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Introduction

This compilation of IUD's is intended to provide the reader with
an idea of the diversity of existing devices. Ve have provided informa-
tion on manufacturers, materials, and patents, but our information is
incomplete; further information is needed. In addition, the collection
of devices herein is not exhaustive. Hopefully, this compilation can
be updated and enlarged subsequently. It is meant to be a working

reference book for those interested in TUD design or use., To that end,

we would appreciate and welcome additional information that may be
available. Most of the information contained in this compilation has
been extracted from an "IUD Information Handbook' (See Appendix 2)
prepared for The Pathfinder Fund.

We have not included any relevant performance data for the
devices. Extensive detailed clinical test data are available in the
reports from the Cooperati&e Statistical Program of Dr. Tietze of
The Population Council and in the many reports from the International
IUD Programme of Dr. Bernard of The Pathfinder Fund.

The report is divided into three major portions: Considerations

for Design of Intrauterine Devices, Photographs of Devices and,
Patent Drawings of Devices. In presenting the photographs and drawings
we hope to give the reader an idea of the fantastic variety of devices
that have been conceived. Also presented is some information on IUD
Inserters in Appendix 1. A bibliography on IUD's is also given.

The bibliography also does not pretend to be complete, but does

provide a source for those who wish to acquire more information.



For references prior to 1965, the reader is referred to publications

of the two international meetings on IUDs held in New York, the first

in 1962 and the second in 1964,



CONSIDERATIONS FOR DESIGN OF INTRAUTERINE DEVICES

There are many factors to consider in design of an intrauterine device (IUD).
The current variety of intrauterine devices attest to the fact that the method
of action is not known, indeed if there is only one method of action. However,
clinical experience with IUD's has provided a body of information which may
yield insight into the problems associated with design.

An "ideal" intrauterine device should:

a) prevent pregnancy;

b) be continuously retained;

c) be non-toxic to the wearer;

d) produce no symptoms to the wearer;

e) be inexpensive for mass production and distribution;

f) be easy to apply or remove even by non-medical personnel;
g) be non-reactive to sterilization by heat or chemicals;

h) fit the structure which is to contain it.

Knowledge of the organ, the uterus, which will contain it, is fundamental.
ANATOMY

Among women and within the same person, the uterus may be of variable size and
shape. Anatomy texts describe the '"normal" uterus as a pear-shaped organ,
having an average length of approximately 3 inches (7.5 cm), an average breadth
of approximately 2 inches ( 5 cm), and a thickness of 1% inches (3 cm). This

is an oversimplification and does not adequately describe the different clinical
"normal" situations such as:

a) the never pregnant uterus of the young teen-ager;

b) the never pregnant uterus of the adult;

¢) the uterus which has carried 1-4 pregnancies to term and
is now more than 6 months since the last delivery;

d) the uterus which has carried 1-4 pregnancies to term and
is now less than 6 months since the last delivery;

e) the uterus which has carried more than 4 pregnancies to
term and is now more than 6 months since the last delivery;

f) the uterus which has carried more than 4 pregnancies to term
and is now less than 6 months since the last delivery;

g) the uterus after an abortion of less than 24 weeks gestation
and is now more than 3 months after the abortion;

h) the uterus after an abortion of less than 24 weeks gestation
and is now less than 3 months after the abortion;

i) the uterus at time of menstruation, or after menstruation,
before ovulation, at ovulation, and after ovulation but
prior to menstruation.

Properly, then, upon examination of an individual, the ''normal" palpable uterus
must be considered in relation to an individual's age, parity, current menstrual
cycle, or most recent termination of pregnancy. The normal uterus is to be
contrasted with the abnormal uterus which may involve a disease process (such

as fibroid tumors) or congenital defects. Early in embryonic development, .
lateral paired structures fuse in the mid-line to form the uterus. Abnor@all-
ties result from failure of proper fusion. Because of disease and congenital



defects, no intrauterine device can be useful for 100% of women.

