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Abstract	
 

Background: 

Simulators designed for surgical training are a new educational tool that may address the 

problem of reduced training opportunities for current medical trainees compared to their 

predecessors.  Research has demonstrated performance differences across hand dominance 

in simulated laparoscopic surgical tasks. To date, no evidence exists with regard to the 

applicability of this conclusion related to simulated shoulder arthroscopic surgery.  

The hypothesis of this thesis was that there are no differences in measured outcomes when 

comparing participant performance during simulated arthroscopic surgical tasks on a right 

shoulder compared to a left shoulder.  

 

Methods:  

Using the Touch of Life Technologies ArthroSim™ -a virtual reality based arthroscopic 

simulator - 60 participants were recruited and performed two simulated diagnostic shoulder 

arthroscopy training modules: one left shoulder while holding the arthroscope in their right 

hand for the majority of tasks, and one right shoulder while holding the arthroscope in their 

left hand. Demographics were collected on each participant, in addition to outcome 

measures of completion score, and time to completion.. Subjective difficulty was assessed 

using Likert analogue scales. 
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Results:  

After assessing for normality of data, non-parametric statistical analysis (Wilcoxon Signed 

Rank Test) was conducted to discern if there was a performance difference amongst the 

cohort when performing the arthroscopy on the left versus right side. 

When analyzing subgroups by right or left hand dominance, significant differences existed 

across a number of the performance variables measured by the simulator. 

 

Conclusions:  

This study demonstrated that there was a significant performance difference when 

participants performed an arthroscopy on a right or left shoulder - individuals show 

increased performance doing one shoulder or the other. This data has implications for 

surgical training curricula in that modified equipment or teaching techniques may be 

considered based on hand dominance.   



	 4	

Acknowledgements	
I would like to acknowledge and extend my thanks to my thesis supervisor Dr. 

Jeff Leiter. His advice and guidance was key to making this project feasible. 

 

Thanks very much to the Pan Am Foundation and Dalhousie University for the in-

kind funding that allowed appropriate remuneration for the participants in this study. 

  

I would also like to acknowledge and thank Greg Spitzer, Dave Romer, and the 

rest of the staff at Touch of Life Technologies for their invaluable assistance in guiding 

me and physically maintaining the primary measurement device used in this project. 

 

Most importantly I would like to express my gratitude to the surgical staff, 

surgical residents, medical, and research students who took the time to participate in this 

study – without you there would be nothing. 

 

Also, thank you very much to my wife, family, and friends for their support and 

patience throughout this endeavor. 

  



	 5	

 
Table of Contents 
 
Committee	Members	................................................................................................................................	1	
Abstract	..........................................................................................................................................................	2	
Acknowledgements	..................................................................................................................................	4	
List	of	Tables	................................................................................................................................................	6	
List	of	Figures	..............................................................................................................................................	8	
Chapter	1	–	Introduction	........................................................................................................................	9	
A.	Surgical	Training	..................................................................................................................................	9	
B.	Arthroscopy	..........................................................................................................................................	11	
C.	Simulators	..............................................................................................................................................	12	
D.	Functional	Laterality	........................................................................................................................	15	
Chapter	2	–	Study	Objectives	..............................................................................................................	17	
Chapter	3	–	Methods	..............................................................................................................................	18	
A.	Participant	Recruitment	..................................................................................................................	18	
B.	Funding	...................................................................................................................................................	18	
C.	Sample	Size/Calculation	..................................................................................................................	19	
D.	Study	Design.	........................................................................................................................................	21	
E.	 Study	Protocol	..................................................................................................................................	25	
F.	 Outcome	Measures	.........................................................................................................................	28	
G.	 Data	Analysis	....................................................................................................................................	33	
Chapter	4	–	Results	.................................................................................................................................	35	
Chapter	5	-	Analysis	of	Results	Stratified	By	Hand	Dominance	–	Right	Hand	
Dominant	Cohort	.....................................................................................................................................	44	
Chapter	6	-	Analysis	of	Results	Stratified	By	Hand	Dominance	–	Left	Hand	Dominant	
Cohort	...........................................................................................................................................................	52	
Chapter	7	-	Analysis	of	Attending	Surgeon	Cohort	Results	...................................................	58	
Chapter	8	–	Analysis	of	Waterloo	Handedness	Questionnaire	Scores	.............................	63	
Chapter	9	–	Discussion	..........................................................................................................................	65	
Chapter	10	–	Conclusion	.......................................................................................................................	81	
Chapter	11	–	References	.......................................................................................................................	84	
Appendix	1	–	Waterloo	Handedness	Questionnaire	................................................................	89	
Appendix	2		-	Participant	Demographics	Questionnaire	........................................................	90	
Appendix	3	–	Likert	Score	for	Subjective	Difficulty	..................................................................	91	
Appendix	4	-	Time	to	Completion	form	for	Investigator	recording	..................................	92	
Appendix	5	–	Sample	Arthrosim®	Report	of	Variable	Scores	.............................................	93	
Appendix	6	–	Study	Budget	.................................................................................................................	94	
Appendix	7	–	List	of	Variables	Analyzed	in	SPSS	Database	...................................................	95	
Appendix	8	–	Description	of	Modules	.............................................................................................	96	



	 6	

List	of	Tables	

Table No. Table Title Page No. 
1 Demographic data of participants for level of training 32 
2 Demographic data for participant gender 33 

3 Demographic data of participants for self-identified hand 
dominance 

33 

4 Demographic data of participants for previous 
Console/Computer Game experience. 

33 

5 Demographic data of participants for previous 
console/computer game experience 

34 

6 Data demonstrating number of participants starting on the left 
simulated 

34 

7 Descriptive Data for Variables 35-36 
8 Variables demonstrating Shapiro-Wilk p-val of <0.05 37-38 
9 Results for Paired Samples T-Test of normally distributed 

variables for all particpants 
38 

10 P-values from Wilcoxon Sign Rank Test for paired variables 40 
11 Training level distribution of Right Hand Dominant participants 41 
12 Gender demographics of Right Hand Dominant cohort 41 
13 Demographic data of Right Hand Dominant participants for 

previous console/computer game experience. 
42 

14 Demographic data of Right Hand Dominant participants for 
previous virtual reality simulator experience. 

42 

15 Variables descriptive Data from Right Hand Dominant Cohort 43-44 
16 Shapiro-Wilk test p-values for all variables from Right Hand 

Dominant Cohort 
45 

17 Results for paired samples t-test for significant differences, 
Right Hand Dominant cohort. 

46 

18 p-Values from Wilcoxon Sign Rank Test for paired variables 47 
19 Training level distribution of left hand dominant participants 49 
20 Gender distribution of left hand dominant participants 49 
21 Demographic data of left hand dominant participants for 

previous console/computer game experience 
50 

22 Demographic data of left hand dominant participants for 
previous experience with virtual reality surgical simulators 

50 

23 Distribution of left hand dominant participants starting the 
simulation on the right or left shoulder 

50 

24 Variables descriptive Data from the Left Hand Dominant 
Cohort – Mean, SD, and Range 

51-52 

25 p-Values from Wilcoxon Sign Rank Test for paired variables 
from Left Handed Cohort 

54 

26 Gender Distribution of Attending Surgeon Cohort 55 

 



	 7	

Table No. Table Title Page No. 
27 Computer/Console experience amongst the attending surgeon 

cohort 
55 

28 Frequency of participants with previous surgical simulator 
experience amongst attending surgeon cohort. 

56 

29 Variables descriptive Data from the Attending Surgeon Cohort  57-58 
	
 

 

 

 

	

 

 

 

	
 

 

 

	
 

 

 

	

 

 

 

	
 

 

 

	
 

 

 

	

 

 

 

 

 

 
	
	 	



	 8	

List	of	Figures	
	
Figure No. Figure Title Page No. 

1 Beach Chair Position for Shoulder Arthroscopy 22 
2 Histogram demonstrating distribution of WHQ scores 

amongst Right Hand Dominant Cohort 
61 

3 Histogram demonstrating distribution of WHQ scores 
amongst Left Hand Dominant Cohort 

61 

 
	
 
  



	 9	

Chapter	1	–	Introduction	

A.	Surgical	Training	
The training of a new surgeon has traditionally been based on a preceptor-student model 

where a trainee will learn by hands on experience under the supervision of an expert in 

that field. William Halsted at John Hopkins devised the original structure of a surgical 

residency program in 1889.  Based on a German model, this system was criticized for 

being too ‘pyramidal’ in that it produced a larger number of poorly trained surgeons – 

“house surgeons” - who were not permitted to progress in their residency beyond first 

year, and a small number of highly trained surgeons who progressed through merit to a 

position of “Professor of Surgery”.1  

Dr. Dudley Allen described this master-apprentice model in a presidential address of the 

American Surgical Association in 1907 when he opined “No training is more valuable to 

a young man than to serve under a capable surgeon as an assistant in a hospital. Such 

assistantship should be sufficiently long to give breadth of observation and an 

opportunity to do operations.”2  

In 1931 Dr. Edward Churchill introduced a different ‘rectangular’ model of surgical 

training which decreased the total number of residents trained while increasing the 

duration of training. He proposed that these modifications would produce “…a group of 

masters, in which no single personality dominates the institution.”3 The core structure of 

his model would remain in place in most training centers until the end of the 20th century. 

The last decade of the 20th century saw the realization of a transition from a ‘discipline-

centered’ approach to surgical training to more of a ‘disease-centered’ approach. As the 

volume of knowledge and subspecialized skill sets continued to grow, post-graduate 
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training periods became the norm rather than the exception. Within orthopedics today, 

there are generally eight recognized areas of subspecialty training – Spine, Pediatrics, 

Trauma, Arthroplasty, Upper Extremity, Foot and Ankle, Musculoskeletal Oncology, and 

Sports Surgery. Naturally there are overlapping boundaries between these areas of 

pathology, but the evolution of surgical training within the orthopedic discipline is such 

that the days of the ‘Generalist’ orthopedic surgeon are disappearing. 

With advancing technologies and surgical techniques, the need for change in the structure 

of residency programs has again become apparent: wait times for surgery, increasing 

concern about patient safety, decreasing amount of time to facilitate trainee exposure, and 

increasing sub-specialization of orthopedics in general have all culminated to the effect 

that surgical trainees now face an increasingly steep technical learning curve with 

relatively less time/opportunity to achieve mastery.4  

Within the past few years the orthopedic surgery job market in Canada has also 

demonstrated changes, in that practicing surgeons are tending to retire at a later age, and 

new work opportunities for recent graduates have decreased. This has resulted in a 

decreased applicant pool for orthopedic surgery resident positions, and some centers have 

experienced an unfortunate translation of this to a disparity in the work to education 

balance with decreased resident numbers.  

From an economic standpoint multiple studies have demonstrated that the presence of 

trainees prolongs operative times.19-21
  This has brought to light the question of how to 

best optimize resources such as operating room time for maximal training benefit while 

minimizing cost and risks to patients. 

 



	 11	

B.	Arthroscopy	
 
The history of modern arthroscopy can be traced as far back as 1879 when Nitze 

demonstrated surgery was possible through a cystoscope.5 Orthopedic arthroscopic 

surgery was first conceptualized in 1918 by Takagi at Tokyo University when he applied 

the principles of endoscopy to a cadaveric knee by inserting a cystoscope to visualize the 

intra-articular anatomy – he then went on to develop the modern arthroscope until the 

outbreak of World War II.6 His student Watanabe continued his work after the war, and 

in 1957 introduced actual arthroscopic techniques with his textbook Atlas of 

Arthroscopy.7 A year later he introduced the ‘Watanabe #21’ – the first modern 

arthroscope which heralded the coming of the arthroscopic era. 

The arthroscope was introduced to western medicine when Dr. Robert Jackson went to 

Tokyo on a fellowship, where he met and observed Watanabe. He became convinced that 

the technology had great merit for the field of orthopedics, and returned to the Toronto 

General Hospital in 1965 with a Watanabe #21 arthroscope and began to practice 

arthroscopy. He published the first North American text on the field in 1976 – 

Arthroscopy of the Knee.8  

The advent of miniaturized cameras, improved monitor technologies, and fiber optics in 

the early 1970’s lead to the development of the widespread use of arthroscopes that we 

see in orthopedics today, with evolving indications and techniques arriving on a near 

annual basis. 

The benefits and advantages of arthroscopic surgery have been realized in a wide array of 

orthopedic surgical subspecialties due to its minimally invasive nature. Prior to its 

invention surgeons were forced to use larger incisions and perform an arthrotomy to 
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access a joint for surgical interventions. It is widely accepted that for many procedures 

these extensile exposures increased the risks to the patient for blood loss, wound healing 

complications, infections, and neurovascular injury.  

Arthroscopy has also allowed many procedures to be performed in an outpatient or day 

surgery setting, realizing a cost/socioeconomic benefit to the hospital and health care 

system as a whole by decreasing patient admission frequencies and durations. 

