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Abstract
Background: To date, a few studies documented the detailed periodontal conditions of a Japanese
population. It is important to know if the awareness of Japanese nationals and dentists to oral hygiene
and prevention of periodontal disease have improved when compared with the past in Japan for the
development of future scenarios regarding prevention. The aim of this study was to investigate the
severity, prevalence, and extent of periodontal disease in the adult population of the city of Takahagi,
Japan. Results were also compared with those of an epidemiological study performed in Japan in the
1980s.
Methods: A total of 582 inhabitants (aged 20 to 89 years) of Takahagi were randomly sampled, answered
a comprehensive questionnaire and participated in clinical examinations performed by one examiner.
Results: The mean percentages of tooth surfaces harboring plaque and exhibiting BOP were 59.5 ± 24.9%
and 31.1 ± 21.1%, respectively. The mean PPD and CAL were 2.5 ± 0.5 mm and 2.9 ± 1.0 mm,
respectively. Compared with results of the 1980s survey, the mean percentages of plaque and bleeding on
probing were lower in the current population. The mean CAL and prevalence of attachment loss of ³5 mm
in some age groups were higher in the current study than in the 1980s study. There were no statistically
significant differences with respect to mean probing depth between 1980s and current in all age groups.
Conclusions: Periodontal disease was still prevalent in current Japanese population even though some
improvement occurred. Proper public health programs therefore need to be established.

Background
Periodontitis is a progressive, chronic inflammatory disease. Its clinical symptoms include increased
probing pocket depth, attachment loss, bleeding on probing, suppuration, and loosening of teeth, leading
eventually to tooth loss.
Global epidemiological studies have found that periodontitis is extremely common1–3. Recent studies
have also found a high prevalence of periodontitis in developing countries and among poor and minority
populations 4–8. In Western nations, however, periodontitis is less of a problem than it was 20 to 30 years
ago 9–11.
In Japan, the National Survey of Dental Diseases in 201112 found that 13.5% to 46.2% of individuals 20
to 59 years of age had periodontal pockets 4 mm in depth, a lower prevalence than that reported in 1999
and 2005. As a result of more people keeping larger numbers of their own teeth, however, the proportion
of people over 65 years of age with pockets had increased compared with the proportion 12 years before.
That survey, however, covered only ten teeth and did not include a detailed analysis of clinical parameters
such as attachment level.
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An epidemiological survey including full mouth periodontal examinations carried out in the 1980s in
Ushiku City, Ibaraki Prefecture, Japan13,14. Ushiku City is approximately 50 km from suburban Tokyo. At
the time, Ushiku City had a population of 50,000 and contained around 20 to 25 dental clinics. The study
found that many residents had poor oral hygiene with a high rate of gingival bleeding and that the degree
of attachment loss increased with age. To date, the Ushiku study is the only one to document the detailed
periodontal conditions of a Japanese population. It is important to know if the awareness of Japanese
nationals and dentists to oral hygiene and prevention of periodontal disease have improved when
compared with the past in the same district in Japan for the development of future scenarios regarding
prevention. Therefore, a new cross-sectional study is necessary.
The objective of this study was to survey the severity, prevalence, and extent of periodontal disease in
adult residents of Takahagi City, Ibaraki Prefecture, Japan. We also compared the results of this survey
with those of an epidemiological survey of the same part of Japan in the 1980s.

Methods
The survey participants were residents of Takahagi City, Ibaraki Prefecture, which is in the same district
as Ushiku city, Japan, aged between 20 and 89 years. Takahagi City has a population of around 30,000
and is located approximately 200 km from Tokyo. The percentage of population over 65 years old is
about 30% and that under 15 years old is about 11%. It is in the same prefecture as Ushiku City. Its
population, population density, and area make it a moderately sized regional Japanese city. There are 15
dental clinics. The municipal area includes both urban and rural localities, and the labor force includes
both blue- and white-collar workers; in Japanese terms, its economy is also medium in size.
Of approximately 1400 inhabitants, who were randomly sampled from among individuals living in
Takahagi City, 582 answered a comprehensive questionnaire and participated in clinical examinations.
The clinical investigation was carried out by a single experienced periodontist who was authorized by the
Japanese Society of Periodontology (S. S.) in a dental examination room within Takahagi City Hall
between April 2010 and March 2013. All participants agreed to take part after receiving an explanation of
periodontal disease and the tests included, after which they completed a questionnaire on matters
including their characteristics and general medical history, history of smoking, height, weight, oral hygiene
habits, history of regular dental checkups, history of periodontal treatment, and subjective symptoms.
After the mouth had been checked for matters such as missing teeth, caries, tooth restoration, and
malalignment, the clinical parameters described below were recorded for all teeth, including the third
molars. This study was approved by the Institutional Review Board of Nippon Dental University. The
Nippon Dental University made an agreement with Takahagi City in 2012.

