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Abstract 
 

Invention of the Q-switch advanced laser method is the most effective methods 

of tattoo removal compared to other methods of i.e. chemical, mechanical and 

surgical. In this study, we are reporting black pigment tattoo removal by 

comparing two wavelengths 532 nm and 1064 nm of Q-switched Nd-YAG laser. 

Using a single-pulse laser at 1064 nm wavelength, the maximum laser fluence for 

skin damage is 3.04 J/cm2 with pulse energy 0.55 J. While, at 532 nm wavelength, 

maximum laser fluence is 0.5 J/cm2 with pulse energy 0.42 J at 8-10 ns for 

tattooed skins. Moreover, after 1064 nm and 532 nm laser irradiations, skin biopsy 

of black tattooed rat’s skin demonstrates the ink granules local redistribution. 

Microscopic study indicates that black ink particles become smaller and 

vanished from the skins after 1064 nm laser treatment. The findings of this study 

indicate that 1064 nm wavelengths of Q-switched Nd-YAG laser treatment with 

0.55 J pulse energy, is one of the significant methods of black tattoo removal with 

remarkable differences. 

 

Keywords: Q-switched Nd:YAG laser, Tattoo removal, Sprague Dawley rats, 

Interaction of laser with rats’ skins 

 

Abstrak  

 

Penciptaan kaedah laser pensuisan-Q adalah kaedah yang paling berkesan 

untuk menyingkirkan tatu berbanding kaedah lain seperti kaedah kimia, 

mekanikal dan pembedahan. Dalam kajian ini, kami melaporkan penyingkiran 

pigmen tatu hitam dengan menggunakan laser Nd-YAG pensuisan-Q pada dua 

panjang gelombang 532 nm dan 1064 nm. Dengan menggunakan denyut 

tunggal laser pada panjang gelombang 1064 nm, ketumpatan tenaga 

maksimum bagi kerosakan kulit adalah 3.04 J/cm2 dengan tenaga denyut 0.55 J. 

Pada masa yang sama, ketumpatan tenaga maksimum bagi panjang 

gelombang 532 nm ialah 0.5 J/cm2 dengan tenaga denyut 0.42 J pada 8-10 ns. 

Selain itu, selepas kulit tikus didedahkan kepada sinaran laser 1064 nm dan 532 

nm, biopsi kulit dilakukan pada kulit tikus dengan tatu hitam menunjukkan 

taburan semula dakwat granul setempat. Kajian mikroskopik menunjukkan 

bahawa zarah dakwat hitam menjadi lebih kecil dan hilang daripada kulit 

selepas rawatan laser 1064 nm. Hasil kajian ini menunjukkan bahawa laser Nd-

YAG pensuisan-Q pada panjang gelombang 1064 nm dengan tenaga denyut 

0.55 J merupakan salah satu kaedah yang penting untuk penyingkiran tatu hitam 

dengan perbezaan yang luar biasa. 
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Kata kunci: Laser Nd:YAG pensuisan-Q, penyingkiran tatu, tikus Sprague Dawley, 

interaksi laser dan kulit tikus 
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1.0  INTRODUCTION 

A tattoo is a form of body modification, it is using the 

ink needle pierce into the skin layer to change the 

pigment and created some permanent patterns or 

word 1. Tattooing was historically practiced during 

religious ceremonies, rites of passage, social status and 

worship strikethrough 2-4. Furthermore, indigenous 

groups have been practicing the tattoo as traditional 

culture; it is a way of communication to spread out 

some information such as bravery, mature to marry, 

request protection from gods and social status 5. Some 

of indigenous believe the tattoo will bring courage, 

harvest and good luck to their group 6. Furthermore, in 

early 1980s, tattoo culture was linked to the 

underworld gang and considered as a courageous 

and brave behavior symbol, hence the tattoo test 

been given before join and recognize by gang 

member 7. However, it is considered as criminal or low 

morale which was beginning to give impact in future. 

Therefore, people, due to constraint of society and 

psychosocial reasons, want to remove their tattoos. As 

a result, the removal of tattoos is one of the 

development researches. In history, there is variety of 

methods to remove the tattoo with various tools. The 

primary method used to remove a tattoo was barbaric 

technique by today’s standard.  

