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ABSTRACT Objective: To study the clinical value of applying shear wave elastography technology to assess muscle tension and
muscle stiffness in stroke patients with hemiplegia. Methods: Seventy-nine stroke patients with hemiplegia who were treated in our
hospital from March 2019 to February 2021 were selected as the research objects, and the healthy side (unhealthy side) and the diseased
side (affected side) of the two heads of the brachial head of all the subjects were detected by ultrasound. The Young's modulus values of
the muscles, brachialis and brachioradialis in the relaxed and stretched positions were compared and analyzed. Results: In the relaxed
position, the Young's modulus of the biceps and brachioradialis on the affected side of stroke patients was not significantly different from
that of the healthy side (P>0.05), while the Young's modulus of the affected side of the brachial muscle was significantly lower than that
of the healthy side. The healthy side (P<0.05). In the stretching position, the Young's modulus of the biceps, brachialis and brachioradialis
on the affected side of stroke patients with hemiplegia was significantly higher than that of the healthy side muscles (P<0.05); and the
difference in Young's modulus of the biceps, brachialis and brachioradialis in the relaxed and stretched positions of stroke patients with
hemiplegia was also significantly higher than that of the healthy side muscles (P<0.05). In addition, there were significant differences in
Young's modulus of biceps, brachii and brachioradialis in stroke hemiplegia patients with different modified Ashworth muscle tension
classifications (P<0.05), and the Young's modulus of the affected brachialis and brachioradialis muscles were significantly different. The
modulus value increased with the increase of modified Ashworth muscle tone. Conclusion: Shear wave elastography technology can be
used to evaluate the muscle tension and muscle stiffness of stroke patients with hemiplegia to guide clinical rehabilitation.
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Table 1 Comparison of Young's modulus values between the affected side and the contralateral muscle in the relaxed position

Groups Healthy side Diseased side t P
Biceps 14.72+6.51 14.43+6.39 0.627 0.342
Brachialis 17.82+6.84 13.87+6.82 7.261 <0.001
Brachioradialis 11.24+3.23 10.42+3.81 1.284 0.063
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Table 2 Comparison of Young's modulus values in the stretched position of the affected side and the contralateral muscle

Groups Healthy side Diseased side t P
Biceps 40.04+17.11 61.99+26.23 15.629 <0.001
Brachialis 48.90+16.15 104.89+40.38 12.428 <0.001
Brachioradialis 33.82+18.24 74.70+31.71 22.371 <0.001
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Table 3 Comparison of the difference in Young's modulus between the affected side and the contralateral muscle

in the stretched-relaxed position

Groups Healthy side Discased side t P
Biceps 25.32+15.32 47.56+19.54 19.287 <0.001
Brachialis 31.08+14.82 91.02+35.21 13.191 <0.001
Brachioradialis 21.88+13.57 64.28+25.07 16.726 <0.001
x4 BRI REE SMR Ashworth B3 18948 K 1%
Table 4 Correlation of the Young's modulus and the modified Ashworth muscle tension
Groups Level 1 Level 1+ Level 2 Level 3 F P
n 16 32 4
Biceps 27.16+6.82 62.04+19.67 68.91+40.32 73.56+40.18 18.627 <0.001
Brachialis 39.82+15.62 95.82+36.72 134.51+42.82 237.80+43.88 19.672 <0.001
Brachioradialis 25.64+7.92 70.58+35.64 92.52+41.18 183.62+59.67 24318 <0.001

3 itig

fizEd, RRHP R, SRR BT R, R Bk
B EZRN, o AR E R AL T AE PR, ARG -
VAT T2 BN TR SR IAE 1) R 1 L 3 AR YT R XU R R A 22
PRI BRI R LA o 2 Y 60 %~80 Y% , A4 it 1L P
i A e T P R e I 4, AR DGR A« B AR T S R N
A e 22 0 2 R R ALE R B A [ AR A 2.5 4K
A, T ELX AN BT IR ARG, v 2R i A 22 X
I B e A TR IR A I 012 UL PR R 2R SR I A v B 3 o
I RIEZ — o WATREG AR R kA 5, 24
65 %R F s NN, A B ER 2B Xt i 2 vy R 2 4
W GBS IIRERYIRE X B E A G B RE 1 A AR, H
KGR AR R 2 LR 2245, DT RS B 3 e  EAE
FEOLHRE R RIEL .

