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ABSTRACT

Introduction: Virtual colonoscopy has proven to be a reliable, sensitive technique and is now widely adopted in routine clinical
practice. We present a novel extension to virtual colonoscopy by incorporating the immersive Oculus Rift virtual reality technology.
We describe our initial experience to explore its potential diagnostic benefit. To the best of our knowledge, this is the first Oculus
Rift related publication in the radiology field.
Method: A procedure for generating an Oculus Rift virtual colonoscopy (ORVC) has been created. It is derived from a CT image
of an air/CO2 inflated colon with contrast labelled faecal matter. The mucosal surface is segmented from its surroundings and
subsequently meshed and rendered to produce a 3D surface. The mucosal surface is then imported into the Unity game engine
along with the calculated coordinates of its centreline. Within Unity, a virtual reality camera is assigned to travel both outside and
inside the colon, aided by controls allocated to an Xbox controller. Two ORVCs were created from differing quality CT data and
trialled by two experienced radiologists and a gastroenterologist.
Results: The ORVCs prompted an enthusiastic response from the clinicians. It was considered to offer potential for improved
diagnostic power but further development is required if its full capability is to be realised.
Conclusions: A mechanism for examining virtual colonoscopies within the immersive environment of the Oculus Rift has been
developed. The resulting ORVCs were trialled by three clinicians with largely positive feedback providing encouragement for
pursuing this work further.
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1. INTRODUCTION
Bowel cancer is the second most common cause of cancer
related deaths, with an estimated 16,000 deaths per year in
the UK.[1] Optical colonoscopy is the preferred method of
colonic examination and is considered the “gold standard”.

During the procedure the full length of the colon can be exam-
ined in detail with an externally controlled camera inserted
into the rectum while also allowing therapeutic procedures
(polypectomies – removal of potentially pre-cancerous le-
sions). Its limitations however are that it has many contraindi-
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cations and the process is invasive: involving a thorough
bowel cleansing, which patients often find unpleasant.[2] Vir-
tual colonoscopy therefore offers an attractive alternative
because of its minimally-invasive nature and nominal bowel
preparation. A wealth of evidence now offers significant
support for the use of virtual colonoscopy as a diagnostic
tool[3–6] and as such it has almost entirely replaced barium
enemas in the developed world.

The virtual colonoscopy procedure involves an abdominal
CT scan, inflation of the colon with air/carbon dioxide and
the addition of a contrast medium to distinguish between
bowel wall and faecal matter (e.g. gastrografin). The colon
is separated (segmented) from the CT image and its inner
surface rendered so it can be viewed from inside the lumen
of the colon. Virtual colonoscopies are typically viewed and
reported on a standard reporting workstation and the cam-
era position/orientation controlled via mouse and keyboard.
This paper explores the potential improvements offered to
this traditional user interface by the introduction of virtual
reality.

The Oculus Rift is a virtual reality headset capable of pro-
viding stereoscopic vision and head tracking capabilities
[Oculus VR, Irvine, California, USA]. The commercialised
version of the Oculus Rift has yet to be released and this
paper has experimented with its precursor - the Develop-
ment Kit 2 (DK2). It has primarily been developed for the
gaming industry but has features which could prove useful

to the medical field. A handful of publications indicate the
Oculus Rift has begun to find applications in medicine[7–12]

but as yet none have been applied to diagnostic imaging.
Virtual colonoscopy is one medical imaging example where
the power of the examination is naturally augmented by the
incorporation of stereoscopic vision and head tracking.

An immersive virtual colonoscopy experience has been pre-
viously attempted by Mirhosseini et al. in 2014[13] using a
CAVE (cave automatic virtual environment) – placing the
user in a room where the inner surface of the colon is pro-
jected onto the surrounding walls. They discuss several
aspects of their technique and conclude that it offers poten-
tial for improved examination time and accuracy. However,
a CAVE system is not practicable for the clinic nor is it
financially viable. This paper describes an alternative im-
mersive method for viewing virtual colonoscopies with the
Oculus Rift DK2, followed by a discussion of our experi-
ences: highlighting any benefits/downfalls regarding image
interpretation.

2. METHOD
A total of two Oculus Rift virtual colonoscopies (ORVC)
have been produced for viewing by a diagnostician. The fol-
lowing text describes the procedure employed to view a high
resolution rendered colon within the immersive environment
of the Oculus Rift DK2. An outline of the process used to
produce an ORVC is shown in Figure 1.

