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TMEPINHWH: Eioaywyn: Katd tnv diatopr 10twv [e
nAektpoxeipoupyiki 1 laser CO2, uiouxvo pedpa f u-
TEpuOPO YwG avtiotoixa petatpénovial oe Oeppdtnta,
TIPOKAAWVTAG €UEPVYETIKEG Kal emPBAAPelC 10TIKEG emm-
dpdoeic. 2korrdg: H mapoloa perétn otoxelel otnv
IOTONOYIKY] Kal avoaoiotoxnpikr Slgpelvnon Twv erm-
Spdoewv Twv AVWTEPW epyaieinv o SEppa kar oto-
patkd PAevvoydvo, oe olyKkpion He eKeiVEG TOU OUp-
BatikoU paxaipidiou. YAkS kar pgBodor: Xpnoiporor-
Bnkav 5 xofpol otoug omoioug mpayuatomoiOnkav
OUYKPIOIHEG TOPEG HE Ta avwTépw epyaAeia kal oupfBa-
TKS paxaipidio oe 3 avatopikég Béoeic. AnoteAéoua-
ta: Extevéotepn mapdmieupn Beppikr) BAARN onpeiw-
Bnke mepipepikd Topwy laser CO2, evw n éktaon g
@AeypovAg TepIpepIKd rtav peyahitepn amd ekeivn
TOPWV HOVOTTIONIKAG NAEKTOOXEIPOUPYIKAG Kal oupBat-
KoU paxaipidiou aMd Sev diépepe onpavtikd petagy
Twv Teheutaiwv dto. Suumepdopara: H xprion laser
CO2 ouoxetiCetal pe peyahitepn Beppikry PAABN ka
voOonE4TNTA OTO XEIPOUPYIKS TTedIO.

AEZEIX KAEIAIA: povotrioNikr) nAektpoxeipoupyikh, la-
ser CO2, &éppa, otopatkdg PAevwoydvog, Xoipol.

SUMMARY: Introduction: Upon use of monopolar
electrosurgery or CO2-laser high-frequency, current or
infrared light respectively are converted to heat, induc-
ing beneficial and undesired tissue effects.

Purpose: This study aimed to investigate histologically
and immunohistochemically the effects of monopolar
electrosurgery and CO2-laser upon skin and oral mu-
cosa and to compare them with those of scalpel.
Material and methods: 5 healthy swine were used.
Standardized incisions were made by scalpel and the
above instruments at 3 surgical sites.

Results: Lateral thermal damage to CO2-laser-incisions
and the inflammatory extent in skin sections were sig-
nificantly greater than scalpel incisions but inflammation
did not differ significantly between electrosurgical and
scalpel incisions.

Conclusions: COa-laser was associated with greater
thermal damage, impinging or epithelial proliferation
and postoperative inflammation.

KEY WORDS: monopolar electrosurgery, CO2-laser,
skin, oral mucosa, pigs.
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EIZAITQrH

To oupPatikd paxaipidio éxel umokataotabel oe TAY-
Bog epappoywv TG Ztopatikrg kai l'vabompoowikig
Xelpoupyikrg and epyaleia 1otikAg diatopng, Omwg To
laser CO2 «kal n HOVOTIONKY NAEKTPOXEIPOUPYIKN
(MHX). Autr Aertoupyel og MABog ouxvotitwy, amnod
v oupBatkr twv 05-1 MHz péxpr v onpavukd
upnAdtepn twv 3.8-4 MHz Tia v mepiypagr] g
Teheutaiag xpnoidorolovial of 4POl KHOVOTIONIKH
PadIOXEIPOUPYIKAY 1 «PAdIOOUXVATNTEG» AANG 0 OpOG
«UPiouxvn HOVOTTONIKY NAEKTOOXEIPOUPYIKT» TTOOTIUA-
Tal otV TapoUod PEAETN TIPOG amoQuyr) oUyxuong,
OXETKA [E TIG APXEG Asrtoupyiag Tou ev AOyw epyahei-
ou.

Katd v diatopr twv 1oty ge MHX 1 laser CO2 puia
popn evépyelag (UPIoUxvo NAEKTPIKG PEUA 1 UTIEQU-
Bpo @wg avtiotoixa) petatpénovial oe evOOIOTIKA
napaydpevn Beppdtnta, eEaopaiCoviag dpiotn aipo-
otaon. EmmAéov, n Siaxedpevn oto xeipoupyikd Tedio
Beppdtnta eAattwvel tov kivduvo empdiuvong (péow
TIEPIOPICHOU TOU HIKPOPIaKoU QopTiou) Kal MIKOOPETa-
otdoewv (Aoyw Odieyxelpnukrg Siaomopds kakorfwv
KUTtdpwy) Katd tnv xelpoupyikr) Bepareia kakorfwv
eEepyaoiyv (Arashiro kar ouv. 1996, Sinha kar Galla-
gher, 2003, Bornstein kar ouv. 2005).

Qotdoo, n diaxeduevn Bepudtnta ouvendyetal PAAPN
TWV TIPOOKEIEVWY 10TWY, AOYw TG PeTousiwong evoo-
KUTIdpIwv Kal eEwKUTIAPIOV TIPWTEVWY Kal NG avd-
TUENG  aMOIDOEWY TUTIOU TINKTIKAG  VEKPWONG  O€
dMote dMn andotaon and v topn. Ta eaivépeva
autd meplypdpovtal wg «mapdmieupn Beppikd PAABN»
(MOB), mou Bewpeftar umelBuvn yia v dieyxelPNTIKA
(ducavetfa rj mévog) kai peteyxeipnuky (Siatapaxn
AeoupyIKATNTAg Tapakeidévwy Sopwy dnwg o odo-
VTIKOG TIOAQAG, emPpdduvon r/kal ékmwon NG emnou-
Awong, avuiaiodnTikr] oUAr|) vooneOTnTd, TTOU CUCXETI-
(etal pe TV Xprion Twv epyaieiwv autwv. Emmiéoy, n
[MOB emnpedler TV €UKPIVEId TWV ICTONOYIKOV OpiwY,
niepiopiCovtag onpavukd v xprjon MHX kai laser
CO2 via v Myn ulikou Broyiag (Turner kai ouv.
1992, Wilder-Smith kar ouv. 1997, Carew kai ouv.
1998, Converse kar ouv. 2001, Mison kar ouv. 2003,
Sinha kar Gallagher, 2003, Rizzo kai ouv. 2004, Silver-
man kar ouv. 2007, Kakarala kai ouv. 2010). "Etol, katd
v epappoyry MHX kar laser CO2 emdiwketal n 6oo
To Suvatdv o Tepiopiopévn didxuon Beppdtntag oto
xelpoupylkd Tedio yia v ehaxiotomoinon g MNOB
Kal TG enakdAoudng voonpdtntac.

2Komdg NG TapoUoag EPEUVNTIKAG HEAETNG eival va
a&loloyrioel kal va ouykpivel v éktaon g 1OB
(exppaopévng wg amdotacns amod TNV XePOUPYIKA
Topr, émou diakpivovtav aMOIWOEIG TUTTOU TINKTIKAG
VEKPWONG) KAl TIG EMITIOOEIG TNG OtV eMoUAwon (otov
pubpd kuttapikol TTOMANAQCIAopoU Tou KAAUTTTIKOU

2xoivoxwpitn O. kar ouv./Schoinohoriti O. et al.

INTRODUCTION

Steel scalpel has been substituted in many applications
of Oral and Maxillofacial Surgery by tissue-incisional
and/or ablative instruments. These include CO2-laser
and monopolar electrosurgery (MES), operating at var-
ious frequencies, from the conventional 0.5-1 MHz to
the considerably higher 3.8-4.0 MHz. To differentiate
the latter, the terms “monopolar radiosurgery” or
radiofrequency” are used in the pertinent literature but
the term "high-frequency monopolar electrosurgery" is
preferred in the present study, to avoid possible confu-
sion regarding the operating principles of this instru-
ment.

