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 composition, 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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terial 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
(10), 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 (11). 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.

References

1. Ohtani S, Matsushima Y, Kobayashi Y, Kishi K. Evaluation of aspartic
acid racemization ratios in the human femur for age estimation. J Forensic
Sci 1998:43:949-53.

2. Ohtani S, Yamamoto K. Age estimation using the racemization of amino
acid in human dentin. J Forensic Sci 1991;36:792-800.

3. Ohtani S. Estimation of age from dentin by using racemization reaction of
aspartic acid. Am J Forensic Med Pathol 1995;16:158-61.

4. Ritz S, Turzynski A, Schiitz HW. Estimation of age at death based on as-
partic acid racemization in noncollagenous bone proteins. Forensic Sci Int
1994;69:149-59.

5. Ritz S, Turzynski A, Schiitz HW, Hollmann A, Rochholz G. Identification
of osteocalcin as a permanent aging constituent of the bone matrix: basis for
an accurate age at death determination. Forensic Sci Int 1996;770:13-26.

6. Ohtani S. Rate of aspartic acid racemization in bone. Am J Forensic Med
Pathol 1998;19:284-27.

7. Lian JB, Couttes MC, Canalis E. Studies of hormonal regulation of osteo-
calcin synthesis in cultured fetal rat calvaria. J Biol Chem
1985;260:8706-10.

8. Silve C, Grosse B, Tau C, Garabedian M, Fritsch J, Delmas PD, et al. Re-
sponse to parathyroid hormone and 1,25-dihydroxyvitamin D3 of bone-de-
rived cells isolated from normal children and children with abnormalities in
skeletal development. J Clin Endocrinol Metab 1986;62:583-90.

9. Lian JB, Gundberg CM. Osteocalcin: biochemical considerations and clin-
ical applications. Clin Orthop Relat Res 1988;226:267-91.

10. Price PA, Otsuka AS, Poser JW, Kristaponio J, Raman N. Characterization
of a y-carboxyglutamic acid-containing protein from bone. Proc Natl Acad
Sci USA 1976;73:1447-51.

11. Eley BM, Cox SW. Advances in periodontal diagnosis 10. Potential mark-
ers of bone resorption. British Dental J 1998;184:489-92.

12. Ritz S, Schiitz H-W, Schwarzer B. The extent of aspartic acid racemization
in dentin: a possible method for a more accurate determination of age at
death? Z Rechtsmed 1990;103:457-62.

13. Ritz S, Schiitz H-W, Peper C. Postmorten estimation of age at death based
on aspartic acid racemization in dentin: its applicability for root dentin. Int
J Leg Med 1993;105:289-93.

14, Ritz S, Stock R, Schiitz H-W, Kaatsch H-J. Age estimation in biopsy spec-
imens of dentin. Int J Legal Med 1995;108:135-9.

15. Ohtani S, Yamamoto T. Author response to Waite ER, Collins MJ. Age es-
timation from racemization rate using heated teeth. J Forensic Odon-
tostomatol 1998;16:20-1.

Susumu Ohtani, Ph.D.
Department of Forensic Science
Kanagawa Dental College
Yokosuka 238-8580, Japan

Toshiharu Yamamoto, Ph.D.
Department of Biology
Kanagawa Dental College
Yokosuka 238-8580, Japan





