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Laser Scalpel 
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It is shown that the laser scalpel can easily and without any mechanical force cut both soft and 
hard (bone) living tissue. This is a low-impact operation with cutting width - 0.1 ... 0.5 mm. 
Evaporation mechanism of laser damage of biological tissues, which lead to instant blood vessels 
coagulation, causes no bleeding.  

Лазерен скалпел (Виктор Спивак, Владислав Хаскин, Михай Tирсу). Показано е, че 
лазерният скалпел може лесно и без никаква механична сила да реже мека и твърда (кости) 
жива тъкан. Широчина на рязане е от 0,1 до 0,5 mm. Механизмът на лазерното рязане 
минимално уврежда биологичните тъкани около среза, а коагулацията на кръвта в 
прерязаните кръвоносни съдове спира кървенето в областта на лазерния срез.  

 

Introduction 
With the improvement of laser technology and the 

development of laser cutting, the idea of creating a 
laser scalpel has come. Back in the 1960s, it was 
found that a focused laser beam allows you to make 
bloodless cuts of living tissue. In the process of the 
incision at the edges of the wound occurs their 
coagulation, which "brews" the blood vessels along 
the way of the cut [1]. Another advantage of using 
laser in surgery is its transparency, which allows the 
doctor to see the operable place well. Conventional 
scalpel blade always obscures the surgeon operating 
areato some extent. Non-contact laser influence is also 
an important issue. Radiation dissects tissue within a 
distance, has no mechanical pressure and does not 
require sterilization. With laser surgery, the surgeon 
does not necessarily have to hold the cutting tissue by 
hand or any tool [2]. Another advantage of using laser 
radiation is high localization of its action. Tissue 
vaporization occurs only in the focal zone, which is a 
fraction of a millimeter in size. According to some 
researchers, the adjacent tissue sections are damaged 
considerably less than when using a conventional 
scalpel. As clinical practice shows, the cut from a 
laser scalpel heals faster. According to some reports, 
the healing process is increased twice. [3] 

Works on the creation of a laser scalpel for soft 
tissues surgery started a long time ago - since the 
1960s. They have been and are still conducted in all 
the developed countries of the world. For example, 
Moscow Research Cancer Institute studied the 
possibility of using laser radiation in clinical oncology 
since 1965 [4]. In the 1980s, a number of operations 

with the use of a laser scalpel were conducted there. 
Laser scalpel models "Razbor" and "Raduga-1-F" 
were developed and tested. Research and production 
firm LINLINE was created in Germany in 1994. It is 
the one of the largest companies in the production of 
laser medical equipment, including laser scalpels. [5] 
New development (2012) of the Institute of Physics, 
National Academy of Sciences of Belarus is a laser 
scalpel, which combines three lasers, where one 
(pulsed solid-state one) is used as a primary energy 
source, performing the pumping of the another 
(femtosecond) laser [6]. This construction allows 
getting an ultra short laser pulse duration of 30 ... 50 
femtoseconds, which opens new perspectives in laser 
surgery. This implies that the task of creating a laser 
scalpel is still relevant. 

The purpose of this paper is to analyze the 
perspectives of using laser in surgery and to develop a 
universal laser scalpel, which would allow to cut both 
soft and hard (bone) living tissue without any 
mechanical force. 

Laser scalpel 
Historically, the first laser to be applied for laser 

surgery was a CO2 laser with a wavelength of 10.6 
microns. The laser of this type is well absorbed by 
biological tissues containing water, since water is not 
transparent at this wavelength. CO2 was situated in the 
operating room next to the operating table, or in the 
next room with a laser radiation supply directly to the 
table. The first option is used nowadays. It has 
become possible owing to modern compact 
constructions of medical lasers and it significantly 



 

“E+E”, 5-6/2014 325

simplifies work with laser system. The second option 
was used in the 1980s, when attempts to introduce 
more high-power CO2 lasers that require vacuum 
system, the gas mix, etc. were made. This option did 
not take root because of complexity of laser system’s 
maintenance. 

CO2 laser radiation moved in the hinge fiber - a 
system of hollow tubes, which can be moved apart. 
Inside these tubes it spread, being reflected from the 
rotating mirror. Wherein the construction of mirrors 
was set in the following way: when you turn a light 
tube relatively to another, the reflective surface of the 
mirror was rotated with a twice smaller angle. This 
was achieved through the usage of special gear system 
and was necessary for compliance with the physical 
law of light reflection (the angle of incidence must 
always be equal to the angle of reflection). The light 
moved through the optical fiber into the outlet pipe, 
which surgeon could hold in his hand. He was able to 
move it in space, free to rotate in different directions, 
thus directing the laser beam to a desired location. 
Inside the outlet pipe a focusing lens was located with 
a small laser pointer at its’ end, which serves to beam 
pointing. The reason is a fact, that a laser pointer 
wavelength is approximately 0.64 (0.69) microns, 
which is situated in the red wavelength range of the 
visible spectrum, and the main CO2 laser radiation is 
situated  in the far-end infrared region and is invisible. 
Usually, people try to combine the focus of CO2 laser 
radiation with the focus of the beam pointer. To 
simplify this, the main focus of radiation could be 
located at a point within a 3-5 mm distance from the 
end of the pointer. 

