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1. In a surgical instrument, said instrument having a pair of spaced apart 

surfaces, said surfaces being movable with respect to each other to accomplish a step 

in a surgical procedure, the improvement comprising an electromagnetic sensor 

disposed in one of said surfaces and a magnetic target disposed in either of said 

surfaces to produce a magnetic field between said surfaces whereby a physical 

relationship between said jaws may be determined.
6. An endoscopic surgical instrument having a distal end for carrying out a step 

in a surgical procedure within a body cavity, a proximal end for manipulating said 

distal end from outside the body cavity and an elongated shaft portion connecting 

said distal and proximal ends, said distal end including a pair of spaced apart jaw 

members, said jaw members being movable with respect to each other, a magnetic 

target disposed in one of said jaw members to produce an extended magnetic field 

and an electromagnetic sensor disposed in said other jaw member to measure 
variations in said magnetic field whereby the spatial relationship between the jaws 

may be determined.
17. An endoscopic surgical stapler for joining body tissue, said stapler having a 

distal end, a proximal end, and an elongated shaft portion connecting said distal and 

proximal ends, said distal end comprising a pair of jaws, one of said jaws being 

stationary and the other of said jaws being movable with respect to said stationary
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jaw, a plurality of staples used to join tissue disposed in said stationary jaw, said 

movable jaw including anvil means for forming staples, means disposed in said 

elongated shaft portion and extending from the proximal end to the distal end of the 

stapler to move said movable jaw into forming relationship with said stationary jaw, 

actuating means disposed in said elongated shaft portion and extending from the 

proximal end to the distal end of the stapler to urge said staples towards said anvil 

means and form said staples to join tissue placed between said jaws, a magnetic 

target disposed adjacent the distal end of said movable jaw and facing said stationary 

jaw to produce a magnetic field between said jaws and an electromagnetic sensor 

disposed adjacent the distal end of said stationary jaw and facing said movable jaw 

to measure variations in said magnetic field whereby the distance between the jaws 

may be determined.
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Field of the Invention

This invention relates to an instrument for use in 

5 endoscopic procedures. More specifically, this invention 

relates to an instrument which includes an electromagnetic 

sensor in the head of the instrument to determine and/or 

measure tissue parameters during an endoscopic procedure.

10
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Background of the Invention

Endoscopic surgery has been gaining wide acceptance 

as an improved and cost effective technique for conducting 

certain surgical procedures. In endoscopic surgery, a 

trocar, which is a pointed piercing device, is inserted in 

the body with a cannula placed around the trocar. After 

the trocar accomplishes piercing of the abdominal walls, 

it is removed and the cannula remains in the body. Often 

multiple openings are produced in the body with a trocar. 

Through these cannula, endoscopic procedures are possible. 

An endoscopic instrument may be placed in one cannula, an 

appropriate viewing mechanism placed in another cannula 

and the fiber optics for illuminating the surgical field 

in yet another cannula. Generally, these endoscopic 

procedures take place under insufflation. As more is 

learned about endoscopic procedures and more instruments 

developed, the type of procedures that may be performed 

endoscopically will increase. Presently, typical 

procedures are gall bladder removal, tissue repair, and 

various sterilization procedures.

Many of the instruments used in endoscopic procedures 

are used to join tissue, grasp tissue, or otherwise 

manipulate tissue. Such instruments usually have a pair 

of jaws which are placed about the tissue to be
• · · 

• · ·
• · ·

END-78



2

manipulated, then the instrument is activated to 

manipulate the tissue. As can be appreciated, it is often 

quite difficult to be certain you have the jaws positioned 

correctly to manipulate the tissue and/or you have the 

5 right amount of tissue between the jaws in an appropriate 

position to manipulate the tissue.

It is an object of the present invention to provide 

an instrument that will allow the user to know when he has 

10 the jaws of an instrument appropriately placed about 

tissue. In certain embodiments, it is an object of the 

present invention to control an instrument so that it 

cannot be activated until the jaws are in an appropriate 

position about the tissue to be manipulated. In other 

15 embodiments, it is an object of the present invention to 

provide a feedback device for tissue fastening parameters.

