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Abstract: Different quantitative and 
qualitative indices calculated on oral 
panoramic radiographs have been 
proposed as useful tools to screen for 
reduced skeletal bone mineral density 
(BMD). Our aim was to systematically 
review the literature on linear and 
qualitative panoramic measures and 
to assess the accuracy of these indices 
by performing a meta-analysis of their 
sensitivity and specificity. The Preferred 
Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) state-
ment was followed. Fifty studies were 
included in the qualitative appraisal 
and 19 were considered for meta- 
analysis. The methodological quality of 
the retrieved studies, assessed with the 
QUADAS-2 tool, was on average low. 
Three indices were reported by most of 
the studies: mandibular cortical width, 
panoramic mandibular index, and the 
Klemetti index. Mandibular cortical 
width presented with a better accuracy 
in excluding osteopenia/osteoporosis 
(specificity), since patients with a corti-
cal width more than 4 mm had a nor-
mal BMD in 90% of the cases. Almost 
all studies used a cutoff of 0.3 for  
the panoramic mandibular index, 

resulting in an estimated sensitivity 
and specificity in detecting reduced 
BMD, respectively, of 0.723 (SE 0.160; 
95% confidence interval [CI], 0.352–
0.926) and 0.733 (SE 0.066; 95% 
CI, 0.587–0.841). The presence of 
any kind of mandibular cortical ero-
sion gave an estimated sensitivity and 
specificity in detecting reduced BMD, 
respectively, of 0.789 (SE 0.031; 95% 
CI, 0.721–0.843) and 0.562 (SE 0.047; 
95% CI, 0.47–0.651) and a sensitiv-
ity and specificity in detecting osteopo-
rosis, respectively, of 0.806 (SE 0.105; 
95% CI, 0.528–0.9200) and 0.643 
(SE 0.109; 95% CI, 0.417–0.820). The 
mandibular cortical width, panoramic 
mandibular index, and Klemetti index 
are overall useful tools that potentially 
could be used by dentists to screen for 
low BMD. Their limitations are mainly 
related to the experience/agreement 
between different operators and the 
different image quality and magnifica-
tion of the panoramic radiographs.

Key Words: metabolic bone disease, 
pathologic bone demineralization, den-
tal radiography, panoramic radiography, 
bone density, bone resorption.

Introduction

Osteoporosis is a common bone 
metabolic disease characterized by 
progressive reduction in bone mass 
and changes in the microarchitectural 
structure of bone that lead to an 
increased risk of fractures (Consensus 
Development Conference 1993). 
The standard for its diagnosis is 
the measurement of bone mineral 
density (BMD) by dual-energy X-ray 
absorptiometry (DXA). BMD is defined 
through a T or Z score; the T score 
describes the number of standard 
deviations (SD) by which BMD differs 
from the mean value expected in young 
healthy individuals, while the Z score 
describes the number of SD by which 
BMD differs from the mean value 
expected for age and sex. A patient is 
diagnosed with osteoporosis when a 
T value of 2.5 SD or more below the 
young female adult mean is recorded, 
while a T score between –1 and –2.5 SD 
defines a status of osteopenia (Kanis  
et al. 2008).

The prevalence of osteoporosis in 
Europe was estimated to be 27.6 million 
people (22 million women and 5.6 
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million men) in 2010, but because of the 
increase in life expectancy, this number 
is likely to rise in the future (Hernlund 
et al. 2013). Although DXA scanning is 
currently the standard technique for the 
diagnosis of osteoporosis, peripheral 
imaging techniques such as peripheral 
quantitative tomography, peripheral DXA, 
quantitative ultrasound methods, and 
peripheral magnetic resonance imaging 
have also been used for patient  
monitoring (Gluer et al. 1997). In 
addition, an increasing number of 
studies have proposed the use of 
different quantitative/qualitative indices 
performed on dental panoramic 
radiographs to predict skeletal bone 
density, with conflicting results (López-
López et al. 2011). Considering that 
panoramic radiographs are frequent 
diagnostic procedures during routine 
dental checkups or before several dental 
treatment procedures (Tugnait et al. 
2003), it could be of great clinical value 
if dentists could use them to identify 
patients at a high risk of osteoporosis.

