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The World Health Organization has considered 
the number of teeth to be a key indicator for 

oral health status.1–4 However, since different tooth 
types have different functions, the question arises of 
whether simply the number of teeth present is ad-
equate to describe the status of dentitions in terms 

of functionality. Moreover, it has been demonstrated 
that the impact of missing teeth on oral functions 
and oral health–related quality of life (OHRQoL) is 
only partially dependent on the number of missing 
teeth.5–8 Also, location and tooth type are mentioned 
to be relevant in this respect.9–13 

Loss of anterior teeth markedly impairs esthet-
ics and satisfaction with dentition, while satisfac-
tion is most likely to be achieved in individuals who 
also retain premolars.9,14–16 Absent molars have a 
relatively small impact on esthetics and satisfac-
tion15 but are associated with impaired chewing 
function.16–18 Several studies described the rela-
tionship between chewing ability and the number 
of posterior occluding pairs (POPs), but although 
this has been recognized to be a key variable, only 
ambiguous results were found regarding the exact 
number and location of POPs needed for satisfac-
tory chewing ability.12,19–23

In a previous paper, the authors described the 
development of a hierarchical classification system, 
based on easily computable conditional probabili-
ties, that reflects the functionality of dentitions. The 
classification is based on the number of teeth pres-
ent, completeness of anterior regions, and number 
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Purpose: The aim of this research was to explore the relationship between chewing 
ability and dental functional status, perceived oral health–related quality of life, 
and a number of background variables in a Vietnamese population. Materials and 
Methods: The cluster stratified sample consisted of 2,805 dentate subjects aged 
≥ 20 years from urban and rural areas in Southern Vietnam. Chewing ability was 
assessed using a questionnaire that included questions on perceived difficulty with 
respect to eight foods and three questions of the Oral Health Impact Profile that were 
considered relevant. Results: Only a minority reported serious problems with chewing 
ability (reporting difficult or very difficult to chew). The logistic regression analysis 
on chewing ability outcomes showed significant relationships between chewing 
ability and having ≥ 10 teeth in each arch, having sufficient molar regions (≥ 1 molar 
posterior occlusal pair [POP] bilaterally) for hard and soft foods, and having sufficient 
premolar regions (≥ 3 POPs), especially for hard foods. In the hierarchical functional 
classification system, likelihood to report complaints on chewing ability appeared to 
discriminate in the branch “≥ 10 teeth in each arch.” Likelihood at subsequent levels 
ranged from approximatel 1.5 to 3. In the branch “< 10 teeth in each arch,” likelihood 
did not discriminate because the groups lacked sufficient homogeneity. Conclusions: 
Chewing ability and oral health–related quality of life were positively correlated. 
Among all dental and other variables, decreased chewing ability was strongest when 
correlated with older age categories and not correlated or weakly correlated with 
sex, socioeconomic status, and residence. Int J Prosthodont 2011;24:428–436.
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of posterior POPs. It was concluded that this clas-
sification system is a useful framework for mapping 
a large variety of configurations of dentitions with a 
fairly high homogeneity.24 

The present study aimed to investigate the rela-
tionship between chewing ability and functional lev-
els according the system described previously, after 
controlling for a number of background variables.24 It 
was hypothesized that chewing ability was correlated 
with the configurations identified by the classification 
system.

Materials and Methods

Sample Construction

A cluster stratified sampling design was used to draw 
subjects aged ≥ 20 years from urban and rural areas 
of three provinces in Southern Vietnam: Can Tho, An 
Giang, and Ho Chi Minh. The sample construction has 
been described in detail in a previous report.1 A total 
of 3,073 subjects participated in the epidemiologic 
study (Table 1). Urban subjects were randomly select-
ed from lists of factory employees and administrative 
lists of citizens obtained from local authorities; rural 
subjects were randomly selected from representative 
villages using administrative lists of citizens from local 
authorities.

Questionnaire 

After obtaining verbal consent, subjects were asked 
to complete a self-administered questionnaire in-
cluding items regarding demographic information 
(age and sex) and socioeconomic status (SES)1 and 
questions that asked if the subject was able to chew 
eight different common Vietnamese foods. The eight 
foods were listed randomly in the questionnaire and 
included four foods that Vietnamese people consider 
as soft (cooked rice, bread, crusts, meat) and four 
that are considered as hard (raw vegetables, raw car-
rots, apples, and nuts). Perceived difficulty of chew-
ing was scored as follows: 1 = very easy to chew; 
2 = minor problems with chewing, got used to it;  
3 = minor problems, cannot get used to it; 4 = dif-
ficult to chew, not avoiding this food; 5 = very diffi-
cult to chew, not avoiding; 6 = very difficult to chew, 
avoiding this food; 7 = not avoiding this food, never 
eating it. Satisfaction with chewing function in gen-
eral was recorded in a dichotomized manner (yes/
no). The Vietnamese version of the short-form Oral 
Health Impact Profile (OHIP-14VN25) was included in 
the questionnaire to assess OHRQoL. Responses to 
each OHIP question were given on a 5-point Likert 

scale (0 = never, 1 = hardly ever, 2 = occasionally,  
3 = fairly often, 4 = very often) for a reference period 
of 6 months. 