Despite these advantages, there are some drawbacks to arthroscopic surgery – minimally 

invasive procedures are more technically challenging for the operator to conduct due to 

limited visualization within the surgical field, and this can translate into a higher error 

rate  - especially during the initial stages of skill acquisition.15 Without an extensile 

exposure, the surgeon performs an arthroscopic procedure by manipulating instruments 

within a very limited anatomical space, necessitating a fine-tuned visuo-motor skillset 

with respect for essential/vital structures. It has even been reported that when comparing 

arthroscopic procedures within the knee joint to laparoscopic procedures within the 

abdomen, students are subjectively ‘taken aback’ by the lack of space available to 

maneuver in the orthopedic procedure.18 

C.	Simulators	
 
In the above sections, changes in the climate of surgical education were described, and in 

response to this recognized need for change, simulator-based learning has been 

incorporated into the curriculum of some specialties such as general surgery, where 

randomized trials have proven that simulation-based training leads to detectable benefits 

in the in vivo clinical setting.13 
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A review by Gallagher et al in 2005 describes the history, principles and rationale of 

simulator learning as it applies to general surgery.14 The authors discuss the idea that this 

technology creates a “pre-trained novice” who is proficient in the basic hand-eye motor 

skills, visuospatial mapping, sensory acuity, and some of the cognitive planning domains 

required to accomplish surgical tasks without wasting operating room time or exposing 

patients to the potential for devastating trainee error.  

In 2002, a double-blinded randomized control trial published in the Annals of Surgery 

proved the transfer validity of these concepts, with a simulator trained group of surgical 

residents demonstrating superior performance during a gallbladder removal procedure 

compared to a traditionally trained cohort.15 

Orthopedics has relatively few simulation education and training tools compared to other 

surgical subspecialties – most commonly encountered are actual physical simulators such 

as Sawbones (Vashon, WA) models used in conjunction with industry-supplies 

implants/constructs for trainees to learn upon. Although providing a safe venue to 

practice surgical skills and build ‘muscle memory’, these simulators do not provide any 

feedback or real time skill tracking. Recently, a number of computer based simulation 

tools have become available that do offer expanded training and evaluation capabilities, 

and it is reasonable to expect the applications of this technology to grow with time. 

Simulator training devices in surgical training can be broadly classified into three 

categories as described by Vankipuram et al. 2010. The study validated a virtual reality 

simulator for orthopedic skills using a drill – non-interactive, interactive without haptic 

feedback, and interactive with haptic feedback.16 The main limitation of non-interactive 

or interactive simulators without haptic feedback is that these models are not realistic, so 
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therefore are unlikely to exhibit transfer validity for real world application of skill 

acquisition in an operating room setting. However, these kinds of simulators may be 

useful for knowledge acquisition in terms of cognitive processing of the principles behind 

real world application. 

Simulators equipped with haptic feedback allow training in ‘force-skill tasks’ as 

described by Morris et al. in 2007, who demonstrated that training with visio-haptic 

feedback simulators is superior to only visual simulators.17 Tasks such as drilling into a 

bone, or in the case of this thesis, probing intra-articular structures during a shoulder 

arthroscopy with the appropriate amount of force – these are good examples of ‘force 

task skills’ 

Cannon et al. in 2014 demonstrated that the ArthroSim™ device (used in this thesis 

project) exhibited transfer validity since residents that trained in simulated knee 

arthroscopy tasks demonstrated improved performance in the real world operating room 

compared to a control group of residents.47 This study has not been replicated for the 

shoulder arthroscopy module, but it demonstrated that the concept of training residents 

with simulators is effective. 

The ArthroSim™ was also used in a 2014 study to demonstrate differences in efficiency 

between junior residents, senior residents, and practicing community surgeons.48 The 

authors were able to distinguish significant differences in the time to completion for 

arthroscopic knee tasks between the junior resident cohort and the senior resident cohort, 

but noted there was only a trend approaching significance between the senior residents 

and the community surgeons. This demonstrated that simulators have the potential to 

accurately help trainees progress through their individual learning curves in an effective 
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and safe manner, but may also be limited by a ceiling effect when assessing individuals 

with higher levels of training. 

D.	Functional	Laterality	
Functional laterality – anecdotally known as ‘hand dominance’ - is a consequence of 

cerebral dominance or asymmetry, which in practice results in individual differences in 

fine motor skills between the left and right hands22-24 The vast majority (~90%) of 

individuals are right-hand dominant25, left-handedness is more common amongst men, 

and 33% of individuals exhibit some degree of mixed-handedness26. Previous research 

has demonstrated that there exists a confirmed relationship between type and extent of 

functional laterality and specific motor ability that is modifiable by training27,28. 

Functional laterality in orthopedic surgery has been examined in the context of total knee 

replacement surgical outcomes40, and for implant failure following hip fracture fixation41. 

 

A novel question in regard to its effect on simulated shoulder arthroscopic surgical 

training is whether or not the functional laterality of the trainee is a factor. In the 

experience of this study’s principle investigator, anecdotal reports from well-trained 

arthroscopic shoulder surgeons highlight that there is in fact an effect in their own 

practice, in that many respondents prefer to operate on either the left or right shoulder of 

a patient based on which hand they are more comfortable holding the arthroscope, tools, 

or vice versa. 

A 2008 study by Elneel et al. was conducted to determine innate dexterity and 

ambidexterity across both gender and functional laterality using a laproscopic surgical 

simulator29. Results concluded that right-hand dominant males demonstrated statistically 
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significant improved results across degree of ambidexterity, task execution time, and task 

quality. The authors advocated that training curricula in laparoscopic surgery should be 

more flexible to accommodate the innate differences related to functional laterality. 

On review of the existing literature, the current author for this project could find no 

studies examining the relationship of functional laterality to performance in simulated 

arthroscopic shoulder surgery. Therefore, the author felt that this study would add to the 

growing body of knowledge not only regarding the evolving presence of arthroscopic 

simulators for shoulder surgery, but also on the concept of performance difference based 

on functional laterality. 
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Chapter	2	–	Study	Objectives	
The objective of this thesis project was to test a number of null hypotheses using known 

statistical techniques: 

1) There will be no difference in outcome measures in performing simulated 

diagnostic arthroscopic tasks on a right shoulder or a left shoulder amongst all 

participants. 

2) There will be no difference in outcome measures in performing simulated 

diagnostic arthroscopic tasks on a right shoulder or a left shoulder amongst all 

participants when stratified by functional laterality. 

3) There will be no significant difference in outcome measures in performing 

simulated diagnostic arthroscopic tasks on a right shoulder or a left shoulder 

amongst all participants when stratified by training level. 
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Chapter	3	–	Methods	

A.	Participant	Recruitment	
Prior to the initiation of study activities, approval was granted by the University of 

Manitoba Health Research Ethics Board (REB Registry Number: H2013:346 (HS16647)). 

Participants were recruited from the University of Manitoba Medical School, Department 

of Surgery residency training programs, Orthopedic Surgery fellowship training programs, 

University of Manitoba Orthopedic Surgery staff members, as well as the Foundation 

research staff at the Pan Am Clinic (Winnipeg, MB). 

Recruitment was accomplished via word of mouth, poster advertisement (Appendix 7) in 

the research centre at the Pan Am Clinic, as well as the Surgical Resident’s lounge at the 

University of Manitoba. 

B.	Funding	
 
To facilitate increased participant incentive, a fee of $50.00 was offered to each 

participant for his or her time. A detailed outline of the funding obtained is available in 

the Appendix 
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C.	Sample	Size/Calculation	
 
Since this thesis project is asking a novel question, the principal investigator examined 

previous literature for the basis on which to calculate the sample size required to obtain 

sufficient statistical power to detect a treatment effect. Using the data reported in  Elneel 

et al. 2008 29 - specifically total bimanual task execution time (mean and standard 

deviation) amongst right and left handed male participants,– the author utilized a sample 

size calculation with the following parameters for an intra-subject study group with a 

continuous outcome measure30: The Type I/II Error rates for the calculation were set at a 

standard α = 0.05 and β = 0.2 (power = 80%), with a 1:1 enrollment ratio as every subject 

served as their own comparison (i.e. right shoulder task performance vs left shoulder task 

performance): 

 

Where: 

 

The data from the Elneel study follow through: 

n1 = (32.82 + 28.62/1)(1.96 + 0.84)2
 

  28.752 

 
n1 = 17.9675 ≈  18 
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n2 = K * n1 ≈ 18 
 
N = 18 + 18 = 36 
 
The thesis proposal accounted for this power calculation, and due to generous financial 

contributions from the PanAm Clinic Foundation as well as the Dalhousie University 

Orthopedics Department, the author was able to recruit 60 participants. This increased the 

power of the study as well as mitigated any potential bias by allowing for more thorough 

block randomization design. 
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D.	Study	Design.		
	
i. Primary Research Tool 

The Touch of Life Shoulder Arthroscopy SimulatorThe Arthrosim™ is a high fidelity 

virtual reality simulator for shoulder and knee arthroscopy developed by Touch of Life 

Technologies (Aurora, CO)31. It was developed in collaboration with the American Board 

of Orthopedic Surgeons, The Arthroscopic Association of North America, and the 

American Academy of Orthopedic Surgeons32. The simulated shoulder joint was based 

on 0.1 mm cryosections from a 28-year-old human cadaver, and both the arthroscopic 

camera and probe were equipped with haptic feedback sensors which allowed three 

degrees of force with six degrees of motion freedom (Geomagic Inc, Cary, NC)33. To 

date the simulator has demonstrated transfer validity for its knee arthroscopic simulator 

module as recently published in the Journal of Bone and Joint Surgery34. Although there 

is no published data regarding its validity in shoulder arthroscopy, it was deemed feasible 

for use during this project since the same unit was used for all participants. 

There were two episodes of hardware fatigue requiring that the simulator unit be sent 

back to its parent company location in Aurora, Colorado for maintenance. The work done 

on the simulator did not affect its software for data acquisition, but was simply to have a 

basic part serviced or replaced. In telephone conference with the Touch of Life 

Technology engineering staff they agreed that the service of the simulator would not have 

an effect on the data collected by the simulator in terms of comparability pre and post-

maintenance.  
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ii. Rationale 

To ask the question if there is difference in performance in a population of individuals 

based on functional laterality, a project needed to be designed that would allow each 

individual to perform tasks with their one hand and compare that performance of the 

same tasks with their other hand. In other words – each subject must serve as his or her 

own individual comparator. 

The Arthrosim™ is ideal for this type of a question because it allows participants to 

perform diagnostic arthroscopic tasks on both the left and right shoulders. Inherent in this 

experiment is the fact that arthroscopic shoulder surgery is performed in the “Beach 

Chair” position for the majority of procedures - effectively the anesthetized patient is 

placed in an upright seated position with the hips and knees flexed, with the operative 

arm and shoulder sterilely draped in such a way to facilitate access to both the back and 

the front of the shoulder35.  Alternatively, patients are placed in a lateral decubitus 

position with their arm in traction distally, which affords a different vantage not 

applicable to this project. 

 

Figure 1. – Beach Chair position for shoulder arthroscopy 



	 23	

The shoulder is typically accessed with a small incision in the back of the patient at the 

level of the glenohumeral joint, where a blunt trochar is used to pierce the overlying soft 

tissue and joint capsule to enter the shoulder (i.e. the ‘posterior portal’)36. The operator 

generally stands at the side of the patient facing them in the sagittal plane, and the 

posterior portal allows them to insert the arthroscope and begin visualizing the intra-

articular structures from a relatively safe area anatomically36. Inherent with the 

positioning of the patient and the location of this portal relative to where the operator 

stands, the camera is inserted with the operator’s right hand if they are investigating the 

patient’s left shoulder, and conversely, with their left hand if they are on the right 

shoulder.  

After the posterior portal has been established, a secondary portal is established in 

another location to allow other instruments to be inserted in the shoulder. These 

instruments will vary by the location and type of procedure.  

Typically, there are 4 accessory portals described: Anterior Central, Anterolateral, 

Posterolateral, and Anteroinferior with the anterior central portal being the most 

commonly utilized37. The Athrosim™ simulates an anterior central portal being used for 

the insertion of a simple probe that is used to palpate/manipulate intra-articular structures. 

Again, inherent with the position of the surgeon facing the patient in the sagittal plane, 

the probing instrument is held with the opposite hand as the arthroscope itself – left hand 

on a left shoulder, and right hand on a right shoulder. 

The design of the simulator thus allows each subject to be directly compared to their own 

unilateral performance on each task as they complete the simulation modules on both the 

right and left shoulders. 
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By pooling all of the performance metrics from each subject into left and right shoulder 

outcomes, one can examine the mean performance on each shoulder and compare these 

results in a paired samples design. 
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iii. Randomization 

The Arthrosim™ is not just an objective measuring device but rather is designed to be a 

training tool to teach users the basic tenets of diagnostic shoulder arthroscopy32. The 

study is designed for each participant to complete the modules first on  one shoulder, 

followed immediately by the other. This exposes the data to bias from a skills learning 

curve – naturally having completed the simulation exercises on one shoulder, participants 

would be familiarized and possibly perform better on the second shoulder. 

To minimize this effect, the study design implemented a simple block randomization 

design. As each participant was recruited, they would start the exercise with either the 

simulated right, or left shoulder. The first five participants started on the simulated left 

shoulder, and the second five started on the simulated right shoulder. This continued 

throughout the protocol with subjects beginning on the same shoulder alternating in 

blocks of five until the recruitment of N=60 was completed. 

The purpose of this thesis project was to elucidate if there were significant differences in 

outcome measures when participants performed simulated shoulder arthroscopic tasks on 

a right or left shoulder due to the effect of functional laterality. The hypothesis of this 

thesis was that there are no differences in measured outcomes when comparing 

participant performance during simulated arthroscopic surgical tasks on a right shoulder 

compared to a left shoulder. 

