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ABSTRACT

Aim of the study was to compare the cutting and coagulation properties of 1.56 and 1.94 um fiber lasers with those
of'a 0.98 um semiconductor laser.

Materials and methods. A comparative study of the biological effects of 1.56 and 1.94 um lasers and a 0.98 um
semiconductor laser used in a constant, continuous mode was carried out. The cutting properties of the lasers were
evaluated on the chicken muscle tissue samples by the width and depth of the ablation zone formed via a linear laser
incision at a speed of 2 mm/s, while the coagulation properties were assessed by the width of the lateral coagulation
zone. The zones were measured using a surgical microscope and a calibration slide. For statistical analysis, power
values of 3, 5,7, 9, and 11 W were chosen for each laser wavelength.

Results. Analysis of the findings confirmed that laser wavelength had a statistically significant effect on the
linear dependence between incision parameters and laser power. It was found that the 1.56 pm fiber laser (water
absorption) had a greater coagulation ability but a comparable cutting ability compared with the 0.98 um laser
(hemoglobin absorption). When used in the power mode of 7W or higher, the 1.94 um laser provided superior
cutting performance compared with the 0.98 pm semiconductor laser at the same exposure power. Elevating the
power in any of the lasers primarily increased the width of the ablation zone, and to a lesser extent — the crater
depth and the width of the lateral coagulation zone. Therefore, in comparison with the 0.98 pm semiconductor
laser, higher radiation power in the 1.56 and 1.94 um lasers mainly influences their cutting properties, expanding
the width and depth of the ablation zone, and has a smaller effect on their coagulation ability.

Conclusion. The findings of the study showed that the 1.56 and 1.94 um fiber lasers have better coagulation properties
in comparison with the 0.98 um semiconductor laser. was statistically proven that all incision characteristics (width
of the lateral coagulation zone, depth and width of the ablation zone) for the 1.56, 1.94, and 0.98 um lasers depend
on the power of laser radiation. The 1.94 um laser is superior to the 0.98 um laser in its cutting properties.
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CpaBHEHUE peXYLMX U KOAry/IALLMOHHbIX CBOMCTB BO/IOKOHHbIX /1a3€pOB
C A/MHOM BO/IHbI 1,56 U 1,94 MKM C NO/1yNpOBOAHUKOBbIM /1a3€pOM 0,98 MKM

Pa6osa M.A., Ynynos M.10., Llymunosa H.A., MoptHoB I'.B., Tuxomuposa E.K.,
Mankosa M.E.

Iepsviii Canxkm-Ilemepbypeckuii 20cy0apcmeenuviii MeOUyuHCKull yrusepcumem umenu akademuxa M.11. I[lasnosa
(IICIT6I'MY)
Poccus, 197022, 2. Canxm-Ilemep6ype, yn. Jlvea Torcmozo, 6-8

PE3IOME

Lean — MpOBECTH CPABHUTEIBHYIO OLEHKY PEXYIIMX M KOATYJIAIHOHHBIX CBOWCTB BOJIOKOHHBIX JIa3epOB C
JUTMHAaMU BOJH 1,56 1 1,94 MKM ¢ mOynpoBOIHUKOBBIM JiazepoM 0,98 MKM.

Marepuajbl U MeToAbl. IIpoBeseHO CpaBHHUTEIHHOE HCCIEOBAaHNE OHOJOTMYECKHX CBOHCTB BOJIOKOHHBIX
J1a3epoB ¢ JNIMHOI BoyHBI 1,56 1 1,94 MKM ¢ 1OTynpoBOAHUKOBEIM Ja3epoM 0,98 MKM B IOCTOSHHOM HENIPEPHIBHOM
pexume. Pexxymue cBoiicTBa J1a3epoB OLEHUBAINCH HA MBIIICYHOI TKAHM KYPHUIIBI 110 MIUPUHE U TIyOUHE 30HEI
a0y, GopMHpyeMol B XOJie JIMHEHHOTO JIa3epHOTO pa3pe3a CO CKOPOCThIO 2 MM/C, KOAryJSIIHOHHBIC —
1o mMupHHE OOKOBOI 30HBI Koaryisiuu. M3mepeHue 30H IMPOBOAMIN B YCIOBUSX MHKPOCKOIHH C ITOMOIIBIO
KaJMOpOBOYHOTO IIPEIMETHOTO CTeKIa. JJIs CTaTHCTHYECKOTO aHaIM3a BEIOpaIi 3HaYeHHUst MOIHOCTH 3, 5, 7, 9 1
11 BT [u1s1 ka>101 JUIMHBI BOJIHBI JIA3EPHOTO U3IIyYCHHUS.

