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Study on the curative effect of ankle pump exercise in prevention and treatment of deep venous thrombosis
of lower extremity during perioperative period of knee arthroscopic surgery”

LI Kai,LI Yanlin® ,ZHANG Kun ,SHI Qinglv.SHI Zhengliang \WANG Yunjian . TANG Wenting
(Department of Sports Medicine , First Affiliated Hospital of Kunming Medical University ,
Kunming s Yunnan 650000,China)

[Abstract] Objective To investigate the preventive effect of ankle pump exercise in the prevention and
treatment of deep venous thrombosis of lower extremity during perioperative knee arthroscopy. Methods A
total of 100 patients who underwent arthroscopic anterior cruciate ligament reconstruction in sports medicine
department of our hospital from January 2021 to December 2022 were selected and divided into the whole
course group,the postoperative group,the anticoagulation group and the control group by simple random sam-
pling method, with 25 cases in each group. In the whole course group, patients received ankle pump exercise
from admission to discharge. In the postoperative group,patients started ankle pump exercise immediately af-
ter awaking from surgical anesthesia until discharge. In the anticoagulation group,hypodermic injection of low
molecular weight heparin sodium was given to prevent thrombus until discharge,and ankle pump exercise was
not performed. The control group could not exercise ankle pump and prevent thrombus with drugs,and the af-
fected limb was moved regularly after surgery. D-dimer and lower limb blood vessel color Doppler ultrasound
were performed before and on the 3rd day after operation to detect the occurrence of lower limb thrombosis in
the four groups. Results A total of six cases of thrombus occurred in the control group (24.0%). The inci-
dence of thrombus in the postoperative group,the whole course group and the anticoagulation group was 0.
The incidence of thrombus in the postoperative group,the whole course group and the anticoagulation group
was significantly different from that in the control group (X*=12.471,P <C0.001). There was a statistically
significant difference in BMI between the hypercoagulable group and the non hypercoagulable group (P <<
0.05). The incidence of hypercoagulability in the control group [64. 0% (16/25)] was significantly higher
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than that in the postoperative group [24.0% (6/25)],the whole course group [12. 0% (3/25)],and the anti-

coagulation group [0(0/25) ], with statistical significance (P <C0. 05). Conclusion

Regular ankle pump exer-

cise during perioperative operation under knee arthroscopy could effectively prevent deep venous thrombosis of

lower extremity. Ankle pump exercise is economical, practical and worth promoting and applying.

[ Key words]

Perioperative operation

i 5 JE 56 1 B TR 1) T A K, RS AR E R TR
kAT B (DVT) B2 R W B 7 BT, ey
B T ARG R0 A AR XU R 2R BT DAAE & Bt oK A2 3|
T TSI o M O B R S A I A A R A A K Sk
WENESEL, B k4 DVT ik T EMOIERE
AT RE 23 THAR S i #4 28 R Il ¥ TE BV S 25 A AL T S B0
BRI, B E TS OR AT I A R SR B R
DVT Wyl B 15 J6 8 & 2. [F 4 468 5 W o 42 s
DV'T #4 F B7 £ 55 F2 fill 790537 | 4 BE 10 B L 25 9 P 7 3 A
FREY, MBS SRR DVT it &0 A
Bz —" ARBE R TEAE T EAR G R E
HEATBR A2 2h BT N RS #E Ik It B YT R, B AR D R
W H T AR E T DVT piia it tE .
1 #EMEFE
1.1 %ok
11,1 —Jgewekl vEER 2021 4E 1 H = 2022 4£ 12 A
ALz s EAFHTRE TSN T F W HERERRH
100 1], R FH {7 SR Bl AL AR 2 o0 S e R Al R T 4 40
B AN R A, A2 25 B, A F 95 4R A B 5 2 18 BE
ZRESHEHCFHS 2022 (85 L 4 246 5,

1.1.2 ZPARHE (DFBRRKRTHET 18 &5 (2R
FF I 2% D- R AR BT i 55 ) B CTEG) £ I 6 &
HEARA HLR (6 22 305 ) 1 7 sl G A A A I8 7R B0 B TE
DVT; (3) TG ™8O il B 55 A 5008 ; () FREE
#ki ok ; (5 BIES S5 AMRIFEE MG R E .
1.2 F¥

