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Abstract: The objective of this study was to evaluate the power output of two dental devices. The
study examined two semiconductor lasers, namely, SIROLaser Blue (445 nm, 970 nm) and Picasso
(810 nm). The power output performance was studied at the maximum output power of the devices.
The study compared the preset power output measured by a power meter in a continuous-wave
mode and in pulsed mode at 50% duty cycles. Ten 60 s measurements were performed for each setting.
The largest difference between the stipulated and the actual output power at continuous-wave (D-cw)
and pulsed (D-p) modes was calculated. Moreover, the percentage variations in the mean output
power at continuous-wave (%D-cw) and pulsed (%D-p) modes were calculated. The D-cw values
for 445 nm, 970 nm, and 810 nm lasers were 0.7 W, 0.5 W, and —0.3 W, respectively, and %D-cw
values were 21%, 23%, and —8%, respectively. The D-p values for 445 nm, 970 nm, and 810 nm lasers
were 1.1 W, 0.5 W, and —0.1 W, respectively, whereas the %D-p values were 37%, 26%, and —3%,
respectively. This study found that the actual power is not necessarily lower but can be higher than
the displayed power output. Clinicians are recommended to calibrate the laser output by using a
power meter before use.
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1. Introduction

Lasers have emerged as a safe, minimally invasive, and convenient tool in dentistry in
the past few decades. Compared to the conventional dental scalpel, lasers can minimize
bleeding and swelling, reduce pain and anxiety, and preserve more healthy tooth material
in dental treatment [1]. Various types of lasers are available, such as carbon dioxide (CO,)
laser, Neodymium Yttrium Aluminum Garnet (Nd:YAG) laser, Erbium-doped Yttrium
Aluminium Garnet (Er:YAG) laser, Erbium, Chromium:yttrium-scandium-gallium-garnet
(Er,Cr:YSGG) laser, and semiconductor lasers [2]. Compared to other laser systems, semicon-
ductor lasers take up little space and are quite portable due to their low weight. Moreover,
their affordable price makes them accessible to a wide range of dental professionals [3].
Because of their compact size, relatively affordable pricing, and versatility, semiconductor
lasers are gaining popularity in the treatment of dental diseases [4].

Energy from near-infrared semiconductor lasers is mainly absorbed by pigmented
tissues. Melanin, hemoglobin, and protein are the primary chromophores. Semiconductor
lasers are mainly used for soft tissue procedures [5]. It offers better patient satisfaction
and comfort than traditional scalpels in soft tissue management [6,7], because it offers
intraoperative and postoperative clinical advantages, such as hemostasis, reduced post-
operative edema, effective wound healing, and decreased scar formation [8]. Semiconductor
lasers can also be used for applications involving dental hard tissue, such as root canal
disinfection [9,10], cervical dentinal hypersensitivity treatment [11], laser-assisted tooth
whitening [12], and caries prevention [13].
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Conventionally, the available dental semiconductor lasers emit wavelengths ranging
from 635 nm to 1060 nm. Recently, the 445 nm semiconductor laser, which emits blue light
in the visible spectrum, has become commercially available in the dental market. Mod-
ern dental semiconductor lasers can operate in continuous-wave and pulsed modes [14].
Continuous-wave mode means that the laser continuously emits light and is generally
the fastest way to ablate tissue, but heat can build up and cause collateral damage to
the target and adjacent tissues [15]. In order to decrease thermal damage and carboniza-
tion as well as allow for thermal recovery of the tissue, modern laser instruments are
equipped with pulsed mode, and their energy is emitted in pulses. There are two basic
forms of pulsed laser modes: free-running pulsed and gated-pulsed [16]. Free-running
pulse emission occurs with very short bursts of laser energy due to a very rapid on—off
pumping mechanism [17]. Nd:YAG, Er:YAG, and Er,Cr:YSGG and some carbon dioxide
devices are the typical free-running emission lasers [18]. Gated-pulsed mode is usually
made with a shutter that hinders the laser beam from reaching the fiber tip at a certain
rate [19]. The laser is constantly switched on, but the shutter device blocks the light from
transmitting. Potassium-titanyl-phosphate (KTP) laser and semiconductor lasers are the
typical gated-pulsed emission lasers [18].

