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Assessment of osteoporotic alterations in type 2 diabetes:
a retrospective study
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Objectives: To analyze the influence of Type 2 diabetes on bone mineral density (BMD) and
panoramic radiomorphometry in postmenopausal females, comparing with results from non-
diabetic postmenopausal females.
Methods: A total of 228 postmenopausal females (mean age: 59.51 ± 11.08 years) were
included in this study. Demographics, T scores and Z scores from peripheral dual X-ray
absorptiometry (DXA) and mandibular cortical index (MCI) from panoramic radio-
graphs were assessed. Mean comparison between results for diabetics and non-diabetics
was carried out with the Student’s t-test. In addition, non-parametric correlations between
MCI and DXA results were carried out with Spearman’s test, at a level of significance
of 5%.
Results: Mean Z score values were significantly higher in diabetics than in non-diabetics
(p5 0.001). T and Z score values were also significantly correlated with MCI (r5 0.428, p5
0.001, and r5 0.356, p5 0.022, respectively).
Conclusions: Within the limitations of this study, the present results suggest that Type 2
diabetes might increase BMD in postmenopausal females.
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Introduction

Osteoporosis is described as a systemic disease charac-
terized by reduction of bone mass and its micro-
architectural deterioration, leading to bone fragility and
increased fracture risk.1,2 Prevalence of osteoporosis is
predicted to rise exponentially with the increase of el-
derly population.3 Osteoporosis-related fractures have
a damaging impact on patient life quality and have high
healthcare costs. Considered a silent illness, osteoporo-
sis is usually detected after the occurrence of a bone
fracture,4 and it affects mostly postmenopausal females,
owing to the significant decrease of oestrogen, a sex
hormone which plays a significant role in bone
remodelling physiology.5 The foremost method for di-
agnosing osteoporosis is dual X-ray absorptiometry

(DXA), which measures bone mineral density (BMD)
with high precision and minimal radiation.6 Further-
more, DXA is useful to predict fracture risk and follow-
up treatment effects. Metabolic diseases such as diabetes,
hypercortisolemia, hyperthyroidism and primary hyper-
parathyroidism are also related to osteoporosis, as they
indirectly affect bone turnover.7

Diabetes is a chronic metabolic disorder character-
ized by hyperglycaemia.8 It has been described that
diabetics are 12 times more likely to experience osteo-
porotic fractures than non-diabetics.9,10 This occurs in
Type 1 diabetes owing to full insulin deficiency resulting
in reduced BMD. Furthermore, the osteoblast deficit is
strongly related to diabetic osteopenia.11

Despite the fact that the relationship between Type 2
diabetes and osteoporosis has been broadly studied,
some details remain controversial.12 Type 2 diabetes
could influence bone metabolism through manifold
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mechanisms.13 Studies regarding the association be-
tween Type 2 diabetes and bone quality have presented
different results: some studies reported that diabetes
increased BMD,14–16 while others reported that it either
decreased17 or did not affect the BMD18 in patients with
osteoporosis.
Assessment of BMD with DXA is appropriate for

patients at risk of osteoporosis. However, access to
DXA is significantly limited in a number of countries.19

On the other hand, it is possible to obtain evidences of
osteoporotic alterations by using panoramic radio-
graphs, widely used as an initial dental examination at
first patient attendance, with low radiation doses. The
morphological changes in mandibular cortical bone
layer occurring during development of osteoporosis
may be identified by assessing the mandibular cortical
index (MCI).20

According to previous reports, MCI is a useful index
for screening osteoporotic postmenopausal females and it
is significantly inversely correlated with BMD.21,22 In
addition, satisfactory diagnostic performances have been
previously reported for this index.23,24 In contrast, other
studies suggested that MCI does not provide sufficient
accuracy for osteoporosis screening25 owing to its poor to
moderate ability to differentiate between patients who
are normal and patients with osteopenia/osteoporosis.
Thus, the aim of this study was to analyze the

influence of Type 2 diabetes on BMD and MCI in
postmenopausal females, comparing with results from
non-diabetic postmenopausal females.

Methods and materials

Study participants
This study was conducted with patients referred for dental
treatment at the School of Dentistry of the university of
this study. Approval was obtained from this university
ethics committee. All patients willing to participate in this
study signed an informed consent form. The Declaration
of Helsinque were followed in this investigation.