Subjects not able to complete the questionnaire 
themselves (eg, because of illiteracy or visual impair-
ment) were helped by a dental assistant who read the 
questions aloud and recorded the answers. 

Clinical Examination

Following the completion of the questionnaires, sub-
jects underwent an oral examination. One calibrat-
ed examiner performed the examinations in natural 
light with the subject seated in an ordinary chair. The 
examiner was calibrated against three experienced 
researchers for assessment of decayed, missing, or 
filled teeth. A headlight was used when natural light 
was felt to be insufficient. Of all variables record-
ed, only the presence of teeth (including third mo-
lars), tooth type, and number and location of POPs 
were considered in the present study. Other vari-
ables (tooth wear, bleeding on probing, and tooth 
replacements) were not considered. A tooth root 
was considered as an absent tooth. A POP was de-
fined as a posterior opposing pair of natural teeth. 
The research was carried out in compliance with 
the Helsinki Declaration. The Educational Scientific 
Committee of Can Tho University of Medicine and 
Pharmacy granted ethics approval (decision no. 
390/QĐ ĐHYDCT).

Dental Functional Status Classification System

Dentitions were classified based on a dichotomized 
five-level functional classification system in which 
the criteria, as applied on the levels, were based on 
conditions that reflected functionality (Table 2). These 
conditions were the number of natural teeth, the tooth 
types present, and the number of POPs.24 

Table 1    No. of Subjects per Province

Province

Can Tho An Giang Ho Chi Minh Total

Residence

Urban 703 446 412 1,561 

Rural 538 556 418 1,512 

Sex

Male 603 495 384 1,482 

Female 638 507 446 1,591 

Total 1,241 1,002 830 3,073

© 2011 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



430            The International Journal of Prosthodontics

Chewing Ability and Dental Functional Status

Data Analysis

Subjects edentulous in the mandible or maxilla were 
excluded from analysis. 

Chewing ability was analyzed using logistic regres-
sion models. In these models, the following dental and 
background variables were included: levels II to V of 
the functional dental status (Table 2); satisfied with 
chewing (“Are you satisfied with your dentition about 
your chewing function?”; dichotomized, “not satis-
fied” as reference); dichotomized scores of three OHIP 
items considered relevant for chewing (“never” as ref-
erence): OHIP 3 (“Have you had painful aching in your 
mouth?”), OHIP 4 (“Have you found it uncomfortable 
to eat any foods because of problems with your teeth, 
mouth, or dentures?”), and OHIP 8 (“Have you had to 
interrupt meals because of problems with your teeth, 
mouth, or dentures?”); OHIP total score; four age cat-
egories (20 to 35 [reference], 36 to 55, 56 to 65, and 
66 years and older); sex (male as reference); residence 
(rural as reference); and SES (three levels1; SES mid-
dle as reference). Since it was shown that the ques-
tionnaire administration format (self-administered vs 
[partly] assistance-administered) when completing 
the OHIP questionnaires resulted in significantly influ-
enced OHIP scores,25 this variable was also added to 
the model (self-administered as reference). 

With respect to chewing ability of the eight sepa-
rate foods, the answers “very easy to chew,” “minor 
problems with chewing, got used to it,” and “minor 
problems, cannot get used to it” were considered as 
having no or minor problems with chewing; the an-
swers “difficult to chew, not avoiding this food,” “very 
difficult to chew, not avoiding,” and “very difficult to 
chew, avoid this food” were considered as having 
substantial problems with chewing. Therefore, in the 
analysis of chewing ability of the respective foods, 
outcomes were dichotomized as follows: no or minor 
problems with chewing (scores 1, 2, and 3) vs sub-
stantial problems with chewing (scores 4, 5, and 6). 
Score 7 (not avoiding this food, never eating it) was 
considered missing.

Combined soft and hard foods were analyzed at a 
different level in which a more stringent criterion was 
applied. Cut-off for dichotomization here was defined 
as “no problem with chewing at all” (score 1 [“very 
easy to chew”] for each of the four combined foods) 
vs “problems with chewing” (score > 1 for at least one 
of the combined foods).

To analyze the relationship between chewing abil-
ity and functional dental status, likelihood ratios for 
having problems with chewing soft and hard foods 
were calculated after dichotomization at levels II to V 
of the functional status classification system. These 
ratios express the extent to which a given classifica-
tion, for instance having at least 10 teeth in each arch, 
contributes to making a distinction between people 
with and without chewing problems. This ratio is cal-
culated as the odds between people with and without 
chewing problems in the group failing to meet a clas-
sification criterion and the odds in the comparison 
group. A likelihood ratio of 1 indicates a classification 
criterion that is not discriminatory. The more the likeli-
hood ratio differs from 1, the more the criterion is as-
sociated with differentiating people with and without 
chewing problems.