Often, the power indicated on that panel does not correspond to the power at the
exit of the handpiece or fiber [18]. The common components of nearly all types of laser
devices involve an active medium, a pumping mechanism, a resonator, a cooling system,
controls, and a delivery system. Each element may influence the entire schematic [20].
Current semiconductor lasers are electronically pumped. Individual diode chip generates
relatively low energy output, so current surgical semiconductor lasers employ groups of
individual diode chips concurrently to achieve the desired power output [21]. The output
power of a semiconductor laser is measured by the optical power output as a function of the
drive current’s input characteristic. However, in the actual situation, useful power levels
can be impacted by other factors including kinks, power rollover with increasing current,
and catastrophic optical damage [22]. In addition, the operation of a semiconductor laser
at constant drive current and temperature over a long period of time usually leads to a
reduction in optical output power. This drop-off depends on the laser structure, including
materials, fabrication technology, and how well thermal dissipation is managed [23].

A laser’s output power is one of the most critical parameters for determining its
interaction with the target tissue. Insufficient power will be inadequate to create a desired
clinical outcome. A high output power generates substantial heat, which may damage
the tissue. Clinicians need to check the power output of the lasers by using a power
meter or energy meter. Blue (Dentsply Sirona, Bensheim, Germany) and Picasso (AMD
Lasers, West Jordan, UT, USA) are commonly used dental semiconductor lasers on the
market. The 445 nm, 970 nm, and 810 nm diode lasers can all be used for various clinical
treatments, such as soft tissue surgery, periodontal therapy, endodontic treatment, and
tooth whitening [24-28]. The 445 nm diode laser has a higher cutting than other near-
infrared diode lasers because it has higher absorption for melanin and hemoglobin [25,29].
We intended to check whether the common semiconductor lasers” accuracy is the same
as the manufacturer indicated. Therefore, we conducted this study. The study aimed to
evaluate the power output of two common dental semiconductor lasers.

2. Materials and Methods

This was an observational study conducted at the Prince Philip Dental Hospital, Hong
Kong. We used SIROLaser Blue (wavelengths at 445 nm and 970 nm) with a fiber tip
320 pm in diameter and Picasso (wavelength of 810 nm) with a fiber tip 300 um in diameter.
The two laser devices were new and provided by two local dealers. The tip is uninitiated
and brand new. For every ten usages, the tip was changed to a new one. The ambient
room temperature is 25 °C. We operated both laser devices in continuous-wave and pulsed
modes, and the output power was adjustable. The 810 nm semiconductor laser has a
fixed pulse rate and duration, and for the SIROLaser Blue semiconductor laser, the pulse
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duration can be controlled, and the interval between each pulse is adjustable. We fixed
the handpiece with a universal laboratory clamp to avoid any slight movement, and we
ensured that the fiber was perpendicular to the sensor. We used a wireless foot pedal to
control the laser device so that the handpiece remained steady on the clamp. We positioned
the fiber tip 1 cm away from the power meter’s base. We evaluated the lasers” performance
of power output in their continuous-wave mode and pulsed mode separately and at their
maximum output power. Tables 1 and 2 present the laser settings for SIROLaser Blue and
Picasso. We measured the laser’s power output with a PowerMax Pro 150F HD-50 mW-150
W fan-cooled sensor and LabMax-Pro SSIM Laser Power Meter (Coherent Inc., Santa Clara,
CA, USA). The power meter has the function of temperature compensation and wavelength
correction on every measurement sample. We performed the power measurement in high-
speed mode. The calibration of the power meter was performed by the manufacturer prior
to conducting the experiment.

Table 1. Parameters stipulated and actual power of laser devices in continuous-wave mode.

