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Abstract

Purpose of Review Osteoporosis ranks high among morbidities in the elderly as it is a natural process to lose bone, making
them susceptible to fractures from minor falls. The cost of managing these patients is staggering. The fractures can be pre-
vented with better care of the elderly, and by treating the major predisposing factor, osteoporosis. Clinicians and scientists, in
general, constantly look for early diagnostic and prognostic indicators for osteopenia and osteoporosis to proactively prevent
fractures. Dental panoramic radiography (DPR) is a rotational pantomography used for identifying dental pathology in patients.
Early signs of osteopenia and osteoporosis can be identified in DPR. The usefulness of notable jaw changes in DPR to predict
osteopenia and osteoporosis is still evolving as more studies continue to delve into this concept. The purpose of this review
is to present advances made in the practical application of DPR for predicting early onset of osteopenia and osteoporosis.
Recent Findings Dental panoramic radiography, a form of tomography commonly used by dental practitioners, has been the stand-
ard of care for decades for detecting dento-alveolar pathology. Several technological advancements have taken place with respect
to the use of DPR. These include conversion from plain film to digital radiography, advancements in the manufacture of flat panel
detectors, and accurate imaging of the layers of mandible and maxilla that has become possible with appropriate patient positioning
within the focal trough of the machine. Improvements in the software infrastructure make it easier to view, enhance, and save the
radiographic images. The radiographic appearance of the trabecular bone within the mandible and indices measured from the dental
panoramic radiographs focusing on the inferior cortex of the mandible are considered useful tools for identifying asymptomatic
individuals with osteoporosis or at risk for developing osteoporosis. These indices apparently correlate with risks of fragility fractures
of osteoporosis in other parts of the body.

Summary Dental panoramic radiography (DPR) is a commonly used radiographic procedure in dentistry for evaluation of
teeth and associated maxillofacial structures. The evaluation of the inferior border of the mandible for reduction or loss of
cortical thickness and evaluation of the trabecular bone within the mandible are helpful markers for early signs of osteopenia
to identify patients at risk for osteoporosis. This review focused on research advancements on practical application of DPR
in early identification of osteopenia and osteoporosis.

Keywords Osteoporosis - Dental panoramic radiography - Trabecular bone - Mandible - Osteopenia - Cortical bone - Dual
energy X-ray absorptiometry
Introduction Caucasian women, it occurs in all populations, affects all ages,
and it induces substantial physical, emotional, and financial

Ten million people already have osteoporosis and 18 million
have low bone mass and an increased risk for osteoporosis [1].
Although osteoporosis is most prevalent in postmenopausal
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burden. There are significant geographic disparities in the
occurrence of osteoporosis worldwide [2]. Osteoporosis
predisposes to wrist, vertebral, and hip fractures with con-
sequent severe pain and disability. Early identification of the
risk factors contributing to osteoporosis is vital for minimiz-
ing osteoporotic fractures, prolonged hospitalization due to
fragility fractures, and financial burden of long-term recovery.
[2]. This review explores the use of a dental healthcare setting
and practical application of dental panoramic radiograph to
identify undiagnosed osteoporosis patients and individuals at
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risks for developing osteoporosis so the oral healthcare pro-
vider can refer for further testing, diagnosis, and treatment.

Osteoporotic Changes in Orofacial Bones

Osteoporosis ranks high among morbidities in the elderly as it
is a natural process to lose bone, making them susceptible to
fractures from minor falls. An estimated 10 million people age
50 years and above have osteoporosis in the USA [3]. Among
them, 80% are women and 20% are men [3]. Hip and verte-
bral fragility fractures incur enormous costs for treatment and
rehabilitation, so early identification of osteoporosis, a lead-
ing cause of fragility fractures, is an important public health
masterplan. The high cost of managing osteoporosis suggests
a need for early diagnosis and preventive therapies to reduce
healthcare costs. Improvements in tools amenable to early
diagnostic and prognostic indicators for osteopenia and osteo-
porosis are ways to proactively prevent debilitating osteoporo-
tic fractures. Early signs of osteopenia and osteoporosis can
be readily identified in dental panoramic radiography (DPR).