Dermabrasion and salabrasion are techniques that 

use a wire brush or salt to strip away layers of skin until 

the ink was no longer visible 8. Thereafter, 

trichloroacetic acid (TCA) was used to remove the 

primary layers of skin to remove the tattoo ink 9. The 

removal procedures are used in the early days also 

including excision and surgical treatments. This was 

time consuming, painful and very risky and also leads 

to other serious side effects i. e. being permanent 

scarring or deadly infection. Laser technology has 

promoted more efficient in clearing tattoo, reducing 

the risk of infection or scars and accelerate the 

healing process10-12. It is advanced, safe and efficient 

method to remove the tattoo ink. Generally, during 

the treatment process, a medical-grade chiller/cooler 

or a topical anesthetic was mostly used to mitigate the 

pain. Afterword, the laser beam passes harmlessly 

through the skin and targets the ink only resting in a 

liquid state within. However, the effectiveness of 

treatment depends on laser parameters; wavelength, 

dose, power and duration of laser exposure. 

Inappropriate of laser parameter will cause scarring, 

hypopigmnetation, orhyperpigmentation or limited 

success 13-14. To overcome the stated problems, we 

used two wavelengths 532 nm and 1064 nm 

wavelength, 1064 nm with pulse energy of 0.55 J was 

observed with stable, painless and fast outcomes. It is 

worth mentioning here that laser treatments are 

discussed in many studies but the “perfect tattoo laser 

removal” is not invented to date in our best 

knowledge. In this study, we are reporting a 

comparison between two laser wavelengths which 

was investigated on black pigmented tattoos applied 

on rats’ skins. 

 

 

2.0  MATERIAL AND METHOD 

 
For this study, 4 male and female Sprague Dawley rats, 

weighing between the ranges of 250–300 g were 

employed as experimental animals. The particulars of 

experimental rats are summarized in Table 1. All 

procedures on animal handling followed the policy for 

care and use of experimental animals as approved by 

the Animal Ethics Committee, Universiti Kebangsaan 

Malaysia (approval project code: UTM/2015/NORIAH/ 

29-JULY-2015-JULY-2017). The rats were anesthetized 

with KTX (0.1 ml/100gm).  

The furs on the dorsal surface of rats were shaved 

off using an electric mouse clipper. The shaved 

surfaces were first cleaned with an alcohol pad for skin 

disinfection. Furthermore, all the surgical procedures 

were undertaken in the same conditions to limit 

variability in the wounding procedure. For tattoo 

designs, the tattoo gun, 20 turns/second with 2 

needles of 0.5 cm tips was used which has the 

capability to inject the black pigment 1.5 mm deep 

into the dermis. The tattoo pigment was true black ink 

“C.i.77226”. A total of 10 tattoos were drawing on the 

rat’s skin in a single session.  After four weeks, laser 

treatment of 532 nm and 1064 nm wavelengths was 

applied to each animal and observed the differences 

with microscopic and histopathological observations.  

 

 

3.0  LASER PROCEDURE 
 

Experiment start after anesthesia, because of the KTX 

injection action on the spot. All rats treated with a Q-

switched (532 nm and 1064 nm) Nd:YAG laser  using a 

10 cm distance, 2 mm  spot size and a pulse duration 

of 8-10 ns. The fluencies used were in the range of 0.50- 

3.04 J/cm2. 
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Table 1 Particulars of experimental rats 

 

Age, months Gender Weight, g 

8 F 301 

8 M 278 

11 F 293 

11 M 258 

 

 
The laser parameters are tabulated in Table 2 

which has been used for removal of black ink tattoos. 

In order to identify the tattoo removal with or without 

laser therapy, optical micrographs were taken with 

Amscope MU035, 5.0 megapixel camera. For 

histopathological assessment, microscopic slides were 

dyed with hematoxylene and eosine dyes and were 

examined under 20 × magnifications. 