Dental Device SIROLaser Blue Picasso
Wavelength 445 nm 970 nm 810 nm
Spot diameter 1 mm 1 mm 1 mm
Spot area 0.8 mm? 0.8 mm? 0.8 mm?
Stipulated output power 3W 2W 25W
Lowest output power measured 35W 24W 22W
Highest output power measured 3.7W 25W 26 W
Mean output power measured 3.6 W 25W 23W
Smallest difference in output power 05W 04W 01W
Largest difference in output power 0.7W 05W —-03W
Percentage change in mean output power 21% 22% —8%

Table 2. Parameters stipulated and actual power of laser devices in pulsed mode.

Dental Device SIROLaser Blue Picasso
Wavelength 445 nm 970 nm 810 nm
Spot diameter 1 mm 1 mm 1 mm
Spot area 0.8 mm? 0.8 mm? 0.8 mm?
Pulse duration 50 ms 50 ms 29 ms
Duty cycle 50% 50% 50%
Frequency 10 Hz 10 Hz 17 Hz
Stipulated output power 3w 2W 25W
Stipulated average power 1.5W 1.0W 1.3 W
Lowest output power measured 40W 25W 24W
Highest output power measured 41W 25W 24W
Mean output power measured 41W 25W 24W
Mean average power measured 19W 12W 12W
Smallest difference in output power 1.0W 05W —0.1W
Largest difference in output power 1L1W 05W —-01W
Percentage change of the mean output power 37% 26% —3%
Percentage change in mean average power 29% 24% —5%

2.1. Power Delivered in Continuous-Wave Mode

In continuous-wave mode, the manufacturer claimed a maximum output power of
3W,2W, and 2.5 W for the 445 nm, 970 nm, and 810 nm semiconductor lasers, respectively.
We observed the power output with the power meter for 60 s. The average, minimum, and
maximum powers were displayed on the software for each measurement. We recorded the
power output each time. We repeated the procedure ten times. We identified the highest
and lowest power output and calculated the mean output power.
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2.2. Power Delivered in Pulsed Mode

In pulsed mode, the manufacturer claimed an output power of 3 W, 2 W, and 2.5 W for
the 445 nm, 970 nm, and 810 nm semiconductor lasers, respectively. Therefore, the average
power at 50% duty cycle should be 1.5 W, 1 W, and 1.2 W. We observed the power output
with the power meter for 5 s. The average power and output power were displayed on the
software for each measurement. We recorded the average power and output power each
time. We repeated the procedure ten times. We identified the highest and lowest output
and calculated the mean of the average power.

After completing the measurements, we conducted statistical analyses of the collected
data using the SPSS Statistics—V25.0 software (IBM Corporation, Armonk, NY, USA). We
obtained the mean value for each measurement. According to the highest power output
we identified and the mean power we calculated, we computed the percentage change in
the average power in continuous-wave and pulsed modes and the percentage change in
the maximum output power in the pulsed mode test. Then, we calculated the range in
output power.

3. Results
3.1. Test in Continuous-Wave Mode

The actual power output of the SIROLaser Blue (445 nm) laser in continuous-wave
mode was not steady in the first 30 s. It became steady after 30 s (Figure 1). The actual
output power of the SIROLaser Blue (445 nm) was always higher than the preset output
power by 0.5-0.7 W. Similarly, the power output of the SIROLaser Blue (970 nm) was
unstable at the beginning in the continuous-wave mode. Unlike the 445 nm semiconductor
laser, which showed an upward fluctuation initially, the power output of Picasso (810 nm)
started at its highest and gradually decreased to a stable level (Figure 2). The actual output
power of Picasso in continuous-wave mode was always lower than the preset output power by
0.4-0.5 W. Picasso performed differently in the continuous-wave mode from SIROLaser Blue. The
actual output power of Picasso was not always higher than the preset output power, and it fluctuated
from —0.3 W to 0.1 W, compared to the preset output power. Figure 3 shows the representative
power output of Picasso in continuous-wave modes. The percentage change in the mean output
power of the 445 nm, 970 nm, and 810 nm lasers was 21%, 23%, and —8%, respectively.

