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Summary 
Objectives: Operating room personnel (ORP) operating 
mobile image intensifier systems (C-arms) need train-
ing to produce high quality radiographs with a mini-
mum of time and X-ray exposure. Our study aims at 
evaluating acceptance, usability and learning effect of 
the CBT system virtX that simulates C-arm based X-ray 
imaging in the context of surgical case scenarios. 
Methods: Prospective, interventional study conducted 
during an ORP course with three groups: intervention 
group 1 (training on a PC using virtX), and 2 (virtX with 
a C-arm as input device), and a control group (training 
without virtX) – IV1, IV2 and CG. All participants 
 finished training with the same exercise. Time needed 
to produce an image of sufficient quality was recorded 
and analyzed using One-Way-ANOVA and Dunnett post 
hoc test (α = .05). Acceptance and usability of virtX 
have been evaluated using a questionnaire. 
Results: CG members (n = 21) needed more time for 
the exercise than those of IV2 (n = 20): 133 ± 55 
vs. 101 ± 37 sec. (p = .03). IV1 (n = 12) also 
performed better than CG (128 ± 48 sec.), but this 
was not statistically significant.  
Seventy-nine participants returned a questionnaire 
(81% female, age 34 ± 9 years, professional experi-
ence 8.3 ± 7.6 years; 77% regularly used a C-arm). 
83% considered virtX a useful addition to conventional 
C-arm training. 91% assessed virtual radiography as 
helpful for understanding C-arm operation. 
Conclusions: Trainees experienced virtX as substantial 
enhancement of C-arm training. Training with virtX can 
reduce the time needed to perform an imaging task. 
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1 . Introduction 
In the treatment of emergency and trauma 
patients mobile C-arm image intensifier 
systems (abbrev. C-arm) are essential tools 
for a successful surgical outcome. But X-
 ray examinations are still potentially dan-
gerous for patient and operating room per-
sonnel [1-5], although technical improve-
ments in the last years have helped to re -
duce the amount of radiation (e.g. digital 
imaging, apertures, laser localizer beam) 
[6, 7].  

During surgery the surgeon depends 
on the correct adjustment of the C-arm, 
which is normally operated by a nurse. 
Due to training deficiencies in C-arm op-
eration the surgeon often needs to control 
the adjustments of the image intensifier 
during osteosynthesis by performing con-
tinuous X-ray imaging in the fluoroscopy 
mode. This increases the X-ray exposure 
dose. Furthermore, a lot of specific ad-
justments (e.g. acetabulum, calcaneus) 
are hard to achieve even by an experi-
enced nurse. Better training of the nurses 
operating a C-arm would accelerate X-ray 
examinations during surgical interven-
tions, thus reducing expensive surgical 
time and X-ray exposure of patients and 
the operating room personnel. Lacking 
the possibility to produce X-ray images 
for training purposes, C-arm operation is 
currently trained on a theoretical basis 
only. To gain the qualification needed to 
adjust the C-arm in a timely fashion with 
a minimum of radiation exposure, this 

theoretical training is insufficient and 
implies “training on the job” which 
means nothing else as “training on the pa-
tient”.  

As a means to provide students and 
residents with knowledge and the oppor-
tunity to interactively perform case-based 
exercises, computer-based training sys-
tems (CBTs) have gained increased atten-
tion in recent years in medical education 
as well as in radiology [9]. Interactive 
training programs based on case libraries 
for practicing image interpretation (e.g. 
[9-11]) have been developed and examin-
ed concerning their feasibility and usabil-
ity. Partly the effects of these systems in 
terms of a better learning outcome were 
examined in comparison with conven-
tional, mostly paper-based methods (see 
e.g. [12]). Furthermore, the combina tion 
of these CBTs with a medical atlas has 
been discussed [13]. Besides CBTs that 
focus on the correct interpretation of 
radiological images some simulators have 
been developed to practice e.g. interven-
tional cardiology [14]. Systems like the 
one described in [14] offer a training 
 environment that realistically simulates a 
specific manual medical procedure using 
suitable in- and output devices. To our 
knowledge currently no CBT focuses on 
the correct usage of C-arm systems to 
produce radiographs that meet the spe-
cific quality requirements of surgical in-
terventions. 
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2.  Objectives 
The aim of this paper is to present a com-
puter-based training system for C-arm oper-
ation, the virtX system, and the results of a 
first evaluation. The objective of the virtX 
system is to improve training and prepara-
tion of C-arm operation through simulating 
C-arm-based X-ray image production in the 
context of real surgical case scenarios. The 
questions of our study are:  
● Q1:  Does training with virtX reduce the 

