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ATSSTRAC™

Vitreous membranes are scar tissues containing fibrin
fibronblast cells, collagen fibers, and mucoproteins that form in
the vitreous body of the eye. The vitreous body is a gelatinous
substance that occupies a volume in an eye behind the lens. Instru-
ments designed in the past to cut and remove these membranes were not
fully satisfactory. "Clamping membranes before cutting" was intro-
duced as a new design concept. Adhesion of membranes to the clamp-
ing surface was isolated as a failure mode of the new design concept,
and tension, adhesion, and friction tests were planned. The first
two tests were carried out. The tension test showed membranes which
are aged from four to eight weeks old are from 200 milligrams to 16
grams in strength, thus much stronger than the retinal detachment
force of 150 milligrams. The adhesion test showed that a stainless
steel probably cannot be used as a clamping surface material as the
adhesion force of membranes to the clamping surface was approximately
3.8 times larger than the retinal detachment force. A new design for
improving the process of sucking out cut membranes was introduced,
and a problem area for carrying out further work on the design was
isolated.



wo Fe

ACKNOWLEDGMENTS

I would like to express my gratitude to Professor Daniel E.

Whitney for his deep and thorough guidance and assistance from

the beginning of this study until its completion as this thesis;

Professor Robert W. Mann for his great moral support during the

course of this work; and Professor Ernest Rabinowicz for his assist-

ance in carrying out the adhesion experiment. I must express my

special gratitude to Professor George Benedek who first introduced

me to Dr. Charles L. Schepens and the Retina Foundation from where

the present work was conceived. I further express my gratitude to

Dr. Charles L. Schepens of the Retina Foundation for introducing me

to the field of Ophthalmic surgery and particularly to the present

study; also from the Foundation Dr. F. Delori and Mr. O. Pomerantzeff

for their kind guidance; Mr. J. Marino and Ms. J. Schneider for getting

me through the difficult tension experiment; and special gratitude to

Dr. I. J. Constable for his idea of the string method of producing

vitreous membranes and his tremendous guidance and assistance in

surgery of rabbits. Mr. S, Marcolango of the M.I.T. Mechanical

Engineering Department Student Shop for his valuable assistance in

making both the tension experiment baths and the adhesion experiment

equipment. My colleague, Mr. Gordon Salmela, for drawing the "design

concept,’ and Miss L. Blake for typing up the manuscript. My deep

gratitude to Mr. J. P. Reese, my dear friend and colleague, for his

moral support throughout this project and his critical reading of the



wedf

manuscript. The Retina Foundation, 20 Staniford Street, Boston,

Massachusetts, for the use of their facilities and the research fund.



-5

TABLE OF CONTENTS

Page

TITLE PAGE . . . . 1

ABSTRACT . « « « a a 2

ACKNOWLEDGMENT . . EY ]

TABLE OF CONTENTS

LIST OF FIGURES .

» - ® a a

pe
£7

INTRODUCTION . . 0

CHAPTER 1 NEED FOR DESIGNING SURGICAL INSTRUMENT FOR
CUTTING AND REMOVING VITREOUS MEMBRANES . . . . 10

SECTION I A Vitreous Body, Vitreous Membranes
and Vitreous Bands

Problems Caused by Vitreous
Membranes

OBSERVATIONS ON A MEDICAL INSTRUMENT DESIGN
PROCESS . « « « «¢ -

SECTION I

SECTION II

10

CHAPTER I1
15

15The General Design Process

The Problem in Designing Medical
Instruments

The Modified Design Process

17

17SECTION III

CHAPTER III USING THE MODIFIED DESIGN PROCESS IN DESIGNING
THE VITREOUS MEMBRANE CUTTER . « « +o « o «

SECTION I The New Design Concept
Part 1 Isolation of Desired Instrument

Properties
Past Instruments

Problems of Past Instruments

Failure Mode Analysis and
Experiments
The Analysis

The Experiments
(1) The Tension Experiment

(ii) The Adhesion Experiment

20

20

20

21

21

24

24

29

31
11



-6—

CHAPTER IV

CHAPTER V

REFERENCES

APPENDIX A

APPENDIX B

a

Part 3 Implications of the Results in
Evaluating the Design Concept

FURTHER CONSIDERATIONS FOR THE INSTRUMENT
DESIGN LJ ® * . * ® * - a Ld » a ° ® e * e a

SECTION I An Infusion System for Maintaining a
Proper Intraocular Pressure and an
Irrigation System for Creating a
Better Suction Capability

Difficulty in Modeling the Clamping
System for Analysing Its Dynamic
Behavior

A Refined Design

CONCLUSION

on

Luge

;~
~

50

50

4

57

61

62

67

re



 yy

LIST OF FIGURES

Numb +r

D&gt;
4

iC

L1

13

12

14 (a,b)

14 (c)

