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Clinical efficacy of fractional carbon dioxide laser in treatment of hypertrophic scars

at different stages
CHENG Jing, LI Na, YANG Li, HU Dahai, HAN Juntao Department of Burns and Cutaneous Surgery, Burn Center
of PLA, Xijjing Hospital, Air Force Medical University, Xi’ an, Shaanxi Province, 710032, China

[ Abstract | Objective To compare the clinical efficacy of fractional carbon dioxide laser in the
treatment of hypertrophic scars at different stages. Methods  Forty-five patients with 6-~ 8-month
hypertrophic scars who met our inclusion criteria and were admitted to our department from February 2018 to
June 2018 were recruited in this study. They were divided into control group (n=12), half-year group (n=
15) and 1-year group (n = 18). Each patient was treated with conventional treatments ( stress and
medication ) , and the patients in the control group were not treated with laser, those in the half-year group and
1-year group were treated with carbon dioxide laser from scar formation for half year (at admission) and for 1
year (half year after admission) , respectively. Laser radiation were performed every 3 months. The scars were
scored by Vancouver Scar Scale ( VSS) at admission and 24 months after scar formation. The times of
treatment, loss of working, incidence of side effects and patient satisfaction were also recorded. Results
VSS score, scar thickness score and scar softness score were significantly higher in the control group than the
half-year group and 1-year group (P<0.05), but no such statistical differences were seen between the latter 2
groups (P>0.05). Compared with the 1-year group, the half-year group had obviously higher times of laser
radiation (P<0.05), longer loss of working time ( P<0.05), and similaryly lower incidence of pigmentation
(P>0.05). The patient satisfaction rate was notably higher in the half-year group and the 1-year group than
that of control (P<0.05). Conclusion Tt is safe and effective to treat hypertrophic scar with fractional
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carbon dioxide laser in half and 1 year after scar formation, and there are no obvious differences in the efficacy

between the 2 time points.

[ Key words |

Corresponding author; HAN Juntao, E-mail; hanjt@ fmmu. edu. cn

PRI 235 e B 1) 5 WL, L 2 3 J ™ i 17 3L
PFE I BERET , H AT R P A5 AN 3 it , PR
BRI A ERR R AR A LR . ABSRBIRIG YT
TIEARERAZGY) B 97 IR N TS L R ARG YT
45 fH 2% R % 2% K 56!, 1983 4E ANDERSON Al
PARRISH"* 2 e PR IS, O 9 & R B 5E
TR HIE LA, 2007 4F HANTASH 46 Hi ) 25 4
EIT ARSI 1 IR — &AL B ( carbon dioxide, CO, ) 5,
MEOGIR YT Rt 5 B AR MR B o 11K 10 600 nm
TS AR M (fractional carbon dioxide laser) &
B K W, = B ae A 2H 2T kA i s e it R
JrRGAEIRR AT AR . E AN E SR
LULEORNTQUIEE Seh Sl il R i RSV B S =y g ol i) =1
S PERER T R A OB IR A AR YT I 1]
RA—  HOGRIT T BA— . PIIABIFEE#E 2018 4
1-6 AR ZWAarT & AEARER 45 #i 6 ~8 1~ A
B A VSRR, 472 BE S MO VR 7 IR A A (] N ) 23
R B (AR B HOLIR YY) CRARLRN 1 AR,
I3 HT A G AR PR BUR O IB I ROR A BN R YT IR
B ORI AL R A RO IR T R A R
IR A R BTG A A de A 3, D2 i B B
I7 RSB BRI TR, S A AR PRI A0 G IR T 1R
RIS/

1 #REHFZE

1.1 ANgtrfEam

W4 2018 4 1-6 HABEhiZ ke 20 e i A 1
PRI RS 45 . Hod 554k 24 1], 2otk 21 4], AR08 1~
51(21. 04+15. 12) %, fz ik 25 By Fitzpatrick 1 ~
IVAL, 94 AARUE IR TR B ] 6~ 8 AN, iR T AR
>3 em®, HEBRARAE: DIARTFHT 1 AR Y6 R R o i R
K25 QU IRSCEMEIME & QiR A a5 A
TR BN RZ JR A s DR Y7 T Bk A R TR 35t

hypertrophic scar; fractional carbon dioxide laser; Vancouver Scar Scale; satisfaction

