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Abstract. The object of study were human teeth with caries cavities and healthy teeth 
extracted for orthopaedic indications. The main method of study was Raman 
spectroscopy. We revealed the specific features of Raman spectra for the healthy tooth 
tissues impaired ones and the tissues affected by caries. The optical criteria are 
established that allow cares detection and assessment, as well as the detection of pre-
caries impairment of the tooth tissues. The results were analysed in comparison with 
the data of the chemical analysis performed using a raster electron microscope.  
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1 Introduction  
Like in any other branch of medicine in stomatology the 
successful and efficient treatment begins from high-
quality teeth diagnostics. It is well known that caries is 
the most widespread and unpredictable problem in 
stomatology [1, 2]. At the first stages it is symptomless, 
but later the progressing caries can lead to the 
development of pulpit and finally to the tooth extraction 
and the consequent patient’s aesthetic problem. For the 
efficient and timely diagnosis the complete dental 
examination must include the investigation of hard 
tissues, caries leads to unnecessarily damage the organic 
matrix of tooth tissue, which subsequently loses its 
function of fixing mineral substrate, which leads to the 
formation caries defect, using a contactless and non-
invasive diagnostic method. 

Raman spectroscopy is one of possible methods of 
early diagnostics of the tooth hard tissue diseases. The 
advantage of the Raman spectroscopy is that this 
method is non-invasive, non-destructive and requires no 
sample preparation [3]. 

In [4] examined changes in the enamel mineral 
substrate using the method of Raman spectroscopy, 
cutting is perpendicular to the cross section of the tooth. 
The authors of [4] compared the enamel caries regions 
with the healthy regions of the tooth at 960 and 880 cm-

1corresponding to (PO4)3- and (СO3)2- respectively, since 
at these peaks the difference between the healthy an 
caries tooth regions is clearly seen. It was also shown 
experimentally that the enamel contains high 
concentration of mineral components. 

In refs [5] the authors assess the ratio of cross-
polarised (the polarisation of scattered light is 
perpendicular to that of the incident light) and co-
polarised Raman spectra at 959 cm-1. It was found that 
the ratio of co- and cross-polarised Raman scattering 
intensities can be used to assess the degree of 
demineralisation. 

In [6,7,8], using the method of Raman spectroscopy 
determined that the difference between healthy and 
carious areas of enamel is well observed at wave 
number 959 cm-1, as well as the study of various 
intensities PO4

3- oscillations (1043, 590, and 431 cm-1) 
revealed a consistent change in the intensity of the 
spectra of carious areas compared to healthy. The 
spectral changes associated with demineralization by 

altering the elemental composition of the enamel. In 
stomatology there are a few instruments based on 
optical methods. One of them is the fluorescence-based 
device KaVo DIAGNOdent that can detect caries at 
early stages. However an essential drawback of this 
instrument is the false response, e.g. to the tooth plaque 
[9]. 

The tomography system ORTHOPHOS XG 3D 
possesses high resolution (160/100 µm), allows precise 
diagnostics of caries complications, and determination 
of efficient technique and tactics of channel treatment. 
However, the examination using this instrument is 
accompanied with the exposure to radiation of both the 
patient and the doctor [10]. 

On the basis of Raman spectroscopy instruments 
used in dentistry, it has not been developed. Therefore, 
one of the most urgent tasks is to develop a rapid 
instrument on the basis of Raman spectroscopy. 

The aim of this work was to apply the Raman 
spectroscopy method to the diagnostics of caries and 
tooth tissue degradation at its early stage. 

2 Materials and Methods of Study 
As objects we used 11 samples of molar and premolar 
teeth of patients with the caries diagnosis (К02). The 
Raman spectroscopy method was implemented using 
the experimental stand described earlier [11], which 
includes a high-resolution digital spectrometer 
Shamrock with integrated refrigerated storage, fiber 
optic probe for Raman spectroscopy (RS), combined 
with the laser module LuxxMasterLML-785.0RB -04. 
Processing of the spectra made in the program Wolfram 
Mathematica 8. 

The measurements were performed along the lines 
shown in Fig. 1. The power was being 300 mW in the 
healthy region and 100 mW in caries one the exposure 
time being 20 seconds and a wavelength of 785 nm. 