I 5

ib

The Schematic Drawing of the Gross Anatomy
of a Human Eye

The Schematic Drawing of the Vitreous
Membranes and Bands

Schematic Drawing of a Sderal Buckling
Operation

The General Design Process Block Diagram

I'he Modified Design Process Block Diagram

The Schematic Representations of Past
Vitreous Membrane Cutters

The Drawings of the New Design Concept

Adhesion Failure Mode Analysis

A Proposed Experimental Procedure for a
Friction Test

Methods Used in Growing Membranes in
Rabbit's Eve

4 - 0 Silk Suture in a Vitreous Body of
a Rabbit

A membrane Growing through a Suture Track

Form Clamps Used in the Tension Experiment

The Schematic Diagram of the Testing Bath
and the Enlargement of the Plexiglass Clamps
of the Tension Experiment

The Picture of a Membrane being Pulled in
Saline Solution

The Force Transducer, Motor, Clamps. and
Microscope Stand

Tension Test Data

Page

11

a12

14

16

18

22

ng

27

-FS

»0

32

313

34

1:-~

A fH

3.7

dR



Do

Number

7

 3

q *7

")J“

21

22

oo
’

v

n
3 i

’

5

17

3

fn &amp;
- te

&lt;

The Adhesion Test Equipment

The Vertical Pull and the Horizontal Pull
Modes of Testing in the Adhesion Test

The Horizontal Pulling Mode Testing with Plate
on but a Clamping Weight Removed

Possible Suction Problem in the Adhesion Testing

The Adhesion Test Data

A Possible Design for the Infusion and the
Irrigation System

A Problem in Sucking Materials Out of a Closed
Cutting Tube

The Schematic Drawings of Cutting Sequence
Illustrating One Method of Overcoming a
Problem of Sucking Out Cut Materials

The Drawing of an Irrigation Tube Inside the
Cutter

I'he Displacement vs. Time Graph of the Clamping
System

The Modified Design Concept Drawings

I'he Modified Design Concept Drawings

The Detailed Shape of Tube A, a Cutting Tube

-y m
rz WN =— hy —

‘2

Lh

45

46

48

51

r2

-

55

56

58

39

50



J

INTRODUCTION

Objective of This Study

Designing a new instrument for cutting and removing membranes

Erom a vitreous body of a human eye was undertaken. Instruments

designed in the past were not fully satisfactory in cutting and remov-

ing the membranes. Application of a systematic design process in design-

ing the instrument, undertaking a failure mode analysis of the new

design concept, and proposing solutions to analyze failure modes or

indicating alternatives were three areas of work performed in this

stud— Wu
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CHAPTER I

NEED FOR DESIGNING SURGICAL INSTRUMENT FOR CUTTING

AND REMOVING VITREOUS MEMBRANES

SECTION I. A Vitreous Body, Vitreous Membranes and Vitreous Bands

A vitreous body (172 (2), (3), (4), (3) is a gelatinous substance in

an eye which occupies a volume behind a lens as shown in Figure 1.

The vitreous body's proposed shruture’™ consists of a three-dimen-

sional cube mesh of collagen fibers with water and hyaluronic acid

as the mesh's principal constituents. However, a detailed proof for

the proposed structure has not been obtained. The vitreous body is not

an inert substance and can be damaged easily.

Vitreous membranes (872 (7) (8) and bands form in the vitreous body

of an eye. Examples are given schematically in Figure 2. The detailed

studies have not been published on the formation and development of

these membranes. However, it is thought that the membranes are similar

to scar tissues in formation and development. They principally contain

fibrin, fibroblast cells, collagen fibers, blood cells, and mucoproteins.

Membranes grow and mature in the course of their development, and the

composition of the membranes change. At an early stage of their develop-

ment, membranes contain more fibrin and cells whereas, at a later stage

of their development, membranes contain more collagen fibers. Membranes

have a larger percentage of cells as compared to bands which have a
*

larger percentage of collagen fibers. Membranes and bands are often

eeRA

kx
Membranes and bands will be referred to as "membranes' from now on
unless otherwise stated.
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associated with traumatic physical injuries to an eye, (9 such as

caused by a blow with a fist, or by metal fragment, etc. with diseases

such as Wagner's diseage tS Earl's disease, Diabetic retinopathy,

and Retrolental fibvoplasts Tt) 48 and with complications from

surgery, such as cataract surgery.

SECTION II. Problems Caused by Vitreous Membranes

Membranes are often attached to the retina in more than two places.

(See Figure 2.) As membranes develop and mature, they contract. The

loss of sight results from obstructing light rays coming to the retina

or by detaching the retina or by preventing the already detached

retina from being re-attached through surgery.

Many cases of a retinal detachment can be successfully treated by

two operations known as "a scleral buckling" and "a laser photocoagula-

tion." In the scleral buckling operation, +3)» (14), (15), (16), (17), (18)
a silicone strip is imbedded in the sclera which corresponds to an area

behind the detached retina. The subretinal fluid is removed, and the

silicone strip is tightened keeping the intraocular pressure between

10 mm Hg and 15 mm Hg. The retina is pushed back to the choroid as

shown in Figure 3. In laser photocoagulation, the retina and the

choroid is fused by a laser light burn.

