| 0 A0 0
US005720290A -

United States Patent |19
Bubhler et al.

111 Patent Number:
Date of Patent:

5,720,290

[45] Feb. 24, 1998

[54] APPARATUS AND METHOD FOR ACOUSTIC

ANALYSIS OF BONE USING OPTIMIZED

FUNCTIONS OF SPECTRAL AND

TEMPORAL SIGNAL COMPONENTS

[75] Inventors: Joe P. Buhler, Portland; David Butt,
Beaverton; Jeffrey H. Goll, Lake
Oswego; Neldon C. Wagner, Aloha;
Hartwell H. Whitney, Portland, all of
Oreg.

[73]

Assignee: Metra Biosystems, Inc., Mountain

View, Calif.

[21]
[22]

Appl. No.: 615,643
Filed: Mar. 13, 1996

Related U.S. Application Data

[63] Continuation-in-part of Ser. No. 404,813, Mar. 13, 1995,

Pat. No. 5,592,943, which is a continuation of Ser. No.
43,870, Apr. 7, 1993, Pat. No. 5,396,891.

Int. CLS A61B 8/060
US. CL 128/661.03

Field of Search ......................... 128/660.01, 660.02,
128/660.06, 661.03; 73/597, 599

[51]
[52]
(58]

561 References Cited
U.S. PATENT DOCUMENTS

Re. 32,782 11/1988 Pratt, JT. ...cocecrerumsnrersmsenssnsonss 128/660
(List continued on next page.)

FOREIGN PATENT DOCUMENTS

0299906 7/1988
2257253 1/1993
87/07494  5/1987
90/01903  8/1989

European Pat. Off. .
United Kingdom .
WIPO .

WIPO .

OTHER PUBLICATIONS

Ashman, Richard B. et al., “Elastic Properties of Cancellous
Bone: Measurement by an Ultrasonic Technique”, 20 (No.
10) J. Biomechanics (1987), pp. 979-986.

Ashman, Richard B. et al., “A Continuous Wave Techniques
for the Measurement of the Elastic Properties of Cortical
Bone” 17 (No. 5) J. Biomechanics (1987), pp. 349-381.
Baran, Daniel T., et al., “Ultrasound Attenuation of the Os
Calcis in Women with Osteoporosis and Hip Fractures”, 43
Calcified Tissue Internaional (9188), pp. 138/142.

Evans, G. Paul, et., Proceedings of Ultrasonic Assessment of
Bone II, Symposium organized by Harwell Biomedical
Research, (Jun. 23, 1992, Bath England).

Faulkner, Kenneth G. et al., “Noninvasive Measurements of
Bone Mass, Structure, and Strength: Current Methods and
Experimental Techniques”, 157 AJR (1991), pp. 1229-1237.
Johnston, Jr., C. Conrad et al., “Current Concepts—Clinical
Use of Bone Densitometry”, 324 (No. 16), New England
Journal of Medicine (1991), pp. 1105-1109.

Kwon S.J., et al., “Sonic Diagnosis of Bone Fracture and
Diseases: Time Series and Frequent Analysis”, Ultrasonic
Symposium (1986), pp. 949-952.

Lowet, G., et al., “Monitoring of bone consolidation by
ultrasound velocity measurement” pp. 2129-2130.

(List continued on next page.)

Primary Examiner—Francis Jaworski
Attorney, Agent, or Firm—Bromberg & Sunstein LLP

[571 ABSTRACT

An apparatus and method determine externally in a verte-
brate subject an index of porosity and non-connectivity of a
bone. A preferred embodiment has first and second trans-
ducers and a mounting arrangement for mounting the trans-
ducers in spaced relationship with respect to the bone. A
signal generator,in communication with the first transducer,
causes the first transducer to produce acoustic signals,
having energy distributed over a frequency range, that are
propagated into the subject and received by the second
transducer along a path the includes the bone. Finally, the
embodiment has a signal processor, in communication with
the second transducer, for providing a measurement that is
a function of at least one of spectral or temporal components
of the sisal received by the second transducer. The trans-
ducers act like a point source and point receiver.
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