In the course of the studies, we first carried out a 
series of test experiments to ensure that the action was 
non-invasive and to choose the optimal parameters of 
the setup varying the laser power from 50 to 300 mW. 
The variation of the probe height above the object 
within the interval of 6-8 mm exerted inessential 
influence on the values of Raman lines intensity ratio 
(the error amounted to 3%). 

http://dx.doi.org/10.1201/b12949
http://dx.doi.org/10.1038/bonekey.2014.115
http://dx.doi.org/10.1155/2010/101864
http://dx.doi.org/10.1155/2010/101864
http://dx.doi.org/10.1016/j.archoralbio.2011.09.008
http://dx.doi.org/10.1016/j.archoralbio.2011.09.008
http://dx.doi.org/10.1016/j.matchemphys.2005.01.028
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The comparative analysis of the chemical 
composition was performed using the raster electron 
microscope (REM) JED – 2300 AnalysisStation 
(Japan).The objects of study were different tooth 
regions (enamel, dentin, cement) both in the normal 
condition and with caries lesion. 

	
Fig. 1 The studied tooth: the tooth section shows the 
dentin and enamel regions and the lines passing them. 
The caries lesion of dentin and enamel in the crown part 
of the tooth is seen. 

3 Results 
Figure 2 presents the characteristic Raman spectra of the 
tooth tissues obtained as a result of the studies in the 
regions of lesion and healthy tooth. 

	
Fig. 2 Raman scattering spectra of healthy samples of 
the tooth cement (1), dentin (2), and enamel (3) tissues. 

From Fig. 2 one can see the intensity decrease of the 
line at 1069 cm-1 corresponding to the vibration ν1 
(СO3)2- due to the B-type substitutions where this group 
replaces PO4

3- and possesses less hardness. Besides that, 
the spectra differ in the intensities of lines at 1241 cm-1 
and 1660 cm-1 corresponding to amide III and amide I 
respectively. The weakness of these lines is explained 

by the fact that the enamel is the hardest tissue in the 
human organism due to high content of inorganic 
substances (up to 97 %) namely the hydroxyapatite [12]. 

	
Fig. 3 Raman scattering spectra in the region of dentin 
with caries lesion (1) and healthy enamel (2) tooth 
tissues. 

The analysis of Fig. 3 shows that for the samples of 
hard tissue affected by caries the main intensity changes 
are observed for the lines at 431, 581, 955, 1041, 1069 
cm-1 corresponding to the phosphate and 1241 cm-1, 
corresponding to amide III; in the caries-affected tissues 
the line 1660 cm-1, corresponding to amide I manifests 
itself. For the samples with early stage of caries and 
weakened mineral component the spectra are transient. 
The early changes in the spectrum are mainly due to 
both the remineralisation of the tooth hard tissues and 
the change of the mineral component structure at the 
expense of replacement of more stable components with 
less stable ones. 

The mineral component of the tooth is presented by 
various apatites possessing different properties:  

ABZ

OHPOCa
!!!

26410 )()(

 

(1) 

Where the replacements of the following types are 
possible: 
Z=Ca2+. Na+. Mg2+; 
B=PO4

3-. CO3
2-. HPO4

2-; 
A=OH-. CO3

2-. F-. Cl-. 
The mineral component of the tooth is characterised 

by the vibration modes ν1, ν3. and ν4 (PO3)4- in the 
hydroxyapatite molecule for which the Raman lines 
were recorded at 581, 647, 955, 1038 and 1169 cm-1 
[13,14] as well as by the lines of the vibration modes ν1 
(СO3)2- of B-type substitutions, where (PO4)3- is 
replaced with (СO3)2- and A-type [14], where OH- is 
replace with (СO3)2- at 874, 1067, 1100, and 1435 cm-1, 
respectively. Besides the Raman lines of proline and 
hydroxyproline the amide component is presented by 
the groups of amide III (in the region 1241-1271 cm-1) 
[13,15], amide II (in the region 1520-1580 cm-1) [13], 
and amide I (in the region 1630-1680 cm-1) [13,15]. The 
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recorded Raman bands correspond to the vibrational 
modes presented in Table 1. 

Table 1 Interpretation of Raman spectra. 