Results

Of the total sample of 3,073 subjects initially included 
in the study, 253 subjects (8%) were edentulous in 
the maxilla or mandible and excluded from analysis. In 
addition, 15 dentate subjects were excluded because 
of incomplete data sets. This left 2,805 dentate sub-
jects (92%) for further analysis. 

A large majority of subjects (varying from 73% for 
carrots to 92% for cooked rice) showed nonproblem-
atic chewing ability for all foods (Fig 1). More prob-
lems in terms of frequency as well as severity were 
reported for hard foods than for soft foods. Score 
“very difficult” was scarce (less than 2%) for soft 
foods; however, it amounted to approximately 10% for 
the hard foods carrots, apples, and nuts.

Table 2    Levels and Criteria for Dichotomization in the Step-by-Step Branching Hierarchy24 and Percentage of Dentate 
Subjects (n = 2,805) Meeting Each Criterion

Level Criterion (% of subjects) Dichotomy

I: Dentition ≥ 1 tooth present in each arch (100%) ≥ 1 tooth vs no teeth

II: Arch ≥ 10 teeth in both mandible and maxilla (74%) < 10 teeth in mandible or maxilla (26%) ≥10 teeth vs < 10 teeth

III: Anterior region All 12 anterior teeth present (62%) < 12 anterior teeth present (38%) Complete vs incomplete

IV: Premolar region 3 or 4 occluding pairs of premolars (68%) ≤ 2 occluding pairs of premolars (32%) Sufficient vs impaired

V: Molar region ≥ 1 occluding pair of molars at both left and 
right side of the dentition (64%)

No occluding pairs of molars at left or 
right side of the dentition (36%)

Sufficient vs impaired
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In the model investigating the eight common foods 
separately (Table 3), the odds ratios on chewing abil-
ity revealed that having sufficient molar regions com-
pared to not meeting this criterion reduces the risk for 
having problems with chewing by a factor of 0.50 to 
0.62 (meaning a significant reduction of problems by 
approximately 40% to 50%) for all hard foods and for 
three soft foods. Having sufficient premolar regions 
reduces the risk for having problems with chewing by 
approximately 30% to 45%; however, this was signifi-
cant only for the four hard foods and one soft food. 

The influence of having complete anterior regions 
on chewing ability was shown to be weak (significant 
for three foods), whereas having more than 10 teeth 
in each arch generally showed no relationship with 
chewing ability, with the exception of nuts. 

Being satisfied with chewing reduced the chance 
of indicating problems with chewing ability by up to 
approximately 60% (odds ratios ranging from 0.32 to 
0.63, significant for all foods).

Chewing ability did not significantly correlate with 
OHIP item 3 (painful aching) or OHIP item 8 (interrupt 
meals), except for crusts. Chewing ability correlated 
significantly with OHIP item 4 (uncomfortable eating) 
for all types of foods (odds ratios ranged from 1.57 to 
1.96; up to 95% increase in the chance of having prob-
lems with chewing ability), except for cooked rice. 

Chewing ability was significantly positively corre-
lated with OHRQoL, as indicated by the OHIP total 
scores for all foods. 

Subjects that were assisted with the completion of 
the OHIP questionnaire reported more complaints re-
garding chewing ability (odds ratios ranged from 1.58 

to 2.79) for all foods except rice compared to those 
who completed the questionnaires without assistance. 

Age appeared to be a factor with a significant im-
pact on chewing ability. The older the age category, 
the more complaints on chewing ability reported 
(with three exceptions in the age category 36 to 55 
years), amounting up to a factor of 10 for subjects 
over 65 years for chewing meat and nuts. Females 
tended to report more complaints on chewing abil-
ity, but this was significant only for the hard foods 
carrots, apples, and nuts. Urban-dwelling individu-
als had fewer complaints; this difference in chew-
ing ability was significant for six of the eight foods. 
Although there seemed to be a trend that chewing 
ability correlated with SES (SES high having fewer 
complaints, SES low having more complaints), only 
two significant relationships were demonstrated 
(vegetables and nuts).

The logistic regression for combined soft and 
combined hard foods showed that meeting each of 
the four dental functional level criteria decreased the 
chance of having problems with chewing both soft 
and hard foods (Table 4). This was significant for the 
criteria “at least 10 teeth in each arch” and “molar 
region sufficient.” A sufficient premolar region was 
significant for chewing hard foods but not soft foods. 

In this model, the OHIP items “uncomfortable eat-
ing” and “interrupt meals” showed significant nega-
tive relationships with chewing ability. The OHIP item 
“painful aching” did not correlate with chewing ability. 