1.2.1 FARFE 24HBEYWRHABX SN - F
oI e o7 N NS S 2 B Ol 1 s o N T o e
IR R Y (<90 min) . ik I3 ] B TR i A
Sy B UM EMSE » 8 F0 1k 1A L i S 38958 45 kPa, B[]
90 min, ZFFL1E i A7 58 — S A P A | 1k i L 90
FE L BN ESE—RBE F B, AR R TR
BORLIEBE BH T IBOBRE ST AR o T P AN R S A i
I KA N 1.0 cm. B A KL B, 3E B b U4 . 85
T T LT B2 U AT N AR IS AN ARSE 4 W 2 B v 4
a5, J5 2 ST IE R . 2R PO AT AT AN B DD E R
U A OGS 5, T T B ) 3R B8 S S 70 1 A4 IO
A B R B R A L R B R A LR IR
Ko R 4% vy o 601 FH S 000 T DA Ik i . BB IR R Y
MR 3. 0 cm BT, - 2 5 L L s 9 AL, % HC
WYUK 22.24 e, WG A 2 5 & IR A T i
W2 G 2 LI PR o X AT JE S 4 LK 11,0 em, H

Lower extremity deep vein thrombosis;

Ankle pump exercise; Knee Arthroscopy;

#Hh 8.0 e, fliFH 2 5 BN IRk g S Tk £k L I [
FE T A0 LR o e R BB i B4R 80 mim, IR
i ELAE 80 mm, A 80 N T 22 5k, 7F i I & ¥ 3. 0 cm
b4 — bR LR A RS X AR T . R IE H
AR K2 1.0 em) B A5, 7 NI B%RE IR 1
A7 2% B T 728 U AT 89 12 B B 3 b0 5L 8 80 mm
AR A XA B B AE L R P DU RS 7 Sl B A 6
Y RE AV A R LT I 28 SR AT HIE P AR A R A X
K 10:00 4000, I E 42 80 mm . K2y 30 mm ik
BRI . K L TR A B RS 3.0 em T A
A8 U 1 2 T 2R 40 I 2 FR 90, 26 [ i AR ) ]
JE e ity o A% R LR A it B O V9 e B 30° L i i 3
AT A 1 BT 28 LRI 18 5 R G0 (T R 4T, 25 W
A &% 1 K Bio-INTRAFIX BB 3 2 (Ri 38 L
1652 250, 92 [ 5 A ) [ a2 I8 B o s DB 4T 1 a2 9% o
TG AN, B AT B A & B 2 AT A XL
MR E MR ) 0 B OGN P B A 0 B A T Bl
PR IS e 6 K & AR 50 mL B IR KA
10 mL B4 L ZE KA 1 mL 7 A 635 I e #4140
LRI S LR85 A I FTIRsE A4 0, )
AT IR I O, TR R,

1.2.2 WP sk gl A BT 0h B ot 7 M
PRAE 32 3 5 BE s RS 4T R XY KRR T RS BT 4R
LGB 2 sh 2 B MBI R G IR 4 TR 7
JFZ 81100 U/kg, &R 10O K T 1 515 By ik B
2 BE AT ER A B h s X IR A AT ER R s Bh L 2y
Y157 1A L AR i LT B RO

1.2.3 HEBEZSNSG L BREFERER L.
S8 AT 7 K T Bk 4 1) 30T 0 e K BR R b (o B G Y
T SR J5 L1k e R R 8RR 2 h iR K R R s
B (B BE L S0 BN IED 1B S — ka2 8, B3 ks s 2
SR DL AR B KA TR T 4 R TS AL B LR O I B 45
3 s, RFLEERIR 10~20 WL 4 KB 10~15 4277,
1.2.4 W& Kok ks A LB S Ik
M4 YF-D %, K J3 3 K 45 kPa, 45 FL 1k 1047 45— K
s S O o 111 e D £ D VA s S N
B RN Arthrex X TP B R 48 TEG (LA S Ry
TEG5000 . 3551 by 76 Ak B8 afn 46 ) 38 57) 8 QO 1 15 L K
7 36 Ay ik 1 32 o G 00 B A O # Jk i