Vitreous membranes prevent successful retinal reattachment sur-

gery, and many eyes which could be saved go untreated. There is there-

em mmm ammd Loman mam dono dramsime mind solifdmlesomes]Aee ie JEfore a great need for an instrument which would cut and remove these

membranes efficiently and safely from the vitreous bodv.
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CHAPTER II

OBSERVATIONS ON A MEDICAL INSTRUMENT DESIGN PROCESS

SECTION I. The General Design Process

In design work the mental process of ''coming up with an idea”

can be truly called a creative process and is certainly very difficult

to systematize. However, to a degree, the entire design process can

be systematized. Systemization organizes your thinking and focuses

it on the crucial portions of your work. It aids in taking greater

advantage of an idea that suddenly pops into your mind. It also facili-

tates the isolation of the problem to be solved and applications of

engineering analysis to the design concept. A block diagram of the

design process is shown in Figure 4.

Block A in Figure 4 is perhaps one of the most important steps

of the design process. Engineering problems in the real world are

almost always complicated, and isolation of the problem that must be

solved is often very difficult. A transition between block A and B

becomes quite difficult unless one has a clear idea of ''the problem"

to which a development of design concept must be directed. Manufactur-

ing feasibility analysis should be attempted early in design process.

The analysis need not be extensive but should be done to get rid of

ideas which may be too expensive to build or impossible to build. A

design process diagram such as the one shown in Figure 4 is only meant

mee om mest Aa and 3 wsas a quide,and an engineer should feel free to deviate from it when-

ever he feels such a deviation is necessary. The diagram is simple,

and it must be modified to fit a particular field, such as medicine.
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The medical field possesses a large problem in interfacing with the

engineering fields. As will be shown, this problem can be overcome

oy modifying the design process.

SECTION II. The Problem in Designing Medical Instruments

A communication gap between doctors and engineers stands as one

of the large problems in designing medical instruments. Instruments

are often designed in the following way. The doctor, who usually

lacks any engineering background, isolates a problem to be solved.

The engineer then takes over the task of designing an instrument. The

doctors usually do not understand the importance of a systematic design

process or of the engineering principles involved. The engineers are

usually unsympathetic toward the doctor's viewpoints and tend to summa-

rize the problem solely by themselves. There is therefore a great

lack of information exchange. As a result, the instruments designed

often have to be greatly modified or remade. I believe an awareness

of this problem is essential in designing a successful instrument with

the least waste of energy and money.

SECTION III. The Modified Design Process

The modified design process, shown in Figure 5, models one of

the ways this communication problem can be solved. Engineers must

hold many discussions with doctors about design problems, as doctors

will give out more information based on their experiences as they

realize the importance.oftheirexperiences to the instrument design.

However, this realization usually comes only after extensive discussions.
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The block G, failure-mode analysis, is another very important

portion of the design process. In medicine, instrument failure can

be disastrous; therefore, medical instruments are evaluated for an

extensive period--anywhere from several months to years--on animals

and on human subjects before it is adopted by the medical profession.

Thus, failure to perform the failure-mode analysis of a design con-

cept can be disastrous to engineers or engineering firms in terms of

time and money wasted.
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CHAPTER III

USING THE MODIFIED DESIGN PROCESS IN DESIGNING THE

VITREOUS MEMBRANE CUTTER

SECTION I. The New Design Concept

Part 1. Isolation of Desired Instrument Properties

Eleven properties the instrument must possess were isolated

using the loop 1 shown in Figure 5. The instrument must:

lI. Cut and remove taut membranes without pulling on the retina,

)

which may or may not be already detached.

Maintain constant intraocular pressure. This will maintain good

visual image through the cornea for a surgeon during an operation.

3. Be small enough to pass through an incision 4 mm long at pars

4

plana ciliaris.

Operate freely. It should not jam as its temperature changes,

and it should not clog with cut material. It should not have

abnormal ways of operating, which would confuse a surgeon.

3

6

7.

Possess a cutting tip which can be clearly seen through the cornea.

Possess a small head length to allow the cutting tip to approach

the retina within 2 mm,

Possess a mechanism that detects whether membranes have stuck to

its surface or its cutting mechanism.

3. Be easily freed from membranes that stick to its surface.

Q
J a PDaooaoca 1 nine and Ant tdes echanism rhat ~ran be mada +n etfnon£088e85 C.iamping and CuUciling melaanism cna an of maGe Ll Sip

operating at any time during a surgery.
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10. Be able to last one complete operation before wear becomes

noticeable.

11. Be able to suck out materials smoothly from a vitreous body.

Any danger of retina being sucked into the cutting tip resulting

from jerky suction must be avoided.

Part 2. Past Instruments

Four different types of instruments were designed in the past.

They are the following:

l. A scissor type. (1975(20), (21)
2. A rotating drill type and rotating tube type. (22)1(23), (24), (23), (26)
3. A reciprocating type. (2775(28),(29)
4 An electrodischarge type. =O Drawings of each type are shown

in Figure 6. The picture for "4" was not available for a schema-

tic drawing. As shown in Figure 6, Part d, shearing was the cutting

mechanism of the first three types of instruments.