This systematic review aims to evaluate 
the accuracy (relative to DXA) of the 
different panoramic morphometric 
indices for the diagnosis of osteopenia/
osteoporosis, based on a meta-analysis of 
their sensitivity and specificity.

Materials and Methods

Focused Question
The question addressed was the 

following: Are linear and qualitative 
panoramic indices an accurate tool to 
diagnose osteopenia/osteoporosis?

Eligibility Criteria

Observational studies assessing the 
accuracy of panoramic morphometric 
indices in detecting osteopenia/
osteoporosis were considered. Only 
studies with at least 5 osteopenic/
osteoporotic patients and 5 
nonosteoporotic patients and in which 
skeletal BMD was measured with DXA 
scan were included.

The included studies had to report 
at least one of the following measures 
(primary outcomes): sensitivity, 
specificity, positive predictive value 

(PPV), negative predictive value (NPV), 
and area under the receiver operating 
characteristic (ROC) curve.

Search Strategy, Assessment of 
Studies, and Data Abstraction

Three databases were searched: 
MEDLINE via OVID, EMBASE, and The 
Cochrane Database, updated to May 
2013. In addition, bibliographies of 
review articles and of all the studies 
included for data extraction were 
screened and research groups with 
an interest in oral manifestations of 
osteoporosis were contacted. No 
language restriction was applied. 
Appendix Table 1 provides the details of 
the search strategy.

A 3-stage screening (titles, abstract, and 
full text) was carried out in duplicate and 
independently by 2 reviewers (EC and 
JCP) and the level of agreement at each 
stage was calculated using k statistics.

Risk-of-Bias Assessment

Quality assessment was conducted 
independently and in duplicate by 2 
reviewers (EC and JCP). The Quality 
Assessment of Diagnostic Accuracy 
Studies (QUADAS-2) criteria were 
followed, as suggested by Cochrane 
guidelines for diagnostic test accuracy 
reviews (Reitsma et al. 2009; Whiting  
et al. 2011). The QUADAS-2 tool consists 
of 4 key domains that discuss patient 
selection, index test, reference standard, 
and flow of patients. Each domain is 
assessed in terms of risk of bias (low, 
high, or unclear) and the first 3 domains 
are also assessed in terms of applicability 
(low, high, or unclear). The QUADAS-2 
tool was adjusted to the objectives of this 
review and customized instructions to aid 
judgment of the signaling questions were 
produced (see Appendix Table 2).

Data Synthesis and Statistical Analysis

The Preferred Reporting Items for 
Systematic reviews and Meta-Analyses 
(PRISMA) statement (Moher et al. 2009) 
was followed.

Two-by-two (2 × 2) tables were 
retrieved (where possible) from all 
studies. Meta-analysis was performed 
only for studies in which osteopenia/

osteoporosis was diagnosed with DXA 
scan at either the femur neck or at both 
lumbar spine and femur neck by using 
RevMan 5.2 (The Nordic Cochrane 
Centre, Copenhagen, Denmark) and 
STATA 13 (StataCorp LP, College Station, 
TX) statistics software. Studies with 
a low methodological quality (3 or 4 
QUADAS domains with high risk of 
bias), with clear data errors, or with 
inconsistencies between the 2 × 2 table 
and the reported sensitivity, specificity, 
PPV, and NPV were excluded from the 
meta-analysis. All remaining studies were 
pooled according to how they divided 
participants (osteopenic included with 
osteoporotic subjects or not) and the 
cutoffs considered. For linear indices, 
studies were also divided according 
to the method of measurement of 
the index (manual/partially computer 
guided vs. completely computer 
guided). When fewer than 3 studies 
per group were retrieved, meta-analysis 
was not performed. When more than 
one observer measured the primary 
outcomes, the mean value of true 
positives, false positives, true negatives, 
and false negatives among the observers 
was used. When a study reported 
different 2 × 2 tables within the same 
cutoff range in the same population, 
meta-analysis was repeated, using one 2 
× 2 table at a time. The different meta-
analyses were then compared to check 
if the overall estimated sensitivity and 
specificity for that particular index had 
changed.

