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Presently, laser medicine employs almost all types of known lasers[1]. However, semiconductor lasers were most popular in the 21st century[2,3]. Moreover, these radiation sources will remain very popular in the nearest future. The only exception goes for surgery, which employs mainly CO2 lasers. Why are semiconductor lasers and light-emitting diodes (LEDs) capturing a rapidly growing part of the market? Let us apply for information to a comparison table of lasers and LEDs (see Table 1).

Table 1. Comparison of performance specification of lasers and LEDs

No.
Parameter
Laser
LED

1.
Feasible wavelength
0.63 to 1.5 (m
0.40 to 1.5 (m

2.
Radiation wavelength half-width
1 to 0.1 nm
15 to 20 nm

3.
Average divergence angle
~ 20 to 30 degrees
20 to 50 degrees

4.
Polarization
Polarized
Fully depolarized

5.
Radiation monochromaticity
Monochromatic
Nonmonochromatic

6.
Radiation coherence
Coherent
Noncoherent

7.
Collimation
Feasible
Infeasible

8.
Minimal focused spot
0.1 mm
3 mm

9.
Maximal efficiency of stock-produced devices
10%
3%

10.
Maximal illumination intensity  from a single radiation source in a continuous-wave (cw) mode
200 W cm(2
0.1 W cm(2

11.
Maximal power flux density from an array of radiation sources in a cw mode
2(104 W cm(2
2 W cm(2

12.
Ultimate output pulse power
100 W
100 mW

13.
Portion of radiation power that can be coupled in a 200-(m light-guiding fiber
50%
0.5%

14.
Single-item price
U.S. $ 3 to $ 100
U.S. $ 0.1 to $ 1

15.
Application in laser therapy
Feasible
Feasible

16.
Application in intravenous laser therapy
Feasible
Infeasible

17.
Using fiber-optic attachments
Feasible
Infeasible

18.
Application in photodynamic therapy of superficial tumors
Feasible
Widely used

19.
Application in photodynamic therapy of blood and deep organs
Feasible
Infeasible

20.
Application in surgery
Feasible
Infeasible

21.
Pulse duration
70 ns
100 (s

22.
Maximal output pulse power
50 W
100 mW

What makes semiconductor radiation sources attractive for medicine? First of all, semiconductor sources have an extremely simple pumping system. Such a system consists of a current source for LEDs and of a simple chip for lasers. They do not need any mechanical devices, they can operate without water-cooling systems. In terms of physics, the service life of lasers, solid-state lasers, and LEDs is unlimited. Their breakdowns are associated with defects that give rise to catastrophic failures. The problem of decreasing semiconductor unsoundness has been tackled since the mid 21st century. As a result, semiconductor imperfection is actively eliminated. However, physicists need to resolve many problems. This is associated with the fact that the range of semiconductor types is growing in a geometric progression. Not accidentally was J. I. Alferov awarded the Nobel Prize for his studies in this field. Devices based on semiconductor radiation sources operate on very simple principles. LEDs are employed to directly irradiate patients. As a result, they are used when one needs to irradiate large areas. This approach is employed in therapy and photodynamic therapy of superficial lesions. Lasers make it possible to realize several irradiation patterns. First, they can be used to irradiate large areas, like LEDs. Second, laser radiation can be coupled into a hair-like optical fiber. The latter guides laser radiation to a special-purpose attachment that can be applied, for example, in proctology. Apart from that, the fiber can be inserted into a needle to deliver laser radiation to a diseased organ. This is widely used in therapy, surgery, and photodynamic therapy. Of special importance for medicine is the possibility of converging laser beams from several optical fibers. This enables one to create superpower radiation densities. Such an approach is successfully employed in surgery and photodynamic therapy. The Kristal M device embodies this classic principle. In this device, laser radiation emitted by something like 50 lasers is coupled into a single optical fiber (Figure). Third, semiconductor lasers can serve as pumping source of solid-state lasers whose radiation wavelength is shorter by a factor of 2 or 3. In other words, infrared semiconductor lasers may excite green or blue radiation in solid-state lasers.
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Figure. The Kristal M photograph

Which trend in medicine will semiconductor radiation sources take? The oncoming 10 years await a tremendous success in LED development, semiconductor lasers, and solid-state lasers. Full-scale production will be dealing mainly with lasers and LEDs whose efficiency will increase 1.5 to 3 times. As a result, the ultimate output power of lasers and LEDs will increase by a factor of 1.5 to 3, which is special importance for surgery. Furthermore, the design of laser therapy devices will be changed drastically. Due to a sky-rocketing increase in the laser efficiency and battery energy output, self-contained therapeutic lasers will virtually monopolize the laser-therapy market. The Kreolka device has already embodied these principles. As a result, it presses the best mains-operated lasers hard on the market. As an illustration, let us give a comparison table of the Kreolka and Mustang devices (see Table 2).

