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ABSTRACT

Purpose: The goal of this study was to develop a new index as an objective reference for evaluating current and
newly developed indices used for osteoporosis screening based on dental images. Its name; IDIOS, stands for Index
of Dental-imaging Indices of Osteoporosis Screening.

Materials and Methods: A comprehensive PubMed search was conducted to retrieve studies on dental imaging-
based indices for osteoporosis screening. The results of the eligible studies, along with other relevant criteria, were
used to develop IDIOS, which has scores ranging from 0 (0%) to 15 (100%). The indices presented in the studies we
included were then evaluated using IDIOS.

Results: The 104 studies that were included utilized 24, 4, and 9 indices derived from panoramic, periapical, and
computed tomographic/cone-beam computed tomographic techniques, respectively. The IDIOS scores for these
indices ranged from 0 (0%) to 11.75 (78.32%).

Conclusion: IDIOS is a valuable reference index that facilitates the evaluation of other dental imaging-based
osteoporosis screening indices. Furthermore, IDIOS can be utilized to evaluate the accuracy of newly developed

indices. (Imaging Sci Dent 2016, 46: 185-202)
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Introduction

Osteoporosis is a skeletal disease characterized by low
bone mass, deterioration of the bone structure, and bone
fragility, leading to an increased risk of fracture;' a less
substantial decrease in bone mass is termed osteopenia.2
Bone fragility is evaluated using dual-energy X-ray ab-
sorptiometry (DXA), which measures bone mineral den-
sity (BMD). The measured BMD of an individual being
screened for osteoporosis is compared with that of a young
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healthy adult as a reference. In this context, the standard
deviation values of young healthy adults’ BMD are known
as T-scores, based on the World Health Organization
(WHO) classification published in 19942 Using this clas-
sification, normal individuals are those with a T-score
value of at least -1, individuals with osteopenia have T-
scores less than -1 but greater than -2.5, and osteoporosis
is diagnosed in individuals with T-scores of -2.5 or less.
Due to the asymptomatic nature of osteoporosis over time,
it may not be diagnosed until it has progressed to its late
stage, which corresponds to an elevated risk of associated
morbidity and even mortality.'” Thus, early diagnosis can
improve the prognosis and the quality of life of individu-
als with osteoporosis.

Detecting osteoporosis from dental images is a promis-
ing diagnostic possibility, as a variety of dental imaging
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techniques are commonly indicated for the diagnosis of
conditions affecting head and neck structures.’ The most
commonly used techniques are periapical and panoramic
radiography. Cone-beam computed tomography (CBCT),
introduced in 1998,” has become widely accepted in den-
tistry, but due to concerns about the dose of radiation, it is
not part of routine dental imaging. Since they are routine
and feasible, various imaging techniques in dentistry have
been evaluated as methods of opportunistic screening for
osteoporosis. Numerous dental image-derived indices
have been suggested and evaluated for this purpose. Al-
though the results of many such studies are comparable,
their conclusions are somewhat contradictory.G'8 This can
be attributed to the absence of clear criteria for describing
the values resulting from these indices.

Accordingly, this study aimed to develop a new index
as an objective reference for evaluating currently used
and newly developed indices, and as a tool that allows
the objective comparison of different indices. IDIOS, the
suggested name of the index, stands for Index of Dental-
imaging Indices of Osteoporosis Screening.

The definitions of the indices used to screen for osteo-
porosis using dental imaging techniques are included in
Appendix 1. However, it should be noted that in some
papers some deviations from these definitions may have
occurred, and such deviations were ignored in this study.
Moreover, some indices were only used in a single study,
and the reader may therefore refer to the article in ques-
tion to obtain the details of such indices.

Materials and Methods

A preliminary PubMed search was conducted in Octo-
ber 2014. Relevant terms and combinations of terms were
chosen to retrieve all studies on the diagnosis and screen-
ing of osteoporosis using dental imaging techniques (Table
1). A second search, using the same terms and combina-
tions of terms, was conducted on April 13, 2015, in order
to include all papers published by that time and to con-
firm the results of the preliminary search.