Upon use of the above instruments a form of energy
(i.e. high-frequency current and infrared light respec-
tively) is converted to heat, produced within the oper-
ative site. These heat-generating instruments achieve an
adequate level of hemostasis, when compared to
scalpel; moreover, the tissue-diffused heat reduces the
risks of intraoperative contamination (by limiting the
bacterial population) and micrometastases (by prevent-
ing intraoperative dissemination of cancer cells) upon
surgical treatment of malignant lesions (Arashiro et al.
1996, Sinha and Gallagher, 2003, Bornstein et al. 2005).
However, heat diffusion also causes damage of the
adjacent tissues, due to denaturation of intracellular and
extracellular proteins, producing lesions compatible
with coagulative necrosis within a varying distance from
the incisional margins. These changes are described as
“lateral thermal damage” (LTD), resulting in intraoper-
ative (pain or discomfort) and postoperative (disturbed
function of adjoining structures such as the dental pulp,
delayed and/or impaired wound healing, conspicuous
scarring) morbidity, associated with the clinical applica-
tion of these instruments. Moreover, lateral thermal
damage causes tissue distortion, affecting the accurate
assessment of surgical margins and thus substantially
limiting the use of MES and COa-laser for biopsy har-
vesting (Turmer et al. 1992, Wilder-Smith et al. 1997,
Carew et al. 1998, Converse et al. 2001, Mison et al.
2003, Sinha & Gallagher, 2003, Rizzo et al. 2004,
Silverman et al. 2007, Kakarala et al. 2010). Therefore,
upon use of MES and CO2-laser diminishing heat-diffu-
sion within the operative site is mandatory, to minimize
lateral thermal damage and the subsequent morbidity.
The objective of the present experimental study was
to evaluate and compare the extent of lateral thermal
damage (assessed as the maximum distance from the
incision margins, where coagulative necrosis was dete-
cted) and its effects on the healing process (rate of
epithelial cell proliferation and extent of inflammatory
infiltration) of incisional wounds, created on porcine
skin and oral mucosa by conventional monopolar elec-
trosurgery (CMES), operating at |MHz, high-frequency
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emOnAioU kal otV €Ktaon Kai €viaon g QAEyHOvV-
doug diRBnong) tou Sépuatog Kkar Tou oToPatiKou
BAevvoydvou avdpeoa og oUpBatiKy HOVOTTOAIKA nAe-
ktpoxeipoupyiky (XMHX) ouxvdétntag | MHz, uyiou-
xvn povortolikr) nAektpoxeipoupyikry (YMHX) ouxvo-
tntag 3.8 MHZ kai laser CO2 og xoipoug. O1 e€etalo-
peveg mapdpetpol aglohoyolvtal O€ OXEOn HE TG avTi-
OTOIXEG KATAYPAPOUEVEG TIEPIPEPIKE  OUYKPIOIUWY
ToPWv oupPatikoy paxaipidiou, Tou amoteholv TV
opada eréyxou.

YAIKO KAI ME©OOAOI

Ma v mpaypatomoinon G HEAETNG xpnaiyotoiron-
kav 5 uyielg evijhikeg xoipol (3 dppeveg kar 2 BrAAeIg),
miapdpolou owpatikoy Pdpoug (22.8-25kg). Ztnv didp-
KEIa ToU TTEIPdPAatos Ta {wa oteydlovtav Kkai ortidoviav
olpgwva pe diebveic mpodiaypageég und v kabodn-
ynon knvidtpou.

H meipapaukr diadikacia mpaypatomoibnke oto

Epyaotipio lMeipapatikrg Xeipoupyikrg kar Xeipoup-

yikAG ‘Epeuvag «N.2. Xpnotéagy, katdmyv éykpiong Tou

OXeTKOU TIPWTOKOMoU and v AiedBuvon Knviatpl-

kG tg Nopapxiag ABnvav.

Ma v Slevépyela Twv TOPWV Xpnaiyotoindnkav ol

akdAoubeg ouokeugg: a) ouokeury MHX tng etaipeiag

Martin (Medizin Technik D-78532, Tuttlingen), tirou

MD 62, mou mapdyel pedpa ouxvéotntag MHz kai

avagépetal otV TapoUoa  PEAETN WG «oupBatikn

povoTToNikr  nAektpoxeipoupyiky  (ZMHX), B) ou-
okeury laser CO2 tng etaipeiag Deka (Medical Ele-
ctronics Laser Associated), tdmou SMART US-20D,
ouvexoUg Kupatopop@ns kar y) ouokeury MHX tng
etaipeiag Ellman International (Hewlett, N.Y.), tdmou

Surgitron FFPF EMC-Vet Surg, mou mapdvel pedua

ouxvétntag 3.8MHz kar avagépetar ot mapovoa

HEAETN WG «UYPioUXVN HOVOTTONIKY NAEKTPOXEIPOUPYI-

ki (YMHX). Tia v dievépyeid twv TOPWV PE TG

OUOKEUEG a) Kal Y) xpnoidoroiiBnkav eubéa nhektpd-

8ia timou PeAdvag g idiag diapgrpou Kar emAéxOnke

n Aertoupyia «cut(ting) mode.

H meipapatkr) diadikacia mepieAdpPave ta akdAouba

otddia:

* [povdpkwon, vdpkwaon, xnuelompo@uAagn, xopryn-
0on KOPTIKOOTEPOEIOWY Kal aviionyia oTo XeIpoupyI-
ko Tedio

» Alevépyeld OUYKPIoIMwV Topwv pe  paxaipidio,
SMHX, YMHX kai laser CO2 og 3 6éoeig (mAdyia
KoINIGKr|) XWPEa, paxiaia em@edveid yAwoodag, eAelBe-
A Kal TTPOOTIEQUKATA oUAa dvw yvdBou) pe tuxaia
ogIpd (a’” XEIPOUPYIKOG XPAVOG)

* Afqyn dia oupPatikoy paxaipidiou TTApaoKeuaopdTwy
a’ XEIPOUPYIKOU XPOVOU, EKTEIVOUEVWY OUPPETPIKA
yipw amd o /2 Shwv TWV XEIPOUPYIKWYV TOPWV
(ZMHX, YMHX; laser CO2 kai paxaipidiov) (Eik. 1)
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monopolar electrosurgery (HFMES), operating at 3.8
MHz and COz2-laser. All evaluated variables were inves-
tigated in comparison with the respective ones, regis-
tered adjacently to comparable steel scalpel incisions,
acting as the control group.

MATERIAL AND METHODS

5 adult healthy swine (3 male and 2 female), of similar
body weight (22.8-25kg) were used in this study.
During the experimental procedure the animals were
housed and fed in accordance with intemational stan-
dards, under the guidance of a veterinarian.
The experiment was conducted in the “N.S. Christeas”
Laboratory of Experimental Surgery and Surgical
Research, after approval of the relevant protocol by the
Animal Care Committee of Athens' Prefecture.
Surgical incisions were performed with the following
devices: a) a unit of the MD 62 type provided by Martin
(Medizin Technik D-78532, Tuttlingen), operating at
IMHz and described as *“conventional monopolar elec-
trosurgery” (CMES), b) a continuous wave COz-laser
unit of the SMART US-20D type provided by Deka and
(Medical Electronics Laser Associated), ¢) a unit of the
Surgitron FFPF EMC-Vet Surg provided by Ellman
International (Hewlett, N.Y.), operating at 3.8 MHz and
described as "high-frequency monopolar electro-
surgery” (HFMES). Steel scalpel (No |5 blade) incisions
were used as control group. CMES- and HFMES- inci-
sions were performed by active electrodes of com-
mensurate dimensions and geometry (needle-like elec-
trodes), using the “cut(ting)” mode of both devices.

Surgical procedure comprised the following stages:

* Sedation; administration of general anaesthesia, che-
moprophylaxis and corticosteroids; all operative sites
were cleansed and draped in a sterile fashion.

» Comparable incisions were performed by steel
scalpel, CMES, HFMES and CO2-laser in 3 predeter-
mined sites (lateral abdominal skin, dorsal surface of
the tongue, free and attached maxillary gingivae) in a
randomly assigned sequence (day ).

Eic. 1: To xeipoupyikd medio otnv mAdyia KOINIAKH Xwpea apgéows
PETA TNV AN TwV TTAPAoKEUAOPETWY TOU @ XEIPOUPYIKOU XpAVoU
yUpw amd To APIoU TNG XEIPOUPYIKAG TOPAG.

Fig. 1: The operative site at the lateral abdominal skin, immediately
after specimen harvesting around the one half of the incision on day I.
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* Afyn dia oupPaukou paxaipidiou Tapackeuacud-
TV B XeIPoUpYIKoU XPOVOU, EKTEIVOPEVWY OUME-
ToIKd YUpw amd 1o dMo /2 SAwV TwV XEIPOUPYIKWY
ToPWV 48 Wpeg petd

* EuBavaoia twv meipapatolwwy pe Bpadeia IV éyxu-
on TMPOTTOPOANG Kai TrevtoBapPtdAng kai xoprjynon
KCI yia tnv mpdkAnon KoINakAG HapHapuynG.

2UvoNikd agiohoyrbnkav 120 mapaokeudopata (60

tou a’ kar 60 tou B’ xelpoupyikoU Xpdvou), Hovilo-

roinuéva oe SidAupa oudEtepnG POPHOANG Kar yKIBw-

Tiopéva oe blocks mapapivng. Amé kabéva Afepbnkav 3

TOWEG TIdxouG 3-5pm, Tou BdgTnKav Pe Xpwon aiya-

to&uAivng-nwoivng (A-H). Emiong, epapudobnke avo-

ooioToxnpIK Xpwon (Je TO HOVOKAWVIKO avtiowua

MIB-I tg Dako) yia tv avixveuon tng mupnvikig

mpwteivng Ki-67 og 40 1otoAoyikég Topég (amd déppa

Kal YAWooa) Tou B XeIpoupyIkoU Xpdvou.

Katd v a&ioAdynon twv iototepaxiov tou a’ xei-

poupyikoU xpdvou kataypdenke n éktaon g OB,

WG péyiotn anmdotacn O Pm anod TV XEIPOUPYIKN

Topr, émou diakpivoviav aMOIWOEIG TUTTOU TINKTIKAG

vékpwong. H éxppaon tng Ki-67 peletrBnke oe 1oto-

Tepdxia tou P Xxeipoupyikol Xpdvou, wG dplBudg

€VIOoVa KAl PETPIa XPWOPEVWY TUPAVWY NG PAcIKAg

Kkal utrepPacikrg otfddag tou kahutrukoU embnAiou,

oe andotaon péxpr 500um amd Ty XeIpoupyIKr Ton.

