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Low-Level Laser Therapy is
More Effective Than Pulse Ultrasound

Treatment on Wound Healing:
Comperative Experimental Study

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  To investigate and compare the effects of pulse ultrasound (US) and low-
level laser therapy (LLLT) on wound healing. MMaatteerriiaall  aanndd  MMeetthhooddss:: Thirty-two rats were included
in the study and two full-thickness skin wounds were made on dorsum area of the rats bilaterally,
with a 17 mm hole-punch. The animals were divided into two groups. Pulsed US (with a power of
0.1 W/cm2, a frequency of 1 MHz, 5 minutes daily) was applied to to the right sided wounds of Group
A (n= 16) and Ga-As laser (830 nm wavelength, 0.5 J/ cm2 dosage of 1 MHz frequency for 1 minute
duration) was applied to right sided wounds of Group B (n= 16). Left sided wound were considered
as controls and same procedures were applied without any current (sham). Biochemical and
histopathological evaluations were performed in each group on 7th and 15th days. RReessuullttss:: Inflam-
matory cells tended to decrease in both treatment groups on the 7th day, however, this finding did
not reach a statistical significance (p> 0.05). Fibroblasts and collagen were found to be significantly
increased in the laser group when compared to the other group on the 7th day (p< 0.05). Angiogen-
esis was found to be significantly increased only in the laser group when compared to the other
group on the 15th day (p< 0.05). There were no significant differences in tissue nitric oxide values be-
tween the groups although the values in the laser group tended to be higher on the 15th day (p=0.058)
CCoonncclluussiioonn::  In this comparative study, LLLT was found to significantly accelerate mainly prolifera-
tive phase while pulse US had no effect on wound healing. Our results support the consideration
that LLLT may constitute a beneficial treatment modality for wound healing.

KKeeyy  WWoorrddss::  Laser therapy, low-level; ultrasonography; wound healing

ÖÖZZEETT    AAmmaaçç:: Yara iyileşmesinde düşük enerjili lazer tedavisi (DELT) ve kesikli ultrason (US)
tedavilerinin etkinliklerini incelemek ve karşılaştırmak. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışmaya 32 rat dahil
edildi ve deneklerin dorsal bölgesinde bilateral olarak tüm deri tabakalarını kapsayan 17 mm çapında
iki yara oluşturuldu. İki gruba ayrılan deneklerin ilk grubunun (Grup A, n= 16) sağ taraftaki
yaralarına kesikli US (1 MHz başlık ile 0.1 W/cm2 şiddetinde, 5 dakika süreyle) uygulanırken ikinci
gruba (Grup B, n= 16) DELT (830 nm dalga boyunda 0.5 j/cm2 dozunda %50 şiddetinde, 1 dakika
süreyle) uygulandı. Sol taraftaki yaralar kontrol olarak alındı ve tedaviler aynı şekillerde ancak ışın
verilmeksizin uygulandı (sham). Yedinci ve 15. günlerde sakrifiye edilen deneklerde biyokimyasal
ve histopatolojik değerlendirmeler yapıldı. BBuullgguullaarr::  Inflamatuvar hücrelerin  yedinci günde her iki
tedavi grubunda da azalmış olduğu, ancak istatiksel anlamlılığa ulaşmadığı gözlendi (p> 0.05). Bu
dönemde yapılan histolojik incelemelerde fibroblast ve kollajen miktarının lazer grubunda, kontrol
ve kesikli US tedavi grubuna göre anlamlı düzeylerde artmış olduğu gözlendi (p< 0.05). Onbeşinci
günde yapılan histolojik incelemelerde ise yeni damar oluşumunun lazer grubunda diğer gruplara
göre anlamlı düzeylerde yüksek olduğu saptandı (p< 0.05). Tüm gruplar arasında özellikle doku nitrik
oksit değerleri açısından farklılık gözlenmedi ancak lazer grubunda 15. günde yükselmeye meyil
olduğu gözlendi (p= 0.058). SSoonnuuçç:: Bu karşılaştırmalı çalışmada, lazer tedavisinin yara iyileşmesinin
proliferatif fazını belirgin olarak hızlandırdığı, bununla birlikte kesikli US tedavisinin yara iyileşmesi
üzerine anlamlı etkisi olmadığı gözlenmiştir. Çalışmamızın sonuçları, yara iyileşmesinde lazer
uygulamasının faydalı bir tedavi yöntemi olduğunu ileri süren görüşleri desteklemektedir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Lazer terapisi, düşük-seviyeli; ultrasonografi; yara iyileşmesi
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o und he a ling cons ti tu tes one of the ma -
jor prob lems in tre a ting the pres su re or
ve no us ul cers, and prob lems re la ted

