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EVALUATION OF PANORAMIC RADIOGRAPHY
MEASURES FOR IDENTIFYING REDUCED BONE
MINERAL DENSITY IN ELDERLY

YAfiLILARDA AZALMIfi KEM‹K M‹NERAL
YO⁄UNLU⁄UNUN TEfiH‹S‹NDE PANORAM‹K
RADYOGRAF‹K ÖLÇÜMLER‹N
DE⁄ERLEND‹R‹LMES‹

ÖZ

Girifl: Bu çal›flman›n amac› panoramik radyografi baz al›narak elde edilen mandibular indek-
slerin diagnostik de¤erlerinin incelenerek bu indekslerin kemik mineral yo¤unlu¤u ile aras›nda
iliflki olup olmad›¤›n›n de¤erlendirilmesidir. 

Yöntem ve Gereç: Çal›flma grubu 45 ila 83 yafllar› aras›ndaki 53 erkek ve 42 ila 81 yafllar›
aras›ndaki 67 kad›n hasta olmak üzere toplam 120 hastadan oluflmaktad›r. Mandibular indeksler
ve a¤›zda mevcut olan difller panoramik radyografiler üzerinden de¤erlendirilmifltir. Hastalar›n
Kemik mineral yo¤unlu¤u ölçümleri ise Dual-Energy X-ray Absorptiometri cihaz›yla yap›lm›flt›r.

Bulgular: Bu çal›flmada Kemik mineral yo¤unlu¤u ile cinsiyet, kortikal kal›nl›k, mandibular
oran mandibular ve maksiller difl say›s› (p<0.01) ve mandibular kortikal indeks (p<0.05) aras›nda
istatistiksel olarak anlaml› bir iliflki gözlenmifltir. Kemik mineral yo¤unlu¤u ile panoramik mandibu-
lar indeks aras›nda istatistiksel olarak anlaml› iliflki bulunmam›flt›r (p>0.05). Mandibular kortikal
indeks ile panoramik mandibular indeks (p<0.01), kortikal kal›nl›k (p<0.05), mandibular oran
(p<0.05), mandibular (p<0.01) ve maksiller difl say›s› (p<0.05) aras›nda istatistiksel olarak anlaml›
fark bulunmufltur. Mandibular kortikal indeks ve yafl aras›nda istatistiksel olarak anlaml› iliflki
gözlenmemifltir (p>0.05).

Sonuç: Panoramik radyograflar› baz alarak yap›lan ölçümlerden mandibular kortikal indeks,
azalm›fl kemik mineral yo¤unlu¤unun klinik olarak anlafl›lmas›nda etkili bir indeks sistemi olarak
osteoporozun erken teflhisi, korunmas› ve tedavisi yönünde difl hekimlerinin hastalar›n› yönlendi-
rebilmeleri aç›s›ndan belirleyici bir indeks olarak gözükmektedir.

Anahtar Sözcükler: Radyografi; Panoramik; Osteoporoz; Kemik Yo¤unlu¤u; DEXA.

ABSTRACT

Introduction: The purpose of this study was to assess the validity of panoramic based indi-
ces (Mandibular cortical index, cortical width, panoramic mandibular index, and mandibular rati-
o) and to determine whether they correlate with bone mineral density in elderly. 

Materials and Method: The participants of this study were 120 patients; 53 males (45-83
years old, mean: 61.6±10.02) and 67 females (42-81 years old, mean: 60.58±9.15). Mandibular
indices and number of teeth were measured and evaluated from panoramic radiographs. Bone
mineral density (BMD) at the lumbar spine was measured by dual energy X-ray absorptiometry.
BMD values were categorized as normal (T-score greater than –1.0), and as indicative of oste-
openia (T-score –1.0 to –2.5) or osteoporosis (T-score less than –2.5) according to the World He-
alth Organization classification.

Results: There were statistically significant correlations between bone mineral density and
sex, cortical width, mandibular ratio and mandibular cortical index (p<0.05). However, there we-
re no significant correlations between panoramic mandibular index and bone mineral density. Al-
so, there were significant correlations between mandibular cortical index and panoramic mandi-
bular index (p<0.01), cortical width (p<0.05), mandibular ratio (p<0.05) and the number of man-
dibular (p<0.01) and maxillary teeth (p<0.05). However, there was no statistical significant diffe-
rence between the mandibular cortical index and age (p>0.05).

Conclusion: Mandibular cortical index can be used for identifying subjects with low bone
mass, allowing the dentists to have sufficient clinical and radiographic information to play a use-
ful role in screening for individuals with osteoporosis.