As in the regression analysis of the separate foods, 
OHIP total scores were positively correlated with 
chewing problems. Again, in this analysis, the two 

Very difficult to chew, 
avoiding this food

Very difficult to chew 
but not avoiding

Difficult to chew but
not avoiding this food

Minor problems,
not used to it

Minor problems
but used to it
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Fig 1    Distribution of dentate subjects reporting ease or various levels of difficulty with chewing the eight foods investigated in this 
study (n = 2,805).
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highest age categories had a significant negative 
impact on chewing ability. The relationship between 
chewing ability and dental functional categories is 
displayed in Fig 2. The branching hierarchy described 
84% of all dentate subjects (n = 2,805) up to level IV 
(premolar region) and 75% up to level V (molar region). 
Forty-eight percent of the dentate sample met all cri-
teria for a sufficient functional dentition (meeting all 
cut-offs up to level V); 18% met none of the criteria. 

Likelihood for having problems with chewing if the 
criterion was not met was given for each of the branch-
es analyzed for combined hard foods (Lh) and for com-
bined soft foods (Ls). At level II of the classification 

system, the likelihood to report problems with chew-
ing for combined hard foods was 3.070, meaning that 
the chance for reporting any chewing complaints was 
approximately 3 times higher for subjects not meeting 
the criterion “≥ 10 teeth in each arch” compared to 
subjects meeting the criterion. The likelihood for soft 
foods (Ls) at this level was 2.561; subjects that did not 
meet the “≥ 10 teeth in each arch” criterion had ap-
proximately 2.5 times higher risk to report any com-
plaint for chewing soft foods.

In the “≥ 10 teeth” branch (two left columns in Fig 2), 
completeness of the anterior region (level III) appeared 
to be a relevant criterion in reporting complaints about 

Table 3    Odds Ratios for Having ”Substantial Problems” with Chewing for the Eight Foods According to the 14 Variables 
Included in the Logistic Regression Model

Odds ratio (95% confidence interval)*

Rice Bread Crusts Meat Vegetables Carrots Apples Nuts

≥ 10 teeth in  
each arch (II)

0.62 
(0.33–1.17)

1.07 
(0.66–1.73)

0.98 
(0.62–1.56)

0.83 
(0.54–1.27)

0.70 
(0.45–1.08)

0.91 
(0.63–1.33)

0.77 
(0.51–1.15)

0.60 
(0.40–0.90)

Complete anterior 
region (III)

0.87 
(0.50–1.50)

0.69 
(0.46–1.02)

0.57 
(0.40–0.83)

0.76 
(0.55–1.07)

0.79 
(0.55–1.12)

0.73 
(0.55–0.97)

0.66 
(0.48–0.92)

0.73 
(0.53–1.00)

Premolar region 
sufficient (IV)

0.89 
(0.51–1.55)

0.70 
(0.46–1.07)

0.74 
(0.50–1.11)

0.66 
(0.46–0.95)

0.67 
(0.46–0.98)

0.54 
(0.39–0.74)

0.62 
(0.44–0.89)

0.59 
(0.42–0.84)

Molar region  
sufficient (V)

0.50 
(0.29–0.85)

0.56 
(0.37–0.82)

0.70 
(0.48–1.01)

0.62 
(0.44–0.86)

0.62 
(0.44–0.89)

0.60 
(0.45–0.81)

0.54 
(0.39–0.75)

0.60 
(0.43–0.82)

Satisfied with 
chewing

0.63 
(0.41–0.96)

0.37 
(0.27–0.51)

0.40 
(0.29–0.54)

0.42 
(0.31–0.56)

0.51 
(0.38–0.68)

0.35 
(0.27–0.46)

0.34 
(0.26–0.45)

0.32 
(0.25–0.43)

OHIP 3:  
painful aching

1.16 
(0.72–1.87)

1.35 
(0.94–1.95)

1.09 
(0.77–1.54)

1.96 
(0.70–1.32)

0.96 
(0.69–1.33)

1.18 
(0.90–1.56)

1.18 
(0.86–1.60)

1.05 
(0.77–1.42)

OHIP 4:  
uncomfortable 
eating

1.40 
(0.80–2.46)

1.78 
(1.17–2.70)

1.96 
(1.32–2.90)

1.57 
(1.10–2.24)

1.61 
(1.11–2.33)

1.80 
(1.31–2.46)

1.77 
(1.25–2.51)

1.58 
(1.12–2.24)

OHIP 8:  
interrupt meals

1.06 
(0.66–1.72)

1.25 
(0.86–1.80)

1.60 
(1.12–2.27)

1.06 
(0.76–1.48)

0.97 
(0.69–1.37)

1.21 
(0.89–1.62)

1.06 
(0.77–1.47)

1.14 
(0.82–1.58)

OHIP total 1.08 
(1.05–1.12)

1.07 
(1.04–1.09)

1.07 
(1.05–1.10)

1.09 
(1.07–1.11)

1.08 
(1.06–1.10)

1.04 
(1.02–1.06)

1.07 
(1.04–1.09)

1.07 
(1.04–1.09)

Assistance  
administered

1.57 
(0.98–2.53)

1.97 
(1.36–2.85)

2.79 
(1.94–4.02)

2.36 
(1.71–3.27)

1.58 
(1.15–2.19)

