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Abstract

BACKGROUND: The mechanism, manifestation, prevention and treatment of ischemia-reperfusion injury have been reported in the past. However, there are
few studies on the ischemia-reperfusion injury of lower limb skeletal muscle caused by total knee arthroplasty. This article focuses on the pathogenesis, clinical
impact, prevention and treatment of the ischemia-reperfusion injury of lower limb caused by total knee arthroplasty.

OBJECTIVE: To summarize the related literature of lower limb ischemia-reperfusion injury caused by total knee arthroplasty, analyze the mechanism and
significance, and give hints for further research on skeletal muscle ischemia-reperfusion injury.

METHODS: The relevant articles on PubMed, CNKI, WanFang and VIP databases published from January 1, 2000 to April 30, 2022 were searched by computer
with the Chinese and English search terms of “ischemia-reperfusion injury, total knee arthroplasty, tourniquet, mechanism, pathophysiology, skeletal muscle,
treatment”. After excluding repetitive research and some basic articles with low correlation, 68 articles were finally selected for review.

RESULTS AND CONCLUSION: (1) The pathogenesis of ischemia-reperfusion injury is related to oxygen free radicals, intracellular calcium overload, neutrophil
activation, as well as high concentration of nitric oxide, no reflow phenomenon, apoptosis and other mechanisms. More detailed mechanism research can
provide basis for future prevention and treatment. (2) Ischemia-reperfusion injury of lower limbs will cause local skeletal muscle injury, which may be caused by
the trauma of the operation itself or the role of ischemia-reperfusion injury. More targeted research is needed to distinguish the relationship between the two.
(3) Ischemia-reperfusion injury of lower limbs may even affect the distal organs, causing kidney and lung damage. It also affects local and systemic circulation.
(4) To clarify the effect of ischemia-reperfusion injury can point out the direction for future prevention and treatment. The current prevention and treatment
measures mainly include ischemic preconditioning, anesthetic, antioxidant and other drug prevention. (5) The detailed review of ischemia-reperfusion injury of
lower limb skeletal muscle caused by total knee arthroplasty can provide basis for future diagnosis and treatment decisions.
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0 5|= Introduction
Hr fn B2 45 4% (ischemia reperfusion injury, IRI) 2354040 R B A&

Ben Foph bR E S ARG R e g, R R A RTS8
P st IRIGFFR B RAT RS, doSlE. FHES, mE st

Bedo B, W RE AR A APAMG . BT AAL. Wb M. A
JE R IR 4 A AR5, ARML ) 51 AL BAAILAY IR, AR £ B # K (total knee
arthroplasty, TKA) %2 —#t 5§ £ EWIE X T F AP X EZ N EH5
Fok FERBHIAFR, ETKA Y, ZHEZBEM LY, mkir
[8) 2k oo Ay 6948 ) sl SR G| ACLALR . dm bt A4S, EHi B A AN, ‘m
JoR B FAARM T4, @35 ATP 2355, mfe kBt Sfomit N4548 5,
Fatm i ARE B, Bsl, Hedn T huBiE M R A FUER SR A
38 A4 2 o AR B AR R 3 — AR . Bk i B, R
K TFAIRI, &4 f/vh/\éfﬁ%ﬁvfﬁ%éﬁk%%” Bl % A RIAF, Ei
At E A L@ E G M. I8 A2 DNA éﬁguh%éiémﬂufmfﬁ EEE,
A% TKA F R Z6938 40, R AL TAREHBIE IR LARES I, mk
AEATRE TKA R IR 9 A2 69 4238 S AT 4RGE . LA AR TKA F K3 A2) T
JEIRI X — s - ATUR AT 1 dm 4234, UL IRI 69 K RALd], 547 TKA Rs
IRI 3B 30 B 6L, 3% BE %R, WAROE O iES R BHFL Y
VEIRGHol . FARIE L& R AR =T B RTILA 496 4k, B @356k
S FRAL L IRIGGAE A . RBEZG 43t IRI 3545 49 7S om vA B E b 24 4 F TR
IRI 69 %71, PLARRR) H4AE A 64 £ F. T4 TKA 31 A2 F AL IRI 64397,
H A TG I JRIE 9T R R ARBHMRIE AR .

