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ACTIVE COLONOSCOPY TRAINING MODEL AND METHOD OF USING THE

SAME

FIELD OF THE INVENTION

[0001] The present invention relates generally to systems and methods for performing

a colonoscopy and, more specifically, to systems and methods for colonoscopy training.

BACKGROUND

[0002] Colorectal cancer, also known as colon cancer, is a type of cancer in which

there is cancerous growth in the colon, rectum, or appendix. It is the fourth most commonly

observed form of cancer. Approximately 70% to 80% of colorectal cancer occurs among

people at average risk, which is defined as any individual who is not categorized as being at

high risk. Consequently, it is always suggested to undergo a total colonoscopy once every

ten years for all people above fifty years of age.

[0003] Colonoscopy - an endoscopic examination of the colon and a portion of the

small intestine - is an important medical procedure in diagnosing colorectal disorders.

Medical professionals need to have sufficient training to gain expertise. In the United States,

the American Society for Gastrointestinal Endoscopy (ASGE) suggests a minimum of 100

colonoscopies be performed by medical students to acquire proficiency, and it is considered

that most students require more than this number. When medical students are trained, this

training is usually associated with long procedure times causing discomfort to each patient

and further complicating the procedure.

[0004] In the last twenty years, a number of simulators have been developed to aid in

training students by practicing the procedure in a controlled and safe environment. Due to

constraints in educational funds, time, patient availability, and an increasing patient

awareness in the medical field, large scale use of simulators is necessary in training and

educating medical students. It is predicted that with further technological advancements,

practice on simulators will become a requisite before actual practice.

[0005] Conventional colonoscopy training models may be categorized as visual part

based on virtual reality, visual part with a feedback mechanism, and ex vivo simulator

including a portion of animal or mechanical model. The ex vivo simulator may include a

bovine colon with a hard cover surrounding and confining the ex vivo bovine colon.

However, the hard cover reduces visual feedback that the trainee may otherwise acquire

reaching specific landmarks within the bovine colon. The main function of the ex vivo model

is to improve intubation skill and multiple parameter control.



[0006] Conventional virtual reality-based colonoscopy simulators include one or

more graphics displayed on the screen to enhance the effect of the colonoscopy training. One

such model, the GI Mentor (Simbionix, Lod, Israel), includes a flexible endoscopy simulator

used with a kind of virtual reality simulator that is suitable for employing various scenarios.

Still another virtual reality simulator is the GI Mentor II computer system. However, the GI

Mentor series is very expensive and not all the test assessments are satisfied by the users.

[0007] While virtual reality simulation ay be used to improve the trainee's skill and

performance, virtual reality may also be used to enhance the current training quality and

improve patient safety.

[0008] However, computer simulation alone is not helpful in enhancing the training

effect. Therefore, some colonoscopy simulators incorporate electrical motors with encoders

to generate tactile feedback effects that parallel the displays on the screen. Realistic feedback

to the shaft of the colonoscope is one of the keys to validating the learning curve of, for

example, the commercially-available HT Immersion Medical Colonoscopy Simulator

(Immersion Medical, Inc., San Jose, CA).

[0009] Most conventional colonoscopy simulators measure partial outcomes, such as

intubation skills including, for example, the ability to reach the cecum or to escape a loop

problem (which is when the distal tip end of the colonoscope turns and advances out of the

colon rather than further advancing within the colon) or differentiation of skill level (i.e.,

novice / intermediate / expert). However, there remains a need for a simulator and/or training

system that provides comprehensive feedback in a realistic surgical environment.

BRIEF DESCRIPTION OF THE FIGURES

[0010] The accompanying drawings, which are incorporated in and constitute a part

of this specification, illustrate embodiments of the present invention and, together with a

general description of the invention given above, and the detailed description of the

embodiments given below, serve to explain the principles of the present invention.

[0011] FIGS. 1A and IB are front and rear portions, respectively, of an active

colonoscopy training model in accordance with one embodiment of the present invention.

[0012] FIG. 1C is a colonoscope suitable for performing a colonoscopy training

session with the active colonoscopy training model of FIG. 1A in accordance with one

embodiment of the present invention.

[0013] FIG. 2 is a fixture suitable for securing a colorectal tube in an abdominal

model of the active colonoscopy training model of FIG. 1A.



[0014] FIG. 3 is a load cell connected to the colorectal tube of FIG. 1A in accordance

with one embodiment of the present invention.

[0015] FIG. 4 is the load cell of FIG. 3 with a load cell driver in accordance with one

embodiment of the present invention.

[0016] FIG. 5 is a plurality of load cell drivers coupled to a data acquisition system.

[0017] FIGS. 6A and 6B are a photocell and a plurality of photocell drivers,

respectively, in accordance with one embodiment of the present invention.

[0018] FIG. 7 is a schematic illustration of a computer for use with the active

colonoscopy training model of FIG. 1 and in accordance with one embodiment of the present

invention.

[0019] FIG. 8 is an exemplary graphical user interface of the computer of FIG. 7 and

in accordance with one embodiment of the present invention.

[0020] FIGS. 9A-9J are graphs illustrating a detected force for each of ten load

sensors as a function of time and in accordance with one embodiment of the present

invention.

[0021] FIG. 10 is a three-dimensional graph of a surface plot of the detected forces of

FIGS. 9A-9J as a function of time.

[0022] FIG. 11 is a graph illustrating photocell response to light in localizing a

colonoscope in accordance with one embodiment of the present invention.

[0023] FIG. 12A shows an initial sequence for introducing a gas into the colorectal

tube of FIG. 2 for increasing a colonic pressure within the colorectal tube in accordance with

one embodiment of the present invention.

