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Abstract Lysylpyridinoline (LP) and hydroxylysylpyridi-
noline (HP) are collagen cross-link residues. HP is present
in most tissues, whereas LP is specific for bone and
dentin. Based on the current literature there are certain in-
dications that measurement of the concentrations of HP
and LP in dentin may be a valuable tool to determine the
individual age. The purpose of this investigation was to
assess if the concentrations of LP and HP in dentin in-
crease during lifetime. We have investigated 173 molars
from 173 individuals (2 through 78 years of age, 31 pri-
mary and 142 secondary teeth) in the course of the present
study. Levels of LP and HP were measured by HPLC and
fluorescence detection. The results show that dentinal
concentrations of HP and LP did not increase with age
and varied between individuals of the same age and that
determination of dentinal concentrations of HP and LP
cannot be used to determine the individual age.

Keywords Collagen - Cross-link - Dentin - Forensic
medicine - Age-relationship - Human

Introduction

Human dentin is composed of minerals (70%), an organic
matrix (20%) and water (10%). Collagen is the major
component of the organic matrix in human dentin [8]. Hy-
droxylysylpyridinoline (HP) and lysylpyridinoline (LP)
are two mature non-reducible cross-links of mature colla-
gen which are formed by a sequence of post-translational
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modifications [1, 3, 4]. HP is a derivative of three residues
of hydroxylysine and is present in almost all mature tissue
(e.g. tendons, vessel walls, cartilage, dentine and bone) [1,
3, 4]. LP is a derivative of two residues of hydroxylysine
and one residue of lysine and is found in dentine and bone
[3,4,6,7,10, 11, 15, 18, 24, 26, 27].

From the ages of O through to 20 years there is a
change in the urinary cross-link excretion that allows an
estimation of the patients age [3]. Based on a limited
number of samples, it was suggested that the ratio of the
dentinal concentration of mature compared to immature
collagen cross-links, increases with age as dentin is thought
to have a minimal collagen turnover [14, 29]. Conse-
quently, this study was designed to examine whether the
determination of the dentinal concentration of the colla-
gen cross-links HP and LP can be used to determine or es-
timate the age of a person in question.

Materials and methods
Collection and preparation of samples

Extracted molars were immediately stored in normal saline solu-
tion containing 0.1% sodium azide. A total of 173 teeth were ex-
amined, 31 primary and 142 permanent molars. Enamel and ce-
mentum were removed completely with high speed rotating dia-
mond burs (160,000 rpm) with a water spray coolant (50 ml/min).
Dentin samples of identical weight (10 mg, analytical scale, error
<1/1,000 g, Sartorius, Gottingen, Germany) were taken from the
cementoenamel junction and were placed into a solution of 99%
ethanol for 12 h. Thereafter, the samples were taken out of the so-
lution and dried at room temperature for 24 h.

Pyridinoline standards and analysis
of hydroxylysylpyridinoline (HP) and lysylpyridinoline (LP)

The samples of dentin were hydrolysed by 1 ml of 6 M HCI at
110°C for 24 h. The hydroxylysylpyridinoline (HP) and lysylpyridi-
noline (LP) content was quantified using external standards pre-
pared from commercially available adult bovine bone gelatin
(Deutsche Gelatine-Fabriken Baden, Germany) prior to sample ap-
plication onto the chromatography system. HP and LP were puri-
fied by a preparative reverse-phase column HPLC. Chromatogra-
phy was performed on an HPLC system (Dionex, Idstein, Germany)
at room temperature as previously described [1, 2, 3, 4].
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Statistics

The teeth were divided into the following groups based on the age
of the donor: 0-10 years of age (yoa), 11-20 yoa, 21-30 yoa,
3140 yoa, 41-50 yoa, 51-60 yoa, 61-80 yoa. The arithmetic mean,
minimum, maximum, median, 25th and 75th percentile of the denti-
nal concentrations of HP and LP were calculated. The medians
were calculated, since dentinal concentrations of HP and LP varied
between different age groups. A correlation coefficient of the
dentinal concentrations of LP and HP was calculated according to
Spearman [22].