Key Words: Radiography; Panoramic; Osteoporosis; Bone Density; DEXA.
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INTRODUCTION

The problems associated with age-related skeletal osteope-
nia (decreased bone radiodensity and loss of trabecular

structure) have received much attention as the human skele-
ton undergoes a continuous physiologic decrease in bone mass
with advancing age. Bone loss starts at approximately 35 ye-
ars of age and continues at different rates throughout life (1).
Systemic osteopenia/osteoporosis is a degenerative disease that
primarily affects postmenopausal women, but older men are
also affected by osteopenia/osteoporosis (2). Women lose mo-
re mineralized bone than men, especially after menopause,
when bone loss accelerates and can result in fractures, which
are often the first symptoms of osteoporosis. Osteoporosis, the
most common metabolic bone disease, is characterized by low
bone mass, micro architectural weakening leading to bone fra-
gility and an increase in the risk for fracture (1). Most current
physician practices for the treatment of osteopenia/osteoporo-
sis are based on those used for female postmenopausal oste-
oporosis. Yet, older men are at the same risk for the same de-
vastating complications of osteoporosis as women. Hip fractu-
res are associated with significant functional and emotional
impairment in both sexes. A recent study of 363 patients ad-
mitted to the hospital with hip fractures unrelated to high-
impact injuries or disease, such as cancer, found that men’s
mortality was almost twice as high as women’s (33% versus
17%) 1 year after discharge (3). The management of osteopo-
rosis, and the associated fractures, costs an estimated $20 bil-
lion per year in the United States (4). With an aging popula-
tion, this figure may increase dramatically, especially with the
significant number of elderly men who are at risk of bone loss.
As many as 6% of men older than age 50 have osteoporosis,
and almost half of the men in that age-group have osteopeni-
a (5). Although older women suffer more fractures than men,
the incidence of fractures shows an exponential rise in men af-
ter age 75 (6). In 2002, the estimated prevalence of osteope-
nia in the US among people over the age of 50 was 21.8% in
women and 11.8% in men. The estimated prevalence of oste-
oporosis was 7.8% in women and 2.3% in men. Because pre-
valence increases with aging and the percentage of the popu-
lation that is equal to, or greater than the age of 65 continu-
es to increase; the number of people who have osteoporosis is
expected to increase by at least 50% by 2020. Thus, osteope-
nia and osteoporosis are major public health problems, resul-
ting in substantial morbidity and health costs (7). 

The disease is characterized by a loss of bone mineral den-
sity (BMD) and often culminates in a fracture of the hip,

wrist, and/or vertebrae. The diagnosis of osteopenia/osteopo-
rosis is often made from bone density measurements. The
World Health Organization defines osteoporosis when BMD
is 2.5 standard deviations (SDs) below the average peak bone
density achieved in young adults matched by gender and race
(2).

Bone mineral density (BMD) at specific sites can be me-
asured using a variety of techniques, including single photon
absorptiometry, dual photon or dual energy x-ray absorptio-
metry (DPA or DXA) and quantitative computed tomog-
raphy. DXA is well established as a means of bone densito-
metry in the spine and femoral neck. However, it has not be-
en used frequently for BMD assessment of the mandible be-
cause of the problem that arises due to the contralateral sides
of the mandible (8).

In the past decades, some investigators have demonstrated
the usefulness of dental panoramic radiography in detecting
individuals with low skeletal bone mineral density or who are
at a high risk of suffering osteoporotic fracture. A number of
mandibular indices based on panoramic radiographs, image
processing and analyzing techniques have been developed to
quantify the mandibular bone mass and trabecular architectu-
re in order to discriminate individuals with osteoporosis from
those without osteoporosis. Cortical width (CW) (9), panora-
mic mandibular index (PMI) (10), alveolar crest resorption
degree (M/M) ratio (11), cortical index (CI) (12) and fractal di-
mension (FD) (13,14) are among the mandibular indices. It
has been shown in many studies that decreased bone mineral
density (BMD) affects the morphometric (11,12,15), densito-
metric (16) and architectural properties (17-19) of mandibu-
lar bone in the osteoporotic patients on radiographs.

The aim of this study was to assess the validity of the pa-
noramic based indices (MCI, CW, PMI, and MR) and to de-
termine whether they correlate with bone mineral density in
elderly patients.

