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Feasibility and fidelity of practising surgical
fixation on a virtual ulna bone

Background: Surgical simulators provide a safe environment to learn and practise
psychomotor skills. A goal for these simulators is to achieve high levels of fidelity. The
purpose of this study was to develop a reliable surgical simulator fidelity questionnaire
and to assess whether a newly developed virtual haptic simulator for fixation of an
ulna has comparable levels of fidelity as Sawbones.

Methods: Simulator fidelity questionnaires were developed. We performed a strati-
fied randomized study with surgical trainees. They performed fixation of the ulna
using a virtual simulator and Sawbones. They completed the fidelity questionnaires
after each procedure.

Results: Twenty-two trainees participated in the study. The reliability of the fidelity
questionnaire for each separate domain (environment, equipment, psychological) was
Cronbach α greater than 0.70, except for virtual environment. The Sawbones had sig-
nificantly higher levels of fidelity than the virtual simulator (p < 0.001) with a large
effect size difference (Cohen d < 1.3).

Conclusion: The newly developed fidelity questionnaire is a reliable tool that can
potentially be used to determine the fidelity of other surgical simulators. Increasing
the fidelity of this virtual simulator is required before its use as a training tool for sur-
gical fixation. The virtual simulator brings with it the added benefits of repeated, in -
dependent safe use with immediate, objective feedback and the potential to alter the
complexity of the skill.

Contexte : Les simulateurs chirurgicaux offrent un environnement sécuritaire pour
apprendre et pour exercer les habiletés psychomotrices. L’un des objectifs de ces simu -
lateurs est de produire des degrés élevés de fidélité. Le but de cette étude était de met-
tre au point un questionnaire fiable sur la fidélité des simulateurs chirurgicaux et de
vérifier si un nouveau simulateur virtuel, avec interface haptique, pour la fixation du
cubitus présentait des taux de fidélité comparables à ceux du simulateur Sawbones.

Méthodes : Des questionnaires sur la fidélité des simulateurs ont été préparés. Nous
avons procédé à une étude randomisée stratifiée auprès de stagiaires en chirurgie qui ont
effectué une fixation du cubitus à l’aide du simulateur virtuel et à l’aide du simulateur
Sawbones. Ils ont répondu au questionnaire sur la fidélité après chaque intervention.

Résultats : Vingt-deux stagiaires ont participé à l’étude. La fiabilité du questionnaire
sur la fidélité pour chaque domaine distinct (environnement, équipement, dimension
psychologique) correspondait à un coefficient α Cronbach supérieur à 0,70, sauf pour
ce qui est de l’environnement virtuel. Le simulateur Sawbones a présenté des taux de
fidélité significativement plus élevés que le simulateur virtuel (p < 0,001), avec une dif-
férence importante au plan de la taille de l’effet (indice d de Cohen < 1,3).

Conclusion : Le nouveau questionnaire sur la fidélité s’est révélé un outil fiable qui
peut servir à déterminer le degré de fidélité d’autres simulateurs chirurgicaux. Il fau-
dra améliorer la fidélité de ce simulateur virtuel avant de pouvoir l’utiliser comme
outil de formation pour la fixation chirurgicale. Ce simulateur virtuel a l’avantage de
permettre des utilisations sécuritaires répétées et indépendantes avec des résultats
immédiats et objectifs et de modifier la complexité de l’habileté.

S urgical simulators provide a safe environment where a surgical trainee
can learn and practise psychomotor skills. A goal for these simulators is
to achieve high levels of fidelity so that they can be used in surgical

curricula. The fidelity of a simulator is important, as it helps determine the
extent to which a trainee is able to learn from the simulated experience and
transfer the learning to the real environment. Fidelity can be defined as the
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extent to which the appearance and the behaviour of the
simulation match that of the real environment.1 Rehmann
and colleagues2 proposed a useful typology of fidelity based
on an instructional trainer’s perspective, including environ-
ment, equipment and psychological domains. Physical
fidelity can be divided into the environmental domain (i.e.,
the degree to which the simulator replicates sensory,
motion and visual information from the true environment)
and the equipment domain (i.e., the extent to which the
simulator replicates the look and feel of the real system).2