Ethics

The study was conducted in accordance with the standards of
the Ethics Committee of the University of Kiel (reference number:
D 309/00) and with the Helsinki Declaration of 1983. The patients
were informed about the aim and design of the study and written
consent was obtained.
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Fig.1a,b Distribution of the dentinal concentrations of a HP and
b LP in respect to age and type of tooth. 1st, 2nd and 3rd molar of
the permanent dentition and 1st and 2nd molars of the deciduous
dention (dec. molar) were included in the study. There was no re-
lationship between the dentinal concentrations of HP or LP to age
or type of tooth (1st, 2nd and 3rd molar of the permanent dentition
and 1st and 2nd molars of the deciduous dention). Also, analysing
each type of tooth separately, no relationship to the individual age
was found
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Results

The dentinal concentrations of HP and LP showed a sig-
nificant correlation (correlation coefficient: 0.634, P<0.001,
correlation analysis according to Spearman).

There was no relationship between the dentinal con-
centrations of HP and LP and the age of the patients or the
type of tooth (1st, 2nd and 3rd molar of the permanent
dentition and 1st and 2nd molars of the deciduous den-
tion) (Figs.la,b, 2). Also, analysing each type of tooth
separately, no relationship of the dentinal concentration of
HP and LP to the individual age was found (Fig. la,b).

The average concentrations of HP in the different age
groups decreased in the years O through 40 by about 50%
to increase thereafter until the age of 80 by about 350%
(Table 1). The dentinal concentrations of HP among in-
dividuals of the same age group varied considerably
(Fig. 1a, Table 1). The average concentrations of LP in the
different age groups decreased in the years O through 30
by about 30% to increase thereafter by about 200% until
the age of 60 and decreased again until the age of 80
(Table 2). Similar to the dentinal concentrations of HP, LP
varied noticeably among individuals of the same age group
(Fig. 1b, Table 2).

Discussion

We intended to study the usefulness of dentinal HP and
LP in the determination of the individual age. Collagen is
the major component of the organic matrix of human
dentin [8] and in contrast to bone there is minimal colla-
gen turnover in dentin [29]. It appeared likely that com-
ponents of dentinal collagen might serve as a biological
marker of the individual age. Several unsuccessful attempts
have been made based on this assumption, one of which
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Fig.2 Representative chromatogram of a 5-year-old patient (1st
primary molar). Fluorescence was monitored with excitation at
297 nm and emission at 397 nm. The HP peak appears at 17.5 min
after injection, followed by the LP peak. No relationship of the col-
lagen cross-link concentration of human dentin and the patient’s
age could be observed in the present study
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Table 1 Average dentinal concentrations of HP in different age groups (pmolx10%/g dry weight). HP and LP are not strictly increasing
with increasing age. The dentinal concentration of LP varies among individuals of the same age group

Years of age Mean StDev Min Max 25th percentile =~ Median 75th percentile
0-10 (n=23) 229961.53 144526.71 63758.01 601503.63 92812.09 219147.19 318895.97
11-20 (n=38) 208047.31 175208.71 48019.04 595755.06 82247.30 115376.61 326439.20
21-30 (n=45) 146002.05 120124.87 31699.63 544878.25 69479.58 98091.34 164577.50
31-40 (n=26) 153097.63 111121.96 69357.15 461022.25 91214.81 108480.05 152730.44
41-50 (n=14) 118178.95 75838.22 72945.15 374073.81 89909.77 96359.52 107167.47
51-60 (n=10) 224213.78 176575.73 73310.57 500937.28 93385.27 111861.37 432898.03
61-80 (n=17) 420504.37 182660.71 69375.33 829297.13 313828.25 393976.78 529895.16

Table 2 Average dentinal concentrations of LP in different age groups (pmolx10%/g dry weight). LP does not strictly increase with in-
creasing age. The dentinal concentration of LP varies among individuals of the same age group

Years of age Mean StDev Min Max 25th percentile ~ Median 75th percentile
0-10 (n=23) 67675.24 45396.47 11097.76 170438.78 25510.92 62125.21 96422.79
11-20 (n=38) 54243.99 34348.96 6441.52 108670.94 14898.00 69475.73 82380.19
21-30 (n=45) 49855.66 39045.79 3872.10 138699.45 10150.66 47926.78 78025.92
3140 (n=26) 79441.12 29186.68 41053.46 181721.61 62962.35 75647.91 86764.30
41-50 (n=14) 69218.48 16733.67 47457.62 99886.95 57287.47 64697.22 88455.75
51-60 (n=10) 93510.92 53558.34 60957.36 220230.70 63492.81 71464.59 100715.76
61-80 (n=17) 81836.80 37354.62 32301.91 166049.28 55398.56 65968.57 109719.46

was the determination of the deposition of intratubular
collagen fibrils in dentin [9].

