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Abstract

This literature review aims to explore the application of ablative fractional laser in chronic wound healing, focusing on its
clinical efficacy and mechanisms of action. Additionally, it summarizes the various lasers and parameters utilized by the
authors in their studies. A comprehensive literature search was conducted for studies published between 2008 and 2025
in the Google Scholar, Web of Science, Medline, and PubMed databases, using the keywords: Fractional, Laser, Chronic
Wounds, Ulcers, Healing. A substantial body of evidence suggests that carbon dioxide (CO:) and erbium: yttrium alumi-
num garnet (Er: YAG) lasers can significantly accelerate the healing of chronic wounds. However, treatment protocols
vary considerably across studies, particularly in terms of treatment frequency, power output, and energy density. This lack
of standardization makes it challenging to compare outcomes directly and to determine optimal treatment parameters.
The majority of studies conclude that CO- and Er: YAG laser therapies effectively promote the repair of chronic wounds.
Proposed mechanisms include precise debridement, reduction of bacterial burden, improved local perfusion, enhanced
transdermal drug delivery, and activation of key signaling pathways, such as Transforming growth factor-/smad(TGF-p/
Smad). Further research is needed to establish standardized treatment protocols and identify the most effective laser
parameters for clinical use.

Clinical trial number
Not applicable.
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Abbreviations RDEB Recessive Dystrophic Epidermolysis
AF Ablative fractional Bullosa
CO2 Carbon dioxide PRP Platelet-rich plasma
Er:YAG Erbium: yttrium aluminum garnet NPWT Endoscopic negative pressure wound
TGF-B/Smad Transforming growth factor-f/smad therapy
SP Selective photothermolysis PDT Photodynamic therapy
FP Fractional Photothermolysis HSPs Heat shock proteins
MTZ Microscopic treatment zones
Introduction

>4 ShiZheng Tian

s2ian88@163.com Chronic wounds are wounds that, despite standardized sys-

temic treatment, fails to achieve complete structural and

Zh Li . . e . ..
uoQun Li functional repair within the expected timeframe. Clinically,
zhuoqunl05@163.com .
HoneWei Y: they are commonly defined as wounds that do not shrink
ongwel Yan 140 . 0 o1 -
312698647@qq.com by 10 1.5 % per yveek or fail to re.duce by 30% within one
month, irrespective of the underlying cause [1]. A key path-
' Department of Burns and Plastic Surgery, Renmin Hospital, ological feature of chronic wounds is poor local perfusion,

Hubei University of Medicine, Shiyan, China

Published online: 19 May 2025 €\ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10103-025-04485-w&domain=pdf&date_stamp=2025-5-17

(2025) 40:229

Lasers in Medical Science

Page 2 of 13

229

[o1]1(sT0D)T®

SyooM

AYISUSp 956 “unys
urpunoxns ay) WOy
[UW (G pUB punoMm

Wwo L1xTC

K1931ns 1935
3o 1omof Jy311
1) JO BWOUIdIBY

19 sdiqiyq ¢ ur urpeay ojordwo) own | Jooseqoypie fw g  (py] suawng)x g deaq SYOOM /  SI9ZIS punom oy[, 1190 snowenbg 06
AJISUap 94,6 “unys 3o[ 1oMO]
Surpunoans oy} woij JYSL1 9y} JO eWIOU
[91] (sTOT)TE S3om [W Qg pue punom oy} wod ST x6'[ -101e3 [[90 Jeseq
19 sdijiyq ¢ ur Surpeay 93o1dwo) owmn | joaseqoyjefw g (pyTsmawng)xg doaq syoam 11 SIpunom 2y,  J10J A193Ins 10y oL
100§
Ay1suop 946 ‘unys 1003 YoI 191 241 Jo 3oeq
[91] urpunoxns dy) WOy oy jo doysur oy oY) uo punom
(S100)"Te Syoom [UW (G puB punom uo wo /'] x(0°¢Jo B Ul pay[nsal
19 sdiqiyq 9 ur Surpeay 9391dwo) own | Jooseqoyile fw g (pyT stwawn)xX g deaq SJUOW ¢  I3O[N UB SBM Q1]  JUIPIOJL Jed Y] 0L TOD
BOJR 90BLINS
wearoj  Apoq oy Jo 9%,0¢
Apueoyiugis [eISIp pUE MOQ[d O} SUInqg pue puey
aAoxduir uonou Jo a3uer JYS1I 2y} JO 9pISINO [eISIp pue uLe
pue A1o1SE[o UDS oY) 9y} uo uonOERUOd Y3 9y} JO UonE}
[s1](Z100)TR pue s[eay A[jenpeid yede syoom (py7 ‘stuowing ‘o100uU7 Ieos pue uone  -ndwe Ul pajnsar
19 Ioyewnyg 199N 9} JUAUWIBAL} PIA 9 ‘sown ¢ [W (€ pue fw og asingenyn)xd deaq sypuow 09 -120[N JUR)SISIOd  Ssoumfur Jse[q Ay L, 6€
up[s SNOJeUAYIAID
9[1}ORIIUOD YPIM uonendwe
dwmys pojeyndwre oouy-0A0qe [BID
[s1] (z10O)TR yede syoom (py7 ‘stuowing ‘2100U7 Y311 9y} JB UOISOId  -)B[Iq UI PI)[NSaI
10 1oxewnyS  sAep 9 ur Surfeay 9391dwo) g ‘sow) ¢ fw o¢ asindenin) x4 dosqg sypuowt 9 Judysisiad e ST 1Y, uorsojdxa ay ], 8T
Ajiqow pajrw| uonendure
pue unys o[13eyy  moqoeidns JyIu
ym dums pajey pue uonenduwre
-ndwre 1y3u1 oy} uo souy-exdns [eI1o
[s1]1(z100) TR Ssypuow g uryim A[03o[dwod jrede syoom (py7 ‘stuawmng ‘a100uyg SIOO[N PUB SUOISOId  -JB[Iq UI PAI[NSaI
10 IoYeWNYS  ISOWI[B PI[BAY SPUNOM [[Y g ‘sowin) ¢ fw og asindgenin)xq deaqg syjuow ¢ pajeayun o[dnniy uorsodxe oy ], 97 TOD
S[eAIIUL
juoueaI)
(S109J2 9SIOAPR) JUSWIBAL)  ‘SJUdUIBI) JO uoneInp punom adKy
Joyjne 1oSe[ 19)JB Qwil} A19A009Y  Joquunu [ejo], s3urpos 10se] UOTJRWLIOJUT QITAJ(] punopy 9y Jo uondiosog spunom jo sosne)  (s1eok)oly  Iose]