OIRITERALA YT . BRI R E A A
Poo AWFFE I A AR T E R AR B ZE D1 ot
HE(KY20173245) o K& 73 X IRA (n=12) 2R4E
H(n=15) M 1 F£4H (n=18) , X B AR HHEOLIG
IR ARLURT 1 AR 20 23 ) DA A PR R B i 4 I
(AZHI ) F1 1 AEm (AZHRRAE S ) 25 T — Ak s 1
HWOCIRYY o 3 A TR AR IR TR AN (] AH i
(P>0.05,%& 1),
1.2 &R Fk

3HUBF G T H IR (R I1G T MPURIR 2y
YHRIY) CEAER | AR 4R A e — U ik s RO
TRIT AL T Wk e ot , X BRALUFE A 4L 25 T ik
IRHEOGIRYT , # A HAEA R B 457 CO, wi b5
WOGIRIT BT 2R E W6 R BUR Y A PRI 2 4RI
P5IEIRTT o AZHIN FIE RS A PEIRIR 2 47 (B
K FIHL (EOS 60D, Canon, Japan ) 75 [ & 14 B 85 . 75
SHFPLSEC MO AR . CO, mFFHOGIRIT I,
AR KRN R ERANR B 7 2 R HFLE (JEat 50
il 24 A BRA 7)) 54 w5 7 B SRR IR 3 1~2 h JRYT
RE 2250 KB J L2 RO RERC 81697 4 R 4
R 2RI o T8 W IR T X, 8 Bk vl CO, mUFE O
(R, BHE N ) IGIT I LR G E FIRITT R S
%: ActiveFx 100 ~ 200 mJ, 50 ~ 150 Hz; DeepFx 15 ~
50 mJ, 5%, 300 Hz; ScarFx 80 ~ 150 mJ, 3% ~ 5%,
250 Hz, fLEE 4~5 mm BALIRGSIE] 2~3 s, 697G
MEEBHIAL 1~3 d 3077 X 10 d NORES T8 IR
¥ 1 ) sl A, G
1.3 JFaHE
1.3.1 R4 IR & 32 ( Vancouver Scar Scale, VSS)
o AHLET SRR 2 AR R A% R B okt 4 £51)
ST VSS VA3, 73 30l IR IR 18 5358 JEE B L I 4 )
FERR A TVPAS , P08 e W R B, 43 30158
TF VSS o JREEEE IR BT, IR 2,

R1 3ABEMMREE —RABILR

PR (1) X TR AL ()
A5 n s (72s) /% TRILIE S ] (2£5) / J -
% ES T 251 R A
gt 12 7 5 20.50+14. 96 7.08+0.79 2 4 6
aEY] 15 9 6 23.40%17.31 6.93+0. 88 4 7 4
iRl 18 8 10 19.44+13. 86 7.280.83 7 5 6




1034

B =R RAEAAR,2021,43(11)

http ://aammt. tmmu. edu. cn

R2 BFERRTSER

w4y % VI 5 A
0 5 ek ) i 5 BRI ) i
1 (IR <1 mm e T (/N FE Ty R B kA )
2 RA 1~2 mm s FU(LE R ) T AT
3 (R >2~4 mm AR TR ( SEHORARE AT, A K4 )
4 >4 mm A5 CREAR , R 2R )
5 G OR AL 3 BORE R WTE)
1.3.2 GATFUEC AR TR RO RS e IFE8E AR AR, 3 LA RUR 2 AR IR B FRA,

11 CO, SPFFHOGIRYT 2 05 T S U IR 2 R Iy 2
BOVRTT B R TSR] R R -
1.3.3 BEWEE PRI 2 4B B A AR IR
MGERREE VAT 5 JUl B R PEAL . 0% 3B 5 AT > 0% ~
25% ANi i >25% ~ 50% — Mt . >50% ~ T5% i 3% . >75%
R WERE= CIEF MR EALD /SN Hx
100% .
1.4 Gt

