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Abstract

Objective: To study the application value of acoustic radiation force impulse imaging (ARFI) on the
changes of tibial nerve elasticity in patients with type 2 diabetes mellitus and peripheral neuropathy.
Methods: Bilateral tibial nerves of 30 healthy volunteers were selected as the control group. Ac-
cording to the clinical history, symptoms and signs of patients, laboratory examination, electrophy-
siological examination and other comprehensive related results, 60 patients with type 2 diabetes
mellitus [with peripheral neuropathy (DPN) group (n = 30) and without peripheral neuropathy
(NDPN) group (n = 30)] were selected as the case group. The tibial nerve 3~5 cm above popliteal
fossa and 3~5 cm above medial malleolus were examined by ARFI imaging, and then the shear wave
velocity (SWV) was measured by acoustic palpation tissue imaging quantitative technique (VTIQ).
Results: SWV of both popliteal and ankle segments in DPN group was higher than that in healthy
control group, and SWV of DPN group was higher than that of NDPN group (all P < 0.05). Conclusion:
VTIQ technique in ARFI imaging can quantitatively evaluate the hardness changes of tibial nerve, the
hardness of the tibial nerve has high specificity in the evaluation of DPN and can quantify the degree
of tibial nerve damage in type 2 diabetic peripheral neuropathy patients.
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1. 518

B B9 J FEL #4599 4% (diabetic peripheral neuropathy, DPN)/Z i R % (diabetic mellitus, DM)f]—F 3 I,
FRAE, H AW FAENE PRI NP =il 60%~90% [1]. DPN W 2R 2 ZFh i fl#fe, BFiszhehise.
PR J H A, H A O R A ze s R M RS 0 IR S SRR BL[2] . E RO IR R A (1) DPN 2 W
D735 W R I oS s s o ARAIE S SR sS40 2 1K) P Al A & A 48 i A B T (neuro-electrophysiological
examination, NEE), {H_ LRV RA — @ RRME, Handa e S5 0 RE, RRe st b s
M RARERAL . TR CA R FARE, WEEMEERAEZ, SRR, 3], BEE AR R R K
RIS WIS AN BT S8, ot JEMRE . T E SRR, TRHAK. SRR A, FEMEIE A A
B A, (AR P T S R 22 400 3 B PP B — R R [4] o SR AR B A A 8 3 75 25 v 1)
F-B, 7 kAR ST 1 i (Acoustic Radiation Force Impulse Imaging, ARFI Imaging) & — g 2 B s 5 14 il
%51, HETZMNHTHRAR. FUIR. BPUE. SEARZE[6] [7], FEAVE . A B ZmAE iz F &b W8).
DPN 5 WL (R B2 KPP0 21 YR/ N 20 21 Y[R I 52 22 (R R8P St it SR AU R PRI . R S JRRE S
2], TR EBHIEIRE R, 5 R K TRARME, GfERME. HESmE, e, Kt
L, HERM AR E RO IL0], RIUA FIZs). R . PERMEERZY 5~6 mm, E7FH,
R A AT Sy BRI AR s HES AR AT R BT i, FAES R SR SEREE, 2B
RERK: MM AERL 2~3mm, TRREHK, BT PE, SUKM S TS R A G E, (AT
WAL, PPERUE 2 TR B R A SRR B 52 K, AFEPE R 22 KR fi[10] [11]. AHF5TiE H ARFI % s
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fihi2 4 2 A% & B oA (Virtual Touch Tissue Imaging and Quantification, VTIQ) M &2 & 41 A\ BE &L s A1
FAVE AR IOREHE BARZ) 2.0 mm, 25T FOR 2 26 BBl R 48 75 AR RE A, W0 U AR AR B e (1 i
MEVERN TN G, KRZWBOE RS PHEIRMA GRS, Jy DPN (2 I i it il 2 %o S0 FF .