SpunoOMm JTUOIYD Ul SIdSE] [UONIRI) 9ANE[qe Jo suonedrjdde paysijqnd jo Arewnwung | ajqep

pringer

As



229

Page 3 of 13

(2025) 40:229

Lasers in Medical Science

‘sdnoi3

yjoq ut pajrodar arom
S100[JO 9SIOAPE SNOLIdS ON
‘SYJUOW € UIYIM 0BJINS
Qu0q 2I13ud A} SULIDAOD ons

-s1} uorje[nuUeI3 pauLIo] pey syjuow
syuoned om) pue ‘syjuowr yyFCU
¢ urym urpeay 93o[dwoo :dnoi3
pey dnois juounean Jyd juouneaI)
UM paulquiod Iese] 70D ddd ynm
oy ur syuaned om], sypuowr pauIqUIOd
€ UIYIM Q0BJINS UOQ AINUD 1088] 7TOD
oy} SULIOA0D oNSsST) UOTE| ‘sypuow
-nueld pawoj juoned | pue GEFOE
[6e1] (L10OD) TR ‘sypuowt ¢ uryim Aja3erd yede :dnoig yuow
30 TWRUON -woo pofedy sjuoned 4 Joom | ‘suols (A1ey] “oouoro[{  -jeOI) OUOLE onssi auoq 100[N
0d)JBJ\l  :QUO[E JUSWEL) JOSe] 70D -sas9o01dn  wonods g ‘M 08 T VA0 Zoprxews 10se[ 7OD  9sodxo7ey) s1oo[)  OIWOUOSI QAN T'8F8 YL TOD
yoeq 1oddn
1J9] QY3 Ul JOJoWRIP
[81] paziferjayids ur wo / noqe eso[nq
910018 A19391dwos jsowe st yede syoom (stuowng 100[n A10)BUIWIRUT sisAjourroprda
D{SMOYBIY] punoMm ) ‘syoMm § 1y P ‘sown ¢ KISUDp 946 ‘fW (¢ g2sInden[n)xXd deeg syuow 6 -uou © SI 219 |, sydonsAQq 7w 0D
wui g'g
Jo ypdap wnwrxew
B JIM ISJOWRIpP Ul
wo 7 SI ouo Jag1e|
2y} pue IAjoUIRIp
ur wo ' ST ouo Teay
JIo[[ews oY) ‘eIqn) 10U 0) PUNOM U}
[L1] 1J2[ 91} JO pua [eISIP sasned usgoniu
(910018 sypuowr g ur Apayord yrede yjuowr (stuown | oy U0 spunom  pmbi] yIm spIEM
D{SMOYNBIY] -W09 PI[eay punom [, [ ‘sowmn g AJISUSP %G Je (W (G g2SInden|n)xd dea syuow 9 poreayun om], o AderoypoAID Ll
WLIBDJ0] 1Yo oY}
sypuow JO BAJE 2INJORNUOD
¥ 1e pareay Aa3e1dwos st Jeos oy) ur wo 7|
[L1] punom oy pue syjuow g e Kyisuop JO IojoweIp B yim SuInq [eoIWaYd
91070)T0 1R paziferjoyido Ajo1oidwos  jrede sypuowr 946 (W 6] INOQE JO (stuown g punom pajeayun pue suInq Ioye
ISMONETY] jsouwye SI punom dyJ, 7 ‘sowm ¢ yydop uonelqe) fw og @*sIndenin)xXd dsaq sypuowr § UB SIQIOY]  QINJOBIIUOD IBOS 8 70D
S[eAIoIUI
juouUIEoI)
(S109J2 9SIOAPR) JUSWIIBAL)  ‘SJUSU)BAI) JO uoneInp punom adAy
Joyne JIOSE] IoYJE QW) AI0A00Y  Joquunu [ejo], s3umas 1ose] UOTJRULIOJUT 90TAS(] punopy  oy3 jo uonduosaq spunom jo sasne)  (s1eak)ofy  10se]

