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Comparison of Bite Forces between Pre- and Post-Treatment 

in Patients with Temporomandibular Disorders

Sang-Il Lee, D.D.S., Ki-Suk Kim, D.D.S., M.S.D., Ph.D

　

Department of Oral Medicine, Dankook University School of Dentistry

  The purpose of this study was to compare the maximum bite forces between pre- and post-treatment related to 

specific diagnostic groups of TMD including masticatory muscle disorder (MMD), disc derangement (DD), joint 

inflammation (JI) and osteoarthritis (OA). 

  Bite force between pre- and post-treatment was compared in 36 patients with unilateral TMD, successfully-managed 

in the Department of Oral Medicine, Dankook University Dental Hospital, for this study. The ratio of men to women 

was 7:29 and their mean age of 28.1±13.7 years. The patients were categorized, through clinical and radiographic 

examination, into aforementioned 4 groups; MMD (N=18), DD (N=6), JI (N=5) and OA (N=7). The maximum bite force 

measurements were done at the antagonizing canines and 1st molars using a bite force recorder.  Paired t-test, ANOVA, 

Multiple Comparison t-tests were used for statistical analysis.

  The results of this study showed that the maximum bite force before treatment increased after TMD treatment, which 

was noticeable at the canines (p=0.001 and p=0.000 for the affected and unaffected sides, respectively). In comparison 

related to the diagnostic groups of TMD, patients with osteoarthritis of TMJ exhibited the lowest strength while those 

with inflammatory disorder of TMJ had the highest strength on the affected sides. Increase of bite force after treatment 

was also found in each group. Significant difference between pre- and post-treatment was found at canines on the 

affected sides in MMD (p=0.045) and DD groups (p=0.009) while on the unaffected sides in OA group (p=0.003).

  Conclusively, the reduced bite force due to TMD could be recovered by conservative TMD treatment and that the 

difference of bite forces between pre- and post-treatment was noticeable at the canines. 
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I. INTRODUCTION

  Bite force is exerted by the jaw elevator muscles 

and regulated by the nervous, muscular, skeletal 

and dental systems1) and measurement of the 

maximum bite force is an attempt to quantify the 

total force of the jaw elevator muscles.2) Patients 

with pain or functional disturbance from 

masticatory muscles and/or temoromandibular 

joints (TMJs) has been reported to have lower 

maximal bite force than healthy subjects.3-5) 

  Reduced bite force has been reported in patients 

with TMD by several authors.4,5) Hagberg6) 
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suggested that TMD patients use greater relative 

masticatory forces than normal subjects during 

chewing. On the contrary, the weakness of 

masticatory muscle has been considered to be a 

predisposing factor for TMD.7) An increase in bite 

force up to normal levels has been reported with 

palliation of the symptoms during treatment.
8,9)
 

Tzakis et al10) demonstrated that masticatory 

function of the patients with TMD of mainly 

musclualr origin is compromised and that treatment 

including information about the disease and 

intraoral appliance had a positive effect on the 

masticatory function. 

  Bite force has often been used as a variable for 

objectively evaluating masticatory function.11) 

However, in a study by Hagberg et al,
12)
 no 

significant difference could be found between the 

maximum bite forces for the healthy women 

controls and in female patients with objective 

muscular pain in the masseter muscles. One reason 

for this discrepancy in results could be that other 

investigators has included affections of TMJs in 

their patients materials.3,4,13) It should be kept in 

mind that TMD is heterogeneous disorders 

embracing a number of clinical problems involving 

masticatory musculatures, temporomandibular joint 

(TMJ) and associated structures.14) In addition, 

Ikebe et al
11)
 failed to find an association of TMD 

with bite force and they explained this discrepancy 

by that a major contributing factor to TMD in their 

patients was not pain but TMJ noise or mouth 

opening limitation. 

  Thus, the purpose of this study was to compare 

Dx group MMD DD JI OA Total

N 18 6 5 7 36

M:F 4:14 2:4 1:4 0:7 7:29

Age (yrs) 21.0 ± 12.2 24.8 ± 8.8 40.8 ± 14.7 33.4 ± 19.0 28.1 ± 13.7

MMD: masticatory muscle disorder, DD: disc derangement, JI: joint inflammation, 

OA: osteoarthritis

Table 1. Age and sex distribution of the patients with unilateral TMD. 

the maximum bite force between pre- and post- 

treatment related to specific diagnostic groups of 

TMD including masticatory muscle disorder, disc 

derangement, joint inflammation and osteoarthritis.