with wo und he a ling still play im por tant ro les for
the in cre a sed mor bi dity in re ha bi li ta ti on me di ci -
ne.1 Des pi te ad van ces in un ders tan ding cel lu lar and
bi oc he mi cal pro per ti es of the wo und he a ling in the
last few de ca des, wo und ca re is still a chal len ging
is su e for pa ti ents and he alth pro fes si o nals. In ad di -
ti on to con ven ti o nal wo und ca re met hods, se ve ral
physi cal mo da li ti es we re in tro du ced in to the cli ni -
cal prac ti ce to im pro ve wo und he a ling. In the last
30 ye ars, a gre at num ber of stu di es ha ve be en con-
duc ted on the ac ce le ra ti on of wo und he a ling with
se ve ral physi cal mo da li ti es. Amongst them, the ra -
pe u tic ul tra so und (US) and low-le vel energy la ser
the rapy (LLLT) are the two tre at ment mo da li ti es
which are still un der eva lu a ti on.

The be ne fi ci al ef fect of US tre at ment on wo -
und he a ling was ini ti ally sup po sed by Pa ul et al.,
and then was sup por ted by so me ot hers.2-4 It is ge -
ne rally ac cep ted that US af fects the early pro li fe -
ra ti ve pha se of the wo und he a ling.5 In vit ro stu di es
and ani mal mo dels ha ve be en de mons tra ted that
ul tra so und dec re a ses inf lam ma ti on, ac ce le ra tes fib-
ri noly sis and an gi o ge ne sis, in cre a ses fib rob lasts and
mat rix synthe sis and sti mu la tes mac rop ha ge-de ri-
ved fib rob last mi to ge nic fac tors.6 Such fin dings
form the ba sis for the use of ul tra so und to pro mo -
te and ac ce le ra te tis su e he a ling. Ho we ver, the li te -
ra tu re con ta ins many stu di es that co uld not be ab le
to de mons tra te any be ne fi ci al ef fect of US tre at -
ment on wo und he a ling.7-9

LLLT was firstly in tro du ced as a the ra pe u tic
mo da lity in chro nic soft tis su e ul cers by Mes ter et
al.10 Du ring the past 40 ye ars, LLLT has be en fre qu -
ently used in cli ni cal prac ti ce. Ho we ver, at the pre -
sent the re is no ge ne ral ag re e ment on how exactly
the low- energy la ser inf lu en ces the pro cess of wo -
und he a ling. Alt ho ugh the ma in mec ha nism of ac-
ti on of la sers on the skin is me di a ted by
pho tot her mal ef fects, LLLT typi cally ca u ses low
tem pe ra tu re chan ges. Alt ho ugh tem pe ra tu re do es
not in cre a se no ti ce ably, LLLT may in du ce bi o lo gi -
cal  con se qu en ces.11 The sti mu la tory ef fects of low-
le vel la ser ir ra di a ti on at the cel lu lar le vel ha ve be en

shown in many stu di es. It was fo und to in cre a se the
ac ti vity of cytoc hro me oxi da se and ade no si ne trip -
hosp ha ta se, DNA synthe sis, col la gen and pro col la -
gen pro duc ti on, and cell pro li fe ra ti on.12 Alt ho ugh
se ve ral stu di es ha ve in ves ti ga ted its the ra pe u tic be -
ne fit on pres su re ul cers, the cli ni cal use of LLLT for
wo und he a ling is still un der in ves ti ga ti on be ca u se
many in ves ti ga tors re port conf lic ting fin dings in
ani mal and hu man stu di es.13-21

In the pre sent li te ra tu re, the com pa ra ti ve da -
ta of both tre at ment mo da li ti es con cer ning wo und
he a ling is very li mi ted.22 Mo re o ver, to the best of
our know led ge, the re is no da ta that com pa re the
two tre at ment mo da li ti es in ex ci si o nal wo und he -
a ling in terms of both his to pat ho lo gic and bi oc he -
mi cal chan ges. So that, the pre sent study was
de sig ned firstly to in ves ti ga te and se condly to com-
pa re the in di vi du al ef fects of US and LLLT on the
wo und he a ling pro cess in terms of mic ros co pic and
his to-pat ho lo gi cal eva lu a ti on on the 7th and 15th

days. Be ca u se nit ric oxi de (NO) has be en pro po sed
as a pos sib le ac ti ve agent for ac ce le ra ting wo und
he a ling, me a su re ments of tis su e NO pro duc ti on
we re al so ta ken in to con si de ra ti on in or der to eva l-
u a te the bi oc he mi cal chan ges in the cel lu lar le -
vel.23,24

MA TE RI AL AND MET HODS
Thirty two he althy, adult, ma le Wins tar rats we ig -
hing bet we en 250-300 g we re inc lu ded in the
study. The ani mals we re ho u sed in a tem pe ra tu re
and light con trol led en vi ron ment se pa ra tely with
ad li bi tum ac cess to wa ter and rat pel let. Ex pe ri -
men tal pro ce du res we re ap pro ved by our Ins ti tu te's
Et hi cal Com mit te e, and ma nup la ti ons of the rats
we re per for med un der the ru les of the Institutional
ani mal et hics com mit te e of Uni ver sity of Ce lal Ba -
yar, comp lying with Eu ro pe an Com mu nity Co un -
cil Di rec ti ve (86/609/EEC).