E.	 Study	Protocol	
After responding to the recruitment poster or via word of mouth, a participant in the study 

was scheduled for a 3 hour time period at their convenience to attend the David and Ruth 



	 26	

Asper Research Centre at the Pan Am Clinic. (75 Poseidon Bay, Winnipeg, MB) to 

complete the study.  

The participant was given an orientation to the simulator, and the informed consent 

documentation was reviewed and signed prior to engaging in any study activities (see 

Appendix 3). 

After obtaining informed consent, the participant was given an opportunity to familiarize 

themselves with the dual-monitor setup of the simulator, as well as the haptic feedback 

and on screen responses to moving the simulated arthroscope and probe. There was no 

time limit for this familiarization and this was not included as a study variable. 

Once the participant was satisfied, the author initiated the first simulator module for the 

right or left shoulder as dictated by the block-randomization design. 

The participant watched the demonstration video for the first module; the author then 

initiated the first simulator task. 

The simulator breaks each component module into three trials – during the first trial, the 

module is broken down into its component parts (as described in Outcome Measures 

section), and the participant has a chance to complete each one while visualizing their 

score. This data was not recorded as this first trial was designed by Touch of Life 

Technologies to act as a ‘practice run’ so to speak. When the participant completed the 

component-tasks to their satisfaction, the author would advance the simulator into the 

next section of the module. 

The second trial/run-through a module has no breakdown into its component parts, but 

rather the participant was expected to repeat the individual component-tasks as one 

combined task. This was a scored task recorded by the simulator itself. As described by 
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Touch of Life Technologies, the score (0-100%) is determined by how accurately the 

participant positions the camera angle of the arthroscope, the position of the arthroscope, 

and if they correctly probed an anatomic structure with the appropriate amount of force as 

indicated in each module31,32. The participant was blinded to their score during this 

module and it was obtained by the author from the individual score report once the 

participant had completed the entire simulation (see Appendix 6). 

The third trial/run-through of a module was a repeat of the second trial, however the 

Arthrosim™ activated a timer as soon as the candidate entered the module, and this was 

recorded from the score report as the time each participant took to complete a module 

independent of the scoring system. Participants were aware they were being timed, but 

were encouraged to ignore the fact – the on-screen timer display was obscured with a 

piece of paper taped to the screen. 

The participant would then repeat this process, cycling through all of the modules for that 

shoulder.  

There was no time limit to complete the tasks, but as described above, time to completion 

was recorded as an outcome measure. 

After completing the initial shoulder, the participant was asked to complete a Likert scale 

rating for subjective difficulty while manipulating the arthroscope (see Appendix 4).  

The participant was then given a chance for a break for refreshment as needed. 

When they were ready, the participant would then begin the process as described for the 

contralateral shoulder – this entailed repeating all of the modules with the arthroscope 

and the probe held in the opposite hands, respectively, as the previous shoulder. 
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After completing the second shoulder run-through, the participant was asked to again 

complete the Likert scale for difficulty in use of the arthroscope and probe. 

 

  

F.	 Outcome	Measures	
 

i. Arthrosim™ Modules, Variables – Score and Time 

The Arthrosim™ breaks down a diagnostic shoulder arthroscopy into eight distinct 

modules representing anatomic regions that are routinely visualized and/or probed for 

integrity. These regions include the following: 

1. Biceps Tendon 

2. Superior Labrum (Sup Lab) 

3. Rotator Cuff (RC) 

4. Postero-inferior joint (PIJ) 

5. Axillary Recess 

6. Articular Surfaces 

7. Anterior Joint (Ant: Anterior) 

8. Anterior Portal View (Posterior Joint) 

The ninth and final component of the simulator program is for the operator to synthesize 

the skills learned during the previous eight modules into a complete diagnostic shoulder 

arthroscopy (GH: Glenohumeral Joint). 

Each module is comprised of tasks where the operator must either visualize a structure 

alone, or visualize and probe the structure. At the start of each module, an instructional 
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video is played which demonstrates how to obtain the appropriate visualization by 

orienting the arthroscope itself as well as the angle of the camera. If the module 

comprises tasks where the participant is to probe a structure, this is also included in the 

demonstration video. 

The correct position for the arthroscope and its camera angle, as well as the amount of 

force that should be applied to a probing task was determined in collaboration with 

American Board of Orthopedic Surgeons (ABOS) certified orthopedic surgeons who 

specialize in shoulder arthroscopy as part of the development of the Arthrosim™ 

software31,32. 

A description of component tasks for each module is described in the Appendices 
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As described in the Study Protocol section above, a composite score was recorded by the 

Arthrosim™ for each module. The time (seconds) to complete each module was recorded 

by the simulator and transcribed by the author (see Appendix 5) as it was not routinely 

included in the score reports generated by the simulator. 
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ii.Likert Scale for Subjective Difficulty 

The Likert scale is a device for measurement of subjective sensations deployed across a 

wide variety of specialties38. Commonly used in questionnaires to evaluate pain in 

medicine, it is a minimally constrained scale that allows the respondent to define what 

their interpretation of a sensation is without having to categorize their sensation in 

discrete aliquots (i.e. mild, moderate, severe).  

The author felt that the degree of subjective difficulty when holding the arthroscope in 

one hand versus the other could be characterized with such a device (see Appendix 4).. 

The scores of the participants were transcribed from the data collection sheets as the 

protocol was completed. 

The arbitrary nature of the Likert scale could be called into question, however for the 

purposes of this project the author felt it was a safe, valid, and effective quantification of 

subjective difficulty. 

iii. The Waterloo Handedness Questionnaire (WHQ) Score  

The WHQ was recorded for each participant as part of his or her demographic data. The 

WHQ is a validated scoring system for functional laterality developed in 1989 at the 

University of Waterloo39. 

The self-identified hand dominance of an individual does not necessarily define the scope 

of how dexterous one actually is. Laterality as a concept refers to the expression of 

unequal distribution of both gross and fine motor skills between the right and left hands 

as a consequence of cerebral motor cortex asymmetry44. Thus ‘right handed’ individuals 

are more dexterous with their right hands, and vice versa for ‘left handed’ individuals. 

The Waterloo Handedness Questionnaire (WHQ) was administered to all of the 
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participants in this study (Appendix 1). It is a validated thirty-six item questionnaire that 

polls the respondent on whether they use their right, left, or both hands during every day 

tasks (i.e. turning on a radio). The scoring system ranges from a minimum score of -72 to 

a maximum of +72, where more negative scores represent higher degrees of left-handed 

preference and positive scores represented more right handed preference39.	

G.	 Data	Analysis	
Analysis of the data collected in this project was conducted by transcribing the 

participant demographic information, task score, task time, and visual analogue scale 

scores into SPSS 23.0 (IBM SPSS, Atlanta, Georgia). 

Demographic data collected comprised participant age, gender, self-identified hand 

dominance, training level, previous arthroscopic experience, previous console/computer 

Game experience, and previous exposure to the Arthrosim™ or other virtual reality 

surgical training simulators. 

Data obtained from the Arthrosim™ itself as described above included module task 

scores as well as completion times. Likert scores for subjective difficulty were recorded 

from participant’s sheets as ordinal data to facilitate analysis. The shoulder that the 

participant started on was recorded. 

In total there were fifty variables included in the SPSS data set for analysis (see 

Appendix 9). Descriptive data was generated for each variable analyzed (See results 

section). 

Data was assessed for normality using the Shapiro-Wilk test.42 Normally distributed 

variables were analyzed for differences in means using a related-samples T-test 

(parametric analysis). The Wilcoxon Signed Rank Test for differences in means was used 
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to analyze non-normal distributed variables (non-parametric)42.The data set was stratified 

to facilitate a number of different analyses for significant differences amongst participant 

data42. 

The stratifications of interest for this project were to break the cohort down into self-

identified Right Hand Dominant and Left Hand Dominant subsets, as well as compare 

performance differences by training level.  

The hand dominant subset analysis was of interest due to its relation to the functional 

laterality questions posed by this project, and the training level subset was to determine if 

any performance differences persisted despite experience gained. 
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Chapter	4	–	Results	
 
Part A – Total Cohort Analysis 

i. Demographic Data: 

Table 1 demonstrates the majority (n=28, 46.7%) of participants were classified as 

students. This included medical students of any training year, and any Pan Am Clinic 

staff who participated. 

Surgical residents encompassed the next largest proportion of participants (n=25, 41.6%), 

with eight 1st year residents, five  2nd year residents, three 3rd year residents, four 4th year 

residents, and five 5th year residents. 

Surgical fellows (trainees who had completed surgical residency and are doing a year of 

subspecialty training) and attending surgical staff accounted for 3.3%  and 8.3% of 

participants, respectively.  

Table 1. Demographic data of participants for level of training 
Training	Level	 Frequency	 Percent	(%)	

Student	 28	 46.7	
PGY	1	 8	 13.3	
PGY	2	 5	 8.3	
PGY	3	 3	 5.0	
PGY	4	 4	 6.7	
PGY	5	 5	 8.3	
Fellow	 2	 3.3	

Attending	 5	 8.3	
Total	 60	 100	

 
  



	 36	

Table 2 demonstrates the gender breakdown of the sixty participants. There were n=44 

(73.3%) males, and n=16 (26.7%) females. 

Table 2. Demographic data for participant gender 
Gender	 Frequency	 Percent	(%)	

Male	 44	 73.3	
Female	 16	 26.7	
Total	 60	 100	

 
Table 3 demonstrates the self-identified hand dominance of the sixty participants. There 

were n=51 (85%) Right Hand Dominant individuals, and n=9 (15%) Left Hand Dominant 

individuals.  

Table 3. Demographic data of participants for self-identified hand dominance 
Dominant	Hand	 Frequency	 Percent	(%)	

Right	 51	 85	
Left	 9	 15	
Total	 60	 100	
 
. 
Table 4 demonstrates the previous console/computer game experience of the participants. 

The majority (n=32, 53.3%) had no prior console/computer game experience, over one 

third (n=23, 38.3%) played console/computer games approximately once per week, and 

the remainder (n=5, 8.4%) played console/computer games more than once a week on 

average. 

Table 4. Demographic data of participants for previous Console/Computer Game 
experience. 

Computer/Console	
Game	Experience	

Frequency	 Percent	(%)	

None	 32	 53.3	
~1x	per	week	 23	 38.3	
~1-3x	per	week	 4	 6.7	
>3x	per	week	 1	 1.7	
Total	 60	 100	
 
Table 5 presents the distribution of participants with previous exposure to the 
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Arthrosim™ or other virtual reality training simulators. Most (n=43, 71.7%) had no 

exposure while less than one third (n-17, 28.3%) had encountered a related simulator 

during surgical training. 

Table 5. Demographic data of participants for previous console/computer game 
experience. 
Previous	Simulator	

Experience	
Frequency	 Percent	(%)	

Yes	 17	 28.3	
No	 43	 71.7	
Total	 60	 100	

 
Table 6 is presented to demonstrate the success of the block randomization model in that 

every five participants switched from starting on one shoulder to the contralateral side. 

Fifty percent of participants started on the left and 50% on the right, in the aims of 

negating any bias from initial learning curve effects. 

Table 6. Data demonstrating number of participants starting on the left simulated 
shoulder or the right simulated shoulder. 
Initial	Shoulder	Scoped	 Frequency	 Percent	(%)	
Right	 30	 50	
Left	 30	 50	
Total	 60	 100	
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ii. Variables Descriptive Data: 
 
Table 7 presents a summary of the descriptive data for the variables analyzed with SPSS 

for all participants. 
Table 7. Descriptive Data for Variables – Mean, Standard Deviation (SD), and Range. Scores are 
reported in percentage range, times are reported in seconds 

Variable Mean SD Range 

WHQ Score 32.53 30.55 -53 - 72 

Procedures Observed 117 380.5 0 - 2400 

Procedures Performed 73 292.0 0 - 2000 

Right Biceps Tendon Score (%) 91.5 11.6 50-100 

Right Biceps Tendon Time (s) 17.02 15.93 3.81 – 104.38 

Left Biceps Tendon Score (%) 95.9 6.8 75-100 

Left Biceps Tendon Time (s) 16.71 10.158 3.47 –  44.98 

Right Superior Labrum Score (%) 87.5 11.7 25-100 

Right Superior Labrum Time (s) 16.91 11.17 5.71 – 67.93 

Left Superior Labrum Score (%) 94.7 9.3 67-100 

Left Superior Labrum Time (s) 14.56 8.66 2.42 – 50.28 

Right Rotator Cuff Score (%) 76.1 9.9 50-92 

Right Rotator Cuff Time (s) 39.52 16.73 10.59 – 91.57 

Left Rotator Cuff Score (%) 79.7 10.7 50-100 

Left Rotator Cuff Time (s) 38.98 17.28 14.96 – 102.26 

Right PosteroInferior Joint Score (%) 77.4 12 42-100 

Right PosteroInferior Joint Time (s) 26.95 14.67 5.40 – 75.47 

Left PosteroInferior Joint Score (%) 87.5 14.5 44-100 

Left PosteroInferior Joint Time(s) 27.26 14.30 8.80 – 68.79 

Right Axillary Recess Score (%) 86.1 7.4 67-100 

Right Axillary Recess Time(s) 9.85 6.910 1.86 – 39.14 

Left Axillary Recess Score (%) 97.7 5.7 83-100 

Left Axillary Recess Time(s) 9.96 8.09 2.76 – 46.11 

Right Articular Module Score (%) 83.8 90.7 45-100 

Right Articular Module Time(s) 31.18 13.28 14.94 – 73.64 
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Table 7 Continued. Descriptive Data for Variables – Mean, SD, and Range. Scores are 
reported in percentage range, times are reported in seconds 

Variable Mean SD Range 

Left Articular Module Score (%) 93.2 8.1 50-100 

Left Articular Module Time (s) 34.65 14.69 16.85 - 83.46 

Right Anterior Joint Score (%) 83.3 5 67-94 

Right Anterior Joint Time (s) 29.88 11.90 10.84 – 67.09 

Left Anterior Joint Score (%) 91.6 8.7 56-100 

Left Anterior Joint Time (s) 26.27 10.11 14.42 – 60.93 

Right Anterior Portal Score (%) 80.6 16 42-100 

Right Anterior Portal Time (s) 40.58 18.95 13.06 – 102.94 

Left Anterior Portal Score (%) 85.9 12 58-100 

Left Anterior Portal Time (s) 39.70 18.81 11.37 – 91.64 

Right Shoulder Diagnostic Score (%) 82.3 47.4 67-91 

Right Shoulder Diagnostic Time (s) 261.91 80.12 118.64 – 516.67 

Left Shoulder Diagnostic Score (%) 87.1 4.2 68=95 

Left Shoulder Diagnostic Time (s) 266.48 61.89 119.01 – 392.15 

Likert Score Rt Shoulder Rt Hand 4.30 2.07 1 – 9 

Likert Score Rt Shoulder Lt Hand 4.42 2.02 0 - 9 

Likert Score Lt Shoulder Rt Hand 4.18 2.36 0 – 10 

Likert Score Lt Shoulder Lt Hand 4.13 2.26 1 - 10 
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iii. Assessment of Data Normality – Shapiro-Wilk Test: 

 
Initially described in 1965, the Shapiro-Wilk test is a test of normality of the distribution 

of data; it utilizes the null hypothesis to assess if a sample of data comes from a normally 

distributed population43.  

