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Consistency in calibrated BSE imaging sessions 

Table 1. Calculated WMGLs for each specimen prior to retrospective calibration. WMGLs between groups (I,Il,III) 
appear consistent. WMGLs are consistent between imaging sessions. 

Weighted Mean Graylevel (WMGL) 

Dav 1-lmage 1 Day 1-lmage 2 

Chick I 58 .5 64 .7 
Chick II 57 .7 
Chick Ill 55 .2 

Human I 104 .4 107 .3 
Human II 104 .5 
Human Ill 100 .5 

Antler I 58 .0 63.4 

Antler II 59 .4 

Antler Ill 59 . 1 

Mule Deer I 111 . 9 119. 3 

Mule Deer II 113. 3 
Mule Deer Ill 113 .8 

Aluminum I 184 .7 185.3 

Aluminum II 190 .8 
Aluminum Ill 186.2 

Magnesium I 148 .3 14 7 .2 
Magnesium II 152.8 
Magnesium Ill 150.8 

Feldspar I 151 .9 154.0 
Feldspar II 153 .8 
Feldspar Ill 154.2 

GHP was also visually examined for evidence of gross 
deviations from a unimodal, continuous distribution. 
Figure 3 displays the relationship between a BSE photo
micrograph (Fig. 3a) and its associated GHP (Fig. 3b). 

In previously published work, pure metal standards 
have been used as calibration standards [5, 21, 23, 34, 
39] to compensate for fluctuations in the operating envi
ronment. The technique used by Boyce et al. [5] 
required a tedious process of superimposing the GHPs 
of magnesium and aluminum by adjusting the relative 
brightness and contrast settings during the image cap
ture. In the present study, the WMGL from the magne
sium and aluminum standards in region 1 were retro
spectively used to normalize WMGL differences of the 
other materials in addition to calibration using the com
puter controls described above. The WMGL for the 
magnesium specimen from region I was arbitrarily de
fined as 150 for each imaging session. The WMGL for 
the aluminum specimen from region I was arbitrarily de
fined as 180 for each imaging session. The calibrated 
WMGL for the remaining specimens, and for the alumi
num and magnesium from regions 2 and 3, was calcu
lated using the following equation, so as to preserve the 
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Day 1-lmage 3 Dav 3 Day 5 Day 7 

64.8 59 .8 61.0 73.0 
58.1 61.0 

58.3 

108 .5 104.6 103.7 109.0 
104. 7 108.1 

101. 7 

64.0 61.0 58.8 64.6 
61 .7 64.9 

64.8 

119 .7 115.3 115 .5 117 .1 

115.3 116 .5 
117 .2 

186 .5 182 .0 179.4 184.6 
186 .5 188.9 

185 .5 

146 .9 144 .4 142 .6 144.3 
148.5 148 .5 

146.8 

153.3 147 .8 149 .9 152.0 
1 51 . 1 153 .9 

154 . 7 

relationship between the specimen, magnesium standard, 
and aluminum standard: 

{(Al - Specimen) I (Mg - Specimen)} = 

{(180 - Specimencalibrated) / (150 - Specimencalibrated)} 

(2) 

where: Al = Aluminum WMGL, Mg = Magnesium 
WMGL; Specimen = WMGL of specimen of interest; 
and Specimencalibrated = WMGL of specimen after cali
bration. Al, Mg, and Specimen were measured during 
each imaging session. Solving the equation for 
Specimencalibrated yields the new calibrated WMGL for 
Specimen. 

Results 

The WMGLs for each BSE image prior to the retro
spective calibration are shown in Table 1. Over the 6 
day experimental period, the WMGL of each BSE image 
of inorganic material remained consistent, although there 
were minor fluctuations with no obvious pattern. A 
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Table 2. Calculated kurtosis for each specimen. Kurtosis is consistent between imaging sessions. 

Kurtosis 

Day 1-lmage 1 Day 1-lmage 2 Day 1-lmage 3 Day 3 Day 5 Day 7 

Chick I -0 . 14 -0 .02 -0 .02 -0.09 -0 .03 0.23 
Chick II 0.65 0 .85 0.96 
Chick Ill -0.39 -0.29 

Human I 0.74 0.66 0 .77 0 .56 0 .69 0.68 
Human II 0 .44 0.48 0 .49 
Human Ill 0 .73 0.57 

Antler I 0.50 0.57 0.55 0.48 0 .47 0.60 
Antler II 0 .60 0.56 0 .68 
Antler Ill 0.19 0 .30 

Mule Deer I 9 .47 10 .47 10.69 1 0 . 13 9.52 9.60 
Mule Deer I! 9.87 9.24 9.06 
Mule Deer Ill 10.24 9 .47 

Aluminum I 3.11 3 .43 3.48 3 .29 3.47 3 .23 
Aluminum II 3.19 2.84 2 .75 
Aluminum Ill 2.49 2 .34 

Magnesium I 6 .19 6.02 6 .39 6 .33 6 .30 6.31 
Magnesium II 6 .51 6.79 6 .87 
Magnesium Ill 6 .70 6.87 

Feldspar I 5.51 5 .55 5.52 4 .95 5.01 5 . 19 
Feldspar II 4 .94 4 .93 3 .47 
Feldspar Ill 4 .55 4.40 
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Figure 4. Embryonic Chick Femur GHPs from Group I. Graylevels 150-255 were not shown in this graph, so that 
the GHPs could be seen more clearly. The shape of the GHPs remains consistent between imaging sessions. Day 1 -
Image 1: solid square; Day 1 - Image 2: open square; Day 1 - Image 3: solid diamond; Day 3: open diamond; Day 

5: solid triangle; and Day 7: open triangle . 
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