3.2. Test in Pulsed Mode

The actual power output of the SIROLaser Blue (445 nm) semiconductor laser spiked,
whereas the shape of the power output of SIROLaser Blue (970 nm) and Picasso was closer
to a rectangular shape, as Figures 4-6 show. The pulses of SIROLaser Blue and Picasso
were all evenly distributed. The actual output power of SIROLaser Blue (445 nm) in pulsed
mode was always higher than the preset output power by 1.0-1.1 W. The output power
of SIROLaser Blue (970 nm) was also approximately 0.5 W higher than the preset output
power. Nevertheless, the actual output power of Picasso in pulsed mode was always lower
than the preset output power by approximately 0.1 W. The percentage change in the mean
output power of the SIROLaser Blue (445 nm), SIROLaser Blue (970 nm), and Picasso
(810 nm) semiconductor lasers was 37%, 26% and —3%, respectively. The mean average
power of SIROLaser Blue (445 nm) and SIROLaser Blue (970 nm) was 0.9 W and 0.5 W
higher than its preset average power, respectively, and the mean power of Picasso (810 nm)
was 0.1 W lower than its pre-set average power. The percentage changes in the mean power
of SIROLaser Blue (445 nm), SIROLaser Blue (970 nm), and Picasso (810 nm) were 29%,
24%, and —5%, respectively. Tables 1 and 2 show the percentage change in the mean power
and output power as well as the range in variation between actual power and preset power
in continuous-wave and pulsed modes.
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Figure 1. Representative power output of the SIROLaser Blue (445 nm) in continuous-wave mode

over 60 s.
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Figure 2. Representative power output of the SIROLaser Blue (970 nm) in continuous-wave mode

over 60 s.
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Figure 3. Representative power output of the Picasso (810 nm) in continuous-wave mode over 60 s.
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Figure 4. Representative power output of SIROLaser Blue (445 nm) in pulsed mode over 5s.
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Figure 5. Representative power output of SIROLaser Blue (970 nm) in pulsed mode over 5 s.
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Figure 6. Representative power output of Picasso (810 nm) in pulsed mode over 5 s.

4. Discussion

The power output of the laser directly determined the effectiveness and safety of
laser treatment. This is the first observational study to investigate the power output
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of the two common semiconductor lasers. This study used one machine for each laser
evaluation. Laser machines are medical devices for clinical use. It is reasonable to assume
that every laser machine must pass stringent quality control. We did not assess several
machines of the same manufacturers because it is not the objective of this study to evaluate
quality control or to compare machines of the same series and type. In this study, we use
LabMax-Pro SSIM Laser Power Meter (Coherent Inc., Santa Clara, CA, USA). Coherent is a
registered ISO 9001:2000 company, and this product is NMI (National Metrology Institute)-
traceable and CE (Conformité Européenne)-marked. This power meter can deliver precise
measurements and high accuracy with calibration uncertainty within 1%.

Semiconductor lasers (diode lasers) use solid material (some combination of gallium,
arsenide, and other elements such as aluminum and indium) as active media to convert
electrical energy into light energy, and each diode “chip” generates a relatively low-energy
output [30]. At milliwatt power level, the low-power semiconductor laser is generally
used for low-level laser therapy. However, individual diode chips can be employed in
parallel to increase the power output. Variations in each laser diode can affect the overall
power output. We did not measure the power output of the 660 nm low-level laser from
SIROLaser Blue. The laser at 660 nm is recommended for photobiomodulation with small
power within the mW range [31]. In addition, the fiber tip used at 660 nm is comparatively
large at 4 mm and 8 mm. In addition, the power output for photobiomodulation is very
small and within the mW range.

It is generally accepted that the actual power at the exit of the fiber tip will be lower
than the power indicated on that panel due to energy loss during energy transport and
degradation phenomena. However, our study found that this point of view is not always
true. The actual power output for SIROLaser Blue (445 nm and 970 nm) was higher than
the preset power. The results showed that the largest difference in power output was in
SIROLaser Blue (445 nm), which is probably due to a compromise in reliability at high
optical power. However, factors such as optical power density at the output facet, heat
dissipation, and current density in the semiconductor also affect the power output of the
laser [32].

