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Abstract
Introduction  A virtual reality simulator developed for orthopaedic and trauma surgical training has been introduced. How-
ever, it is unclear whether the experiences of actual surgery are reflected in virtual reality simulation surgery (VRSS) using 
a simulator. The aim of this study is to investigate whether the results in VRSS differ between a trauma expert and a trauma 
novice.
Methods  In Group A (expert), there are ten orthopaedic trauma surgeons and in Group B (novice) ten residents within 2 years 
after medical school graduation. VRSS for a femoral neck fracture using Hansson hook-pins (Test 1) and Hansson twin 
hook plate (Test 2) was performed. The parameters evaluated were total procedure time (s), fluoroscopy time (s), number of 
times X-ray was used (defined by the number of times the foot pedal was used), number of retries in guide placement, and 
final implant position.
Results  In Test 1, the averages of four parameters (distance to posterior cortex (p = 0.009), distal pin distance above lesser 
trochanter (p = 0.015), distal pin hook angular error (p = 0.004), and distal pin tip distance to centre (lateral) (p = 0.015)) 
were significantly different between Groups A and B. In Test 2, no parameters in a mean were significantly different between 
groups, but seven parameters in a variance (guide wire distance to joint surface (p = 0.0191), twin hook length outside bar-
rel (p = 0.011), twin hook tip distance to centre (lateral) (p = 0.042), twin hook distance to centre of lateral cortex (lateral) 
(p = 0.016), plate end alignment error (lateral) (p = 0.027), guide wire angle with lateral cortex (front) (p = 0.024), and 3.2-
mm drill outside cortex (p = 0.000)) were significantly different between groups. In Test 1, Group B showed significantly 
longer fluoroscopy time than Group A (p = 0.044). In Test 2, Group B showed significantly fewer instances of X-ray use 
than Group A (p = 0.046).
Conclusions  Our study showed that the experiences of actual surgery are reflected in the result of VRSS using the simulator.
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Abbreviation
VRSS	� Virtual reality simulation surgery

Introduction

Surgical education is one of the most important factors for 
patient safety. Various education methods have been devel-
oped and practiced [1–3]. In the surgical field, in particu-
lar, more effective operative training methods are desired 
because of the increasing complexity of surgical procedures, 
increasing limitations on work hours [4–6], and changing 
social background such as a growing number of medico-
legal claims [7, 8]. In the current circumstances, the novice 
trainee has less chance to gain experience before an actual 
surgery [9]. Therefore, virtual reality simulation surgery 
(VRSS) has been applied in the surgical training field, espe-
cially in general surgical programs [10]. VRSS has a positive 
effect on trainees and patients in those areas [11, 12].
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In the musculoskeletal field, VRSS is also considered an 
emerging educational tool [13–15]. In increasingly ageing 
societies worldwide, fractures due to bone fragility are seri-
ous problems. Hip fractures are one of the most frequent 
fractures and are accompanied by high mortality and mor-
bidity. However, the surgery for hip fractures is usually con-
ducted by junior surgeons with or without senior supervi-
sion and is often considered part of the early phase of the 
novice’s surgical experience. The current situation contains 
some problems to solve, such as an ethics and quality of 
preoperative educational methods. In hip fracture surgery, 
the learning curve must be minimal because patients are 
often elderly and have various comorbidities. Indeed, several 
studies demonstrated that inexperienced trainees contribute 
to a higher rate of readmissions and reoperations [16, 17]. 
Besides, a fluoroscopy, which is often handled by trainees, 
is needed in those trauma surgeries. Unnecessary excessive 
radiation exposure to the staff in the operation room adds the 
potential risk of radiation-induced diseases [18].

Swemac Trauma Vision® is a virtual reality simulator 
developed for orthopaedic and trauma surgical training. Few 
studies have been performed so far to determine its use-
fulness [14]. Ideally, VRSS would quantitatively evaluate 
trainee’s surgical experience. However, it is unclear whether 
the experiences of actual surgery are reflected in virtual real-
ity simulation surgery (VRSS) using a simulator. Therefore, 
we hypothesized that the result of VRSS using the Swemac 
Trauma Vision could reflect the difference in actual surgical 
experience between an expert and a novice. The aim of this 
study is to investigate whether the parameters in VRSS such 
as procedure time and implant positioning differ between a 
trauma expert and a trauma novice.

Materials and methods

The VRSS that we used was the Swemac Trauma Vision 
(Fig. 1). It comprises a computer with two screens and 
Trauma Vision 5.12 software, which contains various ortho-
paedic procedures. A robot arm (Phantom Omni) is con-
nected to a computer and mimics the operation tools and 
generates haptic feedback. The robot arm can be handled by 
the right hand or the left hand with a stylus according to the 
user’s preference. The stylus is manipulated in space and 
used to represent a guide wire and fixed-angle guide, can-
nulated reamer, drill, depth gauge, and screwdriver on the 
computer screen. The haptic feedback allows users to feel 
resistance when in contact with tissue and bone and even 
permits tactile differentiation between cortical and cancel-
lous bones. Fluoroscopy is administered by pressing a foot-
controlled paddle, and the total time and number of use of 
the fluoroscopy are recorded.