[0024] FIG. 12B is a final sequence for introducing the gas into the colorectal tube of

FIG. 2 for increasing a colonic pressure within the colorectal tube in accordance with one

embodiment of the present invention.

[0025] FIG. 13 is a graph of average forces recorded in various positions throughout

the active colonoscope training model during three experimental trials.

[0026] FIG. 14 is a graph of average decreased time to various positions during

experimental training with the active colonoscope training model over three experimental

trials.

DETAILED DESCRIPTION

[0027] Turning now to the figures, and in particular to FIG. 1, an active colonoscopy

training model (ACTM) 10 is shown in accordance with one embodiment of the present

invention. The ACTM 10 may include an abdominal model 12, such as the Colonoscope



Training Model, which is commercially-available from KYOTO KANAKU CO., LTD.

Generally, the abdominal model 1 may include a molded outer body 14, a colorectal tube

16, a plurality of tube fixtures 18, an anus unit (not shown), and an air bulb (not shown) for

use with the anus unit (not shown). The outer body 14 may be constructed from a semi-rigid

resin or plastic and includes a hollow cavity 22 and a first opening (not shown) at

approximately the anatomical position of the anus for providing access to the hollow cavity

22. The anus unit (not shown) with the air bulb is positioned at the first opening and is

configured to be inflated so as to simulate resistance similar to the anus sphincter. The anus

unit (not shown) may be coupled to the outer body 14 by one or more bolts or other similar

securement devices.

[0028] The colorectal tube 16 may be constructed from a semi-compliant polymeric

material and includes a plurality of folds to simulate the structure of the human colon. Also,

like the anatomy of the human colon, the colorectal tube 16 may be divided into a rectum 32,

a sigmoid colon 34, a descending colon 36, a transverse colon 38, an ascending colon 40, and

a cecum 42. Each portion of the colorectal tube 16 may be shaped and sized, with an

anatomically correct number of folds, to properly replicate the human colon.

[0029] The rectum 32 is coupled to the anus unit (not shown), and the colorectal tube

16 is arranged and secured within the cavity 22 by the plurality of the fixtures 18. As is

shown in FIG. 2, each fixture 18 may include a ring portion 52 configured to surround the

colorectal tube 16 and a base portion 54 to secure the ring portion 52 to the outer body 14

(see FIG. 1A). In some embodiments, the fixtures 18 may further include a tensioner (not

shown), such as a spring, for biasing the colorectal tube 16 in a particular direction. While

any number of fixtures 18 may be used, generally ten fixtures 18 are sufficient and are

distributed from the rectum 32 to the cecum 42.

[0030] A user, i.e., a colonoscopist, may use a colonoscope 60 as shown in FIG. 1C to

perform a colonoscopy training session using the ACTM 10. The colonoscope 60 may be

any endoscopic instrument suitable for examination of the human colon. The colonoscope 60

includes a colonoscope shaft 62; a camera (not shown) on the distal end 70; a light source

(not shown) on the distal end 70; a control head 64 providing one or more knobs for

controlling the light, the camera, suction, water feed, air feed, and so forth; and an umbilical

cable 66 extending to a computer 68 (FIG. 7), a power source (not shown), and so forth. The

colonoscope shaft 62 may be constructed with a rubber cover surrounding stainless steel

braces and defining one or more lumens therein for supplying water, air, vacuum, and/or a

pathway for the control (for example, fiber optical wires) of the light and/or camera. The



stainless steel braces provide sufficient structure so that the colonoscope 60 may be directed

into the colorectal tube 16 through the anus unit (not shown) and the rectum 32.

[0031] In medical practice and with respect to FIGS. 1A-1C, and while the

colonoscope 60 is positioned within the human colon, there are generally two different types

of forces applied by the colonoscope 60. These forces include: (1) a quasi-static force and (2)

a dynamic force. The quasi-static force is mainly due to the stiffness of the colonoscope shaft

62 and may be exerted without advancing or retracting the colonoscope 60. Thus, the

colonoscope 60 may exert a quasi-static force onto an inner wall of the colon any time the

colonoscope shaft 62 has a radius of curvature that is significantly different (larger or

smaller) from the radius of curvature of a portion of the colon. Normally, the smallest radius

of curvature of the colon is located within the sigmoid colon 34 (except for splenic and

hepatic flexures 80, 82), more specifically, where the sigmoid mesocolon (not shown)

attaches the sigmoid colon 34 to the dorsal pelvic wall 84. Here, the sigmoid colon 34 is

generally shaped to include a "U" or "V" shaped curve; however, the radius of curvature of

the colonoscope shaft 62 may be much larger due to the shaft stiffness. This difference in the

radius of curvature creates a localized tension, or force, on the inner wall of the sigmoid

colon 34. As applied herein, quasi-static forces are negligible as compared to the dynamic

forces.

[0032] The dynamic forces are considered to be the main source of trauma to the

colon, particularly if looping should occur. During an actual colonoscopy procedure, the

colonoscopist may feel a laterally-directed force while steering the distal end 70 of the

colonoscope shaft 62 within, or proximate to, the cecum 42. Such steering may occur when

the distal end 70 is rotated to achieve 180 degrees of view. While there is the possibility of

mechanical trauma by this laterally-directed force, the more significant risk is due to an

axially-directed force. The axially-directed forces may occur when the colonoscopist pushes

the shaft 62 of the colonoscope 60 so as to advance the distal end 70 within the colon, which

may result in perforation of the colon.