Laser tissue interaction depends on many factors, such as the operator-dependent
factors (modality of use, application time and speed, and distance from the tissue) and the
operator-independent factors related to the wavelength and preset parameters. However,
the power output of dental lasers should be precise, which is determined by their applica-
tion in clinical treatment. This study found considerable deviations in the power output of
semiconductor lasers. The deviation in the power of the 455 nm laser was up to an increase
of 21% (0.7 W) in continuous mode and 29% (1.1 W) in pulsed mode. A study investigated
cut efficiency as well as the thermal effects of the 455 nm laser [33]. The investigators
conducted incisions on porcine gingiva in continuous mode using a 320 um fiber tip at a cut
speed of 2 mm s~ . They found that irradiation with 3.5 W had a significantly larger zone of
collateral thermal damage in gingiva than that with 3.0 W [33]. Reducing collateral thermal
damage from laser incisions is important to promote wound healing and to minimize the
postoperative discomfort of patients [34].

In addition, excessive heat caused by excessive power may damage the pulp, even
leading to pulpitis or pulp necrosis. A study compared irradiation on tooth root surfaces
with an 808 nm diode laser at 417 mW and 207 mW in continuous mode for 30 s. The
417 mW irradiation increased pulpal temperature of thin-walled teeth above the threshold
(5.5 °C), whereas 207 mW irradiation did not [35]. Excessive heat due to excessive power
also could damage the periodontal tissues. Another study evaluated the temperature
changes on the root surfaces of incisors with 810 nm laser irradiation. The root canals of the
incisors were irradiated in continuous mode at 3.0 W and 3.5W. The study reported that
3.0 W irradiation did not create thermal damage. However, 3.5 W irradiation increased the
temperature of the outer root surface by 7 °C, which could damage periodontal tissues [36].

We observed the lasers” output power for 60 s in continuous-wave mode and 5 s in
pulsed mode. We found that the power output of lasers in pulsed mode remained stable
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over time, whereas the power output of lasers in continuous-wave mode fluctuated for
a while, and it took some time for the power output to stay constant. Many dentists do
not irradiate lasers on the tissue for a long time. They normally activate the laser device
by stepping on the foot paddle for a few seconds and stopping for a while before they
continue. We found the output power to be unstable in the first few seconds. Therefore, a
significant variation in output power can occur in clinical practice.

Keeping the incident laser beam perpendicular to the tissue can achieve maximum
control of laser-tissue interaction. To mimic this position in the laboratory, we used a
clamp to make sure the fiber was perpendicular to the sensor of the power meter. In
clinical practice, dentists can bend the tip to a proper angle to ensure that the fiber tip
is perpendicular to oral tissue during irradiation. A light ray travels in a straight line
when it is perpendicular to the surface between two mediums, while the ray refracts when
applied at an angle relative to the surface. Moreover, there may be unnecessary damage
to adjacent tissues [24]. Note that the fiber angle is compromised at an angle when comes
to fibrous tissue ablation and the laser tip is in light contact with the tissue. It is because
the movement of fiber will be smoother without being stuck at a fixed point which would
cause more thermal damage. Also, visual field is improved.

In this study, we observed a steady pulse distribution and frequency in the two
semiconductor laser devices. The mode of pulse emission will affect the evenness of
pulse distribution. Some laser users consider that the laser pulses are evenly distributed
because the emission mode for dental semiconductor lasers only included continuous-wave
mode and gated-pulsed mode [14]. The pulse distribution is largely dependent on the
construction of the mechanical shutter. For devices that use individual shutters for each
semiconductor to control the frequency and duration of the pulses, they can have unevenly
distributed pulses.

5. Conclusions

We found a discrepancy between the preset power output and that measured by the
power meter of the two dental devices for semiconductor lasers, and the actual power is
not necessarily lower but can be higher than the displayed power output. For clinicians,
we recommend checking the power output of their laser devices with a power meter for
the safe and effective use of laser. We also suggest that manufacturers equip a calibration
function on the laser device as part of the setup procedure.
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