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Abstract

In the medical field, there has been an accentuated acknowledgement of the impor-
tance of ergonomics and the analysis of data. Due to long term standing, difficult
body postures, and the need to exert pressure on tissues, neurosurgeons are subjected
to occupational risks when performing open surgical operations. This dissertation
is divided into two parts. The first part provides a training approach for residents
that enable them to acquire the ergonomic skills needed for spine surgeries. The
need to show if that Virtual Reality simulators can improve the ergonomics skill in
residents. A Virtual Reality training simulator has been designed and implemented,
the simulator measures two ergonomic skills need to be maintained during any
surgery: neck angle and table height. The experiments showed that the users are
usually focused on their work and tend to pay less attention to their body position
and movements. This result in a bad ergonomics setup which leads to back and
neck pain. Thus, the users need to be trained to have good ergonomics positions.
In the proposed system, this is measured using a specific metric that collects head
positions, angles, hands movements as well as elbow height and other parameters.
The designed model showed that incorporating simulations into resident training,
simulated surgeries will strengthen the surgeon’s skills and outcomes. The second

part of this dissertation aims to build a machine learning model utilizing some ma-

1\



chine learning algorithms including YOLO, HOG, SVM, CNN, and VGG16 in order
to estimate surgeons poses during operations. This technique will give a report that

precisely measuring the ergonomic skills about the surgeons and the team.

Key Word: ergonomics, training, surgery, simulation, algorithm
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Chapter 1

Introduction

This chapter presents a brief background of simulation and its role in medical training
as an educational tool. It also defines ergonomics and its implications in neuro-
surgery field. Next, this chapter delineates the statement of the problem followed
by the research questions and objectives. In addition, the research contribution is

stated and the conducted methodology is described.

1.1 Background

Surgery is a specialty that requires knowledge and responsibility for the patients’
preoperative, operative, and postoperative management within a broad spectrum of
diseases, including those which may require non-operative, elective, or emergency
surgical treatment. The details and depth of this knowledge may vary by disease

category. However, surgeons should be competent in the diagnosis level as well as



Chapter 1 1.1. Background

in treatment and management [1]].

Because of the increasing demands on trainees and duty hour restriction, the training
opportunities are becoming slimmer. Therefore, according to Lui et al. [2], newer
and more contemporary training methods such as Virtual Reality (VR), computer-
based simulations technologies are needed. However, overall as well as specialty
specific needs-based assessments are required to lead further work that will be

directed towards the development of surgical simulation technologies.

Neurosurgery is one of the most demanding medical professions that engages a
high level of expertise. It is a very challenging surgical specialty where techniques
and technologies are constantly emerging. Some procedural treatments for nervous
system diseases include surgery, which is mostly performed by a neurosurgeon (also
known as a brain surgeon). There are wide ranges of different types of neurosurgery
procedures ranging from minor and simple to quite difficult and complicated. Com-
mon types of neuro-surgical procedures include Spinal Fusion, Epilepsy Surgery,

Burr Hole, Craniotomy, Microdiscectomy, Ventriculostomy, and so on [3]].

Medical education is the key step in the acquisition of clinical skills for the over-
all improvement of patient care. As the volume of medical knowledge steadily
increases, the complexity of treatment options increase. Therefore, it is essential
that doctors and other care professionals acquire the skills to keep up- to -date in
their field. Moreover, to be able to explain and justify their counseling to patients,
trainees need to critically analyze new developments and to practice based on the

best evidences available.

Simulation training in medical education referred to Rehder et al. is defined as ‘a
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technique to replace or amplify real patient experiences with guided experiences,
artificially contrived, and that evokes or replicates substantial aspects of the real

world in a fully interactive manner’ [4]].

As the field of neurosurgery continues to evolve, based on Aggarwal et al. study, it
has become obvious that the operating room is not an ideal place for learning and
acquiring initial surgical skills. If failure occurs, the sequence of actions in clinical
training can’t be often repeated. Simulation offers surgeons and trainees the opportu-
nity to rehearse the procedure in advance and practice skills before actually touching
the patient. Neurosurgical simulation presents realistic opportunities to enhance the

safety and effectiveness of both classical and complex operative procedures [3].

According to Limbrick et al., currently, about 70 % of medical schools have already
incorporated some simulation types in their curricula, especially in operational based
specialties, such as general surgery, urology, and neurosurgery [6]. A recent survey
of neurosurgery programs by Ganju et al. concluded that simulation is considered
as an important tool to complement classical operative training [7]. While Durkin et
al. stated that newer and effective methods gained interest and allowed the trainees
to perform difficult tasks [8]]. A study by Cohen et al. mentioned that neurosurgical
trainees encounter great challenges in learning to plan and perform increasingly
complex and critical procedures [9]. Referring to a study by Coelho et al., the
authors proffered that the educator’s task becomes more difficult and challenging
as the number and complexity of neurosurgical operations continue to increase in
parallel with technological developments such as minimally invasive spine surgery

and instrumentation, interventional neuroangiography, image-guided navigation,
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and endoscopic surgery [10]. Moreover, Zanello et al. stated that residents are
unable to meet with the demands to maximize training before being allowed to work
on patients due to their work hour limitations. This two-fold need is the main reason

for reconsidering resident training in all specialties [[11].

Simulation-based skills training and assessment are increasingly incorporated into
surgical education and certification processes as discussed in Atesok et al. study.
Measurement techniques to identify the level of proficiency in the performance of
surgical procedures will be the key element in the success of surgical education and

training [12].

VR is defined by Alaraj et al.[13], as an application that can influence the procedural
practice in neurosurgery training. Integration of this technologies in the medical
education field is an important challenge for medical educators’ due to its huge
potential benefit on human health. Previous studies revealed that virtual reality
simulators improved the operating room performance of surgical residents and

reduced the patient risks.

Ergonomics, also called human factors, is the study of the behavior of individuals
in relation to their working environment and the mechanical and electronic equip-
ment operated by the worker. Berguer [14] in his study, outlined that the function of
ergonomics specialists is to design or ameliorate the workplace, equipment, and pro-
cedures of workers, not only to achieve a safe, healthy, and efficient accomplishment
of personal goals , but also those of the organization. Many surgeons will continue
to experience pain and discomfort while performing operations at work, due to bad

posture or as a result of the instruments they use, unless they get adequate training to
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improve their working practices or until departments in their organizations consider

the ergonomics of surgery.

Ergonomic analysis is widely applied today—in industry, the military, and sports
training—to help people achieve optimum performance with a low risk of error and
injury as referred to by Berguer in another study [16]. In their study, Albayrak et
al. stated that during surgery, ergonomic stress is of considerable importance. Due
to the patient’s position, surgeons tend to lean forward toward, or even over the
surgical field to see and manipulate tissues; this results in increased muscle activity
to balance the upper body. Moreover, awkward postures kept for long periods
result in musculoskeletal fatigue and physical complaints [17]. In addition, due
to the complexity involved and risk to the patient (when fine errors occur), some

specialties require more practice than others.

1.2 Statement of the Problem

Residents are at an increased risk of work-related musculoskeletal pain and injuries
since they are still inexperienced and thus have to perform physically challenging
tasks such as surgical retraction. Junior surgeons are less acquainted with surgery
and as aresult may be subjected to a high level of emotional and psychological stress.
Consequently, their main focus intraoperatively is the surgical technique, with less
attention being given to their physical condition, surgical step, and ergonomic
conditions. Therefore, Ronstrom et al. declared that it is imperative that ergonomic

programs be implemented and surgical residents undergo ergonomic training, which
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will improve their understanding of the human-system interactions in the operating

rooms [18]].

Neurological surgery, in particular, is characterized by technically complex proce-
dures that require long hours of training in order to minimize the risks to the patient.
Therefore, improving training and education is important for both neurosurgeons
and their patients. According to a study by Soueid et al. [[15] 80% of neurosurgeons
(8 out of 10) have the frequent occurrence of musculoskeletal pain that has been
attributed to operating. For surgery residents, an injury may have direct conse-
quences on their training. Therefore, the aim of this study is to understand the
current perspectives and future vision and the need for simulation in neurosurgical

training and practice.

An ergonomics task analysis and training can help identify the key components
of surgical skill and ensure that students have appropriate and reliable training.
Moreover, improvements and efficiency in training must be acquired outside the
operating room. Therefore, training techniques can be applied through virtual
reality; simulators have been proven to improve end-user skills in numerous fields

and are now considered standard in training.

In this dissertation our focus is in the ergonomics problem due to the lack of tech-
nologies that concern similar deficiencies. We are also focusing on neurosurgical

education and simulation.
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1.3 Research Questions

The motivation behind our hypothesis is based on academic literature and subject
matter experts. There is no similar product existing to measure the attributes we
are measuring and evaluating. Finally, the research questions that can be asked are
as follow: How we will solve the ergonomics deficiencies on the trainees? Does
VR technology help in these kinds of problems? Can VR technology evaluate the
ergonomic skills? Does the intended method give efficient results and solve the

problem that we stated in our hypothesis?

1.4 Research Objectives

The objectives of our dissertation are as follow: (1) To achieve improvements
of ergonomic skills for residents. (2) To Build simulators and computers that
can replace patients in surgical preparation. (3) Design an algorithm to measure
the compliance of ergonomics skills from body postures. (4) To enhance student
learning in complex and critical procedures with minimum error and validate the
ability of the exercises to teach the desired skill or technique. (5) To handle training
and rehearsal gaps that have never been addressed by simulation technologies, such
as OR ergonomics skills. (6) Learning ideal ergonomic practices that could improve

physical health and well-being for surgeons as well as support career longevity.
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1.5 Hypothesis

Our hypothesis states the following:

1. If we train residents using VR technology, we expect an increase in their

performance. In other words, it would boost their performance.

2. VR simulator is as good as other existing methods in enhancing ergonomic

skills.

Where

Hy : the null hypothesis
Uo : mean in the VR simulator
(1 : mean of the existing methods in enhancing ergonomic skills

So po = 1

3. Ergonomic skills for consultants, specialists, residents, and interns have the

same level.
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Where

Hy : the null hypothesis

Uo : mean of ergonomic skills for consultants
(1 : mean of ergonomic skills for specialists
U2 : mean of ergonomic skills for residents

(3 : mean of ergonomic skills for interns

So po = p1 = p2 = u3

4. Using image processing can detect ergonomic skills with high accuracy.

1.6 Research Methodology

This Research is divided into two outcomes. First, a software product can be used
to train the residents and enhance their ergonomics skills. Second, an objective
assessment system for surgeons aiming to evaluate and measure their ergonomic

skills in the operating room.

This Research aims to design and implement a low cost-effective and high-quality
virtual reality simulator to evaluate neurosurgeon’s ergonomics in term of neck
angle and patient table height. Moreover, we aim to build a machine learning model
utilizing some algorithms including YOLO, HOG, SVM, CNN, and VGG16 in
order to estimate surgeons pose during an operation. This technique will give us the

information about the surgeons and the team including nurses, assistants, residents
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and others. The algorithm will give a report at the end precisely measuring the

ergonomic skills.

1.7 Research Contribution

The main contribution in this work is as follow:

1. Design and implementation of an algorithm that use VR to train residences

on surgical ergonomic skills in the OR.

2. Design and implementation of an algorithm that use ML to evaluate surgical

ergonomic skills in the OR.

10



Chapter 2

Literature Review

This chapter provides a definitive insight into simulation’s background and its ap-
plications in medical training, this chapter also discusses the advantages and dis-
advantages of VR simulations. Moreover, existing neurosurgical VR simulators
are explored, while the concept of ergonomics and its impact in neurosurgery are
succinctly detailed. Furthermore, object detection machine learning algorithms that
have been used in this research are explained. These algorithms include YOLO,

SVM, HOG, CNN, and VGG16.

2.1 Simulation Background

Simulation involves the use of models to represent real-life experiences. It has gained
wide acceptance in many areas, including aviation, military training (war games),

and medicine (cadaveric dissection) [4]. In aviation industry, flight simulator was

11
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recorded as early as 1909. Simulation training in the military and commercial sector
continues to grow, with various applications from aircraft to nuclear submarines
[19]]. Many of these fields have high-stake situations in which errors or failures may
have catastrophic consequences. As such, there has been a great deal of benefits in
encouraging practitioners and trainees to improve their skills, refine strategies, and

avoid costly errors before working in the real world.

The idea of simulation was derived from primitive flight simulators in the United
States. It took more than 20 years, from late 1930 until 1955, until the Federal
Aviation Administration of the USA validated flight simulators and adopted them

as a necessary prerequisite for annual flight certification [20].

The use of simulation in the field of surgical education was introduced many years
ago. There is evidence that Egyptian surgeons priests may have simulated rhino-
plasty on cadavers that were being prepared for mummification in 2000 BC [21]].
Animal and cadaver simulation models were the first to have the highest fidelity
simulations. One big drawback is that the animal or cadaver can only be used once
for each organ for simulation. That is to say, there is an inability to repeat simulation
or recreate it. Another disadvantage is the high cost, along with the medico-legal
and ethical concerns arising from animal and cadaver use. Nevertheless, simulation
of the cadaver model, particularly the human cadaver model of Thiel (preserved
cadaver using a technique that preserves human tissue in a non-rigid form similar to
that found in a living human), resembles in vivo conditions and as such is preferred

to any other model of simulation [21].

While the use of cadavers and animal models in surgical education has long been

12
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used, the simulation of virtual reality (VR) was first used in surgical education in
1987 and was made popular in the early 1990s. Simulation in surgery became an
area of great creativity and burgeoning study from that moment on [19]]. Unlike
previous high-fidelity models, video and web-based simulation include low cost,
simulator portability and the ability to train a large number of trainees at the same

time [21]].

Mechanical simulators are the most commonly used, and are well known in surgical
training for their application. The most popular form is the box trainer model
which consists of a camera, light source, monitor, and laparoscopic tools. This
method has variations, mostly with a view to reduce costs and complexity. The
MISTELS (McGill Inanimate System for Training and Evaluation of Laparoscopic
Skills) and the University of Kentucky’s (UK) programmers are both sophisticated
teaching models for box-trainer skills that have been developed and validated. In
recent years the simulation based on mannequins has become very popular. These
simulators are already appropriate in surgical training as an effective simulation

activity, particularly in trauma or a difficult airway [21].

2.2 Advantages and Disadvantages of VR

VR is an evolving technology that can be used in many fields. It can be seen as a
combination of human-computer interfaces, graphics, sensor technology, high-end
computing and other modern technologies that all work together to allow a user to

interact effectively with a computer-generated artificial environment [22].
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In 1993, Satava et al. first proposed the application of VR simulation in surgical
training to deliver measurable, consistent models that allow endless practice using
standardized anatomy [22]. Many VR simulations are currently being developed and
implemented, including full-patient models of anatomy, immersive 3D rendering of
medical images, skill simulators, and simulations of many basic surgical procedures,

such as leg surgery or laparoscopic surgery [22].

Training operational tasks via repeated, proctored sessions have been demonstrated
to enhance identification and analysis of surgical error [23]]. Previous research has
shown that simulator training supports a wide variety of medical skills in terms
of speed and accuracy of the residents’ training [24) 25 26]] and that these skills
contribute to better treatment and reduce patient pain and risks [27]. In addition,
there are important evidences that support the use of VR simulators in surgical
training. It has been found that VR simulation decreases operating time and increases
the efficiency of surgical trainees. In addition, performance metrics provided by
VR simulators have been shown to correlate strongly with the performance of the

operating room [23]].