1.85 
(1.41–2.42)

2.09 
(1.53–2.84)

1.76 
(1.30–2.38)

Age 36 to 55 y 2.78 
(1.20–6.44)

1.09 
(0.69–1.73)

1.30 
(0.83–2.03)

1.64 
(1.08–2.48)

1.97 
(1.25–3.10)

1.11 
(0.81–1.52)

1.92 
(1.29–2.86)

2.11 
(1.41–3.15)

Age 56 to 65 y 5.70 
(2.31–14.08)

2.45 
(1.43–4.21)

3.97 
(2.36–6.66)

4.96 
(3.06–8.02)

4.43 
(2.64–7.46)

1.95 
(1.31–2.91)

3.70 
(2.30–5.96)

4.22 
(2.63–6.79)

Age > 65 y 9.62 
(3.84–24.11)

4.23 
(2.42–7.40)

7.39 
(4.29–12.73)

10.10  
(6.08–16.77)

8.48 
(4.94–14.55)

4.82 
(3.15–7.38)

9.33 
(5.66–15.38)

10.65  
(6.46–17.56)

Female 1.14 
(0.78–1.68)

0.91 
(0.68–1.23)

1.06 
(0.80–1.40)

1.06 
(0.81–1.37)

1.24 
(0.95–1.63)

1.44 
(1.15–1.81)

1.34 
(1.04–1.74)

1.50 
(1.16–1.94)

Urban 0.71 
(0.47–1.06)

0.65 
(0.47–0.89)

0.65 
(0.48–0.87)

0.76 
(0.58–1.00)

0.60 
(0.45–0.79)

0.64 
(0.51–0.82)

0.56 
(0.43–0.73)

0.48 
(0.37–0.63)

SES high 0.77 
(0.45–1.31)

0.98 
(0.66–1.44)

0.90 
(0.62–1.30)

1.16 
(0.83–1.62)

0.97 
(0.68–1.39)

0.88 
(0.65–1.19)

0.81 
(0.58–1.13)

0.82 
(0.58–1.15)

SES low 1.30 
(0.82–2.04)

1.41 
(0.98–2.02)

1.14 
(0.80–1.61)

1.32 
(0.95–1.82)

1.41 
(1.01–1.95)

1.19 
(0.89–1.57)

1.36 
(0.99–1.86)

1.38 
(1.01–1.88)

*Bold numbers indicate significant relationships.
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chewing the four hard foods (Lh = 1.581) as well as 
the four soft foods (Ls = 1.638). The highest likelihood 
values in this branch were found at level IV (criterion: 
sufficient premolar region): Lh = 2.030, Ls =2.138. 
Thus, not meeting the criterion “sufficient premolar 
region” doubled the chance for having any complaint 
for chewing ability. At this level, the number of POPs 
differed markedly between meeting the criterion  
(7.7 ± 1.7) and not meeting the criterion (3.7 ± 1.6). 
The effect of meeting the criterion “sufficient molar 
region” (level IV) appeared to be weaker than the pre-
molar criterion (both Lh and Ls approximately 1.5). 

In the “< 10 teeth” branch (two right columns in 
Fig 2), likelihood for reporting complaints at all levels 
was approximately 1. This indicates that despite the 
differences between numbers of teeth and numbers 
of POPs, the classification criteria were not discrimi-
natory with respect to chewing ability.

Discussion

This study aimed to explore the relationship be-
tween chewing ability and dental functional status, 
perceived OHRQoL, and a number of background 
variables in a Southern Vietnamese adult population. 

Since this study is part of a larger epidemiologic study, 
sample construction aimed at equal distribution of 
subjects according to residence, province, sex, and 
age.1 In comparison to the age group distribution in 
the population, older subjects were overrepresented 
in the sample. The sample’s SES structure is compa-
rable with governmental data.26

Reduced dentitions are common in Vietnam: 86% of 
the adult Southern Vietnamese population has at least 
one missing tooth, with the mean number of missing 
teeth increasing almost linearly from 2 at the age of  
30 years to approximately 16 in elderly individuals.1

Despite the high mean number of missing teeth in this 
population, difficulties with respect to chewing were re-
ported only in low frequencies and with confined differ-
ences for the hard and soft foods. This might be related 
to the typical Vietnamese diet and food preparation, 
while the distinction between hard and soft Vietnamese 
foods is arbitrary. For example, in Western countries, 
crusts and meat can be considered hard foods. 

Looking at factors influencing chewing ability, a 
moderate cut-off (no or minor problems vs substan-
tial problems) was used for analysis of the separate 
foods, and a more stringent cut-off (no problem at all 
vs problems) was used when foods were combined. 