1.2.5 ISR TEG &5 5 i 2 & 15 54
(CDRELEATIR T I CL, R 1 3R 5B 2 10 A A B 1 R
W IEHAE TS —3~3,<<3 $2R IR AR BN S, >



o 2742 - WREGT A 2024 4 8 A% 40 %% 16 3 ] Mod Med Health, August 2024, Vol. 40,No. 16

3 R MR IR O L R CTAE Sy b e e 4
25 ) FHE = EE4L (75 F) . SRR B LS % 6 £33
R CEM, KA U Elite) 14 4 4 8 % ik &k
AR R — & 58 N BLPE 4 OF R id SR R TR
HIJG D- 3K T R %8 TEG S5 K il 25

1.3 Siitephbs R SPSS26. 0 48 i 4k 18 3k 17 %1
P AT A ES AT RFTRL x £5 R AFFE
IE AR R LD AR A B0 AL TR #ED [M (P,

P o) 130K THECSORE DL 3 5k B L R L ok F b ST A
A ¢ K% B T 22 530 1 . Mann-Whitney U £ 55 .
X* K% Fisher ff UJHE R 2 56 R WK 5. P <<
0.05 NESFHGI¥E L,

2 % e

2.1 4 HBE-MTRHE 4 4l AR
BMI % — oot b, Z2 R ¥ LS 228 X (P>
0.05)  HAM M, g1,

F1 A HEHBE-RABILE

i H Xt B (n =25) RIG4L (n=25) SRH (n=25) BB (n=25) F/X* P
(s, 8 41.04+13.71 34.40+10. 89 40. 50412, 27 37.35+13.12 1.498 0. 220
BMI(Z +s.kg/m?) 24.7242.95 24, 4845, 35 24,5044, 72 24,0443, 58 0.116 0. 950
P (V0] 2.369 0. 500
5 14(56.0) 16(64.0) 12(48.0) 11(44.0)
5'q 11(44.0) 9(36.0) 13(52.0) 14(56.0)

- BMI o B4 T B FE 4R

2.2 4HEBFEMBAEBRLE RFH. 2B,
PUBELH B MR K A 3 Sy 0 X B2 B 3 b R A i
¥ 6 il KRN 24.0% . RIGd R4 Pt dl &
HMAERAERENBALK. ZRWA5RIT2E XL
(X*=12.471,P<C0.001),

2.3 4HBEETAIE D ZREKFELE X HEA
BERGE D-ZREAKEH & T TR, LR & F
RIEH ERAMPLEH ., ZRA G FE L (P<
0.05), RJGH . &BH Pritd B H F ARG L,
ERE LG Fm L (P>0.05), W2,

2 AHABREFARWEDZBEATLE(x+s,me/L)

SLCP>>0. 05) ; /= BE 2 R & &84 2 & BMI L3, 22
SE G L (P<0.05), W 3,

2.5 44 BEESERS LR MR BE SRR
H[64.0%(16/25) | & T ARG 4[24, 0% (6/25) ],
FRA[12.0%(3/25 JRBTEEd [000/25) ], %A
Giilef i L (P<<0.05),

2.6 dEDVT M DVT 4B # TEG ¥ 45 F 1t
8 dEDVT 4R DVT 4B i KPR IE (MA) (CI H
B, 25 SR Gt F 3 X (P <C0. 05) ; B 1 52 1 I Ja]
(R) ML EEHIE Wit 1] (KO JBE A (o) Hu . 2 R T
Giit2gE L (P>>0.05), W#E4,

15 " A R x3 SHRAMESEARE —REHILE
X B 21 25 0.3160.132 0.810+0, 714" fio i EFSY 2| ‘
TiH /X P
AR 4l 25 0.272+0. 082 0.308+0.114" (=25 (=75
kil 25 0.2880.103 0.2860.098" GRS (s, %) 39.52411.28  37.88413.11  0.560  0.577
brt 4l 25 0.278+0.111 0.3594+0. 185" BMI(z =+s,kg/m”) 26.1243.75  23.87+4.20 2.386 0.019
V5 FAUR AT H B P<0. 05 5 4 I ALARJR Ho e, P<<0. 05, L ()] 0.013  0.908
= 13(52.0) 40(53. 30)
2.4 EEEHMAE S BB E R I m g " s 0 1670
AR S B B AR N L 2 R RS R ' —
x4 £ DVT @#1 DVT A E#H TEG RilERILE
3 7 RLIM(P,.P,).min] K[M(P,,P,;).min] a1 (TEs,® MA[M(P,;.P;5) ,min] CI
FEDVTH 94 6.400(6.0,7.0) 2.200(1. 8,2. 4) 60. 634,59 59.550(56.3,62.2)  —0.550(—1.2,2.3)
DVT 4 6 6.600(5.4,6.9) 1.700(1.3,2.3) 60.0747.09 65.200(61.9,65. 3) 3.350(2.6.3.9)
Z/t - —0.305 —1.943 0.284 —2.419 —2.321
P - >0.05 >0. 05 >0. 05 <0. 05 <0. 05