Popular metrics created by VR simulators include time to complete a task, errors
made while in surgery, and the economy of movement of the surgeons. These
metrics have a framework that is analytical and quantitative for measuring skills.
VR simulators thus provide a clear advantage over other simulators by allowing
trainees to practice repeatedly and unsupervised while getting direct input from the
simulator itself. In addition, the haptic metrics provided by VR simulators enable

educators to evaluate and monitor the development of the skills of inexperienced
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surgeons. For example, as done by the Royal College of Physicians and Surgeons of
Canada, better comparability between trainees provides a basis for evaluating and

certifying trainees [28]].

Modern VR simulators offer fully reusable simulations of high fidelity and are
anatomically valid. In addition, surgical trainees can practice various simulations
on a single unit since VR simulators are computer-based. The Neurolouch VR
neurosurgery simulator, for example, allows microdissection, tumor aspiration, de-

bulking, and haemostasis simulation [23]].

As their reliance on video monitoring makes them naturally suited to the VR plat-
form, most VR simulators are designed to teach laparoscopic and endoscopic pro-
cedures. It is popular to use both low-fidelity simulators (’Task Trainers’) that teach
simple surgical procedures and high-fidelity models on complete operations. The
MIST-VR system, for example, is a low-fidelity system designed to teach basic skills
in laparoscopy, suturing, and knot-tying. The LapSim, Lap Tutor, and NeuroTouch
are high fidelity VR systems. The Lap Tutor is a highly inclusive scheme, covering
more than 65 cases in general surgery, gynecology, urology, and bariatric surgery

[23].

VR-based simulators provide virtually unconstrained training experiences, raising
their frequency and reducing the tools used because they are independent of the
availability of patients or cadavers. Not only are cardiac patients costly and time-
consuming to plan for a procedure, but they are also most often inaccessible, ethically
problematic, and potentially dangerous, [28] therefore, making surgical cadaver

training less appealing for the use as a practical and authentic simulated training
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environments. Simulation-based training, though, is costly, but so is conventional

training [27].

Synthetic models are also not reusable, and thus, synthetic models with higher
precision are very expensive compared to VR simulators. VR-based training may
also be tailored to the skills and expertise of the surgical trainee by changing
the level of difficulty or by providing incremental learning knowledge. VR-based
simulators may be used to analyze factors affecting surgeon performance without

placing patients at risk, such as operating room (OR) adverse conditions [27].

The drawbacks of VR simulations include high costs, lack of force-feedback, and
some simulation models’ minimal realism. However, simulators are becoming
more cost-effective and better able to simulate human anatomy as VR technology
progresses. Because of the flexibility of VR systems and the proof of their effec-
tiveness in improving operational efficiency, it was suggested that these simulators

be included formally in the surgical curricula [27].

2.3 VR for Neurosurgery

The use of simulation in training surgical residents is a domain of increasingly
growing popularity and research. The increasing use of surgical simulation has been
embraced by several factors, including required resident work-hour limits, increased
demand for hospital quality, and a greater focus on patient-centered treatment with
closer supervision by attending physicians. In addition, there are concerns that

the conventional Halstedian surgical mentoring model may restrict the efficiency
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of acquiring surgical skills in an age where residents are required to master an
enormous amount of knowledge. Simulation enables residents to learn skills in a

risk-free environment, especially in the field of neurosurgery [23]].

Neurosurgery is a challenging field that requires critical decision, professional ex-
perience, and careful concentration. A requirement for all neurosurgeons is the
mastery of basic professional skills to provide secure patient care. The treatment
of life-threatening neurological disorders becomes second nature by the end of res-
idency training, but basic skills have to be sharpened like any technique. In general
neurosurgery, simulators are useful for the training of junior residents and for the
continuing education of subspecialized neurosurgeons who need to provide their
populations with general call services on an irregular basis. Also, as the neuro-
surgery field continues to develop, it has become apparent that the operating room
is not the best place to initially learn and improve surgical skills. If failure happens,

the series of maneuvers in clinical practice will seldom be repeated [4].

Given these reasons, interest in neurosurgical simulation has recently surged. This
is primarily due to the confluence of two synchronous factors: decreased exposure
of trainees to surgical cases based on duty-hour residency constraints and techni-
cal developments in imagery, computing, virtual reality, (VR) and simulation 3D

printing [4]].

The use of VR in neurosurgery education has considerable potential to improve the
training of surgeons. In the future, VR will almost certainly become a core compo-
nent of resident education as explorations grow in computing, graphics, modeling,

and haptic (tactile feedback) technology. Currently, however, VR simulation has
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been shown to be of value to the training of neurosurgeons [19].

Around the turn of this century, the earliest VR spine simulators were designed. Sev-
eral VR simulators have since been developed commercially. ImmersiveTouch® is
known as the simulator with potentially the most testing validation in the literature
(Immersive Touch, Inc., Chicago, Illinois). Currently, this simulator models the fol-
lowing spinal procedures: percutaneous lumbar puncture, Jamshidi needle biopsy,
positioning of the thoracic and lumbar pedicle screw, percutaneous spinal fixation,
and vertebroplasty. According to the company website, several other procedures are
under development, including anterior cervical discectomy, lateral mass fixation,
etc. In the literature, a simulator called the Dextroscope® (Volume Interactions
Pte, Ltd., Singapore) was also assessed. This framework focuses on preoperative
preparation, enabling surgeons to imagine patient-specific anatomy by constructing
a virtual surgical area in a 3D world [[19]]. However, this simulator is no longer being

used.

Rather than assessing surgical procedures, simulation models can be used in dif-
ferent aspects. The NeuroTouch virtual reality simulator was used by Khalid et
al. [29] to build and validate a set of methods for testing technical skills that can
assess bimanual psychomotor performance skills. The study aimed to explore the
impact of a simulated stressful virtual reality tumor resection scenario by utilizing
NeuroTouch that allow the testing of acute stress on psychomotor performance in

risk-free environments.
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2.4 Ergonomics Importance in Neurosurgery

Ergonomics, also called human factors engineering, is the study of the behavior
and activities of individuals concerning the work environment and the worker’s
mechanical and electronic equipment. The role of ergonomics specialists is to
design or develop the workplace, equipment, and procedures of employees to ensure
the comfortable, secure and efficient fulfillment of personal and organizational
objectives. Studying human work, ergonomics has provided substantial insight into
the mental and physical processes that workers need in many various environments.
Such expertise has been effectively used in industrial and military settings to improve
working conditions, minimize accident rates, and lower costs. Remarkably, only
limited applications to the medical profession, particularly surgeons, have seen this

scientific approach to work analysis [14]

Ergonomic analyses are commonly used today in technology, the military, and sports
training to help people gain a maximum per-growth understanding of the value of
ergonomics and ergonomic issues in relation to intensive care units, gastrointestinal
endoscopy, back injuries in health care personnel, and job challenges in nurses and
medical surgical staff. Anesthesiologists have discussed the significant factors in
the display of knowledge and equipment design that influence their work, maybe

more than any other medical specialty [16]].

The risks of ergonomics in the OR can be divided into three groups: risks from
physical ergonomics, risks of cognitive ergonomics, and risks from organizational
ergonomics. Risks from physical ergonomics in the operating room are related

to physical activity. And physical ergonomics deals with human anatomical, an-
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thropometric, physiological, and biomechanical characteristics. Risks to cognitive
ergonomics in the operating room are related to mental processes such as percep-
tion, thinking, and motor response and are concerned with cognitive ergonomics, as
they influence the human experiences and other elements of a system. Lastly, risks
from organizational ergonomics are concerned with the optimization of technical
frameworks, including their organizational structures, strategies, and procedures

[30].

Standing, uncomfortable body positions and the occasional need to exert significant
pressures on tissues have almost always been needed to conduct open surgical
procedures. It is well recognized in industrial ergonomics that both static and

dynamic postural stress can lead to illness and discomfort [[16]].

Kant et al. studied the postures of doctors and nurses during surgery and found that,
due to their frequent and sustained static head-bent and back-bent postures, surgeons
and scrub nurses experience considerable stress on the musculoskeletal system
[31]. Radermacher et al. have stated that more than 70 percent of intraoperative
working postures are significantly unchanged during laparoscopic and orthopedic
surgery [32]]. Mirbod and others surveyed Musculoskeletal Disorders (MSD) among
orthopedic and general surgeons and found a large prevalence of pain complaints
among orthopedic surgeons in the shoulders (32%) and neck (39%). In the same
study, with a prevalence of 18 percent and 21 percent, general surgeons reported

similar symptoms compared to pharmacists at 15%t and 18% respectively [33]].

Many surgeons, due to bad posture or as a result of the instruments they use, will con-

tinue to experience pain and discomfort while performing operations at work, unless
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they get adequate training to improve their working practices or until departments
in their organizations consider the ergonomics of surgery. Neurological surgery,
in particular, is characterized by technically complex procedures that require long
hours of training to minimize the risk to the patient. Therefore, improving training
and education is important for both neurosurgeons and their patients. According to
a study by Soueid et al. [15]], 80% of neurosurgeons (8 out of 10) have a prevalence
of musculoskeletal pain that has been attributed to operating. For surgery residents,
an injury may have direct consequences on their training. Therefore, the aim of this
study is to understand the current perspectives and future vision and the need for

simulation in neurosurgical training and practice.

During long periods of suturing, sitting is more restful and also offers a more secure
posture during microsurgery for controlling equipment. In fact, a sitting posture has
long been known as a favored position for light manipulative work, and proposals
were made to enable surgeons to take a sitting position during at least part of an
operation. However, sitting during major torso or limb surgery remains rare in the

United States [16]].

The risk of musculoskeletal problems in spine surgeons is even higher; member
surveys released by both the North American Spine Society and the Scoliosis Re-
search Society showed an unprecedented presence of neck and back pain in spine
surgeons, resulting in medical care, missing work days, and early retirement. Rates
of surgical care for these complaints varied from 4.6-7.1% [34]]. During both open
and laparoscopic procedures, surgeons are at risk of developing musculoskeletal

strain [35]].
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Several studies have indicated that between 60-90% of surgeons experienced pain
and discomfort from poor ergonomic positioning in the operating room. The fact that
up to 40 percent of proceduralists indicates that pain and discomfort will impair their
ability to perform or assist with surgical procedures in the future is also of paramount
concern. In reality, two-thirds of the surgeons have little or no knowledge of the
ergonomic factors that led to their symptoms [36]. Approximately 25% of those
surgeons who reported discomfort took time-off from work with still more surgeons
opting to decrease their operating caseload. An average of 7.3 days is lost when an
injury results in the absence from work [S0]. In addition, some surgeons recommend

early retirement and fear that pain will shorten their careers [18]].

For surgery, residents may have a direct effect on their preparation and could lead
to direct consequences on their training. In a study of work-related injuries suffered
during obstetrics and gynecology training, Yoong et al. found that out of 97 resi-
dents, 28 (29%) had sustained in-work injuries. Eight respondents needed time off
from residency, and one had to extend the training by 3 months [37]. In addition,
the risk factors for injury are both an absence of surgical experience and inadequate
ergonomic preparation. Surgery residents may also have specific occupational in-
jury risk factors since they have less experience and are often expected to perform
physically challenging tasks. Moreover, with less attention paid to their physical
status, surgical configuration, or other ergonomic factors, their primary intraopera-
tive emphasis would be on the surgical procedure. Therefore, ergonomic education

during residency can opportunely be mitigated [18]].

Overall, open surgery is considered to be more ergonomic than laparoscopic surgery
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because it facilitates direct visualization, greater range of motion, fewer constrained
postures and ease of movement [38, 139]. For this reason, the ergonomics of open
surgery have not been well researched as minimally invasive surgery (MIS). Special
ergonomic problems, however, occur during open procedures. In fact, up to 54% of
the time surgeons spent with their head bent forward and 27% of the time spent with
their back twisted and bent laterally. The asymmetric loading of the spine that occurs
in these postures leads to an increased risk of vertebral disc herniation. Furthermore,
the common view that open surgery is more ergonomic than laparoscopic is now
questioned, since upper extremity electromyography studies show increased activity

in open cases compared to laparoscopic 0-n n-" cases [18].

A lack of knowledge of ergonomic standards tends to be one of the most signifi-
cant risk factors for surgical injury. Up to 90% of surgeons do not have previous
ergonomics training [40} 41], and the lack of ergonomic preparation in surgeons has
been directly related to occupational injury. Surgeons are at a higher risk of injury
without an understanding of ergonomic variables to avoid strain. By introducing
and educating residents in ergonomic concepts that can be easily adapted to the
work of the surgeon inside and outside the operating room, surgeons as educators
can mitigate this risk. Learning optimal ergonomic practices will improve surgeons’

physical health and well-being and foster career continuation [18]].

The importance of posture is often overlooked. Surgeons are often found in uncom-
fortable positions which cause musculoskeletal strain while operating. Although
when working with proper body posture, if static and held with tension, it may lead to

muscle fatigue [42,43]]. Furthermore, poor body positioning can negatively impact
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technical performance [44]. In the operating room lack of attention to ergonomic
standards raises the risk of musculoskeletal discomfort. This may be particularly true
for residents who pay little attention to ergonomic factors, including their posture,
when concentrating on the operative procedure. Surgical training may be extended
if an occupational accident happens, directly impacting the future of a resident as
well as the residency program. Evidence indicates that the performance of trainees
and surgeons increases when there is more attention to enhance the posture and

control position and table height [18]].

For cases that involve wide movements or substantial force, working while standing
is optimal. The ideal standing pose is slightly tucked with the head directly over the
shoulders and with the chin so that the neck is flexed at 15-25 degrees [45, 46, 47].
Improper table height can contribute to pain in the wrist, hand, shoulder, neck, and
back. Proper adjustment of the height of the operating table decreases the risk of

experiencing musculoskeletal discomfort by 83% [[18]].

For manual work, it is recommended to have a working height about 5 cm below
the elbow with a reasonable range of 10 cm below (for heavy work) to 5 cm above
the elbow height (for precision work). Most surgeons change the table during open
operations, so the patient is at elbow height [18]. With one operating room table,
however, it is rarely possible to change it to fit all the surgical team members. The
teams ranged in height from barely five feet (5’) to six feet five inches (6°5”) during
the observation of surgical processes. In most cases, the table height for the lead
surgeon should be changed. It also became apparent that if the procedure was done

from a seated position, it was much easier to accommodate more of the team [36].
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During and after spine surgery, many spine surgeons reported neck and back pain.
The spine angle of the surgeon was ergonomically examined in a study by Park et
al. [48] during the surgery and the kinematics of the spine of the surgeon were
correlated with musculoskeletal exhaustion and pain. In their experiment, 18 spine
surgeons were included who each used a spine surgery simulator. Three different
methods were used to visualize the surgical field (naked eye, loupe, microscope) and
three different operating table heights were studied. A 16-camera optoelectronic
motion analysis system was used, and 16 markers were placed from the head to the
lower back. Measurements were compared between different operating table heights
and visualization methods and also with natural standing posture. Results showed
that spine angles were different depending on visualization method operating table
heights. Their study suggests the use of a micro-scope and a table height above the

umbilicus as an appropriate setting to reduce surgeon musculoskeletal discomfort.