(penunuoo) | ajqeL

pringer

As



(2025) 40:229

Lasers in Medical Science

Page 4 of 13

229

WO §xG~Tx TSI

dnoi3 jonuos 2y Jo jey) ‘(Sspunom  BaIE puUNOM ) pue (aarssaxdwod
[yl uey) 10y31y Apueoyrudis  pajeay Aa3e1d J1UOIYD 039 900j ‘uoia1 G ‘oneqeIp g
(#207) Suoy sem el Jul[eay punom  -wWod SI punom J10J BLIOJLID  [eIdesoquunj ‘YSIy ‘onewInel) g
Suid N1 Y 2y} Quauean) Jo skep oy} [pun wur g [ onsouSerp  ‘J[eds oy) ur peso| ‘SNOUQA ()] )
Suayix NI'1 ISTZPUB Py YL AP uO  yeom eown | Suroedsjoq ‘fwr 081 V/N Suneow) y/N SIpUNOM 9Y], ~ BWNERI) JIUOIYD) 9,—0S
ydep
ul wo §'¢ INoqe pue
901110 [BUIAIXD
Sy ur o 67 x
wo G “OnoIqy asn
‘snojewrapa ‘ored  IreyO[OdYM WD)
(€] (zzoD)Te (V3@ pauonuaut SI[[em snuis o) -Suof £q pasneo
10 Sue], SABD G¢ UIYIIM S[BOH sowi) ¢ M S Pue p 8 Iose] zQD gopIxMewS ApIdxo JON  ‘punom joer snuig SIOJ[N AINSSAIJ €S
AU TF
SeM BIIE pUNOM
oy} pue ‘0deJIns
punoMm Y} uo anssn
dnoi3 *(UOTIPUOD puNOM Y} uonenuess 3uide
JUdUNEII) PIEPUR)S oY) 0} 0} SuIp10o9e pajsnipe) puE 9nSS[) d1J0I0dU (sa13o10n2
[z2] (zzoo)1e  poredwoos 19y10ys Ajuedyiu Ayisuap wo/sojoqurd (V3aq) JO $02139p Jud19j SNOLIBA)
o uenn  -3is sem own Sureay Ay, Apareadar S~€“ZH 001 ‘M S1 08D Zoprxews syjuowr g+ -JIp 9IOM 9I9Y],  BWINERI) JIUOIYD) 86—7S 70D
‘(skep
dnoi3 € 19)e) sAep a3ewep
oI1eo [ensn Ay 0) paredwiod ] A12A9 31 0 ULYS SSAUIY-[[NF
[12 dnoi3 juourjean 1ose[ oy ‘(skep ('pyT 0D ASojouroay, FurAjoAur ;u g (se130[010
(1202) ‘T® ur 10p0ys Appueoyrudis - ¢ 31y o} 10J) J19SET 9[ORIIA UBYNA ) 0} 7 JO eaIR UB SNOLIBA)
12 Sueif og sem owm Jurfeay oy, Kep & 20uQ W 0y 1-09 1D0€02-TIN SYoAM 9 < )M SPUNOA\  BUINEX) JIUOX]) GL—81
paddoss sey
punom a3 jo
uonezieIoy} INssI} 9130109U
dnoi3  -1do 9y91dwios pue ersejdiodAy *(1901n on2qEIp
JUAWIDPLIQIP [ed13Ins [euor) [run Jede sAep onssy) uone[nueIs | ‘SI90[N SNOUdA
[0Z] -1pen ay) ur jeys ueyy 10YSIY 0} | POULIO] ('p¥1 0D A3ojouroay, ‘PWIOPS 1B QIOY} 7 ‘SPUNOMm snon
(0202) T8 Apueoyrugis sem juounean)  -12d oq pnoys JI9SET S[ORIIA UBYNA ) pue ‘,Wd ()7~ ST -O3JUI JO SISed ()7)
19 Suelf og I0)je oje1 Sureay Y], jusuIBAL], [w 0y1-09 1D0€02- TN SAep € < BOJE PUNOM JU],  BUWINERI) JIUOIYD GL-81 TOD
S[BAIIUL
juoueaI)
(S109J2 9SIOAPR) JUSWIIBAL)  ‘SJUSU)BAI) JO uoneInp punom adAy
loyne 19Se[ 19)JB QWil} A10A009Y  Joquunu [ejo], s3umyes 1ose] UOTJBULIOJUI 991Ad( punopy oy Jo uondioso  spunom jo sosne)  (s1eok)ely  Iose]

(penunuoo) | ajqeL

pringer

As



229

Page 5 of 13

(2025) 40:229

Lasers in Medical Science

Juou)eaI) oasm g¢
Jo syuowr 'z Jo oSeIoAe U ‘uoneanp asynd ‘ww ¢
[oc]1 (8007)Te  10ye Surfedy punom 33o1d 199owrerp jodg ‘Aoudnb sypuow DVA
10 BUBZZON  -wi0o pey spudned Jo %06 V/N -0y zH 01 ‘fw 00¢  (VIA@sndaoyegHews €188911y V/N  spunom muoiqy 8L—9¢ g
“(yser UOTJOLI
Jo aseo [ pue ‘Furyoy jo 10 aInssaxd
osed [ ‘ured Jo sased 7 a1om [BUIIX? JUB)SUOD
21913 ‘dnois paygipows 9y} up Aq pasnes spunom dnoi3
*dnoi3 [euonuaAu0d Ay} Ul oruoxyo ‘(030 paaoidur
ysel Jo sased g pue ured jo ‘109N 100} oy ur
(L2 9SBD | :SUOIILAI ISIOAPE) (dnoi3 pay onaqerp “39) A30  [HLFSE LY
(STOODONVMA  Spunom K10j0eIjaI JO JUdW juounjean)  -rpowr) wuw g ‘(dnoi3 -jono ogroads Jo  pue dnoid
ORIXSUS]A  -Jean} Ay} upjods W [ Uey)  JOOSINOD BSB  [RUONUIAUOD) IUI | SpuUnNoOM JIUOIYD [eUOnUIA
2 DNVM  1o119q sem jods Wl 7 y)im  SQWI) € Yoam :9z1s j0ds ‘Aysuop ypuowr pauonuawl  ‘OIUOIYO JWO099q  -U0D Oy} Ul
OBIXSUSA 19sE[ [euOnIRy <0 9L Tod owmn | %0S “MO€ W OF V/N [ ueqialoN Aprorjdxa 10N SpUnoM Moy 64'8§FC8'SY ¢ 0D
‘(oseo ouo ur Jurjoms pue
SSOUPAI ‘9SeI QUO U SUINg
[9z]  :suonoear asIOApE) I91I0YS sreadde
($z07)3ueg  Apueoyrugis sem owry Jur onssn ysaIj *(uonIpUod puNOM ('pyT 0D ASojouroay,
NA %  -[edy Y ‘dnoiS juounean [pun syuouEaI) oy} 03 Surpioooe J10Ser] S[ORIIJAl UBYNA ) Jroqe quo 7] ~¢
Suad NA prepuess o) yum paredwio) — I9se[ [BIOADS  PAjsnipe) [w 0f [ ~(09 ID0€0Z-TIN PUBSYOM {  SIBOJE PUNOM U],  SPUNOM OIUOIYD) 99~9]
JudwIIBAI) I9SE| AU 8 ~T *9)9 ‘suInq
INOYIIM URY) JUSWILAI) JOSE] SI BAJE pUNOM doop ‘spunom
ym 10y31y Apueoyrugis ('p¥1 “0D A30 oy pue ‘pasodxd K103081501
[s27] (bz07)' 18 sem oyer Suijeay punom ayy SsjuoueaI) wur G~¢ Suroeds  -[ouyoq] JoseT J[oRIN yuuout anss1) AU0q 9ABY ‘ewner) onoe
19 Suery ‘oz pue 91 ‘7[ ‘8 ‘p SAep uQ ordnmp 100 ‘M ST ‘(W §T ueqnM) 100€02- TN [ 1589 1V Spunom swog 00J onaqerq 881 C¢OD
S[BAIIUL
juoueaI)
(S109J2 9SIOAPR) JUSWIIBAL)  ‘SJUSU)BAI) JO uoneInp punom adAy
loyne 19Se[ 19)JB QWil} A10A009Y  Joquunu [ejo], s3umyes 1ose] UOTJBULIOJUI 991Ad( punopy oy Jo uondioso  spunom jo sosne)  (s1eok)ely  Iose]