Emiong, a&lodoyriBnke n @Aeypovwdng dinbnon ota

IoToTePdxia S€pPatog tou B xelpoupyikoy xpdvou,

1600 WG TPOG TNV éktaon (Péyiotn andotacn og JUm

amd TNV XelpoupyIkr Topr, mou diakpivovtav kittapa

@Aeypovrg), 600 Kal wG TTPOG TV évtaon (wg Amov,

pETpIou Kar évtovou Babuou).

2tatioTikr avaiuon

Ma v digpelvnon TG CUOXETIONG PETAEU €ktaong
[MOB kai xpnorigomololpevou gpydAeiou epapudobnke
éva PovIEAo TTOMAnAG ypappikig maivopdounong, pe
Tpooappoyr TwvV TPV avdAoyd HE TV avatopiki
Bon Myng twv 1ototepaxiwv. Ma v digpelvnon g
OUOXETIONG PETA&y €kppaong g mpwteivng Ki-67 oto
KahutTtikS €mBANIO Kal XpnoIHoTIoloUpEVOU EpYaAEiou
eQapp6obnke avaloyo poviého TOMAMAAG YeaupIKAG
TaAVOPOUNONG, HE TTPOCAPHOYH TwV THWY avdhoya
pe TV avatopiky Bgon AfPng twv iototepaxiwv. la
v SlEPEUvNON TG OUOXETIONG HETAtU €ktaong PAey-
HovAG Kal xpnoipoToloUpevou epyaleiou ota 10ToTe-
pdxia S€puatog epappoabnKke To oTaTIOTKO KOITHPIO
ANOVA. Emméov, n éktaon tng mpokaAolpevng amno
To oupPatkd paxaipidio Aeypovig ouykpBnke pe
kaBepia xwpIoTtd amd TG aVTIOTOIXEG WETPHOEIS YIa
>MHX, YMHX kai laser CO2 pe to kprtrjpio Student’s
t-test.

2xoivoxwpitn O. kar ouv./Schoinohoriti O. et al.

* Specimens, symmetrically extending around one half
of all the incisions (performed previously by steel
scalpel, CMES, HFMES and COz-laser), were harvest-
ed by steel scalpel immediately afterwards (Fig. I).

* Similar specimens, symmetrically extending around
the other half of the incisions were harvested by steel
scalpel 48 hours afterwards (day 3).

* The animals were euthanized by intravenous infusion
of propophol and pentobarbital and KCL was admin-
istered to induce ventricular fibrillation.

120 specimens (60 harvested on day | and 60 harvest-
ed on day 3), fixed in 10% neutral-buffered formalin
solution and embedded in paraffin were evaluated. 3
tissue sections of each specimen, 3-5pm thick were
stained with hematoxylin-eosin (H-E). Moreover,
appropriate immunohistochemical staining (using the
MIB-I monoclonal antibody, provided by Dako) was
applied to detect the Ki-67 nuclear protein in sections,
derived from skin and tongue specimens of day 3.
Upon evaluation of specimens harvested on day | the
extent of LTD was assessed, by measuring the distance
in um from the incision margins, where lesions com-
patible with coagulative necrosis were detected. Ki-67
expression was assessed in specimens harvested on day
3, by measuring the number of intensely and moder-
ately stained nuclei in the basal and parabasal layers of
the epidermis/epithelium within 500pm from the inci-
sion margins. Furthermore, the inflammatory infiltration
was evaluated in skin specimens, harvested on day 3, as
far as the extent (assessed as the maximum distance in
pm from the incision margins, where inflammatory cells
were detected) and intensity (classified as mild, moder-
ate or intense, depending on the density of migrating
inflammatory cells) were concerned.

Statistical analysis

To investigate the correlation between extent of LTD
and applied instrument, a multiple linear regression
model was used, after adjustment for the operative site
(abdominal skin, tongue and gingivae). To investigate
the correlation between epidermal/epithelial Ki-67
expression and applied instrument, a multiple linear
regression model was also used, after adjustment for
the operative site (abdominal skin and tongue). To
determine the correlation between extent of inflam-
matory infiltration and applied instrument for skin spec-
imens, an analysis of variance (ANOVA) was used.
Moreover, the extent of inflammatory infiltration, pro-
duced by steel scalpel, was compared separately with
each of the respective variables for CMES, HFMES and
COz-laser, by using Student's t-test.
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ATNOTEAEZMATA

A " Xeipoupyikég xpovog

H pikpookorikr eE€taon twv xpwopévwy pe A-H 1oto-
Tepaxiov tou a’ xelpoupylkoU xpovou Katédeie
aMOIDOEIG TUTIOU TINKTIKAG VEKPWONG TTEPIPEPIKA TwV
Topwv 2MHX, YMHX kai laser CO2 (Ei. 2). Or avu-
TIPOOWTTEVTIKEG TIWEG TNG éktaong tng OB (exppa-
OMEVNG WG PEYIOTNG amdotaong O Pm amod TV Xel-
poupyIKA Topr, dmou diakpivoviav aAMoIWoEIg TUTou
TNKTKAG VEKpwaong otnv peyébuvon x10) avd epyaleio
lotkng diatopis kai avatopikr Béon Myng twv 1oto-
Tepaxiwv mapouoidlovtar otov [ivaka |. Ta amoteAé-
opata G TMOMANAG yYPappikig makivépdpnong via
v dlgpelivnon TG OUOXETIoNG petagy MOB kar xpn-
olporoloUpevou epyaleiou mapatiBevtar otov [livaka
2.

B Xeipoupyikdg xpdvog

Extiunon g ékppaong g nmupnviknig mowteivng Ki-67
H pikpookotikr €€taon twv avoooioTtoxnpikd Xpw-
opévwy yia v avixveuon tng mpwteivng Ki-67 iotote-
paxiwv Tou B XelpoupyIkoU Xpdvou KatédelEe eviovn
€kppaon) g otnv Baoikr kai unepPacikr otpdda tou
emOnAiou eve) oTo UTTOKEpPEVO XOpIo TIapatnEronkav
Betkd yia v Ki-67 kittapa, mou mepiehdpBavay
KUpIwG @Aeypovidn kai evdobnhiakd kittapa, IvoBAG-
OTEG KAl YPAPPWTES puikég fveg (Eik. 3). O avumpoow-
TIEUTIKEG TIPEG TNG ékppaong tng Ki-67 (wg apiBuou
€VTOVa Kal PETPIa XPWOPEVWY TIUPAVWY BAciKrig Kal
urtepPacikrig otifddag kahurrukoU embnhiou o amoé-
otaon 500pm amd v XeIPoUpYIKA TOPr OtV JeyE-
Buvon x20) avd epyaheio 1otk diatoprg Kar avato-
Ik B€on MYng Twv Iototepaxivv Tapoucidlovtal
otov [ivaka 3. Ta anoteAéopata tng moAamAnG ypap-
HIKAG TIaAivOpOpNong yia v Siepelvnon CUOXETIONG
petalu ékppaong Ki-67 kal xpnolpormnoloUyevou epya-
Aeiou mapati®evrar otov [Mivaka 4.

Eik. 2: lotomaboloyikég aMoIdoeIg TUToU TINKTIKAG VEKPWONG OE:
) IoToTePdXIo S€pPatog, dmou eixe TpaypatomoinBel xelpoupyIkn
topn pe laser CO2 (peyéBuvon x100, A-H) kai B) iototepdxio
«oUAwV», OTTou eixe TpaypatomoinNdel Xelpoupyikr Tour pe laser
CO2 (peyébuvon x400, A-H).

Fig. 2: Histopathologic lesions compatible with coagulative necrosis
(arrows) in a) specimen, harvested from the skin on day |, where a
CO2-laser-incision had been performed (magnification x100, H-E)
and b) specimen, harvested from the gingivae on day |, where a
CO2-laser-incision had been performed (magnification x400, H-E).
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RESULTS

Day |

Histologic evaluation of the H-E stained sections from
specimens harvested on day | revealed lesions com-
patible with coagulative necrosis, adjacently to incisions
performed by CMES, HFMES and COz2-laser (Fig. 2).
The representative values of LTD-extent (assessed as
the maximum distance in pm from the incision margins,
where coagulative necrosis was detected at a magnifi-
cation x10), depending on the applied instrument and
the operative site are presented in Table |. Multiple li-
near regression results regarding the correlation
between LTD-extent and applied instrument are pre-
sented in Table 2.

Day 3

Evaluation of Ki-67 expression

Histologic evaluation of the immunohistochemically
stained for the detection of Ki-67 nuclear protein sec-
tions of day 3 revealed intense expression of the mark-
er in the basal and parabasal layer of the epi-
dermis/epithelium; Ki-67 stained cells, mostly compris-
ing inflammatory and endothelial cells, fibroblasts and
muscle fibers were also detected in the sub-epithelial
connective tissue (Fig. 3). The representative values of
Ki-67 expression (assessed as the number of intensely
and moderately stained nuclei in the basal and
parabasal layers of the epidermis/epithelium within
500pm from the incision margins), depending on the
applied instrument and the operative site are present-
ed in Table 3. Multiple linear regression results regard-
ing the correlation between Ki-67 expression and
applied instrument are presented in Table 4.

