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“Feasibility study of laser-induced breakdown spectroscopy (LIBS) and
partial least square discriminant analysis (PLS-DA) for diagnosis of healthy
and carious tooth”

Meisam Gazmeh, Maryam Bahreini, Seyed Hassan Tavassoli and Seifollah Sadria
Laser and Plasma Research Institute, Shahid Beheshti University, Iran
Dental School, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Abstract- In this study, laser induced breakdown spectroscopy is used to investigate the possibility of discrimination of
healthy and carious teeth. This feasibility is examined using multivariate statistical analysis called partial least square

discriminant analysis (PLS-DA). It is based on atomic and ionic emission lines of LIBS spectra of teeth belonging to P, Ca,

Mg, Zn, K, Sr, C, Na, H, O elements. Our results show well discrimination and also prediction of unknown tooth tissues. So,
it shows the ability of LIBS in classification of healthy and carious teeth using PLS-DA method and its feasibility in future
clinical applications.

Keywords: Emission line, Laser induced breakdown spectroscopy, Partial least square discriminant analysis, Tissue
differentiation.
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I aser-induced breakdown spectroscopy (LIBS)
2 Real-time
3 Partial Least Square Discriminant Analysis (PLS-DA)


http://opsi.ir/article-1-622-fa.html

[ Downloaded from opsi.ir on 2025-10-31]

©9gy9 oold lgie a |y jaie Ve 4 bay e b s
b ganatws g PLS-DA 5l Jow el <y

w0l 18 eolaiul 090 oauwg g el 09,5 90 4y jlads

ohuis 2l s eas gloles polis ) Jgoo

Element Wavelength (nm)
315.8-317.0-370.6-373.2-393.3-396.8 -
422.6 - 428.3 - 429.8 - 430.7 - 4425 - 4435 -
Ca 445.4 - 457.8 - 458.1 - 458.5 - 487.9 - 426.6 -
558.1 - 558.8 - 559.4 - 585.7 - 612.2 - 645.0 -
647.2 - 649.3 - 714.8 - 720.2 - 732.6 - 849.8
Mg 279.5- 279.7 - 285.2 - 383.2
p 213.5-214.9 - 253.5 - 255.3
Na 330.2 - 588.9 - 588.9
K 766.4 - 769.8
Sr 407.7 - 421.5 - 430.5
C 247.8
H 656.28
Zn 202.5 - 206.2
0 777.4 -844.6
14000 p—
12000
10000 Mg
3
& 8000
&
7
§ 6000
]
4000
Mg
2000

A

276 77 278 279 280 28 282 283 284 285

Wavelength (nm)
14000 -
Mg — == Carious
Health
12000
10000 Mg
s
3
= 8000
B
&
§ 6000
E]
4000
Mg
2000

276 7 278 279 280 il 282 283 284 285
Wavelength (nm)

ol
ok ——Health

38001

~ 3o}
=
= s0|
£
Z amof
3
S 100}

1000

. . . . . . . . . .
642 Bi4 646 648 650 652 Bo4 656 5] 660 662
Wavelength (nm)

s LIBS (il alises _>lgi dglin ¥ IS

AARTA

St S I~ olKisls VA YAY ols ©o YO LYY

@t Jsep b opeeds clis Jw s )
olus ladiges aas o JuSis Ca(PO4)s(OH):
107 JS g o Jslne (39,0 S9! gox 3l

laid 518 2lo) 5L sl

slel Julow g, —¥-¥

ailin Youd il epite Wiz b, S PLS-DA
950 e @it slaog S 4y badiged gamatus sl
sabaly il Joao sln 0008 sasgome S PLS
3eolawl bosads evalie sl xie dacgesme (4w
LSS g greyS) )0 Bl Ol bl
oalaul Sledbsl g5lw Jow 5 slaul rals SoST lgae
Sl sLad ;o bayeiSl 59, » by cnl Oedee
a5 Cewl 0als IS GL agwl, slad § ool cunliv
Sloiie om ollssS 08 At b a,gs
oslawl L PLS-DA J.JTGA Cawdo C“‘“"L’ PR ssalin
3§ St o S5 S il 5 Je sl i
S8 sl Jow ol el jo osle oo Joe SO o
<8l ol 0ah o oolainl oy ,S pled auseid 4
P9 Gawd 0w g g,wBL: 6&&.9.».!0 9 Jﬁ‘ Gawd w.ll.w
Sl e pleie 09,8 90 Lo cplply sl ools LSCas |
S bl saan ol Jold aS oy sie dcgesne
.[f] \.\.»564 colawl l) MLU;A b

o g mbs -Y
L YY ggame ;0 el el slocal 4 axg b
Wged ;o pare Vo & baype Sg g oo S b
Lyl ool oanl ¥ Jgaz ;0 a5 sals samlive ylass
gle g Lo glacib o 08 5 olS 658 b
ile sl Lol olie aSl o 4 s
b anlie iyl D92y il oo QUQT@J”M
e Ll I Gk 00 (6 ,u5 uSils 5 Jol> LIBS
gl 09l oo oanlin ¥ SS j0 sdpwy ¢ oJle 28l

YY Jdo feedras aijls SLSy 6ol polic oS | >

6 Sodium hypochlorite
7 Supervised


http://opsi.ir/article-1-622-fa.html

[ Downloaded from opsi.ir on 2025-10-31]

Calculaed response carious

Calculated response carious

08F— - - - — - -
B Cerious ]
] & F =
06} @ Health By 4
A Pradict *ﬁﬁ & r*. a 5‘
T | |
m, W M et g
02t - L O
]
o Ay .
°e
o2 0 Vep e 1
. o &P ©
sapody, o
04 TS P L ¥ 4 SN A ]
© ag” @& & %%
0BF © %o °°gpg © a1
D )
o8t @ 0’9@ A
0 20 40 B0 80 100 120 140 160 180 Z00O
Samples
- ™
08} B Carious L b
@ Health & = -
0B A Predict e LY L T
041 L s ofe ]
s "mg A Aa
02f -l A g
ol % R R AR A AR B S S SR R T A 8 -
@
02f @ 1
e )
04 WDO® 0@ o g
@@f A
e W Lo a
06} (] E
@ P 4 A
o8k ® . ]
1 . A i
0 10 20 30 40 50 6C 70
Samples

eimad 3 odms 3 pllu il SLS& PLS-DA lsgei ' IS5

PLS-DA g, L oass aislu Juw s 3l Jol> gl ¥ Jgoo

Fitting Cross- Validation
Class Accuracy (%) Accuracy (%)
Enamel Healthy
Carious 100 0.82
Dentin Healthy
Carious 100 100
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