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Abstract

Objective

This study used con-beam computed tomography (CBCT) to investigate the prevalence

and severity of alveolar bone loss in middle-aged (40–59 years) Chinese with chronic

periodontitis.

Materials and Methods

The study group comprised 145 dentate individuals aged 40 to 59 years residing in China

who suffered from chronic periodontitis. CBCT and the application of NNT software were

used to examine the level and location of alveolar bone loss.

Results

The study revealed that 40–59 year old patients with chronic periodontitis had severe bone

loss. At 5,286 sites (34.7%), alveolar bone loss was mild; severe alveolar bone loss was

found at 5,978 sites (39.2%). A comparison of bone loss in different jaws revealed that the

area with the highest degree of bone loss was on the lingual side of the maxillary molar

(56.3 ± 7.2%), and that the area with the lowest degree was primarily on the lingual side of

the mandibular canine (27.5 ± 6.3%). There was a lower degree of alveolar bone loss in

males than females. Differences were observed when comparing the incidence of bone

loss between males and females (P < 0.05). Menopause in females and smoking in both

genders may affect the level of bone loss. Male smokers experienced a greater degree of

bone loss (41.67 ± 5.76%) than male non-smokers (32.95 ± 4.31%). A 42.23 ± 6.34% bone

loss was found in menopausal females versus 31.35 ± 3.62% in non-menopausal females.

Conclusions

The study revealed that different sites and teeth exhibited a diverse degree of bone loss. In

middle-aged patients with chronic periodontitis, the highest degrees of bone loss in the
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incisors, premolars, and molars were on the lingual side, mesial side and lingual side,

respectively. Menopause in females and smoking may affect the level of bone loss.

Introduction
In the presence of inflammation, periodontitis develops at a faster rate in the elderly; periodon-
tal lesions also heal with a slower rate in this age group. The prevalence of periodontal disease
is particularly high in adults aged� 40 years.[1,2] An epidemiological study[3] conducted with
French adults aged 35–64 years reported that clinical attachment level� 5 mm occurred in
46.68%. A study [4] of periodontal tissue in Korean adults revealed that 1.19% of individuals
aged 40–59 have> 5 mm clinical attachment loss. Some studies have noted that alveolar bone
loss is more prevalent in middle age groups.[5,6] Papapanou et al.[5] found that alveolar bone
loss within 3 mm was present in 96% of individuals aged 40–44 years and 95% of individuals
aged 50–54 years. Further, periodontal disease is the primary cause of tooth extraction in adults
aged� 60 [7, 8]. Therefore, an accurate diagnosis of periodontal disease in the middle-aged
population plays an important role in the treatment of the disease and the prevention of future
tooth extraction,

The diagnosis and treatment of periodontal disease requires consideration of severity (such
as the amount of bone loss) as well as the extent (the percentage or number of affected sites) of
the disease.[9] It is difficult to accurately describe the periodontal status of an individual and
even more difficult to describe that of a group.

Radiography plays an important role in periodontal diagnosis, primarily because radio-
graphs can reveal the amount and type of damage to alveolar bone which is a major indicator
of periodontal disease [10, 11]. Although some studies [12, 13]use periapical and panoramic
radiograph imaging procedures to describe the periodontal status of a population, only a few
studies have fully assessed buccal and lingual alveolar bone morphology.

In recent years, cone-beam computed tomography (CBCT) has emerged as a feasible tool in
dentistry and provides a lower-cost alternative to conventional CT with high-quality images
and reduced radiation exposure.[14,15] Furthermore, CBCT has been found to be valuable for
the assessment of the degree of bone loss in chronic periodontitis because of its clear and
detailed three-dimensional characteristics of alveolar bone morphology, as well as its aid in the
diagnosis of the type of bone loss.[16,17] The procedure facilitates the ability of an effective
evaluation of periodontal bone injury, especially, crater loss and furcation involvement.

This study used CBCT to evaluate alveolar bone status and the risk factors for this in
patients aged 40–59 years with chronic periodontitis. Furthermore, this study provides an
objective basis for the formulation of a clinical program.