Plaque adhesion
Plaque adhesion was assessed by visual examination and scraping with a probe.
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Bleeding on probing (BOP)
The presence or absence of bleeding from the bottom of pockets after probing was checked with a
pressure-sensitive probe. The probing force was 25 g and the tip diameter was 0.5 mm (TUCL probeⓇ,
Shioda, Tochigi, Japan). BOP was considered positive if bleeding occurred between 10 seconds after
probing.

Probing pocket depth (PPD)
Distance from the gingival margin to the bottom of the pocket was measured to the nearest millimeter
with a pressure-sensitive probe, as described above.

Clinical attachment level (CAL)
The distance from the cement–enamel junction to the bottom of the pocket was measured to the nearest
millimeter with a pressure-sensitive probe, as described above.

Recorded sites
Plaque adhesion was recorded for four surfaces (mesial central, lingual central, mesial buccal, and distal
buccal) of each tooth. BOP, PPD, and CAL were recorded for six surfaces, the four previously mentioned
plus the mesial buccal and distal lingual surfaces.

Reproducibility of measurements
In order to check for inter-operator reproducibility of measurements, five volunteers underwent whole-jaw
probing, with PPD and CAL measured twice. The coefficient was 0.93 for PPD measurements and 0.86
for CAL.

Data analysis
Characteristics of study subjects were expressed as numbers (percentages) or means and standard
deviation (SD) or standard error (SE), and were stratified by age. Prevalence of at least one affected site
and the extent (proportion) of affected sites on teeth per mouth by degree of clinical attachment level
(CAL, cut-offs at 3 mm and 5 mm,) or probing pocket depth (PPD, cut-offs at 4 mm and 6 mm) and the
mean values of all clinical parameters were calculated for all participants and for each age group from
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20–34 years to more than 75 years. The cumulative percentile plots of CAL 3 mm and 5 mm were
calculated for all subjects.
Differences in characteristics of the subjects and clinical parameters between age groups were evaluated
by chi squired test or one-way analysis of variance.

Results
Table 1 shows the characteristics of the 582 participants included in the study. Mean age of study
subjects was 55.3 ± 16.4 years. Percentage of current smokers was 7.2%. In addition, 33.5% of subjects
reported a university level education, and 18.7% were categorized as obese. The prevalence of diabetes
mellitus was 4.5%, while 87.5% reported brushing their teeth at least twice a day, and 44.5% of
participants used interdental care devices. The mean proportion of tooth surfaces harboring plaque was
59.5%, and was highest for participants in the oldest age group and lowest for those in aged 55–64
years.
Table 2 shows the periodontal parameters of this sample according to age. BOP was highest for
participants in the oldest age group (43.3%) and lowest for those in aged 35–44 years (27.8%). The mean
values for both PPD and CAL were lowest among participants in the youngest group and increased with
advancing age. The prevalence of participants with CAL 3 mm accounted for 89.6% of those aged 20–34
years, but was 100% for participants aged over 45 years. Those with a maximum CAL 5 mm accounted
for only 22.9% of participants aged 20–34 years, but for 98.8% of those aged 75+ years. Among
participants in 20–34 years old, the mean tooth area with CAL 3 mm was 18.6 19.5%, and with CAL 5 mm
was 0.8 1.9 %. The extent of attachment loss became broader with advancing age: among participants
aged 75+ years, the percentages with CAL 3 mm and 5 mm, were 75.0 11.5%, and 21.8 17.3%,
respectively. As with CAL, the proportion of participants with a low maximum value of PPD was greatest
in the younger age groups and decreased in older age groups, and the proportion of participants with the
PPD 6 mm was highest in the older age groups.
Table 3 shows the prevalence of periodontitis according to the CDC/AAP case definition. Prevalence of
periodontitis was estimated to be 77.5% with 29.8% severe periodontitis, 22.7% moderate periodontitis
and 22.3% mild periodontitis. The prevalence increased with age.
Figure 1 shows the percentile plots for all subjects at sites with CAL 3 mm and 5 mm. CAL 3 mm was
evident in most patients and in 75.9% of these patients, its extent exceeded 30%. Clinical attachment loss
of 5 mm was evident in 31.3% of participants, with an extent exceed 10%; but for 10.9% of participants, it
was 30%.