[0033] With respect to FIGS. 1A-1C and FIGS. 3-4, To quantify the applied forces,

and in accordance with one embodiment of the invention, a plurality of load cells 100 may be

operably coupled to the colorectal tube 16 and as is shown in FIGS. IB and 3-5. Each load

cell 100 is configured to measure a magnitude of localized tension applied to the walls of the

colorectal tube 16, which may then be correlated to an amount of force applied by the

colonoscope shaft 62. More specifically, at least one load cell 100 may be attached to the

outer body 14 and at an interface between each fixture 18 and the colorectal tube 16. The



load cells 100 may differ in range and/or sensitivity of force measurements. For example, the

lower portions of the colorectal tube 16, which generally experience greater applied-forces,

may include load cells 100 that are configured to measure larger magnitudes of tension, such

as up to about 10 . The load cells 100 positioned proximal to the transverse and ascending

colons 38, 40 may be configured to measure a smaller magnitude of tension, such as up to

about 2.5 N . Additional load cells 100, having other measureable ranges, may also be used,

including, for example, spring loaded load cells 100 configured to measure up to about 1 N,

which may be positioned proximate to the sigmoid and transverse colons 34, 38.

[0034] As was noted above, the conventional colonoscope 60 generally includes the

distally-positioned light source. While the light source enables visualization of the interior

portions of the colon during a colonoscopy procedure, the light source may also be used to

track the distal end 70 of the colonoscope shaft 62, as used with the ACTM 10 and during a

colonoscopy training session.

[0035] With reference now to FIGS. 1A, 1C, 6A, and 6B, and in accordance with one

embodiment of the present invention, the light source of the distal end 70 of the colonoscope

shaft 62 and thus the location of the distal end 70 itself may be determined using a plurality

of photocells 104 within the colorectal tube 16. In one particular embodiment, the photocells

104 may be cadmium sulfide (CdS) photoconductive cells, such as those that are

commercially-available from Advanced Photonix, Inc. (Ann Arbor, MI). Each photocell 104

may be connected to a sensor driver board 106 having potentiometers, resistors, and

operational amplifiers, as necessary or desired. Adjustments made at the potentiometer may

be used to control the sensitivity of the photocells 104 to different light intensities. The

sensor driver board 106 may be interfaced with a digital port of a data acquisition system

108, which may further be connected to the computer 68 (see FIG 7), for example, via a USB

port. While any number of photocells 104 may be used, twenty-four sensor driver boards

106, corresponding to twenty- four photocells 104, are shown. The twenty- four photocells

104 may be arranged such that eight photocells 104 (P1-P8) are connected to Port 1 of the

data acquisition system 108, eight photocells 104 (P9-P16) are connected to Port 0 of the data

acquisition system 108, and eight photocells 104 (P17-P24) are connected to Port 2 of the

data acquisition system 108.

[0036] The position of the distal end 70 of the colonoscope shaft 62 within the

colorectal tube 16 may be determined by distinguishing activated ones of the plurality of

photocells 104. For example, if during a colonoscopy training session the first photocell 104

(PI), being positioned at the rectum 32, with or without one or more of the other photocells



104 (P2-P24), is activated, then the data acquisition system 108, with the computer 68 (see

FIG. 7), may be used to determine that the distal end 70 of the colonoscope shaft 62 is

positioned at the anus unit (not shown) and is positioned to enter the rectum 32. Sequentially,

then, when the first photocell 104 (PI) is deactivated and the second photocell 104 (P2),

being positioned at the sigmoid colon 34, with or without one or more of the other photocells

104 (P3-P24), is activated, then the distal end 70 of the colonoscope shaft 62 has advanced

into the rectum 32. Continued advancement of the distal end 70 through the colorectal tube

16 is detected by the sequential deactivation of successive ones of the photocells 104.

Conversely, retraction of the distal end 70 is detected by the sequential activation of a

previous one of the plurality of photocells 104. Accordingly, the sequential responses of the

photocells 104 correspond to a unique location of the distal end 70 within the colorectal tube

16. Thus, more specific localization of the distal end 70 may be accomplished by

incorporating a larger number of photocells 104 within the colorectal tube 16.

[0037] Because of the folds associated with the human colon, as replicated in the

colorectal tube 16, light from the distal end 70 of the colonoscope 60 will rarely, if ever, be

directly incident onto more than one or two photocells 104. In that regard, localization of the

distal end 70 may comprise a binary system in which the detection of light, irrespective of

intensity, is considered to be an activation that is indicated by a "1" signal. Likewise, the

lack of detection of light is considered to be deactivation and is indicated by a "0" signal.

Thus, and to minimize noise, unused ports, i.e., ports associated with inactive ones of the

photocells 104 (i.e., those generating a 0 signal) may be automatically filtered and/or turned

off when no light is incident onto those photocells 104.

[0038] Turning now to FIGS. 1A and FIGS. 12A-12B, and in accordance with

another embodiment of the present invention, the ACTM 10 may be configured to monitor

the interstitial pressure within the colorectal tube 16 during a colonoscopy training session.

Conventionally, colonic pressure has been measured using manometric catheters, including,

for example, solid-state manometric catheters and water infusion manometric catheters.

Solid-state manometric catheters use a pressure transducer to determine pressure while water

infusion manometric catheters use a balloon-tipped catheter that is perfused with water.

[0039] More specifically, a pressure transducer 110 may be installed at the small

intestine end 112 of the cecum 42. To replicate the limited motion that is typical of the

cecum 42, the pressure transducer 110 may also be coupled to the dorsal pelvic wall 84, such

as by a 15 cm flexible rubber tube (not shown). The pressure transducer 110 may be

calibrated with a known air pressure and validated for a range of pressures within the ACTM



10. The pressure transducer 110 may be operable to measure and record the pressure within

the colorectal tube 16 in real-time and during the colonoscopy training session.

