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Validation of cone-beam computed
tomography as a predictor of
osteoporosis using the Klemetti
classification

Abstract: This study aimed at evaluating the validity of cone-beam
computed tomography (CBCT) for assessing mandibular bone quality
using the Klemetti classification. The morphology of the endosteal
mandibular cortex of 30 (60 hemi-mandibles) postmenopausal women
between the ages of 45 and 80 years was evaluated based on the
Klemetti classification in panoramic radiographs used as reference
images. Afterwards, panoramic reconstruction and cross-sectional
slices of CBCT examinations of these patients were analyzed and
categorized according to the same classification. All the images were
assessed by two oral radiologists. The McNemar-Bowker test compared
the agreement between the CBCT images and the reference images.
No differences were found between the diagnostic results based on
panoramic radiography and panoramic reconstruction. However,
the mean scores for the cross-sectional evaluation were higher,
and the results, statistically different from the others. Based on the
disagreement found between the panoramic radiographs and the CBCT
cross-sectional slices, the Klemetti classification is not an adequate
means of assessing bone quality with CBCT. On the other hand, the
higher values found for the cross-sectional slices could be associated
with better visibility on the CBCT images.

Keywords: Cone-Beam Computed Tomography; Osteoporosis; Bone
and Bones; Radiography, Panoramic.

Introduction

Osteoporosis is a major health problem and affects a significant number
of people. This skeletal disorder is characterized by bone fragility caused
by deterioration of the bone micro-architecture, which imparts strength
and bone quality. This condition can increase the risk of and is associated
with certain serious complications, resulting in death.'? Screening for
osteoporosis is currently recommended for all women aged 65 years
or older. The complications of this disease may be prevented by early
detection.! Diagnosis is currently based mainly on the measurement of
bone mineral density (BMD) using dual-energy X-ray absorptiometry
(DXA), but bone densitometry is expensive and is of limited availability
for routine use in population screening.**
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Because osteoporosis is a systemic skeletal
disease, the bone density and structure of the jaw
are affected. The BMD of the mandible is correlated
with that of the lumbar spine and femoral neck in
osteoporosis.’ Several studies have demonstrated
that individuals with osteoporosis have altered
morphology of the mandible, and there is evidence
that intraoral and panoramic radiographic findings
could be indicators of osteoporosis.'*”® Panoramic
radiography (PAN) stands out in this context,
because it is frequently conducted in the dental
office, is quick and inexpensive, and uses low-dose
X-radiation. The most commonly studied qualitative
measure of mandibular morphology in relation to
osteoporosis is the integrity of the inferior border.
Erosions of the inferior border are typically scored
using the mandibular cortical index.” This index
(known as the Klemetti index) was established by
Klemetti et al.” and developed for PAN in a study in
which the authors concluded that individuals with
osteoporosis are also more likely to show erosions;
thus, individuals could be classified into three distinct
groups: C1 - the margin of the cortex is clear and
sharp on both sides; C2 - endosteal surface defects
are semilunar; C3 - the cortical layer is extremely
porous. The authors suggested that this evaluation
is useful for identifying postmenopausal women
with undetected low skeletal BMD or osteoporosis.
It is expected that the discovery of predictive, low
mineral density studies that improve the clinical
application of existing methods can contribute to
the detection of patients at risk for low bone mass.
Thus, dentists could identify and refer asymptomatic
patients as the most appropriate patients to receive
medical treatment.’

For over a century, conventional dental radiographs
have been the dominant source of diagnostic
information on the maxillofacial complex.” Cone-beam
computed tomography (CBCT) is a more recent
development, and its clinical application in the
field of dentomaxillofacial radiology is gaining
importance and becoming widespread." Although the
clinical relevance of dental diagnosis and presurgical
assessment of jaw bone density has been clearly
demonstrated, the available research on CBCT-based
bone quality is scant.? A new tool, the computed

2 Braz. Oral Res. 2016;30(1):e73

tomography index, was proposed to assess the BMD
on CBCT images;® with it, CBCT images can be used
to evaluate women with osteoporosis, thus increasing
the possibilities for screening and early detection.
A recent study evaluated the mandibular index on
CBCT images and found that the use of this index
in CBCT images was valid;’* however, the index
obtained from CBCT images did not compare well
with that derived from PAN, the imaging modality
for which the classification was originally devised.
Moreover, the CBCT analysis was conducted in
templates, i.e., static slices. These aspects could have
influenced the results.?