Summary of the Invention

The present invention provides a surgical instrument 

....J 20 which has a pair of spaced apart and movable jaws. The

*·’*. instrument includes means for moving at least one jaw with

'•’’j respect to the other to accomplish a step in a surgical

procedure. An electromagnetic sensor is disposed in one 

of the jaws and a permanent magnet target is disposed in 

25 the other of the jaws. The magnet produces a magnetic 

,,;··· field between the jaws whereby the distance between the

jaws may be determined.

The present invention is especially adaptable for use

30 in a surgical stapler used to join body tissue. The 

stapler has a distal end and a proximal end. An elongated 

shaft portion connects the distal and proximal ends. The 

distal end has a pair of jaws with one of the jaws 

stationary and the other jaw movable with respect to the

END-78
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stationary jaw. The stationary jaw carries a plurality of 

staples. The movable jaw includes anvil means used for 

forming the staples. There are means disposed in the 

elongated shaft portion which extend from the proximal end 

5 to the distal end of the stapler to move the movable jaw 

into staple forming relationship with the stationary jaw.

The instrument also includes actuating means to urge the 

staples towards the anvil means and form the staples to 

join tissue placed between the jaws. A permanent magnet 

10 is disposed adjacent the distal end of the movable jaw and 

facing the stationary jaw. A magnetoresistive sensor is 

disposed adjacent the distal end of the stationary jaw and 

facing the movable jaw. The magnet produces a magnetic 

field between the jaws and the sensor measures the 

15 variations in the magnetic field so that the distance 

between the jaws may be determined.

While the present invention will be further described 

in detail with regard to a surgical stapling instrument, 

20 it should be appreciated that the sensing and measuring 

device may be incorporated in other surgical instruments 

other than staplers. The present invention may be 

incorporated in any instrument that has a pair of jaws 

which are movable with respect to each other.

Brief Description of the Drawings

Figure 1 is a side elevational view of an endoscopic 

linear stapling and cutting instrument incorporating the 

sensing mechanism of the present invention;

30
Figure 2 is an enlarged cross-sectional view of the 

stapling and cutting head of the instrument depicted in 

Figure 1;
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Figures 3a, b and c are

staple holding portion and

depicted in Figure 1;

side operational views of the

the anvil of the instrument

5 Figure 4 is an enlarged perspective view of a sensor

used in the devices of the present invention;

Figure 5 is a side view depicting the spatial 

relationship between the sensor and the permanent magnet 

10 used in the present invention;

15

20

25

30
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Figure 6 is a side view of an embodiment of the 

distal end of a device incorporating the present 

invention;

Figure 7 is a side view of an alternate embodiment of 

the distal end of an endoscopic instrument incorporating 

the sensor of the present invention.

Detailed Description of the Invention

The invention will be described in detail with regard 

to an endoscopic surgical linear stapling and cutting 

instrument.

Referring to the drawings, in Figure 1 there is shown 

an endoscopic linear stapler and cutting instrument 10 

incorporating a sensing mechanism according to the present 

invention. The instrument comprises a handle portion 11 

having an elongated shaft 12 extending from said handle 

portion. At the opposite end of the shaft is the stapling 

assembly 13. The stapling assembly comprises a stationary 

staple holding member 14 and a movable anvil member 15. 

The staple holding member carries four parallel rows of 

staples with the staples offset in adjacent rows. The
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staple holding member also includes a groove disposed 

between the center two rows of staples. The groove will 

accept a knife which is movable from the proximal end to 

the distal end of the staple holding member. The knife is 

5 used to sever tissue after it has been stapled as is well 

known in the art. Also, in this embodiment there is 

rotating means 16 disposed at the end of the handle 

portion from which the shaft extends. This rotating means 

allows the shaft as well as the business end, that is, the 

10 stapling assembly, to be rotated. In the handle portion,

there is a first trigger 17 which is a closure trigger.

This trigger is used to bring the anvil member into an 

appropriate position with respect to the staple holding 

member. The handle also includes a second or firing 

15 trigger 18. The firing trigger causes an appropriate

20

mechanism located in the shaft to drive the staples out of 

the staple holder member and form the staples against the 

anvil member. The knife disposed in the distal end of the 

instrument is activated by this second trigger so that the 

knife moves between the staple lines and cuts tissue after 

the tissue has been joined. Disposed at the back of the

25

handle of the instrument is an unlocking lever 19 which, 

when activated, 

holding member.

described in commonly

opens the anvil member from the staple 

Such stapling instruments are more fully o.S. poWs Mo.
y assigned χ oe-pend-i-ng—-patent 

X'applic'ations Seria*l^f?o ■ 91-7,636 and M27-8, both of which 

are incorporated herein by reference.