Experts, in a study by Christian et al. [49] presented a systematic evaluation of
an implementation of a participatory ergonomic training program in a medical-
technical production company. One hundred and sixteen (116) employees in the
company were included in this comprehensive ergonomic training. The purpose
of their study was the evaluation of the implementation of an ergonomic training
initiative in a single-case study which included basic and follow-up workshops
attendance. For the organization, one of the study’s practical goals was to optimize
the learning transfer of the newly established ergonomic training program. Their

study showed a successful ergonomic improvement.

Norashikin et al. [S0] study explored whether MSD can be reduced by the provi-
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sion of ergonomics education among computer users. Three units were randomly
assigned for intervention and got training, while three units were given a booklet
in a cluster randomized controlled trial. The intervention’s impact on work-station
behaviors, musculoskeletal disorders, sick leave, and psychological well-being were
evaluated. As a result, work-station behaviors improved significantly, and the varia-
tions in keyboard, mouse, chair, and desk use remained significant at the follow-up

time point.

Park et al. [51] noted that fatigue reduction was ergonomically demonstrated as
feasible when laparoscopic surgeons adjust posture. Therefore, from the viewpoint
of ergonomic and human factors, all measures must be extended to improve the

surgeon, computer, and patient interface.

In their recent research study [52] the effects of different surgical simulation training
programs on motor-skill acquisition were examined by Ritter et al. In their study,
they conducted laparoscopic training activities to learning sessions and assessed
the efficiency and earned learning curve, demonstrating that more training resulted
in less time for tasks completion. Rodrigues et al. [53] recently conducted an
Ergonomics Analysis for Subjective and Objective Fatigue in Surgeons Performing
Laparoscopic and Robotic Surgical Skills Practice. Two standardized surgical tasks
(peg transfer (PT) and needle passage (NP)) were completed twice in each surgical
skill’s practical situations in their experiment and study: (1) laparoscopic training-
box environment (Fundamentals of Laparoscopic Surgery (FLS)) and (2) Mimic
dV-trainer (MIMIC). One of their primary findings was that ergonomics settings

and associated drawbacks have an overall impact on operational efficiency. In the

26



Chapter 2 2.4. Ergonomics Importance in Neurosurgery

context of this study, surgeon training is also a critical success factor for robotic

surgery.

In their research work, Wu et al. [54)] used sensor technology to develop performance
indicators for robotic surgery training sessions. The major findings linked significant
differences in performance between sessions to a variety of behavioral and cognitive
markers. This means that effective surgery training must also incorporate these

aspects as additional enhancing components.

The principle of ergonomics instruction validation was examined in Mertens et
al. research [55] with a focus on robot-assisted surgical simulator training. The
researchers’ methodological trial and the use of the DaVinci skills simulator revealed
that ergonomics teaching leads to improved scores and performance. This is a clear
indicator that the ergonomics design of VR and simulation platforms must also be

considered.

More detailed studies [S6] provide a greater emphasis on crisis management simula-
tions, which promote unique training experiences in areas such as dual neurosurgery
and anesthesia. The design and requirements of a training simulation environment

are challenged by the support of a team for resolving intraoperative crisis.

An important result was the requirement for continual simulation integration into
ordinary training methods. Such a critical requirement necessitates the addition
of Surgical Ergonomics to training. Ronstrom et al. addressed the importance of
ergonomics professionals as educators in their study. The study’s main conclusion is
that residents should be taught how to employ ergonomics in the operating room [[18]].

The complexity of surgical activities demands the development and deployment of
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multi-procedural Virtual Reality simulators [57, 58], with a focus on interactivity

and integration.

Yadav et al. [59] investigated the theory of Micro-neurosurgical Skills Training
and concluded, among other things, that understanding ergonomics can greatly
improve surgical skills, whereas Azarnoush et al. [60] investigated the impact
of “force” in VR for brain tumor removal. By deploying NeuroVR (previously
NeuroTouch), they could increase patient safety by combining force application and

use in neurosurgeons with ergonomics data.

It is practically possible to study the concepts of ergonomics rather than train
someone in ergonomics, which involves physical exercise. In the construction of
equipment, systems or instruments, most ergonomic methods are employed. Using
simulator to teach the ergonomics concepts with negative and positive examples of
ergonomics or interactive application can be applied on a computer or in VR tech-
nology. The application will be focused on the selected competencies in ergonomics
that can be assessed during practice. These measurements can be read through the
simulator device for example, the user’s neck angle or the hand movements. The
VR device trains the surgeon for specific period of time and gives a report on these

measurements.
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2.5 Machine Learning Algorithms for Object Detec-

tion

The detection of objects is an important stage in high-level computer vision. In
order to fully understand images and analyze videos, accurate object detection is
needed. In photographs and videos, faces and human bodies are among the most
significant items. Two main steps for accurate human identification in a static image

are feature extraction and classifier design [61].

The aim of object detection research is to figure out where objects are in a given
image (object localization) and which group each object belongs to (classification
of objects). Standard object detection models’ pipelines can thus be divided into

three phases: informative area selection, feature extraction, and classification [61]].

Convolutional Neural Networks (ConvNet/CNN) are the most generally used Deep
learning technique in the field of Computer Vision; they are commonly used to
address image and vision-related issues, such as picture categorization, object de-
tection, and pattern recognition. CNNs can be viewed as several images being
filtered in parallel at the same time. It is a technique that can take an input image
and learn its many elements (features) by assigning priority to them using learnable
weights (particular pixel values of a matrix/vector) and biases to distinguish them

in later stages [62].

CNN s do this learning by preserving an image’s spatial and temporal relationships
without losing key information by applying relevant filters, and once a match is

made, that particular filter weight is learned and reused in the following stages as
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needed. As it goes deeper into the network, CNNs tend to reduce in size in relation

to the network’s depth with preserving image features [62].

The components of a Convolutional Neural Network structure are Convolutional
layers, Pooling Layers, Activation Function, Loss Function, and Fully Connected
Layer. The Convolutional layers are responsible for applying a kernel, mask, or
template to the input image to generate a convolved output. To minimize the spatial
dimensions of the convolved feature vector, pooling layers are inserted after each
convolutional layer in the base architecture for compression purposes. This layer
is intended to lower the computational resources required for data processing by

reducing the dimensionality of the data [62]].

The Fully Connected (FC) layer primarily learns non-linear combinations of high-
level feature representations of the outputs from all previous convolutions and trans-
lates them into a suitable form to be given as input to a Neural Network for classifica-
tion or prediction. After convolutional layers and fully connected layers, activation
functions are employed to activate a neuron to signify its priority over other neurons
in the same layer. Loss/Cost functions influence the model’s performance intensity,
and the cross-entropy loss is used in the softmax classifier, which is commonly used

in neural networks [62].

YOLO (you only look once), is a state of the real-time object detection algorithm.
It’s a convolutional neural network (CNN) that detects objects in real time. The
algorithm scans the entire image into a single neural network, splits it into regions,
and predicts bounding boxes and probabilities for each. With YOLO, a single CNN

predicts several bounding boxes and class probabilities for certain boxes at the same
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time. YOLO optimizes the detection quality immediately after training on complete
images. The model’s key advantages are that it is fast, that it sees the entire image
during training and testing, and that it detects objects with a single convolutional

network [63]].

The Histogram of Oriented Gradients (HOG) is a feature descriptor used in computer
vision and image processing for object detection. The technique counts the number
of times a gradient orientation occurs in a specific area of an image. It’s a condensed
image representation that only shows the most interesting aspects of the image. The
HOG investigates an object’s structure or form. It also can provide edge direction by
extracting the gradient and orientation of the edges. The orientations are determined
in sections that are ‘localized’. The entire image is divided into smaller regions,

with each region’s gradients and orientation determined separately [61]].

The Support Vector Machine (SVM) is a classification and regression prediction
method that employs machine learning theory to optimize accuracy while avoiding
overfitting the data. Pixel maps are used as data in SVM, which makes it famous.
Its performance is comparable to that of advanced neural networks. It’s used in
a variety of applications, including handwriting analysis, face analysis, and so on,

with a focus on pattern classification and regression [64]].

VGG16 is a convolutional neural network model proposed by K. Simonyan and
A. Zisserman from the University of Oxford. Their contribution was a thorough
evaluation of networks of increasing depth using an architecture with very small (3
X 3) convolution filters, which shows that a significant improvement on the prior-art

configurations can be achieved by pushing the depth to 16-19 weight layers. VGG16
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is a large-scale image classification network with very deep convolutional networks
(up to 19 weight layers). On the ImageNet challenge dataset, it was demonstrated
that the depth of representation is beneficial to classification accuracy and that state-
of-the-art efficiency can be achieved using a conventional ConvNet architecture with
significantly improved depth. VGG16 models generalize well to a wide variety of
tasks and datasets, approaching or surpassing more complex recognition pipelines

based on shallower image representations [63]].

The problem of identifying the location of key points on the body, such as major
body parts and joints, is known as human pose estimation. This problem has several
applications, including behavior classification and body movement prediction. Due
to small joints, occlusions, and the need to capture context, identifying body key

points has proven to be a difficult issue [66].

Changbo et al. [67] described a method for extracting a human movement silhouette
and matching it to a parametric model for human posture recognition using a genetic
algorithm. Their work is divided into two parts. In the first step, a human silhouette
is extracted from complex background under a fixed camera through a statistical
method. In the second step, a genetic algorithm is employed to fit the human body’s
outline to a parametric shape space model. Experiments on real video sequences

reveal that their technique can accurately extract human models.

An ergonomic posture recognition method based on 3D view-invariant features
from a single 2D camera was proposed in Hong et al. [68] paper. View-in-variant
relative 3D joint position (R3DJP) and joint angle are extracted as classification

features based on the detected 2D skeletons using a multi-stage convolutional neural
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network (CNN) architecture. Three posture classifiers for the arms, back, and legs
have been trained to classify them all at the same time in a single video frame.
The accuracy of three body components in recognizing posture was 98.6%, 99.5%,
and 99.8%, respectively. The relevant accuracies for generalization ability were
94.9%, 93.9%, and 94.6%, respectively. The method outperformed earlier vision-
based methods in construction in terms of classification accuracy and generalization

ability.

In their paper [69] Zequn et al. introduced a novel human posture identification
approach based on the Microsoft Kinect sensor that can detect user-defined postures
automatically. Nine features representing specific body parts such as the forearm,
thigh, and so on were generated using skeleton information derived from a depth
image of the user’s posture. These characteristics are loaded into SVM, which
generates posture-learning models, which are then used to recognize pre-defined
postures. Performance evaluation using 10-fold cross-validation revealed that the

method was capable of achieving a final overall accuracy of 99.14% in the test.

In Shumei and Victor’s paper [/0], an adaptive hybrid classifier (hAHC) was pre-
sented and assessed, which combines a posture-based adaptive signal segmentation
algorithm with a multi-layer perceptron (MLP) classifier, as well as a plurality vot-
ing strategy. A real-time posture recognition framework based on simulated crowd
security scenarios was used to test the hAHC model. It was compared to a single
MLP classifier (sSMLP) and a static hybrid classifier (hRSHC) using the real-time
information acquired from unfamiliar subjects from different approaches (classifi-

cation precision, recall, and Fl-score). The hAHC model enhanced classification
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accuracy and robustness slightly more than the hSHC model, and much more than
the SMLP model, according to experimental results (hAHC 82% ; hSHC 79% ;

SMLP 71%).
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Chapter 3

Methodology

In this chapter, we will explain two major studies in detail. The first study intends to
utilize VR technology to teach neurosurgical residents the ergonomics skills needed
to be learned while operating on an open spine surgery. The second study aims to
design a machine learning algorithm to detect ergonomic attributes while working

in the operation room.

3.1 Study 1: Ergonomics SKkills Assessment using VR

Technology

This part explains the utilization of VR technology to teach neurosurgical residents
the ergonomics skills needed to be learned while operating on an open spine surgery.

it defines the creation stages of the designed VR simulator including a need-based
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assessment, simulator scenario and VR system architecture.

3.1.1 Need Based Assessment

To design the first study, we need to determine the prerequisites of neurosurgical
training in order to strategize the future plans for simulation and rehearsal. Several
meetings have been conducted in the simulation center, King Abdulaziz University
Hospital (KAU-H), with subject matter experts, including Prof. Richard Satava (Pro-
fessor Emeritus of Surgery, University of Washington), Dr. Abdulrahman Sabbagh,
Prof. Saleh Baesa and Dr. Khalid Bajunaid (Department of Neurosurgery, KAU),
Dr. Abdulhameed Alkhateeb, and Dr. Mirza Pasovic (department of biomedical
Engineering, KAU). These meetings lasted for five to six months in order to identify
the research problem. Firstly, we had to select a specific problem to be addressed in
our research. Secondly, we wanted to determine the inputs, the expected outcomes
of the study, and the benefits that we can get from the study. Thirdly, our efforts
were centered on deploying the VR technology to serve the desired goal. For those
reasons, we spent quite some time constructing a very specialized survey. The
objective of the survey was to help us identify the main problem that has a common

interest to neurosurgeons.

An online survey was conducted using the SurveyMonkey [71] platform distributed
through different social media from January 1, 2019 to February 28, 2019. The
survey was sent to neurosurgery residents, specialists, and consultants from all over
the world. The survey investigated different aspects of the available methods that

educational programs offer for teaching surgical skills at different institutes, and ex-
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plored better ways of assessing surgical training performance from the respondents’
point of view. Furthermore, the survey was designed to obtain responses concerning
the experiences and perceptions of virtual simulation as a training and assessment
tool in neurosurgery, as well as to find the gaps in existing neurosurgical training.
The collected data from the survey was then analyzed and summarized on graphs.
This might help in selecting the needed training tool. Scripting the questions for the
survey took us many meetings and discussions. It was an important step to set up

our plan. Please refer to Appendix [A]for a copy of the survey.

Additionally, we built another qualitative questionnaire asking about the use of
ergonomics and VR simulation for surgical practice, including six key parameters

of analysis:

The key limitations of current approaches in surgery, with an emphasis in

technological support .

* Their experience in the use of technological tools in surgery.

* Their opinion on the potential of Virtual Reality in surgery.

* The ergonomics considerations in surgery with an emphasis on best and worse

practice.

* Their own belief for the evolution of emerging technologies and their adoption

in surgery.

* Their recommendations for some new processes and actions for the integration

of Virtual Reality, simulations, etc. in surgery?
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3.1.2 Building the Simulator

Several meetings have been conducted in order to get a consensus on the suggested
training environment and the ergonomics attributes that need to be maintained during
the surgery. The results of the meetings concluded that open spine surgery would be
used. Also, we agreed that the most important ergonomics attributes that residents
and surgeons need to be aware of are their neck angle and elbow height related to the
table height. According to Ronstrom et al. [18]], the appropriate neck angle to be in
flexion of 15-25° and adjust the table, so the patient is at elbow level. Please refer
to Figure[3.1)and Figure[3.2] To include these principles in the proposed model, we

have adopted a roadmap for developing a VR simulation scenario from Sabbagh et

al. (Figure [3.3)).

Figure 3.1: The surgeon on the left stands with his head at a slight angle of around
15°-20° with right posture. The surgeon on the right has an inappropriate posture
with highly flexed neck.
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Figure 3.2: The right operating table’s height indicated with operating surface at
elbow level.

