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SIMULATED TISSUE STRUCTURES AND METHODS 

Cross-Reference to Related Applications 

[0001] This application claims priority to and benefit of U.S. Provisional 

Patent Application No. 62/118,179 entitled "Method of making simulated tissue using 

stencils" filed on February 19, 2015 U.S. Provisional Patent Application No. 62/119,542 

entitled "Foam-on-mandrel method of making simulated anatomy" filed on February 23, 

2015 all of which are incorporated herein by reference in their entireties.  

Field of the Invention 

[0002] This application relates to surgical training tools, and in particular, 

to simulated tissue structures and organ models for teaching and practicing surgical 

procedures and methods for making them.  

Background of the Invention 

[0003] A highly-skilled operation technique is required of surgeons, in 

general, and, in particular, for performing laparoscopic surgical procedures. In 

laparoscopic surgery, several small incisions are made in the abdomen for the insertion 

of trocars or small cylindrical tubes approximately 5 to 10 millimeters in diameter 

through which surgical instruments and a laparoscope are placed into the abdominal 

cavity. The laparoscope illuminates the surgical field and sends a magnified image from 

inside the body to a video monitor giving the surgeon a close-up view of organs and 

tissues. The surgeon performs the operation by manipulating the surgical instruments 

placed through the trocars while watching the live video feed on a monitor. Because the 

surgeon does not observe the organs and tissues directly with the naked eye, visual 

information is obtained by a two-dimensional image on a monitor instead of a three

dimensional observation. The loss of information when presenting a three-dimensional 

environment via a two-dimensional image is substantial. In particular, depth perception 

is reduced when viewing a two-dimensional image as a guide for manipulating 

instruments in three dimensions.  
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[0004] Furthermore, because the trocars are inserted through small 

incisions and rest against the abdominal wall, the manipulation of instruments is 

restricted by the abdominal wall which has a fulcrum effect on the instrument. The 

fulcrum effect defines a point of angulation that constrains the instrument to limited 

motion. Also, hand motion in one linear direction causes magnified tip motion in the 

opposite direction. Not only is the instrument motion viewed on the screen in the 

opposite direction, but also, the magnified tip motion is dependent on the fraction of the 

instrument length above the abdominal wall. This lever effect not only magnifies motion 

but also magnifies tool tip forces that are reflected to the user. Hence, the operation of 

an instrument with a fulcrum requires intentional learning and practice and is not 

intuitively obvious.  

[0005] Also, surgical instruments are placed through ports having seals 

which induce a stick-slip friction caused by the reversal of tool directions. For example, 

stick-slip friction may arise from the reversal of tool directions when, for example, 

quickly changing from pulling to pushing on tissue. During such motion, rubber parts of 

the seals rub against the tool shaft causing friction or movement of the seal with the 

seal before the friction is overcome and the instrument slides relative to the seal. Stick

slip friction, or oil-canning, at the seal and instrument interface creates a non-linear 

force.  

[0006] Hand-eye coordination skills are necessary and must be practiced 

in order to correlate hand motion with tool tip motion especially via observation on a 

video monitor. Also, in laparoscopic surgery, tactile sensation through the tool is 

diminished. Because haptics are reduced or distorted, the surgeon must develop a set 

of core haptic skills that underlie proficient laparoscopic surgery. The acquisition of all 

of these skills is one of the main challenges in laparoscopic training and the present 

invention is aimed at improving systems and methods for laparoscopic skills training 

and technique performance.  

[0007] Not only do new practitioners have to learn laparoscopic skills, but 

also, experienced laparoscopic surgeons seek to polish old skills as well as to learn and 

practice new surgical techniques that are unique to newly introduced surgical 

procedures. While training can be acquired in the operating room, interest in devising 
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faster and more efficient training methods, preferably outside the operating room has 

increased. Surgeons that attain a reasonable level of skills outside the operating room 

are better prepared when they enter the operating room and, thereby, valuable 

operating room experience can thus be optimized, lowering the risk to patients and 

reducing costs. To acquaint surgeons with basic surgical skills outside the operating 

room, various simulators have been devised and tested. An example of a surgical 

simulator is the SIMSEI® laparoscopic trainer manufactured by Applied Medical 

Resources Corporation in California and described in U.S. Patent No. 8,764,452 

incorporated by reference herein in its entirety. The SIMSEI® laparoscopic trainer 

employs three-dimensional live or fake organs inside a simulated abdominal cavity that 

is obscured from direct observation by the user.  

[0008] Use of a live human or animal organ in a laparoscopic simulator 

requires freshness for the internal organ. Also, live organs require sanitary 

arrangements to be made to protect the trainee from being infected by germs and the 

like. Additional costs are also required for the sanitary management and sterilization of 

instruments which are used after the exercise of a surgical operation is performed.  

Also, the used live organ must be properly disposed. Furthermore, the smell of a live 

organ can be fowl and may distract the trainee from focusing on techniques and skills.  

Therefore, artificial organs and tissues that simulate live organs and tissues are 

desirable so that live organs can be replaced in surgical training.  

[0009] Many artificial organs have been used in place of live human or 

animal organs in surgical training. Typically, these artificial organ models are made of 

silicone, urethane elastomer, styrene elastomer or the like. These artificial organs must 

respond properly when incised, manipulated or sutured, for example, and provide the 

same feeling and tactile characteristics as in real life surgery. However, many artificial 

organs lack certain properties and realism that are necessary to bridge the gap between 

artificial and real organs. Furthermore, the degree of realism must be targeting to 

provide means for teaching the skills that are peculiar to laparoscopic skills training. As 

such, certain realisms may be more important in a laparoscopic environment when 

compared to an open surgical environment. Therefore, there is a need for artificial 

organs and tissues and, in particular, for artificial organs and tissues that are targeted 
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for laparoscopic skills training. The present invention sets forth new artificial organs and 

tissues that are realistic and targeted for laparoscopic skills training. The present 

invention also provides the methods of manufacturing such artificial organs and tissues.  

Summary of the Invention 

[0010] According to one aspect of the invention, a simulated tissue 

structure and method of manufacturing it are provided. The simulated tissue structure 

includes a combination of two materials that are attached together wherein one of the 

materials forms a hollow anatomical structure configured to contain the other material.  

The two materials are attached in an anatomically advantageous manner such that the 

inner surface of the outer material closely conforms to the outer surface of the other.  

Also, the internal material has a different and more rigid characteristic relative to the 

external material and the anatomical geometry formed by the outer material would 

normally make insertion of the internal material into the external geometry damaging to 

the outer geometry, difficult to accomplish and would reduce the realism arising from 

compensations, such as repairing and gluing, necessary due to damaging insertion.  

The method of manufacture of the present invention includes the step of applying a first 

material in an uncured state directly onto the second material in a solid state to encase 

or encompass in whole or in part the second material; the second material defines the 

size and shape of at least part of the first material and forms a unitary and connected 

construction with the first material that is also easy to remove from a mandrel.  

[0011] According to another aspect of the invention, a method of making 

a simulated tissue structure is provided. The method includes the step of providing a 

mandrel having a proximal end, a distal end and a longitudinal axis wherein the distal 

end of the mandrel includes an interlocking portion having a length. The method 

includes the step of providing an inner portion of a simulated tissue structure. The inner 

portion has a lumen sized and configured to receive the interlocking portion such that 

the entire length of the interlocking portion is located inside the lumen. The method 

includes the step of placing the inner portion onto the mandrel. The method further 

includes the step of placing the interlocking portion of the mandrel into the lumen of the 

inner portion. The method includes the steps of rotating the mandrel about the 
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longitudinal axis, applying uncured silicone onto the inner portion, curing the silicone to 

form an outer portion that surrounds the inner portion, and removing the inner portion 

and the outer portion as one unit from the mandrel.  

[0012] According to another aspect of the invention, a method of making 

a simulated tissue structure is provided. The method includes the step of providing a 

simulated anatomical structure. The method includes the step of providing a mandrel 

having a longitudinal axis, a proximal end and a distal end. The mandrel is configured 

to removably attach to the simulated anatomical structure. The method includes the 

step of connecting the simulated anatomical structure to the mandrel at a location along 

the longitudinal axis. The method includes the step of rotating the mandrel and 

connected simulated anatomical structure. The method includes the step of applying a 

second material in an uncured state to the mandrel and to the simulated anatomical 

structure. The method includes the step of allowing the second material to cure onto 

the simulated anatomical structure and mandrel to form a simulated tissue structure in 

which the simulated anatomical structure is surrounded in a thin shell of the second 

material. The simulated tissue structure has at least one lumen defined by the second 

material cured onto the mandrel. The method includes the steps of attaching the 

second material to the simulated anatomical structure, and removing the simulated 

anatomical structure with the attached second material.  

[0013] According to another aspect of the invention, a simulated tissue 

structure is provided. The simulated anatomical structure has a proximal end and a 

distal end of a first material located inside a thin shell of a second material having a 

proximal end and a distal end. The simulated anatomical structure is attached to the 

second material. The simulated anatomical structure has a first diameter and a first 

lumen at the proximal end and the second material has a second lumen having a 

second diameter at the proximal end wherein the first lumen is substantially aligned with 

the second lumen.  

[0014] According to another aspect of the invention, a method of making 

a simulated tissue structure is provided. The method includes the step of providing a 

planar first base layer. The method includes the step of providing a first stencil having 

at least one hole, and applying the first stencil onto the first base layer. The method 
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includes the step of applying a first stencil layer onto the first base layer via the first 

stencil. The method includes the steps of removing the first stencil, providing a planar 

second base layer, and applying a second base layer over the stencil layer and first 

base layer. The method further includes the step of adhering the second base layer to 

the first base layer.  

[0015] According to another aspect of the invention, a simulated tissue 

structure is provided. The simulated tissue structure includes a planar first base layer 

having a first side and a second side defining a substantially uniform thickness 

therebetween. The simulated tissue structure includes a planar second base layer 

having a first side and a second side defining a substantially uniform thickness 

therebetween. The second side of the second base layer faces the first side of the first 

base layer. The second base layer is adhered to the first base layer. The simulated 

tissue structure further includes at least one functional layer comprising a functional 

material located between the first base layer and the second base layer wherein the 

functional layer is formed via a stencil having at least one hole for applying the 

functional material.  

