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ABSTRACT 

 While many aspects of surgery are constantly updated and improved with the latest and 

greatest technologies, operating room (OR) ergonomics and worker safety are stuck in the dark 

ages. Research has shown that documented “best practices” for industrial regulations of 

ergonomics are often grossly neglected in the OR; these blatant disparities pose a threat to the 

safety of the workers.1,2  In this complex environment, at the head of the OR table, is where the 

anesthesia provider most often works. This workspace is often tailored to fit the surgeon’s needs 

and crowded with equipment, monitors, power cords, and tubing strewn about the floor. The 

nature of the anesthesia provider’s responsibilities does not allow ergonomics and personal 

safety to be prioritized. Poor ergonomic practice and harmful repetitive movements expose the 

worker to the risk of work-related musculoskeletal disorders (MSD). This study was intended to 

gain insight into the typical anesthesia providers’ workspace and how their practice and 

movement are affected by this workspace. This study utilized a descriptive and observational 

design with a convenience sample of 22 anesthesia providers to explore the ergonomic 

movement of the anesthesia provider within his/her workspace as well as the safety concerns that 

are posed by this workspace upon the anesthesia provider. Using an observation tool, the most 

common non-ergonomic repetitive movements of the anesthesia providers were observed to be 

lateral neck rotation (mean frequency 15 times/observation) and arm(s) extension above shoulder 

height (mean frequency 16 times/observation). The most common non-ergonomic obstructive 

hazard encountered was observed to be electrical cords – the mean frequency of stepping over/on 
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electrical cords was 17 times/observation. Safety concerns were self-reported via the 

questionnaire: work-related MSDs were reported in 68% of participants (most prevalent were 

neck and back pain) and tripping in the OR reported by 100% of participants. Participants were 

asked what the biggest threat to safety in the OR was and 37% mentioned “cords.” Given the 

high stakes work of anesthesia providers in a high-pressure environment, more ergonomic 

research for anesthesia providers will prompt education to minimize MSD symptoms, increase 

safety, and ultimately prolong careers in anesthesia practice. 
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CHAPTER I  

 

Introduction  

 

 The operating room (OR) is one of the most complex units of a hospital. The sensitive 

and high-pressure work done here requires maximum concentration of the OR team, therefore it 

is only fitting that the best possible support provided by the work place is also required. Despite 

this logic, the OR has been identified as a workspace posing safety concerns for many healthcare 

providers – current research and new technology often reflect these concerns.3-6 Anesthesia 

providers are one of the principle decision markers in the operating room during surgery and 

must endure working within this workspace, there is a paucity of research to demonstrate this. 

This setting poses challenges for the providers who must constantly maneuver around the 

congestion.3,5,7  

 In this environment amongst the crowd of heavy equipment, new technology, and people, 

often in a relatively confined space at the head of the OR table is where the anesthesia provider 

most often works. The nature of the anesthesia provider’s responsibilities within this workplace 

do not allow ergonomics and personal safety to be top priorities. Many other types of work 

environments outside of healthcare have been redesigned to improve occupational safety with the 

growing interest in ergonomics.1,8-11 There are numerous studies that demonstrate the ergonomic 

hazards and safety concerns for surgeons and nurses within the perioperative setting, yet this 

concern has not equally spread to the anesthesia department.12,13 Therefore environmental safety 

concerns related to ergonomics specifically within the anesthesia workspace need to be further 

explored.  
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Problem Statement 

  

 Anesthesia providers work within a specific area in the operating room, crowded with 

equipment, monitors, power cords, patient cables, and various tubing strewn about the floor. This 

environment design may not be ergonomically proper and may pose a safety risk for anesthesia 

providers. It is unknown if the workspace environment hinders the anesthesia provider’s 

movement and activity, and if this workspace exposes the anesthesia provider to potential 

ergonomic hazards.  

 

Purpose of Study 

 

 The purpose of this study is to gain insight into the ergonomics of the typical anesthesia 

providers’ workspace and how their practice and movement are affected by this workspace. A 

second aim is to identify potential safety concerns related to this workspace’s ergonomics. This 

study is being done with the intent that the results can guide a future study to implement a 

change in practice using the most appropriate variable to improve ergonomics the anesthesia 

provider’s workspace.  

 

Research Questions 

 

 The research questions for this study are:  

1. What are the most common non-ergonomic repetitive movements of the 

anesthesia providers within the anesthesia workspace? 
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2. What are the most common non-ergonomic obstructive hazards to the 

anesthesia providers within the anesthesia workspace? 

3. What are safety concerns related to workspace ergonomics of the anesthesia 

providers? 

 

Definitions 

 

 For the purpose of this study, the following terms and definitions were used. 

Theoretical/Conceptual Definitions  

1. Non-Ergonomic Repetitive Movement: A repeated motion that is performed in the 

course of normal work activities multiple times in a similar fashion that poses a risk 

for musculoskeletal disorders (MSD). The primary movements to be included in the 

observations of this study will include neck extension, neck lateral rotation to 

shoulder, arm(s) reached below knee, and arm(s) reached above shoulder. 

2. Anesthesia Workspace: The workspace of an anesthesia provider is the environment in 

which his/her work is performed within the typical work environment of the operating 

room. 

3. Non-Ergonomic Obstructive Hazard: A source of potential damage, harm, or adverse 

health to the subject that impedes his/her work in the standard workspace. The main 

movements to be included in the observations of this study will be demonstrated when 

the subject steps over/on equipment, moves equipment, or ducks head to avoid 

equipment.  

4. Safety Concerns: An observed action, working condition, or hazard that has the 

potential to cause danger or harm to an employee. In this study workplace 
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environments that have the potential to harm the musculoskeletal system of the 

employee will be studied (tripping hazard, equipment obstruction of provider 

movement, overhead hazard, monitor/display above provider’s eye level, type of 

sitting furniture, and confined workspace). 

Operational Definitions  

1. Non-Ergonomic Repetitive Movement: The movement of the anesthesia provider was 

be measured by observing the specified movements and documenting frequency of 

movement using observation tool. 

2. Anesthesia Workspace: The anesthesia workspace was defined as the space within the 

operating room (OR) which was bordered by the anesthesia machine, anesthesia cart, 

OR table, and IV poles, and possibly a separate workstation. This space was measured 

by the researcher with a tape measure prior to the start of the OR surgical case by 

researcher and entered on the observation tool. There was a measurement from the end 

of the OR table to the anesthesia machine or anesthesia supply/medicine cart, 

whichever is situated opposite from it. The sterile drape is often clipped to two IV 

poles which stand at two ends of the anesthesia provider’s workspace. These IV poles 

with the drape clipped to them will mark two corners of the anesthesia workspace 

unless one of the aforementioned equipment was situated past the IV poles. Another 

measurement was taken for the dimension of the anesthesia workspace perpendicular 

to the first measurement – measured from the two IV poles or to the edge of the 

anesthesia machine. These two dimensions were averaged/approximated to match the 

categories of workspace size as listed in the observation tool. 
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3. Non-Ergonomic Obstructive Hazards: The hazards to the anesthesia provider will be 

measured by observation and documentation of the frequency of the hazard interaction 

using the observation tool.  

4. Safety Concerns: The concerns will be measured by observing the frequency of 

occurrence using observation tool to include trip over cord, fell to floor, hit head on 

overhead hazard. Additionally, survey questions given to anesthesia providers will 

document the frequency of self-reported safety concerns experienced by anesthesia 

providers and gather subjective data regarding their personal concerns for safety.  
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CHAPTER II 

 

Review of Literature 

 

 This review focuses on the literature related to the anesthesia provider’s workspace, 

ergonomics, and safety concerns for the anesthesia provider. The typical workspace for 

anesthesia providers is at the head of the OR table; this is discussed in detail in this review of 

literature. Physical ergonomics and how it pertains to anesthesia providers is examined in detail; 

research pertaining to the ergonomics of all healthcare providers is explored as well. Repetitive 

movements and obstructive hazards in the workplace are discussed. Finally, safety concerns 

related to each of these topics are reviewed.  

 

Anesthesia Workspace 

 

Operating Room Design 

 The most common workspace for anesthesia providers is in the OR. The design of the OR 

is meant to ensure the efficiency and accuracy of the critical tasks performed within. As of 1999, 

a study of ORs found that many surgical suites in the United States (US) were roughly 600 

square feet compared to 400 square feet which was the standard in the 1990’s.7,14 A German 

study completed in 2009 showed smaller OR floor space dimensions ranging from 37.5 to 50 

square meters (123 to 164 square feet).14 This needs to be kept in mind when comparing 

international studies to those conducted in the US. OR design can be influenced by the 

anticipated procedures to be performed but another perspective is that of efficiency. Consistent 
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OR layout and design can improve efficiency so that supplies are in the same cabinet, the 

information monitor is in the same location, etc.14-16  

 A distinction between permanently installed equipment and mobile devices needs to be 

made in order to comprehend the ergonomics of the OR. Permanently installed equipment within 

the OR includes the ceiling service units (commonly known as booms), permanently installed 

cabinets for materials, and lighting for room illumination (not OR lights for the surgical site).14 

Unfixed equipment such as the OR tables, OR lights, OR chairs, instrument trolleys, X-ray 

image displays, computers, and mobile electrical-towers can be adjusted for different surgeries. 

Examples of mobile devices of the OR are monitors, anesthesia machine, ventilator, suction, 

insufflation, heart-lung machine, forced-air normothermia system, defibrillation device, and the 

IV (intravenous) pole.5 Connections, supply, and disposal such as power sockets, gas connectors, 

telephone, and garbage disposal, could influence ergonomics.14 The anesthetic machine refers to 

the movable table on which is customarily attached the gas and vapor delivery system, 

mechanical ventilator, and monitors. These monitors include the indicators for ventilation as well 

as heart rhythm and vital signs – blood pressure, heart rate, temperature, oxygen saturation. 

There are bound to be other categories of things to evaluate the ergonomic relationship between 

the worker and the workspace.5,14 An increased dependence on technology for many of today’s 

surgeries is evident in the presence of more equipment in the OR, especially for minimally 

invasive procedures. 

 Use of technology can influence the structure of OR design as explored by Koneczny.1,14 

For example, laparoscopic robotic equipment occupies a large area of available floor space.7 The 

Facility Guidelines Institute previously recommended a minimum OR size based on the level of 

anesthesia to administered in the given location. The latest recommendations combined the 

minimum amount of equipment and staff required in that OR at any time. There are multiple 
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classes of surgical suites that each have regulations for the minimum size. It is always required to 

have a four foot “safe traffic pathway” on all four sides of the OR table.17 This is under the 

assumption that all equipment can fit tightly together and that all personnel can pass each other 

within this space without contaminating their sterile attire. Unfortunately, not all staff personnel 

can fit this space with two people and irregularly shaped equipment also adds to the difficulty to 

maintain this standard.16,18 Increasing OR crowding may present unnecessary hazards to traffic 

and adversely affect the performance of the OR staff including the anesthesia provider.7,12  

 

Anesthesia Workspace Design 

 The anesthesia workspace is frequently oriented at the top of the OR table for close 

proximity to the patient’s head, the anesthesia machine, and drug/equipment cart. Occasionally, 

the bed needs to be rotated 90º or 180º, causing the patient’s head to be positioned away from the 

anesthesia workspace.18 The OR design, which then affects the anesthesia workspace is adjusted 

according to the type of surgery, the surgeon’s preference, and the size of the OR.18 It is 

perceived that this can limit accessibility to the patient during emergencies, especially if the bed 

has been rotated which moves the patient’s airway further out of reach for the anesthesia 

provider.18 Often the anesthesia provider is confined to a small space that is blocked in by 

equipment, limiting his ability to interact with equipment outside of this space.19,20  

 While most critical tasks will be performed within the anesthesia workspace, some of 

these critical tasks must extend outside of his workspace.3 Anesthesia providers manage the 

repositioning process, monitor urine output, estimate blood loss, and maintain IV access 

throughout the procedure.21 This requires walking around the OR table and often throughout 

room to avoid the sterile work environment. The aforementioned equipment could potentially 

hinder free movement of the anesthesia provider in order to accomplish these tasks.20 Most of 
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this equipment have electrical cords or tubing or wires that could also interfere with movement 

throughout the OR. Thoughtful routing of cords and cables can minimize ergonomic problems.16 

Upon finishing the surgical case, the role of the anesthesia provider pivots again to emergence, 

extubation, and transportation out of the OR to the recovery location.20  

 Hardware within the anesthesia workspace includes but is not limited to the OR table, the 

anesthesia machine, monitors, the anesthesia cart, an IV infusion pole for intravenous 

administration, suction, a sharps container, and waste disposal. Access to medical gas, power 

outlets, and frequently a computer for electronic charting is also crucial. Overhead booms are 

adjusted for the surgeon’s needs, although consideration has to be made by the anesthesia 

provider regarding the height of this equipment. During an emergency more equipment if often 

introduced into the anesthesia workspace, as examples a rapid infuser or defibrillator.  

