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Selection of question items for screening patients with
temporomandibular disorders and estimation of their validity
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. Abstract There have been no questionnaires in epidemiologic studies that estimated cross-validation of question items for

screening temporomandibular disorders (TMD). The purposes of this study were to select question items for screening of TMD, and

to assess their validity.

Methods : We analyzed 2,360 dental patients (TMD' prevalence rate : 11.7%) who visited any of four dental treatment facilities

during one year from October 2005. Cross-validation, criterion-based validation, and estimation of cut-off value for diagnostic accuracy

for TMD were calculated.

Results : Four question items (five-point numeric rating scale) were selected from 20 predetermined items by factor analysis followed

by Mokken analysis. The validity was confirmed by construct-validity, cross-validity, criterion-related validity, polychotomous item

and the specificity was 0.811.

response theory and Cronbach’ «. The cut-off value of the total value of the four items was 8.5, indicating that the sensitivity was 0.746

Key words temporomandibular disorders, epidemiologic study, questionnaire, polychotomous item response theory, validation
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Selection and Validity Test of One Question Item for Screening of
Temporomandibular Disorders
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_ Abstract There is no question which tests the validity for screening temporomandibular disorders (TMD) targeting the population.

Purpose : To select one from four fixed questions, which validated screening TMD for dental patients, and to test the cross-
validation and diagnostic accuracy.

Methods and Subjects : A total of 1,245 dental patients (TMD prevalence rate : 12.4%) who visited either of four dental offices during
one year were asked to answer the four screening questions on a five-point numeric rating scale and binary scale (yes/no). The patients
were classified into two groups using the random selection method in SPSS (SPSS, Tokyo, ver. 14). We used ROC curves and the
non-parametric dichotomous item scalability test for item selection, and calculations of diagnostic accuracy and Bayesian statistics
for reliability.

Results : The question ‘When you open your mouth widely and/or close it, do you feel pain in your jaw?’ was selected, and the cross-
validation was proved. The diagnostic accuracy was 0.701 (sensitivity), 0.871 (specificity), and 0.130 (false positive rate). In the false

positive group of the question, pericoronitis, dental caries, and periodontal disease were included ; these need to be diagnosed by close
inspection.

Key words temporomandibular disorders, screening, validity, questionnaire
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suMMARY The purposes of this study were (i) to
examine the relationship between the number of
natural teeth and the number of functional tooth
units in Japanese adults, (ii) to evaluate how func-
tional tooth units relate to subjective masticatory
ability and (iii) to determine the minimum number
of natural teeth and functional tooth units needed
to maintain adequate self-assessed chewing func-
tion. A self-administered questionnaire was given
and dental examination was conducted for 2164
residents aged 40 to 75 years. Counts were made on
the number of functional tooth units of natural
teeth (n-functional tooth units), the sum of natural
teeth and artificial teeth on implant-supported
and fixed prostheses (nif-functional tooth units)
and the sum of natural teeth and artificial teeth on
implant-supported, fixed and removable prostheses
(total-functional tooth units). The average number
of natural teeth, n-functional tooth units and

nif-functional tooth units decreased with age, but
these were often replaced by functional tooth units
from artificial teeth on removable prostheses. Total-
functional tooth units in 50-59 year old people were
slightly lower compared with those in other age
groups. Subjects who reported that they could chew
every food item on an average had 23-4 total natural
teeth, 12:6 posterior natural teeth, 7-6 n-functional
tooth units, 8-6 nif-functional tooth units and 10-4
total-functional tooth units, and subjects without
chewing difficulties had fewer functional tooth
units from removable prostheses. Maintaining 20
and more natural teeth and at least eight nif-
functional tooth units is important in reducing the
likelihood of self-assessed chewing difficulties.
KEYWORDS: masticatory ability, functional tooth
units, tooth loss, dentition, chewing
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Introduction

A number of factors could influence masticatory func-
tion, including loss of teeth and restorations (1-9), bite
force (10-12) and malocclusion (13). Tooth loss is
related not only to impairment of chewing efficiency
but also to other health problems (e.g., lower extremity
strength, agility and balance) in elderly population
(14). To rehabilitate masticatory function, missing teeth
are often replaced with fixed or removable dental
prostheses.