Haptics is included in the equipment and environment
domains, and is used to provide the sense of resistance that
would normally be felt in the real situation as objects come
into contact with each other. It has been suggested that
haptics will increase the fidelity of a simulator.3,4 Psycho-
logical fidelity is the degree to which simulation imitates
psychological factors, such as stress and fear, which can be
experienced in the real environment.3 Psychological fidelity
is considered to be of greater importance. Higher levels of
psychological fidelity in a simulator may be associated with
higher degrees of skill or knowledge transfer.3,5

After the development of a virtual simulator, it is im -
port ant to assess how well its users believe it recreates the
tools, environment and feel of the real procedure. A self-
report questionnaire is one of the most valuable tools to
determine how well a user feels the simulator has been
made and helps determine how valuable the simulator may
be in the future. Most studies examining virtual simulators
include short questionnaires for the users to complete after
they have used the simulator; the questionnaires use either
Likert scales or yes/no responses to determine the face
validity and effectiveness of a simulator.6–14 Longer self-
report questionnaires have the ability to be more specific
and can help determine user-friendliness, training capacity
for the simulator, first impressions of the design and users’
experience with the simulator.15,16 These questionnaires can
also inform the further development of the simulator.17

Possibly of most importance, these questionnaires may also
help with assessing the fidelity of the simulators. The com-
ponents that favour learning in simulation are not com-
pletely known, but unquestionably involve interactions of
environment, equipment and psychological fidelity.5 Al -
though we found no specific surgical fidelity questionnaires
in the recent literature, we did find presence question-
naires. Presence is similar to psychological fidelity, and for
the purpose of surgical simulators, presence may be de -
fined as moments during scenarios where the trainees actu-
ally feel as though they are in the operating room (OR).3,6

Presence questionnaires have been used to help determine
a user’s presence in virtual environments, but not yet in the
surgical field.

Research has demonstrated that surgical simulators are
useful tools for learning surgical skills.18–20 Increasing costs
of training a resident in terms of operating time, the de -
velop ment of minimally invasive procedures that require

different technical skills, the shortening of a resident’s work
week and the increasing pressure for safe practice mean
methods must be developed to train surgical residents out-
side the OR. Many authors comment that virtual reality
may actually decrease training costs overall in the long-
term if the technology is used in conjunction with current
teaching methods. There is not enough evidence in the lit-
erature to determine if a virtual reality simulator is less
expensive than the lower fidelity simulators currently being
used or to determine what degree of fidelity is necessary
for transference of skills. Therefore, a cost analysis will
help determine a simulator’s feasibility.

There has been no development of virtual simulations
with haptics that allow residents to practise the surgical fix-
ation of common orthopedic fractures. The purpose of this
study was, first, to develop a reliable surgical simulator
fidelity questionnaire and, second, to assess whether a
newly developed virtual reality simulator for surgical fixa-
tion of an ulna with haptics (force feedback) has compar -
able levels of fidelity for surgical trainees as performing the
same subtasks on Sawbones. A secondary purpose was to
assess the feasibility of this new simulator by performing a
cost analysis.

MethodS

Participants

We recruited residents from a single North American
orthopedic surgery program to participate in this study.
We obtained informed consent from all participants
before beginning the procedures. Ethical approval was
obtained from the Conjoint Health Research Ethics
Board at the institution before commencing this study.

Materials

A virtual simulator for fracture fixation of the ulna was
developed in collaboration with the department of elec tric -
al and computer engineering at our institution. This simu-
lator consists of an ulna and all the tools required for surgic -
al fixation of the ulna. Tabs displayed around the top and
sides of the display screen provided the optional tools to
use for this surgical fixation. A haptics device  (PHANTOM
1.5/ 6DOF; SensAble Technologies Inc.) provided realistic
force feedback during the procedure, allowing the user to
move the tools around the screen and feel resistance when
the bone was touched.

We compared the new virtual simulator with the
 current standard for simulation, the Sawbones model.
 Sawbones have previously demonstrated similar external
bending properties and pullout strength for screws as
cadav ers21,22 and have been used to test surgical fixation of
fractures.23 We used a Sawbones ulna as a comparative
method of internal fixation (model 1017, Sawbones; Pacific
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Research Laboratories). The Sawbones and required
equipment for surgical fixation of the ulna were supplied
by Synthes Ltd.