2. BRISH%E
2.1. —fRBER

EHL 2021 4F 10 H~2022 45 6 17 8 K5 M @ Be B K 7 15 % Bt Jg Bt o7 v B B A e 1) 60 491 745 4
2020 AF-H AR PR S 2 i R 25 43 2 1) R v 6] 2 R0 AR5 7 6 4 R [ 2] ARDRE FR o KB DA K% [ g A4S 3 30
BN FER G ARBEFIRIF B TEAEAG B oottt A 2 A R . BTl 2 BURE PR 3 38
B2 R A B A SR PRAEAR PEA, K 2 ZRBE PR £ 35 4329 DPN 2H 30 18] B PR s AN B Jo [l 4 222
“H (non-diabetic peripheral neuropathy, NDPN) 30 i, H i —Eg3 &1, & L% DA K 08 14 5 23 35 S A B
R NHEIAT IR A 2 UK AR S ARFI G R 2

22. U#EERZE

f#FHIPEI 17 ACUSON Sequoia #E A2 WT{, 9L-4 LRFEHSk, %A 6~13 MHz, & ARFI 8, W
B VTIQ HiAR, HMEAE Ay mis, AT, ZARE A 2FRIRAS N T3k 24°C~26 CIREEH, T EM,
TRKPARRE, SRELTET I, I 702 (R & R A T R RER I, S P S 7 A A iR 2 il 55 177 3~5
cm AbIRHE, WM IEE . G, BT X REERGAENS, WE 1L EREGSR T
VEdR1%, BETIRARZ > AL, BURMAKADIE, 2N ARFIBER, BUREAE 0.5~25cm, &8 VTIQ, %k
1R B I b O 5 e RAE(20 mis), S6 T VTIQ sl FoREERE, WK 2, HHARMAXIRE
WAL 8 5] — BERME I Fom A BCR S EIG D BOd R, o IEOGER IX (RO e 4 B T AT iR H
RPN, DB DBEEE (SWV), B 7 KA BUERICESE, WK 3. EEIADEML, BURE B 1 e
B, BIRFE BN B E T4 3~5 om Ab, FEATIIEER EBUR A A, DLIE 4. 23BN 2 AT PO EEAT IR

2.3. GrESW

K HI SPSS 26.0 #fF it , tHE TR (X £5)380R, TR %RR, =41m HECR A R
FrESHT, PRI CRG, THEPERLA 2 RG] SWV 152143 TR IIZE(ROC MiZk), WM&#H H &
SRS 2 0] — SR 56 S ] Kappa 734 LA P < 0.05 N ZE A Guit = .

Figure 1. Two-dimensional cross-section of the popliteal
tibial nerve in a DPN patient
1. DPN & — 4 fHE RS EIE
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Figure 2. Quality model of popliteal tibial nerve ARFI
imaging

2. FEERRRMHLZ ARFI FRIEREER

Figure 3. SWV of popliteal tibial nerve was measured
using VTIQ
[E 3. VTIQ M= R R 4 SWV

Figure 4. SWV of tibial nerve in superior malleolar seg-
ment was measured by VTIQ

& 4. VTIQ MIE R LR R #REZ SWV

3. &R
3.1 — AR
Hg 2 BURE R E S (3L 60 191)2) NP 4L: DPN ZH 1 NDPN 2H%% 30 441, i e 2H (7] 391 fi e 4AcAe: A ) 30

DOI: 10.12677/acm.2023.133506 3537 Il R 125 23k i


https://doi.org/10.12677/acm.2023.133506

151 . DPN 244 1 25 3394 9 8.09% + 1.42% (1E 7 {H 4.0%~6.0%), NDPN ZHF# 4k ML 21 5 39{E N 8.14%
+1.28% (IF# {5 4.0%~6.0%), Xt H&ZURE (b M1 21 2 (1 34{E N 4.57% + 0.98% (IE# {H 4.0%~6.0%), #4184
W YRR B RRES - RERHT IR, ZE RS ERE (P > 0.05).
3.2. HMERGRKRE