There are many methods for evaluating masticatory
function: the modified Mastication Performance Index
(15-17), the Craniomandibular Index (18, 19), bite

© 2008 The Authors. Journal compilation ® 2008 Blackwell Publishing Ltd

force (7, 20) and electromyography (21). Chewing tests
have shown a clear relationship between dental state
and objective masticatory performance (1, 22-26).
Subjective masticatory ability, as determined from
questionnaires is closely related to the number of
remaining natural teeth (3, 5, 24, 27-29). Yamamoto’s
chewing-ability test, which measures subjective masti-
catory ability has been widely used for many years in
Japan, because it contains typical Japanese food items
(30, 31).

Functional tooth units (FTUs), defined as pairs of
opposing teeth have been used to evaluate masticatory
function as well as oral condition and dietary intake
(17, 32-37). The number of FTUs is an important

doi: 10.1111/j.1365-2842.2008.01847.x
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determinant of masticatory performance (17, 37).
A smaller number of FTUs is associated with chewing
difficulties, and an association exists between the lack
of FTUs and poor dental functional status (3.7). Loss of
posterior FTUs, in particular is thought to be a key
variable towards the loss of masticatory function.
However, very few studies using FTUs have been
carried out previously in Japan (38).

Because masticatory impairment has a negative
impact both on dental health and general health, the
relationship between FTUs and masticatory function
should be examined. We evaluated different types of
FTUs that are composed of natural teeth, artificial teeth
on fixed and removable prostheses. No previous studies
have examined the influence of tooth composition on
FTUs’ relationship to masticatory function.

We hypothesized that the number of natural teeth
was closely related to FTUs and chewing ability was
positively influenced with the number of natural teeth
and FTUs. Thus, the purposes of this study were (i) to
examine the relationship of the number of natural
teeth to the number of FTUs in Japanese adults, (ii) to
evaluate how different types of FTUs contribute to
subjective masticatory ability and (iii) to determine the
number of natural teeth and FTUs needed to maintain
adequate self-assessed chewing function.

Methods

Subjects

We mailed invitation letters to about 25 000 residents
ages 40 to 75 years who dwelt in jurisdiction of Yokote
Health Centre, Akita Prefecture, Japan and informed
them about the purposes and the design of the study to
seek their participation in the research. This conve-
nience sample consisted of 2177 participants who
agreed to join the study and signed the informed
consent form. Investigation was carried out from July
2005 through December 2006. Self-administered ques-
tionnaires were given and dental examinations were
conducted at local dental offices with the cooperation of
the Yokote and Hiraka Dental Associations. A total of
2164 people (916 men: mean age = 61'7; s.d. = 88,
1248 women: mean age = 59-8; s.d. = 9-2) were used
for the analysis after excluding subjects who had
incomplete data on the studied variables. This study
protocol was approved by the Tokyo Medical and
Dental University Ethical Committee.

Questionnaire

The self-administered questionnaire items consisted
of demographic information (gender and age) and
Yamamoto’s chewing-ability test questions that asked
whether the subject was able to chew the following 15
items that were arranged from hard to easy chewable
food: peanuts, hard rice cracker, pickled radish, dried
squid, dried scallop, boiled octopus, french bread, beef
steak, pickled scallion, raw squid, konjac (jelly made
from arum root), fishcake, broiled eel, raw tuna and
steamed rice.

Dental examination

Clinical examinations of dental status (third molars
were excluded) were performed, by trained and cali-
brated dentists, by making the subjects sit in a dental
chair with an operatory light, a dental mirror and an
explorer. The dentists examined carious status as well
as types of prosthetic restoration. Standardized clinical
criteria based on the WHO format (39) were described
in detail in a handbook distributed to all participating
dentists.

Functional tooth units

The total number of FTUs (total-FTUs) were defined as
pairs of opposing natural teeth (i.e., sound, restored and
D,-D, scale carious teeth) and artificial teeth on
implant-supported, fixed (bridge pontics) and remov-
able prostheses. Dy4 scale carious teeth with extensive
coronal destruction and missing teeth were regarded as
non-functional. Only FTUs from posterior teeth, in
which two opposing premolars were defined as one
FTU and two opposing molars were defined as two FTUs
were investigated. Therefore, a person with a complete
dentition had 12 FTUs (third molars/wisdom teeth
excluded). The number of FTUs was further divided by
tooth composition into n-FTUs (FTUs of natural teeth)
and nif-FTUs (FTUs of natural teeth and artificial teeth
on implant-supported and fixed prostheses).