 

OR Crowding 

 Progress in healthcare and surgery continues to explode with new techniques and 

technology. The development of a multitude of new devices have made the tasks performed in 

ORs increasingly complex. With the growing elderly and sickly population, more and more 

equipment is necessary to perform these tasks and make surgery as safe as possible for all 

patients. Attention to providing adequate space and work environments to the healthcare 

performing these tasks does not seem to be at the forefront of planning equipment and OR space.  

 OR crowding related to excess equipment and the need for innovative solutions interested 

multiple researchers, especially for minimally invasive procedures.2,7 An observational study by 

Alarcon et al of the OR crowding comparing open to laparoscopic operations demonstrated that 

the percent of OR space occupied increased from 36% to 41% during a laparoscopic operation.7 

They also performed a quantitative summary of cables and tubes and location of furniture that 
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showed how a trend in laparoscopic procedures could trend toward increasing OR crowding 

requiring innovative designs to reduce clutter.7 OR crowding has been studied in regard to the 

surgeon and OR nurse, but there remains a lack of sufficiently detailed information about the 

impact of OR crowding on the anesthesia provider.4,7,13,22,23  

 

Physical Ergonomics 

 

 Ergonomics is a systems-oriented science that deals with the design of the job, 

equipment, and workplace to fit the worker.11 Psychological/emotional/social influences are also 

deemed important in ergonomic studies.11 There are traditionally three components of 

ergonomics that include physical, cognitive, and organizational factors.11,24 Ergonomics and 

human factors (E/HF) are interchangeable terms.8,11,25-27 For the purposes of this literature 

review, physical ergonomics is concerned with comfort or safety of the worker.  

 Historically, the field of ergonomics developed a scientific discipline of its own in the 

20th century and is currently led by the International Ergonomics Association. Blatant disparities 

between industrial and surgical E/HF are explored by Seagull to highlight important differences 

that might jeopardize occupational safety of OR workers.1 He looks at working conditions of 

assembly plant workers and other industrial jobs in order to compare with the working conditions 

of a surgeon.1  

 Seagull and other article authors conclude that documented “best practices” for industrial 

regulations of E/HF are often grossly neglected in the surgical arena.1,2,7 Examples of the poor 

work culture include awkward and stressful surgical postures, prolonged standing without 

breaks, etc. Despite literature and research to support the benefits of innovations in accordance 
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with E/HF principles, adoption does not appear to be common.1 Both of the aforementioned 

examples of non-ergonomic practices are common among anesthesia providers as well. 

 Seagull found that some components of OR ergonomics are near optimal, such as lighting 

and air quality. In stark contrast, displays of patient monitors were frequently found to be in 

awkward positions which can lead to suboptimal neck postures, which demonstrates another 

aspect of workplace layout that is substandard.1 Improving E/HF in the OR is constrained by the 

environmental and regulatory demands of the surgical world, the time sensitive nature of the 

work, and the adjustments that need to be made for each patient.1,24 The human body itself is a 

limiting factor to optimize E/HF in the OR. The actual subject of the surgery will inevitably be a 

restraint to the positioning and layout of the OR. This is because personnel needing contact with 

the patient are limited to the patient’s individual shape and anatomy.1 Surgical equipment and 

instruments are under strict regulation by the Food and Drug Administration (FDA) which 

requires rigorous testing and data collection to adjust and/or improve.24  

 The findings of a German study conducted by Koneczny demonstrated high potential for 

ergonomic improvement in the OR. Three surveys were conducted among German OR nurses 

and surgeons looking at working conditions and safety. Next, they developed a checklist in order 

to compare the ORs of five different hospitals and point out various ergonomic problems. The 

modular checklist included the necessary components of the OR, redundant equipment, and 

ergonomic deficiencies.14 This study focused on the ergonomic dilemmas that surgeons and 

nurses encounter, but anesthesia providers deal with this dilemma as well. Extra chairs and IV 

poles that are not being used in the current surgical OR case can create obstacles if left to clutter 

the anesthesia workspace. Some noted deficiencies such as cable routing would require 

intervention and/or potentially new techniques such as the “wireless” OR, whereas other 

deficiencies would benefit from simply reducing the number of different and redundant 



 
 

 
12 

equipment. In order to increase safety, they recommended training employees and reducing the 

redundant devices in the OR, but most importantly recommended optimizing the floor plan.14 

Strengths of this study, included the tested sample – multiple different facilities. While this study 

raised very interesting questions, it focused on many long-term solutions for ergonomic 

problems such as remodeling the OR that are not always feasible for every facility.  

 There are many ways to assess physical ergonomics and working conditions and their 

effect on safety of the worker. Bartnicka et al utilized the OVAKO Working Posture Analyzing 

System (OWAS method) to assess ergonomic conditions of the OR and more specifically the 

posture of surgeons.12 A survey and video was used to compare results in order to appreciate the 

subjective perspective of the surgeon to the collected data.12 Video was used to examine the 

workplace in the first stage, followed by categorization of the work of medical personnel and 

development of a method and decision table. Lastly this study developed a management model 

for information resources in order to implement a recommended ergonomically optimized 

workspace model. After using multiple other assessment tools, it was recommended to use an 

integrated ergonomic assessment for assessing and forming correct working conditions.12  

 

Anesthesia Provider Movement 

 

 The practice of anesthesia is often associated with monitors; vigilantly watching the 

patient monitors, the surgical field, and the patient directly is a critical task that the anesthesia 

provider must perform throughout each surgical OR case. This task involves keeping an eye on 

multiple different areas, that are most likely not in the same field of vision, so it requires the 

anesthesia provider to turn his/her head to glance at these different locations. While auditory 

alarms are intended to prevent the anesthesia provider from missing important changes on the 
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monitor, they are not one-hundred percent reliable.28 The alarms are often false, uninformative, 

difficult to distinguish, and can easily be turned off whether purposefully or accidentally. The 

monitors are often located in an awkward position, away from the patient and surgical field. 

Many, but not all monitor displays, can be adjusted and moved to a more convenient location for 

each provider.  

 More than not, these monitors force the anesthesia provider to turn their turn from side to 

side and flex and extend their neck repetitively throughout each surgical OR case.6,28 According 

to a study by Szeto, the recommended visual angle for computer screens is 0-30º.29 According to 

McIntyre, a standard field of accurate vision is 75% at a distance of 33.02cm for an angle of 1º 

and 25% for an angle of 6º.6 The best visual clarity is obtained when the object is in nearest the 

visual axis. Information is usually obtained by scanning; this allows the anesthesia provider to 

follow the patient’s progress. Horizontal or vertical movement of the eye is usually augmented 

with the movement of the head and shoulders.  

 In 1982, McIntyre performed a historic study to observe ergonomics of anesthetic 

practice. The focus was the position of the anesthetic machine and variation of movement 

performed by the anesthesia provider to visualize the monitors. This was an observational study 

that also included a questionnaire. The sample included 32 anesthetists in different hospitals. 

While subject and methodology of this study was very compelling, it lacked statistical content 

and tables of result data for critical analysis by the reader.  

 Nur et al performed a study regarding repetitive tasks of workers in the automotive 

manufacturing business in Malaysia. Using the Standard Nordic Musculoskeletal Questionnaire 

(NMQ), participants self-reported neck musculoskeletal disorders with the highest prevalence – 

49.3%.30 The NMQ is a self-report instrument that was developed to allow comparison of low 

back, neck, shoulder, and general complaints of musculoskeletal disorders for use in 
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epidemiological studies. This data collection tool has been used by various studies related to 

ergonomics. Many of the movements of these automotive manufacturing workers can be 

compared to that of anesthesia providers – prolonged standing, working bent over a table, 

reaching arms in awkward positions.  

 A field study done by Szeto et al analyzed neck and shoulder postures and movements in 

office workers using the NSQ data collection tool and video recording to capture the posture 

data. This study demonstrated that most subjects had their visual displays at or slightly below the 

eye level. The results showed that increased head tilt and neck flexion were more prevalent in the 

participants that self-reported neck pain. The symptomatic participants tended to show greater 

movement excursions in the head segment and the acromion. Although this study only had a 

sample size of 16, the amount of data collected for each participant made that smaller sample 

size effective to make their point. Statistical significance wasn’t found in every variable that they 

studied, but there was a statistically significant difference found between the symptomatic and 

asymptomatic groups in the excursion of the acromion protraction and evaluation data. The 

participants who had a current complaint and past history of neck and shoulder discomfort 

exhibited more excursion of the acromion protraction than the participants who did not have 

these complaints (p = 0.015).29 This study and similar studies prompted the researcher to include 

neck movement in the data collection tool for observation.  

 Bartnicka et al noted that surgeons tend to maintain a flexed neck posture throughout 

open surgery and an extended neck posture during laparoscopic surgeries.12 Surveys were used in 

this study to examine self-reported MSD symptoms. The survey results of 42 participants had 

90.48% of participants reporting MSD symptoms, the highest prevalence being lumbosacral 

MSD symptoms (71.43%). Cervical spine or neck MSD symptoms were reported by 64.29% of 

participants. She also utilized video and photo recordings during multiple open surgeries to 
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assess the ergonomic working conditions of the OR.12 The combination of the multiple 

methodologies of data collection added strength to this study when comparing different MSDs. 

The aim of Bartnicka’s study was to create a computer system for supporting hospital processes 

to improve ergonomics, so the comparison of results from multiple data points was useful for the 

purposes of this literature review. 

  OR nurses in Iran were surveyed regarding ergonomics using the NMQ for a study done 

by Choobineh et al. The focus of their study was to determine the prevalence of MSDs and to 

guide an interventional program for preventing or reducing MSDs. This was a cross-sectional 

study of 375 OR nurses. Lower back symptoms were found to be the most commonly reported 

MSD – 60.6% of participants. Their results indicated that association between high perceived 

psychological demands and the prevalence of MSD symptoms. The researchers suggested 

increased MSD reporting among OR nurses related to a repetitive physically-demanding job. 22  

 A study performed by Davis and Hignett in 2016 focused on the design of anesthetic 

rooms in the United Kindom.3 Data was collected regarding ergonomics of the sequence of 

events for a total of 24 observations in three different anesthetic rooms.3 The anesthetic rooms 

were most likely utilized for regional block administration prior to transition to the OR room. 

The visual displays in this study demonstrated the need for varied movement during the 

induction process of anesthesia and the effect of the size and setup of the workspace on those 

movements.3 While the aforementioned study utilized a different work environment than that of 

the hospitals visited in this study, it is applicable to the discussion of physical ergonomics of 

anesthesia providers within their workspace.  

