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Abstract

Background: Sex disparities exist in employment and injury rates in the paramedic sector. Low
success rates among females attempting physical employment standards could explain the
elevated injury risk among female paramedics. Identifying factors that underpin successful work-
related performance can inform pre-hire and return-to-work based physical training programs to
address these disparities.

Purpose: The purpose of this thesis was to identify the determinants of successful physical
performance for females engaged in paramedic tasks.

Research Question 1: Participant demographics, college type, employment status and heart rate
were obtained from female participants who completed the Ottawa Paramedic Physical Abilities
Test (OPPAT™), a physical employment standard for paramedics. These data were used in a
logistic regression model to determine which factors could predict the likelihood of successfully
completing the OPPAT™., Females who were actively employed, who were educated in a public
paramedic college, who had higher body mass, or those who had lower BMI were more likely to
successfully complete the OPPAT™,

Research Question 2: Lift duration and the time between peak knee and hip joint angular
velocity during the Scoop and Barbell lift were compared between females who passed and
failed the Ottawa Paramedic Physical Abilities Test. Four ANCOVAs were used for these
comparisons where college type (public or private) and employment status (employed or
unemployed) were used as categorical factors and body mass and BMI were used as covariates.
No significant differences were found between passing and failing females.

Discussion: Modulating demographic factors that increase the likelihood of success could lead to
improved performance outcomes, but other determinants should be explored to improve the
predictive ability of the current model. Future research should continue to leverage emerging
technology, such as markerless motion capture and unsupervised machine learning, to identify
determinants of success for females in paramedic tasks.
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1 Introduction

Paramedics provide vital medical services to the public but continue to have an unbalanced
sex representation in the workforce and experience elevated injury rates compared to the general
population. Female underrepresentation in the workplace has remained consistent, with females
comprising less than a quarter of working paramedics in the last decade (Crowe et al., 2020).
This could be connected to the elevated injury risk associated with this occupation. In Australia,
injury risk for active paramedics is seven times greater than the national average (Maguire et al.,
2014). While this discrepancy in injuries with the general population is substantial, the risk is
further compounded among female paramedics. Despite comprising such a small portion of the
workforce, female paramedics are at greater risk of injury compared to males (Kearney, Muir &
Smith, 2022). The elevated risk for injury among female workers should be addressed, in
addition to the injury risk in the broader paramedic community. Previous research indicates that
a disconnect exists between paramedic workforce capacity and public demand, particularly with
the ability to safely complete physical tasks. Systematic reviews have linked elevated call
volumes with injury rates in paramedics, with the majority of injury claims and time off resulting
from musculoskeletal injury manual handling duties (Kearney et al., 2022). The relationship
between volume and injury rates could signal a surge of work-related injuries with recent
increases in demand for paramedic services. From 2016 to 2018, Ontario experienced over a
10% increase in call volume despite only a 3% increase in population (Pasma, 2020). When
discussing similar trends in Australia, MacQuarrie (2019) stated that recent increases in call
volume show that paramedics are busier and under more pressure to deliver care to the public.
The associated risks and rising trends in call volume highlight an urgent call to action in support
of the paramedic workforce. With physical duties being the leading cause of workplace injury,
researchers need to better understand how individuals, but females in particular, can meet the
physical demands of the paramedic tasks.

Paramedic candidates must pass a series of written, practical and physical tests before they
are eligible to be hired. The practical portion is a physical employment standard (PES) that is
also implemented as a return-to-work evaluation that suggests individuals have the physical
capacity to meet the demands of the job. The Ottawa Paramedic Physical Ability Test
(OPPAT™) exists as the current physical employment standard in Ontario to prove a candidate’s

readiness for duty. Maguire and colleagues (2005) have noted that injury rates may be directly



associated with employee turnover rate, career length and quality of service provided.
Considering the proportion of injuries related to physical labour, focusing on improving physical
readiness for duty among pre-hire candidates and current employees will inform strategies to
improve both the viability of the employment pool and may also strengthen worker retention.
This also provides an opportunity to add to the limited research on the determinants of success
for paramedics. Like other PESs, the outcome of the OPPAT™ is a binary pass or fail, but
several reasons might underpin why an individual does not pass. Did the candidate lack
sufficient strength to perform a demanding lifting task? Did the candidate select a movement
strategy that increased the difficulty of the task? Presently, this is a gap in our understanding of
paramedic PES performance which can be explored using data collected within the test itself.
We do not know which factors influence the likelihood of passing or failing the OPPAT™,
which in turn, limits the ability to develop appropriate interventions to maximize an individuals’
ability to meet to demands of the job. Research on other PES performances have found
connections between certain anthropometric data and success rates (Jamnik, Thomas & Gledhill,
2010; Reilly et al., 2016). If found to be influential of physical performance, strategies can be
formed to modulate these determinants when possible, or plans can be established for alternative
solution when determinants are more resistant to change. This is not to say that those with
unfavourable characteristics are doomed to perform poorly in occupational task. Sex has been
linked to poor performance in other PES performance (Harbin & Olson, 2005; Jamnik et al.,
2010; Reilly et al., 2016) and elevated injury rates in manual occupational work (Gagnon
Plamondon, & Lariviere, 2018; Kearney et al., 2022). While many physiological differences
exist between the average males and females that limit PES performance (Roberts et al., 2016),
there are females who can meet the physical demands required to complete manual occupational
tasks. It has been suggested that a performers’ skill or movement competency can allow them to
leverage their available degrees of freedom to be successful in a task despite certain limitations
(Armstrong et al., 2019a). Therefore, the inclusion of a movement comparison will help identify
underlying gaps in performance between successful and unsuccessful females in the OPPAT™,
In addition to anthropometrics, distinct movement differences when performing manual
materials handling tasks have been identified between males and females (Gagnon et al., 2018;
Kranz et al., 2021; Makhoul et al., 2017; Plamondon et al., 2014). Specific to paramedics, leg

