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Research progress on the correlation between gut microbiota and chronic obstructive pulmonary disease
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[Abstract] The human microbial plays an important role in maintaining the homeostasis of the internal
environment and the body's immune system. In recent years,the relationship between gut microbiota and re-
spiratory diseases has received more and more attention due to the development of microbial metabolomics a-
nalysis. Chronic obstructive pulmonary disease (COPD) is an important part of respiratory system diseases,
with a complex pathogenesis, high incidence and disability rates, and a continuous up ward trend, forming a

” provides a new idea and direction

significant disease burden worldwide. The proposal of the“Gut-lung axis
for the study of the pathogenesis and treatment of COPD. This article will focus on the research progress of
the correlation between gut microbiota and COPD.

Chronic obstructive pulmonary disease;

[ Key words | Gut microbiota; Intestinal microorganisms;

Gut-lung axis; Review

5 1 L P i 52 5 (COPD) S — Fp o] LA T B F 3G
I7 B ULV W T s L T R B B B A AE R
3% B K AR B B R 2R SR RE IR . COPD 45 £ Fh 0%
BLH 25 B AL 5 2% s I A 58 205 48 L A 16 W R A A
EAARBIR A A P N EUREL SR N O R
BERMER N FE, &AM/ EABREESS
COPD IE BiHLH . B COPD H A7 i s & 3ok
R I HARHEA AN W T R x4 i B R
Mg i, 2 — AN E KM S AL T AR B, H
A XF COPD &9 bL i 1) 2 2% P 768G 1 B 4 )2 i I
Xof H A TR 2 AL SR Bl 2 AR (NGS) [ 58 35
{7 1& R BEAE COPD & 5 o0 A% rh i 8 45 VE B Bk
OB 5% R A ) R, S SOK 3 500 i 38 7 BF B COPD
Z 18] B AH DGR 2R B S50 B WF 98 AR HEA T 2554
1 FFEEE

HAT 518 FAHHMAEDES RS T IHE

&5 1E& . E-mail : hnyxy1900301084@163. com,

ORI 90 Fie 22 » L 32 2 I DR J2 30 Ak 0 T A ) R 2 T
it 2 o B A P R OE AR AR B B I Ok Ay
Mr. WaiE v BE & A B 38 R 0 A R A B e A
T E A WA W W B R R SR TR 1 X
10" A A W B R 1.0 kg™, HATE B
B 1 76 1 1 N 1) B2 0 A BT Bk R A B0 5
NAAEBER KR 100 %5 8 PR AR =55 2 A FE R
JEVE L — T 5T S B T A AR W B VR B R R
97. 6 % JAHTA - 2. 206 Ryl AU TR 7 7 I FLAZ A ) 43
k0,20 %0 0. 01 %% , i i 18 B B 32 25 ey LA BT 10 L
SRR TR JRE R T TR R L K S g A B K Sy
B3 AT WL BUR R EUR R . I8 R R AE AR
ISR GG A R T AL 32 £ 0 R AL
B IR E R SRR iy R B AR R
4058 FH B i 3 A 955 11 28 Ak 55 328 T T8 I8 AH X R i
ARG T o R UL R T AR kL 4



IAE LT A 20234 11 A% 39 %% 228 ] Mod Med Health, November 2023, Vol. 39, No. 22 + 3917 -

AU AR LT o 1E R 1A DR AR 4E
HAERER, BB 500058 2R 550 . N 0 WA ¢
PRI T AR S M I S i 48 2R 48 OG5 I S 2 b
PIRA K. MERFEARREANZW. mE—EA
A AR A I A . 21 S A W SRR B ik R
Y2 I 25 B B T I R TR RE A B S B M L B 4R S
KR IE R B AR B ) RERE 2 kAR AR L B g OB B
FEJR T TRHE 22 (8] 19 3l 257 H 9 4T i e & 80U R K
Ao T8 TR 38 A e E N AE RS ) g T T R
B & A o i Bt T T B R ) A AR LR R IR S bl 2 Kk
AR,
2 MIREREE

