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Highlights:

(1) It was confirmed that infrared thermography can predict the necrosis risk of random flap in

mice.

(2) The relative temperature cut off values for predicting necrosis in the zone [l of flaps at
postoperative days 3 and 7 were determined as —0.1 and 0.1 °C, respectively.
(3) The molecular association between hypothermic signals in the zone [l of flaps and

inflammation and oxidative stress was revealed.
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[ Abstract] Objective To investigate the role and mechanism of infrared thermography
(IRT) in early identification of necrosis risk in random-pattern flaps (RPFs). Methods This study
was designed as a group-comparison experimental study. A RPF model was established on the
dorsum of 92 male C57BL/6 mice aged 6 -8 weeks. The flap was divided into three equal zones
(zones I, I, and I from the caudal to the cephalic end. The relative temperatures (RTs) of the
three zones were measured using an infrared thermal imager at postoperative day (PPD) 0
(immediately), 3, and 7. At PPD 3 and 7, receiver operating characteristic (ROC) curves were used to
evaluate the predictive efficacy of the RT of zone Il for flap necrosis, and the optimal cutoff values
were determined. Based on the RT of flap zone Il at PPD 3, mice were divided into >-0.1 °C group
and <-0.1 °C group; based on the RT of flap zone Il at PPD 7, mice were divided into >0.1 °C group
and <0.1 °C group, with 4 mice in each group. The percentage of surviving area of flap zone II was
calculated for the first two groups of mice at PPD 3 and for the latter two groups of mice at PPD 7.
Laser Doppler perfusion imaging was used to measure blood perfusion volume in flap zone Il of the
above groups at the corresponding time points. At PPD 3, the tissue from flap zone Il of >-0.1 °C
and <-0.1 °C groups of mice was collected for transcriptomic sequencing to identify differentially
expressed genes (DEGs), for immunofluorescence staining to calculate the ratios of inducible nitric
oxide synthase (iNOS)/CD68 and arginase 1 (ARG1)/CD68, for immunohistochemical staining to
detect the expression of chemokine ligand 2 (CCL2), for dihydroethidium (DHE) staining to detect
the expression of DHE, for real-time fluorescence quantitative reverse transcription polymerase
chain reaction to measure mRNA expressions of tumor necrosis factor o (TNF- ), interleukin-1
(IL-1B), and IL-10, and for Western blotting to detect protein expressions of CD68, iNOS, ARG1, heme
oxygenase-1 (HO-1), and superoxide dismutase 1 (SOD1). Results From PPD 0 to 7, RTs in flap
zones | and Il showed an increasing trend, while RTs in flap zone [l showed a trend of initial
increase followed by decrease. At PPD 3 and 7, the areas under the ROC curves of the RT of flap zone
Il for predicting flap necrosis were 0.82 and 0.85 (with 95% CIs of 0.72-0.93 and 0.78 - 0.93,
respectively), with optimal cutoff values of —0.1 and 0.1 °C, respectively. At PPD 3, there were no
statistically significant differences in the percentage of surviving area or blood perfusion volume in
flap zone Il between <-0.1 °C group and >-0.1 °C group of mice (P>0.05). At PPD 7, the percentage
of surviving area (t=4.19, P<0.05) and blood perfusion volume (t=5.58, P<0.05) in flap zone Il were
significantly decreased in <0.1 °C group of mice compared with those in >0.1 °C group. At PPD 3,
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compared with that in >-0.1 °C group, there were 2 849 DEGs in tissue of flap zone Il in <-0.1 °C
group of mice, including 1 509 upregulated DEGs and 1 340 downregulated DEGs. At PPD 3, there
were significantly lower iNOS/CD68 ratio (¢=4.97, P<0.05) and significantly higher ARG1/CD68 ratio
(t=3.42, P<0.05), significantly lower expressions of CCL2 and DHE, mRNA expressions of TNF-a and
IL-1, as well as protein expressions of CD68 and iNOS (with ¢ values of 4.82, 4.51, 4.43, 5.47, -3.69,
and - 6.14, respectively, P<0.05), and significantly higher mRNA expression of IL-10 and protein
expressions of ARG1, SOD1, and HO-1 (with ¢t values of 8.58, 8.61, 6.24, and 11.03, respectively, P<
0.05) in tissue of flap zone Il in >-0.1 °C group of mice compared with those in <-0.1 °C group.
Conclusions IRT enables early and objective prediction of necrosis risk of RPFs in mice through
monitoring flap temperature. The RT <-0.1 °C in flap zone Il at PPD 3 is associated with marked
inflammatory response, immune cell infiltration, and oxidative stress in the tissue. CCL2 may serve

as a key chemokine inducing macrophage polarization.
[ Keywords]  Skin temperature;
flaps; Infrared thermography; Early identification