EHT, I PR X T LR ZE AT 2 Bl [ S A 5
F SR 5950 i D 75 ZEAR Y B 1 i e, SR, ERT
I PR I = e — e W RPEM ALK T, FRanes R Ash-
worth /33 . MR Tardieu 743 LA K Clonus FF/rH
2, XL TP B R IT-Hr 45 S AR 5 3296 ORI DR 5 A= 300
s A LT R ErPaN gl NSRS S 3 Rl b U ey by
R R)—FP A HOR R BTSRRI W RN, H R s
LI e v R AR AR 55 Y03, SR 5 IR G e A A T
Y ZH 2P I S H O, BRI T TSR ML R G SR X 38 4%
PR (BT T30 Hh R L ZRAE A ZH S AL PR 3 g7,

T A Rl B A BRI A e ) B i B
PR, B R B R R i, BV ) R AETEAR S T
JULPRE %5 UL IR ) T 8 D e R 4 B SR, OF H B A Wk
ARSI B A E P, Rl SWE I & 8L
TR 47 COA i B PPN LR DO RBARAS S, ARG 5T 45 3
I A e (g SRE S8 O R AR TR S AR B LA P o o SR T
g, i AE B AR AT AL Sk AL I IURIRE AR A UAS FC A i
00 3 T REMILA , X 5 382 [ P4 N R ge 4 2R — 3L,

IBIFSEIHT SWE HEAAGI ki A v £ 87 il — Sk UNURE B2 % B,
HR 2 r R R ZE 2 i Sk L2 SWE A A IR B fE & T
ARFEZEM M-S A KB FEE R A, P8 bl S AR R B
TERCSRAS T Ui 0 B2 ) B2k — Sk LZe SWE 1534947 [K
Rt R R T AR 2R, 1A ST A e M A TERL AR T A
I 22 5, X AT S5 PRI LA I g iR AN [l T 5 i (A
WS R, TSR 5 Pl S LA 680

FINADWFE T, AF SR Ashworth LK 373207 o
BB BMNE SR AL, BEAUIEBR LI RS T 22 SWE MiI15319
W BB EAF AR 5 22 5%, P HIIBEMC R Ashworth JJL3K ) 73
SR M X5 R PR NI AR — B, AR R
B - 30 {3 fo 2 v L0 i — Sk U LA PR ek 5 24 B Ash-
worth JJL5K /3739 (MAS ) B 2 1EAR G, RIULA 2 R Ashworth L
5K 1 Gty , otz IR REBOR . AHSCHFSE W - LA AL T4
MRS , M2 S 332 B , 2 1S o 220 4 Ay 1k
SR, Fe A BUUL AR RE e VLA RERE S N, R I AS R E 5
TERLARRS T I A5 A AL P A ERASE e o T RO AR AR, i
S, B BB R B IE N, 2 v 8 A R 2R B LA L 2L iR s
FUULPA & N, it S BURE WA 2T LA HUAR AR
FNARRRES Y S He AR, e 245 RS JUL PA R B o, St S il 4 v
B SWE AR [CAR B LRk R Ashworth LK 77 73 2138
g I o SR PR o0, (TG4 Hh R R AR ST A AE — LA
B AR R AREAR AT, WFFE S5 ATY i AEAS IR IR
HARIIE 55— PR R AR Ashworth JJLTK 3532 3 242U
A T LM R SEW X AR R Ashworth LK 775344 3
O E 3 7SN

L bR AT S SRR - B s AR BRI T
VA A P e 8 2 1L S L B LA LR UL RS | 124
ARG S A Fp (i e AL I PR A A B0

£ % 3T ik ( References)

[1] Whitney E, Khan Y R, Alastra A, et al. Contrast Extravasation Post

Thrombectomy in Patients With Acute Cerebral Stroke: A Review

and Recommendations for Future Studies [J]. Cureus, 2020, 12 (9):

e10616



- 1242 .

MREYESHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol22 NO.7 APR.2022

[2] Andrianov V V, Kulchitsky V A, Yafarova G G, et al. Content of nitric
oxide and copper in the olfactory bulbs of the rats brain after
modeling of cerebral stroke and intranasal administration of
mesenchymal stem cells
Microcirculation, 2021, 20(2): 77-86

[3] Cao L M, Dong Z Q, Li Q, et al. Treadmill training improves

[J]. Regional Blood Circulation and

neurological deficits and suppresses neuronal apoptosis in cerebral
ischemic stroke rats[J]. Neural Regen Res, 2019, 14(8): 1387-1392

[4] Chae H, Ryu MH, Ma J, et al. Impact of L-carnitine on

[}

imatinib-related muscle cramps in patients with gastrointestinal
stromal tumor(J]. Invest New Drugs, 2020, 38(2): 493-499
[5

[}

Y Jin, Jin X, Li J. Fu's subcutaneous needling and constraint-induced
movement therapy for a patient with chronic stroke: One-year
follow-up case report[J]. Medicine, 2019, 98(8): 13918

[6] Okada R, Suzuki K, Ito Y, et al. Profiles of advanced hepatic fibrosis

—_

evaluated by FIB-4 index and shear wave elastography in health
checkup examinees[J]. Renal Failure, 2020, 29(8): 967-972

[7] Xue X, Xue S, Wan W, et al. HIF interacts with Kindlinand influences
breast cancer elasticity: A study based on shear wave elastography
imaging[J]. Cancer Med, 2020, 9(14): 4971-4979

[8] Saadi T, Khoury J, Toukan W, et al. Point Shear Wave Elastography

—

for Assessing Liver Stiffness in Chronic Liver Diseases of Different
Etiologies Compared to Biopsy [J]. The Israel Medical Association
journal: IMAT, 2021, 23(4): 223-228

[9] DuLJ, Wen H, Cheng L G, et al. Ultrasound shear wave elastography
in assessment of muscle stiffness in patients with Parkinson's disease:
a primary observation[J]. Clin Imag, 2016, 40(6): 440-444

[10] Kuriakose D, Xiao Z. Pathophysiology and Treatment of Stroke:
Present Status and Future Perspectives[J]. Int J Mol Sci, 2020, 21(20):
7609

[11] Liu L, Chen W, Zhou H, et al. Chinese Stroke Association Stroke
Council Guideline Writing Committee. Chinese Stroke Association
guidelines for clinical management of cerebrovascular disorders:
executive summary and 2019 update of clinical management of
ischaemic cerebrovascular diseases [J]. Stroke Vasc Neurol, 2020, 5
(): 159-176

[12] Tang C, Liu, He Y, et al. Association between extreme precipitation
and ischemic stroke in Hefei, China: Hospitalization risk and disease
burden([J]. Sci Total Environ, 2020, 732(25): 139272

[13] Liaw MY, Hsu C H, Leong C P, et al. Respiratory muscle training in
stroke patients with respiratory muscle weakness, dysphagia, and
dysarthria - a prospective randomized trial [J]. Medicine, 2020, 99
(10): €19337

[14] Rahimi M, Honeycutt C F. StartReact increases the probability of
muscle activity and distance in severe/moderate stroke survivors
during two-dimensional reaching task
Research, 2020, 238(5): 1219-1227

[15] Restivo D, Pavone A, Gullo D, et al. Botulinum Toxin For Muscle
Cramps Associated With Diabetic Neuropathy: A Double-Blind,
Placebo-Controlled Study (S20.006)[J]. Ann Neurol, 2018, 84 (5):
674-682