Part 3. Problems of Past Instruments

The scissor type is ideal for vitreous membrane problem cases

where vitreous bands which have detached the retina or are pulling

on the already detached retina are the only membranes visibly present

in the vitreous body, and no other complications are caused by unseen

vitreous membranes. However, this type of instrument cannot remove

materials from eyes. An independent suction tube must be inserted

from another incision in pars plana ciliaris or inserted through the

same incision as the one used for the instrument. Furthermore, when

vitreous membranes are connected to the retina by small, invisible
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strands in many areas of the retina, it is impossible for a surgeon

to cut all of these connections with a scissor. (This problem was

overcome by removing most of a vitreous body by cutting it up into

small chunks and removing only the cut chunks. Any fine strands,

which were not lying very close to the retina, were, therefore, removed

along with the cut vitreous body.) In attempting to suck out membranes

through a tube, the retina may be sucked out as well because of uncut

attachments of membranes to the retina. Thus, for many cases of

vitreous membrane complications, the scissor type cannot be used with

good result.

The rotating type and the reciprocating type were developed to

overcome the shortcomings of the scissor types. The rotating and

reciprocating types were made, generally, from stainless steel tubes,

and, therefore, suction capability was built into them. However, both

types did not cut all membranes. The problem seems to have been in

maintaining good shearing action between cutting tips. On the other

hand, in cases where shearing action between cutting tips was main-

tained by pressing cutting tips against each other, metal shavings

have been observed in eyes after operations. Furthermore, for rotatory

types, membranes sometimes wrapped around the rotating tube when they

were not completely cut.

A new instrument design was needed to overcome these problems.

After much reflection, therefore, I introduced "clamping of the

vitreous membranes before cutting' as the new design concept. This

concept has several good features: It stablizes membranes during
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cutting, so that they would not move out or slide away from the

cutting tip; it prevents membranes from wrapping around the instru-

ment; it prevents membranes from detaching the retina during cutting.

When membranes are caught in the cutting mechanism, the surgeon can

have time to react, and any membranes not cut by the shearing mechanism

will be stretched and broken.

The drawings of the new design are given in Figure 7. Tubes B

and D have the same inner and outer diameters so that when they touch

each other, the surfaces 2 and 1 meet one another. Tubes C and A

have the same inner and outer diameters so that tube C slides through

the slot in tube A. The operating mechanism of the design is as

follows: Tubes A and C are driven by independent mechanisms, but the

mechanisms are synchronized during the initial phase of the cutting

cycle. Thus, tubes A, B, and C move down together until tube B clamps

membranes against tube D between the surfaces 2 and 1. Tube C, there-

fore, is held stationary, and tube A moves down, cutting membranes

with the cutting edge shown in Figure 7. Then, tube A comes up until

it almost touches tube C. Thereafter, the synchronization takes over

so that tubes A, B, and C move up together to the original position

completing one cutting cvcln

SECTION II. Failure Mode Analysis and Experiments

Part 1. The Analysis

The new design concept avoids the failure modes of the past

vitreous membrane cutters. However, the new design concept introduces

adhesion of membranes to the clamping surface as the new failure mode.
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Membranes must be clamped hard enough to avoid slippage during

cutting. However, membranes may stick to the clamping surface. If

this sticking force is greater than the retinal detachment force,

then after the first cutting cycle has been completed, the instru-

ment cannot be moved around and failure results.

Three factors--tension, adhesion, and friction of membranes--

must be considered. Information needed was: the clamping force

at which membranes do not slide; the adhesion force of membranes

at that clamping force. Three factors influence each other, and

two cases of interactions can be hypothesized: The adhesion force

range at the required clamping force exceeds the retinal detachment
2) (33force AS32433 on force range at the required clamping force is

less than the retinal detachment force. These two cases are shown

in Figure 8 in the lower graph designated as case 1 and case 2, res-

pectively. In the upper graph, the pulling force at which membranes

break or slide--whichever occurs first--with the clamping force on

is plotted against the clamping force. Three kinds of membrane

behavior can be hypothesized: The left-hand region indicates membranes

that break and possess high tensile strength as well as high coeffi-

cient of friction; the middle region indicates membranes that slide

away—--those with high tensile strength but low coefficient of fric-

tion; the right-hand region indicates membranes that break--those with

low tensile strength but middle to high coefficient of friction. An

experiment which might give this type of data is sketched in Figure 9.

In the lower graph, the force required to pull membranes off the
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clamping surface after the clamping force has been removed is plotted

against the clamping surface. The retinal detachment force is plotted

as a dotted line. The adhesion force is measured with respect to a

stainless steel surface with an area of .0057 -y

Both the tensile test and the friction test could have been

carried out by devising equipment similar to the one made for the

adhesion testing (see Figure 17). However, three separate tests

were planned because of the following considerations. Data on mechani-

cal properties of vitreous membranes had not been investigated before,

and acquiring good data on each property separately was judged impor-

tant not only for this work but also for other work connected with

vitreous membranes. The tensile test is a destructive test and must

be done following the friction test. However, during the handling

and testing of membranes for determining the slip criteria, membranes

will be pulled and stretched. The effect of stretching on the tensile

property was not determinable and could not be assumed negligible.