SUR GI CAL PRO CE DU RE

Sur gi cal pro ce du res we re per for med un der ge ne ral
anest he si a ad mi nis te red by in tra mus cu lar in jec ti -
on of ke ta mi ne hydroch lo ri de (25 mg/kg) and xy-
la si ne hydroch lo ri de (5 mg/kg). The ani mals we re
clo sely sha ved on the dor sum. Two 17-mm di a me -
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ter full thick ness skin de fects we re cre a ted on the
left and right si de of the dor sal mid li ne in each rat.
A lan cet and a cus tom de sig ned 17-mm di a me te -
red cir cu lar sur gi cal bla de we re used to pro du ce
equ al si zed skin de fects. Wo unds we re pho tog rap -
hed im me di a tely af ter the sur gi cal pro ce du res and
left open wit ho ut any dres sing.

TRE AT MENT GRO UPS AND PRO CE DU RES

The ani mals we re ran domly di vi ded in to two tre -
at ment gro ups: Gro up A (n= 16) for pul sed US and
Gro up B (n= 16) for LLLT. Tre at ments we re ini ti a -
ted two ho urs af ter the sur gi cal pro ce du re and we -
re per for med da ily, un til the study en ded.
En do la ser 476 (En raf-No ni us Co.,The Net her lands)
la ser de vi ce and So no puls 434 (En raf-No ni us Co.,
The Net her lands) ul tra so und de vi ce we re used for
the ra pe u tic app li ca ti ons.

Right si ded wo unds of the Gro up A we re tre -
a ted with pul sed ul tra so und un der ge ne ral anest -
he si a to ma in ta in im mo bi li za ti on of the ani mal.
Wo unds we re fil led with physi o lo gic sa li ne un til
the skin le vel and co ve red with a ste ri le sur gi cal
dra pe. An aqu a so nic gel was app li ed abo ve the dra -
pe as a co up ling agent. Pul sed ul tra so und (2 ms on,
8 ms off, and 0.1 W/cm2 in ten sity) tre at ment was
per for med using an 8-mm di a me ter, 1 MHz fre qu -
ency pro be with cir cu lar mo ve ments for fi ve mi n-
u tes da ily. The sa me pro ce du re was per for med to
the left-si ded wo unds using a trans du cer wit ho ut
any ul tra so und out put to ser ve as the con trol
(Sham met hod).

Right-si ded wo unds of the Gro up B we re tre -
a ted with low-energy la ser ir ra di a ti on using a con-
ti nu o us Gal li um-Ar se ni de-Alu mi num (Ga-As-Al)
la ser be am (830 nm) with an energy out put of 30
mW at 50% le vel. In each tre at ment ses si on, a do -
sa ge of 0.5 J was app li ed for 1 cm2 of wo und sur fa -
ce. La ser pro be was hold per pen di cu larly 5 mm
abo ve the wo und sur fa ce. La ser ir ra di a ti on was ap-
p li ed to the cen ter of the wo und for 33 se conds and
to its pe rip hery for 33 se conds with slow cir cu lar
mo ve ments. The la ser in di ca tor light wit ho ut any
energy out put was used to apply the sa me pro ce -
du re to the left-si ded wo und to ser ve as the con-
trol (Sham met hod).

Each gro up was then di vi ded in to two sub-
gro ups with res pect to the tre at ment pe ri od. Gro -
up A1(n= 8) and Gro up B1 (n= 8) re ce i ved se ven
days of tre at ment. Gro up A2 (n= 8) and Gro up B2
(n= 8) re ce i ved 14 days of tre at ment. All ani mals
we re sac ri fi ced un der ge ne ral anest he si a with a
blow to the ir he ads. All wo unds we re pho tog rap -
hed im me di a tely af ter this pro ce du re to as sess the
chan ges in the wo und si ze.