3a/3a -

Eik. 3: ) lototepdxio dépuatog tou B xeipoupyikol xpdvou,
orou diakpivetal n ékppaon g mpwteivng Ki-67 oto Kahurmikd
emBrNio kal katd TéMouG o€ PAeyUOVKON KUTTapa Tou Xopiou
(pey€Buvon x40, avoooiotoxnuiki xpwon pe avtiowua MIB-1) kai
B) 1ototepdxio yAwooag tou B xelpoupyikoUy xpdvou, OTou
Siakpivetal n ékppaon g mpwteivng Ki-67 (peyébuvon x 100,
avoooioToXnpIkr xpwon pe avtiowpa MIB-1).

Fig. 3: a) Specimen harvested from the abdominal skin on day 3,
where Ki-67 protein is expressed in the epidermis and focally in
inflammatory cells of the sub-epithelial connective tissue
(magnification x40, staining with the MIB-1 antibody) and b)
Specimen harvested from the tongue on day 3, where Ki-67
expression is evident (magnification x40, staining with the MIB-1
antibody).
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Nivakag 1.

AVTITTOOOWTIEUTIKES TIUES TNG €KTAONG TNG TIApdrAsupng BepuIkng BAARNG (EKPEACUEVNC WS HEVIOTNG

2xoivoxwpitn O. kar ouv./Schoinohoriti O. et al.

arnéotaong oe um ard v Topr, drou dlakplivovtav aAOIDCELS TUTIOU TINKTIKAC VEKPWONC

otnv deyébuvon x10) avd epyaAelo 1oTIKNG JIATOUAG Kal AVATOUIKY BE0n AUNG TWV IOTOTEUAX(WV.

Avatopiki " EAdyiom 25% Aidpeon 75% Méyiomn SD Méon
Béonjiorég | CPYONE N (um) (bm) (um) (um) @m | Gm | (m)
Kol\id Mayaipidio 5 0 0 0 0 0 0 0
2>MHX 5 45 120 150 200 380 126 179

Laser CO2 4 250 250 260 460 650 197 355

YMHX 5 120 120 150 180 300 75 174

Mwooa Mayaipidio 5 0 0 0 0 0 0 0
2>MHX 5 50 120 180 180 210 64 148

Laser CO2 5 180 190 200 250 250 34 214

YMHX 5 160 160 190 200 220 26 186

Ouha Mayaipidio 5 0 0 0 0 0 0 0
2>MHX 5 130 150 170 180 250 46 176

Laser CO2 5 220 230 250 310 500 116 302

YMHX 5 130 160 170 200 200 29 172

(EMHX = oupBartikr) LoVoTtoAKr) NAeKTPoxelPoUpYIKY, YMHX = uiouxvn LOVOTIOAIKY) NAEKTOOXEIPOUPYIKT))

Table 1.

Representative values of the extent of lateral thermal damage (assessed as the maximum distance
in um from the incision margins, where lesions compatible with coagulative necrosis were detected

at a magnification x10), depending on the applied instrument and the operative site.

Operative Min 25% Median 75% Max SD Mean
siteftissue | metrument N (um) (um) (um) (um) (um) @m) | (um)

Abdominal | Scalpel 5 0 0 0 0 0 0 0

skin CMES 5 45 120 150 200 380 126 179

CO2-laser 4 250 250 260 460 650 197 355

HFMES 5 120 120 150 180 300 75 174

Tongue Scalpel 5 0 0 0 0 0 0 0

CMES 5 50 120 180 180 210 64 148

CO2-laser 5 180 190 200 250 250 34 214

HFMES 5 160 160 190 200 220 26 186

Gingivae Scalpel 5 0 0 0 0 0 0 0

CMES 5 130 150 170 180 250 46 176

CO2-laser 5 220 230 250 310 500 116 302

HFMES 5 130 160 170 200 200 29 172

(CMES = conventional monopolar electrosurgery, HFMES = high-frequency monopolar electrosurgery)

Ektiunon ¢ eAeyuovddoug ijbnong

H pikpookoriky e€€taon twv xpwopévwy pe A-H ioto-
Tepaxiowv Tou B xeipoupyikou xpdvou katédeie Sid-
Xutn Tolkilou BaBpou eAeypovadn dionon piktou
Tirou (kupiwg povotipnva-pakpo@dyd kal OudeTePd-
@Aa TToAUpop@oTUpNnVa, KABWG Kal Aegpokyttapa Kka
mAaopatokyttapa). H eAeypovr) kateAdpBave to xépio
Kal TO UTToKelJevo PuUikd umdoTpwpa eve) evOoeTon-
Nakd Siakpivétav eAeypovadng dirdnon katd meplo-

Evaluation of inflammatory infiltration

Histologic examination of H-E stained sections from
specimens harvested on day 3 revealed diffuse varying
inflammatory infiltration of a mixed pattern (featuring
predominantly mononuclear-macrophages and poly-
morphonuclear cells, followed by lymphocytes and
plasma cells). The inflammation extended mostly into
the sub-epithelial connective tissue and subjacent mus-
cular substrate but scattered inflammatory cells were

Apxeia EMnvikig 2topatikrig & M'vaBompoowrikig Xeipoupyikic/
Hellenic Archives of Oral and Maxillofacial Surgery




Nivakag 2.

2uykpion 1otodoyikav petaPordv Aevvoydvou kai Séppatog/Comparison of histological changes on oral mucosa and skin

AnoteAéouaTa NG MOAATANG YRAUUIKNG TIAAVOPAUNONG

yla v avddelén ouoXETIoNS UETAEY EKTaong TIApdmAeupng
BepUIKAC BAARNG Kal epyaAeiwv IOTIKAG dlaTounc, avdioya
e TNV avatoplkr) Béon AMUNg Twv tototepayiwy.

Table 2.

Multiple linear regression results, determining

the correlation between extent of lateral
thermal damage and applied instruments,
depending on the operative site.
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MerapAnTég Karnyopieg n oi::’g’fg;:gi:q b SE(b) P-value Variables Categories cF;Z?fri:isesr:(tmb SE(b) P-value
Epyakeio | Maxaip{dlo baseline Instrument | Scalpel baseline
>MHX 0.168 0.029 | <0.0001 CMES 0.168 0.029 | <0.0001
Laser CO2 0.287 0.029 | <0.0001 COz-laser 0.287 0.029 | <0.0001
YMHX 0177 0.029 | <0.0001 HFMES 0177 0.029 | <0.0001
Avartouikr] | Ko\d baseline Operative | Abdomen baseline
Béon/iotdg | Mwooa -0.037 0.025 0.143 site/tissue | Tongue -0.037 0.025 0.143
Ouha -0.012 0.025 0.638 Gingivae -0.012 0.025 0.638

(EMHX = ouuBaTIKr| UOVOTIOAIKY] NAEKTPOXEIPOUPYIKY,
YMHX = uWlouxvn HOVOTIONKY] NAEKTPOXELPOUPYIKT))

Nivakag 3.

(CMES = conventional monopolar electrosurgery,

HFMES = high-frequency monopolar electrosurgery)

AVTITTOOOWTIEUTIKES TIUES TNG EKPpaong (OnAadr Tou aplBuoU Twv EVIova Kal UETPLA XPWOUEVWY

QVOOOIOTOXNUIKA TTUPr VWV TNG BACIKNAC Kat UTtePRACIKNG oTIRAdAG TOU KAAUTTIKOU eTtibnAiou

oe anéotaon 500um ard TNy Tour) otnv Yeygbuvon x20) Tng Tpwteivng Ki-67 avd epyalelo (0TIKAQ
SlATOPNAG Kal AvaTouIkr B€on AUNg TwV loToTepaxiwy

Avaropiki EpyaAeio N EAdyioTn 25% Aidpeon 75% Méyion SD Méan
8éan/1oTég (um) (um) (um) (um) (um) (um) (um)
Ko\ Maxaipdlo 5 19.00 23.00 37.00 43.00 52.00 | 13.75 | 34.80

>MHX 5 21.00 32.00 32.00 45.00 45.00 | 10.17 | 35.00
Laser CO2 5 35.00 41.00 84.00 94.00 | 100.00 | 30.56 | 70.80
YMHX 5 25.00 30.00 35.00 52.00 65.00 | 16.65 | 41.40
Mwooa Maxaip(dlo 5 30.00 34.00 37.00 52.00 60.00 | 12.80 | 42.60
>MHX 5 35.00 61.00 63.00 72.00 75.00 | 15.79 | 61.20
Laser CO2 5 47.00 62.00 64.00 65.00 80.00 | 11.72 | 63.60
YMHX 5 37.00 42.00 44.00 68.00 | 100.00 | 26.25 | 58.20

(EMHX = oupBartikr) LoVOTIOAKN NAEKTPOXEIPOUPYIKT, YMHX = udiouxvn LOVOTIOAIKT) NAEKTOOXEIPOUPYIKT))

Table 3.