 At the beginning of the case, the OR is set up to accommodate the transport of the patient 

into the room and onto the OR table.31 This transport of the patient is often the responsibility of 

the anesthesia provider. This transition requires equipment repositioning and tailoring of 
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monitors for the patient, the anesthesia provider himself, and the various requirements of 

different critical tasks.32 For instance, central line placement necessitates more floor space and 

equipment than a standard general anesthesia induction and intubation. Time and motion were 

observed by Selvaggi et al in 2010 in 10 breast augmentation surgeries in which all patients 

received general anesthesia to discuss efficiency and strategic planning.20 Results showed that 

prolonged surgical time was often pointed to delayed entrance into the OR and set up.20 

Discussion about what caused this slowed beginning of the case included operative setup and 

anesthesia protocols although details regarding the setup of the OR are not included.20 Open 

surgery when compared to laparoscopic surgery is characterized by dynamic operational 

activities and a higher frequency of movement by the surgeon and OR personnel according to a 

study performed by Bartnicka et al in 2015.12  

 A study of the anesthetist’s activity patterns in the OR performed by Manser et al was 

conducted to improve simulation realism.33 The sample consisted of six anesthetists observed for 

two OR cases and three simulation scenarios using task analysis of their own structured 

observation system. Activity patterns were plotted in a graph of action density over time to 

display a visualization of the data and statistical significance was found, using a two-way 

MANOVA, for the multiple tasks including monitoring and manual tasks. The induction phase, 

which consistently had the highest action density, was characterized mostly by manual tasks 

followed by communication and monitoring. During the maintenance phase, the majority of the 

activity patterns was focused on monitoring then communication, documentation, and manual 

tasks. The emergence phase was equally represented by monitoring, manual tasks, and 

communication.33 Reviewing the study conducted by Manser et al gave the researcher a deeper 

understand of the activity patterns of the anesthesia provider to guide planning for an 

observational study.  
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Safety Concerns 

 

 In 1999 the US Institute of Medicine Report published the infamous To Err is Human 

and so began the patient safety movement.34 The response to the astonishing finding of at least 

100,000 preventable complications in US hospitals every year sparked a public outcry to make 

major changes in the industry.35 Today most healthcare workers have familiarity of this 

evidence-based source, as it changed the course of profession. In contrast, research shows that 

health care employees have a poor understanding of occupational and workplace safety.35-37  

 A hazard is defined by the U.S. Department of Health and Human Services as a potential 

source of harm.24 While there are different types of occupational hazards that can be considered 

from the perspective of an anesthesia provider, this literature review focuses on the physical 

hazards of the workspace. Mechanical, thermal, electrical, chemical, radiation, and biological 

hazards are disregarded. It is acknowledged that the conditions of the work environment affect a 

person’s ability to perform his work.24 For example, when the room is cluttered with equipment 

or crowded with an excess of personnel the worker is literally hindered from maneuvering in the 

workspace.  

 Delivering anesthesia requires that the anesthesia provider maintains concentration and 

diligent focus in order to competently care for the patient. Like other healthcare providers, it is 

common to see the anesthesia provider neglect his own occupational safety while in the work 

environment. Assuming the role as a medical caretaker often leads the anesthesia provider to 

place the patient’s safety before his own.14,23,36 It has been suggested that the OR has been 

exempt from ergonomic work place design potentially because of the culture that says that the 

patients and their well-being taking precedence.14 For example, many of the OR designs appear 

to prioritize the view of the monitors for the anesthesia provider but little consideration is given 
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to ensure a clear view of the floor.14,16 Sheikhzadeh et al performed a survey of 50 perioperative 

nurses and technicians, who emphasized their perception of “working under time pressures and 

deadlines.”18 The surveys revealed that these time constraints and different setups forced them to 

rely on awkward bending and lifting beyond their reach in order to accommodate the necessary 

surgery or the needs of the surgeon. Perceived causes of the work-related MSDs included lifting 

equipment above the shoulder level, repetitive movements using equipment, and computer work. 

The highest prevalence of MSDs complaints included neck (71%), shoulder (74%), and lower 

back (84%), and 31% of participants reported that they had been absent from work due to lower 

back pain in the last 12 months.18 

 Variable height of the anesthesia provider can affect the potential for a hazardous 

situation related to straining or overexertion.18 Short employees might struggle to reach 

connectors to gas or power to plug in or connect devices.14 Taller employees could potentially 

bang their heads on an overhead CSU or monitor.5,14 This can lead to a conundrum for OR 

design. Straining to reach the patient underneath the surgical drapes that can put the anesthesia 

provider at risk of musculoskeletal disorders.9 

 The second leading cause of workplace injury is same-level slips, trips, and falls (STF) 

according to the US Department of Labor.38 Cables and tubes running over the floor or freely 

suspended through the air create potential hazards that can leading to STF.14 Suggestions for 

thoughtful routing of cords, cables, and tubes include bundling, taping, or braiding, or 

suspending them from the ceiling to minimize a tripping obstacle.16 This might work in some 

situations and become a hindrance in others, whether the variable is height of the provider or the 

demands of the given surgery. Questionnaires completed by Koneczny showed that 79% of 

surgeons, 94% OR nurses, and 80% OR employees felt obligated to climb over these obstacles in 

order to treat the patient or perform tasks.14 Low-profile equipment or floor mats can become 
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another potential hazard to STF of the anesthesia provider.16 It is suggested that absorptive mats 

that are designed to be slip-resistant are the safer option as well as replacing soiled absorptive 

mats.16 

 Statements were taken of many of the medical staff members that were “forced to work, 

at least occasionally, in an uncomfortable or painful working posture.”14 Back pain is the most 

frequently cited complaint of discomfort for OR workers.6,14,22,23,39,40 Koneczny found that 35% 

of affected surgeons, 59% of OR nurses, and 44% of OR employees treated themselves or sought 

professional assistance whether that be physical therapy or massages, etc. for the aforementioned 

pain.14  

 Standing for extended periods of time contribute to lower back pain and pain in the 

ankle/foot.16,41 These symptoms were increased or accelerated when the surgery required the OR 

personnel to wear lead gowns (weight approximately 5lbs).18 Surgeries that require frequent x-

rays obligate the OR staff to wear lead throughout the surgery until the surgeon deems the X-ray 

machine no-longer needed.  

 

Summary 

 

 Most research and data collected regarding healthcare ergonomics and OR discussed the 

safety of the patient or the efficiency of the surgery.25,42-45 Additional research has been found on 

occupational safety of anesthesia providers regarding needle-sticks and exposure to medical 

inhalation agents.5,46-48 Exploration of the surgeon’s/OR nurse’s relationship to the work 

environment has also been conducted.20 The limited research pertaining to the occupational 

safety of OR personnel can be used to bring to light the safety hazards of the work environment 

to the anesthesia provider. Although these topics might seem disparate, the commonalities merge 
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when discussing the bodily safety of the anesthesia provider as related to the workspace within 

the OR. Patient safety is of the upmost importance in the critical setting of the OR, yet it could 

be inferred that optimized safety of the provider will enhance his/her ability to focus on the 

priority of the patient.  

 The present study aims to examine the anesthesia workspace and how it can contribute to 

the prevalence of non-ergonomic practices by the anesthesia provider. First the common non-

ergonomic repetitive movements and obstructive hazards will be identified. Then the safety 

concerns related to the workspace and prevalence of musculoskeletal symptoms among 

anesthesia providers will be explored. The results can provide information about the size of the 

problem and the findings can be used to develop intervention strategies for this group of 

anesthesia providers and potentially other groups as well.  
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CHAPTER III 

 

Methodology 

 

 Provided in this chapter is a description of the methodology that was used to answer the 

research questions introduced in the first chapter: 1. What are safety concerns related to non-

ergonomic movement of anesthesia providers within the anesthesia workspace? 2. What are the 

most common repetitive movements of the anesthesia providers within the anesthesia 

workspace? 3. What are the most common hazards to the anesthesia providers within the 

anesthesia workspace? Additionally, the research design, sample, data analysis, procedure, 

instrumentation, and protection of human subjects in this study are outlined and described.  

 

Research Design 

 

 A descriptive, exploratory, and observational design was used to explore the ergonomic 

movement of the anesthesia provider within his/her workspace as well as the safety concerns that 

are posed by this workspace upon the anesthesia provider.  

 

Sample 

 

A convenience sample of anesthesia providers working in a hospital-based OR was be 

recruited to participate in this research study. For the purposes of this study, Anesthesia Provider 

(AP) was defined as one of the following: attending anesthesiologist (MDA), medical anesthesia 

resident, certified registered nurse anesthetist (CRNA), student registered nurse anesthetist 
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(SRNA), certified anesthesia assistant (CAA), student anesthesia assistant (SAA). The 

convenience sample was recruited from APs administering a general anesthetic on one of the six 

days selected by the researcher over a two-month period and providing general anesthesia in the 

main OR of one of two mid-Atlantic urban teaching hospitals: Hospital A and Hospital B. Both 

hospitals had similarly constructed ORs and the same anesthetic equipment. The lighting was 

uniform and the spot-lights were supported overhead in the center of the room to guide the 

surgery setup to maintain the OR table in the center of the room. Overhead booms were available 

in each OR for electrical power, and suction supply. The anesthetic machine was always situated 

on the right-hand side of the anesthesia workspace.  

At Hospital A and Hospital B, the OR surgical case schedule listed two APs for each OR 

surgical case utilizing the anesthesia care team model in which one MDA medically directed 

multiple APs in different ORs concurrently and there was one primary AP in the OR room for 

the entirety of the surgical case. For the purposes of this study, the participant that was observed 

was be the primary AP who was assigned that OR surgical case. The primary AP was defined as 

the AP who remained with the patient throughout the operative time and performed most of the 

critical tasks of the anesthetic. The medically directing AP who was assigned to multiple OR 

surgical cases and therefore could not provide continuous anesthesia care throughout the case 

was excluded from this study. When only one AP was listed for an OR surgical case, that AP 

was considered the primary AP for the purposes of this study. Additionally, an OR surgical case 

may have had more than one AP assigned for training or teaching purposes; for example, a 

CRNA training an SRNA or a CAA training a SAA. In this instance, the primary AP that was the 

participant for the study was chosen by the researcher between these APs. Only one AP was 

observed during each case. The only exclusion criteria for selecting the OR surgical case, is any 

case that would not be using a general anesthetic.  
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All APs who were administering a general anesthetic in the main OR on one of the six 

days selected by the researcher were eligible to participate in the study. The eligible AP had to be 

the primary AP, as defined above. Exclusion criterion were if the AP would not be serving as the 

primary AP during the OR surgical case or was not performing a general anesthetic. Each 

primary AP was given the opportunity to complete one questionnaire and be the subject of one 

observation. The participant sample was selected by the researcher as determined by 

convenience of timing of OR surgical cases. This process for selection of the OR surgical cases 

is discussed in the procedure section.  

Hospital A had 116 APs and had 14 OR rooms in the main OR that were used for this 

study. Each day, this hospital had an average of 34 OR surgical cases scheduled and 22 APs 

working in the main OR. Hospital B had 252 APs and had 21 OR rooms in the main OR that 

were used for this study. Each day, Hospital B had an average of 48 OR surgical cases scheduled 

and 35 APs working in the main OR.  

The population size was calculated by counting the total number of APs at both hospitals 

that were available to participate in this study. This study was conducted over six days; three 

days at Hospital A and three days at Hospital B. The average number of APs working in the 

main OR at Hospital A each day was multiplied by three and then the same calculation was done 

for Hospital B. These two numbers were added together to determine the total number of APs 

that had been available to participate in study. With this calculation, the population size was 

calculated to be 171. According to the Raosoft® Sample Size Calculator, a sample size of 106, 

from a population of 171 was required to achieve a 90% confidence interval with a 5% margin of 

error (Appendix A).  
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Instrumentation 

 

 The data for this study was collected using two data collection tools created by the 

researcher. The first data collection tool, named the “Observation Tool” (Appendix B), was 

completed by the researcher during the observation of the participant. The second data collection 

tool, named the “Participant Questionnaire” (see Appendix C), was completed by the primary AP 

who was observed by the researcher. For purposes of this study, the primary AP was the human 

subject of observation and participant; the researcher was the observer.  