W W S B 20 AR AE 5 A0 A R AT B SR RS 4, i DL
AR — A R E A R G, X IR I OB T B 0 AR
KT ST R W46 B B PF WGE N 45 B 1 ) 12 3
e 3 B & s D ae e 2N Ko AR /e . A B
FEN TN o A (8 B 1 AR o il 5 2 TS B Y A9 5
FEE2ER AR AW & &, BHF TAEH (A 16S-
rRNA I 7452 R B0 AE it e N1 il U o o — 4 ] LA
KAy A W EYE o A WE9E R I A8 Bl e A LY
Y BV R B LW R R R SRR E AR Y
FETR B B S0UATF T8 JB 25 . IR I S T B Y 4 £
PRI 25 5 i) o 60 335 W I 3 1) e 500 485 4 L O L AF I A R
(I E S s T RE % . CHARLSON 265V 58 M
Wi T8 38 T I W 3 3 ek SRS B B B N R TP 43
BORE 0 o 2 v R BB A 0 1 2R ) O b R G 3
I T8 R A L 1 R T ) A W B S
TR A Py BE AL, X AP R PR GE B ROk B b
I 8 Ho e A ] BE 2 i 1 ol i A . it BN FE TR 5
R ARE 2 o W AR B b IR E 0 o W, T
AT A= WOV I W T RS SR T L AT RS B R P IGE
T R 1) il ke A= 4 20 2 B A AE 1 X S8 A W T LA
B 0E H 04 il B AR AL 9 B o T S A W ) B
Tl YRS LR BB G s E R H
B TIaE . EAUARBRCRES T KA K & 04—
P AN BE T A2 20 TR P R A K A, T AN TR B AR
YD o RORE SO ASTE BY A5 8 A TR . BE A A
YR Y B IE R LR R E R Y, RIS R A R
TR VS RIAR S5 . T 9 SN 0 495 b B A T DT 3 s i
VR B P 56 o 2 s 0 A4 TR R0 R . TR ) A AR A R
fli N RS kS T, COPD & 3 i e I 38 N 8
AR I R R I A L T R B BR TR AT R At 5 R, AE
R COPD 835 W W J8 Hr, — i 2 48 A il R 52 75 1A
A ] o P R A 2 B A S B R IR R
RO AN 1Y 5 17T 2 B A P I 3R 0 7 i 5 R 5 22 [) A
A A, LR TR A R A s S AR A, X AP B S AR AL
5Pk ARG EEWNAE  EREVM X, SHiE
TR REARAL il 308 T A e R AR 1F COPD $rg b et

3 BA-Rhdh

17 i i — B 5 M T R T I g e A R R A 0 A
DAL DT XoF ML AR 149 B0 958 3R 6 T B e B 5 1) A B A
FH A3 2 o 0 PR PG R Al TE AR L PR IR
A P 2 1] AR BRSO L B R I R e
B RG, BARE AT D RE T B kb A 855G 22 5% . (H By
LV A ) i R G L5 A AH R0 i 3 R T I 3 22 (]
R S ) 2 9 A0 LA T W B T R Bl S A R
SR T TR 0T 0 5 S G AR W R T RE M HL
M) XU 81 . A A DR W 5 R B L U Ak T TR R SE
Mg W2 (SCFA) L 21 18 N5 2 W5 K 4 328 41 it 56 ok ] 77
I R S ) 938 S 17+ DA T 525 W e B2 3 B R ) A
T F A T8 R B Z AT B VI e &R L 18 0] LA
TH TR R A A R BRI B BRI T R AR T 5 0
WA B Ty ORI A R BE R R T B B & A
AL T RS 2 W AR K R ) ST T A A R A A R
Rt B HeRE . 25T L -l R e
FABLE AT 68 Ry = (1) 25 ol D R 35 B8 i 3 141 0 2K A s 45
S B A PSR HE 5 SN A TR R AR A A Pk
[7i] Fsf 1, 328 X AL AR A 4 A8 A ™ sk 20 Cln SCFAD K¢
P& RAEY) T 1 £ 5 (2) T BEAS 057 F figy T 28 I I e =7 4t
A g 308 8 B8 b i 7 A 9 SR 22, 0 Ak 0 1
s COAR B R E B 0L 19 g 18 T RE AR i = 0 iE A
T8 6 1 [ 2 5 5 205 0 A0 S i e A A A i
P00 V1% K TS 7 358 e f) 38 P 8 R A R I PR T
K R () —J7 T A6 2R R G R E 7 F] K
W% 38 -5 350 9% 0E 20 i 5 A 0E — 2B g By il 8 R I 9k
N 5 55— 5 ThT » 3 3 B 2R R bk B K AR E R T 32 A 2 il
TEER 2SI 2 5 -l 98 8 B - . B il IR
WG T 2 18] 1 A S Bk AR 7R N2 B/ BRI — L BF 5 D
FEAS 2 550 31F , 1) 10 R 22 0 >k o 33 /0 BRL A M 8 2 il
15N B A SR B e 2 A BRI AE L
R I AL B 6 W T8 b Rz 40 AR K R R
NI SR 7B =l 1N O N R VI B S = =i
KERHFE . ZERSE EREEN 2SS REREN
TALEBR .
4 BFEFEHES COPDHXER

