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for routine or emergency dental care, 599 needed to un-
dergo panoramic radiography. Of them, 343 volunteer 
subjects, after informed consent agreed to participate in 
the study but finally 315 of them were recruited while 28 
(8.2%) did not meet the inclusion criteria. The age ranged 
from 45 to 75 years (mean ± SD: 59.64 ± 8.19). 

The exclusion criteria were previous diagnosis of os-
teoporosis or any other metabolic bone disease, or medi-
cation received affecting bone metabolism.

Subjects were classified into two groups based on 
their menopausal status: 293 (93.3%) were postmenopau-
sal and 22 (6.7%) were perimenopausal. 

All subjects underwent DXA examination of the hip 
and the lumbar spine (L1 to L4) in order to establish a 
gold standard diagnosis of osteoporosis and provide a 
panoramic examination (OPG). DXA scans were per-
formed by the same radiographer on the Lunar DPX Protm 
(GE-Healthcare, Wisconsin, USA).

Bone Mass Density (BMD) values were classified 
as normal (T-score ≥ -1.0), osteopenia (T- score between 
-1.0 and -2.5), and osteoporosis (T- score ≤ -2.5), accord-
ing to World Health Organization (WHO) criteria. 

DXA Hip and DXA Spine values are different in the 
Osteopenia and Osteoporosis groups whereas they are 
similar in the normal group (Table 1).  These differences 
were statistically significant (p=0.0000).  Osteoporosis 
was defined as a BMD T-score ≤ -2.5 at either the lumbar 
spine or the hip. Based on the DXA results the subjects 
were diagnosed as a) normal b) osteopenic and c) oste-
oporotic.

The radiographs were taken the same day of the DXA 
scan by using for all patients the same panoramic ma-
chine (Orthopantomograph OP100©, Instrumentarium, 
PaloDEx Group Oy, Finland), at 10 mA and 15s and the 
voltage varied between 60kV and 75kV depending on the 
patient. The panoramic images were saved in JPEG for-
mat and the pixel size was determined. A photostimulable 
phosphor plate system (ADC Solo©, Agfa, Morstel, Bel-
gium) was used for image capture and read out.

A reference object was used in order to control the 
magnification of the OPG images. The subjects held a 
plastic bite block containing a 3.175 mm diameter ball 
bearing between their left premolar teeth, during the ra-
diographic exposures. 

In accordance with the European Commission Guide-
lines on Quality Standards for Panoramic Radiography, 
any OPG-images of poor quality were excluded from the 
study13.

The MCW index was assessed by two oral radiolo-

gists and one dental surgeon, acting as observers, blinded 
to the reference DXA results of the subjects. The OPGs 
were studied under the same conditions by using stand-
ard flat panel computer monitors (TFT). All observers as-
sessed the width of the mandibular lower border cortex 
(MCW) below the mental foramina bilaterally using the 
Emago 5.2.5. software (Emago©, Oral Diagnostic Sys-
tems - ACTA / Oral Radiology, Amsterdam, Nederland). 
They were instructed to perform measurements using the 
method described in detail by Ledgerton et al14, and fur-
ther used and described in OSTEODENT project11,15 as 
follows:  “A line was drawn from the midpoint of each fo-
ramen to the lower border of the mandible, at right angles 
to the tangent to the lower border at this point. The width 
of the cortical bone at the lower border was measured 
along this line from the inferior mandibular border to the 
inner edge of the cortex” (Figure 1). This way of MCW 
measurement is the one accepted worldwide so far, and 
for the first time introduced by Taguchi et al, in 199316 
and reconfirmed by the same in later studies17.

Table 1: DXA Hip and DXA Spine values in osteopenics, osteoporotics and normal subjects group.
Measurement DXA Hip DXA Spine
Group n Mean Std.Dev. Std.Err -95% +95% Mean Std.Dev. Std.Err -95% +95%

Total 315 -0.68 1.18 0.07 -0.81 -0.55 -1.37 1.58 0.09 -1.55 -1.19
Normal 106 0.40 0.87 0.08 0.24 0.57 0.32 1.08 0.10 0.11 0.53
Osteopenic 103 -0.78 0.75 0.07 -0.93 -0.64 -1.47 0.67 0.07 -1.60 -1.34
Osteoporotic 106 -1.68 0.80 0.08 -1.83 -1.52 -2.99 0.60 0.06 -3.11 -2.87

DXA: dual energy X-ray absorptiometry, n: number of subjects, Std.Dev.: standard deviation,  Std.Err.: standard error.

Figure 1: Sample image used for mandibular cortical width 
(MCW) measurement. 

Each observer independently measured MCW on 
both sides of the OPGs at the mental foramen region11. 
The bilateral measurements were averaged for each pa-
tient. All radiographic cortical width measurements were 
corrected for distortion errors by using width and height 
measurements of a ball bearing reference image.

In the present study, the classification of women into 
three categories as above was done using the mean MCW 
value from three different observers. 

Statistical analysis used
The STATISTICA 8.0 for Windows (StatSoft Inc., Tulsa, 
OK, USA), was used for the statistical evaluation of the 
data.  In order to assess correctly the inter rater agreement 
the concordance correlation coefficient was used. 


