ARFI Imaging: Differentiating Between Musculoskeletal Tissues
Based on Tissue Displacement
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Introduction Results
Acoustic Radiation Force Inpulse (ARFI) inmaging is an ultrasound technique that generates a
localized radiation force onto the tissue of interest and the resulting tissue displacenent is ¢ Higher nodulus tissues had | ower

neasured. ARFl inaging is primarily utilized for conpliant, isotropic biological tissues such as nornal i zed ARFl Displacenent (Fig 2)

the breast (nodulus ~10 kPa) to detect the presence of tumors. The utility of ARFI immging for

. . n . . P Large differences between tissues for
stiffer and anisotropic nuscul oskeletal tissues is not well understood. The radiation force

generated during ARFl immging may not be strong enough to displace nuscul oskel etal tissues linear region nodulus (Fig 3)

(eg. Mduli: tendon ~300 MPa, capsule ~30 MPa, muscle ~1 MrPa). e Small difference between tendon and

capsul e for normalized ARFI
- - di spl acenent (Fig 4)
Objective

Figure 2: Si gni fi cant negative correl ati on between
Differentiate between nuscle, tendon and capsul e tissue based on ARFI tissue displacement

nornal i zed ARFl displacement and natural |og of
modul us of linear region (r = -0.537, p < 0.05)

Materials & Methods
*Strips of tissue harvested from 8 cadaveric shoul der specinens (60.9 *+ 4.9 years)

5 pectoralis major nuscle, 5 glenohuneral capsule, 5 biceps tendon

Tensile Testing

1) Prel oad: Tendon & Capsule = 1IN, Muscle = 0.2N
2) Preconditioning (10 cycles): Tendon = 1 — 10 N, Capsule =1 - 5 N, Miscle = 0.2 - 2 N
3) Non-destructive |oad: Tendon = 100 N, Capsule = 50 N, Muscle = 5 N
. Qut put Parameter: modulus of linear region during final |oading set
ARFI Imaging
Figure 3: Si gni fi cant main effect of tissue Figure 4: Si gni fi cant main effect of tissue type
. Al tissues: l|oaded to 0.1 MPa and enbedded in gelatin . . . .
type on linear region nodulus (p < 0.05) on nornmal i zed ARFI displacement (p < 0.05)
. Full -frame ARFlI push sequence (Vantage 128, Verasonics) (Figure 1)

Focused at 25 nm axial depth

Push duration = 192 ps

Discussion
. " ) ) B
D spl acement measured using Loupas al gori thm « ARFl imaging can be used to differentiate nuscul oskel etal tissues of varying stiffness
. . . _ Ti ssue Di sgl acenent . . . .
. Qut put Paranet er: Nor mal i zedARFI di spl acement = q,rro,ngNg 8 o SP acemen, Miscl e, tendon & capsule: anisotropic and stiffer than nmore commonly used tissues for ARFI
imaging (eg. breast, arteries and |iver) 13
« Lower normalized ARFI displacenment associated with stiffer tissue
*« ARFI displacenent plateaued for high stiffness tissues (tendon & capsule)
Mbdul us of linear region for capsule was 87% snaller than tendon <1%difference in
nornal i zed ARFI di spl acenent
May be limted by magnitude of ARFlI push force
Future Directions
e Differentiate between healthy versus injured tissues (eg. tendinitis)
Figure 1: ARFI i magi ng overview. A) 64 ARFl push beams fired across the Significance
transducer aperture width. B) B-node inmge of tissue embedded in gelatin. * ARFl imaging has a high potential for clinical utility (eg. sports performance) by targeting and
C) ARFl displacenent inage where tissue displacenent (red region) was

eval uating the health of tendons at precise |ocations
always | ower and normalized to the softer surrounding gelatin (blue region).
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