Figure 1. Schematic of the process used to produce an Oculus Rift virtual colonoscopy (ORVC)

2.1 CT acquisition and image processing

Demonstration virtual colonoscopy images, freely available
for research purposes, were provided by TeraRecon Inc [Fos-
ter City, California, USA]. This comprised two studies with
differing acquisition parameters in order to assess the tech-
nique with varying quality data. The acquisition parameters
of the studies are tabulated in Table 1.

Only supine images were examined in this work although the

same technique is equally valid for prone positions. Images
were processed using Mimics Medical 18.0 [Materialise NV,
Leuven, Belgium]. The DICOM images were first segmented
using threshold and region growing methods. A 3D surface
mesh was next generated and optimised to ensure sufficient
mesh quality using standard meshing tools available in the
software. The ends of the meshed colon were cut to create
an open ended vessel structure. The mesh was exported in
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DXF format so that it could be imported directly into the
Unity game engine, version 5.1 [Unity Technologies, San
Francisco, California, USA].

A centreline analysis was performed on the surface mesh
and edited to give a single path through the colon. In the
second study obstructed segments of the colon were joined
together using a straight line connection between the discrete
segments to give a continuous path. The centreline path
was exported in an xml format using the associated 3-matic
Medical software 10.0 [Materialise NV, Leuven, Belgium].

Table 1. CT acquisition parameters for the two virtual
colonoscopy studies

 

 

Study 1 Study 2 

Siemens Sensation 16 GE Medical Systems LightSpeed Plus 

280 mA 150 mA 

120 kV 120 kV 

Pixel size 0.74 mm Pixel size 0.81 mm 

Slice increment 0.5 mm Slice increment 1.5 mm 

Slice thickness 1 mm Slice thickness 3 mm 

 

2.2 Unity game engine and visualisation
The meshed colons and coordinates of the centreline were
imported into the Unity game engine v5.1. Unity is an effec-
tive development environment for Oculus Rift applications
and inherently supports virtual reality visualisation and in-
teraction. Two rendered versions of the colon were imported
– one with the normal vectors facing inward the other with
them pointing outwards (allowing the colon to be visible
from both inside and out). This allowed the user to gain an
overall view of the colon from the outside by “flying” along
an arbitrary path around its exterior before entering via the
caecum. Once inside the colon the coordinates of the centre-
line were plotted using the iTween plugin for Unity [Pixel
Placement, Baltimore, Maryland, USA] and the virtual real-
ity camera assigned to travel along the centreline coordinates.
A point light source was used to light the mucosal surface
and was assigned to track the camera, maintaining a constant
distance beneath it throughout the colonoscopy.

The camera was assigned to automatically travel at a set
speed through the colon but its positon could be controlled
using an Xbox gaming controller with the following assigned
functionalities:

• The “A” button paused and resumed the automatic
movement of the camera along the centreline at its
predefined speed.

• The up/down keys on the directional pad (D-pad)
moved the camera forwards and backwards along the
centreline in the colon. Usage of these buttons auto-

matically overrides the automatic movement of the
camera.

• The “B” button allowed the user to view their current
position within the colon. It paused the movement of
the camera inside the colon and switched to a station-
ary camera positioned above the colon. When viewing
from the second, external camera the position of the
user inside the colon was highlighted by a visible red
dot. A second tap of the “B” button returned the view
to the camera in the colon and resumed its motion.

The speed at which the camera travelled through the colon
was carefully chosen to limit the chance of inducing nausea.
During the development phase the transit speed was reduced
incrementally and tested on an operator known to be sensi-
tive to simulation sickness. The maximum speed at which
the operator experienced a complete absence of nausea was
selected. At the speed selected a complete, uninterrupted
transit of study 1 takes 2 minutes and study 2, 4 minutes.

Camera orientation was controlled entirely by the movement
of the user’s head using the Oculus Rift head tracker. The
Oculus Rift DK2 was connected to a middle to high-end
desktop PC (Intel i7 4770k 3.5GHz, NVidia GeForce GTX
770, Windows 7) with no noticeable latency in the image.
The observer was confronted with an external view of the
colon when first wearing the Oculus Rift, providing an exter-
nal flyby before briefly coming to a halt at the entrance to the
caecum. The observer was then either automatically moved
through the anatomy or, by utilising the Xbox controller,
could proceed at their own speed whilst exploring the views
via natural head movements.