Methods

Study Population
The study was conducted from February 2012 to July 2014 at the Stomatological Hospital of
China Medical University. A total of 145 CBCT scans of patients aged 40–59 years were evalu-
ated (females: 69; males: 76). The mean age of the subjects was 46 years; all suffered from
chronic periodontitis with periodontal destruction. Periodontal disease status was determined
according to clinical and radiographic criteria. All subjects were in good general health and
none had received radiation or periodontal treatment during the past six months. None had
received antibiotics during the past three months.
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No subjects with a history of systemic conditions, such as heart disease, diabetes, or other
types of disorders that could influence the course of periodontal disease were enrolled. The
enrolled subjects did not use any medications that could affect the manifestations of periodon-
tal disease, such as antibiotics, phenytoin, cyclosporine, anti-inflammatory drugs, or calcium
channel blockers.

CBCT images were excluded according to the following criteria: a) unclear visibility of ana-
tomical landmarks, cemento-enamel junction(CEJ), alveolar bone crest(ABC), or tooth apex
(AP); or b) visibility of the CEJ was compromised by the presence of restorations, prostheses
and other artifacts.

Initially, 4,060 teeth were selected for inclusion in the study. However, some were later
excluded from the study. Ultimately, 3,812 teeth (15,248 sides) were included. All recruited
patients were apprised of the radiation dose and agreed to imaging studies. Written informed
consent was obtained from all of the recruited patients and the study protocol was approved by
the local ethics committee of the China Medical University (No-2012-02).

Clinical Examination
Sites: All subjects underwent pocket depth (PD), clinical attachment level (CAL), bleeding on
probing (BOP) and plaque index (PI) measurements. Clinical parameters were measured at
four sides per tooth (mesial, distal, buccal, and lingual). The CAL and the probed PD were
measured, excluding the third molars. All clinical parameters were measured with a Florida
probe (FP32, Version 6; Florida Probe, USA) calibrated in millimeters.

The plaque index (PLI) [18] was scored from 0 to 3, where “0” indicated no plaque. A score
of “1” indicated the presence of a plaque film adhering to the free gingival margin and adjacent
area of the tooth. The plaque was observed in situ only after using the probe on the tooth sur-
face. A score of “2” represented a moderate accumulation of soft deposits of plaque within the
gingival pocket or on the tooth and gingival margin that was visible to the naked eye. A score
of “3” represented an abundance of soft matter within the gingival pocket and/or on the tooth
and gingival margin.

All clinical data were collected by a single investigator who had been provided with calibra-
tion information prior to the beginning of the study. Intra-examiner agreement was evaluated
via repeated measurements with a one week interval from the first examination (the intra-
examiner kappa value was 0.82).

Image acquisition
CBCT images of the mandibles were acquired with NEWTOM VG CBCT (QR-NIM s.r.l.;
Verona, Italy) using the following acquisition protocol: voxel size 160 μm, acquisition time
26.9 s, tube voltage 110 kV, filament current 5 mA, and field of view 20 ×25 cm.

Measurement of alveolar bone loss in CBCT images
Alveolar bone loss was established when the distance between the CEJ and the ABC was greater
than 2 mm. [9] (Fig 1)

The severity of alveolar bone loss was described using the percentage of bone loss. The fol-
lowing linear expressions were then calculated using the distance between the CEJand ABC
minus 2 mm/distance between CEJ and AP minus 2 mm:

The percentage of bone loss = (d1–2 mm)/ (d2–2 mm) × 100%.[9] (Fig 2)
CBCT images were displayed on NNT software (QR-NIM s.r.l.; Verona, Italy). Cross-sec-

tional images with a thickness of 1 mm and an interval of 1 mm perpendicular to the mesiodis-
tal and buccolingual axes of each tooth were prepared. For standardization purposes, there
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were 12 measurement sites in each tooth: 3 on the buccal aspect, 3 on the palatal aspect, 3 on
the mesial aspect, and 3 on the distal aspect. [19] (Fig 3) Calculations of alveolar bone loss were
performed on four sides of each tooth (mesial, distal, buccal, and lingual) and make each aspect
3 sites’mean value as this aspect’s value.

All clinical data were collected by two investigators and inter-examiner agreement was eval-
uated by means of repeated measurements.