time needed to accomplish an imaging 
exercise?  

● Q2:  How do potential users assess the 
virtX system’s usability and suitability 
for training C-arm operation? 

3 . Methods  
This chapter is divided into one section 
that describes the design, implementation 
and use cases of the virtX system, and a 
second section that describes the study de-
sign. 

3.1  The virtX System 
The virtX system has been developed by 
an interdisciplinary team consisting of 
medical informatics experts, trauma sur-
geons and radiologists. After an analysis 
of the current state of the art in C-arm 
education a new educational concept has 
been developed including the identifica-

tion of CBT use cases followed by the de-
sign of the virtX system architecture. 
After a prototyping phase that aimed at a 
proof of concept and on finding suitable 
user interfaces the system was finally im-
plemented. The resulting virtX system 
consists conceptually of five components 
(see Fig. 1):  
1) a real C-arm scenario (RCS) consisting 

of a C-arm device, an operating table and 
an artificial patient in the form of a 
 manikin, 

2) a virtual C-arm scenario (VCS) consist-
ing of interactive graphical 3D models of 
the RCS objects, 

3) a virtual radiograph generator (VRG), 
4) a computer-based training system in-

cluding an authoring system for case-

Fig. 1 virtX system concept 
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based exercises, and a training and evalu-
ation module for performing these exer-
cises, 

5) a case data base with exercises and CT 
data sets. 

 
virtX is independent of any specific C-arm 
or operation table. The RCS currently con-
sists of an ARCADIS Varic C-arm from 
Siemens Medical Solutions and an oper-
ating table system from Maquet. The mani-
kin is realized using a Styrofoam patient 
dummy, which was made using a 3D surface 
model of the Visible Human male [15] 
through cutting out and gluing panes of ap-
proximately 2 cm thickness. The interactive 
3D models of the VCS (see Fig. 2) were con-
structed using the open source software 
 systems Coin3D [16] and Blender [17]. 

The whole C-arm and all of the five 
joints and rails of the C-arm can be interac-
tively moved in a virtual operating room. A 
selected set of joints and rails of the operat-
ing table can also be manipulated inter-

actively. The virtual patient currently can 
not be altered concerning his posture. 

The VRG is built upon ‘virtusMED’ (vir-
tual scenes for medical education and diag-
nostics), a system that allows for a new kind 
of interactive visualization of volumetric 
medical images [18, 19] usable for edu-
cation or diagnosis [20]. Based on CT and 
MRI data sets in DICOM [21] format as 
well as on data from the Visible Human Pro-
ject [22] virtusMED creates a virtual pa -
tient that can be explored in real-time by an 
ultrasound-like probe, a head-mounted dis-
play and/or a freely movable flat panel. In 
particular it allows for the generation of vir-
tual radiographs from any direction based 
on an arbitrary CT data set. 

The virtX-CBT is an application pro-
gram that presents the trainee predefined 
exercises he has to accomplish. Each exer-
cise is related to a clinical case category and 
combines visual radiological information 
needed by the surgeon at a specific step of a 
surgical procedure like a clear view into the 

knee joint space with the corresponding ad-
justment of the C-arm that has to be achiev-
ed by the trainee. virtX-CBT controls the 
achievement of the correct position and 
orientation of the C-arm in relation to the 
virtual patient and measures the amount of 
(virtual) radiation needed to produce the im-
ages. The success of the trainee concerning 
an exercise is dependent on the total time 
needed to accomplish the task, the amount 
of radiation needed, the correctness of the 
position and orientation of the C-arm re-
lated to the patient, and the correct usage of 
the control features of the C-arm when pro-
ducing and finishing the images. After ac-
complishing an exercise the trainee receives 
direct feedback concerning his personal 
success rate in comparison with an expert in 
C-arm operation.  