SHAPE AND ANGLES

Anatomically, the uterus is usually described as being composed of a body
(corpus) and a cervix. The longitudinal axis of the cervix has an angle of
about 110 degrees with the longitudinal axis of the corpus (corporocervical
angle) in the average 'normal' uterus (never pregnant or not recently preg-
nant). With the uterus in "normal" position in the pelvis, the longitudinal
axis of the cervix usually makes about a 90 degree angle with the longitudi-
nal axis of the vagina. Although this is an average, normal relationship,
many different angles may be found. Assuming a rather fixed 90 degree angle
of the longitudinal axis of the cervix with the longitudinal axis of the
vagina, the corpus may have a smaller, even an acute, angle in a forward
direction over the bladder (anteflexion), or backward such that the upper
portion of the corpus (fundus) rests against the rectum (retroflexion),

Thus the corpus of the uterus may assume a position between accentuated
anteflexion and severe retroflexion.

The longitudinal axis of the cervix may retain a fixed angle with the longi-
tudinal axis of the corpus, and the entire uterus may pivot about a transverse
axis through the junction of the cervix and corpus so that the longitudinal
axis of the cervix may describe an arc of more than 180 degrees, whereas in
the "mormal" position the face of the cervix rests against the posterior wall
of the vagina; at the other extreme, it contacts the anterior wall of the
vagina. The process is termed anteversion-retroversion. Rather than pure
flexion or version, usually various combinations are found which change the
angle relationships between the longitudinal axes of the vagina, cervix,

and corpus. Furthermore, these relationships may not be constant within

an individual and may vary from time to time depending upon physiologic
states (e.g., full bladder) and position of the individual (e.g., supine).
Disease states, such as tumor masses, or adhesions following inflam-

mation (either bacterial or chemical), or congential defects also may modify
these angular relationships.

Unless an operator has a knowledge of the normal anatomical relationships,
and of those that may occur as normal variants and/or abnormal states of

disease, complications may occur, such as perforation with placement of the
IUD into the peritoneal cavity.,

UTERINE INTERIOR

Knowledge of the interior of the uterus is of equal importance to that of
size, shape and angular relationships., The uterus has several different
kinds of tissue. The surface of the corpus is covered by a glistening layer
of tissue (visceral peritoneum) which is similar to visceral peritoneum

e l sewhere in the peritoneal cavity. Adjacent to the surface covering is

a mass of specialized, smooth muscle (myometrium) through which course a
system of blood vessels, entering the uterus from the lateral margins. The
tissue (endometrium) which lines the interior of the uterus and which forms
a potential cavity is multi-layered and complex.



ENDOMETRIUM

The endometrium is an extraordinarily delicate, three-dimensional tissue
through which course from myometrium to surface small blood vessels and
glands (see diagram), The endometrium lines the interior of the uterus,
producing only a potential cavity. The surfaces are apposed and separated
by a thin layer of fluid which probably originates mostly from the glands.
Only those particles of microscopic size, such as sperm, are permitted to
enter the interior of the uterus through the cervical canal without dis-
rupting the endometrium. The blood vessels that course through the endo-
metrium have very little supportive elements in their walls and often
consist of only a lining (endothelium). Since the tissue is three-dimen-
sional, and since there is no cavity, damage to the endometrium by gouging
results by insertion of a firm object into the interior of the uterus, no
matter how carefully this is done. Obviously, blood vessels, glands and
endometrial cells are disrupted, Thus after each insertion there must be
a time for recovery and repair. Those devices with greater volume and
greater movement through the endometrium during insertion produce the

most damage. The thickness of the endometrium has rather tremendous
variations among women and within the same individual during the menstrual
cycle. Whether or not a device lies fully within the endometrium or rests
against the myometrium will depend party upon the thickness of the endo-
metrium and the height of the IUD.

Furthermore, the blood vessels deep in the endometrium are of larger caliber,
narrowing and forming a capillary network as they approach the surface. Con-
sequently, disruption of vessels at the base of the endometrium will often
result in greater loss of blood.

CERVIX

Generally, there is a narrowing (internal os) at the junction of the cervix
and corpus. This constriction, coupled with the corporocervical angle, are
important factors in IUD design since this area must be negotiated easily

by a delivery system for placement of the IUD into the interior of the uterus.

