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PI ABSTRACT 
A transducer is described for simultaneously measuring 
several parameters of a small region of a muscle tissue 
or other object, with minimal traumatizing or damage 
of the object. A trifunctional transducer which can 
measure the force applied by a muscle fiber, the dis- 
placement of the fiber, and the change in thickness of 
the fiber, includes a device having three legs with inner 
ends joined together and outer ends formed to pierce 
the tissue and lie therein. Two of the legs are relatively 
stiff, to measure force applied by the tissue, and a third 
leg is relatively flexible to measure displacement of the 
tissue relative to one or both stiff legs, and with the 
three legs lying in a common plane so that the force and 
displacement measurements all relate to the same direc- 
tion of muscle movement. A flexible loop is attached to 
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one ofthe stiff legs to measure changes in muscle thick- 
ness, with the umer end of the loolo fixed to the lee and 

Y 
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the lower end oi-the loop bearing ,against the surface of 
the tissue and being free to slide on the leg. 
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MULTIFUNCTIONAL TRANSDUCER 

ORIGIN OF THE INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 

10 
BACKGROUND OF THE INVENTION 

The analysis of certain objects, including biological 
objects such as muscle tissue and inanimate objects such 
as rocket fuel, can be enhanced by apparatus that ena- 
bles the measurement ofmultiple parameters to be con- 
ducted at svbtantially the same area of the object, with 
all parameters measured simultaneously, and with mini- 
mal disturbance of the object. For example, a major 
thrust of heart research is directed toward assessment of 
regional myocardial mechanics. This research activity 20 

placement resulting from 
change in thickness 
ication of force and 25 

mechanics of ,tissue function. Individual transducers 
posed for measuring at least certain of 
rs. For example, U.S. Pat. No. 3,937,212 30 

by Feldstein et a1 describes a transducer for measuring 
displacement of ,muscle tissue, while U.S. Pat. No. 
3,971,363 by Feldstein et a1 describes a transducer for 
measuring changes in the thickness of muscle tissue. 
However, the use of several separate devices for mea- 35 
swing different parameters has several disadvantages. 
One disadvantage is that it is difficult to position all of 
the devices very close to 'one another so as to enable 
measurements of substantially the same tissue region, 
and it is difficult accurately to emplace the different 
devices in a particular relationship so as to insure mea- 
surement of different parameters of the same phenome- 
non. Also, the use of separate devices, each with a sepa- 
rate one or pair of prongs to be inserted into the tissue 
or other object, results in excessive trauma or damage to 
the object. 

SUMMARY O F  THE INVENTION 
In accordance with one embodiment of the present 

invention, a multifunctional transducer is provided, 
which enables the'measurement of a plurality of param- 
eters of an object simultaneously, over a very small 
region, and with minimal trauma to the object. A tran- 
ducer which is designed to measure stress and strain 
near the surface of an object such as in muscle tissue, 
includes a device having three legs with inner ends 
connected together and outer ends that can be fixed to 
the object as by inserting them into the muscle tissue. 
The outer ends of the three legs lie substantially, in the 
same plane, to measure force and resulting displacement 
along substantially the same direction. One pair of legs 
are substantially noncompliant, or stiff, so that the 
change in their separation resulting from a force applied 
by the tissue, is only a minority of the change that 
would occur if one or both legs were highly compliant. 
Accordingly, slight bending of the legs indicates the 
force applied by the tissue, which they resist. A third 
leg is compliant, or flexible, to be easily displaced by the 
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tissue so as to indicate the unobstructed displacement of 
the tissue which results from the application of the force 
measured by the other two legs. Thus, only three legs 
puncture the tissue or other object to minimize trauma 
to it and enable measurements to be made over a very 
small region of the tissue, and accurate alignment of the 
legs can be easily accomplished to assure measurement 
of stress and strain along the same direction. 

The change in thickness of the object such as muscle 
tissue, can be measured by a compliant loop with one 
end fixed to one of the legs and the other end pressing 
against the surface of the tissue and slidable along the 
same leg. Accordingly, the same leg utilized to measure 
stress and/or strain, also serves to hold one end of the 
thickness-measuring loop to avoid additional trauma to 
the tissue, while also assuring that thickness is measured 
at the same region at which stress and strain are mea- 
sured. 