Pe3ynbTaThl. AHAIN3 MOTYYEHHBIX PE3YNbTATOB M3MEPEHUH MOATBEPIMI CTATHCTHYCCKH 3HAYMMOE BIIHSHHE
JUTMHBI BOJIHBI JIA3€PHOTO WM3IyYEHMS Ha XapakTep JTMHEHHOH 3aBHCHMOCTH INapaMeTpOB JIa3epHOTO pa3pes3a
OT MOILHOCTH BO3JECHCTBUA. YCTaHOBJICHO, 4YTO BOJOKOHHBIM BOAOIOIJIOIIAEMBI Ja3ep C IJIUMHOH BOJHBI
1,56 MM obnagaet OomnbIel Koaryaupyromeil cliocOOHOCTBIO, HO COIIOCTaBUMOM CIIOCOOHOCTHIO K pe3Ke TKaHeH
[0 CPaBHEHHIO C TE€MOTJIOOMHIOTIONIAEMBIM Jla3epoM ¢ AnuHOW BomHBI 0,98 MkM. Jlazep ¢ mnuHOW BOJHBI
1,94 mxMm Ha MouiHOCTH 7 BT 1 BBIIIE MPEBOCXOJHUT MO CBOUM PEXYIIUM CBOWCTBAM MOJTYHPOBOAHUKOBEIN Ja3ep
0,98 MKM Ha TOH K€ MOIIHOCTH BO3AeHCTBHs. /Iy BceX Na3epoB MPHUPOCT MOIIHOCTH U3NIyYeHHS B OOJBIICH
CTENEHH yBEIMYNBACT IIMPHUHY 30HBI aONSIIUH, B MEHBIICH CTENEHH — INIyOMHY Kparepa W IIHPHHY OOKOBOH
30HBI Koaryysimuu. TakuM o0pa3oM, NMPUPOCT MOIIHOCTH H3IyYeHHS AT JIa3epoB C JUIMHOM BONHBI 1,56 n
1,94 MKM IIpeuMyIIECTBEHHO BIHMACT Ha PEXXYIIIE CBOMCTBA, YBETUUUBAsI ITUPUHY U TITyOHHY (GopMUpyeMOii 30HBI
a0AIuy, B MEHBIIEH CTENEeHH — HA €r0 KOAryJISIMOHHBIE CIIOCOOHOCTH B CPABHEHHH C MOJIYIIPOBOJIHHKOBBIM
na3zepoM ¢ JUInHOM BosHBI 0,98 MKM.

3akuarovenue. [To pe3yiabraTaM SKCIEPUMEHTAIBHOTO UCCIIEOBAHUS OOHAPYKEHO, YTO JIa3ephl C AJTMHON BOJIHBI
1,56 u 1,94 MxM 0051a7ai0T Jy4IIMMH KOAryJIMPYIOIIMMH CBOWCTBAMU B CPaBHEHUH C IOJIYIPOBOAHUKOBHIM
nazepom 0,98 mxm. CTaTHCTHYECKU JJOKA3aHO, YTO BCE MapaMeTphl JIa3epHOro pa3pesa (IIHPHHBI OOKOBOW 30HBI
KOAryJISIUH, TJyOUHBI ¥ LIMPUHBI 30HBI aOJISIKK) U1 J1a3epoB ¢ JUTMHOM BonHbI 1,56; 1,94 u 0,98 MM 3aBucsT
OT MOIIHOCTH Jla3epHoro usnyueHus. Jlazep ¢ pnuHoit BonHbI 1,94 MM npeBocxoauT nazep 0,98 MkM 1o cBoum
PEXYLIMM CBOMCTBAM.

Kirouessble ciioBa: nasep, abisiius, KOaryJysiius, JUIMHA BOJIHBI, MOIITHOCTb.

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 CTaThbH.

