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Abstract

The objective of this work is identifying changes in the collagen bands in heated and rehydrated dentine. We use bovine dentine slices
that were heated in oven between 100 and°®0rhe sample hydration was conducted in sodium chloride solution at 0.9 wt.%; the spectra
were acquired by a Fourier transform infrared spectrometer in the spectral range of 4000=400gnresults show a temperature range
(T < 175°C) where the dentinal collagen can be partially denatured and reverted to initial conformation; a second regor {1¥225°C)
where this process occurs partially and a third regitn225°C) where the collagen is denatured and no reversion is observed after rehydration.

This work identifies animportant characteristic that dentinal collagen can assume when the tissue is heated and rehydrated; these results indicat:
the denaturation temperature of dentinal collagen to be near 175€200
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [3]. Each twisted chain is twisted again with a longer pitch,
. o ) at about 28.8\ and 10 amino acids per turn. Finally, the

The dentine vibrational spectrum (400_0_4006'7‘ IS arranged three polypeptide chains, with a twisted phase of
mainly composed of water, hydroxyapatite and organic 1o petween each chain, build the collagen “super-helix”.
matrix bands{1]. The hydroxyapatite bands are originated The molecule is a rod-like structure with length of about
from hydroxyl, carbonate and phosphate groups and the33gnm and diameter of about 1.35 nm. Packing a large num-
major organic matrix bands arise from the groups presentedper of molecules builds up a fibril with undefined length and
in the collagen molecule. diameter of about 100-200 nm.

The bandsin spectral region between 1400 and }10@0”1_ The collagen band assignment for the region between
are sensitive to the collagen molecular conformation and is 1400 and 1100 crt was previously discusséd,5] and the
also called “fingerprint” region, because changes in bands y,ost acceptable assignments for dentine ares @efor-
of this region are attributed to different conformations of a ation at 1335 cmt: C(CHp) twisting at 1315cm?; CN
same molecul§?]. The collagen molecule consists of three - gyretching and NH deformation at 1281 thino assignment
polypeptlde chams‘;) each one is tv_vlsted_ln a s_elf-aX|s With for 1234 cnt and CC ring stretching for 1201 crh. In this
a pitch of about 9.2 and three amino acids units per turn  ghaciral region, the intensity of dentinal collagen bands has
 E— been reduced after irradiation with Er:YAG laser (radiation
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This difference occurs because the Er:YAG laser irradiation W T

with 2 JcnT2 produces a temperature rise to below 3060 mf““‘

[6], therefore the temperature reached is underneath the 28 .
organic material degradation maximum, which occurs in Natural dentine

dentine at about 31CC [7]. 2.6 g

The Er:YAG irradiated samples at previous wgtkwere

stored in sodium chloride solution, and it was observed that g 24 .
the infrared absorption bands, between 1400 and 1108 cm 1335 em! 1281 em-! 1201 em!
were restored after rehydration (not published). Conse- 22 }
quently, we expect that changes in collagen structure, which 1315 cm-t
occurs with heating, can be reverted to natural conformation 20 }
after rehydration. Therefore, the objective of this work is to -
identify the bands reduction after heatirg<(300°C) and 1.8 Lol e
1350 1300 1250 1200

the reversion after rehydration, thus determining at which

. . Wavi -1
temperature range this reversion can occur. avenumber (cm~)

Fig. 1. Infrared absorption spectrum of natural dentine between 1370 and
1150 cnt?, arrows indicate the absorption bands assigned to the organic

2. Materials and methods matrix. The band at 1315 cm was not monitored because it is very weak
and difficult to identify after heating.

Bovine incisors were selected for this work; the teeth were
kept immediately after extraction in sodium chloride (NaCl)
solution at 0.9 wt.% of concentration. The teeth were free of
caries, pigments or other dental anomalies. The roots were
cut in slices of about 0.5mm using a diamond blade sys-
tem and then sanded down to thickness aboutudiONine

slices were prepared and each one will be heated to a speciﬁ(ﬁ . . o
temperature value. ydration, the dentine bands can be classified as total reverted

The spectral acquisition was conducted in a Fourier in sz_amples heateq with temperatures equal or below €75
transform infrared spectrometer (MB-Series, Bomem Hart- partially reverted in samples heated at temperatures between

mann & Braun, Quebec, Canada). The spectral range of200 and 225C; and non-reverted in samples heated with
4000-400cm?! (2.5-25.um) was analysed and registered terr|1petLature eq:JaI cr)]r al:'[)ot\j/e fsfm) Fig 3 125°C i

in the transmission mode with resolution of 2chAs our h n elsé%rgp ES ea ed i?S’C ( Itg. h)’ th _(rlo
interest was only the evaluation of dentine organic matrix, we S! pwn), (Fig. 4 an (no_ shown) the inten-
registered the spectral region between 1400 and 1108.cm sities of the bands are reduced, by different proportion, and