RevMan allowed drawing summary 
ROC plots for the different indices (data 
not reported) and forest plots with 
the estimated values of sensitivity and 
specificity (and confidence intervals) 
in each study. However, since RevMan 
derives summary ROC curves by using 
the Moses-Littenberg method, which 
does not provide estimates of the 
heterogeneity between studies, summary 
estimates of sensitivity and specificity are 
not reported by this software (Macaskill 
et al. 2010). Owing to these limitations, 
STATA software was also used when 
more than 4 studies were available, since 
it allows for a more rigorous approach 
based on hierarchical models, the 
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bivariate model. The bivariate model can 
produce summary ROC curves, summary 
operating points (i.e., summary values 
for sensitivity and specificity), a 95% 
confidence region around the summary 
point, and a 95% prediction region, but 
it does not provide forest plots. The 
95% prediction region is a way to show 
statistical heterogeneity, since it shows an 
area where we have 95% confidence that 
the true sensitivity and true specificity lie 
(Macaskill et al. 2010).

Results

Studies Included
Thirty-eight studies were identified 

through the database search and 6 more 
studies were retrieved through hand-
search and bibliography check that 
met the inclusion/exclusion criteria. To 
have updated results, we ran the search 
strategy again in March 2014, and this 
allowed the inclusion of 7 new studies 
(Fig. 1). Two of the retrieved studies 
(Gulsahi et al. 2009; Gulsahi et al. 2010) 
were grouped together, since they refer 
to the same population; therefore, we 
finally considered 50 studies for the 
qualitative assessment. Five studies 
(Devlin et al. 2007; Horner et al. 2007; 
Karayianni et al. 2007; Roberts et al. 
2010; Roberts et al. 2013) referred to the 
same multicenter study (OSTEODENT), 
but each focused on different indices or 
different techniques of index calculation 
and therefore were considered as 
separate studies. The same approach 
was followed for the studies by Lee et al. 
(2005), Arifin et al. (2006), and Nakamoto 
et al. (2003). The k statistics showed a 
high level of agreement between the 
reviewers (k > 0.90) at all stages. Reasons 
for study exclusions and characteristics 
of included studies are presented in 
Appendix Tables 3 and 4, respectively.

Mandibular Cortical Width

Thirty-four studies reported 
measurements of the width of the 
mandibular cortex, which was referred to 
as the mandibular cortical width (MCW) 
or mental index (MI) or mandibular 
cortical thickness (MCT). In most of 
the studies, MCW was measured in the 

mental foramen region, along a line 
passing through the middle of the mental 
foramen and perpendicular to the tangent 
to the lower border of the mandible 
(Fig. 2), either manually or digitally, with 
image analysis systems. The cutoff values 
were chosen after drawing the ROC curve 
in order to find the highest sensitivity/
specificity and they ranged from 2.69 mm 
to 5 mm. The levels of sensitivity and 
specificity associated with this index 
were heterogeneous and had a reciprocal 
relationship that varied in relation to the 
threshold chosen. A few studies reported 
a sensitivity >95% (Devlin et al. 2007; 
Ezoddini Ardakani et al. 2013; Kavitha  
et al. 2013; Muramatsu et al. 2013), while 
in other studies, this parameter did not 
reach 20% (Horner et al. 2002; Marandi  
et al. 2010; Mansour et al. 2013). The 
same variability applied to the specificity 
levels (Appendix Table 4).

Panoramic Mandibular Index

Nine studies considered the panoramic 
mandibular index (PMI). This index 
represents the ratio between the 
mandibular cortical width at the mental 
foramen region and the distance from the 
lower border to the inferior edge of the  
mental foramen (Fig. 2) (Benson  
et al. 1991). Most of the studies reported 
a cutoff value of 0.3, with levels of 
sensitivity and specificity in detecting 
individuals with reduced bone density 
(T score <–1) ranging from 40.8% to 
100% and from 47% to 88%, respectively 
(Appendix Table 4). Only 1 study 
considered 4 different cutoffs (Marandi  
et al. 2010).