(penunuoo) | ajqeL

pringer

As



(2025) 40:229

Lasers in Medical Science

Page 6 of 13

229

(sased g)
199N [BIIUBYOIIN
S9sBD
8) 001N O12QEIT
(soseo
8) 190N SNOUIA
(soseo
[9¢€] juouI)eaI) I19)je Ieak 6) 190N sunuw|
(zzoouesiog [ uoneziperjayde jojdwod (soseo
% ueysie) PIASIYIL SUOISA] JO %6L sowm 7[—¢  yipiam as[nd sw 00g°[ SX SIUEUA(] BUOJO  SYIUOW (O}T-T V/N  €1) 100[n [eLIoMY 06-0v
(ppmm aspnd o3stigQ¢
“QuIo/f 7T “yuduwyean
Apueoyrugis pasearodp puo2ag)Kouanbaiy SN X
[s€] (1707 oo ot JO 2ZIS 2y} JudwW ede syoom ZH 01 ‘ppim asind (eruanors ‘eueljqnl s1o0[n JOMO[ 2} JO DVA
)Te 19 1esyogq -JB21) JO oM iG Y} IV zsown ¢ 09SO LWwo/f 018 ‘eu0)o,])stweudq YxX syjuowr ¢ J00J JUBHIO[BONY SUOISI] [BLISMY IS
pouad (sod£y
NoIm- B IOUJO Y)IM SISeDd ¢
IOAO BAIE ‘SmI[[ouW S3)0qeIP
SG°0 doeLINs )M S3Sed ¢
[¥€] jeadar wioped ‘ww 4 punom ur uony  JuLLEOS FUIPUNOI ‘9SBASIP SNOUIA
(0Z07)Te 1R T 9M Je S9SBIIIIP Suroeds joq ‘defrono (VD ‘oyy ofed“ouy  -onpair oG -Ins yim s1dd[n 3ur )M SIsed /) 89 SI oFe
urassoyfey 9Z1S punom 23eIdAL Y], owm | jods 94,06 ‘Wo/[ 0 ‘u0yd8) g4 TNOSL UBY) SS9 -[BAY-UOU ‘OIUOIYD)  SPUNOM JIUOIy) 9FeIoAE Y],
urireos
Surpunorns yum
[e€] "(PaAIaSqo S109[0 Kyisuop uswopqe 9y} ut s100[n
(020)ATIoY ISIDAPE OU) JUAUIBAN i 1ede syoom %SG VD ‘0 s100[n SuIrfeay-uou  3UI[EIY-UOU [IM
¥ 1qeIyolN oy} Joye Juresy o)o[dwo)  g§~9 ‘sown WO/ G'L81-S79] O[ed ‘[eUOnIRIJOI] UOIOS s1edA 7  ‘oruoayo o[dnnjy Ieos onewnel], 69
pareay Aja3e1dwoo SI9)OW U drenbs
219M SpPUNOM Y} JO %0S ¥6°9 JO BaIE pUNOM
S99M T T PUR ‘046'c9 Aq SO AW JUSWIPLIGOP oSe10A® UR YIM
[z€]1 (6107) T8 Paonpal sem eale punom ) yoom ‘wrlggyazis Jodg wu 06 SYoOM  ‘UINS 9} JO SUOISI| SI99[N DVA
1O UOSUYO[  JUSUIIBII} JO SHOIM § IOV Jod owm | KNsuap 9,7 [euonoeIold d[nof 15891 1V SSAUIY3-[[N] 100} o1dqeIq 6881 g
S[eAIul
juouEaI)
(s109J0 9SI0ApR) JUSUNEAN  ‘SJUSUIIBAN) JO uoneInp punom adky
loyme JIoSe[ 198 QW) AIOA009Y — IOquinu [Bj0], s3urpoes 1ose] UOT)RULIOJUT 9OTA(] punopy  9y) Jo uonduosa Spunom jo sasne)  (sieak)ody  Iose]

(ponunuoo) | 3jqey

pringer

As



Lasers in Medical Science (2025) 40:229

Page70f 13 229

characterized by insufficient blood supply, impaired neo-
vascularization, and persistent inflammatory stimulation
of surrounding tissues. These factors contribute to fibrotic
tissue proliferation, scar formation, and progressive atro-
phy or thinning of the skin and subcutaneous layers [2, 3].
Current clinical treatments for chronic wounds fall into two
primary categories: surgical and conservative approaches.
Surgical intervention is often effective in removing necrotic
tissue and promoting wound closure but is associated with
significant trauma and elevated risks, particularly when
autologous tissue are required. In contrast, conservative
management emphasizes the treatment of complex con-
ditions using minimally invasive approaches, making it a
more suitable choice when surgical options are restricted or
economically impractical. Common conservative therapies
include negative pressure wound therapy [4], growth factor-
based treatments such as fibroblast growth factor (FGF) and
epidermal growth factor (EGF), synthetic polymer-based
dressings [5], and biologically active strategies involving
platelet-rich plasma, stem cells, and gene therapies. These
modalities promote healing by enhancing local blood cir-
culation and reducing the risk of infection. However, pro-
longed conservative treatment may lead to complications
such as nutritional depletion, secondary infections, and
increased caregiving burdens, while complex procedures
can intensify the workload of healthcare providers [6]. Col-
lectively, these challenges highlight the urgent need for
safer, more efficient, and clinically practical strategies to
improve chronic wound management [7, 8].