H- Assigning
biomechanical 1 |- Artistic touches
properties

| [ }
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B- Sitting training and G- Correcting scenario J- Testing

A- Selecting a
procedure

testing objectives errors

C- Algorithm with tasks F- Obtaining imaging K- Trials to develop
and sub-tasks dataset metrics

D- Sub-task-based » E- Identifying
story-boarding instruments

L- Validation and launch

~ A S e _J

Figure 3.3: Proposed prototype scenario-building roadmap.
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To create a surgical ergonomic scenario, first we want the simulator to be realistic
enough to instill the user with a sense of comfortability and simultaneously be
challenging enough in terms of surgical tasks. The proposed prototype scenario-

building roadmap in Figure [3.3|is explained in detail in the following:

A. Selecting a procedure (Figure [3.3]A). In this step, one of the most common
procedures in neurosurgery as well as commonly associated with Work Mus-

culoskeletal Disorder(WMSDs) was selected: spinal-cord surgery.

B. Setting training and testing objectives (Figure [3.3|B). In accordance with the
main aim of the study, the ergonomics skills were identified: neck angle, elbow
height, and hand movements. The training objectives include neurosurgery

medical practitioners (consultants, specialists, residents, and interns).

C. Algorithm for the task and sub-tasks (Figure[3.3]C). The task here is to perform
a skin opening for the spinal-cord surgery. The sub-task is defined by moving

the surgeon close to the patient’s table and set her/his elbow height.

The calculation of the elbow height is defined mathematically using the relation
below where the center and the radius of a sphere is calculated using 3 points
on the surface of the sphere [73]]. This can be determined with a simple linear
system of 2 equations and 2 unknowns, where the input points are p(x1, y1,21),
p2(x2, y2,22), p3(xs,ys,z3) and the unknown are the circle radius and the center

of the ¢(xg, yo, z0). Please refer to Figure [3.4] [74].
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(_I:,_’L'g) I

(x3,53)

a
Figure 3.4: Circle passing through 3 points.

The idea is based on the assumption that the 3 points (p1, po, p3) must belong
to a circle with maximum radius of a sphere with center ¢. Thus, the following

conditions must be fulfilled:

* The 3 points (p1, p2 and p3) € to a sphere with center c.

(px1 = cx)® + (py1 = ¢y)* + (pz1 —c)* = r* =0 (3.1
(px2 — Cx)2 + (py2 — Cy)2 +(pz2 — cz)2 -r?=0 (3.2)
(pxs—c)?+ (pys —¢y)? + (pzz—c)* = r* =0 (3.3)

* The 3 points and the center (p1, p2, p3 and c) € to the same plane, either

X—Yy,x—z,0ry—zplane.

¢ Now, let’s define the vectors:

T
Vl = p2 _pl = (le’vlya vlz)

T
Ve = p3 — p1 = (Vax, Vay, V2;)
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* The direct expressions for k1 and ko can be derived obtaining:

k1=0.5-(vhvo) - [(v] - vi) = ] - v)]/[(V] - vi) - (V] - ve) = (V] - v2)?]

(3.4)

k2=0.5- (vi -v1) - [V -va) = (V] - v2)l/[(V] - v1) - (V] - va) = (V] - va)?]

3.5
» After determining k1 and k2, the center of the circle is:
Cx = Pix + klle + k2v2x (36)
Cy =Pp1y + klvly + kQVQy (37)
C; = p1z+kivig + kava, (3.8)

D. Sub-task-based story boarding step (Figure [3.3]D). The operator opens the
skin and opens the muscle around the spinal processes and suctions the blood

exposing the spinal processes in the lumber spine.

E. Identifying the instruments (Figure [3.3]E), the needed instruments are: suc-

tion, retractors, 15 blade scalpels, monopolar.

F. Obtaining image dataset (Figure [3.3|F) used in the creation of the 3D envi-

ronment and the interaction between the operator and the tissues.

G. Correcting scenario errors (Figure[3.3]G) include modifying the errors related

to the instruments design in order to meet the reality as possible.

H. Assigning biomechanical properties (Figure[3.3]H) includes adding the haptic
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feedback and suction and monopolar sounds and effect according to their

movements within the wound helps to make the environment close to reality.

L. Artistic touches (Figure[3.3]I) include the imported models to the environment.

The models such as the anesthetic operator and the monitoring assistant.

J. Testing step (Figure [3.3]J), we have conducted several meetings with sub-
ject matter experts including (biomedical engineers, computer scientists, and

surgeons) in order to build and test the created environment.

K. Trials to develop metrics (Figure [3.3]K) include the data analysis according

to each operator with the relationship to the ergonomics skills measured.

L. The validation and launch process (Figure [3.3]L). The validation approach
applied to the prototype include face and content validity which are mainly
based on qualitative data. The design and implementation of the simulator
have taken all possible measures to build the environment to the best and meet
the training expectation in term of reality of the scenes, the tasks, impact and

the reaction.

3.1.3 The VR Simulation Scenario

In this stage of the study, we use the Oculus Quest [75] shown in Figure 3.5] It
is an all-in-one gaming system built for VR and no personal computer is required
during the run. It has a built-in gyroscope and an accelerometer. The hardware

provides room-scale tracking. It comes with touch controllers where the user hands
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and gestures will appear in VR environment. We used Unity game engine to build

and operate the VR system.

£ Y

Figure 3.5: Oculus Quest.

The 3D wound and surgical instruments are shown in Figure [3.6] These objects
and other objects were designed using ‘Blender’, which is a free and open-source
software toolkit for 3D computer graphics used to build animated movies, visual
effects, graphics, 3D printed models, motion graphics, 3D interactive apps, virtual
reality, and games [71]]. Figures [3.7]and [3.8| show screenshots of instruments and
skin design using Blender. With a strong foundation of modeling capabilities,
there’s also robust texturing, rigging, animation, lighting, and a host of other tools

for complete 3D creation.
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Figure 3.6: Designed surgical instrument, 1- scalpel, 2- suction, 3- monopolar/bipo-
lar, 4- retractors.

Figure 3.7: Instruments design using Blender.
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Figure 3.8: Skin design using Blender.

Once the skin, instruments, and other 3D models were built, they were imported to
the VR 3D environment in Unity as shown in Figure [3.9] 3D virtual environment
is shown in Figure The animation of the residents (the user of the simulator)

and their interaction with the instruments are controlled by c# script.
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Figure 3.9: Skin cut interaction using Unity platform.
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peating! Data tracking

' { started

Figure 3.10: 3D virtual environment.

The resident can adjust the table’s height using red(lower)/green(higher) buttons. In
the simulator (Figure [3.T1) [76]], the VR headset measures the neck angle using the
built-in gyroscope. This data is a set of the following: (1. neck angle- the pitch, 2.
elbow height,3. table height, and 4. scalpel position (patient’s body height + table

height), and 5. hands movements). These data are captured with sampling rate of 1

Figure 3.11: Yaw, pitch, roll movements.

set per second and saved in a .csv file for a later analysis. Figure [3.12] explain this
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process.
X axis Data is collected
with sampling o
Set elbow height rate of Grab scalpel to make the incision
€t clbow hel Isample/s
(mathematically
using algorithms) v
Use a monopolar/bipolar and suction to
open the wound
Set table height
Use the retractors to expand and fix the
wound area
Y axis 7
Calculate neck angle Use a monopolar/bipolar and suction to
remove the tissues and reach the spine bone

.C5V

Figure 3.12: System Block Diagram.

The data is collected (the elbow height (cy, cy, ¢;)) and compared with the scalpel

position. The surgical operation requires the resident to do the following:

1- Make the incision cut using a 15-blade scalpel, as shown in Figure [3.13]
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Figure 3.13: The operator making the incision.

2- Using a monopolar/bipolar and suction, the user opens the wound (Figure

B.14).

Figure 3.14: Use a monopolar/bipolar and suction.

3- Using the retractors to expand the wound area and set the opening to a specific

dimension as shown in Figure [3.15]
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Figure 3.15: Use retractors to expand the wound area.

4- Using a monopolar/bipolar and suction to remove the tissues and reach the

spine where the main operation will be conducted.

3.1.4 VR System Architecture

The VR architecture system is shown in Figure [3.16 and has an input which is the
head movement and the hand movement that will be the input to the Alternative
Word Generator (AWG). The AWG is going to generate the scene and the scene
will be projected as video signal or audio signal. The video signal is rendered by
the video render and the audio signal is rendered by the audio render and also the

measurement of the data is collected in the csv file.
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Head
movement

Right hand

position [
i = > Video render
Left hand
position | Alternative World
Car = - |

Generator

Right hand
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Audio render

Left hand
rotation ¥ .csv file ‘

Click

Figure 3.16: VR Architecture system.
3.2 Study 2: Evaluation of Operating Room Compli-

ance based on Ergonomics SKkills

This section will explain the second study regarding the evaluation of the compliance
of the ergonomics regulation in the OR. The study design and questions will be
addressed. The conducted algorithm will be explained. This algorithm has been
applied to three different methods combined of machine learning algorithms. The

block diagram of each method is described in this chapter.

3.2.1 Study Design

In the second study, we used the Multi-View RGB-D Operating Room (MVOR)
dataset [77] contains 738 images for running surgeries. We have performed pre-
processing tasks including cleaning the images from any devices appear and any

un-necessary images that we don’t need. The study is designed as follow:
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1. We select pre-processed images from the dataset.

2. We analyze these images using some image processing techniques, which
would result in recognition of the good and bad body position and orientation,
according to literature we have used (HOG, SVM, YOLO, CNN, and VGG16).
This would help in detecting the correct body orientation according to the

ergonomics principles.

3. We used HOG and YOLO as two methods to do object detection.

4. We also used SVM and CNN as two methods to do classification of good and

bad ergonomics.

5. The third method we used is the pre-trained model VGG-16.

6. Our hypothesis states that using image processing technique would have suffi-
cient and accurate measurement to report on the compliance of the ergonomics

regulations in the OR.

The research questions are:

1- Are those images that we select in the OR enough to train a ML model about

the body position and orientation?

2- Does this information in question #1 determine if the subject being measured

is actually a human?

3- Can the images give some quantitative results (QR) about the status of the

people in the OR related to ergonomics?
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Where QR =1 for perfect compliance with the ergonomics skills
and regulations, and QR = 0 with no compliance with the er-

gonomics skills and regulations.

4- Can we read a stream of images per time unit and update the QR value per

time unit QR(¢)?

Where QR(1) is equal to QR at time=1 and can be written as

OR(1) =1
or QR(1) =0

5- Would it be possible to evaluate the total QR by accumulating QR over time?

t
Overall(v) = / OR(t)dt (3.9
0
Where v: total values of QR over time from 0 — ¢, when number of images
approaches co and ¢ approaches 0.
6- Can we plot the QR(t) and determine the correlation between QR and (¢)?

7- Can we determine the discrete component D value of QR(i) where (i) is the

ID of each person in the room and

DQR(1) = The QR for person #1

T n
Total DOR ~ Z Z OR(i)(t) (3.10)
r
Total DQR is total ergonomics in the room including person 1,2,3,...,n
overtimet=1,2,3,...,7T.
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3.2.2 Scope of the Study:

The study focuses on neurosurgeons in OR including all health specialists.
Exclusion criteria: Emergency Room.

Inclusion criteria: Operating Room, Spinal surgery.

3.2.3 Algorithm:

Read a stream of video

Convert video to a sequence of frames with rate of 1f/s

Read each frame

Identifying objects and recognize human objects using some object detection

algorithms (HOG or YOLO).

Assume the ergonomics for a given image E1 where

EI (1) = the ergonomics for image #1
EI (2) = the ergonomics for image #2

EI (n) = the ergonomics for image #n
Assume the ergonomics for human subject S is ES where

ES (1) = the ergonomics for human subject S #1
ES (2) = the ergonomics for human subject S #2

ES(m) = the ergonomics for human subject S #m
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For each image i=0 -» n
{for each human subject j=0 - m

{Assign ergonomics

ES(3)
ES(3)
ES = ES+ES(j)

1 if good
0 if bad

}
ES = ES/j
EI=EI+ES
}
EI = EI/i

3.2.4 Method#1 HOG+SVM:

This method is processed as follow and shown in Figure Compute HOG

features for positive images:

Read files from positive images folder one by one.

Resize all images to one fixed size.

Convert the images into single channel RBG to grayscale.

Calculate HOG features for positive images

Compute HOG features for negative images:
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Read files from negative images folder one by one.

Resize all images to one fixed size.

Convert the images into single channel RBG to Grayscale.

Calculate HOG features for negative images

Add the labels to the positive images and negative images

Train the SVM

- Split the data into training and testing, using 80% for training and 20% for

testing.

- Train SVM.

- Evaluate the classifier.

Calculate
Bead Re-size all .Ct"“‘.’eg BOG for Add Jables Train th Frvadut
ea : into single sotive N rain the valuate
sequence llgal::dto channel . earures . po:l(:gve ’ SYM 80- e
or Images size RGB to and negative 20 classifier
Grayscale negative 1eg
features Images
. _

Figure 3.17: HOG+SVM block diagram.

3.2.5 Method#2 YOLO+CNN

YOLO is a very fast and accurate real time neural network (NN) algorithm that can

detect objects. We train it and use it in the experiment to detect human body. Once
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the human object is identified, the images are fed to a CNN stage that classify the

images into good or bad ergonomics. Please refer to Figure [3.18]

Read sequence or
images . [ YOLO ] ’

CNN ] ’ Classification

Figure 3.18: YOLO+CNN block diagram.

In this approach, person correct position is identified either by classification or
regression technique. Image is taken as input and an array of five elements is taken

on the output. This array indicates open person body position.
Number ‘1’ indicates right position while ‘0’ indicates wrong position.

The first element is for the head, the second is for the right shoulder, the third is for

the left shoulder, the fourth is for the right elbow, and the fifth is for the left elbow.

We can either use a classification or regression model. It depends on the input data;
if we can set a threshold on the input image, then use classification, otherwise we

use regression. The next step is to apply CNN and produce the results.

This task is divided into two parts:

* Slope and classification based

* Slope and regression based
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3.2.5.1 Slope and Classification based

Creating labels based on poses by computing slopes between some poses (head-
neck, left shoulder-left hip, right shoulder-right hip, left elbow- left wrist-left wrist)

and using some thresholds to creating binary labels.

head_neck_Thr_min = 0
head_neck_Thr_max = 1.5
left_shldr_hip_min = 0
left_shldr_hip_max = 1.5

right_shldr_hip_min = 0

right_shldr_hip_max = 1.5

left_elbow_wrist_min = 0

left_elbow_wrist_max = 1.5

Il
(=]

right_elbow_wrist_min

right_elbow_wrist_max = 1.5

batch_size= 32

head & neck
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calculate the slope for the head_neck
if slope > neck min and slope < neck max
y =1

else

left shoulder and left hip

calculate the slope for the left_shldr_hip
if slope > left_shldr_hip min and
slope < left_shldr_hip max
y=1

else

right shoulder and right hip

calculate the slope for the right_shldr_hip
if slope > right_shldr_hip min and
slope < right_shldr_hip max
y =1

else
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right elbow

calculate the slope for the right_elbow
if slope > right_elbow min and
slope < right_elbow max
y =1

else

left_elbow

calculate the slope for the left_elbow
if slope > left_elbow min and
slope < left_elbow max
y =1

else

3.2.5.2 Slope and Regression based

Creating labels by computing slopes between some poses (head-neck, left shoulder-
left hip, right shoulder-right hip, left elbow- left wrist-left wrist) and using them
straight away as targets. A simple CNN model was designed to train the proposed

model.
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In the case of classification, slopes are calculated and their corresponding labels
are provided using threshold values. In the case of regression, only slope values
are calculated. Please refer to Figure [3.19] for slope estimation for neck angle and

Figure [3.20] for slope estimation for elbow height.

slope=0 slope=1.5 slope=1.5 slope=0

Figure 3.19: Slope estimation for neck angle.
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Slope = 5 Slope =1
left_elbw_wrist max = 15 left_elbw wrist min = -15
right elbw wrist max = 15 right_elbw wrist min = -15

Figure 3.20: Slope estimation for elbow height.