Statistical analysis

Mean differences of natural teeth and the three sets of
FTUs were analysed with awova followed by the
Bonferroni’s multiple comparison method. An associa-
tion among variables was investigated using Pearson’s

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Lid
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Table 1. Mean (s.d.) number of total and posterior natural teeth by gender and age group

Total natural teeth Posterior natural teeth

Age group n Male (n = 916) Female (n = 1248) Male (n = 916) Female (n = 1248)
40-49 300 259 (2'5) 25:8 (2:6) 14-3 (2:0) 14-1 (2-3)
50-59 650 233 (5:8) 23-3 (5-1) 12:4 (4-0) 12-4 (3-6)
60-69 755 207 (7°7) 19-0 (8:4) 109 (4:8) 9-5 (5:1)
70-75 459 159 (9-2) 133 (93) 81 (55) 63 (52)

Total 2164 20-8 (7-9) 204 (82) 11-0 (49) 10-5 (5°1)

correlation analysis. Age and gender adjustment was
made by specifying these variables as covariates in the
aNcova. The statistical analysis was performed with the
spss 15-0J software.

Results

Of the 2164 subjects, 93 were edentulous and com-
plete-denture wearers. The numbers of total and
posterior natural teeth by age group are presented in
Table 1. The numbers of both total and posterior
natural teeth decreased with age and both males and
females showed significant differences (P < 0-001)
among all age groups. For both the number of total
and posterior natural teeth, significant gender differ-
ences were found within age groups of 60-69 (total:
P < 0-01, posterior: P < 0-001) and 70-75 years (total:
P < 0-01, posterior: P < 0-:001). However, for the FTUs,
no significant gender differences were detected, and the
values of males and females were combined in Table 2.

Both n-FTUs and nif-FTUs decreased with age and
significant differences were found among all age groups
(P < 0001), however, the number of total-FTUs
remained relatively constant. The 50-59 year old age

Table 2. Mean (s.d.) number of different types of FTUs by age
group

group had a slightly lower total-FTUs value compared
with other age groups, and significant differences were
found between the following age groups: 40-49/50-59
(P < 0-01) and 50-59/70-75 (P < 0-05). Comparison of
the numbers of nif-FTUs and total-FTUs indicated that
the number of artificial teeth on removable prostheses
increased with age. This was most noticeable in the age
group of 70-75 years who had six FTUs from removable
prostheses.

Pearson’s correlation coefficients showed that all
variables were significantly associated except the
number of total natural teeth and total-FTUs. The
correlation coefficients among natural teeth, n-FTUs
and nif-FTUs were greater than 084 (P < 0-001).
Although significant associations of total-FTUs with
posterior natural teeth (r = 010, P < 0:001), n-FIUs
(r = 027, P < 0-001) and nif-FTUs (r = 0-27, P < 0-001)
were seen, their correlation coefficients were relatively
small.

Figures 1 and 2 present the gender and age-adjusted
mean number of natural teeth and the three types of
FTUs for each of the 15 food items in Yamamoto’s
chewing ability test. For all 15 food items, subjects who
reported that they could chew every food item had a
higher mean number of natural teeth and FTUs
compared with those who could not. The differences
were more obvious in hard food items such as peanuts
and hard rice cracker than in soft food items such as

Agegroup 7 n-FTUs nif-FTUs to1al-FTUs 3w tuna and steamed rice. Mean differences were
40-49 300 93 (3:0) 102 (26) 104 (2:3) significant at P < 0-05 for most food items except
50-59 650 72 (40) 82 (40) 9-8 (29) steamed rice and for natural teeth and total-FTUs with
6069 755 5-3 (4-4) 61 (47) 101 (26) raw tuna.

