Detectability of exercise-induced muscle activitiesof abdominal oblique muscle using musclefunctional MRI
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Introduction

Messurement of exercise-induced musde activity is essantia in sports medicine and renahilitation medicine. Strengthening of thetrunk
muscles (especialy abdomind oblique muscle) isan integra part of rehabilitation programs for dl athletes who must maintain stability
during sport. Magnetic resonanceimaging (MRI) can evauate muscle activity; the transverse rdlaxetion time (T2) of exerdised muscle
isgregter then thet of rested muscle[1]. Therefore, evaluetion of muscleadtivity using T2-weighted MRI fadilitates the identification of
the mogt effective exercises for srengthening specific musdes Akima et al. proposed the musde functiond magnetic resonance
imaging (MfMRI) technique 2, 3] for visudization of musdeativity. However, for cculating T2, themfMRI usesthe spin echo (SE)
squence, which reguires an acquiisition time of severd minutes Thislimitsthe utility of mfMRI to thelimbs: In addition, dthough the
spin-echo echo-planar-imaging (SE-EP1) sequence is useful for ultrafast imaging for calculating T2 in regions such as the trunk, a
limitation of SE-EP! isthet the gpatid resolution is extremdy low. Therefore, in order to abtain image data for the T2 measurement of

smdll volumetrunk musdes such as abdominal oblique musde, both high spatial resolution and high temporal resolution arerequired.  Figure 1 Standing back rotation siretch

- - ; ; exerdses of the trunk were repested 100
On the ather hand, Welch &t al. reported thet T2 estimation from double-echo-steedy-gtate (DESS) sequence echoes, which provide fimes per st stating from a neurd

pogtion: (8) neutral pogtion, (b) rotation
pogtion (only totheright).

bath high temporad resolution and high spatid resolution, is useful for the assessment of cartilage morphology [4]. As a result of
comparison of various muscle T2 messurementsin 30T-MRI, we suggest thet it can be used asamessure of T2 aswell ss DESSand
SE, and ds0 SE-EP [5]. The purpose of this study wasto evauate visudlization of the activation of abdomind obliquemusclesinduced
by stretch exercise

Methods

The right abdomina oblique muscles of five mae subjects (25.8+7.4 years, 167.8+53 cm, ad
634494 kg) were scanned & rest and after exerdse usng a 3.0T whole body scanner
(Magnetom Verio;, SEMENS AG Erlangen, Germany) with a body matrix call and a spine
matrix coil. The protocals involved 3D-DESS [4] with TR 130 ms TE 4.2 ms voxd sze
15%1.5%x2 mm, matrix = 380x380, FA 45, BW 320 Hz/Px, fidd of view (FOV) 380 mmx380
mm, NEX 1, and acquistion time 25 seconds for 24 dices The 3D-DESS squence was
SIEMENS s work-in-progress (W.1.R). Subjects performed 5 sts of an exerdise while ganding
(Fgure 1). One exercise st condgted of the subject performing standing back rotation stretch
exerdsess, to the right only, 100 times From HSP images and PSIF images using condtituent
images of DESS, the T2 images were caculated. Image processing involved Interactive Data
Language (IDL: Exdis Visud Information Solutions, Boulder, CO, USA). Regions of interest o=
(ROI) were placed in edemd and intema abdomind oblique musdles for the DESSs Figure2: MRimages of trunk at rest (in g b) and after 5 setsof exardise(inc,
T2-weighted images Muscle T2 was calculated from DESSimeges as described previoudly [4]. d). (a ¢) DESS s T2-weighted images (b, d) DESS s T2images. Arrows
Visudization of muscle activity was carried out by DESS's T2 mapping. T2 of theright external denateactivated right intemal abdomindl obliquemuscle MR signd gainis
and intemal abdominal oblique musdes (eg; ex-abd-obl, in-abd-obl) was extracted from images condantintheimegesat rest and dfter exarcise
obtained & rest and dter various duraions of exercise Sgnificance of differences betwean imeges
obtained at rest and after exercisewas determined by one-way repested-measures ANOVA. Differences r
with P< 0.05 wereconsdered significant for eech musde [ [J: in-abd-obl
50 A ex-abd-obl
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Resultsand Discusson

Figure 2 shows DESS images & rest and after 5 s#ts. Although the DESS sequence hes a temporal [
resolution as high as can be acquired under single breathrholding, these images have a high spatial : o g

il

%%k

*%

resolution. In addiition, inthe DESS s T2 imeges, the areas of activated right internal abdominal oblique A40 3

muscle were well enhanced and morphologicd details were preserved. Figure 3 shows changesin T2 E

after each st in eech mustle However, the vaue for the externd abdomind oblique musde was not : |

increased by exercisg, and there was no significant difference a rest. For dl sats, the T2 changes of the = [ o

intemd abdomindl oblique musde were significant compeared with those at rest (P<0.01). Moreover, 30 ¢ ]

Fgure 3 shows that the rdationship of muscle T2 with the workload was nat lineer. Thesereqults agree r

subdantidly with the dgnd intengity data of a previous sudy [6)]. It was suggested that the T2 of I T I

exerdisng musdlerises goproximeately exponentialy to aplateau thet depends on exercise volume. r ]
20 ¢ .

Condusion

s b e b bevrvnsna e beny
In this study, we presanted the detectability of trunk musdle activities Detectability reeched a pletesu rest  afterl after2 after3 afterd afterS
after exadse T2 vaues caculated from DESS images indicated high tempord resolution and high exercise
. . L . Fgure3: T2 changesa rest and dfter exercisein fivesubjects
spatial resolution of musdleactivitiesinduced by anLteexerdse (Souare) Theright intemal abdominal obliguemusde (in-abc-ob).
(Triangle) Theright externd abdomind oblique musdle (ex-abd-abl).
it 4

Adknowied s Sonificantly different fromthevaueat rest, P<0.01.
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