 The observation tool was completed by the researcher during direct observation in the 

OR. The first section of the tool included two questions about the anesthesia workspace and one 

question on type of general anesthesia. Prior to the initiation of the OR surgical case, the first 

section of this tool was filled out by the researcher. This included measuring the space defined as 

the anesthesia workspace using a tape measure. Additionally, the type of sitting furniture in the 

OR room for the AP was recorded. Once the case had commenced, the type of observed 

anesthetic was recorded. The instructions for use were found on the observation tool.  

 The second section of the observation tool was comprised of a table with a list of 

observable non-ergonomic movements that was completed by the researcher during the 

observation of the primary AP. Next to the list was a column that was used to tally the frequency 

of occurrence of each movement. These movements listed on the tool were typical AP repetitive 

movements and obstructive hazards within the OR room and anesthesia workspace. This list of 

movements was chosen based on a literature review and expert reviewer’s recommendations to 

capture repetitive movements and workspace safety hazards. A third left column was available 

for additional descriptions or notations, such as the type of equipment (hazard) observed if it has 

not already specified. For example, the movement “stepped over cord” specified what the hazard 
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was in this observation (cord) and a notation may have not been needed. However, the 

movement “tripped over equipment” does not specify what the hazard was; therefore, the 

researcher used the third column to describe the object or manner that caused the trip.  

 The questionnaire tool consisted of thirteen questions and was presented to the participant 

in SurveyMonkeyÓ. The first question asked the participant to record a randomly selected study 

identification number. The next three questions were demographic questions concerning gender, 

type of AP, and height. These questions were in a dropdown format and had a dropdown list of 

answer choices.  

 The next section began with instructions to answer the remaining questions regarding 

their personal experience with ergonomics and workplace hazards. Included are nine questions 

regarding personal safety and health concerns related to his/her movements in the OR. Seven 

were multiple choice. The last two questions were open-ended with a comment box.  

 Both data collection tools were reviewed by seven content experts to create a coherent, 

efficient, and inclusive tool. The experts approved the tools for content as well as validity. 

Experts included two professors from a renowned Doctorate of Nurse Anesthesia Practice 

(DNAP) program. Both professors were CRNAs with a Doctor of Nursing Practice degree, each 

has greater than twenty years of clinical experience and greater than ten years of educational and 

research experience. A third professor from a DNAP program was also an expert reviewer; this 

professor has experience in conducting research as well as serving on a university Institutional 

Review Board (IRB) board. Another expert was a senior research scientist at a large mid-Atlantic 

healthcare organization who focused on human factors in healthcare. A human factors specialist 

who was a part of an environmental research and design group at this same healthcare 

organization was an additional expert. The last two experts were fulltime CRNAs and clinical 
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coordinators at Hospital A and Hospital B both with personal experience in research and data 

collection.  

 

Procedure 

 

 Pending IRB approval, the researcher was granted permission from the department chairs 

of the anesthesia departments for Hospital A and Hospital B to perform the study procedures in 

each institution. Upon approval from the Georgetown University IRB, the researcher formatted 

the questionnaire data collection tool onto a personal iPad tablet and printed the observation tool. 

The questionnaire was formatted with SurveyMonkeyÓ. The researcher then contacted the 

department chairs of the respective anesthesia departments for Hospital A and Hospital B and 

arranged dates and times for the data collection. After the initial dates of data collection at each 

hospital were determined, an informational email (Appendix D) was sent to all the APs at both 

hospitals one week prior to the first day of data collection. 

 Data was collected on six of eight Thursdays over a two-month period with the goal to 

reach the calculated sample size of 106 participants. Study days began at 7:00 am and ended at 

approximately 5:00 pm, depending on the availability of participants on the OR schedule. At 

7:00 am on each day of data collection, the researcher viewed the main OR surgical schedule to 

select the first primary AP that met inclusion criteria. At both hospitals, the schedule was 

displayed on the mounted screens in the hallway of the main OR next to the front desk.  

 Participants were selected at random by researcher, with the goal to observe individual 

APs only once. The researcher selected the first primary AP by selecting one that was assigned 

to an OR surgical case with the earliest start time after 7:00 am. Most of the first scheduled OR 

surgical cases started at 7:30 am. After the first observation was complete, the researcher viewed 
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the main OR surgical schedule to select another primary AP who met the inclusion criteria. The 

researcher chose the next primary AP by selecting the one that was assigned to an OR surgical 

case with the next earliest start time. The next primary AP was only selected if there is sufficient 

time to prepare for the study before the anesthesia start of his/her next surgical OR case. The 

researcher allotted a total of ten minutes to read the standard script, prepare for the observational 

study, and allow the questionnaire to be completed. 

 Once a primary AP was identified, the researcher sent a text page to that AP using that 

hospital’s pager system. This page said: “I am a Georgetown SRNA, can I speak with you briefly 

about my observational research study? – Lauren Kowal”. If that primary AP replied to that text 

page with an affirmative response, a location was decided where to meet. This meeting place 

could be in the empty OR room, in the anesthesia breakroom, or at the anesthesia computer 

station in the pre-op unit, as examples.  

 At the meeting with the primary AP, the researcher verbally explained the study and 

requested participation using the standard script (Appendix E). This standard script was used to 

re-introduce the study’s purpose and methodology to the participant. Initially informed consent 

was obtained verbally using the script. If the primary AP verbally consented to participate, the 

researcher handed the participant an iPad tablet open to the Informed Consent Form (ICF) which 

was in the SurveyMonkeyÓ application.  

 The iPad had SurveyMonkeyÓ accessed and open on the main screen of the iPad. After 

the participant had reviewed the ICF (Appendix F) and electronically agreed to the study, the 

participant will be asked to pick a piece of folded paper at random from a jar provided by the 

researcher. The folded paper had a number on the inside ranging 1-500. This randomly selected 

number was recorded on the questionnaire by the participant and on the observation tool by the 

researcher in order to match the tools during data analysis. The participant then completed 
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questionnaire on the next two pages in SurveyMonkeyÓ. After the participant completed the 

informed consent and the identification number entry, the remaining items in the questionnaire 

were not required to be completed in order to submit. Clicking submit at the end of the 

questionnaire on SurveyMonkeyÓ will complete this data collection tool. The iPad will be put 

into sleep mode and stored by the researcher.  

 Once the questionnaire was complete, the researcher confirmed with the primary AP the 

type of anesthesia and airway planned for the case and marked it on observation tool (Appendix 

B). The primary AP was asked to notify the patient for the upcoming OR surgical case that an 

additional person, a graduate student of nurse anesthesia, would be observing during the surgery. 

The primary AP told the patient that this additional person would be observing himself/herself 

for a research project for her doctoral program. If the patient had had questions regarding the 

research project, the primary AP was instructed to send a page to the researcher to have her come 

to the pre-operative area and answer questions that the patient may have. If the patient refused to 

allow the observation of the primary AP to take place, the researcher would have notified the 

primary AP that the observation would not take place and the researcher would look for a 

different primary AP to observe. If the patient allowed the observation to take place, the 

researcher then continued to prepare for the upcoming observation. 

 The researcher then went to the assigned OR room and recorded data for the first two 

questions of the observation tool. The type of sitting furniture for the AP will be in the OR room 

was recorded. The anesthesia workspace was measured in feet using a tape measure and rounded 

to the nearest whole number. The floor space for the anesthesia workspace was bordered by the 

anesthesia machine, anesthesia cart, OR table, and IV poles. This space was measured from the 

end of the OR table to the anesthesia machine, anesthesia cart, or anesthesia computer station; 

whichever was furthest from it. These IV poles with the drape clipped to them marked two 
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corners of the anesthesia workspace unless one of the aforementioned equipment as situated past 

the IV poles as demonstrated in Figure 1. The researcher made note if there were any changes in 

the OR table position after measurement, but there was no additional measurement made after 

the initial measurement. Lastly, the researcher arranged a stool on which to sit for the 

observation in the left corner of the OR room at the end of the room closest to the anesthesia 

workspace. 

 
 Figure 1. Anesthesia Workspace Measurement Diagram 

 During the entire observation, the researcher sat on a stool in the corner of the OR room. 

She observed the primary AP and documented the observations on the observation tool using her 

personal laptop. She did not move from the stool until the designated end-point of observation, at 

which time she gathered her belongings and left the OR room. The researcher did not interact or 

communicate with any person including the participant, any member of the OR team, or patient 

in any way, unless asked a direct question. The researcher began the observation upon the 

anesthesia start time and terminated the observation five minutes after the surgery start time 
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determined by the OR nurse. Anesthesia start time was defined as the beginning of billing for 

anesthesia services, and for the purposes of this study was defined as when the patient entered 

the OR room. At the completion of data collection, the researcher compiled data from both tools 

on an excel spreadsheet to be used for statistical analysis.  

 

Data Analysis 

 

Once the data collection was complete, the researcher compiled the data from the 

observation tool and the questionnaire on an excel spreadsheet and ran it through statistical 

analysis software using the program RStudio. The researcher identified associations between the 

observation tool results and the questionnaire results. Mean, median, and mode were calculated 

for the data from the observation tool as well as standard deviation and range. The results of the 

questionnaire were analyzed using more descriptive statistics.  

 

Protection of Human Subjects 

 

 Permission to conduct this study was obtained from Georgetown University’s IRB 

(Appendix G). The researcher had completed the Collaborative Institutional Training Initiative 

(CITI) Human Subjects Research Curriculum (Appendix H). Permission to conduct this study 

was obtained from the head of the anesthesia department at Hospital A and Hospital B prior to 

conducting any data collection. One week prior to the first day of data collection at each hospital, 

the researcher sent out an informational email (Appendix D) to all APs at that hospital as an 

introduction to the study. During data collection, a text was sent to the primary AP’s pager in 

order to recruit him/her to be re-introduced to the study as a potential participant. If the primary 
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AP sent a declining response or does not respond within ten minutes, the researcher selected 

another primary AP to recruit. There was no effect on that AP’s relationship with the researcher. 

 The standard script (Appendix E) was read aloud to the participant (the primary AP) by 

the researcher. Each participant verbally agreed to and electronically signed the ICF before 

initiating the questionnaire and being observed by the researcher. The ICF (Appendix F) adhered 

to IRB requirements. Participation in this study was completely voluntary. However, once the 

questionnaire and the observation tool were submitted, the participant was unable to withdraw 

from the study, as the tools were not personally identifiable. The selected identification number 

was discarded immediately after recorded on each data collection tool. The researcher solely 

utilized this to match the observation tool and the corresponding questionnaire for data analysis. 

If the participant had wished to withdraw during the observation, the participant would have 

verbally indicated this to the researcher. Observation data collection would have immediately 

ceased, and the researcher would have collected her belongings silently and immediately left the 

OR room.  

 As a licensed and trained healthcare professional, the researcher was bound by HIPAA 

rules and regulations; therefore, patient privacy and strict confidentiality were safeguarded. No 

patient consent was obtained because of the nature of this study. The study did not require any 

information about the patient to be collected. The researcher did not in any manner influence, 

interfere, comment, or document the patient’s care, history, or demographic information or any 

other identifiers. Except for the items listed on the observation tool, all other observations and 

conversations were deemed confidential and private and were not recorded or discussed. No 

personal identifiers or personal information was collected in this study.  

 The questionnaire data was collected via SurveyMonkeyÓ and not viewed by the 

researcher until all study observations were complete. The security of the research data was 
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protected on a password-protected electronic database with a secure network firewall on a 

personal laptop. The laptop computer remained in the researcher’s possession or in a locked 

environment at all times. Only the researcher had access to the password. In addition, the 

researcher was unable to make alterations to the completed data. All data collected was stored 

and planned to remain secured until the completion of the researcher’s scholarly project but for 

no more time than a period of three years pursuant to IRB guidelines.  
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CHAPTER IV 

 

Findings 

 

 Data was collected on three days at the first location: January 31, February 7 and 14, 

2019. For the second hospital, data was collected April 4, 11, and 18, 2019. Exactly one week 

prior to the first day of data collection at each location, the informational email (Appendix D) 

had been sent to all APs at each hospital. All data collection from both the observation tool and 

the Questionnaire were included in the analysis. Results of the two data collection tools are 

presented in this chapter.  