Table 8 demonstrates the p-values for the Shapiro-Wilk test criterion for a normal 

distribution. Variables with p-values >0.05 are consistent with a normal distribution. 

Table 8. Shapiro-Wilk p-values for all measured variables 
Module Variable Shapiro-Wilk Test p-value 
Right Biceps Score <0.001 
Right Biceps Time <0.001 
Left Biceps Score <0.001 
Left Biceps Time <0.001 

Right Superior Labrum Score <0.001 
Right Superior Labrum Time <0.001 
Left Superior Labrum Score <0.001 
Left Superior Labrum Time <0.001 

Right Rotator Cuff Score 0.002 
Right Rotator Cuff Time 0.017 
Left Rotator Cuff Score 0.002 
Left Rotator Cuff Time 0.001 

Right Posteroinferior Joint Score <0.001 
Right Posteroinferior Joint Time <0.001 
Left Posteroinferior Joint Score <0.001 
Left Posteroinferior Joint Time <0.001 

Right Axillary Recess Score <0.001 
Right Axillary Recess Time <0.001 
Left Axillary Recess Score <0.001 
Left Axillary Recess Time <0.001 

Right Articular Surfaces Score <0.001 
Right Articular Surfaces Time <0.001 
Left Articular Surfaces Score <0.001 
Left Articular Surfaces Time <0.001 
Right Anterior Joint Score <0.001 
Right Anterior Joint Time <0.001 
Left Anterior Joint Score <0.001 
Left Anterior Joint Time 0.008 

Right Anterior Portal Score 0.001 
Right Anterior Portal Time <0.001 
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Table 8 Continued. Shapiro-Wilk p-values for all measured variables 
Module Variable Shapiro-Wilk Test p-value 

Left Anterior Portal Score <0.001 
Left Anterior Portal Time 0.001 

Right Shoulder Diagnostic Scope Score 0.182 
Right Shoulder Diagnostic Scope Time 0.007 
Left Shoulder Diagnostic Scope Score <0.001 
Left Shoulder Diagnostic Scope Time 0.300 

Likert Right Shoulder with Right Hand Scope 0.005 
Likert Right Shoulder with Left Hand Scope 0.237 
Likert Left Shoulder with Right Hand Scope 0.161 
Likert Left Shoulder with Left Hand Scope 0.030 

 
iv. Paired samples T-test of normally distributed variables against the paired variable: 

 
The four variables that demonstrated normal distributions were analyzed for significant 

differences against the paired variable in using a Paired Samples T-test. 

Table 9 demonstrates the results of comparing the means for the paired normally 

distributed variables for all participants. The only comparison to demonstrate a 

significant difference was the score between the complete diagnostic shoulder 

arthroscopy modules (p<0.001). Referring back to the descriptive data for these variables 

(Table 7), the direction of this difference indicated that the mean score for the Left 

shoulder diagnostic arthroscopy module is higher than the mean score for the Right 

shoulder diagnostic arthroscopy module (µL = 0.871 vs µR = 0.823). 

Table 9. Results for Paired Samples T-Test of normally distributed variables for all 
particpants (GH: Glenohumeral, LH: Left Hand, RH: Right Hand) 

 
Variable p-value 

GH Joint Score <0.01 
GH Joint Time 0.589 
Likert Score Right Shoulder with LH Scope 0.666 
Likert Score Left Shoulder with RH Scope 0.813 
 
v. Non-parametric analysis (Wilcoxon Sign Rank Test) for significant differences 
amongst non-normally distributed variables: 
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SPSS was used to determine if there was a significant difference between the right and 

left handed tasks via the Wilcoxon Sign Rank Test since the variables listed below did 

not satisfy the crucial assumption and requirement of parametric testing (i.e. normal 

distribution). 

Table 10 demonstrates the summary of results from the SPSS output for the Wilcoxon 

Signed Rank Test comparing matched pairs for Left and Right shoulder participant 

performance variables. 

Eight variables reached statistical significance using this non-parametric analysis: 

• Biceps Tendon Module Scores (p = 0.021) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

• Superior Labrum Module Scores (p < 0.001) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

• Postero-Inferior Joint Module Scores (p < 0.001) demonstrated a significant 

difference between sides favoring performance on the Left shoulder. 

• Axillary Recess Scores (p < 0.001) demonstrated a significant difference between 

sides favoring performance on the Left shoulder. 

• Articular Surfaces Module Scores (p < 0.001) demonstrated a significant 

difference between sides favoring performance on the Left shoulder. 

• Articular Surfaces Module Times (p = 0.039) demonstrated a significant 

difference between sides favoring performance on the Left shoulder. 

• Anterior Joint Module Scores (p < 0.01) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 
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• Anterior Portal Module Scores (p = 0.04) demonstrated a significant difference 

between sides favoring performance on the Right shoulder. 

• Complete Diagnostic Arthroscopy Module Scores (p < 0.01) demonstrated a 

significant difference between sides favoring performance on the Left shoulder. 

Table 10. P-values from Wilcoxon Sign Rank Test for paired variables.*Based on 
negative ranks.**Based on positive ranks (GH – Glenohumeral Joint) 

Variable p-value 

Biceps Score* 0.021 
Biceps Time 0.863 

Sup Labrum Score* <0.001 

Sup Lab time 0.173 
Rotator Cuff Score 0.055 

Rotator Cuff Time 0.735 
PIJ Score* <0.001 

PIJ Time 0.971 
Axillary Recess Score* <0.001 

Axillary Recess Time 0.927 

Articular Score* <0.001 
Articular Time* 0.039 

Ant Joint Score* <0.001 
Anterior Joint Time 0.688 

Anterior Portal Score** 0.040 
Ant Portal Time 0.883 

GH Joint Score* <0.001 

GH Joint Time 0.354 
Likert Rt Hand 0.102 

Likert Lt Hand 0.264 
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Chapter	5	-	Analysis	of	Results	Stratified	By	Hand	Dominance	–	
Right	Hand	Dominant	Cohort	
	
i. Demographic Data of Right Hand Dominant Cohort (n=51): 

Table 11 demonstrates that the majority of the self-identified Right Hand Dominant 

participants were students (n=24, 47.1%). There were n=20 residents (39.2%) comprised 

of seven PGY1’s (13.7%), four PGY2’s (7.8%), three PGY3’s (5.9%), two PGY4’s 

(3.9%), and four PGY5’s (7.8%). Both of the fellows who participated were Right Hand 

Dominant (3.9%), as well as all five of the attending surgeons (9.8%). 

Table 11. Training level distribution of Right Hand Dominant participants. (PGY = Post-
graduate year of residency training) 

Training	Level	 Frequency	 Percent	(%)	
Student	 24	 47.1	
PGY	1	 7	 13.7	
PGY	2	 4	 7.8	
PGY	3	 3	 5.9	
PGY	4	 2	 3.9	
PGY	5	 4	 7.8	
Fellow	 2	 3.9	
Attending	 5	 9.8	
Total	 51	 100	

 
Table 12 presents the distribution of males and females in the Right Hand Dominant 

cohort. There were 36 males (70.6%) and 15 females (29.4%). 

Table 12.  Gender demographics of Right Hand Dominant cohort (n=51) 
Gender	 Frequency	 Percent	(%)	

Male	 36	 70.6	
Female	 15	 29.4	
Total	 51	 100	

 
Table 13 demonstrates the previous console/computer game experience of the Right 

Hand Dominant participants. Most (n=27, 52.9%) had no prior console/computer game 

experience, over one third (n=20, 39.2%) played console/computer games approximately 
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once per week, only four participants (7.9%) played console/computer games more than 

once a week on average. 

Table 13. Demographic data of Right Hand Dominant participants for previous 
console/computer game experience. 

Computer/Console	
Game	Experience	

Frequency	 Percent	(%)	

None	 27	 52.9	
~1x	per	week	 20	 39.2	
~1-3x	per	week	 3	 5.9	
>3x	per	week	 1	 2.0	
Total	 51	 100	
 

Table 14 presents the distribution of Right Hand Dominant participants with previous 

exposure to the Arthrosim™ or other virtual reality training simulators. Most (n=37, 

72.5%) had no exposure while fourteen participants (27.5%) had encountered a related 

simulator in their surgical training. 

Table 14. Demographic data of Right Hand Dominant participants for previous virtual 
reality simulator experience. 
Previous	Simulator	

Experience	
Frequency	 Percent	(%)	

Yes	 14	 27.5	
No	 37	 72.5	
Total	 51	 100	
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ii. Descriptive Data for Variables - Right Hand Dominant Cohort: 

 
Variable Mean SD Range 

WHQ Score 44.22 12.107 9 – 72 

Procedures Observed 122 409 0 - 2400 

Procedures Performed 82 316 0 - 2000 

Right Biceps Tendon Score (%) 92.7 10.8 50-100 

Right Biceps Tendon Time 17.24 16.97 3.81 – 104.38 

Left Biceps Tendon Score(%) 95.4 7.1 75-100 

Left Biceps Tendon Time 17.12 10.35 3.47 – 44.98 

Right Superior Labrum Score(%) 88.1 8.9 58-100 

Right Superior Labrum Time 17.41 11.89 5.71 – 67.93 

Left Superior Labrum Score(%) 94.8 9.1 67-100 

Left Superior Labrum Time 13.81 7.65 2.42 – 33.74 

Right Rotator Cuff Score(%) 76.2 10.4 50-92 

Right Rotator Cuff Time 40.76 16.80 10.59 – 91.67 

Left Rotator Cuff Score(%) 80.4 11 50-100 

Left Rotator Cuff Time 39.19 18.14 14.96 – 102.26 

Right PosteroInferior Joint Score(%) 77.7 12.5 42-100 

Right PosteroInferior Joint Time 26.91 15.53 5.40 – 75.47 

Left PosteroInferior Joint Score(%) 90.4 11.2 67-100 

Left PosteroInferior Joint Time 27.62 14.71 10.02 – 68.79 

Right Axillary Recess Score(%) 85.8 7.5 67-100 

Right Axillary Recess Time 10.06 6.90 1.86 – 39.14 

Left Axillary Recess Score(%) 97.7 5.8 83-100 

Left Axillary Recess Time 10.24 8.59 2.76 – 46.11 

Right Articular Module Score(%) 84 9.1 45-100 

Right Articular Module Time 30.89 13.56 14.94 – 73.64 

Table 15. Variables descriptive Data from Right Hand Dominant Cohort – Mean, StdDev, 

and Range. Scores are reported in percentage range, times are reported in seconds. 
 



	 47	

Variable Mean SD Range 

Left Articular Module Score(%) 93.6 8.5 50-100 

Left Articular Module Time 33.70 14.43 16.85 – 83.46 

Right Anterior Joint Score(%) 82.7 5.1 67-94 

Right Anterior Joint Time 30.01 12.56 10.84 – 67.09 

Left Anterior Joint Score(%) 92.4 7.6 67-100 

Left Anterior Joint Time 28.84 10.25 14.42 – 60.93 

Right Anterior Portal Score(%) 80.3 15.7 42-100 

Right Anterior Portal Time 41.37 20.27 13.06 – 102.94 

Left Anterior Portal Score(%) 86.9 11.1 63-100 

Left Anterior Portal Time 39.54 19.69 11.37 – 91.64 

Right Shoulder Diagnostic Score(%) 82.3 4.8 67-91 

Right Shoulder Diagnostic Time 262.72 82.05 118.64 – 516.67 

Left Shoulder Diagnostic Score(%) 87.6 3.3 80-95 

Left Shoulder Diagnostic Time 263.99 62.10 119.01 – 392.15 

Likert Score Rt Shoulder Rt Hand 4.33 2.19 1 – 9 

Likert Score Rt Shoulder Lt Hand 4.59 2.02 0 – 9 

Likert Score Lt Shoulder Rt Hand 4.95 2.48 0 – 10 

Likert Score Lt Shoulder Lt Hand 4.84 2.37 1 – 10 

Table 15 Continued. Variables descriptive Data from Right Hand Dominant Cohort – 
Mean, SD, and Range. Scores are reported in percentage range, times are reported in 
seconds. 
 