HIS TO PAT HO LO GI CAL AND BI OC HE MI CAL ANALY SIS

The ul cer are as of the ani mals in all of the fo ur gro -
ups we re ex ci sed with sur ro un ding nor mal skin.
All samp les we re fi xed in 10% for ma li ne and em-
bed ded in pa raf fin. Fi ve-mic ro me ter thick sec ti ons
we re sta i ned with he ma toxy lin and eo sin  and Mas-
son's tric hro me. Im mu no his toc he mi cally, CD34
sta i ning (clo ne QBEnd/10; di lu ted 1:100; Ne o mar -
kers, MS-363-P1, Lot:363P603B) was per for med in
each samp le. The thick ness of the fib ro sis, poly-
morp ho nuc le ar le u kocy te (PMNL) in fil tra ti on and
chro nic inf lam ma tory cells, such as mac rop ha ges
and eo si nop hils at the ba se of the wo und we re ex-
a mi ned mic ros co pi cally. Fib rob las tic ac ti vity and
col la gen den sity we re eva lu a ted on Mas son's tric -
hro me sta i ned sli des. Ca pil lary ves sel pro li fe ra ti on
(an gi o ge ne sis) was eva lu a ted on CD34 sta i ned sli -
des by co un ting the ca pil lary ves sels at ba se of the
ul ce ra ted are a.

Fib rob las tic ac ti vity, den sity of chro nic inf -
lam ma tory cells and poly morp ho nuc le ar le u kocy -
tes we re clas si fi ed in to fo ur as mi ni mal, mild,
mo de ra te and pro no un ced. Di a me ter of the wo und
and fib ro sis at the ba se of the wo und we re me a su -
red at x100 mag ni fi ca ti on of the light mic ros co pe
(Oly mpus E300). The me an ca pil lary ves sel num ber
was de ter mi ned by co un ting all ca pil lary ves sels on
con se cu ti ve fi ve high po wer are as of CD34 sta i ned
sli des.

WO UND TIS SU E NIT RIC OXI DE AS SESS MENT

Bi oc he mi cal as sess ments of stab le NO oxi da ti ve
me ta bo li tes, nit ri te (NO2) and nit ra te (NO3) le vels,
we re analy zed to es ti ma te the tis su e NO pro duc ti -
on. As sess ment of tis su e nit ri te and nit ra te le vels
was ba sed on Gri ess met hod which was pre vi o usly
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des cri bed el sew he re.25 Samp les we re ho mo ge ni zed
in ice-cold 50mMol/L Tris HCl buf fer with pH 7.4.
Samp les we re dep ro te i ni zed with the So mogy re a -
gent, and the su per na tants we re used. An ali qu ot
of samp les was ta ken for the nit ri te as sess ment
which was pro du ced by di a zo ti za ti on of sul fa ni la -
mi de and co up led to napht hyleth yle ne di a mi ne.
Anot her ali qu ot of samp les was ta ken for to tal nit -
ri te and nit ra te as sess ments which we re re du ced by
Cu-co a ted Cad mi um gra nu les in glyci ne buf fer at
pH 9.7 and furt her pro du ced by di a zo ti za ti on of
sul fa ni la mi de and co up led to napht hyleth yle ne di-
a mi ne. The nit ra te le vel was de ter mi ned as the dif-
fe ren ce bet we en the two ali qu ots. The fi nal
ab sor ban ce of the re ac ti on was me a su red at 545 nm
with a spec trop ho to me ter. A stan dard cur ve was
ob ta i ned by con cen tra ti ons of 2-10 mic ro mol/L so -
di um nit ra te. Da ta in this study pre sents the sum
of nit ri te and nit ra te which are the NO me ta bo li tes
and are ex pres sed in mic ro mol/gr wet tis su e.

Sta tis ti cal analy sis

Da ta we re analy zed using SPSS for Win dows, ver-
si on 10.0. Mann-Whit ney U test was used for the
analy tic as sess ments. The dif fe ren ce was con si de -
red as sta tis ti cally sig ni fi cant when the two-ta i led
p-va lu e was less than 0.05.

RE SULTS
No sig ni fi cant dif fe ren ce was fo und bet we en the
con trol gro ups in terms of his to pat ho lo gic and bi -
oc he mi cal da ta (p> 0.05). Bi opsy spe ci mens re ve a -
led that PMNL and chro nic inf lam ma tory cells
ten ded to dec re a se in both tre a ted si des com pa red
to con trol si des, ho we ver, the dif fe ren ce was not
sig ni fi cant on the 7th day (p> 0.05). Fib rob lasts and
col la gen we re fo und to be sig ni fi cantly in cre a sed
in La ser tre a ted gro up com pa red to its con trol gro -
up on the 7th day (p= 0.015 and p= 0.02, res pec ti -
vely), whi le no sig ni fi cant chan ge was ob ser ved in
US tre a ted gro up (Fi gu re 1) (Tab le 1). This sig ni fi -
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Ultrasound treatment Ultrasound control Laser treatment Laser control

(Group A1) (Group A1, Sham) (Group B1) (GrupB1, Sham)

