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(1.1 mm), and La1-La2 (1.0 mm). The differences of all 
variables ranged from 0.4 mm to 1.1 mm. The average 
value of the differences for all variables was 0.75 mm.

Precision
  Precision was very high in both methods, with error 
magnitudes under 0.5 mm (Table 3). The mean of 
MADs for all variables derived from 3D photogrammetry 
was 0.38 mm, which is similar to that for direct an-
thropometry (0.31 mm). In the 3D photometry, REM 
ranged from 0.30% to 2.44% and TEM ranged from 0.25 
mm to 0.42 mm.

DISCUSSION

  The objective of this study was to verify the linear 
accuracy and precision of virtual imaging and direct 

integumental measurements obtained from facial 
scanning by the Morpheus 3D® scanner. The results 
suggest a fairly good congruence between mean mea-
surement values derived from the 3D photographs and 
calipers. Although the means of five of the 16 variables 
differed significantly (p < 0.05) from each other, the 
magnitude of these differences was typically less than 1 
mm (Table 2). In fact, of all the 16 variables considered, 
the greatest difference between the means was 1.1 mm 
in Ex-Ex and Lt.Tra-Ck. Moreover, in 12 of the 16 cases, 
the mean differences were less than 1 mm. These results 
alone suggest that data derived from the Morpheus 3D® 
system is highly accurate, especially when compared 
with analogous data derived from direct anthropometry. 
  It was difficult for the subjects to relax their facial ex-
pressions during measurements of the actual distances 
between the landmarks dotted near the eyes, such as Ex 

Figure 3. A, Doubled landmark 
(arrow). B, Integration line, 
showing its proximity to the 
doubled landmark.
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Figure 4. A, A single composite image derived from three images (front, right, and left). B and C, Integration lines in a 
three-dimensional image.
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