A systematic review evaluated the accuracy (relative
to DXA) of the different panoramic morphometric
indices, and, based on the findings, suggested future
studies to examine ways of controlling the limitation
of the magnification/distortion of PAN in order
to attain more reliable and precise conclusions.’”
Seeking to address this limitation, the present
study aims at evaluating the validity of CBCT in
assessing mandibular bone quality using the Klemetti
classification of inferior mandible morphology for the
diagnosis of mandibular bone quality. To this end,
the classification obtained from CBCT images was
compared with that derived from panoramic images.

Methodology

Patients and imaging procedure

Approval for the study was obtained from the
local Ethical Research Committee, under protocol no.
138/2009. The patient sample was selected from women
referred to the Radiological Service of the Piracicaba
Dental School, Universidade de Campinas — Unicamp.
Inclusion of the patients in the study required their
having undergone CBCT with a field of view in
which the mandibular cortex was clearly visible;
these images were taken for different treatment
purposes not related to this study. Patients also
had to have undergone PAN within the previous
6 months. Moreover, they had to be over 45 years old,
healthy and postmenopausal. Patients presenting
with metabolic bone diseases, such as hyper- or
hypoparathyroidism, diabetes, osteomalacia or renal
disease were excluded from this study. A total of
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30 women met the inclusion criteria, ranging in age
from 45 to 80 years (median 62 years).

Digital PAN were acquired by Orthopantomograph
OP100 D, (Instrumentarium Corp., Imaging Division,
Tuusula, Finland). The CBCT examinations were
performed with an i-CAT CBCT unit (Imaging Sciences
International, Inc., Hatfield, USA), using the exposure
parameters recommended by the manufacturer:
120 kVp, 3-8 mA; voxel size 0.25 mm; and all the
volumes were exported in a DICOM pattern so that
the evaluation could be performed.

Image analysis

Two previously calibrated oral and maxillofacial
radiologists with experience using the Klemetti
index evaluated the images. The type of inferior
mandibular cortex on each side of the patient’s
posterior mandible for each imaging modality (PAN,
panoramic reconstruction (PR) and cross-sectional
slices (CS) on CBCT) was classified subjectively
according to Klemetti et al.’

C1 - the endosteal margin of the cortex appears
even and sharp;

C2 - the endosteal margin shows semilunar defects
or 1 to 3 layers of cortical endosteal residues; and
C3 - the cortical layer has numerous (> 3) endosteal
residues and is clearly porous.

The assessment of each imaging modality was
done separately, in random sequence. First, PAN
evaluations were conducted using ImageJ software
(National Institutes of Health, Bethesda, MD). The
examiners then analyzed the PR images using CS
3D Imaging Software 3.4.3 (Carestream Health Inc.,
Rochester, USA). To this end, a single examiner selected
the axial section corresponding to the opening of the
mental foramen, and drew a line in the center of the
mandible to assure standardized PR images. The
thickness of the PR view used was 2.2 millimeters.

Finally, the CS images were evaluated with the
same software used for the PR images. A dynamic
evaluation was performed on the CS images with a
slice thickness of 200 pm. The appropriate assessment
of the inferior mandibular cortex was performed on
each side, according to the CS, involving the opening
of the mental foramen up to the third molar region.
The observer was allowed to use the “zoom” tool and

change the brightness and contrast of the images;
however, the enhancement filters were not applied.

All of the evaluations were conducted on a 24.1-inch
LCD monitor (MDRC-2124, Barco N.V., Courtray,
Belgium) with a resolution of 1920 x 1200 pixels in
two steps: first, each evaluator classified the images
independently; then their results were compared and
a consensus was reached. When consensus could
not be reached between the two examiners, a third
oral and maxillofacial radiologist assisted in making
the decision.

After six months, 30% of the sample was reevaluated
to assess the intraobserver agreement.

Statistical methods

The data were tabulated in the SPSS version 17.0
(SPSS Inc., Chicago, USA) for analysis. Contingency
cross-tables that included the scores for both images
tested (PR and CS of CBCT) and the reference image
(PAN) were created. The McNemar-Bowker test
compared agreement between the images and the
reference image. The intraobserver agreement was
tested by the weighted kappa test. The significance
level was set at 5%. The null hypothesis was that there
was no disagreement between the images tested and
the reference image.

Results

The C2 and C3 scores were the most prevalent in
the sample (86.7%) when the mandibular cortex was
evaluated in the reference images (PAN).