Parameters n= 8 n= 8 P n= 8 n= 8 P

PMNL* 2.6 ± 0.8 2.9 ± 0.9 0.58 3.3 ± 0.5 3.9 ± 0.9 0.2

Chronic inflammatory cells* 2.4 ± 0.5 2.7 ± 0.6 0.63 2.5 ± 0.5 2.8 ± 0.7 0.37

Fibroblasts* 1.6 ± 0.5 1.5 ± 0.5 0.91 2.3 ± 0.5 1.5 ± 0.4 0.015

Collagen* 2.1 ± 0.6 2.0 ± 0.6 0.67 2.8 ± 0.6 2.0 ± 0.5 0.02

Angiogenesis £ 62.6 ± 11.6 53.8 ± 13.8 0.43 63.5 ± 13.15 61.8 ± 10.3 0.48

Nitric oxide (umol/mg) 0.071 ± 0.045 0.066 ± 0.03 0.12 0.058 ± 0.032 0.052 ± 0.038 0.75

TABLE 1: Analysis of histopathological and biochemical results on 7th day.

PMNL; Polymorphonuclear leukocytes

£ mean capillary vessel number

'Average value of the cells calculated in microscopic area as; 1=minimal, 2=mild, 3=moderate, 4=pronounced

A B C

FIGURE 1: Fibroblastic proliferation in control (A), ultrasound (B), and laser groups (C) on the 8th day. Laser treatment (C) showed a significantly increased fi-
broblast and collagen proliferation when compared to control and ultrasound groups (HE,x100).



can ce was lost on the 15th day. An gi o ge ne sis was si -
mi lar on the 7th day in both tre at ment gro ups. Ho -
we ver, a sig ni fi cant in cre a se was ob ser ved on the
15th day in the la ser tre a ted gro up when com pa red
to its con trols (p= 0.003), whi le the re was no sig ni -
fi cant chan ge in the US tre a ted gro up (Fi gu re 2)
(Tab le 2). Com pa ri son of his to pat ho lo gic and bi oc -
he mi cal re sults of US and LLLT gro ups re ve a led that
la ser tre at ment had a sig ni fi cant ef fect on fib rob last

and col la gen le vels on the 7th day when com pa red to
US gro up (p= 0.029 and p= 0.013, res pec ti vely) (Tab -
le 3). On the 15th day, an gi o ge ne sis was fo und to be
sig ni fi cantly mo re pro no un ced in the la ser tre a ted
gro up when com pa red to US gro up (p=0.018) (Tab -
le 3). The re we re no sig ni fi cant dif fe ren ces in tis su -
e nit ric oxi de le vels bet we en the gro ups alt ho ugh
the va lu es in the la ser gro up ten ded to be hig her
(with 10% sig ni fi cancy)on the 15th day (p= 0.058).
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Ultrasound treatment Ultrasound control Laser treatment Laser control

(Group A2) (Group A2, Sham) (Group B2) (Grup B2, Sham)

Parameters n= 8 n= 8 P n= 8 n= 8 P

PMNL* 2.3 ± 0.6 1.8 ± 0.5 0.36 3.0 ± 0.5 2.8 ± 0.9 0.42

Chronic inflammatory cells* 2.0 ± 0.5 1.8 ± 0.6 0.62 2.4 ± 1.1 1.9 ± 0.8 0.58

Fibroblasts* 1.1 ± 0.4 1.3 ± 0.5 0.7 1.6 ± 0.5 1.5 ± 0.5 0.92

Collagen* 2.4 ± 0.5 2.9 ± 0.4 0.18 2.1 ± 0.5 2.0 ± 0.5 0.95

Angiogenesis £ 58.1 ± 8.9 56.1 ± 7.9 0.78 73.8 ± 7.5 58.4 ± 5.7 0.003

Nitric oxide (µmol/mg) 0.089 ± 0.047 0.098 ± 0.06 0.61 0.12 ± 0.07 0.082 ± 0.06 0.058

TABLE 2: Analysis of histopathological and biochemical results on 15th day.

Abbreviations are given in Table 1

A B C

FIGURE 2: Angiogenesis in control (A), ultrasound (B) and laser groups (C) on the 15th day. Laser treatment (C) showed a significant increase in angiogenesis
compared to control and ultrasound groups (CD34, x100).

7th day 15th day

Ultrasound treatment Laser treatment Ultrasound treatment Laser treatment

Parameters n=  8 n=  8 P n= 8 n= 8 P

PMNL* 2.6 ± 0.4 3.3 ± 0.5 0.49 2.3 ± 0.6 3.0 ± 0.5 0.12

Chronic inflammatory cells* 2.4 ± 0.5 2.5 ± 0.5 0.92 2.0 ± 0.5 2.4 ± 1.1 0.39

Fibroblasts* 1.6 ± 0.5 2.3 ± 0.5 0.029 1.1 ± 0.4 1.6 ± 0.5 0.12

Collagen* 2.1 ± 0.6 2.8 ± 0.6 0.013 2.4 ± 0.5 2.1 ± 0.5 0.34

Angiogenesis ₤ 62.6 ± 11.6 63.5 ± 13.15 0.91 58.1 ± 8.9 73.8 ± 7.5 0.018

Nitric oxide (µmol/mg) 0.071 ± 0.045 0.058 ± 0.032 0.12 0.089 ± 0.03 0.12 ± 0.07 0.29

TABLE 3: Comparison of histopathological and biochemical results of both treatment groups on 7th and 15th days.