70-75 459 3139) 38 (43) 103 (27) Subjects were divided into two groups depending on

Total 2164 5:9 (45) 68 (47) 10-1 (2:7) whether they stated that they could chew all 15 food

FTUs, functional tooth units; n-FTUs, number of FTUs of natural
teeth; nif-FTUs, number of natural, implant-supported and fixed
prostheses FTUs.

items or not. Subjects who reported that they could
chew all 15 food items had a significantly higher mean
number of natural teeth and all types of FTUs compared
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Ajusted mean number of natural teeth
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[ Subjects who reported that they couldnot chew the food item

Steamed rice

with those who could not (P < 0-001) (Table 3). Over-
all, subjects who answered that they could chew every
food item had 234 total natural teeth, 126 posterior
natural teeth, 7-6 n-FTUs, 8:6 nif-FTUs and 104 total-
FTUs. Subjects without chewing difficuliies had fewer
FTUs by removable prostheses (approximately two) in
conirast to subjects with difficulties (approximately
five).

Discussion

The mean number of both total and posterior natural
teeth decreased with age in this sample and a significant

Posterior Total

*kE

%
Fig. 1. Adjusted mean number of

natural teeth by Yamamoto’s chew-
ing-ability test on 15 food items.
Left of the line is the number of
posterior natural teeth, right of the
line is the number of anterior natural
teeth and whole bar is the number of
total natural teeth. Arrow bars
represent s.e. of number of total

**+: p<0.001
natural teeth.

correlation was seen between these two numbers. The
trends in which the number of natural teeth decreases
with age, and that elderly males retain more natural
teeth than elderly females are comparable with the
results of a Japanese survey of dental diseases con-
ducted in 2005 (40). The number of natural teeth in our
sample is only slightly smaller (by up to two teeth)
compared with reports from the Japanese survey.
Masticatory function can be measured using self-
reporting or a clinical test. Objective measurements
with chewing of a test food may be preferable because
they are reliable indicators of masticatory performance
(12, 33, 41). For very large samples, chewing tests take
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Adjusted mean mumber of n-, nif-and total-FTUs
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Raw tuna . -
supported and fixed prostheses
(nif-FTUs); and whole bar is the
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number of total-FTUs. Arrow bars

represent s.e. of number of
total-FTUs.

too much time and need special instruments. The self-
reported assessment of chewing ability is simple, infor-
mative and valid for large samples (42). Yamamoto’s
chewing ability test relies on the subject’s judgment of
various Japanese food items that are most commonly
eaten in Japan.

The current findings suggest that the poorer the
dentition status, worse the masticatory ability. Subjects
who answered that they could chew every food item
had a higher number of natural teeth compared with
their counterparts. That is, chewing is easier with a
greater number of natural teeth. In contrast, subjects
were more likely to experience chewing difficulty if
they had lost more natural teeth.

In 1982, the World Health Organization adopted
‘retention throughout life of a functional, aesthetic,
natural dentition of not less than 20 teeth’ as a goal for

Subjects who reported that they could chew the food item
[ Subjects who reported that they could not chew the food item

*: p<0.05 **: p<0.01 ***: p<0.001

oral health (43). FDI also determined a goal that
recommended 50% of individuals of 65 years and
above to have 20 or more teeth (44). In Japan, the
Ministry of Health and Welfare launched a campaign in
1989 (the 8020 campaign) to encourage the Japanese
population to retain at least 20 or more own natural
teeth up to the age of 80 years (45—47). In 2000, a
national health plan, ‘Healthy Japan 21’ was begun,
with the oral health goal to help people prevent tooth
loss so that they could retain at least 20 teeth through-
out their lifetimes.

Our results show that having an average of 23-4 total
natural teeth allow subjects to eat all 15 food items. The
subjects having problems with one or more food items
have significantly lower number of total natural teeth
(17-2). These findings are in agreement with former
studies, which showed that impairment of masticatory
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Table 3. Adjusted mean number of natural teeth and FTUs by
Yamamoto’s chewing ability test status

Status n Mean (s.d.) P
Total natural teeth + 1195 234 (6-6) *
- 969 172 (6'9)
Posterior natural teeth + 1195 126 (4°2) *
- 969 86 (4-4)
n-FTUs + 1195 76 (3-8) *
- 969 40 (3-7)
nif-FTUs + 1195 86 (3-8) *
- 969 47 (4°1)
total-FTUs + 1195 10-4 (2:5) *
- 969 9-8 (3-1)

FTUs, functional tooth units; n-FTUs, number of functional tooth
units of natural teeth; nif-FTUs, number of natural, implant-
supported and fixed prostheses FTUs.

+: Subjects who reported that they could chew all 15 food items.
—: Subjects who reported that they could not chew some of 15
food items.