30

Disposed in the business end of the instrument; that 

is, in the anvil member and the staple holding member, is 

the sensing mechanism 20 of the present invention. A 

suitable electrical power supply 21 is fed to the sensing 

mechanism. The sensing mechanism will be more fully 

described in conjunction with Figure 2. As seen in Figure

END-78
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2, an electromagnetic sensor 25 is disposed in the distal 

end of the staple holding member 26. A permanent magnet 

27 is disposed at the distal end of the anvil member 28. 

In this embodiment, a magnetoresistive sensor is used in 

5 the staple holding mechanism. Suitable electrical signals 

are fed to the sensor from an appropriate electrical 

source by the electric wires 29.

As can be appreciated, the sensor should be small;

10 that is, have a diameter of about 3 to 5 millimeters with

a thickness of 1 to 2 millimeters. The sensor should have

15

20

25

30

a measurement range of from 0 to 5 millimeters with as 

much accuracy as possible. The sensor should be able to 

withstand irradiation so that the instrument may be 

sterilized by cobalt radiation or other techniques. It 

should also be resistant to interference caused by 

auxiliary magnetic fields, such as those generated by 

auxiliary equipment used in an operating room, as well as 

the magnetic field of the earth itself. Such suitable 

magnetoresistive sensors are available from the Philips 

Corporation and are identified as Magnetic Field Sensor 

KMZ10A and KMZ10B. Disposed in the anvil portion is a 

permanent magnet. Again, the magnet should be small 

enough to fit into the distal end of the anvil member and 

for the geometry of this embodiment it should have a 

magnetic field strength of about 400 gauss. Lower 

magnetic field strengths do not produce the desired 

measurement sensitivity over a 1 to 5 mm range and higher 

strength magnets tend to saturate the sensor at close 

range. As can be appreciated, as the anvil member is 

brought in closer proximity to the staple holding member, 

the magnetoresistive sensor detects the strength of the 

magnetic field produced by the permanent magnet. This 

signal can then be conveyed back to the operator. The

END—78
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signal will be converted into appropriate positioning 

information and may be displayed either on the handle of 

the instrument or on some other imaging display as 

desired. In certain embodiments, the information may be 

5 fed back to a controller to adjust staple height within 

the jaws or other parameters.

A preferred embodiment of the sensing device of the 

present invention is depicted in Figures 3a, b, and c. In 

10 this embodiment, there is a magnetically biased sensor 30 

disposed in the staple holding member 31 of the instrument 

and a permanent magnet target 32 disposed in the anvil 

member 33 of the instrument. The sensor comprises a 

magnetoresistive sensor 34 and a biased magnet 35. The 

15 bias magnet is disposed on top of the sensor and faces the 

permanent target magnet disposed at the distal end of the 

anvil member. The bias magnet is used to provide a 

stabilizing magnetic field parallel to the sensors 

internal aligning field; i.e., the sensor's X axis. The 

20 stabilizing field is applied to strengthen the internal 

aligning field as a precaution against sensor flipping. 

Sensor flipping may occur if the sensor comes under a 

powerful magnetic field opposing the sensor's internal 

aligning field. The effect would be a reversal in 

25 polarity of the sensor output. As more clearly seen in 

Figure 4, bias magnet 50 is attached to the top surface of 

the sensor and covers about half the surface of the 

sensor. The bias magnet is a plastic molded magnet 

approximately 2 millimeters by 4 millimeters x .76 

30 millimeters in thickness. The bias magnet has its length 

parallel to the length of the sensor 51. The magnetic 

field of the bias magnet is oriented with its poles normal 

to the largest surface of the sensor and with the north 

pole facing upwardly. The field strength of the bias

END-78
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magnet is about 175 gauss. The bias magnet and sensor is 

