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Abstract The prevalences of signs and symptoms of temporomandibular disorder

(TMD) in Bangladeshi adolescents and their associations with intake of various hard food

items were investigated. A group of 1,200 randomly selected high school students aged

12-17 years from three communities (rural, semi-urban and urban) completed a

questionnaire on dietary habits and presence of TMD symptoms and were examined

clinically. In bivariate analysis, no significant relationship was observed between TMD

symptoms and eating of hard foods. However, in logistic regression analysis, clicking

showed a significant correlation with consumption of hard vegetable and fruits more than 3

times per week (P<0.05). A statistically significant correlation was also observed

between consumption of all hard food items (at least one item in each of the 4 categories of

hard food) more than 12 times per week and pain in the temporomandibular joint (TMJ)

(P<0.05). A positive association was found between pain in the TMJ and older age

(15-17 years) (P<0.001). The prevalence of pain in the TMJ was significantly higher in

males (P<0.01).  Prevalences of clicking and pain in the TMJ were significantly higher in

subjects living in a rural area than in subjects living in an urban area (P<0.01 and P<0.01,

respectively). Subjects having one or more decayed, missing and filled teeth (DMFT)

showed significantly higher prevalences of clicking (P<0.01) and restricted mouth opening

(P<0.01). The results suggest that prevalence of TMD symptoms are related to prolonged

consumption of hard food items.



Introduction
Temporomandibular disorders (TMDs) are a common disorder characterized by pain and
dysfunction of the temporomandibular joint (TMJ ) and masticatory muscles (1, 2). The
etiology of temporomandibular dysfunction is generally considered to be multifactorial and
is still not clear (3, 4). Even though no clear causal relationship between TMD and a
particular risk factor has yet been identified, several factors have been reported to be
associated with TMD in adults and adolescents. = Morphologic malocclusions,
parafunctional habits and trauma have been suggested to be causes of TMD (5, 6). It has
also been suggested that psychosocial functioning, life stress, depression, the presence of
multiple somatic symptoms and dental factors might be responsible for TMD (5).

Chewing and dietary habits are thought to be factors underlying the onset of TMD
(7-16). Patients complaining of TMD have often noted pain around the TMJ after
masticating hard foods (16). Other studies have shown that hardness of food has an effect
on TMJ movement (7, 8) and also has a strong influence on the level of masticatory muscle
activity (9). Prolonged mastication of hard food has been shown to cause masseter muscle
pain and displacement of the mandibular condyle and also to affect masticatory laterality
(11-13). Most of these studies, however, were conducted by using different kinds of

artificial test foods rather than normal hard foods. Moreover, in some studies (10, 11, 13),



TMD patients who visited dental clinics or hospitals were recruited rather than subjects

from the general population (17).

Signs and symptoms of TMD were found in all age groups in epidemiological

studies, with prevalence being low in small children and increasing with age in adolescence

up to young adulthood (1, 18, 19). Past studies have mainly focused on TMD signs or

symptoms in subjects over 18 years of age (1, 2, 11-13, 17, 20). Therefore, data for

teenagers younger than 17 years of age are limited (5, 6, 19). Moreover, subjects from one

particular area or community were used in most previous epidemiological studies (1, 2, 5,

7-9, 21). The results therefore may not be representative of data for adolescents or young

adults in the general populations of the countries in which the studies were performed.

Although there have been many reports on TMD in developed and some developing

countries (4, 5, 7, 8, 14-16, 22-24), there have been very few reports on TMD in Asian

developing countries (1, 2, 6, 25). To the best of our knowledge, there has been no report

on TMD in Bangladeshi adolescents. This epidemiological study was carried out to

determine the association between intake of hard food items and signs and symptoms of

TMD in young adolescents in Bangladesh.

Materials and Methods

Experimental subjects



Data for 1,200 subjects (12-17 years old) were selected for analysis. The mean age of the
sample population was 14.5%1.7 years. The number of subjects of 12-14 and 15-17 years
old was 611 (307 males and 304 females) and 589 (295 males and 294 females),
respectively. No significant difference of gender distribution was observed between the
two age groups. The subjects were inhabitants of three different communities: an urban
community (Dhaka; n = 552, 46.0% of total subjects), a periurban community (Chandpur;
n =374, 31.2%) and a rural community (Hagigonge; n = 274, 22.8%). After a school had
been randomly selected, the attendance resister of a particular class was used for selection
of subjects by a systematic random sampling method (20). Every 5th student on the
attendance register for a class was selected. For example, from a class of 50 students, 10
students with roll numbers 5, 10, 15...45, and 50 were selected. If a selected student was
not present on the day of examination, the student with next roll number was selected for
examination. All subjects were given an explanation of the study and gave informed
consent for participation in the study. Subjects who had undergone orthodontic treatment
and subjects having systemic diseases were excluded from the study.  Prior to clinical
examination, each subject completed a questionnaire (20, 25). The questionnaire was
administered in Bengali. One experienced examiner checked that all of the questions had
been correctly understood and answered.  Experienced examiners who did not know the

answers given to the questionnaires performed the clinical examinations.