Finally, successfully conducting the experiment to test both friction

and tension with equipment and time available was very questionable;

therefore, two tests which have been completed are the tension and the

adhesion tests.

Part 2. The Experiments

Pigmented and albino rabbits were used. Membranes were grown in a

rabbit's eye principally by implanting sterile 4-0 silk sutures in the

vitreous body with a needle as shown in Figure 10. Sutures were

removed approximately one week later. Membranes formed around sutures
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and after sutures were removed, membranes continued to form in suture

tracks. (See Figuresll and 12.) In a few eyes, hemorrhage occurred,

and membranes formed around the hemorrhage. Membranes were also

grown in a rabbit's eye by injecting between .lcc to .5cc whole blood

taken from another rabbit. (Figure 10)

(1). The Tension Experiment

For this experiment, membranes aged from two to eight weeks were

used. The length of membrane specimens tested were variable. However,

the width of specimen was kept below 1.5 mm as much as possibly could

be managed with surgical scissors. (For explanation, see Appendix A.)

Membranes were put between the form clamps as shown in Figure 13. These

form clamps were then clamped by larger plexiglass clamps as shown in

Figure 14. The plexiglass clamps were dipped in a normal saline bath

and pulled up by a thin wire attached to the force transducer (FT.03C

Grass Instrument) mounted on a microscope stand as shown in Figure 15.

The transducer was moved up and down by the motor (1/2 rph and 1/2 rpm)

shown also in Figure 15. The result obtained is shown in Figure 16.

The tensile strength band of from 200 milligram to 16 grams was

obtained. Thus the test established that: Membrane strengths are

variable over a wide range of force; membranes elongate from 50 per cent

to 200 per cent; and membranes are much stronger than the force of retinal

detachment. The investigation of the adhesion properties of membranes

became imperative.

(ii). The Adhesion Experiment

Membranes aged from nine to ten months were used. Membranes were

made to adhere to the two surfaces a and b with weights as shown in
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FIGUREIl.4-0 SILK SUTURE IN a VITREOUS
BODY OF A RAPRBRIT.



FIGURE 12, A MEMBRANE GROWING THROUGH A
SUTURE TRACK.
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FIGURE 14. Enlargement of the plexiglass clamps,
Membranes were clamped tightly by
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FIGURE |4. PARTC. A MEMBRANE BEING PULLED IN
SALINE BATH.



3 1

MOTOR

FORCE TRANSDUCER—

PLEXIGLASS CL AMP i

FIGURE I5, The force transducer, Motor, clamp, and
microscope Stand are shown.



~ {05 1p

1000—
=

ha
al

=
1d
J
 XY j00—
0 =
Le -

T
C
i

-1
-d

=
he
 4g

|
A)

LL
Z
 XxXsf—
ud
IN
OF)nto
41%um |
33

1
a

-

—

-

\i

N
2

2.
0&lt;
Ex=
5
58AN
x £o~le @)Im |

1
™\

5
Z
&lt;Loemo
2Zo

|aOf.
ONT&lt;¢Y
ul3

VU)
{ud

2% XX
0 5

Sy |i
2 ©
ne3E£7
gv&lt;ty
nag

A
tb
 zZ&lt;CgOx &lt;
0G
&gt;tuy
&gt;
a
oFwn »

&lt; £7
HELBoa!

uh)

oF
2. =

Mr
&gt;
e &lt;

3VIN
og

WeywryS90
“oN
¥)

'
hd
2x

0

nim i ola
5 2+

-IGURE 16 |

"ing aval - cA [%)
atl

SION TEST DATA.TENBIONJESTER PeR20SREBSHRPitre



i AL : ?™ *
§ by \ wp

 oa

ne ®

o |

p—
 nN
r

o
iy

nN
Ar
~
y
J
1.

&amp;
{

&gt;
&lt;4

RETINAL
| DE TACHMENTFORCE.

4
“~w—_r-

i —ta Ld
S2

FIGURE 16.

Rede TIT Wi. al|
T 0 D ESTED.TENSION TEST. DATA, S40: 36 REPRESENT, SIX RROBLTS TESREPRESENTED IN UNITS © , STARRED ARROWS
IN FERER NE GROUP S4 ARE THE STRANGEST MEMBRANESSU



i
200 —

NT
2 -

Z mo —
o 150 :
— 3
£ —

z
5 OS 100—
Ld

[

£

o
el

=

=

a?

1.1: am iE

FIGURE l6 .

ug
RE = L  LhLe on w= R

Sm

- ho
wwstle,Wb

3 te

MEMBRANE ELONGATION DATA. SPECIMENS ARE
PLOTTED EXACTLY IN THE SAME ORDERASIN
FIG. le PP 39.



-41-

Figure 17. As the plate p moved up, the force transducer recorded

the resistive force arising from the adhesion between the membrane

and the surfaces a and b. Two modes of separation were expected.