The entire skeleton physiologically balances bone formation
and resorption to maintain bone homeostasis [4]. Increased
bone remodeling and dysregulated bone remodeling result-
ing in changes in bone matrix and mineral composition are
the hallmarks of osteoporosis. [4]. Bone mesenchymal stem
cells (MSCs) are central to the bone formation process; they
also play distinctive functions in orofacial bone modeling
and remodeling. Increased age-related cellular senescence of
MSC:s and osteoblast lineage cells support the decrease in bone
mass in osteoporosis [5] and these changes are assessable in
the orofacial bones. In the jaws, orofacial MSCs (OFMSCs)
are distinctly different phenotypically and functionally from
MSCs residing in non-oral skeletal sites [6]. OFMSCs are
highly proliferative with much higher population doubling
capacity. The jaw bones are also not spared from age-related
skeletal changes [6, 7] because craniofacial bones, especially
the mandible, readily display radiological features of osteo-
porosis. The mandible has a well-defined cortical border so
that the increased bone remodeling rate coupled with nega-
tive remodeling balance and microarchitectural deterioration
present in the mandible as increased cortical porosity and loss
of cortical thickness. Both maxilla and mandible also display
thinning and loss of bone trabeculae [7, 8]. Another unique
characteristic of orofacial bones is the high occurrence of med-
ication-related osteonecrosis of the jaws (MRONI) [9]. Antire-
sorptive medications like bisphosphonates and denosumab that
are highly efficacious in the treatment of osteoporosis are actu-
ally the leading causes for MRONJ. Why the jaw bones are
highly susceptible to MRONIJ is yet to be fully defined [10, 11]

Fracture Risk Assessment Tool (FRAX) [12] is based on the
individual patient data or modeling including bone mineral den-
sity (BMD) at the femoral neck. Many tools and indices have
been developed using tomographic images obtained to evaluate

teeth and jaws but not osteoporosis specifically. The DPR risk
assessment tool is an added benefit for patients undergoing rou-
tine dental care because any suspected cases of osteoporosis can
be referred to their primary care physician for more specific
BMD assessment via additional risk assessment tools and dual
energy X-ray absorptiometry (DEXA) scans [13ee].

Practical Application of Panoramic Radiography
for Osteoporosis

Panoramic radiographic technique captures sections of orofa-
cial anatomy within the required plane and displays the image
as a continuous structure. Since mandible and maxilla are
significantly curved bones, the rotational tomography is also
curved but the images acquired appear flat. In theory, there are
two midlines for the panoramic image—an anterior midline and
a posterior midline. Due to the type of radiographic technique,
various position-related and unrelated (“ghosts™) artifacts
form within the displayed image. All panoramic radiographic
machines currently available are based on digital imaging plat-
forms. The acquisition, storage, and display are all digitally
captured data. Due to better understanding of the physics and
the focal trough (image layer), current panoramic radiographic
machines can deliver consistently high-quality digital images
suitable for research and clinical applications. However, there
are certain factors that cannot be changed including the “focal
trough” which is a fixed area within the machine path where the
patient is positioned to acquire the tomographic slice. The focal
trough is narrow anteriorly, so it corresponds with the narrow
alveolar process in the anterior mandible and maxilla. The focal
trough is wider posteriorly so that it also corresponds with the
wider alveolar processes of the maxilla and mandible. Due to
the nature of the focal trough and the fact that the patient is at
a specific distance from both the X-ray beam source and the
detector [digital detectors like charge coupled devices (CCD)
or complementary metal oxide semiconductors (CMOS)], there
occurs a magnification of image layer. In addition, variations in
patient positioning within the focal trough may create uneven
magnifications of the anatomy. Therefore, panoramic radiog-
raphy is a highly technique-sensitive imaging method, but still
provides very informative structural information. The bony
anatomy displayed on the radiograph is a slice of the anatomy,
so information pertinent to the cortical bone is better displayed
than trabecular bone. The cortical bone within the focal trough
presents a better indication of the actual mandibular thickness if
the patient is positioned accurately within the panoramic X-ray
machine and does not move during image exposure [14].

Alveolar Trabecular Bone Pattern
It has been reported that bone turnover in the trabecular

bone of the general skeleton is eight times higher than that
of the cortical bone; therefore, trabecular bone pattern of
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the femoral neck and the vertebral bodies can be used for
diagnosis of osteoporosis [15]. However, in the mandible
and maxilla, the trabecular bone pattern undergoes signif-
icant changes due to the presence of teeth and incidental
changes to the alveolar bone caused by dental infections.
These changes could make alveolar bone radiographically
sclerotic to become an un-usable tool for assessment of
osteoporosis like that of femoral neck or the vertebral body.
Nevertheless, generalized significant loss of trabecular bone
as would be noted on the panoramic radiographs (osteope-
nia) (Fig. 1) is still considered a useful marker in patients
who were not previously tested for BMD or simply unaware
of their condition. These patients are prime candidates for a
referral to physicians for complete evaluation of their BMD
and if necessary, interventional measures can be instituted
to treat osteoporosis. Lindh and co-workers used intraoral
radiography to propose a classification of jawbone trabecu-
lar pattern that is easy to use in clinical situations [16]. The
trabecular patterns assessable on dental radiographs were
classified as type 1- sparse trabeculation; type 2—hetero-
geneous or mixed trabeculation (sparse and dense); and
type 3—dense homogeneous trabeculation. The usefulness
of this mandibular alveolar trabecular classification pattern
to identify individuals with osteopenia or osteoporosis was
however rated as average and not good because 2 out of 5
studies showed low or no significance [17, 18]. Other stud-
ies that used standard quantitative methods as a prescreen-
ing tool to identify osteoporosis in the mandible did also
not result in any consensus among the researchers regard-
ing direct detection, but they were still useful for estimating
risk for development of osteoporosis [16, 19, 20e]. There are
still some challenges with development of accurate measure-
ment indices because assessment of mandibular radiographic
changes in mild to moderate postmenopausal women did
not show any correlation with BMD [21] and other studies
were inconclusive because the panoramic mandibular indi-
ces were not reliable [22].