Klemetti Index

Twenty-seven studies considered 
the Klemetti index (KI) as a tool for 
prediction of reduced BMD. This 
index, also known as the mandibular 
cortical index, qualitatively classifies the 
mandibular cortex distally to the mental 
foramen in the following categories: 
C1, when the endosteal margin is even 
and sharp; C2, when the endosteal 
margin presents lacunar resorption 
or cortical residues on one or both 
sides; and C3, when the cortical layer 
is clearly porous, with heavy endosteal 

cortical residues (Klemetti et al. 1994). 
In the included studies, the presence 
of cortical erosions (either C2 or C3 
type) produced a sensitivity in detecting 
reduced BMD (T score <–1) ranging from 
48.7% to 100% and a specificity ranging 
from 31% to 88.89% (Appendix Table 
4). The sensitivity in the diagnosis of 
osteoporosis (T score ≤–2.5) varied from 
35.9% to 90.9% and the specificity from 
7.8% to 93.9% (Appendix Table 4). The 
wide range of outcomes reported is a 
sign of the high heterogeneity between 
the studies. Only a few studies evaluated 
the accuracy of clearly eroded cortex 
(C3) in detecting osteoporosis (Horner 
et al. 2007; Leite et al. 2010; Ferreira 
Leite et al. 2011; Al-Dam et al. 2013) 
(Appendix Table 4).

Other Indices

Other indices have been used less 
frequently to screen for reduced BMD 
(Fig. 2). Among those, the visual 
assessment of the cortex (a simplified 
KI), the gonial and antegonial indices 
(mandibular thickness respectively at 
the posterior and anterior border of the 
ramus), and the ratio between the total 
height of the mandibular body and the 
height from the lower border of the 
mandible to the lower border of the 
mental foramen (M/M) were used in at 
least 2 studies (Drozdzowska et al. 2002; 
Kim et al. 2004; Lee et al. 2005; Ishii et al. 
2007; Mahl et al. 2008; Damilakis and 
Vlasiadis 2011; Renvert et al. 2011; Alonso 
et al. 2012;  Passos et al. 2012). The M/M 
ratio was used in 4 studies (Drozdzowska 
et al. 2002; Ishii et al. 2007; Damilakis 
and Vlasiadis 2011; Passos et al. 2012), 
but only 2 reported data on sensitivity 
and specificity (Drozdzowska et al. 2002; 
Passos et al. 2012).

Assessment of Methodological Quality

There was no study complying with 
all QUADAS-2 items related to the risk 
of bias. Nine studies presented low risk 
of bias in 3 of the 4 domains, and 14 
studies had a low risk of bias in 2 of the 
4 domains. Four studies were considered 
at high risk of bias in 3 to 4 domains 
and therefore were excluded from the 
meta-analysis (Klemetti et al. 1994; 
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Halling et al. 2005; Horner et al. 2007; 
Al-Dam et al. 2013). The detailed quality 
assessment for the 50 included studies is 
reported in Appendix Table 5. The index 
test and patient selection domains raised 
most of the methodological concerns, 
being inadequate in 82% and 50% of the 

studies, respectively. Reference standard 
was considered adequate in 90% of the 
studies (Fig. 3). Most authors did not 
report a detailed description of inclusion/
exclusion criteria, did not clearly report if 
the examiners were blinded to patients’ 
skeletal BMD, and did not report intra- 

and interobserver agreement for index 
measurements. In 6 studies, the concerns 
about applicability were low in all the 3 
relevant domains (Sutthiprapaporn et al. 
2006; Mahl et al. 2008; Taguchi et al. 
2008; Erdogan et al. 2009; Gaur et al. 
2013; Miranda 2011), while in 21 studies, 

Figure 1.
Four-phase flow diagram of the article selection procedure, according to the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) statement (Moher et al. 2009).
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the concerns were low in 2 of the 3 
relevant domains. Most of the concerns 
regarding applicability were related to 
patient selection (48%) and index test 
(46%) domains (Fig. 4).