Ⅱ. MATERIALS AND METHODS

1. Subjects 

　

  Out of the patients with unilateral TMD from the 

Department of Oral Medicine, Dankook University 

Dental Hospital, 36 patients successfully-managed 

were selected for this study. None of them had any 

serious systemic illness. Excluded were those with 

any dental condition which could deteriorate bite 

force (i.e., severe tooth and periodontal disease, 

dental implant and large prosthesis of more than a 

three-unit bridge). Ratio of male to female was 7:29 

and their mean age was 28.1±13.7 years. 

  After taking a comprehensive history and perfor-

ming extensive clinical and radiographic examina-

tions, all subjects were assigned to four diagnostic 

sub-groups; masticatory muscle disorders (MMD 

group), disc derangement (DD group), joint 

inflammation (JI group) and osteoarthritis (OA 

group). The group with disc derangement of TMJ 

included patients diagnosed as disc derangement 

with or without reduction. Those with capsulitis or 

retrodiscitis of the TMJ were categorized into JI 

group. Demographics for all subjects are presented 

in Table 1 and all the measurement of bite force 

were done after receiving informed consent.
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2. Measurement of the bite force

  The maximum bite force of each subject was 

measured at antagonizing canines and 1st molars 

on the right and left sides, with a bite force 

recorder (SG 2001-1, Seokwang Co., Korea) 

designed to be used for single pairs of antagonizing 

teeth. Each subject was sit in upright position with 

neck support. After being asked to bite lightly for 

several times in order to be familiar with the 

recorder interposed the teeth to be measured, the 

subject was instructed to clench and increase the 

force successively to the maximum strength not 

until pain was felt, which required to be lasted for 

three seconds.15) 

  The bite force of the canines was measured on 

the affected and unaffected side, respectively, 

followed by measurement at 1st molars. The 

measurement was done twice on each pair of teeth 

with an interval of three minutes to lessen muscle 

fatigue as possible. The whole measurement before 

treatment was performed during TMJ examination 

at the first visit of each patient. Variable 

conservative therapeutic modalities were given to 

them, which included behavioral modification, 

pharmacological therapy, physical therapy and 

exercise, and occlusal splint therapy. None of them 

were involved with any irreversible therapy such as 

prosthestic, orthodontic and surgical treatment. The 

same measurement procedures were repeated after 

complete or substantial relief of their signs and 

Canines 1st molars

Affected side 

(mean ± SD)

Unaffected side 

(mean ± SD)

Affected side 

(mean ± SD)

Unaffected side 

(mean ± SD)

Pre-Tx N=36 60.62 ± 23.48 63.32 ± 22.11 83.47 ± 16.99 84.70 ± 20.39

Post-Tx N=36 70.02 ± 19.92 72.32 ± 18.56 88.90 ± 16.25 88.16 ± 13.37

Paired t-test p=0.001 p=0.000 p=0.081 p=0.228

(Unit : kg force)

Table 2. Comparison of the maximum bite forces between pre- and post-treatment.

symptoms.

  Comparison of the maximum bite force between 

pre- and post-treatment was performed with 

Paired t-test. ANOVA and Multiple Comparison 

t-tests were used to investigate any difference of 

the mean values and its changes correlated with 

diagnostic sub-groups and therapeutic effect.

　

Ⅲ. RESULTS

  Table 2 shows the maximum bite force between 

antagonizing canines and 1st molars in our subjects 

having unilateral TMD. The maximum bite force 

between canines obtained before treatment was 

60.62±23.48 kg force on the affected sides and 

63.32±22.11 kg force on the unaffected ones, which 

changed, after treatment, into 70.02±19.92 kg force 

and 72.32±18.56 kg force, respectively. Comparison 

of the bite forces between pre- and post-treatment, 

the maximum bite force at the first visit 

significantly increased on the affected as well as 

the unaffected sides (p=0.001 and p=0.000, 

respectively, Table 2). While the maximum bite 

force between antagonizing 1st molars before 

treatment was 83.47±16.99 kg force on the affected 

sides and 84.70±20.39 kg force on the unaffected, 

symptom-free sides, the values after treatment was 

88.90±16.25 kg force and 88.16±13.37 kg force, 

respectively. The maximum bite force of 1st molars 

also increased on the both sides after successful 

treatment, though there was no significant 
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difference between pre- and post-treatment 

(p=0.081 and p=0.228, respectively, Table 2). 