Table 15 represents a summary of the descriptive data for all variables in the Right Hand 

Dominant Cohort. 
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iii: Analysis of Right Hand Dominant Cohort for Normality 

 

The self-identified Right Hand Dominant cohort was tested for normality with the 

Shapiro-Wilk test. From this cohort, five variables demonstrated a distribution consistent 

with normal (p > 0.05): Right Shoulder Diagnostic Scope Score (p = 0.253), Left 

Shoulder Diagnostic Scope Score (p = 0.549), Left Shoulder Diagnostic Scope Time (p = 

0.75), Likert Scale for Difficulty for the Right Shoulder while holding the arthroscope in 

the Left hand (p = 0.318), and Likert Scale for Difficulty for the Left Shoulder while 

holding the arthroscope in the Right hand. 

Table 16. Shapiro-Wilk test p-values for all variables from Right Hand Dominant Cohort 
Module Variable Shapiro-Wilk Test p-value 
Right Biceps Score <0.001 
Right Biceps Time <0.001 
Left Biceps Score <0.001 
Left Biceps Time <0.001 

Right Superior Labrum Score <0.001 
Right Superior Labrum Time <0.001 
Left Superior Labrum Score <0.001 
Left Superior Labrum Time 0.04 

Right Rotator Cuff Score 0.04 
Right Rotator Cuff Time 0.48 
Left Rotator Cuff Score 0.02 
Left Rotator Cuff Time 0.02 

Right Posteroinferior Joint Score 0.01 
Right Posteroinferior Joint Time <0.001 
Left Posteroinferior Joint Score <0.001 
Left Posteroinferior Joint Time <0.001 

Right Axillary Recess Score <0.001 
Right Axillary Recess Time <0.001 
Left Axillary Recess Score <0.001 
Left Axillary Recess Time <0.001 

Right Articular Surfaces Score <0.001 
Right Articular Surfaces Time <0.001 
Left Articular Surfaces Score <0.001 
Left Articular Surfaces Time <0.001 
Right Anterior Joint Score <0.001 
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Table 16 Continued. Shapiro-Wilk test p-values for all variables from Right Hand 
Dominant Cohort 

Module Variable Shapiro-Wilk Test p-value 
Right Anterior Joint Time 0.023 
Left Anterior Joint Score 0.03 
Left Anterior Joint Time <0.001 

Right Anterior Portal Score 0.001 
Right Anterior Portal Time 0.001 

Right Shoulder Diagnostic Scope Score 0.253 
Right Shoulder Diagnostic Scope Time 0.012 
Left Shoulder Diagnostic Scope Score 0.549 
Left Shoulder Diagnostic Scope Time 0.750 

Likert Right Shoulder with Right Hand Scope 0.008 
Likert Right Shoulder with Left Hand Scope 0.318 
Likert Left Shoulder with Right Hand Scope 0.109 
Likert Left Shoulder with Left Hand Scope 0.044 

 

iv. Parametric (Paired T-test) analysis for significant differences amongst normally 

distributed variables for the Right Hand Dominant Cohort: 

Table 17. demonstrates the results of the parametric analysis for those variables that were 

normally distributed amongst the Right hand dominant (n=51) cohort. Only one paired 

variable – Overall diagnostic shoulder arthroscopy score – demonstrated a statistically 

significant difference (p<0.01). Examining the mean scores from the descriptive data 

(Table 15), the results of the analysis favor performance on the left shoulder. 

Table 17. Results for paired samples t-test for significant differences, Right Hand 
Dominant cohort. 

Variable p-value 
Right Glenohumeral Score <0.001 
Right Glenohumeral Time 0.889 
Likert Score Right Shoulder RH Scope 0.063 
Likert Score Right Shoulder LH Scope 0.423 
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v. Non-parametric analysis (Wilcoxon Sign Rank Test) for significant differences 

amongst non-normally distributed variables for the Right Hand Dominant Cohort: 

 

Using SPSS all of the paired variables were compared to determine if there was a 

significant difference between the right and left handed tasks amongst the Right Hand 

Dominant cohort only (n=51) via the Wilcoxon Sign Rank Test. 

Table 18 demonstrates the summary of results from the SPSS output for the Wilcoxon 

Signed Rank Test comparing matched pairs for Left and Right shoulder participant 

performance variables amongst the Right Hand Dominant cohort (n = 51). 

Table 18. p-Values from Wilcoxon Sign Rank Test for paired variables.*Based on 
negative ranks.**Based on positive ranks 

Variable p-value 
Biceps Score  0.188 
Biceps Time 0.782 

Sup Lab Score* 0.002 
Sup Lab time* 0.040 

Rotator Cuff Score* 0.046 
Rotator Cuff Time 0.420 

PIJ Score <0.001 
PIJ Time 0.786 

Axillary Recess Score* <0.001 
Axillary Recess Time 0.963 

  Articular Score* <0.005 
Articular Time 0.206 
Ant Joint Score <0.001 
Ant Joint Time 0.936 

Ant Portal Score** 0.018 
Ant Portal Time 0.694 
GH Joint Score* <0.001 
GH Joint Time 0.593 
Likert Rt Hand 0.063 
Likert Lt Hand 0.482 
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Eight variables reached statistical significance using this non-parametric analysis: 

• Superior Labrum Module Scores (p = 0.002) demonstrated a difference between 

sides favoring performance on the Left shoulder. 

• Superior Labrum Module Time (p = 0.040) demonstrated a difference between 

sides favoring performance on the Left shoulder. 

• Rotator Cuff Module Scores (p = 0.046) demonstrated a difference between sides 

favoring performance on the Left shoulder. 

• Axillary Recess Module Scores (p < 0.001) demonstrated a difference between 

sides favoring performance on the Left shoulder. 

• Articular Surfaces Module Scores (p = 0.039) demonstrated a difference between 

sides favoring performance on the Left shoulder. 

• Anterior Joint Module Scores (p < 0.01) demonstrated a difference between sides 

favoring performance on the Left shoulder. 

• Anterior Portal Module Scores (p = 0.018) demonstrated a difference between 

sides favoring performance on the Right shoulder. 

• Complete Diagnostic Arthroscopy Module Scores (p < 0.01) demonstrated a 

difference between sides favoring performance on the Left shoulder. 
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Chapter	6	-	Analysis	of	Results	Stratified	By	Hand	Dominance	–	
Left	Hand	Dominant	Cohort	
	
i. Left Handed Cohort Demographic Data (n=9). 

Table 19 demonstrates that of the nine self-identified left hand dominant participants, 

four were students (44.4%), and five were residents (43.6%) of all levels of training 

excluding PGY3 

Table 19. Training level distribution of left hand dominant participants. (PGY = Post-
graduate year of residency training) 

Training	Level	 Frequency	 Percent	(%)	
Student	 4	 44.4	
PGY	1	 1	 11.1	
PGY	2	 1	 11.1	
PGY	4	 2	 22.2	
PGY	5	 1	 11.1	
Total	 9	 100	
 

Table 20 shows the gender distribution of the left hand dominant participants (n = 9); 

88.9% were male (n = 8 and 11.1% female (n = 1).  
 
Table 20. Gender distribution of left hand dominant participants. 

Gender	 Frequency	 Percent	(%)	
Male	 8	 88.9	
Female	 1	 11.1	
Total	 9	 100	
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Table 21 shows that most (55.6%) of the left hand dominant cohort did not play 

console/computer games, while three (33.3%) played games once per week, and one 

played at least once per week (11.1%). 

Table 21. Demographic data of left hand dominant participants for previous 
console/computer game experience. 

Computer/Console	
Game	Experience	

Frequency	 Percent	(%)	

None	 5	 55.6	
~1x	per	week	 3	 33.3	
~1-3x	per	week	 1	 11.1	
>3x	per	week	 0	 0	
Total	 9	 100	
 
Table 22 shows that most left hand dominant participants (66.7%) had no previous 

experience with virtual reality surgical simulators, while three (33.3%) had a previous 

encounter. 

Table 22. Demographic data of left hand dominant participants for previous experience 
with virtual reality surgical simulators. 
Previous	Simulator	

Experience	
Frequency	 Percent	(%)	

Yes	 3	 33.3	
No	 6	 66.7	
Total	 9	 100	
 
Table 23 shows that the block randomization design of the study was also effective for 

the left hand dominant cohort in that four and five participants began the simulation with 

the right and left shoulder respectively to minimize effects of learning curve bias. 

Table 23. Distribution of left hand dominant participants starting the simulation on the 
right or left shoulder. 
Initial	Shoulder	Scoped	 Frequency	 Percent	(%)	
Right	 4	 44.4	
Left	 5	 55.6	
Total	 9	 100	
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ii. Descriptive Data for Variables - Left Hand Dominant Cohort: 

Table 24. Variables descriptive Data from the Left Hand Dominant Cohort – Mean, SD, 
and Range. Scores are reported in percentage range, times are reported in seconds 

Variable Mean SD Range 

WHQ Score -33.67 12.913 -53 - -17 

Procedures Observed 85 142 0 - 400 

Procedures Performed 20 35 0 - 100 

Right Biceps Tendon Score (%) 84.5 14.1 61-100 

Right Biceps Tendon Time (s) 15.77 8.36 5.90 – 31.34 

Left Biceps Tendon Score (%) 99.1 2.8 92-100 

Left Biceps Tendon Time (s) 14.43 9.20 6.82 – 37.34 

Right Superior Labrum Score (%) 84 22.3 25-94 

Right Superior Labrum Time (s) 14.00 5.095 5.96 – 24.04 

Left Superior Labrum Score (%) 94.4 11 75-100 

Left Superior Labrum Time (s) 18.90 12.76 6.17 – 50.28 

Right Rotator Cuff Score (%) 75.7 6.5 67-83 

Right Rotator Cuff Time (s) 32.45 15.26 13.75 – 66.39 

Left Rotator Cuff Score (%) 76.1 8.6 58-83 

Left Rotator Cuff Time (s) 37.78 11.99 20.40 – 54.28 

Right PosteroInferior Joint Score (%) 75.6 9.5 56-83 

Right PosteroInferior Joint Time (s) 27.23 8.88 10.75 – 38.76 

Left PosteroInferior Joint Score (%) 70 19.2 44-92 

Left PosteroInferior Joint Time (s) 25.23 12.23 8.80 – 48.66 

Right Axillary Recess Score (%) 87.6 7.2 83-100 

Right Axillary Recess Time (s) 8.67 7.29 4.66 – 27.46 

Left Axillary Recess Score (%) 98.1 5.6 83-100 

Left Axillary Recess Time (s) 8.39 4.15 3.07 – 14.9 

Right Articular Module Score (%) 83.3 9.7 65-100 

Right Articular Module Time (s) 32.85 12.16 19.52 -53.81 

Left Articular Module Score (%) 91 5.3 83-98 
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Table 24 Continued. Variables descriptive Data from the Left Hand Dominant Cohort – 
Mean, StdDev, and Range. Scores are reported in percentage range, times are reported in 
seconds 
Variable Mean Std Dev Range 

Left Articular Module Time (s) 40.04 15.94 22.52 – 63.96 

Right Anterior Joint Score (%) 86.4 3 83-89 

Right Anterior Joint Time (s) 29.16 7.58 20.95 – 46.99 

Left Anterior Joint Score (%) 86.7 12.5 56-100 

Left Anterior Joint Time (s) 31.67 9.46 19.75 – 54.01 

Right Anterior Portal Score (%) 82 18.8 50-100 

Right Anterior Portal Time (s) 36.11 7.35 21.05 – 47.53 

Left Anterior Portal Score (%) 80 15.6 58-100 

Left Anterior Portal Time (s) 40.60 13.56 19.79 – 54.81 

Right Shoulder Diagnostic Score (%) 82.6 4.6 73-89 

Right Shoulder Diagnostic Time (s) 257.35 72.36 153.33 – 389.28 

Left Shoulder Diagnostic Score (%) 84.3 7.2 68-92 

Left Shoulder Diagnostic Time (s) 280.59 62.33 158.71 – 336.27 

Likert Score Rt Shoulder Rt Hand 4.11 1.364 2 - 7 

Likert Score Rt Shoulder Lt Hand 3.44 1.810 1 - 6 

Likert Score Lt Shoulder Rt Hand 3.89 1.269 2 - 5 

Likert Score Lt Shoulder Lt Hand 4.00 1.414 2 - 7 
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iii. Non-parametric analysis (Wilcoxon Sign Rank Test) for significant differences 

amongst non-normally distributed variables for the Left Hand Dominant Cohort: 

 

Due to the small sample size of the left hand dominant cohort (n = 9), it was 

recommended to use non-parametric statistical analysis to draw broad comparisons42
.  As 

it is not indicated to use the Shapiro-Wilk test for normality of distribution due to low 

sample size, the author presents the results of the Wilcoxon Sign Rank Test for the left 

hand dominant cohort. Table 24 demonstrates the results of the Wilcoxon Sign Rank Test 

analysis of the left hand dominant cohort participants.  