Studies were included if they were in English and de-
scribed the use of any dental imaging technique to detect
or predict osteoporosis in live humans. All retrieved stud-
ies were reviewed by one author, and all criteria were
applied strictly. Each study was reviewed to extract the
imaging technique that was used, the index or indices that
were evaluated, and the statistical results regarding the
relationship between bone fragility status and these indi-
ces. The following statistical parameters were evaluated:

Table 1. Search terms used and the number of results

Number of

Terms results in

PubMed
Osteoporosis panoramic 206
Osteoporosis periapical 34
Osteoporosis cone beam 25
Osteopenia panoramic 202
Osteopenia periapical 39
Osteopenia cone beam 22
Osteoporosis mandible computed tomography 65
Osteoporosis mandible magnetic resonance 7
Osteopenia mandible computed tomography 69
Osteopenia mandible magnetic resonance 7
Total 676

sensitivity (SN), specificity (SP), positive predictive value
(PPV), negative predictive value (NPV), accuracy, area
under the receiver operating characteristic (ROC) curve,
and correlations. Statistical parameters that are less com-
monly used in this context, such as odds ratios and posi-
tive and negative likelihood ratios, were not included in
the calculation of IDIOS or presented in the results.

IDIOS is based on 5 criteria; 3 criteria were derived
from the statistical results of the indices described in the
included studies, and the other 2 are highly relevant for
evaluating the indices in question. IDIOS has a single
output value, ranging from O to 15 (equivalent to 0% to
100%). The higher the value of IDIOS, the greater the
power and the validity of the evaluated index. The formula
for calculating IDIOS scores is presented after the follow-
ing explanation of the criteria.

The power of the index

This refers to the reported ability of an index to deter-
mine positive and negative cases accurately. This criteri-
on is based on the values of the SN and SP of the index,
which are the most commonly presented statistical para-
meters in studies of diagnostic and screening methods.
Each value of these 2 parameters was given a score as
follows: 6 for values between 90% and 100%, 5 for val-
ues between 80% and 89.9%, 4 for values between 70%
and 79.9%, 3 for values between 60% and 69.9%, 2 for
values between 50% 59.9%, 1 for values between 40%
and 49.9% and O for values less than 40%.

It is worth mentioning that the authors of some studies
presented SN and SP values for the lumbar vertebrae and
the hip separately, or presented more than 1 value. In such
cases, the maximum and the minimum values were re-
corded in Tables 2-4.
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Table 3. Periapical radiography-based osteoporosis screening indices included in this study (sorted alphabetically)

Index References

Statistical results

IDIOS score (%) [subscores|*

2526464776,
Bone structure analyses >264647.76

(trabecular bone)

SN: 65%-70%,"' 90%-100%"*"
82.121 SP: 85%-90%,'”' 90%-100%"'

11(7333%) [5+5+1+0+0]

Acc: 75%-80%."* 85%-90%*" 90%-100%"°
ROC: 50%-60% "7 60%-70%."" 70%-80%."® 80%-90%"°

Correlation (r): 0.4-0 5
Radiographic density 14,15,2526,32,
47,53,54,88

PPV: 75%-80%""
NPV: 45%-50%"°

SN: 25%-35%* 35%-40%>* 70%-75%""
SP: 50%-55%.> 80%-85%>*

9.02(60.11%)[242+5.6 +1+0+0]

ROC: 60%-70%.""* 70%-80%*%
Correlation (r): 0.2-0.3,> 0.3-0.4," 0.4-0.5,% 0.5-0.6"%

Trabecular bone
assessment
Correlation (r): 0.6-0.7%
14

Width of the lamina dura -

32122 SN: 70%-75% ,'** 90%-100%"%
SP: 20%-25%,'% 55%-60%"*

6.8(45.33%)[3+3.84+0+0+0]

1(6.67%)[0+0+1+0+0]

SN: sensitivity, SP: specificity, Acc: accuracy, PPV: positive predictive value, NPV: negative predictive value, ROC: area under the receiver operating char-

acteristic (ROC) curve

*The subscores refer to the following criteria used to calculate the IDIOS score: the power of the index, its reproducibility, objectivity, the presence of soft-

ware, and differentiation between all bone fragility groups.

For each index that was evaluated, the corresponding
scores for the SN and SP values were recorded separately
for individual studies. The means of these scores were
then calculated across all studies employing that index.
Finally, the mean of these two mean values was defined
as the power of that index (i.e., the maximum value was 6).

Reproducibility of the index

(interobserver and intraobserver agreement)

This parameter refers to the extent to which the obser-
vers reported the same scores for the same subjects on
two different occasions, or agreed with each other in re-
porting scores for the same subjects. In this context, kap-
pa statistics, interclass correlations, Pearson correlations,
and/or agreement were considered for each index in each
study. Scores of 6, 5,4, 3,2, 1, and O corresponded to
reproducibility values of 0.90-1 (90%-100%), 0.8-0.899
(80%-89.9%), 0.7-0.799 (70%-79 .9%), 0.6%-0.699 (60%-
69.9%), 0.5%-0.599 (50%-59.9%), 0.40-0.499 (40%-
49.9%), and 0.39 (39%) or less, respectively.