3. RESULTS

Our developments have permitted stereoscopic 3D explo-
ration of the interior surface of the colon both from the inside
and out by utilisation of the Oculus Rift and Unity game
engine. The experimental setup and example views from
inside and outside the colon are shown in Figures 2-4.

Figure 2. Schematic of the process used to produce an
Oculus Rift virtual colonoscopy (ORVC)
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Figure 3. Oculus Rift DK2 stereoscopic view of the colon
exterior of Study 2

Figure 4. Oculus Rift DK2 stereoscopic view during the
virtual colonoscopy of Study 1

Both the ORVCs studies were reviewed by three experienced
clinicians all familiar with virtual colonoscopies: two radi-
ologists and a gastroenterologist. All three were asked to
provide a reflective statement on the experience and to draw
comparisons to conventional virtual colonoscopy and optical
colonoscopy. The comments are summarised in bullet point
form below:

Radiologist 1

(1) Generally: Gained an immediate impression of the
great potential of the technique. It offers a number
of potential improvements on the conventional virtual
colonoscopy fly-through technique but certain refine-
ments are necessary for the ORVC technique to replace
conventional virtual colonoscopy.

(2) The immersion and stereoscopic vision presents a
strong possibility for increased sensitivity and speci-
ficity. A greater effect may be expected in less expe-
rienced radiologists who have yet to become overly
familiar with the conventional virtual colonoscopy and
have not developed a refined routine for their report-
ing. For radiologists exposed to the ORVC as standard
training the rewards are likely to be even greater.

(3) Currently no more than four virtual colonoscopies
would be reported in one morning/day due to fatigue in
their labour intensive reporting. The ORVC felt com-
fortable and presents a possibility of reducing fatigue.

(4) An experienced virtual colonoscopy radiologist takes
approximately 20 minutes per examination whereas
an inexperienced radiologist may take in excess of
30 minutes. With appropriate training and experience
with the ORVC, a reduction in examination time is a
plausible prospect, particularly for less experienced
radiologists.

(5) For the ORVC to be viable, an option for the camera to
be orientated with the direction of travel is a necessity.

(6) When reporting on current systems a raft of supple-
mentary information is available to the radiologist.
This information would be useful if incorporated into
the ORVC, in particular: indication of the direction of
travel, information on current location in relation to
the CT slices and the ability to mark suspicious areas
on the fly-through and triangulate their positions on
the CT image planes.

Radiologist 2

(1) Generally: The prospect of incorporating virtual re-
ality imaging into diagnostics is an exciting potential
development that would significantly impact on the
way radiologists work. It removes the demanding pro-
cess of assimilating a large data set.

(2) The Oculus Rift’s intuitive head tracking ability pro-
vides the opportunity of looking around the haustral
folds of the colon simply by turning one’s head rather
than complex movements with the mouse and screen.

(3) Immersion within the data removes the potential for
error generated by distractions.

(4) The strong visual stimulus provided by the Oculus
Rift means the generation of motion sickness is a real
possibility.

(5) When reporting, the virtual colonoscopy cannot be
utilised on its own, several pieces of information are
considered in order to make diagnostic decisions. The
CT slices contain information of structures outside
the colon and this cannot be ignored. A primary tool
used during reporting is the marking of features in the
virtual colonoscopy and subsequently matching these
to the CT slices and vice-versa. Such a feature would
need to be incorporated into the ORVC technique for
its clinical implementation. Routine reporting of the
rest of the abdomen and pelvis would still be required.

(6) The psychophysiology of perception is complex and
this new way of generating and looking at images
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needs to be assessed. This work gives motivation
for comparisons of sensitivities and specificities with
a current “gold standard”. This could be optical
colonoscopy but a comparison with CT colonography
would be equally valid.

Gastroenterologist

(1) In optical colonoscopy the colonoscopist drives for-
ward from anal canal to caecum. The gradual with-
drawal of the instrument from the caecum allows the
reverse view, likened to that seen in the wing mirrors
of a car. The colon is a haustral structure: hence a
polyp within a recess may be missed when driving
toward the caecum but detected in the “wing mirrors”
while exiting. Virtual colonoscopy offers a similar
view with the advantage of driving forwards in both
directions.