Table 4    Odds Ratios for Having Any Problem with Chewing for the 
Combined Soft (Cooked Rice, Bread, Crusts, Meat) and Hard  
(Raw Vegetables, Raw Carrots, Apples, Nuts) Foods

Soft foods Hard foods

  OR* 95% CI OR* 95% CI

≥ 10 teeth in each arch (II) 0.68 0.47–0.99 0.62 0.44–0.87

Complete anterior region (III) 0.86 0.65–1.14 0.85 0.66–1.09

Premolar region sufficient (IV) 0.79 0.58–1.09 0.63 0.47–0.84

Molar region sufficient (V) 0.74 0.56–0.99 0.74 0.57–0.95

Satisfied with chewing 0.44 0.35–0.57 0.41 0.32–0.52

OHIP 3: painful aching 0.91 0.70–1.19 0.83 0.65–1.06

OHIP 4: uncomfortable eating 2.43 1.83–3.23 1.85 1.42–2.42

OHIP 8: interrupt meals 1.93 1.48–2.53 1.73 1.34–2.23

OHIP total 1.06 1.04–1.08 1.05 1.03–1.07

Assistance administered 1.17 0.92–1.49 1.20 0.97–1.50

Age 36 to 55 y 1.14 0.86–1.51 1.12 0.88–1.44

Age 56 to 65 y 2.59 1.79–3.74 1.96 1.40–2.74

Age > 65 y 4.95 3.31–7.40 3.90 2.69–5.66

Female 0.93 0.75–1.14 1.18 0.97–1.43

Urban 1.20 0.96–1.49 0.97 0.80–1.19

SES high 1.53 1.18–1.98 1.17 0.91–1.49

SES low 1.02 0.77–1.34 1.02 0.79–1.31

OR = odds ratio; CI = confidence interval.
*Bold numbers indicated significant relationships.
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Despite this difference in cut-offs, subjects with 
impaired molar regions reported more chewing com-
plaints for soft as well as hard foods, whereas sub-
jects with impaired premolar regions reported this 
only for hard foods. The criterion “complete anterior 
region” seemed to have a relative minor influence 
on chewing; however, the significant odds ratios for 
crusts, carrots, and apples indicate its importance for 
biting of these foods.

Having less than 10 teeth in each arch revealed 
substantial chewing problems for nuts only. However, 
with the cut-off of having any problems, this criterion 
was important for combined hard and soft foods. 

Although the logistic regression models control for 
the effects of (background) variables, it should be not-
ed that they lack hierarchy. This means, for example, 
that the odds ratios for sufficient molar regions are 
based on a range of 18.7 ± 3.0 to 29.5 ± 2.0 teeth 
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Fig 2    Distribution of dentate subjects according to the functional classification system24 and likelihood for having problems with 
chewing: (I) dentate in each arch, (II) ≥ 10 natural teeth in each arch, (III) anterior region complete, (IV) premolar region sufficient, and 
(V) molar region sufficient. Dark columns indicate status of not meeting criterion. SD = standard deviation.
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present and a range of 3.5 ± 1.0 to 8.1 ± 1.4 POPs (Fig 2).  
As a result, sufficient molar regions do not reflect the 
functional occlusal status in detail. This shortcoming 
is confronted by using a hierarchical functional clas-
sification system as proposed. It has been shown pre-
viously that this system creates homogenous dental 
configurations, especially in the “≥ 10 teeth in each 
arch” branch.24 With respect to chewing ability, the 
“≥ 10 teeth in each arch” branch showed likelihoods 
for hard and soft foods that discriminate between the 
cut-offs at all functional levels. Apparently the rela-
tive heterogeneity in number of teeth and POPs in the  
“< 10 teeth in each arch” branch is because of nondis-
criminatory likelihood ratios for chewing ability. 

A positive association of number of (functional) 
teeth and presence of posterior occlusal support to 
chewing ability has been described for several popu-
lations.27–33 Data supporting this outcome are mostly 
derived from elderly populations. 

Of all variables in the regression models, age showed 
the highest impact on chewing ability. Although it is 
known that dental status is correlated with age, the 
impact of age in this study appeared to be much more 
relevant and significant than any of the dental vari-
ables. For subjects above the age of 55 years, odds 
ratios for having chewing problems were higher than 
for any other variable in the logistic regression models 
(including dental variables indicating number of teeth 
present and number of POPs) and statistically signifi-
cant for all hard and soft foods. Nondental functional 
reductions, such as decreased occlusal force and 
swallowing ability as well as factors such as general 
health and psychosocial and social well-being, have 
been associated with chewing ability of elderly indi-
viduals.34–37 In contrast, the dental literature provides 
almost no information regarding the relationship be-
tween chewing ability and aging for adults younger 
than 65 years of age. The present study indicates that 
after controlling for the effects of dental variables, im-
paired chewing ability might also be associated with 
nondental factors (common among elderly individu-
als) in subjects in the age category of 56 to 65 years, 
but not in adults younger than 55 years. 

The present study showed a significant association 
between chewing ability, assessed by the criterion 
of having any problems with chewing hard and soft 
foods, and OHRQoL, as assessed by OHIP total score. 
Although chewing ability was significantly associated 
with OHIP total score for all (combined) foods, high-
er OHIP total scores only resulted in less than 10% 
increased reporting of difficulties with chewing. In 
this population, OHRQoL seems to have less impact 
on chewing than in other studies.33,38 OHIP items 3 

(painful aching) and 8 (interrupt meals) were not as-
sociated with reporting problems with chewing. 