[0040] The pressure transducer 110, along with each load cell 100 and the photocells

104, may be coupled to the data acquisition system 108 shown in FIG. 6B. For example, the

data acquisition system 108 may be coupled to the load cells 100 via one or more load cell

drivers 114, the pressure transducer 110 via one or more analog-to-digital converters (ADC),

the photocells 104 via sensor driver boards 106, and so forth. The data acquisition system

108 may then be connected to a computer 68 (see FIG. 7) via, for example, a USB port, to

transfer all the information from the sensors, such as the load cells 100, the photocells 104,

and the pressure transducer 110, to the computer 68. For example, ADCs may be used to

monitor the forces measured by the load cells 100 and the pressure measured by the pressure

transducer 110 while digital input ports may be used to monitor the digital signal outputs

from the plurality of photocells 104. The data acquisition system 108 may be powered by a

USB connector with, for example, 6 and 1 volts applied, for powering the load cell drivers

114, the sensor driver boards 106, and activation of the pressure transducer 110. Analog and

digital powers may be filtered and separated for the clarity of the power sources.

[0041] Turning now to FIGS. 6B and 7, the details of the computer 68 for operating

the data acquisition system 108, receiving information from the data acquisition system 108,

and/or displaying or analyzing the acquired information, is described in greater detail. The

computer 68 that is shown in FIG. 7 may be considered to represent any type of computer,

computer system, computing system, server, disk array, or programmable device such as

multi-user computers, single-user computers, handheld devices, networked devices, or

embedded devices, etc. The computer 68 may be implemented with one or more networked

computers 120 using one or more networks 122, e.g., in a cluster or other distributed

computing system through a network interface (illustrated as NETWORK I/F) 124. The

computer 68 will be referred to as "computer" for brevity's sake, although it should be

appreciated that the term "computing system" may also include other suitable programmable

electronic devices consistent with embodiments of the present invention.

[0042] The computer 68 typically includes at least one processing unit (illustrated as

CPU 126) coupled to a memory 128 along with several different types of peripheral devices,

e.g., a mass storage device 130 with one or more databases, an input/output interface

(illustrated as I/O I/F 132), and the Network I/F 124.

[0043] In particular, the CPU 126 may receive data from the colonoscopist through at

least one interface (e.g., a keyboard, a mouse, a microphone, and/or other user interface)



and/or outputs data to the colonoscopist through at least one output device (including, for

example, a display, speakers, a printer, and/or another output device). Moreover, in some

embodiments, the I/O I/F 132 is communicated with a device that is operative as a user

interface and an output device in combination, such as a touch screen display.

[0044] The memory 128 may include a dynamic random access memory (DRAM),

static random access memory (SRAM), a non-volatile random access memory (NVRAM), a

persistent memory, a flash memory, at least one hard disk drive, and/or another digital

storage medium. The mass storage device 130 is typically at least one hard disk drive and

may be located externally to the computer 68, such as in a separate enclosure or in one or

more networked computers 120, one or more networked storage devices 138 (including, for

example, a tape or optical drive), and/or one or more other networked devices (not shown, but

including, for example, a server).

[0045] The CPU 126 may be, in various embodiments, a single-thread, a multi

threaded, a multi-core, and/or a multi-element processing unit (not shown) as is well known

in the art. In alternative embodiments, the computer 68 may include a plurality of processing

units that may include single-thread processing units, multi-threaded processing units, multi-

core processing units, multi-element processing units, and/or combinations thereof, as is well

known in the art.

[0046] Similarly, the memory 128 may include one or more levels of data,

instruction, and/or combination caches, with caches serving the individual processing unit or

multiple processing units (not shown), as is well known in the art. The memory 128 of the

computer 68 may include one or more applications (illustrated as Program Code 140), or

other software program, which are configured to execute in combination with an Operating

System (illustrated as OS 142) and automatically perform tasks necessary for use of the

ACTM 10, with or without accessing further information or data from one or more

database(s) of the mass storage device 130.

[0047] Those skilled in the art will recognize that the environment illustrated in

FIG. 7 is not intended to limit the present invention. Indeed, those skilled in the art will

recognize that other alternative hardware and/or software environments may be used without

departing from the scope of the present invention.

[0048] FIG. 8 illustrates one exemplary graphic user interface (GUI) 146, which may

be used to displace, in real-time, information during the colonoscopy training session and/or

to summarize the performance of the colonoscopist during a previously performed

colonoscopy training session. The GUI 146 may be implemented using LabView software



(National Instruments, Corp., Austin, TX). As shown, the GUI 146 may display a force

readout 148 for each load cell 100 (see FIG. 3), provide a visual display 150, a pressure

readout 152 via the pressure transducer 110 (see FIG. 12A), a total surgical time 154, a time-

to-advance estimation 156, and a time-to-retract estimation 158. The data may be

automatically saved so that the colonoscopist may review a performance summary after the

training session.

[0049] The following non-limiting examples illustrate some results of the use of the

various embodiments of the present invention for particular applications.

Example 1: Force Measurements

[0050] FIGS. 9A-9J and 10 illustrate the readouts of the forces measured during a

complete colonoscopy training session with the ACTM 10 of FIGS. 1A-IB and the

colonoscope 60 of FIG. 1C. Ten load cells 100 were arranged such that load cells LI, L2,

and L3 were positioned along the sigmoid colon 34; load cells L4, L5, and L6 were

positioned along the descending colon 36; load cell L7 was positioned at the splenic flexure

80; load cell L8 was positioned in the middle of the transverse colon 38; load cell L9 was

positioned at the hepatic flexure 82; and load cell L10 was positioned in the middle of the

ascending colon 40. During the colonoscopy training session, the colonoscopist performed a

normal colonoscopy procedure and examined the inside of the colorectal tube 16 (even

though the mucosa did not display any bowel diseases).