MATERIALS AND METHODS

Study Design

The participants of the study were 120 patients (53 male, 67
female) who have attended to the University of Kirikkale, Fa-
culty of Dentistry for routine dental treatment between 2005
and 2006. This study was approved by the Ethics Committe-
e of Faculty of Dentistry, University of K›r›kkale. Informed
consent was obtained from all of the participants. Patients we-
re examined with dual-energy X-ray absorptiometry (DXA;
Norland XR-36; Norland Inc., Fort Atkinson, WI, USA). Pa-
tients were classified according to the World Health Organi-
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zation classification as normal (T-score > -1.0), osteopenic (T-
score of -1.0 to -2.5), or osteoporotic (T-score < -2.5) based on
the lowest BMD classification at lumbar vertebrae (L2-L4).
Local population data were used as reference data. T-score is
the expression of BMD values in terms of standard deviations
from the normal value of young adults matched by gender and
race (20). No subject had any metabolic bone disease (hyper-
parathyroidism, hypoparathyroidism, Paget’s disease, oste-
omalacia, renal osteodystrophy, or osteogenesis imperfecta),
cancers with bone metastasis, significant renal impairment or
had taken any medications that affect bone metabolism, such
as estrogen. No patients had a history of smoking or any bo-
ne destructive lesions (such as malignant tumors or osteomye-
litis) in the mandible. No women had menstruated for at le-
ast 1 year (21).

Panoramic Radiographic Examination

A dental panoramic radiograph (PR) was taken for each pati-
ent using the same X-ray machine (Planmeca proline EC
pan/ceph,) by a single operator. The position of the head was
standardized as much as possible. The radiographs were then
processed by an automatic processor (Velopex Extra-X) and
all radiographs were clear on both sides. Dental panoramic ra-
diography measures were done by an oral radiologist (RN).
Masking of radiographs and magnification (x2) was used (8).
Additionally, the number of remaining teeth and root residu-
es were recorded. In order to evaluate intraobserver agree-
ment, all radiographs were re-evaluated after an interval of
one week (22). The information on age, sex and BMD status
of the patients was blinded to the examiner in order to elimi-
nate information bias (23).

Panoramic Radiographic Measurements 
Measurements were made with a transparent millimeter rule
placed across the image of the mandibular body (the inferior
and superior borders forming equal angles with the ruler),
with the edge of the ruler adjacent to the posterior edge of the
mental foramen. Three measurements were recorded:

1. The total height of the mandibular body (the distance bet-
ween lower and upper borders) [H(mm)];

2. The height from the lower border of the mandible to the
lower border of the mental foramen [H(mm)];

3. The height of the mandibular inferior cortex [IC (mm)]
(Figure 1).

Based on these measurements, two panoramic-based indi-
ces were measured: Panoramic Mandibular Index (PMI) and
Mandibular Ratio (MR). PMI was calculated according to the
method used by Benson et al (24) as the ratio: IC/h. MR, ser-

ving as the indicator of residual ridge resorption (RRR), was
calculated as the ratio: H/h, according to the method propo-
sed by Ortman et al (25), which is a modification of a techni-
que described by Wical and Swoope (26). Mandibular bone
loss (%) was also calculated as the difference between the ori-
ginal height of the mandible (3xh) and the distance between
upper and lower borders (H). According to Wical and Swoo-
pe (26), the distance from the lower mandibular border to the
mental foramen (h) remains relatively constant throughout li-
fe and, in a non-resorbed mandible, this height is about one
third of the total mandibular height. By using the approxima-
te ratio of 3:1, the original height of the mandible was esti-
mated (3xh) (27).

Mandibular Cortical Index (MCI) was determined by ob-
serving the mandible distally to the mental foramen bilate-
rally. To assess MCI on PRs on the mandible, Klemetti et al
(28) defined a morphological classification of the inferior cor-
tex of the mandible. The ratings used were; C1: The endoste-
al margin of the cortex is even sharp on both sides of the man-
dible, C2: The endosteal margin has semilunar defects (re-
sorption cavities) with cortical residues 1 to 3 layers thick on
one or both sides, C3: The endosteal margin consists of thick
cortical residues and is clearly porous.

Mandibular Cortical Thickness (Cortical Width-CW) is the
thickness of the lower border cortex measured on the right and
left sides of the mandible. A line passing through the middle of
the mental foramen and perpendicular to the tangent of the lo-
wer border was drawn and measurements were made along this
line using a clear plastic acetate sheet printed with millimeter
gradations superimposed on the radiograph (8).