Meta-Analysis

Meta-analysis was performed only 
for the KI and for linear indices 
that were measured with a manual/
partially computer-driven method, 

due to the small number of studies 
that used completely computer-driven 
measurements or different qualitative 
indices.

Figure 5 presents the numbers for 
the 2 × 2 tables for each study (in 
alphabetical order). Study-specific 
estimates of sensitivity and specificity 
and their 95% confidence intervals are 
reported and also shown graphically. 
The scatter of point estimates indicates 

a great uncertainty and variability for 
both sensitivity and specificity. Each 
study could have contributed to different 
analyses, depending on the different 
cutoff values used. The Marandi et al. 
(2010) study is reported twice in the 
forest plot of MCW, since the authors 
reported 2 different 2 × 2 tables within 
the same cutoff range (≤3 mm and ≥ 4 
mm), one for the cutoff of ≤3.69 mm 
and the other for the cutoff of ≥4 mm. 
The same applies to PMI, as 2 cutoffs 
were considered, ≤0.32 and ≤0.33. 
When estimating the overall sensitivity 
and specificity and ROC plots summary 
with STATA software, we ran the 
analysis twice and used only 1 of the 
2 × 2 tables in each analysis to avoid 
considering the same study twice (Fig. 
6a, a2, c, and c2). Only a few studies 
reported on the accuracy of MCW 
in detecting osteoporosis, and they 
considered different cutoffs (Appendix 
Table 4); therefore, no meta-analysis was 
performed.

Most of the studies evaluating MCW 
considered its accuracy in detecting 
reduced BMD (T score <–1) instead of 
osteoporosis. The estimated sensitivity 
and specificity for 3 ≤ MCW ≥ 4 mm in 
detecting reduced BMD were respectively 
0.42 (SE 0.168; 95% CI, 0.158–0.737) 
and 0.93 (SE 0.042; 95% CI, 0.79–0.979) 
when a cutoff of ≤3.69 mm was adopted 
in Marandi et al. (2010). These values 
changed respectively to 0.43 (SE 0.164; 
95% CI, 0.168–0.737) and 0.905 (SE 0.041; 
95% CI, 0.789–0.960) when a cutoff of ≥4 
mm was used (Fig. 6a, a2). The estimated 
sensitivity and specificity for 4 < MCW 
> 5 mm in detecting reduced BMD were 
respectively 0.602 (SE 0.101; 95% CI, 
0.398–0.775) and 0.708 (SE 0.064; 95% 
CI, 0.568–0.817) (Fig. 6b). The forest plot 
obtained for MCW <3 mm is reported 
in Figure 5, while it was not possible to 
perform a meta-analysis for a cutoff  
>5 mm.

The estimated sensitivity and 
specificity for PMI ≤0.3 in detecting 
reduced BMD were, respectively, 0.723 
(SE 0.160; 95% CI, 0.352–0.926) and 
0.733 (SE 0.066; 95% CI, 0.587–0.841) 
when considering a cutoff value of 
≤0.32 in Marandi et al. (2010). When 

a
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c

Figure 2.
Linear panoramic indices: mandibular cortical width (or mental index or mandibular 
cortical thickness) = b (Horner and Devlin 1998); panoramic mandibular index (PMI) =  
b/a (Benson et al. 1991); gonial index (GI) = d (Bras et al. 1982); antegonial index (AI) =  
e (Ledgerton et al. 1999); mandibular ratio (M/M) = c/a (Ortman et al. 1989).

Proportion of studies with low, high, or unclear 
risk of bias, % 

Flow and timing

Reference standard

Index test

Patient selection

0% 25% 50% 75% 100%

Low risk
High risk
Unclear risk

Figure 3.
The bar chart shows that the risk of bias comes mainly from the domains of index test and 
patient selection, with flow and timing having the highest values for unclear risk.
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a cutoff value of ≤0.33 was adopted 
for Marandi et al. (2010), the estimated 
sensitivity and specificity changed to 
0.729 (SE 0.167; 95% CI, 0.338–0.934) 
and 0.707 (SE 0.067; 95% CI, 0.561–
0.820), respectively (Fig. 6c, c2).