Abbreviations were given in Table 1.



DIS CUS SI ON
Dif fi cul ti es of wo und he a ling in im mo bi li zed pa ti -
ents or in pa ti ents with spi nal cord in ju ri es still
cons ti tu te a sig ni fi cant prob lem in re ha bi li ta ti on
me di ci ne, and leng the ning of the wo und he a ling
pe ri od may ca u se an in cre a se in mor bi dity and
mor ta lity.1 For this re a son, in the last 40 ye ars in-
te rests we re shif ted to dis co ver any the ra pe u tic
mo da lity that may ac ce le ra te the wo und he a ling
and may help to shor ten the tre at ment pe ri od.
Among the se, pul sed US is still un der in ves ti ga ti on.
It has be en pre vi o usly sug ges ted that US dec re a sed
inf lam ma ti on, in cre a sed fib rob lasts and col la gen
and mat rix synthe sis, ac ce le ra ted an gi o ge ne sis, and
in cre a sed tis su e ten si le strength.6 The se be ne fi ci al
ef fects form the ba sis for the use of US to ac ce le ra -
te wo und re pa ir and he a ling. Ho we ver, to day the -
re is no con sen sus for the use of US for wo und
he a ling. Alt ho ugh so me in ves ti ga tors ha ve shown
that it was be ne fi ci al,3,4 so me ot hers we re fa i led to
pro ve any ac ce le ra ti on on wo und re pa ir.7-9 Pro ba-
bly, dif fe ren ces in study de signs, as well as dif fe -
rent length and do sa ge of app li ca ti ons are the ma in
ca u ses for the se dif fe ren ces.6 In ani mal stu di es, US
app li ca ti on with an in ten sity of 0.1-0.5 W/cm2

with a fre qu ency of 1-3 MHz was shown to ac ce le -
ra te the inf lam ma tory pha se of re pa ir.3,26 For this
re a son, in the pre sent study a si mi lar tre at ment
pro to col was used (0.1 W/cm2 with a fre qu ency of
1 MHz, 5 mi nu tes da ily).

Sin ce the rat skin con ta ins thre e la yers, it is
fre qu ently used to in ves ti ga te the pha ses of wo und
he a ling: inf lam ma ti on, pro li fe ra ti on and ma tu ra ti -
on. Alt ho ugh it not al ways easy to strictly se pa ra te
the se thre e pha ses from each ot her, the inf lam ma -
tory pha se mostly ta kes part du ring the first fi ve
days, ho we ver it was shown con ti nu e for 15
days.27,28 The pro li fe ra tory pha se ge ne rally oc curs
on 7th to 15th days and then the ma tu ra ti on pha se
ta kes pla ce.27,28 Our ex pe ri men tal mo del con sis ted
of a cir cu lar wo und inf lic ted bi la te rally on the dor-
sum of the rats. When so me o ne ta kes in to con si -
de ra ti on that pres su re ul cers are ge ne rally cir cu lar
rat her than li ne ar, it ap pe ars that our ex pe ri men tal
mo del is mo re ap prop ri a te to in ves ti ga te and to

adapt the ef fects of dif fe rent the ra pe u tic mo da li ti -
es to cli ni cal prac ti ce. Un li ke the in ci si o nal wo und
mo del whe re wo und limbs are clo se to each ot her
to im pro ve wo und he a ling, ex ci si o nal wo unds may
ne ed mo re ti me to im pro ve. From this po int of vi -
ew, we ma inly fo cu sed on the la te parts of the first
two pha ses.

In the vi ew of the his to lo gi cal chan ges, a dec -
re a se in PMNL and chro nic inf lam ma tory cells, and
an in cre a se in fib rob lasts, col la gen and an gi o ge ne -
sis on 7th and 15th days we re fo und in US gro up
when com pa red to the ir con trols, ho we ver the se
be ne fi ci al ef fects co uld not re ach to a sta tis ti cal sig-
ni fi can ce. As a re sult, we co uld not de mons tra te
any sta tis ti cally sig ni fi cant be ne fi ci al an ti-inf lam -
ma tory or pro li fe ra tory ef fect in US gro up alt ho -
ugh the re was a ten dency in ac ce le ra ti on of wo und
he a ling. Many in ves ti ga tors ag re e that app li ca ti on
of US has be ne fi ci al ef fects on the inf lam ma tory
pha se of re pa ir and this app li ca ti on can af fect the
on set of pro li fe ra ti ve pha se.3,26 Ho we ver, our fin d-
ings and many ot hers did not sup port this ide a.29,30

Bri efly, our re sult con cer ning the lack of ef fi cacy
of US tre at ment on wo und he a ling is in ag re e ment
with the ot hers pre vi o usly do cu men ted si mi lar ne -
ga ti ve re sults7-9 On the ot her hand, it must be kept
in mind that we might ha ve be en mis sed the an ti-
inf lam ma tory ef fect that had be en ta ken pla ce in
the first 7 days. 