Evidence Linking Panoramic Morphometric
Indices and Osteoporosis

Mandibular inferior cortex thickness and trabecular pattern
noted on panoramic radiographs are useful tools for identifi-
cation of individuals at risk for developing osteoporosis and
low BMD. In addition, Taguchi and co-workers as well as
Carmo and colleagues have concluded that individuals with
thin inferior cortex of the mandible (<3 mm) may be at risk
for reduced BMD and osteoporosis but not fragility fractures
[18, 23]. However, those with severely eroded inferior cortex
of the mandible are at a higher risk of low skeletal BMD,
osteoporosis, and fragility fractures. These assertions were
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Osteopenia as seen in dental panoramic radiographs

Fig. 1 Panoramic radiograph (A) shows several missing teeth. The
mandibular cortical and trabecular bone changes consistent with
moderate to severe osteopenia. The external oblique ridges bilaterally
appear dense and isolated in the backdrop of reduced trabecular den-
sity (arrows). The inferior border of the mandible is not significantly
impacted compared to the trabecular pattern and density. Several
missing teeth, residual roots, and apical dental infections were noted
in this radiograph. The pathognomonic sign is the disappearance of
the cortical boundaries of the inferior alveolar nerve canal and hence
identification of inferior alveolar nerve canal (IAN) becomes a task.
Panoramic radiograph (B) shows partially edentulous maxilla and
mandible and showing radiographic signs of decreased trabecular
bone within the mandible suggestive of mild to moderate osteopenia.
Note the thinning of inferior border of the mandible suggestive of
reduced cortical width(arrows). An implant is planned in the region
of left mandibular premolars. The IAN canal is indistinct here like
other osteopenic scenarios. Panoramic radiograph (C) shows mod-
erate to severe osteopenia with resorption of mandibular trabecular
pattern and thinning of inferior cortex (arrows). The external oblique
ridges are markedly dense in the backdrop of osteopenic trabecu-
lar bone (arrowheads). The patient is partially edentulous. Also, the
TAN canal is very indistinct suggestive of significant bone resorption
within the mandible
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based on studies within the last three decades (1990-2020)
that validated the correlation of panoramic mandibular indi-
ces with DEXA and BMD assessments [24]. The findings
were also independently supported by other groups [Kavitha
et al., Kim et al., and Roberts et al.]. Additionally, Ren and
colleagues developed a new static shape model after initial
application of convoluted neural network based on trabecular
pattern recognition to rule-in or rule-out osteoporosis [25¢]. A
definitive quantification of the methodology is still needed to
support clinical application of the findings. Although artificial
intelligence (Al)-related research is currently underway by
researchers around the world, definitive approaches related
to dental radiography are not yet solidified. Al-related work
needs large samples of patient data (panoramic radiographs)
for both machine learning and deep convoluted neural network
recognition [25¢]. Tanaka and colleagues reported that in Chi-
nese females, a combination of age over 60 years and loss of
3.5 or more teeth, constitute risk factors for osteoporosis using
panoramic radiograph radiomorphometric indices and artifi-
cial intelligence algorithms [26e]. However, a meta-analysis
showed that fractal dimension, which represents a quantitative
description of the degree of irregularity of complex surfaces
within bone, failed to demonstrate a definitive diagnostic
model for either osteoporosis detection or loss of BMD when
compared with healthy controls. So, fractal dimension of bone
is not considered a good indicator for risk assessment among
asymptomatic individuals [27]. According to Calciolari and
colleagues [28], indices like mandibular cortical index (MCI)
or Klemetti index [29, 30] and panoramic mandibular index
(PMI) [31] are tools that could be used to screen for individu-
als with low BMD. There are still some limitations on use of
these indices mainly within the observer-based studies and the
unreliable magnification noted on panoramic radiographs due
to patient positioning [32].