Inflammation;  Oxidative stress;

Random-pattern

Fund program: Zhejiang Basic Public Welfare Research Program Project (LGF22H110002);

Wenzhou Applied Basic Research Project (GK20250162)

B R A A8 52 A0 L I DD B oR S B T o
Bk LW PR 97 S5 R R B A DG B R
o, B AL P TR B (B PR e = b Y 0 4 i
PEAHRA Bz T B 240 148 W, AR5 BRI it by A
MIRFE 4T, KR RE TS24
EWN 1) 1002 DN R SRR ST S 137 N A (ER 3 )
SR DRS00 R A G HIL ] A 2 R R AN R
WEE 7, Fifi 2 Y KRR AR 3 i it o8 AN
(e 7 i A e 0L P L BT B SR AE I R
X0 e TR (AR PA) HR WL i R (2
AR, 1 Hh AT LIRS i AR Al i e i T
FREFAIL S PR, S IR FE RS F F 400 1 0 et G B
RPN

21 AN AN A4 (infrared thermography , IRT) /E i —
Fofr 9 4 ok IR B AR, & 8 ] T 5 S M A E
L R TR B VEAG B Bz JER b B3 12 i 5 45 A 1%
FEAR A A SRR Y R A 5 25 S A A
B, AT A 0K it g T X CGAIX) 5 R R4 800
WFFEUESE , IRT R o 5 315 5 PEAS B A i 3t o
500, A B TR0 I is R A, S M T i
SEAEEO A Bl PR T T A AR B T A
T2 R S A I YA A S s T B0 R R B 1 A
R, PUNNIX SO A [ PR 28 6] By e AR AL BA 20
sl g O IRT AT ARG I AR ] 98 E A
JE T B B A AL, O A U B IR, P K
TR 7 T BV . T, AR ST AR
TRT 72 TH 50 i 2580 e ARIRFE AU vh I i 4 PR 3R A9 1
FH L IFRIL AR R N AENL] , LU Ry i DR 549 1
TP PR A

1 #MR5FE

A A BTS2 5 B 5 v BT AT Bl M L 5 A
A ST ] ] Sy TLAR AR e S 6 2 gl ) 4 R £
FHAE R )Y EEK , 38 2k W M B B K 27 g iy 4 21 A
fifi A% B 23t (LS - wydw2025-0186) .

1.1 ) ke F2E 5 R A

92 HJC FF 5 W A 2 fdt R A 1k 6~8 ] i
CSTBL/6T /N, 1A T 20~30 g, F TR B2 A 2 50 56
ARt A= VAR S : SCXK (#7)2015-000
i FHVFATHIE S : SYXK (#7)2020-0014 .,

e U5 1k R F BE AR 2 (C-C motif chemokine
ligand 2, CCL2) F. 50 B Bt A4 | e U5 P 375 5 A NOS
(inducible nitric oxide synthase,iNOS) 5. 5¢ [ H7 1A |
IR TR R 1 (arginase 1, ARG1) H5g SRR
S IRIE CD34 B sE EHTIA I 3 BRI =8 A YR
HIRATF] . A IRE N2 3 A A i 1 (heme oxygenase
1,HO-1) B sg BB /N BRIEE CD68 FL e BT iA |
/N BRI o= F- 8 ILAIL B0 2 1 (alpha-smooth muscle
actin, a-SMA) FLSEBEFLAR /N BRIEAE SOD1 A 5 [
DU IEE GAPDH #L s BB A SEIE Affinity
N Ao B o Ak W) 1 (horseradish peroxidase,
HRP)FRIC Y L 4T 5 1gG Uik (HRP B iC i 1L -4t
/NER IgG BL A | Alexa Fluor 488 Fric (1 L -t/ R
IgG HiMAF Alexa Fluor 594 FRiCHY 1L 241 1gG Hidk
NS Il @S w2 8.7/ o= N RS/ I R o & S
22 BK (collagen hybridizing peptide, CHP) | & £ %¢
Wy B bR = RIEYHEAR A IR T L 47,6- Kk
-2- R FEEM| g (47, 6-diamidino-2-phenylindole , DAPI)
) 5 9L [E Abcam AW H AR A H o

FLIR ONE PRO RLZLAMAGAINE F 2L [EFE J1 /R



<4 - HAE B 500 s E 2% 2026 4E 8 H 4 42 %45 8 1] Chin J Burns Wounds, August 2026, Vol. 42, No. 8

