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ABSTRACT

Background: This study aimed to assess the relationship between the osteoporotic condition 
and periodontitis in postmenopausal women.
Materials and Methods: Ninety‑four women aged 50–80  years were studied in this 
cross‑sectional study. Bone mineral density (BMD) of lumbar vertebra BMD (LBMD), total 
hip BMD  (HBMD), and neck of femur BMD  (NBMD) was assessed using standardized 
dual‑energy X‑ray absorptiometry (DXA) (normal: T‑score ≥−1, osteopenic: −2.5 ≤ t‑score 
<−1, osteoporotic: T‑score <−2.5). Bleeding point index  (BI), O’Leary plaque index  (PI), 
and clinical attachment loss (CAL) were recorded. Cementoenamel junction, alveolar‑crest 
distance (CEJ‑AC) was measured from cone‑beam computed tomography images. Periodontitis 
severity was represented by CAL and CEJ‑AC distance. One‑way analysis of variance followed 
by Post hoc Tukey was performed for examining differences among the groups for different 
variables. Pearson correlation coefficient® and backward regression analysis were used to 
investigate the effect of confounding variables on CEJ‑AC as the dependent variable. Significance 
was considered at P < 0.05.
Results: Mean CEJ‑AC was significantly higher in the osteoporotic and osteopenic groups compared 
to the normal group (P = 0.001). There was a significant positive correlation between CEJ‑AC and 
NBMD and LBMD (P < 0.001). The associations between LBMD and CEJ‑AC existed even after 
adjusting for confounding factors (P = 0.002). The differences in BI, PI, and CAL were not statistically 
different between the groups (P > 0.05).
Conclusion: Although osteoporosis is not the main cause of periodontitis, it can indirectly affect 
periodontal status by increasing CEJ‑AC. Early diagnosis of osteoporosis followed by early referral 
to a dentist for the treatment of potential existing periodontal diseases is important to avoid 
complications among postmenopausal women
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INTRODUCTION

Periodontitis and osteoporosis affect millions of 
people worldwide.[1] Osteoporosis is a metabolic 
bone disease that affects the entire skeleton.[2] It 
is characterized by a low bone mass leading to 
an increased risk of bone fragility.[3] Periodontitis 
is an inflammatory disease characterized by 
tooth‑supporting alveolar bone destruction, 
connective tissue attachment loss, and formation of 
periodontal pockets.[3,4]

Both periodontitis and osteoporosis are chronic 
diseases characterized by an imbalance between 
bone resorption and formation. They both require 
prevention, early detection, and adequate treatment 
to minimize the risk of complications such as bone 
fracture and tooth loss.[4] These two diseases are 
multifactorial and have common predisposing factors. 
Age, smoking, poor nutritional status  (inadequate 
intake of calcium and Vitamin D), and immune 
deficiency are such factors.[5,6]

Osteoporosis affects females at an earlier age than 
males. It is a physiologic condition in postmenopausal 
women when the decrease in estrogen levels results 
in an accentuated bone loss rate.[3] The hormonal 
imbalance and decreased bone density affecting 
postmenopausal women have been attributed to the 
increase in the incidence, severity, and progression 
of periodontal disease among them.[1,3,4,6‑14] 
Moreover, studies have found a relationship between 
bone mineral density  (BMD) and higher degrees 
of the cementoenamel junction, alveolar‑crest 
distance  (CEJ‑AC) as a linear measurement of 
alveolar crestal height loss.[15‑19] In contrast, some 
studies found no significant correlation between 
periodontal diseases and CEJ‑AC with skeletal bone 
mass.[9,20‑22]

To the best of our knowledge, only two‑dimensional 
radiographic images such as bitewing, periapical, 
and panoramic images were used in previous 
studies that assessed the CEJ‑AC.[9,15‑22] These 
images could solely assess the mesial and distal 
CEJ‑AC and they have limitations such as distortion 
and magnification.[9,15‑21,23] In contrast, cone‑beam 
computed tomography  (CBCT) is the only method 
that allows an additional analysis of the buccal and 
lingual surfaces, and it has provided acceptable 
precision and reproducibility in the assessment of 
CEJ‑AC.[24‑26] In the present study, CBCT images 

were used for assessing CEJ‑AC, and the relationship 
between systemic bone loss and periodontitis was 
evaluated while controlling for known confounding 
factors.