The responses for the PR and CS images were
compared with those from the reference images in
Tables 1 and 2, respectively. The PR images were in
agreement with the PAN images in 65% of the cases;
the agreement between CS and PAN was 56.7%. The
McNemar-Bowker test indicated that the CS images
were not in agreement with the reference images
(p = 0.005), unlike the PR images (p = 0.246).

The main disagreements between CS and PAN
were when PAN indicated C1, and CS indicated
C2, and when PAN indicated C2, and CS indicated
C3. In other words, in several cases, the CS image
overestimated the index classification; 96.6% of the
scores were C2 and C3 in the CS images, and 86.7%
with PAN.
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Table 1. Contingency table presenting the responses obtained with PR (panoramic reconstruction) using PAN (panoramic radiography)
for the mandibular index (bold letters indicate agreement among the images).

PAN
PR Total, n (%)
C1, n (%) C2,n (%) C3,n (%)
C 5(8.3) 10 (16.7) 101.7) 16 (26.7)
C2 3(5) 25 (41.7) 4 (6.6) 32 (53.3)
C3 0(0) 3(5) 9 (15) 12 (20)
Total 8(13.3) 38 (63.4) 14 (23.3) 60 (100)

p = 0.246 (not considered statistically significant according to the McNemar-Bowker test). Bold lefters indicate agreement among the images.

Table 2. Contingency table presenting the responses obtained with CS (cross-sectional slices) using PAN (panoramic radiography)
for the mandibular index (bold letters indicate agreement among the images).

PAN
CS Total, n (%)
C1, n (%) C2, n (%) C3, n (%)
Cl1 1(1.7) 1(1.7) 0 (0) 2 (3.4)
C2 7 (11.6) 22 (36.7) 3 (5) 32 (53.3)
C3 0 (0) 15 (25) 11 (18.3) 26 (43.3)
Total 8 (13.3) 38 (63.4) 14 (23.3) 60 (100)

p = 0.005 (not considered statistically significant according to the McNemar-Bowker test). Bold lefters indicate agreement among the images.

The intraobserver agreement for the weighted
kappa test was substantial for CS (0.76), and almost
perfect for PAN and PR (0.95 and 0.91, respectively),
according to Landis and Koch."*

Figures 1 and 2 show examples of the Klemetti
index evaluated in each imaging modality.

Discussion

Early detection of osteopenia and osteoporosis is
important to decrease the risk of fracture and prevent
pain and disability.>"> According to the World Health
Organization (WHO), one-third of women over the
age 65 years are affected by osteoporosis.’® Because
life expectancy is increasing throughout the world,
the number of elderly individuals is also increasing
worldwide, thus making osteoporosis a global public
health problem.

DXA is a well-established method for measuring
BMD in the femoral neck and spine.”” However,
because of the cost and lack of availability in some
regions, DXA measurements are considered less
suitable for large-scale screening.”® Several studies

4 Braz. Oral Res. 2016;30(1):e73

have proposed assessment methods that allow early
detection of systemic loss of BMD, and suggested that
evaluation of the quality of the jaw bones using dental
radiographs could be an important screening method
for detecting osteopenia or osteoporosis.?*192021.2223
The cortical area of the mandible helps assess
osteoporosis on PAN images. Radiomorphometric
indexes were developed for PAN to assess skeletal
BMD or osteoporotic status through qualitative and
quantitative measurements, similar to the Klemetti
index, which is based on a qualitative analysis of
the cortical area of the mandible.’ This index has
already proven to be a useful tool in screening for
osteopenia or osteoporosis, compared with the BMD
of the lumbar spine, as measured by DXA according
to several studies."">*??* The general purpose and the
clinical significance of the Klemetti index (an ordinal
classification for defining osteoporosis) is based on
the evaluation of the methods available to users of
panoramic x-ray images for estimating changes in
cortical bone minerals of the mandible. According
to the index, the general mineral density may be
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Figure 1. Examples of agreement classification obtained in
the imaging modalities studied in the C2 category (presence of
semilunar defects in the endosteal margin): (A) PAN; (B) — PR;
(C) = CS (right); (D) — CS (left).

predicted when skeletal changes occur in the bone
structures on panoramic X-ray images. The mineral
loss in the mandibular cortex seems to depend on
the speed of mineral loss in the skeleton and on age’
The rate of residual ridge reduction may also be
predicted from the initial mandibular bone mineral
cortex. In the region distal to the mental foramen,
the buccal cortex has been reported to correlate
better with skeleton mineral density values than the
lingual portion.” On panoramic X-ray images, the
inferior cortex is a reflection of an area that represents
neither of these (buccal cortex nor lingual portion).
However, the inferior cortex of the mandible seen on