The area under the bands was determined after subtracting tally reverted by hydration to values near those observed
straight line (background elimination). The graphics of nor- efore thermal treatment. The results for samples heated at

malized area were composing dividing the area of heated izﬁ apd 175(t3hare ?IOt th(I)wtn 18(’)'806 ?eﬁyopresent the same
sample by the area of natural sample. ehaviouras those neated a an

The samples were heated in an oven by heat treatment
temperatures (HTTs) between 100 and 300at steps of — . — —
25°C. A spectrum of each sample was recorded before heat- 1.0 fay——Room temperature

itored absorption bands was observei). 2 shows that the
observed decrease in intensity is strongly temperature depen-
dent, reaching almost zero after 30D

Shown inFigs. 3—8are the normalized areas monitored
fter different HTTs and hydrating during 5 days. After

Dentine

250
ing. After heating (30 min) the samples were cooled down I —o—1201 enr’!
at ambient temperature ferl5 min and then analysed in the BT —a= :ig: f“": 1
. —A— m"
spectrometer. After the described measurements, the samples o 1335 e

were rehydrated in NaCl solution and the spectrum of each i

sample was recorded again after 1-5 days of hydration. sl

3. Results il A>% A

0.0 L I L L " 1 . L " I : L
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Temperature (° C)

Normlaized area (a.u.)

In Fig. 1, is possible to observe the region between 1370
and 1150 cm? of the spectrum of natural dentine with the
bands that were monitored after heat.ing and hydrating: 1201’Fig. 2. Normalized area of the monitored bands as a function of the tem-
1234’ 1281 and 1335 Cl’ﬁ The ba_nd n :_1'315 crmt was _not perature of the thermal treatment (100-3Q@0. It is possible to observe a
monitored because of its weak intensity. After heating the jinear behaviour on the area reduction of the monitored bands, reaching to
samples at 100C, a decrease in the intensities of the mon- values near zero after heating the tissue at’&0
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Fig. 3. Normalized area of dentine bands before heating, after heating at

100°C (30min) and after hydration in NaCl solution during 5 days. The . . S ) . :
area is reduced up to 50% of the initial observed area and after hydration all 200°C (io m't?]) abnd ;;fter hydratlé)n ";.N?IC ! S(c)jlutloc? dlé”n? 25 Od?;/' At ﬂgs ft
observed bands increase and return to similar values to those observed foi]empe_ra ure the band areas gre rastica yre_ uce _(a out 20-30%) and after
ydration the bands are partially reverted. It is possible to observe that after

unheated dentine. . -
the second day the area is almost constant at about 60% of the initial area.

Fig. 5. Normalized area of dentine bands before heating, after heating at
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Fig. 4. Normalized area of dentine bands before heating, after heating atig. 6. Normalized area of dentine bands before heating, after heating at
150°C (30 min) and after hydration in NaCl solution during 5 days. As 225°¢ (30min) and after hydration in NaCl solution during 5 days. As
described for the sample heated at 1G0at 150°C the bands area are also  gescribed for the sample heated at 200 here at 225C the behaviour is
reduced and after hydration returns to initial values. The same behaviour is similar; the reversion is partial and to about 70-50% of the initial area values.
observed for the sample heated at 125 and°T7@ot shown).

_ _ _ Lo 250 °C/ 30 min 1
A partial reversion to values before thermal treatment is —o— 1201 em™!
observed in samples heated at 2@0(Fig. 5 and 225C —= 12340'“::
(Fig. 6). For these two HTTs, the intensity of the bands are - :_f;::‘;l

reduced and even after 5 days of hydration they do not return
to the initial values observed in untreated samples. At higher
HTTs, only an accentuated reduction in the intensity of the
monitored bands is observed, which stay constant up to the
fifth day of hydrationFigs. 7 and &how the dentine samples
heated at 250 and 27&, respectively; the sample heated at
300°C shows a similar behaviour and is not presented.