TMD Symptoms

The methods used for assessing TMD symptoms were conducted according to the previous

study (6). The presence of TMD symptoms in the previous 6 months was assessed by

“yes” and “no” answers given to questions in the questionnaire on typical symptoms related

to TMD: 1. Have you ever felt pain around an ear while opening your mouth or during

chewing hard food? 2. Have you ever noticed restriction during opening mouth? 3.

Have you ever noticed any sound around your ear? Subjects were instructed not to report

fleeting or minor aches or pains, or conditions that had occurred only on a single day within

6 months (16). Scoring was done as 1 and 0, with a score of 1 for a positive answer and a

score of 0 for a negative answer.

Dietary habits

A section in the questionnaire entitled food consumption information provided data

necessary to evaluate dietary intake based on weekly consumption patterns. In order to

assess the relationships between TMD symptoms and hard food intake, a hard food

checklist (26) of 4 categories (proteins: e.g., dried fish and meat/fish bone; carbohydrates:

e.g., fried rice, dried mashed rice, hard chips and chanachur; vegetables and fruits: e.g.,

fried beans, sugarcane and coconut; sweet foods: e.g., hard candy, hard biscuits and cakes)

was used to obtain information on foods eaten by the Bangladeshi adolescents. Fried rice,



dried mashed rice and hard chanachur are the especially prepared hard foods in Bangladesh.

Data on the subjects’ tooth cleaning habits were obtained from a section in the

questionnaire on oral hygiene maintenance (27) and regular use of various oral hygiene aids

(toothbrush, toothpicks, toothpaste, powder and charcoal).

Clinical examination

Dysfunction of the TMJ and masticatory muscles (TMD signs) were clinically evaluated.

Three calibrated dentists (HN, KN, OH) carried out the clinical examinations. Calibration

concerned a weekly training session over a three months period of time. The training

consisted of (i) oral presentation followed by discussion and (ii) clinical examination of

subjects with use of specified diagnostic criteria and detailed protocols.  Reproducibility

of the clinical recordings (inter- examiner agreement) was tested by blind re-examination.

The inter examiner agreement judged by kappa value ranged from 0.64 to 0.86.

The following signs were assessed: clicking sound, jaw deviation, lockjaw, TMJ and

muscle tenderness and pain in the TMJ (19). Clicking of the joint was detected by

palpation without using a stethoscope. Subjects complaining at least one side or noted on

both sides were considered in the computation of prevalence of clicking. Jaw deviation on

opening or closing was determined by inspection of jaw movement and palpation of the ear

regions. The tenderness of the muscles and joints were recorded “yes” if pain was noted



during bimanual palpation or if the palpebral reflect was seen. The following muscles

were palpated: the temporal; the superficial parts of the masseter; and lateral and medial

pterygoids and the sternocleidomastoid (21). Temporomandibular joints were palpated

bilaterally and following regions were palpated: the lateral and posterior portion of the TMJ,

the posterior part of the mandibular ramus. Pain in the TMJ was evaluated during

mandibular movement. Number of DMFT in each subject was also recorded by

examination with a dental mirror under an artificial light.

Statistical treatment

The SPSS statistical package for Windows, version 11.5 was used for analyses of the data.

In bivariate analysis, Pearson’s chi-square test was used to establish an association between

the prevalence of each TMD symptom and other potential variables related to TMD.

When several planned comparisons are made, the probability of obtaining significance by

chance is increased. Therefore, yes (%) answers of respondents having TMD symptoms

were compared between the groups using the Bonferroni correction to adjust probability.

For instance, when clicking was associated with one of the 5 categories of hard food, the

number of comparisons was 5 and p-values below 0.05/5 = 0.01 were considered

significant.

Logistic regression analysis (25) was used to identify dietary habits and other



independent variables related to symptoms of TMD (dependent variables). Probability

levels at P<0.05 were considered statistically significant. The odds ratio with 95%

confidence intervals was computed from regression results.

