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A Prospective Study of Biceps Brachii Muscle Stiffness in Parkinson’s Disease Patients
Measured by Ultrasound Shear Wave Elastography
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[Abstract]

In patients with Parkinson’s disease (PD), the relationship between biceps brachii muscle stiffness measured by ultra-
sound shear wave elastography (SWE) and upper extremity rigidity score (indicating severity) evaluated by the Move-
ment Disorder Society-Sponsored Revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) is unclear. This
study measured biceps brachii muscle stiffness by ultrasound SWE and scored upper extremity rigidity based on the
MDS-UPDRS in 43 patients with PD. Factors affecting muscle stiffness measured by SWE were identified using multiple
regression analysis. Threshold values of muscle stiffness (SWE) were also calculated for each upper extremity rigidity
score (MDS-UPDRS). This study comprised 43 patients with PD: 20 men and 23 women.The MDS-UPDRS upper extremity
rigidity scores 2 and 3 were identified as factors affecting muscle stiffness measured by SWE.The results suggest that the
threshold values of muscle stiffness measured by SWE in the dominant arm can be used to determine the MDS-UPDRS
upper extremity rigidity scores 1, 2,and 3.

[E E]

N—=F2V iR (PD) BED LB ZIERHICHISDEBE Kshear wave elastography (SWE) [C &K 2EEE E, MDS-UPDRS LR
OFRAIOEEE (=) COBKIFAESHNTIIARL. PDEEISAIC LB ZEHDSWEIC K 2HEEAIE S, MDS-UPDRS EE®
FaRI 0= L. EREAINICEDSWEICK2HBEICHEZSR DRFERE Ui, KHBRAIDOETRICHIFDISWEICK
PHEEOREZEL Ui, EROFHEAIDFSR2E31E, SWECLDHBEEICHEZSZDRFTHo. BINERDSWEIC KD
WEOBREZAWVT, LFEROHRREITI~3DZ/FREZHATESDaRENREEIN/ .

SR & IEIROTCE L IIRRETDH O, By L BY
ZE)» LICEMCHILE LT U OGNS, Fidilia % <

1. &

il

2R—% v 9% (Parkinson’s disease (LLF, PD))
1, OEEEREG, TEBEE, AERE (R, BB
BIBEE R U L 3 2 AT IS T H 2 Y.

KOBAYASHI Satoshi”, KASAI Kenji”,
YABE Hitoshi”, IMAO Masashi?,
HASHIMOTO Yuji, M.D., Ph.D.”,
ICHIKAWA Tadashi, M.D., Ph.D.”

1) Department of Radiology, Saitama Prefectural
Rehabilitation Center

2) Department of Physical Therapy, Saitama
Prefectural Rehabilitation Center

3) Department of Radiology, Faculty of Health
Sciences, Tsukuba International University

4) School of Radiological Sciences, Faculty of
Health Science, Gunma Paz University

5) Department of Neurology, Saitama Prefec-
tural Rehabilitation Center

Received February 28, 2022; accepted December 8, 2022

DEZTHEAZEDRD OGN, EAIEHEEZEC TR
ETHd I EHH?,

TEEPREIR I & OIFEBHEIR % 15 7RO FHIEH H
» 6, PDOEFELREZ FHl 4 2 BRIHE £ LT, Fahn
LIZX VIRBS NI S—F v Y VIR A 7 — v
(Unified Parkinson’s Disease Rating Scale (DLF,
UPDRS))? %, Z D%, Movement Disorder Society
(MDS) (= & b %ET S fi7c MDS-UPDRS ¥ #3 it 12
A B 3 L g C IV 6 1T v 5. MDS-UPDRS
FPart I L VTHEKSATU2 Y. KPartld, 1:
HEEI 360 2 IREEREIR, 1T @ HWEAE TREBR
2 MEFEIRO M, M : EHREIROHA, IV @ #EEH
PHAE £ 72 > T 5. Part MOHNUZ ORI O FhE
FERHN (3.3) HEAET 2 Y. EREO MR O AR 1,
T 220 ks, 1 SR, 2 B, 3
B, 4 WEOSBERTHAT 2 (Table 1)

A €5 (565)



$ ﬂﬁ' Arts and Sciences

Table 1 MDS-UPDRS rigidity scoring criteria for upper extremities”

0: Normal:  No rigidity.