Representative values of the Ki-67 expression (assessed as the number of intensely and moderately

stained nuclei in the basal and parabasal layers of the epidermis/epithelium within 500pum from

the incision margins at a magnification x20), depending on the applied instrument and the operative site

Operative Min 25% Median 75% Max SD Mean
siefissue | STt N Gm | Gm | em [ Gm) | Gm) | m) | Gm)
Abdominal | Scalpel 5 | 1900 | 2300 | 37.00 | 43.00 | 5200 | 13.75 | 34.80
skin CMES 5 | 2100 | 32.00 | 3200 | 45.00 | 4500 | 1017 | 35.00
CO=laser 5 | 3500 | 41.00 | 8400 | 94.00 | 100.00 | 30.56 | 70.80
HFMES 5 | 2500 | 30.00 | 3500 | 5200 | 6500 | 16.65 | 41.40
Tongue | Scalpel 5 | 3000 | 3400 | 37.00 | 5200 | 60.00 | 12.80 | 42.60
CMES 5 | 3500 | 61.00 | 6300 | 7200 | 7500 | 1579 | 61.20
CO=laser 5 | 4700 | 62.00 | 64.00 | 6500 | 80.00 | 11.72 | 63.60
HFMES 5 | 3700 | 42.00 | 44.00 | 68.00 | 100.00 | 26.25 | 58.20

(CMES = conventional monopolar electrosurgery, HFMES = high-frequency monopolar electrosurgery)

Tépog 12, No 2,201 1/Vol 12, No 2, 201 |
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Table 4.

Multiple linear regression results, determining the correlation
between Ki-67 expression and applied instruments

for the abdominal skin and the tongue oral mucosa.

MNivakag 4.

ArtoteAéopara NG MOAAMANG YPAUUIKNG TTAAVOPOUNoNG
yla TV avAadelEn OUCXETIONG HETAEU EKPPAONG

™G pwteivng Ki-67 kal epyaAelwv 10TIKAC SIATOUNG

oto d€ppa TNG KoIAAG Kal Tov BAevvoydvo Tng YAWooag

Metaphnrég Kayopies | ai:;‘g;gf‘f]m b SEW) P.value Variables Categories |  edression SE(b) P.value
Epyahelo | Maxaip{dio baseline Instrument | Scalpel baseline
>MHX 9.400 8.478 0.273 CMES 9.400 8.478 0.273
Laser CO2 28.500 8.478 0.002 CO2-laser 28.500 8.478 0.002
YMHX 11.100 8.478 0.197 HFMES 11.100 8.478 0.197
Avartouikry | Koi\id baseline Operative | Abdomen baseline
Béon/iotdg | Mwooa 10.900 5.973 0.077 site/tissue | Tongue 10.900 5973 0.077

(EMHX = oupBatikr) [LOVOTIOAKT) NAEKTPOXELPOUPYIKT, (CMES = conventional monopolar electrosurgery,

YMHX = uglouxvn LOVOTIOAIKA NAEKTOOXEIPOUPYIKY)

xé¢ (B 4). EmmAéov, otig mpogpxdueveg amd v
YAOOQ Kal Ta oUAa TopéG Tiapatnerfnkav otg avaw-
Tepeg emBnNiakég otfddeg pikpoamooTnudTia e
moAupop@otipnva kar aBpoioeig HIKPOOPYAVIOUWY
(kuplwg kékkwv) (Eik. 5). AvtiBeta, dev SiamotwBnke
afloonpeiwTog apIBdC HIKPOOPYAVICUWY 1) TTdpousia
HIKOOQTTOOTNHATIWV OTIC TTRogPXOPEVES amd To O€pua
Topég. O1 avIMPOOoWTEUTIKEG TIHEC TwV HETPAOEWY
(dnAadr g péyiong andotaong oe Um and v Xel-
poupyIkr Topr, érmou diakpivovtav eAeypovodn KUtta-
pa omnv peyebuvon x20) ota iototepdxia S€ppatog
Tou B° xelpoupyikoU xpdvou Tapoucidfovial otov
Mivaka 5.

2TIC TIEPIOOGTEPEG TOUEG N PAeypovadng dibnon n-
Tav didxutn, p€tpiou Kai katd témoug évtovou Babuou
TIEQIPEPIKG TNG TOPAG, NV EMTEEMOVIAC AMOAUTN Ka-
Tnyoplomoinon ¢ HETaBANTC «évtaon @AeypovAG»
KAl KaTd OUVETIEIQ OTATIoTIKY) avdiuon. 2e OAa Ta Ioto-
Tepdxia, omou eixav paypatoroinBel topeg laser CO2,

Eik. 4: lototepdxio 6épuatog tou B xeipoupyikol xpdvou, orou
Siakpivetal Amma eAeypovadng dinbnon (peyébuvon x40, A-H).
Fig. 4: Specimen harvested from the skin on day 3, where diffuse,
moderate to intense inflammatory infiltration is evident
(magnification x40, H-E).

HFMES = high-frequency monopolar electrosurgery)

also evident in the epidermis / epithelium (Fig. 4). Mo-
reover, in specimens harvested from the tongue and
gingivae micro-abscesses with polymorphonuclear cells
and accumulations of microorganisms (mostly of cocci)
were detected in the upper epithelial layers (Fig. 5). On
the contrary, no bacterial contamination or micro-
abscesses were detected in skin specimens. The repre-
sentative values of the inflammatory extent (expressed
as the maximum distance in ym from the incision mar-
gins, where inflammatory cells were detected at a mag-
nification x20) for skin specimens harvested on day 3
are presented in Table 5.

In most sections the inflammatory infiltration was dif-
fuse, moderate or focally intense at the incision margins,
thus not allowing either accurate grading of the variable
“inflammatory intensity” or subsequent statistical analy-
sis. In all specimens, conceming incisions performed by
COa-laser, inflammation was focally intense. The analy-
sis of variance (ANOVA), with a p-value of 0.0049

i Al S
Eik. 5: lototepdxio yAdooag tou B xepoupyikol xpdvou, dmou
Siakpivetal pAeypovwdng dirfbnon kai pikpoamootnudta
(uey€buvon x1200, A-H).
Fig. 5: Specimen harvested from the tongue on day 3, where
inflammatory infiltration is evident and intra-epithelial micro-
abscesses (arrows) are noted (magnification x1200, H-E).

Apxeia EMnvikrig Ztopatikrig & NvaBompoowikrig Xeipoupyikig/
Hellenic Archives of Oral and Maxillofacial Surgery
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Mivakag 5.

AVTITIOOOWTIEUTIKES TILES TNG EKTAONG

NG PAEYUOVDDOUG dINBNONG (EKPPACHEVNG WG
UEYLOTNG arndaotaong oe Um and v Toun,

érou dlakpivovtal pAeyuovwdn KUTTapa

otnv peygbuvon x20 oTa IoToTepdxIa OEPUATOR
ToU B Xelpoupyikou Xpdvou) avd epyaleio
(OTIKAG OlATOUNG

EAayiomn | Aidpeon | Méyiotn | SD | Méon

Boyakeio | N/ ) | m) | (m) | (um) | (um)
Maxapdio | 5 90 190 | 250 |63.3| 180
SMHX 5| 70 | 215 | 350 |99.4|215
Laser COz | 5 | 300 | 310 | 350 |19.4|317
YMHX 5| 80 | 145 | 210 | 491|150

(EMHX = oupBaTtiKr) LOVOTIOAKT) NAEKTPOXEIPOUPYIKT),
YMHX = ugiouyvn LoVOTIONKY] NAEKTOOXELOOUPYIKT])

N eAeypovr ftav ectiakd évtovou Babpou. To otau-
otukd kprpio ANOVA, bdivovtag tpp p = 0.0049,
KaTédeIEe OTATIOTIKG ONPAVTIKA CUOXETION Petaty ékta-
oNG PAeyHOVAG KAl XPNoIJoTToIoUpEVOU epyaieiou ota
IoTotedxia Oéppuatog. H diapopd petay paxaipidiou
kal laser CO2 Bpébnke otauiotkd onpavtky (p =
0.0017). Aev diamotwbnke otauotkd onuavuky dia-
@opd peta&y paxaipidiou kar SMHX (p = 0.525) A
paxaipidiou kal YMHX (p = 0.427). Ta anoteéopata
ameikoviCovtarl ato didypappa g Eikdévag 6.

2YZHTHZH

H &1ebvric BiBNoypagia PpiBer KAvikwv kar Tielpapat-
KOV HEAETWY, TTou PeAeTolv TG IoTikEG emdpdoelg dia-
@OPWV EVAMAKTIKOV £pyaeiwy 10TIKAG SIATOPAG, OTTWE
N povomoAiky nAektpoxeipoupyiky (MHX) moikihwv
ouxvottwy Kai To laser CO2, og olykpion pe ekelveg
Tou oupPatikoy paxaipidiou (Turmer kar ouv. 1992,
Courey kai ouv. 1999, Silverman kai ouv. 2007, He-
rmandez-Divers kar ouv. 2008 kar 2009)

H povoTToAIKr] NAEKTPOXEIPOUPYIKY €XEI XPNOIHOTION-
Bel w¢ epyaleio 1otk diatoprg e MABog ouxvotr-
Twv, and v oupPatkr twv 0.5-1 MHz éwg v onua-
VTIKA uPnASTePn Twv 3.8-4.0 MHz. H teleutaia eiorixBn
OXETKA TPOOQEAtTa otV KAVIKY TTpdEn, meplypdoetal
OUVABWG WG KUOVOTTOAIKY] PASIOXEIPOUPYIKAY 1] «pa-
SloouxvOTNTeG» Kal €xel ouoxetioBel pe eAdxiomn
napdmieupn Bepuikry PAABn (Powell kar ouv. 1997,
Weber kai ouv. 2002, Laeseke kai ouv. 2005). [Npokel-
pévou va dieukpivioBouv ta mBavd mheovektripata tou
ev AOYw epyaleiou évavtl NG OUPPBATIKAG HOVOTIONIKIG
NAEKTPOXEIPOUPYIKAG, amo@acioBnke n ouykprtiky a-
EloAdynon Ttwv 1oTtKv emdpdoewy Toug aMd TpoT-
HRABNKe N XPrion Tou 6poU KUYIoUXVI HOVOTTOAIKH NAe-
KTPOXEIPOUPYIKA» TIPOG amo@uyr| oUyxucng, 6oov a-

Tépog 12, No 2,201 1/Vol 12, No 2, 201 |

Table 5.

