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Abstract: In this study, the structure, and surface morphology of dentin after ablation with ultra-short pulses (USPL) 
were evaluated using environmental scanning electron microscopy (ESEM) with EDAX analysis and scanning 
electron microscope micrographs. The dentin specimens examined were irradiated by (100, 300 and 400 mJ) of ultra 
short pulse laser . Based on EDAX results, it was possible to identify the suitable energy density as the ablation 
threshold for dentin. The results demonstrate that by selecting suitable parameters one can obtain efficient dentin 
surface preparation without evidence of structural changes and thermal damage, i.e., with minimized heat affected 
zones and reduced collateral damage, which characterized by formation of microcracks , grain growth and 
recrystallization in the heat affected zones. 
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1. Introduction 

Several approaches for localized, painless, rapid 
laser treatment of dental hard tissue have been the 
aim of different continuing researches (1-3). The hard 
dental structure comprises several layers, enamel, 
dentin, cementium and pulp. The dentin is the major 
constituent of teeth and consists of 70% 
hydroxyaptite crystals [Ca10(PO4)6(OH)2], 20% 
organic matter (collagen fibers) and 10% water. Its 
internal structure consists of dentinal tubules, which 
are essential for the sensation and growth of the tooth 
(4,5) . Dentin hypersensitivity is characterized by short 
sharp pain arising from exposed dentin in response to 
stimuli . The stimuli may be thermal, evaporative, 
tactile, osmotic or chemical. Most commonly, cases 
of dentine hypersensitivity are associated with 
erosion or gingival recession. Dentin hypersensitivity 
is one of the most common complications that affect 
patients after periodontal therapy and is reduced when 
the dentinal tubules are occluded. Several attempts 
have been performed previously to obtain closure of 
dentinal tubules using Nd:YAG laser treatment by 
inducing melting and resolidification of the dentin 
(5,6). Studies of dentin ablation with Er:YAG and 
Ho:YAG lasers have indicated several weaknesses in 
the surface preparation process expressed in heat 
accumulation, fissuring and slow material removal 
rates. The attempts to apply these lasers to certain 
procedures in dentistry, especially for caries therapy 
in order to replace conventional drilling, have not 
been fully successful. Due to the high absorption of 
Er:YAG radiation by water molecules in the dentin 
tissue, the preparation process results in micro 
explosions breaking the hydroxyapatite structure and 
leading to the appearance of microcracks (7). 

These microcracks could become initial points 
for the development of new carious lesions. 
Modifications of these systems (Er, Cr:YSGG) have 
been introduced in the dental practice in combination 
with water spray in order to improve the surface 
preparation by cooling the ablated region and 
increasing the ablation rate(8-10) . In recent studies, 
new ultra-short laser techniques for modification and 
structuring of dental hard tissue have emerged as a 
promising tool and an alternative to Er:YAG lasers 
(11-13) due to the advantages expressed in negligible 
heat and shock wave impact. The interaction of high-
intensity ultra-short laser pulses with materials is 
characterized by fewer thermal side effects. Studies 
of the surface topography evolution in dentin 
processed by femtosecond lasers revealed surface 
effects, such as sealing of dentinal tubules, 
microdrilling of human enamel and dentin for caries 
treatment. Depending on the dental treatment 
procedure to be performed, one could utilize different 
types of laser-induced physical effects to obtain 
maximum benefits. For example, the effect of melting 
is used for sealing dentinal tubules in order to reduce 
dentin hypersensitivity and pathogenic agents’ 
penetration. This procedure has so far been carried 
out by CO2, Ho:YAG and Er:YAG lasers; however, 
the thermal side-effect associated with the use of 
these conventional lasers like appearance of a heat 
affected zone in the order of micrometers, results in 
rough surface structuring with deep cracks (14,15). The 
present study was motivated to detect the 
microstructure of dentin surfaces after different 
energy levels of ultra-short pulse laser ablation. 

The review of literature revealed that the 
application ultra short pulse laser with duration <50 fs 
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for ablation of dental tissue, followed by examination 
with ESEM , EDAX analysis and different energies 
and their effect on dentin, has been rarely attempted. 
Few studies have been performed to compare the use 
of different number of femto second laser pulses 
(14,16). The purpose of our study was to obtain and 
understanding on the structure and morphological 
changes of the dentin surface after three different 
energies of ultra-short laser ablation of dentin.  

 
2. Materials and Methods: 
I- Preparation of the samples: 

A total of 30 of human molar teeth were extracted 
for periodontal diseases. The teeth were free from 
visible caries and other surface defects. Teeth were 
cleaned with a rotary brush and pumice and stored in 
saline and used within 6 months from time of 
extraction to inclusion in the study. The roots were 
sectioned 2 mm beyond the cemento-enamel junction 
.The occlusal enamel was removed by horizontal 
sectioning till reaching the dentin just below the 
dentinoenamel junction using the Isomet slow-speed 
diamond saw (Isomet 1000; Buehler, Lake Bluff, IL, 
USA). The dentin surface was abraded with 
decreasing grits of silicon carbide (SiC) paper (from 
#800 to # 1200) under water-cooling for 30 s/ paper. 

A standard superficial dentin surface of about 0.5 mm 
from dentinoenamel with standard smear layer was 
produced. 

