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Abstract

Objectives: A previous study showed that the trabecular pattern on dental radiographs correlates
with femoral and spinal Bone Mineral Density (BMD). The objective of this study was to determine
if the correlation is affected by size and location of the region of interest (ROI).

Methods: In a European research project on osteoporosis BMD was measured at the left hip and
the lumbar spine of 525 women. From all subjects intraoral radiographs were made of the
premolar region in the upper and lower jaws. Two ROIs were indicated manually on each image
and scanned. The smallest ROI involved trabecular bone only and the largest included parts of
the neighbouring teeth as well. The ROIs were subjected to automatic image analysis yielding 26
measurements per ROI. Stepwise linear regression was used to predict femoral and spinal BMD.
Results: Inner and outer regions predicted BMD equally well. Also the radiographs of lower and
upper jaw predicted BMD equally well. Combining inner and outer regions did not improve the
prediction of femoral and spinal BMD but combining lower and upper jaws did.

Conclusions: This study shows that it is allowed to include parts of neighbouring teeth in the
region of interest used to assess the trabecular pattern and predict BMD. This simplifies the
process of selecting the ROI because no efforts have to be made to exclude neighbouring teeth.

Combining ROls of lower and upper jaws improves the prediction of BMD significantly.
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Introduction

According to the WHO osteoporosis is defined as reduced Bone Mineral Density (BMD)
preferably measured by Dual X-ray Absorptiometry. Osteoporosis being a systemic skeletal
disease affects density and structure of all skeletal parts including the jaws. Intraoral radiographs
are common diagnostic tools in dentistry today. Although intraoral radiographs are primarily made
for dental diagnosis, they provide other useful information as well. Because the radiographs are
relatively inexpensive and made regularly of a large fraction of the adult population in many
societies, they represent an enormous potential as a screening tool for osteoporosis. By
recognizing the possibility of osteoporosis in its early phase and referring the patient to a
specialist, the dentist can help the patient greatly to increase the chances for a cure and a normal
life, and help society to control the financial burden that is associated with osteoporosis. Previous
studies have shown that dental radiographs of mandibular and maxillary bone can also be used
for the diagnosis of osteoporosis.1'3 Reduced bone mass of the jaws of osteoporotic subjects has
been reported.“'8 With respect to the structure of the trabecular pattern on dental radiographs
some studies have explored the use of fractal dimension as a predictive parameter for
osteoporosis.”"" Extensive morphologic analysis of the trabecular pattern on dental radiographs

in relation to osteoporosis has also been described.”" "

The correlations between osteoporosis and radiological measurements in dental radiographs are
comparable to those reported for commonly used clinical screening instruments for osteoporosis
such as the Osteoporosis Self-assessment Tool (OST) or the Simple Calculated Osteoporosis
Risk Estimation (SCORE) with area under ROC curves of about 0.8. However, most researchers
conclude that these correlations are still too low for clinical use of dental radiographs in screening

of osteoporosis.'?%"%"3



In 2003 the European Union granted a research project of five European Universities at
Manchester, Amsterdam, Athens, Leuven, and Malmé. This project, named OSTEODENT,
investigated the diagnostic validity of dental radiography techniques for identifying osteoporotic
patients. The overall aim of the research project was to find methods which the dentist can use to
assess the osteoporotic status of patients by means of dental radiographs, possibly combined
with other clinical information. More specifically, the goals of the project were to investigate up to
what extent the BMD of the spine and femur could be predicted by characteristics of dental
radiographs. One of the techniques used was a quantitative analysis of the radiographic
trabecular pattern as shown on dental intraoral and panoramic radiographs. This technique has
been described in detail before."*™ It was shown that the trabecular pattern on dental
radiographs can be used to predict the BMD of hip and lumbar spine.11 In the latter study the
region of interest (ROI) on intraoral radiographs was located between the teeth but included also
parts of the neighbouring teeth and in particular the roots. Because the texture of roots is different
from that of the trabecular pattern, it is conceivable that inclusion of root sections in the ROl may
adversely affect the prediction of the BMD. But if it does not then the trouble of indicating a ROI
that is located entirely in the interdental region can be saved. Considering that the interdental
region can be very narrow this would imply a simplification of the observer task. When it is
considered to use intraoral dental radiographs it is relevant to know whether the upper or lower
jaw or both jaws should be used. The present study investigates the effect of size and location of

the ROI on the correlation of the radiographic trabecular pattern with BMD of hip and spine.