The mean score was then calculated for all studies in
which a given index was used. This mean was considered
the reproducibility score of the index.

No effort was made to differentiate between interobser-
ver and intraobserver agreement in this study. When more
than reproducibility test was included in a study (e.g.,
intraobserver and interobserver agreement or if reproduc-
ibility was tested among 3 or more observers), the maxi-
mum and the minimum values were included in Table 5.

Objectivity

If the index was based on measurements and/or calcula-
tions, it was considered an objective index, and a score of
1 was given. Otherwise, the index was considered a sub-
jective index, such as indices based on visual assessment,
and a score of 0 was given.

Software

A score of 1 was given if software was used to perform
the analytical process for the index under evaluation. It
should be clarified that some indices are natively software-
dependent, but the user must perform some preliminary
steps. A score of 1 for this criterion means that the main
analytical steps, including any preliminary steps, are done
by the software.

Differentiation between bone fragility groups

A score of 1 was given to an index if at least one of the
studies that used this index included all bone fragility
groups (normal, osteopenia, and osteoporosis according
to the WHO criteria® presented above), either in the hip
or the lumbar vertebrae, and found at least one of the fol-
lowing: (A) statistical significance between each pair of
groups, (B) area under the ROC curve (accuracy) greater
than 0.8, (C) a Pearson (or Spearman) correlation coeffi-
cient greater than 0.6. Otherwise, a score of 0 was given.
Studies that included all bone fragility groups are present-
ed in Tables 2-4.

To calculate the IDIOS score for an index, the above
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Table 4. CT-based and CBCT-based osteoporosis screening indices included in this study (sorted alphabetically)

Index References Statistical results IDIOS score (%) [subscores|*
Bone mineral density (g/cm’) 3 Correlation (r): 0.3-0.4%* 1(6.67%)[0+0+1+0+0]
CBCT cortical index 34 - 4(26.67%) [0+ 4+0+0+0]
CBCT mandibular index 3 - 4530%)[0+3.5+1+0+0]
(inferior and superior)
CBCT mental index 4 - 6.5(43.33%)[0+5.5+1+0+0]
Cortical bone percentage 33 SN: 0%-20%,% 50%-55%° 4.25(28.33%)[3.25+0+14+04+0]
SP: 80%-85%,% 90%-100%"
Acc: 60%-65% . 75%-80%
Correlation (r): 0.2-0.3,°°0.4-05
Linear measurements of the 3637 Correlation (r): 0-0.2,%6%70.2-0.3.%703-04,%7  1(6.67%)[0+0+14+0+0]
mandible 0.4-0.5%
Radiographic density (CT) 36.58.123 SN: 25%-30%.'% 45%-50%'> 3.75(25%)[2.75+04+14+0+0]
SP: 80%-85%"*
ROC: 60%-70%,'* 70%-80%'*
Correlation (r): 0.2-0.3,*°%'% 0.4-0.5,"% 0.5-0.6™®
Radiographic density in gray » SN: 0%-20%,> 50%-55%" 10.25(68.33%)[3.25+5+1+0+1]
values (CBCT) SP: 80%-85%,% 90%-100%"
Acc: 60%-65% . 75%-80%
Correlation (r): 0-0.2,% 0.5-0.6%
All bone fragility groups:35
Width of mandibular cortical 38 Correlation (r): 0.2-0.3,® 0.3-0.4% 1(6.67%)[0+0+1+0+0]

bones by CT

SN: sensitivity, SP: specificity, Acc: accuracy, PPV: positive predictive value, NPV: negative predictive value, ROC: area under the receiver operating char-
acteristic (ROC) curve, CT: computed tomography, CBCT: cone-beam computed tomography
*The subscores refer to the following criteria used to calculate the IDIOS score: the power of the index, its reproducibility, objectivity, the presence of soft-

ware, and differentiation between all bone fragility groups.

criteria were applied and the sum of the 5 scores for each
criterion was calculated. Accordingly, the maximum IDIOS
score is 15 (6+6+1+1+1). The IDIOS scores can be
presented as percentages by dividing the IDIOS score by
15 and multiplying the result by 100 ((IDIOS score/15) X
100).

Results

The PubMed search yielded 676 studies (Table 1). Only
104 studies (15.4%) were found to be eligible for the de-
velopment of IDIOS according to the inclusion criteria. In
these studies, 24 panoramic (Table 2), 4 periapical (Table
3), and 9 CT/CBCT-based indices (Table 4) were used.

