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Epidemiology is the study of health and disease in popu-
lations and of how these states are influenced by biology,
heredity, and physical and social environment, as well as
personal behavior. Advances in research over recent years
have led to a fundamental change in our understanding
of the periodontal diseases. As recently as the mid-1960s,
the prevailing model for the epidemiology of periodontal
diseases included the following precepts: (1) all individuals
were considered more or less equally susceptible to severe
periodontitis; (2) gingivitis usually progressed to periodon-
titis with consequent loss of bone support and eventually
loss of teeth; (3) susceptibility to periodontitis increased with
age and was the main cause of tooth loss after age 35–55.
Since the development of this paradigm, advances in the
understanding of periodontal diseases have led this disease
model to be reevaluated. Current knowledge has shown that
periodontitis does not present a linear progression and is
not age dependent. Moreover, its distribution and severity
are strongly influenced by host susceptibility and risk fac-
tors. Several epidemiological studies evaluating destructive
periodontal diseases have been pursuing associations in the
incessant identification of risk factors for these diseases.
Analytical epidemiology seeks to identify the risk factors
associated with a disease, to quantify the strength of those
associations and to estimate whether an association is causal.
An understanding of risk factors can lead to theories of
causation and then to treatment protocols for clinicians
to use in their daily practice. The essential features of
epidemiology as a method of research, when compared
to clinical research and case studies, are that (1) groups
rather than individuals are the focus of study; (2) persons

with and without a particular disease (e.g., periodontal
diseases) and with and without the exposure of interest are
included, rather than just patients. The study of population
groups rather than individuals is to allow for valid estimates
while accounting for normal biological variation (e.g., some
individuals form dental biofilm readily; others do not).
Broadening a study to include those with and without a
disease can provide a reference point against which a risk is
quantified .

Under such background, this special issue was designed
to summarize the current status of periodontal epidemi-
ology. Thus, we have invited authors to submit original
research articles and analysis that seek to clarify aspects of the
epidemiology of periodontal diseases and the relevant related
factors. As a result, various interesting and scientifically
significant papers have been accepted. This special sup-
plement presents manuscripts reporting information about
the prevalence and distribution of periodontitis, as well
as their associations with risk factors. In addition several
studies reported tooth loss, one of the most visible results of
the evolution of periodontitis that causes physiological and
psychological impacts on patient’s life.

These papers represent an exciting and insightful obser-
vation into the state of art, as well as emerging future topics,
in this important interdisciplinary field. We hope that this
special issue would attract a major attention of the peers.
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The present study was aimed at assessing the periodontal status and risk factors like age, gender, tooth brushing habit, and smoking
among the adult population of Sebha city, Libya. 452 adults, aged 35–54 years, comprised the study sample. 266 (58.84%) were
females and 186 (41.15%) were males. Data was collected by interview and clinical examination using CPI of CPITN index. Chi-
square test and ANOVA were used for statistical analysis at 5% level of significance. Results indicate that 76.32% used toothbrush
and paste; 8.84% were current smokers and were all males. Majority, 52.65% were, detected with shallow pockets followed by
30.08% with calculus, 12.17% had deep pockets, 3.31% had bleeding, and only 1.33% were healthy. Age, gender, current smoking
status and frequency of tooth brushing showed statistically significant difference with CPI codes. Health professionals can utilize
this data to identify individuals at risk and to target population level interventions.

1. Introduction

Available data indicates that the prevalence of periodontal
disease is very high in several African countries affecting all
age groups [1]. Libya is one of the North African country
in the Mediterranean region and Sebha is the largest city
situated in the south of the Libyan Arab Jamahiriya and
located in the middle of Libyan desert. People come to Sebha
from the various urban areas surrounding it and therefore
it has a heterogeneous society [2]. Information on the oral
health status of the Sebha population is scarce. To date,
except for the report of Hassan [2] and Leous [3], there is a
paucity in publication concerning the oral health in general
and the prevalence and severity of periodontal diseases in
particular.

Since 1993, WHO began collecting data on periodontal
status from different countries. This data is stored in the
WHO Global Oral Data Bank (GODB) [4]. The periodontal
country profile for Libya is mentioned in the WHO data

base, which is an extract of the 1982-1983 pathfinder study
[3], conducted to assess the oral health situation in Socialist
People’s Libyan Arab Jamahiriya. It was conducted on 849
children and 269 adults from 14 sites of the following
localities namely Tripoli, Sebha, Benghazi, Zwara, Ajelat, and
Kaddah. CPITN index was used to assess the periodontal
disease and its results indicate that the periodontal disease
is present from a very young age. There was increased tooth
loss by the age of 55–64 years. High prevalence of periodontal
disease was the main cause of tooth loss in adulthood.
Among the 35–44 years old, there was none with healthy
periodontium and bleeding. 13% had calculus, 53% had
shallow pockets, and 34% deep pockets. The average number
of sextants with bleeding and higher score was 5.7. Ever since
the completion of this study, two decades have passed and
there is no new data which has been updated.

Age [5, 6], gender [7, 8], toothbrushing [9, 10], and
smoking [7, 11–13] are among the important risk factors for
periodontal disease. Information of the periodontal status
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and additional information of risk factors can help the
dental professional, to identify people in the high risk for
periodontal disease and undertake strategic planning for a
preventive and therapeutic treatment program.

Against this background, the present study has been
designed to assess the periodontal status and risk factors like
age, gender, frequency of toothbrushing, and smoking of the
adult population in Sebha city, Libya.

2. Material and Methods

This study is a part of the extended project which was
undertaken to evaluate the periodontal status and its deter-
minants on a large scale amongst the population of Sebha
(details are published elsewhere). Here,data of the adult
population aged 35–54 years old is presented. One WHO,
index age group of 35–44 years and other group of 45–
54 years which are representative of adult population was
considered. For sampling, the WHO guidelines (1997) [14]
were followed. 4 sites were identified and 50 subjects per site
for each of the 2 age groups were selected. An additional
10 subjects each were added to compensate for any non-
participation and hence the sample was 480 (4×2×60). The
survey was conducted at the Primary Health Centre (PHC)
in Al-Jadeed, Al-Mahdia, Gurda, and Sukkara. The medical
officer posted at the PHC was responsible to collect the
participants for the study in the respective areas. People from
household, offices, and those visiting the PHC comprised the
study sample. All those who agreed to voluntarily participate
were recruited for the survey. The participant was first
interviewed to collect general information and data about the
oral hygiene practices and smoking habits. The participant
was asked simple questions about the oral hygiene aids
used (toothbrush and others), use of toothpaste (yes, no),
frequency of toothbrushing (once, twice, >twice), current
smoker (yes, no), and frequency of smoking (5, 6–10, 11–20,
>20/per day). After the interview, the participant underwent
a clinical examination. ADA type 3 examination procedure
was followed. CPI of the CPITN was used to record the
periodontal status [14]. The main outcome measures of CPI
are presence of gingival bleeding on gentle probing, dental
calculus, and probing periodontal pocket depth (PPD): 4-5
or ≥6 mm. The dentition was divided into six sextants. The
index teeth were 16, 17, 11, 26, 27, and 36, 37, 31, 46, 47.
When two index teeth were considered in a sextant, the tooth
with the highest score was recorded. The overall CPI score of
the participant represented the value of the highest recorded
code for that individual.

The examination was performed by a single, trained,
calibrated examiner assisted by a recording clerk, using a
CPI probe and mouth mirror. During calibration 10% of the
sample was reexamined and kappa value of 0.8 was obtained
which indicates a good intra-examiner consistency. All the
subjects were well educated and signed the informed consent
form. The ethical board, scientific committee of the Faculty
of dentistry, Sebha University, Sebha, Libya approved the
protocol of the study.

Statistical analysis was done with the help of a statistical
package for social sciences (SPSS version 16). Mean standard

deviation and percentages were calculated. Chi-square test
and ANOVA were used to compare between the groups at
5% level of significance. The variables were age, gender,
frequency of toothbrushing, and smoking habit, which were
compared with the CPI codes.

3. Results

The sample size calculated was 480, but the survey could be
completed among 452 people, of which 266 (58.84%) were
females and 186 (41.16%) were males. 249 (55.08%) were
in the age group of 35–44 years and 203 (44.92%) in 45–54
years, respectively.

Overall, 344 (76.15%) reported use of toothbrush and
paste, 45 (9.96%) used finger, and 63 (13.93%) used siwak.
225 (49.78%) brushed once daily, 96 (21.23%) brushed
twice, and 21 (4.64%) brushed more than twice. 40 (8.84%)
were current smokers and were all males. 19 (4.2%) reported
to have smoked 5–10 cigarettes, while 12 (2.65%) smoked
10–20/per day and 9 (1.95%) smoked more than 20.

Majority, 52.65% (n = 238), were detected with shallow
pockets (CPI code 3) followed by 30.08% (n = 136) with
calculus (code 2), 12.17% (n = 55) had deep pockets
(code 4), 3.31% (n = 15) had bleeding (code 1), and only
1.33% (n = 6) were healthy (code 0). Figure 1 shows the
distribution of the study sample according to the CPI codes.

Table 1 shows the distribution of CPI codes in relation to
the different variables considered in the study. Age, gender,
current smoking status, and frequency of toothbrushing
showed statistically significant difference with CPI codes.

Table 2 shows that for 35–44 years, the mean number
of sextant for calculus was significantly higher as compared
to the shallow pockets which was higher in 45–54 years age
group.

The mean (SD) CPI score for the entire sample was 2.71
(0.77). The mean CPI score was 2.57 (0.79) and 2.89 (0.72)
for 35–44 years and for 45–54 years, respectively.

4. Discussion

The present study is the first population-based survey among
adult population in Sebha in the recent times after the
pathfinder survey conducted in 1982-1983 [3]. Thorough
training and calibration of the examiner ensured reliable
recording of the CPI (community periodontal index). The
major advantages of the CPI are simplicity, speed, repro-
ducibility, and international uniformity [15]. Although this
index has certain shortcomings when used as a stand-alone
means of assessing the extent and severity of periodontal dis-
ease [16] it has been widely used for descriptive periodontal
epidemiologic studies. In addition, the CPI data has been
used for surveillance of periodontal health at country and
intercountry levels [15].

For the age group 35–44 years, the most frequently
observed condition was shallow pockets of 4-5 mm among
47.39% followed by calculus in 38.15%. Deep pockets of
more than 6 mm were found in 8.84% of the subjects. Bleed-
ing was found in only 3.61% of the population surveyed.
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Table 1: Number of subjects as per the CPI codes for different variables.

Variable
Healthy Bleeding Calculus Shallow pockets Deep pockets Chi-sqaure test

(code 0) (code 1) (code 2) (code 3) (code 4) (P value)

Age (in years)
35–44 5 9 95 118 22

22.05 (P = 0.0001)∗
45–54 1 6 41 120 33

Gender
Male 0 3 54 98 31

14.42 (P = 0.01)∗
Female 6 12 82 140 24

Frequency of toothbrushing

None 2 2 18 65 21

42.01 (P = 0.0001)∗
Once 0 9 69 127 20

Twice 4 4 41 35 12

>Twice 0 0 8 11 2

Current smoking status
Yes 0 0 4 25 11

17.11 (P = 0.001)∗
No 6 15 132 213 44

Frequency of smoking

0 6 15 132 213 44

18.28 (P = 0.2)
5–10 0 0 2 12 5

10–20 0 0 2 7 3

>20 0 0 0 6 3
∗

Statistically significant.

Table 2: Mean number (SD) of sextants affected by periodontal conditions in various age groups.

Age Group Code 0∗ Code 1∗∗ Code 2∗∗∗ Code 3# Code 4##

35–44 yrs 1.36 (1.45) 0.55 (1.02) 2.53 (1.66) 1.30 (1.57) 0.18 (0.69)

45–54 yrs 1.33 (1.29) 0.28 (0.74) 1.84 (1.55) 2.04 (1.67) 0.38 (0.96)

ANOVA: F∗ = 0.09, P = 0.7632; F∗∗ = 9.39, P = 0.0023; F∗∗∗ = 20.29, P < 0.0001; F# = 23.23, P < 0.0001; F## = 6.64, P = 0.0103. SD: Standard
deviation.

Healthy Bleeding Calculus Shallow
pockets

Deep
pockets

Excluded
sextant

2.01 3.61 38.15 47.39 8.84 0

0.49 2.96 20.2 59.11 16.26 0.08
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Figure 1: Percentage distribution of the subjects as per the CPI
codes.

Only 2.01% had healthy periodontium. Figure 2 shows the
comparison of periodontal status for 35–44 years old from
EMRO countries with the present study [4]. For the countries
like Sudan, Iran, Egypt, Morocco, and Libya shallow pockets
(code 3) was the highest recorded CPI score. However,
calculus (code 2) as the highest score was reported for
countries like Syrian Arab Rep., Cyprus, Pakistan, Lebanon,
Saudi Arabia, and Iraq. The highest percentage of healthy
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Figure 2: Overview of periodontal status of 35–44 year old from
different EMRO countries. Data obtained from WHO, Global oral
data bank. Sebha city, Libya-present study.

periodontium (code 0) was reported for Saudi Arabia (20%).
34% Libyans and 26% Sudanese were among the ones to have
high percentage of deep pockets (code 4).

In a recent study among Sudanese [17], 36.1% had
healthy periodontal tissues, 10.9% bleeding, 42.0% calcu-
lus, 8.5% 4-5 mm periodontal pocketing, 0.7% periodontal
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pocketing of ≥6 mm, and 1.8% excluded sextants. The
Sudanese have better periodontal health as compared to the
present study population.

When compared with the 1982-1983 pathfinder survey
in Libya [3], a high percentage of people had shallow pockets
and deep pockets versus the present study where percentage
of shallow pockets and calculus was more. Even after 20
years, there is no improvement in the percentage of healthy
periodontium (0% versus 1.33% in the present study) but
the prevalence of severe form of periodontitis (deep pockets
>6 mm) has been reduced from 34% to 12% in the present
study.

It is widely assumed that symptoms of periodontal dis-
eases escalates with age [6]. In the present study, percent-
age of subjects with healthy periodontium, bleeding, and
calculus was comparatively more in the 35–44 years age
group, while signs of periodontal destruction, that is, shallow
pockets, and deep pockets were on a higher side among 45–
54 years old (Figure 1).

In the present study, there was a significant statistical
difference observed between the CPI codes and gender.
The percentage calculation showed that the percentage of
healthy periodontium and bleeding were higher among
females and percentage of deep pockets were more preva-
lent among males. The percentage of calculus and shal-
low pockets were similar among the males and females.
Studies indicate that prevalence of periodontal disease
was slightly lower in females [18]. This may be because
the females give more importance to aesthetics and have
the habit of toothbrushing and seeking dental care regu-
larly.

Smoking can cause a number of changes within the
periodontium which can predispose an individual to the
progression of periodontal disease [19]. In a study, 5.5%
of smokers had healthy periodontium compared to 44.2%
among non-smokers and the periodontal condition of
the smokers was very poor compared with that of non-
smokers and this difference was statistically significant [19].
Literature [11] indicates that predominantly males, due to
their smoking habit, have shown more susceptibility to
periodontal diseases. The smokers in the present study were
all males; significant difference in periodontal status was
observed with the current smoking status, but when the
data was stratified according to the frequency of smoking
no statistically significant difference was found with the CPI
codes.