Low-le vel la ser the rapy was firstly in tro du ced
by Mes ter et al. as a the ra pe u tic mo da lity in wo -
und he a ling.10 Du ring the last 40 ye ars, its ef fi cacy
in wo und re pa ir was in ves ti ga ted and sup por ted
with many ani mal13-17 and hu man stu di es.20,21 To -
day, in many co un tri es ex cept Uni ted Sta tes, LLLT
is wi dely used for the tre at ment of a va ri ety con di -
ti ons inc lu ding ne u ro lo gic, den tal and der ma to lo -
gic di sor ders.11 Du e to the exis ten ce of so me
conf lic ting da ta for its ef fi cacy in wo und he a ling in
ani mal18,19,29 and hu man stu di es20,21 the re is still no
con sen sus for the ro u ti ne use of this the ra pe u tic
mo da lity worl dwi de.

La ser pa ra me ters such as wa ve length, ti me of
ex po su re, and do sa ge used in cli ni cal and in vi vo
stu di es to study the ef fect of LLLT on wo und he a -
ling ha ve not be en stan dar di zed yet.11 So, it is dif-
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fi cult to com pa re the re sults of dif fe rent ex pe ri -
ments that used dif fe rent la ser pa ra me ters. Most
LLLT re se arch stu di es, pro bably owing to cost or
ava i la bi lity is su es, ha ve used he li um ne on (He Ne)
la sers, but most of the ne wer stu di es are prof fe ring
the ne wer Gal li um-Ar se ni de-Alu mi num (Ga-As-
Al) la ser. A wi de va ri a ti on exists in re com men da -
ti ons for the op ti mal energy for dif fe rent con di -
ti ons; the usu al ran ges are from 0.1 to 10 J/cm2.31 A
ma xi mal in cre a se in DNA synthe sis was fo und at a
do se of 0.5 J/cm2 and ma xi mal re ge ne ra ti on was ob-
ser ved with the use of a wa ve length of 802 nm.31

The re fo re, in the pre sent study, we used Ga As la -
ser with a wa ve length of 830 nm and at 0.5 J/cm2.

Be ca u se fib rob lasts play an im por tant ro le in
wo und he a ling, ef fect of LLLT on fib rob lasts is im-
por tant. A sig ni fi cant in cre a se in fib rob last-me di a -
ted pro col la gen pro duc ti on by LLLT was shown in
many pre vi o us ani mal stu di es.13,14,33 In a re cent
study, Gal et al. ha ve shown that la ser sti mu la ti on
shor te ned the inf lam ma tory pha se and ac ce le ra ted
the pro li fe ra ti on and ma tu ra ti on pha ses.27 The se in-
ves ti ga tors al so ob ser ved that LLLT po si ti vely sti m-
u la ted the re ge ne ra ti on of in ju red epi der mis and
re pa ir ment of in ju red musc le and conc lu ded that
LLLT po si ti vely inf lu en ces all pha ses of rat skin he -
a ling. In the pre sent study, la ser app li ca ti on sig ni -
fi cantly in cre a sed fib rob last and col la gen com po-
si ti on on the 7th day. In a si mi lar ex pe ri men tal
study, Bisht et at. ha ve shown that fib rob las tic pro-
li fe ra ti on and col la gen pro duc ti on was de tec ted on
the 5th day and was at ma xi mum on the 9th day.13 Si -
mi larly, in many ot her pub lis hed pa pers this be ne -
fi ci al ef fect was ob ser ved bet we en the 5th and 10th
days.22,27 Our fin ding is in ag re e ment with Bisht et
al. and ot hers. In this pe ri od, an gi o ge ne sis was fo -
und to be slightly hig her in la ser gro up.13