Instructions to examiner: Rigidity is assessed on slow passive movement of major joints with the patient in a
relaxed position and the examiner manipulating the limbs and neck. First, test without an activation maneuver. SCORE
Test and rate the neck and each limb separately. For the arms, test the wrist and elbow joints simultaneously. If
no rigidity is detected, use an activation maneuver, such as tapping fingers, fist opening/closing, or heel RUE
tapping, in a limb not being tested. Explain the patient to go as limp as possible as you test for rigidity.

1: Slight: Rigidity only detected with activation maneuver.

2: Mild: Rigidity detected without the activation maneuver, but full range of motion is easily achieved.
3: Moderate: Rigidity detected without the activation maneuver; full range of motion is achieved with effort.
4: Severe:  Rigidity detected without the activation maneuver and full range of motion not achieved.

LUE

Note: MDS-UPDRS, Movement Disorder Society-Sponsored Revision of the Unified Parkinson’s Disease Rating Scale;

RUE, right upper extremity; LUE, left upper extremity.
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Fig.1

Measuring muscle stiffness by SWE in lon-
gitudinal plane of biceps brachii

Muscle stiffness (Young’s modulus) was measured at the
middle portion of the biceps brachii muscle belly where the
muscle bundle was the thickest'”. SWE has three image
display modes (propagation velocity, muscle stiffness, and
propagation [arrival time contour]). The left image (1a)
is the muscle stiffness display mode, and the right image
(1b) is the propagation display mode. The propagation
display mode shows shear wave propagation within the
muscle tissue as a moving image (1b). The color box
superimposed on the B-mode scan image represents the
region of interest (ROI) (1a). Muscle stiffness (Young's
modulus) values are represented by the color scheme
in the ROI box, where blue indicates soft tissue and red
indicates hard tissue (1a). A 5-mm diameter circle was
placed within the ROI for quantitative measurement'® .
Muscle stiffness (Young’s modulus) is calculated within the
circle (1a). Muscle stiffness measurements were obtained
three times both in the left and right biceps brachii of
each patient'® ¥,

R L7292 oy &5z, bivb AU lE
HIWIFE & AFZEIAR M5 & T 2 3 1191922 2
> TR R FERL 72, RIZ, BHIIEZNET 5700
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) BEEET 5. Fig A LM (1a) (XAFREEE R
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=T 2 YW 2 BhEif% & L CFoR& 5 (Fig.1b).
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Fig.2i2, PD %O MDS-UPDRS F D5l D
ZAFMC I A SWEL L 2 (v 2'%) R
T. Tb b, PDEZOL EEOFEMOFEM 3T
24 P OB 2 DWW TR L T 5. AR,
e VI D R O FF F 9 % e LB O R R
OV THRLTYS (Fig.2). F 72 IR
% (Control) ® FREFE (2411 5 SWE I X 2 fhfill
ELRL T3, PDEFED LB OFIRR D4
3517 % SWEIZ & 2 fiEIE, §F110:49.66 [40.80~

Table 2 Clinical characteristics of the PD and
control groups

Item Control PD
(n=12) (n=43)  P-value

Age, mean+=SD  67.9%153 69.7£8.3 p=.05
Female sex, n(%) 7(58.3%) 23(53.5%) p=.05
Note: PD, Parkinson’s disease.

61.20] kPa, FFri1:57.81 [40.29~84.93] kPa,
FFE2 111013 [63.69~159.14] kPa, % & UGRFA
3:180.75 [112.93~259.84] kPaTdH ~ 1. % 7¢
o IR O EjE TR S 350 A SWE IS X 2 ffEE
1%, 53.99 [43.66~61.62] kPaTh - 7:.