K SPSS 18. 0 Geit 3 Ak i 47 4 #r , 1 BTk
xxs TR, 2 4] LA T B I &R T 22 43 3 Kruskal-
Wallis K636 , 200 B 95 L AT ¢ A0 5 36000 AR R XC
R, P<0.05 h2EF A gt Lo

2 #R

2.1 %28 VSS 4

3 Y B H AL VSS Wy R G EE L (F=
0.57,P>0.05) ;I 2 4EHT VSS #4322 A it 24
M (F=15.11,P<0.05) ; 5 A0} Lb 38, 3 4H B E IR
2 AR VSS PR REAR, AR LUR 1 AR VSS T T
RIS, 22 A S22 8 L (1 =8.09,P<0. 0551 =
7.84,P<0.05) ;IR 2 AEmT, 501 BRAH s, AR AL RN
1 4F2H VSS 1143 3 35 K (1= 4. 60, P<0.05,1=4. 54,
P<0.05) AR | AF4IAI L 22 R G2 X (1=
0.15,P>0.05), W33,

®3 J[AEMRRBFRTEMRERITOULR (S ,055)

415 n A4l TRIR 2 4F . P
XHR4 12 8.92x1. 88 7.4222.02 1.88  >0.05
AR 15 8.50+1. 50 4.22+1.66 8.09 <0.05
144 18 9.13+1.88 4.13+x1.60  7.84 <0.05

F{& 0.57 15.11

Py >0. 05 <0.05

2.1.1 FURBEEIES 3 A AR R

WP ZER G FE X (F=0.51,P>0.05) , JRJR 2 4
PRI 22 A Geit 2 L (F=8.67,P<0.05) ;5

SRR L AR PR FREI L, 22 R A St
(1=6.36,P<0.05;:=6.15,P<0.05) ; f&JE 2 4E0T, 5
X REAH 3, AR LR 1 AR A R B P40 J R AR (e =
3.07,P<0.05,:=3.49,P<0.05) ,FAEZ 1 1 4F4H AH
bR TGIH2EE X (1=0.93,P>0.05) , W3k 4,

x4 JAEBEMRREBEFMREETSER(S,v2s)

4H  n AL MR 2 4F tfi PH
XAl 12 3.08+0.51 2.83+0.72  0.98 >0.05
HAELAL 15 3. 110. 47 2.11+0.47  6.36 <0.05
LA 18 3.27+0.59 1.93£0.59  6.15 <0.05

F Y 0.51 8.67

PAg >0. 05 <0.05

2.1.2 BRFHE 3 HEEAANBYRE
By 22 R T0s i B X (F=0.04,P>0.05) ; iR
2 AR R EE PRy 2 A Gt L (F=14.78,P<
0.05) ; 5 ALIT HL#, 3 4L IR 2 4 i 32 3005 F
Iy BIREAR, AR AN | AR RV TR ., 25 5
Gt 5 X (1=4.40,P<0.05;:=6. 14,P<0.05) ; i
IR 2 AR, SO0 IR LU, ~RAR RN 1 ARG SRR
L (1=4.25,P<0.05;:=4.69,P<0.05) , 44
T ARLHAR 25 e R ge 2 5 L (1=0.57,P>0.05) .
WS,

RS J[AREMRREBEZRETDLR (2, 74)

415 n L) IR 2 4F i PH
XPHR 12 1.92+0.51 2.17+0.72 0.98 >0.05
PAEH 15 1.89+0. 47 1.11+0. 58 4.40 <0.05
14E4H 18 1.93+0. 46 1.00+0. 53 5.14 <0.05

F1H 0.04 14.78

P1E >0.05 <0.05

2.2 BMBHF R GREIHAAE TS

PARRIRIRIT IR Z T 1 241 (P<0.05) , 2
AR TH R T TAE4L(P<0.05) , L3R 6, P4FE4]
M AFEGIRIT IR O R DUE KA R B, HERT5%
TR X (P>0.05)



http ://aammt. tmmu. edu. cn

=R KRR, 2021,43(11) 1035

x6 J[AMAMRRBZRRTREFIRIMELE

A5 no RITREOK) BRIRE D AETUE ()
ARARY] 15 5.20+0. 56 38.80+4. 84 2
144 18 2.7520.62  20.00+4.63 3
Giit i 1=10. 63 1=10.27 X*=0.13