[0051] Table 1, below, shows the mean and maximum force detected by each load

cell 100. For example, LI detected the largest maximum over-all force, L4 detected the

second largest force, and L9 detected the third largest force. Most of the largest forces were

detected within the sigmoid colon 34, the descending colon 36, and the ascending colon 40

when the distal end 70 was advanced. It is during these time periods of large force detection

that mechanical trauma is more likely to occur.

[0052] LI showed peak forces during the time period ranging from 100 seconds ( 1 .6

min) to 250 seconds (4.2 min) with a maximum force of about 9.55 N, which occurred when

the distal end 70 was located within the ascending colon 40. During this same time period,

L4 and L9 exhibited moderate force values, and L3, L4, L5, L6, L7, and L10 showed

negative forces (i.e., compression). Because the molded body was positioned on its side,

which is conventional protocol for a colonoscopy, the weight of the applied-lubrication fluid

and the colorectal tube 16 were compensated for the zero value.

[0053] After the distal end 70 of the colonoscope 60 passed the hepatic flexure 82, the

colonoscopist had to apply more force to further advance the distal end 70 forward; however,



the colonoscopist encountered a looping problem. Accordingly, it was necessary to open the

cover to the ACTM 10 and press on the colonoscope shaft 62 to overcome the looping.

[0054] The greatest mean value of detected force over the total surgical time period

was about 0.85 N, as measured by sensor 1.

[0055] The second largest force was detected by LI and occurred when the

colonoscopist passed the splenic fiexure 80. Because the lumen of the splenic flexure 80 was

closed, the colonoscopist had difficulty in opening the lumen and passing the splenic fiexure

80. The third largest force was detected by L4 when the distal end 70 passed the ascending

colon 40.

[0056] Except for LI, the mean values of all detected forces were less than about 0.34

N .

[0057] The mean value of the detected forces may be indicative of fatigue on the

mucosa. Load cells L2, L5, L6, L7, L8, and L10 showed the medium value of the maximum

detected forces and L3 showed the lowest value of the maximum detected forces. L3 did not

detect much force, with the largest force detected by L3 being about 0.03 1N . Negative mean

values are due to the offset of the colon weight and lubrication.

[0058] Because the rectum 32 is fixed at the anus unit (not shown), no significant

force exerted at the rectum 32 was detected. The sigmoid colon 34 incurred 63.3% of the

total average forces during the colonoscopy training session. When the distal end 70 passed

the sigmoid colon 34, only the ascending colon 40 was affected due to the constraints of the

configuration. When the distal end 70 was within the descending colon 36, the sigmoid colon

34 incurred forces due to the advancing movement of the colonoscope shaft 62, and the load

cells 100 of the transverse colon 38 detected the peak force value. The hepatic flexure 82

showed some stress right after the distal end 70 entered into the ascending colon 40. The

distal end 70 passed the transverse colon 38 without exerting forces to any portion of the

colon except for the beginning of the sigmoid colon 34. The maximum forces were found at

the sigmoid colon 34 (LI, L2, and L3), the descending colon 36 (L4 and L6), the hepatic

fiexure 82 (L7), and the splenic flexure 80 (L9) as the distal end 70 passed the splenic fiexure

80 and entered into the ascending colon 40.

[0059] No forces were exerted at the cecum 42 because the colonoscopist did not

manipulate the dial knobs to evaluate the ileo-cecal valve or for any bowel diseases.

[0060] The retraction procedure did not stress any portion of the colon. Normally,

retraction should take several minutes to check for any missed bowel diseases; however,



because most trauma occurs during the advancement of the colonoscope, retraction of the

colonoscope was quickly performed and without observing any bowel diseases.

[0061] Table 1 :

Example 2 : Localization of the Distal End

[0062] FIG. 11 illustrates the readouts of the photocells 104 of FIGS. 6A-6B during a

complete colonoscopy training session with the ACTM of FIG. 1A and colonoscope 60 of

FIG. 1C. Twenty- four photocells 104 were used with eight photocells 104 connected to each

of Port 1, Port 2, and Port 0 . The voltage data acquired by the data acquisition system 108,

which were digital decimal values, were converted to 8 bit binary numbers and plotted

against corresponding time in seconds and as shown in FIG. 11. The same information is

presented quantitatively, below, in Table 2 .

[0063] The detected voltage values at Port 1, to which P1-P8 are connected, indicate

that the colonoscope 60 required about 75 sec to pass through the rectum 32 and the sigmoid

colon 34. It should also be noted that Port 0, to which P9-P16 are connected, did not detect a

voltage value until about 116 sec (1.9 min) into the procedure, which indicates that the distal

end 70 of the colonoscope shaft 62 passed from the descending colon 36 to the transverse

colon 38 in about 116 sec.

[0064] The voltage value detected by P17-P24, associated with Port 2, indicated that

the distal end 70 required about 49 sec to pass through the right hepatic flexure 82 and into

the ascending colon 40.



[0065] During retraction, Port 2 voltage values were detected during the surgical time

period ranging from about 4 min 7 sec (247 sec) to about 4 min 58 sec (298 sec). This was

followed by the detection of a voltage value in Port 0 by P9-P16 during the surgical time

period ranging from about 4 min 58 sec (198 sec) to about 5 min 48 sec (348 sec). P1-P8

detected voltage values during the surgical time period ranging from about 5 min 48 sec (348

sec) to about 6 min 15 sec (375 sec).