Doctors in our hospital who had never used the VRSS 
were included in this study. Two groups were created: Group 
A (expert), comprising ten orthopaedic trauma surgeons who 
were able to independently perform standard trauma opera-
tions, and Group B (novice), comprising ten residents within 
2 years after graduation from medical school, who had only 
observed trauma surgery and had no experience of perform-
ing the surgery.

The VRSS was conducted as follows [14]. The same 
supervisor assisted the VRSS through all steps. At first, as a 
‘warm-up’, all participants were allowed to get used to the 
simulator by placing 2 simulated distal locking screws in a 
femoral nail (20 min) (Step 1). Then, 2 procedures of inter-
nal fixation for hip fractures using the VRSS were performed 
(Steps 2 and 3). The Step 2 is the insertion of two Hansson 
hook-pins (Test 1). The Step 3 is the insertion of Hansson 
twin hook plate. All test procedures started with placing 
the K-wire guide; the incision and handling of soft tissue 

Fig. 1   Working station of the Swemac Trauma Vision
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were not simulated. Screw lengths were fixed and announced 
before the procedure.

Parameters evaluated were total procedure time (s), fluor-
oscopy time (s), number of times X-ray was used (defined 
by the number of times the foot pedal was used), number of 
retries in guide placement, and final implant position (meas-
ured automatically by the simulator).

Statistical analysis

Baseline characteristics were expressed as mean ± standard 
deviation. The Student’s t-test and Welch test were used for 
continuous variables. F test was used for analysis of variance 
between novices and experts. A p value < 0.05 was consid-
ered statistically significant, and all tests were two-sided. 
Data were statistically analysed using IBM SPSS Statistics 
for Macintosh (version 22.0; IBM, Armonk, NY, USA).

Results

Table 1 shows the result of procedure time and fluoroscopy-
related parameters. No significant differences in total proce-
dure time between groups were observed in Tests 1 and 2. In 
Test 1, Group B (novices) showed significantly longer fluor-
oscopy time and tendency of fewer number times of X-ray 
used than Group A (experts) (182.3 ± 67.5 vs 125.5 ± 60.3, 
p < 0.01). In Test 2, Group B (novices) showed significantly 
fewer uses of X-ray (34.27 ± 14.6 vs 51.6 ± 21.8, p = 0.046) 
and a longer fluoroscopy time (141.8 ± 55.1 vs 113.5 ± 79.9, 
p =  0.211) than Group A (experts). These results indicate 
that members of Group B stood on the foot pedal for longer 
durations. Details of implant position are shown in Tables 2 
and 3. In Test 1, there was a significant difference in an aver-
age in four parameters between Groups A and B: distance 

to posterior cortex (1.60 ± 1.41 vs − 0.6 ± 1.47, p = 0.009), 
distal pin distance above lesser trochanter (− 0.30 ± 5.67 
vs 8.07 ± 6.59, p = 0.015), distal pin hook angular error 
(− 8.72 ± 5.87 vs − 3.54 ± 4.40, p < 0.01), and distal pin 
tip distance to centre (1.98 ± 2.67 vs − 0.61 ± 4.37 ± 2.12, 
p < 0.01). Only two parameters in a variance showed sig-
nificant differences between groups (guide wire distance to 
joint surface: 3.93 ± 1.66 vs 1.90 ± 6.61, p < 0.01, and proxi-
mal pin hook angular error: − 1.44 ± 5.87 vs − 0.03 ± 1.43, 
p < 0.01). In Test 2, no parameter’s average was significantly 
different between groups, but seven parameters in variance 
were significantly different between groups (guide wire 
distance to joint surface (p = 0.0191), twin hook length 
outside barrel (p = 0.011), twin hook tip distance to centre 
(lateral) (p = 0.042), twin hook distance to centre of lateral 
cortex (lateral) (p = 0.016), plate end alignment error (lat-
eral) (p = 0.027), guide wire angle with lateral cortex (front) 
(p = 0.024), and 3.2-mm drill outside cortex (p = 0.000).

Discussion

VRSS has been considered as an alternative educational tool 
in various medical fields [9, 11–15]. More efficient training 
methods are desired in the musculoskeletal field as the num-
ber of operations for fractures due to bone fragility increases. 
The Swemac Trauma Vision has recently been introduced 
as the VRSS for hip fractures [14]. However, it is unclear 
whether differences in actual surgical experience are shown 
in VRSS using the Swemac Trauma Vision. In this study, 
it was revealed that differences in surgical experience in 
actual trauma surgery were well reproduced in VRSS using 
the Swemac Trauma Vision. These differences appeared in 
how participants conducted the fluoroscopy and where they 
positioned the implant.