Py <0.05 <0.05 >0.05

2.3 BEHEBERE
XTHRH R H T R 16. 67%, - 4E4 H 86. 67%,

LARZLN 94. 44% , CO, m B0 IR 4 R 1 R W
B TR BRAL(X=23.85,P<0.05,% 7)

x7 FAREUBRBERTEREHERELRR(H)
AR o FEEHE OWE B R ERAHE

X 12 0 2 1 8 1
AR IS 9 4 2 0 0
LAEg] 18 14 3 1 0 0

2.4 #A Ep)
B LCPARA) 55,2 % PR A2 B, B Thi A

SR R 8 A1 MR LB VS 39 4
U173 WAL HURIR 259 SR 0697, 911 CO, &
MEBOCIATTY « 80« ActiveFx 125 m] 125~75 Hz,
ScarFx 15~60 mJ 300 Hz, 5%, [A]f& 3 ~HIBIT 1 IR,
HIBST 3 U IR 2 ARSI VSS 41 6 73 IR B,
HiRA @{4: SR T AR AR IR AR (I 1), LA
I

@J 2(1 A 2,24 % R e R R B R
JBC, BT A5 TR IR IE B 6 4> H AR 2, iz i) VSS
WA 10 43 WML HURIR 259 S B 1R YT, 18 A
A CO, i MEBOGIRYT. S8 B ActiveFx
125 mJ 100 ~ 75 Hz, DeepFx 15 ~30 mJ 300 Hz, 5%,
BIT 1R 2 4R 5120} VSS 41 5 77, %Tfﬁéﬂﬂ
DRELAO IR, o A8 40, JRERE Al (18] 2) |, BB i

B 3R 35,5 %, PR R AR IR, ﬁﬂﬁﬁf
B BIRIE IR 6 4> A Rkt i2, $iignf VSS 35y
10 73 H# AL FIHURIR 259 S B J136 97, R R AT €O,
RFEHOGIRTTY o IR 2 52120 VSS 47 8 ), IR
PR AR, FE M AR, fHE B A (1 3) , B LR K
TR E—VRIT

A AR AT R 7 B AUR 2 REAUIUR AL UK, B3R
1 % LB AR E (L A) CO, REERATT I RRMREN

AB AR R &, EFRRB AU 2 F R F 2R E L Rde
2 ER#RAELBIBEMRREE (1 F4)CO, REMXETAEMREN



1036 B =R RAEAAR,2021,43(11)

http ://aammt. tmmu. edu. cn

ABOR R R &, AR R B AR 2 FHAROR & F TR A2 R bR
B3 ATHEEEMRRER(RE) EMNETIIERRENL

3 itig

PRI ™ A R SR, P AR IR AR 2
ANTE B, P A R ) RE A, SRR A AT kAR
A B AT A S 1~ 3 A A R0 A
JR,3~12 S RIGAE I, 12~ 24 A A IR IR IfF A
BT Hi 3~ 6 A H g A fRebR, 6~ 12 A4S H
B A R A AR ORI IR AL B IR S
EEARIR Y E AT, 12 ~ 18 A~ H iR T 8 B &,
24 A H Z G RIS R e IR . R, A B 5 LAE
FEG AR 1 ARAE R o 2 SRR, 5 00 B 2
TIR 2 SRR UL A o

BT, B AR 13897 R G Gei6 97 ki
BOCIRIT MEEEIRYT  FE BRI T RE nT 43« OFEH
T 9306« Bk oh GBSO A Nd-YAG 26155
AT f) 1 R B 3 A P TR PN AL A P A i &1 AR
I, J5F AT ML A, 990 AR 3 A 5 () i 8 R R 8 R 2 A
J¥ R RO CO, S OGN Er: YAGH ™ 1970 4
GOLDMAN %5 i ¥k H CO, BOGIAYT B kIR , 1)
TRBOCTE R S HoAth 224~ 3845 21 R ) & FI N F o
2004 4F MANSTEIN 2510 25 v 2 1 5. J4 561 ( fractional
photothermolysis , FP ) B , i J5 41 21 W03 o6 1 fig i
J& T8 BURE [ R HE 510 8 A DR AN #4458 493 IX. (- mieroscopic
thermal zones, MTZs) , 2009 4 STUMPP %[20] KIIG
I7 S W IX AR /N T 0.5 mm, 353475 DX B A% 4 2R
MRS B0 OO E S LB & T, 45 X AT LA
e TCIR G, 4 CO, s B ROG IR IR T BE T
ISR RIS SEAL o ARYE MTZs 7 A i A 3 24007, CO,
SBEEOEIRYT ROR B JEEE A - ORI Al CO, o5
I 5 K WSS TR I 2H 2 ) 6 1 <A, T i e
X3, ZBREAMRIEH A s QIR IR T I - 6T R
7 A R SO (e R P e DR AR 1 R AR RN ER O
2SN RE T ) 853 B B SR HE B , 412 o8 98 I s fie