embedded in the distal end of the staple holding member of 

the instrument and is disposed at an angle of about 12 

degrees from the horizontal edge. The target magnet 52 is 

5 a plastic molded magnet. The size is approximately 4 

millimeters by 5 millimeters by 1 millimeter thick and it 

is embedded in the distal portion of the anvil member. It 

is disposed at an angle of approximately 14 degrees from 

the horizontal. The magnetic field of the target magnet 

10 is oriented normal to the anvil surface with the south 

pole facing outwardly or downwardly. The field strength 

of this permanent magnet is about 400 gauss. The target 

magnet should be stronger than the bias magnet to improve 

overall sensitivity. In operation, the permanent magnet 

15 produces a magnetic field which is disposed outwardly 

towards the magneto-resistive sensor. As the anvil member 

is brought into closer proximity to the staple holding 

member, the magnetoresistive sensor will, sense the 

strength and positioning of the magnetic field. The bias 

20 magnet also produces a magnetic field but a somewhat

weaker magnetic field than the target magnet. This weaker 

magnetic field acts as a stabilizing field, improving the 

sensitivity in reading the gap between the sensor and the 

permanent magnet.

25

The location, strength and pole configuration of the 

magnets is important to obtain accurate readings. The 

magnetic field of the bias magnet is oriented with its 

poles normal to the surface of the sensor and with the 

3 0 north pole facing up as seen in Fig. 5. The magnetic

field of the target magnet is oriented normal to the 

stationary jaw surface with the south pole facing down, as 

seen in Fig. 5. As previously mentioned, the magnetic 

field of the target magnet needs to be stronger than the

END-78
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magnetic field produced by the bias magnet to give desired 

sensitivity. By selecting the sensor and target magnet, 

one can control the X and/or Y components of the magnetic 

field produced by the target magnet which the sensor will 

5 detect and which will control the output of the sensor.

It is desirable that a stabilizing field be established in 

the sensor's X axis and this is accomplished by the bias 

magnet. The magnetic field of the target magnet should 

have a strength of approximately 400 gauss and be greater 

10 than the magnetic strength of the bias magnet. As can be 

appreciated, the relative positions of the permanent 

magnet, the bias magnet and the sensing means must be 

controlled for the desired accuracy. As previously 

described with regard to Fig. 3a, the sensor is connected 

15 by electrical wires 37 to a suitable electrical power 

source. The reading from the sensor may be processed and 

converted to appropriate information and displayed on the 

handle of the instrument to allow the user to know the 

relative distance between the anvil member and the staple 

20 holding member. If desired, the sensor may be used to 

control the instrument in that the sensor signal may 

interlock with the trigger mechanisms to only allow firing 

of the mechanism when the anvil and staple holding members 

are in an appropriate position with respect to one 

25 another.

As seen in Fig. 6, in many stapling instruments, the 

staple holding member 60 includes a removable and 

disposable cartridge 61. The cartridge carries one or 

30 more rows of staples 62 and usually about 4 rows of 

staples with the staples in adjacent rows being offset. 

Often, there is a track between the two center rows to 

allow a knife 63 to pass down between rows of staples. 

Hence, on firing the staples, four rows are fired to join

END-78
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the tissue and then the tissue may be severed between the 

staples. The staple holding member holds the cartridge 

which holds appropriate driving mechanisms 64 for each 

staple. A wedge shaped member 65 moves through the 

5 cartridge to drive the staples from the cartridge through 

the tissue. The staples are formed against the anvil 

member 66 as is well known in the art. A magnetoresistive 

sensor may be held or embedded in the distal end of the 

cartridge; however, it is preferred that the staple 

10 holding member of the instrument be designed so that there 

is a permanent blunt end 67 on the staple holding member 

as shown in the drawings and with the cartridge being 

placed or fitted adjacent the blunt end. The sensor 68 is 

embedded in the blunt end so that it will always have the 

15 same relationship with respect to the permanent magnet-69.

If the sensors are placed in the cartridge itself, it is 

conceivable that there could be slight variations from 

cartridge to cartridge: which, of course, would reduce the 

accuracy of the sensor. An additional magnet 70 may be 

20 attached to the wedge shaped driving member 65. This 

additional magnet is used to signal an end to the cutting 

of the tissue between the formed staples. This allows the 

single sensor 68 to sense both tissue thickness and 

completion of the stapling and cutting operation. As can 

25 be appreciated, the sensor and magnets' of the present 

invention are used to measure the spatial relationship 

between two surfaces and may be used for a variety of 

purposes; such as measuring tissue thickness, staple 

height, completion of an operation, the locking or 

30 unlocking of a mechanism and other operations used in 

endoscopic instruments.