 

Sample 

 

 Thirty-one randomly selected APs were asked to participate in both components of the 

study: the observational portion and questionnaire (15 at Hospital A and 16 at Hospital B). The 

participation rate was 71% for the observational portion of the study and a participation rate of 

55% for both the observations and the questionnaire. Hospital A had 13 participants resulting in 

an 87% participation rate for the observations. Hospital B had 9 participants resulting in a 56% 

participation rate. All participants were APs providing general anesthesia in an OR surgical case 

in the main OR of the respective hospital. In total, 22 APs participated in the observational 

portion (Appendix B) of the study and none of the APs elected to withdraw before the 

completion of data collection. Fourteen percent of the APs chose not to complete the 

questionnaire, therefore there were 19 completed questionnaires in total (Appendix C). Figure 2 

displays a visual explanation of the participants and the study design.  
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 Figure 2. Study Flow Chart 

 As a result of incomplete data, demographics have only been reported for the 19 

participants that did complete the questionnaire. Demographics and other questionnaire results 

do not mention a distinction between participants from Hospital A and those from Hospital B 

related to the lack of recording this in either data collection tool for purposes of protection of 

human subject protection. The participants consisted of 74% women, and 26% men (and 3 that 

declined to answer the questionnaire). There were zero participants that withdrew before 

completion of the observational data collection. The average height was 67 inches, this standard 

deviation was 3 inches. The participants consisted of 9 CRNAs, 4 CAAs, 4 medical residents, 1 

SRNA, 1 SAA, and 0 MDAs. All of the participants reported providing anesthesia greater than 

31 hours (37% APs that provided anesthesia 31–40 hours per week and 63% APs that provided 
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anesthesia greater than 40 hours per week). A summary of the demographics of the participants 

who completed the questionnaire can be seen in the table below. 

 Table 1. Participant Demographics 
  n % 

AP type 
 

CRNA 
CAA 

Resident 
SRNA 
SAA 

 

9 
4 
4 
1 
1 

47 
21 
21 
5 
5 

Sex 
 

Female 
Male 

 

14 
5 

74 
26 

Height 
(inches) 

 

< 65 
65 – 70 

> 70 
 

6 
10 
3 

32 
53 
16 

Hours worked 
(h) 

31 – 40 
> 40 

7 
12 

37 
63 

 *Percentages may not sum to 100 due to rounding 
 **total N = 19 

 

Research Question 1 

 

 Analysis of the two data collection tools was used to evaluate the three research 

questions. The first research question addressed the non-ergonomic repetitive movements of 

participants within the anesthesia workspace during the participant observation. The observation 

tool was used by the researcher to keep track of the frequency of non-ergonomic repetitive 

movements by the participant during this one-time observation. Figure 3 depicts the frequencies 

for the results of the first research question and the wide variation between observations.  
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 Figure 3. Observation of Non-ergonomic Repetitive Movements 

 The participants extended their necks an average frequency 8.9 times per case to view 

monitors/equipment above their eye level. The participants were observed to lift their arms above 

their shoulder height an average frequency of 16 times during observations. The frequency of 

participants reaching their arms below their knee height had an average 9 times. The frequency 

of the participants sitting on their stool had an average one-time during observation. The 

participants were observed rotating his/her neck laterally on average frequency of 15 times.  

 The repetitive movements observed, expressed in Figure 3, depict the distribution of 

frequency observed of five different repetitive movements. The interquartile range has been 

depicted by the ends of the box, the median has been marked by the horizontal line inside the 

box, and the mean has been depicted by the X inside the box. The lines extending from the boxes 

have indicated the variability outside the upper and lower quartiles. There is one outlier shown 

for lateral rotation of neck, one outlier for arm(s) reached below knee, and three outliers for 

sitting on stool. As expressed in this figure, there was the biggest amount of variability in neck 

rotation laterally and arm(s) reaching above shoulder height. Fifty percent of the participants 

were noted to rotate their necks laterally 7-21 times during observation. Fifty percent of the 
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participants were noted to reach their arm(s) above shoulder height 7-21 times during 

observation. These two movements have been noted to have the most variability.   

 The relationship between participant height and observed arm(s) extensions above 

shoulders and below knees was examined using Pearson’s correlation. Height was moderately 

negatively correlated with arm(s) high reach (r = -0.487, p = 0.029). That is, as height increased 

the number of observations of arm(s) high reach incidents decreased. 

 

 Research Question 2 

 

 The second research question was related to the interaction between the AP and the 

equipment within their workspace—more precisely the non-ergonomic obstructive hazards. The 

observations of these hazards have been depicted in Figure 4. Overall, the hazard Stepped 

Over/On Cord had the highest mean and median compared to the other observed non-ergonomic 

obstructive hazards. Meanwhile, the three hazards: Stepped Over/On Equipment, Equipment 

Moved (>200lbs), and Head Ducked to Avoid Equipment all had mean frequencies below three.  
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 Figure 4. Observation of Non-ergonomic Obstructive Hazards 

 Participants were noted to have stepped over/on a cord a mean of 17 times during 

observations—shown by the X in Figure 4. Fifty percent of participants stepped over/on a cord 

8-21 times during observation which is represented by the ends of the box—the interquartile 

range. Of note, the two outliers depicted for Stepped Over/On Cord, did have a unique 

commonality. These were the only observations in this study to include a CAT scan machine in 

the OR. In one of these two observations, the frequency for Stepped Over/On Cord per case was 

52 times and for the other, the frequency was 47 times. The minimum frequency across all 

observed cases for Stepped Over/On Cord was two times per case.  

 The above figure shows that on average, the equipment that weighed less was moved by 

APs during observation more than the heavier equipment. Participants were noted to have moved 

equipment weighing less than 200lbs an average of ten times per case with 50% of the 

participants moving this equipment 4-14 times per case. In comparison, the mean for frequency 

observed equipment weighing greater than 200lbs moved by participants was two. The study 
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showed a lower incidence of moving heavy equipment by participants during the observation 

time.  

 Height was strongly negatively correlated with equipment moves (r = -0.519, p = 0.019) 

using Pearson’s correlation. As height increased, the number of equipment moves observed 

decreased. To examine the relationship between height and self-reported injuries, mean height of 

those who reported back pain, neck pain, extremity bruising, or hitting the head were compared 

to those who did not report using independent sample t tests. There were no statistically 

significant differences between the aforementioned variables. However, the mean height for 

those who did not hit their heads was 64.5 inches compared with 67.0 inches for those who hit 

their heads. The lack of statistical significance could potentially be contributed to the fact that the 

sample size was small and therefore underpowered. 

 

Research Question 3 

 

 The safety concerns related to the AP workspace as described in the last research 

question have addressed mainly by the questionnaire results. Figure 5 shows the results collected 

from the questionnaire. Participants were asked to report if they had experienced any of the 

following related to work: musculoskeletal disorders, injuries resulting in bruises, hitting their 

head, or tripping over hazards. The MSD options that were available were the following: back 

pain, neck pain, wrist pain, muscle cramps in hands or legs, and other. The study also assessed 

the need for medical attention following workplace injury as indicated by the orange bar. 
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 Figure 5. Reported Safety Concerns 

 All questionnaire participants reported that they had tripped in the OR. Ninety percent 

reported that they had hit their head. Both MSDs and bruises were reported by 68% of the 

questionnaire participants. On the questionnaire, there were multiple MSD options of which each 

participant could select one, all, or none. Neck pain related to work was reported in 58% of the 

responses to the questionnaire. Additionally, 53% of participants reported back pain, 16% 

reported wrist pain, 16% reported muscle cramps in hands, and 21% reported muscle cramps in 

legs. 

 If a participant selected at least one of the aforementioned safety concerns, the following 

questionnaire item asked if medical attention was sought. The same follow up question was used 

if a participant indicated one or more trip incidences. Of the 13 participants that reported that 

they had indeed experienced any of the previously mentioned MSDs, 31% of those reported that 

they had sought medical attention as a result. Although all questionnaire participants reported 

tripping incidents in the OR, only 16% reported that they were injured as a result and had sought 

medical attention. The asterisk in Figure 4 has indicated which safety concerns did not include 

the follow up question regarding medical attention.  
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 The mean height of those who reported back pain, neck pain, extremity bruising, or 

occupational head injury were compared to the heights of those who did not report 

MSDs/injuries. The mean height for those who did not hit their heads was 64.5 inches compared 

with 67.0 inches for those who did hit their heads. Using independent samples t tests, the study 

found that the difference in height was not statistically significant. 

 During observation, the researcher also observed for obstructive hazards that 

compromised the safety of the anesthesia provider. This data was excluded from display as a 

result of very low observation frequency. The excluded items included: tripped on cord, tripped 

on equipment, banged into equipment, hit head, and fell off stool. All of the aforementioned 

items were never observed by the researcher throughout all observations, except in one 

observation. In one observation, the participant was observed to bang into equipment, the 

frequency was three times and this incidence was considered an outlier and excluded from data 

analysis.  

 In the questionnaire, the participants were asked for their opinion regarding hazards and 

ergonomics in the OR. These were open-ended questions: “In your opinion, what hazard related 

to movement or ergonomics poses the biggest threat to your safety in the OR?” and “How would 

you change your workspace to improve ergonomics and safety?” The responses to these 

questions were analyzed using qualitative analysis and coded by frequency. Although the two 

open-ended questions covered similar topics, they were analyzed separately. 

 For the first questionnaire item regarding the biggest threat to safety in the OR, responses 

that included phrases related to cords were categorized together. “Stray cords” or “electrical 

cords” are some examples. One response said “tripping” and another said “tripping hazards.” 

Although these responses might be related to cords and wires, they were not included because 

they did not specify what the tripping hazard was. Of the questionnaire participants, 37% 
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responded to this question mentioning cords as the biggest threat to their safety in the OR. 

Responses that included phrases related to space, size, or room were categorized together— 

“cramped spaces” or “small OR size” as examples. Of the questionnaire participants, 32% 

mentioned workspace size.  

 Subsequently, the participants were asked how they would change their workspace to 

improve ergonomics and safety if given the choice to do so. Responses that included phrases 

related to cords or wireless were categorized together— “wireless monitoring” or “less cords” or 

“cord tape” are a few examples. Forty-two percent of the questionnaire participants gave a 

response related to cords and wires in order to improve ergonomics and safety in the workspace. 

Responses that included phrases related to “space” or “larger” or “room” were categorized 

together— “more spacious” or “have the anesthesia workspace be bigger” as examples. Thirty-

seven percent of the questionnaire participants responded that increasing the size of the 

workspace would improve ergonomics and safety.  

 

Additional Findings 

 

 The observation of each participant was for only one case—descriptive information about 

these cases was collected that potentially influenced the necessary equipment and movement of 

the AP during observation. The observation tool was used to portray this additional descriptive 

information of each of the cases during the surgical case. This descriptive information included 

airway type, workspace size, patient position, and extra AP highly involved, and is depicted in 

Table 2.  
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 Table 2. Case Descriptive Information 
  n % 

Airway type 
 

ETT 
LMA 

Mask & circuit 
Nasal cannula 
Simple mask 

Remained intubated 
 

16 
2 
1 
1 
1 
1 

73 
9 
5 
5 
5 
5 

Workspace 
size 

2x2 
3x3 
4x4 

5x5 or greater 
 

1 
8 
9 
4 

5 
36 
41 
18 

Patient 
Position 

Supine 
Prone 
Lateral 

 

14 
6 
2 

64 
27 
9 

Extra AP 
highly 

involved 

MDA 
Student 
None 

 

1 
3 
18 

5 
14 
82 

 *Extra AP highly involved meaning that this other person actively participated throughout entire observation 
 **Percentages may not sum to 100 due to rounding  
 ***Total N = 22 

 The anesthesia workspace size was measured before observations began and this initial 

measurement was used for data collection regardless if the OR table was moved during 

observation. There was one occurrence of the OR table being moved during one observation 

(which by definition changed the anesthesia workspace). This change was noted by the 

researcher to on the observation tool under comments. The OR table was rotated 90º to move the 

head of the bed towards the surgeon. Although there was no additional measurement made, the 

researcher noted that the movement did increase the anesthesia workspace size by what appeared 

to be one foot in length. The anesthesia workspace size for this observation remained the initial 

measurement that was taken prior to observation start.  