  Table 3 exhibits the maximum bite forces of the 

canines in each diagnostic group in TMD. There 

was a tendency of difference in the bite forces 

among MMD, DD, JI and OA groups before 

treatment on the affected and unaffected sides, 

respectively (p=0.080 and p=0.069) but significant 

difference was not found. On the affected sides, the 

bite force of OA group was the lowest and that of 

JI group was the highest, exhibiting significant 

difference between them (p=0.012). The bite force 

on the unaffected sides was also significantly lower 

in OA compared with each of other three groups 

(p=0.034 between OA and MMD, p=0.046 between 

OA and DD, and p=0.018 between OA and JI). The 

Diagnostic groups ANOVA

MMD DD JI OA

Pre-Tx
Affected 61.62 ± 23.92 63.48 ± 15.74 77.76 ± 25.35a 43.33 ± 18.83a p=0.080

Unaffected 65.33 ± 18.78b 68.85 ± 13.23c 75.26 ± 30.16d 44.87 ± 23.29 b,c,d p=0.069

Post-Tx
Affected 70.78 ± 19.80 70.93 ± 14.33 81.00 ± 21.82 59.46 ± 21.95 p=0.327

Unaffected 70.86 ± 16.41 70.85 ± 17.62 85.22 ± 25.68 68.11 ± 19.50 p=0.418

MMD: masticatory muscle disorder, DD: disc derangement, JI: joint inflammation,              (Unit : kg force)

OA: osteoarthritis. 

Significant difference existed between the same alphabets in multiple comparison t-test (p<0.05).

Table 3. The maximum bite force of canines in the diagnostic groups. 

Diagnostic groups
ANOVA

MMD DD JI OA

Pre-Tx
Affected 83.72 ± 13.67a 84.22 ± 10.23 100.00 ± 16.85a,b 70.36 ± 21.19b p=0.023

Unaffected 84.47 ± 18.47 91.07 ± 6.93  94.76 ± 30.36 72.66 ± 22.57 p=0.240

Post-Tx
Affected 88.36 ± 20.87 87.13 ± 7.40  96.92 ± 12.59 86.06 ± 9.41 p=0.695

Unaffected 85.17 ± 16.64 89.55 ± 7.06  95.72 ± 9.33 89.27 ± 8.97 p=0.472

MMD: masticatory muscle disorder, DD: disc derangement, JI: joint inflammation,              (Unit : kg force)

OA: osteoarthritis. 

Significant difference existed between the same alphabets in multiple comparison t-test (p<0.05).

Table 4. The maximum bite force of 1st molars in the diagnostic groups. 

maximum bite forces obtained after treatment didn’t 

show any significant difference among the four 

sub-diagnostic groups on the affected sides 

(p=0.327), nor the unaffected sides (p=0.418). 

  The maximum bite force of the 1st molars in the 

diagnostic groups was indicated in Table 3 and 

significant difference exists only on the affected 

sides before treatment (p=0.023). JI group had the 

highest bite force of 100.00±16.85 kg force, 

exhibiting significant difference as compared with 

that in MMD (p=0.044) and OA (p=0.002) groups, 

respectively. 

  Fig 1 to 4 represents changes in the maximum 

bite force before and after treatment in each 

diagnostic group. The bite force in the MMD group 

was significantly increased after treatment 
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particularly at the canines on the affected side 

(p=0.045) and this change was also seen at the 1st 

molars on the affected sides although they showed 

weak significance (p=0.060, Fig. 1). In the subjects 

with DD, significant increase of bite force related 

with treatment was found only on the canines of 

the affected sides (p=0.009, Fig. 2) and joint 

inflammation group showed increase in bite force of 

the canines of the unaffected sides with weak 

significant difference (p=0.098, Fig. 3). The 

maximum bite force in OA group was noticeably 

increased after treatment but significant difference 

existed only at the canines of the unaffected sides 

(p=0.003). The difference of bite force measured 

between the 1st molars showed weak significance 

Fig. 1. Comparison of the maximum bite force between pre- 

and post-treatment in the masticatory muscle 

disorder group.