Representative values of the inflammatory
extent (assessed as the maximum distance

in um from the incision margins,

where inflammatory cells in skin specimens

of day 3 were detected at a magnification x20),
depending on the applied instrument

Min Median Max SD Mean

instrument | N1 in ym) | (inpm) | Ginpm) | (um) | (in pm)
Scalpel | 5| 90 | 190 | 250 |63.3| 180
CMES 5| 70 | 215 | 350 |99.4|215
COxlaser | 5 | 300 | 310 | 350 |19.4|317
HFMES |5 | 80 | 145 | 210 [49.1|150

(CMES = conventional monopolar electrosurgery,
HFMES = high-frequency monopolar electrosurgery)

(p = 0.0049), demonstrated a statistically significant
correlation between inflammatory extent and applied
instrument for skin specimens. The difference of the va-
riable between steel scalpel and CO2-laser was also
found statistically significant (p = 0.0017). However, no
statistically significant differences were found regarding
the inflammatory extent between steel scalpel and
CMES (p = 0.525) or steel scalpel and HFMES (p =
0.427). The results are depicted in the chart of Figure 6.

350 —
300 — =
250 —
200 —
150 —

100 —

Exraon Aeypovrig (o€ pm)/Inflammatory extent (in pm)

)]
o
|

YMHX/  lazer CO2  3MHX/  ZupBatikd
HFMES CMES  paxapidio/
Steel scalpel

Epyaheio 10Tikrig diaToprig/Applied instrument

Eik. 6: [pdpnpa, dmou ameikoviCetar n olykpion Twv
QVTTTPOOWTTEUTIKWY TPV TNG €KTAonG TG PAeypovendoug dinénong
(améotaong og um amdé v topn, érou diakpivovtav kittapa
@Aeypovig otnv peyébuvon x20) petall twv dlapdpwy epyareinv
IoTKrG Siatoung oTa Iototepdxia S€pPatog Tou B XEIPOUPYIKOU
xpovou (6mou: MHX= oupBatikry povoTioAikr) NAEKTPOXEIPOUPYIKY,
YMHX= uiouxvn HovoToAIKr) NAEKTPOXEIPOUPYIKT).

Fig. 6: Chart, depicting a comparison of the representative values of
the inflammatory extent (maximum distance from the incision in pm,
where inflammatory cells were detected at a magnification x20)
among the investigated instruments for skin specimens, harvested on
day 3 (CMES = conventional monopolar electrosurgery, HFMES =
high-frequency monopolar electrosurgery).
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@OPA TNV «PUoN» Kal TIG APXEG AEMOUPYIAg TOU CUYKE-
KpIUEévou gpyaAeiou.

H mapovoa perétn amotelel v mpwn mpoomdbeia
oUyKpIoNG oUPPBATIKAG HOVOTIOAIKI G NAEKTPOXEIPOUP-
yikAG (EMHX), upiouxvng HOVOTTIONKAG NAEKTPOXEI-
poupyikig (YMHX) kai laser CO2, doov apopd tnv
niapdmieupn Beppixr) BAGPN (MOB) dépuatog kar oto-
patikoU PAevvoydvou Kal TG EMTTWOEIS TNG 0TV €MoU-
Awon og xoipeio melpapatikd mpdtwuno. H aduvapia
anmoéAuTNG tumoToinong Tou Bdoug Twv Topwv eméPa-
Ae v a§loAdynon pévo otopatikoy emBnAiou/emdep-
pidag kar ouvdetikol 10ToU Kal OXI TNG UTTOKEIPEVNG
puikig oupddag. EmmAéov, kabBuwg katd tnv xprion laser
CO2 dev undpxel emaer| petatu epyaleiou Siatopng
Kal 1otkig emedvelag aMd onpeio  eotiaong g
Séopung, 1o elpog twv topwv laser CO2 dev rtav
OUYKPIOIUO PE TwV UTTOAOMWV TOPWV. AV Kal OKOTIOG
NG HeAEnG Sev rfjtav n a&loAdynon twv xapakinpelot-
KOV NG XEIPOUPYIKAG Topng aMd tng MOB mépav
autrg, omnwg emonpaivouv ol Rizzo kar ouv. (2004), ol
mipokaloUpeveg amd to laser CO2 mapdmAeupeg Quwto-
Beppikés petaPolég Siapopormololval avdhoya pe v
SidpeTpo Tou onueiou eotiaong g Séoung.

H epappoyr meipapatikol TPwTokOAOU yia Ty mfteu-
€n Tou okomoU NG PeAETNG emPBdMetar yia Adyoug nbi-
KAG Kkai deovtohoyiag, kabwg Kkar yia Bépata mpaktkAg
gukoNag. H emhoyr] tou ouykekpipévou (wikol TPoTU-
mou BacioBnke oty diamotwpévn Uapén onuavtkoy
avaloyivv WG TIPOG Td XAPAKTNPEIOTKA O€pUATog Kal
BAevvoydvwv Kai Toug Pnxaviogoug emouAwong HETa&y
avBpwriou Kkar xofpou. Katd ouvémeia, ta ouvaydueva
Bdoel xoipeiou TpotUTou cupmepdouata Ioxyouwv o
kdrolo 3aBud yia Toug avBpwoug, XwPI¢ va anoteAolv
«dpeoa petaPiPdoiua MPOYVWOTIKE» Twv avTOTOXWY
emdpdoswv o autols (Wilder-Smith kai ouv. 1997,
Wang kai ouv. 2009, Cercadillo-lbarguren kai ouv. 2010).
H 1otohoyik e€€taon twv Tapackeuaoudtwy Tou a’
XeIPoUpYIkoU xpdvou KatedelEe peyalitepn €xktaon
[MNOB nepipepikd Topwy laser CO2 og olykpion pe v
Kataypaeouevn meplpepikd topwv XMHX kar YMHX,
TIOU fTav OUYKPIOIWEG peTaly Touc. Ta amoteéopata
autd Ppiokovtal o€ oUPQWVIa pE EKEVA APKETWV HEAE-
v (Tumer kar ouv. 1992, Molgat kar ouv. 1995,
Schemmel kar ouv. 1997, Courey kai ouv. 1999, He-
rmandez-Divers kar ouv. 2008 kai 2009) aMd diago-
potoloUvtal amd ta avtiotoixa dMwv (Basu kai ouv.
1988, Pogrel kai ouv. 1990, Palmer kai McGilll, 1992,
Arashiro kai ouv. 1996, Liboon kai ouv. 1997, Silverman
kar ouv. 2007).

H avixveuon tng mpwteivng Ki-67 xpnoigomoirBnke
otV TIapoUod PENETN e OKOTTO TNV EKTIINON TOU KUT-
TapikoU TToAMamAaoiaopoy Tou KaAUTTtKoU eménAiou
TIEPIPEPIKA XEIPOUPYIKWV TOPWY, TTOU XAV TIpaypato-
moinBel pe ta efetaldueva epyakeia. Alapopés wg
TIPOG TNV €Kkppaon autol tou Oefktn KUTTapIkoU TToA-

2xoivoxwpitn O. kar ouv./Schoinohoriti O. et al.

DISCUSSION

Current literature abounds in clinical and experimental
studies, investigating the effects of various alternative
surgical and/or ablative instruments, such as monopolar
electrosurgery and CO2-laser, in comparison to those
of steel scalpel (Turner et al. 1992, Courey et al. 1999,
Silverman et al. 2007, Herndndez-Divers et al. 2008,
and 2009).

Monopolar electrosurgery has been applied in a variety
of frequencies, ranging from the conventional 0.5-1
MHz to the considerably higher 3.8-4.0MHz. The latter
has been relatively recently introduced in the clinical
practice, usually described as “monopolar electro-
surgery” or “radiofrequency” and has been demon-
strated to produce minimal lateral thermal damage
(Powell et al. 1997, Weber et al. 2002, Laeseke et al.
2005). In order to elucidate the potential advantages of
this instrument over the conventional monopolar elec-
trosurgery, we decided to comparatively investigate
their tissue effects but preferred the term “high-fre-
quency monopolar electrosurgery” over “monopolar
radiosurgery” to avoid confusion, regarding the
“nature” and operative principles of this instrument.
The present study constitutes an attempt to compare
conventional monopolar electrosurgery (CMES), high-
frequency monopolar electrosurgery (HFMES) and
COz-laser regarding the lateral thermal damage (LTD),
produced in skin and oral mucosa and its impact on
wound healing in a porcine experimental model. The
impossibility to absolutely standardize the incision
depth imposed evaluation of only the epidermis/oral
epithelium and sub-epithelial connective tissue, omit-
ting assessment of the underlying muscular substrate.
Furthermore, due to the lack of contact between the
surgical instrument and the tissue surface during the
non-contact CO2-laser surgery, the depth of the inci-
sions, performed by this instrument was not compara-
ble to the one of those, performed by the other inves-
tigated instruments. Though the study aimed to evalu-
ate LTD at the incision margins, regardless of the inci-
sion characteristics, Rizzo et al (2004) have pointed out
that COa-laser-induced lateral photothermal changes
may depend on the spot size of the laser beam, thus
differentiating the COz-laser-group from the other
experimental groups.