Hcrounnk ¢unaHcupoBanusi. ABTOpBI 3asBISIOT 00 OTCYTCTBUH (DMHAHCHPOBAHUS MPH IPOBEICHUH
HCCIIEI0BAHMSI.

Jns nurupoBanusi: Psdosa M.A., Vinynos M.10O., llymunosa H.A., [Toptros I'.B., Tuxomuposa E.K., Manko-
Ba ML.E. CpaBHeHUe peXyluX U KOAryJsIIIMOHHBIX CBOMCTB BOJIOKOHHBIX JIA3€pOB C JUIMHOW BonHBI 1,56 u 1,94
MKM C TIOJTyIIPOBOTHUKOBBIM JiazepoM 0,98 MM. Broanemens cudupckori meouyunst. 2021; 20 (4): 56—62. https://
doi.org/10.20538/1682-0363-2021-4-56-62.
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INTRODUCTION

In recent years, laser technologies have been rap-
idly developing with creation of semiconductor and
fiber lasers with various wavelengths never used be-
fore (0.53, 0.81, 0.97, 1.06, 1.47, 1.56, 1.94 pm) and
production of high-power lasers, which expands the
scope of their application in different modes (continu-
ous, pulsed, contact, and distance modes). Novel med-
ical equipment expands the range of therapeutic inter-
ventions; however, biological effects of the majority
of machines rarely receive any empirical evaluation.
Therefore, the right operation mode is usually found
by trial and error, which makes surgical intervention
less predictable and increases the risk of complica-
tions. Since the wavelength defines the properties of a
laser, a lack of data on the biological effect of different
wavelengths prevents practitioners from selecting the
right laser device and its operation modes.

In most experimental studies, ablative performance
is assessed by measuring the ablation rate, which is
the volume of ablated tissue per a unit of time (g/min),
while coagulation properties are evaluated by deter-
mining the bleeding rate (g/min) and tissue necrosis
depth (mm). This method involves the in vivo use of
living tissue models (in many cases — blood-perfused
porcine kidney), though evaluation results provide
only circumstantial evidence on the extent of ablation
and coagulation properties [1]. Current Russian and
foreign studies on the effects of diode and fiber la-
sers with various wavelengths (0.81, 0.94, 0.97, 1.47,
1.56 um) use vein models as samples for comparative
experimental analysis, which makes it impossible to
evaluate the cutting properties of lasers [2—8]. There
are few papers on semiconductor lasers being used on
the cartilaginous tissue models (0.97; 1.56 um), but
they do not discuss the ablative and coagulation char-
acteristics either [9].

The main aspects of laser performance relevant for
clinical practice include cutting properties measured
by the width and depth of the ablation zone, as well as
coagulation properties, or hemostatic effect of the la-
ser, that manifest themselves through tissue blanching
along the incision.

The development of new 1.56 and 1.94 um fiber la-
sers makes it relevant to study their biological effects pri-
or to using them in clinical practice. The 0.98 pm lasers
have been extensively used for various surgical purposes
[1], including ENT surgery [10-13], and, therefore, it is
reasonable to use this experience for a comparative anal-
ysis of the biological effects of other lasers.

The aim of the study was to compare the cutting

and coagulation properties of the 1.56 and 1.94 um fi-
ber lasers and the 0.98 um semiconductor laser.

MATERIALS AND METHODS

To assess the biological effects of laser radiation,
linear incisions were made on the chicken muscle tissue
at a fixed rate. The laser fiber was rigidly fixed with
tripods on a support stand at a 60° angle relative to the
incision projection. The biological object was placed on
a mobile recorder sheet moving uniformly at a speed
of 2 mm/s [12]. The width of the ablation crater and
the lateral coagulation zone was evaluated using a slide
with the graduation of 10 pm and an operating mi-
croscope with x15 magnification. To assess the crater
depth, cross sections of the tissue were made relative
to the linear incision line, and the parameter was mea-
sured using the above-described method. The width and
depth of the incision served as indicators of the ablative
performance, while the width of the lateral coagulation
zone represented the hemostatic properties of the lasers.