Wy b (BRI b IRBEALED) 123603 B Elg oA
DR, SWEIZ X 2 M HEEY 5 2 2 W1,
MDS-UPDRS O 5l OFF 52 (P<.001) &3
(P<.001), 4#s (P=.030), % & ORI (P=.012)
ThHo1c (Table 3). AR MmARKAHE E A 1.44
LSWEZ & 2 R G- 2 23BN wicw, M
EOMETDO R T2 6 BAEL 72, ROCHHTIZE b, PD
BEOBNVIC I 2 HBEORM Y AL LI 8
fER L2 3517 2 MDS-UPDRS RSOl O FF i1 &
20 B i 12 93.55 kPa, Hi## FiiifE (Area Under

250

200

150

=)
S

! |
— JR—

Biceps brachii muscle stiffness (Young’s modulus) measured

by SWE (kPa)
g

T T T T T
Control 0 1 2 3

Healthy controls and MDS-UPDRS upper extremity rigidity scores in patients with PD

Fig.2 Muscle stiffness (Young’s modulus) measured by
SWE according to MDS-UPDRS upper extremity
rigidity scores in patients with PD

Table 3 Factors affecting muscle stiffness measured by SWE in both upper limbs (dominant and non-dominant)

Regression Coefficient t-value p-value

Constant -45.515

Age 1.443 2.202 .030
Female sex -1.233 -0.131 .90
MDS-UPDRS upper extremity rigidity score : O 0.764 0.037 97
MDS-UPDRS upper extremity rigidity score : 1 -0.197 -0.018 .99
MDS-UPDRS upper extremity rigidity score : 2 50.704 3.793 P<.001
MDS-UPDRS upper extremity rigidity score : 3 98.327 4.839 P<.001
Dominant extremities 27.450 2.550 .012

Note: Analysis of variance p<.001, Coefficient of determination (R*) =0.440;
MDS-UPDRS, Movement Disorder Society-Sponsored Revision of the Unified Parkinson’s Disease Rating Scale; SWE, shear

wave elastography.
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Fig.3 ROC analysis of patients with PD with an MDS-
UPDRS rigidity score of 1 or 2 in the dominant
arm

the Curve (BLF, AUC)) 0.74, 95% confidence
interval (CI) 0.56-0.93 (Fig.3), #@Fri2 £ 3 DBHI
170.53 kPa, AUC 0.78, 95% CI 0.59-0.98 TdH -
72 (Fig.4). SWEDICC30.94 (p<.05) Th-1C.
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LOMBREPHAL TRV, 2RO HREOFE A
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Fig.4 ROC analysis of patients with PD with an MDS-

UPDRS rigidity score of 2 or 3 in the dominant
arm
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WA, R (B L I (30 B Eml
GIHT T PERR 3 0.440 TH - 72 (Table 3). —75,
AL IE O A 0 [l 7 5347 T 1 P e 4R 45230.536 T b
D, W EROBEL VM TIEIOPRCEEZONS.
Z DB D SWE (2 & 2 fiREEE % v T, MDS-
UPDRS D558 D #5750 d6 0 2 ikl EE O Bl
RENMTL PRI LOEE L. 2 LTEMED
HOROCTRHTC & 2 iRl EE O Bl % S0 L 7oA
BRI 351 5 MDS-UPDRS i O #5 58 /I O 5 55,1
L 20X 93.55 kPa (Fig.3), #Fsi2 L 3 DRfiilx
170.53 kPa Th -~ 7z (Fig.d). I OFEEH &, B
DSWEIZ & 2 M EOEE M2 2 L2y, #
TEEH393.55 kPa Al T AR OFF A 1, 93.55~
170.53 kPa O#PAN DI EEEFFR 2, 170.53 kPa L
ETEREB L, R 1~3 &R BT 5 2
WURETH L EELOLND.

Table 112, MDS-UPDRS 0 # 5l o 7% 1 2%
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