Classification of alveolar bone loss
For the Asian validation study, the subjects were classified into three categories based on the
severity of periodontal disease using the following criteria [20]: (i) mild: pocket depth 3.5–4
mm, clinical attachment loss 1–2 mm, radiographic bone loss� 1/ 3 root length (optional),
tooth mobility not detectable; (ii) moderate: 4 mm<pocket depth� 6 mm, clinical attachment
loss 3–5 mm, radiographic bone loss between one third and one-half root length (optional),
mild mobility; and (iii)severe: pocket depth> 6 mm, clinical attachment loss> 5 mm, radio-
graphic bone loss� 1/2 root length (optional), tooth mobility degree II–III.

Assessment of the repeatability of inter-and intra-examiners
Prior to the experiment, a statistical analysis conducted by two physicians after consistency test
(kappa> 0.85) revealed that the intra-examiner kappa values ranged from 0.81 to 0.83.

Fig 1. Measurement of alveolar bone loss in CBCT images. A: buccal-lingual cross-section measurement of bone loss of #26; A-a: Mark CEJ of # 26; A-b:
BM/LM of #26; A-c: B/M of # 26; A-d: BD/LD; B: Mesio-distal cross-section measurement of bone loss of #26; B-a: Mark CEJ of #26; B-b: ML/DL of #26; B-c:
M/D of #26; B-d: MB/DB of #26.

doi:10.1371/journal.pone.0139553.g001
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Statistical Analysis
A statistical data analysis was performed with SPSS software (Version 13.0 for Windows; SPSS,
Chicago, IL, USA). Inter-observer variation was determined using the paired t-test for two-
dimensional measurements. Intra-observer measurement variation was determined using
paired t-tests of the first and second measurements. Categorical variables were used for the
descriptive illustration of the percentage of bone loss, categorical variables were used. The
Cochran test (Q) was used for comparison between the different teeth sites. Survey multino-
mial logistic regression models were used to produce weighted population estimates [21]. The
dependent variable was the degree of periodontal disease. In the multinomial models, the mild
periodontal disease group serves as the reference group for all comparisons. P� 0.05 was con-
sidered to be statistically significant.

Results

Distribution of alveolar bone loss
A total of 3,812 teeth (15,248 sides) were included in the study. Among these, 3,984 sites
(26.1%) had mild alveolar bone loss, 5,286 sites (34.7%) had moderate alveolar bone loss, and
5,978 sites (39.2%) had severe alveolar bone loss (the foregoing sites included incisors and
molars with an average degree of alveolar bone loss) (Table 1, Fig 4).

A comparison of bone loss between different jaws revealed that the area with the highest
degree of bone loss was the lingual side of maxillary molar (56.3 ± 7.2%) and the lowest site
was on the lingual side of the mandibular canine (27.5 ± 6.3%).

Fig 2. Measurement of alveolar bone loss in patients with periodontitis. d1: Distance from alveolar bone crest to cementoenamel junction; d2: Distance
from apical to cementoenamel junction.

doi:10.1371/journal.pone.0139553.g002
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There was a statistically significant difference between different sides and teeth types
(P< 0.001). Fig 4 shows the percentage bone loss at the four aspects (mesial, distal, buccal and
lingual) of the same tooth. The study revealed that at the maxillary central/laterals incisors,
mesial bone loss was significantly greater than that of the other areas, whereas at the mandibu-
lar central/laterals, lingual bone loss was significantly higher than that of the other areas. No
significant difference was found between the two aspects of the canine. Alveolar bone loss on
the mesial side of first premolar was more severe than that of the other sites. A greater degree
of alveolar bone loss was noted on the palatal side of the molar (P< 0.05).

Fig 5 presents cumulative percentage distributions of age groups according to the degree of
bone loss. The younger age groups (age 40–45 years) exhibited more mild bone loss (42.3%),
whereas the 46–55 age group exhibited a higher percentage of moderate bone loss (41.5%, 46.1%).
The oldest age group (age> 55 years) had the highest percentage of severe bone loss (43.5%).
There were significant differences in BOP, PI, PD and CAL between the 40–45, 46–50, 51–55, and
56–59 age groups (P< 0.05). (Table 2) The severity of clinical signs increased with age.