Wavenumber,	
cm-1	

Fragment.	vibration	

431	 ν2	symmetric	bending	mode	of		(PO4)
3-	[2]		

581	 ν4	asymmetric	bending	mode	of		(PO4)
3-		[2]	

647	 ν4	(PO4)
3-		[2]	

812	 O−P−O	stretch[16]	

850	 associated	with	proline[17]	

874	 ν2	(CO3	)	
2-	[17]	

955	 ν1	symmetric	stretching	mode	of	(PO4)
3-	[2]	

1004	 phenylalanine	[13]	

1038,1169	
ν3	asymmetric	stretching	mode	of	(PO4)

3-		
[2]	

1069	
ν1	symmetric	stretching	mode	of	type	B	
(CO3	)	

2-[2]	

1100	
ν1	symmetric	stretching	mode	of	type	A	
(CO3	)	

2-	[2]	

1241,1271	 Amide	III	(N-H)	[2]	

1435	 CO3	absorption	of	carbonate	[17]	

1567	 amide	II	[17]	

1660	 Amide	I	(C	=	O)	[2]	

1741	 C-O-C	[17]	

Since decay will damage the dental tissue organic 
matrix, which subsequently lose its fixing function 
mineral substrate, which leads to the formation of defect 
carious therefore been introduced for the diagnosis of 
the following factors: 

D = I956/I1069 

K = I1660/I1241 , 

where Ii is the intensity of the line having the 
wavenumber i; D is the proportionality factor of the 
variation of content of calcium carbonate ions in the 
tooth tissue (replacement of (PO4)3- ions with (SO3)2- B-
type); K is the coefficient, characterizing the 
replacement of amide I with amide III. 

The 2D dependences are plotted on Fig. 4. 

а)	 		

b)	 	

c)	 	
Fig. 4 2D presentation of the dependence of the 
coefficients D and K for the regions of (a) healthy 
enamel 1 and caries emanle 2; (b) healthy cement 1; (c) 
healthy dentin 1 and dentin with caries 2. 

Figure 4 presents the 2D dependence of the 
coefficients D and K in different regions of the tooth 
tissues. It is seen that the caries is characterised by 
reduction og the optical coefficients D and K due to the 
decreased content of (PO4)3-  ions and amide I in the 
tooth tissue. From Fig. 4 (b, c) one observe the maximal 
relation of replacement of (РО4)3- with (СO3)2- (B-type 
substitution) with respect to the replacement of amide I 
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with amide III. In the case of pathological change like 
caries, the shift towards the B-type substitution occurs. 
Thus the 2D dependences in Fig. 4 allow the 
determination not only of the type of the tooth tissue, 
but also the presence of pathologic changes. 

For control we used the method of raster electron 
microscopy (REM). Figure 5 presents the 
microphotographs of the surface structure for healthy 
and caries tooth tissue samples.  

a) 	

b) 	

c) 	
Fig. 5 Raster electron microscopy: a), b) - the healthy 
tooth tissue sections; c) - surface of the tooth with caries 
diagnosis. 

According to the REM data on the element 
composition (Table 2) the caries samples are 
characterised by the reduced content of phosphorus and 
calcium and increased content of carbon and nitrogen, 
which confirms the obtained results and the reliability of 
the introduced coefficients. 

Table 2 – REM data on the element composition. 

 Enamel Dentin Cement Dentin caries 

С 29.49 33.07 50.72 59.63 

N 1.22 3.34 6.50 13.71 

O 37.42 37.15 18.22 17.38 

Mg 0.17 0.42 0.92 0.04 

P 10.99 8.83 2.38 2.38 

Ca 16.62 13.12 4.34 4.72 

I 2.42 1.94 0.73 0.75 

Se 0.01 0.05 0.02 0.04 

Br 0.52 0.73 15.62 0.05 

	

4 Conclusions 
We report the specific features of the Raman scattering 
spectrum for the healthy tooth tissues and those affected 
by caries. It is found that the caries is characterised by 
the change of the Raman spectrum at the lines with 
wavenumbers 956 cm-1, 1069 cm-1, corresponding to 
phosphate, and 1241 cm-1, 1660 cm-1, corresponding to 
amide III and amide I, respectively. 

The 2D analysis of the introduced optical 
coefficients D and K is carried out that allowed the 
diagnostics of the beginning of the caries development 
in the hard tissues of the tooth. It is found that the caries 
is characterised by the reduction of (PO4)3- ions content 
and the change of amide composition in the tooth tissue.  

According to the REM data on the element 
composition, the caries samples are characterised by the 
reduced content of phosphorus and calcium and 
increased content of carbon and nitrogen, which 
confirms the obtained results and the reliability of the 
introduced coefficients. 
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