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bstract

ot only are current imaging techniques - cone-beam computed tomography (CT), CT, and magnetic resonance imaging (MRI) - becoming
ore precise in capturing data, but the illustration and interpretation of the acquired images is no longer limited to conventional display screens

r projectors. The so-called “virtual reality” (VR) glasses have the potential to engage the viewer in a 3-dimensional space, and ultimately to
nable evaluation of the reconstructed anatomical structures from a new perspective. For the first time in the field of oral and maxillofacial
urgery (OMFS), a 3-dimensional imaging dataset (cone-beam CT, CT, and MRI) can be evaluated by using VR glasses. A medical student, an
MFS resident, and an OMFS consultant rated the preoperative usability of VR glasses to improve the operative understanding of three cases:

 deeply impacted wisdom tooth, a fracture of the lower jaw, and an oncological resection. VR glasses seem to help to simplify operations
nd give the surgeon a good preoperative overview of the intraoperative findings, particularly in the evaluation of impacted teeth and hard
issue structures. In addition, VR glasses seem to be a promising innovation to help in the training of surgical residents and to teach students.
owever, the more experienced the surgeon, the smaller is the additional value of VR glasses. Preoperative examination using VR glasses
an aid better understanding and planning of the surgical site in the future, and is an innovative piece of advanced technology for displaying
T, cone-beam CT, and MRI anatomical data.

 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction
n 1895 Wilhelm Röentgen discovered the presence of “x-
ays”, and realised their potential benefit for medical use. The
rst radiograph of the human body was a record of a hand,
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ollowed by one of a chest. Eventually, 3-dimensional imag-
ng was developed, including computed tomography (CT)
n the early 1970s.1 Technological advancements have con-
inued in various imaging applications. Higher resolution,
ower exposure to radiation, and alternative techniques, such
s cone-beam CT have so far provided promising results.2

nother widely-used method of imaging is magnetic reso-
ance imaging (MRI), which also delivers 3-dimensional data

nd has undergone rapid technological advances, particularly
n terms of resolution.3,4

blished by Elsevier Ltd. All rights reserved.
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Despite the exponential technical development in imag-
ng systems and their potential to capture images, devices
or visualisation and interpretation of acquired images have
een lagging behind in terms of development. In clinical
ractice, radiologists and surgeons typically evaluate the 3-
imensional data on 2-dimensional screens in three different
ayers (axial, coronal, and sagittal). The existing visualisation
ools being used in the public entertainment industry, which
as provided a vast array of products and services based on
dvanced imaging technology (such as 3-dimensional films,
ugmented reality (AR) games, and virtual reality (VR)), are
uch more technically advanced than those available in the
edical field.
There are published reports of the introduction of an

R/VR technique in student education and for enhanced
isualisation in training courses during surgical residency.
he use of those has shown promising results in teaching
nd surgical training, and will be further explored in the
iscussion.5 VR is superior to simple 3-dimensional visu-
lisations on 2-dimensional screens because it gives the
pportunity to “walk” into the 3-dimensional dataset in a vir-
ual room, which adds a new dimension to the visualisation
f the image, and provides a unique immersive experience
n fully visualised and simulated space. The interaction in
R with the visualised data can also be controlled directly
ith tactile hand controllers, which add additional interactive
hysical exposure to the multidimensional virtual images.
unctions such as zooming, translating, and rotating the vol-
me dataset from CT or MRI images enable the examiner to
rient, enlarge, and elucidate data as required. If they were
sed in a clinical setting, physicians could view and evalu-
te 3-dimensional data sets from arbitrary angles, which are
nique to VR applications.

However, these techniques are not yet practical for daily
linical use for three reasons. First, there is a high demand
or graphical and computational power that can calculate 90
tereo image pairs/second. This high frame rate is needed
or VR, so that the user does not experience “motion sick-
ess” while interacting with the virtual scene. Secondly, the
ata set is required to be seen not only on one pair of VR
lasses, but on several viewers. A broad range of clinicians
ust be able to view the information. This limitation makes

he technology available only to a few centres that are inter-
sted in advanced technology and medical research. Finally,
n many software programs only previously edited imag-
ng datasets can be loaded for the AR/VR devices, which
ometimes makes the technique impractical for daily clinical
se. The question is, therefore: when will the next level of
isplaying technique be practical for routine clinical prac-
ice?

To solve this problem, we need a new imaging system with
n algorithm to display all sorts of 3-dimensional datasets
imultaneously. Doubtless, AR and VR are superior to regular

-dimensional screens in terms of visualisation and an inter-
ctive 3-dimensional experience. AR in particular requires
ore computable power by far, and so remains difficult to

p
l
V
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mplement in daily practice. We therefore decided to focus
ur work on a VR imaging system that may be more practi-
al.

To get the best experience of VR imaging, it should allow
he following conditions: real time import of data; DICOM
ata sets used as general standard; CT, MRI, and cone-beam
T data sets that are importable; it should have a moderate
emand for graphical and computational power; hardware
hould be affordable; control should be intuitive; and there
hould be no loss of graphic quality.