When using the CBT the trainee is faced 
with four 3D views on the operation theater 
and two views on the radiographs produced 
by the VRG. The views are arranged in two 
windows each one filling one of altogether 
two monitors (see Fig. 3). The main and 
 largest 3D view on the left screen presents 
the operation theater from the position of 
the trainee, which operates the C-arm from 
behind the device. The second 3D view on 
the left screen depicts the conducting laser 
beam of the C-arm and the position on the 
patient, where the beam impinges. The 
small radiograph view on the left screen 
 displays in real time the results of the C-arm 
if operated in the fluoroscopy mode. The 
move and control buttons of the virtual 
C-arm are positioned in the lower left part of 
the left screen. In the lower right part of the 
left screen the trainee can use buttons to 
 receive general help regarding virtX or to 
receive an explanation of the exercise in-
cluding quality criteria for the radiograph 
and a sample radiograph. A traffic light icon 
above the buttons signalizes if the trainee is 
too far from (red light) or nearby (yellow) 
the correct adjustment of the C-arm, or if he 
has reached the correct adjustment (green). 
Directly under the traffic light icon a hori-
zontal bar summarizes the amount of radi-
ation needed so far. 

The two 3D views on the right screen 
present the operation theater from the posi-
tion of the surgeon and from the ceiling of 
the operation theatre. The big radiograph 

Fig. 2 3D models of C-arm, operation table and patient in a virtual operation theater 
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view on the right screen depicts the radio-
graph produced using the single picture 
mode of the C-arm. 

The virtX-CBT additionally offers an 
authoring tool for defining exercises on the 
basis of suitable CT data sets. Data sets were 
taken from day-to-day clinical cases using a 
computed tomography (CT) scanner with 
multidetector technology (MDCT). De-
pending on scan collimation and slice thick-
ness during helical data acquisition a 
3D-volume data set with nearly isotropic 
voxels can be achieved. This volume data set 
can be used for further image recon -
structions with virtX after importing 
the CT data set with a virtX DICOM import 
tool. 

To create an exercise the author first se-
lects a C-arm, an operation table, and a vir-
tual patient, the latter in form of a 3D sur-
face model. Then he defines the initial posi-
tions and adjustments of the C-arm, the pa-
tient, and the operation table. After import -
ing as many CT data sets as needed with the 
DICOM import tool the author registers the 
CT data sets manually with the correspond-
ing area of the virtual patient by translation, 
rotation, and scaling operations (Fig. 4).  

After registration of suitable CT data sets 
the author defines the sequence of subtasks 
of an exercise, i.e. a sequence of radio-

graphs. An example is the ankle joint exer-
cise consisting of the subtasks ankle joint 
a.-p., a.-p. with 15-20° internal rotation and 
ankle joint lateral. Each subtask is defined 
by data concerning the correct position and 
orientation and the correct control sequence 
of the C-arm. The author also defines the 

maximum time to adjust the C-arm cor-
rectly and he defines the maximum amount 
of radiation a professional operator would 
originate while producing the requested 
radiographs. The author furthermore adds a 
description including criteria for a good 
radiograph like “fibula aligned with the 

Fig. 3 User interfaces of the virtX CBT presented on two monitors. 1) Virtual operation the-
ater and C-arm from the position of the C-arm operator. 2) Virtual radiograph (fluoroscopy 
mode). 3) View from the image intensifier onto the patient including the conducting laser 

Fig. 4 Registration of three CT data sets (depicted as boxes) with a 3D surface model of a virtual patient on the example 
of the Visible Human data set 

beam. 4) View from the ceiling of the virtual operation theater above the patient. 5) View 
from the position of the surgeon. 6) Virtual radiograph (single image mode). 7) Virtual C-arm 
controls. 8) User interface elements for exercise control and feedback 
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middle to lower part of the tibial joint sur-
face” in case of the ankle joint lateral sub-
task and he adds an example radiograph. 
Each exercise definition can be stored in a 
case database. 