MATERIALS AND METHODS

This cross‑sectional study was conducted in the 
Department of Periodontics, School of Dentistry, 
Shiraz, Iran. Mandibular teeth of all female patients 
aged 50–80  years, who had been referred for 
mandibular implant treatment from March 1, 2018, 
to March 1, 2019, were examined in our study. Being 
postmenopausal and having at least six natural teeth 
in the mandible  (except for 3rd  molars) formed the 
inclusion criteria of this study.

Patients suffering from parathyroid and thyroid 
diseases, diabetes, and metabolic bone diseases other 
than osteopenia and osteoporosis and those with a 
history of long‑term use of steroid, bisphosphonate 
medication, hormone replacement therapy, 
radiotherapy, cancer, smoking, and alcohol use were 
excluded from the study.

Bone mineral density measurement
A dual‑energy X‑ray absorptiometry  (DXA) test was 
prescribed for the patients who had not done this 
test during the previous year. This test is the gold 
standard for diagnosing osteoporosis and it measures 
BMD levels.[27] The BMD  (T‑score) of the lumbar 
spine (L1‑L4) (LBMD), total hip BMD (HBMD), and 
neck of femur BMD  (NBMD) were calculated with 
a Hologic Horizon‑W DXA absorptiometer  (Hologic, 
Inc., Bedford, MA, USA).

According to the World Health Organization criteria, 
individuals were divided into three groups:  (1) 
osteoporotic group: Patients with DXA measurements 
of the hip or the lumbar spine that yielded T‑scores of 
≤−2.5, (2) osteopenic group: Individuals with T‑scores 
between  −1.0 and  −2.5, and  (3) normal group: 
Participants with T‑scores of ≥−1.[28]

Periodontal examination
Bleeding point index  (BI),[29] O’Leary plaque 
index  (PI),[30] and mean clinical attachment 
loss  (CAL) was calculated for all the teeth present 
in the mandibular dentition except the third 
molars. Besides, measurements were calculated 
separately for the anterior  (incisors and canines) and 
posterior  (premolars and molars) regions since some 
patients did not have either posterior or anterior teeth.



Figure 1: Measurement of cementoenamel junction, alveolar‑crest distance in cone beam computed tomography images of tooth 
31: (a) Three selected mesio‑distal cross‑sections; (b) Three selected buccal‑lingual cross‑sections.
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Measurement of cementoenamel junction, 
alveolar‑crest distance in cone‑beam computed 
tomography images
The images were acquired with the scanner NewTom 
VGi evo  (QR SRL Co. Verona, Italy) operating at 
110 kV, 32 mA, and 0.3 mm voxel size, and different 
fields of view  (8 cm  ×  8  cm, 10  cm  ×  10  cm, 
12 cm × 8 cm, 15 cm × 12 cm, and 16 cm × 16 cm).

CBCT images were displayed on NNT viewer 
software  (NNT 8.2; Image Works, Verona, Italy). 
Cross‑sectional images with a thickness of 0.3  mm 
and an interval of 0.3  mm perpendicular to the 
mesiodistal and buccolingual axes of each tooth 
were prepared  [Figure  1]. For standardization 
purposes, there were 12 measurement sites 
for assessing the CEJ‑AC in each tooth: 3 for 
each buccal, palatal, mesial, and distal aspect. 
The selected cross‑sections were:  (1) The first 
cross‑section in which CEJ or crown margin was 
clearly visible  (2) Mid‑cross section  (3) The last 
cross‑section in which the CEJ or crown margin 
was clearly visible. For each tooth, the mean of 
12 sites’ values was calculated as the value of that 
tooth. The mean values for anterior teeth, posterior 
teeth, and all mandibular teeth except third molars 
were used in statistical analysis. CBCT images 
with unclear visibility of CEJ and/or alveolar bone 
crest or compromised visibility of the CEJ due to 
the presence of restorations, prostheses, and other 
artifacts were excluded.[31]

Statistical analysis
Data were evaluated using SPSS software  (version  25; 
SPSS Inc., Chicago, IL, USA). Descriptive statistics, 

including means and standard deviations, were 
calculated for all variables. One‑way analysis of 
variance followed by the Post hoc Tukey test was used 
to examine differences among the groups for different 
variables. Pearson correlation coefficient ® was 
determined for evaluating the relation between CEJ‑AC 
and CAL with age, years since menopause, BMD of 
different sites, and each region’s BI and PI. Variables 
with a P  (P) ≤ 0.10 were entered into backward 
stepwise regression analyses with CEJ‑AC as the 
dependent variable. P < 0.05 was considered significant.