The IDIOS scores for the panoramic imaging-derived
indices ranged from 0 (0%), for trabecular bone visual
assessment, to 11.75 (78.32%) for the mandibular cortical
width index (MCW) (Table 2). The IDIOS scores for the
periapical imaging-based indices ranged from as low as 1
(6.67%), for width of the lamina dura, to 11 (73.33%) for
bone structure analyses (Table 3). Similarly, the IDIOS
scores of the CT/CBCT-derived indices ranged from 1

(6.7%) to 10.25 (68.33%), for radiographic density in gray
values (CBCT) (Table 4).

Table 5 shows the reproducibility of each index as re-
ported in the studies that we analyzed.

Discussion

Osteoporosis imposes a significant burden on public
health.* Osteoporosis has been extensively studied in the
context of dentistry, because in dental practice, the quality
of the jawbone is paramount, as it is the supportive struc-
ture for the teeth and for dental implants. It is important,
therefore, to investigate the effects, if any, of osteoporosis
on the jawbone. Additionally, dental imaging techniques
may serve as opportunistic screening tools for osteoporo-
sis, considering the large number of individuals who re-
ceive dental services.*

In the current paper, 65% of all indices were derived
from panoramic radiographs. As its name implies, pano-
ramic radiographs provide a comprehensive view of all
teeth and the jaws, including the temporomandibular joint,
with a reasonably low radiation dose. This advantage
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might be the reason for its more widespread use as method
of osteoporosis screening than periapical radiographs,
which are more frequently indicated in general 2 Further-
more, the wide variation of intraoral radiographs in the
imaged area may be the reason that they are less popular
for osteoporosis screening.”’ Moreover, occlusal radio-
graphy has not been used for diagnosing osteoporosis. It

2641
%41 to measure the buccal-

was used in some old studies,
lingual thickness of the mandibular bone to adjust the
densitometer calculated using panoramic and periapical
radiographs. On the other hand, the inaccessibility, ex-
pense, and high radiation dose of advanced dental imaging
techniques reduce their utility as screening methods.

IDIOS is suggested as a useful comparative index due to
the emergence of a large number of currently used indices,
and in light of ongoing debates regarding their validity
and reproducibility, along with the continuous evolution
of newly developed imaging techniques, which then leads
to the development of new indices. IDIOS acts as a refer-
ence against which the current indices can be objectively
evaluated. As a preliminary suggestion, IDIOS scores of
7.5-12 (50%-80%) and above 12 (>80%) may be consid-
ered good and very good indicators, respectively, of the
usefulness of the tested index as a screening tool for osteo-
porosis.

While developing the IDIOS criteria, the power of the
index was first calculated using the SN, SP, PPV, and
NPV. However, most studies only reported the SN and SP
of the indices they evaluated. Furthermore, PPV and NPV
are statistical parameters derived from the SN and SP(i.e.,
they are SN- and SP-dependent values), and the power of
various indices was nearly identical regardless of whether
the PPV and NPV were included. Hence, the power crite-
rion of IDIOS was limited to SN and SP.

In this study, the validity of the osteoporosis indices
was tested in a collective manner based on the results re-
ported in the literature. In the future, when a new study is
performed on the detection of osteoporosis based on den-
tal images, it would be helpful to provide the IDIOS score
of the index or indices in question. This would aid readers
in assessing the validity of each index and allow them to
compare indices with each other.

IDIOS evaluations of the retrieved indices

The highest IDIOS scores were reported for MCW,
bone structure analyses (on periapical radiographs), radio-
graphic density in gray values (CBCT), and the mandibular
cortical index (MCI), respectively. Although the MCI is
subjective in nature and requires repeated training, which

explains its lower reproducibility, both indices, MCI and
MCW, have been studied more extensively and in more
depth than the other indices.

When the MCI was introduced by Klemetti et al..”? they
were not enthusiastic about its potential, so they did not
recommend it for identifying osteoporosis in women. It is
possible that Klemetti et al. expected a stronger correlation
of jawbone measurements with bone fragility status. On-
going research focuses on the development of the MCW
and MCI indices. In 2007, Devlin et al.** introduced a fully
automated computer program for measuring the MCW.
It was not as useful as they thought, but they improved
it and proved its usefulness in a later study.” Although
software for identifying MCI categories has been devel-
oped,44 it was not found to be as useful as the MCW soft-
ware.*” Similarly, some studies used complicated anal-
yses25’46'48 to improve the practicability of some indices
regarding differentiation between bone fragility groups;
however, these analyses unfortunately proved impractical.