1 #KF1755% Data and methods

1.1 FRRR

111 Rk ABM R W% —EH £ 2022 5 9 A BAT Ltk & .
1.1.2 gk LKA TRASIE R kAT se B Sdk & & BT 1E % 2000~
01-01/2022-04-30. #> %k % 3% & &.4% PubMed # 3% % (http://www.ncbi.
nim.nih.gov/PubMed). CNKI(http://www.cnki.net/). 7 7 #k4% J& (https://
c.wanfangdata.com.cn/) & 4-£-43% & (http://www.cquip.com/).

1.1.3 #&38 E LA k354 “ischemia-reperfusion injury, total knee ar-
throplasty, tourniquet, mechanism, pathophysiology, skeletal muscle,
treatment” ; F X&) A b BHEEHG, ABALETESRA,
by, M, REAE, BRI, BT .

114 BRI KER BERFAGLE

1.1.5 # %% v PubMed #4035 % . CNKI 248 & A 6], JUE 1.

1.1.6 R LIKE MLk 367 5

12 NBtngE

121 A ORA RO, & 54T 493 %, A A &6 Lk
@5 TKA K31 42 IRIF 4040 £ 49 P O L B8, FALIRIABA L,

956 | PEERTIEWAR | 5528% | 5565 | 2024528

PubMed H( i CNKI 4 2

#1 Ischemia reperfusion injury [Title/ #1 BRI EREEEG [ S4a / NE k
Abstract] A ]

#2 total knee arthroplasty[Title/Abstract] | #2 2E N TR EHA [ 554/ HE/
#3 Tourniquet [Title/Abstract] A |

#4 Pathophysiology [Title/Abstract]
#5 #1 AND #2 AND #4

#6 muscle[Title/Abstract]

#7 treatment[Title/Abstract]

#8 mechanism [Title/Abstract]

#9 #1 AND #6 AND #8

#10 #1 AND #6 AND #9

B 1 | PubMed/ CNKI #IBEE14 2 208

#3 IR [ 44 / SHEE/ SRR ]
#4 TN [ A/ THE ) ORARA ]
#5 #1 AND #2 AND #4

#6 ML [ 5 4a / 52 / OCHEA ]

#7 1697 U4 [ 62 [ OGHE ]

#8 #1 AND #2 AND #5

#9 #1 AND #2 AND #5

1.2.2 Hetrf ONEIRE; QT L MHR BI040 A HE ke Kok
LF; ONAT L RG IS LK @5 LR R B 69 A6 ik

O T iE RISk,

13 %SHEEIS?EHX*I]&E“ Wit bk ki Ak T ,J"%‘ﬁ‘]#ﬂﬂ‘:
K 367 B, BT R IR R, R E INAR K LK 82
—}]?‘1’3'%5(74/%, T X8 ZWmALE, HHRNAEL. T:ié‘c
JRE B E VA BAD K MARE) kG 5 AN 68 B K HAT IR M. L ikAd

TR

|ﬁﬁPwa‘¢Emwﬁhﬁ\%%ﬁﬁﬁﬁ%%%ﬁ%%i%3wﬁ |

{285 75 |

| Y RR IR AN SR 82 7

‘rqw@waW%Mﬁiﬁ@ﬁammﬁ|

VI TERR N SCHk 68 5, Hrbrhsr 35, IR T T EUR e, P 65 K,
SkUET- PubMed H4 i

E2 | iﬁkﬁ%umh@l

#E B Results
2.1 IRIBYZEMS]
211 AgwmAEA RAGATSTRE R QGZTENHZI—. KA
B ARG REALH 00 K, BPA AR BR L, KAZRAM. K
B RN £t B AL MmO EHG Y. REHHFREN,
JE RIS PTAT VT Re R BBALA] P, B o AR iz e AL K446 . A
WA FHE AR A RERE. DNA 45 Fofls i B, FEminse= ",
XIAMG 4 "V B 50 & 3, B R 5k R BRI P R E R0 R AR 2 —,
Bt S AR ZFESINMOAT. B, FEAE B, AR
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F R 3484 w8 IUgm AR A Fo o T L FE AT B
E MR F T A BRI K A ) AR R R B H g KR,