Lasers are widely regarded as one of the most significant
technological innovations of the 20th century [9]. In 1960,
Maiman successfully validated Einstein’s theoretical predic-
tion of stimulated emission and light amplification by using
a flashlamp to irradiate a ruby crystal, thereby marking the
birth of the modern laser [10]. The foundational mechanism
underlying therapeutic laser applications is selective photo-
thermolysis (SP), a concept proposed by Anderson and Par-
rish in 1983. SP enables precise targeting of pathological
tissues while preserving surrounding healthy structures by
optimizing parameters such as wavelength, pulse duration,
and energy density, thus ensuring both treatment efficacy
and safety [11]. In 2004, Manstein and colleagues intro-
duced fractional photothermolysis (FP), a major advance-
ment in laser technology [12]. Unlike conventional lasers,
FP delivers light energy in a pixelated pattern that forms
microscopic treatment zones (MTZs), consisting of con-
trolled thermal damage interspersed with preserved viable
tissue. This spatial distribution not only accelerates post-
treatment recovery by leveraging the regenerative capacity
of the untreated skin but also enhances treatment flexibility
across a wide range of dermatologic conditions. FP is par-
ticularly notable for its application in resurfacing photoaged

skin and managing burn scars [13]. Among FP devices,
carbon dioxide (CO2) and erbium: yttrium-aluminum-gar-
net (Er: YAG) lasers have demonstrated substantial clini-
cal success in skin rejuvenation and scar remodeling [14].
Interestingly, emerging studies have revealed their potential
in promoting the healing of chronic ulcers—a domain previ-
ously unassociated with laser therapy. This article provides
a systematic overview of the recent progress in fractional
laser applications for chronic wound treatment, In addition,
it also summarized the various lasers and parameters uti-
lized by researchers over the past 18 years(Table 1).

Materials and methods

A comprehensive literature search was conducted for stud-
ies published between 2008 and 2025 in the Google Scholar,
Web of Science, Medline, and PubMed databases, using the
keywords: Fractional, Laser, Chronic wounds, Ulcers, and
Healing.

Application of CO2 fractional laser in the treatment
of chronic wounds

Shumaker et al. [15] from the Naval Medical Center in San
Diego were the first to report the application of ablative frac-
tional (AF) CO: laser resurfacing in the treatment of chronic
wounds associated with traumatic scarring. Their retrospec-
tive review included three patients with multiple scars and
non-healing wounds resulting from blast injuries. Remark-
ably, wound healing accelerated significantly following AF
laser treatment. In one illustrative case, a 26-year-old patient
exhibited visible healing within one week of treatment, with
nearly complete epithelialization observed by the second
month. The wound continued to improve throughout an
eight-month follow-up period.

The intervention employed a 10,600 nm ablative CO:
laser system (DeepFX and UltraPulse Encore systems),
with treatment parameters customized based on the depth
and thickness of scar tissue. Pulse energy ranged from 30
to 50 millijoules, and the treatment density was set at 5%.

Subsequently, Phillips et al. [16] evaluated three elderly
patients with chronic traumatic lower limb ulcers treated
using fractional CO: laser. The results showed that within
three weeks of treatment, more.

than 60% of the wound area had healed, with complete
epithelialization achieved in under six weeks. Notably, all
three patients were in generally good health and did not
present with complicating factors such as vascular insuffi-
ciency, uncontrolled diabetes, or other conditions known to
impair wound healing.

@ Springer
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Krakowski et al. [17] assessed the safety and effective-
ness of AF CO: laser therapy for non-scar chronic wounds
in pediatric patients. The study included two children with
chronic wounds—one receiving a single session of AF laser
treatment, and the other undergoing two sessions spaced one
month apart. Both patients experienced complete wound
healing within 2 to 4 months following treatment, with no
recurrence observed during follow-up. These findings sug-
gest that AF COs: laser therapy may serve as a promising
adjunctive approach in the management of chronic pediatric
wounds.

Recessive dystrophic epidermolysis bullosa (RDEB)
is a severe genetic skin disorder characterized by extreme
skin fragility, recurrent blistering, and contractile scarring.
Patients with RDEB frequently suffer from chronic wounds
that are highly susceptible to infection and malignant trans-
formation, often leading to premature mortality. Krakowski
et al. [18] reported a case involving a 22-year-old RDEB
patient with a chronic ulcer, 7 cm in diameter, located on the
upper left back and persisting for nine months. The wound
was colonized by methicillin-sensitive Staphylococcus
aureus, Group B Streptococcus, and Pseudomonas aerugi-
nosa. The patient also exhibited severe allergic reactions to
both vancomycin and penicillin, limiting systemic antibiotic
options.Treatment with a 10,600 nm AF CO: laser (Ultra-
pulse Encore DeepFX) over four weeks led to a substantial
reduction in wound diameter—from 7 ¢cm to 2 cm,—with a
92% decrease in wound area. Following a second session,
the wound was nearly fully epithelialized within four weeks.
The patient reported no pain and expressed high satisfaction
with the therapeutic outcome.