Brief Description of the Drawings 

[0016] FIG. 1A is a top perspective, transparent view of a simulated tissue 

structure comprising an inner portion and an outer portion wherein the outer portion 

forms an artificial fallopian tube and the inner portion forms an ectopic pregnancy 

according to the present invention.  

[0017] FIG. 1 B is a top perspective, transparent view of a simulated tissue 

structure comprising an inner portion and an outer portion wherein the outer portion 

forms an artificial fallopian tube and the inner portion forms an ectopic pregnancy 

according to the present invention.  

[0018] FIG. 1C is a top perspective, cross-sectional view of a simulated 

tissue structure comprising an inner portion and an outer portion wherein the outer 

portion forms an artificial fallopian tube and the inner portion forms an ectopic 

pregnancy according to the present invention.  
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[0019] FIG. 1 D is a top perspective, cross-sectional view of a simulated 

tissue structure comprising an inner portion and an outer portion wherein the outer 

portion forms an artificial fallopian tube and the inner portion forms an ectopic 

pregnancy according to the present invention.  

[0020] FIG. 2A is a top perspective view of an inner portion of FIG. 1 

according to the present invention.  

[0021] FIG. 2B is a top view of an inner portion of FIG. 1 according to the 

present invention.  

[0022] FIG. 2C is a side view of an inner portion of FIG. 1 according to the 

present invention.  

[0023] FIG. 2D is a bottom view of an inner portion of FIG. 1 according to 

the present invention.  

[0024] FIG. 3A is an exploded, top perspective view of an inner portion, an 

outer portion, adapter and mandrel according to the present invention.  

[0025] FIG. 3B is a top perspective view of an inner portion, outer portion 

adapter and mandrel according to the present invention.  

[0026] FIG. 3D is a top perspective, cross-sectional view of an inner 

portion and outer portion according to the present invention.  

[0027] FIG. 3E is a top perspective, partial cross-sectional view of an inner 

portion and outer portion according to the present invention.  

[0028] FIG. 4 is top perspective view of a mandrel according to the present 

invention.  

[0029] FIG. 5 is a top perspective view of a portion of a mandrel and inner 

portion according to the present invention.  

[0030] FIG. 6 is a top perspective view of a portion of a mandrel and inner 

portion according to the present invention.  

[0031] FIG. 7A is a top perspective view of an inner portion according to 

the present invention.  

[0032] FIG. 7B is a top view of an inner portion according to the present 

invention.  
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[00331 FIG. 7C is a side view of an inner portion according to the present 

invention.  

[0034] FIG. 7D is a side view of an inner portion according to the present 

invention.  

[0035] FIG. 8 is top perspective view of a mandrel according to the present 

invention.  

[0036] FIG. 9 is a top perspective view of a portion of a mandrel and inner 

portion according to the present invention.  

[0037] FIG. 10 is a top perspective view of a portion of a mandrel and 

inner portion according to the present invention.  

[0038] FIG. 11 is a top perspective, cross-sectional view of a simulated 

tissue structure according to the present invention.  

[0039] FIG. 12 is a top perspective view of an inner portion and a mandrel 

according to the present invention.  

[0040] FIG. 13 is a top perspective, cross-sectional view of a simulated 

tissue structure according to the present invention.  

[0041] FIG. 14A is a top perspective, partial sectional view of a simulated 

tissue structure according to the present invention.  

[0042] FIG. 14B is a top perspective, partial sectional, transparent view of 

a simulated tissue structure according to the present invention.  

[0043] FIG. 15 is top view of a stencil according to the present invention.  

[0044] FIG. 16 is a top view of a stencil according to the present invention.  

[0045] FIG. 17 is a top view of a stencil according to the present invention.  

[0046] FIG. 18 is a top view of a stencil according to the present invention.  

[0047] FIG. 19 is a top perspective view of a stencil and a portion of a 

simulated tissue structure according to the present invention.  

[0048] FIG. 20 is a top perspective view of a stencil and a portion of a 

simulated tissue structure according to the present invention.  

[0049] FIG. 21 is top perspective view of a simulated tissue structure 

according to the present invention.  
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[00501 FIG. 22 is a top perspective, sectional view of a portion of a 

stimulated tissue structure according to the present invention.  

[0051] FIG. 23 is a top perspective, sectional view of a portion of a 

simulated tissue structure and a stencil according to the present invention.  

[0052] FIG. 24 is a top perspective, sectional view of a simulated tissue 

structure according to the present invention.  

[0053] FIG. 25 is a top perspective, sectional view of a portion of a 

simulated tissue structure according to the present invention.  

[0054] FIG. 26 is a top perspective, sectional view of a simulated tissue 

structure according to the present invention.  

[0055] FIG. 27 is a top perspective, transparent, sectional view of a 

simulated tissue structure according to the present invention.  

[0056] FIG. 28 is a top perspective view of a stencil according to the 

present invention.  

[0057] FIG. 29 is a top perspective view of a base layer and stencil 

according to the present invention.  

[0058] FIG. 30 is a top perspective view of a first base layer and first 

stencil layer according to the present invention.  

[0059] FIG. 31 is a top perspective, sectional view of a first base layer, first 

stencil layer and a second base layer according to the present invention.  

[0060] FIG. 32 is a top perspective, sectional view of a first base layer, first 

stencil layer, a second base layer and a second stencil according to the present 

invention.  

[0061] FIG. 33 is a top perspective, sectional view of a first base layer, a 

first stencil layer, a second base layer and a second stencil layer according to the 

present invention.  

[0062] FIG. 34 is a top perspective, sectional view of a first base layer, a 

first stencil layer, second base layer, second stencil layer and third base layer according 

to the present invention.  

9



WO 2016/134269 PCT/US2016/018697 

[00631 FIG. 35 is a is a top perspective, sectional view of a first base layer, 

a first stencil layer, second base layer, second stencil layer, third base layer, and third 

stencil according to the present invention.  

[0064] FIG. 36 is a is a top perspective, sectional view of a first base layer, 

a first stencil layer, second base layer, second stencil layer, third base layer, and third 

stencil layer according to the present invention.  

[0065] FIG. 37 is a top perspective, sectional view of a simulated tissue 

structure according to the present invention.  

[0066] FIG. 38 is a top perspective, transparent, sectional view of a 

simulated tissue structure according to the present invention.  

[0067] FIG. 39 is a top perspective, transparent sectional view of a 

simulated tissue structure according to the present invention.  
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Detailed Description of the Invention 

[0068] Turning now to FIGs. 1A-1 D, there is shown a simulated tissue 

structure 10 according to the present invention. The simulated tissue structure 10 

includes a silicone outer portion 12 having an outer surface and an inner surface. The 

inner surface defines an interior cavity 14. The interior cavity 14 is interconnected with 

at least one opening 16. The cavity 14 of the simulated tissue structure 10 of FIGs. 1 A

1 D includes two openings 16 and the cavity 14 is lumen-like and generally elongated.  

In particular, the outer portion 12 is configured to have a size and shape of a tissue 

structure, organ, or at least a part of an anatomy. For example, as shown in FIGs. 1A

1 D, the outer portion 12 is configured in shape and size to represent a fallopian tube of 

the female human anatomy. FIGs. 1 B and 1C illustrate a proximal elongation that is 

longer so as to integrally form a fallopian tube than shown in FIGs. 1 A and 1C so as to 

be optionally connectable to a separately formed fallopian tube extension. The proximal 

opening 16 can be connected to an artificial uterus and/or a separately formed fallopian 

tube extension and the distal opening 16 includes longitudinal cuts to mimic the 

fallopian tube. The outer portion 12 is made of silicone such as platinum cured room 

temperature vulcanization silicone (PCRTVS). The outer portion 12 can also be made 

of any other type of silicone material, polymer, rubber, elastomer and the like.  

[0069] The simulated tissue structure 10 further includes an inner portion 

18 that is located inside the cavity 14 of the outer portion 12. The inner portion 18 

includes an outer surface and an inner surface. The inner surface of the outer portion 

12 closely conforms to the outer surface of the inner portion 18. The foam inner portion 

18 is connected to the outer portion 12. In the variation shown in FIGs. 1 A-1 D, the foam 

inner portion 18 is connected to the outer portion 12 near the proximal end of the 

fallopian tube and is configured to represent an ectopic pregnancy and as such is dark 

in color such as black or brown. The inner portion 18 is made of foam material. The 

foam material can be urethane foam, silicone foam or any other suitable foam. If 

urethane foam is used for the inner portion 18, the silicone outer portion 12 will not stick 

as much to the urethane foam and the silicone outer portion 12 will be more easily 

removable relative to the inner portion 18 making it advantageous for facilitating and 

simulating surgical removal of the simulated ectopic pregnancy. If silicone foam is used 
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for the inner portion 18, the silicone outer portion 12 will stick more to the silicone foam 

inner portion 18 and the silicone outer portion 12 will be harder to remove relative to the 

inner portion 18 making it advantageous for increasing the level of difficulty and surgical 

skill required in removing the simulated ectopic pregnancy. The inner portion 18 has a 

longitudinal axis, an outer perimeter and a width or outer diameter defined by the outer 

perimeter measured perpendicular to the longitudinal axis. The outer diameter of the 

inner portion 18 is equal to or less than the width or inner diameter of the outer portion 

at the same position along the longitudinal axis. The length of the inner portion 18 is 

shorter than the outer portion 12 along the longitudinal axis. The outer portion 12 at a 

location either proximal to the proximal end of the inner portion 18 or distal to the distal 

end of the inner portion 18 has a width or inner diameter that is smaller than the width or 

outer diameter of the proximal end of the inner portion or has a width or inner diameter 

that is smaller than the width or outer diameter of the distal end of the inner portion, 

respectively. In another variation as shown in FIGs. 1 A-1 D, the outer portion 12 at a 

location proximal to the proximal end of the inner portion 18 and distal to the distal end 

of the inner portion 18 has a width or inner diameter that is smaller than the width or 

outer diameter of the proximal end of the inner portion and has a width or inner diameter 

that is smaller than the width or outer diameter of the distal end of the inner portion, 

respectively. Such a configuration, encapsulates the inner portion 18 within the outer 

portion preventing its migration along the longitudinal direction. The inner portion 18 is 

captured between constrictions in the outer portion at opposite ends of the inner portion.  