With laser surgery the depth of the cut is usually 2-
3 mm [3]. Most tissue dissection is performed with 
not one, but several passes, cutting tissues like layers. 
Unlike casual scalpel, laser scalpel not only cuts the 
tissue, but can also sew the edge of the cut, i.e. 
perform biological welding. Biological welding is 
performed by the coagulation of the liquid contained 
in the soft tissues. However, currently another 
method, the electric pressure contact welding of 
biological tissues, is usually used for living tissue 
welding. It was developed in The E.O. Paton Electric 
Welding Institute [7]. It is considered to be more 
promising than the laser method. For cutting tasks of 
such tissues, the laser one was established. 

Recently solid (eg, ruby, alexandrite, garnet) and 
fiber lasers came to replace CO2 lasers to perform 
surgical tasks. Also the usage of diode lasers is 
possible. Their main advantage is the transfer of 
radiation through the optical fiber, which makes the 
work with a laser scalpel easier (Fig. 1). After all, the 

waveguide of CO2 laser consisting of tubes and 
mirrors with turning mechanisms was quite bulky and 
heavy. Additional attachment on a tripod or to the 
ceiling was necessary for a surgeon’s work.  

In contrast to the CO2 laser, the wavelength of 
surgery solid lasers is usually in the range of 0.5 ... 1.5 
microns. The water in biological tissues is fully 
transparent for it. Therefore, the laser cutting 
mechanism of these tissues differ from that which 
holds radiation with a wavelength of 10.6 microns. It 
gave the possibility to expand the medical applications 
area of laser scalpel and use it in more "gentle" mode 
for vascular surgery, hair removal, tattoo removal etc. 
The appearance of new laser equipment also increased 
the possibilities of laser surgery - for example, erbium 
laser (Er: YAG) with a wavelength of 2.936 microns 
allowed to perform the ablation of soft tissue to 
remove wrinkles, skin rejuvenation, scar removal, 
rashes, etc. [5]. 

In the late 1990s works on the creation of the laser 
and plasma medical equipment started in E.O. Paton 
Electric Welding Institute of The National Academy 
of Sciences of Ukraine. In addition to the laser, the 
plasma scalpel was developed to dissect the soft 
biological tissues [8]. Due to the presence of high-
temperature (about 10,000 ºC) plasma this scalpel also 
enables you to stop the bleeding on the cut surface 
(the effect of coagulation). Experiments on animals 
(rats, rabbits and pigs) with a developed set called 
"Plazmamed" showed that on the 21st day after 
surgery coagulation scab is missing and necrotic 
tissues are surrounded by a capsule, formed by 
granulation tissue. In all cases, neutronphilic 
infiltration was absent. However, despite this success, 
plasma scalpel did not get as widespread as a laser 
later on.  

Unlike the "Plazmamed" appliance released one-
off laser scalpel for gynecological surgery 
(cauterization of tumors) developed in E.O. Paton 
Electric Welding Institute was released in small series 
and implemented in health care programs. This tool 
was based on the low-power soldered type CO2 laser. 
However, by that time a sufficient number of laser 
equipment, oriented to work with soft tissues, already 
existed. Herewith, laser surgery of bone tissues 
actively developed mainly in dentistry. In human 
skeleton surgery the laser scalpel still had not received 
proper acceptance. The best option, according to 
Paton EWI experts would be versatile laser scalpel 
that allows you to cut both soft and bone tissue. 
Therefore, in 1999 Paton EWI jointly with the 
Institute of Traumatology and Orthopedics Medical 
Sciences of Ukraine started the development of a laser 
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scalpel, allowing cutting bone tissue. 
Preliminary experiments were done using a CO2 

laser on pork, beef and rabbit bones. It was found that 
it is advisable to use periodical-pulsed radiation with 
frequencies of 200... 30 Hz in order to reduce the 
width of the cut and the necrotic area around it. The 
duty cycle in this case was chosen in the range of 1, 5 
... 2,0. Cutting speed was chosen in the range of 30 ... 
60 meters/hour, which corresponds to a comfortable 
manual movement of a laser scalpel. As a result of a 
series of experiments on the mode selection the cut 
width 0.1 ... 0.3 mm was accepted.  