COPD J&— Fl /NS 3 F5 28 52 B 12 M 98 E P 9
Wi EE BR ARG . MBI, BT R
NG AL iR, B 21 e 60 AEAR, BHAR
JeT COPD J¢ 5 COPD AH 3¢ HE (9 i 3 %0 7] e o
540 J7 NP, COPD B % B M 5 i & ik s &
it P S g R A R . RIMEAR 2 A A
NI 2R G0 M D . 24 1/3 M RAEME R R E &
HH BT AR 22 B, — R SR B S A A2 4R L 2R I
PR EAR Z20F 58 ¥ 2 B L i 18 T B X i = i 0 e B 10
A7 25 B L M 28R R i 3 i S e 5 R 1 1
W BB -Fili 7, T S COPD 1 & e ALl = —, It



e 3918 - HAAREZ T A 2023 4 11 F 4 39 %4 22 3 ] Mod Med Health, November 2023, Vol. 39, No. 22

ATHE AL HF COPD M 3% &k & 1E iy it &, LI
SRS 2 B COPD 3 R T 5 WA 2 /345 T 5K
I RE P i AR 0 AR TS T AN R COPD B 3 il
TIBE T R B L AR T % COPD 95 A2 1 35 42 30 JB 4 6
B S A e VE T . 6B COPD (2 ik J {0 i B4l
F14) it 38 9 A ML O i R AT AS T8 L A 2D 1 B 9 HRGE A T
WRELAT 5 COPD KR Z B4 &F BB R,
BOWERMAN M ff 58 % B, COPD 3 1 7 i 7
THE 5 f B T IR 4L N BE 1) W 3 B AR X E AT 22 R AT
TEWT AN 5 SR A WA 55 & B i e 41 3K AT B A A
MRS MRS COPD &M IiThae FHA
BEZ . @ F5E % B, COPD Ba %8 115 200 i & 11 Y
£ T B R 1R B 5 AL g R A 7 A i T
B EL A A S, DRG0 L LR A B M B IR AT T 45 )
W COPD #2480 5 11 I BR L 3 75 WK -9 . i IR AR
ARZFHATE S0 5 COPD H 3 2 P i 5 FIG PR 48 47
A A e . LAT 265 i ad $0/ FL R 88 16 M %
FISE P AL RS2 56 . B0 0E 1 g 3 R R 10 AR T /D R
it A ) 2 R T % T B 45 JOURL ) 4 AR OR BRI
Hiit) SCFA 7KV 155 5 W 38 1 BE 19 576 8% R ) o7, 3 6
PR TR R M A 7 TR R AT O B IE T Y
TE R F Wi SCEA (15 /0 F B HE G . 5 o
AU HE . COPD (B35 H BRI 38 B B 1Y) 2 3 RN 2 R 1
S N ) =y N AW ) Bl ol (B A 7R ) g S D
S AVUKF TR 1A X = B F i 1 SCFA i /b, 3 it 2%
TR RS A I 55 2 65 )/ B S BR 30 i T COPD (8%
T T T S 7 2 o R R A R R T

W R A A 28 = i B0k ) & R 3 COPD ) 3
B R 3 A WA T R 55 AT AR AT s i T
TEE & BT M R T 25 A0 A ol s s R B B IR B B
20 T P 50 2 AROIR ZF A AT T B B0 BN, B
5 7 R 0 Bl AE L OURF TR 1) 5 TR BE TR ) BL B R A e
AR BRE ef R U ) AT 1 R W AR U B
WP WK% 3 3 5 2T 6 14 3 30 0 286 9 1 I 12 3 5 %
EWLE S BRI RAE W R B R EREANG
R MUC2 iRk /D R EAR G ek W B 1 £
AL AT R W 1 S AL AR 2 L A R G
B R . COPD [ 5 fa FECHE AH Eb . L7 1 2 AR
A TR, B LS A A 25 S AL AR IR B ) AR B
BRI 5 B S8 0 ADUAT R ) RN R BE TR T A S B ek A, O
FLRERETR T 5 BUFF B 1109 LI T B . 3k 2 17 A 1) 1
AR F 2 T SO G & A AR A Il AL 2URn 4 XK
2 A5 o i 96 3 T T M W A A e 2 AR il S
i =B