The experimental design of the study was indicated for
both ethical and practical reasons. The specific animal
model was chosen thanks to the similarity of structural
characteristics and wound healing mechanisms
between porcine and human tissues. Nevertheless,
conclusions deduced on the basis of animal models
should only be considered as useful indicators rather
than directly transferable predictors of potential effects
in humans (Wilder-Smith et al. 1997, Wang et al. 2009,
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AamAaoiaopoU otnv Tapu@n Twv SIapopwV XeIPOUPYI-
KOV TOPWV epPNveUdnkav wg amotéheopa g diapo-
PETIKAG €ktaong g [NOB, ou mpokArBnke amd kabe-
va amnd ta e&etaldpeva epyaheia.

H avixveuon tng mpwteivng Ki-67 pdévo otig mpogpxo-
peveg amd v yAwooa (kar xi and ta oUAa) 1oTohoyI-
KEG TOPEG amogaoiobnke yia tnv e&aleyn mbBavawv
ouyxutikav mapaydviwy. Or emkpatoloeg ota ouAa
HNXAVOAEITOUPYIKEG  emPBapUvoelg Katd tnv pdonon
efival duvatdv va amoteholv ouyxutikd Tapdyovia,
600V aQopd TNV HETEYXEIPNTIKY AoV Kal TNV e&¢-
NEN TG emavemBnNiomoinong. MNapd g oxetkd ehey-
xOpeves ouvOrikeg oftiong n didpkeid TG Pdonong rtav
aduvaro va wnomnoinBel rj va mpoodiopiobel akpIBwg
Kal EKTEVOTAV OE APKETEG WPEG avd 24wpo. Avaloyeg
HNXAVOAEITOUPYIKEG  €MPBapUVOEIG amouoidlouy  evie-
MG 1y Bewpolvtal apeAntéeg otov BAewwoydvo g
yAwooag. Akdun, n amoucia XeINEwv Kal OUAOTIAPEIAKNG
aUAakag ota Telpapatdlwa odrynoe o€ EMEKTAn Twv
XEIPOUPYIKWY TOPWV TOU «oUAwV» UEXPI To O€ppa,
Suoxepalivovtag oe opiopéves BETeIC TV ouppapr] Tou
TPAUPATOG Katd Tov @’ Xelpoupyikd xpdvo. Etol, katé-
ot avaykaia n emouAwon Katd B’ okomd pe evoexod-
HEVEG ONUAVTIKEG ETTTINOEIG OTNV JETEYXEIPNTIKY PAEY-
povr| kar TV eEENEN NG emavemBnAiomioinong.

H ékppaon g mpwteivng Ki-67 oto kahurtikd embrhio
TePIPePIKA TopwV laser CO2, Bpbnke TOAY peyaitepn
NG avtiotoixng mepipepikd Topwy 2MHX 1} YMHX; o
omoieg dev Siépepav oe Babud otauotikd onuavtikd
peTa&y Toug. Autd Ppioketal o€ oUpPWVIa e Ta armote-
Aéopata tou a’ xeipoupyikol xpdvou, kabwg o TToMa-
TAQOIAOPAG Twv eMONAIAKWY KUTTAPWY TTEPIPEPIKA TG
XEIPOUPYIKNG TOPAG wG amdvtnon oto Beppikd tpalpa
MHX kai laser CO2 avapéveral avdhoyog g €KTaong
G BeppikAg PAAPRNG. Aedopévou 6T n pokahoUpevn
and 1o laser CO2 OB eivai extevéotepn, ol pnxaviopof
amoKatdotaonc TG, €AoY Oev CUVIPEXOUY QvaOTAA-
Kol Tapdyoveeg (Trx. AofpwEn), ivar ebhoyo va Kivnto-
roloUvtal og dIAQOPETIKG Babuod.

2UPewva He KAToloug EPEUVNTEG N emavermBnAiomoinon
TOpWV oupPatkoy paxaipidiou Tponyeftal Xpovikd exei-
vng Topwv MHX kai laser CO2 (Hambley kar ouv. 1988,
Sanders kar Reinisch, 2000, Sinha kai Gallagher, 2003).
Qotdoo, dMol dev SIamoTHVoUV OTATIOTIKA ONHAVTIKEG
Slapopég oty eEENEN NG emavemBnAiomoinong Touwy,
TIou TpaypatoroiiBnkav pe autd ta epyaieia (Luoma-
nen kai ouv. 1994, Schemmel kar ouv. 1997). Katd v
dmoyn OPICHEVWY EQPEUVNTWY N TIapdtnEoUpevn dueoa
HETEYXEIPNTIKA OXETKY emPpaduvon tng emavemBnAio-
roinong  umepavtiotabpifetal péow emtdxuvong Twv
EMOUAWTIKWOV PNXAVIOHWY OTNY OUVEXEID, HOTE TENKA N
ohokNjpwon TG emavemBnAionoinong topwv MHX 1
laser CO2 va pnv umoAefmetar xpovikd ekeivng TOHWY
oupBatikou paxaipidiou (Molgat kar ouv. 1995, Conve-
rse kar ouv. 2001, Mison kar ouv. 2003).
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Cercadillo-Ibarguren et al. 2010).

Histologic evaluation of specimens harvested on day |
demonstrated a more extensive LTD adjacently to
COz-laser-incisions in comparison with similar CMES-
and HFMES- incisions. These results are in accordance
with those of several studies (Turner et al. 1992,
Molgat et al. 1995, Schemmel et al. 1997, Courey et al.
1999, Herndndez-Divers et al. 2008 and 2009) but dif-
fer from those of others (Basu kai al. 1988, Pogrel et al.
1990, Palmer and McGill, 1992, Arashiro et al. 1996,
Liboon et al. 1997, Silverman et al. 2007).

Detection of the Ki-67 nuclear protein was used in the
present study, in order to evaluate the epithelial cell
proliferation adjacently to incisions, performed by the
investigated instruments. Differences regarding the
expression of this cell proliferation marker at the inci-
sion margins were ascribed to the varying extent of
LTD, produced by each investigated instrument.
Detection of the Ki-67 nuclear protein only in speci-
mens harvested from the abdominal skin and the
tongue (= intentional exclusion of the specimens har-
vested from the gingivae) was considered mandatory,
to obliterate potential confusing factors. The prevailing
in the gingivae masticatory mechano-functional forces
may act as a confusing factor, as far as the postopera-
tive inflammation and re-epithelialization process are
concerned. Despite the relatively controlled feeding of
the experimental animals it was impossible to stan-
dardize or accurately quantitate the mastication that
lasted several hours per day. Mechano-functional forces
of this sort are absent or considered negligible at the
dorsal surface of the tongue. Moreover, the lack of
either vermillion or gingivo-buccal groove led to an
extension of the gingival incisions to the peri-oral skin,
making suturing of the resulting incisional wounds of
day | extremely difficult. Thus, closure by secondary
intention was warranted focally, with a potential impact
on the postoperative inflammation and re-epithelializa-
tion progress.

Epidermal/epithelial Ki-67 expression, adjacently to
COz-laser-incisions, was found to be significantly more
extensive than the ones, adjacently to CMES- or
HFMES- incisions that did not differ significantly. This
observation is in accordance with the results regarding
the extent of LTD of day |, because the epithelial cell
proliferation at the incision margins, instigated by the
thermal trauma of monopolar electrosurgery and CO2-
laser should be proportional to the extent of LTD;
given the more extensive LTD, produced by COa-laser,
rehabilitory mechanisms are prone to be activated dif-
ferently (more intensely), in the absence of inhibitory
factors, such as bacterial contamination.