In the present study, 21.23% people brushed twice daily
in comparison to 53% Sudanese [17] and 32% Chinese [20].
The frequency of toothbrushing was significantly associated
with CPI codes in this study. Lang et al. [21] showed that
frequent tooth brushing and flossing as well as regular dental
attendance were found to be significantly associated with
lower plaque, gingivitis, and calculus scores.

13.93% used siwak for cleaning their teeth in the present
study. Studies have reported that in Saudi Arabia, 65% urban
population used siwak on a daily basis [22]. Miswak (siwak)
is known to have antibacterial effect on pathogens causing
periodontal disease and caries.

5. Conclusion

This study shows that more than half of the adult population
in Sebha are detected with the signs of destructive periodon-
titis. If this trend continues, in the coming years the severity
of periodontal disease is bound to increase enormously.
In view of the potential association of periodontal disease
with systemic disease (atherosclerosis, myocardial infarction,
stroke, pneumonia, diabetes mellitus, and pregnancy) [23],
this current health situation is of public health significance
especially among adults and needs urgent attention. Hence,
the study results can be utilized to identify individuals at
risk of periodontal disease and to target population level
interventions.
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This study histometrically evaluated the effect of forced alcohol intake by stressed animals on the severity of ligature-induced
periodontitis in rats. Thirty-two rats were randomly divided in four groups: group GAL—alcohol and ligature; group GASL—
alcohol, chronic physical stress, and ligature; GNC—negative control; GPC—positive control. GAL and GASL received 20%
ethanol ad libitum, and GNC received water ad libitum for 60 days. After 24 hours of exposition to alcohol intake—by GAL and
GASL—immobilization was applied as a chronic stressor in the GASL group for a two-month period, six times a week, in random
hours. The means of the respective groups were statistically compared (Analysis of Variance and Tukey tests, P < 0.05). The most
severe periodontal breakdown was observed in nonstressed animals which drank alcohol (GAL), followed by stressed animals
exposed to alcohol (GASL). GASL did not differ from the positive control group (GPC). The negative control group showed the
lowest values of periodontal breakdown (P < 0.05). Conclusions. Non-stressed alcohol consumer animals showed the most severe
pattern of periodontal breakdown. Although stressed animals which were forced to drink alcohol showed poorer periodontal status
than the negative controls, their results were similar to those of positive controls.

1. Introduction

Periodontal disease is a multifactorial infectious disease trig-
gered by the development of dental biofilm, which can harm
periodontal tissues. There are several factors which influ-
ence periodontitis: personal and social characteristics, behav-
ioral, systemic, genetic and dental factors, and the microbial
composition of the dental biofilm [1, 2].

Stress may be defined as the combination of physical
and mental responses caused by certain external stimuli
(stressors) which allow an individual (human or animal) to
overcome certain environmental demands, and the physical
and mental weariness caused by the stress process itself [3].

Stress has been related not only to a higher occurrence of
periodontal disease but also to its severity [4]. Other social
and behavioral factors that could be related to periodontal
status are tobacco use, social economic status, nutritional
status, psychological aspects, and abusive alcohol intake [1].
Among these factors, alcohol has become relevant because it
is one of the few socially accepted psychotropic drugs. This
social acceptance has contributed to a rise in alcoholism,
which has become a serious public health problem [5].
According to Silva Furtado Amaral et al. [6] the World
Health Organization has reported that the rates of death and
functional limitations associated with abusive alcohol intake
have surpassed those associated with tobacco smoking.
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Alcoholism per se imposes a state of stress because, besides its
physiological demand, it acts as a chemical aggressor to the
body. All the alcoholic drinks consumed by an individual do
not remain stored in the body and, before being eliminated,
it is first metabolized in the liver, which results in high levels
of reactive oxygen species [7, 8].

Epidemiological studies have related periodontal disease
to the consumption of alcoholic drinks. Several cross-sec-
tional studies have verified an association between the abu-
sive consumption of alcohol and poor periodontal health [9–
11]. Abusive consumption of alcohol has also been associated
with the severity of periodontitis [2]. However, many ques-
tions on this subject are still not answered and laborato-
rial research could be helpful to clarify these doubts. Animal
model studies may more specifically help elucidate questions
related to alcohol intake, stress, and periodontal disease
[12, 13].

As a lifestyle factor, alcohol intake could vary under
stressful situations. As isolate factors, drinking, and stress
seem to contribute to poorer periodontal status. In the pre-
sent study it was hypothesized that alcohol consumption by
stressed animals could be accompanied by an increase in the
severity of periodontitis. Therefore, aiming to confirm or
reject this hypothesis we evaluated whether forced alcohol
intake by stressed animals affects histometrical parameters of
periodontal breakdown.

2. Materials and Methods

Thirty-two animals of the Rattus norvegicus species Lewis
breed (two-month old), weighing average 250 g, were sel-
ected for the present study. All the selected animals went
through an environmental adaptation period of four weeks.
The animals were divided in groups of four and each group
was kept in a cage (polyethylene 16 × 40 × 30) [14, 15].
They all received standard rat feed and water or alcohol (eth-
anol 20%) ad libitum. They were kept in light/dark cycles
of 12 hours; the temperature was controlled at 24◦C and
humidity at >50%. The experiment took place at the
University Center of Várzea Grande—UNIVAG and it was
approved and registered by the ethics in animal research
committee (CEP/UNIC-2009 no. 307-321) of the Institution.

2.1. Experimental Groups. Initially, a research assistant ran-
domly divided the animals in four experimental groups:

(1) group GAL: alcohol + ligature (n = 8);

(2) group GASL: alcohol + stress + ligature (n = 8);

(3) group GPC: stress + ligature, positive control (n = 8);

(4) group GCN: negative control (n = 8).

After the division, the animals in the GAL and GASL
groups were offered alcohol (ethanol 20%) ad libitum for 60
days [11, 16] while negative control (GCN) received water ad
libitum for the same period of time.

2.2. Experimental Periodontal Disease. Because alcohol
intake is very limited on the first day, ligatures were inserted
only in the second experimental day (GAL, GASL, and GPC).

The animals received general anesthesia through the intra-
muscular administration of 0.05 mL xylazine hydrochloride
(Rompun, Bayer. Animal Health, São Paulo, SP. Brazil)
and 0.1 mL ketamine (Dopalen, Agribrands. Animal Health,
Paulı́nia, SP, Brazil) per 100 grams of body weight.

After anesthesia, a sterile silk suture number 4 (Ethicon,
Johnson and Johnson, São Paulo, SP, Brazil) was placed in the
gingival crevice of the second right upper molar [17].

The animals in the positive control group were kept in
the same environment in the first experimental day, drinking
water, but without suffering any kind of intervention. The
animals in the negative control group (GNC) did not receive
any type of intervention but were kept in their cages in the
same environment during all the study.

2.3. Stress Induction. The model of physical stress induction
chosen for this study was immobilization done during 60
days, six times a week, in different times of the day as previ-
ously described [18, 19]. At room temperature, the animals
in the GASL group were placed in polyvinyl chloride tubes
compatible to their body sizes. The tubes were closed on both
ends with metallic wire, which enabled the animals to breathe
while they were immobilized for four consecutive hours.

2.4. Histological Examination. After sixty days all the animals
were euthanized. Right maxilla was removed and fixed in
formaldehyde 10% for 48 hours. After that process, the jaw
segment was decalcified in EDTA for approximately five
weeks (EDTA was renewed six times); following dehydration
in graded alcohol, the samples were embedded in paraffin.
The tissue blocks included in paraffin allowed 6 µm histolog-
ical slices that followed the long axis of the teeth in the mesio-
distal plane and were stained with hematoxylin and eosin.

For the histometric analysis, ten serial sections contain-
ing the 1st and 2nd upper molars and the following struc-
tures (a) dental pulp, (b) the mesial cementoenamel junction
of the 2nd molar, (c) proximal bone crest, and (d) connective
attachment had to be observed. Histometry was performed
in the mesial aspect from first molars, by the same blinded
examiner, through the capturing of images in the microscope
and measured in millimeters (software ImageLab 2000-
Diracon Bio Informática Ltda., SP, Brazil).

2.5. Statistical Analysis. The intraexaminer reproducibility
was calculated before and during the histometry. In the cali-
bration previous to the study, the error was calculated by
double measurements of 10% of the specimens with a one-
week interval. During the study, after every 10 examined spe-
cimens, one was reexamined. Paired t-test statistics were run
and no differences were observed in the mean values for com-
parison (P > 0.5). Additionally, Pearson’s correlation coef-
ficient was obtained between the 2 measurements in each
time point and revealed a very high correlation (0.98 and
0.99; P < 0.01).

Two histometrical parameters were considered as peri-
odontal status indicators. The distance between the cemen-
toenamel junction and the bottom of the junctional epithe-
lium (CEJ-JE) in the mesial site of the first molars was
defined as the loss of histological attachment. In addition,
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Figure 1: Distance between the CEJ in the mesial side of the second
molar and the most apical portion of the junctional epithelium
(CRJ-JE) and the distance between the CEJ and the alveolar bone
crest (CEJ-BC). 4x magnificence. Image captured from the alcohol
associated with stress group (GASL).

the distance between the cementoenamel junction and the
alveolar bone crest was also analyzed and it was considered as
the indicator for bone loss (CEJ-BC). The mean values were
calculated for each of the groups for further statistical com-
parisons. Analysis of Variance (ANOVA) and Tukey (P <
0.05) tests were applied.

3. Results

There were no statistically significant differences among the
body weights of the groups at any of the evaluation periods
(ANOVA, P < 0.05). Loss of histological attachment (CEJ-
JE) and bone loss (CEJ-BC) (P < 0.05) were statistically dif-
ferent in the animals exposed to alcohol (GAL) and the ones
exposed to alcohol and stress (GASL). The most severe per-
iodontal breakdown was observed among the nonstressed
animals exposed to alcohol, followed by the group of stressed
animals exposed to alcohol. This last group (GASL) did
not differ from the positive control group (GPC). Figures 1
and 2 illustrate results from GASL group at two different
experimental times. Finally, the negative control group
showed the lowest values of CEJ-JE and CEJ-BC when com-
pared to the animals in the other groups (Table 1).

4. Discussion

The severity and rate of the progression of periodontitis
are influenced by a great variety of determinants and risk
factors. Oral hygiene, tobacco smoking, diabetes, age, and
the presence of specific microorganisms can be considered as
risk factors, since individuals under these conditions seem to

Figure 2: Image captured from the same animal illustrated in
Figure 1 (alcohol associated with stress group–GASL) before per-
iodontitis induction.

Table 1: Mean values (mm) of loss of histological attachment (CEJ-
JE) and bone loss (CEJ-BC) for the different groups.

CEJ-JE CJE-BC

(mean ± SD) (mean ± SD)

Stress + alcohol 0.33 ± 0.09a 0.61 ± 0.03a

Nonstress + alcohol 0.77 ± 0.27b 1.09 ± 0.32b

Positive control 0.25 ± 0.16a 0.92 ± 0.20a

Negative control 0.06 ± 0.14c 0.21 ± 0.02c

Different letters within the same column indicate statistically significant
differences between the groups (P < 0.05). CEJ-JE: loss of histological
attachment; CEJ-BC: bone loss.

be more likely to develop periodontitis [20]. Consistent data
in the literature suggests that they represent serious effects
over periodontal diseases [21]. However, the combination of
these factors is not enough to explain the difference in the
progression rate and severity of the disease. Other systemic
conditions such as stress [22], osteoporosis [23], obesity [24],
and abusive alcohol drinking [6] have been considered as
partially responsible for this variability as well.

The effects of alcohol to the body and the functional
imbalances associated with its consume have been constantly
investigated [25]. Such interest is justified by the wide range
of injuries and toxic effects that alcohol drinking causes the
organs and tissues, which can reflect in different systemic
diseases [26]. Besides, The World Health Organization esti-
mates that two billion people around the world are alcohol
consumers, and that 76 million show some kind of systemic
adverse event related to that. In Brazil, it is estimated that
68% of the population consumes alcohol and that 11.2% are
alcoholics.
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De Souza et al. [27] demonstrated that alcohol consump-
tion directly framed the progression of bone loss in an
induced periodontitis model. On the other hand, instead of
a direct action of alcohol over the periodontal tissues, these
effects are based on poor oral hygiene, which could better
explain a higher occurrence and severity of periodontal dis-
ease in people who drink alcohol [25]. In this context, animal
studies are important as they may help understand the bio-
logical events once they allow the elimination of certain bias
by the control of some variables. Therefore, animal studies
have observed that alcohol affected the periodontal tissues
through different mechanisms [28]. Reduced host responses,
due to deficiency and functional changes in neutrophils, as
well as changes in the protein metabolism and in the healing
of tissues have been previously reported [29]. In the present
study alcohol drinking negatively impacted the progression
of periodontitis. Similarly De Souza et al. [27] also observed
a direct effect of alcohol drinking in the bone loss progression
in a ligature-induced periodontitis model.

One common question is in which level the alcohol as
a water substitute under experimental conditions reflects
human alcohol drinking. The answer to that is not simple,
especially considering that the metabolism of rats is faster
than that of humans. According to The World Health Org-
anization mild drinkers are men who drink 21 alcohol units
(1 unit = 10 grams) per week. For women, this number is 14
units per week. For example, a glass of red wine (90 mL) has
12% or 1.7 unit of alcohol. A beer has 5% (1.1 unit) while
distilled drinks such as vodka and whisky have 40% or 2.0
alcohol units [5]. Supporting dose dependence, De Souza
et al. [30] reported a significantly higher alveolar bone loss
in rats receiving 20% ethanol in comparison to rats receiv-
ing 10% ethanol or water. Tezal et al. [11] carried an inter-
esting cross-sectional study to evaluate the effect of the con-
sumption of different alcoholic drinks (wine, beer, and
liquor) on the severity of periodontal disease. They observed
that the effects over the periodontal tissues did not change
depending on the kind of drink taken. These same authors
also verified contrary activity of alcohol over some periodon-
tal pathogens such as Actinobacillus actinomycetemcomitans
and Porphyromonas gingivalis. Clinical results suggested that
alcohol seems to affect more severely the gums, followed by
the periodontal ligament and the alveolar bone and that the
effect of alcohol on periodontal disease may depend on the
dose, frequency, and time of drinking [29].

Shimazaki et al. [9] also demonstrated that individuals
that consumed more than 15 grams of alcohol a day had
a significant increase in the progression rate of periodontal
disease and a higher inflammatory infiltrate, besides a higher
number of periodontal pockets when compared to those who
did not consume alcohol.