T — KRR TR,

3 i
DV'T 45 1 T ML 22 1% | M09 /55 E 075 BE PN K2 45

D3 A B 36 T Tk P B £ I, 25 Bk, 5 0 K A I BEL
S, 5| DK [ 3L 1 e 5 P A o G T Bl M 9L %



HREGT A 2024 48 A% 40 %% 16 #1 ] Mod Med Health, August 2024, Vol. 40,No. 16 o 2743 -

8 | IV 1 B PR S | ML PN R A — R R T K
RE—MEENMREE"Y, DVT £ %4 T HB &/
JR A7 A BB BT R B LR R AL 2 AR G
R . A AN B A TV T, IR B AR A
SRR TR R B . MAUCK 255 fF 5% 32 0 L B o645
BEARJG B H R W & RE S DVT B IR 4 .
it JEE R X T HRAFEE T DVT 2R G & W
WLIF K RE 2 — o 37 A BB B 36 8 E — 28 R Sk Bl i
I IFfE I LA . R TR R 1 52 1
ML 22 S FL455 - 35 AN 3k G T BB ol 45 s 3% 31 OAS ) 2
OE R TIN5 SRR o NI e - N 1 0O o1
R IO T L T AR Ao A R 6 T A e B A R E B AR A
T B I A5 A 2P B A5 A0 1 TR 545 Ak 1 9 . AL
il 275 2 T TR I 9 v SRR IR S L AT R B B DVTHY,
L 4 I C T B ARG (B E /9 DVT BByt b H2 i
PR i s E W DVT (R Sy z —""", B
3z S U TR K I 3 A AR R L L BR R s
shim L B LS HE R LR &7 46 32 3R 49 i A
ik B A Ik 5% v 0 V2 L DT R S b i 7 9 Bl
BRI A2 sh AN TG LA Bl H A 4 B ¢ B R0 AT SE AR AR
Sy AR ARG AT AN SR H & T i, AE
AEA RAEE T B bk TR0 9 i EL G O R ORE L (B AR )
N

AW R BN, R e & 4R B e T HE
&3, PUBEA Y AR T R S B AR
HFHAASH A RGH . 2RHBE RS
R HIN 64. 0% .24. 0% 12, 0%, i HL B 2H Hy
0, ARJGH MG T PUEE 2585 T I R By 1k 1l # J 6%
R R 245 4 1) 700 2 X DA AR L 25 00 0 AR 3 T R 32
AU S A7 7E i XU . S ] B R A2 e A T I
PRAE 2 M BE K. i B A 32 3h B9 VR FH R 38 1 /N iR L 1Y
iz s B K o H LR BE B LR Dk 52 ob fif 99 5 bk i
TR Rk w0 B i T Ik ORE 32 Ak 4G B
LT R 1RV T AR =011 1 A N 1 B e
TR 21 AR iAo A5 BB A B A A2 3l Bk L AR AT R LA
iz ST K b B Ao LA HE B UL Tk 52 ob il b i bk i
B E R bk WA T BRI S ORE 1 A 0%
] 3 AR 5 21 T o A R R A A Bl AR L e R R R AT R
FiEd ERERFF ST EiEsh. X E e RA R
ML RS R A AR T AR SE L B 4 B R
12.0% .24. 0% . X BE4L B A 1k i 7 5 5 30T B
PR IOk 52 P s A 5 Tkt [ 9 2848 HOR S B W TS s R
JE DA T PR o L Y B B B, A S T R L A
Ik S o Kt 473 A B L A B BT LA LT
BERE R R 64.0%) ., HXTBABEERE D-
TR I W T Ay 3 4L T D- B AR R Il
BEIRZS B e T i — A 1] 58 B R e 8 b0 Bk —
LU AR E ARG DVT B4 REH N 3 HE.