A first 3D surface model for embedding 
CT data sets was derived from the Visible 
Human Project data set (see Fig. 3). It was 
generated by segmentation based on the 
photographic slice images of the Visible 
Human. The Visible Human data set has the 
advantage of already containing a complete 
CT body scan that can exactly be registered 
with the corresponding 3D surface model. 
Thus at least this registered CT data set with 
no pathological structures is available when 
starting virtX. If needed it can be replaced 
or complemented by other CT data sets as 
described above.  

The trainee can use the virtX-CBT in two 
modes: a virtual mode and a combined vir-
tual  /real mode. In the virtual mode the exer-
cises are accomplished completely within 
the VCS by using the virtual 3D represen-
tations of the C-arm, the operation table and 
the patient. In the combined virtual  / real 
mode the trainee works within the RCS 
combined with the VCS by using a real 
C-arm instead of its 3D representation to ad-
just its position and orientation related to a 
manikin that lies on a real operation table. 
Position and orientation of the C-arm in re-
lation to the patient dummy are measured 
using an electromagnetic motion tracking 

sensor (see Fig. 5). Both Polhemus Fastrak 
[23] and Ascension pciBird [24] have been 
used successfully. Receiver and transmitter 
of the tracking sensor are mounted on the 
foot of the C of the C-arm and on the oper-
ation table within the patient dummy.  

The data concerning position and orien-
tation of the C-arm in relation to the patient 
dummy in the RCS are used to correspon-
dently alter the position and orientation of 
the VCS in real-time. This requires a manual 
registration of the virtual 3D scene with the 
corresponding elements of the RCS when 
configuring the virtX. Especially the mani-
kin needs to correspond to the 3D surface 
model of the VCS. This has been achieved 
through using an immobile manikin cor-
responding to the 3D surface model of the 
virtual patient. 

To control the C-arm functionalities the 
trainee uses the virtX user interface due to 
the impossibility to log the user’s interaction 
with the keyboard and the original appli-
cation software of the C-arm. When the trai-
nee achieves the probable correct adjust-
ment of the C-arm in RCS he uses the virtX 
VCS interface to produce X-ray images in 
single picture or in the fluoroscopy mode. 

To achieve an X-ray simulation at inter-
active rates, a simple approach aiming at 
fast generation of subjectively realistic 
X-ray images was chosen over an approach 
aiming at a physically correct simulation. 
Sum-intensity volume rendering based on 

3D textures [25] is utilized, as this is based 
on OpenGL features that are accelerated by 
modern graphics hardware. A virtual cam -
era is used to simulate the X-ray detector. A 
perspective view of a volume is computed 
that is reconstructed from CT slice images. 
Rendering is done using a transfer function 
that maps each voxel (volume element) in-
tensity to an alpha (opacity) value as fol-
lows: 
 
  
 
 
HU is the CT attenuation in Hounsfield 
units (–1024  ≤  HU ≤  3071), k ≥  1 an optional 
polynomial amplification, and c can be 
 considered as virtual X-ray intensity (c ≥  1). 
The rendered image is then inverted to 
 produce the final virtual X-ray image as 
seen in Figure 3. 

3.2  Study Design 
The virtX system has been evaluated during 
a three-day training course for operating 
theater personnel in November 2005 in Göt-
tingen, Germany [26] based on a prospec-
tive, interventional study design with three 
groups: intervention group 1 (virtX training 
in virtual mode, i.e. using only a PC), inter-
vention mode 2 (virtX training in virtual/
real mode, i.e. combined with a real C-arm) 
and a control group (conventional training 
without virtX). The 120 participants were 
offered to enroll blindly for one of these 
three groups for practicing the operation of 
a C-arm. The enrolling process was de-
signed to result in study groups of almost 
equal size based on block randomization 
with blocks of same length. Three exercises 
have been prepared for the course, two for 
training purposes (E1 and E2) and one (E3) 
for analyzing the exercise completion time 
for participants of intervention groups 1, 2 
and the control group due to question Q1: 
1) Exercise 1 (E1): Free training with CT 

data from the Visible Human Project of 
the hip and the torso. This exercise was 
created to enable the trainee to get famil-
iar with the user interface of virtX in the 
virtual mode. No adjustments or target 
positions were defined for this task. 