Figure 2. Example of discordance between the images using
the Klemetti index: in PAN (A) and PR (B), the case was classified
as C2; in CS ((C) right; (D) left), the classification was C3.

these images is the most suitable bone structure for
this study because this is clearly visible.?
Considering that the Klemetti index is reliable as a
predictor of osteoporosis on PAN, and that the clinical
application of CBCT in the field of dentomaxillofacial
radiology is gaining importance and becoming
widespread," the present study compared the validity
of the Klemetti index on CBCT. Even though the
density measurements (in Hounsfield units) are not
valid for CBCT, the CBCT per se shows a clear image
of highly contrasted structures, and is extremely
useful for evaluating the bone.?” CBCT data are
amenable to reformation in a volume, rather than a
slice, providing three-dimensional information, and
the resulting images are useful in assessing specific

Braz. Oral Res. 2016;30(1):e73 5
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morphological features such as alveolar bone height
and width."

Hua et al.? proposed texture analysis based on
the fact that bone quality may be expressed by
the composition of its micro-architecture. They
demonstrated that fractal analysis and bone area
measurements have the potential to evaluate
bone quality on CBCT images, whereas density
measurements do not seem to be valid. Koh and
Kim® published the first study using CBCT in the
evaluation of BMD in postmenopausal women
with osteoporosis. They adapted the qualitative
and quantitative radiomorphometric index used
on PAN images to the CBCT images and compared
the results with the densitometry of normal and
osteoporotic women. They suggested that CBCT
images can be used to assess osteoporosis in women.
The results of the present study showed differences
between the diagnoses using the Klemetti index
on CS compared with PAN, indicating that this
index may not be valid for CBCT assessments.
However, this does not mean that the CBCT is not
useful for evaluating the mandible cortical. On the
contrary, our results also indicated that changes
in the morphology of the mandibular cortex can
be detected by CBCT; the mean score for CS was
the highest in this evaluation. This shows that the
failure of this type of CBCT assessment was not
based on the poor detection of changes.

In the present study, panoramic images were used
and CBCT images were evaluated by a good software
program, allowing the examiners to analyze the entire
volume and make a dynamic evaluation. The present
study took into account the inherent differences in the
two imaging modalities. Whereas CBCT reproduces
structures (even considering the presence of some
technical limitations) in their original size, the final
image of the PAN is influenced by magnification and
distortion, due to the characteristics of the image
formation. Thus, it was not expected that the Klemetti
classification would be transferable to CBCT; however,
a study comparing the assessment of the Klemetti
index on PR and CS from CBCT examinations in an
osteoporosis risk group drew our attention, because
we did not find significant differences between the
examinations.? Although, the images were evaluated

6 Braz. Oral Res. 2016;30(1):e73

on a template, which did not allow the examiners to
analyze multiple CS, this could limit the diagnostic
potential; moreover, the only panoramic image
used was PR, which has different physics-related
and imaging principles from the classic panoramic
images used for the Klemetti index. This limitation
was indicated by the authors, and led us to develop
this investigation.

The results obtained in this study could be
influenced by two distinct factors; we believe the
capacity of CS images to show changes of this type
if the bone micro-architecture is clearly visible
without overlapping structures. However, it is not
possible to ignore the occurrence of a large amount
of false-positive diagnoses. These two factors do
not negate the usefulness of these kinds of image
for analyzing the mandibular cortex to predict
osteoporosis, but do indicate the need for more studies
designed to create an index appropriate for CBCT use.

The success of an imaging classification method
is influenced by the reproducibility capacity, whose
accuracy should not be affected by factors related to
image evaluation criteria, such as evaluator doubt or
change of opinion. Although the assessment of bone
quality is a subjective procedure, the intraobserver
agreement proved that the evaluation was performed
by trained professionals who provided precise results.
In addition, this bone structure assessment method
may be considered a reliable tool.

The mandibular cortical index in osteoporotic
women receiving oral bisphosphonates was
quantitatively evaluated on CBCT images.?
A significant increase in the cortical area was observed,
as expected, seeing that the assessment was carried
out on CS instead of the PR used in most studies.
This shows the importance of CS and their value to
the dentistry community, as well as the appropriate
use of all the features of this imaging method.

Conclusion

The Klemetti index should not be used to assess
osteoporosis on CBCT cross-sectional slices; on the
other hand, this imaging modality has great potential
for performing osteoporosis analysis, because the
inferior mandible cortex is given visibility in its all
extension by dynamic evaluation.
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