Table 1   Result of procedure time and fluoroscopy-related parameters

*Significant difference

Expert Novice p-value for t-test of 
means

p-value for 
F-test of vari-
ances

Hansson hook-pins
Procedure time (s) 440 ± 138.9 484.8 ± 124 0.379 0.363
Fluoroscopy time (s) 125.5 ± 60.3 182.3 ± 67.5 0.044* 0.378
Number of times X-ray was used 63.0 ± 20.3 49.5± 16.6 0.149 0.264
Number of times of retries in guide placement 2.00 ± 1.6 1.6 ± 2.4 0.395 0.116
Hansson twin hook plate
Procedure time (s) 330 ± 131.5 339 ± 96.7 0.741 0.174
Fluoroscopy time (s) 113.5 ± 79.9 141.8 ± 55.1 0.211 0.129
Number of times X-ray was used 51.6 ± 21.8 34.27 ± 14.6 0.046* 0.109
Number of times of retries in guide placement 1.9 ± 2.3 1.00 ± 1.4 0.395 0.068
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We believe that VRSS using the Swemac Trauma Vision 
is useful for education because VRSS using the Swemac 
Trauma Vision quantitatively demonstrated differences in 
actual surgical experience. The advantage of the Swemac 
Trauma Vision is that the computer can automatically cal-
culate implant position. As our data showed, the trainee 
knows their performance in each parameter. The novice 
therefore knows their skill level compared with experts 
and follows their own progress. On this point, VRSS is 
superior to other education methods such as a cadaveric 
training and lecture-style lessons. Our results were similar 

to those of previous studies [13, 14]. Pedersen et al. [14] 
showed an adequate inter-class/intra-class correlation coef-
ficient in total combined percentage of maximum scores 
when participants used the Swemac Trauma Vision for hip 
fractures. Akhtar et al. [13] demonstrated the usefulness 
of the Swemac Trauma Vision because surgeons undertak-
ing the procedure most frequently performed best on the 
simulator. Although no study has yet been performed to 
confirm that VRSS contributes to direct patient benefits 
such as fewer complications and shorter operative time, 
our results using the Swemac Trauma Vision encourage 

Table 2   Details of parameters of implant position in Hansson hook-pin

*Significant difference, **unit (°)

Parameters of implant position in Hansson hook-pin (mm) Expert Novice p-value for t-test 
of means

p-value for 
F-test of vari-
ances

Distance to medial cortex 2.92 ± 1.60 4.35 ± 3.18 0.276 0.283
Distance to posterior cortex 1.60 ± 1.41 − 0.61 ± 1.47 0.009* 0.460
Guide wire distance to joint surface 3.93 ± 1.66 1.90 ± 6.61 0.749 0.000*
Distal drill distance to joint surface 5.56 ± 2.57 5.60 ± 1.75 0.549 0.119
Distal pin distance to joint surface 5.88 ± 2.76 5.88 ± 1.81 0.471 0.100
Proximal drill distance to joint surface 5.76 ± 2.83 4.32 ± 3.63 0.459 0.236
Proximal pin distance to joint surface 6.89 ± 2.77 5.02 ± 2.80 0.131 0.498
Distal pin distance above lesser trochanter − 0.30 ± 5.67 8.07 ± 6.59 0.015* 0.337
Distal pin hook angular error** − 8.72 ± 5.87 − 3.54 ± 4.40 0.004* 0.187
Proximal pin hook angular error** − 1.44 ± 5.87 − 0.03 ± 1.43 0.912 0.000*
Distal pin tip distance below caput centre (front) 10.17 ± 4.09 9.93 ± 3.97 0.596 0.455
Distal pin tip distance to centre (lateral) 1.98 ± 2.67 4.37 ± 2.12 0.015* 0.238
Distal pin distance to centre of lateral cortex 1.46 ± 1.32 2.12 ± 2.25 0.857 0.064

Table 3   Details of parameters of implant position in Hansson hook plate

*Significant difference, **unit (°)