The presence of any kind of mandibular 
cortical erosion (C2+C3) had an estimated 
sensitivity and specificity in detecting 
reduced BMD of 0.789 (SE 0.031; 95% CI, 
0.721–0.843) and 0.562 (SE 0.047; 95% CI, 
0.47–0.651) (Fig. 6d), respectively. The 
sensitivity and specificity in detecting 
osteoporosis were 0.806 (SE 0.105; 
95% CI, 0.528–0.9200) and 0.643 (SE 
0.109; 95% CI, 0.417–0.820), respectively 
(Fig. 6e).

Discussion

Different linear and qualitative 
panoramic morphometric indices have 
been proposed as diagnostic tools for 
reduced BMD, with a wide heterogeneity 
in the reported results. The advantage of 
these indices is that dental practitioners 
could use them as easy and low-cost 
tools to detect early signs of osteopenia/
osteoporosis. However, the accuracy 
and applicability of these indices should 
be very carefully considered, since the 
demographics of the included studies are 
heterogeneous in relation to sex, age, 
and menopause status, and a wide range 
of cutoffs has been reported (especially 
for MCW). Moreover, the average 
methodological quality of the studies is 

low, since we found no study complying 
with all 4 QUADAS domains, and there 
was a low risk of bias in 3 of 4 domains 
in only 9 studies (Figs. 3–4 and Appendix 
Table 5). Despite all these limitations, it 
seems that all 3 most reported indices 
(MCW, PMI, and KI) could be useful tools 
to screen for reduced BMD.

Regardless of the cutoff value adopted, 
MCW had a better accuracy in excluding 
the presence of reduced bone density 
(specificity), rather than detecting people 
with reduced BMD (sensitivity). Since 
the manual measurement of MCW can 
introduce bias related to the operator, 
some studies adopted semi- or totally 
computer-driven techniques (Arifin et al. 
2006; Allen et al. 2007; Roberts et al. 
2010; Kavitha et al. 2012a, 2012b; Kavitha 
et al. 2013; Muramatsu et al. 2013; 
Roberts et al. 2013). However, in the large 
OSTEODENT multicenter study (Devlin 
et al. 2007; Karayianni et al. 2007), the 
accuracy of MCW <3 mm in detecting 
osteoporosis at either spine or femur did 
not significantly change in relation to 
the technique adopted (manual vs. semi-
automatic computer method).

Five studies were included in the 
meta-analysis for accuracy of PMI in 
detecting reduced BMD. All these studies 
considered almost an identical cutoff 
(≤0.3), giving an estimated sensitivity 
and specificity slightly higher than 70%. 
With the exception of 2 studies (Gulsahi 
et al. 2009; Gulsahi et al. 2010), all the 
remaining ones measured PMI only 

in women, with 2 studies including 
only postmenopausal women, thus 
introducing a possible source of bias 
due to patient selection. Gulsahi et al. 
(2009, 2010) and Khojastehpour et al. 
(2009) supported the high reproducibility 
of this index, reporting an excellent 
intraobserver agreement and a good to 
excellent interobserver agreement. The 
estimated sensitivities for PMI in these 5 
studies were moderately heterogeneous, 
but the estimated specificities presented 
an almost perfect overlap of confidence 
intervals (Fig. 5), thus making the 
summary estimates of the meta-analysis 
pretty reliable.

Linear measurements taken on 
panoramic radiographs share limitations 
mainly related to unequal magnification 
and geometric distortion. Apart from 
differences in exposure parameters and 
settings between different equipment, the 
same machine can produce a different 
magnification in relation to the patient 
position, and the magnification can also 
change between different parts of the 
same radiograph (Schulze et al. 2000; 
Pfeiffer et al. 2012).