[0070] Turning now to FIGs. 2A-2D, there is shown various views of an 

inner portion 18 made of foam material. The inner portion 18 has an outer surface and 

an inner surface. The outer surface is bulbous in shape. The inner portion 18 includes 

a lumen 20 defined by the inner surface. The lumen 20 extends between a proximal 

opening 22 at the proximal end and a distal opening 24 at the distal end. The lumen 20 

is configured to fit over a mandrel. As such, at least part of the lumen 20 has a non

circular cross-section so that inner portion 18 does not move with respect to the 

mandrel when the mandrel rotates. The cross-sectional shape of the lumen 20 is 

hexagonal although the invention is not so limited and the cross-section can be 

elongate, a slot, triangular, square, pentagonal or any other shape that keeps the foam 
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inner portion from spinning freely while on the mandrel. Means other than the cross

sectional shape of the lumen 20, such a pin or other locking device, can be employed to 

secure the foam inner portion 18 to the mandrel 20.  

[0071] Alternatively, and turning now to FIGs. 3A-3E, the inner portion 18 

may or may not have a lumen 20 configured to mount onto a mandrel. Instead, the 

inner portion 18 is formed with a male boss 26 as shown in FIGs. 3A-3E. The male 

boss 26 includes an outer surface that has a non-circular cross-section. The cross

section of the male boss 26 taken perpendicular to the longitudinal axis is elongate, a 

slot, triangular, square, pentagonal, hexagonal or any other shape that keeps the inner 

portion from spinning freely while on the mandrel 30. The mandrel 30 is a standard 

elongate cylindrical rod with a circular cross-section as shown in FIGs. 3A-3C. An 

adapter 28 is provided and configured to connect to the distal end of the mandrel 30.  

The adapter 28 includes a female boss 32 having a shaped that is sized and configured 

for receiving the male boss 26 of the inner portion 18 to secure the inner portion 18 to 

the mandrel 30 such that the inner portion 18 does not rotate relative the mandrel 30 

during the manufacturing process when the mandrel 30 is rotating. The foam inner 

portion 18 and the mandrel 30 are configured to have interlocking geometry between 

the mandrel 30 and the inner portion 18. The geometry is achieved during the design 

process and is incorporated into the molds used to manufacture both the forming 

mandrels and the foam inner portion 18. The shape between the two can be any 

geometry that keeps the components from freely spinning on each other. FIGs. 3D-3E 

shows the outer portion 12 connected to the inner portion 18 in a final product removed 

from the mandrel 30.  

[0072] The method of manufacturing the simulated tissue structure 10 will 

now be described. A mandrel 30 is used to manufacture the simulated anatomy. The 

mandrel 30 is typically connected to motor that rotates the mandrel 30 about its 

longitudinal axis. A mold, typically a mold having a desired shape such as a shape of 

an anatomical portion to be formed, is attached to the mandrel 30. When the motor is 

turned on, the mandrel 30 rotates and uncured silicone such as uncured PCRTVS is 

applied to the rotating mold that is connected to the mandrel 30. As the uncured 

silicone begins to cure, it assumes the shape of the underlying mold. Uncured silicone 
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is applied such as by painting layers, spraying, or dipping the mold. When the 

application of silicone is completed, the uncured silicone is allowed to cure and then the 

resulting simulated tissue structure 10 is removed from mold and the mandrel 30 to 

create a hollow tissue structure of a desired shape. Typical hollow organs that can be 

created using this method include rectums, ovaries, fallopian tubes, vasculature, uteri 

and other organs.  

[0073] Turning now to FIG. 4, there is shown a mandrel 30 according to 

the present invention. The mandrel 30 is an elongate cylindrical rod having a circular 

cross-section at the proximal end or other-shaped proximal end configured for 

connection to a motor. At least part of the mandrel 30, the interlocking portion 36, is 

configured to interlock with a pre-formed foam inner portion 18. The interlocking portion 

36 is configured to be inserted into a complementary-shaped lumen 20 of the foam 

inner portion 18. In one variation, the interlocking portion 36 has a hexagonal cross

section that is sized to fit inside a lumen 20 having a hexagonal cross-section. The 

foam inner portion 18 is designed to be part of the final simulated tissue structure 10. In 

one variation of the mandrel 30, the mandrel 30 includes at least one anatomical portion 

38. In the variation shown in FIG. 4, the anatomical portion 38 is located at the distal 

end of the mandrel 30 and the interlocking portion 36 is located proximal to the 

anatomical portion 38 along the longitudinal axis and the cylindrical portion of the 

mandrel 30 is located proximal to the interlocking portion 36. The anatomical portion 38 

is configured to represent at least part of an anatomy. In particular, the anatomical 

portion 38 is configured to mimic a hollow part of an anatomy. In FIG. 4, the anatomical 

portion 38 is configured to simulate a fallopian tube or distal end of a fallopian tube of a 

female human anatomy. As such, the anatomical portion 38 is curved and has a larger 

diameter distal end. The anatomical portion 38 is connected to the mandrel 30 at a 

location distal to the interlocking portion 36 although the invention is not so limited and 

the interlocking portion may be located in between two anatomical portions 38 or be 

formed as part of the anatomical portion 38. The portion of the mandrel 30 that is 

proximal to the interlocking portion 36 also serves as a second or proximal anatomical 

portion 38 such as the proximal end of a fallopian tube.  
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[0074] Turning now to FIG. 5, there is shown a mandrel 30 in juxtaposition 

with an inner portion 18 according to the present invention. The inner portion 18 of FIG.  

5 is shaped like an ectopic pregnancy of FIGs. 2A-2D. The proximal end 34 of the 

mandrel 30 is inserted into the distal opening 24 of the lumen 20 of the inner portion 18.  

The inner portion 18 is moved along the cylindrical portion of the mandrel 30 toward the 

interlocking portion 36. The inner portion 18 slides along the longitudinal axis of the 

mandrel 30. The hexagonal shape of the interlocking portion 36 of the mandrel 30 is 

aligned with the hexagonal shape of the lumen 20 of the inner portion 18 and the 

interlocking portion 36 of the mandrel 30 is inserted into the lumen 20 of the inner 

portion 18. The inner portion 18 securely locks onto the mandrel 30 with a slight 

interference fit which prevents it from rotating relative to the mandrel 30 or easily sliding 

distally or proximally along the mandrel 30. The mandrel 30 is connected to the inner 

portion 18 in the location of the interlocking portion 36 via an interference fit as shown in 

FIG. 6. The mandrel 30 and the attached inner portion 18 are then connected to a 

motor (not shown) configured to receive and connect with the proximal end of the 

mandrel 30. The motor is configured to rotate the mandrel 30 and the attached inner 

portion 18 about its longitudinal axis.  

[0075] As the mandrel 30 and attached inner portion 18 is rotated, uncured 

silicone such as PCRTVS is applied to cover at least the anatomical portion 38A and 

inner portion 18 and where applicable, a second anatomical portion 38B that is proximal 

to the interlocking portion 36 as shown in FIG. 6. As the mandrel 30 rotates, more 

uncured silicone is applied to achieve a desired thickness of material that will form the 

outer portion 12. The uncured silicone begins to cure and additional uncured silicone 

can be continuously applied. The uncured silicone is applied on and over the mandrel 

30 and inner portion 18 together. Uncured silicone may be applied with a brush, spray, 

by dipping or other manner. Rotation of the mandrel 30 prevents the silicone from 

curing to form unevenly covered areas. After the silicone is cured, the outer portion 12 

is formed comprising the silicone layer about the mandrel 30. Hence, the outer surface 

of the inner portion 18 will define the size and shape of at least part of the inner surface 

of the outer portion 12 and the outer surface of the anatomical portion 38 will define the 

size and shape of at least part of the inner surface of the outer portion 12 in a 
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substantially continuous manner such that both the inner portion 18 and the anatomical 

portion(s) 38 define the size and shape of the outer portion 12. The anatomical portion 

38 is adjacent to the inner portion 18 located on the mandrel 30 and the outer portion of 

uncured silicone is applied to both in a seamless way to form a unitary simulated tissue 

structure 10. The inner portion 18 is removable from the mandrel 30 together with the 

outer portion 18 whereas the anatomical portion 38 of the mandrel 30 remains fixed to 

the mandrel 30. Hence, uncured silicone is applied to the inner portion 18 that is 

removable from the mandrel 30 and becomes integral with and attached to the outer 

portion 12 wherein the anatomical portion 38 which serves as a mold for at least 

another portion of the outer portion 12 is not removable from the mandrel 30 at least 

when the outer portion 12 and inner portion 18 are being removed.  

[0076] Once the silicone cures, the outer portion 12 on the second 

anatomical portion 38B is rolled along the mandrel 30 towards the inner portion 18 or 

proximal end of the mandrel 30 and then the inner portion 18 and silicone outer portion 

12 can be easily removed from the mandrel 30 as a single unit. The rolling of proximal 

end of the outer portion 12 helps to relieve any frictional forces between the outer 

portion 12 and the mandrel 30 to facilitate removal of the final anatomical model. As 

explained earlier, if the inner portion 18 is made of silicone foam then the uncured 

silicone will, as it cures, interlock, attach and connect with the silicone foam more 

strongly than if the inner portion 18 was made of urethane foam. This stronger bond will 

help in removing the silicone outer layer 12 and the attached inner portion 18 together 

more easily. Mold release or resist can be applied to the anatomical portion 38 and 

cylindrical portion of the mandrel 30 to facilitate removal of the outer portion 12 and 

inner portion 18 resulting in the simulated tissue structure 10 of FIG. 1.  