 The relationship between room size and repetitive movements observed was compared 

using one-way ANOVA. There was no statistically significant difference between workspace 

size and these repetitive movements. For this calculation, the workspace size categories were 



 
 

 
44 

reorganized—workspace size 2x2 and 3x3 were grouped together for the small group to be 

compared to 4x4 and 5x5 or larger.  

 The relationship between room size and obstructive hazards observed was compared 

using one-way ANOVA. There was no statistically significant difference between workspace 

size and these hazards (workspace size 2x2 and 3x3 were grouped together for the small group to 

be compared to 4x4 or 5x5 or larger). As will be discussed later, the workspace size was a 

concern of both the researcher and study participants.  
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CHAPTER V 

 

Discussion  

 

 This study sought to gain an understanding of the ergonomics of the anesthesia 

workspace within the OR. As far as the researcher was able to determine, this subject had not 

been thoroughly examined in recent research. While there are a few studies that are specific to 

anesthesia providers and ergonomics, they did not address the same concerns as this study. The 

research questions developed by the researcher guided the study’s focus on repetitive 

movements, obstructive hazards, and ergonomic safety concerns specific to these findings. 

 Using the first question, the researcher aimed to identify the non-ergonomic repetitive 

movement of the anesthesia provider with the highest frequency of occurrence through 

observations. The results revealed that lateral neck rotation and arm(s) extension above shoulder 

height were the most commonly observed repetitive movements. Within the short observation 

time, the researcher observed an average frequency of 15 times for lateral neck rotation and 16 

times for arm(s) extension above shoulder height. While the observed frequency count might not 

sound worrisome, it can be assumed that it would increase during the full duration of that 

surgical OR case. This can then be multiplied by the number of cases that that anesthesia 

provider participated in that day. Over years of practice, these non-ergonomic repetitive 

movements could lead to muscle strain and potential musculoskeletal disorders.  

 Anesthesia providers are constantly turning their head to watch the surgical field and 

patient, then back at the monitors and anesthesia machine. Often the patient monitors and other 

displays are not in an ideal location for keeping the neck neutral. The recommended preferred 

zone of visual field is 0-30º.29 Unfortunately this visual display location is not always possible to 
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attain with monitors and displays that anesthesia providers utilize on a regular basis. In a study 

performed by McIntyre, 30 out of 32 anesthesia providers agreed that they would prefer to 

position the visual information from the monitor in a more convenient viewing than was 

possible.6 The inconvenient location of monitors and displays that require vigilant monitoring by 

the anesthesia provider are most likely a contributing factor to repetitive and frequent lateral 

neck rotation. Many studies agree that workers performing repetitive tasks are exposed to the 

risk of work-related musculoskeletal disorders.13,18,22,30,49-51  

 Szeto et al studied general surgeons for work-related musculoskeletal symptoms and 

found that awkward posture was perceived to be the most commonly associated factor with neck 

symptoms.49 Their study focused on general surgeons and can be used as a comparison to this 

study, which focused on a different healthcare provider in the OR. A similar study by Kumar, 

Moro, and Narayan showed X-ray technologists had significant upper extremity problems due to 

the movement of the shoulder and arms. The technologists are often performing tasks that 

require reaching above shoulder level, reaching in front of the body, or twisting of arms – similar 

to the tasks performed by anesthesia providers. Their study showed that lower back pain was the 

most commonly reported musculoskeletal disorder with neck pain as the second highest reported, 

which contrasted to the results of this study.52 This difference could be related to the subtle 

differences in common equipment moving tasks performed. X-ray technologists often need to 

transport large X-ray equipment from patient to patient. Whereas for anesthesia providers, after 

the patient is transported to the OR, often only small adjustments of the large equipment are 

made.  

 Results from this study’s questionnaire also showed a high level of neck pain (58%) and 

back pain (53%). This finding of neck pain as the highest self-reported MSD is noteworthy when 

placed next to the results of the observation tool. One of the most common repetitive movements 
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that was observed was lateral neck rotation. High incidence of neck pain is also supported by 

research discussed in the literature review.12,18,22 A high incidence of back pain was also found to 

be prevalent among surgeons, OR nurses, and technicians in other studies.14,22,23,40 Moving 

equipment that weighed greater than 200lbs was observed to occur less than 3 times during 

observations of the anesthesia providers. Although this appeared to be a low occurrence rate 

compared to other repetitive movements, it is assumed that this repetitive movement can have 

significant implications from lower frequency counts compared to performing work activities 

without a weight to bear.  

  All things considered, many researchers agree that tasks that require frequent upper 

extremity movement eventually force the neck and shoulders into awkward alignment and can 

contribute to the development of musculoskeletal disorders of neck and shoulder.49,52,53 With this 

in mind, the observed repetitive movements of the anesthesia provider laterally rotating their 

necks and extending their arms above shoulder height is considered non-ergonomic and 

potentially unsafe. These repetitive movements are potential problem areas that can be addressed 

by future studies. 

 The second research question addressed the observations of non-ergonomic obstructive 

hazards. Stepping over/on an electrical cord had the highest frequency observed by the 

researcher. This coincided with the results of the third research question: the most common self-

reported safety concern was tripping. The average frequency of stepping over/on a cord was 17 

times during observations and 100% of questionnaire participants self-reported tripping in the 

OR. Despite the fact that there was no observation of tripping during observations, multiple 

research studies have shown electrical cords to be tripping hazards.5,14,16,38 According to the 

results of a study done by Koneczny 83% of surgeons and the OR nurses stated that cables and 

tubes create potential tripping hazards. The study reported that the OR staff were forced to climb 
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over and under the cables during the performance of their job.5 The research of Brogmus et al 

suggests thoughtful routing of cords and cables can help minimize problems with STF in the 

OR.16  

 It was noteworthy that the two appreciable outliers found in the analysis of non-

ergonomic obstructive hazards, had a unique variable in common. Both surgical OR cases 

required the use of a CAT scan in the OR. This equipment also happened to be relatively new 

addition to the main OR in this facility. The CAT scan required the anesthesia provider to 

disconnect the patient from the ventilator tubing, monitoring cables, and IV tubing multiple 

times while moving the patient from the stretcher to the OR table. During this process of 

disconnecting and reconnecting, the researcher noted an increase in frequency of stepping 

over/on an electrical cord. Although there was no statistical significance was found, it is evident 

that more data collection would most likely show a substantial trend between newly introduced 

OR equipment and increased frequency of stepping over/on a cord. 

 The open-ended items in the questionnaire brought up interesting topics we well. The 

responses mentioning electrical cords were consistent with this study’s self-made observation 

tool. It is important to note that the observation tool was never shared with the participants. 

Results showed that 37% of participants responded to this question mentioning cords as the 

biggest threat to their safety in the OR. There were also two additional responses that might also 

be included in this category if electrical cords are assumed to be a tripping hazard (which is 

heavily supported by the research discussed in the literature review). Because these responses did 

not explicitly include the words “cord” or “electrical cord,” they were excluded from this count. 

Whether or not these two responses are included or not, an appreciable number of questionnaire 

participants reported electrical cords as a safety concern. This consistency highlights the 

perceived importance of this particular ergonomic hazard by anesthesia providers.  



 
 

 
49 

 Workspace size, although a major safety concern for questionnaire participants, did not 

show a correlation with increased frequency of non-ergonomic repetitive movement or 

obstructive hazards in this study’s results. Smaller workspace size might lead to feelings of 

claustrophobia, limited storage space for equipment, and frustration, especially with an 

anesthesia care team model. It’s possible that this study did look for the right variables that could 

have been affected by a small workspace – for example, difficulty working with multiple 

anesthesia providers at once: CRNA, MDA, SRNA. In an emergency scenario (not captured by 

this observation project) the anesthesia provider would encounter difficulty working the 

anesthesia workspace is limited to approximately 2x2 feet. Survey results of organizational and 

technical conditions for OR workers listed “limited working space” as a top environmental issue 

in a study by Bartnicka et al regarding ergonomics and OR working conditions. The results of 

Bartnicka et al were consistent with this study in this regard, yet as discussed above the reason 

for the concern is unclear. 

 

Limitations 

 

 There were various limitations encountered that need to be addressed for further 

development of this area of study. In Hospital A, there were two anesthesia providers that 

declined to participate in this observational study related to the small size of the workspace. In 

this manner, the potential for observation of anesthesia providers was directly limited in smaller 

ORs (in which the anesthesia workspace would measure 2x2 feet). In Hospital B, multiple 

anesthesia providers declined to participate in this observational study because there were 

learners, SRNAs and SAAs, that would be needing significant assistance from their preceptor, 

therefore one single “primary anesthesia provider” would be challenging to name. Given the 
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nature of this study, the researcher would be unable to watch both anesthesia providers closely in 

order to collect data accurately.  

 Another limitation was the list of 14 items on the observation data collection tool that the 

researcher was responsible for documenting. There was no video recording of the observations, 

and the observations were done during a “high action density” time of the anesthetic. It can be 

assumed that there were some actions performed by the anesthesia provider that were missed by 

the researcher while documenting a previous item. 

 Because not every participant that completed the observational portion of the study 

completed the questionnaire, it was challenging to compare the results of the two data collection 

tools. It is possible that discrepancies in data analysis could be contributed to the difference in 

sample sizes between the observation and questionnaire results.  

 Furthermore, the target sample size of anesthesia providers was not met. It should be 

noted that the sample size was small which could have precluded seeing statistically significance 

and limited the data analysis because study was underpowered. For instance, it potentially 

masked a clinically significant finding of the two observations that showed an appreciably higher 

frequency of times the anesthesia provider stepped over/on a cord. Although the number of 

participants in this study was relatively small, the study gained power in its increased reliability 

and consistency from the fact that all the observations were performed by the researcher.   

 It needs to be noted that the researcher performing the observations was a potential 

source of bias given the fact that her field of study was anesthesia. Another potential source of 

bias in this study is sample bias. Because the researcher selected the participants, the participants 

might not truly have been a random sample. Multiple items in the questionnaire introduced 

possible bias as well. Wording in the stem of the question might have encouraged the participant 

to report MSD symptoms. 
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 The observation time of each anesthesia provider was intentionally abbreviated in order 

to optimize the researcher’s opportunity to observe multiple anesthesia providers each day. 

While this allowed the researcher to spend less time in each OR surgical case, observation data 

did not cover the entire OR case. The maintenance phase of the anesthetic most likely would 

have included a significantly higher frequency of lateral neck rotations and moving from 

standing to sitting on the chair.6  The fact that the methodology did not include recording time 

limited the ability of the results to be compared equally.  

 The lack of commonality between OR surgical cases is another area of limitation given 

the fact that the induction and set up of the OR for different types of surgeries can be vastly 

different. The patient position, OR table, and equipment are often unique to the surgeon, patient, 

and the type of surgery. It should be noted that the OR table was a non-stationary piece of 

equipment, as well as the anesthesia machine. There was one observation in which the anesthesia 

workspace size was changed after the measurement by the researcher was completed. This has 

the potential to be a limitation in future studies and should be taken into account when planning 

the methodology.  

 

Implications 

 

 Ultimately the results of this study illuminated the potential ergonomic hazards within the 

anesthesia workspace in the main OR in Hospital A and B. While the population of this study 

was focused on only two hospitals (that also happened to be owned by the same corporate health 

system and employed by the same local anesthesia group) it could be extrapolated to other 

anesthesia providers exposed to similar ergonomic and safety concerns. The common repetitive 
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movements, obstructive hazards, and safety concerns are highly relevant to the improvement of 

ergonomics which has been hugely ignored within the realm of anesthesia.  