Fidelity questionnaire

It has been proposed that the 3 key components of simula-
tion that establish fidelity are environment, equipment
and psychological domains.2 A literature review of med-
ically related questionnaires for virtual simulators pro-
vided many types of questions.6–16,24–26 The questions most
closely associated with this type of procedure and these
domains of fidelity were modified, and we created new
questions relating to our specific objectives. The questions
were designed to assess the environmental, equipment and
psychological fidelity domains, as defined by Rehmann
and colleagues,2 of both the Sawbones and virtual simula-
tor in relation to ulna fixation. Face validity was assessed
during the pilot study and was based on reviews by a med-
ical educator. This resulted in 2 simulation-specific ques-
tionnaires. Each questionnaire contained the same ques-
tions, but the questions were specific to the simulation
used and compared it to a real-life procedure. The partici-
pants responded to the questionnaires after completing
surgical fixation of the ulna with that specific simulator.

Procedure

Participants were stratified by postgraduate year (PGY)
and sex, and then randomly assigned, using a computer-
generated randomized number, to begin with either the
Sawbones model (group 1) or the virtual simulator (group
2) procedure. Participants were allowed 10 minutes to
learn the basic control features and tools for both the vir-
tual simulator and Sawbones, and they were then asked to
perform internal fixation of an ulna using a neutralization
plate. Group 1 performed the fracture fixation of the ulna
with the Sawbones simulator first, using the same tools
normally found in the OR and at procedural skills training
courses. The same participants were then asked to per-
form the procedure using the virtual simulator with a hap-
tic device (providing force feedback). This consisted of a
computer screen and a hand-held device that provides the
user with simulated haptics that would be expected from
completing surgical fixation of an ulna on a real patient.
Group 2 performed the procedure using the virtual simu-
lator with haptics device first, followed by the Sawbones.
All participants completed a postprocedure simulation-
specific fidelity questionnaire.

Statistical analyses

We assessed the reliability coefficient (Cronbach α) for
each fidelity domain of the questionnaires to ensure that
the same construct was measured for each domain. We

measured each domain separately and then as a total
fidelity score (all 3 domains). Effect size differences were
evaluated using Cohen d, with d = 0.2–0.49 being a small
effect, d = 0.5–0.79 being a medium effect, and d ≥ 0.80
being a large effect size difference.27

The fidelities of each of the 3 domains (environment,
equipment, psychological) were compared between groups
using independent samples t tests, with simulator (Saw-
bones [group 1], virtual simulator [group 2]) and postgrad-
uate year (PGY; junior [PGY-1 and -2], senior [PGY-3, -4
and -5]) as between-subjects factors. We compared the
fidelities of the 2 simulations within groups using paired
sample t tests. Criterion-related validity was investigated
with correlation coefficients on the fidelity questionnaire
domains within and between simulators.

We performed a cost analysis of both simulators to
assess the feasibility of developing a virtual surgical fixation
of an ulna. To do this, we obtained prices of all the required
equipment and development costs. Start-up costs and aver-
age annual costs were calculated.

ReSultS

Of the 26 residents available from a single North Amer -
ican orthopedic surgery program, only 4 residents did not
participate in this study. Two had participated in an initial
pilot project to review the materials and questionnaires
used, 1 was not in the country at the time of the study, and
1 is an author of this study (J.L.). The 22 participants were
randomly assigned to the Sawbones or virtual simulator
groups, with 11 participants in each group.

The reliability coefficients for the 3 fidelity domains for
the Sawbones (group 1) were environment α = 0.74, equip-
ment α = 0.76, psychological α = 0.78, and overall α = 0.89.
The reliability coefficients for the 3 fidelity domains on the
self-report questionnaire for the virtual simulator (group 2)
were environment α = 0.56, equipment α = 0.78, psycho-
logical α = 0.83, and overall α = 0.88. An independent sam-
ples t test that compared the scores for each domain of
fidelity for the first simulation used showed no significant
difference in the scores between groups.

To compare the scores of fidelity domains among the
junior and senior resident groups, independent samples t
tests were conducted. The junior residents reported signifi-
cantly higher scores overall with the virtual simulator than
the senior residents (mean 73.3, standard deviation [SD]
6.46 v. mean 63.3, SD 11.03; t1,24 = 2.71, p = 0.014), with a
large effect size difference (Cohen d = 1.11). No other
fidelity domains showed any significant differences
between resident level group scores.