SCFA J2 Ji 18 1A B 43 At T A & T 7 26 1 AR i
Y, FEMAIE LR AR T RS, FEEd 2 X%k
S5 E E R R . B EEHAEA L
e A il R 1 R IR T G R R E 2 IRt 15 5 Bk

T I R A R XA I A Tk B A i Y
IrAk . dEFE B M T WKEL 400 1 (Thl)/Th2, Th17/
Treg - » I\ T 76 AR G0 28 8 3 o 2 #E T B . K
P ERLRR S R AR A A
KETREAL COPD Y % 955 22, L5 IR AT BE 2 15 12 2F 4k
Al fimiE N SCFA 198 &3, i X COPD = A4 1E
T 1 T o BTG EL 2 08 R 0 L A M 6 S 6 i o 78 /D BRI
B R 0 L AR A TE N SCFA 3 &3 i,
ot S B /I R R it A e 0 50 4 SR A 0 0 ) 4 T
TERSN S o B, W A T L A 35 5007 40 R0 A AR 1 0
%451 /N U SCFA e B R D W 7= A 1 48 8
faim &l SCFA 1= A2 pdi /0", SCFA % 5 52 3|
g 3 PN TR R A D R R AL 45 A 14 B ) L 2 i TR R
E R RSOk R o R IR R X0y
FEAG A AL = AR VAR 2R P A 5 COPD
F K 4 DR AE R T A ST L T R AL = T e
e TR oA B A — T i 38 T B 0 AR S AR
AR SRUESE B i R AE 5 COPD ) &4k
JiE 2 A VIR e AT A AR AR LRI, 7 2
PEAT B IR A R BIESE
5 INEERE

Bk >k Mk £ B 9T AE 52 COPD 8 3 17 7 W 6 AH 26
PRSI » W T8 T AR - il P R G R R B
A L M T AR IR TR . B AR M T B R Ok O
COPD i &9 55 5 95 328 Ji& 1) i IR 308 J &85 1L H i il 3%
A 5E AW H 2 A BF T 56 E i 18 B R Ok 0 K AR
= CEan SCFA) i 8078 5 1 3 1) 42 B B0 338 I
COPD Wy k4 kA B VI &R . SR B 38 1 B
(AR B 2% - T i X g 3 T RS T T A A LR R AT
Ab T 5T 5400 4R B B AR EL AR ML B 4% AT A i
T8 AR 4 JR) A8 A ¥ 45 A T B f R R .
I X6 T -l ™ 14 0F 5 Ak 100 i B B L K 2 B
TE B A SR B R 58 305, . oK R It 5 A PR AR T 3k 1
B0 R e AR A AN W7 4 v 7E A S s Nt 25 AR
ORI . S T TR RE XY OB 1 B 58 7 R 2
i COPD [ i B Fa I7 3468 1 42, S B B 25 9 1
TF % A0 8L W Rb 2 R Y R B KR

2% 3k

[1] SUN Z,ZHU Q L, SHEN Y, et al. Dynamic
changes of gut and lung microorganisms during
chronic obstructive pulmonary disease exacer-
bations[ J]. Kaohsiung J Med Sci,2020,36(2):
107-113.

[2] ECKBURG P B,BIK E M,BERNSTEIN C N,
et al. Diversity of the human intestinal microbi-
al flora[J]. Science, 2005, 308 (5728);: 1635-
1638.



IAE LT A 20234 11 A% 39 %% 228 ] Mod Med Health, November 2023, Vol. 39, No. 22

+ 3919 -

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

ROOKS M G,GARRETT W S. Gut microbio-
ta, metabolites and host immunity[ ] ]. Nat Rev
Immunol,2016,16(6) :341-352.

ALMEIDA A,MITCHELL A L,BOLAND M,
et al. A new genomic blueprint of the human
gut microbiota[ ] ]. Nature, 2019, 568 (7753)
499-504.

CHOPYK D M,GRAKOUI A. Contribution of
the intestinal microbiome and gut barrier to he-
patic disorders[ J]. Gastroenterology, 2020, 159
(3):849-863.

ZHERNAKOVA A, KURILSHIKOV A, BOND-
ER M ], et al. Population-based metagenomics a-
nalysis reveals markers for gut microbiome compo-
sition and diversity[ J |. Science, 2016, 352 (6285) :
565-569.