Measuring the cortical width in other areas of the man-
dibular cortex (e.g. gonial and antegonial indices)****~°
may achieve more precise values than the MCW, which is
performed in the mental foramen region, but these mea-
surements face some limitations. For example, it is unclear
where exactly they should be performed, which poses
challenges for reproducibility. For the MCW, however,
the presence of an obvious characteristic radiolucent land-
mark (the mental foramen) facilitated the development
of a program to perform the relevant calculations auto-
matically. One drawback of the MCW (and indices that
depend on length measurements) is the fact that this index
must be corrected for magnification.”'”* This means that
calibrations of the measurements should be made, which
might complicate the analysis process.

In contrast to the MCW, the panoramic mandibular index
and alveolar bone resorption degree (maxillary/mandibu-
lar ratio) are indices that proved to be ineffective (IDIOS
power scores of 2.83 and 1.5, respectively), despite their
high reproducibility scores. The final IDIOS score cannot
be high unless all components are high, due to the fact
that the nature of IDIOS depends on the summation of
multiple values (especially its major components of the
power and the reproducibility). This consideration may
add to the utility of IDIOS.

Although the results of the relevant studies remain con-
tradictory, measuring radiographic density appears to be
a promising approach for predicting osteoporosis. Indi-
ces using CBCT™ and periapical radiographs’ 3% for this
purpose had the third-highest and the fifth-highest IDIOS
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scores (10.25 [68.33%] and 9.02 [60.11%], respectively).
This approach was not thoroughly evaluated in the litera-
ture for panoramic radiography (no study reported the SN
and SP of radiographic density assessed using panoramic
radiography), hence its IDIOS score was low (1 [6.7%]).
The radiographic density measurements made using multi-
detector CT analyzed by Naitoh et al.*® revealed a weak
correlation between the radiographic density of the man-
dibular trabecular bone and the lumbar spine BMD; thus,
its IDIOS score was low. The inclusion of the cortical
bone in the measurement process in the CBCT-based study
performed by Barngkgei et al® may be the reason for the
improved correlation between radiographic density and
BMD.

Changes in the trabecular bone of the femoral neck
during osteoporosis were confirmed many years ago.”
However, many studies found that trabecular bone mea-
surements of the mandible were useless for osteoporosis
prediction 3536385657
tween cortical measurements (thickness or density mea-
sures), and the BMD of the femoral neck and lumbar ver-
tebrae.””"”® A recent study found statistically significant

in contrast to the correlation be-

correlations between DXA and the values of Hounsfield
units acquired by CT and micro-CT of the mandibular
cortex, but not of the mandibular trabecular bone.”’ In a
24-year follow-up study, changes of the trabecular bone
(toward sparse trabeculation) were not as obvious as the
changes of the cortical bone (toward an eroded cortex).60
Two intraoral imaging-based studies”*® found alterna-
tions of the trabecular bone pattern; however, these stud-
ies had small sample sizes and significant effects were
only found in combination with clinical variables.”> Ad-
vanced high-resolution imaging or functional imaging
techniques (e.g., isotopes) may be future possibilities for
exploring the actual influence of osteoporosis on trabecu-
lar bone in the jaws.

Simple visual assessment of the cortices on panoramic
radiographs may be a useful tool, somewhat similar to the
MCI, with an IDIOS score of 8.4 (55.7%). However, such
indices are not considered objective and require consid-
erable amount of training, which results in poor overall
agreement.61 This also applies to visual assessments of
the trabecular bone. In any case, trabecular bone sparse-
ness was found to increase with age 0

Many panoramic radiography-derived indices other
than those discussed above have been suggested (e.g., sty-
loid process length, alveolar bone resorption, hierarchic
segmentation analysis, antegonial measurements [angles
and depth], mandibular angle, and calcified carotid artery

Imad Barngkgei et al

plaques),7’”’l6’28 but they have not been thoroughly evalu-
ated in well-designed studies.

The appropriate and standardized reporting of results
will facilitate comparisons among different studies. The
power of IDIOS is based on SN and SP, which are the
most useful biostatistical parameters in the context of
diagnosis/screening studies. Many studies, however, in-
appropriately used simple correlation/relationship statis-
tics to evaluate the relationships between measurements
of dental images and DXA results, instead of using SN
and SP. This did not allow a thorough evaluation of the
screening power of the index in question, which is why
many indices received a low IDIOS score. Ultimately,
further evaluation is needed before making the final judg-
ment of such indices.