FERAL ™ s @M LF A2 LU A , (2 A0 I =« FAB
e A ZORE B 2 PG S s B B R )y, 85 2 A
R AR 10 73 6 , BRAITE YT DXL BE SR8 S0, #07H]
BUEF 4 240 B 3% 56 0T 5 S L T R4 R R
( matrix metalloproteinases, MMPs ) J& % J&i & i 1 7%
() BRI , 553 AR PRI I R AE R R BT, CO, BRI
JEIRYT e ] ERRR A MMP-1 AT MMP-9 #9358, fif
MMPs 784 A= PR P 9 0 2 A A8 A BF S AiE
SO IR IT IR RO 41 40 VEGF | TGF-B1 Ik 3%
IEIEE SN A8 A 3 1 LR A A o
TIRYT G I BE AR SN, 75 T LT A A R T, {4
L A1 35 5 G B 2 42 0 1 AR PR R Y 2 4, Ol
T A e Jt e T e, TR D o d sy, 1 2R I e
SR ELBITE TR . I, CO, 1 MR ROEIR T L
TR I CRAS RS 2 A 788 A PR TR (YT Akt
BENE T CO, S HEMOETEA R 7] 5 A AJRIT
B PRI B 5 | IR ) MMPs \VEGF 45 X 7284k 1)
FREE RN A AR A AL, PT BE 5 A Rl a] 2 CO, i
WO ATRYT 1S AR PR () FRIR YT 880CR M iR o7
BORA K, TR BB 2 i it — PO R R, EB A
FEINNIG A PRI S B R A BRSO G T 880y, U
TEFRIR 1A R e R 1 7 TR 7 R PDL
R 2200 5% 5 4248 S bk op ok 30 sl a8 ik mio'e iG
JT, FFHLS BEOGIA T BEORIA T . IR, A
SIS TG BRI RO S 28 55 0 # BE X LU A3 A A [ B[]
& CO, mIFFHOEA AR TT IS A PRI 097 2%, LA fl
BRI BUROGIRYT IS CO, siMEBOGA AR YT I A4
PEROR B e AR ) o RARZHAN 1 ARZL YR T 3G A PR
JRJG VSS PR R0t ALK, KW CO, SFEROGIRYT
B AR MR ARG TR 2 SRR RAR L 5 1 AR
Lt VSS W53 22 R o g it 2 L, 3R] CO, SFFIMOLTE
BRI BB AR R 1 AER A AR S TR RICR
ToZEF . BEAR 1 AT e A RDTE KA R



http ://aammt. tmmu. edu. cn

B SRR E AR, 2021,43( 1) 1037

BUR B2 R ogeit =8 3 i P ik S Emin)r 2
BORARTT 5 A% 7 WG R A €0 3R U0 e A ) L5
PFo SFAFAIIRTF IRBUE | AR 2, iR T [a1 A 1 4R4]
K, U PR H L 28 sl R i B R 3 AN RE 2
CO, KUFEHOEIR Ty I A P e I >R T 22 iR 05 BRI,
PHIMTEARLE L 1 A4 ) A AL 2 2 8 %, HLEE
BE I AEVERIRAE IR IR A B THB BN
PR i R AR PP oot ) L2 R A S A T JU A 1
WO 1 AFJE PR AT CO, mFEHOLIAYT , IA BT B AL
WG RBOR A [R) i Uk /D FE B b o d BE PRI o ERAE
CO, FMFHOCIR YT RGN H HLZS T IR T30 7 MUK
IRZIWNIRYT , HAEIRI TR 28 T Bk b RO Eih T