Matteo Monami et al. [19] investigated the effects of
CO2 laser treatment on ulcers with exposed bone tissue in
diabetic feet. This observational study involved 14 patients
with type 2 diabetes, some of whom presented with radio-
logical signs of osteomyelitis. Over a period of 3 months,
the researchers created intermittent points on the periosteum
of the exposed bone tissue using the CO2 laser until bleed-
ing was observed. In the last 5 patients, platelet-rich plasma
(PRP) was administered alongside the laser treatment.
Among the 9 patients who received only CO2 laser therapy,
4 achieved complete healing within the 3-month period,
while 1 patient developed granulation tissue that covered the
entire bone surface. In contrast, among the 5 patients treated
with both CO2 laser and PRP, 2 achieved complete healing
within 3 months, and 2 patients also developed granulation
tissue covering the entire bone surface. The study concludes
that CO2 laser treatment demonstrates efficacy in diabetic
foot ulcers, particularly those with exposed bone tissue, by
facilitating the healing process through the creation of inter-
mittent points on the periosteum.

@ Springer

Jiang Bo et al. [20] compared conventional surgical
debridement with laser-assisted debridement using an ultra-
pulse AF CO: laser in a cohort of 18 patients with chronic
wounds.Their results indicated that the laser debridement
group achieved superior outcomes in terms of promoting
wound healing, reducing bacterial colonization, alleviating
pain, and improving the overall wound appearance.

In a subsequent study, Jiang Bo et al. [21] further explored
the therapeutic mechanisms of ultrapulse CO: laser debride-
ment. A total of 54 chronic wounds were randomized into
two groups: the routine surgical debridement group (RT
group, 28 wounds) and the laser debridement group (LT
group, 26 wounds). The LT group received treatment with
the ML-2030CI laser system (Wuhan Miracle Laser Tech-
nology Co., Ltd.), using energy levels ranging from 60 to
140 millijoules, tailored to individual wound characteristics.
A defocused continuous mode was applied, enabling rapid
scanning of the wound area within 4-6 s per session. Post-
treatment assessment via laser speckle imaging revealed a
significant and immediate increase in local blood flow per-
fusion following laser debridement, which may represent
a key physiological mechanism underlying the observed
enhancement in wound healing.

Haonan Guan et al. [22] conducted the largest clinical
study to date comparing full ablative CO- laser debridement
with conventional surgical debridement for chronic wound
management. The study enrolled 164 patients with chronic
skin wounds and utilized the DEKA SmartXide? C80 CO:
laser system, while the control group underwent traditional
surgical debridement using scalpels, scissors, or curettes.
Results demonstrated that CO: laser debridement signifi-
cantly outperformed surgical methods in improving wound
conditions, reducing wound area, and accelerating healing
time. Notably, no adverse events were reported throughout
the course of treatment.

In a separate case report, JiaJun Tang et al. [23] described
the successful treatment of a deep ischial tuberosity sinus
tract using a combination of CO: laser debridement and
endoscopic negative pressure wound therapy (NPWT). The
patient, a 53-year-old man with paraplegia and a chronic
sinus wound due to prolonged wheelchair use, underwent
laser-guided removal of fibrotic tissue from the sinus wall
using the DEKA SmartXide? CO: laser system. Under
endoscopic visualization, debridement was performed until
fresh red granulation tissue was exposed. As the sinus cav-
ity gradually decreased in depth, the NPWT material was
repositioned accordingly. After three laser sessions, the
sinus tract closed completely, followed by successful skin
grafting. No recurrence was observed during one year of
follow-up.

Liu Yifeng et al. [24] conducted a comparative study
evaluating the efficacy of AF CO: laser therapy combined
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with standard external dressings versus conventional dress-
ing treatment alone in patients with chronic wounds. The
results showed no significant difference in wound edema
between the two groups on days 1, 3, and 7. However, by
days 7, 14, and 21, the experimental group demonstrated
superior granulation tissue formation and faster wound
healing rates compared to the control group. These findings
suggest that AF CO: laser therapy can enhance granulation
tissue development and accelerate the healing process in
chronic wounds without exacerbating local edema.

Jiang Bo et al. [25] further investigated the applica-
tion of ultra-pulse CO: laser in managing chronic refrac-
tory ulcers with bone exposure. The study employed laser
drilling techniques to stimulate cortical bone regeneration.
Ultrapulse CO: laser energy was applied repeatedly to
the exposed bone surface until healthy, viable bone tissue
appeared. Patients treated with laser therapy showed signifi-
cantly higher wound healing rates on days 4, 8, 12, 16, and
20 post-treatment compared to those who did not receive
laser intervention. Additionally, the laser group experienced
reduced treatment costs and lower pain scores.

Yu Peng et al. [26] investigated the clinical outcomes of
fractional CO: laser therapy in individuals suffering from
chronic wounds. Ninety patients were enrolled and divided
into two groups: the control group received topical recombi-
nant human basic fibroblast growth factor (rh-bFGF) alone,
while the experimental group received additional fractional
CO: laser treatment. The experimental group demonstrated
significantly better clinical outcomes, including enhanced
granulation tissue formation and lower pain scores. The
study concluded that fractional CO: laser therapy has a clear
therapeutic benefit for chronic wounds, effectively promot-
ing healing without elevating the risk of complications, and
thus holds strong potential for clinical application.

Wang Mengxiao et al. [27] conducted a comparative
study involving 122 patients with refractory wounds to
assess the therapeutic efficacy of conventional versus modi-
fied fractional CO: laser therapy when combined with pho-
todynamic therapy (PDT). The findings revealed that the
modified CO: laser, when used in conjunction with PDT,
enhanced the secretion of growth factors in wound exudates,
suppressed bacterial proliferation, and mitigated the local
inflammatory response. Importantly, this revised protocol
not only enhanced wound healing rates but also did not lead
to an increased occurrence of adverse events, demonstrating
both improved efficacy and sustained safety.