 
II- Sample classification: 

The total 30 samples were classified into three 
main groups: 
Group I: 10 samples for ablation with100 mJ ultra 

short pulse laser 
Group II: 10 samples for ablation with 300 mJ ultra 

short pulse laser 
Group III: 10 samples for ablation with 400 mJ ultra 

short pulse laser 
III- Laser ablation condition: 

Dentin surfaces were ablated by Ultra short pulsed 
laser (USPL). Its wavelength range was around 2940 
nm in infra red region. Spot size was 3 mm. The 
beam was applied perpendicularly to the specimens, 
with the tested different energies of (100, 300, 400 
mJ). 
IV-Topographic evaluation: 

The Scanning Electron Microscopic (SEM) 
examination and microanalysis were carried out using 
QUANTA 200 scanning electron microscope attached 
with EDAX unit, with accelerating voltage 30 K.V. 
magnification 10x up to 400.00x  

 

Results: 

 

 

 

Fig.(1): Scanning electron micrograph showing dentin surface ablated with 100 mJ of USPL showing recrystalization 

and solidification 
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A(1ST point) B (2nd point) 

C (3rd point) D (4th point) 

Fig.(2): Four points EDAX microanalysis of first group showing highest carbon level and lowest calcium level  

Element Wt % At % 

C K 60.43 72.32 

O K 23.90 21.47 

P K 05.67 02.63 

CaK 10.00 03.59 

Table (1) :Mean of surface dentin elements , BY EDAX ZAF QUANTIFICATION , ablated with 100 mJ of USPL  

 
Fig.(3) : Scanning electron micrograph showing dentin surface ablated with 300 mJ of USPL showing crater 

like cavity 
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                        A (1st point)                                                         B(2nd point) 

C (3rd point)                                                                        D (4th point) 

Fig.(4): Four points EDAX microanalysis of 2nd group showing moderate carbon and calcium level  

 

Table (2): Mean of surface dentin elements , BY EDAX ZAF QUANTIFICATION , ablated with 300 mJ of USPL  

 

Element Wt % At % 

C K 48.92 62.79 

O K 28.83 27.78 

P K 07.73 03.85 

CaK 14.52 05.58 

 

  
             A                                                                 B 

Fig.(5) : Scanning electron micrograph showing dentin surface ablated with 400 mJ of USPL showing increasing of 

surface roughness and cracking. A at 100 magnification , B at 400 magnification 
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A ( 1st point) 
B (2nd point) 

C (3rd point) D (4th point) 
Fig.(6): Four points EDAX microanalysis of 3rd group showing lowest carbon level and highest calcium level  

 

Table (3) :Mean of surface dentin elements , BY EDAX ZAF QUANTIFICATION , ablated with 400 mJ of 

USPL 

 

Element Wt % At % 

C K 47.01 61.43 

O K 28.64 28.09 

P K 08.18 04.15 

CaK 16.17 06.33 

 
4. Discussion : 

The SEM micrographs of (first group )100mJ of 
USPL ablated dentin surface revealed a flat smooth 
without cracks surface with recrystalization and 
solidification of dentin (Fig. 1) . EDAX 
microanalysis( Fig.2 and Table 1) show highest 
carbon level and lowest calcium level .this evidence 
may be explained as lower USPL thermal effect on 
organic component of dentin tissue .The SEM 
micrographs of (2nd group) 300 mJ showed a 
development of a crater ( Fig. 3 ) without cracking . 

EDAX microanalysis (Fig.4 and Table 2) show lower 
carbon level and higher calcium level than first group. 
This evidence may be attributed to increase of USPL 
thermal effect on organic component of dentin and 
melting of non organic component. The SEM 
micrographs of (3rd group) 400 mJ showed a 
development of a crater with cracking (Fig. 5). 
EDAX microanalysis (Fig.6 and Table 3) show 
lowest carbon level and highest calcium level. In this 
study, this evidence may be attributed to high energy 
density of USPL show thermal side effect on organic 
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component of dentin. We can explain that 
thermomechanical ablation of dentin tissue, as Li et 
al., (17) mentioned in case of Er:YAG dentin ablation , 
by causing micro-explosions within inorganic 
structures in teeth. Then laser vaporizes water and 
other hydrated organic components until internal 
pressure causes the destructive explosion of the 
inorganic component before the melting point is 
reached. So increase of laser density may cause 
decrease in organic component of dentin and melting 
with rational increase to inorganic component of 
dentin. This results coincide with Daskalova et al., (16) 
who stated that As the number of pulses was raised , 
the presence of cracks at the bottom of the ablated 
crater was observed, heat is generated in a volumetric 
region in depth. After a certain number of pulses, a 
sufficient amount of heat per pulse is deposited in a 
cumulative manner leading to an increase in the local 
temperature and initiating a process of thermal 
ablation followed by formation of cracks at the cavity 
bottom.  
 
Conclusion: 
-Dentin ablation with USPL in lower energies led to 

development of a characteristic molten 
morphological layer. These findings can be applied 
to achieve sealing of the dentinal tubules necessary 
for the prevention and treatment of an early-stage 
carious lesions and to make the tissue more resistant 
to development of new caries.  

-There are a direct correlation between USPL energy 
level and thermomechanical ablation of dentin 
surface . So high energy levels of USPL should 
have restricted role clinically.  
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