Eleven studies considered the accuracy 
of the KI in detecting reduced BMD, 
with rather homogeneous results 
(Appendix Table 4). From the meta-
analysis, we inferred that approximately 
80% of people with either moderate 
or severe erosion of the mandibular 
cortex are at least osteopenic. It is 
still controversial, however, if we 
should consider only severely eroded 
cortexes (C3) or also moderately 
eroded cortexes (C2) to screen for 
osteoporosis, since only a few studies 
calculated the diagnostic performance of 
C3 and we were not able to perform a 
meta-analysis.

Concerns have been raised regarding 
the experience/training of the observers 
and the intra- and interobserver 
agreement when measuring panoramic 
indices (especially qualitative indices 
such as KI) ( Jowitt et al. 1999; Devlin 
et al. 2001; Yasar et al. 2009). Nakamoto 
et al. (2003) reported no significant 
differences in the values of sensitivity 
and specificity between nontrained 
general dental practitioners (GDPs) 

Proportion of studies with low, high, or 
unclear concerns regarding applicability, % 

Reference standard

Index test

Patient selection

0% 25% 50% 75% 100%

Low risk
High risk
Unclear risk

Figure 4.
The bar chart shows that most of the concerns regarding applicability come from index 
test and patient selection domains.
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Figure 5.
Forest plot of different indices at different cutoffs (RevMan output). The Marandi et al. (2010) study is reported twice for mandibular 
cortical width (MCW) (cutoff ≤3 mm and ≥4 mm) and for the panoramic mandibular index (PMI), since they reported 2 different 2 × 2 
tables within the same cutoff range. However, when estimating the overall sensitivity and specificity and receiver operating characteristic 
(ROC) curve plots, each 2 × 2 table was used in a different analysis (see Fig. 6). BMD, bone mineral density; CI, confidence interval; FN, 
false negative; FP, false positive; TN, true negative; TP, true positive.
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Figure 6.
Hierarchical summary receiver operating characteristic (HSROC) curves of the studies plotted in Figure 5 (STATA output). (a) Receiver 
operating characteristic (ROC) curve plot for 3 ≤ mandibular cortical width (MCW) ≥ 4 mm in detecting reduced bone mineral density 
(BMD): estimated sensitivity, 0.42 (SE 0.168; 95% confidence interval [CI], 0.158–0.737); estimated specificity, 0.93 (SE 0.042; 95% CI, 
0.79–0.979). These estimates were obtained when considering the cutoff of ≤3.69 mm for Marandi et al (2010). (a2) Same as a, but 
for Marandi et al. (2010) we considered the cutoff of ≤4 mm. Estimated sensitivity, 0.43 (SE 0.164; 95% CI, 0.168–0.737); estimated 
specificity, 0.905 (SE 0.041; 95% CI, 0.789–0.960). (b) ROC plot for 4 < MCW > 5 mm in detecting reduced BMD; estimated sensitivity, 
0.602 (SE 0.101; 95% CI, 0.398–0.775); estimated specificity, 0.708 (SE 0.064; 95% CI, 0.568–0.817). (c) ROC plot for panoramic 
mandibular index (PMI) ≤0.3 in detecting reduced BMD: estimated sensitivity, 0.723 (SE 0.160; 95% CI, 0.352–0.926); estimated 
specificity, 0.733 (SE 0.066; 95% CI, 0.587–0.841). (c2) Same as c, but for Marandi et al. (2010), we considered the cutoff of ≤0.33 
instead of ≤0.32. Estimated sensitivity, 0.729 (SE 0.167; 95% CI, 0.338–0.934); estimated specificity, 0.707 (SE 0.067; 95% CI, 0.561–
0.820). (d) ROC plot for eroded cortex (C2+C3) in detecting reduced BMD: estimated sensitivity, 0.789 (SE 0.031; 95% CI, 0.721–0.843); 
estimated specificity, 0.562 (SE 0.047; 95% CI, 0.47–0.651). (e) ROC plot for eroded cortex (C2+C3) in detecting osteoporosis: estimated 
sensitivity, 0.806 (SE 0.105; 95% CI, 0.528–0.9200); estimated specificity, 0.643 (SE 0.109; 95% CI, 0.417–0.820).
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with sufficient intraobserver agreement 
(k ≥ 0.41) and with insufficient 
intraobserver agreement (k < 0.41). 
No correlation between the length of 
GDP experience and their diagnostic 
performance was also reported. A few 
years later, the same group evaluated 
the diagnostic performance of 60 
specialists in different oral fields who 
were previously given instructions to 
calculate the KI (Taguchi et al. 2008). 
They found significantly higher positive 
and negative predictive values to screen 
for osteoporosis for observers with a 
high intraobserver agreement (k > 0.6), 
in comparison with observers with an 
insufficient intraobserver agreement 
(k ≤ 0.6). At the same time, a better 
diagnostic performance was detected for 
observers specialized in oral radiology. 
As a confirmation of the importance of 
intraobserver agreement, Taguchi et al. 
(2008) observed that the highest levels 
of sensitivity and specificity (92% and 
55.4%, respectively) were reported by the 
5 observers with k > 0.8.