*P < 0-001.

function occurred when fewer than 20 teeth are
present (27), and people retaining 20 or more natural
teeth could eat most types of Japanese foods (45-48).
Furthermore, this study shows that people with an
average of 8:6 posterior natural teeth are likely to have
problem in chewing one or more food items. This result
is not in agreement with previous studies (24, 29, 49,
50) which suggested that as long as people maintain at
least eight premolars, it is possible to maintain adequate
oral function (i.e., satisfactory biting and chewing). On
an average, 12-6 posterior natural teeth were needed to
chew all food items without problems in this sample.
Subjects with fewer FTUs are thought to be substan-
tially at increased risk for chewing difficulties as Hatch
et al. (17) reported that the single best predictor of
masticatory performance was the number of FTUs. In
this study, it was found that people with an average of
7-6 n-FTUs (or 8-6 nif-FTUs) did not have problems with
the 15 food items. The subjects having problems with
one or more food items had significantly lower values:
40 n-FTUs (or 47 nif-FTUs). Thus the number of
FTUs of natural teeth or/and artificial teeth on fixed
prostheses should on an average be eight or more, in
other words, four pairs of premolars and two pairs of
molars to avoid chewing problems. These findings are
different from the studies, which report that having 10
occluding pairs from premolar to premolar, namely four
FTUs have been recognized as providing function at a
sub-optimal but acceptable level for older people (50,

51), and intact premolars and at least one pair of
occluding molars, that is, six FTUs, provide sufficient
chewing ability (52). Current results, however are
similar to the studies indicating that five or fewer FTUs
define a threshold for problematic dental functional
status. (35, 37).

Analysis of the different types of FTUs indicated that
subjects without chewing difficulties had fewer FTUs
supplied by removable prostheses compared with their
counterparts. In other words, those who reported
difficulties in chewing food items had many missing
teeth restored by dentures. In particular, elderly
subjects who lose their natural teeth recover their
FTUs mainly with removable prostheses. The strong
correlations in the number of natural teeth, n-FTUs
and nif-FTUs indicate that subjects who had more
natural teeth were more likely to have FTUs with
natural teeth and fixed prostheses. Very weak corre-
lations of total-FTUs with natural teeth, n-FTUs and
nif-FTUs suggest that once a subject loses many
natural teeth the missing teeth are restored with
removable prostheses.

Removable prosthodontic treatments provided the
current subjects, especially the elderly, with up to six
additional FTUs. Subjects who reported that they could
and could not chew all food items had on an average
104 and 9-8 total-FTUs, respectively. Although the
difference was very small, real oral function between
two groups would be very different. FTUs based on
removable prostheses may add very little in avoiding
chewing problems. Hence, it is apparent that total-FTUs
are not a good index to distinguish groups with and
without chewing problems and are irrelevant for the
actual oral functional status.

Masticatory function with dentures is thought to be
affected by many factors such as retention and stability
of the denture, denture shape and the action of the soft
tissues. There are also reports that the subjective
masticatory ability becomes less reliable as the number
of teeth decreases (53); some subjects report a high
chewing ability even when their number of teeth is
close to zero (54). Future research should examine the
relationship between subjective and objective mastica-
tory function, and how the number of FTUs affecting
masticatory function is related to conditions of the
dentures, such as adaptation, retention and extension.

We evaluated a convenience sample which is derived
from a community; therefore, the present report may
not be generalizable if there are differences in the
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demographic characteristics of the sample from the
overall Japanese population. However, the study sub-
jects were community residents, not patients; and the
numbers of natural teeth were very similar to those of
Japanese survey data. Therefore, we consider this
sample as an approximate profile of the adult Japanese
population even if it is not representative for the
Japanese population. In a future study, we will test
whether these results can be generalized to other
populations.

Our study confirms that the numbers of natural teeth
and FTUs are key components of chewing ability, and
suggests that maintenance of these factors may be of
primary importance for promoting healthy oral func-
tion. Our community-based research adds evidence
that maintaining 20 and more natural teeth and eight
and more FTUs based on natural and fixed prosthetic
teeth is important in reducing the likelihood of chewing
difficulties, and primary interventions to maintain or
improve masticatory function in subjects should be
aimed at the preservation and restoration of FTUs,
preferably with fixed prostheses.
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