Despite the small sample size four variables demonstrated significant differences for left 

and right shoulder tasks: 

• Biceps Tendon Module Scores (p = 0.027) demonstrated a difference between 

sides favoring performance on the Right shoulder. 

• Axillary Recess Score  (p = 0.020) demonstrated a difference between sides 

favoring performance on the Right shoulder. 

• Articular Surfaces Module Score (p = 0.05) demonstrated a difference between 

sides favoring performance on the Right shoulder. 

• Articular Surfaces Module Time (p < 0.001) demonstrated a difference between 

sides favoring performance on the Right shoulder. 
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Table 25. p-Values from Wilcoxon Sign Rank Test for paired variables from Left Handed 
Cohort.**Based on positive ranks. 

Variable p-value 
Biceps Score**  0.027 

Biceps Time 0.767 
Sup Lab Score 0.072 
Sup Lab time 0.086 

Rotator Cuff Score 0.944 
Rotator Cuff Time 0.260 

PIJ Score 0.481 
PIJ Time 0.314 

Axillary Recess Score** 0.020 
Axillary Recess Time 0.515 

Articular Score** 0.05 
Articular Time** 0.015 
Ant Joint Score 0.496 
Ant Joint Time 0.086 

Ant Portal Score 0.528 
Ant Portal Time 0.173 
GH Joint Score 0.373 
GH Joint Time 0.314 
Likert Rt Hand 0.719 
Likert Lt Hand 0.163 

 

For all tasks that achieved significant differences in this non-parametric analysis (Biceps 

Tendon Module Score, Axillary Recess Module Score, Articular Surfaces Module Score, 

and Articular Surfaces Module Time), the results demonstrated that there was better 

performance when the simulated arthroscope was held with the dominant left hand, 

whilst the probe was held with the non-dominant hand. All tasks required use of the 

probing tool with the exception of the axillary recess module. 
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Chapter	7	-	Analysis	of	Attending	Surgeon	Cohort	Results		
 

The author was interested to determine if the significant differences in some of the 

variables as described in the previous chapters persisted for the attending surgeon cohort 

alone. To determine this, the attending surgeon cohort data was analyzed as an individual 

dataset: 

i. Attending Surgeon Cohort Demographic Data (n=5). 

Table 26 demonstrates that the attending surgeon cohort was comprised of four males 

(80%), and one female (20%) participant. 

Table 26. Gender Distribution of Attending Surgeon Cohort 
Gender	 Frequency	 Percent	(%)	

Male	 4	 80	
Female	 1	 20	
Total	 5	 100	
 

Table 27 presents the demographic results for the attending surgeon cohort for 

computer/console gaming experience. Only two (40%) of the five participants played 

video games approximately once per week. 

Table 27. Computer/Console experience amongst the attending surgeon cohort 
Computer/Console	
Game	Experience	

Frequency	 Percent	(%)	

None	 3	 60	
~1x	per	week	 2	 40	
Total	 5	 100	
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Table 28 show that only one of the five attending surgeon participants had previously 

used a virtual reality surgical training simulator. In this case the participant had used the 

Arthrosim™ at the Pan Am clinic for a simulated diagnostic knee arthroscopy 

Table 28. Frequency of participants with previous surgical simulator experience amongst 
attending surgeon cohort. 
Previous	Simulator	

Experience	
Frequency	 Percent	(%)	

Yes	 1	 20	
No	 4	 80	
Total	 5	 100	
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ii. Attending Surgeon Cohort Variables Descriptive Data 

Table 29. Variables descriptive Data from the Attending Surgeon Cohort – Mean, SD, 
and Range. Scores reported in percentage range, times reported in seconds 

Variable Mean SD Range 

WHQ Score 41.20 10.208 29 - 53 

Procedures Observed 1040 956 100 - 2400 

Procedures Performed 770 768 100 - 2000 

Right Biceps Tendon Score (%) 96.7 4.5 92-100 

Right Biceps Tendon Time 13.42 9.95 3.81 – 29.49 

Left Biceps Tendon Score (%) 95 4.6 92-100 

Left Biceps Tendon Time 11.12 3.15 8.05 – 14.83 

Right Superior Labrum Score (%) 92 0 92-92 

Right Superior Labrum Time 10.21 3.120 5.71 – 12.79 

Left Superior Labrum Score (%) .85 13.7 75-100 

Left Superior Labrum Time 10.37 3.77 7.27 – 16.86 

Right Rotator Cuff Score (%) 75 8.3 67-83 

Right Rotator Cuff Time 30.32 15.07 14.85 – 55.52 

Left Rotator Cuff Score (%) 73.3 16 50-92 

Left Rotator Cuff Time 28.50 11.15 17.00 – 44.34 

Right PosteroInferior Joint Score 

(%) 
83.3 5.9 75-92 

Right PosteroInferior Joint Time 12.25 4.53 7.39 – 18.04 

Left PosteroInferior Joint Score 

(%) 
90 13.7 75-100 

Left PosteroInferior Joint Time 17.36 6.74 12.55 – 27.80 

Right Axillary Recess Score (%) 86.6 7.5 83-100 

Right Axillary Recess Time 7.38 5.98 3.87 – 17.91 

Left Axillary Recess Score (%) 96.7 7.5 83-100 

Left Axillary Recess Time 5.79 2.69 2.92 – 8.66 

Right Articular Module Score (%) 78 18.7 45-90 
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Table 29 Contd. Variables descriptive Data from the Attending Surgeon Cohort – Mean, 
SD, and Range. Scores reported in percentage range, times reported in seconds 
Variable Mean SD Range 

Right Articular Module Time 20.48 3.92 15.62 – 26.48 

Left Articular Module Score (%) 94.5 5.7 88-100 

Left Articular Module Time (s) 20.37 2.36 17.39 – 23.70 

Right Anterior Joint Score (%) 76.7 7.2 67-83 

Right Anterior Joint Time (s) 20.78 4.94 15.22 – 27.92 

Left Anterior Joint Score (%) 95.5 4.7 89-100 

Left Anterior Joint Time (s) 24.26 5.07 19.10 – 31.81 

Right Anterior Portal Score (%) 89.2 9.6 75-100 

Right Anterior Portal Time (s) 25.52 6.46 15.46 – 33.13 

Left Anterior Portal Score (%) 86.7 13.6 71-100 

Left Anterior Portal Time (s) 25.50 6.80 16.40 – 32.26 

Right Shoulder Diagnostic Score (%) 83.7 5 77-91 

Right Shoulder Diagnostic Time (s) 171.63 33.28 145.57 – 213.25 

Left Shoulder Diagnostic Score (%) 86.7 1.6 84-89 

Left Shoulder Diagnostic Time (s) 191.86 51.62 148.78 – 274.57 

Likert Score Rt Shoulder Rt Hand 2.60 2.608 1 – 7 

LikertScore Rt Shoulder Lt Hand 3.60 2.793 1 – 7 

Likert Score Lt Shoulder Rt Hand 3.00 2.345 1 – 7 

Likert Score Lt Shoulder Lt Hand 2.60 2.074 1 - 6 
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iii. Analysis of significant differences between right and left shoulder variables: 

 

After examining the data for significant differences between left and right shoulder tasks 

amongst the attending surgeon cohort, the SPSS output for the Wilcoxon Sign Rank test 

demonstrated that none of the variables demonstrated a p-value of less than 0.05. This 

indicates that amongst the attending surgeon cohort, there does not appear to be an 

appreciable difference in either the module scores nor time to completion when the 

participants performed simulated arthroscopies on either shoulder. This result should be 

interpreted with some caution however due to the low sample size of the attending 

surgeon cohort – it is possible that a difference does exist but the test is underpowered to 

detect a difference. 
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Chapter	8	–	Analysis	of	Waterloo	Handedness	Questionnaire	
Scores	
The author also examined the normality of the WHQ score distributions for both the 

Right and Left Hand Dominant cohorts: 

 
Figure 2. Histogram demonstrating distribution of WHQ scores amongst Right Hand 

Dominant Cohort 
 

 
Figure 3. Histogram demonstrating distribution of WHQ scores amongst Left Hand 

Dominant Cohort 
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Both the right and left hand dominant cohorts demonstrated a distribution of WHQ scores 

(i.e. degree of dexterity) that approximates a normal distribution (Shapiro-Wilk test of 

normality p>0.05 for both distributions). This allows the author to infer that the study 

population is representative of the general population in terms of functional laterality, 

lending support to the overall results and applicability of the analysis. 
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Chapter	9	–	Discussion	
The results of the analysis showed that for the entire cohort, there was a higher overall 

score amongst participants when they completed the left shoulder – the majority of the 

time (except for the anterior portal tasks) the arthroscope was held in the right hand while 

the probe was in the left. 

The results of the data analysis demonstrate that there were significant differences in 

performing simulated diagnostic arthroscopic tasks on a right versus left shoulder 

amongst all participants. Also, there were significant differences with these outcome 

measures when participants were stratified by functional laterality. There were no 

significant differences in performance amongst the attending surgeon cohort. 

Interpreting the results of the data analysis for the entire cohort (n=60) for significant 

performance differences, the author determined eight variables reached statistical 

significance with the non-parametric analysis (Table 9), and one variable that satisfied 

the requirements for parametric analysis achieved significant difference (this variable 

overlapped with the non-parametric analysis for significant difference). 

To better understand what these differences mean, it is useful to review the assumptions 

behind the Wilcoxon Sign Rank Test. 

The Wilcoxon Sign Rank is a test that examines a null hypothesis that within pairs (i.e. 

performance on a right shoulder task paired with performance on the equivalent left 

shoulder task), there will be no systematic difference against the alternative hypothesis 

that there is a systematic difference. The ‘difference’ measured by this non-parametric 

test utilizes the sum of the ranks of positive/negative differences when they are ranked by 

absolute values of those differences. It is a useful test for non-normally distributed data 

because it does not utilize comparison of the mean values for each variable, but rather the 
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differences in the rank of the median value, eliminating the influence of skewed data 

distribution or kurtosis42. 

At this point it is useful to remember the hypothesis being tested in this study: 

1) There will be no significant difference in subjective or objective outcome 

measures in performing simulated diagnostic arthroscopic tasks on a right 

shoulder or a left shoulder amongst all participants. 

2) There will be no significant difference in subjective or objective outcome 

measures in performing simulated diagnostic arthroscopic tasks on a right 

shoulder or a left shoulder amongst all participants when stratified by functional 

laterality. 

3) There will be no significant difference in subjective or objective outcome 

measures in performing simulated diagnostic arthroscopic tasks on a right 

shoulder or a left shoulder amongst all participants when stratified by training 

level. 

 

The variables that demonstrated significant differences for the entire cohort can be 

examined individually for performance amongst participants on a left versus a right 

shoulder: 

1. Biceps Tendon Module Scores (p = 0.021) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

The biceps tendon module consisted of two component tasks – to visualize the tendon 

with the arthroscope, and to probe it from a superior to inferior direction. The analysis 

demonstrated that there was significantly better performance on average when 
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participants were completing the simulated left shoulder. This entails that the 

arthroscope was held with their right hand, and the probe was held with the left.  

 

2. Superior Labrum Module Scores (p < 0.001) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

The superior labrum module involves both visualizing the appropriate anatomic 

structures in the simulated shoulder, and probing certain points with a sufficient 

amount of force. The results from the overall analysis show that on the left shoulder 

(with the arthroscope in the right hand and the probe in the left) the scores amongst 

the entire cohort were significantly better. 

  

3. Postero-Inferior Joint Module Scores (p < 0.001) demonstrated a significant 

difference between sides favoring performance on the Left shoulder. 

The postero-inferior joint module again involves visualizing the appropriate field and 

probing the structures with sufficient force. The analysis again demonstrates that with 

the arthroscope in the right hand and the probe in the left while simulating the left 

shoulder there was a significantly higher score amongst all participants. 

 

4. Axillary Recess Scores (p < 0.001) demonstrated a significant difference between 

sides favoring performance on the Left shoulder. 

The Axillary recess module does not involve any probe activity, rather the participant 

is instructed to visualize both the anterior and posterior portions of the axillary recess. 

To obtain a higher score, a more complete visualization needed to be acquired – the 
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results indicate that this occurred significantly more frequently when the participant 

was holding the arthroscope with their right hand while visualizing the axillary recess 

of the left shoulder. 

 

5. Articular Surfaces Module Scores (p < 0.001) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

The articular surfaces module involved both visualization of the appropriate 

structures, and the most probing tasks of all the modules requiring the participant to 

probe four separate points of the glenoid as well as the humeral head. Participants 

reported that this module seemed to be the most satisfying in terms of the haptic 

feedback provided by the Arthrosim™.  

The results demonstrate again that there were significantly better scores on the left 

shoulder with the right hand holding the arthroscope and the left hand holding the 

probe for the entire cohort. 

 

6. Articular Surfaces Module Times (p = 0.039) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

The articular surface module time variable was the first temporal variable to 

demonstrate a significant performance difference between the left and right shoulder. 

According to the analysis of all participants, the left shoulder module took 

significantly less time to complete while holding the arthroscope in their right hand 

and the probe in their left. 
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7. Anterior Joint Module Scores (p < 0.01) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

The anterior joint module involved the participant visualizing an appropriate field and 

probing three separate structures with sufficient force. Again the analysis of the entire 

group of participants yielded the result that there were significantly better scores 

overall on the left shoulder with the arthroscope in the right hand and the probe in the 

left. 