B, BRZSHAREXEROFRIEETERAF AN TR ML e

TR, A, FRo L. NADPH SULEE. ALl Al v ﬁ# v
Bt — R R BEHAL A E M AT A0 2 2B R R 7, o* e ca®
212 mIBABRE 4R mILA 55 LD e 5B s Ak l vy

FARM L, ZIELE R P 2G4, LR Ca™ il 1 ALY W 44
Ca® @ Boh L Bl eiFmit ik Ca¥ RE W LA, MG Ca™. MER. £
FaAR, WL AR 6 KRR IR ( BP45 & @ B E ) 209 0948 AR F 3L F) 5
HmpAR . BODALIA 5 ) f2 ) i W Ca® xi i b s 3 9] At 22 7T, 4m i 89
BT A, YEASRENAAMAERRE S, AR MK,
Ca™ NI A, JEBFH MG, FRAFHMBLATIRT, PIET HR
HRAFIARMLE, MIEHG. RIGERIE RS EEH, 2LEK Y
HMBAEA SR, —HHA T BEH H—2- RATARA XK
AAER &, TR T IR, NICOUD % " e £ 0, 2- A AL =
R AANER 3 VAR ARSI T X LB B T AR F 69 Ca™ 423K, Fm
Hep G2 #mft b ¢4 4mfit Ca™ AR R, MM IZAT IRI B, 1% 55 B AN & Ep
iE T BARASABE T 42 IR, REB5REL R FREETZHER.
2,13 PHAEMBRME T RGERB EFRFTERY, FHEEmR
BE. HENSOMOERGE R FREETEHA, RI6H—/NEpt
&R b M esT AR L R IR E FiZ . SRR AL T Fdism
OHEAL T FROMIR, EEORE@EW ST, R R EEE A
B2 HoF, WA eI ayIEIA B AR LT VAR Y P bk 07 AL Am
@A M KIKUCHI & ™ B3R5, IRIBFAUK B 3AA K3 F it
LnAEBE I BRI, TEAG Y b fe e AT R it R B T AL R L M R e
AWAT. Aavk. BOBEFMIER, FIARIERL LR LmA
BEWE, T AL s b FORA, HMFERERILE L. £ RN,
FFIEA K AR A KopidAe, APMIE K s 15| K, X244
EREENE, EHERXE Y REmIeEER T, mIeEF. A
B Ffo ol fz 504 = A SHF AT @b, & minfe b mio e s,
BIAEA B AR, K Meit % 64 b s om0 383 h) 2 o 48 7T 8,0 TR 45 e
FogE W,
2.1.4 IRI ¢4 A AL

—SRRG: ARG, AR —BALRTAE A R R st
AATRE T Y R, Mk f MR RE; SR KB STAUVRE — & 1R
PAER, KA ZHN T @mRA AL M, KHANNA 2 © 4245 5%
WUIRI 64 B 50 & B, — Bk R B IR0 20 18] T v A R I b PR A7 A A 3%
e R; EREEE DR, LR —RNRABEARE R,
E R AR RN RAETA ¢ Fh s, it AN T — R AR
IPIF], ARHER T — B RAEF LB ILEB A P a94E R B d AT
20 min AABRKT —BAL R A, MEFHERIE—BMNRASERHT
B, Filiz/e ) h I A L5 6 — BAL RUEHA.