(2) The wider field of view offered in the ORVC is far
greater than that offered by optical colonoscopy. Self-
evidently this is of potential benefit for detecting le-
sions, which in turn increases confidence that fewer
lesions might have been missed.

(3) Oculus Rift assisted virtual colonoscopy, by its very
nature, offers unique and major advantages. In stan-
dard virtual colonoscopy, driving is guided by a
mouse/keyboard control which is often “jerky” and
does not readily afford fine changes. In contrast ORVC
offers a refined natural method of viewing by slight
movements of the head and changes in body position.

(4) The ORVC technique implemented allows a birds-
eye view of the inner wall of the colon, but crucially,
viewed from the exterior. Consequently polyps located
in haustral recesses are more readily identified, partic-
ularly at areas of natural angulation of the colon. The
same view also allows identification of diverticulae.
Colonic diverticulae are mucosal herniations through
its confining wall, hence are more prominent when
viewed from the outside.

(5) ORVC offers a different and unique advantage, that of
total immersion within the environment, supplemented
by looking at that same environment from the outside
i.e. being both within the data and then viewing it from
outwith. Put differently this can be likened to looking
at the fish tank from the inside and outside.

The two radiologists independently shared several similar
views while the gastroenterologist also had some overlapping
points. All parties commented that full examination of the
first colon (i.e. high resolution) had identified all lesions:
polyp and diverticulum, and were confident that no other
abnormality had been missed. An example of a diverticulum

viewed on the Oculus Rift (from both inside and outside) is
shown in Figure 5.

Figure 5. Both inside and outside views of a diverticulum
spotted during examinations of Study 1

4. DISCUSSION
Optical colonoscopy is widely considered the most sensitive
diagnostic procedure for the detection of colonic patholo-
gies.[14, 15] There is however growing evidence that virtual
colonoscopy is improving towards similar sensitivity val-
ues,[3, 16] this is reflected by several national guidelines en-
dorsing its use.[2, 17] With wider uptake encouraged, the
numbers undergoing virtual colonoscopy will steadily rise.
It is therefore important to optimise the technique for both
lesion detectability and examination time.

Current practice of reporting CT uses sequential, thin 2-
dimensional slices, which are projected in 3 different planes
(axial, sagittal and coronal). Alternating between the 3 dif-
ferent planes and moving backwards and forwards within
them, the reporting radiologist will create a “3D” image in
the mind. This is a complex process which is time consum-
ing, requires experience, and involves the mental processing
of large amounts of information whilst physically scrolling
with the mouse on different screens. Although current soft-
ware will allow 3D reconstructions for further interrogation,
these too are displayed on the flat screen. The innovative
addition of virtual reality potentially by-passes much of the
mental processing and mechanical scrolling and presents the
radiologist with a “simple” image for interpretation.

A wide range of immersive virtual reality headset technolo-
gies have entered the market. Figure 6 ranks the major virtual
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reality headsets (both those available now and those soon to
be released) according to their respective prices at time of
writing (November 2015).

All headsets listed in Figure 6 offer stereoscopic vision
and head tracking capabilities but each offers slight vari-
ations and unique selling points such as customisability, cost,
comfort and compatibility/integration with software. The
Google Cardboard was tested using a variety of smartphones
and the lack of processing power led to framerate limita-
tions that were judged to be too debilitating for the virtual
colonoscopy application. This issue was expected to ap-
ply to other smartphone-based headsets (all those with blue
columns in Figure 6) and therefore these were not consid-
ered. Of the dedicated virtual reality headsets FOVE VR is
of particular interest. It has not yet been released but offers
the intriguing addition of built in eye tracking that makes it
a consideration for future applications. Other high profile

headsets not included in Figure 6 are Playstation VR and the
Avegant Glyph. Playstation VR has not yet been released
or associated with a price and is likely to be heavily geared
toward development for the PlayStation game console plat-
form – it was therefore not considered. The Avegant Glyph
is a different implementation, employing retinal projection
technology rather than OLED (organic light-emitting diode)
screens. The projectors are embedded into a portable vi-
sor/headphone device primarily designed to project media
from connected devices (such as smartphones) directly to
the eye for an enhanced display. At present the Oculus Rift
DK2 headset offered the best prospect for our application
due to its more advanced stage of development, extensive
community support, competitive price and integration with
the Unity game engine. The commercialised version of the
Oculus Rift has yet to be released but applications developed
for the DK2 are expected to be easily transferable to the
commercial version.