Fig. 5 Electromagnetic tracking of the C-arm in virtual /real mode 
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2) Exercise 2 (E2): Two subtasks concern-
ing the knee were defined. The first sub 
task demands a radiograph of the knee 
joint a.-p., and the second demands a 
radiograph from lateral (knee joint lat-
eral). Descriptions, target adjustments, 
time and radiation frames for both sub-
tasks had been defined before through 
experts. A CT scan from a person with 
pathological changes (a multi-fragmen-
tary, intraarticular fracture of the proxi-
mal tibia) was chosen for this exercise. 

3) Exercise 3 (E3): The last exercise con-
cerns the ankle joint. Three subtasks 
were defined corresponding to three 
radiographs, which should be produced 
routinely during the operation of an 
ankle joint fracture: Ankle joint from 
a.-p., ankle joint a.-p. with 15-20° inter-
nal rotation and ankle joint lateral. De-
scriptions, target adjustments and time 
and radiation frames for all subtasks had 
been defined through experts. A CT scan 
from a person with no pathological 
changes was chosen for this task. 

 
After a general introduction of virtX at the 
first day for all participants of the course the 
participants got the opportunity to enlist in 
one of six training groups to practice at day 
two or three of the course. Hundred partici-
pants enrolled, 82 actually appeared. Each 
group comprised 10-20 persons and had a 
time frame of 30-60 minutes to practice. 
Four virtX training stations were made 
available, two for the pure virtual mode and 
two for the virtual /real mode (see Fig. 6). 
Each virtual mode workstation was attended 
by one instructor experienced in virtX, each 
virtual / real mode workstation was addi -
tionally attended by an experienced C-arm 
 operator.  

At the beginning of a training session 
each group got an introduction of C-arm op-
eration, virtX and the exercises. After this 
introduction the participants were dis-
tributed over the four workstations. The 
pure virtual mode workstations were used 
for the free training exercise (E1), the vir-
tual/real workstations were used for the 
knee (E2) and the ankle joint exercises (E3). 
Dependent on their assignment to one of 
the study groups the participants passed 
through a different training program: 

1) The control group C performed E3 di-
rectly after an explanation of the exer-
cise. 

2) The intervention group 1 (IV1) trained 
C-arm operation using the virtual mode 
(E1+E2) and then performed E3.  

3) The intervention group 2 (IV2) trained 
C-arm operation using the virtual mode 
(E1), trained additionally in the virtual/
real mode (E2) and then performed E3 

 
For E3 and each participant the time to ac-
complish the exercise with a sufficient final 
adjustment of the C-arm was recorded. The 
hypotheses due to Q1 are that the mean 
times for accomplishing E3 of intervention 
groups 1 and 2 are smaller than the mean 
time of the control group. For testing these 
hypotheses One-Way ANOVA (α = 0.1) and 
pairwise multiple comparisons with a con-
trol using Dunnett’s test (α = 0.05) were 
used after checking the correspondence of 
the data with normal distributions using the 
Shapiro-Wilk test (α = 0.05). Statistical 
analysis was conducted with the Statistical 
Package for Social Sciences (SPSS Version 
13.0.1, Chicago, IL, USA). 