[0066] It would be readily appreciated that there is significant noise in some portions

of FIG. 11. For instance, Port 2 seems to have detected some voltage values during the time

period in which the distal end 70 of the colonoscope 60 was passing from the rectum 32 to

the sigmoid colon 34. Because P17-P24 are connected to Port 2 and are positioned on the

opposing end of the colon, these values should ideally be zero. It is hypothesized that the

detected voltage values in Port 2 may be the result of light from the distal end 70 of the

colonoscope 60 within the sigmoid colon 34 being detected by one or more sensors, such as

the photocells 104, along the ascending colon 40 (i.e., P17-P24). This incident light activated

one or more of P17-P24 and provided some detected voltage values. The effect of noise does

not affect the localization of the distal end 70 owing to the algorithm described in the method.

[0067] From the results, localization of the distal end 70 was successfully

accomplished without introducing extra equipment in the distal end 70 or the body of the

colonoscope 60. During the colonoscopy, the colonoscopist did not need to find one or more

mock landmarks in vitro artificial colon. The total colonoscopy time and the time to the

rectum 32, the sigmoid colon 34, the descending colon 36, the splenic flexure 80, the

transverse colon 38, the hepatic flexure 82, the ascending colon 40, and the cecum 42 were

successfully tabulated in a real-time basis.

[0068] During the procedure, a retraction speed warning was provided to the

colonoscopist by the GUI 146 {see FIG. 8) when the retraction speed was too fast, which

indicated that the colonoscopist neglected to search for the possible bowel diseases.

[0069] Table 2 :

Location Advance (seconds) Retract (seconds)

Anus/Rectum 0-46 348-375

Sigmoid Colon 46-75 318-348

Descending Colon 75-1 17 298-318

Transverse Colon 117-191 279-298

Ascending Colon 191-240 247-279



Example 3 : Pressure Test

[0070] FIG. 2A and FIG. 12B illustrate the change in pressure within the ACTM 10

of FIG. 1A with respect to surgical time of a colonoscopy training session. During the

colonoscopy training session, air was inserted through a colonoscope air duct until the

colorectal tube 16 was fully expanded. After the air pressure reached peak value, the air flow

was terminated and the colonic pressure decreased. The pressure measured at the cecum 42

started at about 0 mmHg and increased to 25 mmHg. The pressure was maintained at about

20 mmHg and showed a sudden increase at about 35 sec in the surgical time. While the anus

unit (not shown) had been pressurized, some loss of pressure was expected due to the nature

of the artificial organ. During a real colonoscopy procedure, some amount of the air inserted

to the colon for opening the lumen may be initially lost through the anus, the anus unit (not

shown) of the ACTM 10 demonstrated a continuous loss of air.

[0071] FIG. 12A and FIG. 12B show the changing shape of the colorectal tube 16

during the colonoscopy training session. As is conventional in colonoscopy procedures, the

molded outer body 14 was laid at its side during the colonoscopy training session. Because

of the weight of the applied-lubricant and the colorectal tube 16, some lumens within the

colon (especially in the sigmoid colon 34, the transverse colon 38, the splenic flexure 80, and

the hepatic flexure 82) were initially closed.

[0072] It is conventionally thought that the maximum pressure in the cecum 42 of the

human colon may reach up to about 120 mmHg. These pressure values are not applicable in

the ACTM 10 because of differences in the visco-elastic material characteristics of the

colorectal tube 16 and the human colon. For example, the human colon may take more

longitudinal stress than transverse stress, and both are greater than the stress receivable by the

colorectal tube 16. Furthermore, the rate of expansion rates for the colorectal tube 16 and the

human colon are also different. To account for the material characteristic differences, the

maximum pressure in the colorectal tube 16 was scaled down from about 120 mmHg to about

25 mmHg. However, about 10 mmHg may be sufficient to open the lumens of the colon

without yielding excessive volume change of the colon.

Example 4 : Evaluation of the Active Colonoscopy Training Model

[0073] Thirty medical students were recruited to perform the procedure on the ACTM

10 with respect to FIGS. 1A-1C, with each student performing the procedure three times.

Two practicing surgeons performed the procedure on the ACTM 10 and reached the cecum

42 successfully while 77% (23/30) of the students successfully reached the cecum 42 in all

the three trials. Additionally, 13% (4/30) of the students successfully reached the cecum 42



in two trials, but could not reach the cecum 42 in one trial. Finally, 10% (3/30) of the

students successfully reached the cecum 42 in one trial, but could not reach the cecum 42 in

the other two trials. During this procedure, several results were evaluated. First, an

investigation into the differing abilities of practicing surgeons and students was performed.

Second, the data was analyzed to compare the force applied to the ACTM 10 during the three

trials. Third, the time improvements associated with the trials was compared and evaluated.

The following will address each of these analyses in turn.

[0074] First, in order to evaluate the equivalency of inexperienced students to expert

surgeons, a force data analysis was performed and compared statistically with t-tests shown

below in Table 3 . The highlighted P-Values in Table 3 are less than 0.05 and signify that the

forces collected from the experienced surgeons are significantly different than the students.

Specifically, the first trial of the sigmoid colon 34, the descending colon 36, the transverse

colon 38, and the third trial of the transverse colon 38 show results which suggest that there is

less than a 5% chance that the students apply the same amount of force as the experienced

surgeons.

[0075] Table 3 :

[0076] Secondly, the objective of the force data analysis is to determine whether the

force data collected from the experienced surgeons is different than the students. The forces

recorded in the rectum 32 were not analyzed and are not shown, because extremely negligible

force was recorded in the rectum 32 by the load cell 100. After all, the rectum 32 is generally

straight and non-convoluted anatomically; thus, it could be easily traversed with little force.