3.3 Method#3 VGG16

VGG-16 is another CNN model that was pretrained of 14 million images with
over 1000 datasets. We use it in this experiment to classify images according to

ergonomics skills shown in Figure [3.21]

The first step is to find if the image has a human object or not, and give an output of

1/0 for existence if human or non-human.

Read sequence or images . VGG-16 . Result

Figure 3.21: VGG-16 block diagram.
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If the image has a human object = 1,

no human object = 0.

Then if the human object is standing or working 1/0.
Standing = 1, we assume good ergonomics

Working = 0, we assume bad ergonomics
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Chapter 4

Results

This chapter presents the results that were obtained from the two studies that have
been implemented according to the methodology in Chapter [3] The first study
consists of two phases and the second study consists of three machine learning

algorithms that are going to be shown in the second part of this chapter.

4.1 Study 1: Ergonomics Skills Assessment using VR

Technology

This section presents the results of the first study including the quantitative and
qualitative analysis of the conducted “need based assessment”. The conducted
experiment is presented as well, including a VR simulator scenario and interaction

among the participants. The statistical analysis of the collected data including neck
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angle, hand movements and rotations among each user and other groups are also

given.

4.1.1 Need Based Assessment

As mentioned in chapter 3 an online survey was conducted and distributed to neu-
rosurgery residents, specialists and consultants who are practicing globally. The
survey aimed to explore different available methods that educational programs offer
for teaching surgical skills at different institutions. The main goal was to identify
better techniques to evaluate neurosurgical training performance from the perspec-
tive of the participants. In addition, the survey was created to collect feedback on
virtual simulation’s effectiveness as a training and assessment tool in neurosurgery,

as well as to identify gaps in current neurosurgical training.

4.1.1.1 Quantitative Analysis of the Survey

In this questionnaire, 77 neurosurgeons participated in the study from different
countries including Saudi Arabia, USA, UK, Pakistan, Egypt, and others. Board-
certified surgeons had the greatest representation at 73.6% (56) surgeons, followed
by 9.2% (7) senior residents, 9.2% (7) junior residents, 7.8% (6) specialists, and
one respondent who didn’t mention his education level. Responders represented
a total number of 68 males and 7 females (two responders skipped this question).
Fifty seven point three percent of the participants (57.33%) worked at tertiary

hospitals, 32% of the respondents worked at university hospitals, and the other
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10.6% worked at community hospitals. Residency programs are available in the
hospitals of 79% of the respondents. This question was asked in order to identify the
background of respondents based on their work environments. In our cohort, the top
three neurosurgical sub-specialties practiced by the board-certified neurosurgeons
were spinal surgery, neuro-oncology, and pediatric neurosurgery. The respondents’

characteristics and demographic data are shown in Table {.1]

When asked about different rehearsal habits, 44% of the respondents said they do
rehearsal before operations, while 35% sometimes do, and 19% don’t do rehearsal
before operations. Regarding which method they practiced for rehearsal, as shown
in Figure . 1] “reviewing medical imaging of the patient” (MRI, CT, ultrasound, X-
ray) was practiced by 97% of the respondents, followed by “reviewing the anatomy”
at (86%),“discussion” at (77%), “mental rehearsal” with (73%), while the lowest
number of respondents (55%) practiced a “review of navigation-generated images.”
However, most of the respondents (97%) agreed that reviewing medical imaging
of the patient (MRI, CT, ultrasound, x-ray) is an essential method of rehearsal.
Primarily, it supports medical and surgical treatment planning as well as guiding
medical personnel as they insert catheters, maneuver other devices inside the body,

or remove blood clots and other blockages.

Referring to the methods that programs offer for teaching surgical skills at the
doctors’ institutions, an “apprenticeship model (learning by doing)” was most com-
monly offered (71%), followed by “training on live surgery” (68%), followed by
“scheduled surgical lectures” (55%). However, the apprenticeship model is based

on the theory of situated learning, which states that a skill must be learned in the
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Table 4.1: Respondents’ characteristics.

Variables Cohort Variables Cohort
Gender Type of institution
Male 90.79% 69 | Tertiary Hospital 57.89% 44
Female 9.21% 7 Community Hospital | 10.53% 8
skipped 1 University Hospital 31.58% 24
skipped 1
Age
25-34 29.33% 22 | Do you have residency program in
your hospital?
35-44 26.67% 20 | Yes 78.95% 60
45-54 29.33% 22 | No 21.05% 16
>55 14.67% 11 skipped 1
skipped 2

For how many years have you been
practicing at your current level
(resident, specialist, or consultant)?

Educational level 0- 15.58% 12
Junior resident 9.21% 7 2-5 27.27% 21
Senior resident 9.21% 7 6-10 18.18% 14
Specialist 7.89% 6 11-15 11.69% 9
Board-certified surgeon | 73.68% 56 | 16-20 12.99% 10
skipped 1 >20 14.29% 11

Region of practice What are the two subspecialties you

practice most?
North America 10.3% 8 Spinal surgery 48.21% 27
South America 2.5% 2 | Neuro-oncology 44.64% 25
Europe 7.79% 6 Pediatric 37.50% 21

neurosurgery
Asia 70.12% 54 | Traumatology 17.86% 10
MENA 5.19% 4 Skull-based surgery 16.07%

skipped 3 Neurovascular 14.29% 8

surgery

Functional 5.36% 3

neurosurgery

Other Epilepsy surgery

Hydrocephalus

67



Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

What do you usually do in terms of rehearsal?
(more than one answer is allowed)

80
70

60

50
40
30
20
10
0 L]

Review medical Review the Discussion Mental rehearsal Review of Other
imaging of the anatomy (mental navigation
patient(MRI, CT, visualization of the generated images
ultrasound, Xray..) surgical steps)

Figure 4.1: Common rehearsal methods.

authentic context where it is to be applied. In terms of defining better ways of as-
sessing surgical training performance, results show that 71% of responses suggested
operating on cadavers as a better method, 67% of the respondents suggested de-
ploying virtual reality models, and 51% suggested synthetic models and scheduled

surgical lectures.

The questions were designed to discover how much surgeons know about virtual
reality. The results showed that 61% of respondents hadn’t experienced virtual
reality surgical simulation in training, while 90% of total respondents did believe

that virtual reality technology can serve surgical training.

When the respondents were asked whether they had explored any of the existing
virtual reality neurosurgical simulators, their responses indicated that 57% hadn’t

explored any kind, while 30% had tried the NeuroTouch (NeuroVR™) simulator,
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13% had tried Surgical Theater’s simulator, and 11% had tried the Immersive Touch

simulator.

Regarding the preoperative phase, which is an important phase that many doctors
may not pay that much attention to, almost all respondents (98%) agreed that there
is a gap in existing neurosurgical training in terms of operating room ergonomics

skills.

In the patient preparation phase, all three categories (residents, specialties, and
board-certified surgeons) recorded a gap in “deciding the incision (tailoring type
and location of the incision)” with 70% choosing that answer. When asked about
the gap in existing neurosurgical training in the preoperative phase, in order to
identify which gaps are common among the majority of respondents, 60% of the
residents agreed on “identifying the interface between tumor and brain and use as
operating plane for tumor resection”, and most of the board-certified surgeons (63%)
felt the gap was in “identify anatomic landmarks, functional regions, and major
structures”. This indicates that board-certified surgeons have more comprehensive
thinking toward the existing gaps than the trainees. When the respondents were
asked how important the body positioning technique is when compared with the

other skills, 89% of them thought that it is essential, as shown in Figure @}

Regarding the gaps in existing neurosurgical training, the respondents were given
a wide selection of neurosurgical skills to choose from: scalp incision, bone flap
removal, dural opening, open and close scalp incisions, etc. The answers were
variable between the different types of surgical skills. Shown in Table 4.2] are the

top five skills where respondents felt there were gaps.
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How important is the patient positioning

technigue compared with the other skills?
70
60
50
40
30
20

10
. — —

Essential Very important Neutral Not important

Figure 4.2: Patient positioning technique importance.

Table 4.2: Gaps in existing neurosurgical training in the preoperative phase (Ap-
proach).

Where do you feel is the gap in the existing neurosurgical? C-Approach:

Answer choices Responses
Identify anatomic landmarks, functional regions, and major structures 57.14% 36
Identify interface between tumor and brain and use as an operating plane 47.62% 30
for tumor resection

Perform basic skull base procedures 46.03% 29
Position patients for craniotomy 44.44% 28
Perform resection of pituitary lesions 44.44% 28

4.1.1.2 Qualitative Analysis of the Survey

In this section, we provide the additional insights collected from the focused survey
that reached 14 surgeons. The key findings provide additional insights to our

investigation and research approach.

In the first focused question, we want to understand the key limitations of current

approaches in surgery, with an emphasis on technological support. In Tabled.3] we
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provide an overview of key limitations.

Table 4.3: Key limitations of current approaches in surgery, with an emphasis in
technological support.

Open-Ended Response Key issue Contribution to
revealed our
methodological
framework
Reaching deep structures without causing injury to Reaching deep Light & Reaching

the outside structures, light during operation, focusing

structures, Light
during operation

of deep structures

Need more time for learning and to the get more

More time for

Time for training

chances from the seniors for learning training
High price of surgical simulation devices and lack of | High prices of Cost
availability simulation

devices

Some long operations “like Wipple” requires multiple

Confidence and

Learning curve.

major steps that can be done in other operations but experience

together they make the name, so training and

simulation sessions targeting these individual steps

build the confidence of this operations “and other

operations may share the same step”, the experience

and buildup of learning curve

We need more training Training Time for training
Need large budget Budget Budget resources
Most of the current surgical approaches are based on | Easing up Good healing
exploratory procedures where a longer surgical positioning

incision is made to look and reach for pathologic or
diseased part. Technology may help us in pin pointing
the location of bleeders, tumors, cysts, masses, stones
etc. It can help in easing up positioning during
surgery. Good healing and fewer risks may be
achieved with technology.

Minimally invasive with less exposure; Long learning
curve

Less exposure

Long learning
curve

IT employees IT skills IT skills and
employees

There is not enough broadcasting for laparoscopic Limited Robotic Surgery

surgery to outside the OR room so even if someone is | broadcasting

not attending can observe the approach. Robotic

surgery is not available in most hospitals.

Old generation can’t cope with the new advances Skills and Skills

especially that relates to technology. competencies
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As it is indicated in the overview these are some of the key perceptions of our

respondents:

a. Reaching Deep Structures, Light during Operation: It is critical to deploy
new methods and more sophisticated approaches to reach deep structures and

to improve lighting during operations and realistic representations.

b. More time for training: Time for training seems to be a key limitation factor.
From this perspective simulation tools and VR enhanced surgical practice

capability combined with ergonomics will add value.

c. High Prices of simulation devices: The development of cost effective simula-

tion environments for surgery is a key requirement.

d. Confidence and Experience: The deployment of technology needs to be based
on increased confidence and experience. The availability of simulation envi-

ronment will allow the development.

e. Training & IT skills: The effective deployment of surgical VR requires en-
hanced training and development of IT skills. This requires a detailed analysis

of training modules and design for integrated curricula.

f. Budget: The required investment in technological tools for surgery is a lim-
itation factor. In these context new approaches bringing into operation fully
functional cost efficient environments for simulations and surgical VR or

robotics is a significant milestone.

g. Limited broadcasting: Technical difficulties related to connectivity and broad-

casting capabilities in operation rooms is also a key factor for investigation
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and improvement.

h. Skills and competencies: The required skills for technological innovations in

surgery need integrated training programs and extensive practice.

In the fifth question, our respondents were requested to summarize their own expe-
rience in the use of technological tools in surgery. In their statements, it shows that
respondents agreed that there are adequate number of technologies installed, and the
operators of those systems have enough skills and competent to work on those new
systems. As is shown in Table 4.4] some key areas include: Endoscopic surgeries,
Microscopic surgeries, Visualization techniques, Tristappler in powel anastomo-
sis, Laparoscopic Devices, anastamosis, stapling and thermocoagulatory devices.
Also, technology adoption related to Utilization, Navigation studies, Endoscopy 3D

viewing, VR trials, Laparoscopic Surgery, 3D screens and Robotic Surgery.

In the sixth question, we want to understand the key perceptions of our respondents
on their thoughts about the potential of VR in surgery. Some key aspects of their

opinions are summarized as follows:

a. Limited Use, Promising Technology: “I didn’t use it before, but I think it
would be a wonderful experience and promising field in medicine one day,
especially when practicing for the junior physicians and interns to understand
the anatomy properly” or “No I didn’t try it, if available it will be soooo

beneficial”
b. Concerned attitude: “it has some limitations such as losing the real sensation”

c. Confident positive opinion: “It’s good”
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Table 4.4: Responders’ experience in the use of technological tools in surgery.