Parameters of implant position in Hansson hook plate (mm) Expert Novice p-value for t-test 
of means

p-value for 
F-test of vari-
ances

Guide wire distance to joint surface 4.68 ± 1.8 3.93 ± 3.69 0.646 0.019*
Step reamer distance to joint surface 8.53 ± 2.6 9.19 ± 3.39 0.373 0.210
Twin hook distance to joint surface 3.14 ± 1.78 9.20 ± 3.39 0.356 0.208
Twin hook length outside barrel 1.09 ± 1.19 − 0.46 ± 2.58 0.741 0.011*
Twin hook tip distance to centre (lateral) 3.14 ± 1.79 3.97 ± 3.15 0.944 0.042*
Twin hook distance to centre of lateral cortex (lateral) 1.94 ± 1.78 1.27 ± 0.86 0.596 0.016*
Twin hook tip distance below centre (front) 1.04 ± 4.49 − 4.56 ± 4.98 0.159 0.373
Plate end alignment error (lateral)** 2.19 ± 2.16 1.74 ± 1.13 1.0 0.027*
Guide wire angle with lateral cortex (front)** 130.4 ± 1.39 129.26 ± 2.6 0.509 0.024*
3.2-mm drill outside cortex 9.27 ± 2.71 14.13 ± 9.75 0.226 0.000*
Cortical screw length outside cortex 1.72 ± 0.79 1.65 ±1/17 0.447 0.113
Posterior hook distance to joint surface 5.64 ± 3.04 3.73 ± 3.1 0.293 0.477
Anterior hook distance to joint surface 3.39 ± 2.74 5.54 ±3.70 0.087 0.179
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further steps to research patient benefits using VRSS with 
the Swemac Trauma Vision.

We think that VRSS becomes more and more playing 
important role in orthopaedic education. In addition to 
Swemac Trauma Vision, many simulators have been intro-
duced and validated [19, 20]. Khanduja et al. [19] validated 
VR of hip arthroscopy. They concluded that increased expe-
rience in hip arthroscopy was reflected by significantly better 
performance on the VR of hip arthroscopy [19]. Further-
more, in addition to those validation studies, some reports 
demonstrated that VRSS showed a positive effect on the sur-
gical skills [21, 22]. Rebolledo et al. [21] revealed that junior 
orthopaedic surgery residents who trained with a surgical 
simulator demonstrated improved arthroscopic performance 
in both knee and shoulder arthroscopies compared to those 
who trained with didactic lectures with arthroscopy models.

In this study, several considerations were raised regarding 
the quality of preoperative education for hip fractures. First, 
it may be necessary to educate participants on not only how 
to operate but also how to handle the fluoroscopy. Our data 
showed that the novices used longer radiation times when 
using the foot pedal in simulation surgery. Radiation expo-
sure is a major concern for operative room staff. Many papers 
have shown the relationship between orthopaedic surgery and 
occupational radiation exposure [18, 23–25]. Chou et al. [23] 
reported a 2.9-fold increase in the prevalence of breast cancer 
for a population of 505 female orthopaedic surgeons compared 
with US women of similar backgrounds. Female radiographic 
technologists who experience long-term, low-dose radiation 
exposure have a similar threefold increased risk of breast 
cancer [24, 25]. Although the exact relationship between the 
prevalence of cancer and radiation exposure during surgery 
has not yet been clarified, it is clear that radiation exposure 
must be reduced. Second, it may be necessary to understand 
a trend of error in hip fracture operations. Our data demon-
strated different trends of error in terms of the reliability or 
the validity between the Hansson pin and twin hook systems. 
In the Hansson pin method, four implant position factors were 
significantly different between group averages but not in their 
variances, which means that the novices’ results were enough 
reliability but low validity. For example, the distance to the 
posterior cortex of the Hansson pin was 1.60 ± 1.41 mm for 
experts and − 0.61 ± 1.47 mm for novices. This difference was 
significant for the averages but not the variance. In this situ-
ation, novices might aim for a non-ideal place because their 
preoperative orientation (education) was insufficient. Con-
versely, in the twin hook method, no implant position factors 
were significantly different between groups in the averages, but 
nine factors were significantly different in the variances, which 
means that the novices’ results were enough validity but low 
reliability. For example, the twin hook tip distance to centre 
(lateral) was 3.14 ± 1.79 mm for experts and 3.97 ± 3.15 mm 
for novices. This difference was significant for the variance but 

not in the averages. In this situation, the novice might aim for 
an ideal place with adequate preoperative orientation (educa-
tion), but the surgical skill was insufficient to reach the ideal 
place.

Our study had several limitations: First, the order of VRSS 
(Hansson pin or twin hook method) may have influenced the 
result because of a learning curve during the test. However, 
the aim of this study was to detect a difference between nov-
ices and experts, which was shown. Further study is neces-
sary to confirm the different error types in different operative 
procedures. Second, the number of participants was small, 
although the sample size was comparable to previous studies 
[14]. Third, the VRSS could not provide the simulation of 
skin incision and approach. Novice surgeons should recognize 
of this limitation of the VRSS. Fourth, how the VRSS could 
contribute to the actual patient safety has not yet been proved. 
Further prospective studies must be performed.

Conclusion

Our study showed that differences in actual surgical experi-
ences were reflected in the VRSS results. VRSS using the 
Swemac Trauma Vision may be useful for education because 
it presents the objective parameters concerning the proce-
dure to trainees and trainers.
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