The residents’ ratings of the Sawbones versus the virtual
simulators across the 3 fidelity domains (environment,
equipment, psychological) were compared between the
2 simulations using paired samples t tests. In all 3 domains,
the mean scores of the Sawbones model were significantly
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higher than those of the virtual simulator (Table 1).
Paired samples t tests were conducted to assess if each

individual domain held significantly different scores than
the others, comparing within simulators. The virtual simu-
lator demonstrated significantly different mean scores
among all fidelity domains (all p < 0.001; same mean and
SD from Table 1). The mean Sawbones simulator scores
between fidelity domains for environment and equipment
scales did not differ significantly, but both differed signifi-
cantly from the psychological domain scale (p < 0.001;
same mean and SD from Table 1).

Table 2 provides correlation coefficients between
each fidelity domain subscale (environment, equipment,
psycho logical) on the questionnaire, as well as the overall
fidelity scores. All bivariate correlations except that be -
tween the virtual simulator environment and the Saw-
bones equipment subscale scores were significant. Each

domain correlated significantly with all other domains of
the same simulator and with its specific fidelity domain
between the 2 simulators. The overall total fidelity score
of the virtual simulator correlated with the Sawbones
simu lator (r = 0.71).

The cost associated with creating a virtual simulator
and the costs of using Sawbones were compared, based on
the number of 25 trainees in the residency program. The
start-up cost for the ulna virtual haptics surgical simulator
is $85 000, which includes 1 computer hard drive and dis-
play, 1 haptics device, software and personnel time. The
initial cost of the ulna Sawbones model for fracture fixa-
tion is $4225, which includes the Sawbones (1 for each
resident), plates, cortex screws, drill bits and guides, tap,
T-handle, drill, base/vice, depth gauge, reduction forceps
and screwdriver.

We estimated annual costs for each simulator. The

Table 1. Paired sample t tests between virtual and Sawbones simulators on !delity domains* 

 Group, mean (SD)†   

Question Sawbones mean Virtual mean p value Effect size‡ 

Environment     

1. This simulator was responsive to the actions performed (overall) 4.3 (0.44) 3.6 (0.65) < 0.001 1.14 

2. The controls were not problematic to use in this simulator 4.3 (0.82) 3.1 (0.85) < 0.001 1.44 

3. Visual representation of the forearm was realistic enough for the procedure 3.8 (0.93) 3.6 (0.93) 0.31 0.23 

4. Visual representation of the tools in this simulator are important in the 
performance of this procedure 

4.3 (0.75) 4.2 (0.88) 0.69 0.10 

5. The general performance using this simulator was close in comparison to my 
general performance in the clinical settings 

4.0 (0.69) 2.5 (0.78) < 0.001 1.93 

Environment overall, % 4.1 (1.04) 3.4 (1.02) < 0.001 1.38 
Equipment     

6. This simulator demonstrated precise movements of tools 4.2 (0.57) 3.1 (1.15) < 0.001 1.21 

7. All tools/equipment required were accessible during the procedure 4.5 (0.72) 4.0 (0.89) 0.06 0.57 

8. Tactile force feedback was simulated accurately on this simulator 3.8 (0.76) 2.7 (0.86) < 0.001 1.38 

9. Placement of tools was properly simulated on this simulator 4.3 (0.62) 3.2 (0.87) < 0.001 1.50 

10. Drilling through bone was accurate on this simulator 3.8 (0.85) 2.5 (0.83) < 0.001 1.44 

11. Plunging (exiting second cortex) of the drill was easy to feel on this simulator 3.8 (1.02) 2.6 (1.21) < 0.001 1.09 

Equipment overall, % 4.07 (1.04) 3.02 (1.36) < 0.001 1.71 
Psychological     

12. While performing this procedure on this simulator, it felt like I was actually 
doing the procedure on a patient 

3.3 (0.85) 2.5 (0.83) < 0.001 0.94 

13. I felt comfortable performing the procedure 4.5 (0.59) 3.7 (1.05) < 0.001 1.01 

14. I felt like all my senses (not sound on VR) were engaged during the procedure 4.3 (0.85) 3.4 (0.93) 0.001 0.93 

15. The actual drilling made me feel as though I were performing a real procedure 
(in OR) 

3.6 (0.82) 2.1 (0.93) < 0.001 1.77 

16. The visual aspects of the environment (i.e., display, haptics device, table) made 
me feel as if I were performing the real procedure (in OR) 