Gender differences
In regard to gender, there was a lower degree of alveolar bone loss in the males (the degrees of
bone loss stratified by age group were 30.9%, 32.9%, and 36.3%, respectively). Additionally,

Fig 3. Measurement points. B: buccal; BM: buccal-mesial; BD: buccal-distal; D: distal; DB: distal–buccal;
DL: distal- lingual; M: mesial; MB: mesial- buccal; ML: mesial-lingual L: lingual; LM: lingual-mesial; LD:
lingual–buccal.

doi:10.1371/journal.pone.0139553.g003

Table 1. Comparison of Alveolar Bone Loss in Regard to Different Characteristics (n = number of sites).

Bone loss (n, %)

Characteristic Mild Moderate Severe P-value

Gender 0.000

Male 2352 (30.9) 2502 (32.8) 2762 (36.3)

Female 1632 (21.4) 2784 (36.5) 3216 (42.1)

Total 3984 (26.1) 5286 (34.7) 5978 (39.2)

doi:10.1371/journal.pone.0139553.t001
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there was a higher degree of alveolar bone loss in the females (the degrees of bone loss stratified
by age group were 21.4%, 36.5%, and 42.1%, respectively) with statistically significant differ-
ences between the groups (P< 0.05). (Table 1)

The differences in BOP, PI, PD and CAL were statistically significant between the two sexes
(P< 0.05). (Table 2)

Smoking and menopause differences in the degree of bone loss and the
clinical parameters of periodontal disease
Table 3 summarizes alveolar bone loss in smokers versus no-smokers. The distribution of alve-
olar bone loss was 41.67 ± 5.76% in men who smoked and 32.95 ± 4.31% in men who did not
(P< 0.05). Statistically significant differences were also found between menopausal women
and non-menopausal women (42.23 ± 6.34% bone loss was found in menopausal women ver-
sus 31.35 ± 3.62% in non-menopausal women).

Both the average probe depth and the clinical levels of attachment loss in men who did not
smoke were found to be slightly smaller than that of smokers (Table 2). There was a statistically

Fig 4. Distribution of alveolar bone loss at different sites. *: Comparison of alveolar bone loss degree on
different sides of the same tooth (P < 0.05).

doi:10.1371/journal.pone.0139553.g004

Fig 5. Distribution of bone loss among different age groups.

doi:10.1371/journal.pone.0139553.g005
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significant difference in the clinical parameters of BOP and PI between smoking and non-
smoking individuals. There was also a statistically significant difference in the average probe
depth, BOP, PI and the clinical levels of attachment loss between menopausal and non-meno-
pausal women (P< 0.001) (Table 2).

Multinomial regression analysis of the correlations between the degree
of periodontal disease and risk factors
In the multinomial regression model (Table 4), gender, age>50 years, smoking and menopause
were consistent statistically significant potential risk factors for periodontal disease.

Discussion
The results of this study suggest that alveolar bone loss is associated with aging. An analysis of
145 patients with chronic periodontitis revealed that 39.2% of 40–59 years old patients had

Table 2. Distribution of BOP, PI, PD, and CAL among individuals in the China population according to gender, age group, smoking and
menopause.

BOP n (%) PI n (%) PD (x±s)
mm

CAL (x±s)
mm

+ _ P-
value

0 1 2 3 P-
value

P-
value

P-
value

Gender 0.000 0.000 0.021 0.013

Male 4984
(65.4)

2632
(34.6)

632
(8.3)

1534
(20.1)

1997
(26.2)

3453
(45.3)

3.36
±1.16

3.12±1.09

Female 5576
(73.1)

2056
(26.9)

1175
(15.4)

1962
(25.7)

2013
(26.4)

2482
(32.5)

3.75
±1.79

3.89±1.15

Age group 0.000 0.000 0.000 0.000

40–45 2148
(53.9)

1836
(46.1)

532
(13.4)

935
(23.5)

1191
(29.9)

1326
(33.3)

2.15
±0.67

1.97±0.79

46–50 2536
(66.7)

1264
(33.3)

458
(12.7)

923
(25.6)

932
(25.9)

1287
(35.8)