After practicing each participant was 
asked to fill in an anonymous questionnaire 

due to question Q2 of our study. The ques-
tionnaire asked for age, gender, profession, 
years of professional experience, experi-
ence with computers, experience with 
C-arm operation, and the kind of tasks per-
formed with virtX. Nine statements con-
cerning the virtX system were posed allow-
ing the participants to (strongly) agree or 
(strongly) disagree or to be undecided (neu-
tral) according to the Likert scale. The ques-
tions regard 1) the usefulness of virtX for 
practicing C-arm operation in general, 2) 
the quality of the introduction to virtX, 3) 
the usefulness of the simulated radiographs, 
4) the usefulness of the combination of a 
real C-arm with its virtual representation, 5) 
the usefulness of the Styrofoam patient 
dummy to help finding the correct adjust-
ment, 6) the usefulness of practicing with 
virtX when using solely the virtual mode, 7) 
the usefulness of the 3D views of the virtual 
C-arm scenario, 8) the quality of the user-
 interface of the virtual C-arm, and 9) the 
need for obtaining virtX with every C-arm 
to ease the training of operation theatre per-
sonnel. Additionally each participant could 
make some remarks concerning which as-
pects of virtX are appealing and which are 
dissatisfying. They could also make sug -

Fig. 6 C-arm training with virtX in the virtual/real mode using a patient dummy made of Styrofoam on an operation table 
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gestions to improve virtX and give general 
remarks. 

4.  Results of the Exercise Data 
Analysis 
Altogether 223 results of accomplishing a 
subtask of E3 from 82 participants were rec-
orded. After eliminating apparent outliers 
due to human errors in time measurement 
the remaining subtask data records were 
added whenever three valid records for each 
subtask of E3 were available for one partici-
pant (see Table 1). This led to 12 records 
 respectively participants for intervention 
group 1, 20 records for intervention group 2 
and 21 records for the control group. For 
each of the groups the Shapiro-Wilk test for 
normal distribution resulted in affirmation 
of this assumption.  

Figure 7 presents the Boxplots of the data 
of each study group (smallest observation, 
lower quartile, median, upper quartile,  largest 
non-outlier observation and outlier). Dun-
nett’s test revealed a statistically significant 
smaller exercise completion time of interven-
tion group 2 compared with the control group 
(p = 0.03). The average exercise time of inter-
vention group 1 is lower than the average ex-
ercise time of the control group, but the dif-
ference is not statistically significant.  

5.  Results of the Questionnaires 
Altogether 79 of 82 participants (response 
rate: 96%) returned a filled in question -

nairea. The average age of the 62 female and 
15 male participants was 34 ± 9 years (78 
participants answered this question). Seven-
ty-seven participants were nurses, one was 
additionally a surgeon and two had other oc-
cupations. The average number of years of 
professional experience was 8.3 ± 7.6 years 
(76 answers). Eighteen persons (23%) de-
clared that they work casually with a C-arm, 
61 (77%) regularly work with it (a Chi-
square test concerning dependency of ex-
perience and study group resulted in no sig-
nificant difference (p = 0.266)). Concerning 
the PC experience 3 participants (4%) men-
tioned no experience, 33 (43%) casually 
work with a PC and 41 (53%) regularly work 
with a PC (two did not answer this question). 
The results of the questionnaires are sum-
marized in Table 2.  

The possibility to add free text remarks 
has been used extensively: 52 participants 
gave a comment concerning what they liked 
most, 28 participants concerning what they 
did not like, 18 concerning possible im-
provements, and 26 gave a general com-
ment. The most often positive aspect men-
tioned is the new possibility to practice 
C-arm imaging without radiation and with a 
real C-arm in a way that is close to reality. 
Comments from the participants suggested 
potential improvements for the following 
areas: a more realistic, flexible patient 
dummy, the degree of realism of the 3D op-
eration theater, reducing the complexity of 
the user interface in the virtual mode, the 

 integration of other C-arms and operating 
tables, faster computation of the radiograph, 
and a broader spectrum of exercises. Eight 
comments directly recommended to inte-
grate virtX in courses for ORP, three partici-
pants had a negative attitude concerning this. 