[0077] This method can be used to make fallopian tubes with ectopic 

pregnancies as just described above wherein the inner portion 18 simulates an ectopic 

pregnancy and the silicone outer portion 12 simulates the fallopian tube. The process 

can be used to make a wide range of other anatomies. The method adapted for making 

ovaries and ovaries with cysts with fallopian tubes will be described hereinbelow. Other 

anatomies that can be simulated include healthy and fibroid uteri. The foam of the inner 

portion 18 can be rigid or flexible and, as described above, it can be made of urethane, 
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silicone or other material. Also, the simulated tissue could be any material other than 

silicone that can be applied to a mandrel by dipping, painting, spraying, etc.  

[0078] Also, the method can be combined with a the steps of providing a 

mesh sleeve, for example, made of nylon mesh, placing the mesh sleeve onto the 

mandrel 30 and, applying the material of the outer portion 12 such as uncured silicone.  

The uncured silicone if applied to the mesh will pour over the mesh material and cure 

integrally into the mesh. Similarly, mesh applied to uncured silicone will cure integrally 

together. The mesh advantageously makes the outer portion 12 capable of holding 

sutures for the practice of suturing certain anatomies.  

[0079] Turning now to FIGs. 7A-7D, there is shown various views of an 

inner portion 18 made of foam material. The inner portion 18 has an outer surface and 

an inner surface. The outer surface is bulbous in shape and configured to represent a 

human female ovary. The inner portion 18 includes a lumen 20 defined by the inner 

surface. The lumen 20 extends from the proximal opening 22 at the proximal end into 

the inner portion 18. The lumen 20 does not extend through the inner portion 18 and 

only has one opening 22 at the proximal end. The lumen 20 is configured to fit over a 

mandrel 30. As such, at least part of the lumen 20 has a non-circular cross-section so 

that inner portion 18 does not move with respect to the mandrel 30 when inner portion 

18 is mounted on the mandrel 30 and the mandrel 30 rotates. The cross-sectional 

shape of the lumen 20 is hexagonal although the invention is not so limited and the 

cross-section can be elongate, a slot, triangular, square, pentagonal or any other shape 

that keeps the inner foam portion 18 from spinning freely while on the mandrel 30.  

Means other than the cross-sectional shape of the lumen 20, such as a pin or lock, can 

be employed to secure the foam inner portion 18 to the mandrel 20. Of course, the 

inner portion 18 may or may not have a lumen 20 configured to mount onto a mandrel.  

Alternatively, the inner portion 18 is formed with a male boss 26 as shown in FIGs. 3A

3C for connecting the inner portion 18 to the mandrel 30. The inner portion 18 of FIGs.  

7A-7D Includes two flatter outer surfaces interconnected by two curved side surfaces.  

The shape of the cross-section taken perpendicular to the longitudinal axis of the inner 

portion 18 is oval, elliptical, elongated or otherwise has a longer length relative to its 

width. The outer surface of the inner portion 18 includes a dimple 40. The dimple 40 is 
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a concavity formed in the outer surface of the inner portion 18. The dimple 40 is sized 

and configured to receive an artificial cyst, fibroid, or tumor (not shown). The artificial 

cyst, fibroid or tumor 42 is separately made to simulate a real cyst, fibroid or tumor and 

sized and configured to fit inside the dimple 40. The artificial cyst, fibroid or tumor can 

be made of silicone or foam and can be appropriately dyed to accurately represent the 

respective structure. The artificial cyst, fibroid or tumor 42 is placed with some adhesive 

if necessary into the dimple 40 and uncured silicone of the outer portion 12 is then 

applied to both the dimple insert and the inner portion 18. In another variation, dimples 

40 are not provided and simulated cysts 42 are attached directly to the outer surface of 

the inner portion 18. In yet another variation, the simulated cysts 42 are formed 

integrally with the inner portion 18 and optionally of the same material as the inner 

portion 18.  

[0080] Turning now to FIG. 8, there is shown a mandrel 30 according to 

the present invention. The mandrel 30 is an elongate cylindrical rod having a circular 

cross-section. The mandrel 30 includes an interlocking portion 36 configured to 

interlock with a pre-formed foam inner portion 18. In one variation shown in FIG. 8, the 

mandrel 30 includes an interlocking portion 36 located at the distal end 34 of the 

mandrel 30. The interlocking portion 36 is configured to be inserted into a 

complementary-shaped lumen 20 of the foam inner portion 18. In one variation, the 

interlocking portion 36 has a hexagonal cross-section that is sized to fit inside a lumen 

20 having a hexagonal cross-section. The foam inner portion 18 is designed to be part 

of the final simulated tissue structure 10.  

[0081] Turning now to FIG. 9, there is shown a mandrel 30 in juxtaposition 

with an inner portion 18 according to the present invention. The inner portion 18 of FIG.  

9 is shaped like an ovary of FIGs. 7A-7D. The distal end 34 of the mandrel 30 is 

inserted into the proximal opening 22 of the lumen 20 of the inner portion 18. The 

hexagonal shape of the distal end 34 of the mandrel 30 is aligned with the hexagonal 

shape of the lumen 20 of the inner portion 18 and the interlocking portion 36 of the 

mandrel 30 is inserted into the lumen 20 of the inner portion 18. The inner portion 18 

securely locks onto the mandrel 30 with a slight interference fit. The mandrel 30 

connected to the inner portion 18 via an interference fit is shown in FIG. 10. The 

18



WO 2016/134269 PCT/US2016/018697 

mandrel 30 and the attached inner portion 18 are then connected to a motor (not 

shown) configured to receive and connect with the proximal end of the mandrel 30. The 

motor is configured to rotate the mandrel 30 and the attached inner portion 18 about its 

longitudinal axis.  

[0082] A simulated cyst, tumor or other anatomical variation is placed in 

the dimple 40 and attached thereto or held in place with adhesive or with the 

simultaneous application of wet silicone constituting the outer portion 18. As the 

mandrel 30 and attached inner portion 18 and attached cysts are rotated uncured 

silicone, such as PCRTVS, is applied to cover at least the inner portion 18 and attached 

cysts. As the mandrel 30 rotates, more uncured silicone is applied to achieve a desired 

thickness of material. The uncured silicone begins to cure and additional uncured 

silicone can be continuously applied. The uncured silicone is applied on the inner 

portion 18 and may also be applied on the mandrel 30. Uncured silicone may be 

applied with by painting with a brush, spraying, dipping or other manner. Rotation of the 

mandrel 30 prevents the silicone from curing to form unevenly covered areas. After the 

silicone is completely cured, the outer portion 12 is formed comprising the silicone layer 

about the mandrel 30. Hence, the outer surface of the inner portion 18 will define the 

size and shape of at least part of the inner surface of the outer portion 12. Once the 

silicone cures, a portion of it at the mandrel 30 may be rolled distally along the 

longitudinal axis. The inner portion 18 may be grasped and pulled distally to remove the 

construct from the mandrel 30. The foam inner portion 18 and silicone outer portion 12 

can be easily removed from the mandrel 30 as a single unit. The resulting simulated 

tissue structure 10 as removed from the mandrel 30 is illustrated in FIG. 11. As 

explained earlier, if the inner portion 18 is made of silicone foam, then the uncured 

silicone will, as it cures, interlock and connect with the silicone foam more strongly than 

if the inner portion 18 was made of urethane foam. This stronger bond will help in 

removing the silicone outer layer 12 and the attached inner portion 18 as a unit more 

easily. Mold release or resist can be applied to the mandrel 30 to facilitate removal of 

the outer portion 12 and inner portion 18 together resulting in the simulated tissue 

structure 10.  
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[00831 Turning now to FIG. 12, there is shown another variation in which 

an inner portion 18 is sized and configured to resemble a uterus. The inner portion 18 is 

shown with one or more simulated cysts 42 attached to the inner portion 18 in the 

location of dimples 40 if dimples 40 are provided for seating the simulated cysts 42. It 

should be noted that simulated cysts are used interchangeably with tumor, fibroid, or 

other similar anatomical or general surgical target throughout the specification. The 

inner portion 18 includes a lumen 20 opening at the proximal end. The lumen 20 is 

sized and configured such that the inner portion 18 does not rotate relative to the 

mandrel 30. The mandrel 30 is shorter such that the proximal end of the resulting 

simulated tissue structure 10 is shaped substantially realistically. The same methods 

described above are utilized to form the resulting structure 10 shown in FIG. 13 in which 

the simulated tumors 42 are embedded between the outer portion 12 and the inner 

portion 18. The lumen 20 at the proximal end of the simulated tissue structure 10 

simulates the uterine canal and since the inner portion 18 is made of foam a practitioner 

is able to grasp and pull on the simulated tissue structure during the simulated surgery 

without risk of tearing as would likely be the case if the inner portion made of silicone, 

for example. The practitioner will approach the target cysts 42 and cut through the 

outer portion 12 and dissect the cysts 42 from the simulated uterus 10.  

[0084] The present invention creates a simulated tissue structure 10 that 

advantageously combines silicone material with foam material that are attached in an 

anatomically advantageous manner to represent ectopic pregnancies, cysts, fibroids, 

tumors or other anatomical portion in combination with a hollow anatomical structure.  

The method includes applying silicone directly onto the inner portion to form the outer 

portion and simultaneously mold the outer portion to the inner portion in an integral 

fashion to form a unitary construction. Otherwise, the silicone outer portion would have 

to be formed separately on a mandrel and removed once cured. Then, the formed 

hollow silicone structure would have to be cut open and a foam piece would then be 

inserted into the silicone structure. Cutting open the silicone structure would be the only 

way to accommodate a size and shape of foam material while retaining the anatomical 

characteristics such as narrowed tubular structures on one or more ends of the foam 

inner portion. After the foam inner portion is inserted, the cut silicone would then have 
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to be glued back together to complete the anatomy in question creating an inferior 

simulated tissue structure. By using the foam inner portion 18 as part of the forming 

mandrel 30 that is removable and integrated into the simulated tissue structure, the 

present invention advantageously eliminates several steps in the manufacturing process 

including cutting open a hollow silicone shape, inserting a foam inner piece into the 

opening created by the cutting, and then gluing the opening closed when finished.  

