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Statement of Purpose: Transparent materials like 
bioactive glass known as bioglass are utilized extensively 
in biomedical applications [1, 2]. Although most of these 
materials are composed of elements that are exist in body, 
still surface modification for calcium phosphate formation 
should be conducted to decrease their toxicity and increase 
cell adhesion of their substrates. The proposed high 
intensity laser induced reverse transfer (HILIRT) method 
is a novel deposition method that can be employed to 
deposit highly bioactive titania (TiO2) nanofiberous thin-
film on trasparent substrates in order to increase their 
bioactivity [2].In this research, we investigated the effects 
of pulse duration in the HILIRT method for enhancement 
of biocompatibility of transparent substrates.  
Methods: The synthesis of titania nanofibers thin-film on 
the glass substrate was performed by a Ytterbium pulsed 
fiber laser under ambient conditions. The laser system 
generates 150 ps to 30 ns laser pulses with a wavelength of 
1064 nm. The laser power and scanning speed were set to 
9 W and 800 mm/s at the repetition rate of 600 kHz, 
respectively. Afterwards the samples created at 150 ps, 5 
ns and 30 ns were soaked in simulated body fluid (SBF) for 
two days at 37º C. In addition, MTS assay in triplicate was 
performed to study the cell adhesion and viability of 
characterized third passage human Dental Pulp-Derived 
Stem Cells (DPSCs: prepared by Royan Institute) on 
control, coated substrates and tissue culture plates (TCP). 
Results: As previously reported by our research group [3], 
in laser pulses materials interaction, increasing pulse 
duration results in generation of loner laser pulses with 
lower intensity that provides less local heating during the 
irradiation of each pulse. Consequently, longer low 
intensity laser pulses will result in low intensity plasma 
plume formation and less ionization and subsequently less 
nanofibers generation [2,3]. The SEM results at different 
pulse duration (Fig. 1(a-c)) show the density of the titania 
nanofibers is reduced by increasing the pulse duration form 
150 ps to 30 ns. Figures. 1 (d) to 1(f), illustrate the same 
samples after 2 days immersion in simulated body fluid 
(SBF) showing less deposited hydroxyl appetite (HA) at 
higher pulse duration. In fact, increasing the pulse duration 
results in less titania nanofibers generation which 
decreases the surface to volume ratio and nucleation cites 
for growth of Ca, P elements during the formation of HA 
crystal on the substrates [4]. 
After four hrs. of cell culture via MTS assay, our results 
demonstrated that all titania nanofiber coated samples, 
have higher cell adhesion compared to uncoated substrate 
(Fig. 2), although among coated samples, the 150 ps (S1 in 

Fig. 2) has the best cell adhesion even compared to the TCP 
control group. 

 
Fig. 1. SEM images of deposited nanofibrous titania layer with power= 

10 W, frequency= 600 KHz, before immersing in SBF: (a) pulse 
duration (pd) = 30 ns, (b) 5 ns, (c) 150 ps and after 2 days immersion in 

SBF (d) 30 ns, (e) 5 ns, (f) 150 ps. 

 
Fig.2. Adhesion and viability assay of DPSCs mesenchymal stem cells 
adhered to S1: 150 ps, S2: 5 ns, S3: 30 ns samples, uncoated glass and 

TCP (p< 0.05) 
Conclusions: The results show that by decreasing the laser 
pulse duration in HILIRT method, the temperature as well 
as ionization of laser-generated plasma plume increases, 
and it results in more titania nanofibers generation (higher 
surface area). The bioactivity evaluation via SBF test 
shows by decreasing the pulse duration to 150 ps, more HA 
structures are generated on the substrate. The cell adhesion 
analysis (MTS assay), also, show the biocompatibility of 
the generated samples significantly increases by decreasing 
the pulse duration as more synthesized nanofibers in 
shorter pulse duration means higher surface to volume ratio 
and better chemical-cellular Interaction responses of 
DPSCs to the substrate. The proposed HILIRT method at 
ultra-short laser pulses can lead to promising solutions for 
enhancement of biocompatibility of transparent 
biomaterials including glass, transparent ceramics and 
polymers.  
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