6.  Discussion 
6.1  Questionnaire-based 
 Evaluation 
Supported by more than 83% agreement the 
results of the questionnaire are positive with 
regard to the acceptance of virtX as an exten-
sion of the conventional training of C-arm op-
eration. Almost all (91%) of the participants 
emphasized in their answer to the cor-
responding question and in their personal 
comments the value of the X-ray image simu-
lation as a substantial enhancement of the 
conventional, rather theoretically oriented 
education. Also the combination of the CBT 
with real devices (the virtual/real-mode) was 
assessed important for the training effect of 
the system (more than 84% agreement) 
whereas the pure virtual mode was assessed 
helpful by only 53%. I.e. that even though the 
user interface for controlling the virtual 
C-arm was accessed usable by nearly 80% of 
the participants the experience of controlling 
a real C-arm could not totally be substituted 
by the virtual C-arm. This supports the hypo-

Group n 

C 21 

IV1 12 

IV2 20 

Mean time 
(sec) 

133 

128 

101 

SD 

55 

48 

37 

Median 
time 

126 

118 

 93 

 

 

 

 

Table 1 Exercise completion times for each study group 
(intervention groups 1 and 2, control group) 

Fig. 7  
Boxplots of the time 
needed to complete the 
exercise for the control 
group (n = 21), interven-
tion group 1 (n = 12, 
one outlier), and inter-
vention group 2 (n = 20) 

a Results of a preliminary questionnaire analysis 
can be found in [27]. 
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Question/statement Answers 

1.  virtX is an useful addition to conventional C-arm training. 78 

2.  The introduction into the virtX CBT system was sufficient. 79 

3.  The simulation of the X-ray imaging is helpful to understand the way a C-arm works. 78 

4.  The combination of virtual training and operating a real C-arm is helpful. 76 

5.  The patient dummy made of Styrofoam is sufficient for orientation. 78 

6.  The four 3D views of the virtX user interface on the operation theatre are sufficient to  
position the C-arm unerringly. 

78 

7. Using solely the virtual mode is helpful for practicing the correct adjustment of a C-arm. 78 

8.  I’ve had no problems with the user interface for controlling the virtual C-arm. 79 

n.a. 

1 % 

3 % 

1 % 

0 % 

0% 

5 % 

1 % 

5 % 

strongly 
disagree 

1 % 

0 % 

0 % 

0 % 

0% 

6 % 

4 % 

1 % 

9.  Every C-arm should be equipped with a CBT system like virtX. 

(1= strongly disagree, 5= strongly agree, n.a. = no assessment) 

79 3 % 1 % 

disagree 

 4 % 

 5 % 

 3 % 

 5 % 

 2 % 

 9 % 

17 % 

 5 % 

 6 % 

undecided 

10 % 

15 % 

 5 % 

11 % 

 8 % 

 8 % 

26 % 

 9 % 

15 % 

agree 

17 % 

34 % 

24 % 

21 % 

27 % 

49 % 

29 % 

39 % 

24 % 

strongly  
agree 

67 % 

43 % 

67 % 

63 % 

63 % 

23 % 

23 % 

41 % 

51 % 

Mean ± SD 

4.4 ± 0.92 

4.08 ± 0.88 

4.51 ± 0.71 

4.42 ± 0.88 

4.5 ± 0.75 

3,58 ± 1.12 

3,47 ± 1.14 

3,97 ± 0.91 

4,09 ± 1.01 

Table 2 Results of the questionnaire (n = 79) 

theses that the acceptance of a CBT for train-
ing the use of a medical device depends on the 
degree of interactivity and realism of the user 
interface.  

Although the Styrofoam dummy is only a 
coarse representation of the virtual patient 
due to the thick panes it was made of, its 
 usability was assessed sufficient for orien-
tation by nearly 90% of the participants. An 
explanation for this surprising good accept-
ance may be that the direct visible feedback 
of the virtX system in the form of the X-
 ray image and partly in the form of the views 
on the virtual operation theater has out -
weighted the inaccuracy of the dummy. 

virtX can be used in at least three scena -
rios. First, as a personal training system in 
the home environment of the trainee. Be-
cause of the costs of a C-arm and the track-
ing system only the virtual-mode version of 
virtX seems to be realistically applicable in 
this scenario. The second scenario is the use 
of virtX by commercial training service pro-
viders or C-arm producers that offer their 
training services in form of courses in clini-
cal facilities or training centers. The third 
scenario is the use of virtX in the context of 
instruction courses organized and accom-
plished by clinical facilities themselves. For 
the latter two scenarios the virtual/real mode 
version of virtX in combination with a real 
C-arm is applicable. To equip C-arm sys-
tems with virtX would support these two 
scenarios. The results of the questionnaires 
show that most of the participants (75%) 

would appreciate the enhancement of C-arm 
systems with a CBT like virtX.  