Cutting the hollow shape is necessitated by the size of the inner portion relative to the 

surrounding tubular anatomical structure. Forcing a foam insert in through an opening 

in the hollow silicone shape would result in the silicone tearing during the process.  

Hence, the present invention solves many problems to create an ideal simulated tissue 

structure. Furthermore, removal of silicone material from a mandrel 30 is complicated 

because the silicone is notoriously sticky and complex shapes such as fallopian tubes 

with ectopic pregnancy can be exceedingly difficult to remove from the mandrel without 

incurring damage to the work-piece. The addition of the foam insert to the mandrel 

greatly reduces the difficult of removing the silicone part from the mandrel because part 

of the silicone part is attached to the foam insert which easily slides off the mandrel 

instead of to the mandrel directly. Portions of silicone attached to an anatomical portion 

30 or cylindrical portion of the mandrel 30 can be first bunched near the foam inner 

portion and then the inner portion 18 can easily slide off of the mandrel 30. As 

previously mentioned, the foam can represent a separate component entirely such as a 

cyst, fibroid or tumor or just serve as a filler material or tissue layer of different density to 

help certain anatomy to retain a three-dimensional shape or define and replicate certain 

anatomical characteristics. Additionally, having the silicone cure on the foam adds an 

element of difficulty to simulated training procedures which can be desirable in certain 

situations as dissection between tissue planes is not always easy. The present 

invention provides a simulated tissue structure with all of these advantages. Also, as 

mentioned previously, variants can include different material selection for the inner 

portion 18 including varying densities of foam and plastics can be used depending on 

the desired feel of the anatomical component.  

[0085] The simulated tissue structure 10 of the present invention is 

particularly suited for laparoscopic procedures and may be employed with a 
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laparoscopic trainer; however, the invention is not so limited and the simulated tissue 

structure 10 of the present invention can be used alone to practice various surgical 

procedures equally effectively.  

[0086] Turning now to FIGs. 14A-14B, there is shown a simulated tissue 

structure 110 according to the present invention. The simulated tissue structure 110 

includes at least a first layer 112 and a second layer 114 and at least one screen or 

stencil layer 115 located between the first layer 112 and second layer 114. The first 

layer 112 and the second layer 114 are typically made of silicone and formed into planar 

sheets with each layer having a first side and a second side and defining a substantially 

uniform thickness therebetween. The first and second layers 112, 114 are substantially 

identical and planar and, in one variation, at least one of the first and second layers 112, 

114 is transparent or translucent such that the at least one screen layer 116 that is 

located between the first layer 112 and the second layer 114 is visible through the one 

of the first and second layers 114, 116. The screen layer 116 comprises an application 

of resist, release, adhesive, silicone, hydrogel or other material that is applied using a 

screen, stencil, plate, mask or other image transfer method. FIGs. 14A-14B, in 

particular, illustrate three layers of silicone and a total of two screen layers located 

between the three layers of silicone wherein each screen layer is located between two 

adjacent silicone layers. The process of making the simulated tissue structure 110 

involves casting sheets of silicone or other elastomeric material to form the base layers 

and using a screen, stencil, or other image transfer method to apply a resist, adhesive, 

silicone or other material to form the functional stencil layers, the functional layer being 

applied to a cured base layer which is then overlaid with an uncured base layer and 

repeating the process after the uncured base layer has cured to build up a thickness of 

material with desired properties for surgical simulation.  

[0087] One version of this process involves using a stencil to apply mold 

release or resist to silicone sheets in a desired pattern. By using stencils, screens, or 

lithographic plates, resist coverage can be tailored in a specific pattern such as dots, 

halftone or other pattern to give a specific area a percentage of adhesion or relative 

adhesion between two sheets of material. For example, if a stencil includes a pattern 

that is approximately 50% open and it is used to apply a stencil layer of resist material 
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to a silicone layer of equal area, the adhesion of the adjacent silicone layer will be 

reduced by approximately 50%. The pattern of mold release/resist is applied to a first 

surface of a previously-cured sheet of silicone via the stencil, screen or other plate.  

This prepared sheet is then laid on top of an uncured sheet of silicone that may or may 

not be resident inside a mold. The combination of the cured silicone sheet with a stencil 

layer and the uncured silicone layer is then given time to cure. Upon curing, a 

sandwiched construct results having variable interface characteristics across the 

interface plane due to the stencil layer. This method, when repeated, with multiple 

layers builds up a specified thickness of simulated tissue with desired properties 

including variability of X-Y plane interface, properties along the Z-axis, in addition to 

and/or separate from material properties and visual characteristics. A higher 

percentage of area covered by dots of mold release/resist via the stencil, plate or 

screen will build up a tissue that feels softer and easier to pull apart. A lower 

percentage of area covered by mold release/resist dots via the stencil, plate or screen 

will build up a solid block that feels harder and is more monolithic and will be more 

difficult to cut or pull apart using surgical instruments.  

[0088] In another variation, instead of applying resist or mold release via a 

stencil, plate or screen to a layer of cured silicone, silicone or other adhesive is applied 

via the stencil, plate, mask, or screen in a particular pattern or halftone to a layer of 

cured silicone which can then be used to join two previously cured silicone sheets 

creating two layers that are selectively adhered having variable adhesion along the 

interface plane and subsequently built up with additional layers to create a multiple layer 

construct having variable adhesion in the interfacing planes along the Z-axis. Hence, 

the stencil layer is a functional layer, the function of which may be selected from the 

group of adhesion, release, and color.  

[0089] The pattern on the stencil, plate or screen is not limited to dots and 

material may be applied creating stencil layers for a simulated tissue structure where 

lines, webs, ovals, squares, curves or other shapes of various thicknesses and colors 

are created by the stencil layer, for example, to mimic vasculature, musculature, fatty 

layers or other complex organs and tissues in a two-dimensional layer and 

intercommunicating with adjacent layers in a three-dimensional construct in which 
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structures transition and continue across multiple layers. This method is used to build 

an overall desired thickness of material of tissue structure to be used in surgical 

simulation.  

[0090] In addition, each of these techniques, applying resist or adhesive 

using a stencil, screen or plate employing printmaking methods, can be used with 

textured sheets of silicone and casting dishes to further tailor the feel and response of 

the material. Also, color can be introduced to simulate different anatomical layers and 

constructs. The addition of color aids the user in navigation during surgical simulation 

as well as assessment after the simulation exercise is completed. For example, a 

surgeon practicing an incision will know that the incision through one or more base 

layers is too deep if a certain color such as red becomes visible wherein the red color is 

provided in a functional layer serving the function of a visual indicator for training 

purposes. Of course, color may be employed in at least the functional layer to provide 

various surgical markers, anatomy, and targets such as tumors and the like. Similarly, 

for example, after the simulation exercise is completed, an assessment of the layers 

can be made to ascertain the accuracy of a procedure for purposes of training and 

evaluation. For example, layers can be separated and examined to see if an incision 

penetrated too deeply or to see if care was taken to separate layers carefully without 

unnecessary cutting into unwanted anatomy.  

[0091] In one variation, a block of simulated tissue is created using the 

resist method described above to create a block of simulated tissue comprising a 

plurality of layers where the layers gradually transition from flesh tone to white to red.  

When working with this multi-layered simulated tissue structure having a gradation of 

color and/or interface adhesion properties, dissection in the flesh tone and white layers 

would be positively regarding with respect to the simulation exercise. Also, positive 

regard would be attributed in the evaluation to respect for tissue techniques that 

illustrate the surgeon's skill to separate instead of cutting muscle fibers in the making of 

an incision through the abdomen for example. The variable adhesion characteristics of 

the simulated tissue model are used to facilitate the training of the separation of muscle 

fibers and other respect for tissue techniques. Colored layers can be used in the post

exercise assessment by examining the construct to see if cuts extend through the white 
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layer(s) and into the red layer(s), for example. If the red layer(s), for example, have 

been cut, the surgeon and the assessor will know that they have gone too far and 

continued training is required. The present invention advantageously improves the feel 

and functionality of a simulated tissue structure especially in a training environment 

while providing live feedback to the surgeon and assessment means to the trainer 

especially in regard to dissection.  

[0092] By creating stencils, screens, masks or plates such as silk screens 

or lithographic plates to be used to create simulated tissue for specific human or animal 

anatomy, specific, desirable properties can be achieved. By controlling the percent 

area and shape of adhesion or resist between two or more layers of silicone or 

KRATON or hydrogel, etc., a higher degree of realism can be achieved in surgical 

simulation and provide a way to train surgeons that was not previously possible.  

[0093] Turning now to FIG. 15, there is shown a stencil 116 according to 

the present invention. The stencil 116 may also be called a plate, screen, mask or other 

similar article which is used interchangeably to describe the same stencil 116 

throughout the specification. The stencil 116 includes a top surface 118 oppositely 

located and interconnected to a bottom surface 120. A plurality of holes 122 are formed 

in the stencil 116. The holes 122 extend through the top surface 118 to the bottom 

surface 120. The holes 122 are formed into a pattern as shown in FIG. 15. The pattern 

in FIG. 15 is uniform across the entire stencil 16. Resolution of the stencil 116 is 

defined as the number of lines per inch or the number of dots per inch measured 

parallel with the stencil's angle which lies in the plane of the stencil 116 such as a count 

taken along a zero angle that would be equated with nine o'clock of a clock drawn on 

the surface of the stencil or any other angle.  