1697 IS AR IR S8 5 A B IR TR R v J52 5 e 2
BRBERE VRS IE Y Deep FX B8l Scar FX HE 5 1
WOLHATIAYTY o SELEMERYR A LEAE DI REFROLING 5y i B
FEDLEGE, n] LIS P AT U pesk Iy [l L, fiat— 25
FBOCAIABTT S TIRTT , TR P K S B R
FBRSF TR T RO S o AR PRI DR R AT
B iey, T ARG SN, Dok A o P SR B0 B T,
AL LU B FAATT 0 RAF I 251

e PR P WL ) 5K 3 /N R IR A A B O
7 IR RCR IO T 5K 71 K AGEEAL, HAF RS /NI S
X BB I 8 (I8 T A N, (2 AR BF 5 PR W46
PR B AL A W AR AT RN 41, Je 2L
FEH R X IR E T AR 1 N R 2 AT A 4,
CO, KM BOEIRY T AEVERUR IR AR T SR 3 2Rt
FHAE o

Bet Je IR HOETR T B2 HEAF AR 0T ]
fk b QERREOL , R IR 5 BN A RO T 2. A
WP A B, FEIR A HAB R 7 7 ik A By b T g A4
TR AR 1 AEIER AT CO, s BEPOE Y T W g i 3%
SRFPRIRNE OO, IR I 23 R 0 1 B S S W AL T
XFHEAL . [RIE, AWFFE R, SRR AR T 46 9
JeTHAH L, ERYRIE L 1 AF I B CO, S MO TR
I7, AMEND B BOEIR ST UKL AL T MR N ] i
HATFRCR R 6 B BT I 2200 R, £
PRI RIGYT P, RT3 2 HE SO T I ], R
JRAGSE I-FERLHT CO, s BRSO T B, 5 75 e /M)
T BUS Sy iR r R o

S 30k

[1] KHANSA I, HARRISON B, JANIS J E. Reply: evidence-
based scar management: how to improve results with
technique and technology [ J]. Plast Reconstr Surg, 2017,
139 (6): 1372e-1373e. DOI. 10. 1097/PRS. 000000
0000003386.

[2] ANDERSON R R, PARRISH J A. Selective photothermo-
lysis: precise microsurgery by selective absorption of pulsed
radiation[ J]. Science, 1983, 220(4596) : 524—-527. DOI.
10. 1126/ science. 6836297.

[3] HANTASH B M, BEDI V P, CHAN K F, et al. Ex vivo
histological characterization of a novel ablative fractional
resurfacing device[ J]. Lasers Surg Med, 2007, 39(2) ; 87-
95. DOI:10. 1002/1sm. 20405.

[4] AZZAM O A, BASSIOUNY D A, EL-HAWARY M S, et al.
Treatment of hypertrophic scars and keloids by fractional
carbon dioxide laser: a clinical, histological, and
immunohistochemical study [ J]. Lasers Med Sci, 2016, 31
(1):9-18. DOI.10.1007/s10103-015-1824-4.

[5] 020G D M, LIU A, CHAFFINS M L, et al. Evaluation of
clinical results, histological architecture, and collagen
expression following treatment of mature burn scars with a
fractional carbon dioxide laser[ J]. JAMA Dermatol, 2013,
149(1) : 50-57. DOI.10. 1001/2013. jamadermatol. 668.

[6] EL-ZAWAHRY B M, SOBHI R M, BASSIOUNY D A, et al.
Ablative CO, fractional resurfacing in treatment of thermal
burn  scars: an open-label controlled clinical and
histopathological study [ J]. J Cosmet Dermatol, 2015, 14
(4):324-331. DOI:10. 1111/jocd. 12163.

(7] WD, 57, B, % BB R0 A vk
BRI RBCR[T]. spAeletiZeil, 2018, 34(9) : 615-
623. DOI:10. 3760/ cma. j. issn. 1009-2587.2018. 09. 011.
XIE W G, LEI F, WANG J, et al. Clinical effects of
sequential laser treatments on early stage hypertrophic burn
scars[ J]. Chin J Burns, 2018, 34(9) . 615-623. DOI.10.
3760/ cma. j. issn. 1009-2587.2018. 09. 011.