Discussion
The participants of this study were Japanese adults aged 20 to 89 years. The smoking rate, prevalence of
diabetes, and proportion of participants with BMI >25 were all lower than the mean values for the
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Japanese population as a whole. This suggests that the participants had good awareness of health
issues.
The mean PPD was 2.3 mm to 2.9 mm, depending on the age group, and was lowest among participants
in age 20–35 group and highest in those in the oldest age group, although the difference was only 0.6
mm. The periodontal pockets 4 mm in depth were present in 79.1% of participants in age 20–35 group
(the lowest rate) and in 97.2% of those in the over age 75 groups. Pockets 6 mm in depth were present in
20.8% of participants in age 20–35 group, and the prevalence increased with advancing age, reaching
63.6% of those in the over age 75 group. The 2011 Survey of Dental Diseases12 included an assessment
of the community periodontal index (CPI) by partial inspection, which found that the prevalence of
pockets of depth 4 mm ranged from 13.5% among individuals in their 20s to 50.8% among those in their
70s. The corresponding prevalence of pockets 6 mm in depth was 1.1% to 16.5%. These figures were
clearly lower than those found in the present study. The difference between our results and those of the
Survey of Dental Diseases may have stemmed from the use of partial inspection to assess the CPI,
possibly causing some pockets to be overlooked. Baelum et al.15 found that Community Periodontal
Index of Treatment Needsdata for ten teeth overestimated the prevalence and severity of attachment loss
among younger people and underestimated it for those over 35 years of age. The fact that all teeth were
covered by our study was thus a major advantage.
The proportion of tooth surfaces exhibiting pockets was lower in younger age groups and higher in older
ones. This indicated that even if pockets were apparent in younger people, they were restricted to a small
area of the teeth.
The mean CAL was 1.8 mm to 3.6 mm, with a greater difference due to age than that apparent for PPD.
Similarly, to PPD, the percentage of tooth surfaces with attachment loss was lower in younger than in
older patients.
The percentile plots for all subjects of sites with CAL 3 mm showed that the line was almost straight. On
the other hand, in the same figure of CAL 5 mm, the slope of the 10% to 20% subset showed a
substantially higher percentage of affected sites. This means that, a small proportion of subjects show
higher susceptibility to periodontitis.
A recently reported epidemiological survey on periodontal disease carried out in the United States from
2009 to 2010 16) found that 47.2% of adults aged 30 years or over had periodontitis. The prevalence of
CAL 3 mm was 85.9% and of CAL 5 mm, 43.4%. In all of these categories, the prevalence increased with
advancing age. The results of that study suggested that the severity of periodontitis is associated with
male sex, Mexican-American ethnicity, educational level, poverty, and smoking. An epidemiological survey
of a rural area of Thailand, however, found that the mean proportion of tooth surfaces with attachment
loss of 4 mm was 23.9% in their 30s and 63.9% in their 60s, while the mean proportion with pockets 4
mm in depth was 11.6% to 20.5% 17. A study by Corraini et al.4 carried out in an isolated population in
Brazil from 2005 to 2006 found that CAL of 3 mm was present in 100% of participants, and attachment
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loss of 5 mm was evident in 100% of those aged 50 years or more. In adults, the extent of tooth surfaces
with attachment loss of 5 mm was also high (2.0% to 43.6%). The data from Takahagi City included a
higher prevalence and extent of attachment loss than that reported by Eke et al. and was also lower than
the results of the South American and Southeast Asian studies. These differences may be related to
factors including ethnicity, educational level, and oral hygiene.
Inter-operator variation must also be considered. In the studies performed in other countries,
measurements were carried out by multiple investigators; but in the Takahagi City survey, all
measurements were made by a single periodontist. This was a major advantage in terms of the
reproducibility of measurements.
We attempted to compare the results of this study with those of an epidemiological survey of 319
residents of Ushiku City, Ibaraki Prefecture, that was carried out in the 1980s13)14). Only numerical data
provided in those papers were analyzed. In the early study, the age of participants was between 20 to 79
years and they were classified into 6 age groups. For comparison, participants in the present study who
were more than 79 years were excluded, and a total of 573 subjects were divided into 6 age groups in the
same way as in the early study (Table 4). The mean number of missing teeth per participant among all
the participants in the 1980s survey was 7.2 6.3. This number had declined to 6.1 4.6 missing teeth in our
survey (data not shown). In the 1980s survey, the mean number of missing teeth recorded was around
four teeth for participants in their 20s and a mean of 15 teeth for those over 60 years, whereas in this
study, the numbers were 3.3 1.6 teeth for participants in their 20s and 9.3 6.3 teeth for those in their 70s
(data not shown). This means that, participants in older age groups had significantly more teeth than in
1980s subjects. The mean proportion of tooth surfaces harboring plaque was 64% 17% in the 1980s
survey and 58.2% 20.2% in the present study. In the 1980s survey, the mean proportion of BoP in their 20s
was approximately 35%, when compared with approximately 60% to 65% for elderly participants. In the
present study, the mean proportion of BoP in their 20s was 33.2% 13.2%, as compared with a range of
