On the other hand, when a 

participant is allowed to see the achieved value on a display, it can provide some 

“competition instinct” and motivation to increase the force further. The fact that the bite 

force device was broken before the end of the study could have been a weakness, due to 

incorrect data collection. Fortunately, calibration of the bite force device was done often 

and regularly, so the error was detected in time. 
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CONCLUSION 

In the present pilot study, the results suggest that unilateral MVOBF may be repeated 

with reproducibility between sessions and that the intra-individual variability for 

repeated measures showed variability in the incisor area but not between molar teeth. 

However, the bite force device could possibly be used in clinical practice and the results 

may provide reference values for MVOBF in young adult men, to be compared with men 

with pain or dysfunction in the jaw system.  
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Table 1. The maximal voluntary occlusal bite force (MVOBF) in Newtons in different 

positions within the dental arch in test 1 and retest in young adult men. Number of values 

(n) for test 1=20 and for retest n=17.   

 

 First molar right First molar left Central incisor 

 Test 1 Retest Test 1 Retest Test 1 Retest 

Number of values  20 17 20 17 20 17 

Minimum 368 367 311 319 115 103 

Maximum 905 933 904 1140 363 272 

Range 538 566 593 820 248 170 

Mean 644 618 605 614 205 194 

1SD  162 174 185 226 61 48 

1.96SD 318 341 363 443 120 94 
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Figure 1. Flowchart showing the selection process of eligible participants.  
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Figure 2. The bite force device.  
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Figure 3. Mean and SD from combined data from test 1 and retest for maximal voluntary 

occlusal bite force (MVOBF) in Newton. Test sites: first molar left, middle central incisor 

area and first molar right, N=37. There was a significant difference in MVOBF between 

the central incisor area and the right and left molar regions but no difference between the 

molar right and the molar left region.  