An gi o ge ne sis is one of the ma jor fac tors re la -
ted to tis su e re pa ir; it is in vol ved from the be gin -
ning of the he a ling pro cess sin ce the ves sels are
res pon sib le for re-es tab lis hing the supply of oxy-
gen and nut ri ents, al lo wing an in cre a se in me ta bo -
lic ra te and mi to tic ac ti vity. Most of the re cent
stu di es on la ser-in du ced an gi o ge ne sis ha ve be en di-
rectly or in di rectly mo ti va ted by the se mi nal pa per
of Aber gel et al.,14 which in di ca ted an an gi o ge nic

ef fect was in du ced by LLLT. In a very re cent study,
Co raz za et al. sho wed that LLLT with do ses of 5-
20 j/cm2 de mons tra ted ex pres si ve re sults in an gi o -
ge ne sis on 3rd, 7th and 14th days.34 In our study, the
sig ni fi cant in cre a se in an gi o ge ne sis was ob ser ved
on the 15th day. This de lay may be du e to lo wer
la ser do sa ge that was used in our study. In anot her
re cent study, trans for ming growth fac tor (TGF-B)
was shown to play a cen tral ro le in me di a ting the
ac ce le ra ted he a ling res pon se.35 In this study TGF-B
ex pres si on was shown to be ma xi mum on 14th day.
Alt ho ugh the ex pe ri men tal mo del was dif fe rent in
this study, the ir fin ding may help to exp la in the
sig ni fi cant in cre a se in an gi o ge ne sis on the 14th day
in our ex pe ri ment.

Ac cu mu la ting evi den ce in di ca tes that NO
plays an im por tant ro le in wo und he a ling and NO
was shown to be di rectly cor re la ted with col la gen
and fib rob last de po si ti on and an in cre a se in an-gi -
o ge ne sis.36 In the pre sent study, we al so in ves ti ga -
ted cu ta ne o us NO le vels to du ring the 7th and 15th

day of wo und he a ling to cla rify the sup po sed in te -
rac ti on. In both tre at ment gro ups NO le vels we re
si mi lar on the 7th day and we re not dif fe rent from
the con trols. Ho we ver, the cu ta ne o us NO le vel
ten ded to in cre a se in la ser gro up on the 15th day in
which an gi o ge ne sis was fo und to be sig ni fi cantly
in cre a sed. This fin ding is in ag re e ment with the
con si de ra ti on that NO plays a cen tral ro le in an gi -
o ge ne sis.24,37 In the pre sent study, alt ho ugh the sta-
b le NO oxi da ti ve me ta bo li tes such as nit ri te (NO2)
and nit ra te (NO3) le vels we re me a su red, it must be
kept in mind that short half-li fe of the mo le cu le
may li mit me a su ring the cel lu lar le vels of NO du r-
ing wo und he a ling, and this li mi ta ti on cons ti tu tes
an ob vi o us prob lem in ex pe ri men tal stu di es.36

Many stu di es ha ve as ses sed the in di vi du al ef-
fects of US and LLLT on wo und re pa ir, ho we ver,
they ha ve be en ra rely com pa red. In a li te ra tu re se -
arch, we fo und only one re se arch com pa ring the
ef fects of US and LLLT on ex pe ri men tal wo und he -
a ling.22 In that study, De mir et al. used an in ci si o -
nal wo und mo del in which the 4th and 10th days
we re ta ken in con si de- ra ti on to in ves ti ga te the his -
to pat ho lo gi cal chan ges. An gi o ge ne sis was not eva l-
u a ted in the ir study. They conc lu ded that both US
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and LLLT had be ne fi ci al ef fects on both pha ses of
wo und re pa ir, whi le LLLT was mo re ef fec ti ve than
US in inf lam ma ti on and pro li fe ra ti on pha ses. Our
re sult re gar ding the ef fects of US on wo und he a ling
do es not sup port the ir fin dings, be ca u se we co uld
not de mons tra te any sig ni fi cant ef fect with the use
of US as many ot hers.79 Ho we ver the ir conc lu si on
for the ef fect of LLLT on wo und re pa ir is si mi lar to
our fin dings. The re a sons for the dif fe rent re sults
may ari se from the dif fe ren ces of the study de signs.
Firstly, we wor ked on an ex ci si o nal (cir cu lar) wo -
und mo del which was mo re si mi lar to cli ni cal pres-
su re ul cers whi le the ir mo del was in ci si o nal.
Se condly, we in ves ti ga ted the his to pat ho lo gi cal

chan ges on the 7th and the 15th days whi le they we -
re in te res ted in the 4th and the 10th days. Thirdly,
our tre at ment pro to col inc lu ded pul sed US with a
do se of 0.1 W/cm2 at a fre qu ency of 1 MHz whi le
the ir do se was 0.5 W/cm2 at a fre qu ency 1 MHz, and
we app li ed Ga As la ser with a wa ve length of 830 nm
and with po wer of 0.5J/cm2, whi le the ir wa ve length
and po wer was 904 and 0.5J/cm2, res pec ti vely.

In conc lu si on, in this com pa ra ti ve study, LLLT
was fo und to ac ce le ra te sig ni fi cantly the pro li fe ra -
ti ve pha se whi le US had no ef fect on wo und he a -
ling. Our re sults sup port the con si de ra ti on that
LLLT may cons ti tu te a be ne fi ci al tre at ment mo da -
lity for tre a ting wo und he a ling.
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