Statistical Analysis

Correlations between BMD groups and the variables studied
(PMI, MR, CW, number of mandibular and maxillary teeth)

EVALUATION OF PANORAMIC RADIOGRAPHY MEASURES FOR IDENTIFYING REDUCED
BONE MINERAL DENSITY IN ELDERLY

TURKISH JOURNAL OF GERIATRICS 2010; 13(1)20

Figure 1— Dental panoramic x-ray.



were established using Pearson correlation coefficient (27).
The Chi-squared test was performed to evaluate the relation
between osteoporosis and MCI as well as BMD groups and age
(23). Spearman’s rho correlation coefficient was used to analy-
ze the relationship between MCI and the variables studied
(27). Intra-observer agreement was assessed by calculating the
Cohen kappa statistics. Interpretation of the kappa statistics
was quoted from the guidelines of Landis and Koch (29): less
than 0.00 (poor), 0.00–0.20 (slight), 0.21–0.40 (fair),
0.41–0.60 (moderate), 0.61–0.80 (substantial), 0.81–1.00
(almost perfect). ROC curve analysis was used to determine
the validity of cortical measurements in the diagnosis of redu-
ced skeletal BMD (30). The data were analyzed using SPSS for
Windows version 12.0 (SPSS Inc, Chicago, IL, USA).Values
where p < 0.05 were considered significant.

RESULTS

The subject population comprised of 53 males (mean:
61.9±10.0, 50-83 years) and 67 females (60.58±9.1, 50-

81 years) with mean age of 61.0±9.5 years. According to the
DXA measurements made from lumbar vertebrae, 27 of the
patients were normal (22.5%), 51 were osteopenic (42.5%)
and 42 were osteoporotic (35%), based on their T-score (20)
(Table 1). Gender was found to be statistically different regar-
ding BMD (p=0.004, p<0.01). According to the DXA me-
asurements, 71.7% of male subjects and 82.1% of female sub-
jects showed low BMD and were classified as osteopenic/oste-
oporotic. Table 2 shows the mean values, standard deviations
and Spearman’s Rho coefficients of the studied parameters for
normal, osteopenic and osteoporotic patients. There were no
statistically significant differences in age between BMD gro-
ups (p>0.05). However, when the T-score at the lumbar spi-
ne is decreased, the CW is decreased to a point of statistical

significance (p<0.01). The weighted Kappa statistic was used
to evaluate the intra observer agreement of MCI. Weighted k
was found to be 0.72, indicating that there was almost perfect
agreement between the observations. Figure 2 shows the ROC
curve demonstrating the MCI test characteristics using WHO
osteoporosis criteria as the gold standard. 

BMD groups (normal, osteopenic and osteoporotic) are fo-
und to be significantly associated with MCI (p=0.025,
p<0.05) (Table 3). However the BMD values of MCI and the
BMD values of DXA were not significantly correlated with
gender.The CW value, mandibular ratio and the number of
standing teeth, especially the number of mandibular teeth
were statistically significant regarding incidence of moderate
or severe cortical erosion (Table 4). 

DISCUSSION

Osteoporosis is one of the most common metabolic bone
diseases, characterized by low bone mass and a structural

deterioration of bone tissue, leading to bone fragility and an
increased risk of fractures of the hip, spine, and wrist (31).
Men and women reach peak bone density by their early 20s
while age-related bone loss begins at about age 50 (32). The-
refore, osteoporosis has become a major global medical prob-
lem as the aged population of the world is rapidly increasing.
It has been reported that the lifetime risk of an osteoporotic
facture is 30–50% in women and 15–30% in men (33). Ad-
ditionally, low bone mass with an increased risk of subsequ-
ent fracture was reported to be one of the most prevalent com-
munity health problems affecting up to half of the elderly po-
pulation in most western countries (34). In accordance with
the literature, the current study showed that 47.8% of fema-
le patients and 18.9% of male patients were osteoporotic,
while 52.8% of male patients were osteopenic.