In mode one, the membrane separates from the clamping surface. In

mode two, the membrane itself divides and separates into two parts,

indicating that the cohesive strength of the membrane is weaker

than the adhesive strength. The mode two becomes a problem in test-

ing the adhesive strength of membranes because the force measured is

the force of membrane cohesion. It does not indicate what the adhe-

sive strength is between the membrane and the surfaces. This prob-

lem will be referred to as Problem 1 in the subsequent discussion.

The adhesive force was expected to be approximately the same on

both surfaces a and b in Figure 17, since the two surfaces were made

from the same material and possessed approximately the same surface

finish. On the other hand, the membranes were known to be non-uniform

in density, composition, and almost surely in surface texture. Adhe-

sion on one side being significantly stronger than the other side was,

therefore, a likely possibility. Under this condition, the adhesive

force of the membrane to the surfaces could not be assumed equal to

the force measured. Unfortunately, the magnitude of the difference

was not calculable; therefore, to counter this problem as well as

Problem 1, the membrane was pulled as shown in Figure 18. Membranes

were also pulled horizontally with the plate on as shown in Figure 19,

to get rid of possible contribution to the force measured from suction

as shown in Figure 23. Increasing the clamping force was expected to
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result in the increase of the adhesion force, because the increased

clamping force probably increases the actual area of contact between

membranes and the clamping surface. The plate and the tube were

polished with 9 microinch aluminum oxide power and a polishing cloth

following a 600 sandpaper polish. Increasing the surface smooth-

ness was expected to result in the decrease of the adhesion force

due to the reduction of surface area available for adhesion. The

results of adhesion test are shown in Figure 21.

Membranes from three rabbits were tested, and they are designated

Rl, R2, and R3, respectively. Within each rabbit data, different

specimens of membranes are marked a, b, c, etc. The adhesive force

in dynes per cm’ is plotted against the different specimens. Forces

vlotted are the largest forces recorded by the transducer for each

mode of testing. The different modes are shown in Figures 17 (part a),

18, and 19. The following observations can be made. Forces measured

from the horizontal pull of membranes with the plate on were consistently

smaller than the forces measured from the pull of plate except for speci-

men group R,2 in Figure 21. The difference was probably due to the suc-

tion mechanism, discussed earlier. In all cases, forces measured from

peeling membranes and from horizontal pulling of membranes following

the plate pull were significantly smaller than forces measured from

pulling the plate or from the horizontal pulling of membranes with the

plate on. 1 suspect that separating the plate from the tube weakened

the adhesion of membranes to the surfaces. The increased clamping

force did increase the adhesion force of membranes in two cases: IL. ¢

compared to R,b and R,4c compared to R,4a or b in Figure 21.
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Part 3. Implications of the Results in Evaluating the Design Concept

Increase in the clamping pressure does not result in the signifi-

cant increase of the horizontal pulling force when the plate is off.

Thus, a reduction in clamping area (increase in the clamping pressure)

probably will not result in the increased membrane adhesion force after

the surfaces have been separated. Under this favorable condition, the

upper limit of adhesion force per unit area for most membranes can be
Co 2

taken as 98000 dynes/cn”. For the clamping surface area of .0057 cm

(the clamping area of the design shown in Figure 7), the adhesion

force is 559 dynes or 3.8 times larger than 147 dynes, the retinal

detachment force; therefore, investigation should turn toward testing

new surface materials such as teflon or plastic.

Other vital information gained from the tension experiment is

that the upper limit of membrane elongation is approximately 200 per

cent. Thus, the cutting stroke must be at least 1 mm long for the new

design and probably should be longer. Difficulty existing here is that

uncertainty of data is not known, and the safety factor cannot be speci-

fied. Thus it is hard to determine whether the stroke length should be

2 mm or 5 mm. This will have to be settled when driving mechanisms are

considered.
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CHAPTER TV

x
FURTHER CONSIDERATIONS FOR THE INSTRUMENT DESIGN

SECTION I. An Infusion System for MaintainingaProper Intraocular
Pressure and an Irrigation System for Creating aBetter
Suction Capability

[he instrument must have an infusion fluid line for maintaining

a proper intraocular pressure. One design for accomplishing this

task is to attach another tube on the outside of the outer tube, as

shown in Figure 22. For this purpose a .008-inch OD and .002-inch

nominal wall tube can be used, which can deliver .00028-inch&gt;/sec

(.0045 cc/sec) fluid with 14.6 psi driving pressure or .00020-in&gt;/ sec

(.0033 cc/sec) fluid with 10.6 psi. Since only .000078-inch&gt;/ sec

(.0012 cc/sec) volume of material is removed each cycle, this flow

rate should be sufficient to take care of replacement fluid.

When clamping is in effect, material inside the cutting tube is

completely sealed off from the rest of the vitreous body. Thus,

cut material is to be sucked out from a closed tube as shown in

Figure 23. The cut material will not be sucked out of the tube under

such a condition. However, when the next cut is made, some new

material will be withdrawn into the tube, and the old material should

move down the tube. The schematic picture of several cutting cycles

in succession is shown in Figure 24. However, if clogging occurs, there

is little that can be accomplished by increasing a suction power. Danger

of guddenlv guckine in a large volume of vitreous bodv is increased.