In an earlier study it was suggested that the content of
mature collagen cross-links in dentin increases with age
[29]. However, this hypothesis was supported by the study
of only four human individuals of different ages [29]. Other
authors studied the dentinal concentration of LP in a group
of 22 people between 15 and 73 years of age employing
an enzyme immunoassay [14]. The authors confirmed a
relationship between dentinal concentrations of LP to the
individual age, but had a reliability of only 65% [14].

The present study was designed to establish cut-off
points of concentrations of HP and LP for different age
groups in a large cohort of 173 individuals aged O through
80 years of age. Even though we highly respect the inno-
vative work of the authors cited [14, 29], our results seem
to suggest that their results may have been coincidental.
We found no relationship between dentinal concentrations
of HP and LP and the individual age. The variation of in-
dividual concentrations even within the same age group was
higher than differences between age groups and the dentinal
concentrations of HP and LP did not increase with age.

This project was focused on primary and permanent
molars, because earlier studies found differences of colla-
gen cross-link concentrations in the dentin of incisors, ca-
nines, bicuspids and molars [21]. In the present project no
significant differences were found between the different
types of molars studied. Also, analysing the different types
of molars separately, no age-related increase of HP or LP
was found. The variation of the dentinal collagen cross-
link concentrations in individuals of the same age may be
due to genetic disposition and to different forms of func-
tional stress [21, 30].

Earlier studies have shown that the hydroxyproline
content increases from the inner surface (pulp cavity) to
the outer surface of the tooth, being up to 38% higher in
the cementoenamel junction [13]. Therefore, HP and LP
variation throughout the dentin of teeth was studied in the
course of a pilot study. We found that samples taken from
the cementoenamel junction showed the highest and most
constant concentrations of HP and LP. The cemento-
enamel junction is an anatomical site easy to determine in
any tooth. There is a certain chance that our results could
have been influenced by variation of the sampling site,
but we suggest that the number of samples studied should
have compensated for the effect of this potential error.
Other authors pulverised the whole dentin of a tooth [14].
Again there is a certain chance of systemic error as it ap-
pears difficult to remove the enamel cap of a tooth with-
out accidentally removing part of the dentin or leaving
parts of the enamel cap. The authors of the paper men-
tioned [14] employed an enzyme immunoassay technique
which appears to be a good option. However, we suggest
that our method is very precise. We have employed exter-
nal standards and repeat measurements showed an error of
less than 3%.

In addition to the experiments described in the present
paper, hydroxyproline concentrations were measured in
dentin of all the teeth studied and could neither be related
to dentinal concentrations of HP or LP nor to the individ-
ual age. Likewise, HP, LP and hydroxyproline concentra-
tions were measured in the dental pulp and could not be
related to dentinal concentrations or to the individual age.

An X-ray of the hand is an important method in foren-
sic science for estimation of the age of juvenile suspects
with uncertain date of birth [23]. It could be demonstrated



that urinary HP and LP concentrations are increased be-
tween the age of 5 months and 14 years, decrease with age
and reach a steady concentration at the age of 15 years
and older [3]. During childhood and adolescence there is
increased bone turnover related to skeletal growth [3, 25].
However, the measurement of urinary HP and LP appears
to be of limited value to determine the age of juvenile sub-
jects. HP and LP values in the urine of adults are inde-
pendent of gender and age, and are virtually not influ-
enced by nutrition habits or by physical activity [3].

Further fruitless attempts to determine the human age
by dentinal probes were based on the peritubular deposi-
tion of dentin [12] and on spherical structures of calcium
phosphate [5]. At present, the most accurate method for
the determination of the individual age of a person is the
calculation of the ratio of the dentinal concentrations of
D- and L-aspartic acid [16, 17, 19, 20, 23, 28]. This
method has an error of less than 3 years of age and probes
can be obtained from vital teeth at low risk causing only
minor discomfort to the affected person [16, 17, 19, 28].

Based on the results of the present study we suggest
that the determination of the mature collagen cross-links
HP and LP in dentin has no value in the determination of
the individual age.
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