According to some authors re-epithelialization of steel
scalpel incisions occurs faster than the one of electro-
surgical or CO2-laser- incisions (Hambley et al. 1988,
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H kataypagpdpevn otov B’ Xelpoupyikd Xpovo TG
TapoUoag PEAETNG EVIOVATEQN KAl EKTEVECTEPN PAEY-
povwdng dinénon mepipepikd topwv laser CO2 oe
IoTOTePdxIa SEPPATOG Atav avapevopevn pe Pdon ta
aMOTEAéOUATa TOU TIPWTOU  XEIPOUPYIKOU  XPAVOU,
dnhadn dedopévng TG extevéatepng OB mepipepikd
topwv laser CO2. KaBwg n meipapaukry diadikaoia
ohoKANPWONKe TNV TPItn peETEYXEIPNTIKY NUEPT, Ogv
Katéotnoav Suvatég, aevog n diepelvnon mmbavav
TEPAITEPW SIAPOPWV WG TPOG Ta PAEYHOVWON PaNvo-
HEVA KAl AQETEPOU N OUVONIKH EKTIUNGN NG EMOUAW-
ong e Pdon ta euprjpata mou agloAoyrenkav.
APKETEG PEAETEG KATAYPAQOUV EVIOVOTEPA PAEYHOVK-
&n aivépeva mepipepikd topwv laser CO2 og olykpl-
o JE Ta TIapatnEOUKEVa TIEPIPEPIKA TOPWY oupfBat-
koU paxaipidiou (Johnson kar ouv. 1997, Liboon ka
owv. 1997, Romanos kai ouv. 1999, Converse kai ouv.
2001, Mison kai ouv. 2003). AvtiBeta, pikpdtepng €kta-
ong @Aeypovwdng diNénon mepipepikd Topwy laser
CO2 kar MHX évavu topwv oupPatikol paxaipidiou
onpeIdVeTal and dAOUG EPEUVNTEG KATd TNV TTPWIKN
peteyxeipnuikr mepiodo (Pogrel kar ouv. 1990 kai 1993,
Arashiro kar ouv. 1996). Qotdoo, onpavtikdg apiBudg
peEAET®V Sev SIaMOTWVeEl OTATIOTIKA onpavtikeég diago-
PEG pe Pdon 10ToAOYIKG, I0TOXNKIKG KAl QVOOOIoTOXN-
HIKA KOITAPIa WG TTPOG TNV €VIAon/éKtaon kal moidtnta
Twv PAeypovwdwv diepyaciwv (oxetkr avahoyia mAn-
Buopwv kai AertoupyikdTnTa eAeyHoOVWOHY KUTIAPWY),
Tou AapfBdvouv xwpa Katdmy SIatopng MoIKAwY 10TwY
pe ta mpoavagepBévia epyaleia (Mison kar ouv. 2003,
Zaffe kai ouv. 2004, Azevedo kar ouv. 2009).
EmmAéov, otnv mAeiovdtnta Twv TPogPXOPEVWY amod
TOV OTOPATKS PAEWOYSVO IOTOTEPAXIWY TNG HEAETNG
Siamotwbnke katd témoug évtovou Pabpol @Aeypo-
vadng dinbnon kai mapoucia pikpoamootnUatiwy oe
dpeon verviaon e abpoloeig PIKPOOPYAVIOU®Y,
Kupiwg kokkwv. Etal, gaivetar éu ta efehoodpeva
otov otopatikd PAevwwoydvo @Aeypovadn eaivopeva
ouoxetiCoviav OxI HOVO [e To pnxavikd A/kal Beppikd
TPAUKA TWV XEIPOUPYIKWY TOPWV aMd Kal PE TV €T
poAuvon Tou Xxelpoupyikou Trediou. AvtiBeta, mapduoia
euprjpata arouoialav and ta 1ototepdxia SEpPAatog
xdpn otnv OXeTKA avtonyia, Tou emTtelxOnke peTey-
XEIPNTKA PE TNV TOTTOBETNON AMOOTEIPWHEVOU OUYKOA-
AoUpevou Tpootateutikol emdéopou. Avtiotoixa
pETpa avuonyiag Sev Katéotn e@Iktd va epappocbolv
evdootopatikd, omou To Xelpoupyikd Tedio Arav eEar-
PETKA HIKPOPIORPIBEG, Adyw NG ouvexiCdpevng oft-
oNG Twv Melpapatolwwy and to otdpa. Aedopévou ot
OKOTIOG TNG PEAETNG ATAV N EKTIUNON TNG TTPOKAAOUHE-
vnG and 1o Pnxavikd/Beppikd tpalua eAeypovrg, Koi-
Bnke okdmun n a&loAdynon g Aeypovwdoug dirfon-
ong HOvo ota IoTtotepdxia S€puatog.

Ta anoteAéopata tng mapouodg PEAETNG, doov apopd
v TipokahoUpevn amd ta e€etaldueva epyaleia
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Sanders and Reinisch, 2000, Sinha and Gallagher, 2003).
However, other studies have not proved statistically
significant differences regarding the progress of re-
epithelialization among these instruments (Luomanen
et al. 1994, Schemmel et al. 1997). According to sever-
al studies the relatively slow epithelial cell proliferation
observed during early wound healing of electrosurgical
and COz2-laser-incisions is over-compensated in the fol-
lowing stages; thus, the overall time to complete re-
epithelialization does not seem to differ significantly
between electrosurgical or CO2-laser- and steel scalpel
incisions (Molgat et al. 1995, Converse et al. 2001,
Mison et al. 2003).

The demonstrated in the present study more extensive
inflammatory infiltration, adjacently to incisions per-
formed by COz-laser in skin specimens, was anticipat-
ed given the more extensive LTD, produced by this
instrument on day |. As the observation period ended
48 hours after performance of the incisions, further
investigation of potential differences among the instru-
ments, conceming the progress and resolution of
inflammation or the overall evaluation of wound heal-
ing was impossible.

Several studies have demonstrated a more extensive
inflammatory process adjacently to CO2-laser incisions,
when compared with steel scalpel incisions (Johnson et
al. 1997, Liboon et al. 1997, Romanos et al. 1999,
Converse et al. 2001, Mison et al. 2003). Conversely, a
less extensive inflammatory infiltration was detected
during the early postoperative period adjacently to
electrosurgical and CO2-laser-incisions, when com-
pared with steel scalpel incisions (Pogrel et al. 1990 and
1993, Arashiro et al. 1996). Nevertheless, a multitude
of studies has not affirmed statistically significant differ-
ences regarding the intensity/extent or the quality of
the inflammatory process (relative proportion and
function of inflammatory cell populations), activated
after the creation of incisional wounds in various tissue-
types by the above-mentioned instruments (Mison et
al. 2003, Zaffe et al. 2004, Azevedo et al. 2009).
Moreover, the majority of oral mucosa specimens of
the present study exhibited a focally intense inflamma-
tory infiltration, with evident micro-abscesses in close
proximity to accumulations of microorganisms (mostly
cocci of the oral flora). Thus, the inflammatory process
taking place at the oral mucosa was not instigated sole-
ly by the mechanic and/or thermal trauma of the inci-
sions but also by the bacterial contamination of the
operative site. On the contrary no contamination was
noted in specimens harvested from the skin, thanks to
the postoperatively placed sterile dressing. The applica-
tion of similar antiseptical measures was impossible
intraorally, where the operative sites were exposed to
the bactenial flora, due to the per os feeding of the
experimental animals. Since the aim of the study was to
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MOB, diapépouv oe dMote dMo Pabud amd exeiva
peAeTWV avtiotoixou oxediaopou (SImAd TueAd Tuxaio-
moiNpévwy pehetwy og Toikida (wikd TEATUTIA) Kal
ouykpiong pebodoloyiag. Ta avukpoudueva armote-
Aéopata twv peletv autwy anodidovtal og MABoG
TIapaydvVIwy, Tou oxetiCovtal pe: a) ta 1iaitepa xapa-
KTNEIOTIKA Kal TIG TAPAPETPOUG Aertoupyiag twv Xpnol-
poroloUpevwy epyaeinwy 10Tikrg diatopr|g, B) To €idog
Twv dIATEPVOPEVWY 10TWY, amd To omoio TPoodiopilo-
vial m\Bog mapaydviwy OTwG n TIEPIEKTIKATNTA O€
vepd KI GMa XpwpoQopa, N NAEKTPIKY aywylpdtnta, n
kuttapoPpiBeia, n ayyeioBpiBeia kar kupiwg n Beppikn
aywylpdtnTa, y) o emAeyév (wikd mEdTuTo A kai O)
adieukpiviotoug péxpl otiyprg mapdyovieg (Wilder-
Smith kai ouv. 1995, Arashiro kai ouv. 1996, Wilder-
Smith kar ouv. 1997, Coolen kar ouv. 2008, Wang kai
ouv. 2009, Cercadillo-Ibarguren kai ouv. 2010).

2YMIMEPAXMATA

Me Bdon ta anotehéopata g PeA€tng ouvdyovtal td

eEAG oupmepdopata:

I. H mpokahoUpevn amd to laser CO2 mapdmieupn
Beppixr) BAABN eival onpavtikd peyalitepn amd exel-
v, TTOU TIPOKAAETal amd v HOVOTIOAIKY] NAEKTPO-
XEIPOUPYIKY, CUHBATIKA 1 upiouxvn.

2. H €&NEN g emavermBnhiomoinong mapoucidlel
Slapopéc avdueoa ota eEetaldpeva epyakeia 10T
kG SIaTopnG: o KUTtapIkdg TTOAMANAQoIaopog Tou
kahutrtikoU emBnAiou eival peyalitepog oe Babud
OTauoTKA onPavtkd TEPIPEPIKA Topwv laser CO2
og oUyKpION HE TOV TIAPATNEOUKEVO TIEPIPEPIKA
TOPWY HOVOTIONKAG NAEKTPOXEIPOUPYIKIG, oupBati-
KNG A ulouxvng.

3. 21a mapaokeudopata S€pAtog N €ktaon Kai €via-
on s eAeypovndoug difbnong eivar peyaAitepn oe
fabud otauotikd onuavtiké TEPIPEPIKA TOPWY laser
COx2. Qotdoo, n pAeypovr eivar ouykpioiun Tepipe-
pIKd Topwv oupPatkoy paxaipidiou kal PHOVOTTOA-
KNG NAEKTPOXEIPOUPYIKAG, OUPPBATIKAG 1| uPiouxvng.
Akdun, n évtaon kai éktacn g eAeypovig diapé-
pOUV Onuavtikd peta&y S€puatog Kal oTopatikou
BAewoydvou Adyw TG mapouoiag Aoigoyovwy Tia-
PAYOVIWV OTNV OTOPATIKY KOIAGTNTA.
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CONCLUSIONS
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