3.4 (0.82) 2.2 (0.93) < 0.001 1.34 

17. The feel of the equipment made me feel as if I were actually doing the real 
procedure (in OR) 

3.8 (0.76) 2.2 (0.82) < 0.001 2.10 

18. The events around me made me feel as though I were actually doing the real 
procedure (in OR) 

2.7 (1.01) 1.8 (0.72) 0.001 1.02 

19. My experience in the simulator's environment (overall) seemed consistent with 
my real world experiences 

3.3 (0.85) 2.3 (0.82) < 0.001 1.10 

Psychological overall, % 3.60 (1.19) 2.52 (1.03) < 0.001 1.96 
Overall !delity, % 3.93 (1.02) 2.99 (0.88) < 0.001 2.31 

OR = operating room; SD = standard deviation; VR = virtual simulator. 
*Ratings are based on a 5-point Likert scale from 1 = strongly disagree to 5 = strongly agree. 
†Unless indicated otherwise. 
‡Cohen d. 
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developers of the virtual simulator provided approximate
costs over 5 years, and the annual costs were derived from
these. The virtual simulator would cost about $4000 per
year for personnel and upgrades. Similarly, we approxi-
mated the annual costs for the Sawbones model, taking
into account the wear and tear of equipment and the
replacement of ulna Sawbones for each procedure. The
annual costs were about $4000.

diSCuSSion

The fidelities of the Sawbones and virtual simulators were
assessed with the postprocedure simulator-specific ques-
tionnaires. We found no previous literature evaluating the
fidelity of Sawbones. The assessment of the fidelity of
Sawbones was required to determine if the fidelity of the
newly created virtual surgical fixation simulator was com-
parable to the current standard for fracture fixation of the
ulna. As we found no previous surgical fidelity question-
naires in the literature, a new one was created for surgical
simulation. To determine if the questionnaire was a reli-
able tool, we calculated the internal consistencies of the
fidelity domains. In all domains except virtual simulator
environment, the Cronbach α was > 0.70, indicating the
domains are measuring the same construct. The virtual
environment had lower internal consistency, likely because
this simulation was run in a laboratory, which lacked the
many visual and auditory cues provided by a real OR. To
improve on the environmental domain of both simulators,
we suggest that these procedures be done in a mock sur -
gical suite with the sounds of the anesthesia machine and
OR nurses to better simulate the environment. We also
assessed the criterion-related validity of the questionnaires
using the Pearson coefficient, which demonstrated signifi-
cant correlations both within and between simulators.
These add evidence that this fidelity questionnaire is both

a reliable and valid tool, which will enable other groups to
assess surgical simulators in the future.

The questionnaire findings were analyzed by residents’
experience levels. Junior residents scored the virtual envi-
ronment significantly higher than the senior residents,
with a large effect size difference (Cohen d = 1.11). This is
likely because the senior residents had had more experi-
ence than the junior residents with actual surgical en viron -
ments. The effect size was measured for all parametric
measurements, all demonstrating large effect size differ-
ences. Effect size is reported, because it helps define the
meaningfulness of statistically significant results28 and
because it has been recommended by the American Psycho -
logical Association task force on statistical inference to be
reported for all primary outcomes.29

The participants assigned the Sawbones simulator sig-
nificantly higher levels of fidelity in all domains than the
virtual simulator. Both simulations demonstrated that the
psychological domain was the most difficult fidelity do -
main to recreate, while the environment domain was the
easiest. It is frequently assumed that higher levels of tech-
nology are synonymous with increased fidelity. Our find-
ings were similar to those of another study reporting that
virtual technology was actually of lower fidelity than the
hands-on simulator.30 It has been argued that high levels of
fidelity are not important for all simulators, especially at
junior training levels.30,31 Virtual reality simulators, at this
time, appear to be better for junior residents who are
acquiring knowledge and learning or practising basic sur -
gical skills. Higher fidelity simulators are ideal for more
advanced surgical skills that require multiple tasks, and
experienced surgical trainees will likely benefit more from
these simulators. Neither of the simulators used in our
study received a high score for psychological fidelity, which
may be acceptable at the novice training level. When par-
ticipants were asked which surgical simulator they would
use to practise surgical fixation of the ulna, most stated
they would use the Sawbones instead of the virtual simula-
tor, as seen in another virtual simulator study.7