[0094] The holes 122 shown in FIG. 15 are circular in shape. However, 

the invention is not so limited and the holes 122 can be made to have any desired 

shape. For example, the holes 122 can be round, elliptical or square. For example, 

FIG. 16 illustrates a stencil 116 that has a plurality of holes 122 shaped like small 

curves. The repetitive pattern of curved holes 122 is provided evenly across the stencil 

116 and mimic vasculature or other anatomically correct visual representation seen in 

real surgery. The pattern of holes 122 shown in FIG. 17 is limited to only a portion of 
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the stencil 116 and, for example, is formed into a shape of a circle made of circular 

holes 122 in the center of the stencil 116 with three additional circular holes 122 in the 

center of the larger circle. The pattern and number of holes 122 are formed for a 

particular purpose in the creation of the simulated tissue structure. For example, the 

holes 122 may be shaped to represent an anatomical aspect of interest. An exemplary 

anatomical aspect may include vasculature such as capillaries and accordingly the 

stencil 116 would have a plurality of small curves formed randomly or in a pattern into 

the stencil 116. Such a stencil 116 may be used to meter a blue or red-colored silicone, 

for example, to provide a functional layer having representative structure as well as 

color. Another example may include a stencil 116 configured to impart features of 

muscle. As such, the holes 122 in the stencil 116 may be elongate, straight, 

substantially parallel to each other and angled to represent the muscular striations 

found in a layer of muscle. Such a stencil 116 may be employed to meter a layer of red 

silicone or hydrogel material or multiple layers may be formed by stacking a hydrogel 

layer metered via the stencil 116 and a colored silicone layer 115 directly over the 

hydrogel layer and separated by a cured layer of silicone in between the two functional 

layers formed by the stencil 116. Alternatively, layers of silicone are formed via the 

stencil 116 and sandwiched by one or more hydrogel layers. The functional layer made 

of hydrogel is configured to conduct electricity for simulating electro-surgery on the 

simulated tissue structure 110. A stencil 116 having a complex configuration of holes 

122 of various shapes, patterns and arrangements are shown in FIG. 18. In FIG. 18, an 

even pattern of circular holes 122 appear in the upper right hand corner of the stencil 

116 and a curved arrangement of holes 122 shaped like small curves are formed in the 

lower left hand corner of the stencil 116 and separated by a curve formed of circular 

holes 122. A custom stencil 116 is formed to create a custom aspect or feature in one 

layer of a multiple layer simulated tissue structure. Also, multiple stencils may be 

employed at the same interface to create a custom arrangement of properties for that 

interface. The properties include but are not limited to material characteristics, 

adhesion qualities, colors and shapes. The stencil 116 may have a thickness selected 

for the type, amount and desired thickness of the resulting stencil layer.  
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[00951 Turning now to FIG. 19, there is shown a first base layer 112 

having a top surface 124 interconnected to and oppositely disposed from a bottom 

surface 126. The top surface 124 is substantially planar and parallel to the substantially 

planar bottom surface 126. A stencil 116 is shown spaced apart from the first layer 112 

and oriented such that the bottom surface 120 of the stencil 116 faces the top surface 

124 of the first layer 112. The stencil 116 includes a plurality of holes 122 that are 

round and formed into an even pattern across the stencil 116. The shape and pattern of 

the holes 122 are illustrative and not intended to be limiting. In the next step, illustrated 

in FIG. 20, the stencil 116 is laid onto the first sheet or first layer 112 such that the 

bottom surface 120 of the stencil 116 contacts or faces the top surface 124 of the first 

layer 112. A mold release, resist, grease, powder, lubrication, or other material is 

applied onto the stencil 116 such that the material passes through the holes 122 and is 

applied to the top surface 124 of the first layer 112. The stencil 116 is removed leaving 

behind a pattern of applied material or first stencil layer 15A on the first layer 112 as 

shown in FIG. 21 in the same pattern and shape as the pattern and shape of holes 122 

on the stencil 16. In this example, the first stencil layer 15A includes a plurality of 

patterned dots. Alternatively, instead of release material, adhesive material may be 

employed such as glue or silicone or other adhesive and applied to the first layer 112 

via the stencil 116. Furthermore, the material applied via the stencil 116 may be an 

electrically conductive material such has hydrogel or material having conductive 

properties/filament. Also, the material may include fiber or mesh to improve the suture

holding ability of the layer. The first layer 112 is a cured layer of silicone such as 

platinum cured room temperature vulcanization silicone (PCRTVS) rubber. The first 

layer 112 may also be made of KRATON, any elastomer or hydrogel or other 

conductive material or polymer material. The first stencil layer 115A is allowed to cure 

either before or after the stencil 116 is removed. FIG. 21 illustrates at least a portion of 

a simulated tissue structure 110 with the stencil 116 removed from the construct. Any 

of the material applied with the stencil 116 may include color appropriate to the anatomy 

being mimicked or the visual effect that is desired to be created employing 

transparencies and color combinations. In one aspect of the invention, the structure of 

FIG. 21 is a completed simulated tissue structure. In another aspect of the invention, 
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one or more additional stencil layers 115 of the same or different material can be 

applied via the same or different stencil 116 either directly above the previously applied 

stencil layer 11 5A or offset from the previously applied stencil layer 11 5A.  

[0096] The next step of the method of forming a simulated tissue structure 

according to the present invention is shown in FIG. 22 wherein the combination of the 

first base layer 112 and the one or more stencil layer 11 5A, such as the combination 

shown in FIG. 21, is placed in juxtaposition with a second base layer 114. In one 

variation, the second base layer 114 is uncured silicone, PCRTVS, that is applied onto 

the first stencil layer 11 5A and the top surface 124 of the first layer 112 and allowed to 

cure to form a sandwich comprising of the first layer 112 and the second layer 114 with 

the one or more first stencil layer 15A located therebetween. Still referencing FIG. 22, 

the second layer 114 includes a top surface 130 interconnected with a bottom surface 

132. If the first stencil layer 11 5A includes an adhesive function, the first layer 112 and 

the second layer 114 will have strong points of adhesion in the location of the patterned 

first stencil layer 11 5A. If the first stencil layer 11 5A includes a resist or release 

functionable material, the first layer 112 and the second layer 114 will have locations 

where the first layer 112 and the second layer 114 are more readily and easily 

separable in the locations of the patterned stencil layer 11 5A. That is, the bottom 

surface 132 of the second layer 114 will be removable or separable from the top surface 

124 of the first layer 112 in the locations of the first stencil layer 11 5A. The resulting 

simulated tissue structure 110 may be considered complete at this stage of manufacture 

or built up or progressed into a multi-layered structure by taking the completed 

sandwich of FIG. 22 and placing it in juxtaposition in parallel planar fashion with a 

stencil 116 as shown in FIG. 23. The stencil 116 may be the same or different stencil 

116 than the one used in juxtaposition with the first layer 112. If the same stencil 116 is 

used it may be placed directly above or offset from the position of the previous stencil 

116 or oriented at an angle relative to the previous stencil 116. The second stencil 116 

may have a different pattern of holes 122 relative to the first stencil 116 and the holes 

122 may have shapes and sizes that are different from the pattern, shapes and sizes of 

the previous stencil 116. The bottom surface 120 of the stencil 116 is placed in 

juxtaposition or in contact with the second layer 114 such that the bottom surface 120 of 
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the stencil 116 faces the outer surface of the second layer 114. In one variation, the 

first stencil layer 11 5A is visible through the second layer 14 because the second layer 

114 is transparent or translucent. With the stencil 116 in position, a mold release, 

resist, grease, powder, lubrication or other material is applied onto the stencil 116 such 

that the material passes through the holes 122 of the second stencil 116 and is applied 

to the top surface 130 of the second layer 114. The stencil 116 is removed leaving 

behind a pattern of applied material or second stencil layer 11 5B on the second layer 

114 as shown in FIG. 24. In this example, the second stencil layer 11 5B includes a 

plurality of patterned dots that are offset from the first pattern of dots as a result of 

printing material via the first stencil 116. Alternatively, instead of release material, 

adhesive material may be employed such as glue or silicone or other adhesive and 

applied to the second layer 114 via the stencil 116. Furthermore, the material applied 

via the stencil 116 may be an electrically conductive material such has hydrogel or 

material having conductive filament. Also, the material may include fiber or mesh. The 

desired interface properties are applied via the stencil 116 to the second layer 114 for 

the interface between the second layer 114 and a third layer 134.  

[0097] The next step of the method of forming the simulated tissue 

structure according to the present invention is shown in FIG. 25 wherein the 

combination of the first base layer 112, first stencil layer 11 5A, second base layer 114, 

and second stencil layer 115B is placed in juxtaposition with a third base layer 134. In 

one variation, the third base layer 134 is uncured silicone, PCRTVS, that is applied onto 

the second stencil layer 11 5B and the top surface 130 of the second base layer 114 and 

allowed to cure. The stencil 116 is removed to form a sandwich of the first layer 112 

and the second layer 114 with the first stencil layer 11 5A located therebetween and a 

third layer 134 with a second stencil layer 11 5B located between the second layer 114 

and the third layer 134. The third layer 134 includes a top surface 136 interconnected 

with a bottom surface 138 defining a substantially uniform thickness. If the second 

stencil layer 11 5B includes an adhesive, the second layer 114 and the third layer 134 

will have strong points of adhesion in the location of the patterned second stencil layer 

115B. If the second stencil layer 115B includes a resist or release material, the second 

layer 114 and the third layer 134 will have locations where the second layer 114 and the 
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third layer 134 are more readily and easily separable in the locations of the dots of 

material of the second stencil layer 11 5B. That is, the bottom surface 138 of the third 

layer 134 will be removable or separable from the top surface 130 of the second layer 

114. Hence, a custom arrangement of interface properties between multiple layers is 

created. The resulting simulated tissue structure 110 may be considered complete at 

this stage of manufacture or it may be built up or progressed further into a multi-layered 

structure by taking the completed sandwich of FIG. 25 and placing it in juxtaposition 

with another stencil 116 to form a third stencil layer 11 5C as shown in FIG. 26. Stencil 

layers 15A and 15B are visible in the sandwiched construction shown in FIG. 26 

because the second layer 114 and the third layer 134 are transparent or translucent 

silicone layers in one variation.  