Material and methods

Subjects

In the Osteodent project subjects from Manchester, Athens, Leuven, and Malmé were invited to
participate in the study by means of articles in the local press, flyers, and by oral communication.
671 Women in the age range of 39 to 71 years (average 54.6 years) were recruited. Women with

possible secondary osteoporosis caused by primary hyperparathyroidism, poorly controlled



thyrotoxicosis, malabsorption, liver disease and alcoholism were excluded. Informed consent was
obtained from all participating subjects. BMD was measured at the lumbar spine and left hip. The
dental status was assessed by means of a dental panoramic radiograph and intraoral radiographs
of the upper and lower premolar regions of the right side. A complete set of data including BMD

values and dental radiographs could be obtained from 525 women.

BMD values and gold standard

BMD values were measured by means of DXA scans of the left hip and of the lumbar spine (L1 to
L4). The scans were made with the Hologic QDR 4500, the Hologic Discovery (Hologic Inc.,
Bedford, Massachusetts, USA), and the GE Lunar Prodigy (GE Lunar Corporation, Madison,
Wisconsin) at the centres in Athens, Leuven, Malmd, and Manchester. Shewarts rules were used
to monitor quality assurance throughout the study period.16 The measurements by different
machines were standardised using the European spine phantom and the method described by
Pearson and collegues."” Next, the BMD values were converted into T-scores by comparison with
the mean and standard deviation of the BMD values in a reference population of young healthy
women. For example, a T-score of -1 indicates that the BMD of the subject is 1 standard
deviation below the mean. For the hip the NHANES data were used as reference and for the
lumbar spine the Hologic reference data were used.® Subjects were diagnosed as osteoporotic in
accordance with the criteria of the World Health Organization if the T-score of hip, or lumbar

spine was -2.5 or less. This diagnosis was considered as the gold standard.

Intraoral radiographs and ROIs

From each subject two intraoral radiographs were made with three Planmeca Prostyle Intra
devices (60 - 63 kV) (Planmeca Oy, Helsinki, Finland), and one Siemens Heliodent MD (60 kV)
(Sirona, Bensheim, Germany). They depicted the upper right and lower right premolar regions on
conventional films which were scanned at a resolution of 118 pixels/cm (300 pixels/inch) with a

flatbed scanner (Agfa Duoscan T1200, fixed sensitivity settings).



For each subject 4 ROIs were selected, 2 in the upper jaw and 2 in the lower jaw, yielding 2100
regions in all. Most radiographs displayed three interdental regions of which the widest was
chosen to select a region containing trabecular pattern only; this was the inner region. A larger
region was selected enclosing the inner region and parts of the neighbouring teeth as well (Figs.
1, 2). On average the size of the ROIs on the intraoral radiographs of the upper jaw were 40 x 90
for the inner region and 70 x 100 pixels for the outer region. For the lower jaw the inner region
was 50 x 100 pixels on average and the outer region 80 x 120 pixels. The narrowest ROI selected

was 1.5 mm wide.

Measurements
The ROIs were subjected to automatic measurement procedures. First, the mean and standard
deviation of the gray values were determined on the raw unfiltered ROI. High- and low frequency

noise were filtered out and the region was segmented into black and white segments.''%2%2? Th

e
segments were used to measure the fractal dimension according to the caliper method, the total
area of the black segments, the total area of the white segments, the perimeter of white
segments, the number of black segments, and the number of white segments.23 The
measurements of area and perimeter, and of the numbers of black and white segments were
normalized by dividing them by the total area of the ROI. Next the white segments were eroded to
a wire frame that was used to measure the total length of the frame, the number of endpoints,
and the number of furcations.''?"?* Similarly, the black regions were eroded to a wire frame
that was used to measure the total length of the frame, the number of endpoints, and the number
of furcations. The measurements that were made on the wire frames also were normalized by
dividing them by the total area of the ROI. Finally, the segmented region was used to measure
the Line Fraction Deviation (LFD) index of orientation along 12 directions starting with 0°, and

then in steps of 15° up to 165° (LFD 0 to LFD 165)."*?*?® Of these image features 99% had

values of Cronbach's a of 0.8 or more indicating that they have high reliability or precision.?’”

Statistics



BMD values of total hip and spine were predicted with stepwise multiple linear regression yielding
the multiple correlation between the BMD value and the predictors. The first predictor was the
single variable correlating most with the BMD. The second predictor was the variable that
increased the correlation most when combined with the first predictor. This process was repeated
until the prediction of the BMD did not improve statistically significant. Computations of
correlations were done using the SPSS package (version 12.0, SPSS inc., Chicago, USA).