GOMAA E Z. Human gut microbiota/microbi-
ome in health and diseases: A review[] ]. An-
tonie Van Leeuwenhoek, 2020, 113 (12):2019-
2040.

BUFFIE C G,PAMER E G. Microbiota-media-
ted colonization resistance against intestinal
pathogens[ ] ]. Nat Rev Immunol,2013,13(11);
790-801.

SEGAL L N,CLEMENTE J C,TSAY J C.,et
al. Enrichment of the lung microbiome with o-
ral taxa is associated with lung inflammation of
a Th17 phenotype[J]. Nat Microbiol, 2016, 1
(5):16031.

WHITESIDE S A, MCGINNISS ] E, COLLMAN
R G. The lung microbiome: Progress and promise
[J1.] Clin Invest,2021,131(15) ;150473
CHARLSON E S, BITTINGER K, HAAS A
R, et al. Topographical continuity of bacterial
populations in the healthy human respiratory
tract[J ]. Am J Respir Crit Care Med,2011,184
(8):957-963.

BOWERMAN K L,REHMAN S F, VAUGHAN
A, et al. Disease-associated gut microbiome and
metabolome changes in patients with chronic ob-
structive pulmonary disease [ ] ]. Nat Commun,
2020,11(1) .5886.

HE Y, WEN Q. YAO F,et al. Gut-lung axis:
The microbial contributions and clinical impli-
cations[ J ]. Crit Rev Microbiol,2017,43(1):81-
95.

SHUKLA S D,BUDDEN K F,NEAL R,et al.

Microbiome effects on immunity, health and

disease in the lung[J]. Clin Transl Immunolo-
gY7201736(3) .el33.

[15] CHUNG K F. Airway microbial dysbiosis in

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

asthmatic patients: A target for prevention and
treatment? [ J]. J Allergy Clin Immunol,
2017,139(4):1071-1081.

MARSLAND B J, TROMPETTE A, GOLL-
WITZER E S. The gut-lung axis in respiratory
disease[J]. Ann Am Thorac Soc,2015,12 Sup-
pl 2.5150-S156.

YOUNG R P,HOPKINS R J,MARSLAND B.
The gut-liver-lung axis. Modulation of the in-
nate immune response and its possible role in
chronic obstructive pulmonary disease[J]. Am
J Respir Cell Mol Biol,2016,54(2) :161-169.
MA Y,YANG X,CHATTERJEE V,et al. The
gut-lung axis in systemic inflammation. role of
mesenteric lymph as a conduitJ ]. Am ] Respir
Cell Mol Biol,2021,64(1):19-28.

ARRIETA M C,STIEMSMA L T,DIMITRIU
P A,et al. Early infancy microbial and metabol-
ic alterations affect risk of childhood asthma
[J]. Sci Transl Med,2015,7(307) :152r-307r.
GBD 2017 Causes of Death Collaborators. Global,
regional ,and national age-sex-specific mortality for
282 causes of death in 195 countries and territo-
ries, 1980 — 2017: A systematic analysis for the
Global Burden of Disease Study 2017[]]. Lancet,
2018,392(10159) :1736-1788.

CHOTIRMALL S H,GELLATLY S L,BUD-
DEN K F, et al. Microbiomes in respiratory
health and disease: An Asia-Pacific perspective
[J]. Respirology.2017,22(2) :240-250.
ZHANG D, LI S, WANG N, et al. The cross-
talk between gut microbiota and lungs in com-
mon lung diseases[ ] ]. Front Microbiol, 2020,
11(4) :301.

LI C,ZHOU Y, LIU S, et al. Tiotropium dis-
continuation in patients with early-stage
COPD: A prospective cohort
study[J]. ERJ Open Res, 2019,5(1):00175-
2018.

LATH C,LIN T L,CHEN T W,et al. Gut mi-

crobiota modulates COPD pathogenesis: Role of

observational

goldsteinii
lipopolysaccharide[ J ]. Gut, 2022, 71 (2); 309-
321.

LI N, YANG Z, LIAO B, et al. Chronic expo-

anti-inflammatory Parabacteroides



« 3920 -

[26]

[27]

[28]

[29]

[30]

[31]

HAREH T A 2023511 AF 3955 22H

J Mod Med Health,November 2023, Vol. 39,No. 22

sure to ambient particulate matter induces gut
microbial dysbiosis in a rat COPD model[ ] ].
Respir Res,2020,21(1) :271.