Fig. 2. Comparison of the maximum bite force between pre- 

and post-treatment in the disc derangement group.

(p=0.058 and p=0.060 for the affected and unaffected 

sides, respectively, Fig. 4). 　

Ⅳ. DISCUSSION

 

  A close correlation between bite force and 

masticatory efficiency has been found in several 

studies.
16)
 Most of the patients with TMD appear to 

have unsatisfactory masticatory function and 

compromised values of masticatory efficiency and 

bite force.
16)
 Bite force endurance, on a submaximal 

level, has been found to increase after treatment in 

TMD patients.17)

  Comparison of the maximum bite force between 

pre- and post-treatment in this study showed 

Fig. 3. Comparison of the maximum bite force between pre- 

and post-treatment in the joint inflammation group.

Fig. 4. Comparison of the maximum bite force between pre- 

and post-treatment in the osteoarthritis group.

increased the bite force after complete and 

substantial relief of TMD, which is in agreement 

with previous studies.8,9,10) In examining details in 
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this study, the bite force of the canines was 

significantly increased after treatment on the 

affected and unaffected sides (p=0.001 and 0.000, 

respectively Table 2). At the 1st molars on the 

affected sides, the reduced strength of 83.47±16.99 

kg force before treatment was recovered to 

88.90±16.25 kg force after treatment even though 

they showed lack of positive significant difference 

(p=0.081, Table 3). These findings indicate that the 

bite force exerted by anterior teeth was more 

deteriorated compared that of posterior teeth. It 

might be due to the fact that the bite force between 

1st molars needs activation of more muscles than 

canine does. It is, therefore, likely that one or more 

deteriorated muscles are compensated by other 

muscles in the molar region. In addition to it, lever 

system of mandible is more efficient in the 1st 

molar than in the canines.14)

  Review of studies demonstrated that individuals 

with various TMD were reported to show a 

decrease in bite force,18,19) but this has not been 

found by others.20) These conflicting findings may, 

in part, resulted from that TMD comprises various 

clinical problems involving masticatory 

musculatures, TMJ and associated structures. 

Thus, this study compared any difference in the 

maximum bite force related to the specific 

diagnostic groups of TMD. When the subjects were 

categorized into MMD, DD, JI and OA, all the 

groups showed increased bite force after treatment 

but significant difference among the groups was 

found only at the 1st molars on the affected side 

(p=0.023, Table 3). The subjects with inflammatory 

disorders of TMJ showed the highest bite force of 

100.00±16.85 kg force, exhibiting significant 

difference as compared with that in MMD (p=0.044) 

and OA (p=0.002) groups, respectively. Bite force at 

the canines before treatment showed a tendency of 

difference among MMD, DD, JI and OA groups 

although significant difference was weak (p=0.080 

and p=0.069 for the affected and unaffected sides, 

respectively). The maximum strength from both 

canines and 1st molars was the highest in JI group, 

which was noticeable on the affected side. The 

higher bite force on the affected sides is thought to 

be that the bite force recorder placed between the 

teeth of the subjects functioned as a separator, 

possibly leading to exertion of the maximum force 

without eliciting pain of TMJ by avoiding joint 

load. 

  On the while, OA group showed the lowest in its 

strength, possibly being explained by pain and 

orthopedic instability of the TMJ due to structural 

changes in the subarticular bone of the condyle 

fossa such as flattening, osteophytes, and erosions. 

In a study on masticatory functions in patients with 

juvenile rheumatoid arthritis, Harper et al
21)
 

observed altered chewing performance which 

supported the use of a pain avoidance mechanism 

during chewing. Pain conditions affecting the TMJ 

may be associated with a “splinting” reaction, 

which may serve to limit jaw movements, and with 

peripheral and central sensitization contributing to 

the pain.22) Experimental TMJ pain elicited by 

pressure has been reported to reduce jaw-elevator 

activity during chewing
23)
 and patients with TMD 

have generally longer duration of chewing cycles 

and lower bite force.5,24) In a study concerning the 

patients with TMJ pain, Handsottir and Bakke
25)
 

observed that the maximum bite force was 

positively correlated with the patient’s TMJ PPT 

(pressure pain threshold). 