Although, dental biofilm acts besides some recognized
risk factors such as tobacco use, as previously mentioned,
more recently, researchers are considering whether and in
what degree lifestyle could affect the periodontium. In this
context, stress seems to affect not only periodontal status
but also personal lifestyle. Individuals exposed to stress-
ful situations tended to smoke a higher number of cigarettes
[31] and become alcohol consumers [32]. Also, a decrease in

oral hygiene was observed in a group of stressed individuals
[10]. Furthermore, direct tissue damage could be attributed
to the stress process [4]. Due to the frequent combined
occurrence of the studied factors, this study evaluated the
effect of alcohol intake by stressed animals. The fact that
the stressed animals exposed to alcohol showed better
periodontal conditions than the nonstressed animals was
only a partially unexpected result of this study. Yaroslavsky
and Tejani-Butt [33] evaluated the relation between stress
and alcohol consumption and observed that rats exposed
to chronic stress consumed a greater amount of alcohol. In
addition, changes in central dopamine type-2 receptor sites
were found indicating an altered dopamine neurotransmis-
sion following stress and alcohol exposure. Since stressed
animals consumed more alcohol, the authors concluded that
it is possible that the consumption of alcohol reverses these
alterations related to dopamine, suggesting a self-medicating
phenotype. Generally, alcohol intake tends to be confined
to the weekends. Jiménez-Ortega et al. [34] compared the
immunological effect of the discontinuous feeding of a
liquid diet containing a moderate amount of ethanol to that
of continuous ethanol administration or a control diet. The
discontinuous alcohol group received the ethanol diet for 3
days and the control liquid diet for the remaining 4 days of
each week (for a total of 4 weeks). The authors concluded
that discontinuous drinking of a moderate amount of eth-
anol can be more harmful for the immune system than a con-
tinuous ethanol intake, as the model applied in the present
study. Those authors suggested that probably the discon-
tinuous alcohol intake induces a greater stress as indicated
by the searched immune indicators.

Therefore, future studies must be carried as to elucidate
the isolate and combined effects of alcohol and stress over
periodontal tissues. Our data suggest that although stress
and alcohol may be harmful separately, their association pro-
bably triggered different processes. The evaluation of these
factors is relevant because the combination of stress and
alcohol drinking is a frequent condition in human beings
with periodontitis. Although the association did not result as
expected, the effects of alcohol drinking confirmed to be an
important factor for the development of a periodontal dis-
ease.

5. Conclusions

Stressed animals which drank alcohol showed worse peri-
odontal status than negative controls. However, nonstressed
animals who also consumed alcohol for the same period
showed a pattern of periodontal breakdown even more
severe. Therefore, the factors of alcohol drinking and stress
do not seem to show any synergic effect.
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Background. The “red complex” microorganisms, namely, Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia
are considered as potential pathogens causing HIV-associated periodontal diseases. Moreover, it has been recognized that an
association exists between CD4+ T cell counts and periodontal disease progression. Objective. To establish whether CD4+ T cell
counts or oral hygiene plays a greater role in producing BANA-positive results in HIV-associated periodontal disease. Materials and
Methods. One hundred and twenty HIV-positive patients participated in the study, and their CD4+ T cell counts were obtained
from their medical records. The six Ramfjord teeth were used for evaluating periodontal clinical indices and subgingival plaque
sampling. BANA test was used for the detection and prevalence of the “red complex” bacteria in plaque samples. Results. A majority
of 69.17% HIV-positive patients were BANA-positive. No significant associations were found between BANA and CD4+ T cell
counts. A highly significant association was found between BANA with probing depth and clinical attachment level (P ≤ 0.0001)
and between BANA and the use of interdental aids (P = 0.0168). Conclusion. HIV-associated periodontal diseases are strongly
related to oral hygiene practices rather than the effect of CD4+ T cell counts, and the use of interdental aids was marked as a
significant predictor of BANA-negative plaque samples.

1. Introduction

Progressive human immunodeficiency virus infection (HIV)
results in loss of immune response, especially those coordi-
nated by CD4+ T lymphocyte cells [1]. Depletion of CD4 cell
count renders the host vulnerable to opportunistic infections
of the mouth [2]. A decrease in CD4+ T cell count as
well as inadequate oral hygiene practices results in BANA-
positive plaque accumulation and ultimately periodontal
inflammation with destruction of the supporting tooth
structures. The gradual increase in the proportions of gram-
negative, anaerobic periodontopathogens, and their toxins
can be released into the blood stream, thus activating the
immune system [3, 4]. Inadequate oral hygiene can be
considered as a risk indicator and/or risk predictor in the
development of periodontal manifestations [5] which may
be exacerbated by HIV infection.

The “red complex” microorganisms, namely, the potent
periodontopathogenic bacteria Porphyromonas gingivalis,

Tannerella forsythia, and Treponema denticola are considered
as risk factors in HIV patients [6]. A rapid and simple
chair-side bacteriological enzymatic test, BANA (N-benzoyl-
DL-arginine-2-naphthylamide), could be reliably used in
everyday practice to identify the presence or prevalence
of “red complex” microorganisms [7]. Porphyromonas gin-
givalis, Tannerella forsythia, and Treponema denticola are
cultivable BANA-positive plaque species which possess an
enzyme capable of hydrolyzing the synthetic peptide of the
BANA reagent [8]. BANA has shown to correlate well with
the depth of the periodontal pocket and clinical indices
which are used to diagnose periodontal disease [9]. The
synergistic mechanisms between the “red complex” species
result in an immune-inflammatory response [10].

In clinical periodontal practice, the BANA test has proved
to be efficient in the diagnosis of periodontal disease and also
in the bacteriologic monitoring of periodontally involved
patients during the different phases of periodontal treatment
[11]. The test provides equal accuracy in detecting these “red
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complex” species comparable to that obtained with DNA
probes and immunology [7].

Microbial complexes of HIV-associated periodontal dis-
eases are reported to be similar to those in HIV-negative
individuals with periodontal diseases [12, 13]. No overt
pathogen has been implicated for periodontal disease in
HIV-seropositive individuals [14], although certain specific
microbial complexes not commonly found in HIV-negative
individuals may be responsible for chronic periodontal
diseases in HIV-positive patients [15]. Studies conducted by
Brady et al. [16], based on selective media, culture methods,
and microscopy, did not demonstrate any characteristic
difference in the microflora of HIV-infected and non-
infected individuals with or without periodontal disease. The
interaction of the “red complex” members with the epithelial
cells in the subgingival environment leads to the destruction
of host tissues.

The aim of the present study was to establish whether
immunosuppression determined by the level of the CD4+
T cell counts in HIV-positive patients, or their oral hygiene
practices play a greater role in the colonization of BANA-
positive microorganisms such as Porphyromonas gingivalis,
Treponema denticola, and Tannerella forsythia, implicated in
the aetiology of HIV-associated periodontitis.

2. Materials and Methods

2.1. Study Population. A cohort descriptive study was
conducted involving a randomized selection of 120 male
and female HIV-positive patients attending the infectious
diseases clinic at Tygerberg Medical Hospital, South Africa.
HIV-positive patients with various CD4+ T cell counts irre-
spective of their antiretroviral therapy were included in the
study. Exclusion criteria included pregnancy, tuberculosis,
diabetes, cardiovascular disease, autoimmune diseases, and
also patients who were on antibiotic treatment and those
who had undergone dental treatment 3 months prior to
the study. Ethical committee clearance from the University
of the Western Cape and written informed consent were
obtained from all the participants prior to the start of the
study. Information regarding demographic features, general
health, HIV infection history, and most recent CD4+ T cell
counts (usually within the last 3 months) were obtained from
the patients’ medical records. Viral loads were not recorded
since the information was not always available. Factors
predisposing to periodontal disease and oral hygiene habits
were obtained from questionnaires and included questions
pertaining to frequency of visits to the dentist (never, once a
year, twice a year), frequency of tooth brushing (how many
times a day), and the use of interdental aids (floss, interdental
brushes, toothpicks).

2.2. Periodontal Procedures. Periodontal clinical measure-
ments such as plaque index (PI), gingival index (GI), probing
depth (PD), and clinical attachment level (CAL) were taken
at the mesial aspect of six Ramfjord teeth. These mea-
surements were performed by a single calibrated examiner
using Williams periodontal probe. Intraexaminer Kappa

index and intraclass coefficient correlation of agreement for
periodontal pocket depth measurements ranged from 0.765
to 0.985. No oral hygiene instructions were given prior to the
clinical examination.

2.3. Enzyme Assay. The BANA test was done as described
by Loesche et al. [8]. The BANA reagent strip consisted of
a plastic strip to which upper and lower reagent matrices
were attached. After the removal of supragingival plaque,
the subgingival plaque was collected from the site with the
maximum pocket depth using a Gracey curette and dispersed
on the lower reagent matrix of the BANA test strip. After
moistening the upper matrix, the strip was folded to meet the
upper and lower reagents and was incubated for 15 minutes
at 55◦C. If BANA-positive species were present when the test
strip was opened, a permanent blue colour was obtained on
the upper matrix.

2.4. Statistical Analysis. Data was analyzed using statistical
programmes such as SAS (SAS Institute Inc., Cary, NC,
USA). The Wilcoxon rank sum test was used to determine
the association between CD4+ T cell counts and each of the
clinical periodontal parameters with BANA. Pearson’s Chi-
square test was applied to determine the association between
“red complex” and periodontal status. Cochran-Mantel-
Haenszel test (CMH test) was used to test the relationship
between a pair of variables adjusting for the effect of other
variables. Logistic regression model was used to determine
the association between BANA and oral hygiene adjusting
for ungrouped CD4+ T cell counts. A significance level of
<0.01 rather than the usual <0.05 level indicated a highly
significant result, while results with a P value between 0.01
and 0.05 were referred to as marginally significant.

3. Results

Of the 120 participants included in the study, 55 (45.83%)
were males and 65 (54.17%) were females with a mean age
of 33.25 years (range: 20–55). A majority of 83 (69.17%)
HIV-positive patients were reported as BANA-positive and
37 (30.83%) were BANA-negative (Table 1).

The mean CD4+ T cell count levels were 299.07
cells/mm3 and 280.79 cells/mm3 for BANA-positive and
BANA-negative patients, respectively. There was no sig-
nificant association found between BANA with CD4+ T
cell counts (Wilcoxon test, P = 0.7075); however, highly
significant associations were observed between BANA with
probing depth and clinical attachment level, while marginal
significances were observed between BANA with plaque and
gingival indices (Table 1).

By comparing BANA results with CD4+ T cell counts
grouped into <200, 200–500 and >500 cells/mm3, 30.12% of
the <200 cells/mm3 group, 59.04% of the 200–500 cells/mm3

group and 10.84% of the >500 cells/mm3 group were BANA-
positive. No significant associations were found between
BANA with grouped CD4+ T cell counts (Table 2). The
results revealed that the presence of BANA-positive microor-
ganisms were not related to CD4+ T cell counts as a whole
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Table 1: CD4+ T cell counts and clinical indices relative to frequency of BANA.

Variables
BANA

P valuePositive (N = 83) Negative (N = 37)

Mean (SD) Median Minimum–Maximum Mean (SD) Median Minimum–Maximum

CD4+ T cell countsa 299.07 (157.16) 300 61–859 280.79 (137.6) 256 36–562 0.7075

Plaque indexb 2.64 (0.46) 2.9 1.3–3 2.35 (0.64) 2.5 0.8–3 0.0248

Gingival indexc 2.83 (0.35) 3 1.5–3 2.59 (0.59) 2.9 0.5–3 0.0348

Probing depthd 5.06 (1.02) 5 2.9–6.8 4.12 (0.76) 4 2.9–5.8 <0.0001

Clinical attachment levele 5.6 (1.1) 5.9 3–7.3 4.59 (0.83) 4.4 3–6.1 <0.0001
a
No statistical significance observed between CD4+ T cell counts and BANA test (Wilcoxon rank sum test).

b,cMarginally statistical significance observed between BANA and plaque and gingival indices (Wilcoxon rank sum test).
d,eHighly statistical significance observed between BANA and probing depth and clinical attachment level (Wilcoxon rank sum test).

Table 2: Grouped CD4+ T cell counts relative to BANA.

BANA
Grouped CD4+ T cell counts (P = 0.9989)

Total
<200 200–500 >500

Negative 11 (29.73%) 22 (59.46%) 4 (10.81%) 37 (30.83%)

Positive 25 (30.12%) 49 (59.04%) 9 (10.84%) 83 (69.17%)
∗

No statistical significance observed between BANA and grouped CD4+ T cell counts (Pearson’s Chi-square test).

or CD4+ T cell counts grouped into <200, 200–500 or
>500 cells/mm3.

Of 83 (69.17%) BANA-positive patients, 62 (74.70%)
brushed once a day and about 21 (25.30%) brushed twice a
day while among the 37 (30.83%) BANA-negative patients,
22 (59.46%) admitted brushing once a day and only 15
(40.54%) admitted brushing twice a day. There were no sig-
nificant associations found between BANA and the frequency
of brushing (Table 3). A marginally significant association
was apparent when comparing positive BANA results with
the use of interdental aids (Chi-square test, P = 0.0168). A
majority of 70 (84.34%) of BANA-positive patients never
used interdental aids while 13 (15.66%) of them reported
using interdental aids. Among the BANA-negative patients,
24 (64.86%) never used interdental aids and 13 (35.14%)
used interdental aids.

HIV-positive patients who brushed their teeth once a
day and those who did not use any interdental aids to clean
their teeth showed a greater prevalence of “red complex” as
detected by the BANA test. Table 4 shows the association
between BANA and oral hygiene practices such as brushing
and the use of interdental aids adjusted for grouped as well
as ungrouped CD4+ T cell counts. The findings showed
significant associations between BANA and interdental aids
but not with brushing frequency. This explains the fact that
the use of additional oral cleaning methods was essential
and merely brushing was not enough to obtain a disease-free
mouth.

Moreover, CMH tests failed to demonstrate signifi-
cant relationships between BANA and grouped as well as
ungrouped CD4+ T cell counts even when adjusted for oral
hygiene practices (Table 5).

From the results it can be suggested that oral hygiene
maintenance plays a greater role in the aetiology of peri-
odontal disease in HIV-positive patients than the level of

immunosuppression. However, one must take into account
the fact that this study included HIV patients whether or not
they were on therapy. This may have influenced the results
obtained.

4. Discussion

Studies have suggested an increase in the severity and
prevalence of periodontal diseases in HIV-positive pop-
ulations. The primary aetiology of periodontal diseases
is the formation and adhesion of dental plaque on the
surfaces of the tooth. Dental plaque involves a community
of microorganisms found as a biofilm on the tooth surface
and develops under different conditions and environments.
In the periodontal disease progression, “red complex” is
considered as the most significant cluster among the bacterial
clusters [17], as the “red complex” pathogens increase in
numbers and prevalence with increasing clinical parameters
of the disease [18].

Since periodontal disease is a polymicrobial infection, a
coaggregation of subgingival microorganisms exists in HIV-
positive patients. Among them Porphyromonas gingivalis,
Treponema denticola, and Tannerella forsythia can be con-
sidered as true pathogens in HIV progression. However,
other studies reported a lower prevalence of these puta-
tive bacteria in HIV-positive compared with HIV-negative
individuals [19, 20]. The clinical signs of HIV-associated
periodontitis are always related to gingival inflammation,
profound gingival bleeding, increased probing depth, and
loss of clinical attachment and hence periodontal disease may
be determined as one of the first clinical representations of an
undiagnosed HIV infection [21].

In the present investigation, BANA test showed signif-
icant associations with all the periodontal indices. Clinical
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Table 3: BANA relative to oral hygiene practices.