TEG & — i s e i 5 B B 5% 28 %5 fif 8 1 04 4%

AR 38 2o IV A AR Ak, B T 0l VR R -2 4 R
S B B A~ 3o A o 2l ) 2 B AR Y i e A IC B OO SR
TEAB B RS ENY . i H TEG 78 W 0 5E itk
BSOrmEARE T EE NGRS, TEG MY
S 4 I 4 T DI L S B L N Y R A O A
XK TEG %t F I DVT #E47 74, 45 3% 5o,
DVT 4l E#& MA.CI ¥ i & T3 DVT 41, H X g
2 R IV RS A R R (64, 0%0) L U D-
TRARXHEIR DVT B & A 5 R A H 4R SR AG L
HAER DVT Wi & HEBR S bR . o il TEG 2 41k
TF iR 43 8 mf i 7= A i e A K AT MA I REE, o
110 ET i 2R PR B IR TR R L 4T 4 2R B
R M, RIS A R R AT B, B R
BT L/ NAR B EE SR T DVT 9 & A= 7] RE L4 88
—, CIMHEMRHE R.K.o fi.MA ZESHER kM.
ARTIF 5T 45 S fk 7 L X HE 2 A A I o R A R A R AR
s LAY 3 AL HRAR, UE S T BRI 3B 2h i A Rt K sk
H M,

Zr LR BR A B S PE A MR DVT itz —
AT A AU v BB A B kO i, LR 4 A
WOAT R R . TOR S R B K A Ak
) A B L BR A 32 2l ¥ AT R0 HE T T bk TR B
X DVT KUK . ABEFF IR BD #1759 R 22 I BR 3 i
S BE O 4 M 1B B R ) DVT, H B E s s VE 9y
PR ik 22— BRAE TR BB Y B DVT W
JRURS: BEAIS L 28 5 A4 5 (H 7R I R T AE b B X ER R 42
SRR MPEAT B K 22 5 L AR X AT 200 B B A I W L o5
e AT R A AE Bl . A gE AR X R BT R
BRI 32 Bl 1 B 6 25T 0 58, B = A A B U . B 5T
FEAH B, 32 FE AR N 1% 52 i Bk 55 45 21 BT RE A7 7E —
FEMIRZE ., A5 WA R T H A KEEA 2 oo w5 it

2% ik

[1] PERROTTA C, CHAHLA ], BADARIOTTI
G, et al. Interventions for preventing venous
thromboembolism in adults undergoing knee
arthroscopy[ ] ]. Cochrane Database Syst Rev,
2020,8(8) :CD005259.

(2] AR RA Q0 E R A h e
S E B ANE e 5 R E g A, E R
e EREN 20 K TAEZ R &% h
FEL 6] 4 Rk A LT A S ok e A S R
819 (2021 [J . A8 45 45 B 2% 35, 2021, 23
(3):185-192.

[3] 2o m R oo, o B B R TR ik i
et ZERE BT 5 r [T ). th A B B AR, 2016, 36
(2):65-71.

(4] hARBE 2 e SR o3 23 I A8 ANRE 27 20 R W Ik



o 2744 -

[5]

[6]

L7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

HRET A 2024 4 8 A% 40 %% 16 1 ] Mod Med Health, August 2024, Vol. 40, No. 16

R A2 W R 9T 35 B L . v A 5d AR
#,2008,23(3) :235-238.

LI H,ZHANG W,LU Q,et al. Which frequen-
cy of ankle pump exercise should be chosen for
the prophylaxis of deep vein thrombosis[ ] ]. In-
quiry,2022,59:469580221105989.
PARAMESWARAN A,KRISHNAMOORTHY V
P,OOMMEN A T,et al. Is pre-operative assess-
ment of coagulation profile with thrombelastogra-
phy (TEG) useful in predicting venous thrombo-
embolism (VTE) following orthopaedic surgery
[J].] Clin Orthop Trauma ,2016,7(Suppl2) : S225-
229.