 As discussed previously, this study indicated that a majority of anesthesia providers 

encounter ergonomic hazards and have non-ergonomic practice that have the potential to be 

remedied. Simple measures could be taken to minimize the non-ergonomic repetitive movements 

– the anesthesia provider could sit or stand in a position where the monitors, patient, IV fluids, 

etc. are in his/her line of vision; the anesthesia provider could adjust the height of equipment and 

monitors to minimize reaching above his/her shoulders frequently. Another measure taken to 

improve ergonomics would be to cover all electric cords on the floor with a mat to decrease the 

risk of tripping.14,16 Education should be provided to all disciplines of healthcare, including 

anesthesia providers regarding ergonomics and how to prevent MSDs.  

 Although there was no statistical significance, the clinical significance is evident in the 

increased number of non-ergonomic hazards observed in the surgical OR cases involving the 

CAT scan machine. This finding could be indicative of increased ergonomic hazards whenever 

any new equipment is introduced in the OR setting, especially new equipment that is as large and 

cumbersome as the Cat scan. Anesthesia providers and all OR workers should be hypervigilant 

of ergonomic hazards when their routine of patient care is changed. Not only does new and 

unfamiliar equipment invite risk to the safety of the anesthesia provider, but also to the patient. 

For example, if the anesthesia provider were to trip on an electrical cord and fall while 

reconnecting the patient to the ventilator tubing, the patient might have a containment introduced 

into the breathing circuit and would certainly have experienced increased apnea time.  

 This study also indicated that there are multiple MSDs that were self-reported by 

anesthesia providers that need to be addressed. These MSDs including back pain, neck pain, 

trauma to skin, and injury resulting in bruises on extremities. According to the US Bureau of 
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Labor Statistics, MSDs accounted for 38.5% of all nonfatal injury and illness cases in 2016 

among full-time workers.54 The number of self-reported MSDs by anesthesia providers in this 

study show that MSDs are clearly a problem that affects all healthcare providers, despite the lack 

of research found on this topic. More research on this subject is recommended to find the best 

approach to solve this problem.  

 

Future Recommendations 

 

 In a replication of this study, there are multiple suggestions regarding the data collection 

tools that should be implemented. The data collection tools for the observations and 

questionnaire should be aligned to be easily compared. Instead of asking broad questions 

regarding tripping or hitting his/her head at any point in his/her career, questions could ask the 

participant what is most common non-ergonomic hazard in his/her experience. The data 

collection tools could also be made more specific to focus on one non-ergonomic repetitive 

movement or one non-ergonomic obstructive hazard. This would allow the researcher to have 

more precise data and analysis of this variable. Adjustment to the language used in the questions 

could also be made to decrease bias.  

 Another recommendation would be to broaden the sample of the population to include 

more than two (related) hospitals. This would allow the sample to be extrapolated to the whole 

population of anesthesia providers more easily. In the observation data collection tool, a question 

focused on the anesthesia provider’s chair, and just prior to the start of this study, the company 

owning both hospitals purchased new chairs for the anesthesia providers in main OR rooms. 

Extending this study to other hospitals might pick up nuances of ergonomics that could be 
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related to a non-ergonomic chair or stool. An increase in sample size would also benefit future 

studies to allow more statistical analysis of observation and questionnaire results. 

 Narrowing the OR surgical case selection down to one specialty (cardiac, orthopedic, 

etc.) would ease the comparison of data by decreasing confounding differences between 

anesthetic care. Measuring time of the observations would also improve the ability to compare 

frequency of repetitive movements and obstructive hazards.  

 The results from this study suggest that the repetitive movement of lateral neck rotation is 

very common among anesthesia providers. Future research could focus specifically on this 

repetitive movement to determine whether or not this does indeed lead to MSD symptoms in 

anesthesia providers. It would need to be kept in mind that other actions by the anesthesia 

provider could precipitate neck pain, such as intubation and masking a patient.  

 This study also indicated that stray cords and tripping hazards are commonly encountered 

ergonomic hazards. Future implementation studies to alleviate this common ergonomic issue 

could be performed. Implementation studies could also focus on non-ergonomic repetitive 

movements. Instead of doing more research on the cause and effect of MSDs, a study could 

strive to decrease the need to laterally rotate the neck or reach above the shoulder. The study then 

could send out a questionnaire after a period of time has passedafter the new implementation to 

determine if there was a decrease in MSD symptoms reported. More research could also be 

focused on determining specific barriers to proper ergonomics and improving safety of the 

anesthesia workspace.  
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Conclusion 

 

 This study was intended to be a preliminary study to increase awareness of ergonomic 

hazards within the anesthesia workspace. The results of the observations showed great variation 

and warrant further studies to draw more conclusions. The scarcity of research regarding safety 

and ergonomics for anesthesia providers is not an indication that it is an unimportant issue that 

can be dismissed. This study focused on the effect of poor ergonomics on the anesthesia 

provider, but it can be implied that negative outcomes for anesthesia providers can have 

deleterious effect on patient care. Given the proposed gravity of this study’s topic, early 

intervention is suggested – ergonomic education in anesthesia training programs would 

encourage safe practice before poor habits are formed. This study illuminates the lack of 

understanding of ergonomics among anesthesia providers and promotes awareness of workspace 

safety in order to ultimately prolong careers in anesthesia practice.  
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APPENDIX A: Raosoft® Sample Size Calculator 
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APPENDIX B: Observation Tool 
 
Type of anesthesia and airway:  

General anesthesia with LMA 
General anesthesia with ETT 
Other (please specify) ____________ 

 
Type of sitting furniture for anesthesia provider:  
 (Mark all that apply)  

Stool with back  
Stool without back  
Rolling stool/chair   
Non-rolling stool   
With arm rests 
Other (please specify) ____________ 

 
Anesthesia workspace size: floor space defined by anesthesia cart, anesthesia machine, 

computer workstation, OR table, IV poles 
 Measured in feet (rounded to the nearest whole number):  

2x2   
3x3   
4x4   
5x5   
> 5x5 

 
Patient Position:  
 Supine 
 Prone 
 Lateral  
 Lithotomy 
 
Extra AP highly involved:  
 ____________  
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Repetitive Movement: Frequency: Description: 

Neck extension    

Neck lateral rotation   

Arm(s) low reach below knee height   

Arm(s) high reach above shoulder height   

Sit on stool   

   

Obstructive Hazard:   

Step over/on cord   

Trip over cord   

Step over/on equipment  Equipment: 

Trip over equipment  Equipment: 

Fell to floor   

Ducked to avoid overhead equipment  Equipment: 

Hit head on overhead hazard  Equipment: 

Moved equipment <200lbs  Equipment: 

Moved equipment >200lbs  Equipment: 
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APPENDIX C: Participant Questionnaire 
 
Please answer the following questions in regard to workplace safety and ergonomics. Your 
responses will remain anonymous and your participation is entirely voluntary. For your response 
to be included in the study, the questionnaire needs to be completed. It is estimated that you need 
approximately 5 minutes to complete this questionnaire. Please select one option for each 
question. Your responses and time are appreciated.  
 
 
1. Type of provider: SRNA  CRNA  Resident  MDA   CAA   SAA 
 
2. Gender: Male   Female  Prefer not to say 
 
3. What is your estimated height in feet and inches? ____________ 
 
Please select the best option that applies to you and your experience as an anesthesia provider. 
 

4. Approximately how many hours per week do you administer anesthesia in the 
operating room? 

< 20 hours 
21 – 40 hours 
> or = 41 hours  

 
5. Have you experienced any of the following physical discomforts or ailments related to 

working in the operating room? Mark all that apply.  
Back pain 
Neck pain 
Wrist pain 
Muscle cramps in hands 
Muscle cramps in legs 
Trauma to skin 
Injury resulting in bruises on extremities 
Injury resulting in bruises on torso 
NO, I have not experienced any of the listed physical discomforts or ailments. 
Other (please specify) ____________ 

 
6. Have you sought medical attention for physical discomfort, ailments, or injury related 

to working in the operating room?  
Yes 
No 

 
7. Have you ever tripped over any of the following objects in the operating room?  
 Mark all that apply 

Electric cord 
Linen 
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Drape 
Piece of equipment 
Do not remember 
NO, I have not tripped in the operating room 
Other (please specify) ____________ 

 
8. If yes, were you injured and seek medical attention? 

Yes 
No 

 
9. Have you ever hit your head on any of the following objects in the operating room?  
 Mark all that apply 

Boom 
Surgical light 
Electric cords 
Monitor 
OR table 
X-ray arm 
Do not remember 
NO, I have not hit my head on an object in the operating room 
Other (please specify) ____________ 

 
10. Has your place of employment ever provided ergonomic training?  

Yes 
No 
Do not remember 

 
11. In your opinion, what hazard related to movement or ergonomics poses the biggest 

threat to your safety in the OR? ____________ 
 
12. How would you change your workspace to improve ergonomics and safety? 

____________ 
 
 
Thank you for your participation! 
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APPENDIX D: Informational Email 
 
Subject: You are invited to participate in a research study — An Exploration of Anesthesia 
Provider’s Workspace: Impact on Ergonomics and Safety 
 
Dear colleague, 
 
I am writing to you to invite your participation in this research study, which is titled “An 
Exploration of Anesthesia Provider’s Workspace: Impact on Ergonomics and Safety.” 
This study is being conducted by Lauren Kowal, BSN, SRNA, at Georgetown University. The 
purpose of this study is to gain insight into the ergonomic movement of anesthesia providers 
within their typical workspace and how their movement is affected by the equipment in their 
workspace. A second aim is to identify potential safety concerns related to the environmental 
design. This study is the primary researcher’s doctoral research project and results may be used 
to bring attention to anesthesia provider workspace ergonomics and safety concerns. 
 
Participation in this study is entirely voluntary. You can choose not to participate at all, to 
discontinue participation and not submit the online questionnaire, or to discontinue participation 
during the researcher’s observation. Regardless of your decision, there will be no effect on your 
relationship with the researcher or any other consequences. 
 
You are being informed about this study because you are a member of the anesthesia department 
at one of the facilities defined in the study’s convenience sample. On one of the data collection 
days, you might be asked to take part in this study because you are the primary anesthesia 
provider who is assigned to provide general anesthesia services for an OR surgical case within 
the main OR. A primary anesthesia provider may include: attending anesthesiologists, medical 
anesthesia residents, certified registered nurse anesthetists, student registered nurse anesthetist, 
certified anesthesia assistant, student anesthesia assistant. If you are selected to be a participant 
in this study, the researcher will send you a text page: “I am a Georgetown SRNA, can I speak 
with you briefly about my observational research study? – Lauren Kowal” If you respond with 
an affirmative, then a location to meet can be chosen. This should take approximately ten 
minutes of your time.  
 
 If you agree to participate, you will be asked to fill out a single questionnaire about anesthesia 
workspace ergonomics and safety concerns. Questionnaire format includes dropdown list, 
multiple choice, and two open-ended questions with a comment box. This questionnaire should 
take approximately 5 minutes to complete. The questionnaire will be collected via 
SurveyMonkeyÓ upon submission via webpage application. 
 
All of your responses to this questionnaire will remain anonymous and cannot be linked to you in 
any way. No identifying information about you will be collected at any point during the study, 
and your questionnaire will be identified only with a random number to be linked with the 
observation form for data analysis. Once you submit your completed questionnaire, there will be 
no way to withdraw your responses from the study because the questionnaire contains no 
identifying information. 
 
Additionally, you will be allowing the researcher to observe your movements in the operating 
room during induction of anesthesia to the time of surgical skin incision. The researcher will be 
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present in the operating room on a stool in the corner of the room, specifically observing the 
frequency of 22 listed movements. In the OR the researcher will not be interacting verbally or by 
action with you, the participant, or any other member of the OR team. If at any time during the 
observation, you wish to withdraw, the observations will be immediately cease and the 
researcher will leave the OR and any data collected will be deleted. However, once the 
observation is complete, the researcher will electronically submit the data and there will be no 
way to withdraw from the study due to the questionnaire is not identifiable. The researcher will 
then gather personal items and leave the OR. 
 