BANA
Brushing (P = 0.0925) Interdental aids (P = 0.0168)

Once a day Twice a day No Yes

Negative (n = 37) 22 (59.46%) 15 (40.54%) 24 (64.86%) 13 (35.14%)

Positive (n = 83) 62 (74.70%) 21 (25.30%) 70 (84.34%) 13 (15.66%)
∗

No statistical significance observed between BANA positivity and brushing (Pearson’s Chi-square test).
∗Statistical significance observed between BANA positivity and interdental aids (Pearson’s Chi-square test).

Table 4: Association between BANA with oral hygiene adjusted for grouped and ungrouped CD4+ T cell counts.

Ungrouped CD4+ T cell counts

Independent variables Grouped CD4+ T cell counts (P values) (CMH test) (Logistic regression model)

Odds ratio 95% CI P values

BANA
Brushinga 0.0897 0.50 0.22–1.14 0.1154

Interdental aidsb 0.0174 0.35 0.14–0.85 0.0244
a
No statistical significance observed between BANA and brushing with grouped and ungrouped CD4+ T cell counts.

bStatistical significance observed between BANA and interdental aids with grouped and ungrouped CD4+ T cell counts.

Table 5: Association between BANA with grouped and ungrouped
CD4+ T cell counts adjusted for oral hygiene.

Independent variables P values

BANA
Grouped CD4+ T cell counts 0.9423

Ungrouped CD4+ T cell counts 0.9943
∗

No statistical significance observed between BANA and grouped and
ungrouped CD4+ T cell counts (CMH test).

attachment level and probing depth were found highly sig-
nificant (P ≤ 0.0001) and plaque (P = 0.0248), and gingival
(P = 0.038) indices were found to be marginally significant
with BANA. This investigation’s results clearly indicate the
relationship between BANA-positive species and their role
in periodontal disease. A study by Puscasu et al. [22], on
61 adult patients with gingivitis or periodontitis, observed
a statistical correlation with the severity of periodontal
destruction and BANA but they failed to determine a statis-
tical correlation between plaque index and BANA. However,
their study used both supragingival and subgingival plaque
deposits for BANA test, where supragingival plaque harbours
less anaerobic BANA-positive species which could thus
prevent their detection. On the contrary, in the present study,
only subgingival plaque samples were taken to detect the
“red complex,” where they colonize abundantly. This could
account for their positive response to the BANA test.

It has been suggested that the level of immunosuppres-
sion or the decrease in the CD4+ T cell count determines the
progression of periodontal disease. Highly severe immuno-
suppression in HIV patients may exacerbate preexisting
periodontitis, considering HIV infection as a modifier of
periodontal disease [23]. However, in the present investiga-
tion, BANA test was not found to be correlated with absolute
CD4+ T cell counts nor with grouped CD4+ T cell counts
even when adjusted for oral hygiene. The interesting finding
was that an increase in the “red complex” microorganisms

in HIV infections was not clearly demonstrated to be due
to the decrease in CD4+ T cell counts, per se, but it could
be due to the lack of oral hygiene maintenance that leads
to the colonization of “red complex” pathogens. Most of
the HIV patients examined brushed only once a day (70%)
and never used interdental aids (78.33%) thus indicating less
effort on the patient’s part to maintain better oral hygiene,
ultimately leading to gingival inflammation and periodontal
diseases. Lack of proper oral hygiene may lead to the
accumulation of periodontal microorganisms in the mouth
resulting in a positive response to the BANA test. BANA was
not significantly related to the frequency of brushing (Chi-
square test, P = 0.0925) but there was a marginally significant
relationship between BANA and the use of interdental aids
(Chi-square test, P = 0.0168). Inadequate brushing leads
to the accumulation of both supragingival and subgingival
plaque making oral hygiene difficult. Moreover, it was
evident that association of periodontal clinical parameters
such as plaque and gingival indices, probing depth and loss
of clinical attachment with BANA positivity in HIV patients
suggests improper maintenance of oral hygiene.

An alternate analysis using the logistic regression model
gave virtually identical results. Not adjusting for CD4+
T cell counts, the use of interdental aids was significant
with P = 0.0168 (Chi-square test). Adjusting for CD4+ T
cell counts in a logistic regression model, the P value for
interdental aids was still significant with P = 0.0244. The
odds ratio was 0.35 for interdental aids, and the 95%
confidence interval was 0.14 to 0.85.

Even when only a minority of the study population used
interdental aids as an additional cleaning device, it marked a
major difference in the oral hygiene maintenance compared
to the frequency of brushing. As one would expect, more
frequent brushing and interdental use tends to provide better
plaque control and improved gingival health. Clinicians must
motivate the patients and highlight the benefits of additional
cleaning devices to clean their teeth. Overall, the oral hygiene
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status among the HIV-positive patients who participated in
the study was poor which may explain the presence of BANA-
positive pathogens.

The immunosuppression of HIV patients influences
the prevalence of periodontal diseases which in turn is
exacerbated by their poor oral hygiene. Since the current
investigation was strictly restricted for the detection of “red
complex” subgingival pathogens only, knowledge of any
relation with one or a combination of other periodonto-
pathic bacteria causing destruction of the periodontium
cannot be ignored. This could be considered as a limitation
of the study since other bacterial species that might have
been present subgingivally were not detected. The present
study included patients who had not received any form
of dental treatment 3 months prior to the study, thereby
eliminating the bias of those visiting dental clinics for
oral complaints. Some of the HIV patients in the study
were on antiretroviral therapy, which could explain the
reason of not finding any association between BANA-positive
pathogens and their CD4+ T cell count levels. Earlier
intervention to antiretroviral therapies and the widespread
use of antiretroviral therapy could limit the exposure to
immunosuppression in HIV patients. The regular use of
antimicrobials in the form of antiretroviral therapy may
reduce the virulence of the subgingival microbiota in HIV-
positive patients, even under severe immunosuppression.

This study employed the Ramfjord teeth instead of a full-
mouth assessment for the periodontal status of the study
group. While some researchers have demonstrated the epi-
demiological validity of the Ramfjord teeth in representing
the periodontal status of the whole mouth [24–29], others
have reported the introduction of a bias (either positively or
negatively), thus making it unsuitable for determining peri-
odontal disease severity or prevalence [30–32]. We elected to
use the Ramfjord teeth since it was found to reduce time,
cost, patient, and examiner fatigue, while also providing
a practical alternative to the 168 measurements for each
clinical parameter required to characterise the prevalence
and severity of periodontal disease in a single whole mouth
[28]. However, we are mindful of the limitations of partial
mouth measurements. Measurement of sites on the buccal
side of the tooth have been reported to show better reliability
than measurement on the lingual side because of better
visibility to the examiner. A better representation may
therefore be achieved by measuring several sites on a tooth
instead of just one aspect as we have done. Furthermore,
partial recording techniques were shown to reduce the
severity of periodontal destruction scores to almost half of
that demonstrated in full mouth examinations, resulting in
an underestimation of both the extent and prevalence of
periodontal disease in some studies [28, 33].

5. Conclusion

The presence of “red complex” pathogens (as demonstrated
by the BANA test) was not associated with the level of
immunosuppression nor CD4+ Tcell counts in HIV-positive
patients. Although immunosuppression plays a major role in

the periodontal inflammation, improper oral hygiene may
aggravate its severity and progression. The “red complex”
subgingival pathogens were closely related to the clinical
parameters of inflammation and periodontal destruction
and appeared meaningful in periodontal diagnosis. The
results reported in this investigation would imply that an
association existed between the presence of BANA-positive
plaques and the use of interdental aids, and virtually no
evidence of an association with CD4+ T cell counts. The
high prevalence of periodontal manifestations underlines the
need for routine dental visits and treatment with a proper
maintenance of oral hygiene. A greater emphasis on oral
health and prevention of periodontal disease is necessary
especially among HIV-infected individuals.
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Purpose. The aim of this study was to verify the prevalence of alveolar bone loss in Brazilian adolescents through the interproximal
X-rays analysis. Methods. Bilateral and standardized interproximal (bitewing) X-rays were performed in 15-year-old adolescents
(n = 326), and the processing of films and measurements of alveolar bone levels were accomplished by a single examiner. A distance
between the cementoenamel junction (CEJ) and the alveolar bone crest more than 2 mm was considered as periodontal bone loss.
Results. The results showed percentage of bone loss of 10.4% with predominance of horizontal defects (8.9%) over the vertical types
(1.5%). It was verified higher individual distribution of one lesion (67.6%) than two (26.5%) or three lesions (5.6%), and higher
occurrence was detected in men (14.95) than in women (8.21). Conclusion. It can be concluded that the interproximal radiography
was an efficient method for the detection of alveolar bone loss, revealing low prevalence in adolescents and predominance of
horizontal bone defects.

1. Introduction

Periodontal diseases are among the most frequent diseases
that may affect children and adolescents [1]. Epidemiological
studies have been supporting that the gingivitis is practically
universal in children and adolescents, but destructive forms
of periodontal disease may also occur although this is lower
in young people than in adults [2, 3]. Thus, the American
Academy of Periodontology withdrew the age factor of the
classification system of periodontal disease [2]. Although
previous data revealed a more surface problem in children
and adolescents, some studies pointed out the presence of
more advanced forms of periodontal disease, since severe
gingivitis [1, 4–6] until chronic periodontitis [7, 8] with
periodontal pocket, clinical attachment loss [9–11], and
alveolar bone loss [12–15].

Some studies also showed that periodontal attachment
loss and alveolar bone loss are uncommon in children, but its
prevalence increases in 12- to 17-year-old adolescents when
compared with children from 5 to 11 years [13, 16–20].

A multinational study in 8.730 subjects from 15 to 17 years
old was accomplished by Hansen et al. [19], which repre-
sented a global sample (18 centers of 16 countries), and the
authors stated that the early periodontal destruction in 15-
year-old young people seems to be a common phenomenon
in the whole world. Although these studies have found that
the alveolar bone loss was a common finding in adolescents,
the diagnosis of bone loss in pediatric patients has been
neglected [15]. Sjödin et al. [21] demonstrated that 40%
of patients diagnosed in adulthood with periodontitis had
already presented alveolar bone loss in deciduous dentition.

Several studies showed the prevalence of periodontal
disease in young and adolescent patients using X-rays as a
method of diagnosis [17, 18, 22–27]. Although there are
limitations in the X-ray conventional technique [28], it
represents an available and acceptable method when the
technical standardization can be obtained because it is very
useful [29]. The studies that use X-rays to check the alveolar
bone loss aim to obtain information about periodontal dis-
ease to diagnose if the images indicate a disease condition or
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a normalcy variation. In this way, some studies reported var-
ious findings considering the subjectivity of the parameters
and analyses, focusing on some of the problems about this
methodology [13]. However, the X-rays have shown a strong
correlation between the clinical and radiographic findings
[30] and a good correlation with the clinical attachment
loss [31], especially using the interproximal (bitewing) X-
rays, which have shown to be a valuable method for the
detection of incipient bone loss [18]. Thus, the interproximal
(bitewing) radiography has been the most used method to
check bone loss in young people [17–19, 22, 25, 32].

The radiographic examination can be a useful method
for the determination of the early reabsorption of alveolar
bone crest, considering the extent of the gingival problem
in children and young people. The aim of this study was to
verify the prevalence of alveolar bone loss in adolescents by
means of the interproximal X-rays.

2. Materials and Methods

2.1. Sample Selection. This research was approved by the
Research Ethics Committee of University Center of Edu-
cational Foundation of Barretos—UNIFEB. A survey was
carried out at Elementary Public Schools in Barretos city
(São Paulo, Brazil) to check the availability of 15-year-old
students for voluntary participation in the research. Some
schools were randomly chosen according to their location
through the method of stratified sampling to obtain a rep-
resentative sample of the city. The adolescents were taken to
the dental clinics of the University Center of the Educational
Foundation of Barretos (UNIFEB) by bus, kindly loaned
by the Road Company Rio Grande (Barretos, São Paulo,
Brazil) for safety transportation and without any cost for
the students and institution (UNIFEB). Parents or guardians
should sign a written consent form for authorization of the
adolescents for the participation in the study. Thus, initially
380 patients from the 400 obtained were examined. The
criterion for exclusion of the subject in the sample was based
on the absence of at least one proximal surface of a first upper
molar and a first lower molar for the readings [32].

2.2. Radiographic Examination. The radiographic examina-
tion was obtained through two X-rays shots per patient
(one on each side), using the interproximal technique in
the region of premolars and molars [16, 19, 25]. An X-ray
machine was used at 70 KV 8 mA (Dabi Atlante, Ribeirão
Preto, SP, Brazil), and the X-ray shots were standardized by
the use of positioners to the interproximal technique (bitew-
ings, Indusbello, Londrina, Brazil). The shots were carried
out within all the standards of biosecurity, using lead apron
and rapid exposure Ektaspeed films (Kodak, São Paulo,
Brazil), packed in PVC plastic film. The films were evaluated
by an investigator (EMB) that evaluated the radiographs in
an appropriate negatoscope in a dark room, with the screen
covered by paper and dark suitable window for accommoda-
tion of the film for the examinations.

The measurements were carried out by a single examiner
(EMB) on different days with two days apart, evaluating

Table 1: Distribution of the subjects in the study.

Gender
Examined
N (%)

Excluded
N (%)

Included
N (%)

Man 129 (33.95) 22 (5.8) 107 (28.2)

Woman 251 (60.05) 32 (8.4) 219 (57.6)∗

Total 380 (100) 54 (14.2) 326 (85.8)
∗P < 0.0001 (binomial test for comparison of proportions; P < 0.05 indicates
statistically significant difference).

a maximum of 40 X-rays per day. The measurements were
made from the distance from the cementoenamel junction
until the alveolar bone crest, with the support of a magni-
fying glass and precision caliper (Mitutoyo, Tokyo, Japan).
A distance greater than 2 mm between the cementoenamel
junction and the alveolar bone crest was considered as bone
loss [17–19, 25]. The bone crest was defined as the most
coronal level in which the periodontal membrane retains
its normal thickness [5]. Subsamples of three radiographs
were read again, with one-week interval for the proof and
determination of reproducibility and reliability of the data.
The intraexaminer diagnostic confidence was evaluated by
Kappa statistics [33], reaching a concordance level of 88%.

The measurements were performed from the distal
surface of the canine teeth up to the mesial surface of the
second molars fully erupted. Surfaces with superposition of
dental elements, presence of dental braces or cases with no
possibility of determining the cementoenamel junction were
excluded, as well as teeth in eruption process, and films with
processing problems or that presented errors in the X-rays
shot. Then, 54 patients were excluded from the 380 patients
initially examined, and the study was followed with 326
subjects.

2.3. Statistical Analysis. The statistical analysis was per-
formed in some data by the binomial test for proportions.
The Cochran test (Q) was used for comparison between the
numbers of lesions. P < 0.05 was considered as statistically
significant difference. The program used was BioEstat 5.0
(Belém, PA, Brazil).