[0098] Still referencing FIG. 26, a stencil 116 is laid onto the third sheet or 

third layer 134 such that the bottom surface 120 of the stencil 116 contacts or faces the 

top surface 136 of the third layer 134. A mold release, resist, grease, powder, 

lubrication or other material is applied onto the stencil 116 such that the material passes 

through the holes 122 and is applied to the top surface 136 of the third layer 134. The 

stencil 116 is removed leaving behind a pattern of applied material or third stencil layer 

115C on the third layer 134 as shown in FIG. 26. In this example, the third stencil layer 

11 5C includes a plurality of patterned dots that are offset slightly from the first stencil 

layer 11 5A and the second stencil layer 11 5B. Alternatively, instead of release material, 

adhesive material may be employed such as glue or silicone or other adhesive and 

applied to the third layer 134 via the stencil 116. Furthermore, the material applied via 

the stencil 116 may be an electrically conductive material such has hydrogel or material 

having conductive filament. Also, the material may include fiber or mesh. The third 

base layer 134 is a cured layer of silicone such as platinum cured room temperature 

vulcanization silicone (PCRTVS) rubber. The third layer 134 may also be made of 

KRATON, any elastomer or hydrogel or other conductive material or polymer material.  

The third stencil layer 11 5C is allowed to cure either before or after the stencil 116 is 

removed. FIG. 26 illustrates at least a portion of a simulated tissue structure 110 with 

the stencil 116 removed from the construct and a fourth base layer 140 applied. Any of 

the material applied with the stencil 116 may include color, shape and structure 
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appropriate to the anatomy being mimicked or desired training and assessment goals 

for the simulated tissue structure 110. In one aspect of the invention, the structure of 

FIG. 26 is a completed simulated tissue structure. In another aspect of the invention, 

one or more additional stencil layer 115 of the same or different material or functional 

characteristic can be applied via the same or different stencil 116 either directly above 

the previously applied stencil layer 115C or offset from the previously applied stencil 

layer 115C. As shown in FIG. 26, an interesting pattern of color and/or other material 

characteristics develops and is built into the simulated tissue structure 110 and are 

enhanced by the transparency of the intermediate layers. The color pattern created by 

the different shapes of the stencil holes 122 emerges to mimic real live tissue 

colorations including tumor colorations that may appear dark in color. Furthermore, 

performance of surgical techniques, for example, in the location of one or more dark 

colored, black, brown or dark red dots, mold release in the same or surrounding 

locations of dots permits the simulated tumor locations to be realistically removed when 

practicing the procedure utilizing the simulated tissue structure 110 of the present 

invention. The location or pattern of release/resist or adhesive is predetermined and, in 

one variation, arranged to teach the surgeon the best path of excision to be taken with a 

scalpel or other instrument.  

[0099] Still referencing FIG. 26, the sandwiched construct of the first layer 

112, second layer 114 and first stencil layer 11 5A located therebetween and the third 

layer 134 and third stencil layer 115C located on the top surface 136 of the third layer 

134 is placed in juxtaposition with a fourth layer 140. The fourth layer 140 may be a 

pre-formed, pre-cured sheet of platinum cured room temperature vulcanization silicone 

(PCRTVS) which is placed onto the top surface 136 of the third layer 134 to sandwich 

the third stencil layer 11 5C. Alternatively, the fourth layer 140 of uncured PCRTVS is 

poured onto the sandwiched construct and allowed to cure and depending on the 

material of the third stencil layer 11 5C either adhering strongly in the location of the third 

stencil layer 115C dots if an adhesive was or being readily separable in the location of 

the third stencil layer 115C dots if a release or resist was employed. The simulated 

tissue structure 110 shown in FIGs. 26 and 27 illustrate a final construction in one 

variation of the invention that includes a first layer 112, a second layer 114, a third layer 
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134 and a fourth layer 140 with a first stencil layer 115A located between the first layer 

112 and second layer 114 and a second stencil layer 11 5B located between the second 

layer 114 and third layer 134 and a third stencil layer 115C located between the third 

layer 134 and the fourth layer 140. In one variation, the layers 112, 114, 134, 140 are 

transparent to keep the dots of the stencil layers 11 5A, 115B, 11 5C at least partially 

visible through the structure 110. Each of the stencil layers 11 5A, 115B, 115C may be 

formed of different colors. For example, the first stencil layer 11 5A is green, the second 

stencil layer 11 5B is blue and the third stencil layer 11 5C is red. The result is a moire 

pattern of RGB color space and shape. Also, in one variation, the uppermost layer, 

which in the case of the construct shown in FIGs. 26 and 27 is the fourth layer 140, is 

colored a flesh or tan color to be representational of skin. The layering of the simulated 

tissue structure 110 may continue as described with further additions of stencil layers 

115 and base layers to create a sandwich stack of response appropriate sections and 

interfaces internal to the construct.  

[0100] Turning now to FIG. 28, there is shown another variation of a 

stencil 116 having a plurality of holes 122 configured to mimic the arteries of a human 

omentum. The stencil 116 of FIG. 28 is used to lay down red-colored silicone in the 

unique shape of the omentum arteries via the plurality of holes 122 onto a first base 

layer (not shown). A second base layer may be employed to sandwich the arterial 

structures of the omentum therebetween to complete the simulated omentum. The 

stencil 116 is not limited to form arterial structures of the omentum but can be used with 

unique hole(s) 122 that mimic specific organ/tissue structures or unique shapes for a 

desired outcome.  

[0101] Turning now to FIG. 29, there is shown another variation of a first 

stencil 11 6A in juxtaposition with a first base layer 112. The first base layer 112 is a 

planar sheet of silicone as described above. The first stencil 11 6A includes at least one 

hole 122. In particular, the first stencil 11 6A includes a first set of holes 122 comprising 

circular holes 122 and elongate holes 122A. Each elongate hole 122A has a first end 

152 and a second end 154 defining a shape for applying a first stencil layer 115A of 

material such as silicone, adhesive, release, hydrogel, conductive material, fiberfill, 

mesh, filament or any other desired material. In FIG. 30, there is shown a first stencil 
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layer 115A applied to the top surface of the first base layer 112. The holes 122A of the 

stencil 116A have formed a first stencil layer 115A having elongate structures as well as 

dots atop the first base layer 112 with each elongate structure having a first end 152A 

and a second end 154A. The simulated tissue structure is built-up with the overlay of a 

second base layer 114 over the first stencil layer 11 5A and first base layer 112 as 

shown in FIG. 31. The simulated tissue structure is further built-up with an application 

of a second stencil 11 6B as shown in FIG. 32. The second stencil 11 6B includes a 

plurality of holes 122. In particular, the second stencil 11 6B includes a first set of holes 

122 comprising circular holes 122 and elongate holes 122B. Each elongate hole 122B 

has a first end 156 and a second end 158 defining a shape for applying a second stencil 

layer 11 5B of material such as silicone, adhesive, release, hydrogel, conductive 

material, fiberfill, mesh, filament or any other desired material. In FIG. 33, there is 

shown a second stencil layer 11 5B applied to the top surface of the second base layer 

114. The holes 122B of the second stencil 11 6B have formed a second stencil layer 

11 5B having elongate structures as well as dots atop the second base layer 114 with 

each elongate structure having a first end 156A and a second end 158A. FIG. 34 

illustrates a third base layer 134 applied above the second stencil layer 11 5B and 

second base layer 114. FIG. 35 illustrates a third stencil 116C in juxtaposition with the 

construct of FIG. 34. The third stencil 116C includes a plurality of holes 122C including 

elongate structures each having a first end 160 and a second end 162. The third stencil 

116C is placed atop the third base layer 134 to print a third stencil layer 115C as shown 

in FIG. 36. The third stencil layer 115C includes a plurality of dots and elongate 

structures, each having a first end 160A and a second end 160B. A fourth base layer 

140 is then overlaid onto the third stencil layer 115C and the third base layer 134 as 

shown in FIG. 37 to complete the structure 110. A transparent view of the simulated 

tissue structure 110 in FIG. 38, shows how the plurality of dots formed by the stencil 

layers 115A, 115B, 115C, created a functional pattern of variable adhesion along the 

interfaces. Further, FIG. 38 illustrates how the plurality of printed dots of the stencil 

layers can produce a color pattern especially if any one or more of the base layers 112, 

114, 134, 140 are transparent. The resulting unique color pattern creates a realistic 

view that increases the difficulty of locating anatomical features such as the elongate 
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structures of the layers that may be representative of vasculature, arteries and ducts.  

The stencils 11 6A, 116B, 116C are configured to be used in sequential order to print 

anatomical structure on each base layer such that the anatomical structure not only 

propagates within the interface in which is printed in the X-Y plane, but also, appears to 

propagate in the X-Y plane of the entire simulated tissue structure when view along a Z

axis perpendicular to the X-Y plane of the simulated tissue structure as can be seen in 

FIG. 39. In one variation, the anatomical structure does not cross the base layers but 

merely overlap at their end points giving the appearance that the anatomical structure is 

continuous. For example, the first stencil 11 6A is used to print onto the first base layer 

112 at least one anatomical structure that has a proximal end 152A and a distal end 

154A and the second stencil 11 6B is used to print onto the second base layer 114 a 

continuation of the at least one anatomical structure by printing onto the second base 

layer 114 the proximal end 156A at or adjacent to or overlapping with the distal end 

154A of the anatomical structure previously printed so as to give the appearance of 

continuity of the anatomical structure across the interfaces when viewed along the Z

axis. Further, the third stencil 11 6C is used to print onto the third base layer 134 a 

continuation of the at least one anatomical structure by printing onto the third base layer 

134 the proximal end 160A at or adjacent to or overlapping with the distal end 158A of 

the anatomical structure previously printed to give the appearance of continuity of the 

anatomical structure along the Z-axis. In another variation, the base layers 11 4A, 134A 

are provided with holes in the location of the overlapping ends of the anatomical 

structure such that when the anatomical structure is printed, wet silicone or other 

material used in the printing can pour through the hole in the base layers 11 4A, 134A to 

remove the discontinuity across the Z-axis. If hydrogel material or other conductive or 

non-conductive material is used in the printing of the anatomical structure, a 

conductive/non-conductive, fluidic circuit is printed that may then be connected to a 

ground and a power source for simulated electro-surgery or other.  