The weak effect of sex (females having more 
complaints with chewing hard foods) might be ex-
plained by differences in occlusal force and chewing 
efficiency.39,40

Conclusion 

Although a considerable portion of Vietnamese adults 
had reduced dentitions in varying degrees, a minor-
ity reported serious problems with chewing. Chewing 
ability was correlated with sufficient molar regions for 
soft and hard foods and sufficient premolar regions 
for hard foods only. Chewing ability and OHRQoL 
were positively correlated. 

For specific dental configurations, the hierarchical 
functional classification system enabled quantifying 
chewing ability in terms of likelihood ratios. In the 
branch “≥ 10 teeth in each arch,” likelihood for ad-
equate chewing ability differed substantially between 
those meeting the criteria at each subsequent level 
and those not. In the branch “< 10 teeth in each arch,” 
likelihood to report complaints on chewing ability did 
not discriminate. 

The outcomes of this study are considered valid 
for the Southern Vietnamese population investigat-
ed. The validity for other populations remains to be 
verified.

References

  1.	 Nguyen TC, Witter DJ, Bronkhorst EM, Truong NB, Creugers 
NHJ. Oral health status of adults in Southern Vietnam—A cross-
sectional epidemiological study. BMC Oral Health 2010;10:2. 

  2.	 World Health Organization. A Review of Current 
Recommendations for the Organization and Administration 
of Community Oral Health Services in Northern and Western 
Europe. Oslo: World Health Organization, 1982. 

  3.	 Petersen PE. Challenges to improvement of oral health in the 
21st century—The approach of the WHO Global Oral Health 
Programme. Int Dent J 2004;54(suppl 1):329–343.

  4.	 Global goals for oral health in the year 2000. Federation 
Dentaire Internationale. Int Dent J 1982;32:74–77. 

  5.	 Locker D, Slade G. Association between clinical and subjective 
indicators of oral health status in an older adult population. 
Gerodontology 1994;11:108–114.

  6.	 Hugo FN, Hilgert JB, de Sousa MLR, da Silva DD, Pucca GA Jr. 
Correlates of partial tooth loss and edentulism in the Brazilian 
elderly. Community Dent Oral Epidemiol 2007;35:224–232. 

  7.	 Swoboda J, Kiyak HA, Persson RE, et al. Predictors of oral health 
quality of life in older adults. Spec Care Dentist 2006;26:137–144.

  8.	 Steele JG, Sanders AE, Slade GD, et al. How do age and tooth 
loss affect oral health and quality of life? A study comparing 
two national samples. Community Dent Oral Epidemiol 2004; 
32:107–114.

© 2011 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



436            The International Journal of Prosthodontics

Chewing Ability and Dental Functional Status

  9.	 Elias AC, Sheiham A. The relationship between satisfaction with 
mouth and number and position of teeth. J Oral Rehabil 1998; 
25:649–661.

10.	 Helkimo E, Carlsson GE, Helkimo M. Chewing efficiency and state 
of dentition. A methodologic study. Acta Odontol Scand 1978; 
36:33–41.

11.	 Sarita PTN, Witter DJ, Kreulen CM, Van’t Hof MA, Creugers 
NHJ. Chewing ability of subjects with shortened dental arch-
es. Community Dent Oral Epidemiol 2003;31:328–334.

12.	 Carlsson GE. Dental occlusion: Modern concepts and their ap-
plication in implant prosthodontics. Odontology 2009;97:8–17.

13.	 Gordon PH, Murray JJ, Todd JE. The shortened dental arch: 
Supplementary analyses from the 1988 adult dental health 
survey. Community Dent Health 1994;11:87–90.

14.	 Gotfredsen K, Walls AWG. What dentition assures oral func-
tion? Clin Oral Implants Res 2007;18(suppl 3):34–45. 

15.	 Gerritsen AE, Sarita P, Witter DJ, Kreulen CM, Mulder J, 
Creugers NHJ. Esthetic perception of missing teeth among a 
group of Tanzanian adults. Int J Prosthodont 2008;21:169–173.

16.	 Steele JG, Ayatollahi SMT, Walls AWG, Murray JJ. Clinical 
factors related to reported satisfaction with oral function 
amongst dentate older adults in England. Community Dent 
Oral Epidemiol 1997;25:143–149.

17.	 Trovik TA, Klock KS, Haugejorden O. Level and predictors of 
agreement between patients and their dentists concerning 
need for replacement of teeth at the time of extraction. Acta 
Odontol Scand 2002;60:186–192.

18.	 Leake JL. An index of chewing ability. J Public Health Dent 1990; 
50:262–267.

19.	 Armellini DB, Heydecke G, Witter DJ, Creugers NHJ. Effect of 
removable partial dentures on oral health-related quality of life 
in subjects with shortened dental arches: A 2-center cross-
sectional study. Int J Prosthodont 2008;21:524–530. 