3. Results

Table 1 shows the distribution of young people radiographed
in relation to gender. The results showed that the proportion
of women was higher than men in the sample (P < 0.0001).
Table 2 shows the distribution of types of alveolar bone
loss (horizontal and vertical) according to the gender. The
data showed higher proportion of bone loss in men than
in women (P = 0.03). There was greater predominance of
horizontal bone loss than vertical lesions (P < 0.0001). The
distribution of the number of horizontal and vertical lesions
(1, 2 or 3) can be verified in Table 3. It is verified that men
showed higher proportion in the total number of lesions than
women (P = 0.03), and that the majority showed one or two
lesions.
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Table 2: Distribution of bone loss types according to the gender.

Gender
Bone loss

Horizontal
N (%)

Vertical
N (%)

Horizontal + Vertical
Bone loss N (%)

Man (n = 107) 14 (13.1) 2 (1.87) 16 (14.95)∗

Woman (n = 219) 15 (6.8) 3 (1.4) 18 (8.2)

Total (n = 326) 29 (8.9)# 5 (1.5) 34 (10.4)
∗P = 0.03 (comparison between genders); #P < 0.0001 (comparison
between horizontal versus vertical bone loss). Binomial test for comparison
of proportions (P < 0.05 indicates statistically significant difference).

Table 3: Distribution of the lesions’ number according to the gen-
der.

Gender
Lesion

1 lesion
N (%)

2 lesions
N (%)

3 lesions
N (%)

Total
N (%)

Man (n = 107) 11 (68.75) 4 (25) 1 (6.25) 16 (14.95)∗

Woman (n = 219) 12 (66.7) 5 (27.8) 1 (5.55) 18 (8.2)

Total (n = 326) 23 (67.6)# 9 (26.5)# 2 (5.6) 34 (10.4)
∗P = 0.03 (binomial test for comparison between genders; P < 0.05 indicates
statistically significant difference). #P < 0.01 (Cochran test, comparison
between 1 lesion versus 2 lesions; 1 lesion versus 3 lesions; 2 lesions versus 3
lesions; P < 0.05 indicates statistically significant difference).

4. Discussion

Some authors reported that the distance considered as
normal in young individuals would be from 1 to 2 mm
between the cementoenamel junction and the bone crest
[34, 35]. It has also been recommended that this distance
could be greater than 3 mm [36]; however, in the present
study, it was considered a distance greater than 2 mm
between the cementoenamel junction and the alveolar bone
crest, following the guidelines of some studies [17–19, 25].
Moreover, there was uniformity in the age of sample to avoid
its influences, because the distance from cementoenamel
junction to alveolar bone crest seems to increase with age
[37].

Some authors also emphasize the possibility of an under-
estimation in the verification of the incipient periodontitis
by X-rays methods, whether by deflection of angulation,
difficulties of identification of the cementoenamel junction,
evaluation only in posterior teeth, and even by other aspects
of the radiographic technique [13]. In the present study,
all the procedures were standardized, such as X-rays shots,
revelation, and readings of the sample in the attempt to avoid
errors.

Our results are in agreement with the observations by
Hansen et al. [19] that revealed that the alveolar bone loss
showed an average of 10.2%, nearly to the percentage
obtained in our findings (10.4%). From the three Brazilian
centers that participated in the multinational study of
Hansen et al. [19], two of them named as Brazil 1 and Brazil 3
(Araraquara and Porto Alegre) demonstrated average values
of 8.95% and 8.70%, respectively. These values were also

close to 10.4% verified in the present study, as well as the
percentage of 10.2% obtained in the global sample, and in the
result obtained by Hansen et al. [17] of 11.3%. Conversely,
some findings showed higher percentage of alveolar bone
loss in younger individuals [18, 19, 22, 25]. Gjermo et al.
[18] examined a sample of 304 schoolchildren with low
socioeconomic conditions in Belo Horizonte (Brazil), from
13 to 16 years old, and found 27.6% of alveolar bone loss.
In the same way, similar results had already been observed in
the global study by Hansen et al. [19] in the sample of Brazil
2, and a small sample was discarded due the high rate of bone
loss (26.6%). The highest values presented in populations of
low socioeconomic conditions had been observed previously
by Albandar et al. [22] and Aass et al. [25]. Thus, the sample
was composed by several socioeconomic segments in the
present study.

The horizontal bone defects were more prevalent than
the vertical types. Our results showed a percentage of 8.9%
and 1.5% for horizontal and vertical defects, respectively.
These findings are similar to those found by Hansen et al.
[19], which demonstrated a prevalence of 8.85% for hor-
izontal types and 1.35% for vertical lesions, and even by
Hansen et al. [17] that found 10.8% and 0.5% for horizontal
and vertical defects, respectively. This proportion was also
verified in the study by Gjermo et al. [18] that found 51.8 for
horizontal defects and 16.2 for the vertical types, in a sample
of low socioeconomic condition.

Moreover, our results showed higher prevalence of one
lesion defects (67.7%), followed by two (26.5%) and three
lesions (5.6%), which was similar to the findings by Hansen
et al. [19] that found percentages of 64.80% (one lesion),
24.68% (two lesions), and 7.01% (three lesions), respectively.
Aass et al. [25] also found high prevalence of one and two
lesions in younger individuals (97.5%), as well as Gjermo
et al. [18] that showed higher prevalence of one lesion
(40.7%) in people with low socioeconomic condition. Addi-
tionally, the men showed higher prevalence of bone loss
(14.95%) than women (8.2%), whose tendency had already
been revealed by some authors [17–19, 25].

Considering that the alveolar bone loss may increase with
age [25], it is important to focus in the young population to
prevent the development of periodontal diseases. Thus, other
studies in young people are encouraged for evaluating the
progression of alveolar bone loss in prospective studies, as
well as for verification of their relationship with the clinical
aspects.

5. Conclusions

It can be concluded that the interproximal radiography was
an efficient method for the detection of alveolar bone loss,
revealing low prevalence in adolescents and predominance
of horizontal bone defects.
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1 Department of Social and Preventive Dentistry, School of Dentistry, Federal University of Minas Gerais,
32170-901 Belo Horizonte, MG, Brazil

2 Rua Maria Heilbuth Surette, 528 /102-Buritis, 30575-100 Belo Horizonte, MG, Brazil

Correspondence should be addressed to Aline Mendes Silva de Pinho, mendes.silva.aline@gmail.com

Received 10 June 2012; Accepted 21 August 2012

Academic Editor: Jose Roberto Cortelli

Copyright © 2012 Aline Mendes Silva de Pinho et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

The aim of this study was to determine the impact of periodontal disease on the quality of life of individuals with diabetes according
to different clinical criteria (I-AAP, II-Beck, III-Machtei, IV-Lopez, V-Albandar, VI-Tonetti, and VII-CPI). This cross-sectional
study sampled 300 individuals in Belo Horizonte, Brazil. The Oral Health Impact Profile was used to measure the impact of
periodontal disease on quality of life. Prevalence of periodontal disease was 35.3%, 30.7%, 35.0%, 9.7%, 92.3%, 25.3%, and 75.3%
using criteria I, II, III, IV, V, VI, and VII, respectively. The III-Machtei (P = 0.043) and IV-Lopez (P < 0.001) criteria were associated
with OHIP-14; functional limitation was associated with IV-Lopez (P = 0.006) and V-Albandar (P = 0.018) criteria. Pain was only
associated with V-Albandar criteria (P < 0.001). Psychological discomfort was associated with the IV-Lopez (P = 0.018) criteria.
Physical disability was associated with the IV-Lopez (P = 0.047) and V-Tonetti (P = 0.046) criteria. Being handicapped was
associated with the I-AAP (P = 0.025) and II-Beck (P = 0.041) criteria. Concepts of health and disease determined by clinical
diagnostic criteria may influence the assessment of the impact of periodontal disease on diabetics’ quality of life.

1. Introduction

Diabetes mellitus is one of the primary public health
problems. Its chronic nature and the limitations it imposes
contribute significantly to the increase in hospitalization,
disability, and mortality rates. The occurrence of diabetes in
population groups is linked mainly to socioeconomic factors,
cultural factors, stress, and family predisposition [1]. In the
year 2000, the prevalence of diabetes in the world was 171
million, and it is estimated that this number will reach 366
million by 2030 [2]. In Brazil, there are approximately 10
million people with diabetes.

Studies suggest that diabetes is a risk factor for periodon-
tal disease, pointing out that the prevalence, incidence, and
severity of periodontal disease are higher among individuals
with diabetes in comparison to healthy individuals [10,
11]. The mechanisms by which diabetes influences peri-
odontal disease include vascular abnormalities, neutrophil

dysfunction, abnormalities in collagen synthesis, and genetic
predisposition [12].

The most commonly employed clinical parameters for
the diagnosis and classification of periodontal disease are
measurements of the depth of periodontal pockets, clinical
insertion loss, and bleeding upon probing, which often
generate different information regarding the prevalence of
the disease. There is no consensus in the scientific literature
regarding a gold standard clinical diagnostic criterion for
periodontal disease, which limits comparison among differ-
ent studies [13].

The issue of accuracy of periodontal protocols of the
National Health and Nutrition Examination Survey
(NHANES) was discussed. The authors verified that the
periodontal disease case used could lead to an underestimate
of the prevalence of periodontal disease by 50% or more
[14].
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The change in the medical paradigm from focus on
the presence or absence of disease to a broader view that
considers the subjective experience of individuals regarding
physical, social, and psychological wellbeing has allowed
more detailed knowledge of the living conditions of the
population [15]. Beside the need for the convergence of clin-
ical diagnostic criteria, the concomitant use of nonnormative
measures is important to determining whether periodontal
disease causes an impact on people’s daily lives.

One of the first efforts to document this issue in Brazil
was made by Leäo et al., who used the Dental Impact on
Daily Living Index to measure periodontal health impacts on
daily living.We made the highlighted change according to the
list of references. Please check Roughly 60% of interviewed
individuals reported some dissatisfaction with their quality
of life [16]. It has been observed that studies relating the
impact of periodontal disease on quality of life of diabetics
are very scarce. Among these few studies, Drumond-Santana
et al. evaluated the potential impact of periodontal disease
on quality of life in diabetics. They found that diabetics with
mild-to-moderate and advanced periodontal disease suffered
a more negative impact on quality of life than those who were
periodontally healthy or had gingivitis [17]. The Oral Health
Impact Profile (OHIP) and its shortened version, the OHIP-
14, are indexes that can be used for this purpose [18, 19].

Therefore, based on the hypothesis that the impact of
periodontal disease on quality of life may vary depending on
the clinical diagnostic criteria used for its diagnosis, the aim
of this study was to test associations between different clinical
diagnostic criteria for the determination of periodontal
disease and its impact on the daily life of individuals with
diabetes.

2. Methods

A cross-sectional study was carried out in 2005 in the city of
Belo Horizonte, state capital of Minas Gerais, Brazil. The city
has 2,412,937 inhabitants and occupies a strategic position
on the geopolitical maps of Brazil and Latin America [20].
The study was approved by the Ethics Committee of the
Federal University of Minas Gerais (Protocol no. 012/2004).

Sample calculation considered both type I and II errors.
For this, we assumed a 95% confidence interval, 80% power
of test, and parameters of diabetes and quality of life from
Drumond-Santana et al. [17]. The sample calculation by
comparison of proportions presented a higher number than
those found by comparison of means. Thus, we conducted
a different sample size calculation for each dimension of
OHIP-14. This procedure assured, for a sample size of 300
individuals, a type I error = 0.05 and a power of test =
80% for all dimensions of OHIP-14, except for psychological
disability, social disability, and handicap.

We sampled 300 men and women over 30 years of age
with a diagnosis of either type (I and II) of diabetes, and
who were registered and assisted by the Belo Horizonte
health care system. Diagnosis of diabetes was confirmed
by municipality primary care physicians. In all participants
the disease was under control. Sampling procedures were
published elsewhere [21]. The city of Belo Horizonte has

nine administrative districts with differences in the number
of diabetic patients registered. Simple random sampling
was performed for each district. Thus, the number of
randomly selected patients was proportional to the number
of diabetic individuals registered in each district. The
number of individuals examined was determined by a sample
calculation using a formula recommended by the World
Health Organization [22] for the anticipated population
proportion with the occurrence of disease.

The inclusion criteria were individuals who had diabetes
diagnose (either type I or II), up to 30 years old, were regis-
tered in the Belo Horizonte public health care system, were
dentate, and had signed the informed consent. Additionally,
teeth with gingival morphology damage, ill-adapted dental
restorations, large cavitation, or third molars were excluded.

2.1. Definition of Variables. The outcome was the impact of
oral health on the quality of life of adults with diabetes mea-
sured by the modified Oral Health Impact Profile (OHIP-14),
which has been validated for use in Brazil [23]. As the aim
was to investigate the impact of periodontal disease, the word
“gums” was added to 13 questions on the OHIP-14. This
issue was adopted in accordance with Drumond-Santana
et al. [17]. Responses were dichotomized as “no impact”,
which only considered the option “never”, and “impact”,
which considered the options “sometimes” and “always”.
The administration of the OHIP-14 was carried out at basic
health units of the public healthcare system. Periodontal
disease was assessed by the following clinical criteria: gingival
bleeding upon probing, probing depth, and clinical insertion
loss. For the determination of gingival bleeding, a probe
was introduced into the gingival pocket until the limit of
its base, waiting 30 to 60 seconds for the determination
of bleeding. Bleeding was recorded (presence or absence)
using the modified Ainamo and Bay index [24]. Probing
depth was determined from the measurement of the distance
from the gingival margin to the bottom of the gingival sulcus
or periodontal pocket. The values for each of the surfaces
(mesial, distal, vestibular, and lingual) of all the teeth present
were recorded. Clinical attachment loss was determined from
the distance between the enamel-cementum junction and
the bottom of the gingival sulcus or periodontal pocket.
Attachment loss was measured using the enamel-cementum
junction as the base, when visible.

2.2. Clinical Diagnostic Criteria for the Definition of Peri-
odontal Disease. Seven sets of clinical criteria were used to
diagnose periodontal disease and are described in Table 1.
All exams were performed by one researcher (A.M.S.), who
was submitted to the Kappa test (κ) for the determination
of reliability (intraexaminer agreement). For the Kappa test,
all clinical exams were performed at the College of Dentistry,
Federal University of Minas Gerais. A total of 588 dental
surfaces were clinically examined for the Kappa test (κ) cal-
culation, with a one-week interval between each participant’s
first and second examinations. Results were satisfactory for
all the clinical criteria: bleeding upon probing (0.79), probing
depth (0.81), and clinical insertion loss (0.91).
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Table 1: Description of clinical diagnostic criteria for periodontal disease.

Clinical diagnostic criteria Description

(I) AAP
Presence of disease when a person has, at least, one tooth probing depth ≥ 4 mm and
clinical insertion loss ≥ 4 mm at the same site [3].

(II) Beck
Attachment loss ≥ 5 mm in four or more sites and at least one of these sites with probing
depth ≥ 4 mm [4].

(III) Machtei
Attachment loss ≥ 6 mm in two or more teeth and probing depth ≥ 5 mm in one or more
sites [5].

(IV) Lopez
Four or more teeth with at least one site with probing depth ≥ 4 mm and insertion loss ≥
3 mm [6].