30.9% 17.1% to 33.4% 17.5% for those over 60 years, indicating a particularly marked change among
elderly participants. The records from the 1980s survey indicated that treatment had involved mainly
symptomatic therapy and treatment of acute symptoms. However, in the recent data from Takahagi City,
23% of participants were undergoing regular dental checkups, indicating a higher awareness of dentistry
and oral hygiene among the general public. In the 1980s, survey participants in their 20s and 30s had the
lowest scores; but in the recent study, participants in their 20s and 30s and also those in their 70s
exhibited poor oral hygiene. The rates of interdental cleaner use and of regular dental checkups were
lower among participants in their 20s and 30s, and this may have been reflected in their high plaque
scores. As with the plaque scores, the proportion of tooth surfaces exhibiting BOP was also greatest
among participants in their 20s and 30s and those in their 70s.
The mean PPD was between 2.2 0.5 mm and 2.8 0.7 mm in the 1980s survey, as compared with between
2.3 0.2 mm and 2.7 0.6 mm in the present study. When the data were compared with a 95% confidence
interval, there were no significant differences in the mean PPD among the two data sets. Despite the
higher number of remaining teeth when compared with the 1980s, there was no change in the mean PPD
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in all age groups. BOP actually decreased, suggesting that some participants had undergone periodontal
treatment and this may have helped preserve a large number of teeth with attachment loss. Ushiku City,
from where the 1980s data were obtained, had at that time a population of around 50,000; the population
has grown to approximately 80,000 today. The difference in size of the two cities may have had some
effect.
The mean CAL was between 1.2 0.6 and 3.7 1.5 mm in the 1980s survey, as compared with between 1.6
0.5 mm and 3.4 1.0 mm in the recent study. The differences between the 1980s data and recent data
were statistically significant for participants in their 30s and 40s. For the 30s group, the prevalence of
attachment loss of 5 mm was significantly higher in the recent study when compared by chi-squared test
(p<0.05). The reason for this difference in mean CAL among relatively young age groups in recent data
and data from the 1980s may lie in inter-operator variation in the measurement of CAL when the cement–
enamel junction is below the gingival margin. In any case, the PPD for participants in their 20s and 30s
was below the mean PPD, indicating the absence of root exposure in most cases, and within this range a
high value of CAL does not necessarily indicate a pathological condition.
A lower prevalence of CAL of 5 mm in current participants compared with the 1980s data was seen only
in their 60s. Interestingly, in the current data, mean plaque score was the lowest in the 40s and secondlowest in the 50s. It may be speculated that the inhabitants in these age groups generally started to be
more aware of oral hygiene.
Studies have compared the prevalence of periodontal disease in the 1970s and 1980s with that in recent
years in several different countries9–11,18. Although the parameters and diagnostic criteria used in these
studies vary, oral hygiene and the prevalence of periodontal disease has improved in most countries in
the 21st century compared with the 1970s and 1980s. Interestingly, however, the prevalence of severe
periodontitis has not necessarily gone down. In a Swedish study, Hugoson et al. 9 classified participants
into five categories according to the severity of periodontitis on clinical examination and radiographic
findings. Between 1973 and 2003, the proportion of individuals with healthy gingival tissue who were
categorized as Group 1 increased from 8% to 44%, and the prevalence of gingivitis and moderate
periodontitis declined. However, there was no change between 1983 and 2003 in the proportion of
individuals in Group 5, the most severe category, with periodontitis with significant bone resorption in at
least two-thirds of tooth roots. Similarly, a Norwegian study by Skudutyte-Rysstad et al. 18 in patients over
35 years of age also found that although the number of participants with little or no bone loss decreased
between 1973 and 2003, the proportion of participants in the most severe category (bone loss of over
20%) had hardly changed (from 6% to 7%). Periodontitis may thus be difficult to prevent by means of
normal oral cleaning in highly susceptible individuals. In addition to the reasons described above, the
tendency we observed for improvements in plaque score and gingival inflammation since the 1980s,
although the frequency of attachment loss actually increased, may have been due to the presence of
individuals who were highly susceptible to periodontitis.

Conclusions
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In conclusion, our survey in Takahagi City, Ibaraki Prefecture found that although mild periodontal
pockets and attachment loss were present in almost all age groups, the prevalence and extent of deep
periodontal pockets and moderate or worse attachment loss increased with advancing age. Periodontal
disease was still prevalent in the current Japanese population, even though some improvement occurred
since the 1980s. Proper public health programs thus need to be established.
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disease control and prevention/American academy of periodontology;SD:standard deviation:SE:standard
error;BMI:body mass index:CPI:Community periodontal index
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Figure 1
Percentile plots of cumulative attachment loss. The x-axis represents the subject percentile and the y-axis
represents the percentage of sites in the subjects at or above thresholds of 3 and 5 mm.
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