5], Moor LDI2 AU i 5 2231 850 i 3 A8 A S HE iR &
BT 44 Moor LDI Review 6. 1 R [ % = EE /R AL
#% 2y \) , ECLIPSE Ci % 5% 2% & fi 5% & ECLIPSE
Ti2 RIS AR L H AR R A A
1.2 FE/ N BB R 7R R A A

A /N BRI IR TARMERRES IR B 21~25 °C 1R
& 50%~60%, 12 h YEHE (12 h BBIEAE A, @ R ik
Ko A /NREIE SRS 0.1 g/mL G EL 2 803
W (50 mg/ke) BRI E , LBR/NVRTTEBE R . /N
BB AR 4.5 emx1. 5 em 4 Bl 2 80 Bz 9 (2
M5 e /N B ) o Wi YIIF B2 BR , TR
FREJ e o3 o R o B R R A R S A
Jei , AR T VI B 30 2 2R Bl Ik, (R B L R
B W . IR IR INE , FH 4-0 22 264 B o7
R IR EAE A AL o K B X 38538 3/ IfT
FAHAE (M 1.5 emX1. 5 em) B X8 B35 T IX
HER R T IX SKER A IIX .
1.3 R fess DX A AR X IR I

W92 HU/NBRURRBE AP J5 5 min 7 3F 17 2040 K
£ PR R BFE B 0. 3 m, F LA RSO R
Je OCERZ) 3.7 d H Am X s i e R B o ) pif 2
B INFAKT S5 — BB, SCPA IR T8 R K
W JEE R L LAY/ R 25 B ) T 3 L0 AR
1AL E B FLIR TOOLS i#E 47 #4418 434, #ui
] H AN T) 2 3 s B e AN TR) DX 38 P 3R B 4 AR
PN BT AL 1.5 emx1. 5 em JETFAR KA %
HE DX, 2R FH 2 T HE 29 B Y DX 3 1 7 =X, 43 1
EXTEXE T 0 MXAEE., R4 ERXS
X HR DX AR 256, R A2 DX AR R X i B o
1.4 hndl

MRIEA G 3 d B Bz e 1 IR RO, 65/ B2
J3>=0. 1 CH (X EE>-0. 1 °C) .<-0. 1 ‘CZA (HH
Xl BE<=0. 1 °C) s ARHE AR S 7 d B 11 X R IR X il
BE LB /N >0 1 CHL (FH AR E>0.1 °C) . <
0. 1 CH FHXRES<0. 1 °C) , 444 1,
1.5 PRI RO A7 1 DL ITA

XF>=0. 1 ‘CLHM<-0. 1 CH/NRANT 3 d &k
BEATHAIR , XF>0. 1 ‘CLHA<0. 1 CH/NRANT 7 d
M VEAT 30 B8 108 FH Tmage T 1. 53e BG4 B 5k 1
(2% B B 57 TAERGEBE ) 40 B K T X A& 1AL, 1
ARG AR A 40 b o BEARE I DXA736 T AR A 0 b=
AL DXAF 305 T AR+ i e O1 DXR T AR X 100% . AR S 56
FEARKCH 40 Bz TSR FE 20 Wi br o - 12 8 38 2 201 68 K

T R A 2 2% | R AR AR G
1.6 P22 0 i 3 ARSI R R VR 1

it PO 2235 80 0t B ARG £ >-0. 1 °CAL <
-0. 1 ‘CH/PNRAJG 3 d &>0. 1 ‘CLAN<0. 1 CLH /I
ARG 7 d Rzl T I I X ML e T 1 0 o 1%
SRE S R AR Y M3 (| Rk R E s T [ = 3
AR B M i . SR AR B o R
Moor LDI Review #F 17 & & 43 1 o A 5L 50 #F A
R4,
1.7 HHEUG A RS I

ARG 7 d,H<0. 1 “CLHA>0. 1 “CLH/NER, & IR
i I VR 24 B0, BB e T DX 2 20 R4 4 o JREA
WEDT R . BUUD AL AT HE e 0, F %624 W i0sE 200 1%
JHCRATEC WS A6 i A8 1 0, 158 Ao 1 AR 45
o ST R AT Masson e 4, Fola B s 200 4%
JCRAT BT WBE I S £ 2 TR O . R SE I R AR
R4,
1.8 CHPfs