Early detection of low bone mass (osteopenia) or osteopo-
rosis is the most important step for prevention and treatment.
Even after osteopenia or osteoporosis has occurred, actions can
be taken to stop the progression of bone loss (35,36). Oste-
oporosis may become apparent on a dental panoramic radiog-
raphy as a thinning of the mandible and general radiolucency
of the jaws (16). Magnification in panoramic radiographs is a
very complex issue and is highly dependent on several factors,
such as machine motion, mandible morphology, region studi-
ed, and patient positioning. Theoretically, in the middle of
the central plane, magnification is constant in both the hori-
zontal and vertical directions (37). However, earlier studies
have shown that horizontal measurements have limited accu-
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Table 1— The BMD Distribution of the Study Group Regarding Gender

BMD Gender Total

Male Female

Normal n 15 12 27

% 28.3 17.9 22.5

Osteopenic n 28 23 51

% 52.8 34.3 42.5

Osteoporotic n 10 32 42

% 18.9 47.8 35.0

Total n 53 67 120

% 100.0 100.0 100.0
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racy (38). The accuracy of vertical measurements is still a mat-
ter of discussion (39,40). Although some studies have shown
limitations in these measurements, several researchers have
demonstrated that they are clinically accurate (37,41) and me-
asurements of the inferior cortical thickness at the mental fo-
ramen area are representative of the true bone status (42).
CW, PMI, MR, and MCI are the parameters evaluated in va-
rious studies for screening of osteoporosis. Some of the inves-
tigators reported that these measures could be used in scree-
ning for osteoporosis (11-13,17,19,43,44); however, several
authors reported that there was no relation between these pa-
rameters and osteoporosis (27,45). In the present study, CW
and MR were found to be significantly associated with oste-
oporosis. However, in accordance with the results of Watson
et al (46), there was no significant difference between osteopo-
rosis and PMI.

Being a relatively simple index (23) that is based on the
appearance of the mandibular cortex on panoramic radiog-
raphs (27), MCI is one of the more commonly studied para-
meters in screening osteoporosis. There are numerous studies
with findings of association between MCI and osteoporosis

(12, 37-38,47,48). However, Drozdzowska et al (27) reported
that there was no relationship between osteoporosis and MCI.
In the present study, MCI was predictive of osteoporosis, as
defined by DXA measurements. 

There was no association between age and MCI in the cur-
rent study. However, Zlataric et al (49) reported that age was
significantly associated with MCI in elderly women presen-
ting severe cortical changes (C3). A plausible explanation for
this difference could be the difference in the selected study
groups; the current study group included both women and
men, while the former study consisted of only women. As all
the other parameters were consistent with literature except
age, the fact that osteoporosis not only affects women but men
as well is supported.

Therefore, dentists are strongly positioned to screen for
osteoporosis, as they annually see a large fraction of the elderly
population in private practices and public health clinics. Pa-
noramic imaging is commonly used in the initial dentoalveo-
lar assessment of such elderly patients; this image shows, in a
single view, two dental arches and a broad range of the lower
facial skeleton without superimposing the right and the left
sides. The radiation dose is low and the examination is inex-
pensive, widely accessible, and comfortable for the patient
(50). Dentists should consider this as an opportunity to scre-
en patients and refer those with positive findings of osteope-
nia/osteoporosis for further assessment, while also using the
strong negative predictive value as a possibility for excluding
large populations from unnecessary DXA screening by infor-
ming both the patient and the physician of the data already
available from panoramic dental radiographs (2). Identifying
the osteoporotic process using a basic panoramic radiography
measurement technique enables to intervene the progress of
disease through early warning and treatment (51).

Table 3— The Distribution of MCI Regarding BMD and Gender 

BMD Gender

Normal Osteopenia Osteoporosis Total Male Female

MCI C1 n 16 5 2 23 13 10

% 69.6 21.7 8.7 100.0 24.5 14.9

C2 n 10 46 27 83 37 46

% 12.0 55.4 32.5 100.0 69.8 68.7

C3 n 1 0 13 14 3 11

% 7.1 0.0 92.9 100.0 5.7 16.4

Total n 27 51 42 120 53 67

% 100 100 100 100.0 100 100

Table 4— Correlation of MCI with Regards to the Parameters Studied

MCI

Spearman’s Rho

Age r= 0.173  p=0.059

PMI r=-0.269  p=0.003†

Cortical Width r= -0.221  p=0.015*

Mandibular ratio r= -0.229  p=0.012*

# of mandibular teeth r= -0.273  p=0.003†

# of maxillary teeth r= -0.208  p=0.023*

*p<0.05, †p<0.01
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In conclusion, the present study demonstrated that gender
and the data of mandibular ratio, cortical width and mandi-
bular cortical index obtained from panoramic radiography
which constitutes an integral part of almost every routine
dental assessment are capable of distinguishing normal and
osteopenic and/or osteoporotic elderly. Also MCI, being a
simple and less time-consuming three-graded classification
system of the changes in the cortex, is helpful in screening el-
derly patients for osteoporosis. 
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