The forces applied by the students in the sigmoid colon 34 (P=0.027), the descending colon

36 (P=0.021), and the transverse colon 38 (P=0.028) during the first trial are significantly

different (P<0.05) than the forces applied by the experienced surgeons. As expected, this

analysis differentiates the data collected between the students and the surgeons. Based on the

data collected using the ACTM 10, inferences can be drawn regarding the expertise level and

the competence of the subject performing the procedure. These results indicate that the force



applied by all the students decreases with the number of trials. During the first trial, all

students exhibited concerns regarding damaging the ACTM 10 through excessive force. For

example, the students in the test were a mixture of first and second year medical students.

Some of the first year students were originally unaware of indicators for advancing the

colonoscope 60. Furthermore, while performing the procedure for the first time, some

students were unacquainted with the coordination to manipulate the colonoscope 60 through

the ACTM 10. Hence, the student-recorded forces are relatively different with the expert-

recorded forces.

[0077] Given that the ascending colon 40 is the last part of the colorectal tube 16,

only the dynamic forces exerted by the distal end 70 of the colonoscope 60 are experienced.

Although the distal end 70 has passed other parts of the colorectal tube 16 at this point in the

procedure, the colonoscope 60 exerts static forces that stretch the colorectal tube 16 in these

locations. Hence, the student applied forces recorded in the ascending colon 40 during the

first trial were similar to the forces applied by the expert surgeons. The force analysis results

suggest that the ACTM 10 can be effectively used to introduce a novice student to the

performance of the colonoscopy procedure without potential risk to a patient. More

particularly, the students can use the ACTM 10 to exercise good practice of intubation,

handling the equipment, hand-eye coordination, and various tactics of finding the cecum 42.

[0078] The ACTM 10 also produces a realistic endoscopic view on the colonoscopy

monitor to further simulate the real-life colonoscopy procedure for training students. Every

student had difficulty in moving the colonoscope 60 through the sigmoid colon 34 in each of

the three trials. Specifically, the average force recorded in the sigmoid colon 34 during each

of the three trials exceeded the average force in any other part of the colorectal tube 16. Due

to the anatomy of the human colorectal tube, the colonoscope 60 often loops in the human

sigmoid colon. This often causes pain in patients due to the increased average force. Thus,

the force applied during a colonoscopy procedure generally depends on the anatomical

structure of the human colonoscopic tube, as well as the competence, skill, and experience of

the colonoscopist. This validates the close simulation of the real colonoscopy procedure in

ACTM 10. These force analysis results indicate that the ACTM 10 will be a productive tool

to improve the colonoscopy procedural skills of the novice medical students without risks

associated with an actual patient.

[0079] An analysis of the force data, as shown in FIG. 13, shows the average forces in

specific parts of the colorectal tube 16 recorded during each of the three trials using the

ACTM 10. The model to test for reduction, or otherwise improvement, in force considered



variables of the students, the locations within the colorectal tube 16, and trial number. Each

student was anonymously identified with the identifier "St_#" where the "#" is a number

unique to each student. A stepwise regression was run with all students and locations as

independent binary variables. With entry and exit alphas at 0.05, the model in Table 4 below
2 2was generated. The R for the model was 83.54%, with the adjusted R for the model at

83.20%. Table 4 shows the results generated after running an analysis of the variance

(ANOVA) on the force data collected during the three trials.

[0080] Table 4 :

[0081] After performing the ANOVA shown in Table 4, the final model may be

represented by the equation:

Eq. 1: Force = 0.2013 + 8.48 157 Sigmoid + 6.34606 Descending Colon + 1.75874 Ascending Colon +

Transverse Colon + 1.50105 St_12 + 1.3 1885 St_7 + 0.976185 St_10 +0.761 118 St_14 - 0 .176603 Trial

The final model shows that the force applied by the student generally reduced by 0.17 N in

each trial. This suggests that the students improved and applied less force in the third trial as

compared to the first and second trials.

[0082] Finally, the results show that the students' time to navigate each part of the

colorectal tube 16 decreased significantly over each of the three trials. The model to test for

reduction, or otherwise improvement, in time used the independent variables of the students,

the locations within the colon, and trial number. A stepwise regression was run with all

students and locations as independent binary variables. With entry and exit alphas at 0.05,



the model in Table 5 below was generated. The R for the model was 52.20%, with the

adjusted R for the model as 51.22%. Table 5 shows the results generated after running

ANOVA on the time data. After performing the ANOVA shown in Table 5, the final model

may be represented by the equation:

Eq. 2 : Time = 163.875 + 198. 133 Sigmoid - 31.4267 Trial - 50.5333 Rectum + 69.496 St_9 + 69.3627 St_14 +
29. 1444 Ascending Colon -55.0373 St_6 - 52.5707 St_30 - 47.904 St_29

[0083] Table 5 :

[0084] FIG. 14 shows that the time required by the students to perform the

colonoscopy decreases successively during each of the three trials. Generally, the time

required by the colonoscopist to advance and retract the colonoscope 60 while providing

competent analysis is a combined skill learned by professionals performing a colonoscopy.

Hence, localization data, such as time data, was collected and analyzed to determine whether

the ACTM 10 is effective to differentiate the individual performing the procedure on the

ACTM 10. Generally, the results suggest that the students improved their hand-eye

coordination for manipulating the colonoscope 60 over the three trials. Specifically, the

sigmoid colon 34 is the most difficult part of the colorectal tube 16 to advance during the

colonoscopy procedure for the colonoscopist and often requires more time to pass the scope

as compared to the other parts of the colorectal tube 16.