In this paper we present a clinical application of soft-
are for the use of VR in preoperative planning, which

ddresses these points. It was developed by Aachen Univer-
ity of Applied Sciences and, to our knowledge, it is the first
eal-time volume rendering in VR to be used for surgical
lanning without the need for long-lasting modifications of
he dataset before use.

aterial  and  methods

or the evaluation of the clinical usability, an oromax-
llofacial surgery consultant with 17 years’ experience,
n oromaxillofacial surgical resident (3rd year), a consul-
ant radiologist with 23 years’ experience, and a medical
tudent in the last year of training, underwent VR exam-
nation of three typical oromaxillofacial surgical cases:
emoval of wisdom teeth, fracture of the lower jaw, and
n oral squamous cell carcinoma (SCC) in which only
he soft tissue of the anterior floor of the mouth was
ffected.

A standard evaluation by the observation using a reg-
lar PC monitor was made after the VR examination to
revent potential damage to the patient or create an ethi-
al conflict. Each of the examiners answered a questionnaire
hat addressed the potential use and benefits for preopera-
ive planning with VR technology. The imaging dataset used
as the conventional DICOM set taken from CT/cone-beam
T scans taken during the patients’ admission to hospital.
e were able to display the dataset in VR without previous
odification or segmentation.
HTC ViveTM (HTC, High Tech Computer Corporation)

R glasses were used, including two controllers. Two basis
tations from the HTC ViveTM system were placed in a
.5 ×  2.5 m room to match the position of the headset and the
ontroller. The VR computer workstation was equipped with

 powerful graphic card from NVidia, similar to a GTX1080ti.
he software was developed by Professor Scholl and her team

MedicVR; University of Applied Sciences, Aachen). Stan-
ardised DICOM datasets can be loaded and visualised using
he direct volume rendering algorithm. Direct volume ren-
ering in real time is done with an OpenGL visualisation

ipeline and uses the 3584 parallel processor units to calcu-
ate the needed 90 stereo image pairs/second. No additional
R software was used.
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Table 1
Rating of the clinical usability of the virtual reality (VR) device for different cases. The longer the examiner has been in practice, the less the benefit that is
obtained by VR examination in addition to conventional methods. The rating scale was from 1 (very poor) to 10 (excellent).

Variable OMFS
consultant

OMFS
resident

Consultant
radiologist

Student (OMFS
rotation)

Impacted wisdom teeth:
Help for planning operation/displaying the condition compared with
conventional methods

6 7 5 10

Improvement in operative orientation 5 4 Not assessable 9
Potential for clinical use 7 8 8 10

Mandibular fracture:
Help for planning operation/displaying the condition compared with
conventional methods

7 7 6 10

Improvement in operative orientation 7 9 Not assessable 10
Potential for clinical use 7 10 8 10

Oral squamous cell carcinoma:
Help for planning operation/displaying the condition compared with
conventional methods

4 7 2 9

Improvement in operative orientation 4 7 Not assessable 5
Potential for clinical use 5 8 5 9

Table 2
Rating of the software and hardware by the examiners was “satisfactory”. The rating scale was from 1 (very poor) to 10 (excellent).

Variable OMFS consultant OMFS resident Consultant radiologist Student (OMFS rotation)

Resolution of imaging data 8 7 9 8
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ntuitive control and examination of images 6 

roviding 3-dimensional idea of surgical/anatomical site 10 

esults

he first case inspected was the patient with impacted wisdom
eeth in the upper and lower jaws. The 3-dimensional anatom-
cal relations with other crucial structures, in particular the
nferior alveolar nerve (more precisely to the mandibular
anal), was evaluated in the lower jaw. In the upper jaw, the
isdom teeth were relocated to the hard palate. The proxim-

ty of the crown of the wisdom teeth to the distal molar could
e evaluated accurately, and all examiners reported that it
rovided them with an additional benefit over examination
f a traditional image (Table 1 and video 1).

In the case of the fracture of the lower jaw, the angulation
f the fragment segments could be evaluated with the help
f VR examination with an additional benefit, particularly
or the less experienced examiners (student and resident). In
ddition, the 3-dimensional positioning of the fragment, par-
icularly in terms of rotation and angulation and the relation to
he neighbouring structures, was displayed clearly with satis-
actory resolution, and helped in the preoperative orientation
nd planning of the operation (Table 1 and video 2).

In the patient with the oral SCC of the floor of the mouth,
nhancement by contrast helped to ascertain the extent of the
umour. Conversely, the surrounding soft tissues were not eas-
ly discriminated, because their radioilluminescent properties
ere quite similar to each other (Table 1; video 3).
The overall rating of the technical hardware and the soft-
are programming was good, although the intuitive control
ight be improved (Table 2). The VR technique was rated as

 promising tool by all the examiners, particularly in the eval-

t
a

8 8 7
10 7 9

ation of its diagnostic application. The primary benefit over
raditional 3-dimensional viewing was that the intraoperative
rientation was improved (Table 1).