Table 2. Comparison of the Kreolka and Mustang laser therapy devices

No.
Parameter
Kreolka
Mustang

1.
Output power at a wavelength of

a) 0.89 (m (pulsed mode)

b) 0.63 (m (cw mode)

c) 0.67 (m (cw mode)

d) 1.3 (m (cw mode)
50 W

15 mW

15 mW

3 mW
100 W

20 mW

20 mW

5 mW

2.
Weight
0.05 kg
2 kg

3.
Operation time without battery replacement (with additional batteries) 
150 hours

(450 hours)
Unlimited

4.
Power supply
AAA battery (2
Off-mains

5.
Supply voltage
3 V

(safe)
220

(hazardous)

6.
Dimensions (mm)
110(25(60
210(175(90

7.
Price (in rubles)
4,500 to 9,000
6,000 to 50,000

8.
Magnetolaser therapy
Feasible
Feasible

9.
Radiation
Polarized
Polarized

10.
Radiation
Monochromatic
Monochromatic

11.
Radiation
Coherent
Coherent

12.
In-built microcomputer
Available
Available

13.
Number of control buttons
2
12

14.
Unauthorized-access lock
Present
Absent

15.
Session termination beeper
Present
Present

16.
Indicator of switched-on/switched-off laser radiation 
Present
Present

17.
Simultaneous irradiation of a patient with two radiation sources
Feasible
Feasible

18.
Sterility requirements
Lenient 
Stringent

19.
Device’s safeguard against bacteria and external adverse factors
Feasible
Infeasible

20.
Operation in the mains-interruption mode
Feasible
Infeasible

21.
Single-session preparation time
10 sec
not less than 10 min

22.
Storage
Arbitrary place (like a cellular phone)
Medical establishments

23.
Application in an ambulance car
Feasible
Infeasible

24.
Application at home
Feasible
Infeasible

25.
Application at an accident site
Feasible
Infeasible

26.
Laser diode failure owing to voltage jumps in supply-line voltage
Impossible
Possible

27.
Output power control
Using a laser-diode current
Using a photodetector

28.
Case design
Streamline
Awkward

29.
Session time limitation (for absent-minded doctors)
15 min
No

30.
Coherent radiation
Present
Present

31.
Warranty lifetime
30 months
30 months

32.
Radiation portion incident on a pathological site
100% (due to mirror reflection)
100% (due to mirror reflection)

33.
Pre-session mounting
Unnecessary
Unnecessary

34.
Injuries
Impossible
Electric injury (220 V) 

35.
Application in high-power noise pollution (caused, for example, by strong radio-frequency or magnetic fields)
Feasible
Infeasible

36.
Tropicalized construction
Feasible without redesigning
Feasible after redesigning

37.
Export
Simple
Complicated

38.
Treatment in the presence of vibration
Feasible
Infeasible

39.
Application inside the alimentary tract of the cattle in veterinary medicine
Feasible
Infeasible

40.
Patient’s painful reaction
Absent
Absent

41.
Fastening of the radiating element on the patient’s body
Convenient
Difficult

42.
External holder
Present
Present

43.
Mean-time-between-failures of control buttons
more than 106 turns-on
less than 103 turns-on

44.
Implementation of all therapeutic techniques written by V. A. Buylin in more than 40 books
Feasible
Feasible

45
Availability of the associated documentation
The passport, two methodical manuals and “The encyclopedia of laser medicine” (700 Mb on CD-ROM)
The passport and methodical manual

46
Warranty period
40 month
30 month

Countries all over the world do their utmost to reduce the price of semiconductor radiation sources. According to Professor V. P. Sushkov’s forecast, the cost of stock-produced devices will become smaller by a factor of 1.5 to 3 within 10 years, whereas the cost of corresponding medical devices will be less by half. Researchers The entire world is tackling the problem of increasing the real nonfailure operating time of semiconductor radiation sources. It seems that the mean-time-between-failures of stock-produced devices will soon increase by a factor of 2 to 10. This will increase the real nonfailure operating time of medical devices by a factor of 5 to 10. It is worth noting that medical devices fail not only because of radiation-source breakdowns, but also because of control-element faults. All these problems are vigorously attacked by Russian and foreign engineers. It is quite evident that semiconductor lasers emitting in the yellow, green, blue, and ultraviolet regions will go into quantity production soon. Such technical background will encourage practical application of lasers all over the world. This will arouse a interest in laser therapy, photodynamic therapy, and laser surgery. According to our forecast, this will double the range of therapeutic procedures within 10 years to come. As a result, the number of administering laser-based procedures will increase by a factor of not less than 3 throughout the world.

Today, Russian scientists and experts are at the cutting edge of laser medicine. So that Russia could retain its priority, the entire community of laser specialists should work hard. We believe that Russian laser medicine can make a considerable breakthrough in the export of equipment and techniques as well as in the treatment of foreign patients. To this end, the Technika-Pro, Ltd., undertakes a good deal of huge effort. It creates supercompetitive products and enables Russian specialists to work abroad. We have already sent our specialists in Iran, Brasil, and Ireland. The Technika Pro, Ltd., will create a highly throughput channel for exporting laser medicine within the oncoming 10 years. This will help our physicians to participate in the international collaboration.

Conclusions:

1. Laser medicine, therapy, photodynamic therapy, and surgery will be developed rapidly within the oncoming 10 years due to advances in laser technology.

2. Laser therapy will make use of self-contained portable devices within the 10 years to come. This will be associated mainly with the battery quality improvement.

3. The application of lasers with optical fibers in surgery, therapy, and photodynamic therapy will increase considerably (by an order of magnitude).

4. Russian laser medicine will make progress largely due to exporting medical equipment and therapeutic techniques as well as due to gaining the international experience by the physicians.
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