UTERINE FORCES

Tn addition to the anatomical structures and relationships, a knowledge of
uterine forces is important. Although most of the published articles deal
with the contractile forces associated with labor, there are a few studies
describing the contractile forces of the non-pregnant uterus with and without
an intrauterine device. Although variable force wave patterns have been
reported, depending upon the methods used for investigation, thé conclusions

which may be drawn are as follows:

1) The contractile forces of greatest magnitude occur at
or just prior to the onset of the menstrual flow.

2) Contractions during the proliferative phase of the cycle
which is directly under the influence of estrogens are
greater than those during the secretory phase of the
cycle which follows ovulation.



3) The contractile forces in nulliparous women are greater in
magnitude following insertion of an IUD than in multiparous
women when compared with the magnitude of the forces measured
at the onset of the menstrual period without the presence of
an IUD.

The contractile forces are expulsive in nature and usually have their origin
in the upper psftion of the uterus (fundus) or in the area of the cornua,
where the tube passes through the uterine wall. The contractile forces
appear to expel the uterine contents and, at the same time, dilate the internal
os as the contracting fibers shorten. The magnitude of the force decreases
as the propggation of the wave progresses from the fundus to the level of the
internal os. Such waves of contraction have elements of, but are not true
peristalsis,

(myometrial)
Uterine/ forces may exert pressure against an IUD which may then produce
pressure against the myometrium and lead to spontaneous perforation., More

frequently, though, the forces simply move the IUD, causing shearing of
endometrial structures.

USUAL COMPLICATIONS OF CURRENT IUD'S

a) Pregnancy.

b) Spontaneous expulsion.

c) Medical removal for pain or bleeding.

d) Translocation (perforation) (migration).
e) Local inflammatory reaction.

Each of the complications can be related to the design of the IUD, the carrier
by which it is introduced into the interior of the uterus, and the insertion
technique itself which must acknowledge the skill of the operator,

PREGNANCY
The complication of unwanted pPregnancy appears to be related to:

a) the surface area of the device;
b) the amount of local reaction that the device may stimulate
within the endometrium;

c) the presence of specific metals attached to, or of chemicals
included with, a device.

Surface area may not be important if a device provokes a reaction in the endo-
metrium sufficient to have a contraceptive or contra-implantation effect. Some
plastics may induce such a reaction, or a more mild reaction may be produced

by the use of metals, such as copper. Hormones may be added to alter the
endometrium,

SPONTANEOUS EXPULSTION

Spontaneous expulsion appears to be reldted to:

a) size of device;
b) softness of material;

c)' presence of an appendage in the lower uterine segment or in
the cervical canal;



d) the design of the device itself as to thether it may be
(1) "fundal-seeking" or
(2) have appendages that may prevent or reduce expulsion, or
(3) degree of rigidity,
REMOVALS

The removals for pain and/or bleeding are related to:

a) the volume of the device;

b) the number of points which can produce a shearing action on
the vessels that course through the endometrium;

c) the size of vessels that may be ruptured;

d) the presence of inflammation;

e) abnormal uterine interior (e.g., presence of polyps or sub-
mucus fibroids);

f) distension of the uterine interior;

g) chemical reaction to the device itself;

h) unknown causes such as surface electric charge allerations
of cells, pH changes, etc.

Cramping may be due to the excess pressure against the myometrium. Exactly
how such pressures are converted into a sensation of pain is not known, How-
ever, even small amounts of pressure in the interior of the uterus set up
extensive cramping in the nulligravidous woman and may be unbearable. Cramping
may persist for 48 hours or longer, forcing the operator to remove the device.

TRANSLOCATION

Translocation (perforation or migration) may occur. This may result from:

a) misdiagnosis of the relationship of the corpus to the cervix
with either anterior or posterior wall perforation at the

time of insertion;
b) excessive pressure against the wall of the uterus causing

pressure atrophy and migration;

c) perforation through a weak spot in the myometrium, for
example, the former placental site or at the site of a
congenital defect.

Rather stiff plastic devices with 1ittle "memory" may be extended to fit a
linear narrow tube for insertion., After such deformation of a device, forcing
it into a confined space, the interior of the uterus, provides ample opportunity

for perforation.