The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 
be best understood from the following description when 
read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a multifunctional 

transducer constructed in accordance with an embodi- 
ment of the invention. 

FIG. 2 is a side elevation view of the transducer of 
FIG. 1, shown implanted in tissue. 

FIG. 3 is a view taken on the line 3-3 of FIG. 2. 

DESCRIPTION O F  THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates a trifunctional transducer 10 that 
can be utilized to measure simultaneously, the force, 
displacement and thickness within a muscle fiber. The 
device includes three legs 12,14, and 16 with inner ends 
12i-16i that .are joined together and outer ends 120-160 
that are free and that have pointed tips to fix them in 
position in tissue whose parameters are to be measured. 
The device includes a shank 184 that can be grasped by 
the thumb T and another finger F of an operator, to 
install the trifunctional transducer in tissue. 

FIG. 2 shows the transducer 10 installed in tissue T 
such as a muscle fiber, to measure stress and strain 
thereof. Two of the legs 12, 14 of the device are rela- 
tively noncompliant, or stiff, to resist bending together 
and apart, although they undergo a small but measur- 
able degree of bending when forces are applied in the 
range that can be produced by the muscle tissue. Al- 
though the force applied by the tissue would normally 
(in the absence of the device 10) cause considerable 
change in the distance A between the leg outer ends, the 
stiffness of the legs 12,14 permits only a small change in 
this distance A. A pair of strain gage sensing elements 
20, 22 attached to the legs measures slight bending of 
them, which indicates the amount of force applied by 
the tissue to the outer ends of the legs, to thereby enable 
a determination of the force applied by the tissue. 

The third leg 16 of the device has an inner end 16i 
fixed to one of the noncompliant legs 14 and an outer 
end or tip 160 which is installed in the tissue T. The leg 
16 is highly compliant, or flexible, so that it will easily 
bend to permit movement of its outer end 160 to follow 
normal movement of the muscle tissue, in the direction 
of,arrows 23. The high compliance of the leg 16 results 
in its outer end 160 producing minimal retardation of 
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normal muscle displacement in the absence of the leg. mm by 1.5 mm. The fact that all of the multiple measur- 
Thus, a strain gage sensing element 24 attached to the ing device ends are fastened together, facilitates, im- 
leg 16, measures bending of it which indicates the di- plantation of the device in tissue. The device was uti- 
placement of the tissue at the point engaged by the leg lized to measure dynamic conditions in heart muscles. 
tip 160 with relation to the tissue location engaged by 5 Thus, the invention provides a multifunction trans- 
the other leg tip 140. ducer which can be utilized to measure the force and 

In order to enable measurement of changes of the corresponding displacement of an object such as muscle 
thickness of muscle tissue, a compliant loop 26 is pro- tissue, in a small region of the object and with minimal 
vided, which has one free end 28 bearing against the trauma or damage to the object, in a device that facili- 
tissue T and an opposite fixed end 30 which is fixed to 10 tates accurate relative positioning of different parts that 
the device along one of the noncompliant legs 12. The contact the object. This can be accomplished by utiliz- 
loop 26 is shown as a continuous elliptical loop, al- ing a device with a pair of relatively noncompliant legs 
though a noncontinuous loop can be utilized. The loop having inner ends joined together and outer ends that 
can be mounted by providing a hole 32 at its outer end can be fixed in position relative to the object, and by 
that permits it to slide freely along the leg 12, and by 15 providing a compliant leg with an inner end fixed rela- 
brazing its inner end 30 to another portion of the leg. A tive to at least one of the noncompliant legs and an outer 
sensing element 34 (FIG. 1) attached to the loop 26 end that can also engage the object. The three legs can 
enables measurements of bending thereof, and therefore be positioned so their outer ends lie substantially in the 
of thickening and thinning of the tissue T (FIG. 2) with same plane, so that force and displacement are mea- 
respect to the point of indentation of the tip end of the 20 sured along substantially the same direction. Thickness 
arm 12. measurement also can be provided for, at substantially 