Repeatability of measurements

A diagnostic tool is worthless if repeatability is not
guaranteed, which is why reproducibility is a built-in cri-
terion in IDIOS. Hence, calculating and reporting statis-
tical parameters relating to reproducibility is paramount,
and reporting even low values of these parameters is bet-
ter than confusing readers by not reporting them. Many
indices have not been evaluated for reproducibility, and
such indices cannot be considered trustworthy tools. How-
ever, in one study of the OSTEODENT plroject,62 the re-
sults of one of the observers suggested that the MCI was
not useful in osteoporosis screening, unlike the other ob-
servers. On the whole, such a study is more reliable than
studies that do not report reproducibility parameters at all.

Many studies®™®

were designed to test the extent to which
trained or untrained dentists could apply certain indices.
In a study evaluating the reproducibility of the MCI, it
was found that this index exhibited poor intraobserver
and interobserver agreement. Moreover, minimal training
in assessing the MCI (such as might be given in a lecture
format) was found to be ineffective, and was associated
with poor interobserver agreement and limited diagnostic
validity in identifying the signs of osteoporosis.”® Thus,
one might ask whether it is possible to generalize the use
of these indices among untrained dentists or whether the
results were valid. This is why objectivity was used as an
additional criterion when calculating IDIOS. It should be
emphasized, however, that in most of the studies analyzed
in this study, experienced oral radiologists assessed the
radiological measurements.

Furthermore, a study comparing digital and convention-
al panoramic radiographs found that digital panoramic
radiographs were better than analog radiographs for mea-

— 195 —



IDIOS: An innovative index for evaluating dental imaging-based osteoporosis screening indices

suring panoramic indices.” Using software developed for
specific measurements would resolve these reproducibil-
ity-related issues. This is why the presence of specialized
software was included as one of the IDIOS criteria. In
addition, the software criterion will encourage those inter-
ested in programming to create software to perform such
analyses automatically.

Limitations of the included studies and suggestions

for future research

Many of the studies we analyzed did not contain cases
of osteopenia. The main aim of osteoporosis screening
indices is the opportunistic screening of osteoporosis-that
is, to detect the early stages of the disease, which may be
classified as osteopenia. The accuracy of a diagnostic tool
cannot be established without determining the capability
of this tool to distinguish all individuals with a given con-
dition from those with closely related conditions (such as
osteopenia in this case). If a tool does not detect osteope-
nia, its efficacy as a diagnostic tool cannot be established.
This is why the inclusion of all bone fragility groups was
one of the IDIOS criteria.

The validity of IDIOS is a major question. However,
in addition to the retrospective application of IDIOS to
the current indices, its validity can be evaluated by con-
ducting future studies on osteoporosis screening using
dental images. Regardless of whether the indices are new
or old, the IDIOS score will show if it is valid or not. For
example, if an index proven to be effective in osteoporo-
sis screening has a high IDIOS score, that finding would
support the validity of IDIOS, and vice versa.

Finally, fracture risk assessment has become an import-
ant topic in research related to osteoporosis. The IDIOS
criteria may be applied to test the validity of fracture risk
assessment rather than detecting osteoporosis. In addition,
recent advances in some techniques (e.g., quantitative
CT) that assess more than one aspect of bone quality, in
comparison to DXA which measures BMD alone, may be
used to assess an individual’s future risk of bone fracture.
Attempts to find correlations or relationships between
the measurements derived from advanced techniques and
dental imaging indices may lead to completely different
results (i.e., higher IDIOS scores). This may be a topic for
future research.

In conclusion, the findings of the current study can be
summarized as follows:

1. Numerous indices have been suggested for osteopo-
rosis screening based on dental images. These indices

differ in their power to detect osteoporosis. It is expect-
ed that new indices will be developed as a result of the
continuous development of new imaging techniques,
new analytical procedures, and new assessment pro-
grams.

2. IDIOS is an objective reference index to evaluate
the osteoporosis detection indices in current use. In this
study, this index was applied in a collective manner,
assessing the results reported in all papers that were in-
cluded.

3. The MCW, bone structure analyses on periapical radio-
graphs, radiographic density in gray values (CBCT), and
the MCI had the highest IDIOS scores (11.75 [78.32%],
11[73.33%], 10.25[68.33%], and 9.72 [64.77%], respec-
tively).

4. When performing a new study on the detection of os-
teoporosis based on dental images, it would be helpful
to calculate the IDIOS scores of the relevant indices.
This would aid readers in assessing the validity of each
index and allow the comparison of indices with each
other and with the results reported in other papers.