(V) Albandar

Classifies periodontal disease as mild (1 or more teeth with probing depth ≥ 3 mm),
moderate (1 or more teeth with probing depth ≥ 5 mm or 2 or more teeth with probing
depth ≥ 4 mm), and severe (2 or more teeth with probing depth ≥ 5 mm or 4 or more
teeth with probing depth ≥ 4 mm) [7].

(VI) Tonetti
Considers attachment loss ≥ 3 mm in two or more nonadjacent teeth or insertion
loss ≥ 5 mm in 30% in of teeth [8].

(VII) Community Periodontal
Index (CPI)

Considers the worst condition encountered in six sites evaluated and used the following
four codes: 0 = healthy; 1 = absence of pockets, bacterial plaque retention factors, or
bleeding following probing; 2 = depth as much as 3 mm and presence of bacterial plaque
retention factors; 3 = pockets with probing depth between 4 and 5 mm; 4 = probing
depth ≥ 6 mm [9]

Table 2: Sample characterization. Belo Horizonte, 2005.

Variable N (%)

Gender
Male 120 (40)
Female 180 (60)

Age
30–54 years old 148 (49.3)
≥55 years old 152 (50.7)

Marital status
With partner 128 (42.7)
Without partner 172 (57.3)

Income
≤R$ 400 150 (50)
>R$ 400 150 (50)

Educational background
Bachelor/high School 48 (16)
Elementary/none 252 (84)

Type of diabetes
Type I 86 (28.7)
Type II 214 (71.3)

During the main study, clinical exams were performed
in the dental offices of Brazilian National Health Care units
under artificial light, using Williams periodontal probes
(Hu-Friedy), mouth mirrors, and gauze. All norms of
biosafety were followed. To obtain a CPI score, data collected
were transformed according to CPI criteria.

2.3. Data Analysis. The data were organized in a database
using the Statistical Package for Social Sciences (SPSS) ver-
sion 15.0 for Windows. Processing involved data codification,
entry and editing. Absolute and relative frequencies were
determined for all variables. Univariate analysis was carried
out to determine the association of each set of clinical criteria

used to estimate periodontal disease and the OHIP-14, using
the Mann-Whitney, Kruskall Wallis and Pearson chi-square
tests, with the significance level of P < 0.05.

3. Results

Of all study participants, the majority had diabetes type II
(71.3%), were female (60%), age 55 or older (50.7%), living
without a partner (57.3%), and had low educational level
(71.3%) (Table 2).

Table 3 presents the association between OHIP-14 overall
results and periodontal disease, according to each one of the
clinical diagnostic criteria. Only III-Machtei (P = 0.043) and
IV-Lopez (P < 0.001) were statistically associated with overall
OHIP-14 (Table 3). The prevalence of periodontal disease
varied depending on the clinical criteria employed: 35.3%
(I-AAP), 30.7% (II-Beck), 35.0% (III-Machtei), 9.7% (IV-
Lopez); 92.3% (V-Albandar), 25.3% (VI-Tonetti), and 75.3%
(VII-CPI) (Figure 1).

Regarding OHIP-14 subscales, functional limitation was
associated with IV-Lopez (14.9% of diabetics with peri-
odontal disease suffered an impact on quality of life;
P = 0.006) and V-Albandar (28.4%, 8.2%, and 53.7% of
diabetics with mild, moderate, severe periodontal disease,
resp. suffered an impact on quality of life; P = 0.018); Pain
was only associated with the V-Albandar criteria (28.1%,
14.5%, 49.2% of diabetics with mild, moderate, and severe
periodontal disease, resp. suffered an impact on quality of
life; P < 0.001). Psychological discomfort was associated
with IV-Lopez (12.3% of diabetics with periodontal disease
suffered an impact on quality of life; P = 0.018). Physical
disability was associated with IV-Lopez (13.2% of diabetics
with periodontal disease suffered an impact on quality of
life; P = 0.047) and V-Tonetti (30.6% of diabetics with
periodontal disease suffered an impact on quality of life;
P = 0.046) criteria. Social disability was only associated with
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Table 3: Mean, standard deviation, median, and P value, OHIP-14 among diabetics. Belo Horizonte, 2005.

Diagnostic criteria Mean (± SD) Median P value

(I) AAP
Healthy 7.56 (5.86) 6.45

0.120
Periodontal disease 8.79 (6.43) 7.72

(II) Beck
Healthy 7.57 (5.86) 6.70

0.099
Periodontal disease 8.94 (6.51) 7.62

(III) Matchei
Healthy 7.49 (5.99) 6.40

0.043
Periodontal disease 8.92 (6.18) 8.10

(IV) Lopez
Healthy 7.57 (5.92) 6.50

<0.001
Periodontal disease 11.91 (6.34) 12.38

(V) Albandar

Healthy 7.05 (4.70) 5.72

0.265
Mild PD 7.32 (6.22) 5.60

Moderate PD 7.65 (6.39) 7.00

Severe PD 8.64 (6.09) 8.07

(VI) Tonetti
Healthy 7.66 (5.94) 6.81

0.130
Periodontal disease 8.97 (6.45) 8.16

(VII) CPI

Healthy 7.87 (5.52) 8.06

0.470
Bleeding 7.16 (5.83) 4.98

Pocket 4-5 mm 7.73 (6.17) 6.90

Pocket ≥ 6 mm 8.69 (6.09) 7.06

PD: Periodontal disease.

100

90

80

70

60

50

40

30

20

10

0
AAP Beck Machtei Lopez Albandar Tonetti CPI

Prevalence

Figure 1: Prevalence of periodontal disease according to clinical
diagnostic criteria. Belo Horizonte, 2005.

IV-Lopez (13.0% of diabetics with periodontal disease suf-
fered an impact on quality of life; P = 0.056). A handicap was
associated with I-AAP (47.0% of diabetics with periodontal
disease suffered an impact on quality of life; P = 0.025) and
II-Beck (40.9% of diabetics with periodontal disease suffered
an impact on quality of life; P = 0.041) criteria (Tables 4 and
5).

4. Discussion

The choice of one of the different sets of clinical criteria
for the diagnosis of periodontal disease is not a simple task,
since there is no consensual recommendation regarding the
use of these measures [3–5]. The measurement of health or
disease does not go beyond the tooth or site and controversial

measures impede the determination of an individual as either
healthy or sick. For instance, in our study the prevalence of
periodontal disease ranged from 9.7% (IV-Lopez) to 92.3%
(V-Albandar), depending on which set of clinical diagnostic
criteria was used.

This disparity calls for reflection. Some of the clinical
diagnostic criteria used in the present study consider the
result of the exam by the number of affected sites, whereas
others consider the number of affected teeth or a com-
bination of teeth and sites. Moreover, depending on the
manner in which the measurement is determined, a single
tooth may have four or six sites. Manau et al. investigated
whether the application of different definition criteria of
periodontal disease had an influence on the significance of
the association between periodontal disease and prematurity
or low birth weight. They used fourteen definitions of
periodontal disease and results showed that significance of
the association between periodontal disease and pregnancy
outcomes may be determined by the periodontal disease
definition or measurement used [13]. A similar study was
carried out involving cases and controls in order to compare
four definitions of periodontal disease and respective asso-
ciations with premature birth/low birth weight; the authors
concluded that the magnitude of the association varied
depending on the definition of periodontal disease employed
[25].

Two clinical criteria of periodontal disease (Machtei and
Lopez) were statistically associated with the OHIP-14 overall
score. The Machtei criteria may be considered the broadest
for determining the prevalence of periodontal disease, as
it considers insertion loss ≥ 6 mm in two or more sites
and probing depth ≥ 5 mm in one or more sites for the
diagnosis of the disease. The Lopez criteria appear to be more
cautious regarding the extension of periodontal disease, as
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they consider four or more teeth with at least one site with
probing depth ≥ 4 mm and insertion loss ≥ 3 mm.

It is appropriate to highlight that Community Peri-
odontal Index (CPI) was statistically associated with neither
the overall OHIP-14 nor with any of its subscales. CPI
is recommended as an epidemiological tool by the World
Health Organization (WHO), and it has been widely used
internationally. In our study, we were able to classify the
worst CPI criteria code 3 or 4 (with pockets). If the patient
had only one site probing ≥ 4 mm, he/she was diagnosed
as having periodontal disease. This may explain why there
was no association between impact on quality of life and
periodontal disease.

The test of the association of each of the seven sets
of criteria and the OHIP-14 dimensions showed that the
Lopez criteria were statistically associated with functional
limitation, psychological discomfort, physical disability, and
social disability (limitrophe P value for this last one).
This evidence may be explained considering that the more
strict a clinical criterion is, the higher the chances are of
it having an association with negative impact on quality
of life. The Albandar criterion was only associated with
pain. Psychological disability was not associated with any
of sets of clinical criteria for the diagnosis of periodontal
disease. Depending on the clinical criteria used, there were
differences in the impact of periodontal disease on quality of
life, even when measured by the same questionnaire (OHIP-
14).

Different cut-off points for probing depth and insertion
loss imply differences in prevalence rates and the results
of tests on associated factors. Criteria for the definition
of the presence and absence of periodontal disease are
controversial, and there is a clear need to establish a cut-off
point between health and disease for periodontics, as well as
establish the meaning of the disease for individuals. Towards
this end, some studies have adopted more rigorous criteria
to minimize overestimated rates of periodontal disease and
its association with quality of life. Severe periodontal disease,
measured by Beck criterion, will negatively impact on the
diabetic’s life, as measured by OHIP-14 [17].

It is worth noting that the majority of studies pub-
lished so far comprise the issue of periodontal disease and
quality of life in individuals without diabetes. Bernabé and
Marcenes (2010) investigated the association between quality
of life and periodontal disease among 3,122 British adults
and found that they were inversely associated in spite of
socioeconomic conditions, demographic factors, and clinical
conditions [26]. Among the few studies which focused on
the relation between diabetes and quality of life, Sandberg
and Wikblad (2003) pointed out that having diabetes played
an important role in the domains physical functioning, role
functioning physical, general health and social functioning,
when compared to patients without a history of diabetes
[27].

Although our study included a representative sample
of diabetic patients in the public healthcare system of
Belo Horizonte, Brazil, it is important to point out some
limitations of this research. First, our study is cross-sectional,
which does not allow any inference with regard to causality.

Second, our sample size does not give us reasonable values
for type I and II errors for the dimensions “psychological
disability,” “social disability” and “handicap.” The main
issue raised by the results of the present study is that the
definition of a disease established by a given set of clinical
diagnostic criteria may either overestimate or underestimate
the chances of an individual being considered sick or healthy.
Likewise, the impact periodontal disease has on quality of
life may vary depending on the definition of the disease
established by one of the seven sets of diagnostic criteria
analyzed here. Additionally, we did not register the mean
duration of diabetes, and therefore were not able to consider
development of comorbidities that negatively impact quality
of life.

As health and sickness are terms that correspond to
unique experiences laden with subjectivity, it seems unlikely
that these terms are recognized in the totality of their
meanings [28]. The concrete phenomenon of becoming ill,
self-perception of the individual, and professional diagnosis
most often fail to coexist in harmony [29]. This means that
the same disease may be seen from different standpoints,
the consequences of which are the differences identified in
the impact that periodontal disease has on the daily life of
affected individuals.

5. Conclusion

The concept of health or disease as determined by clinical
diagnostic criteria may influence the results of the assessment
of the impact of periodontal disease on quality of life of
diabetics, while the perception of affected individuals is
unique. Studies directed at the establishment of standardized
criteria for the diagnosis of periodontal disease are needed.
Such studies should be focused on the health-disease process,
including its social determination. A reference standard for
epidemiological studies addressing periodontal disease could
contribute to the organization of health actions in the field of
collective health.
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The study aimed to describe periodontal health status and its association with individual and contextual factors among 12-
year-old schoolchildren in a midwest Brazilian capital city. This cross-sectional study included data from an oral health survey
carried out in 2010 in the city of Goiania, Brazil (n = 2, 075) and secondary data obtained from the local health authority.
Data were collected through oral clinical examinations and interviews. For assessment of periodontal status two components
of the community periodontal index (CPI) were used: calculus and bleeding after probing. Dependent variable was presence of
any periodontal condition. Independent individual variables were the children’s sex and color/race, and their mother’s level of
schooling. Contextual variables were related to the schools (type and existence of toothbrushing program) and its geographic
location in the health districts. Rao-Scott test and multilevel Poisson analysis were performed. The prevalence of calculus and/or
bleeding was 7%. Brown color, public schools, and those located in health district with intermediate socioeconomic indicators
were associated to a higher prevalence of this condition. The prevalence of adverse periodontal condition was low and the
inequalities in its distribution were determined by individual as well as contextual factors related to the schools and the geographic
area.

1. Introduction

Alongside caries, periodontal diseases remain as global oral
health burdens. Periodontitis constitute a major cause of
tooth loss in adults worldwide, and most children and
adolescents exhibit signs of gingivitis [1].

This is particularly the case in underprivileged sub-
populations in both developing and developed countries
[2, 3]. Even in high-income countries with advanced public
oral health care, inequalities in periodontal health remain
a major public health issue [4]. Likely reasons to account
for these prevalent diseases include genetic, epigenetic, and
environmental risk factors, as well as other individual and
socioeconomic determinants [1].

Adolescence can be a critical period in the individ-
ual’s periodontal status. Epidemiological and immunolog-
ical studies suggest that irreversible tissue damage from
periodontal disease begins in late adolescence and early
adulthood [5]. Gingivitis prevalence, severity and extent
increase with age, beginning in the deciduous dentition and
reaching a peak at puberty, followed by a limited decline in
adolescence [6–8].

At a population level, plaque and calculus deposition, as
well as occurrence of gingivitis and periodontitis, are slightly
higher in boys than in girls [6]. Dentofacial anomalies,
toothbrushing frequency, socioeconomic and psychological
conditions experienced in early life and life course have also
been associated with gingival bleeding in adolescents [9–11].
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Calculus and gingival bleeding are clinical indicators of
poor oral hygiene and periodontal condition [12] and have
been frequently used in epidemiological studies as part of
the community periodontal index (CPI) [13] or separately
analyzed.

Both gingival bleeding and calculus in Brazilian ado-
lescents have been significantly associated with race, family
income, levels of schooling, and type of school attended
[10, 12, 14, 15].

Current studies show that, regardless the socioeconomic
indicator used, people who are socioeconomically disadvan-
taged consistently have poorer periodontal outcomes [16].
However, investigation of the influence of socioeconomic
status on the etiological pathway of periodontal condition is
still required to better understand its determinants.

Moreover, global reports have emphasized that con-
tinuing surveillance of levels and patterns of risk factors
is of fundamental importance to planning and evaluating
community preventive activities and oral health promotion
in all parts of the world [17].

In that context, multilevel analysis technique considers
both people and areas on the distribution and determinants
of population health, being an important approach to
understand the significance of specific contexts for different
individual health outcomes [18]. So far, there are very
few studies investigating the influence of contextual vari-
ables using multilevel analysis in the periodontal status of
schoolchildren [12, 19].

The present study aimed to describe periodontal health
status and its association with individual and contextual
factors among 12-year-old schoolchildren in a midwest
Brazilian capital city.