EERMEK: B . BAd@ILEA Y 3 E R A d—
B 18] B L AU BBt R OR A AU LA, SbILFARA R AR L.
HW IR I, Hed KRB IR T LA R, BRFEHE
S USR fr 60 min B iE 120 min K AR L AL, A SIS A
KM A IR . R BRI S0 S AR T B B I A T A
Folh M e, AT RSFRALAN T ZRA,

MBEET: Mt AT R AR F M T X —, diddFa ek
B AE Tk, FERRAR IR P BA R ZALEA . HU & 7 BR50iA A,
Bol-2 Rk 5 AT H Mm%, B2 RaxR—FEZHHA LR, Bcl-2
T il it A RIE R A P53 KRR MM IR R R E A TR A . FIRR
B R AR BL & &) B (caspase) Kk 2 ML A = g PATH, @B RIER M
VAL IR T b RAEE BAER . ssbh, R I 2] F R R B (IEG,
do c-fos # B . c-jun £ F ). B F kB EF, 4 E IR P EIEFEERA M,

B dn FAEE A S BAGAH 4B 3 BT R, AR HAR4oE 4 P,
2.2 IEIMFESH IR NEEEERMNAEIG Bk IR G, dAukAEE,
A IR T AT 60 Bk KR R T S AR B RIS . RIS
Ao Z ILEAR IR & ILgm R KA, A, MEMNMEER. &g
W%, RRmpigs, Imit) i T ER& R, i E RBAR RER

T BRET

£

A

i

| > il |-
B3 | SRilEEEHGHEIE

FACRIHOE N 2 Fg 2 S BCO AT B,
FOERNHAL — 45 )

H HEEE 2 SR AR D AERERS . DNA 53405 A1 iR

2021 4E XIANG 2 ©

St A, HETAIET | 201 fFSUNET
TG S I S0 o Gt I R A A A <— 2013 4 LU & 19

AT S AR E R 2, SIDRAA. A

o g <—{ 2013 4 BODALIA %5 ¥
1 f%
I P EE R AR A I R R AT R AL, B ARE SN e (12)
et o AN LA ES 3 <—{ 2013 4 KIKUCHI 2%

Bel-2 S ATt ok g 2 P53 Jk IR v i
FERAR AR U ML A

BIZ) L s 2 HE R (IEG, c-fos JE[H . c-jun JE[H . #%
A kB 25 ) FE SR PR REEA 15 b R A

Fe P AR TT 3 A AN A5
E 4 | GRiEETIRAMRHREE

<+—{ 2011 4E HU &M

<—| 2010ty

<— 2010 4 JUNG % "

BEEFRAD, BREAIRBANRILE, LLRERRIGEN
JUAS B, KBFEIEF 45, BF IR & &6 JUAP AL S50 IR 89 K A
BANRR B A A0 &, TRFIRA WA N R e T, #
A F Aol K B T a9 ik, AMREHE AP b e R, aXak
EHFHRETFRATT K. AR ERER. g5 REm, G
KRR BAKRL, @ @mRRARIBIARE, X TR T E Ko
BB A min st P,

EH AFFAE AR TKA T 52 ) ok ofn i 38 33 A R 4m BB R L <T §- 508
FENLF = A Rl e dfe BAEETH, B O RORAALIEFALAb % 247
., FHEGRASRY P kb A SN, Esd 60 min B, B
IE G RIR ) 22022 F R QEIRAY LR, AWEOREMHIEm P,
IRI A5 F5 9 B R EMAR—F BB ARARG A, HEdmF
BRI RNELS, AAREY, TKA KRG EILH EHAGER 1% b9k JEL
A, 2 FIEHAR & 14%, 6 BB 4 18% 2V, frst TKA K5 2B £k 64 5
PRI, EhEBERUE 2h, BT 72 AR RE IR, X
KR P ATARK — 3R I MR R, XA ILA IR IR B A
mIp AR A AR 4 L, ARaSat eI A RERE P, Bk
FLHGRARAR KGR R R, THEF@RAT.