As none of the indices evaluated in 
this review has a perfect sensitivity 
and specificity in detecting osteopenia 
or osteoporosis, it has been proposed 
to combine them with clinical indices 
to increase their accuracy. In the 
multicenter OSTEODENT study, a 
clinical test (osteoporosis index of risk 
[OSIRIS]) (Sedrine et al. 2002) that takes 
into consideration age, weight, use of 
hormone replacement therapy, and 
history of fracture was combined with 
either KI or MCW. As a result, the overall 
area under the ROC curve improved, 
and in particular, the combination of 
OSIRIS with a panoramic index increased 
the specificity, which means that fewer 
healthy patients would be referred for 
DXA (Horner et al. 2007; Karayianni  
et al. 2007). Other studies have 
successfully combined different 
panoramic indices together (Klemetti 
et al. 1994; Nakamoto et al. 2003; 
Miranda 2011; Miranda et al. 2012) or 
with bone mass index (BMI) (Horner 
et al. 2002).

Too little data are available regarding 
other linear and qualitative indices, 
and no study has considered indices 

in the upper jaw. The large amount of 
trabecular bone and the relatively low 
cortical bone thickness of the maxilla 
make it a potentially more sensitive 
site for early detection of osteoporosis. 
However, the lack of stable referral 
points (like the mental foramen in the 
mandible) and the superimposition 
of other anatomical structures make it 
difficult to take reliable measurements in 
the upper jaw.

A fair amount of work has also 
been published on trabecular-pattern 
measurement methods to predict for 
reduced BMD, but it is beyond the aims 
of this review to discuss it.

Conclusions

From the current evidence, it is not 
recommended to prescribe a panoramic 
radiograph with the aim to intercept 
patients with osteopenia/osteoporosis. 
However, when a pantomograph is 
available, MCW, PMI, and KI can be 
helpful in intercepting patients at risk of 
reduced BMD.

According to our findings and within 
the limitations previously described, 
PMI with a cutoff value of 0.3 seems the 
most accurate linear index to screen for 
reduced BMD.

Less strong conclusions can be drawn 
for MCW. However, the meta-analysis 
revealed that MCW is more useful to 
exclude high risk for low BMD, since in 
90% of the cases patients with a cortical 
width wider than 4 mm have a normal 
BMD.

The presence of any kind of cortical 
erosion (KI) can be considered a useful 
indicator of reduced BMD, since in 
approximately 80% of the cases it is 
associated with at least osteopenia. 
However, the risk of bias related to the 
subjectivity of a qualitative measurement 
such as KI needs to be taken into 
account.

Future studies on standardized 
panoramic radiographs and controlling 
for magnification/distortion are 
needed to draw more reliable and 
precise conclusions on the accuracy of 
panoramic indices in detecting reduced 
skeletal bone density. In particular, it 

would be advisable to focus on the 
ability of these indices in detecting 
osteoporosis, since osteopenia, although 
important to detect, should not be 
considered a disease category (Kanis  
et al. 2013). It would be also interesting 
to further investigate the possibility of 
combining different indices with clinical 
parameters.
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