2.98
±1.03

2.32±1.25

51–55 2792
(75.7)

894
(24.3)

421
(12.1)

873
(25.0)

969
(27.8)

1223
(35.1)

3.56
±1.24

3.46±1.07

56–59 3084
(81.6)

694
(18.4)

396
(10.5)

765
(20.2)

918
(24.3)

1699
(45.0)

4.95
±1.56

4.02±1.53

Smoking 0.000 0.000 0.000 0.000

Yes 4221
(89.0)

521
(11.0)

297
(6.3)

809
(17.1)

1226
(25.9)

2410
(50.8)

4.78
±1.23

4.25±1.36

No 763
(26.5)

2111
(73.5)

335
(11.7)

725
(25.2)

771
(26.8)

1043
(36.3)

2.45
±0.96

2.56±1.13

Menopause 0.000 0.002 0.013 0.008

Yes 4762
(87.3)

691
(12.7)

834
(15.4)

1375
(25.4)

1392
(25.8)

1802
(33.4)

4.13
±1.37

3.57±1.27

No 814
(37.4)

1365
(62.6)

341
(15.6)

587
(26.9)

621
(28.5)

630
(28.9)

1.76
±1.52

2.05±0.97

PD: pocket depth, CAL: clinical attachment level, BOP: bleeding on probing, PI: plaque index. (n = number of sites)

doi:10.1371/journal.pone.0139553.t002

Table 3. Distribution of Bone Loss in Males by Smoking habit and in Females by Menopausal status (x±s).

Smoking Menopause

Yes No P-value Yes No P-value

Bone loss (%) 41.67±5.76 32.95±4.31 0.000 42.23±6.34 31.35±3.62 0.000

doi:10.1371/journal.pone.0139553.t003
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severe alveolar bone loss. Furthermore, the type of tooth, gender, smoking, and menopause
appeared to be contributing factors to alveolar bone loss.

In recent years, the degree of alveolar bone loss in middle-aged patients with chronic peri-
odontitis has attracted the attention of researchers. [6, 22, 23] Sarajlić et al [22] found that alve-
olar bone loss was greater in mandibular anterior teeth of 40–60 years old patients with
chronic periodontitis than that of patients aged less than 40 years. This finding was in agree-
ment with our study, which demonstrated that the 40–59 age groups had a greater percentage
of severe bone loss (39.2%). Furthermore, we found that the degree of bone defect decreased
with age and that more severe bone loss was present in subjects older than 50. This finding is
similar to studies conducted in other nations, such as Müller[23], who found that 50% of 50
year old subjects had considerable bone loss (more than 4 mm at 10% or more sites and 6 mm
or more at about 5% of sites).

In patients with chronic periodontitis, the degree of alveolar bone loss differed between the
types of tooth. Severe alveolar bone loss in patients with chronic periodontitis in this study pri-
marily occurred in the incisors and molars, and less alveolar bone loss occurred in the canines.
The findings regarding severe alveolar bone loss were similar to those reported by Sarajlić et al.
[22] The reason for this may be due to the earlier eruption of molars and mandibular anterior
teeth, teeth position, and molar furcation factors. Our study also found that in the mandibular
incisor and molar area (except the palatal side), the extent of alveolar bone loss was higher than
that of the maxillary area. Another study found A 6.0 mmmean depth of the angular bony
defects and the greatest mean depth in the maxillary anterior area [24]. These differences may
be related to race.

A previous study [9] reported that patients who had chronic periodontitis had side-specific
bone loss. This finding was similar to ours; patients with chronic periodontitis in different
areas of the same tooth had different degrees of alveolar bone loss. The distal side of the incisor
had greater alveolar bone loss than the other sides, the mesial side of the premolar had greater
alveolar bone loss than the other sides, and the highest degree of alveolar bone loss was on the
palatal side of the molar. This may be because the majority of the mesial sides of the premolars
have root concavity [25] and because furcation occurs in the molars. Periodontal therapy
should be based on issues related to individual teeth and specific side.

Table 4. Multinomial regression analysis of the associations between risk factors and the degree of
alveolar bone loss.