Provide your experience for the use of technological tools in Surgery

Open-Ended Response

Key issue revealed

Endoscopic surgeries in Otolaryngology field shown to be better
for visualization when compared to microscopes especially in ear
surgeries, which would save operative time, and save skin
incisions that would scar and cause pt inconvenience.

o Endoscopic surgeries
e Microscopic surgeries
e Visualization

Using tristappler or circular stappler in bowel anastomosis

o Tristappler in powel
anastomosis

Laparoscopic device

o Laparoscopic Devices

Actually, my answer “as well as others” may be biased in here
because some hospitals “including the one I’'m working at” is
mainly dealing with one company than others so we don’t have
that much of choices to prefer one product to another, but dealing
with Covidine Company in regard of its anastamosis, stapling
and thermocoagulatory devices is great and I'm comfortable
using them in the field.

e Anastamosis

e Stapling and
thermocoagulatory
devices

Utilizing minimal invasive surgeries will decrease overall
complications.

e Utilization

Use of endoscopes, microscopes, navigation studies have helped
in our field of neurosurgery.

e Endoscopes
e Microscopes
e Navigation studies

Endoscopy 3d viewing for difficult access structure

e Endoscopy 3d viewing

VR trials

e VR trials

Not much experience apart from laparoscopic surgery

e Laparoscopic Surgery

Most of our new surgeries depends on new technology including
3D screens, robotic surgery.

e 3D screens
e Robotic Surgery

d. Non users: “Never used it before”

e. Awareness build: “We have read about it but still not used it”

f. Advocates: “VR surgery is a great medium to access patients with minimal
contact especially in the presence of this pandemic in addition to being able to

help patients who are not able to be present in the same place as the surgeon”

Another critical question of our qualitative approach is related to the responders’

opinion about ergonomics considerations in Surgery. Below is a summary of the
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key ideas communicated:

a. Resistance to change: “The main issue with the advanced or technological
instruments and approaches in the surgery that it got fought by senior and old
physicians that got used to limited approaches and hate the idea of changing
their concepts and refusing to give a chance for novel techniques in practice,
meanwhile in the other hand it sometimes benefit the patient when there is a

pack up approach that is not fully forgotten and vanishes when needed mostly.”

b. Key contribution of Ergonomics / Pillar of efficiency: “Ergonomics is a must
in surgery especially in Laparoscopic procedures for instance. I have seen in
my practice, so far, some examples of applying the ergonomics and stressing
on them and the results were excellent on the surgeon, procedural time and
result on the patient. Some surgeons were the opposite of not paying attention

to them and they had some difficulties.”

c. More practice: “It needs more practice.”

d. Improve Discomfort: “Surgeon’s discomfort has potential negative conse-
quences on surgeon performance and patient outcomes, resulting in lost
revenue and surgeon burnout. Improving surgical ergonomics can reduce
discomfort and mitigate negative downstream consequences. In the operating
room, this includes awareness of body posture and proper operating room
setup. Other strategies include a warm-up prior to the first case and taking
scheduled breaks during surgery. Outside of the operating room, surgeons can

reduce discomfort by improving the ergonomics of their office environment
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and maintaining good health through routine exercise and stretching. Surgeon
educators should teach residents ergonomic principles as well as model their

implementation in the operating room.

e. Positioning issues: “Long standing with wrong posturing”

f. Lack of expertise: “As I’ve mentioned, there are not enough expertise in VR.”

g. Core component of success in surgery: “most of our surgeries depends on it

and it is efficient”

Additionally, one of our key efforts was to reveal the qualitative aspects of attitude
of surgeons on the evolution of emerging technologies and their adoption in Surgery.
Below are some of the characteristic opinions that add into the rich picture of our

research:

a. We could use many examples to highlight how technology helped us. For
example, robotic surgeries used nowadays in oropharyngeal surgeries are
saving time and ugly scars in the face to reach a point that is tiny compared to
the damage it did when approaching patients surgically, also endoscopic ear
surgeries nowadays is the favorable approach with newly graduated physicians
with a fascinating outcome when compared to the traditional microscopic

surgeries.

b. Its upcoming future...need more learning curve and more teaching centers.

c. Virtual reality whole body anatomy, that surgeon can work on any body part

like real patient.
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d. Actually, as I'm still a resident and the fact that I haven’t worked yet in any
robotic surgeries, I lack the knowledge and information needed to discuss this

matter.

e. Treat the sport knee

f. Using robotics surgeries would be the near future for most operations.

g. The emergence of new technologies is a wonderful progress. I wish that I
have technologies to pinpoint bleeders, tumors exactly on operating table and

we can directly manage them without cutting a lot of tissues.

h. Ibelieve in the future it is all about technologies that helps us do less invasive
and more effective surgery, but with good exposure and virtual reality for

better learning.
i. None

j. Robotic surgery is the best example for future potential in accessing everyone.

Technology and medicine should go hand in hand for the present and future.

k. Transferring from conventional thoracotomy to uniportal VATS depends on
new technology helped in safe, shorter hospital stay. Robotic surgery is the

future.

Finally, our respondents recommended some new processes and actions for the

integration of virtual reality, simulations, etc., in surgery.
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a. Ithink the minor surgeries would be a start when implicating the virtual reality
and would give the practitioner a good experience when exposed to the same

setting intra operatively.
b. Roboting surgery
c. Same answer in previous question

d. One of my recommendations is that if the health committees that approve the
residency programs can involve these technologies in the training programs
“specially in early years of surgical specialties and their residency programs”
that might solve the deficiencies in the residents contributions in OR and will
make it much safer for the surgical patients as only experienced surgeons “at

least senior residents” can contribute in working in the real operation.
e. None
f. Navigation Scans
g. Before each complicated surgery to make surgeon more confident

h. All residents should have the opportunity and should be included in the

residency program.

1. VR may have a role in the future but needs more adoption and practice.
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4.1.2 Using the Simulator

The measurements that were collected during the use of the simulator are: neck
angle, elbow height, table height (which can be varied upon user control), scalpel
position (patient body height + table height) which is captured when the user first
touch the skin using the scalpel. Also, the hand movements and rotations are taken

during the run of the simulator. These data are taken every second.

The study will start when the user wears the headset and the controllers. He or she
will see himself or herself inside a virtual operating room in front of the patient body
showing the back area where the surgery will be performed. The user also will see
the instrument table on the right side and two buttons on the left. The user will also
see the operating instructions on the front side. For the elbow height calculation, the
user will be given the instruction; set up the elbow by standing with the right hand
straight downwards, click the trigger button once, then bend the arm from the elbow
at 90 degrees, and click trigger. Finally bend lower arm further and click trigger (as
shown in Figure 4.3). The two buttons on the left side of the user are colored as
green and red and are used to adjust the table height as shown in Figure 4.4] The
red button is used to lower the table while the green button is used to raise up the
table. When the user first touches the skin using the scalpel as shown in Figure
[.5] then, the scalpel position value is registered. Afterward, the user will make the
incision cut using the scalpel as shown in Figure 4.6 and meanwhile, all the hand

movements, rotations, and other measurements are registered each second.
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standing with right

Straight downwards.Click
PHgger button once, then bend
WM ITom g¢lbow at 90 degrees and
click trigger.Finatly bend lower arm
further and elick rigger.

Figure 4.3: Elbow height calculation guidelines.

Figure 4.4: Adjusting table height buttons.
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Figure 4.5: Scalpel position calculation.

Figure 4.6: Cutting skin complete.
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In order to start the study and collect the data from participants, many visits have
been done in different hospitals in Makkah and Jeddah cities. The hospitals were:
King Abdulaziz University Hospital, King Faisal Specialist Hospital, King Fahad
Hospital, AlNoor Specialist Hospital, and National Guard Hospital. Different levels
of neurosurgeons have participated in the study including consultants, specialists,
residents, and interns. Each participant was asked to wear the VR headset and start

the simulated spinal cord surgery. Figure[d.7|shows participants using the simulator.

Figure 4.7: Participants from a) King Fahad Hospital, b) King Abdulaziz University
Hospital, c) King Faisal Specialist Hospital, d) National Guard Hospital, and e)
Alnoor Specialist Hospital.

In order to proceed with the experiments and evaluation survey, we have applied
for ethical approval from the unit of biomedical ethics research committee (IRB
reference no. 613-20). The total number of participants was 38. Fifteen (15)
of them were consultants (39.47%), 15 were residents (39.47%), 4 were interns
(10.52%), and 4 were specialists (10.52%). They were from the following hospitals:
King Abdulaziz University Hospital, King Faisal Specialist Hospital, King Fahad

Hospital, AlNoor Specialist Hospital, and National Guard Hospital. The users were
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asked to use the VR headset and to conduct the spine surgery. Each user interacted

with the system for 5 minutes following the scenario described in part 2.

4.1.3 Data Analysis for Neck Angle

All the gathered data was analyzed. The differences in the neck angle for the four
types of users that employed the system are presented in Figure 4.8 The averages of
the descriptive statistics for the data measuring the neck angle for the four types of

users are presented in Table 4.5]

Average neck angle for Consultants Average neck angle for Residents

max

min

min

Avg. HeadAngle max Avg. HeadAngle

Average neck angle for
Specialists

Avg. HeadAngle sss=min max

Average neck angle for
Interns

Avg. HeadAngle sss=min

max

Figure 4.8: Neck angle of A. consultants; B. residents; C. specialists; D. interns.

83




Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

Table 4.5: Average of descriptive statistics for each type of user.

Consultants Interns Residents Specialists
Mean 40.97504 45.34816 39.94995 35.86153
Standard Error 0.671811 0.644863 0.690832 0.531334
Median 42.58667 47.15875 41.387 37.46
Mode 40.47267 44.2175 38.71467 38.535
Standard Deviation 9.188041 7.981203 9.921262 7.668814
Sample Variance 88.49642 66.00583 105.9429 72.206
Kurtosis 3.573529 5.167442 0.993583 1.465944
Skewness -1.35883 -1.85369 -0.74854 -0.67188
Range 45.95933 46.9375 49.04333 39.5575
Minimum 10.22533 10.41 10.19133 13.0225
Maximum 56.18467 57.3475 59.23467 52.58
Confidence Level (95.0%) 1.326918 1.27416 1.362518 1.047708

An analysis of Table @] indicates that, in terms of mean, median and mode, the
specialists have the closest values to the ideal range (15-25), followed by residents,
consultants and interns. A high value for Kurtosis indicator points out that for interns
there are more outliers than for the other types of users. This can be explained by
the fact that they are the least experienced and when performing the tasks, they are

trying to find the right position through rapid large movements.

To determine if there are statistical differences between the results obtained for
each user type, for the neck angles, for each user, the mean of the head angle was
computed (Table @ Based on these results, a #-test for the consultants versus
the residents (Table and for the interns versus the residents (Table [4.8) was
performed using the Data Analysis module from Microsoft Excel. As it can be
observed from Table the two-tail p > 0.05, indicating that we cannot reject
the null hypothesis (that the means of consultants and residents have no statistical

significant difference and po = p;). Distinctively, in Table @.8] two-tail p < 0.05,
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indicating that we must reject the null hypothesis (that the means of interns and
residents have statistical significant difference and pg # w1). Thus, the differences
between the residents and the consultants are insignificant statistically and there are
statistically significant differences between residents and interns, in terms of head
angle, there is a need for advanced training for intern users to reach the necessary

level of agronomy that ensures the reduction of injury.

Table 4.6: Mean of head angle obtained by each user.

Criteria | Consultants Interns | Residents | Specialists
1 29.69957 | 48.70036 35.01514 | 40.23226
2 34.41759 35.58516 26.91687 28.59651
3 43.02932 | 48.28938 27.55603 30.38732
4 37.42358 | 48.81775 45.58265 44.23004
5 55.819 37.69524
6 48.44587 40.0125
7 38.24797 31.09252
8 18.54827 52.37396
9 36.69255 50.91987

10 40.28505 23.85101
11 43.19073 40.43364
12 44.47423 48.01839
13 32.32693 40.17885
14 60.77973 43.02844
15 51.24521 56.57416
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Table 4.7: t-Test results for the comparison between Consultants and Residents.

Consultants | Residents
Mean 40.97504 | 39.94995
Variance 112.9989 96.2993
Observations 15 15
Pearson Correlation 0.021446
Hypothesized Mean Difference 0
df 14
t Stat 0.277407
P(T < t) one-tail 0.392761
t Critical one-tail 1.76131
P(T < t) two-tail 0.785522
t Critical two-tail 2.144787

Table 4.8: t-Test results for the comparison between Residents and Interns.

Residents Interns
Mean 45.34816 | 35.86153
Variance 4241406 | 57.29423
Observations 4 4
Pearson Correlation 0.666144
Hypothesized Mean Difference 0
df 3
t Stat 3.252356
P(T < t) one-tail 0.023702
t Critical one-tail 2.353363
P(T < t) two-tail 0.047405
t Critical two-tail 3.182446

It is worth noting that the close similarity in the results is due to the familiarity with
the VR technology. During the experiment, most of the residents were familiar with
dealing with the VR device which led them to perform the required task smoothly and

in a short time as compared to consultants who had difficulties using the technology.
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4.1.4 Data Analysis for Hand Movements and Rotations

After the data was collected, a series of statistical tasks were applied to determine
if significant differences exist when we do between ¢-test. Thus, each type of
user (intern, consultant, resident, and specialist) was analyzed individually and in

comparison. Two types of hand movement were considered: rotation and position.

4.1.4.1 Interns Rotation Movement

In this case, the statistical indicators for the data obtained is presented in Table [4.9]

where P; indicates the i’ intern that took part in the simulation.
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Table 4.9: Statistical indicators for the rotation movement of interns.

Py Pa P3 P4 | Alldata
Min 0 3.6 0.2 1.3 0
. Max 359.8 358.8 359.8 358.2 359.8
Right_hand_x
Average 51.17021 | 235.9596 | 153.8723 | 279.9468 | 180.2372
Standard deviation | 78.91352 | 148.4087 | 163.734 | 123.4576 | 158.2894
Min 0 0.4 0.1 3.1 0
Max 359.9 359 359.5 357.2 359.9
Left_hand_x
Average 285.5266 | 182.9351 | 180.134 | 265.9862 | 228.6455
Standard deviation | 137.6423 | 168.8602 | 172.5171 | 142.4514 | 162.6579
Min 4.2 10.2 1.5 13.7 1.5
M 181.1 214. 1. 214. 1.
Right_hand_y ax 8 6 351.3 8 351.3
Average 33.55 | 87.91702 | 75.06277 | 103.9404 | 75.11755
Standard deviation | 30.56551 | 61.26698 | 61.35257 | 46.39845 | 57.55371
Min 74.4 14.6 14.2 4.4 4.4
Max 142.3 201.4 216.3 359.8 359.8
Left_hand_y
Average 123.1138 | 90.1734 | 100.3436 | 122.3245 | 108.9888
Standard deviation | 15.62681 | 42.73031 | 40.56546 | 79.76661 | 51.97592
Min 202.5 242.3 223.3 173.6 173.6
. Max 359.8 353.2 342.2 340.3 359.8
Right_hand_z
Average 312.5819 | 293.5787 276.7 | 237.7968 | 280.1644
Standard deviation | 39.02306 | 30.97953 | 30.09425 | 39.73562 | 44.64676
Min 16.1 17.4 13.8 26.8 13.8
Max 117 100.2 131.9 158.8 158.8
Left_hand_z
Average 51.04681 | 66.21915 | 74.89362 | 98.73404 | 72.7234
Standard deviation | 24.81469 | 20.71618 | 31.92074 | 31.71579 | 32.56463

By comparing the indicators in group, it can be observed that the differences are not
very high, indicating that all the interns have a similar behavior in terms of rotation
movement. A histogram for all the participants is presented in Figures @.9 §.10]
and@for the x, y, z-axes. As it can be observed from these figures, the movement
does not follow a normal distribution fact which implies that the standard z-test to
determine the significant differences between types of users is not suited for this

case. This is particularly true for the x-axis, where the data tends to have either
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small or big values with little or no representation in-between.

x_right hand rotation
250

200
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50
0 0

[0, 77] (77, 154] (154, 231] (231, 308] (308, 385]

Figure 4.9: Histogram of the right-hand rotation on the x-axis for the interns.

y_right hand rotation

Figure 4.10: Histogram of the right-hand rotation on the y-axis for the interns.
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Figure 4.11: Histogram of the right-hand rotation on the z-axis for the interns.

To make a comparison between the different types of users, the Wilcoxon signed
ranked test was applied to determine if the median of differences equals O and the
Freiedman two-way analysis of variance by rank to determine if the distributions

are the same.

4.1.4.2 Interns Position Movement

In this case, the statistical indicators for the data obtained is presented in Table[d.10]

where P; indicates the i’ intern that took part in the simulation.
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Table 4.10: Statistical indicators for the position movement of interns.