5. As the maximum IDIOS score was 11.75 (78.32%), it
is clear that dental images are not yet an adequate sub-
stitute for conventional methods of diagnosing osteopo-
rosis.
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Appendix 1. Definitions of the dental imaging-based osteoporosis screening indices included in this paper

I. Panoramic radiograph-based indices

1.

Anatomical indices (relative or absolute linear measure-
ments): Anatomical indices are based on geometric var-
iables, which represent anatomical characteristics of the

mandibular bone on dental panoramic radiographs.”'

. Antegonial angle: This angle is measured by tracing 2

lines parallel to the lower cortical border in the antego-
nial region and measuring the angle of their intersection
at the deepest point of the antegonial notch."

. Antegonial depth: This parameter is measured as the

distance along a perpendicular line from the deepest
point of the antegonial notch concavity to a line parallel
to the inferior cortical border of the mandible."

4. Antegonial index: This parameter is measured as the

5.

10.

I1.

cortical width at a point on the mandibular lower border
that was crossed by a straight line extrapolated from
a best-fit line running along the anterior border of the
mandibular ascending ramus down to the lower border
of the mandible."

Bone structure analyses: These analyses are used to
assess the structural complexity of the bone. There are
different methods of performing these analyses, such
as fractal (fractural) dimension, area of the bony plates,
circumference of the trabeculae, number of bony and
marrow regions, thickness of the trabeculae, and tra-
becular spacing. These analyses are more common for
trabecular bone, but may be used for cortical bone.

. Gonial angle: This angle is assessed by tracing a line

tangent to the lower border of the mandible and an-
other line tangent to the posterior border of the ramus
on each side. The intersection of these lines forms the
mandibular angle."

. Gonion index: The gonion index is the cortical thick-

ness at the gonial angle measured on the bisector of the
angle between the tangent to the posterior border of the
ramus and another line tangent to the lower border of
the mandible."

. Height of the edentulous ridge: See the definition given

by Kribbs et al.”®

. Hierarchic segmentation analysis (recursive hierarchic

segmentation): See the definition given by Lurie et al."®
Incisure depth: This parameter is measured by drawing
a line touching the upper limits of the condylar and cor-
onoid processes. The longest perpendicular from this
line is drawn, which is taken to be the incisure depth."”

Jawbones bone-mineral density (assessed by dual-energy
X-ray absorptiometry [DXA]): DXA examination of the

12.

13.

14.

15.
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body of the jaws was first described by Horner et al.'®
For mandibular scanning, patients should be positioned
semi-prone, with the left side raised, the neck slightly
extended and the head in a true lateral position. The aim
is to superimpose the contralateral sides of the mandible
while avoiding superimposition of the cervical spine. A
laser dot indicating the starting point of the scan is then
positioned between the patient’s eyebrows and continued
through the maxilla and mandible to the mandibular
symphysis. Scanning is performed in a rectilinear man-
ner, with a scan time of approximately 10 minutes, be-
ginning 1 cm above the temporomandibular joint and
continuing through the whole of the mandible. To derive
data for the mandibular BMD, a manual analysis should
be performed in which the rectangular customized re-
gion of interest (ROI) is placed over the body region.
The shape and size of the ROI should be altered to con-
form to the shape of the bone image of each patient.
In patients where superimposition of the contralateral
sides of the mandible was imperfect, care should be
taken to position the ROIs to cover only the superim-
posed areas.

Maxillary-mandibular ratio (alveolar crest resorption
degree/mandibular ratio): This ratio is the portion of the
total height of the mandible (A) divided by the height
of the mandible from the center of the mental foramen
to the inferior border of the mandible (B) (A/B)."*%
Mandibular angle: See the definition given by Cakur et
al?!