Results

The prevalences of TMD symptoms according to age, sex and community are shown in

Table 1. Clicking was the most frequent symptom of TMD found in this survey. A

significant (P<0.01) relationship with pain in the TMJ was found in the older subjects

(15-17 years), and the prevalence of pain in the TMJ was higher in the male subjects

(P<0.01). The prevalences of clicking and pain in the TMJ were significantly higher in

the subjects living in a rural area than in subjects living in an urban area (P<0.001 and

P<0.01, respectively).

About 20% of the subjects had at least one clinical sign as evaluated by the

examiners. The ratios of subjects with one clinical sign, two signs and three or more signs

were 13.4%, 4.7%, and 4.5%, respectively. Prevalences of muscle tenderness, TMJ

tenderness and pain in the TMJ were significantly correlated with female gender (P<0.05,

P<0.01 and P<0.01, respectively). The prevalences of clicking (P<0.001), muscle

tenderness (P<0.001) and TMJ tenderness (P<0.001) were significantly higher in the

subjects who lived in a rural area than in the subjects who lived in a periurban area or urban
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arca.

The associations between reported symptoms in the questionnaire and dietary

habits (bivariate analysis) are shown in Table 2. No significant relationship was found

between TMD symptoms and dietary habits. There was no significant difference in

clinical signs in relation to dietary habits.

Relationships between reported TMD symptoms, DMFT, and oral hygiene

behavior are shown in Table 3. A significant association was found between clicking and

restricted mouth opening in subjects who had one or more DMFT (P<0.01) compared with

subjects having no DMFT.  Significantly higher prevalences of clicking was found in

subjects who cleaned their teeth one time/day or less than in subjects who cleaned their

teeth more than 1 time/day. The prevalence of clicking in twig and finger users was

higher than that in toothbrush users. Prevalence of clicking was higher in powder and

charcoal users than in toothpaste users. No such relationship was found in the case of

clinical signs.

Table 4 summarizes the significant relationships between variables tested and the

TMD symptoms revealed by logistic regression analysis. Subject’s intaking hard

vegetable and fruits more than 3 times per week showed a significant correlation with

clicking (P<0.05). A negative correlation (OR=0.46) was found between intake of protein

hard food and restricted mouth opening (P<0.05). Intake of items in all hard food
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categories (at least one item in each of the 4 categories of hard food) more than 12 times

per week was associated with increased prevalence of pain in the TMJ (P<0.05). Older

subjects (15 to 17 years of age) were about 1.6-times more predisposed to feel pain in the

TMIJ (P<0.001) than were younger subjects (12 to 14 years of age). Prevalence of pain in

the TMJ was higher in the male subjects than in the female subjects (P<0.01). Clicking

and pain in the TMJ were more prevalent in subjects living in a rural area than in subjects

living in an urban area (P<0.01). Subjects who had decayed, missing and filled teeth

(DMFT) were about 1.4- times more predisposed to feel clicking (P<0.01) and about

2.8-times more apt to experience restricted mouth opening (P<0.01) than were subjects who

did not have DMFT. The prevalence of clicking was higher in subjects who cleaned their

teeth one time per day or less than in subjects who cleaned their teeth more than one time

per day (P<0.05). The prevalence of pain in the TMJ was about 1.9- times higher in

subjects who used oral hygiene aids such as powder or charcoal than in subjects who used

toothpaste (P<0.05).

Discussion

In order to assess the direct impact of dietary habits on the joints of the stomatognathic

system, we evaluated the symptoms reported by the subjects and performed clinical

examinations without the use of the craniomandibular index (28) or Helkimo index (29).
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These two indices make direct association more complex because they are compound and

based on multiple variables, thus making comparison with results of other studies difficult.

The prevalence of pain in the TMJ in subjects consuming all hard food items more

than 12 times per week was about 1.5- times higher than that in subjects consuming hard

food less frequently (Table 4). The results of the present study showed that dietary habits

are associated with symptoms of TMD, especially pain in the TMJ, and may therefore be

potential risk factors for TMD. This speculation is supported by results of previous

studies showing a correlation of severity of pain of masseter and sternocleidomastoid

muscles with biting of hard food (13-15). Other studies have shown that activity of the

masticatory muscle and TMJ increases in relation to food hardness and texture (14, 15).