INFLAMMATION

Substances inserted into the interior of the uterus may invoke an inflammatory
response, with or without concomitant introduction of bacteria. The vaginal
lumen is a contaminated area and passage of an inserter through the cervical
canal is nearly improbable without the simultaneous introduction of bacteria
from the surface of the cervix or from the external portion of the cervical
canal. Frequently such introduction of bacteria produces only a trans%ent ]
inflammatory response, However, it 1s infection, and one response to infection



is an increase in the local blood supply by the proliferation and/or dilation
of blood vessels. Accompanying the vascularity is an increase in the number

of polymorphonuclear leucocytes, plasma cells, and other inflammatory cells,
Movement of the IUD within such an endometrium may then lead to easier and
greater disruption of the blood vessels. The shearing of glands, vessels

and cells may also evoke a response by the body to clear the debris., Uterine
bleeding and clinical signs and symptoms of infection may occur, with or without
pain.

Even without the simultaneous introduction of bacteria to provoke inflammation,
the IUD's may induce an inflammatory response to chemicalsin the plastics or
to attached metals or both.

THEORIES OF ACTION

How IUD's prevent pregnancy is not known. Several theories have been postu-
lated.

a) Pressures against the walls of the interior of the uterus may
stimulate increased motility, either in the tube or the uterus
or both. This would either provide for expulsion of sperm,
or hasten the transport of the fertilized ovum down the tube,
placing it in the interior of the uterus before the endometrium
has developed sufficiently to accept it; or induce expulsion
of a developing zygote from the interior of the uterus through
the expulsive forces of the increased uterine motility.

b) Local inflammatory response may produce a hostile environment,
unfavorable for the ascending sperm or for the nourishment and
implantation of the developing zygote.

c) Create variations in hormone production which would alter end
organ response, in the case the tube, endometrium and cervical
glands.

d) Other modes of action not adequately investigated.

Although the theories related to tubal and uterine motility and the alterations
in the hormone production response are in question, little doubt remains con-
cerning the effect that inflammation of the endometrium may have on contra-
ception and implantation. Metallic ions may invoke a local inflammatory
response or may alter a specific enzyme system which is essential for further
development of the embryo within the interior of the uterus. The latter
remains under investigation.

PATHOLOGY

The possibilities that varieties of pathology can exist should not be neglected.
For example, fibroid tumors are fairly common in women over the age of 30,
especially in members of the black race. Chronic disease states, such as
chronic inflammation of the endometrium, may be significant in many areas of
the world.



MATERTALS

Devices have been made of either plastic or metal or combinations of these.
Primary consideration in selecting a material is its ability to be compatible
with living tissue, especially the endometrium. Since the materials must

be sterilized prior to insertion, they should not react with to chemicals

or the heat of sterilization. Other characteristics which are laudable are
lightness of weight, good '"memory", no surface charge so as to produce static
electricity and pick up lint materials, deformation under limited stress,
radio-opaqueness, cheap, easy to produce, availability in most areas of the
world, non-adsorbent. No single material has all of these qualities. Con-
sequently, combinations of plastic and metals may be necessary.

SHAPE AND STZES OF DEVICES

No device should have a fixed, closed loop. Experience in the past has shown
that such devices when partially or totally lodged within the peritoneal
cavity may have herniation of the bowel through the closed loop with subse~
quent bowel strangulation. Consequently, the U.S. Food and Drug Administration
properly has excluded such devices as a recommendation:

A second consideration of shape and size is the ability of a device to fit

the interior of uteri of variable size, which may vary from the large dimension
seen immediately postpartum to that of the small nulligravid uterus. Perhaps

a single device to encompass the entire range of nulligravid, postpartum, and
multiparous uteri may be impractical, However, a single device to fit all
situations would be desirable.

A third characteristic should be one that does not apply against the myometrium
pressure which will result in migration of the device into the peritoneal cavity.
Devices which have leading edges or ends that are in contact with the myometrium
are more likely to migrate.

Another design factor to consider is the number of parts or edges to the device.
Since the device is lodged within the endometrium, any movement by each edge
has the potential of producing a shearing stress against the vessels and cells.
Consequently, the fewer such places for shearing stress, the better.