In the clinical evaluation, two aspects became evident.
irst, the more experienced the examiners, the less they ben-
fitted from VR for 3-dimensional visualisation (the two
onsultants). Secondly, the younger the examiner, the bet-
er the handling of the VR glasses (OMFS resident/student)
Table 2).

The evaluators noted that appropriate visualisation of
ome structures seemed to be challenging because there is
s yet no defined window for soft or hard tissue, and the
llumination needs to be manually adjusted. In general, high-
ensity structures (such as bones and teeth) were easier to
xamine because there was better contrast with neighbour-
ng structures and less variation in the voxel brightness. In
he evaluation of soft-tissue structures, the high proximity of
oxel brightness between soft-tissue structures such as glan-
ular tissue, muscle tissue, or connective tissue, decreased
he diagnostic abilities. Nonetheless, with the use of contrast
gents, not only was the course of the vessels highlighted, but
lso the contrast between malignant tissue and physiological
issue became more obvious.

The ability to cut sections is a promising tool, as it allows
he examiner to use conventional examining perspectives in
ddition to VR examination (video 4). A potential advantage
s the use of an infinite number of angles, whereas conven-

ional examination is limited to three angles (coronal, axial,
nd sagittal).
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Considering the hardware costs, a visulisation workstation
D 3500) with graphic card from Nvidia GTX1080ti (D  950)
nd a HTC Vive system (D  600) are required, for a total
mount of D  5050 (US$5894).

iscussion

R is a popular technique that is being tested in many areas
f medicine and healthcare. Patients have been provided with
R glasses to allow them to experience clinical conditions

nd visualise procedures to help them improve their gen-
ral medical knowledge, increase their cognitive status, and
ecrease symptoms of chronic pain.6 Garcia-Betances et al
escribed the potential of VR in the treatment and care of
atients with Alzheimer’s disease, although further improve-
ent in terms of costs and availability are necessary.7 Cacau

t al claimed improved postoperative rehabilitation with the
se of VR compared with a control group with conventional
hysiotherapy in patients having cardiac surgery.8 Patients
ho have had a stroke or brain injury also seem to signifi-

antly benefit from the use of VR.9–11

The improved diagnostic and therapeutic opportunities
elivered by VR would not only benefit patients, but could
lso be used in various educational opportunities for resi-
ents and students. A Cochrane review from 2013 addressed
he potential use of VR in the educational training of sur-
ical residents. In 2015, other Cochrane reviews addressed
eaching ENT residents, and also used the technology for
raining in endoscopy. These studies claim a potential sav-
ng of cost and operating time by training less-experienced
hysicians to do procedures efficiently with the help of VR,
lthough a larger number of cases are certainly needed for
urther evaluation.12–14 Våpenstad et al described a potential
enefit in VR laparoscopy training with a haptic feedback,
hich allows a more realistic simulation of the operation and
as been found to be more appealing to students in training.15

In general, the introduction of AR/VR into student life
s promising, because traditional resources (such as human
adavers) and personal teaching time might be reduced.16

owever, an increased use of VR in teaching leads to a gener-
tion of medical students who are used to it, which potentially
eads to more widespread clinical implementation of VR as

 standard examination tool. There is therefore a need to
mplement a practical algorithm that not only allows the use
f VR as a training tool after complex handling of the 3-
imensional data, but also delivers the option of an instant,
n-depth, anatomical examination that would otherwise be
mpossible to conduct using conventional diagnostic tools.

According to our preliminary results, we think that a pre-
perative 3-dimensional evaluation of the surgical site does
mprove the overall performance of the operation, particularly
n terms of assessing the relations with vital neighbouring

tructures. Nonetheless, several further improvements have
o be implemented. The windows for reconstruction of both
ard and soft tissue require more datasets to implement
axillofacial Surgery 57 (2019) 644–648 647

tandard buttons, similar to the already existing options in
onventional data examination. The ease of use of the VR
xamination technique was promising for all our testers and
rovided a good experience for all participants in the study.
ll our users were able to find their way in the VR. Certainly,

 larger study population of both patients and examiners is
eeded to decide the role of VR in preoperative planning
n OMFS. So far to our knowledge only Arikatla et al have
escribed the use of VR in OMFS and applied it for virtual
urgical simulation using segmentation options, which surely
rovides an additional promising application.17

We conclude that five of seven of our proposed criteria
or VR (real time data import, the use of DICOM datasets,
oderate demand for graphical and computational power,

ffordable hardware, and intuitive control) were sufficiently
ulfilled. We used only cone-beam CT and CT data sets; MRI
atasets should be further evaluated. The graphical quality
as good, but the correct illumination and contrast level of the
arious anatomical soft-tissue structures remain challenging.

Virtual reality is a promising tool in the preoperative plan-
ing of OMFS operations. Evaluation of more patients and
urther improvement in the software are needed before the
echnique can be implemented in daily clinical practice.
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