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Summary. Sample preparation of dental tissues for 
quantitative electron microprobe analysis has not been 
critically examined because of the highly mineralized 
nature of these  s t ructures .  T h e  present s tudy  w a s  
designed to establish the most suitable method for the 
electron probe quantitative determination of calcium in 
human permanent enamel and dentine while preserving 
the morphological features. Comparisons of quantitative 
data obtained with air-drying and freeze-drying methods 
showed that calcium in enamel was  more accurately 
measured in specimens prepared with cryopreservation 
and freeze-drying. No significant differences between 
the methods tested were found in dentine although cryo- 
preservation and freeze-drying yielded less statistical 
variability. Moreover this approach did not modify 
morphological features of interest. We recommend this 
combina t ion  of p rocess ing  t echn iques  fo r  human  
permanent teeth not only because it was found the most 
accurate and least variable in determining calcium 
concentration, but also because of its potential useful- 
ness in studies of alterations in tooth mineralization. 
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Introduction 

The  application of electron probe X-ray micro- 
analysis (EI'MA) constitutes one of the most productive 
too l s  for  the  s t u d y  o f  mine ra l i za t ion  p rocesses .  
T h i s  t echn ique  m a k e s  the  c h e m i c a l  a n a l y s i s  o f  
morphologically well-defined areas with the electron 
microscope possible, in which a sharply focused electron 
beam is directed to the sample (Landis, 1979; Engel and 
Hilding, 1984; Campos et al., 1994). 

Enamel and dentine, two of the main calcificied 
tisssues in teeth, have been extensively studied with 
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EPMA. However, these studies were mostly carried out 
with a qualitative or semiquantitative approach, and used 
methods basically similar to those developed to prepare 
geological apatites (Crall et al., 1983; Hals et al., 1988; 
Sanchez Quevedo et al., 1989). A semiquantitative and 
quantitative aproach to EPMA initially developed by 
Hall et al. (1973) for thin specimens has been revised 
and applied to bulk specimens (Roekenstein et al., 1980, 
1983, 1984; Gupta and Hall, 1982; Hook et al., 1986; 
Roomans, 1988a: Hall, 1980; Zs-Nagy and Casoli, 1990; 
Patak et al., 1993; Warley, 1993). 

The quantitative analysis of bulk specimens can be 
performed more accurately using the peak-to-back- 
ground (PIB) ratio method (Statham and Pawley, 1978; 
Small  et al., 1979). This  method takes into account 
the  background  in the  s a m e  ene rgy  range  a s  the  
characteristic peak, and assumes that the absorption of 
the energy generated is the same for the characteristic 
and continuum radiation in the volume irradiated. The 
advantages of this method are that it is independent of 
variations in beam current intensities and specimen 
surface effects, and is suitable for quantitative analysis 
of rough surfaces in scannning electron microscopy 
(Boekestein et al., 1984; Armstrong, 1991). One of the 
problems with quantitative studies is the appropriate 
preparation of specimens, and the preparation of the 
adequate standards for mineralized tissues. Problems 
arise because the organic matrix is present in different 
proportions in hard tissues, ranging from less than 1% in 
the enamel to 20-35% in the dentine and bone (Avery, 
1987). 

Recently, bulk microcryslalline standards have been 
prepared to  quant i fy  hard t i ssues  by EPMA.  New 
information on calibration curves and electron beam 
sensitivity has demonstrated the suitability of these 
standards when applied to some mineralized tissues 
(Kreft ing et al., 1981; Campos et  al . ,  1992; L6pez- 
EscAmez et al., 1992, 1993). Because of the presence of 
the organic matrix in hard tissue, specimen preparation is 
crucial. We were therefore interested in comparing air- 
drying versus freeze-drying of dental tissues as a model 
to evaluate the loss of calcium during the preparation of 