R R B AR W 0 R T e L S5 e BEL M il
Fa g 1 B8 i 1 TR AR 2 5 A PR AR bR % il 2 g
AR OCHE 2 ML) ). b B 2R BE 4% ,2020,23(17)
2137-2141.

250 A T BRI B L S 3 R A ST
1 14 BEL 5 P8 i 9 9 i L T A T 0 A AR B L Ak R
VEM LT o = R 5 e 4 A A 2021, 20
(7):465-471.

LI N,DAI Z, WANG Z, et al. Gut microbiota
dysbiosis contributes to the development of
chronic obstructive pulmonary disease[ J]. Re-
spir Res,2021,1(22).274.

M BREE , SKZT XE. W R R P IR AR G A K
PERRF TSR R LT, v 4 RFBE 2%, 2021, 24(9) .
1165-1172.

VIGNAL C, PICHAVANT M, ALLEMAN L
Y ,et al. Effects of urban coarse particles inha-
lation on oxidative and inflammatory parame-
ters in the mouse lung and colon[ J]. Part Fibre
Toxicol,2017,14(1) ;46.

FITCH M N,PHILLIPPI D,ZHANG Y,et al.
Effects of inhaled air pollution on markers of
integrity,inflammation, and microbiota profiles
of the intestines in Apolipoprotein E knockout
mice[ J]. Environ Res.2020,181(8):108913.

[32] REALE M, BOSCOLO P,BELLANTE V, et

al. Daily intake of lactobacillus casei shirota in-

[33]

[34]

[35]

[36]

[37]

creases natural killer cell activity in smokers
[J].BrJ Nutr,2012,108(2):308-314.
VARRASO R,CHIUVE S E,FUNG T T,et
al. Alternate healthy eating index 2010 and risk
of chronic obstructive pulmonary disease a-
mong US women and men: Prospective study
[J]. BMJ,2015,350(10) : h286.

TOMODA K, KUBO K, DAIRIKI K, et al.
Whey peptide-based enteral diet attenuated
elastase-induced emphysema with increase in
short chain fatty acids in mice[J]. BMC Pulm
Med,2015,15(12) ;64.

KISH L.HOTTE N,KAPLAN G G,et al. En-
vironmental particulate matter induces murine
intestinal inflammatory responses and alters
the gut microbiome[]]. PLoS One,2013,8(4):
e62220.

HU J,WEI T,SUN S,et al. Effects of cigarette
smoke condensate on the production and char-
acterization of exopolysaccharides by bifidobac-
terium[ ] ]. An Acad Bras Cienc, 2015,87(2):
997-1005.

OTTIGER M, NICKLER M, STEUER C, et
al. Gut, microbiota-dependent trimethylamine-
N-oxide is associated with long-term all-cause
mortality in patients with exacerbated chronic
obstructive pulmonary disease[]]. Nutrition,
2018,45(9):135-141.

(ks H#9.2023-04-27 &8l H #9:2023-06-11)

(45 3915 50

[26]

[27]

[28]

MILLER A J,NAIK T U,SEIGERMAN D A,
et al. Anatomic interosseusmembrane recon-
struction utilizing the biceps button and screw
tenodesis foressex-lopresti injuries [ J ]. Tech-
Hand Up Extrem Surg,2016,20(1) :6-13.
GAOZY,YUY J,LU C X,et al. A cadaveric
limb analysis of the posterior tibial musculo-
tendinous junction to determine the feasibility
of interosseous membrane tendon transfer[J].]
Foot Ankle Surg.,2023,62(3):413-416.

LUO C B,SUN Y C,BIAN H Y,et al. Length
changes in the interosseous membrane during

forearm rotation: A 3-dimensional study in vivo

[29]

[30]

[J].] Hand Surg Am, (2022-08-05) [ 2023-01-
127]. https://pubmed. ncbi. nlm. nih. gov/
35940998/.

PR IS RS . BTE B IA) A A Y T 5 O e
[T v e B 5 519 40 475 A% 3. 2018, 33 (1) : 109-
111.

HACKL M, ANDERMAHR J.STAAT M, et
al. Suture button reconstruction of the central
band of the interosseous membrane in Essex-
Lopresti lesions: A comparative biomechanical
investigation [ J]. ] Hand Surg Eur Vol, 2017,
42(4).:370-376.

e B 91.2023-04-22 &[0 H #1.2023-09-17)