The texture of food, especially hardness, has been shown to have an influence on

masticatory laterality (12). Apparently, masticating hard foods induce displacement of

TMJs and causes pain by increasing the activity of masticatory muscles (11).

Logistic regression analysis showed that subjects who eat hard vegetable and fruits

more than 3 times per week were about 1.4- times more predisposed to feel clicking than

were subjects who ate such food 3 times or less per week. The reason why vegetable and

sweet hard food but not protein, carbohydrate or sweet showed a significant association

with this symptom is not clear. The very low prevalence of restricted mouth opening may

be a reason why we found a negative association with the subjects who ate protein hard
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food more than 3 times per week. Another reason might be that our study is

cross-sectional and did not reveal the causal relationship. It is possible that subjects with

restricted mouth opening cannot eat hard protein food.

Prevalence of pain in the TMJ in the older age group (28%) was higher than that in the

younger age group and is similar to the prevalence reported by Pow et al. (33%) (30).

According to logistic analysis, older subjects (15-17 years of age) had a 1.6- times higher

risk of developing pain in the TMJ than did younger subjects (12-14 years of age). Nilner

(31) reported a higher prevalence of TMD symptoms in young adults than in children. It

has been reported that pain in the TMJs of old adolescents is related to daily stress at home

or in school (5).

Gender was not a strong precipitating factor for self-reported TMD symptoms.

However, males had a significantly higher prevalence of TMJ pain (28%) than did females

(20.3%). The high prevalence of TMJ pain in males differs from results of earlier studies

showing a significantly higher prevalence of TMJ pain in females than in males (17, 32).

This difference might be due to the variability of the population. =~ The higher prevalence

of pain in the TMJ in females was consistent in the literature of samples drawn from

clinical subjects, but not from samples drawn from populations at large (33). Several past

studies support our results. Men have approximately 50% to 60% more injuries than

women and this difference might lead to different pain experiences between the genders (5).
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The past study also shows that male tended to have more often a restricted mouth opening

than girls due to the role of maturity of fine motor control of the orofacial muscles (21).

There have been few reports on differences in the prevalences of TMD in

different communities since most of previous studies were carried out in only one

community (1, 6, 21, 25). A notable in the present study is that the prevalences of TMD

symptoms, especially clicking and pain in the TMJ, were higher in adolescents in rural

areas than in adolescents in urban/periurban areas in Bangladesh. The higher prevalences

of TMD symptoms in adolescents in rural areas might be due to the higher degrees of

stresses encountered routinely within that particular community (30). Further

multifactorial studies are needed to explain this difference.

Significant relationships were found between DMFT and clicking (P<0.01) and

between DMFT and restricted mouth opening (P<0.01). Kampe (34) compared TMD

symptoms in subjects with and those without dental restorations and also found a

significantly higher prevalence of more severe TMD symptoms in subjects with restored

dentition. He therefore suggested that dental restoration should be considered as an

etiological factor of TMD.

It has been stated frequently that poor oral hygiene habit is a major risk factor

leading to TMD and other dental problems (27, 35). This was also indicated by the results

of our study. Subjects who cleaned their teeth only one time/day or less showed a higher
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risk of developing clicking (P<0.05) than did subjects who cleaned their teeth more than

one time/day. Moreover, prevalences of TMD symptoms were higher in twig or finger

users than in toothbrush users and higher in powder or charcoal users than in toothbrush

users. However, insufficient knowledge of oral health care, including proper use of a

toothbrush and toothpaste, cannot be explained as a risk indicator for TMD.

We could not find any significant correlation between clinical TMD signs and

dietary habits, and further investigation is therefore needed. One possible reason for this

discrepancy between the associations of dietary factors with TMD signs and symptoms is

that the result obtained from clinically determined TMD signs was based on point

prevalence and is different from those obtained from the questionnaire (period prevalence).

Parafunctional habit and psychological distress are considered as one of the factors

responsible for TMD. However, in our study we did not focus on these two aspects. Due

to limitations in the design of the present study, it was not possible to draw any

relationships between parafunctional and psychological factors among the adolescents

surveyed. To examine such relationships, a well-designed longitudinal study needs to be

carried out.