The next series of experiments was conducted on 
live rabbits of Gray Giant breed. On the hind tibia of 
four rabbits by CO2 laser radiation squares in a 10 × 
10 mm to the bone marrow to minimize injuries of 
marrow were cut. Operations were carried out in 
automatic mode using the three-axis CNC gantry 
robot. Before the surgery, the soft tissues were 
removed from the bones by the traditional surgical 
method. It was found that the average radiation power 
for solving this problem must be within 200 ... 300 
Watts. The analysis of bone healing dynamics after 
the laser surgery showed no negative deviations 
compared to similar interference conducted using 
conventional machine tool. 

After bone surgery a series of experimental cuts of 
soft tissues were performed to a depth of about 5 mm 
in one pass. It was found that in the case of CO2 laser 
radiation for this purpose average power of about 60 
... 100 watts is required. Area of necrosis in this case 
was about 0.3 ... 0.5 mm. 

As noted above, the use of a CO2 laser radiation in 
a scalpel design is inefficient due to the construction 
of a light guide. It is much more promising to use 
more short-wave radiation (eg. solid-state and fiber 
lasers with a wavelength of 1.06 microns), which can 
be transmitted through a flexible optical fiber. 
Furthermore, modern solid-state, diode and fiber laser 
are significantly smaller and have much higher 
efficiency (up to 45 ... 50%) compared with CO2 
lasers. Therefore, for the usage of lasers with shorter 
wavelengths, we have developed and tested a scalpel, 
shown in Fig. 2.  

This scalpel comprises a desired length of optical 
fiber (typically 1 to 3 meters), the fiber node input to 
scalpel, focusing optics and inferential nozzle through 
which the radiation comes out of the scalpel. To 
reduce the pointing accuracy of scalpel cutting 
(focusing) area, the lens with 80 mm focus distance 
and radiation of fiber Yb: YAG-laser with a small 
(about 3 mm) aperture were used. It gave the 
possibility to achieve accurate focusing up to ± 5 mm, 

greatly simplifying the task of the surgeon. Tests 
showed scalpel’s satisfactory ergonomics when 
working with both continuous and pulsed radiation 
with an average power of 200 watts. The use of high-
powers was limited by capabilities of the optical fiber 
used in the design. 

 
a) 

 
b) 
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Fig. 1. Multifunctional laser complex MULTILINE TM 
based on Nd: YAP long pulse laser with a wavelength of 

1.079 / 1.340 microns up to 40 (70) W (pulse duration - 0.3 
ms, repetition frequency – up to 100 Hz) [5]. 

 
a)

 
b) 

Fig. 2. The laser scalpel with optical fiber designed to 
transmit radiation with 1.06 microns length and an average 

power of 200 watts. 

Furthermore, experiments showed that the 
developed scalpel can cut both soft and hard (bone) 
tissue equally well. However, in the latter case, the 
minimum output power must be raised to 300 watts. 
The application mode of periodical-pulsed radiation 
with the highest possible peak power, while 
maintaining the average power level of 300 watts is 
also promising. In this case, the best results can be 

achieved by replacing the surgeon’s hand by 
anthropomorphic robotic arm with an automatic 
control system, which includes a tracking system in 
real-time and dynamic operational management. 

Conclusions 
1. Laser scalpel allows to cut both soft and hard 

(bone) living tissues without any mechanical force 
equally easily. This is a low-impact operation with 
cutting width - 0.1 ... 0.5 mm. and there is no 
bleeding. The latter is associated with the evaporation 
mechanism of laser damage on biological tissues, 
which results in instant coagulation of blood vessels 
and stop of bleeding. 

2. The hand-held laser scalpel with a focal length 
lens of 80 mm and a scalpel working distance up to 20 
mm, which designed for the transmission of radiation 
with a wavelength of 0.5 ... 1.5 mm through the 
flexible optical fiber was created and tested. Due to 
the relatively long-focus optics and the small aperture 
of the applied laser, the pointing accuracy of the 
scalpel on the cutting area was increased to ± 5 mm, 
which makes the surgeon's work much easier. 

3. The experiments on the cutting of soft and bone 
living tissues by CO2 laser mode selection were 
conducted. The main criterion for modes selection 
was minimization of the size of necrosis zone. The 
expediency of the use of periodical- pulsed radiation 
with a pulse duty cycle of 1.5 ... 2.0 at pulse frequency 
rate of 200 ... 300 Hz was identified. The tests showed 
the prospects of replacing the surgeon's hands by an 
anthropomorphic robot hand. 
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