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Abstract
Tattooing is becoming more and more accepted at different levels of society today. A contributor to this is 
that besides body decoration, the cosmetics industry is increasingly using it for make-up tattoos and to hide 
skin imperfections and surgical scars. Tattoo needles, despite being in direct contact with human tissues and 
even with blood, are not subject to current Medical Device Regulation, so they do not require a number of 
material and biocompatibility tests in order to be placed on the market. The focus of our research was on how 
the needle and the soldering of the needles are damaged during tattooing, and how this develops over time, 
as a worn needle tip can not only degrade the quality of the tattoo, but also increase skin breakdown and the 
amount of dissolving allergenic substances. 
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1. Introduction
Tattoos are created by piercing tiny needles at 

a frequency of 50–3000 Hz into the skin. The nee-
dles then break through the surface of the skin 
and introduce the dye into the skin’s dermis layer 
(min. 1.2 mm deep). The tattoo dye is perceived by 
the skin as a foreign substance and initiates mac-
rophage cells to destroy the dye, however, after 
ingestion of the dye, the cells get stuck with the 
dye in the skin matrix. After 2–3 weeks of creat-
ing the tattoo, the colours fade, as the tattoo also 
gets dye in the upper epidermis, which wears out 
over time as the cells die and regenerate. Over the 
years, the tattoo also fades as the dye in the skin 
is gradually broken down by the immune system 
[1–3].

1.1. Needle tip damage
Needle tip destruction is typically studied in 

medical applications such as injection needles or 
thicker needles used in epidural anaesthesia. The 
tip of the spinal needle is often damaged during 
the latter, especially when the spinal cord punc-
ture needs to be repeated several times into the 
bone or cartilage due to failure, so it is of primary 

interest for us to examine these. [4–6]. Because 
these are all disposable needles, they remain 
intact or slightly deformed after a puncture. In 
clinical practice, some research groups examined 
Quincke-type needles used for epidural anaes-
thesia and found that four percent of the needle 
tips were clearly bent and 11 % were slightly bent 
based on scanning electron micrographs. Needles 
in contact with the bone caused clear tip damage 
in 7 %, and 99 % of the needles remained intact 
or slightly bent in the case of penetration without 
bone contact. In conclusion, the tips of disposable 
needles are suffer more damage in contact with 
hard tissue (bone) than after penetration into soft 
tissue [4, 7].

Like injection needles, thin tattoo needles suffer 
small but permanent damage after contact with 
the skin. The longer a needle used, the more the 
tip becomes blunted, which causes more pain 
during use, and bacteria are better able to adhere 
to surface damage, which also increases the risk 
of infection [8–10]. The study of this destruction is 
worth a closer look, as it can also cause unwanted 
damage to the skin surface, and the tattooing pro-
cess can be more painful. The dullness of the nee-
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Figure 3. Tattoo needle arrangements. From left to 
right: round, flat and magnum layout.

dle tips also leads to a deterioration in the quality 
of the tattoo, so it should be replaced consistently, 
over a period of time or after the tattooed surface. 
To avoid this, we aimed to examine how long gen-
erally – or after a tattoo -  it is advisable to replace 
the needle tip so that maximum utilization is 
achieved. Of course, at the beginning of each new 
tattoo, the artist must use a new, sterile needle, 
for hygiene reasons.

2. Methods

2.1. In vivo damaged needles
To examine the needle tips, we used 13 round 

arranged tattoo needles pierced in areas of  
30–100 mm2. Each needle was used to make a tat-
too using the handpoke (freehand tattoo) meth-
od, meaning that the needles were not moved by 
machine, but were inserted into the skin by hand. 
After use, the dried paint and impurities were re-
moved with an ultrasonic vibrator, ethyl alcohol, 
and acetone, but still remained in the wells. In 
addition, 2 unopened, sterile needles were exam-
ined as a reference. These needles are individu-
ally soldered in different numbers, there are also 
3-5-9 pieced ones in three different arrangements  
(Figure 3.). After cleaning, the needles were ex-
amined by stereo microscopy, and then scanning 
electron microscopy (SEM) images of the tips and 
soldering were taken to see how much they had 
cracked during use.

2.2. Modeling the tattooing process in an in 
vitro environment

As it is difficult to determine the period of use 
and the compressive force of hand-used nee-
dles, it was advisable to devise a standardized 
measurement method to set the wear time of the 
needles. For the first experiment, we handmade 
samples on the so-called training skin used by 
tattooists, and then in order to make the abra-
sion process as even as possible per unit of time 
and for easier feasibility, we mounted a two-roll 
tattoo device from the brand Horizon to a Yama-
ha LCM100 linearly controlled robot in the BME 
ATT laboratory (Figure 4.). The manual tattooing 
process was performed for 30 min and the auto-
mated process for 30, 60, and 90 min. The power 
supply was set to a specific frequency, to a val-
ue between 50 and 60 Hz determined from high-
speed camera recording. This represents about 
a hundred thousand insertions of with a needle 
that has been running for 30 minutes.

Figure 1. Tattooing process.

Figure 2. Abrasion of needle tips used for epidural 
anesthesia [4].
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3. Results

3.1. In vivo damaged needles
Scanning electron microscopy (Zeiss EVO MA10) 

images provide the most information on needle 
tip destruction and detachment rates. Strong 
wear of the needle tips was observed in the sam-
ples, the tips of almost all members of the needle 
group were plastically deformed (Figures 5–7.).

Material composition analysis was also per-
formed by energy dispersive X-ray spectrometry 
(Edax Metek Elect Plus). As a result of the study, 
it was found that the material of the needles is not 
made of 316L commercially marked austenitic  
stainless steel, but of a more general, not very 
biocompatible alloy, 1.4301 steel. The stress of 
stabbing the skin is abrasive, the wear properties 
of these steel types are not outstanding [11, 12]. 
Poor wear resistance in medical devices is unfa-
vourable, as particles detached during the wear 
process can cause irritation if they enter the body, 
especially the two main alloys of the steel type: 
chromium and nickel [13].

3.2. In vitro experiments
At lower magnification stereo and electron mi-

croscopy images, there is almost no damage to 
the needle ends. Even at higher magnification, 
the needles on the training skin showed dulling 
only on the needle tips used by hand, and with the 
result shown in Figure 8, no significant damage 
could be observed on the needles used with the 

Figure 5. Damage on the soldering of the needle 
groups in in vivo case.

Figure 6. Significant wear was observed in almost all 
of the needle groups in the in vivo case.

Figure 4. Equipment used for the automation of the tattooing process.
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linear welding robot, regardless of the duration 
of the run (Figure 9.). The training skin is made 
of silicone and is much softer to the touch than 
real skin, which may have caused the results of 
real-world tests to differ from those seen in vitro. 
During the automated tattooing process, howev-
er, the soldering of the needles was significant-
ly damaged because the surface of the silicone 
training skin was easily torn and the needle tips 
became stuck in it more easily during movement.

4. Conclusions
Our studies have confirmed that the tip of tat-

too needles as well as the soldering of the needles 
suffer significant damage even after short-term 
use. We have found that the properties of the so-
called training skin recommended for tattoo art-
ists differ significantly from the properties of real 
skin, so it is not applicable in laboratory testing 

Figure 8. In vitro needle damage in case of hand-
made process.

Figure 9. In vitro needle damage in the case of an au-
tomated tattoo process on training skin.

Figure 7. Electron micrograph of a worn needle tip at 
higher magnification.

for damage to tattoo needles. As a continuation 
of our research, we would perform the method 
presented here on pigskin to explore the process 
of needle wear in more detail as a function of the 
time elapsed with the tattoo.
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