Study data will be kept in digital format via SurveyMonkeyÓ’s database and Excel-formatted to 
the primary researcher’s data analysis program, R studio. Access to digital SurveyMonkeyÓ data 
and Excel-formatted data will be protected by data encryption and data exported to R studio will 
be password protected. Only the primary researcher, Lauren Kowal, will have access to the data. 
 
There are no risks associated with this study. While you will not experience any direct benefits 
from participation, information collected in this study may benefit others in the future by helping 
to expand knowledge regarding ergonomics and safety concerns within the anesthesia provider 
workspace. 
 
Data will be collected on Thursdays during the months of February and March 2019. Study days 
will begin at 7:00am and end at approximately 5:00pm, depending on the availability of 
participants on the main OR surgical schedule.  
 
If you have any questions regarding the questionnaire, observation data collection, or this 
research project in general, please contact the principal investigator, Lauren Kowal, at (804) 937-
4232 or via email at lk684@georgetown.edu or her faculty advisor, Dr. Catherine Horvath, via 
email at chh24@georgetown.edu. If you have any questions about your rights as a research 
participant, please contact the Georgetown University IRB at (202) 687-1506 or via email at 
irboard@georgetown.edu.  
 
Consent information (as given above) is also provided in the introduction to the questionnaire on 
SurveyMonkeyÓ. By completing and submitting the informed consent form and questionnaire, 
you are indicating your consent to participate in this study. Your participation is greatly 
appreciated. 
 
 
Lauren Kowal, BSN, SRNA     Catherine Horvath, DNP, CRNA 
Georgetown Graduate Candidate 2020   Assistant Professor, DNAP Program 
Georgetown University     Georgetown University 
lk684@georgetown.edu      chh24@georgetown.edu 
 
 
 
 
 
 
*Faculty adivsors changed after data collection 
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APENDIX E: Standard Script 
 
 The title of this study is: An Exploration of Anesthesia Provider’s Workspace: Impact on 

Ergonomics and Safety. The purpose of the study is to gain insight into the ergonomic movement 

of anesthesia providers within their typical workspace and how their movement is affected by the 

equipment in their workspace. A second aim is to identify potential safety concerns related to the 

environmental design. As a participant, you will be asked to complete an electronic questionnaire 

that should take approximately 5 minutes to complete. You will also be asked to be the subject of 

an observation of your movements within the anesthesia workspace while you induce general 

anesthesia. Observations include looking at the frequency of 22 specified movements. 

Observation begins upon the anesthesia start time and terminates 5 minutes after the surgeon’s 

incision. The researcher will not interact with any member of the OR team. The researcher will 

electronically document observations on a data collection tool on a laptop. During the entire 

observation, the researcher will sit on a stool in the corner of the OR room. The corner will be 

closest to the anesthesia provider’s workspace to facilitate observation. If at any time during the 

observation, you wish to withdraw, the observations will immediately cease and the researcher 

will leave the OR room and any data collected will be deleted.  

 Participation in this study is completely voluntary. As a participant, you have right to 

withdraw from the study prior to the submission of the questionnaire and at any time during the 

observation or choose not to participate at all. However, once the questionnaire has been 

submitted and once the observation is complete and the tool submitted, you will be unable to 

withdraw from the study. This is because there will be personal identifying information collected 

to link you to the data tools.  

 If you verbally agree to participate in this study, you will be given an iPad to sign the 

electronic Informed Consent Form. Once the Informed Consent Form is signed, you will be 
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asked to select a random number from a jar and enter this number on your questionnaire. This 

randomly assigned number will be used to match the observation tool and to your questionnaire 

for data analysis purposes. You will then complete the questionnaire. 

 The possible benefits of the study include future projects to improve the design of the 

anesthesia workspace to improve ergonomics and safety; however, this study will not directly 

benefit the anesthesia provider participants in the study.  
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APPENDIX F: Informed Consent 
 

IRB #2018-1366 
Title: An Exploration of Anesthesia Provider’s Workspace: Impact on Ergonomics and Safety  

 
Informed Consent 

 
You are invited to participate in a research study titled “An Exploration of Anesthesia Provider’s 
Workspace: Impact on Ergonomics and Safety”. This study is being conducted by Lauren 
Kowal, BSN, SRNA to explore the ergonomic movement of anesthesia providers within their 
typical workspace and how movement is affected by equipment in their workspace. A second 
aim is to identify potential safety concerns related to the environmental design. 
 
Participation in this study is entirely voluntary. Regardless of your decision to participate or not 
to participate, there will be no effect on your relationship with the researcher or Georgetown 
University.  
 
You are being asked to take part in this study because you are the primary anesthesia provider 
who is assigned to provide general anesthesia services for an OR surgical case within the main 
OR. A primary anesthesia provider may include: attending anesthesiologists, medical anesthesia 
residents, certified registered nurse anesthetists, student registered nurse anesthetist, certified 
anesthesia assistant, student anesthesia assistant. 
 
If you agree to participate, you will be asked to fill out an electronic questionnaire related to your 
ergonomic movements and safety concerns within the anesthesia workspace. The questionnaire 
includes three sections: the informed consent form, demographics, and an ergonomic survey. 
This questionnaire should take approximately five minutes to complete. 
 
All of your responses to the questionnaire will remain anonymous and cannot be linked to you in 
any way. No identifying information about you will be collected at any point during the study. 
Once you submit your completed questionnaire, there will be no way to withdraw your responses 
from the study because the collected data contains no identifying information. 
 
Additionally, you will be allowing the researcher to observe your movements in the operating 
room during induction of anesthesia to the time of surgical skin incision. The researcher will be 
present in the operating room on a stool in the corner of the room, specifically observing the 
frequency of 22 listed movements. In the operating room, the researcher will not be interacting 
verbally or by action with you, the participant, or any other member of the OR team. If at any 
time during the observation, you wish to withdraw, the observations will immediately cease and 
the researcher will leave the OR and any data collected will be deleted. However, once the 
observation is complete, the researcher will electronically submit the data and there will be no 
way to withdraw from the study due to the questionnaire is not identifiable.  
 
Study data will be kept in electronic format. Access to electronic data will be protected by a 
password encrypted laptop. Only the researcher, Lauren Kowal, will have access to the data. 
There are no risks associated with this study. While you will not experience any direct benefits 
from participation, information collected in this study may benefit others in the future by 
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contributing to and expanding our knowledge regarding workplace ergonomics and safety 
concerns. 
 
If you have any questions regarding the questionnaire, the researcher observation, or this 
research project in general, please contact the principal investigator, Lauren Kowal, via email at 
lk684@georgetown.edu or her faculty advisor, Catherine Horvath, via email at 
chh24@georgetown.edu. If you have any questions about your rights as a research participant, 
please contact the Georgetown University IRB at (202) 687-1506 or irboard@georgetown.edu. 
 
By completing and submitting this questionnaire, you are indicating your consent to participate 
in this study. There is no need for a signed consent to participate. 
 
 
Lauren Kowal, BSN, SRNA   Catherine Horvath, DNP, CRNA 
Georgetown Graduate Candidate 2020 Assistant Professor, DNAP Program 
Georgetown University   Georgetown University 
lk684@georgetown.edu    chh24@georgetown.edu 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Faculty advisors changed after data collection
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Georgetown University Institutional Review Board
 

Date: 12/18/2018

To: Lauren Kowal

From: Michael Orquiza 
Institutional Review Board

IRB#: 2018-1366

Title: An Exploration of Anesthesia Provider’s Workspace: Impact on Ergonomics and
Safety

Approval
Date:

12/14/2018

Expiration
Date:

12/13/2019

Action: Response to Contingencies Approved

Study - Contingency

Attachments
being
reviewed:

8 documents were reviewed as part of this submission:
Document Version

Appendix D.docx 0.01
Appendix E.docx 0.02
Sample Size Calculator by Raosoft, Inc..pdf 0.01
Appendix F.docx 0.02
Kowal Data Collection Tool Draft 7.docx 0.01
Georgetown University Mail - SRNA research project Dr. Begin.pdf 0.01
Appendix H.docx 0.01
Georgetown University Mail - SRNA research project Dr. Wall.pdf 0.01

Stamped
Documents:

 
Document Version

Appendix E.docx.pdf 0.01
Appendix F.docx.pdf 0.01

Your response to the contingencies to the above referenced study and supporting documents
was approved through expedited review by the IRB Chair or a designee on 12/18/2018.  The
IRB has determined that the research involves no greater than minimal risk and falls under the
expedited review category:
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10/17/2019 https://eric.georgetown.edu/eric/Doc/0/O2ET1SHATG9K9APSUSQ0CEJFB4/fromString.html
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7. Research on:
(a) individual or group characteristics or behavior (including, but not limited to, research on
perception, cognition, motivation, identity, language, communication, cultural beliefs or
practices, and social behavior), OR

(b) research employing survey, interview, oral history, focus group, program evaluation,
human factors evaluation, or quality assurance methodologies.

This is to inform you that you may commence your project.

Any investigator whose project is externally funded must submit the applicable sponsor grant or
contract for review and approval by the appropriate sponsored research office of the recipient
institution [GU or MRI]. The project cannot proceed without the approval of the sponsored
research office.

Approval for this study is through 12/13/2019. The IRB requires that you submit an application
for continuing review at the end of the approval period and/or at study completion. Please note
that this office will automatically terminate the project on the date stated above, unless
reviewed and re-approved by the IRB. It is the PI’s responsibility to submit the
application for continuing review and the appropriate IRB forms with adequate time
for review and approval prior to the expiration date. 

Federal law requires registration with ClinicalTrials.gov of all clinical trials supported by federal
funding. ClinicalTrials.gov is the National Library of Medicine's clinical trials Protocol Registration
System ("PRS"). Similar registration requirements apply for clinical trials subject to FDA
regulation. In addition, the International Committee of Medical Journal Editors (ICMJE) requires
registration of clinical trials in a public registry prior to enrollment as a condition for
consideration for publication. Georgetown University has established a central ClinicalTrials.gov
registration process. Please contact the Georgetown University PRS administrator, Patricia
Mazar at mazarp@georgetown.edu  to set up a PRS user account to register clinical trials. The
e-mail should contain the principal investigator's full name, department, phone number and e-
mail address. Additional information, including an explanation of which clinical trials must be
registered, may be found at http://ora.georgetown.edu, http://clinicaltrials.gov,
http://prsinfo.clinicaltrials.gov and at http://www.icmje.org/clin_trialup.htm

For all DoD sponsored research please make note that you must obtain approval from the
DoD human subjects committee as well as the local IRB approval before commencing research
on this project.

** If promotional advertisements will be used for patient recruitment, they must be submitted
for IRB review and approval prior to their use. 
** Any incentives for participation in research are subject to IRB review and approval as well.

Please remember to:
1. Seek and obtain prior approval for any modifications to the approved protocol.
2. Promptly report any unexpected or otherwise significant adverse effects encountered in the
course of this study to the Institutional Review Board within 7 calendar days. This includes
information obtained from sources outside MedStar Health Research Institute and Georgetown
University that reveals previously unknown risks from the procedures, drugs or devices used in
this study.

Please refer to this date and the protocol number listed above when making inquiries
concerning this study. 

 

 

Warning: If the reader of this message is not the intended recipient you are hereby notified that any dissemination, distribution or copying of this
information is STRICTLY PROHIBITED.

Georgetown University IRB

10/17/2019 https://eric.georgetown.edu/eric/Doc/0/O2ET1SHATG9K9APSUSQ0CEJFB4/fromString.html
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Medical-Dental Building, SW104
3900 Reservoir Road NW
Washington, DC 20057

(202)687-1506 telephone
(202)687-4847 facsimile
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