2. Material and Methods

2.1. Type of Study and Source of Data. The present cross-
sectional study was carried out in the city of Goiania, capital
city of Goias State, located in the Midwest region of Brazil.
The analysis included primary data from an epidemiological
survey of oral health carried out in 2010. Secondary data
were obtained from the local health authority in the same
year.

The oral health survey of 12-year-old schoolchildren
in the urban area followed the methodology of the 2010
Brazilian National Survey of Oral Health [20]. Clinical exam-
inations were according to diagnostic criteria established
by the World Health Organization (WHO) [21]. Although
data on other oral conditions were collected, only data on
periodontal condition was included in the present study.

2.2. Ethical Aspects. The research protocol was approved
by the Ethics Committee of the Federal University of
Goias, Brazil (Report 226/2010) and only the schools and
the children whose parents signed an informed consent
participated in the study.

2.3. Sample. The age 12 years was chosen following the
WHO recommendations for the monitoring of oral health

status among children. It is generally the age at which
children leave primary school, and therefore it is the last age
at which a reliable sample may be easily obtained through the
school system [21].

Sample size was calculated to be representative of the
12-year-old schoolchildren in Goiania. We used the cluster
sampling technique and the sample was randomly selected in
two stages. Initially, we draw the number of first stage unities
(schools), followed by second stage unities (schoolchildren).

According to data obtained from the State and the City’s
Education Department, the total number of 12-year-old
schoolchildren enrolled in 2009 was 17,911 in 281 public
and private schools. Sample size was calculated using an
equation for proportions for infinite populations based on
caries prevalence, using the Epi Info software, version 3.5.1.
The minimum number of schoolchildren to take part in the
research was 2,171, considering a confidence interval of 95%,
sampling error of 2%, and caries prevalence of 65.3%. For
effect of study sample design, a simplified and conservative
correction was needed, multiplying the obtained sample size
by 1.2 (an extra 20%). The final sample size was 2,605
schoolchildren.

To calculate the amount of schools, we used a formula
that consisted of multiplication of the number of schools by
the number of schoolchildren of the sample, divided by the
total number of 12-year-old schoolchildren in Goiania. We
then obtained a sample of 41 schools.

The sample was equitably distributed in the seven health
districts in the city: Central, Eastern, Northwestern, North-
ern, Western, Southwestern, and Southern. Each health
district comprises a geographic area with specific population,
well-defined health issues, and unique interaction with
health care teams.

As the total sample was of 2,605 schoolchildren, and the
number obtained from the list was approximately of 2,962
schoolchildren, we opted for including all students attending
the selected schools.

2.4. Data Collection. Data were collected through oral
clinical examinations and interviews with the children by
six teams composed by one dentist and one recorder, who
worked in the public health service. They were previously
trained and calibrated, according to the criteria used in
the 2010 Brazilian National Survey of Oral Health [20].
Inter-examiner Kappa coefficient for periodontal condition
varied from 0.68 to 1.00, showing a good to excellent
reproducibility.

Intraoral examinations were carried out at the schools
using a mouth mirror and a WHO periodontal probe under
natural light, with the children seated in school chairs.

For the assessment of periodontal status, two compo-
nents of the Community Periodontal Index (CPI) [20] were
used: calculus and bleeding. Periodontal pockets were not
registered. Each sextant of the mouth was examined for
calculus detected during probing and bleeding observed after
probing. Index teeth were 16, 11, 26, 36, 31, and 46. In
each tooth, six sites were examined, and the worst condition
was recorded. Gingival bleeding was recorded from 10 to 30
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and (group III) with the worst socioeconomic indicators.

∗

Figure 1: Theoretical hierarchical proposed model of the associa-
tion between individual and contextual variables and periodontal
health status of 12-year-old schoolchildren. Goiânia-GO, Brazil,
2010.

seconds after probing. Recommended probe placement was
of approximately 60 degrees inclination in relation to the
longitudinal axis of the tooth.

Information on demographic and socioeconomic char-
acteristics of the participating children was also collected:
sex, self-rated skin color or race, and mother’s level of
schooling. Self-rated skin color or race followed criteria
proposed by the Brazilian Institute of Geography and Statis-
tics (IBGE): white, black, yellow (Asian origin individuals),
brown, or indigenous. Mother’s level of schooling was based
on completed years of study and was obtained from the
children’s school records.

Secondary data were: type of school (public and private),
existence of toothbrushing program at the schools, and the
city’s health districts where the schools were located.

The School Toothbrushing Program was created in 1992
through a partnership between the local Health and Educa-
tion Secretaries. Its aim is to improve the oral health status
of schoolchildren enrolled in public schools of Goiania via

implementing daily toothbrushing with fluoride toothpaste
after the school meal.

2.5. Data Analysis. The dependent variable was the preva-
lence of periodontal condition, featured by the presence of
calculus and/or bleeding (yes or no).

Independent variables were divided into two levels of
data organization: individual (schoolchildren) and contex-
tual (schools and health districts). In the individual level,
we analyzed children’s demographic characteristics (sex
and skin color or race), and one socioeconomic indicator
(their mothers’ level of schooling). Self-rated color/race was
categorized in: white, black, and brown. Due to the small
number of individuals who rated themselves as yellow or
indigenous, these categories were excluded from the analysis.
Level of mother’s schooling was grouped as follows: less than
eight, from eight to eleven and more than eleven, years of
study.

Contextual variables were type of school (public and
private), existence of toothbrushing program at the school,
and city’s health district where schools were located. The
seven health districts were grouped according to their
socioeconomic characteristics, as informed by the local
health authorities. The Health District located more centrally
(Central-Campinas) presented better-off socioeconomic and
health indicators than the others, which were located in
the outskirts. Therefore, we have classified them in three
categories: (Group I) with the best indicators (Central-
Campinas); (Group II) with intermediate indicators (North,
South and East); (Group III) with the worst indicators
(Southwest, West, and Northwest).

Individual and contextual variables were initially
described according to the prevalence of periodontal status.
Rao-Scott test [22], an equivalent to chi-square test for com-
plex samples, was used to test dependence between variables.
This analysis was performed using the Stata 12 software,
considering the complex sample plan and sample weights.

After that, we performed a multilevel analysis with
random intercept [23], considering three levels: schoolchil-
dren, schools, and health districts (Figure 1). Poisson log-
linear regression models were adopted, with robust variance
estimator, to estimate prevalence ratio as effect measure,
and its confidence interval of 95% measured by Wald test.
We carried out only unadjusted analysis due to collinearity
between the independent variables that could jeopardize data
in the multiple analysis.

In addition to considering the sample design through
variance partition in each level, multilevel analysis allows for
the inclusion of contextual variables of higher levels than
the individual. This allows for the simultaneous approach of
contextual and individual factors in the analysis. Multilevel
analysis was performed using the MLwiN 2.02 software. For
all analysis, we considered the 5% significance level and
sample weights derived from sample design (school weights).

3. Results

Of the 41 schools invited to participate, 39 accepted (24
public and 15 private). Of the 2,962 schoolchildren invited
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Table 1: Frequency distribution of periodontal conditions (calculus and/or bleeding), according to independent variables. 12-year-old
schoolchildren, Goiania, Brazil, 2010.

Presence of calculus and/or bleeding Total n (%) P
Yes % (CI 95%) No % (CI 95%)

Individual variables

Sex 0.121

Female 6.2 (4.3–8.9) 93.8 (91.0–95.7) 1,022 (49.1)

Male 7.7 (6.0–10.1) 92.3 (89.9–94.0) 1,053 (50.9)

Color/race 0.005∗

White 4.8 (3.2–7.0) 95.2 (92.9–96.8) 787 (36.4)

Black 4.9 (2.1–10.9) 95.1 (89.0–97.9) 192 (8.8)

Brown 8.9 (6.9–11.3) 91.1 (88.6–93.1) 1,089 (54.5)

Mother’s level of schooling (years) 0.117

More than 11 5.6 (3.5–9.0) 94.4 (90.1–96.5) 427 (21.3)

8 to 11 6.3 (5.1–7.9) 93.7 (92.1–94.9) 1,080 (51.2)

Less than 8 9.3 (5.7–14.8) 90.7 (85.2–94.2) 568 (27.5)

Contextual variables

Health district (group) 0.337

I 4.7 (2.0–10.5) 95.3 (89.5–97.9) 425 (18.4)

II 6.6 (4.5–9.5) 93.4 (90.5–95.5) 745 (37.9)

III 8.3 (5.7–12.0) 91.7 (87.9–94.3) 905 (43.7)

School toothbrushing program 0.640

Yes 6.4 (4.0–10.1) 93.6 (89.8–96.0) 632 (30.5)

No 7.3 (5.2–10.2) 92.7 (89.8–94.8) 1,443 (69.50%)

Type of school 0.039∗

Private 4.6 (2.9–7.2) 95.4 (92.8–97.1) 604 (28.8)

Public 8.0 (5.9–10.7) 92.0 (89.3–94.0) 1471 (71.2)

Total 7.0 (5.3–9.2) 93.0 (90.7–94.6)
∗

Rao-Scott test. P < 0.05.
95% CI: Confidence Interval at 95%.

to take part in the survey, 2,075 agreed and were examined
(response rate = 70.0%).

Sample was composed mainly of males (n = 1, 053,
50.9%), those who classified themselves as brown (n =
1, 089, 54.5%), and whose mothers had studied from eight
to eleven years (n = 1, 080, 51.2%). The majority of the
students were from public schools (n = 1, 471, 71.2%).

Table 1 presents the frequency distribution of the studied
variables and the results of bivariate associations between the
dependent variable and the independent variables.

Adverse periodontal conditions, such as presence of
calculus and/or bleeding, were present in 140 schoolchildren,
a prevalence of 7% (95% CI = 5.3–9.2). A total of 80
individuals (4.2%, 95% CI = 2.5–6.9) had bleeding and 85
had calculus (4.1%, 95% CI = 2.9–5.7).

In regard to individual variables, only color/race showed
statistically significant association with periodontal condi-
tion. Brown individuals had a higher prevalence of dental
calculus and/or bleeding compared with the others (P =
0.005).

Among the contextual variables analyzed, type of school
showed significant association with periodontal condition.
Public schools, compared to private ones, had a higher
prevalence of dental calculus and/or bleeding (P < 0.05).

Table 2 shows the results of unadjusted multilevel
analysis. Children from schools located in health districts
of group II presented a 36.9% higher probability of having
adverse periodontal conditions compared to those of group I
(P < 0.001). Those from public schools showed a prevalence
of calculus and bleeding 1.54 (95% CI = 1.14 − −2.08)
times higher than the children from private schools (P =
0.004). None of the other contextual factors was significantly
associated with the dependent variable.

At the individual level, schoolchildren who classified
themselves as brown showed a prevalence of adverse peri-
odontal condition 1.68 times higher than those of white color
(P < 0.05). Sex and mother’s level of schooling did not
present association with the dependent variable.

4. Discussion

The occurrence of adverse periodontal conditions (bleeding
and/or calculus) in our study was low (7.0%) compared to
other Brazilian studies [7, 12] and lower than that found
in schoolchildren of the same age in the city of Goiania in
2003 [15]. This may indicate an improvement on periodontal
health for this age-group. The low levels of periodontal
conditions generally found in Brazilian schoolchildren may
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Table 2: Results of nonadjusted multilevel analysis model of poisson log-linear regression for prevalence of periodontal condition (calculus
and/or bleeding). Goiania, Brazil, 2010.

Regression coefficient Standard error Prevalence ratio Confidence interval 95% P

Contextual variables

District I — — 1.000 — — —

District II 0.3140 0.0840 1.369 1.161 1.614 0.000∗

District III 0.4180 0.2850 1.519 0.869 2.655 0.143

Private school — — 1.000 — — —

Public school 0.4320 0.1540 1.540 1.139 2.083 0.004∗

School toothbrushing program

Yes — — 1.000 — — —

No 0.1260 0.1780 1.134 0.800 1.608 0.477

Individual variables

Female — — 1.000 — — —

Male 0.2660 0.1490 1.305 0.974 1.747 0.074

White — — 1.000 — — —

Black −0.0260 0.3550 0.974 0.486 1.954 0.943

Brown 0.5180 0.2560 1.679 1.016 2.773 0.043∗

Mother’s schooling (years)

More than 11 — — 1.000 — — —

8 to 11 0.1370 0.2340 1.147 0.725 1.814 0.558

Less than 8 0.3900 0.3770 1.477 0.705 3.092 0.301
∗
P < 0.05.

be a result of the population’s high awareness regarding
personal hygiene, which is part of the national culture, and it
is frequently associated with health and well being. The 2009
National School-Based Health Survey found that 95.2% of
the adolescents reported toothbrushing frequency of twice a
day or more, being higher for females [24].

However, our findings show that periodontal condition
is associated with individual and contextual variables such
as color/race, type of school and its location in the city, and
confirm the persistent inequalities in the population’s oral
health. Higher prevalence of calculus and/or bleeding was
found in those from lower socioeconomic groups.

This study is one of the first to apply multilevel analysis to
a set of data representative of adolescents attending schools
in Brazil. This kind of analysis allows researchers to deal
with the micro-level of individuals and the macro-level of
groups simultaneously. However, issues of defining relevant
contexts, specifying the relevant group-level variables, and
collecting the necessary data remain a challenge [25] and that
was also true in our case.

Thus, one limitation of the study was the small number
of individual and contextual variables analyzed due to
time constraints in the data collection period. Nevertheless,
the individual and contextual factors studied here can be
useful for identifying vulnerable groups and consequently
contribute to a more effective and focused planning for oral
health interventions.

The results did not show a significant worse periodontal
status for males than females, which was different from some
studies [12, 26] but in accordance with another Brazilian
study [27]. The difference in findings on sex might be due

to a greater concern on males’ general health and body
image in the whole of society over the last decade [28].
This trend could be influencing male adolescents’ attitudes
towards themselves.

The higher prevalence of adverse periodontal condition
in brown individuals was different from previous studies
that have found higher prevalence in black individuals in
the state of Sao Paulo [12]. It is important to highlight
that there are nearly twice more brown individuals in the
population of Goias than in Sao Paulo [29], and that both
groups account for lower family income, less years of study
and higher illiteracy nationwide than white individuals.
Therefore, both black and brown individuals are considered
vulnerable groups in Brazil.

The protection of families and children’s development
are crucial points of attention in the public policies. In
Brazil, a higher proportion of families led by black or brown
individuals are couples with children younger than 14 years
of age [29], stressing the importance of promoting economic
and educational equality as a mean to improve families’
health status as a whole.

Public schools, compared to private ones, showed higher
prevalence of adverse periodontal condition. This finding has
also been reported by other researchers in Brazil [12, 15,
30, 31]. Similarly, studying in rural government schools in
Nepal was reported as an indicator of unhealthy periodontal
status for adolescents [32]. The type of school used as an
alternative indicator for socioeconomic status is seen as a
feasible predictor for caries experience in epidemiological
dental caries studies involving schoolchildren in the Brazilian
context [31].



6 International Journal of Dentistry

Children from schools located in health districts of
group II (intermediate socioeconomic indicators) presented
a higher probability of having periodontal condition com-
pared to group I (best indicators) (P < 0.000). That could
be partly explained by the fact that schools located in health
districts with the worst oral health indicators have greater
number of students covered by health and oral health public
programs, which should provide prevention, education, and
oral treatment. This result also shows that schools located
in health districts of intermediate socioeconomic indicators
should also be seen as a priority by local health authorities.

