
In the light of the complex biochemistry underlying racemiza- 
tion, we suggest that the authors modify their (albeit preliminary) 
conclusions as follows: (i) none of the analyzed fractions can be 
"effective" for age estimation, because the protein composition 
will vary as a consequence of factors other than age; (ii) the size of 
the bone particles used for acid extraction may introduce unwanted 
variation in ~ o m ~ o s i t i o n , ~  but standardization of particle size alone 
cannot circumvent the first conclusion; (iii) it is unlikely that the 
analysis of "other bones" using the same methods will circumvent 
the first conclusion; (iv) as identified by the authors, the problem 
of unreliable results in older female individuals may be related to 
the higher incidence of metabolic bone disorders. 

All problems discussed by the authors can be reduced to one 
problem; the inconstant, unknown composition of their protein frac- 
tions. The solution of that problem has already been presented (12): 
If we want to use the in vivo racemization of aspartic acid in a com- 
plex, non-bradytrophic tissue for age estimation we have to know, 
what we analyze. We have to determine the extent of aspartic acid 
racemization in defined, partially purified proteins. We have al- 
ready shown that this concept works: in purified bone osteocalcin, 
the correlation between the extent of aspartic acid racemization and 
age is very close and enables accurate age estimation in both sexes 
(12). The authors cite our work using bone osteocalcin, but note that 
the "analysis method is complicated and requires a long time and 
special apparatus," and therefore conclude that "it is not appropriate 
for the practical estimation of age." A method for age estimation in 
a forensic framework requires accuracy and reproducibility. 

There is no real alternative between a "complicated," but accu- 
rate and reproducible method and a simple, but inaccurate and un- 
reproducible one which cannot solve the questions of forensic prac- 
tice. We agree with the authors that easily applicable methods 
should be developed, but theirs is a dangerous step backwards. In- 
stead we have to improve purification strategies for identified frac- 
tions such as bone osteocalcin or to identify other permanent bone 
proteins which can be purified more easily. 

With good reason, Houck et al. (24) stated that "although science 
often hopes to develop "pure" techniques that can be accurately 
used by novice and master alike, experience is nonetheless the de- 
termining feature of any evaluative process. Age determination 
based on aspartic acid racemization in complex tissues requires spe- 
cialized and trained laboratories and personnel. This must not be an 
argument against the selection of such a method. In our era, which 
is characterized by extremely rapid scientific progress resulting in 
high specialization of scientists, it is acceptable and lege artis to 
consult specialists-especially if questions with a high legal and so- 
cial impact for the individual as well as for the community are to be 
solved as it is the case in age estimation in forensic science. 
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Authors' Response 

Sir: 
To begin with, we wish to emphasize the following points re- 

garding our report (1): (a) Dentine (also osteocalcin) is the best ma- 
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tenal for age estimation using D L  ratios (2,3). (b) When there is 
no choice but to use materials other than teeth, one candidate is the 
femur, since the skull of an unknown cadaver generally has teeth. 
(c) How reliable is the age estimated from D L  ratios in the femur 
using our method? (d) The correlation coefficient of the male acid- 
soluble peptide fraction is 0.969, that of the female acid-soluble 
peptide fraction is 0.125. 

We also wish to stress that our paper is not arguing against the 
commentators' papers (4,5). Their method is an excellent one, es- 
pecially in the point that both male and female samples produce ex- 
tremely high correlation coefficients. 

As the commentators noted, we had used the wrong units in our 
paper (6). 

We know very well that samples from young individuals are not 
suitable. All of the samples used in our study (1) were kindly sup- 
plied by a certain hospital. We are trying to make efforts in obtain- 
ing specific human samples. We agree with the commentators that 
a linear increase in the D L  ratio cannot be assumed for the whole 
age range, only for the older age range. 

Osteocalcin is probably the best candidate protein in bones for 
age estimation using the D L  ratio. However, osteocalcin is syn- 
thesized in osteoblasts (7, 8), which are one of the active cell types 
in the body. The precise function of osteocalcin in bone has not yet 
been clarified, although its properties are well defined (9). The os- 
teocalcin content of bone varies depending on the type of bone 
(lo), the portion of the bone samples, age, and sex (9). In addition, 
the osteocalcin content of blood also varies depending on the type 
of disease (9). Thus, the osteocalcin content of blood is a marker of 
some bone diseases (1 1). The possibility of osteocalcin displace- 
ment from bone has been suggested (9). All these data suggest that 
the rate of osteocalcin synthesis is not constant. Thus osteocalcin 
may not be a permanent protein which constantly ages. Without 
improvement of the purification strategy, it is not possible for us to 
test their method, although it is an excellent one. 

Use of a single protein itself does not guarantee accuracy and re- 
producibility. These two parameters depend on different factors. 
The accuracy for age estimation is indicated by the correlation co- 
efficient, no more than that. Handling samples of unknown mixed 
proteins does not mean a method is not reproducible. If the profiles 
of the contents are equal, then the data should be the same. In fact, 
the correlation coefficient of the male acid-soluble peptide fraction 
is 0.969, indicating some degree of reproducibility. Of course, we 
don't think that the protein profiles of all samples are the same. One 
critically important point for accuracy and reproducibility of age 
estimation using the D L  ratio is the complete separation of D- and 
L-aspartic acid by chromatography to obtain accurate values. (Un- 
fortunately, the commentators' papers did not show any chro- 
matography separating the D- and L-forms (4,5,12-14)). 

Forensic scientists are required to give answers like "probably 
32-years-old, but possibly 31 or 33-years-old." The estimated age 
is exactly that: an estimate. Thus, nobody can say "He is 32-years- 
old" even if the correlation coefficient is 0.99999. Again, the most 
important consideration is how reliable the estimated age is. 

This technique is not for use by only a few scientists. There is no 
facility that can handle all cadavers requiring age estimation from 
all over the world, and things cannot wait until a good technique is 
established. It is important to set up standard samples to derive a 
standard line whenever a cadaver is inspected. In order to do this, 
more samples are better. This is the reason why we prefer a simple 
method, even though the obtained correlation coefficient may not 
be very high. 

We believe that only one scientist cannot determine the direction 
of science, and that wide discussion is necessary, even by a highly 

established authority. We believe that the direction should be deter- 
mined by scientific consensus. Ten scientists may have ten different 
opinions. If all are logically correct, the all should be accepted. 

Statistical science tells us that if we obtain a sufficient number of 
samples at random, even if the overall impression is chaos, then 
theoretically we can suggest what underlies the chaos. We know 
very well that our samples are like a chaos and have an uncertain 
background. However, their method also has a drawback in that it 
focuses on only one protein, which may magnify or miss some sig- 
nals. We think it is still too early to conclude that osteocalcin is the 
best material. Before making a decision, we have to evaluate other 
non-collagen proteins such as osteonectin, and we need more con- 
crete reasons for using osteocalcin. 

As we have said before (15), forensic science has certain aspects 
similar to diagnostic science. We have to perform age estimation 
using a well tried method. Therefore, the chosen method is some- 
times not the best one in terms of the correlation coefficient (com- 
mentators' accuracy). 

Finally, we have been considering for a long time that we have 
to know what we analyze if there is a method we can perform rela- 
tively simply, and we eagerly anticipate the identification of the 
best permanent bone protein (probably osteocalcin) which can be 
purified easily. 
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