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A comparison was made between the MCW values in the 
three groups in the study by means of the Multivariate 
ANOVA paradigm and MedCalc 11 for Windows. Re-
ceiver operator characteristic (ROC) curve analysis was 
used to measure the diagnostic accuracy of MCW for di-
agnosis of osteoporosis.  The areas under ROC curves 
(Az) were calculated using the Medcalc® software pro-
gramme (MedCalc Software, Mariakerke, Belgium) as 
described in appendix 1. 

Results
Based on the DXA results from the 315 subjects, 106 

(33.6%) were classified as normal 103 (32.7%) as osteo-
penic and 106 (33.6%) as osteoporotic. The mean age of 
the study group was 59.64 and the standard deviation was 
8.19. Mean radiographic magnification was 0.854 as cal-
culated from the ball bearing diameter averaged over all 
observers. These factors were applied to the observers’ 
MCW measurements to provide corrected measurements 
for analysis.

The bilateral measurements of MCW were averaged 
for each patient (Table 2).

There were statistically significant differences (Wilks 
λ=0.64, F4=35.20, p=0.00) and the result was statisti-
cally significant for both left and right measurements 
(F2=68.56, p=0.00 and F2=75.75, p=0.00 respectively).  
Finally, the differences were statistically significant be-
tween the three study groups (Least Significant Differ-
ence - LSD test) as can be seen in Figure 2.

It is apparent that the differentiation between normal 
and osteopenic subjects is not as clear as between normal 
and osteoporotic subjects and osteopenic and osteoporot-
ic subjects.  MCW values are simply indications when it 
comes to differentiating between normality and osteope-
nia.  On the contrary, MCW values are a potent indicator 
of the existence of osteoporosis.  As can be seen in Table 
1, normal subjects had the highest MCW value followed 
closely by osteopenic subjects with osteoporotic subjects 

having the lowest of the group with a difference of almost 
one unit (0.95 lower than normals and 0.61 lower than 
osteopenics).  The mean MCW distance between normal 
and osteopenic subjects was half as much (0.34).

The above observations were further investigated by 
means of an ROC analysis using the DXA categoriza-
tion as a gold standard (Figures 3, 4, and 5).  The results 
verified the initial observations in the sense that MCW 
values satisfactorily differentiate between normal and 
osteopenic subjects and almost perfectly between nor-
mal and osteoporotic subjects (Figures 3,4, and 5) and 
the corresponding ROC analysis (Tables 3, 4 and 5) also 
confirms this.

The ROC analysis reinforced the findings of the 
ANOVA and established that the clearest differentiation 
is between normal and osteoporotic subjects, whereas the 
differentiation between normal and osteopenic subjects is 
not as strong and definitive.

Despite an inter-rater disagreement on measurements 
done by the three independent observers, the measure-

Table 2: MCW (Mandibular Cortical Width) values for right and left mandible measurements.

MCW right MCW left
Group n Mean S.D. S.E. -95% +95% Mean S.D. S.E. -95% +95%

TOTAL 315 3.38 0.72 0.04 3.30 3.46 3.45 0.68 0.04 3.37 3.52
Normal 106 3.81 0.67 0.06 3.68 3.94 3.85 0.60 0.06 3.74 3.97
Osteopenic 103 3.47 0.50 0.05 3.37 3.56 3.56 0.47 0.05 3.47 3.66
Osteoporotic 106 2.86 0.61 0.06 2.74 2.98 2.93 0.59 0.06 2.82 3.04

n: number of subjects, S.D.: standard deviation,  S.E.: standard error.

Table 3: Summary of the receiver operator characteristic (ROC) results showing areas under curve and the correspond-
ing cut-off points for the left mandible.

AREA UNDER CURVE FOR MCW LEFT
COMPARISON GROUPS ROC curve 

(AUC)

Sensitivity Specificity CUT-OFF POINTS

NORMAL vs. OSTEOPENIC 0.643 66.99 60.38 Osteopenic ≤ 3.78
NORMAL vs. OSTEOPOROTIC 0.868 77.36 85.85 Osteoporotic ≤ 3.24
OSTEOPENIC vs. OSTEOPOROTIC 0.810 77.36 73.79 Osteoporotic ≤ 3.24

ROC curve: receiver operator characteristic curve, AUC: area under the curve, MCW: mandibular cortical width.

Figure 2:  Mean values and confidence limits for mandibular 
cortical width (MCW) measurements for the three groups.