[8] WA, i, WfLFs, 55, AN[A) Bk vk — e o 1

DA IR R Y7 T SIS AR PR A IR RACR [T ], e
Bz, 2016, 32(8) . 474-478. DOI: 10. 3760/ cma. j.
issn. 1009-2587.2016. 08. 007.
LETY, LIS F, YUY L, et al. Clinical effects of different
modes of ultra pulse carbon dioxide fractional laser used in
combination on the treatment of hypertrophic scar on face and
neck[ J]. Chin J Burns, 2016, 32(8) . 474-478. DOI: 10.
3760/ cma. j. issn. 1009-2587. 2016. 08. 007.

[9] ANDERSON R R, DONELAN M B, HIVNOR C, et al.
Laser treatment of traumatic scars with an emphasis on
ablative fractional laser resurfacing [ J]. JAMA Dermatol,
2014, 150 (2): 187. DOI; 10. 1001/jamadermatol. 2013.
7761.

[10] BROWN B C, MCKENNA S P, SIDDHI K, et al. The
hidden cost of skin scars; quality of life after skin scarring

[J]. J Plast Reconstr Aesthet Surg, 2008, 61(9) . 1049-
1058. DOI:10. 1016/]j. bjps. 2008. 03. 020.
[11] PROFYRIS C, TZIOTZIOS C, DO VALE I. Cutaneous

scarring; Pathophysiology, molecular mechanisms, and scar



1038

B =R RAEAAR,2021,43(11)

http ://aammt. tmmu. edu. cn

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

reduction therapeutics; Part I. The molecular basis of scar
formation[ J]. J Am Acad Dermatol, 2012, 66(1): 1-10.
DOI:10. 1016/j. jaad. 2011. 05. 055.

GAUGLITZ G G, KORTING H C, PAVICIC T, et al.
Hypertrophic scarring and keloids: pathomechanisms and
current and emerging treatment strategies [ J ]. Mol Med,
2011, 17(1/2): 113-125. DOI. 10. 2119/molmed. 2009.
00153.

LEE D H, CHOI' Y S, MIN S U, et al. Comparison of a
585-nm pulsed dye laser and a 1064-nm Nd: YAG laser for
the treatment of acne scars: a randomized split-face clinical
study[J]. J Am Acad Dermatol, 2009, 60(5) : 801-807.
DOI:10. 1016/j. jaad. 2008. 11. 883.

AL-MOHAMADY A E L-S, IBRAHIM S M, MUHAMMAD
M M. Pulsed dye laser versus long-pulsed Nd: YAG laser in
the treatment of hypertrophic scars and keloid; a comparative
randomized split-scar trial[ J]. J Cosmet Laser Ther, 2016,
18 (4). 208 — 212. DOI. 10. 3109/14764172. 2015.
1114648.

BREWIN M P, LISTER T S. Prevention or treatment of
hypertrophic burn scarring: a review of when and how to
treat with the Pulsed Dye Laser[J]. Bumns, 2014, 40(5)
797-804. DOI:10. 1016/j. burns. 2013. 12. 017.

TIDWELL W J, OWEN C E, KULP-SHORTEN C, et al.
Fractionated Er: YAG laser versus fully ablative Er: YAG
laser for scar revision: Results of a split scar, double
blinded, prospective trial[ J]. Lasers Surg Med, 2016, 48
(9): 837-843. DOI:10. 1002/1sm. 22562.

MADNI T D, LU K R, NAKONEZNY P A, et al. Treating
hypertrophic burn scar with 2940-nm er: YAG laser
fractional ablation improves scar characteristics as measured
by noninvasive technology[ J]. J Burn Care Res, 2019, 40
(4). 416-421. DOI:10. 1093/jbcr/irz056.

GOLDMAN L, ROCKWELL R J, NAPRSTEK Z, et al.
Some parameters of high output CO, laser experimental
surgery[ J]. Nature, 1970, 228(5278) ; 1344-1345. DOI;
10. 1038/2281344a0.