3 HNBEAT IR HE . B EB ARFI K2, VTIQ BIRTHESE AR, 3 4L BEA A 7 Il &
GERE R TG (33 P > 0.05). DPN ZHE B 8RB SWV 5T NDPN A fi# BExt #2H, NDPN 4H
JIE B A R E B SWV i T FExt FRZH(P < 0.05), L3 1. K 30 41l DPN &2 (60 22 #48) 5 30 5] NDPN
(60 2K R I BLIR #2825 B L B R AP B PE(E 2 ROC 2k, JIH B iRt il 28 R T FH o 0.822 (P <
0.001), fAEakki{t N 2.16 m/s I, HBUREE N 0.70, #31EN 0.88; B LJRmL ik N fH A 0.793 (P
<0.001), #fEAMTE Yy 2.36 m/s I, HEUKEEN 0.68, HrEh 0.88, WK 5.

ROC H £k

M 25 SRR
fEswv (m/s)
— Bswv (m/s)
S

0.0 0.2 0.4 0.6 0.8 1.0
1-55H
W RBEBHEEER,

Figure 5. ROC curve of SWV value of tibial nerve popliteal segment and superior ankle segment in
DPN patients
5.DPN BER#MZMEER. BRER SWV {E ROC #h%k

Table 1. Comparison of general data and ARFI imaging parameters in DPN group, NDPN group and healthy control group
F 1. DPN %H. NDPN 4H. RABMIBE—MRIIRLS ARFI RIS HELIR

2H ) X HEZH NDPN 41 DPN 41 P 1H
E#(R) 56.37 + 11.03 58.67 + 10.59 59.73 +9.97 >0.05
BMI (kg/m?) 24.91+1.20 24.95+1.41 25.37 +1.78 >0.05
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Continued
BE PRI 52 (4F) 5+2.36 13.33+4.52 <0.05
I & (mmol/L) 5.32 +0.42 9.93+1.77 16.6 + 2.3 <0.05
HEAL I 212 (1 (%) 457 £0.98 8.14 +1.28" 8.09 + 1.42" <0.05
i B B R AR SWV (ms) 1.91+0.07 2.04+0.13" 2.26 +0.18™ <0.05
T HEB AR SWV (ms) 1.91 +£0.07 2.05+0.12" 2.23+0.16™* <0.05
T R SWV (mfs) 1.99 +0.07 2.23+0.11" 2.47 +0.27* <0.05
T ER L IRAZE SWV (m/s) 1.99 +0.06 2.25+0.10" 2.48 £0.27™* <0.05
X He4itbE:, P <0.05; 15 NDPN 41H4:, *P <0.05.
4. +ig

BT, &K DPN iZWi 722 I RSEAR VAL S5 A A A, AEHERR At 51 2 i) Jil Bl poh 48 528 I
SEEMATEIRVE 7 RIEAT VRN [12], GIEHHRGAERR. 20D IR RE[13]55 . WA AR
ISR AP TER NS W A i, 2 AR B I B8 UL VT S e 8 DL S UL LA B, (HS R
eI H B ARG B, WEEMEREZE, BEES NI, I EEE R,
HE R BRI — T B 200, oVl RN e B s A ThRe B L, H# B H A S E% . DPN 767K
A F AR AR AT R B R 5] SN I SR B K TR R, L AR S R R RE 20 A b B AR, 5
PRI A BEERH[14]: MEMIZE RIS, TRRLEKMEEE, SEEHE. MK,
PRZE N PRI =, PRSTEREIG N, BPERRAG: IR, I & A S8 E v 2 A0 ik 2 5] A 24 N iR
M5 K A2 AL N B 41475, SR B, Bhe. Ttk, S iEd— L nm[15]). &
DM i AR 1t e B UM PRI RP A AE, AN T IR, FR e K i S, AL AR RESE ™ 8, %
DA BT, BEEIAUZ AP, HRERY &, #tE R