Mandibular cortical index (Klemetti index):22 This is a
visual assessment scale that has been developed to assess
osteoporosis in the cortical area of the mandible using
digital panoramic radiographs. In this technique, the in-
ferior cortex is classified into three groups according to
the following criteria: (C1) normal cortex, the endosteal
margin of the cortex is even and sharp on both sides;
(C2) mild to moderately eroded cortex; the endosteal
margin shows semilunar defects (lacunae resorption)
or appears to form endosteal cortical residues; (C3)
severely eroded cortex, the cortical layer forms heavy
endosteal cortical residues and is clearly porous.
Mandibular cortical width (MCW) (mandibular cortical
thickness, mental index [MI]): This is the thickness of
the mandibular lower cortex measured on the line pass-
ing through the middle of mental foramen and perpendi-
cular to the tangent to the lower border. A line is drawn
from the midpoint of each foramen to the lower border
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of the mandible, at right angles to the tangent to the
lower border at this point. The width of the cortical 3.
bone at the lower border is measured along this line
from the inferior mandibular border to the inner edge of
the cortex."” >
16. Maxillary sinus cortical width: See the definition given
by Mohajery et al."
17. Mental posterior index (MPI 1, 2, and 3): These indices
are derived from the MCW. MPI 1, 2, and 3 are obtained
by tracing lines perpendicular to the base of the mandi-
ble, passing 1 cm posterior to the MI, 2 cm posterior to
the MI and 3 cm posterior to the MI for the MPI 1, MPI 4.
2,and MPI 3, respectively.24

18. Panoramic mandibular index (PMI): This is the ratio of

ramic radiographs.

Trabecular bone assessment [visually or using software]:
This technique was described by Lindh et al’' and was
modified by Jonasson et al.**
classified into 3 categories: (A) dense trabeculation, (B)
alternating dense and sparse trabeculation (mixed dense

and sparse trabeculation was mostly dense crestally and

The trabecular pattern is

sparse apically), (C) sparse trabeculation. Imaging find-
ings were classified automatically (via a computer pro-
gram) into 4 categories (sparse, mixed thinner trabecula,
mixed thicker trabecula, or dense).33

Width of the lamina dura: See the definition given by
Mohajery and Brooks."

the thickness of the mandibular cortical bone and the III. Computed tomography and cone-beam computed
distance between the mental foramen and the mandib- tomography indices
ular inferior cortical bone. It is calculated as the upper 1. Bone mineral density (BMD) [in g/cm3]: Hounsfield

mandibular index and lower panoramic mandibular in-

dex. The upper PMI is derived using the upper border

of the mental foramen to measure the distance between 2.

the mental foramen and the inferior mandibular cortex.

The lower PMI is calculated when the measurement is

from the lower border of the mental foramen.'*"?

19. Radiographic density measurements (pixel intensity):
This may be measured as metal equivalent thickness
(aluminum or copper25 in most studies), optical density
(light transmittance through an area of the radiograph) 20
the blackness of the radiograph, or as relative density
between different areas.”" 3

20. Simple visual estimation: The cortex is classified quali-
tatively into 3 categories based on simple visual estima-
tions of the mandibular inferior cortex width: normal,
intermediate (medium), and very thin. It is evaluated by
observing the site (the inferior border of the mandible) 4.
with the naked eye.27

21. Styloid process length: This refers to the measurement
of the styloid process of the temporal bone with the
external acoustic meatus as reference point.*® Values 5.
higher than 30 mm are considered elongated.”®

22. Trabecular bone percentage of the total trabecular area: 6.
See the definition given by Kathirvelu et al z

23. Trabecular bone visual assessment (dense / rarefied tra- 7.
becular bone.): See the definition given by Amorim et
al

I1. Periapical indices

1. Bone structure analyses: See the above definition for 9.
panoramic radiographs.

2. Radiographic density: See the above definition for pano-
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units or gray values are converted to an equivalent BMD
values using a BMD chart.

Cone-beam computed tomography (CBCT) cortical in-
dex: This index was proposed by Koh and Kim.* It de-
scribes the type of the inferior mandibular cortex, which
is subjectively classified as follows: type 1, the cortical
endosteal margin appears even and regular; type 2, the
endosteal margin shows semilunar defects or 1 to 2 layers
of cortical endosteal residues; type 3, the cortical layer
has numerous (> 3) endosteal residues and is clearly po-
rous.

. CBCT mandibular index (inferior and superior): This in-

dex was proposed by Koh and Kim.* It is defined as the
ratio of the inferior cortical width to the distance from
the inferior or superior margin of the mental foramen to
the inferior border of the mandible.

CBCT mental index: This index was proposed by Koh
and Kim.* It is defined as the inferior cortical width of
the mandible along the line extending from the mental
foramen to the inferior border of the mandible.

Cortical bone percentage: See the definition given by
Barngkgei et al.”

Linear measurements of the mandible: See the defini-
tions given by Klemetti et al.*® and Springe et al.”’
Radiographic density (computed tomography [CT]): This
refers to the measurement of the radiographic density as
Hounsfield units.

.Radiographic density in gray values (CBCT): See the

definition given by Barngkgei et al.”>

Width of mandibular cortical bones by CT: See the defi-
nition given by Naitoh et al.”®



