1222

B Ef MR =5 A b 2757 4 (MRE)IZ#)G L7
= WEh S 25 2 DOB%

GRORBE B —" KEHATY WAZE— OKWE AR’

pot6 5 o R HOIOR I M HEHEBS RSB 2
o ? BT 4 TS REHE T2 ML
o016 4 10 508 R T
UK AT A - B

Code No. 261 USRI TG > A 7 A R ks

® E A, NL—= R VFEOREIRD AR = 12 BV THRA

MO S 13, KERELIURT 29 L CRERK  GHEEX2oTHY, ZORGAEE TR A4 —
BO—oThh. BRHIZBLTIE, BOWHKES  YETEIHEHELI% v, ORI
B £ OB & 2R WEO AR OTE SRR OB, BT, N, T R L,
SEMLE LTRME NG, HOWBE, HHe7=  20mTh, BEBOHEBIHE ISR 5 L 4

The Development of Vibration System for Applying Magnetic Resonance
Elastography (MRE) to the Supraspinatus Muscle

Daiki Ito,"” Tomokazu Numano,"** Kazuyuki Mizuhara,”* Kouichi Takamoto,’
Takaaki Onishi,' and Hisao Nishijo’

' Department of Radiological Science, Graduate School of Human Health Science, Tokyo Metropolitan University

® Health Research Institute, National Institute of Advanced Industrial Science and Technology

* Department of Mechanical Engineering, Tokyo Denki University

* Department of Judo Neurophysiotherapy, Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama
* Department of System Emotional Science, Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama

Received June 30, 2016; Revision accepted October 12, 2016
Code No. 261

Summary

Palpation is a standard clinical tool to diagnose abnormal stiffness changes in soft tissues. However, it is
difficult to palpate the supraspinatus muscle because it locates under the trapezius muscle. The magnetic resonance
elastography (MRE) uses harmonic mechanical excitation to quantitatively measure the stiffness (shear modulus) of
both the superficial and deep tissues. The purpose of this study was to build a vibration system for applying the
MRE to the supraspinatus muscle. In this study, a power amplifier and a pneumatic pressure generator were used to
supply vibrations to a vibration pad. Six healthy volunteers underwent MRE. We investigated the effects of position
(the head of the humerus and the trapezius muscle) of the vibration pad on the patterns of wave propagation (wave
image). When the vibration pad was placed in the trapezius muscle, the wave images represented clear wave
propagation. On the other hand, when the vibration pad was placed in the head of the humerus, the wave images
represented unclear wave propagation. This result might be caused by wave interferences resulting from the
vibrations from bones and an intramuscular tendon of the supraspinatus muscle. The mean shear modulus also was
8.12 £ 1.83 (mean £ SD) kPa, when the vibration pad was placed in the trapezius muscle. Our results demonstrated
that the vibration pad should be placed in the trapezius muscle in the MRE of the supraspinatus muscle.
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Fig. 1 The sequence diagram for a gradient-echo type multi-echo MRE sequence. The
multiple symmetrical readout gradient lobes (gray filled parts) generated
multiple gradient echoes, and sensitized tissue displacement due to vibrations.
Detecting the sensitization of vibrations is maximum if the period of the readout
gradient (dashed line) is twice the period of 3TE.
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Fig. 2 MR elastography setup.

(a) A vibration pad designed using a 3D printer (size, W 5 cmxD 5 cmxH 2.5 cm).
(b) The securing method of the vibration pad placed in the head of humerus.
(c) The securing method of the vibration pad placed in the trapezius muscle.
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Fig. 3 The method of measuring the wavelength.
(a) Four vibration phase offset images. Each image shows an axial magnitude image overlaid with the wave
image. The yellow lines indicate the profile to measure the wavelengths.
(b) The representation of wave propagation along the profile on the wave image of Phase 1 (0 degree). The
profile was used to measure the wavelengths, and the average value (4 vibration phase offsets) was calculated.

Volunteer A Volunteer B Volunteer C

Volunteer D Volunteer, E VolunteerF

Fig. 4 Each image shows the axial magnitude image overlaid with the wave image for
the case of placing the vibration pad in the head of the humerus.
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Volunteer D Volunteer B,

Volunteer F

Fig. 5 Each image shows the axial magnitude image overlaid with the wave image for

the case of placing the vibration pad in the trapezius muscle. The yellow lines
indicate the profile to measure the wavelengths.
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Fig. 6 The relative amplitude (normalized with the amplitude of placing the vibration pad in the trapezius muscle in
each volunteer) of placing the vibration pad in the head of the humerus.
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Fig. 7 The influences of the intramuscular tendon of the supraspinatus muscle.
(a) The axial magnitude image of the supraspinatus muscle.
(b) The schematic view of the supraspinatus muscle. When the vibrations are applied from the distal side of the
supraspinatus muscle, the waves interfere within the supraspinatus muscle (gray arrows).
(c) The schematic view of the supraspinatus muscle. When the vibrations are applied from the proximal side of the
supraspinatus muscle, the waves propagate to the supraspinatus muscle without wave interference (gray arrows).
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