6.2  Accuracy of the X-ray Image 
Simulation 
The chosen approach to the simulation of 
radiographs is a simple one that makes use 
of readily available hardware-accelerated 
visualization techniques to allow for real-
time changes of the view direction. It repre-
sents a rough approximation rather than a 
physically correct simulation, since effects 
like shadows produced by the table or the 
automatic image optimization of the C-arm 
hard- and software are not taken into con-
sideration. Yet, it provides views that are 
subjectively rated as sufficient for the aimed 
purpose by experienced surgeons. In addi-
tion none of the 79 participants that filled in 
a questionnaire mentioned a problem with 
deviations from radiographs produced by a 
real C-arm even though 77% claimed that 
they work regularly with a C-arm. 

6.3  Exercise Data Analysis 
The hypothesis that the acceptance of a 
CBT for training the use of a medical device 
depends on the degree of interactivity and 
realism of the CBT user interface can be ex-
tended to the hypothesis that the effect of 
such a system also depends on these proper-

ties. Whereas the first hypothesis is sup-
ported by the results of the questionnaires, 
the slightly better exercise results of the vir-
tual/real-mode group compared with the 
virtual-mode group support the latter hy-
pothesis. But the difference is not statis-
tically significant. Concerning the effect of 
using virtX in the virtual/real-mode com-
pared with conventional training of C-arm 
operation based on theoretical explanations 
and hands-on training without actual or 
simulated radiography a statistic significant 
difference of the time needed to achieve a 
correct adjustment could be shown. Thus a 
positive training effect at least of the virtual/
real-mode of virtX can be assumed. Maleck 
et al. report similar results concerning the 
impact of interactivity on the effect of a 
CBT in the context of teaching radiology to 
medical students [12].  

6.4  Study Design 
Because of the study design with three 
groups and a tight course organization the 
numbers of sound data sets recorded for 
each group were relatively small – even if 
sound data sets could have been collected 
for altogether 52 participants. Especially 
only 12 data sets for intervention group 1 
were available for statistical analysis. Addi-
tionally remarkable is that all of the partici-
pants had already frequent or regular experi-
ence with a C-arm. A further study that 
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 focuses solely on C-arm beginners would be 
of interest. 

The study design focuses on short-term 
training effects. The final exercise was per-
formed shortly after the training with or 
without virtX. Thus no statement can be 
made concerning the long-term effect of 
using virtX. This has to be analyzed in 
further studies.  

It would have been more valuable to 
examine the performance of the trainees in 
the operating theater after they had received 
training conventionally or with virtX. Be-
cause the participants of the course came 
from throughout Germany this was not 
 feasible. Thus further studies are needed to 
examine the effect of different training mo-
dalities on the time and the X-ray dosages 
needed to produce a radiograph, and the 
quality of the resulting image in the context 
of real operations. 

7.  Conclusion and Perspectives 
The evaluation results reveal a high de- 
gree of acceptance of the virtX system by 
ORP trainees. virtX was experienced as a 
substantial enhancement of conventional 
C-arm training. It has been shown that using 
virtX has a significant effect on the per-
formance of the trainees concerning the 
 production of a requested radiograph when 
combining the virtual training environment 
with real devices.  

Enhancements of virtX are planned to-
wards the introduction of a virtual patient 
that can be interactively altered in his posi-
tion on the operation table. For this it has to 
be analyzed in which way the CT data sets 
have to be modified to follow the move-
ments of the virtual patient. Furthermore the 
patient dummy respectively its limbs, head, 
etc. needs to be made movable and equipped 
with more tracking sensors to register its 
movement with the virtual patient. 
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