Py Py P3 Py All data
Min -4.33 -4.63 -4.31 -4.31 -4.63
M 3.4 3.4 -3.36 -3.4 -3.36
Right_hand_x —=
Average -3.52936 | -3.89457 -3.66989 | -3.66064 | -3.68862
Standard 0.241054 | 0.423411 | 0.338687 | 0.278671 | 0.321189
deviation
Min -4.15 -4.67 -4.28 -4.18 -4.67
Left_hand_x Max -3.36 -3.38 -3.41 -3.36 -3.36
Average -3.51309 -3.79021 -3.71 -3.61713 -3.65761
Standard 0.242811 | 0.406763 | 0.306685 | 0.232793 | 0.321189
deviation
Min 0.97 1 1 1 0.97
M 1. 1.4 1.57 1. 1.57
Right_hand_y ax 33 5 5 55 5
Average 1.184255 | 1.279681 1.219894 | 1.386383 | 1.267553
Standard 0.045068 | 0.092904 | 0.102941 0.14437 | 0.127774
deviation
Min 1.04 0.96 0.99 1.01 0.96
M 1.32 1. 1.4 1. 1.
Left_hand_y ax 3 38 9 57 57
Average 1.149362 | 1.283298 | 1.238936 | 1.352872 | 1.256117
Standard 0.057358 | 0.082922 | 0.093997 | 0.139982 | 0.122615
deviation
Min 1.06 0.93 0.97 1.05 0.93
M 1.63 1.78 2.14 1.6 2.14
Right_hand_z —=
Average 1.52117 1.46734 | 1.540532 | 1.401702 | 1.482686
Standard 0.084292 | 0.207225 | 0.242413 | 0.150001 | 0.188357
deviation
Min 1.51 1.16 1.09 1.05 1.05
Left_hand 2 Max 1.76 2.13 2.19 2.2 2.2
Average 1.67883 | 1.661915 | 1.699149 | 1.738936 | 1.694707
Standard 0.036155 | 0.232107 | 0.221712 | 0.259153 | 0.208229
deviation

A histogram for all the participants is presented in Figures and for

the x, y, z-axes.
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Figure 4.12: Histogram of the right-hand position on the x-axis for the interns.
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Figure 4.13: Histogram of the right-hand position on the y-axis for the interns.
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z_rigth hand position

140

Figure 4.14: Histogram of the right-hand rotation on the z-axis for the interns.

4.1.4.3 Consultants Rotation Movement

In this case, the statistical indicators for the data obtained in presented in Table[d.11]

where P; indicates the i consultant that took part in the simulation.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

A histogram for all the participants is presented in Figures @.13] [4.16] and [d.17] for

the x, y, z-axes.

x_right hand rotation

l 0 .
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250

Figure 4.15: Histogram of the right-hand rotation on the x-axis for the consultants.

y_right hand rotation
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Figure 4.16: Histogram of the right-hand rotation on the y-axis for the consultants.
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Figure 4.17: Histogram of the right-hand rotation on the z-axis for the consultants.

4.1.4.4 Consultants Position Movement

In this case, the statistical indicators for the data obtained in presented in Table[d.12]

where P; indicates the i’ consultant that took part in the simulation.
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A histogram for all the participants is presented in Figures {.18| 4.19] and .20 for

the x, y, z-axes.

x_ right hand position
250

200

150

100

50
0 m_“_;_“

(-4.21, -4.07) (-3.93,-3.79) (-3.65, -3.51]
[-4.35, -4.21) (-4.07, -3.93] (-3.79, -3.65] (-3.51, -3.37]

Figure 4.18: Histogram of the right-hand position on the x-axis for the consultants.
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Figure 4.19: Histogram of the right-hand position on the y-axis for the consultants.
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Figure 4.20: Histogram of the right-hand position on the z-axis for the consultants.

4.1.4.5 Residents Rotation Movement

In this case, the statistical indicators for the data obtained in presented in Table[d.13]
where P; indicates the i"" resident that took part in the simulation. Compared with
other type of user, the test included the highest number of residents (15). Although
the minimum and the maximum values are quite similar for all residents, in terms

of averages and standard deviation there is quite a high variation.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

A histogram for all the participants is presented in Figures @.21] [4.22] and [4.23] for

the x, y, z-axes.

x_right hand rotation

Figure 4.21: Histogram of the right-hand rotation on the x-axis for the residents.
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Figure 4.22: Histogram of the right-hand rotation on the y-axis for the residents.
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Figure 4.23: Histogram of the right-hand rotation on the z-axis for the residents.

4.1.4.6 Residents Position Movement

In this case, the statistical indicators for the data obtained in presented in Table[d.14]

where P; indicates the i” resident that took part in the simulation.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

A histogram for all the participants is presented in Figures [{.24] 4.23] and [.26| for

the x, y, z-axes.
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Figure 4.24: Histogram of the right-hand position on the x-axis for the residents.
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Figure 4.25: Histogram of the right-hand position on the y-axis for the residents.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology
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Figure 4.26: Histogram of the right-hand position on the z-axis for the residents.

4.1.4.7 Specialists Rotation Movement

In this case, the statistical indicators for the data obtained in presented in Table[d.15]

where P; indicates the i/ intern that took part in the simulation.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

Table 4.15: Statistical indicators for the rotation movement of specialists.

Py Pa P3 P, | Alldata
Min 0.3 0.1 5.6 0.3 0.1
. Max 359.7 358.2 357.3 351 359.7
Right_hand_x
Average 222.0053 | 87.4766 | 286.5064 | 140.2074 | 184.0489
Standard deviation | 160.5395 | 127.9339 | 130.6519 | 158.3365 | 163.443
Min 1.4 0 4.6 0.7 0
Max 359.9 360 358.5 358.3 360
Left_hand_x
Average 190.3766 | 246.7479 | 274.3117 | 62.81064 | 193.5617
Standard deviation | 165.2793 | 156.7851 | 136.7855 | 106.8681 | 164.2403
Min 4.4 9.2 23 22.7 4.4
. Max 197.9 209.5 186.6 207.7 209.5
Right_hand_y
Average 85.84255 | 43.06489 | 88.19255 | 90.15745 | 76.81436
Standard deviation | 51.48984 | 34.24732 | 33.3362 | 51.67308 | 47.63601
Min 8.6 14.2 79.7 9.5 8.6
Max 355.8 312.1 185.6 182.4 355.8
Left_hand_y
Average 112.8128 | 83.88191 | 99.68191 | 88.60957 | 96.24654
Standard deviation | 68.27775 | 32.83299 | 23.64278 | 43.38121 | 46.40608
Min 230.6 2.2 262.1 11.1 2.2
. Max 353.9 359.2 323.1 343.4 359.2
Right_hand_z
Average 273.2383 | 278.517 | 278.4702 | 272.5936 | 275.7048
Standard deviation | 25.50665 | 88.99768 | 12.91934 | 58.27687 | 54.92861
Min 10.9 0.5 67.2 2.6 0.5
Max 213 358.4 103.2 139.5 358.4
Left_hand_z
Average 86.04362 | 75.36489 | 88.46277 | 76.95532 | 81.70665
Standard deviation | 24.69964 | 53.85966 | 6.547362 | 30.8223 | 33.89459
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

A histogram for all the participants is presented in Figures {.27] [4.28], and .29 for

the x, y, z-axes.
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Figure 4.27: Histogram of the right-hand rotation on the x-axis for the specialists.
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Figure 4.28: Histogram of the right-hand rotation on the y-axis for the specialists.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

z_right hand rotation
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Figure 4.29: Histogram of the right-hand rotation on the z-axis for the specialists.

4.1.4.8 Specialists Position Movement

In this case, the statistical indicators for the data obtained in presented in Table[d.16]

where P; indicates the i’ specialist that took part in the simulation.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

Table 4.16: Statistical indicators for the position movement of specialists.

Py Pa P3 P, | Alldata
Min 0.3 0.1 5.6 0.3 0.1
. Max 359.7 358.2 357.3 351 359.7
Right_hand_x
Average 222.0053 | 87.4766 | 286.5064 | 140.2074 | 184.0489
Standard deviation | 160.5395 | 127.9339 | 130.6519 | 158.3365 | 163.443
Min 1.4 0 4.6 0.7 0
Max 359.9 360 358.5 358.3 360
Left_hand_x
Average 190.3766 | 246.7479 | 274.3117 | 62.81064 | 193.5617
Standard deviation | 165.2793 | 156.7851 | 136.7855 | 106.8681 | 164.2403
Min 4.4 9.2 23 22.7 4.4
. Max 197.9 209.5 186.6 207.7 209.5
Right_hand_y
Average 85.84255 | 43.06489 | 88.19255 | 90.15745 | 76.81436
Standard deviation | 51.48984 | 34.24732 | 33.3362 | 51.67308 | 47.63601
Min 8.6 14.2 79.7 9.5 8.6
Max 355.8 312.1 185.6 182.4 355.8
Left_hand_y
Average 112.8128 | 83.88191 | 99.68191 | 88.60957 | 96.24654
Standard deviation | 68.27775 | 32.83299 | 23.64278 | 43.38121 | 46.40608
Min 230.6 2.2 262.1 11.1 2.2
. Max 353.9 359.2 323.1 343.4 359.2
Right_hand_z
Average 273.2383 | 278.517 | 278.4702 | 272.5936 | 275.7048
Standard deviation | 25.50665 | 88.99768 | 12.91934 | 58.27687 | 54.92861
Min 10.9 0.5 67.2 2.6 0.5
Max 213 358.4 103.2 139.5 358.4
Left_hand_z
Average 86.04362 | 75.36489 | 88.46277 | 76.95532 | 81.70665
Standard deviation | 24.69964 | 53.85966 | 6.547362 | 30.8223 | 33.89459
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

A histogram for all the participants is presented in Figures [{.30| .30, and .30 for

the x, y, z-axes.

x_ rigth hand position
200
180
160
140
120
100
80
60
40

P “-Ej"
. 1

(-4.22,-4.08] (-3.94,-3.8] (-3.66, -3.52] (-3.38,-3.24]
[-4.36, -4.22) (-4.08, -3.94] (-3.8, -3.66) (-3.52, -3.38]

Figure 4.30: Histogram of the right-hand position on the x-axis for the specialists.
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Figure 4.31: Histogram of the right-hand position on the y-axis for the specialists.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology
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Figure 4.32: Histogram of the right-hand position on the z-axis for the specialists.

4.1.4.9 Consultants vs Residents

In order to determine if significant differences (in terms of statistical indicators)
exist between consultants and residents, the Wilcoxon Signed ranked test (for the
median of differences) and the Friedman two-way analysis of variance by rank (for

distribution) were applied. The results obtained are listed in Table d.17]

In terms of distributions, the only similar distribution was obtained for the rotation
on the z-axis (Figure[d.33)). On the other hand, regarding the median of differences,
the rotations on x-axis and z-axis axis and the positions on the z-axis are simi-
lar. This indicates that although there are similarities on some aspects (especially
when considering the z-axis), overall, the number of rejected hypothesis vs retained

hypothesis is 8 vs 4, indicating that there are more differences than similarities.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

Table 4.17: Results of the statistics tests.

Movement | Axis Null Hypothesis Result | Decision
Rotation X The median of differences 0.352 | Retain the null hypothesis
equals 0
Rotation X The distribution is the same 0.015 | Reject the null hypothesis
Rotation y The median of differences 0.000 | Reject the null hypothesis
equals O
Rotation y The distribution is the same 0.001 | Reject the null hypothesis
Rotation z The median of differences 0.599 | Retain the null hypothesis
equals 0
Rotation z The distribution is the same 0.618 | Retain the null hypothesis
Position X The median of differences 0.000 | Reject the null hypothesis
equals O
Position X The distribution is the same 0.000 | Reject the null hypothesis
Position y The median of differences 0.000 | Reject the null hypothesis
equals 0
Position y The distribution is the same 0.000 | Reject the null hypothesis
Position z The median of differences 0.227 | Retain the null hypothesis
equals O
Position z The distribution is the same 0.000 | Reject the null hypothesis
Consultant_Z_Rotation Resident_Z_Rotation
3'0 Mean Rank = 1.51 Mean Rank=1.48 ;z
2.0
-5 ®
L .0
05 0.5

I | 1 | | 1 | | | I | 1 |
00 1000 2000 3000 4000 S000 600000 1000 2000 3000 4000 S000 €000

Frequency Frequency
Total N 1,034
Test Statistic 248
Degrees of Freedom 1
Asymptotic Sig. 2-sided test) 618

Figure 4.33: The Friedman two-way analysis of variance by rank for the rotation
movement on the z-axis.
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Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

4.1.4.10 Specialists vs Interns

In a similar manner to the comparison between consultants and residents, a compar-
ison between specialists and interns was performed using the same statistical tests.
The results obtained are listed in Table

Table 4.18: Results of the statistics tests.

Movement | Axis Null Hypothesis Result | Decision

Rotation X The median of differences 0.653 | Retain the null hypothesis
equals 0

Rotation X The distribution is the same 0.877 | Retain the null hypothesis

Rotation y The median of differences 0.086 | Retain the null hypothesis
equals 0

Rotation y The distribution is the same 0.001 | Reject the null hypothesis

Rotation z The median of differences 0.674 | Retain the null hypothesis
equals 0

Rotation z The distribution is the same 0.680 | Retain the null hypothesis

Position X The median of differences 0.437 | Retain the null hypothesis
equals 0

Position X The distribution is the same 0.016 | Reject the null hypothesis

Position y The median of differences 0.106 | Retain the null hypothesis
equals 0

Position y The distribution is the same 0.794 | Retain the null hypothesis

Position zZ The median of differences 0.509 | Retain the null hypothesis
equals 0

Position z The distribution is the same 0.958 | Retain the null hypothesis

As it can be observed from Table the number of retained hypothesis vs rejected
hypothesis is 10 vs 2, indicating that there is compelling evidence that there are many
similarities between the specialists and interns. The rejected hypothesis is related to
the assumptions that the distributions are the same. When considering the rotation
on the y-axis, as it can be observed from Fig @.10| (corresponding to interns) and

Fig (corresponding to specialists) that they have a similar shape.

113



Chapter 4 4.1. Study 1: Ergonomics Skills Assessment using VR Technology

The validation method is applied by self-developed questionnaire (web-based) which
contains questions on realism and usefulness of the application. The training system
has been evaluated in a questionnaire-based study. After completing the experiment,
each participant has to fill some answers regarding their level of expertise and their
awareness of ergonomics skills. The participants need to inform in the survey
whether they are complaining of any of illnesses related to their work conditions
such as back or neck discomfort. After the training all users were asked to fill out
a web-based form by rating statements about the training system. A Likert scale
ranging from 1 (very easy) to 5 (very hard) was used to record their opinions. The

users had the liberty to write text comments and suggestions via the web interface.

Regarding the realism of the simulated spine surgery, the majority of the users
mentioned that it was midway between being completely realistic and completely
unrealistic. This indicates that the system needs to be improved on term of realism.

Please refer to Figure [4.34]

Realism of the simulated spine surgery (1-completely
unrealistic, 5-completely realistic)

50.00%

40.00%

0.00%

Figure 4.34: Realism of the simulated spine surgery (1-completely unrealistic, 5-
completely realistic).
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4.2. Study 2: Evaluation of Operating Room Compliance based on
Chapter 4 Ergonomics Skills

Regarding the usefulness of the VR device during the performed task, nearly 75%
of the users agree on the ease of the use of the device. The spine surgery scenario
difficulty was also evaluated. Seventy six percent (76%) of the users agreed on the

ease of the performed scenario.

4.2 Study 2: Evaluation of Operating Room Compli-

ance based on Ergonomics Skills

This part illustrates the results of the three methods that are utilized in the second

study of this dissertation.

4.2.1 Method # 1 HOG+SVM Utilization

The training phase in this case by taking 80% of the images including right pose
(positive) and wrong pose (negative), then extract all the features from all the images
and label them accordingly, positive or negative. This data was used for the SVM
classifier that can classify a given image as positive or negative. Figure d.35]shows
an example of negative body posture. The Results shows 87% accuracy using this

method .