Moderate bone lossOR (95%
IC)

Severe bone lossOR (95%
IC)

Age

40–45 1.03 (0.37, 1.52) 1.89 (1.14, 2.35)

46–50 1.58 (0.71, 1.97) 2.12 (1.04, 3.96)*

51–55 1.38 (0.97, 2.93)* 1.96 (0.73, 2.85)*

56–59 2.97 (1.06, 4,31)* 3.86 (2.13, 6.94)*

Gender

(male = 0,female = 1) 11.18 (0.28, 34.96)* 10.82 (4.78, 24.51)*

Smoking

(non-smoking = 0,smoking = 1) 1.44 (0.75, 3.69)* 1.95 (1.01, 3.56)*

Menopause

(non-menopause = 0,
menopause = 1)

2.15 (1.07, 9.71)* 4.35 (2.19, 6.51)*

Odds ratios are from a weighted survey multinomial logistic regression.

Participants with mild bone loss are the reference group.

*P�0.05.

doi:10.1371/journal.pone.0139553.t004
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In this study, we analyzed associations between the distribution of bone loss and gender,
smoking, and menopause in Chinese patients with chronic periodontitis. The data suggested
that the type of alveolar bone loss was associated with gender, smoking, and menopausal status.
We evaluated 3,812 teeth (15,248 sides); the degree of bone loss was 36.3% in males and 42.1%
in females. These findings agree somewhat with data from previous reports. [24,26] Kasaj [26]
et al. found that in the 40–60 years age class, 56.1% of alveolar bone defects could be detected
in the female subjects versus 59.1% in male subjects. The reason for this may be somewhat
related to the fact that younger women are more sensitive to systemic influences and that men
are more sensitive to local influences. The findings of the current study support those of previ-
ous studies [27]: greater bone loss destruction may occur among menopausal women com-
pared with non-menopausal women. This may be correlated with Chinese women's eating
habits such as a small amount of protein intake and rare outdoor activities. Cigarette smoking
has long been suspected to be associated with a variety of oral conditions including periodontal
diseases. [28, 29] In our study, smokers have a greater extent of bone loss, as well as a higher
prevalence of PD and CAL, compared with non-smokers. Similarly, Tomar [30] recently
reported that 52.8% of the cigarette smoking population had one or more sites with attachment
loss and a pocket depth of 4 mm or more.

Currently, imaging procedures are commonly used for the diagnosis and accurate measure-
ment of alveolar bone loss due to periodontitis. In the two-dimensional images, evaluation of
the degree of buccal and palatal alveolar bone loss are compromised due to image overlapping;
thus, it is difficult to determine the actual degree of alveolar bone loss.[16] In recent years, due
to its low radiation dose and high spatial resolution, three-dimensional image reconstruction
CBCT[14,15] appears to be superior to traditional imaging. CBCT also has the lowest error fac-
tor (less than 0.25 mm) and can use computer post-processing software in a scanning range
reconstruction of any direction. Vandenberghe et al. [31] confirmed the findings of CBCT in
the periodontal region areas of furcation with intraoral digital radiographs. In this CBCT
study, we clearly imageD the extent of palatal and buccal alveolar bone loss; in patients with
chronic periodontitis, alveolar bone loss was the greatest at the palatal side of the maxillary
molars and the buccal side of the mandibular molars. Tyndall’s [32] study also showed that the
use of CBCT for measuring buccal and lingual alveolar bone conditions can provide accurate,
probing-reliable data, and can clearly show the bony plate structure and the destruction of the
bony wall. For morphological evaluation of the teeth and bone destruction, CBCT is superior
to two-dimensional imaging technology.

It should be noted this study was limited by its sole used of dental CBCT to evaluate bone
loss; future studies should explore the ability of CBCT to predict bone density. However, the
satisfactory results of the present investigation could serve as guidelines for clinical treatment.

Conclusions
This in vivo study used CBCT to measure the degree of alveolar bone loss in chronic periodon-
titis patients. Alveolar bone loss was assessed on different teeth and on different sides of those
teeth. CBCT can therefore provide clinicians with a clear understanding of the morphology of
alveolar bone loss in chronic periodontitis patients. CBCT can also be used for targeted treat-
ment planning and may be effective for the treatment of chronic periodontitis.
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