RESULTS

Ninety‑four postmenopausal women aged from 50 
to 75  years  (mean age 58.47  ±  5.87) and a total of 
1058 teeth were examined in this study  (27.7% 
osteoporotic, 40.4% osteopenic, and 31.9% normal 
based on DXA results).

Table  1 presents the study variables by the 
osteoporosis category. There were statistically 
significant differences across osteoporosis 
categories for all variables except CAL, PI, and BI 
in all sites. The CEJ‑AC means for the osteoporotic 
and osteopenic groups were significantly 
higher than the CEJ‑AC means for the normal 
group [Table 1].

Pearson’s correlation coefficients between CEJ‑AC 
and CAL and confounding factors are reported in 
Table  2. There was a significant correlation between 
CEJ‑AC in different regions and age, years since 
menopause, BI, PI, LBMD, and NBMD. There was 
an inverse relationship between CEJ‑AC and HBMD, 
which did not reach statistical significance. CAL in 
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different sites was significantly associated with age, 
years since menopause, BI, and PI  (Except posterior 
CAL, which was not significantly associated with 
years since menopause). There was a relationship 
between CAL and BMD at different sites, but it was 
not statistically significant.

To build models that could predict CEJ‑AC, 
backward stepwise regression analyses were applied 

to the variables whose associations with CEJ‑AC 
had P  ≤  0.10 in the univariate analysis at different 
sites  [Tables  2]. These variables included age, years 
since menopause, LBMDS NBMD, BI, and PI. 
Separate models were built for anterior, posterior, 
and overall CEJ‑AC. In the final regression models, 
LBMD and BI were significant predictors of anterior 
and posterior CEJ‑AC, and LBMD and PI were the 
significant predictors of overall CEJ‑AC. In the 

Table 1: Participant characteristics by osteoporosis category
Variables Mean±SD P*

Osteoporosis Osteopenia Normal
Age (years) 61.9±5.87a 58.55±5.48b 55.4±4.55c <0.001
Years since menopause 15±7.57a 8.57±6.24a 6.2±6.29b <0.001
Anterior CEJ‑AC (mm) 3.34±0.75a 3.05±0.53b 2.65±0.55b <0.001
Posterior CEJ‑AC (mm) 2.71±0.64a 2.36±0.58a 2.18±0.43b 0.009
Overall CEJ‑AC (mm) 3.05±0.66a 2.61±0.52a 2.48±0.54b 0.001
Anterior CAL (mm) 0.81±1.09 0.74±1.03 0.51±1.05 0.545
Posterior CAL (mm) 0.40±0.99 0.48±0.85 0.29±0.99 0.747
CAL (mm) 0.75±1.08 0.63±0.95 0.49±1.01 0.626
Anterior PI (%) 41.24±29.78 32.87±26.23 31.77±24.76 0.378
Posterior PI (%) 16.7±30.70 11.30±20.45 9.13±23.28 0.572
Overall PI (%) 35.03±29.05 23.8±23.35 25.73±21.88 0.184
Anterior BI (%) 31.35±34.51 31.15±32.1 25.62±27.19 0.734
Posterior BI (%) 24.25±39.87 20.41±32.66 11.30±26.68 0.409
BI (%) 28.81±34.68 27.20±30.32 25.06±23.97 0.894

*Comparison between groups by one‑way ANOVA; a, b, c: Post hoc Tukey test for pairwise comparison; Mean values with the same letter in superscript were not 
statistically different. SD: Standard deviation; CAL: Clinical attachment loss; BI: Bleeding point index; PI: O’Leary plaque index; CEJ‑AC: Cementoenamel junction, 
alveolar‑crest distance; ANOVA: Analysis of variance