B 82 /RO e T X AH 48U s ) |, 47
CHP Lt 4 CHP I B 2 G id Wk IE , T80 "CIK
RIS min J5, 37 BIVE T KK G 15~90 s [ &
o HRHG M CHP W A Y R, 4 °Chig
B, DAPL YL A 5 5l o AE 9 Al
5% 200 fi5 KA BT ULEE CHP 28 650 i (4 68) ,
Image J FAFHEATE T ARLIHEALCH 4,
1.9 RREaCY ORI CD34 Fl a-SMA X BH M 4
Ji %5

B<0. 1 CHLA>0. 1 “CH/NRAR)G 7 d Bzl 1T X
A AWY) AT RPESCG A, — PN R IE T
CD34 M riREHUAR /N UM a-SMA B 5E BT (i
BEHLY R 1:200) , —H0°4 Alexa Fluor 488 FRic Ll
/N 1gG B A Alexa Fluor 594 bRiC I F-H0 5 1gG
Uik (R L4 1:200) , (] DAPT YL 4l ffidz . 77
PG AR 200 F5 TEORAS AT WE4¢ CD34 Fil a-SMA
XL PH A 4 B K5 (PH A et 43 30 S £t Sk ay) | fili
Image ] FAFHEATE AT ARLIHEALCH 4,
1.10 AN [RIAH X 2 R o T DX 4 4 i 22 5 ik
SRR

AR5 3 d, H>-0. 1 C4 .<-0. 1 ‘C4L/NR, H
JPRIE I BT A FE , B 3 11 IX 2120 42 BUEL RNA Ji5
G N B A B A BR S B EAT RNA Jit i K
M 55 2 SC FE K 33 M Mumina & M % . {6 A
DESeq2 FAF o0 B 2 4[] () 25 5 Rk B M . 22 593



BBt S50 E A5 E 4 1 2026 458 A5 42 %45 8 ] Chin J Burns Wounds, August 2026, Vol. 42, No. 8 © 5.

T e PR 1) 075 35 s 9 O < R R B3R <0. 05 HLloga (22
SAEEO =1, Horp loga (22 FARE0 =1 (193 B Sy
2R FRIE I log, (22 A5 <—1 By L E X
NTFHERFRBER, FIHEHBREYFEES T
HOF & X Mg R b A7 ol flfb o A S50 AR AR
Hh 3.
111 GBS kI B v 20 A AL 17

ARJF3d, BE>-0.1CH .<-0. 1 CH/NE, #
FURR B S WS4 BT, Rz e 1 X 220, 8 AR TS 4
pm A B R AT RIEEVOC I A —P5 /N R
U5 CD68 R e TR AR PE INOS FRa BEPTIA e
JEPE ARG PATEREHTIAR , i N Alexa Fluor 488 #1iC
24t/ B 1gG BT AT Alexa Fluor 594 F3ic 1L 29T
Yo TG Hi ik R B HL 2424 1:200) , {8 J] DAPT % 41 iy
W o TEZOG I 200 %5 K A% 20T WL4E CD68 .
iNOS.ARG1 335 (ZG5R B ) , Hirb CD68 BH M- 4t
6 R 4% {4, INOS . ARG PH % 42 8 S 21 6, i
Image J #1317 € & Jf 1155 iNOS/CD68 . ARG1/
CD68 Ui . ASLIFEALC 4,
112 gyt

L 10 2 2/ RO T X 4 204 w8 D A7
G AU e 0 — i il CCL2 HR e BT iA,
T HRPARIE A L 2B 5 TG B Ak (s B L3 ok
1:200) . i F & BE R I i R E AT B 8, IR OR
K U . Tt W RUBE 200 £ IO A5 80T L 4%
CCL2 ik (B fa) , ffi FH Tmage J 5142547 52 12 o
ARSLEAEAE R 4.
1.13 —HO5Eg 0

>-0. 1 °C41.<-0. 1 ‘CH/NEAJT 3 d il I
X ZHEL, B T 300 o/ L 1Y FEAR I 1 i /K B 2= DU .
HE 8K S5 1 2H 234 R A i A1) 50 e R B 3 5] o i
YE20 wm R VRV R o VI i, il A Ao
FEREKFNALFR S min, I R L4 TAER (B L
9 1:1000),37 ‘CHEE 30 min, ffi F DAPT Y4 4% )5 £t
R o FEDENG W 200 O T AR — A 4 5
(3235 (L5 e ) L ffi ] Image J 3R/ #E 17 %E
o ALIEEARCN 4,
1. 14 SERF2ENE 5t Uy 5% PCR %