 

8. Anterior Portal Module Scores (p = 0.04) demonstrated a significant difference 

between sides favoring performance on the Right shoulder. 

The anterior portal module involved the participant having to switch the arthroscope 

from the posterior portal to the anterior portal, necessitating that the participant hold 

the arthroscope and probe in the opposite hand than they had been doing for the 

previous modules. Most participants, with the exception of the attending surgeon 

cohort, stated subjectively that they experienced an initial sensation of disorientation 

or confusion upon switching hands. There was a significantly higher score on the 

right shoulder for this module – this may be attributable to how in the anterior portal 

module, the right shoulder necessitates the participant holding the arthroscope with 

their right hand and the probe with their left. 

 

9. Complete Diagnostic Arthroscopy Module Scores (p<0.01) demonstrated a 

significant difference between sides favoring performance on the Left shoulder. 
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The complete diagnostic arthroscopy was the last of the modules, and synthesized all 

of the previous modules into one complete task. The participant was expected to 

visualize and/or probe all of the relevant structures from the previous modules. The 

tasks did not need to be repeated in any specific order, as long as the participant 

visualized and probed the appropriate areas they would receive a higher score. This 

module would be the closest approximation to what a real-world shoulder arthroscopy 

would be like in that the module was uninterrupted, giving the participant the leeway 

to proceed through the simulated procedure in the manner they felt most comfortable 

with.  

For the entire cohort the results of the analysis demonstrated there was a higher 

overall score amongst participants when they completed the left shoulder – the 

majority of the time (except for the anterior portal tasks) the arthroscope was held in 

the right hand while the probe was in the left. 

 

One of the hypotheses tested was that there will be no significant difference in subjective 

or objective outcome measures in performing simulated diagnostic arthroscopic tasks on 

a right shoulder or a left shoulder amongst all participants when stratified by functional 

laterality. 

The results of the analysis when the study group was stratified by Right Hand Dominant 

individuals reflect a similar trend amongst variables that demonstrated significant 

differences. In total there were eight variables that showed a Wilcoxon Sign Rank test p-

value of <0.05: 

 



	 71	

1. Superior Labrum Module Scores (p = 0.002) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

As described above in the results for the overall cohort, the superior module scores 

were better amongst the Right Hand Dominant participants on the simulated left 

shoulder. 

 

2. Superior Labrum Module Time (p = 0.040) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

This module was the first amongst the Right Hand Dominant cohort to demonstrate a 

significant difference in time to completion. When the participants held the 

arthroscope in their right hand and the probe in their left while completing the 

simulated left shoulder, they finished this module significantly faster than the 

contralateral shoulder.  

 

3. Rotator Cuff Module Scores (p = 0.046) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

The rotator cuff module is one of the two modules that do not involve any work with 

the probe. When the Right Hand Dominant cohort was holding the arthroscope with 

their right hand whilst visualizing the left shoulder rotator cuff they scored 

significantly higher versus the contralateral side. 

 

4. Axillary Recess Module Scores (p<0.001) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 
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As described above in the overall cohort results and discussion, the Right Hand 

Dominant cohort scored significantly higher for the left shoulder tasks in this module 

while holding the arthroscope in their dominant hand. 

 

5. Articular Surfaces Module Scores (p=0.039) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

As described in the previous section of the discussion, the left shoulder scores for this 

module were significantly higher for the Right Hand Dominant cohort when holding 

the arthroscope in their right hand and the probe in their left. 

 

6. Anterior Joint Module Scores (p < 0.01) demonstrated a significant difference 

between sides favoring performance on the Left shoulder. 

The significant difference in scores for the overall cohort analysis followed through 

for the Right Hand Dominant cohort for this module, they scored significantly higher 

while performing these tasks on the left shoulder with the arthroscope in their right 

hand and probe in their left. 

 

7. Anterior Portal Module Scores (p=0.018) demonstrated a significant difference 

between sides favoring performance on the Right shoulder. 

For the Right Hand Dominant cohort, switching to the anterior portal still 

demonstrated a significantly better performance while the arthroscope was held in the 

dominant right hand – i.e. on the right simulated shoulder. 
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8. Complete Diagnostic Arthroscopy Module Scores (p<0.01) demonstrated a 

significant difference between sides favoring performance on the Left shoulder. As 

described above, overall the Right Hand Dominant cohort scored significantly higher 

while performing a the complete diagnostic arthroscopy module on the left shoulder. 

 
The cohort for the left hand dominant participants was a much smaller sample size (n=9). 

This obviated the use of traditional parametric analysis so the author analyzed the data 

again with the non-parametric Wilcoxon Sign Rank Test. 

Even with the smaller sample size, four variables still demonstrated significant 

differences when comparing the results from the left and right shoulder simulated tasks. 

 

1. Biceps Tendon Module Scores (p = 0.027) demonstrated a significant difference 

between sides favoring performance on the Right shoulder. 

As described above, this module involves both visualizing the appropriate field, and 

probing the biceps tendon from a superior to inferior direction. For the left hand 

dominant participants, the analysis demonstrated that when the arthroscope was held 

in the dominant left hand and the probe in the right, they scored significantly higher 

than the contralateral side. 

 

2. Axillary Recess Score  (p = 0.020) demonstrated a significant difference between sides 

favoring performance on the Right shoulder. 

For the left hand dominant cohort, while performing the visualization-only tasks of the 

axillary recess module, they scored significantly higher when holding the arthroscope 

in the dominant left hand compared to the left shoulder. 
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3. Articular Surfaces Module Score (p = 0.05) demonstrated a significant difference 

between sides favoring performance on the Right shoulder. 

Although the p-value is on the cusp of demonstrating no significant difference in 

scores, the left hand dominant participants performed better on the articular surfaces 

module while holding the probe in their non-dominant right hand, and the arthroscope 

in the dominant left hand. This is interesting in that again, this module involves the 

most probing tasks of the entire simulated exercise where one may have expected the 

opposite result with a better score resulting from having the dominant hand manipulate 

the probe. 

 

4. Articular Surfaces Module Time (p < 0.001) demonstrated a significant difference 

between sides favoring performance on the Right shoulder. 

The results for time to completion for the articular surfaces module show that left 

handed participants were significantly faster on the right shoulder while holding the 

arthroscope in their dominant hand and the probe in the non-dominant hand. 
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The main finding of this study is that the participants performed better while holding the 

arthroscope in their dominant hand. 

Hypothetically, the control and manipulation of the arthroscope is a much more complex 

cerebral task compared to the control and manipulation of the probe. The arthroscope 

must be held at the appropriate depth within the surgical field, correct angle of 

visualization, correct rotation of the arthroscope itself, and correct position of the camera 

lens within the housing of the arthroscope. 

Comparatively, the probe is just that - a simple object that has fewer degrees of freedom 

to manipulate. 

This would be the rational explanation for the demonstrated performance differences – 

for certain tasks throughout the simulated modules significant differences in scores and 

time to completion were demonstrated as a result of the relative complexity of 

manipulating the arthroscope, which is best done with the dominant hand. 

In terms of forward direction or real-world applicability of the results of this study, it is 

helpful to remember that shoulder arthroscopy is a surgical specialty that involves a 

myriad of procedures – the simple diagnostic arthroscopy examined here is merely the tip 

of the iceberg in terms of what is possible or necessary to claim surgical competence. If 

pathology were detected during a diagnostic arthroscopy, general principles of surgical 

treatment would be to address it at the time – the nature of treatment of course depending 

on the pathology. A simple probe will usually not be sufficient to treat actual pathology – 

curative shoulder arthroscopy involves a myriad of instrumentation, suturing techniques, 

soft tissue handling, and ambidextrous skill. True surgical competency in this field would 

involve mastery of many different instruments encompassing many more degrees of 



	 76	

freedom of movement and manipulation beyond that of a probe. 

What is less clear is why certain tasks demonstrated significant differences whilst others 

did not – all of the tasks involve manipulation of the arthroscope with or without probing 

tasks, so it is difficult to theorize why for example the articular surfaces module time to 

completion demonstrated a significant difference while the posterior joint module did not. 

A point to consider is the fact that for the overall cohort and the subset of Right Hand 

Dominant individuals, there was a significant difference in the overall shoulder 

diagnostic scope module scores, while for the left hand dominant cohort there was no 

significant difference in that variable. It is possible that the left hand dominant cohort was 

simply underpowered to detect a difference with a sample size of nine.  

What is of more importance in the author’s opinion however, is that the simulator did 

indeed detect a significant difference amongst variables measured by the protocol, 

amongst all participants, as well as stratified by hand dominance.  

This concept harkens to the idea of flight simulator training, where a potential pilot must 

‘pass’ the simulator before being allowed in a real world plane – the simulator 

undoubtedly measures a multitude of variables, but not all are completely necessary to 

validate a pilots’ safety. For example, one could posit that ensuring that the rest-room 

light is operational may not be the discriminator for competence, whereas the speed and 

altitude of the plane when approaching the runway would be of utmost importance. This 

project lays the experimental groundwork for the delineation of such variables in a 

simulated shoulder arthroscopy setting. The fact that one variable versus another may not 

be the deciding factor in making a shoulder arthroscopy effective or not is not at issue – 

rather in a training setting it has now been demonstrated that this simulated shoulder 



	 77	

arthroscopy discriminates between significantly better performance amongst a number of 

recorded metrics. 

 

Alternatively, the author considers comparing the mean WHQ score of both the right and 

left hand dominant cohorts – the Right Hand Dominant cohort had a mean WHQ socre of 

44.2, while the left hand dominant group had a mean WHQ of -33.7 (Fig. 21 & 22). This 

suggests that the left hand dominant cohort was slightly more ambidextrous (i.e. WHQ 

score closer to zero), and their overall diagnostic arthroscope module scores may reflect 

this in that there was no significant difference in that domain. 

The effect of training on dexterity was discussed by Elneel et al. in 2008 29. The authors 

examined the extent of innate dexterity and ambidexterity across handedness and gender 

in the context of general surgical training for laproscopic procedures – they concluded 

that surgical training curricula should increase their accommodation for varying degrees 

of dexterity, and discuss how handedness and specific motor abilities can be modified by 

training29.  

This concept is also demonstrated in this study – the author stratified the participants by 

training level and examined whether there were significant differences in variables based 

on which simulated shoulder (left or right) the participant was using. For the sake of 

brevity, only the results from the attending surgeon cohort were presented (Chapter 6). 

Referring back to that chapter it is described that there were no significant differences in 

performance amongst the variables measured. This is indicative of the effect that training 

can have on dexterity – the results of the comparison of performance for all of the other 

training levels were not included in this thesis to avoid repetition, but as evidenced in the 
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overall cohort and results stratified by hand dominance, significant differences exist on 

all other levels of training. 

In other words, for the five attending surgeons investigated in this project, they had 

attained enough experience with arthroscopic shoulder surgery that they performed 

equally well when holding the arthroscope with either their dominant or non-dominant 

hand. The learning curve for arthroscopic shoulder surgery has not been formally defined 

in terms of how many hours or number of procedures it definitively takes for an 

individual to obtain ‘mastery’ of the skill set involved. However, the data demonstrated 

with this small subset of staff-level participants reinforces the theory that expertise is 

achievable given enough experience and exposure. It could be postulated that the power 

of simulators in the context of surgical learning would be to minimize or eliminate the 

risks to a patient by avoiding encounters with a surgeon on the early end of said learning 

curve. This is again akin to the airline industry where pilots are drilled to perfection in a 

simulated setting before obtaining license to fly with actual passengers aboard. 

One of the limitations of this study is obvious in the sample size of this cohort, as well as 

the left hand dominant cohort. There may indeed be statistically significant differences 

amongst attending level surgeons in shoulder arthroscopy based on laterality, or more 

significant differences in any stratification, while this study is underpowered to detect 

them. Larger sample size in any study is always desirable, and the author recognizes this 

limitation. 

One of the demographic data points gathered during this study was whether or not the 

participant had any experience with console or computer gaming. The rationale behind 

including this in the data collection was rooted in a 2003 publication by Grantcharov et al. 
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that demonstrated a lower error rate amongst surgeons with prior computer game 

experience whilst performing virtual reality laparoscopy45. 

The author did analyze the results of this data set stratified by computer or console game 

experience, however this did not yield any applicable correlations in the context of this 

thesis question, with no significant differences comparing performance on the left or right 

shoulders. The data on computer or console game experience was included in the results 

section. A publication by Gomoll et al. focusing specifically on virtual reality simulated 

shoulder arthroscopy performance also found no correlation between video game 

experience and simulator performance46. Gomoll et al. mentions ‘The Nintendo 

Generation’ – as demonstrated in the results section, many participants in this project 

have encountered computer or console games before, and thus could be included in this 

‘Generation’ but the author did not feel it had relevance to the subject at hand.  

During discussion, the fact that there were 51 measured variables in this study came to 

the fore – specifically in that one could argue that there may have been an effect of 

increased Type 1 statistical error (where the null hypothesis is incorrectly rejected) in the 

context of multiple comparisons increasing the chances of a ‘rare event’.  

The Bonferroni Correction49 originated as a correction for multiple comparisons where 

several dependent or independent variables are being compared simultaneously. The lay-

concept of the adjustment for statistical analysis is that the given alpha value (level of 

significance) may need to be lowered depending on the number of comparisons to avoid 

spurious results, if the comparisons are inter-related or cross-react. Assuming cross-

interaction amongst the measured variables in this particular study, applying a Bonferroni 

correction would set the maximum p-value to achieve significance at p = 0.05/51 = 
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0.00098. 