BEA& B R R R, RS AR S T A 22 140 T R SR L TE 2 2 Wik 4, O DPN L2, ik
JTHEAERE BN[16]. AT A RETE 4k F M BoR IR E K/, TEA . BAT. WEBE . MEATE R, XxF
JE AR A VA B2 I AT HH — K25, O DPN (2R L S48 Bh[17]; fEObIRR b, st % A
YT 58 F o A R LA B B, A DPN 2 I B (R 50 S e[ 18]

VTIQ HiARIEE 2 I B R0 22 BT V) AL 4R T (SWV) /E B/ T IR A 1, SWV R s 22 1 5 o
ST AL R R, UL A S UE RO, AR ZE[19]. M T LR VTQ Bk, 4i/hT
IFERETAN, H SR AR A 2 R U &, BE 7 (0. v e R LA FERE A . ANHF 50 iE X
30 5] DPN %% . 30 {4l NDPN 5%, 30 filfg e fAk AAEL 180 kIR E By B BB o i T SWV 43
BT, R IR E B & B Bt DPN 2H A2 NDPN 41 SWV ¥ T8 Bt R 40, 1 DPN 41 SWV X & T NDPN
W, ZERWERFE S FERG LA, TR S a2 00 B BOHT R IURE RIS LA % ifi R 42 i) R AR
(i3 SWV B3 & — AR vh 208 B 5 BR EBOS R b, RILER BB Swv B2 TIEEL, ROC
M pras REoR, B EBBURER T3 LB, R MEAHRET, R ARFI HAR N &R0 £ h
AR USRI SRR 7 %R 12 1B DPN.

ZER IR, DM BRI T2 M B 2 R B SWV ¥ T FExt R4, 158 DM JmfEit g,
DPN ZH e p2 SWV & T NDPN ZHi3s, SWV S Rnph 2N, #0 RF%, JC DPN iR
(1) DM B R A m, RUMAECEZ RN IRIERE . B 2 NE B e U B & TR E By
FrRA, JEBRMEET BN TE, AR, WERE. MBS E e FE LB, 4 Sk s
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o JEBOIE A28 R Rl A T 22 2 B BRI TSR, 180 2% et fiE BURS b [ A 4220 4.3 mm,
FAVE R I HE EARZ) 1.8 mm, BEAERIE T HARthry, Sl E(EER: 2R EBIR e B 2a T
ML, AL MR, M2 E#E (4 34 %) ZBIRMAE 2 AMNITE, 180 JIetae Bk b B il i d it
2)3.0mm, BUEHEERESE B T At N, (B5HEEAMER, 2 AL TIORTIEE, 1 HizB
IR AAEAT S5 IR R ShE K SR KA, S A sk ah & DU & B i ], FrillE SWV BLE &
B BiEAZe . KR IR EBURMIE SWV Pt ZEms KT IEB I 2e, SR BORE DMK, DL DPN 41 &
o

AHFCRRIRE: 1) ABFTREARRRN, iAW S F — &% I NDPN it 5] DPN i 2 i
LA, TR AR TERE AR, DLHORIEA R, NG R AR 2) AT LR
2 A B A IR AAEIRIE N DPN AL 44k Hs, SR = 1 A HI A i i 2 RS e Wi il 3) AT
TN o] B A 28 b T IR AR AR REAT W T, AT 53t — 20 Mo b 7 5 51 A6 532 14 J Bl o 2 (15 P e
2oy ML IR AESE)MTERG VAL SRE T, RIEAEREEE

5. B4

ZE L RTIR, IR VPAY LA R AP £ B AR BRAS XA 12 1) DPN i3 IR 2o 0 i B 1=y, NDPN 458 2 fig wh
A EISCT DPN 41, W@ TRt figl, XKW NDPN 4183 EoR R B A Bl S 5 F R,
{E PR 2R 52 B B 2 o st Ve g &, E B #2200l A TR B . ARFI AR BRI i
AT BRI A, Bfe S RSB 26 T AN 2RSS R, VTIQ HoRse kit =
R B RFR AL, BB B AER e B TR 2 MRS . H T O 2 05 o 7R B sk B n] LA BhiZ
DPN [20], 45&FIH ARFI % VTIQ Hi AT LA DPN IG5k . SIS IR IRTIBG . F25. 1697
PR S 5.