B AL IR 6 AT REALH A B P S AR, ¥ E
WM R QI N B F 1 vABAY 2T A 1 R — RAL BB 09 K AT B0 R
FERERE, AL BRIRDPD, AR EL1AREAORFOASEEL
IRUSATE] , 352 v Tk 77 Ik 49 253 Am AT AR kA4 2 R 1 Prs 9,
Sbol, — A RA B B A S d B BRI, AP 22 AL — AL A
B & R K693 2 42T mRNA KT, mA A - RS BEE G 69 £
BE B R ETAEGRAE Y, BAKFAR—RLRSTHHREALRL
IRI, fiX & IART, P ALE 1 f—BMREHB Y, AT
RRA, T RexF XA LA 67 B

FE TKA F R B#ILE A IRI A1), 200 4 685 Fn ZF AT AR,
1)k, ATP 3R Fo X 45 /KB 2 B £ B 18] 60-90 min Fo B 2 /5 24 h 4/ 4F
R R R T, b 15min s, EUFERMETURLEE
BT, EERIILESR B, Rdm, SR A RIELT, KAiketR
HEE P AL 30 min 5 AR, ERERIRE, XA —Avdnitsg B
b R AU, IRl A M AR BRI T, @B
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02 EAE IR TFHmit ek, R, 7o kb FHALRIRG 0
5 R B 18] e SR AZAR ) B8 5 2764 188 45 AT 18] oy AT 2 B0HE,

2.3 IEMTHHESHY IR TR ERVRIE T4 IRI LR, 70 By 3 4
ok kB E, IRIEYIRAZR L G #t i ) R AT AR £ B IR H A
B BRIt A S aE A, HFEMBIRE TP e
S A —FMRZ R KA, [EHFA T KERMFFHS BEH
. BRI —RARIRE T WL 3 h B bk fo s Bz 3 h,
JHF R B B 2h A I B A B A4 B, RN RERBLF, 51k b F 0
IRIAE X 692, £ TKA & & PA4LA N- LB PLEBR VT 48230 hn ik 3% B 41
189 A, A T ARk A 5349 IRL ST A6 2 %m I ™, A, 4
TKA F KB AL NP RG-S, ERFHG Y, L BETHRGHSE
FETiE B ARMG A KR gE A2 A £, FFRIES, HiE
Z 3 TKA 69 & Z A0k, WM TKA B4 P Hrh % REEZAHARE LR
9—,\%— [aa]g

2.4 |FMEESEY R WSS SBINGVS ok o 6944 A ZAFACT
TR F L A B AR d AR KR AR, AR e
TR AN Fr— BAL R 8] 6 KA KRR (e MREACE T
BEJEIRILE T ) 6 = A AR, JPHRAF G ML - W R AR g A
BT 69 A A B TKA 482 IRIAEA b 824852, ek il 45 )5
By A AR BN BT & KRR L E B 5 A g pEIR AR,
FRIER MR FHTMET, B2, T RAZLERALHTRE,
FEX LT Z RS HE| 2GR, dtm 5| s FIRAMH .
RE BT AB T L B E RN G, bhimE R R FER
AR B SN B ) i A K R A e S A AR ), YT AR AR AT
R . RS AR A i A R A X S NAW T E Bk, 25 KAl
AEAFEFRES, BRAERAVZN Sk, RBEA R AGAGRE.
HAARAG SR, B5AR A A e F RAark, AR ) TKA B35 RE
24 h A= 7d R @Edk 6. C- RLEE . ILBRBEE R BEAn & 40 03t
B IEA 2, KRB 1R A0 E 5 R LR 1k dn i Al bk £
FRBEFRZL W, KRB R TRRTFRABG, XM
WF, FZ2—FRRRE 5T REEF LA IR B,