[16] Blumetti F C, Belloti J C, Tamaoki M J, et al. Botulinum toxin type A

[J]. Experimental Brain

in the treatment of lower limb spasticity in children with cerebral

palsy[J]. Cochrane Database Syst Rev, 2019, 10(10): CD001408

[17] Okada R, Suzuki K, Ito Y, et al. Profiles of advanced hepatic fibrosis
evaluated by FIB 4 index and shear wave elastography in health
checkup examinees[J]. Renal Failure, 2020, 29(8): 967-972

[18] Ahmed R, Ye J, Gerber S A, et al. Preclinical imaging using single
track location shear wave elastography: monitoring the progression of
murine pancreatic tumor liver metastasis in vivo [J]. IEEE
Transactions on Medical Imaging, 2020, PP(99): 1-1

[19] Yoshikawa M, Ishikawa T, Ohno E, et al. Variability measurements
provide additional value to shear wave elastography in the diagnosis
of pancreatic cancer[J]. Scientific Reports, 2021, 11(1): 7409

[20] Czichy C, Spangenberg J, S Giinther, et al. Determination of the
Young's modulus for alginate-based hydrogel with magnetite-particles
depending on storage conditions and particle concentration[J]. ] Magn
Magn Mater, 2020, 501(5): 166395.1-166395.6

[21] Y Leng, Wang Z, Bian R, et al. Alterations of Elastic Property of

Spastic Muscle With Its Joint Resistance Evaluated From Shear Wave

Elastography and Biomechanical Model [J]. Frontiers in Neurology,

2019, 10(10): 736-742

Ogneva 1V, Lebedev D V, Shenkman B S. Transversal Stiffness and

Young's Modulus of Single Fibers from Rat Soleus Muscle Probed by

Atomic Force Microscopy[J]. Biophysical Journal, 2010, 98(3): 418-

424

[23] De-Giorgio F, Ciasca G, D'Amico R, et al. An evaluation of the

[22

—

objectivity and reproducibility of shear wave elastography in

estimating the post-mortem interval: a tissue biomechanical
perspective[J]. International Journal of Legal Medicine, 2020, 134(4):
1-10

IEE, FIR, XA EF. Tk AR &b m st i &5k
Sk WLER E E A e 2 BRAE )], A E B IR F 4R, 2020, 41(8)
760-763, 768

[25] &&, F4ET, XER, F. FE T i R A F R R P
J6 LR ENCR AR E A B RMAE [T]. A é B B E 25, 2020, 22(6):
592-596

Huang M, Miller T, Ying M, et al. Whole-body vibration modulates

[24

=

[26

)

leg muscle reflex and blood perfusion among people with chronic
stroke: a randomized controlled crossover trial [J]. Scientific Reports,
2020, 10(1): 1473

[27] Lee S, Jakubowski K L, Spear S C, et al. Response to Letter to the
Editor for Manuscript "Muscle material properties in passive and
active stroke-impaired muscle"[J]. Journal of Biomechanics, 2019, 27
(93):232

[28] Lecharte T, Gross R, Nordez A, et al. Effect of chronic stretching
interventions on mechanical properties of muscles in patients with
stroke: a systematic review [J]. Annals of Physical and Rehabilitation
Medicine, 2020, 63(3): 222-229

[29] Menon R G, Raghavan P, Regatte R R. Pilot study quantifying
muscle glycosaminoglycan using bi-exponential Tlp mapping in
patients with muscle stiffness after stroke[J]. Scientific Reports, 2021,
11(1): 13951

[30] Einarsen E, Gerdts E, Waje-Andreassen U, et al. Association of
increased arterial stiffness with diastolic dysfunction in ischemic
stroke patients: the Norwegian Stroke in the Young Study [J]. Journal
of Hypertension, 2019, 38(3): 1