[0085] Using the ACTM 10 in the above manner, the development of the student's

colonoscopy skills can be evaluated by an instructor or other professional. This analysis can

also be extended in the similar manner to the above force analysis in order to predict the

number of trials to be performed by a student before he or she performs the colonoscopy

procedure on a patient. In addition, the ACTM 10 can also be configured to provide different

configurations for the colorectal tube 16 to vary the training provided by the ACTM 10. For

example, the colorectal tube 16 may be configured to be relatively convoluted in order to

increase the difficulty of completing the colonoscopy on the ACTM 10. Configurations

where the lumen is not clearly visible can also be simulated to test the students' competence

in such situations. Some marks may be made inside the colorectal tube 16 to assess the

examining skills of the students while performing the procedure.

[0086] Overall, the results of this research demonstrate that ACTM 10 is an effective

simulator. The data collected indicates that the experts are significantly different from the

students, but that the subsequent trials displayed student improvement with respect to their

colonoscopy procedural skills such as application of force for intubation and time required to

reach the cecum 42. For at least these reasons, the ACTM 10 will be an effective tool for a

training program related to medical studies assessing colonoscopy procedural skills without

actually operating on a patient. Similarly, the ACTM 10 may also be used to determine the

learning curve of the students and evaluate the number of trials for a student to perform

before he or she operates on a patient. In addition, the colorectal tube 16 may be configured

in different orientations to simulate various conditions that present challenges in order to test

the students' skills and understanding of the colonoscopy procedure.

[0087] While the present invention has been illustrated by a description of various

embodiments, and while these embodiments have been described in some detail, they are not

intended to restrict or in any way limit the scope of the appended claims to such detail.

Additional advantages and modifications will readily appear to those skilled in the art. The

various features of the invention may be used alone or in any combination depending on the

needs and preferences of the user. This has been a description of the present invention, along

with methods of practicing the present invention as currently known. However, the invention

itself should only be defined by the appended claims.

[0088] What is claimed is:



1. A colonoscopy training model comprising:

an abdominal model comprising an outer body having a hollow interior portion

therein;

a colorectal tube operably coupled to the abdominal model within the interior portion

of the outer body, the colorectal tube configured to replicate a human colon; and

at least one sensor operably coupled to the colorectal tube,

wherein colorectal tube is configured to receive a colonoscope and the at least one

sensor is configured to measure one or more of a tension, a pressure, and a light for

determining one or more of an applied force, an interstitial pressure, and a position of the

colonoscope when the colonoscope is positioned within the colorectal tube.

2 . The colonoscope training model of claim 1, wherein the at least one sensor comprises

a plurality of load cells positioned along the colorectal tube and configured to detect a tension

applied to the colorectal tube by the colonoscope.

3 . The colonoscope training model of claim 1, wherein the at least one sensor comprises

a plurality of photocells positioned within the colorectal tube and configured to detect a light

emitted by the colonoscope for determining a position of the colonoscope within the

colorectal tube.

4 . The colonoscope training model of claim 1, wherein the at least one sensor comprises

a pressure transducer configured to determine an interstitial pressure within the colorectal

tube.

5 . The colonoscopy training model of claim 1 further comprising:

a data acquisition system operably coupled to the at least one sensor and configured to

receive a signal from the at least one sensor related to the one or more of tension, pressure,

and light.

6 . The colonoscopy training model of claim 5 further comprising:

a controller configured to control one or more of the data acquisition system and the

at least one sensor.



7 . The colonoscopy training model of claim 6, wherein the controller is further

configured to display a graphical user interface on a user interface.

8. An automated colonoscopy training model as described herein.

9 . A method of colonoscopy training using a colonoscopy training model comprising an

outer body, an anus unit positioned at one end of the outer body, a colorectal tube fixedly

coupled to the anus unit and positioned within the outer body, a plurality of sensors

positioned throughout the colorectal tube, and a computer for receiving and displaying sensor

indications, the method comprising:

directing a colonoscope through the anus unit of the outer body;

advancing the colonoscope through the colorectal tube, wherein sensors are

progressively activated as a distal end of the colonoscope passes through the colorectal tube;

and

monitoring sensor signals displayed on the computer.

10. The method of colonoscopy training of claim 9, the sensors comprising photocells

operable to determine a position of the distal end of the colonoscope within the colorectal

tube.

11. The method of colonoscopy training of claim 9, the sensors comprising load cells

capable of measuring tension applied to walls of the colorectal tube.

12. The method of colonoscopy training of claim 9, the sensors comprising a pressure

transducer capable of measuring pressure within the colorectal tube.



13. A method of monitoring a position of a distal end of a colonoscope in a colonoscopy

training model including a colorectal tube, a plurality of photocells operably coupled to the

colorectal tube, and a controller operably coupled to the plurality of photocells, the method

comprising:

activating at least one of the plurality of photocells when a light emitted by a distal

end of the colonoscope is incident on the at least one of the plurality of photocells;

deactivating the at least one of the plurality of photocell when the light emitted by the

distal end of the colonoscope is not incident on the at least one of the plurality of photocells;

and

determining, with the controller, a position of the distal end of the colonoscope in the

colorectal tube based on the activating and the deactivating.

14. A method of determining a force applied by a colonoscope during a colonoscopy

training session performed on a colonoscopy training model including a colorectal tube and a

plurality of load cells operably coupled to the colorectal tube, and a controller operably

coupled to the plurality of load cells, the method comprising:

measuring a tension by at least one of the plurality of load cells; and

determining, with the controller, a force applied by the colonoscope during the

training session by the measured tension.

15. A method of measuring an interstitial pressure within a colorectal tube of a

colonoscopy training model, the method comprising:

inflating the colorectal tube; and

measuring an interstitial pressure with a pressure transducer coupled to a portion of

the colorectal tube.
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