2.5 SRIMFRALIENS IRIBVESG 4 FALL 2 2450 B EF AR S A
AR, EEAVFHdA, Amxt B 6K atE) S de 5 Ao B
IEMMG FAE MR Y, FREA, HaBa s R EIKE L
75%", B FAALIE A G9IRIE, QFEFHANE, BRI AN
BEU Sy en s FTAEGAEN., FOMOMETESMARA LY
EWARGER, . Bk — 2R F, BHRAETAL AL
hie. KIER Y Foik dn by BB F A VARG B AGR A AR, ] TKA &
F 00 T B b AL TR I AR A MR B AR, X 2B B R A
B AR S B Ao b A A B 0y Rk B, SR IR, Sk
FRAL BT x4 B 4 R A B AL B Rk LA R A ™, A BFR
Foih, S TRLEE TKA L5 FPHFTRPBEAFER T, b2
R VER B AL E Z G2 A R RA R E, feibZ OB TR
AW ki, 2iE 1-3 /45 min edofe 5 min B 269 Hem FRAL
BIRA R g KEE T BRI, FE R ALkt 8y TKA F,
B FRAL 2238 13 5% F RN 69 KAR GRS E G (Mfn2 f= Opal &4 ),
HORYP T RB I K ILEG AE, HB T ko ikF49 IRV,

i 5 B dn TRAL BB R 3T SH UL LR R BB HATHTARIE, B 69 RAES 4
FBrih b dn KA QG4 AT IR, 2 TKA F A ¥, aFAF R KB4 A 1k do
iR B R B AT T AR, AR TR LM TKA B4 047
FEEMA, XAFIES 3 A5 min He o B B 69 1858 s i TRAL IR P E T B3
Jafafl B P, RAE, VM TKA LT, EH—AFARBEXT L
J R KRR ST VA By b AR RS 69 % — /M 25 S bk F R a2 b & 4
IRIF L fe 5, B AR A, MR E A AT 8T
Z R BRDIRANGETT . R AASE AT AR 3% e Ao FAL 28 T 8,0 8 L
B, HEZHTUS. &bk b T I 0 B AU 4R A At 22 7300
2R P, X AABALE R B R L sk B d 2L 4R P A R RS, Lol
. GBMIRAESE AR AR AR, XN RMAR AR, it
FERARAL R AR BRI, X s R VA TR 69 7 X AE AAY
Z4 Y, iR AV R A R RIP AR DR LR E, B, T2

958 | (PEHERATIENAR | 5528% | 5565 | 2024528

TR I T TS T RN RBL, HFEENR, MRE
REZEEXE, B AR oA LB A 24 a9 4b 2 4 3, FT 48
T % Bl o TR 3 6 A 22 38 34,

2.6 FREFZSYDNT IRIRADEVSEIA 41 Rl RBE 77 X a9 FH 5 &3, ARk
B fa b B IREE ) AL L A 5 540 IRUEIL K R R L, PR 449 KE
FRLABAL, &) 69 kB T X, (A BREE A 2 f REE ) R 2T 1k
FR RAZE AR B RS

JREET IR Y B AT KA Pk i A8 X IR QAR R gk, 4
I 52 B R BAAE R G IREE R QL5 ABY . A B4R A R IR, Rk
TS R B A e Y IR B 6 F R AR, LA AR R B AL 4
M. EBHRILRI T, EEAF RS2V HE A FEFAH I T HILR
AeFadn Kbk, A REHE TT R ki 549 IR P S A
& B — R A e AU TR I AR B SRR AL, DN AE R
R B Fo A B A HUREE T L X PR XT F RO B T BA M)
B, AR kB iES R A 6 BAb R B, AERT R BB IR R
PHE TR LI, 7 AErfe_EiF PRR34AS] 49k iA, PRR34-SS1 49 L
T VA8 it $e ) JAKL #4745 JAS-STAT 12 5@ 3%, MkamfeA T, AR
F AETAAL I K TKA B 69 IRI, o fks Ao 2 ph 59 AL AR K b AR 70 A
IR BT LR = B ARIPER B HAR AR, L RIS TIA AL 4%
1% MicroRNA-153-3p % ik k3, miR-153-3p i@ if FAL W7 Bcl-2 4= Beclinl %
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Hids Q10 & — A B IAALA), € T TR ok e 55 5569 IR, A AF
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3 1fif Discussion

3.1 BRI ATEZIUSIAREVSIIAAISEAEIRE IRIEA A S A, M
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BEAF AR BR 2 QU AR Y, RETHR SR R emAEX.
3.4 LRARHVEE N SIS TKA 514249 IRI #AT AR 458, B kit H kY
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HF W Hh B RS
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