CHUNG W S,PENG C L, LIN C L, et al.
Rheumatoid arthritis increases the risk of deep
vein thrombosis and pulmonary thromboembo-
lism: a nationwide cohort study [J]. Ann
Rheum Dis,2014,73(10) :1774-1780.

HUANG M H,BENISHAY E T,DESAI K R.
Endovascular management of acute iliofemoral
deep vein thrombosis[ ] ]. Semin Intervent Radi-
01,2022,39(5) :459-463.

MAUCK K F,FROEHLING D A,.DANIELS P
R,et al. Incidence of venous thromboembolism
after elective knee arthroscopic surgery:a his-
torical cohort study[J]. J] Thromb Haemost,
2013,11(7):1279-1286.

THOMPSON R, CASSIDY R, HILL J, et al.
Are patients with morbid obesity at increased
risk of pulmonary embolism or proximal deep
vein thrombosis after lower limb arthroplasty?
a large-database study[]]. Clin Orthop Relat
Res,2023,482(1) :115-124.

LIAO X,GUO M, WEN ], et al. Pulmonary
embolism caused by tourniquets in the lower
extremities treated with ECMO-A case report
[J]. Heart Surg Forum,2022,25(3) :449-451.
LI T,.YANG S,DOU C,et al. Effects of differ-
ent exercise methods of calf muscles on the he-
modynamics of lower extremity vein[ J]. Phle-
bology,2022,37(6) : 432-438.

LI T, YANG S, HU F,et al. Effects of ankle
pump exercise frequency on venous hemody-
namics of the lower limb[J]. Clin Hemorheol
Microcire,2020,76(1) :111-120.

LIU C,GUAN Z,XU Q,et al. Relation of throm-
boelastography parameters to conventional coagu-
lation tests used to evaluate the hypercoagulable

state of aged fracture patients[J]. Medicine ( Balti-

[15]

more) ,2016,95(24) ;e3934.

BB L R (NN = 3 - S BT 5 T il N R
P I AR TR B A T 5 T/ CD . o ] o 4 A
PRk (BT ,2022,14(4) : 376-378.

[16 ] FUJII T, OHNO N, SAWAZAKI T, et al.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Gravity magnetic resonance imaging measure-
ment of muscle pump change accompanied by
aging and posture[ J]. Jpn J Nurs Sci,2021,18
(3):e12407.

AUFWERBER S, HEIJNE A, EDMAN G, et
al. Early mobilization does not reduce the risk
of deep venous thrombosis after achilles tendon
rupture:a randomized controlled trial[J]. Knee
Surg Sports Traumatol Arthrosc,2020,28(1);
312-319.

SARTORI M,BORGESE L,FAVARETTO E,
et al. Age-adjusted D-dimer, clinical pre-test
probability-adjusted D-dimer,and whole leg ul-
trasound in ruling out suspected proximal and
calf deep venous thrombosis[ J]. Am J Hema-
tol,2023,98(11) :1772-1779.

YAO W,ZHANG K,LV Q,et al. D-dimer-al-
bumin ratio(DAR) as a new biomarker for pre-
dicting preoperative deep vein thrombosis after
geriatric hip fracture patients [J]. J Orthop
Surg Res,2023,18(1) :645-648.

YUNPENG P, LINGDI Y, XIAOLE Z, et al.
Establishment and validation of a nomogram
based on coagulation parameters to predict the
prognosis of pancreatic cancer[ ] ]. BMC Canc-
er,2023,23(1):548-551.
RYU J C,BAE J H,HA S H,et al. Hypercoag-
ulability on thromboelastography can predict
the functional outcomes in patients with acute
ischemic stroke[J]. Thromb Haemost, 2023,
123(12):1180-1186.
WU D,GU H.,TANG Y,et al. Predictive fac-
tors on postoperative venous thromboembolism
after minimally invasive colorectal cancer sur-
gery: a retrospective observational study[]].
BMC Surg,2023,23(1) :85.

GUAN X L,LI L,LI H Y, et al. Risk factor
prediction of severe postoperative acute kidney
injury at stage 3 in patients with acute type a
aortic dissection using thromboelastography
[J]. Front Cardiovasc Med,2023,10:1109620.

(e fa H 1 :2023-12-31 & H#1.2024-02-17)