Other things to consider in the design of the shape and size are:

a) total volume, which should be kept as small as possible;

b) moldability or flexibility, so that the device can be
easily inserted or easily removed through the internal os
and yet expand to a maximum of surface area;

c) identification of a device such as by means of strings or
appendages which are visible at the external os of the
cervix;

d) flexibility in all planes.

Finally, a design should be considered which will permit the device to be
placed into a carrier for easy placement into the interior of the uterus

by trained,non-medical personnel. Likewise, the design should allow for

easy removal without instrumentation.



10

DELIVERY SYSTEM

A system must take into account that trained, but not necessarily highly
skilled, non-medical personnel will be a part of the system. Consequently,
an inserter should be able to:

a)

b)

c)

d)
e)
£)
g)

easily contain the IUD in a relatively small volume or
cross-sectional area of the inserter;

be flexible enough or shaped so as to negotiate the COrporo-
cervical angle in all women without dilation of the cervical
canal;

be made of material that can be adequately sterilized, par-
ticularly under rather primitive conditions;or

that can be prepackaged cheaply;

that is inexpensive;

that is easily manufactured;

that will not require a complex process for sterilization,
or to load and insert for non-medical people.

One other consideration in development of an inserter is the need for a longer,
special type which may be used to insert an IUD immediately, or within a few
days, after delivery of the fetus and placenta. '
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Figure 1. Three-dimensional view of section of endometrium.
Diagrammatic.
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Visceral peritoneum
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Figure 2a:

Figure 2b:

Photograph of cross section of human uterus.
Actual size,

Diagram of a. to show relationship of size of
visceral peritoneum, myometrium, and endometrium.
The total A-P depth of the endometrium in this
specimen does not exceed 4 mm. and the width is
only 20 mm,



13

CLASSIFICATION OF DEVICES BY GROUPS: PHOTOGRAPHS

‘Loop Type Devices

Shamrock

Szontagh

Zipper ring
Birnberg Bow
Heart-shaped Device
Dana, Super 3
Organon B
Butterfly

Yusei ring, No. 4A
Comet

Omga

Yusei Ring, No. 4A
Ota Ring

Winata, I

Corolle

Multiloop

Silent Protector
Ragab Ring .

M~-213

Yusei Ring, No, 1
Chinese Ring

Inhaband
Linear Devices

Lippes Loop, size D vV~
Ahmed or Hong Kong triangle
Beospir 7

Soonawala

Organon A .

Spring Coil

Spira Ring

Sterile M

Plastic T

Ancor, Regular

K.S. Wing, New type\V
Margulies Spiral, Small
Polish Spiran

Robinson

Quadracoil

Saf-T-Coil

‘ Web Devices

Experimental Postpartum
Web
M-213
Greek Butterfly
Plastic and Metal Devices
"T'" with copper wire
"7" with copper wire
"T" with copper sleeve
Multiple Plane Devices
Russian Cross
Lem
Special Devices
Wolfers Device.
Majzlin Spring
Silastic
Japanese Device
Filament
Dalkon Shield
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This section classifies devices into groups. The photographs give

a top view and an angular view, the latter to provide a sense of height,

Each square represents 1/4'" in the top view.

(1)

(2)

(3)

(%)
()
(6)

With one or more loops

(a) plastic

(b) metal
Those that can be stretched linearly to fit
inside a tube,

(a) single member

(b) double member
Membranes

(a) all plastic

(b) plastic with metal frame
Multiple planes
Metal plus plastic, but no membrane

Special
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Closed Loop Devices

A’

Shamrock, medium size

Szontagh

B.

Zipper ring

C.




6

]
N
o
w
o
=
]
.. .m S
0
- a ey
] >
] 1) )
: o
7/ 0 2 0
” / (7] e o
3] (<} ) r
o m (% ]
> (] o
: ) ) [ R =
(o] 1= n w
4 g
S & @l g
§ & ¢
.l L Py 2 m
m = a
o
s . - -
.. : s 4 .
—
e y

Piaann: ¥

5E (HER )
BBnv 40
'ANRI
Wl

. Bos




'f'
i

Closed Loop Devices

Organon B

A.

Butterfly

B.
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