Table 2: Cementoenamel junction, alveolar‑crest distance and clinical attachment loss correlation with 
age, years since menopause, lumbar bone mineral density, total hip bone mineral density, neck of femur 
bone mineral density, O’Leary plaque index, and bleeding point index
Variables Age (years) Years since menopause LBMD HBMD NBMD PI (%)* BI (%)*
Anterior CEJ‑AC (mm)

r† 0.373 0.309 −0.428 −0.121 −0.337 0.361 0.364
P‡ <0.001 0.004 <0.001 0.266 0.002 0.001 0.001

Posterior CEJ‑AC (mm)
r 0.351 0.355 −0.387 −0.022 −0.290 0.382 0.417
P 0.001 0.001 <0.001 0.848 0.009 0.001 <0.001

Overall CEJ‑AC (mm)
r 0.395 0.416 −0.380 −0.069 −0.332 0.545 0.466
P <0.001 <0.001 <0.001 0.508 0.001 <0.001 <0.001

Anterior CAL (mm)
r 0.276 0.300 −0.154 −0.054 −0.204 0.586 0.619
P 0.010 0.005 0.156 0.624 0.059 <0.001 <0.001

Posterior CAL (mm)
r 0.276 0.205 −0.116 0.015 −0.121 0.836 0.670
P 0.014 0.070 0.309 0.897 0.290 <0.001 <0.001

Overall CAL (mm)
r 0.271 0.287 −0.154 −0.043 −0.178 0.713 0.684
P 0.008 0.005 0.139 0.683 0.086 <0.001 <0.001

†Pearson product‑moment correlation coefficient; ‡P‑value for Pearson correlation testing; *For each region, PI and BI of that region was used for the analysis. 
CAL: Clinical attachment loss; BI: Bleeding point index; PI: O’Leary plaque index; BMD: Bone mineral density; LBMD: Lumbar BMD, HBMD: Total hip BMD, 
NBMD: Neck of femur BMD; CEJ‑AC: Cementoenamel junction, alveolar‑crest distance
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models, NBMD was not a significant independent 
predictor. The results showed that after controlling for 
confounding factors, 36% of overall CEJ‑AC can be 
predicted by LBMD and PI (R2 = 0.36) [Tables 3].

DISCUSSION

In this study, CEJ‑AC and CAL were used as 
dependent variables for representing periodontal 
disease severity. Our results showed that CEJ‑AC 
was strongly affected by the presence of osteoporosis. 
The CEJ‑AC mean for the osteoporotic group was 
higher than the CEJ‑AC means for the osteopenic and 
normal groups with high significance.

There was a significant correlation between CEJ‑AC 
and the LBMD and NBMD. Furthermore, the results 
showed that after controlling for confounding factors, 
LBMD and PI were independent predictors of CEJ‑AC. 
Statistical models containing these variables accounted 
for 36% of the variation in CEJ‑AC. These results 
support the previously suspected association between 
osteoporosis and alveolar bone loss.[15‑19] Moreover, 
studies done by Tezal et  al.[19] and Brennan‑Calanan 
et al.[15] showed significant relations between CEJ‑AC 
and HBMD. However, our study could not establish 
a significant correlation between CEJ‑AC and HBMD. 
This might be because of the limited number of people 
with osteoporosis of the hip in our study group.

On the contrary, some studies concluded that there 
was not a relationship between CEJ‑AC and BMD. 
However, these studies have major differences from 
our study, which could explain the difference in the 
results. Specifically, In Juluri et  al.’s[9] and Elders 
et  al.’s[20] studies, CEJ‑AC evaluations were limited 
only to the posterior teeth, and in Moeintaghavi 
et  al.’s[21] study, panoramic radiography was used 

for evaluating CEJ‑AC, which is a two‑dimensional 
radiographic modality and has some limitations such 
as magnification and distortion.[23]

Mean CAL, PI, and BI were higher in the osteoporotic 
group compared to the osteopenic and normal 
group; however, the difference was not statistically 
significant. Moreover, the results showed a negative 
correlation between LBMD, HBMD, and NBMD with 
CAL, which did not attain statistical significance. 
These results are compatible with those of previous 
studies.[20‑22]