Application of Er: YAG laser in the treatment of
chronic wounds

While most existing studies focus on the use of CO- lasers
for ulcer treatment, Er: YAG lasers also exert therapeutic

effects through photothermal mechanisms. By transferring
laser energy to water-rich tissues, Er: YAG lasers induce
rapid evaporation of intracellular water, resulting in precise
tissue ablation and cutting. Actually, this mechanism sug-
gests potential utility in the management of chronic ulcers
[28, 29].

Paolo Mezzana et al. [30] investigated the application
of Er: YAG laser for debridement in chronic wounds unre-
sponsive to conventional therapy. The study included 30
patients with wound durations exceeding three months, all
of whom had failed to improve with advanced topical treat-
ments, including oxidized regenerated cellulose and colla-
gen-based dressings. Debridement was performed using the
Smart2940Dplus Er: YAG laser until pinpoint bleeding was
observed, followed by wound coverage with a advanced
drugs of oxidized regenerated cellulose and collagen matrix.
Seven days post-treatment, most wounds had entered the
active healing phase, marked by epithelial edge migration
and increased granulation tissue formation. Notably, 90% of
patients achieved complete wound closure within an aver-
age treatment period of 2.5 months. The authors concluded
that Er: YAG laser-assisted debridement offers a painless
and efficient alternative for optimizing the wound healing
process in chronic ulcers.

Diabetic foot ulcers are among the most challenging
chronic wounds to manage, with reported healing rates
ranging from 18 to 62% even under tightly controlled clini-
cal trial conditions [31]. Matthew et al. [32] investigated the
use of Er: YAG laser therapy in treating 22 diabetic foot
ulcers across 18 patients. All ulcers had shown minimal or
no healing following at least four weeks of standard wound
care. Patients were subsequently treated with the Joule
ProFractional 2940 nm Er: YAG laser (Sciton, Palo Alto,
CA) under standardized laser parameters. The therapeutic
response was assessed using the percentage of wound area
reduction over a 4-week period.Results showed that 72.7%
of the ulcers demonstrated more than a 50% reduction in
wound area after 4 weeks of treatment. By week 12, 50% of
all ulcers had achieved complete healing. Notably, all ulcers
that failed to reach a 50% reduction by week 4 remained
unhealed at week 12. Despite the use of a low-frequency
treatment protocol (once per week), the Er: YAG laser
demonstrated significant clinical efficacy in this patient
population.

Joseph N. Mehrabi et al. [33] reported the case of a
69-year-old obese and hypertensive woman with multiple
chronic abdominal ulcers that had persisted for over two
years. Comprehensive diagnostic testing ruled out malig-
nancy, fungal infections, and vasculitis. Following the fail-
ure of multiple standard therapies, the patient received Er:
YAG laser treatment, resulting in complete wound closure
without any adverse effects or complications. In addition
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to clinical observations, Mehrabi also reported preclini-
cal findings from diabetic mouse models: In laser-treated
animals with acute wounds, Er: YAG therapy led to signifi-
cantly faster wound contraction compared to natural healing.
Molecular analysis revealed upregulated mRNA expression
of vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF), alongside a downregula-
tion of TGF-P. These results suggest a potential mechanis-
tic pathway through which Er: YAG laser promotes tissue
regeneration.

Babak Hajhosseini et al. [34] conducted a crossover
clinical study to compare Er: YAG laser debridement with
traditional sharp debridement in the management of chronic
wounds, focusing on their effects on pain perception and
bacterial load. A total of 22 patients with chronic wounds
were randomly divided into two groups: one group ini-
tially received Er: YAG laser debridement using a 2940 nm
device, while the other underwent sharp debridement using
a scalpel and/or curette. After one week, the treatment
modalities were switched between the groups. The results
demonstrated that Er: YAG laser debridement was signifi-
cantly more effective than sharp debridement in reducing
patient-reported pain and lowering bacterial burden at the
wound site. Moreover, patients expressed a clear preference
for laser-based treatment, likely due to reduced discomfort
and tissue trauma.

Aysenur Botsal et al. [35] reported a case highlighting the
therapeutic potential of Er: YAG laser in managing ulcers
secondary to lower extremity arterial disease. The patient,
a 43-year-old man, presented with a persistent foot ulcer
unresponsive to 30 sessions hyperbaric oxygen therapy. The
treatment protocol included full-field Er: YAG laser ablation
to remove ectopic bone tissue within the ulcer, followed by
fractional Er: YAG laser therapy to stimulate wound heal-
ing.By the ninth week of laser treatment, the ulcer size had
significantly decreased, and complete epithelialization was
achieved within the first year of follow-up, with no recur-
rence observed. Despite the presence of underlying arterial
hypoperfusion, fractional Er: YAG laser therapy facilitated
significant wound healing. The authors also noted that, com-
pared to traditional sharp debridement, Er: YAG laser treat-
ment eliminates the need for consumable tools in repeated
procedures and minimizes collateral tissue damage, making
it a more sustainable and patient-friendly option.

Ercan Caliskan et al. [36] conducted a retrospective
analysis evaluating the efficacy of Er: YAG laser therapy
in treating difficult-to-heal chronic wounds. The study
included 23 patients and a total of 43 treatment sites, with
Er: YAG laser applied using a spot energy density ranging
from 6 to 22 J/em?. After one year of treatment, 79% of the
lesions achieved complete epithelialization. Among the nine
lesions that failed to fully epithelialize, 44.4% had wound
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areas larger than 50 cm?, another 44.4% were arterial ulcers,
and 11.1% of patients died from diabetes-related compli-
cations. The research indicated that Er: YAG laser therapy
demonstrated significant efficacy in treating venous and dia-
betic ulcers, consistent with previous findings[32,34]. These
results support its use as a second-line treatment option for
these ulcer types. Mechanical ulcers demonstrated rela-
tively rapid healing, achieving complete epithelialization
within an average of four months. In contrast, immuno-
logical and arterial ulcers were the most treatment-resistant,
highlighting the need for further therapeutic innovation in
these subtypes.

Hypothesized mechanisms of action

With the increasing application of AF lasers across vari-
ous clinical wound-healing scenarios and the expansion of
their treatment modalities, several potential mechanisms
have been proposed to explain their therapeutic benefits in
chronic wound management.