The incisions were made with the 1940 and
980/1560 nm lasers (LSP, IRE-Polus, Moscow, Rus-
sian Federation) in a continuous contact mode. The
procedure was performed with a freshly cleaved opti-
cal fiber end with a width of 400 um after its charring
by a short-term contact with a wooden surface (spat-
ula). At power values from 3 to 11 W and interval of
2 W, 3 incisions for each wavelength were made, and
the results for each incision were measured in 10 posi-
tions (30 measurements in total).

Statistical processing of the data was carried out
using the IBM SPSS Statistics software package (ver-
sion 22). The evaluation methodology included de-
scriptive statistics methods, regression analysis, and
multiple regression analysis with a madiating variable.
The parameters of the laser incision (width of the lat-
eral coagulation zone, depth and width of the ablation
zone) were dependent variables. The regression anal-
ysis of each dependent variable was performed sepa-
rately. The power and wavelength of radiation were
regarded as independent variables. Since the experi-
ment involved three lasers with wavelengths of 0.98,
1.56, and 1.94 um, the qualitative mediating variable
“wavelength” was coded with two dummy variables
representing the 1.56 and 1.94 pm lasers.

RESULTS AND DISCUSSION

The graphs depicting the dependence of the width
of the lateral coagulation zone and the depth and width
of the ablation zone on the power and wavelength are
shown below (Fig. 1-6).
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The statistical analysis of the results was based on
multiple regression:

Y:BO+BI .P+B2.DI,56+B3 .Dl,94+B4P.Dl,56+

+ BS ’ P ) D1,94+ 8’
where Y is a dependent variable (the coagulation
width for the first model; the ablation depth, for the
second model; and the ablation width for the third
model); P is the laser power; D, is a dummy vari-
able that equals 1 for the 1.56 um laser and O in other
cases; D, ,, is a dummy variable that equals 1 for the
1.94 um laser and 0 in other cases.

The 0.98 um laser is a benchmark, and the regres-
sion equation for itis Y= + B, - P+ ¢. The regres-
sion equation for the 1.56 um laser is ¥ = B, + 3, +
B, +B,) P D, +e¢, while for the 1.94 pm laser, it
is Y:BO+B3+(B1+BS). P.D1.94+8'

Thus, the significance of the B,, B, coefficients in-
dicates the statistical difference between 0.98 pm and
1.56 um lasers, and the significance of the f,, B, coef-
ficients indicates the statistical difference between the
0.98 um and 1.94 um lasers.

Multiple regression analysis with a mediating vari-
able showed a statistically significant relationship be-
tween all the parameters (the width of the coagulation
zone, the depth and width of the ablation zone) and
the laser power (Table 1, 2). In all but one case, it was
established that the laser radiation wavelength (medi-
ating variable) had a statistically significant effect on
the linear dependence of laser incision characteristics
on the laser power. Only when comparing the 0.98 and
1.56 um lasers, no statistically significant difference in
the effect of the laser power on the ablation depth was
revealed.

Table 1
Overview of dependence of incision parameters on power and wavelength
Model R R? SE F dfl df2 p
Model 1 (coagulation zone width) 0.88 0.78 0.014 444.7 5 444 <0.001
Model 2 (ablation zone depth) 0.96 0.92 0.004 1107.3 5 444 <0.001
Model 3 (ablation zone width) 0.88 0.78 0.013 3783 5 444 <0.001

The dependent variable for model / — coagulation width; for model 2 — ablation depth; for model 3 — ablation width; p — significance level; SE —

standard error, df — degrees of freedom.