[0102] The simulated tissue structure 110 formed according to the present 

invention advantageously introduces functional layers that are printed with a stencil 

between non-functional base or support layers. In the printing of functional layers, the 

stencil is used to pattern the material onto the base layers and then the stencil is 
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removed. Each functional layer may serve one or more functional purpose. Also, 

multiple functional layers may be printed consecutively between two adjacent base 

layers or different functional layers may be printed at different interface locations. As 

described above, a stencil layer may serve the function of providing a mechanical 

interaction between the two base layers. For example, the location of adhesion and/or 

release as well as the degree of adhesion and/or release may be provided by a 

functional layer printed in a particular shape, pattern to provide a locus of mechanical 

interaction and the type of material printed whether release/adhesive or other material 

provides the type or strength of the mechanical property to create the customized 

property for that particular interface. Areas of weak mechanical connection can be 

provided by printing release/resist material or the like. Areas of strong mechanical 

attachment between base layers can be provided by printing uncured silicone onto a 

base layer of cured silicone, or printing adhesive, glue and the like. Another purpose 

served by a functional layer is providing a pathway for electrical conductivity such as for 

creating a simulated tissue structure suitable for practicing electro-surgery. In such a 

case, a hydrogel would be printed onto a base layer via the stencil. A fluidic circuit of 

hydrogel may be patterned to interconnect the dots or other pattern of the functional 

layer and to further connect the functional layer to a ground or power source. Creating 

a circuit may be provided by printing a conductive material other than hydrogel that 

includes conductive filaments or the like to impart pathways for conductivity as well as 

providing non-conductive areas/pathways. Another functional purpose that the 

functional layer may provide is suturability. In such a case, the stencil is used to lay 

down silicone with mesh, fiber and the like to strengthen areas for holding sutures.  

Another function for the stencil layer may be dissection. For example, a polyfill material 

may be employed and applied via a stencil onto a dry or wet silicone base layer to 

embed the polyfill material between the base layers in specific locations and then an 

adjacent wet layer of silicone may applied to create a functional interface that is easy to 

dissect or separate by cutting through the polyfill fibers. The functional layer may serve 

to provide realistic coloring to a layer or when used in conjunction with transparent or 

semi-transparent base layers where the color patterns can overlap with other color 

functional layers to create an overall effect. Also, as described above a functional layer 
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may be used to lay down anatomical structures between and/or across base layers.  

Unique shapes representative of various anatomical structures may be formed using a 

stencil including but not limited to for example printing the shape and color of Toldt's 

fascia, omentum, anatomical landmarks/structures and the like. In another variation of 

the present invention, the stencil is not removed from the construct but left in to become 

an integral piece of the simulated tissue structure. For example, the stencil may be 

shaped to represent an anatomical bony structure or cartilage and located between two 

base layers in which an adjacent base layer is applied while uncured so as to interlock 

with the adjacent base layer to embed the stencil. In another variation, the stencil does 

not represent an anatomical structure when left in but is designed and configured to 

impart structural rigidity to the resulting structure. In yet another variation, the stencil is 

not employed to apply an intermediate functional layer between two base layers, but 

instead, serves to merely permit the application of an adjacent uncured silicone base 

layer through the holes of the stencil for attachment to the adjacent base layer in select 

areas defined by the stencil openings.  

[0103] The simulated tissue structure 110 of the present invention is 

particularly suited for laparoscopic procedures and may be employed with a 

laparoscopic trainer; however, the invention is not so limited and the simulated tissue 

structure 110 of the present invention can be used alone to practice first entry surgical 

procedures equally effectively.  

[0104] It is understood that various modifications may be made to the 

embodiments of the artificial tissue simulations and methods of making them disclosed 

herein. Therefore, the above description should not be construed as limiting, but merely 

as exemplifications of preferred embodiments. Those skilled in the art will envision 

other modifications within the scope and spirit of the present disclosure.  
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Claims 

We claim: 

1. A method of making a simulated tissue structure comprising the steps of: 

providing a mandrel having a proximal end, a distal end and a longitudinal axis 

wherein the distal end of the mandrel includes an interlocking portion having a length; 

providing an inner portion of a simulated tissue structure; the inner portion having 

a lumen sized and configured to receive the interlocking portion such that the entire 

length of the interlocking portion is located inside the lumen; 

placing the inner portion onto the mandrel; 

placing the interlocking portion of the mandrel into the lumen of the inner portion; 

rotating the mandrel about the longitudinal axis; 

applying uncured silicone onto the inner portion; 

curing the silicone to form an outer portion that surrounds the inner portion; and 

removing the inner portion and the outer portion as one unit from the mandrel.  

2. The method of any one of the previous claims wherein the step of providing a 

mandrel includes providing a mandrel having an anatomically-shaped portion distal to or 

proximal to the interlocking portion and the step of applying uncured silicone includes 

applying uncured silicone to the anatomically-shaped portion and inner portion to form 

the outer portion.  

3. The method of any one of the previous claims wherein the anatomically shaped 

portion is shaped to mimic at least part of a human fallopian tube.  

4. The method of any one of the previous claims further including the step of 

providing an artificial tumor between the inner portion and the outer portion.  

5. The method of any one of the previous claims wherein the inner portion includes 

a dimple sized and configured for seating the artificial tumor.  
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6. The method of any one of the previous claims wherein the step of removing the 

inner portion and outer portion includes rolling the outer portion towards the inner 

portion.  

7. The method of any one of the previous claims wherein the step of curing the 

silicone includes adhering the outer portion to the inner portion.  

8. The method of any one of the previous claims wherein the inner portion has a 

diameter larger than the diameter of the outer portion.  

9. A method of making a simulated tissue structure comprising the steps of: 

providing a simulated anatomical structure; 

providing a mandrel having a longitudinal axis, a proximal end and a distal end, 

the mandrel being configured to removably attach to the simulated anatomical structure; 

connecting the simulated anatomical structure to the mandrel at a location along 

the longitudinal axis; 

rotating the mandrel and connected simulated anatomical structure; 

applying a second material in an uncured state to the mandrel and to the 

simulated anatomical structure; 

curing the second material onto the simulated anatomical structure and mandrel 

to form a simulated tissue structure in which the simulated anatomical structure is 

surrounded in a thin shell of the second material; the simulated tissue structure having 

at least one lumen defined by the second material cured onto the mandrel; 

attaching the second material to the simulated anatomical structure; and 

removing the simulated anatomical structure with the attached second material.  

10. The method of any one of the previous claims further including the step of 

providing a simulated tumor between the simulated anatomical structure and second 

material.  
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11. A simulated tissue structure comprising: 

a simulated anatomical structure having a proximal end and a distal end of a first 

material located inside a thin shell of a second material having a proximal end and a 

distal end; the simulated anatomical structure being attached to the second material; the 

simulated anatomical structure having a first diameter and a first lumen at the proximal 

end and the second material having a second lumen having a second diameter at the 

proximal end; the first lumen being substantially aligned with the second lumen.  

12. The simulated tissue structure of any one of the previous claims wherein the first 

material is a foam and the second material is silicone.  

13. The simulated tissue structure of any one of the previous claims wherein the 

second material is in the shape of a fallopian tube and the anatomical structure is 

configured to mimic an ectopic pregnancy.  

14. The simulated tissue structure of any one of the previous claims wherein the 

second material and anatomical structure are sized and configured to represent a 

human uterus.  

15. The simulated tissue structure of any one of the previous claims wherein the 

second material extends proximally past the proximal end of the simulated anatomical 

structure.  

16. The simulated tissue structure of any one of the previous claims wherein the 

second material extends distally past the distal end of the simulated anatomical 

structure.  

17. The simulated tissue structure of any one of the previous claims wherein the first 

diameter is larger than the second diameter.  
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18. The simulated tissue structure of any one of the previous claims wherein the 

simulated anatomical structure has a distal diameter at the distal end and the second 

material has a distal diameter; the second material extending distally past the distal end 

of the simulated anatomical structure and the distal diameter of the simulated 

anatomical structure is larger than the distal diameter of the second material.  

19. The simulated tissue structure of any one of the previous claims further including 

a simulated cyst located between the anatomical structure and second material.  

20. A method of making a simulated tissue structure comprising the steps of: 

providing a planar first base layer; 

providing a first stencil having at least one hole; 

applying the first stencil onto the first base layer; 

applying a first stencil layer onto the first base layer via the first stencil; 

removing the first stencil; 

providing a planar second base layer; 

applying a second base layer over the stencil layer and first base layer; and 

adhering the second base layer to the first base layer.  

21. The method of any one of the previous claims wherein the step of applying a 

stencil layer includes the step of applying a material selected from the group consisting 

of uncured silicone, adhesive, resist, release, polyfill, hydrogel, conductive material, 

mesh, and filament.  

22. The method of any one of the previous claims wherein the step of applying a 

second base layer includes applying uncured silicone and further including the step of 

curing the silicone.  

23. The method of any one of the previous claims further including the steps of: 

providing a second stencil having at least one hole; 

applying the second stencil over the first stencil layer and first base layer; and 
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applying a second stencil layer onto the first base layer and/or the first stencil 

layer via the second stencil.  

24. A simulated tissue structure produced by the method of claim 20.  

25. A simulated tissue structure comprising: 

a planar first base layer having a first side and a second side defining a 

substantially uniform thickness therebetween; 

a planar second base layer having a first side and a second side defining a 

substantially uniform thickness therebetween; the second side of the second base layer 

facing the first side of the first base layer; the second base layer being adhered to the 

first base layer; and 

at least one functional layer comprising a functional material located between the 

first base layer and the second base layer; 

wherein the functional layer is formed via a stencil having at least one hole for 

applying the functional material.  

26. The simulated tissue structure of any one of the previous claims wherein the 

functional layer comprises a material configured to increase adhesion between the first 

layer and the second layer.  

27. The simulated tissue structure of any one of the previous claims wherein the 

functional layer comprises a material configured to decrease adhesion between the first 

layer and the second layer.  

28. The simulated tissue structure of any one of the previous claims wherein the 

functional layer comprises colored silicone and one or more of the first base layer and 

the second base layer is transparent or partially transparent.  

29. The simulated tissue structure of any one of the previous claims wherein the 

functional layer comprises colored silicone in the shape of an anatomical structure.  
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