The multifunction transducer 10 enables the measure- the same small area of the object and without requiring 
ment of stress, strain, and thickness change of a small further traumatization of it, by the use of a compliant 
area of the muscle tissue, with minimal trauma to it. The loop with an inner end fixed to one of legs and an outer 
leg 12 which serves to measure forces applied by the 25 end slidable relative to the leg and bearing againt the 
tissue between it and another leg 14, also serves to sup- surface of the object. 
port the loop 26 that measures changes in tissue thick- Although particular embodiments of the invention 
ness. The leg 14 which operates with leg 12 to measure have been described and illustrated herein, it is recog- 
forces also serves as a location to which the distance of nized that modifications and variations may readily 
the compliant leg end 260 can be measured. The fact 30 occur to those skilled in the art and consequently, it is 
that the leg 16 is fastened to the same structure as the intended that the claims be interpreted to cover such 
other legs 12, 14, assures that its outer end 160 can lie in modifications and equivalents. 
substantially the. same plane, indicated at 33, as the outer The embodiments of the invention in which an exclu- 
ends 120,140 of the other arms. As a result, the displace- sive property or privilege is claimed are defined as 
ment measurement (between the arm ends 140, 160) is 35 follows: 
taken along the same direction as the force measure- 
ment obtained by measuring slight displacements be- 
tween the outer ends 120, 140 of the other two arms. 
The fact that each of the arms 12, 14 serves two func- 
tions, not only minimizes the number of punctures of 40 
the tissue, but also enables all measuring locations, such 
as of the member ends 120,140,160, and 28 to be located 
very close together. This avoids errors that can result 

spaced further apart, so that a displacement or thickness 45 
measurement may not closely correspond to the mea- 

1. A transducer comprising: 
a pair of legs having inner ends joined ‘together and 

pointed outer ends for penetrating into an object; 
a loop having one portion fixed to a predetermined 

one of said legs and an opposite portion free to slide 
relative to said predetermined leg; and 

means for sensing relative movement of said legs, and 
relative movement of said opposite portions of said 

2. A transducer for measuring stress and strain near 
where devices measuring different parameters are loop. 

the surface of an object, comprising: 
sured force applied by the tissue. 

The four strain gage sensing elements 20, 22, 24 and 
34, can each be provided with a pair of thin wires that 
can be connected to a parameter indicating circuit 35 50 
such as resistance-measuring bridges of well known 
types, which can be calibrated to convert measured 
resistance changes to changes in the relative displace- 
ments of the ends of the arms or loops or the forces 
producing the changes. The two noncompliant arms 12, 55 
14 are utilized as the main anchors for the device, and 
can be formed with indentations, such as those provided 
by recesses 36, to securely anchor them to the tissue. 
The outer ends of these arms 12, 14 extend beyond the 
ends 160 and 28 of the flexible arm and flexible loop, to 60 
enable them to be planted deeply enough into the tissue 
to hold them in place. 

In one multifunction transducer of the illustrated type 
which has been constructed, the device had an overall 
length L between its outer ends that engage the tissue, 65 
of about four millimeters, and was effective in measur- 
ing parameters of muscle tissue over a region such as 4 

three legs having free outer ends and connected inner 
ends, said leg outer ends having means for fixing 
them in position with respect to the object so the 
legs move in response to movement of the object 
locations to which they are fixed; 

first sensor means for measuring relative movement 
of a first pair of said legs; 

second sensor means for measuring relative move- 
ment of a second pair of said legs; 

said first pair of legs being stiff against movement of 
their outer ends, and one of said legs of said second 
pair being highly compliant to movement of its 
outer ends; and 

a thickness measuring device including a compliant 
loop having a first portion fixed to one of said legs 
and a second free portion which can move relative 
to said leg, and sensing means for measuring bend- 
ing of the loop, whereby to measure- changes in 
thickness at the same region of the object where 
stress and strain are measured. * * * ’ *  * 