Table 2
Regression parameters for dependence of laser incision characteristics on radiation power and wavelength
Model Parameter Coefficient SE p LO.W er conﬁdgnce Upper conﬁfi ence
interval limit interval limit
Constant B,=0.483 0.006 <0.001 0.472 0.495
Power B, =0.033 0.002 <0.001 0.029 0.037
. . 1.56 pm B,=0.426 0.015 <0.001 0.399 0.458
Model 1 lat dth 2
odel I (coagulation zone width) 1.94 um B, = 0.289 001 | <0.001 0.269 0309
Power* 1.56 um B,=0.017 0.005 <0.001 0.007 0.027
Power* 1.94 um B,=0.034 0.004 <0.001 0.027 0.041
Constant B,=0.508 0.006 <0.001 0.496 0.519
Power B, =0.053 0.002 <0.001 0.049 0.057
. 1.56 pm B,=0.024 0.007 <0.001 0.01 0.039
Model 2 (ablat depth 2
odel 2 (ablation zone depth) 1.94 ym B,=0.017 0.008 | 0.040 0.001 0.033
Power* 1.56 um B,=0.003 0.002 0.183 -0.002 0.008
Power* 1.94 um B,=0.054 0.003 <0.001 0.048 0.059
Constant B,=1.258 0.014 <0.001 1.23 1.283
Power B, =0.096 0.004 <0.001 0.087 0.105
. . 1.56 um B,=-0.25 0.02 <0.001 -0.289 -0.211
Model 3 (ablat th 2
odel 3 (ablation zone width) 1.94 ym B.—-0.024 | 0024 | 0314 20.073 0.027
Power* 1.56 um B,=-0.032 0.007 <0.001 -0.045 -0.019
Power* 1.94 um B, =0.083 0.007 <0.001 0.068 0.097

Statistical analysis of the data obtained showed that
the laser power significantly (p < 0.05) influenced the
cutting and coagulation properties of all lasers. This
was confirmed by the statistical significance of the f3,

coefficient in all the three models (width of the coag-

ulation zone, depth and width of the ablation zone).
The 1.56 pum laser radiation (water absorption)

did not differ much from the 0.98 pm radiation (he-
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moglobin absorption) in its cutting properties (the
statistical differences in the ablation zone depths are
non-significant, p > 0.05), though its coagulation
properties were more prominent: compared with the
0.98 um laser, the 1.56 um laser created a wider co-
agulation zone at the same power mode (j3, differs
significantly from 0).

The cutting properties of the 1.94 um laser fol-
lowed a different correlation pattern with its power
than the 0.98 um or 1.56 um lasers (due to a differ-
ent angle of the regression line, which was confirmed
by the fact that B, is statistically different from zero in
model 2). Unlike the 0.98 um and 1.56 um lasers, the
power of 3—5 W resulted in a smaller width and depth
of the ablation zone, while the power of 9-11 W in-
creased these incision parameters. The 1.94 pm laser
was found to have greater coagulation properties than
the 0.98 um laser with hemoglobin absorption.

The research showed that greater laser power pri-
marily increased the ablation zone width (the regres-
sion coefficients were 0.1, 0.06, and 0.18 mm/W for
the 0.98, 1.56, and 1.94 um lasers, respectively), to
a lesser extent — the ablation crater depth (the regres-
sion coefficients were 0.05, 0.06, and 0.11 mm/W, re-
spectively), and to the least extent — the width of the
lateral coagulation zone (the regression coefficients
were 0.03, 0.05, and 0.07 mm/W, respectively). Thus,
the increase in laser power predominantly affected the
cutting properties, making the ablation zone deeper
and wider, but had a modest effect on the coagulation
abilities. Therefore, using greater laser power during
surgery will increase the cutting properties of the laser
more than the hemostatic ones.

The visual analysis of the regression lines demon-
strated that the 1.94 pum laser had less prominent co-
agulation properties than the 1.56 um laser, since the
former was absorbed by water more easily and had a
greater target chromophore absorption rate, as well as
a smaller penetration depth. However, the statistical
analysis of differences between the 1.94 and 1.56 um
lasers was not performed, as it was not intended by the
research design.

Contact laser exposure mainly involves radia-
tion absorption by the area of carbonization and its
transmission to the surrounding tissues. Since most
of the near-infrared radiation is absorbed by carbon
particles, no significant differences in the cutting
properties of the tested wavelengths were recorded.
All the lasers showed good cutting properties. The
difference in the coagulation properties appears to
depend on the amount of remaining radiation (unab-

sorbed by carbon) penetrating the tissue and can be
explained by differences in the wavelength character-
istics (different chromophores and tissue absorption
coefficient).

CONCLUSION

The research and the resulting data analysis con-
firmed the statistically significant dependence of all
laser incision characteristics (width of the lateral co-
agulation zone, depth and width of the ablation zone)
on the radiation power for the 0.98, 1.56, and 1.94 um
lasers. The 1.56 and 1.94 um lasers have better coagu-
lation properties compared with the 0.98 pm semicon-
ductor laser. The 1.94 um laser is superior to the 0.98
um laser in its cutting properties.
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