Figure 6. List of virtual reality devices
ranked according to price. Columns in
blue indicate devices which require a
smartphone, columns in green indicate
dedicated virtual reality headset devices.
Prices of some devices not yet released are
speculative at time of writing (05/11/2015)

The Oculus Rift DK2 performed very smoothly in the tests
and the high specification PC and graphics card ensured
lag free and artefact free viewing. The Unity game engine
provided the flexibility for rapid development of the envi-
ronment and accommodation of the Xbox game controller.
Although application development within Unity involves a
fairly steep learning curve for the uninitiated, the breadth of
online resources helps considerably. At our current stage we
are able to go from raw CT data to visualisation in the Ocu-
lus Rift within approximately 2 hours (without significant
complications) and this is likely to reduce with increased
experience. Furthermore, improvements in all areas can be
expected as the technology progresses.

The conventional method of viewing colonoscopies (on a

workstation monitor) presents some challenges. Firstly, the
use of a mouse and keyboard, although familiar, is not an
optimal user interface. Secondly, in colonoscopies the region
of interest is the entire inner surface of the colon wall which
is a large 3D surface area being represented by a series of 2D
projections on a monitor. In order for a single projection to
show the data effectively requires either a sufficiently wide
angle view (e.g. fisheye-like lens) which distorts the image,
or the user needs to be able to change the view quickly and
efficiently while maintaining orientation – limited by the
mouse/keyboard interface. Our pilot observations suggest
the Oculus Rift offers a major improvement on these aspects:

• It presents the user with stereoscopic viewing ability
and depth perception, potentially allowing for height-
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ened localisation/characterisation of protrusions or
lumps such as polyps.

• The head tracking gives a more natural means for cam-
era reorientation, which the clinicians found partic-
ularly useful when examining areas behind haustral
folds.

The design chosen also allowed the colonic mucosa to be
viewed from both its luminal aspect and from the outside,
the two together giving a more complete view. This novel
feature of the ORVC proved useful to the radiologists and the
gastroenterologist in detecting abnormalities. Additionally,
the Oculus Rift provides a fully immersive experience by
providing the user with a sense of “presence within the data”,
rather than as a passive distant observer as is the case when
using a mouse/keyboard and a monitor screen. This is likely
to reduce distraction and heighten awareness of their virtual
surroundings. Finally, when viewing from within the colon it
is not always possible for the user to be aware of their precise
location. Despite this being made possible by the external
camera which rapidly provided the triangulation necessary,
the comments made by the radiologists suggest a need for
advancing this feature in order to place specific features into
context with the original CT slices.

The resolution of the DK2 display is 960 × 1080 to each eye.
The DK2 OLED display has a visible grid-like appearance
which may be attributed to a poor pixel fill factor (no. of pix-
els per unit area) effectively producing small gaps between
pixels. Generally speaking this feature is more noticeable
on still scenes with smaller objects. During the ORVC ex-
amination this issue is less noticeable probably due to the
user’s attention being drawn to larger objects spanning across
a large number of pixels. Also the post-processing of the
CT images used to create the virtual colonoscopy effectively
smooths the data. For these reasons it is unlikely that this
affects the interpretation of the virtual colonoscopy. How-
ever, when considering viewing high resolution, unprocessed
CT slices this is expected to adversely affect interpretation.
With subsequent releases of the technology the resolution
and pixel fill factor will improve and its effect on CT slice
reporting should be assessed.

The variety in data quality of the two ORVC studies gave
an appreciation of a range of appearances to be expected
when using this technique. From our own experience and
the clinicians’ comments, a summarised collation of advan-
tages and disadvantages relative to the conventional virtual
colonoscopy are noted below:

• Advantages

(1) Immersive experience – more engaged with the

data leading to improved awareness without dis-
tractions.

(2) More intuitively interactive – instead of moving
a mouse to change camera direction the natural
movement of the head changes the view.