MANSTEIN D, HERRON G S, SINK R K, et al. Fractional
photothermolysis: a new concept for cutaneous remodeling
using microscopic patterns of thermal injury[ J]. Lasers Surg
Med, 2004, 34(5) : 426-438. DOI.10. 1002/1sm. 20048.
STUMPP O F, BEDI V P, WYATT D, et al. In vivo
confocal imaging of epidermal cell migration and dermal
changes post nonablative fractional resurfacing: study of the
wound healing process with corroborated histopathologic
evidence[ J]. J Biomed Opt, 2009, 14(2): 024018. DOI;
10. 1117/1. 3103316.

DEBRULER D M, BLACKSTONE B N, BAUMANN M E,
et al. Inflammatory responses, matrix remodeling, and re-

epithelialization after fractional CO, laser treatment of scars

[22]

[23]

[24]

[25]

[26]

[28]

[29]

[30]

[31]

[J]. Lasers Surg Med, 2017, 49(7) : 675-685. DOI;10.
1002/1sm. 22666.

QU L, LIU A, ZHOU L, et al. Clinical and molecular
effects on mature burn scars after treatment with a fractional
CO(2) laser[ J]. Lasers Surg Med, 2012, 44(7). 517-
524. DOI:10. 1002/1sm. 22055.

MAKBOUL M, MAKBOUL R, ABDELHAFEZ A H, et al.
of fractional CO,
picture TGF-B1
hypertrophic scar[ J]. J Cosmet Dermatol, 2014, 13(3):
169-179. DOI.10. 1111/jocd. 12099.

DOUGLAS H, LYNCH J, HARMS K A, et al.

burn-related

Evaluation of the effect laser on

histopathological and expression  in

Carbon

dioxide laser treatment in scarring:  a

prospective randomised controlled trial[ J]. J Plast Reconstr
Aesthet Surg, 2019, 72(6) . 863-870. DOI. 10. 1016/]j.

bjps. 2019. 01. 027.

ZHANG C, YIN K, SHEN Y M. Efficacy of fractional
carbon dioxide laser therapy for burn scars: a meta-analysis
[J]. J Dermatolog Treat, 2019. [ Published online ahead of
print]. DOI;10. 1080/09546634. 2019. 1704679.
MILETTA N, SIWY K, HIVNOR C, et al.

effective

Fractional

ablative laser treatment  for
hypertrophic burn scars[ J]. Ann Surg, 2019. [ Published
online ahead of DOI. 10. 1097/sla.
0000000000003576.

POETSCHKE J, DORNSEIFER U, CLEMENTONI M T, et al.

Ultrapulsed fractional ablative carbon dioxide laser treatment

therapy is an

print .

of hypertrophic burn scars: evaluation of an in-patient
controlled, standardized treatment approach[ J]. Lasers Med
Sci, 2017, 32(5): 1031 -1040. DOI: 10. 1007/s10103-
017-2204-z.

PATEL S P, NGUYEN H V, MANNSCHRECK D, et al.
Fractional CO, treatment
hypertrophic burn scars [ J]. J Burn Care Res, 2019, 40
(4):386-391. DOI:10. 1093/]bcr/irz046.

KIM D H, RYUH J, CHOI J E, et al. A comparison of the

scar prevention effect between carbon dioxide fractional laser

laser outcomes for pediatric

and pulsed dye laser in surgical scars[ J]. Dermatol Surg,
2014, 40 (9). 973 - 978. DOI. 10. 1097/01. dss.
0000452623. 24760. 9c.
BAILEY J K, BLACKSTONE B N, DEBRULER D M, et al.
Effects of early combinatorial treatment of autologous split-
thickness skin grafts in red duroc pig model using pulsed dye
laser and fractional CO, laser[ J]. Lasers Surg Med, 2018,
50(1) . 78-87. DOI.10. 1002/1sm. 22702.
SEAGO M, SHUMAKER P R, SPRING L K, e al. Laser
2020
international consensus recommendations [ J ]. Lasers Surg
Med, 2020, 52(2) :96-116. DOI:10. 1002/1sm. 23201.
(U #5:2021-01-05; 1% 5] : 2021-04-08 )
(%4 EHE)

treatment of traumatic scars and contractures ;