Inclusion and exclusion criteria
Consecutive postmenopausal females (minimum age of
45 years) who had undergone panoramic radiographic
examination (at the beginning of dental treatment) and
forearm DXA (for screening osteoporosis) between
2010 and 2014 were included in this study. Patients were
classified as either diabetics or non-diabetics, according
to clinical history confirmation (which included gly-
cated haemoglobin measurements).
The presence of other metabolic bone diseases such as

hyperthyroidism or history of medication intake af-
fecting bone metabolism (e.g. bisphosphonate or glu-
cocorticoids) were considered as exclusion criteria.

Dual X-ray absorptiometry
Bone densitometry measurements were carried out with
peripheral dual-energy X-ray absorptiometry (Norland;

Norland Medical Systems, Inc., White Plains, NY). The
scanning resolution was 1.003 1.00 mm, prior to scan-
ning. The radiation dose was ,0.03 mSv for each ex-
amination. The region of choice for scanning was the
median forearm. The region of interest considered was
defined as a rectangle with a fixed longitudinal size of
20 mm and a lateral extension large enough to cover
both the radius and ulna. Its distal margin was defined
to coincide with the location where the ulna and the
radius start to superimpose. Patients were diagnosed
based on BMD values of the forearm, measured
according to World Health Organization criteria, as
normal (T score.21.0), osteopenic (T score, 21.0 to
22.5) and osteoporotic (T score#22.5 standard
deviation).26,27 Furthermore, Z score values were also
recorded and used to classify the patients as either
normal (Z score. 2) or with low bone density
(Z score, 2).28

Panoramic radiographs
All digital panoramic radiographic images were taken
using the same device (Veraviewepocs® 2D; Morita,
Tokyo, Japan) and with the same exposure conditions
(60 kV, 4 mA, 0.5-mm copper filter). All images were
processed on the same software (ImageJ; National In-
stitute of Health, Bethesda, MD).

Mandibular cortical index
The MCI was assessed by evaluating the appearance of
the cortical bone below the mandibular foramen, using
a previously described classification.21 Briefly, the in-
ferior mandibular cortex was classified as follows: C15
normal, when presenting an even and distinct endosteal
margin; C25moderately eroded, when presenting evi-
dence of lacunar resorption or endosteal cortical resi-
dues; and C35 severely eroded, when unequivocal
porosity was observed.

Statistical analysis
Sample size was determined to give the study a power of
80%, at a level of significance of 5%. All panoramic
radiomorphometric measurements were performed in
random order by two trained observers (i.e. dentists
with expertise in oral radiology). Intraobserver re-
liability was assessed between measurements performed
2 weeks apart to eliminate memory bias. Intraobserver
and interobserver agreement were assessed using the
kappa test for MCI.

Normality was assessed for continuous variables
using the Shapiro–Wilk test. Differences in age, T
and Z scores between diabetics and non-diabetics
were assessed with the Student’s t-test. In addition,
non-parametric correlations between MCI and T
scores and Z scores were carried out with Spear-
man’s test.

All statistical analyses were performed at a level of
significance of 5%, using IBM SPSS® v. 17 (IBM Corp.,
New York, NY; formerly SPSS Inc., Chicago, IL).
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Results

A total of 228 patients were analyzed, 190 non-diabetics
(mean age 58.61 ± 11 years) and 38 diabetics (mean age
64.03 ± 10.49 years). Mean body mass index for
participants was 25.04 ± 4.61 kg m22. Normality was
confirmed for T scores and Z scores, according to
the Shapiro–Wilk test (p. 0.05). Intraobserver
reproducibility (kappa5 0.85, 95% confidence interval5
0.73–0.90; p5 0.01) and interobserver reliability were
confirmed for MCI categorical measurements (kappa5
0.83, 95% confidence interval5 0.75–0.88; p5 0.01).

Mean Z score values were significantly higher in
diabetics than in non-diabetics (p5 0.001) (Figure 1).
The same difference, however, was not detected for T
scores. In addition, T and Z score values were also
significantly correlated with MCI (r5 0.428, p5 0.001,
and r5 0.356, p5 0.022, respectively) (Table 1).

To demonstrate this correlation, we selected a pano-
ramic radiographic of a case with inferior mandibular
cortex of MCI classified as C3 and its respective DXA
result (Figure 2).