J
For all calculations, refer to Appendix B.
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One possible solution I have come up with is to provide a fluid

irrigation line, tube E shown in Figure 22, and a schematic diagram

of its function shown in Figure 25. A calculation shows that with

19.7 psi driving pressure, the tube can supply .5 cc of fluid per

second. This is 11.6 times the volume of the suction tube A, shown

in Figure 22, which is .043 cc. The tube is attached to the section

C, shown in Figure 22, so that it moves with C, and it can deliver the

fluid into the clamping head at all times.

SECTION II. Difficulty in Modeling the Clamping System for Analysing
Its Dynamic Behavior

Clamping is done inside eyes where the environment surrounding the

clamping surface is viscous. As clamping surfaces come together for

clamping a membrane, a viscous fluid must be pushed out, and the mem-

brane must be squeezed. The fluid and the membrane both act as a

damper. A simple model consisting of mass, spring, and dashpot can

be constructed for the clamping system. A mass represents the mass

of a tube and a spring, a spring represents a spring producing the

clamping force, and a damper represents a sliding friction of a tube

as well as of viscous fluid and membranes. The effect of the viscous

fluid and membranes becomes greatest when the clamping surfaces are

about to meet. Assuming a sinusoidal displacement input, the effect

of viscous fluid and membranes is to shorten the time during which

actual clamping force is delivered to membranes. This is shown in

02 acca IL Mdno Al Lmtd apmomamoad he ocemzcramod ammal 2.2L1 Loh 2a eo2
i ipULC LU ee Lillo CLLEWLL LdAdIllIVUL UE dAodbullucu HEEL 1Y LDL, DULL 1LLS ld ll 1 ™

tude cannot be easily calculated. However, the clamping time required

probably will be on the order of 1.4 seconds with +7 seconds cutting



+55

Ta o

Lf
#

I~4

TL!45

/ |

I 2
'

A A

INFUSION
WATER
COMING IN

i,

TUBE A

|| (ln
TUBE D

FIGURE 25. The drawing of an irrigation tube

inside the cutter. This 1s a

cut away view.



~-56-

TUBE B MOVES UP FROM TUBE D som

 ~—|
TUBE B MOVES OOUN
[0 TUBE D

|

-~ J

=mm |
\ &amp;-

ty
- EFFECT OF DAMPING

BY A MEMBRANE AND
A VISCOUS FLUID

-/

/u \

3 —

da
 nN
pt
mn \

LOST CLAMPING /
1IME r

J
x

\
~» t

ONE
CYCLE

. 1.4

SECONDS
TUBE B TOUCH D | ruse B LEAVES D
CLAMPING OCCURS CLAMPING ENDS

BEGINNING OF ONE CUTTING CYCLE
2mm

L

DISTANCE CLAMPING TUBE B MUST
MOVE| f =nrT F

IMASS
A
1 “IT

1 B
TUBE B| __OASHPAT &lt;a— SINUSOIDAL

SLIDING FRICTION DISPLACEMENT INPUT
AND VISCOSITY OF FLUID
AND AN EFFECT OF MEMBRANE

FIGURE 26, The displacement vs time grapn of
the clamping system.



on 5

cycle. This cycle is very slow especially when the clamping head

must move only 2 mm. Thus, the loss of clamping time probably will

not become a problem especially if the cutting tube can be operated

quickly. This problem should be kept in mind, however, in choosing

mechanisms to operate clamping and cutting tubes.

SECTION III.ARefined Design

A refined design of the cutting tip and the approximate shape

of the entire instrument is shown in Figures 27 and 28, respectively.

I'he finished instrument probably will be a pen-like, hand-held instru-

ment. The cutting tube A is shaped as shown in Figure 29, so that a

membrane will slide to the corner a instead of to the outer part of

a tube, b also shown in Figure 29. For lack of time, an entire considera-

tion of possible mechanisms to drive the clamping and the cutting tube

has not been included in this thesis.
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CHAPTER V

CONCLUSION

Designing new instrument for vitreous membrane surgery was under-

taken using a systematic design process specifically modified for

designing medical instruments. The new design concept, ''clamping mem-

branes before cutting," was developed, and its feasibility was investi-

gated. New data for the mechanical properties of membranes--the ten-

sile strength and the adhesive strength--were obtained. The tests

performed thus far indicate that a stainless steel probably cannot be

used as a material for the clamping surface. However, with different

clamping surface materials, such as teflon, a success of the design

concept looks very hopeful
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APPENDLXA
[1 the clamping area LS
180° as shown in Fig. a,then aomembrane
that is sucked into the
cutting tip will cover
the shaded area as shown,
in Fig. b, looking from the
Cop. Thus tht lengthof tissue being clamped
is maximally Ralf the

ircumterence, or

—

A
/

\
\

If
“Yo

J
—~f

 igs Pa
/

Figure a.

TD = M(;090) =.063IN = L.LBEMM

Tissue! membpane )
specimens were kept
smaller than 16~15mm
so that forces measured
in the tension experiment
could be used divectly
to predict kinds of
forces a actual instrument
clamping mechanism will
experience.