20.	 Ueno M, Yanagisawa T, Shinada K, Ohara S, Kawaguchi Y. 
Masticatory ability and functional tooth units in Japanese 
adults. J Oral Rehabil 2008;35:337–344.

21.	 Zhang Q, Kreulen CM, Witter DJ, Creugers NHJ. Oral health 
status and prosthodontic conditions of Chinese adults: A sys-
tematic review. Int J Prosthodont 2007;20:567–572. 

22.	 Morita M, Nishi K, Kikura T, et al. Correlation between peri-
odontal status and biting ability in Chinese adult population.  
J Oral Rehabil 2003;30:260–264.

23.	 Ueno M, Yanagisawa T, Shinada K, Ohara S, Kawaguchi Y. 
Category of functional tooth units in relation to the number 
of teeth and masticatory ability in Japanese adults. Clin Oral 
Investig 2010;14:113–119. 

24.	 Nguyen TC, Witter DJ, Bronkhorst EM, Pham LH, Creugers 
NHJ. Dental functional status in a Southern Vietnamese adult 
population—A combined quantitative and qualitative classifi-
cation system analysis. Int J Prosthodont 2011;24:30–37.

25.	 Gerritsen AE, Nguyen TC, Witter DJ, Bronkhorst EM, Creugers 
NHJ. A Vietnamese version of the 14 Item Oral Health 
Impact Profile. In: Nguyen TC. An Epidemiological Study on 
Oral Health in Vietnam [thesis]. Nijmegen, The Netherlands: 
Radboud University Nijmegen, 2010:73–88.

26.	 Living Standard Survey 2004. General statistics office of 
Vietnam. www.gso.gov.vn. Accessed 16 June 2010.

27.	 Andersson K, Gustafsson A, Buhlin K. Self-perceived oral 
function in elderly residents in a suburban area of Stockholm, 
Sweden. Oral Health Prev Dent 2004;2:195–201.

28.	 Kida IA, Astrøm AN, Strand GV, Masalu JR. Chewing prob-
lems and dissatisfaction with chewing ability: A survey of older 
Tanzanians. Eur J Oral Sci 2007;115:265–274.

29.	 Zeng X, Sheiham A, Tsakos G. Relationship between clinical 
dental status and eating difficulty in an old Chinese popula-
tion. J Oral Rehabil 2008;35:37–44.

30.	 Ueno M, Yanagisawa T, Shinada K, Ohara S, Kawaguchi Y. 
Masticatory ability and functional tooth units in Japanese 
adults. J Oral Rehabil 2008;35:337–344.

31.	 Montero J, Bravo M, Hernández LA, Dib A. Effect of arch 
length on the functional well-being of dentate adults. J Oral 
Rehabil 2009;36:338–345. 

32.	 Nakatsuka Y, Yamashita S, Nimura H, Mizoue S, Tsuchiya S, 
Hashii K. Location of main occluding areas and masticatory abil-
ity in patients with reduced occlusal support. Aust Dent J 2010; 
55:45–50.

33.	 Brennan DS, Spencer AJ, Roberts-Thomson KF. Tooth loss, 
chewing ability and quality of life. Qual Life Res 2008;17:227–235.

34.	 Ono T, Hori K, Ikebe K, Nokubi T, Nago S, Kumakura I. Factors 
influencing eating ability of old in-patients in a rehabilitation 
hospital in Japan. Gerodontology 2003;20:24–31.

35.	 Peyron MA, Blanc O, Lund JP, Woda A. Influence of age on adapt-
ability of human mastication. J Neurophysiol 2004;92:773–779.

36.	 Shinkawa T, Hayashida N, Mori K, et al. Poor chewing ability is 
associated with lower mucosal moisture in elderly individuals. 
Tohoku J Exp Med 2009;219:263–267.

37.	 Kim BI, Jeong SH, Chung KH, Cho YK, Kwon HK, Choi CH. 
Subjective food intake ability in relation to maximal bite force 
among Korean adults. J Oral Rehabil 2009;36:168–175.

38.	 Kim HY, Jang MS, Chung CP, et al. Chewing function impacts 
oral health-related quality of life among institutionalized and 
community-dwelling Korean elders. Community Dent Oral 
Epidemiol 2009;37:468–476.

39.	 Hatch JP, Shinkai RS, Sakai S, Rugh JD, Paunovich ED. 
Determinants of masticatory performance in dentate adults. 
Arch Oral Biol 2001;46:641–648.

40.	 Fueki K, Yoshida E, Igarashi Y. A structural equation model 
relating objective and subjective masticatory function and oral 
health-related quality of life in patients with removable partial 
dentures. J Oral Rehabil 2011;38:86–94.

© 2011 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Copyright of International Journal of Prosthodontics is the property of Quintessence Publishing Company Inc.

and its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright

holder's express written permission. However, users may print, download, or email articles for individual use.