Discussion

It is known that metabolic diseases such as diabetes
affect bone turnover. However, the relationship between

Type 2 diabetes and osteoporosis has been described
inconsistently across studies. Osteoporosis causes gen-
eralized reduction in the amount of bone tissue, being
considered a major health problem for the elderly peo-
ple, especially postmenopausal females.29 Although
DXA has been regarded as the gold standard analysis to
diagnose osteoporosis, other imaging examinations,
such as panoramic radiographs, have also been exten-
sively described in literature as screening tools that can
contribute to the early diagnosis of osteoporosis.20,30

This finding is supported by the present results, since
a significant correlation was found between MCI and
DXA results (p, 0.05).

In our study, mean Z scores values were significantly
higher in postmenopausal females with Type 2 diabetes
when compared with non-diabetics, confirming pre-
vious similar evidences.31 This finding is in agreement
with previous studies using both axial32 and peripheral
DXA,33 including two meta-analyses in elderly patients
of both genders.12,34 However, the above-mentioned
findings contrast with those from a study that found
lower Z scores for patients with diabetes using periph-
eral34 and lumbar DXA in both genders.35

Nevertheless, in the present study, differences in mean
T score values between diabetics and non-diabetics were
not statistically significant (Figure 1). This other finding
is also in agreement with a prior report assessing the
distal radius, femoral neck and lumbar spine of only
postmenopausal females36 and with a study assessing
the femoral neck and spine in both genders.37 On the
other hand, our results contrast with other studies
reporting higher T scores in elderly diabetic males and
females at the femoral neck,38 spine and forearm39 as
compared with non-diabetic controls,38–40 and lower
femoral neck and lumbar spine T scores.40

The above-mentioned controversy also occurs among
studies focusing on actual BMD values (measured in
g cm22). Higher BMD was found among patients with
diabetes in studies including both males and females
using peripheral and axial DXA simultaneously,14,41

and hip and lumbar BMD.42 In contrast, lower BMD
values were also found by another study.35

In the present study, the rationale for assessing both
T and Z scores of postmenopausal females was to
emphasize the significance of results for patients with
diabetes—assessed with Z score, which is appropriate to
assess the influence of other metabolic diseases on
osteoporosis,28,43,44 as compared with results from the
method generally used for postmenopausal females
(T score).45

Figure 1 Mean differences in T and Z scores between diabetics and
non-diabetics. The asterisk indicates significant difference (p, 0.05),
according to the Student’s t-test.

Table 1 Demographic and radiographic data of the study

Group n
Mean age
(SD) (years)

Mean (95% CI)
T score p-valuea T score3MCI

Mean (95% CI)
Z score p-valuea Z score3MCI

Non-diabetics 190 58.61 ± 11 1.77 (0.64–3.05) 0.074 r5 0.428,
p5 0.001

0.72 (0.18–1.19) 0.001 r5 0.356,
p5 0.022Diabetics 38 64.03 ± 10.49 2.34 (0.67–3.96) 0.84 (0.16–1.91)

CI, confidence interval; MCI, mandibular cortical index; SD, standard deviation.
aSignificant if p, 0.05.
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The present study also strove to correlate T and Z
score values with MCI. The significant results ob-
served herein demonstrate the usefulness of pano-
ramic radiography—a commonly used dental
examination—as an auxiliary tool for assessing risk of
osteoporosis. Similar correlations have been pre-
viously described by studies on postmenopausal
females,2,22,46,47 including those using other radio-
morphometric indices.20,45,48

To our knowledge, this is one of a few studies
assessing MCI in patients with diabetes. In addition, the
present study demonstrates for the first time a moderate
significant correlation between peripheral DXA and
MCI in patients with Type 2 diabetes. On the other
hand, the moderate correlation found herein contrasts
with results in non-diabetic postmenopausal females,
where a high accuracy of MCI was observed for
detecting osteoporosis.29 One of the possible reasons is
the fact that Z scores for patients with diabetes with

osteoporosis were higher than those for patients who
were non-diabetic.

Among the limitations of the present study are the
retrospective design and the relatively small sample size.
In addition, the influence of diabetes on BMD of
younger patients could not be addressed. Further larger
population-based prospective studies would be recom-
mended to validate and clarify the influence of diabetes
on BMD of patients of different ages.

Conclusions

In conclusion, within the limitations of this study, the
present results suggest that Type 2 diabetes is associated
with increased BMD in postmenopausal females. Fur-
thermore, MCI from panoramic radiographs are only
moderately correlated with DXA in patients with di-
abetes with osteoporosis.
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