No significant difference of periodontal condition was
found between schools with the School Toothbrushing
Program and those without them. Systematic reviews have
shown that health education interventions may result in
reductions in plaque and gingival bleeding in the short-
term, but it is yet unknown if these beneficial changes are
sustained in the long run [33]. It is therefore recommended
that oral health programs should focus on raising awareness
about the issues that affect oral health and on promoting
empowerment [34] so that individuals develop autonomy
to make healthier choices and adopt healthier lifestyles. The
present study did not aim to evaluate the effectiveness of
the toothbrushing program carried out in the schools, so
other studies using appropriate methodologies are needed to
investigate its impact on the population.

5. Conclusions

The prevalence of adverse periodontal conditions in 12-
year-old schoolchildren was low and was associated with
individual and contextual variables. The inequalities in its
distribution were mainly determined by the adolescents’
color/race, type of school, and its location in the city. Appro-
priate strategies addressed to the areas of socioeconomic
deprivation and the monitoring of school population oral
health status are needed to reduce the disparities.
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Purpose. To evaluate the prevalence and reasons for teeth extractions in a sample from a dental clinic in Brazil. Methods. The
prevalence of teeth mortality was analyzed by gender, age, tooth type and reasons for extraction on 800 teeth of 439 subjects,
whose data was collected in clinical records in a convenience sample. Results. The groups with range from 35 to 44 years, 45 to 54
years and 55 to 64 years revealed significantly greater number of teeth extractions than other age groups (P < 0.0001). The anterior
teeth loss increased significantly with aging, while the tooth mortality of premolar and molar were higher in younger people.
The caries was the more prevalent reason for tooth mortality among young and adults up to 44 years old, while the periodontal
disease was the main reason for extractions from 45 years old until range of 81 years (P < 0.0001). Conclusions. It can be suggested
that some reasons for tooth loss were age-dependent, but the caries and the periodontal diseases were the main reasons for tooth
mortality in this Brazilian sample.

1. Introduction

Studies concerning the epidemiology in dentistry have
showed that dental caries and periodontal diseases are
the most prevalent pathologies that affect the oral cavity.
Previous studies performed by American researchers had
suggested that dental caries was the main reason for teeth
extraction, and other studies accomplished in New Zealand,
Sweden, and even in Brazil confirmed that caries may lead
to tooth mortality [1–5]. On the other hand, some studies
suggested that periodontal disease was the most prevalent
reason that leads to tooth loss. Thus, controversial findings
could be explained by differences in the characteristics of
the study population, immunological and genetic factors,
cultural beliefs, and socioeconomic characteristics, among
others. Immunological and genetic reasons are some of the
contributory factors that may explain why some populations
exposed to the same bacterial etiologic factors did not
develop similar pathological conditions [6, 7].

Populations with poorer socioeconomic conditions have
shown higher prevalence and extent of teeth mortality, which
increases with aging [8–10]. The prevalence, extent, and risk
indicators for tooth loss were studied in a representative
Brazilian population, showing that 94% of the subjects had
experienced tooth loss [8]. The authors verified a tooth
mortality mean of 11.2, ranging from 5.5 to 20.2 teeth in
subjects from 30 to 39 years old and 60+ years age groups,
respectively; gender, socioeconomic status, cigarette smok-
ing, caries experience, and attachment loss were important
risk indicators.

On the other hand, a decline in the tooth loss can be
verified in developed countries in the last years [7, 11, 12],
which can be explained by preventive programs and higher
accessibility to the oral health care that have been decreasing
the extractions [13, 14]. Brazil is a country in development
progress (underdeveloped), and some studies verified the
prevalence of tooth extractions in Brazilians [4, 8–10, 15, 16],
but few of them have verified the reasons for the tooth
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mortality in this population. Thus, the aim of this study
was to describe the epidemiological data of the prevalence
and reasons for teeth extractions in a convenience sample of
Brazilians.

2. Materials and Methods

2.1. Sample Selection. This study was approved by the
Ethics Committee in Human of Araraquara Dental School
(UNESP—process number 45/99). A review of 800 clinical
records was performed to select 439 patients with tooth loss
from 1999 up to 2002 in Dental Clinics at State University of
São Paulo (UNESP), Araraquara city, Brazil (Sudeste region).
From the 800 clinical records, 361 subjects were excluded
by X-ray absence or absence of specifications of the reasons
for tooth mortality, and 439 patients were enrolled in this
study. From these 439 patients, 800 teeth with X-ray and
specifications of reasons for tooth loss were selected.

2.2. Data Collection. The clinical records were evaluated
considering the gender and the age groups. Additionally,
the prevalence of tooth loss was evaluated by reasons of
extractions and type of teeth (molars, premolars, incisors
and canines). The incisors, and canines were nominated
only as anterior teeth. The reasons for teeth mortality
were adapted based on Cahen et al. [17] as follows: (1)
caries: it is properly caries; (2) endodontic problems, such
as pulp inflammation, necrosis, or even tooth fracture;
(3) periodontal diseases: tooth extraction by periodontal
attachment loss; (4) eruption problems: tooth loss by
dental impacation; (5) prosthetics: indication for extraction
by prosthetic reasons; (6) trauma: extractions by external
trauma; (7) orthodontics: tooth extraction by orthodontic
indications; (8) occlusal problems: extractions by occlusal
dysfunction, such as extrusion; (9) other reasons: any other
determined reasons, such as iatrogenic factors. A single
examiner accomplished the clinical records assessment, and
data was described in a proper form.

2.3. Statistical Analysis. Descriptive data were expressed by
means of numbers and percentages. Chi-square statistics (χ2)
were applied, considering P < 0.05 as a statistical significant
difference. Adjusted residual chi-square (χ2) was calculated,
considering 1.96 (α = 0.05) and 2.573 (α = 0.01).

3. Results

Table 1 shows the data collected from 1999 to 2002, the
number of subjects, and teeth included in this study. The
number of subjects according to age groups and gender ratio
can be verified in Table 2, that shows a similar prevalence
of tooth loss between gender in all age groups (P = 0.67).
Table 3 shows that the groups with range from 35 to 44
years, 45 to 54 years, and 55 to 64 years revealed significantly
greater number of teeth extractions than other age groups
(P < 0.0001). The anterior teeth loss increased with aging
and the extractions of premolars and molars decreased with
aging, while the tooth mortality of premolar and molar were

Table 1: Data collected for the study in different years.

Years Subjects
(number)

Teeth
(number)

Mean number of teeth
per subject

1999 138 274 2.0

2000 151 239 1.6

2001 127 235 1.9

2002 23 52 2.3

Total 439 800 1.8

Table 2: Number of subjects according to age groups and gender
ratio (n = 439).

Age group (years) Gender∗ (male/female) Total

15–19 15/16 31

20–24 12/15 27

25–29 13/10 23

30–34 21/17 38

35–44 34/24 58

45–54 45/32 77

55–64 55/39 94

65–74 28/31 59

75–84 14/18 32

P value 0.67 —
∗

Chi-square test for categorical data in different age groups (P value >0.0.5
does not indicate statistically significant difference).

higher in younger people (Table 4). The results showed that
caries and periodontal diseases were statistically significant
reasons for tooth loss when compared to the other factors
(P < 0.0001; Table 5). Table 6 shows that caries was the
most prevalent reason for tooth mortality among young and
adults up to 44 years old, while the periodontal disease was
the main reason for extractions from 45 years old until range
of 81 years. Other reasons for teeth extractions can be verified
as follows: iatrogenic factors (9.9), eruption problems (6.4),
orthodontics (5.7), prosthetic indication (3.6), trauma (2.6),
and occlusion problems (1.1). It can be seen in Table 6
that tooth mortality for some reasons such as orthodontic,
occlusal problems, and other reasons was significantly higher
(P < 0.0001) among younger, and by prosthetic reasons was
significantly higher in older people (P < 0.0001).

4. Discussion

Our data showed that the number of male and female
subjects with tooth loss was similar among all age groups.
Conversely, the study by Barbato et al. [10] verified higher
prevalence of tooth mortality in women than in men. Other
studies assessed the tooth mortality among the urban and
rural adult population of Dharwad district (India) in 1223
subjects (685 urban and 538 rural) and found that females
compared to males had higher tooth loss [18]. Moreover, our
findings showed that the age group between 35 to 44 years old
presented a mean tooth loss of 2.3, which was lower than the
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Table 3: Number and percentage (%) of teeth extractions by age
group.

Age group Number
of teeth

% of teeth
extracted

Mean number of

teeth extracted

15–19 64 8.0 2.1

20–24 51 6.4 1.9

25–29 24 3.0 1.0

30–34 45 5.6 1.2

35–44∗ 131 16.4 2.3

45–54∗ 163 20.4 2.2

55–64∗ 180 22.5 1.9

65–74 105 13.1 1.8

75–84 37 4.6 1.2

15–81 800 100.0 1.8

Chi-square test (χ2) = P < 0.0001. ∗ > 2.576 (α = 0.01) adjusted residual
chi-square.

Table 4: Prevalence (%) of extractions by age group and type of
teeth.

Age group
Tooth

Anterior Premolar Molar Total

N (%) N (%) N (%) N

15–19 — 33 (51.6)∗ 31 (48.4)∗ 64

20–24 3 (5.9) 22 (43.1) 26 (51.0)∗ 51

25–29 5 (20.8) 8 (33.3) 11 (45.9) 24

30–34 11 (24.4) 14 (31.1) 20 (44.5) 45

35–44 33 (25.2) 42 (32.1) 56 (42.7)∗ 131

45–54 62 (38.0) 54 (33.2) 47 (28.8) 163

55–64 84 (46.7)∗ 52 (28.9) 44 (24.4) 180

65–74 69 (65.7)∗ 25 (23.8) 11 (10.5) 105

75–84 25 (67.6)∗ 7 (18.9) 5 (13.5) 37

15–81 292 (36.5) 257 (32.1) 251 (31.4) 800

Chi-square test (χ2) = P < 0.0001. ∗ > 2.576 (α = 0.01) adjusted residual
chi-square.

mean of 11 verified in the other study [10]. This difference
could be explained by the sample size of the studies, which
was of 439 Brazilians in our sample and a major population
of 13.431 Brazilians in the study by Barbato et al. [10].

Our findings showed that among adolescents aged from
15 to 19 years, the prevalence of tooth extraction was 8.0%,
while in a greater population of 16.833 Brazilian adolescents
it was 38.9% [19]. Probably this difference could also be
related to the sample size of the studies that is too discrepant.
The results in the present study demonstrated higher missing
teeth for premolars (43.1 to 51.6%) and molars (48.4 to
51.0%) among the youngest subjects (15 to 24 years), and
the dental caries was the main reason for teeth extractions
(67.2%). Our findings are in agreement with previous studies
that have demonstrated that the first molars were the most
prevalent missing teeth in Brazilian younger people [9, 15,
19]. Barbato and Peres [19] found more than 55% of missing

Table 5: Reasons for teeth extractions (N : number; % percentage).

Reasons
Frequency

N %

Caries 307∗ 38.4

Periodontal diseases 258∗ 32.3

Eruption problems 51 6.4

Prosthetics 29 3.6

Trauma 21 2.6

Orthodontics 46 5.7

Occlusal problems 9 1.1

Others reasons—iatrogenic and accidental 79 9.9

Total 800 100.0

Chi-square test (χ2) = P < 0.0001. ∗ > 2.576 (α = 0.01) adjusted residual
chi-square.

first molars, and dental caries experiences were found in
92.71% of all teeth lost. Other studies also suggested that
the first molars were the most frequently missing teeth in
subjects aged from 14 to 29 [9] and from 13 to 16 years [15].

The caries (38.4%) and periodontal disease (32.3%)
were the most prevalent conditions for tooth mortality in
the present study with similar prevalence. Conversely, other
study on Brazilians suggested that the main reason for tooth
extraction was the caries (70.3%) and not the periodontal
disease (15.1%), but this study showed findings of a small
sample with 404 teeth extracted [16]. In a Caribbean
population—Antigua, Viagnarajah [20] also suggested that
caries was the main reason for tooth extraction (61.6%), and
the periodontal disease was the next more frequent reason
for tooth loss (29.9%).

Our results showed that periodontal disease was more
prevalent among older subjects over 40 years of age. Some
studies are in agreement with our findings, showing that
periodontitis became the most prevalent reason for tooth
mortality in people near 40 years old [10, 20–26]. In addi-
tion, other reasons for teeth extractions were found in the
present study as follows: iatrogenic factors (9.9%), eruption
problems (6.4%), orthodontics (5.7%), prosthetic indication
(3.6%), trauma (2.6%), and occlusal problems (1.1%).
Caldas [16] also evaluated other reasons for extractions in
404 teeth, such as prosthetic reasons (6.4%), third molar-
eruption disorders (3.7%), orthodontic reasons (2.5%), and
trauma or patient′s request (1%), which showed lower
prevalence than the caries and periodontal disease.

Considering that few studies evaluated reasons for teeth
losses in Brazilians, our retrospective study may be useful in
clinical dentistry and used as baseline data regarding preva-
lence and reasons for teeth extractions in other populations;
moreover, other prospective studies might be performed.

5. Conclusions

Within the limits of this study, it can be suggested that some
reasons for tooth loss were age dependent, but the caries
and the periodontal diseases were the main reasons for tooth
mortality in this Brazilian sample.
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Table 6: Reasons for tooth extraction by age groups.

Age group
Reasons

C PD E P T O OP Others
Total

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

15–19
43 — 18 — — — — 3

64
(67.2)∗ (28.1)∗ (4.7)

20–24
18 — 24 — — 4 — 5

51
(35.3) (47.1)∗ (7.8) (9.8)

25–29
12 — 5 — — — — 7

24
(50.0) (20.8)∗ (29.2)∗

30–34
13 6 2 — 2 8 4 10

45
(28.9) (13.3) (4.4) (4.4) (17.8)∗ (8.9)∗ (22.2)∗

35–44
73 34 — — 2 — 2 20

131
(55.7)∗ (26.0) (1.5) (1.5) (15.3)∗

45–54
57 63 — 7 8 10 — 18

163
(35.0) (38.7)∗ (4.3) (4.9) (6.1) (11.0)

55–64
56 83 2 8 6 13 3 9

180
(31.1) (46.1)∗ (1.1) (4.5) (3.3) (7.2) (1.7) (5.0)

65–74
23 54 — 10 3 11 — 4

105
(21.9) (51.4)∗ (9.5)∗ (2.9) (10.5) (3.8)

75–84
12 18 — 4 — — — 3

37
(32.4) (48.7)∗ (10.8) (8.1)

15–81 38.4 32.3 6.4 3.6 2.6 5.7 1.1 9.9 800

C: caries; PD: periodontal disease; E: eruption problems; P: prosthetics; T: trauma; O: orthodontics; OP: occlusal problems; Others: other reasons (accidents
or iatrogenic factors). Chi-square test (χ2) = P < 0.0001. ∗ > 2.576 (α = 0.01) adjusted residual chi-square.
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