The design of this study is such that each participant serves as their own control, and each 

variable is independent of the next being measured and thus does not interact with 

another. For example, a participants’ score on the right shoulder axillary recess module 

will be completely unrelated and will not affect their score on the articular surfaces 

module.  

The author felt that application of a Bonferroni correction in this context was 

unwarranted, and thus did not report any results as such. 

One	other	limitation	that	in	the	author’s	opinion	is	always	worth	mentioning	–	the	

unknown	unknown.	Perhaps	the	differences	detected	in	this	study	are	not	related	to	

laterality	at	all,	perhaps	there	is	a	confounding	variable	that	is	not	being	recorded.	

The	concept	of	laterality	is	multi-faceted	and	not	completely	defined22-28	–	there	

may	well	be	other	factors	influencing	performance	unaccounted	for	in	this	study	

design.	The	author	humbly	acknowledges	this	and	reports	the	results	as	found.	
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Chapter	10	–	Conclusion	
At the outset of this project, the author sought to reject or accept three null hypothesis 

through known statistical methods: 

1) There will be no significant difference in subjective or objective outcome 

measures in performing simulated diagnostic arthroscopic tasks on a right 

shoulder or a left shoulder amongst all participants. 

• This null hypothesis was rejected as there were statistically significant 

differences amongst measured variables throughout the experiment.  

• Amongst participants stratified by hand dominance and level of training, there 

were different variables that achieved statistically significant differences. The 

relative importance of each variable has yet to be defined in the context of its 

importance to the overall procedure of a diagnostic shoulder arthroscopy, but 

this study is powerful in that it elucidates that said differences exist. 

 

2) There will be no significant difference in subjective or objective outcome 

measures in performing simulated diagnostic arthroscopic tasks on a right 

shoulder or a left shoulder amongst all participants when stratified by functional 

laterality. 

• This null hypothesis was rejected as there were significant differences 

amongst measured variables in both the Right Hand Dominant and Left Hand 

Dominant cohorts. 

 

3) There will be no significant difference in subjective or objective outcome 

measures in performing simulated diagnostic arthroscopic tasks on a right 
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shoulder or a left shoulder amongst all participants when stratified by training 

level. 

• This null hypothesis was rejected as there were significant differences 

amongst measured variables at all levels of training with the exception of the 

attending surgeon level. This study reinforced the already reported effect of 

training on functional laterality in that it shows with level of experience 

attained by the attending surgeon level, the effect of laterality is not 

significant. 
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This study demonstrated an interesting facet of shoulder arthroscopic surgical skill and 

training – there is a palpable and measurable difference in hand dominance, especially in 

beginner training outcomes. The ultimate question that behooves any researcher is, what 

does one do about said findings? Ultimately the fact that hand dominance plays a role in 

the learning curve of arthroscopic surgery will not change the axis upon which the 

academic world revolves, but it is my sincere hope that this paper demonstrably provides 

evidence for the design and modification of surgical training programs in the future.  

I personally believe that the pace of technology will continue to keep up with, if not 

outpace entirely, our own human capacities - as part of this evolution of our species I 

believe that technological training will eventually become individualized enough that 

hand dominance will (as it should) be accounted for in a training regimen.  

Simulator technology in general paved its way with the airline industry – a mentor of 

mine once posited “Would you rather have Chuck Yaeger fly you home? Or a computer 

that does it ever day?” – I think the future of surgical education will involve simulation in 

that trainees will no longer expose human patients to the risks of their learning curves, 

and I take great satisfaction in adding to the body of knowledge that will make any 

simulation more realistic, for both right and left hand dominant people. 

This project has demonstrated the concept that hand dominance in surgery can be negated 

by training – it is beyond the scope of this thesis to suggest an optimal training regime to 

best achieve this goal but I sincerely hope this study will add to the body of knowledge 

necessary to facilitate potential future curricular modifications should they be deemed 

necessary. 
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Appendix	1	–	Waterloo	Handedness	Questionnaire	

 
 
 
  

WATERLOO HANDEDNESS QUESTIONNAIRE

Instructions : Please indicate your hand preference for the following activities by circling the appropriate response. If you always
(i.e. 95% or more of the time) use one hand to perform the described activity, circle “Right Always” or “Left Always”. If you usually
(i.e. about 75% of the time) use one hand circle “Right Usually” or “Left Usually” as appropriate. If you use both hands equally often
(i.e. you use each hand about 50% of the time) circle “Both Equally”.

Acta Orthopædica Belgica, Vol. 78 - 4 - 2012
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Always
Left

Usually
Left

Both
 equally

Usually
Right

Always
Right

1. Which hand would you use to adjust the volume knob on a radio ?
2. Which hand would you use a paint brush to paint the wall ?
3. With which hand would you use a spoon to eat soup ?
4. Which hand would you use to point at something ?
5. Which hand would you use to throw a dart ?
6. Which hand would you use the eraser on the end of a pencil ?
7. In which hand would you hold a walking stick ?
8. With which hand would you use an iron to iron a shirt ? 
9. Which hand would you use to draw a picture ?
10. In which hand would you hold a mug full of coffee ?
11. Which hand would you use to hammer a nail ?
12. Which hand would you use the remote control for a TV ?
13. With which hand would you use a knife to cut bread ?
14. Which hand would you use to turn the pages of a book ?
15. Which hand would you use a pair if scissors to cut a paper ?
16. Which hand would you use to erase a blackboard ?
17. With which hand would you use a pair of tweezers ?
18. Which hand would you use to pick up a book ?
19. Which hand would you use to carry a suitcase ?
20. Which hand would you use to pour a cup of coffee ?
21. With which hand would you use a computer mouse ?
22. Which hand would you use to insert a plug into an outlet ?
23. Which hand would you use to flip a coin ?
24. With which hand would you use a toothbrush to brush your teeth ?
25. Which hand would you use to throw a baseball ?
26. Which hand would you use to turn a doorknob ?
27. Which hand would use for writing ?
28. Which hand would you use to pick up a piece of paper ?
29. Which hand would you use a hand saw ?
30. Which hand would use to stir a liquid with a spoon ?
31. In which hand would you hold an open umbrella ?
32. In which hand would you hold a needle while sewing ?
33. Which hand would you use to strike a match ?
34. Which hand would you use to turn on a light switch ?
35. Which hand would you use to open a drawer ?
36. Which hand would you use to press buttons on a calculator ?

lui-_Opmaak 1  8/08/12  10:36  Pagina 535
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Appendix	2		-	Participant	Demographics	Questionnaire	
 

Participant Questionnaire 
 
 
Identification number:  _______________________________________________ 
Date:      

 
1. Are you a (circle one):     Student        Resident       Attending 
 

If a resident, what year? (1 – 5)     _____ 
 
2. Age         _____ 
 
3. Gender        F / M 
 
4. Self-Identified Dominant Hand     L / R 
 
5. Waterloo Handedness Questionnaire Score   _____ 
 
6. How much experience do you have with arthroscopic procedures? 

 
Approximate number of arthroscopic procedures observed _____ 

 
 I have performed arthroscopic operative procedures   Y / N 
 
  If yes, approximate number of procedures   _____ 
 
 
 
6. Do you play video/computer games?    Y / N 
 
 If yes how frequently?  Once per week   _____ 
      1-3 times per week    _____ 
      >3 times per week     _____ 
 
 
7. Have you practiced on any other arthroscopic trainers or computer-based 
 simulators before?       Y / N 

 
      If yes, please describe nature of performance. 
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Appendix	3	–	Likert	Score	for	Subjective	Difficulty	
 
Participant #: 
1. How difficult did you find performing the simulated arthroscopy on the left shoulder 
holding the camera with your right hand? (0 = least difficult, 10= most difficult) 
   
 
 
 

0 10 

 
2. How difficult did you find performing the simulated arthroscopy on the left shoulder 
holding the camera with your left hand? (0 = least difficult, 10= most difficult) 
 
 
 
 

0 10 

 
 
3. How difficult did you find performing the simulated arthroscopy on the right shoulder 
with your left hand? (0 = least difficult, 10= most difficult) 
 
 
 
 

0 10 

 
 
4. How difficult did you find performing the simulated arthroscopy on the right shoulder 
with your right hand? (0 = least difficult, 10= most difficult) 
 
 
 
 

0 10 

 
 
A range of score from 0-10 was chosen as it is a conventional and easily applicable range 
for most participants. 
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Appendix	4	-	Time	to	Completion	form	for	Investigator	recording	
 
Participant #: 
 
 
 

Module Right Shoulder Time 
After Completion 

Left Shoulder Time After 
Completion 

Biceps Tendon  
 

 

Superior Labrum  
 

 

Posterosuperior Rotator 
Cuff 

 
 

 

Posteroinferior Joint  
 

 

Axillary Recess  
 

 

Articular Surfaces  
 

 

Anterior Joint  
 

 

Anterior Portal Scope  
 

 

Examine GH Joint  
 

 

All times were recorded via the simulator. 
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Appendix	5	–	Sample	Arthrosim®	Report	of	Variable	Scores	
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Appendix	6	–	Study	Budget	
 
Study Budget: The Effect of Functional Laterality on Simulated Shoulder 
Arthroscopy Performance 
 
Principle Investigator: 
Dr. John Joseph Amirault, BSc, MD 
 
Study Supervisor: 
Dr. Jeff Leiter, PhD 
Research Director 
 
Budget: 
 
1. Consumables: $50.00* 
 
2. Principle Investigator: In-Kind* 
 
3. Simulator Upkeep Cost: In-Kind* 
 
4. Recruitment Incentive: $50.00/participant x 60 participants = $3000.00*,** 
 
 
* Supported through Pan Am Clinic Foundation 
**Supported through Dalhousie University Department of Orthopedics 
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Appendix	7	–	List	of	Variables	Analyzed	in	SPSS	Database	
 
 
Training Level Lt PosteroInferior Joint Module Time 
Age Rt Axillary Recess Module Score 
Gender Rt Axillary Recess Module Time 
WHQ Score Lt Axillary Recess Module Score 
Reported Dominant Hand Lt Axillary Recess Module Time 
Scopes Observed Rt Articular Surfaces Module Score 
Scopes Performed Rt Articular Surfaces Module Time 
Console/Computer Game Experience Lt Articular Surfaces Module Score 
Previous Simulator Experience Lt Articular Surfaces Module Time 
Starting Shoulder Rt Anterior Joint Module Score 
Rt Biceps Module Score Rt Anterior Joint Module Time 
Rt Biceps Module Time Lt Anterior Joint Module Score 
Lt Biceps Module Score Lt Anterior Joint Module Time 
Lt Biceps Module Time Rt Anterior Portal Module Score 
Rt Superior Labrum Module Score Rt Anterior Portal Module Time 
Rt Superior Labrum Module Time Lt Anterior Portal Module Score 
Lt Superior Labrum Module Score Lt Anterior Portal Module Time 
Lt Superior Labrum Module Time Rt Diagnostic Scope Module Score 
Rt Rotator Cuff Module Score Rt Diagnostic Scope Module Time 
Rt Rotator Cuff Module Time Lt Diagnostic Scope Module Score 
Lt Rotator Cuff Module Score Lt Diagnostic Scope Module Time 
Lt Rotator Cuff Module Time Likert Right Shoulder, Right Hand Scope 
Rt PosteroInferior Joint Module Score Likert Right Shoulder, Left Hand Scope 
Rt PosteroInferior Joint Module Time Likert Left Shoulder, Right Hand Scope 
Lt PosteroInferior Joint Module Score Likert Left Shoulder, Left Hand Scope 
 
  



	 96	

Appendix	8	–	Description	of	Modules	
 
Biceps Tendon: 

• Visualize the biceps tendon 

• Probe the biceps tendon from a superior to inferior direction 

Superior Labrum: 

• Visualize the superior labrum 

• Probe the biceps tendon anchor 

• Probe the anterior portion of the superior labrum 

Rotator Cuff: 

• Visualize the supraspinatus tendon 

• Visualize the infraspinatus tendon 

• Visualize the teres minor tendon 

Postero-inferior joint: 

• Visualize the posterior labrum 

• Probe the posterior labrum 

• Visualize the postero-inferior labrum 

• Probe the postero-inferior labrum 

Axillary Recess: 

• Visualize the anterior axillary recess 

• Visualize the posterior axillary recess 

Articular Surfaces: 

• Visualize the glenoid articular surface 

• Probe the anterior glenoid articular surface 
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• Probe the superior glenoid articular surface 

• Probe the inferior glenoid articular surface 

• Probe the posterior glenoid articular surface 

• Visualize the humeral head articular surface 

• Probe the humeral head articular surface 

Anterior Joint: 

• Visualize the anterior portion of the shoulder joint 

• Probe the anterior labrum 

• Probe the middle glenohumeral ligament 

• Probe the subscapularis tendon 

Anterior Portal: 

• The operator at this point must switch the camera from the posterior portal to 

the anterior portal to complete the module – this entails that they must hold 

the arthroscope and probing instrument in the opposite hands from the rest of 

the shoulder tasks 

• Visualize the posterior labrum from the anterior portal 

• Probe the postero-superior labrum 

• Probe the posterior labrum 

• Probe the postero-inferior labrum 

• Probe the inferior labrum 

Complete diagnostic arthroscopy: 

• Perform a complete diagnostic arthroscopy of the glenohumeral joint by 

visualizing and probing all of the structures outlined in the previous modules 