When a new simulator is comparable to the current
standard, and if surgical trainees consider it useful and are
willing to use it for learning and practising procedures, an
important factor in choosing one simulator over another is
cost. We performed a cost analysis to provide further com-
parisons between these simulators based on a program of
25 residents. The largest costs for a virtual surgical simula-
tor are often the start-up costs.32 This simulator, using a
sophisticated 6 degrees of freedom haptics device, cost
about $85 000 to develop. This included costs of personnel
time for the development and maintenance of the simula-
tor. In comparison, purchasing Sawbones for surgical fixa-
tion of the ulna with all its required tools would initially
cost about $4225. This low cost is owing to the prior
development of the Sawbones model ulna and its equip-
ment. The annual costs for each simulator were about

Table 2. Pearson correlation (r) coef!cients for !delity
domains within and between simulators, n = 22

Condition
Virtual 
Enviro

Sawbones
Enviro

Virtual 
Equip 

Sawbones
Equip 

Virtual 
Psych 

Sawbones
Psych 

Virtual 
Fidelity 

VR Enviro 1 

Saw 
Enviro

0.52* 1 

VR Equip 0.65* 0.44* 1 

Saw 
Equip 

0.39 0.58* 0.56* 1 

VR Psych 0.62* 0.48* 0.54* 0.44* 1 

Saw 
Psych 

0.56* 0.55* 0.52* 0.63* 0.64* 1 

VR
Fidelity 

0.84* 0.56* 0.85* 0.60* 0.88* 0.67* 1 

Saw 
Fidelity 

0.58* 0.79* 0.60* 0.86* 0.63* 0.89* 0.71* 

Enviro = environment domain; Equip = equipment domain; Fidelity = overall !delity;
Psych = psychological domain; Saw = Sawbones simulator; VR = virtual simulator. 
*p < 0.05.
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$4000 for 25 residents. The largest difference is that this
cost is set for each resident to practise 1 procedure per year
for the Sawbones procedure, whereas the resident can have
unlimited attempts with the virtual ulna each year. The
advantages of repeated practice time without added cost
and with the possibility for the simulator to provide im -
medi ate objective feedback and incorporate surgical diffi-
culties or more complicated fracture patterns may provide
the participant with more unique reasons to use virtual
simulators in the future.

Limitations

The major limitations of this study were funding for more
advanced equipment and the use of senior simulator
developers. These have an impact on achieving higher
fidelity for the simulator. The participating engineering
supervisor and laboratory have been involved in previous
surgical simulations in thoracic surgery.33,34 They already
had all the necessary basic equipment and software to
develop this simulator in their laboratory. Additional hap-
tics devices and newer devices that could be purchased to
increase the fidelity of the model were not available for
this study. Another limitation was the time given to com-
plete the simulation. The goal of this study was to assess if
a high fidelity surgical simulator with haptics could be
developed in 1 year. If more time was provided, perhaps a
higher quality surgical simulator may have been developed
for use in this study. Using a simulator for the first time is
also a limiting factor. Many simulators have associated
learning curves. Owing to costs and time, it was only feas -
ible for the participants to practise this procedure on the
virtual simulator for 10 minutes.

ConCluSion

To our knowledge, this is the first study to assess the
fidelity of Sawbones using reliable questionnaires that
were specifically created to assess 3 separate fidelity do -
mains of simulators. The level of fidelity in the new virtual
simulator does not meet the same standard as the Saw-
bones simulator, and the start-up costs for a virtual simu-
lator are much higher than the cost of buying all the
materials required for a Sawbones simulator. However,
once established, the annual costs of running the simula-
tors are comparable. A high fidelity, validated simulator
that can accurately evaluate a surgical trainee and demon-
strate transfer of skills to a real life operation is a goal for
surgical education. There are a multitude of virtual sur -
gical simulators available; however, many of them need to
be properly evaluated to determine what upgrades are re -
quired to attain this goal. The newly developed fidelity
questionnaire is very useful to determine which simulators
are closest to real life.

At this time, the cohort of orthopedic surgery residents

that participated in this study preferred to use the current
standard Sawbones simulator for surgical fixation of the
ulna, mostly owing to the realism of the tools being used,
the ability to use both hands simultaneously and the bene-
fits of hearing sounds produced as the fixation of the ulna
is being completed. This is similar to general surgery resi-
dents who favour video box trainers to virtual laparoscopic
simulators.35 With more experience in developing these vir-
tual simulators, increased funding and the advent of new
software and hardware, virtual simulators may one day
match our current standards. The ultimate goal is not to
replace the current simulators or methods of teaching sur-
gical skills, but to use virtual simulators as an additional
resource for training.
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