Additional tests for the level of significance were done according to the method of Steiger.”®

Age is an important determinant of BMD that can be obtained easily in most cases and without

radiation.?>*

Hence it was decided that age should be used first to predict the BMD of total hip
and spine. Subsequently the measurements on the intraoral radiograph were included in the

analysis.

Results

Table 1 shows the BMD of hip and spine for 6 age groups. It clearly shows that BMD decreases
as age increases. Tables 2 and 3 show the correlations of femoral and spinal BMD with the
radiographic trabecular pattern measured on the smallest (inner) region and the enclosing (outer)
region. The differences between the two regions were not significant with respect to predicting

femoral BMD nor with respect to predicting spinal BMD.

Combining the two regions hardly improved the predictive power; only predicting femoral BMD

using the data of the radiographs of the lower jaw showed a just significant improvement.

When comparing the radiographs of the lower and the upper jaw it was found that they predicted

BMD equally well. Combining radiographs of lower and upper jaw significantly increased the



power to predict femoral and spinal BMD for the inner region, the outer region as well as for the

combination of the two regions.

Conclusions and discussion

As a consequence of the anatomical dimensions many of the intra oral dental radiographs in this
study contained only small areas with interdental bone structure. On average the inner ROIs were
only 0.14 cm? for the lower jaw and 0.10 cm? for the upper jaw. It is remarkable that such small
areas still enable prediction of femoral and spinal BMD. In the present study a coefficient of
variation for BMD of nearly 2% was found which is comparable to the precision errors that are

reported for measuring BMD by means of QCT and DXA techniques.®"*?

In previous studies it was shown that the characteristics of the radiographic trabecular pattern can

be used to predict BMD values.'"%

Tables 2 and 3 show that prediction of femoral and spinal
BMD can be done equally well by the outer region as by the inner region. From the fact that using
both regions did not improve the prediction it can be concluded that the inner and outer regions
contain the same information regarding BMD and that the inclusion of parts of the neighbouring
teeth has a negligible effect on the outcome of the BMD prediction which might be explained by
projection of trabecular bone on the roots. It implies that when the trabecular pattern is used for
the prediction of bone mineral density the procedure for manual selection of the ROI can be

simplified. No efforts need to be made to select the rather narrow region between the teeth

avoiding inclusion of parts of neighbouring teeth.

Radiographs of the lower and upper jaw predicted femoral and spinal BMD equally well, but the
combination of the two radiographs increased the predictive power. Obviously the radiographs of
lower and upper jaw contain complementary information regarding BMD. Averaging over spine

and hip it is seen that the combination of age and radiographs triples the variance accounted for



compared with the variance accounted for by age only. Thus it can be concluded that the

radiographs contain twice as much valuable information on BMD not contained in age.

In conclusion it can be stated that areas of 0.10 cm’ of interdental bone on intraoral dental
radiographs are large enough to enable prediction of femoral and spinal BMD. Both lower and
upper jaw facilitate prediction of BMD equally well but using ROIs from both jaws improves the
prediction. Selecting the ROl is not very critical and does not require extensive training thus

making the use of this method on a routine base more plausible in the future.
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Figure legends
Fig. 1 Intraoral radiograph of the lower jaw with inner and outer region of interest.

Fig. 2 Intraoral radiograph of the upper jaw with inner and outer region of interest.

Figure 1
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Table 1: Standardised BMD of Femoral neck and Lumbar spine for 6 age groups.

Age N Femoral neck Lumbar spine
45-49 119 0.80 +0.13 1.03 £ 0.15
50 - 54 177 0.77 £0.12 1.00 £ 0.17
55-59 132 0.72 £0.14 0.92 + 0.18
60 - 64 79 0.70 £0.12 0.90 £ 0.18
65 - 69 33 0.64 +0.15 0.82 £ 0.19
70-74 9 0.66 +0.11 0.85 + 0.21
Total 549 0.75 £0.14 0.96 £ 0.18

Table 2: Squared multiple correlation coefficient (proportion of variance) for femoral bone
mineral density.

Inner region Outer region Inner + Outer region
Age 10% 10% 10%
Age 18% 18% 24%
+ radiograph upper jaw
Age 17% 18% 23%
+ radiograph lower jaw
Age
+ radiograph upper jaw 23% 26% 34%

+ radiograph lower jaw

Table 3: Squared multiple correlation coefficient (proportion of variance) for spinal bone
mineral density.

Inner region Outer region Inner + Outer region
Age 14% 14% 14%
Age 22% 22% 27%
+ radiograph upper jaw
Age 20% 21% 25%
+ radiograph lower jaw
Age
+ radiograph upper jaw 27% 28% 36%

+ radiograph lower jaw
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