-

 ~~

iJ
L half the

circumterene
for clamping

Fiqure b.
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APPENDIX B.

The equation for a flow through a tube.
c

- b rem sap top
) I L = Length v= velocity

D- diameler ar- pressure
for | — r= density Eres dee

s&lt; friction factor
=f (Re J.

Re= renclds number
P= [.938 slvgs/#3 @ &amp;6°F = VD

2

=(1.938) |b— sec
A

 (1.93870. 0000482) |b—sec/int
z= kinematic

viscosity
= L/P

vr = 2.359X0°Lh-SeCaPs 1.936 £42 |b-sSeC? A= absolute
4° )= 122 X 107° = viscosity.

 Ne X10&gt;in%
sec

For the tube: 008” op; .002” nominal wall.
Area = mer @ Velocity of flow V= &amp;

™ L in%a Q = Volume flow vote
.0000125 IN Rk

© Renolds number Re= 4P



(Ge

o Frictionfactor f= f(Re). if Re&gt;3000, Jet
from a graph.
If Re &lt;3000, use

laminar flow f
 64F Ro

&amp;. Pressure drop AP
AP _ELVES)2.(D)

Using the following flow rates
00038 iN&gt;/ Sec = .0064 cc/sec (i)
00028 iN%/sec = .0045 cc/Sec (ii
00020 iN3/sec=.0033 cc/sec (iii

Calculate VV. v= A= 0000125 inch
00038, =30.4 &amp; (0
-BBREos=224 SB wo
20020=g40.(iD)

© R VDCalculate Re: Re 5a
.4)(.004) = 69 (i)39% X |O~3
4.) (.004) = 5| (iL)ZR.08

00%) = 36 GoHe 0-3

Re &lt;3000 f= £&amp;% apply.
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Calculate £0 §- fe
5% =, 43 Ww

&amp;+ = [.2bh G0)

wi = 1.78 Gu)

Calculate AP.
For L = 2 inches

 FLV

£93) (23630. 471.938. 0000

1.25)(2)(284)°(1.938HRs. 000483) = 14.6 psi)

: (6)2 :938)(.0000 3)= 10.6 pst (iil)

on .0O0038 iN/sec =.0064 cc sec =&gt; 20 PSU

00020 iN/sec =. 0033 cc/sec = 10.6 Pst
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| rrigafion fluid Calculation
Using the following flow rate
043 In°&gt;/sec = .7cCC/sec
.031 iP/sec = .5cc/sec
024 in¥/sec -= .4CC/SeC

Calculate Vs V = &amp;
A= mv 2

-
- N02)“2 2

000113 Inwl
a

q)
(0

(LL)

Datas
D=.012 inch
[ = 2 inches.

36as =380 fw
BT (270 iG
Er 212 BG)

Calculate Re: Re=4P
B80X.02) = 2590 (i)

LI0K-0lg) &lt;i84| a. X10”

2IPI-0I2) - 1448 (iil)

Use graph in calculating

Re is under 2000, use
fo
Re is under 2000 use

Ad
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Calculate f.
GA3 (UL) from : L. F. Moody. Friction factors

for Pipe flow, TRANS ASME
Vol ée No8 Perr 1944”

a5 =.035 Ww

4Fe= 04a (iid)
. CELE)Calculate JANE P= 2D)

, |
, ; 482) . :-023)(2)(380) ([.338)( 0000482) - 258 psi (1)

(0351 (2X70). AB) (,0000482) 19.7 psi (0)
(» 044)(2 (212.35 [938)(.0000482) = 15.3 pst (Lild

2(.ol2)

 a3
 So oo

. 3 - -~ .

 043 InN/sec ? ''] cc /sec =&gt; 25.8 psi

03] in/Sec =-5¢c /sec =&gt; [9.7 psi
$3

024 IN/sec. =.4CC/seC = 15.3 Pst
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(UTTING (YO E TIME ESTIMATION
Following assuptioNs will be made.y One hour is ' sufficient for the removal

of most of o. vitreous body withmempranes.

Fach cut is oo % effective

Average adult human eye, 24 mm diameter
sphere,

Re move 1mm radius sphere
of vitreous body.

£m
£7-(9om)’ = 3.05 cm?

A
]

7A

\L Volume&amp;

. 3.05 ce

26 n&gt;

Volume of a material removed by the cutling
tube per cuts

Area x Length = Volume

A=mr?Area. of the tube? For .ss0in dia.
tuba.

A= m(-04")°
00126in®

ed
— 5081 cm®
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Materials are with drawn in to the cutting tube
LSmm: | = 1.5mm.

s.l5em.

removed ser cut = Ax L
(0081) (+15)

0012 cm?

V which must be removed per seconds

$50 $i :.00085$25—&amp;c Ed

V removed par cut - CV ernoved per sec 25%

a

3—Q0lg,cmsec|44

=r
t

IEN

oF ~or 1 hour operation, | 4 sec /cut
Is maximum time available.