  Increase of bite force after treatment was also 

found in all the groups, which demonstrate that bite 

force can be affected not only from pain (affecting 

TMJ or masticatory muscles) but also from 

functional disturbances or otheopedic instability. 

However, Bonjardim et al
26)
 indicated that 

dysfunction index (DI) of Helkimo’s was not 

correlated with the bite force and that pain in the 

masticatory muscles prevented the patients from 

exerting maximum bite force. On the while, Sato et 

al28) showed significantly decreased chewing ability 

in the patients with disc derangement of TMJ as 

compared with the normal subjects.

  However, due to the lack of number in subjects, 

the difference among diagnostic groups can not be 

positively ascertained in this study. In order to 
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understand the difference among the sub-groups of 

TMD better, there is a need for a clinical study in 

a large population with TMD. Various pain 

intensity and muscles involved of the subjects 

would be concerned as well.

　

V. CONCLUSIONS

  Based on these findings, it is assumed that pain 

and orthopedic instability due to TMD can 

deteriorate bite force, possibly leading to functional 

disturbance of mastication. This study also showed 

that the reduced bite force due to TMD could be 

recovered by successful conservative TMD 

treatment and that the difference of bite forces 

between pre- and post-treatment was noticeable at 

the canines. 
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국문요약 

 

측두하악장애 환자의 치료 후 교합력 비교 

단국 학교 치과 학 구강내과학교실

이상일․김기석

  본 연구는 측두하악장애가 과 근육 등 다양한 구조물에 이환되는 복합 인 질환을 통칭하는 용어인 을 

고려하여 이환 구조물에 따라 세부 진단군으로 분류하여 최 교합력을 조사함으로써 진단에 따른 교합력의 차

이  치료 후의 교합력 변화를 평가하고자 하 다. . 

  본 연구를 하여 단국 학교 치과 학 부속병원 구강내과에 내원한 측두하악장애 환자  교합이 비교  

정상이고 치아상실이나 치주질환이 심하지 않은 편측성 증상과 징후를 환자 에서 치료가 종결된 환자 36명

(남:여=7:29, 평균연령 28.1±13.7세)을 상으로 하 다. 첫 내원시에 교합력측정기를 이용하여 이환측  비이환

측의 견치와 제1 구치에서 최 교합력을 측정하여 비교한 다음, 치료가 종결된 상태에서 다시 한번 최 교합력

을 측정, 비교하 다. 통계분석을 해 paired t-test, ANOVA, multiple comparison t-tests를 사용하 다.

  연구의 결과, 견치에서는 증상측과 비증상측 모두 치료 에 비해 치료 후 최 교합력이 통계 으로 유의한 

차이를 보이며 증가했으며,(p=0.001, p=0.000) 제1 구치에서는 증상측에서만 다소 증가된 경향을 보여주었

다.(p=0.081) 치료 후의 최 교합력의 변화는 견치에서 뚜렷하게 나타났으나 측두하악장애를 이환 조직에 따라 

작근장애군, 내장증군, 염증군  골 염군으로 나 어 비교했을 때 증상측 구치부에서 각 진단군

간에 유의한 차이를 보여주었고,(p=0.023) 견치에서는 일부 군에서만 차이가 찰되었다. 견치와 제1 구치 모두

에서 골 염군의 최  교합력이 다른 군과 비교하여 가장 낮았는데, 이는 통증과 정형  불안정이 교합력의 

감소를 유발한다는 것을 알 수 있다. 치료 후의 차이는 작근장애군과 내장증군에서는 증상측에서 유의

하게 찰된 반면, 골 염군에서는 비증상측에서 유의하게 찰되었다(p<0.05). 

  즉, 본 연구는 근육 는  기원의 통증, 기능이상, 정형  불안정은 최 교합력의 감소를 야기하며 이는 

보존 인 치료 후에 회복됨을 보여주는데, 치료 후의 변화는 제1 구치보다 견치에서 뚜렷하게 나타났음을 

시사한다.
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