Referring to Figure 7 of the drawings, there is shown 

another embodiment of the sensor of the present invention.

END-78
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In this embodiment, both the magnetoresistive sensor 40 

and the permanent magnet 41 are positioned on the staple 

holding member 42 the instrument. The anvil member 43 

should be 400 series stainless steel or similar

5 ferromagnetic material that will not effect and modify the 

configuration of the magnetic field being produced by the 

permanent magnet. As the anvil member is brought closer 

to the magnetic field of the permanent magnet, as when the 

jaws are closed the magnetic field produced by the

10 permanent magnet, and observed by the sensor, has its

strength modified. The magnetoresistive sensor will sense

and measure this modification of magnetic field and

produce a signal which can be converted to the desired 

information to control and measure the distance between 

15 the stationary staple holding member and the movable anvil 

member.

While the sensor described with regard to the Figures 

is a magnetoresistive sensor, that is, a sensor which is 

20 measuring changes in resistance induced by a changing 

magnetic field, other sensors may also be used such as a 

Hall Effect Sensor which produces a change in voltage due 

to the magnetic field and the like. The preferred 

embodiments of the present invention utilize a magneto- 

25 resistive sensor because of its higher sensitivity. Also 

the magnetoresistive sensors can withstand sterilization 

by various techniques; such as gamma radiation, 

autoclaving, and the like. The target magnet should not 

be so weak as not to be measurable nor so strong as to 

30 saturate the sensors. Permanent magnets having a strength 

of from about 300 to 500 gauss have been found 

satisfactory for gap ranges of from 1 to 5 mm. When using 

a bias magnet, it, of course, must be considerably weaker 

than a permanent magnet. A strength of about 175 gauss

END-78
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plus or minus 20 gauss has been found satisfactory for the 

bias magnet. If desired, the permanent magnet may be an 

electromagnet connected to a source operating at a known 

frequency. The resultant magnetic field will have the 

5 same frequency. The sensor will respond to changes in the 

magnetic field produced by the electromagnet. The use of 

such an electromagnet combined with a synchronous detector 

will eliminate interference from outside sources and other 

frequencies and produce a device having high sensitivity.

10

Although the invention has been described by way of 

examples and preferred embodiments, it will be evident 

that other adaptations and modifications may be employed 

15 without departing from the spirit and scope of the 

invention.

END-78
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The claims defining the invention are as follows:

1. In a surgical instrument, said instrument having a pair of spaced apart 

surfaces, said surfaces being movable with respect to each other to accomplish a step 

in a surgical procedure, the improvement comprising an electromagnetic sensor 

5 disposed in one of said surfaces and a magnetic target disposed in either of said 

surfaces to produce a magnetic field between said surfaces whereby a physical 

relationship between said jaws may be determined.

2. A surgical instrument according to Claim 1 wherein the electromagnetic 

sensor is a magneto-resistive sensor.

10 3. A surgical instrument according to Claim 1 or Claim 2 wherein the

electromagnetic sensor is disposed in one of said surfaces and the magnetic target 

is disposed in the other of said surfaces.

4. A surgical instrument according to any one of the preceding claims wherein 

the surfaces are a pair of jaws for applying a surgical fastener to tissue.

15 5. A surgical instrument according to Claim 4 wherein the electromagnetic

sensor is a magneto-resistive sensor disposed in one of said jaws and the magnetic 

target is disposed in the other of said jaws.

6. An endoscopic surgical instrument having a distal end for carrying out a step 

in a surgical procedure within a body cavity, a proximal end for manipulating said 

20 distal end from outside the body cavity and an elongated shaft portion connecting 

said distal and proximal ends, said distal end including a pair of spaced apart jaw 

members, said jaw members being movable with respect to each other, a magnetic 

target disposed in one of said jaw members to produce an extended magnetic field 

and an electromagnetic sensor disposed in said other jaw member to measure

22 April. 1996
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variations in said magnetic field whereby the spatial relationship between the jaws

may be determined.