Mandibular Cortical Index (MCl)

Mandibular cortical width has been established as a reliable
marker to show that individuals with active loss of BMD
are at a higher risk for osteoporosis. This index was initially
proposed by Klemetti, Kolmakov, and Kroger in 1994 [29].
The mandibular cortical thickness was measured distally
from the mental foramen and classified into the following
three groups based on several criteria (Fig. 2):

C1: The endosteal margin of the cortex is even and sharp
on both sides.

C2: The endosteal margin shows semilunar defects (lacu-
nar resorption) and seems to form endosteal cortical resi-
dues on one or both sides.

C3: The cortical layer becomes porous and formed heavy
endosteal cortical residues.

Mandibular Cortical Indices (MCI)

[ B

Fig.2 Panoramic radiograph (MCI-C1) shows a drawing depicting
a normal mandibular cortical bone (inferior border) with even and
sharp cortices bilaterally. Panoramic radiograph (MCI-C2) shows
a drawing depicting the semilunar defects within the endosteal mar-
gin. Panoramic radiograph (MCI-C3) shows a drawing depicting the
increased porosity of the endosteal margin with shallow and wider
scalloped cortical margins. The drawing on the panoramic radio-
graph (PMI) depicts the cortical thickness measurement as well as the
measurements of the distance between inferior margin of the mental
foramen to the inferior border of the mandibular cortex. A ratio is
calculated based on these two measurements which is considered the
panoramic mandibular index
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Reviews of the association between MCI and osteoporosis
as was reported by Taguchi and associates [18, 19, 24] sug-
gest that MCI may be helpful to identify individuals with
low skeletal BMD or osteoporosis because of a strong corre-
lation with spinal bone density measurements using DEXA.

Panoramic Mandibular Index (PMI) and Mental
Index

PMI as proposed by Benson and colleagues [31] is a two-
part index—panoramic mandibular index (superior) and
panoramic mandibular index (inferior). Each is derived by
dividing the thickness of mandibular cortex by the distance
between either the superior margin of the mental foramen
(PMlI-superior) and the inferior border of the mandible or
from the inferior margin of the mental foramen (PMI-infe-
rior) to the inferior border of the mandible (Fig. 2). Since the
superior border of the mental foramen is often radiographi-
cally difficult to identify in edentulous patients because of
changes caused by the alveolar resorption, Benson and col-
leagues recommended that the measurements taken from the
inferior border of the mental foramen (PMI-inferior) to the
inferior border of the mandible should be the standard PMI
[31] (Fig. 2). The precision of PMI was evaluated by Giingor
and colleagues [33] who stated that the index appears to be
consistent in an observer-based study. They recommended
that more studies are needed to validate this information
although prior research by Ledgerton and co-workers showed
that this index was not reliable [34]. They proposed the use
of the thickness of mandibular inferior cortex at the mental
foramen and called it the mental index. It is measured bilater-
ally on a panoramic radiograph and the average is computed.

Taken together and based on review studies, MCI is uni-
versally used more than PMI. [35]. This is probably due
to the wider discrimination of the measurements obtained
between normal health individuals compared to osteoporotic
patients. Haster and colleagues [35] reported that the mean
MCI value was 2.88 mm in patients with osteoporosis com-
pared to 3.70 mm in those without osteoporosis. However,
the mean PMI value was 0.27 in patients with osteoporosis
compared to 0.32 in those without osteoporosis.

Conclusion

Based on the current evidence from both large-scale studies
and extensive reviews, it can be concluded that panoramic
radiography may be a useful tool to demonstrate osteopenia
in postmenopausal women at risk for osteoporosis. In a dental
healthcare setting, the combined information gathered from
the three assessment parameters including MCI, PMI, and
trabecular pattern can be used to identify an individual with
osteopenia and increased risk for osteoporosis. The reliability
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of these indices has been correlated with dual energy X-ray
absorptiometry DEXA. Panoramic radiography is a technique
sensitive imaging protocol and moreover, a type of tomogra-
phy (rotational pantomography); hence, the slice layer dictates
the amount of bone noted within the image. It is possible that
the complexity of trabecular bone may not be captured within
the image layer and could be a drawback in identifying patients
with only mild loss of trabecular bone. The inferior border of
the mandible showing the cortical border appears to be more
accurate and consistent and can be used for evaluation of corti-
cal bone width for the purposes of risk assessment.

There is definitive evidence from the literature that dental
panoramic radiography can be used as an ancillary tool to assess
the risk of post-menopausal osteoporotic women and elderly
men. Since early diagnosis or detection is the key for successful
initiation of therapy, all risk-assessment tools including pano-
ramic radiographs are vital in the management of patients with
loss of BMD and at risk for vertebral and hip fractures.
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