Debridement and scab removal

AF CO: laser technology enables highly precise wound
bed preparation, which serves as a critical foundation for
subsequent tissue regeneration [37]. Through the controlled
delivery of thermal energy and the use of fractional abla-
tion, the laser selectively vaporizes necrotic tissue, bacterial
biofilms, and senescent epidermal layers. This process pre-
serves adjacent viable tissue essential for re-epithelializa-
tion and granulation [14].

Improvement of local blood supply

The laser’s localized photothermal effect and photobio-
modulation capabilities can induce vasodilation, enhance
cutaneous microcirculation, and thereby increase oxygen
and nutrient delivery to the wound site [21]. Studies have
reported significantly elevated wound exudate scores on
days 7, 14, and 28 following laser treatment compared to
conventional debridement [21]. These findings suggest that
the transient exudative response induced by AF lasers may
act as an autologous nutrient-rich medium, supporting the
proliferation, differentiation, and migration of reparative
cells.Moreover, the deeper microthermal zones generated
by CO: fractional lasers can directly stimulate dermal tis-
sue remodeling from the basal layers outward. This vertical
regeneration gradient not only accelerates wound closure
but also promotes organized tissue architecture and func-
tional recovery [38].
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Reduction of skin tension around the wound

When the CO: fractional laser scanning range is extended
to approximately 1-2-cm beyond the wound margin [15],
the laser-induced epithelial activation in the peripheral zone
stimulates keratinocyte proliferation and migration from the
wound edge, thereby accelerating re-epithelialization. Addi-
tionally, the fractional ablation of surrounding skin tissue
results in a partial relaxation of mechanical tension around
the wound. This reduction in peripheral skin tension can
decrease wound edge contracture and the risk of recurrence,
ultimately promoting more stable and durable [39].

Enhancement of topical drug delivery

Fractional laser perforation creates uniform micropores
across the wound surface, significantly increasing the con-
tact area for topical agents, antimicrobial peptides, and
growth factors. These microchannels allow therapeutic mol-
ecules to penetrate more evenly and deeply into the underly-
ing tissue layers, including those beneath scab formations
[40]. This enhanced transdermal delivery pathway improves
cellular responsiveness to treatment and stimulates local-
ized regenerative activity.

Reduction of bacterial load

Persistent bacterial colonization is a major contributor to
delayed wound healing. AF laser debridement has been
shown to significantly reduce bacterial load and inflam-
matory markers such as C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR), primarily through
its physical antimicrobial effects [41]. The laser disrupts
microbial cell walls and biofilms that are often resistant to
traditional therapies [42]. Moreover, AF laser treatment pro-
motes the recruitment of local immune cells [43], thereby
creating a microenvironment that is less conducive to bacte-
rial proliferation and more favorable to the transition from
chronic inflammation to active tissue repair.

Molecular level changes

The micro-thermal energy generated by CO: laser treatment
induces the expression of heat shock proteins (HSPs) at the
cellular level. As molecular chaperones, HSPs play a criti-
cal role in protecting cells from thermal stress while also
regulating key processes such as apoptosis and cell prolif-
eration, thus providing cellular protection and supporting
the subsequent stages of wound healing [44]. Laser-induced
micro-injury activates several crucial signaling pathways,
including the transforming growth factor-p/smad(TGF-p/
Smad) pathway, which governs the proliferation and

differentiation of fibroblasts [45]. This signaling cascade
also stimulates the synthesis and remodeling of collagen
and other extracellular matrix proteins, facilitating wound
structure remodeling and functional recovery [46]. At the
molecular level, laser treatment further modulates the secre-
tion of inflammatory mediators. It reduces the production
of pro-inflammatory cytokines, such as IL-1 and tumor
necrosis factor-alpha(TNF-a), while promoting the release
of anti-inflammatory factors like IL-10 [47, 48]. This bal-
ance in inflammatory responses ensures a controlled inflam-
matory environment that supports optimal wound healing.
Additionally, the regulation of matrix metalloproteinases
(MMPs) and their tissue inhibitors (TIMPs) by the laser
promotes the appropriate degradation and remodeling of
the extracellular matrix, thereby preventing excessive scar
formation [48].

Conclusion

Fractional laser therapy has become a widely utilized
modality in clinical wound healing, demonstrating signifi-
cant efficacy, particularly in the management of complex
wounds, diabetic foot ulcers, and RDEB. However, the pre-
cise mechanisms underlying its therapeutic effects remain
incompletely understood. Whether using AF CO2 lasers
or Er: YAG lasers, most authors emphasize the necessity
of adjusting treatment based on the wound’s condition. In
cases with high skin integrity, significant necrotic tissue,
and a high degree of fibrosis, there is a tendency to utilize
higher laser treatment energy or more frequent treatment
sessions!!6-20-22:22724.26.33.3536] * However, due to limita-
tions in available cases, extensive research on the safety of
fractional laser applications in chronic wounds has not
been conducted. Only two studies have reported adverse
reactions, such as rashes, itching, and burns [26, 27]. This
highlights the need for caution, as although the safety range
of fractional lasers is wide, they should still be used judi-
ciously. Additionally, adjusting laser parameters based on
the patient’s skin type is an important consideration [49]. It
is crucial to note that not every non-healing ulcer is suitable
for laser treatment; malignant tumors and specific infections
must be appropriately ruled out using techniques such as
biopsy and culture [18, 33].Moreover, the clinical applica-
tion of laser therapy is highly variable, with differences in
product manufacturers, power settings, dosages, application
modes, and treatment frequencies. The diversity of treat-
ment protocols—ranging in power, treatment density, and
interval lengths—complicates the comparison of results and
the optimal selection of treatment parameters. Therefore,
further research is essential to establish standardized treat-
ment protocols and to elucidate the mechanisms of action,
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thereby enhancing the clinical application of fractional
lasers in wound management.
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