Normalized area (a.u.)
=
w

Hydration (days)

4. Di ion ) . ) i
Scussio Fig. 7. Normalized area of dentine bands before and after heating a€250

. . (30min) and after hydration in NaCl solution during 5 days. At 26Ghe
The intensities of the collagen bands decrease aboutpands are reduced at about 10-30% of the initial area and after hydration

25-50% when the tissue is heated to 1G0The band inten- only a little reversion is observed.
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T T T T ' the structure stabilisatiofi8,9]. Additionally, cross-links

1.0 . 1 between different molecules within a fibril will also stabilise
- 778 i the fibril structure.
; —o— 1234 cm l Looking at the collagen molecule structure and the great
5 —a— 1281 em?! ] quantity of possible hydrogen bonds that this molecule can
k. —v— 1335 e’ 1 produce at intra- and inter-molecular configuration, the water
S 0.8 i loss by heating will reduce the structure stabilisation and can
g V/V*——v_v—__vd—v' then cause conformational changes. Therefore, the break-
% S | downs of the hydrogen bonds are probably the main processes

] responsible for changing the collagen conformation. With
oo 7_"?’__?\57‘? less water content, the hydrogen bonds that determine the col-
’ I 2 3 4 5 lagen alpha-helix structure stabilisation is lost. These bonds
Y\@\\s“:‘&\eb Hydration (days) can be restored after rehydration and bring back the collagen

structure as shown in the results for samples heated at tem-
Fig. 8. Normalized area of dentine bands before, after heating &t@75 peraturf_es f_Je|OW L7&C. For HTTs t_)etween 175 an.d 225
(30 min) and after hydration in NaCl solution during 5 days. As described for the restitution of hydrogen bonds is probably partial and the
the sample heated at 250, the sample heated at 275 is also drastically collagen structure reversion is also partial.
reduced and it is not reverted. The sample heated at@G@hows the same Type | collagen molecules in soft tissues denature irre-
behaviour. versibly at 43-60C [10], whereas the calcified collagen
molecules in bone break down at approximately 46(Q11].
Differences between the properties of dentinal or bone col-
sity at 1335 cm! (CH, deformation) reduces 25% and the lagen and soft tissue collagen are attributed to differences in
band intensity at 1281 cnt (CN stretching and NH defor-  terms of an additional level of stabilisation in the structure
mation) reduces 50%, while the other bands intensities show[9,12]. Therefore, it is possible to observe collagen absorp-
percental reductions between 25 and 50% when the tissue idion bands in samples of heated dentine up to°X75As the
heated to 100C. Increasing the HTT we observe a progres- collagen molecules are stable at the temperature range below
sive reduction of the intensities of all collagen bands, reaching 175°C, we can identify 175—-200C as the denaturation tem-
nearly zero when the tissue is heated at 3D(Fig. 2). In perature of the dentinal collagen. This value is a little higher
dentine, the organic matrix degradation occurs first att&.0 thanthe denaturation temperature of the bone collagen, which
[7], but the results of this work show that even below this is about 150C [11]. Considering that the dentinal collagen
temperature the monitored collagen bands are fallen to zero.has higher cross-linkage than bone collafi], the higher
Our results are in agreement with the literature because theobserved denaturation temperature for dentine is in agree-
value of 310°C [7] is the temperature where the elimination ment, i.e., the higher cross-links in dentine will increase the

of organic material from the tissue occurs. collagen stabilisation and as a consequence the denaturation
The return after hydration of monitored bands can be clas- temperature will also increase.

sified in three temperature regions: (& 175°C: with total In the present work was determined a temperature range

reversion of the bands; (b) 178 <T < 225°C: with partial (T <175°C) where the dentinal collagen can be partial dena-

reversion; and (cy>225°C: with non-reversion of the col-  tured andrevertedtoinitial conformation; and a second region

lagen bands. (175°C<T < 225°C) where this process occurs partially.

The tissue heated to a temperature below°I7has its This work identifies an important characteristic that dentinal
bands reduced after heating and reverted to the area observedollagen can assume when the tissue is heated; the observed
in natural tissues soon after the first hydration day and the characteristics of the collagen molecule can be used in favour
area keeps this value up to the fifth day. In the second tem-to clinical therapy.
perature region (178 <T < 225°C), the area is reduced
more drastically after heating and with the first hydration
day the reversion is partial and for the following days the Acknowledgements
area increases a little but does not reach to the initial area
observed in natural tissues. This work was supported by grants from FAPESP, CNPq

The polypeptide chain proximity in the molecule allows 514 CAPES.
the formation of inter-chain bonds; the bonds can be weak
hydrogen bonds or strong covalent boj@k Though the
hydrogen bonds are very weak, its presence in polypeptide
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