7. An endoscopic surgical instrument according to Claim 6 wherein the electro­

magnetic sensor is a magneto-resistive sensor.

5 8. An endoscopic surgical instrument according to Claim 7 wherein the

magneto-resistive sensor is magnetically biased.

9. An endoscopic surgical instrument according to Claim 7 or Claim 8 wherein 

the magneto-resistive sensor is gamma-radiation sterilizable.

10. An endoscopic surgical instrument according to any one of Claims 6 to 9 

10 wherein variations in the magnetic field measure the distance between the jaw

members.

11. An endoscopic surgical instrument according to any one of Claims 6 to 10 

wherein the target magnet is a permanent magnet.

12. An endoscopic surgical instrument according to Claim 11 wherein the target 

15 magnet is an electro-magnet.

13. An endoscopic surgical instrument having a distal end for carrying out a step 

in a surgical procedure within a body cavity, a proximal end for manipulating said 

distal end from outside the body cavity and an elongated shaft portion connecting 

said distal and proximal ends, said distal end including a pair of spaced apart jaw

20 members, one of said jaw members being stationary and the other of said jaw 

members being movable with respect to said stationary jaw member, a magnetic 

target disposed in said movable jaw to produce an extended magnetic field and a 

electromagnetic sensor disposed in said stationary jaw to measure variations in said

22 April, 1W6
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magnetic field whereby the distance between the jaws may be determined.

14. An endoscopic surgical instrument according to Claim 13 wherein the electro­

magnetic sensor is a magneto-resistive sensor.

15. An endoscopic surgical instrument according to Claim 14 wherein the

5 magneto-resistive sensor is magnetically bias.

16. An endoscopic surgical instrument according to any one of Claims 13 to 15 

wherein the target magnet is a permanent magnet.

17. An endoscopic surgical stapler for joining body tissue, said stapler having a 

distal end, a proximal end, and an elongated shaft portion connecting said distal and 

10 proximal ends, said distal end comprising a pair of jaws, one of said jaws being 

stationary and the other of said jaws being movable with respect to said stationary 

jaw, a plurality of staples used to join tissue disposed in said stationary jaw, said

movable jaw including anvil means for forming staples, means disposed in said 

elongated shaft portion and extending from the proximal end to the distal end of the 

15 stapler to move said movable jaw into forming relationship with said stationary jaw, 

actuating means disposed in said elongated shaft portion and extending from the

proximal end to the distal end of the stapler to urge said staples towards said anvil 

means and form said staples to join tissue placed between said jaws, a magnetic 

target disposed adjacent the distal end of said movable jaw and facing said stationary

20 jaw to produce a magnetic field between said jaws and an electromagnetic sensor 

disposed adjacent the distal end of said stationary jaw and facing said movable jaw 

to measure variations in said magnetic field whereby the distance between the jaws 

may be determined.

18. An endoscopic surgical staple according to Claim 17 wherein the magnetic

25 target is a permanent magnet.

TJHRR:12842ETH.CLS 22 April, 1996
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19. An endoscopic surgical stapler according to Claim 17 or Claim 18 wherein 

the electromagnetic sensor is a magneto-resistive sensor.

20. An endoscopic surgical stapler according to Claim 19 wherein the magneto­

resistive sensor is magnetically biased.

5 21. A surgical instrument for applying a surgical fastener to tissue, said

instrument having at least two spaced apart jaws, one or more jaws being movable 

with respect to the other to accomplish a step in a surgical procedure, the 

improvement comprising an electromagnetic sensor disposed in one of said jaws and 

a magnetic target disposed in one of said jaws to produce a magnetic field between 

10 said jaws whereby the distance between the jaws may be determined.

22. A surgical instrument according to Claim 21 including means for using the 

determined distance to control other surgical fastening parameters.

23. An endoscopic surgical instrument substantially as hereinbefore described with 

reference to the accompanying drawings.

DATED: 22 April 1996

CARTER SMITH & BEADLE

Patent Attorneys for the Applicant:

ETHICON, INC.

22 April, 1996
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ABSTRACT

An endoscopic surgical instrument (10) including a pair of 
jaws (14,15). An electromagnetic sensor (20) disposed in said 
jaws to determine the relative position of said jaws.

JL:O1:#12S42 23 May 1994
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