B>-0. 1 °C41 .<-0. 1 ‘CH/INEAG 3 d izl I
X ZH 41, ffi FH TRIzol 355 2 HOUE RNA -l 2 Wk i,
S S BLH A DNA o SR FH S B 98 o ek o e S
PCR 76 I A2 5 M4 4 Bf DF F TNF-o IL-18 FIHT &
YA F IL-10 i mRNA 63k . TNF-a 9_L355 1904

5'-CAGGCGGTGCCTATGTCTC-3", FifF5|4¥)h 5'-C
GATCACCCCGAAGTTCAGTAG-3" 774 k/NA 89 bps
IL-1B i) FF 5190 4 5'-GAAATGCCACCTTTTGACA
GTG-3', N5 14°H 5’ -TGGATGCTCTCATCAGGAC
AG-3", PR/ R 116 bp; IL-10 89 F3E5 14 R 5'-C
CAAGCCTTATCGGAAATGA-3", RiE514 0 5’ -TTT
TCACAGGGGAGA AATCG-3', =¥ K/ 220 bp;
GAPDH 1 FUi#51 %10 5'-AGGTCGGTGTGAACGGA
TTTG-3', FiiF51 ¥4 5'-TGTAGACCATGTAGTTGA
GGTCA-3", /=¥ K/N 123 bp. L GAPDH N Z
B JEF AE R B 118 TNF-«  IL-18 A IL-10 1Y
mRNA AR ik E . ARSLIHEAR N 4,
1.15 B RERL

B>-0. 1 C4 .<-0. 1 CH/NRAIT 3 d e 1T
XZHZ 4R ISR 1, SR AR 1 B B G CD68
iNOS . ARG1.HO-1 K SOD1 fE I Fik. —dih/h
B E CD68 HLsE REHTAAR A i INOS FLFE R4 |
SR PE ARG B 5g TR S % HO-1 B sw B 471
A INERIE M SOD1 B 5 BB IA K A i GAPDH HL
TEREHUAR (R 1:1000) . —4i HRPFRiC
L EHT 5 1eG LR R HRP Fric th EPi/N R TG P ik
(R BELLIA R 1:10 000) o i FH AL 7 & 06 RGN
5, K Image JBRAEX 8 11 2% K A HEA T € 1
BT, LA GAPDH & N2 I T3 H 19 8 1 A X 2R 3k
1.16 Siit~#abH

K JH SPSS 26. 0 & GraphPad Prism 9. 0 %% {4 i
PGt 2200 M i BORPEE A7 & B o0 A By
2551, Vhx £ s R0 o BEEAS IXAEAS [A] st R] 5 ) A
Xk BE AR T AR HT S R R T 2250 . SR AZ2
H BEAVEFRE (receiver operating characteristic, ROC)
2R AT ITAG AT 3.7 d B 345 DR Yo R ot 1 o
INBE R T R RE , -0 Bz A 11 DORE X i B2 9 e
PRTIEL) o 1 R IR T DX X ek %) i A 48K DR i
11414, 2 Kaplan-Meier 24 47 11 2k , >k FH Log-rank
KT 8 2 2/ NS 7 d Bl 1T X AR %6, Hidy
2 2 [B) LR F ST AR AR o K2 56 o T A A 56 kg AU
K%, A P<0. 05 25 A gt 2 L.

2 R
2.1 FZEAS XA A X iR

ARG 0.3.7 d, B2 IS DX B AH X LR AR He g,
LS G L (P<0.05) o J 45 XA X il 3



<6 bt S BB A 2k

2026 4= 8 HES 42 %55 8 ] Chin J Burns Wounds, August 2026, Vol. 42, No. 8

Z AT 0 CLUR , HARJS 0 d¥imik. RJ50~74d,
B T DAL DA it B2 52 T v e A, iy K I I
R R S e T R R PR A R 3 . RS 0.3 d, BElE
I I0 ISR R BE AT R s RS 7 L B T
I XCAR R AR T I IX . W1,
R 1 NERAR G B 1] 5 BRI R AR X4 A X T
(°C,% +5)
Table 1 The relative temperature of various random-pattern

flap zones of mice at different time points post operation
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PIy <0.001 <0.001 <0.001
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Figure 1 Receiver operating characteristic curves for predicting the random-pattern flap necrosis based on the relative temperatures of various

flap zones of 92 mice at different time points post operation
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operation
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Figure 3  Survival and blood flow perfusion of random-pattern flaps in different groups of mice at different time points post operation
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Figure 5 Macrophage polarization, inflammatory chemotaxis, and oxidative stress in the zone II tissue of random-pattern flaps in two groups of

mice at postoperative day 3
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of two groups of mice at postoperative day 3 detected by Western
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