&5k

[1] Jr., P.W. and Upender, R.P. (2003) Medical Evaluation and Treatment of Diabetic Peripheral Neuropathy. Clinics in
Podiatric Medicine and Surgery, 20, 671-688. https://doi.org/10.1016/S0891-8422(03)00068-5

[2] HhAEERZSSMERVIY 2. RE 2 BB BE TR (2020 EAR) [J]. HHAEREIRE A% &, 2021, 13(4): 315-409

[3] De Souza, R.J., De Souza, A. and Nagvekar, M.D. (2015) Nerve Conduction Studies in Diabetics Presymptomatic and
Symptomatic for Diabetic Polyneuropathy. Diabetes Complications, 29, 811-817.
https://doi.org/10.1016/j.jdiacomp.2015.05.009

[4] WS, BGOSR, B LR A A0 12 W RS I R R R [0, Hh R A R AR HOR, 2017, 33(11):
1720-1723.

[5] Nightingale, K. (2011) Acoustic Radiation Force Impulse (ARFI) Imaging: A Review. Current Medical Imaging Re-
views, 7, 328-339. https://doi.org/10.2174/157340511798038657

[6] Matsuda, E., Fukuhara, T., Donishi, R., et al. (2021) Clinical Utility of Qualitative Elastography Using Acoustic Radi-
ation Force Impulse for Differentiating Benign from Malignant Salivary Gland Tumors. Ultrasound in Medicine and
Biology, 47, 279-287. https://doi.org/10.1016/j.ultrasmedbio.2020.10.007

[71 Chandramohan, A. (2022) ARFI Elastography in Chronic Hepatitis B Virus Infection—The Sources of Variations. In-
dian Journal of Radiology and Imaging, 32, 285-286. https://doi.org/10.1055/s-0042-1757423

[8] Harish, C.S., Dixit, R., Singh, S., et al. (2020) Sonoelastographic Evaluation of the Achilles Tendon in Patients with
Type 2 Diabetes Mellitus. Ultrasound in Medicine and Biology, 46, 2989-2997.
https://doi.org/10.1016/j.ultrasmedbio.2020.07.023

[9] Dikici, A.S., Ustabasioglu, F.E., Delil, S., et al. (2017) Evaluation of the Tibial Nerve with Shear-Wave Elastography:

A Potential Sonographic Method for the Diagnosis of Diabetic Peripheral Neuropathy. Radiology, 282, 494-501.
https://doi.org/10.1148/radiol.2016160135

[10] Z=#f7%, £, R, & TR BT Ul gt st 3 A [FIFE B0 R 7 A BB 4 2008 48 H 2 W e A [9]. Bk
B2k, 2022, 51(9): 1102-1105.

DOI: 10.12677/acm.2023.133506 3540 Il R 125 23k i


https://doi.org/10.12677/acm.2023.133506
https://doi.org/10.1016/S0891-8422(03)00068-5
https://doi.org/10.1016/j.jdiacomp.2015.05.009
https://doi.org/10.2174/157340511798038657
https://doi.org/10.1016/j.ultrasmedbio.2020.10.007
https://doi.org/10.1055/s-0042-1757423
https://doi.org/10.1016/j.ultrasmedbio.2020.07.023
https://doi.org/10.1148/radiol.2016160135

e 2

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Uceyler, N., Schafer, K.A., Mackenrodt, D., et al. (2016) High-Resolution Ultrasonography of the Superficial Peroneal
Motor and Sural Sensory Nerves May Be a Non-Invasive Approach to the Diagnosis of Vasculitic Neuropathy. Fron-
tiers in Neurology, 7, 48. https://doi.org/10.3389/fneur.2016.00048