In summary, the present study showed that dietary habits are related, though not

strongly, to TMD symptoms. TMD seems to be multifactorial disorder. However, the

possible roles of dietary factors in the etiology of TMD should be investigated in detail in
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future studies utilizing multifactorial and interaction statistics that include not only subjects’

symptoms but also clinical findings in order to obtain more insights into the precipitating

and perpetuating factors for TMD.
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Table 1. Prevalence of TMD symptoms by age, sex and community

TMD Symptoms

‘ Clicking Pain Restricted
Factors around the TMJ in the TMJ mouth opening
Age 12-14 years 41.2 20.7 35

15-17 years 39.7 27.7* 3.0
Sex male 42.3 28.0% 3.5

female 38.5 20.3 3.0
Community rural 48.2% 30.0F 1.8

periurban 47.9% 25.1 3.5

urban 31.5 20.7 3.8

*: Significantly higher than that in the 12-14-year-old group (P<0.01)
$: Significantly higher than that in females (P<0.01)
+, §: Significantly higher than that in subjects in an urban community (7: P<0.01, {: P<0.001)



Table 2. Prevalence of TMD symptoms according to dietary habits
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TMD Symptoms

Clicking Pain Restricted

Factors around the TMJ  in the TMJ mouth opening
Protein hard food

< 3 times/week 42.5 22.2 4.2

> 3 times/week 38.5 26.0 24
Carbohydrate hard food

< 3 times/week 38.7 23.7 3.6

> 3 times/week 41.7 24.5 3.0
Vegetable and fruits hard food

< 3 times/week 373 25.2 3.5

> 3 times/week 42.8 23.4 3.0
Sweet hard food items

< 3 times/week 41.6 24.9 3.0

> 3 times/week 45.1 23.5 3.5
Combination of all hard food items

< 12 times/week 40.1 22.7 3.6

> 12 times/week 39.8 25.4 3.0




Table 3. Associations between symptoms reported in the questionnaire and other oral indexes
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TMD Symptoms, Prevalence (%)

Clicking Pain Restricted

Factors around the TMJ  in the TMJ mouth opening
DMFT

No DMFT 37.5 22.6 2.1

21 DMFT 44 5%* 26.3 4.8%*
Frequency of teeth cleaning

<1 time/day 44.0* 26.1 34

>1 time/day 333 20.3 3.0
Adjuvant

Toothbrush 37.7 233 3.5

Twig/Finger 50.4% 26.7 2.5
Materials

Toothpaste 37.5 22.7 3.1

Powder/Charcoal 49.3* 28.3 3.5

*: Significantly different between the two groups by chi-squared test and Bonferroni correction.

**: Significantly higher than that in the other group by chi-square test (**: P<0.01)



Table 4. Results of multiple regression analysis
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Factors

TMD Symptoms

Clicking
around the TMJ

Pain

in the TMJ

OR  (95% CI)

OR  (95% CI)

Restricted

mouth opening

OR  (95% CI)

Age (15-17 years)

Sex (Female)

Community
Periurban
Urban

Protein hard food

>3 times/week

0.98 (0.77-1.26)
0.97 (0.76-1.24)

1.10 (0.79-1.53)
0.59 (0.42-0.84)**

1.01 (0.78-1.32)

Carbohydrate hard food

>3 times/week

1.19 (0.91-1.56)

Vegetable& fruit hard food

>3 times/week
Sweet hard food

>3 times/week

All hard food items

>12 times/week

DMFT 21

1.42 (1.07-1.88)*

0.97 (0.74-1.28)

0.93 (0.66-1.32)
1.40 (1.09-1.79)%*

Frequency of teeth cleaning

>1 time/day
Adjuvant

Twig and finger

Materials

Powder and charcoal

0.75 (0.57-0.98)*

1.16 (0.65-2.05)

1.18(0.69-2.02)

1.62 (1.22-2.16)%**
0.67 (0.51-0.89)**

0.82 (0.57-1.20)
0.60 (0.41-0.88)**

1.31 (0.97-1.78)

1.01 (0.74-1.37)

0.76 (0.55-1.05)

0.79 (0.58-1.07)

1.54 (1.04-2.30)*
1.18 (0.89-1.57)

0.84 (0.61-1.14)

0.55 (0.29-1.02)

1.94 (1.09-3.44)*

0.72 (0.36-1.43)
0.91 (0.46-1.76)

2.03 (0.69-5.93)
2.73(0.93-8.04)

0.46 (0.22-0.96)*

0.91(0.44-1.90)

0.75 (0.35-1.59)

1.32 (0.62-2.78)

1.10 (0.43-2.82)
2.80 (1.41-5.56)**

0.85 (0.40-1.80)

0.51 (0.14-1.91)

2.17 (0.71-6.66)

*: P<0.05, **: P<0.01, ***: P<0.001
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