115



4.2. Study 2: Evaluation of Operating Room Compliance based on
Chapter 4 Ergonomics Skills

Figure 4.35: Example of negative body posture.

4.2.2 Method # 2 YOLO+CNN Utilization

In this experiment, we can either use a classification or regression model. It depends
on the input data; if we can set a threshold on the input image, then use classification,
otherwise we use regression. Then CNN is applied. The output of CNN contains
five values as five classes, and is given below as you can also see last line of code.
Here, the first value is for the neck, the second is for the left shoulder and the third
is for the right shoulder, the fourth is for the left elbows and the fifth is for the right
elbow. The accuracy of classification model is greater as compared to regression
model. Algorithm 1 (classification Model) = 72%. Algorithm 2 (regression Model)

= 57%. Figure [4.36] shows example of this method output.
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4.2. Study 2: Evaluation of Operating Room Compliance based on
Chapter 4 Ergonomics Skills

YoloV3+CNN

,

Qutput: [1. 1. 1. 0. 0]

It means

1 Neck is good

1 1 shoulders are good
0 0 Elbows are not good

Figure 4.36: Example of YOLO+CNN method output.

4.2.3 Method # 3 VGG16 Utilization

The method is a combination of two phases. The first phase is the detection of
humans or non-human. While the second phase will detect if the human is standing
or working. The output has two values: 0/1. In the first phase in case of a human,
the output is = 1 (positive) where in case of non-human, the output is = 0 (negative).
Then, in the second phase, in case of Standing, the output is = 1 (positive) while in

case of working, the output is = 0 (negative). The results show 75% accuracy.
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Chapter 5

Discussion

In this chapter, we discuss our findings and results related to the studies that have

been presented in this dissertation.

5.1 Study 1: Ergonomics Skills Assessment using VR

Technology

To proceed with this study, several meetings have been conducted with subject matter
experts with the aims to formulate the problem of the research, select specific skills
to measure, and find a scope that can be utilized using VR technology. A need-based
assessment survey has been conducted online and completed by a large number of
neurosurgeons. Those meetings took us up to nine months including setting and

editing the survey questions by the team. Results of the survey showed that there
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Chapter 5 5.1. Study 1: Ergonomics Skills Assessment using VR Technology

are training and rehearsal gaps that, in the past, were never addressed by simulation
technologies, such as operating room ergonomics skills, patient positioning, and
choosing incisions. Furthermore, it was evident that the need for training in surgical
ergonomics skills to improve outcomes exists. The collected data was important to

facilitate the creation of a simulation technology prototype.

Regarding the practiced rehearsal method, (97%) of the respondents agreed that
reviewing medical imaging of the patient (MRI, CT, ultrasound, x-ray) is an essential
method for rehearsal. Fundamentally, it supports medical and surgical treatment
planning as well as guiding medical personnel who used to use this technique in the
past decades throughout their education. Figure[.T|shows that most of the rehearsal
methods were reviewing medical images, anatomy, mental rehearsal, or discussion.

No one provided any comments about simulation or VR.

Referring to the methods that programs offer for teaching surgical skills at the
doctors’ institutions, an “apprenticeship model (learning by doing)” was most com-
monly preferred among all other available methods (71%). If someone would report
anything related to VR and simulation, it will be in the 10% (other). This might
present a gap in the use of VR. When questioned about how much doctors know
about VR technology, the majority of about 90% of total respondents believed that
VR technology can serve surgical training, while only (57%) had not explored any
kind of the existing VR neurosurgical simulators. This is another indication that

highlights the need of the VR system for medical personal trainings.

Regarding the preoperative phase, which is an important phase that many doctors

may not pay that much attention to, almost all respondents (98%) agreed that there
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Chapter 5 5.1. Study 1: Ergonomics Skills Assessment using VR Technology

is a gap in existing neurosurgical training in terms of operating room ergonomics
skills. In fact, the literature presented in the second chapter firmly endorsed this
concept as true by establishing that there is a need to explore the operating room

ergonomics skills’ challenges.

Figure {4.2] shows that surgeons need non-surgical training as well as surgical skills.
As we can see, 60% of the responders consider it essential in their work. Body
positioning technique, in particular, is agreed to be of paramount importance in
comparison to other techniques. This is due to its difficulty of execution concerning
some types of operation, especially those with a cranial based context. Accord-
ing to literature, one of the most important factors when preparing patients for
neurosurgical procedures is positioning the head and neck, and proper positioning
facilitates optimum surgical approach and visibility. This shows the importance of

non-surgical skills.

Table [4.3] gives more motivation for the research. The table highlighted the need
for more training and provided comments about the high cost of the training. Many
other comments that were provided by the respondents had a great impact on our

research.

A few more meetings were conducted in order to get a consensus on the suggested
training environment and the ergonomics attributes that are needed to be maintained
during the surgery. VR simulator has been implemented and applied by different
levels of neurosurgeons in order to compare their measurements and to find any
statistical differences among groups. Number of visits to different hospitals have

been done to collect as much as possible number of participants.

120



Chapter 5 5.1. Study 1: Ergonomics Skills Assessment using VR Technology

Figure 4.7 shows some surgeons in different centers while using the simulator. It
shows that most of them have very large neck angles. This was clear in Figure [4.§]

where the angle should be between 15-25°, but it seems that the angle is above 30°.

For the neck angle analysis, in terms of mean, median and mode, the interns were
the most incorrectly positioned. This can be explained by the fact that they are the
least experienced and when performing the tasks, they are trying to find the right
position through rapid large movements. Moreover, the precipitated interns were 4

in comparison to the residents and specialists who were 15 for each group.

The mean of the head angle was computed for each group to find the statistical
differences between each group. Results in table[4.6|showed the differences between
the residents and the consultants and are insignificant statistically, while there are
statistically significant differences between specialists and interns. This means that
there is a need for advanced training on ergonomics for intern users to ensure
minimum injury. It is worth noting that the close similarity in the results is due
to the familiarity with the VR technology. During the experiment, most of the
residents were familiar with dealing with the VR device which led them to perform
the required task smoothly and in a short time as compared to the consultants who

had difficulties using this kind of technology.

Regarding hand position among all groups, table indicated that the number
of rejected hypothesis vs retained hypothesis is 8 vs 4, indicating that there are
more differences than similarities between residents and consultants. While table
4.18] showed the number of retained hypothesis vs rejected hypothesis as 10 vs 2,

indicating that there are many similarities between the specialists and interns. The
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validation method indicated that the designed simulator was realistic and easy to

use and the performed surgery scenario was easy to follow as well.

5.2 Study 2: Evaluation of Operating Room Compli-

ance based on Ergonomics Skills

Three machine learning algorithms have been utilized in order to evaluate surgeons’
poses during operations. The output will provide a report measuring the ergonomic
skills. The applied algorithms have shown good accuracy percentage. However, the
model accuracy could be improved by adding greater number of examples. When
we used HOG+SVM, the accuracy was 87%. However, when we used YOLO+CNN,
the accuracy was 72% as classification model and 57% as regression model. We

also used VGG-16 and the accuracy was 75%.

The results were promising as with larger dataset, we expect YOLO+CNN to give a

better accuracy due to the behavior of CNN that needs large number of examples.
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Chapter 6

Conclusion

6.1 Conclusion

Ergonomics plays several important roles in the health care area, such as reducing
errors and avoiding performance degradation caused by stress and exhaustion. This
problem can be fixed by incorporating ergonomics surgical skills’ training early
in the educational process. In this research, two studies have been developed to
address this gap. A VR simulator has been implemented and applied by various
levels of neurosurgeons. The number of neurosurgeons that participated in the study
could have been larger but the visits to the hospitals were limited due to Covid-19
restrictions. Measurements among all groups have been captured and statistically
analyzed. The differences between the residents and the consultants are statistically
insignificant, while there are statistically significant differences between specialists

and inters. Thus, in terms of head angle, there is a need for advanced training for
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Chapter 6 6.2. Future Work

intern users to reach the necessary level of agronomy that ensures the reduction of
injury. Machine learning algorithms have been utilized to estimate surgeons’ poses.
The accuracy of the results was satisfying to some extent and can be improved if we
have a larger dataset. One of the disadvantages that have been noticed in the process
of initiating the need-based assessment survey is the long time spent forming and

editing the questions.

6.2 Future Work

Future research should focus on the development of objective surgical ergonomics
skills and guidelines, as well as the correlation of ergonomics assessments for
surgeons with WMSDs. For example, different skills could be targeted and trained
using VR technology. Our machine learning algorithm can be used to evaluate the
resident’s performance while they are in the OR environment. To prevent surgeons
from unavoidable, career related injuries, hospitals and residency training programs

should design and implement evidence-based ergonomic training programs.
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Appendix A

This questionnaire to assess which surgical skills training directors and residents
consider important for residents to perform or at least understand by the end of
residency training

(1) Gender

O Male
O Female
(2) Age

o 25-35
O 35-45
O 45-55
o >55

(3) What is your educational level?

O Junior resident
O Senior resident
O Specialist

O Board-certified surgeon (Consultant)

(4) Where do you practice?
Please specity:

o Country:
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o City:
(5) Type of institution

O Tertiary hospital
O Community Hospital

O University hospital

(6) Do you have residency program in your hospital?

O Yes

o No

(7) Do you practice any kind of rehearsal before operations?

O Yes
O No

O Sometimes

(8) What do you usually do in term of rehearsal?

Review medical imaging of the patient (MRI, CT, O Yes o No
ultrasound, Xray)

Review the anatomy O Yes O No
Discussion O Yes O No
Mental rehearsal (mental visualization of the O Yes O No
surgical steps)

Review of neurosurgical generated images O Yes o No
Other O Yes O No

(9) What is your opinion of the following rehearsal methods?
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Review medical O Essential | O Useful O Neutral | O Notuseful | O Negative

imaging of the impact

patient (MRI, CT,

ultrasound, Xray)

Review the anatomy | O Essential | 0O Useful O Neutral | O Notuseful | O Negative
impact

Discussion O Essential | O Useful O Neutral | O Notuseful | O Negative
impact

Mental rehearsal O Essential | O Useful O Neutral | O Notuseful | O Negative

(mental visualization impact

of the surgical steps)

Review of O Essential | O Useful O Neutral | O Notuseful | O Negative

neurosurgical impact

generated images

Other O Essential | O Useful O Neutral | O Notuseful | O Negative
impact

program offers.

Cadaver

O

Live animals

O O o o o o o o

1

2.
3.
4

Synthetic models
Virtual reality models

Web based learning

Scheduled surgical lectures

Training on live surgery

Other — please specify
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Apprenticeship model (learning by doing)

(10) Mark the available methods do programs offer for teaching surgical skills your

(11) List the top 4 skills in your specialty that you consider necessary and essential
for a resident to graduate from the program.




(12) Can you suggest a better way of assessing surgical training performance?

Cadaver
Synthetic models

Virtual reality models

Live animals

]

]

m]

O Web based learning
m]

O Scheduled surgical lectures
]

Other — please specify
(13) Have you ever experienced virtual reality surgical simulation in training?

O Yes

o No
(14) Do you believe that VR technology can serve surgical training?

O Yes

O No

(15) If there is a surgical virtual reality simulation event, would you be interested
to participate or attend?

O Yes

o No

(16) Give the top five surgical procedures or tasks in your specialty where you
would want the VR to fill the gap in training and or rehearsal?

A

(17) On average, How many surgeries do you perform per month?
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(18) What is your specialty?

Neurosurgery
General surgery
Thoracic surgery
Vascular surgery
Cardiac surgery
Plastic surgery
Pediatric surgery

Ent surgery
Orthopedic surgery
Ophthalmologic surgery
OBGYN

Other — please specify

O OO0 o ooo oo o o

e [f the user clicks other than neurosurgery — end of survey
(19) On average, how many craniotomies are you involved with per month?

(20) For how many years have you been practicing at your current level (resident,
specialist, or consultant)?

o 0-1

o 1-5

o 5-10
o 10-15
o 15-20
o >20

(21) What are the two subspecialties you most practice mostly?

Pediatric neurosurgery

Neuro-oncology

O
O
O Spinal surgery
O Neurovascular surgery
O

Skull-base surgery
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O Functional neurosurgery
O Traumatology

O Other — please specify
(22) Have you explored any of the following virtual reality surgical simulators?

O Neuro VR (Neuro Touch)
O Immersive Touch

O Surgical theater

O Dextroscope

O Other — please specify

]

None

(23) What are the operations you would like to see in the virtual reality simulator
for rehearsals and trainings?

Burr hole selection

Endoscopic ventricular landmarks

Endoscopic ventricular test

Endoscopic nasal navigation

Nasal debridement

Hemostasis

Tumor debulking

Tumor resection

Fiber exposure and cutting

Aneurysm exposure

Sphenoid ostium drilling

Ethmoidectomy

ETV floor perforation

Meningioma

Glioma

0O OO oO0oo0ooooo oo oo o o

Other — please specify
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(24) Where do you feel is the gap in the existing neurosurgical training in the
Pre-operative phase?

A- OR ergonomics

O

Proper spatial organization and positioning of surgical, nursing and anes-
thetic teams and their equipment to optimize the ability of the team to
visualize team designated fields, screens and equipment and reach re-
quired instruments to facilitate optimum procedure performance and
decrease musculoskeletal fatigue and injury to the team members.

(25) Where do you feel is the gap in the existing neurosurgical training in the
Pre-operative phase?

B- Patient preparation phase:

O
O
O
O
O

Patient head position (head light, Mayfield)

Proper patient body position

Neuro-navigation

Decide incision (tailoring type and locate of incision)

Draping (insuring that the surgical field is properly exposed)

(26) Where do you feel is the gap in the existing neurosurgical training in the
Pre-operative phase?

C- Approach:

O
O
O
O
O

O o o o o

Scalp incision

Bone flap removal

Dural opening

Open and close scalp incisions

Perform ventriculostomies, place lumbar drains and intracranial moni-
tors

Position patients for craniotomy

Perform the opening and closing of craniotomies
Resect skull lesions

Perform image guided biopsies

Demonstrate facility with the use of surgical instruments including op-
erating microscope and endoscope
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O Identify interface between tumor and brain and use as operating plane
for tumor resection

Identify anatomic landmarks, functional regions, and major structures
Show how to minimize and control intraoperative bleeding
Perform resection of extra axial and intra axial brain tumors
Perform resection of supratentorial and infratentorial brain tumors
Perform resection of pituitary lesions

Perform basic skull base procedures

Detect and handle unexpected complications

Drilling burr holes

Care of closed head injury

Clinical assessment of multi trauma patient

Clinical neurological assessment

Cranioplasty

Craniotomy flaps

Drilling bone dissections

ICP monitoring

Image guidance registration

Lumbar puncture

Management of potential spinal injury

Operating microscope set up and use

Post-operative bleed

Spinal Operating room positioning

Ultrasonic aspirator

Ventriculostomy placement

VP strut

O 0O OO0 o0oo0oo0oooOooooOOoOOoO oo o ooooo o o

O

Other — please specify

(27) Where do you feel is the gap in the existing neurosurgical training in the
Pre-operative phase?

D- Closure:

E- Lesion resection
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(28) How important is the patient positioning technique compared with the other
skills?
O Essential
O Very important
O Neutral

O Not important
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