Wang, L., Guo, S., Wang, W., et al. (2022) Neuropathy Scale Score as an Independent Risk Factor for Myocardial In-
farction in Patients with Type 2 Diabetes. Diabetes/Metabolism Research and Reviews, 38, e3561.
https://doi.org/10.1002/dmrr.3561

Wang, F., Zheng, M., Hu, J., et al. (2021) Value of Shear Wave Elastography Combined with the Toronto Clinical
Scoring System in Diagnosis of Diabetic Peripheral Neuropathy. Medicine (Baltimore), 100, e27104.
https://doi.org/10.1097/MD.0000000000027104

Hassan, A., Leep Hunderfund, A.N., Watson, J., et al. (2013) Median Nerve Ultrasound in Diabetic Peripheral Neuro-
pathy with and without Carpal Tunnel Syndrome. Muscle & Nerve, 47, 437-439. https://doi.org/10.1002/mus.23677

Dejgaard, A. (1998) Pathophysiology and Treatment of Diabetic Neuropathy. Diabetic Medicine, 15, 97-112.
https://doi.org/10.1002/(SICI1)1096-9136(199802)15:2<97::AID-DIA523>3.0.CO;2-5

Dhanapalaratnam, R., Issar, T., Poynten, A.M., et al. (2022) Diagnostic Accuracy of Nerve Ultrasonography for the
Detection of Peripheral Neuropathy in Type 2 Diabetes. European Journal of Neurology, 29, 3571-3579.
https://doi.org/10.1111/ene.15534

Huang, H. and Wu, S. (2021) Application of High-Resolution Ultrasound on Diagnosing Diabetic Peripheral Neuropa-
thy. Diabetes, Metabolic Syndrome and Obesity, 14, 139-152. https://doi.org/10.2147/DMS0.5292991

Zakrzewski, J., Zakrzewska, K., Pluta, K., et al. (2019) Ultrasound Elastography in the Evaluation of Peripheral Neu-
ropathies: A Systematic Review of the Literature. Polish Journal of Radiology, 84, e581-e591.
https://doi.org/10.5114/pjr.2019.91439

B, BRAL, By, SEFW, S8 AR REITAL 2 UM IR B R AR R R A L]. R A
k&, 2018, 47(11): 163-167.
2, BRERI. A ERE PR R AR A A g B R R I]. R E A N8 5 1R 9T 44, 2020, 17(8): 498-501.

DOI: 10.12677/acm.2023.133506 3541 Il R 125 23k i


https://doi.org/10.12677/acm.2023.133506
https://doi.org/10.3389/fneur.2016.00048
https://doi.org/10.1002/dmrr.3561
https://doi.org/10.1097/MD.0000000000027104
https://doi.org/10.1002/mus.23677
https://doi.org/10.1002/(SICI)1096-9136(199802)15:2%3C97::AID-DIA523%3E3.0.CO;2-5
https://doi.org/10.1111/ene.15534
https://doi.org/10.2147/DMSO.S292991
https://doi.org/10.5114/pjr.2019.91439

	声脉冲辐射力成像对2型糖尿病周围神经病变胫神经的研究
	摘  要
	关键词
	Study of Tibial Nerve in Type 2 Diabetes Mellitus Peripheral Neuropathy by Acoustic Radiation Force Impulse Imaging
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 一般资料
	2.2. 仪器与方法
	2.3. 统计学分析

	3. 结果
	3.1. 一般资料比较
	3.2. 弹性成像检查

	4. 讨论
	5. 总结
	参考文献