Alternatively, Richa et  al. found a relation between 
skeletal BMD and CAL and gingival bleeding. In their 
study, the community periodontal index and modified 
sulcus bleeding index were used for periodontal 
examination.[10]

Similarly, the results of Mashalkar et  al.’s study on 
94 postmenopausal women showed a statistically 
significant correlation between periodontitis and 
BMD. In their study, the average CAL was used to 
classify the chronic periodontitis subjects into three 
categories: Slight (1–2 mm), moderate (3–4 mm), and 
severe  (≥5  mm).[3] The differences between the two 
aforementioned studies and our study can be explained 
by the differences in indices and classification 
methods deployed for periodontal diseases.

In a review article published in 2013 on the 
associations between osteoporosis and bone loss 
in the jaws and periodontal diseases, Guiglia et  al. 
mentioned several studies on an epidemiologic 
basis that suggest a potential relationship between 
periodontal disease and osteoporosis. However, the 
authors concluded that a comprehensive analysis of 
reported data provides conflicting results. This might 
be due to the wide variation in the parameters used for 

Table 3: Linear regression analysis of cementoenamel junction, alveolar‑crest distance controlling for 
confounding variables
Dependent variable Independent variable β Standard β SE P R2

Anterior CEJ‑AC (mm) Constant 4.343 0.384 <0.001 0.28
LBMD −1.695 −0.391 0.405 <0.001
Anterior BI (%) 0.007 0.320 0.002 0.001

Posterior CEJ‑AC (mm) Constant 3.495 0.368 <0.001 0.28
LBMD −1.347 −0.337 0.393 0.001
Posterior BI (%) 0.006 0.363 0.002 <0.001

Overall CEJ‑AC (mm) Constant 3.382 0.339 <0.001 0.36
LBMD −1.122 0.485 0.35 0.002
Overall PI (%) 0.012 −0.274 0.002 <0.001

BI: Bleeding point index; PI: O’Leary plaque index; β: Unstandardized coefficients B; Standard β: Standardized coefficients beta; SE: Standard error; 
CEJ‑AC: Cementoenamel junction, alveolar‑crest distance; LBMD: Lumbar vertebra bone mineral density
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assessing both osteoporosis and periodontal disease 
in epidemiologic studies. Besides, these studies 
were uncontrolled and cross‑sectional and their 
sample sizes were restricted to only postmenopausal 
women.[13] Several cross‑sectional studies conducted 
on postmenopausal osteoporotic females and elderly 
males suggest a correlation between systemic 
BMD and periodontal disease. However, studies 
conducted on premenopausal females and young male 
populations did not advocate such a relationship.[14]

One novel aspect of this study was employing 
CBCT images for evaluating CEJ‑AC. Previous 
studies have used periapical and bitewing 
radiographs and these two‑dimensional imaging 
techniques suffer from significant limitations such 
as distortion and superimposition, which lead to 
under/overestimation of the bone loss.[23] Moreover, 
other studies have just considered posterior teeth for 
the assessment of CEJ‑AC. Potential confounding 
factors were also controlled in our study. One 
limitation of this study is that only the mandibular 
teeth of postmenopausal women were included in 
this analysis. Further CBCT studies are required 
to investigate CEJ‑AC in maxillary teeth and men 
population as well. Furthermore, despite the efforts 
to limit the effect of confounders in the analysis, 
factors such as calcium supplementation may still 
act as confounding variables. Furthermore, this 
was a cross‑sectional study, and future longitudinal 
research is required to verify a definitive evidence 
of the present analysis.

One major obstacle for such a longitudinal study 
will be ethical issues because, during the analyses, 
subjects with periodontitis or osteoporosis should be 
left untreated.

CONCLUSION

The results of this study suggest that even though 
osteoporosis is not the leading cause of periodontitis, 
it may have an indirect effect on it by enhancing 
the CEJ‑AC. An early diagnosis of osteoporosis by 
general practitioners and other specialists, followed 
by early referral to a dentist for the timely potential 
treatment of periodontal disease, will help reduce the 
morbidity of osteoporosis and the risk of periodontal 
diseases among postmenopausal women.
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