Table 2 Laser parameters 

Wavelength 

(nm) 

Energy 

(mJ) 

Laser beam 

(mm) 

Frequency 

(Hz) 

Fluence 

(J/cm2) 

1064 500 10 1 3.04 

532 400 10 1 0.50 

 
 

4.0  RESULTS AND DISCUSSION 

 

Two different wavelengths i.e. 532 nm and1064 nm 

Nd:YAG laser using four moderate fluence sessions, 

(0.5-3.04 J/cm2) laser fluency were used to remove the 

black pigment tattoos from rats’ skins. The flounce was 

determined prior and after tattoo removal treatment 

from area and pulse energy at two wavelengths. The 

values are tabulated in Table 3. The flounce 3.04J/cm2 

with pulse energy 0.55 J was observed best for 1064 

nm compared to fluence 0.5 J/cm2 with pulse energy 

0.42 J for 532 nm.  

Table 3 The pulse energy variations at two wavelengths 

Wavelength 

(nm) 
Area (cm2) Pulse 

energy (J) 
Fluence 

(J/cm2) 

532 

0.659 0.14 0.21 
0.626 0.24 0.40 

0.836 0.32 0.40 
0.964 0.38 0.40 

0.807 0.42 0.50 

1.379 0.48 0.30 

1064 

0.134 0.17 1.30 

0.187 0.31 1.70 

0.164 0.35 2.10 

0.219 0.46 2.10 
0.328 0.55 3.04 

0.261 0.66 3.00 

 

 

Furthermore, the Figure 1(a-d) shows the tattooed 

skin without laser treatment at different 

magnifications i.e. 10, 20, 40 and 100 x. The clear 

tattoo results can be seen at 20 x magnification as 

shown in Figure 1(b); the micrographs after laser 

treatment were captured at this magnification. 

Histology laser tattoo removal at 532 nm at 20 x 

magnifications is shown in Figure 2 (a-d) 

corresponding to 0.14 J, 0.24 J, 0.38J  and 0.42 J laser 

pulses respectively.  

 
 

Figure 1 Histology laser tattoo removal without laser treatment 

at (a-d) at 10, 20, 40 and 100x magnifications respectively 

 

 

Figure 2 Histology laser tattoo removal at 532 nm at 20x 

magnifications, (a-d) corresponding to 0.14 J, 0.24 J, 0.38 J 

and 0.42 J respectively 

 

 
 

Figure 3 Histology laser tattoo removal at 1064 nm at 20x 

magnifications, (a-d) corresponding to 0.17J, 0.31J, 0.35Jand 

0.55J respectively 

 

 

The micrograph indicates better tattoo clearance 

after 0.42 J laser pulse treatment as shown in Figure 

2(d) at 20x magnification. It is probably due to the 

higher absorption coefficient at this mentioned 

wavelength 15. Moreover, a frequency doubled 

wavelength at 532 nm has effectively treated for other 

colors than black ink tattoo 16. Furthermore, the 1064 

nm wavelength revealed a reduction of black tattoo 

pigments gradually with different pulse energy as 

shown in Figure 3(a-d). When the tattooed skin was 

treated with 1064 nm with low energy pulses (0.17, 

0.31and 0.35) as shown in Figure 3(a-c) respectively, 

tattoo ink reduction was observed but not removed 

completely. However, after high energy pulses i.e. 0.55 

J, the tattoo was vanished after 10 laser shots as can 

be seen in Figure 3(d). Hassan et al. (2014) reported 

that pulses energy in 1064 nm is more efficient than 

pulses energy in 532 nm at black tattoo particle 

fragmentation 16. 
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5.0  CONCLUSION 
 

The Q-switched 532 and 1064 nm wavelength Nd:YAG 

laser with 2 mm  spot size and a pulse duration of 8-10 

ns was used for tattoo removal with efficient laser 

energy of (0.5-3.04 J/cm2) to remove black ink spots 

from the tattoo’s skin. From experimental findings, it is 

observed that 1064 nm wavelength with maximum 

laser fluency 3.04 J/cm2 and 0.55J energy pulse has 

capability to remove the tattoo ink from the rats’ skins 

completely. Therefore, it concluded that the laser 

tattoo removal treatment at the mentioned 

wavelength is an effective method to remove the 

tattoos with less skin surface’s damages or scars. 
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