(3) Stereoscopic vision to help detection of 3D undu-
lations in the surface of the colon (e.g. polyps).

(4) Improved examination around colonic folds.
(5) No wide angle lens distortion as currently imple-

mented in virtual colonoscopy software on 2D
monitors.

(6) Less mentally intensive experience leading to a
potential for fatigue reduction.

(7) View of the inside surface of the colon from the
outside offers a potentially useful diagnostic an-
gle.

• Drawbacks
(1) User must rotate their body/head up to 180◦

adding an ergonomic complication and incon-
venience.

(2) Some users can find the experience mildly nau-
seating due to the mismatch between visual and
vestibular inputs (i.e. visually moving while re-
maining physically stationary).

(3) Lack of functionality to quickly and efficiently
correlate findings between virtual colonoscopy
and CT slices.

(4) The current resolution displayed to each eye by
the Oculus Rift DK2 (960 × 1080 pixels) and the
poor pixel fill factor (no of pixels per unit area),
combined with the proximity of the eye, creates
a pixelated appearance that is not present on a
standard monitor. While potentially distracting
with the DK2 this is unlikely to be an issue as
virtual reality headset technology matures.

Solutions to these drawbacks are beyond the scope of this
paper, but improvements such as the option to orientate the
camera along the direction of movement (such as in a roller-
coaster) and incorporation of CT slice visualisation in the
virtual world, have been considered and will form the basis
of future work. The success of viewing the colon from the
outside introduces another focus for further development.
Currently the user is presented with a series of arbitrary, pre-
set viewing positions but given the feedback, there is merit
in offering a greater range of viewing angles and giving the
user more positional control.

Implementation of the future developments above may also
enhance the ability to stage cancer. Firstly, the ability to re-
view the original CT data is important to help determine the
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extent/spread of the lesion. Secondly, additional information
could be presented to the radiologist via segmentation and
external observation of the outer lining of the colon. Such a
view could highlight prominent undulations in the external
surface of the colon to help determine whether the cancer is
of an early stage (T1, T2 – contained within the inner layers
of the bowel wall) or later stage (T3, T4 – penetrated the
outer layers of the bowel wall). However, segmentation of the
outer wall of the colon is likely to pose significant challenges
due to the reduced contrast between the colon and surround-
ing tissue compared to its gas-filled lumen. Nonetheless this
remains a consideration for the future.

At this early stage it is difficult to comment on any improve-
ment in examination time offered relative to the conventional
virtual colonoscopy. However, with the ease of camera orien-
tation offered by the head tracking capability of the Oculus
Rift and as more experience is acquired, a decrease in exam-
ination time is conceivable. The transit speed through the
lumen of the colon is ultimately limited by the operator’s
susceptibility to nausea from simulation sickness. For each
of the two studies presented the transit speed was optimised
for a single operator known to be sensitive to simulation
sickness with the expectation that this speed was comfort-
able for most other operators. This proved to be the case
as none of the clinical operators experienced nausea during
the examinations. The nauseating effects are further reduced
with the functionality of controlling the position using the
D-pad on the Xbox controller. This feature may be optimised
further by allowing the user to change the transit speed and
sensitivity of the D-pad buttons.

This preliminary work has highlighted the benefits and chal-
lenges of virtual colonoscopy in an immersive environment
and indicated further steps that are necessary to make the

ORVC a more viable diagnostic technique. Upon completion
of the development work the trajectory is toward a prospec-
tive pilot study to compare conventional and Oculus Rift
virtual colonoscopies. Assessment of this new technique
with the use of the Receiver Operative Curve (ROC) would
help define its place in the rapidly developing world of diag-
nostic technology.

5. CONCLUSION
A mechanism for viewing virtual colonoscopies with an Ocu-
lus Rift has been successfully implemented and trialled on
three clinicians. Initial testing has produced promising reac-
tions from clinical colleagues and confirms the potential of
this novel visualisation method. It has been acknowledged
that several improvements are necessary before this tech-
nique is likely to be of significant clinical benefit but early
potential has been demonstrated. Overall, the feedback is
one of support, providing encouragement for pursuing this
work further. After incorporation of the necessary develop-
ments, the next steps will involve a semi-quantitative pilot
study which will aim to compare clinicians’ experiences
and reporting confidence with ORVC and traditional virtual
colonoscopy.
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