power has been linked to injury risk and linked to spine moments during lifting tasks (Lentz et



al., 2019; Makhoul et al., 2017). Additionally, lower body joint coordination was found to be
distinctly different between not only males and females, but also novice and elite employees
(Plamondon et al., 2014). From this previous research, we expected differences in movement
coordination and a speed-based metric between successful and unsuccessful female candidates.
The use of 2D markerless motion capture to extract these outputs was proposed to maximize the
external validity of the movement comparisons by limiting the interreference with performers in
the OPPAT™. Through evaluating movement and demographic differences linked to successful
performance, interventions can be informed to increases the number of female candidates
physically ready for duty and maintain this physical ability in current paramedics.

The purpose of this thesis project was to identify factors, or combination of factors, that
determine pass/fail results from females performing the OPPAT™. By first identifying
determinants of performance, future research can guide precise interventions that improve

occupational performance and ultimately to bolster the paramedic workforce.



2 Literature Review

2.1 Paramedics

Paramedic services are in high demand but are physically demanding and strain both the
capacity of the individual workers and the workforce as a whole. After conducting a systematic
review of studies from 2004 to 2019, Kearney and colleagues (2022) found that paramedics
experience 33 injuries per 100 full-time equivalent workers, with 64% of injuries being
musculoskeletal (Kearney et al., 2022). This contrasts the U.S. Bureau of Labor Statistics (2022),
which reported a national average of < 3 injuries per 100 full-time equivalent workers in 2021.
With paramedics experiencing injuries at a rate 10 times that of the national average, an
intervention is needed to support paramedics. There is not only a moral motivation to aid these
emergency responders, but a financial incentive as well. While Ontario experienced >10%
increase in call volume, annual paramedic overtime hours increased by 14.8% and Workplace
Safety and Insurance Board claims increased by 63.5% (Pasma, 2020). The combined annual
cost of overtime hours and injury claims totaled $47.7 million in 2018 (Pasma, 2020), showing
not only a physical toll on employees but a financial burden to the community. It has also been
suggested that these consistent trends, particularly regarding injury claims, could mean that
paramedics working while injured and/or are not providing patient care to the best possible
standard. If true, this could mean that paramedics are not only struggling to service the public,
but the quality of service they provide may be declining (Maguire & Smith, 2013). It is clear that
paramedics require additional support to meet to growing demand of the public, but there are
different avenues through which assistance can be provided. Additional recruiting could add to
the current work forces raw numbers, but does not provide support to the capacity of the
individual worker. Rather than spending upwards of $7.7 thousand per individual to expand
paramedic recruitment (Avesta Systems, Inc & the American Ambulance Association, 2019),
focusing efforts on physical performance within the current candidate pool and incumbent

paramedics may be an effective support option.

2.2 PES

With physical duties being the greatest cause of workplace injury (Kearney et al., 2022),

an evaluation involving these physical tasks can be used to explore predictors of successful



performance. In some work environments, the occupational demands of a job can be readily
modified to alleviate the physical stress placed on the worker. However, if these occupational
requirements cannot be modified due to the essential nature of the work being done, employees
need to be capable of meeting the demands of the job (Harbin & Olson, 2005). Jamnik et al.
(2010) posits that there is a responsibility to employees and the general public to ensure that all
applicants are capable of meeting the physical demands that they will encounter on the job,
therefore, Physical Employment Standards (PES) requirements cannot be lowered to
accommodate applicants who are unable to meet the established standards. PES are an evaluation
of an individual’s ability to perform job-specific tasks that are essential to the occupation, and
can be used for employee placement and/or as a pre-hire physical requirement. Focusing on
one’s ability to complete job-specific tasks has also been linked to work injury incidence, more
so than physical testing alone (Harbin and Olson, 2005). Using Functional Capacity Evaluation
(FCE) performance (where an FCE is a more medicalized form of physical testing) to determine
if individuals had the proven physical capacity to perform essential functions of job, Harbin and
Olson (2005) found fewer injuries (3%) among those whose FCE results indicated physical
capacity that matched or exceeded the demands of the job compared to individuals whose FCE
performance did not meet the demands of their job (33%). Improving job specific performance
could reduce the incidence of injury, thereby increasing both the number of paramedics in the
field and overall length of employment (Maguire et al., 2005). To be an effective test of physical
requirements, evaluations need to be both specific to and representative of occupational demands
(Harbin & Olson, 2005), so an evaluation exclusive to paramedic duties is required. The
paramedic sector has recently introduced a PES, the Ottawa Paramedic Physical Ability Test
(OPPAT™), designed in accordance with best practice guidelines as outlined by Jamnik,
Gumienak and Gledhill (2013). In the establishment of this test, a development team was formed
and conducted a physical demands description of paramedic duties, then characterized the most
frequent and demanding tasks. The team then developed, piloted and refined a test before
establishing scientific validity. The OPPAT™ exists as a legally defensible physical employment
standard through which physical readiness for paramedic employments can be tested. Identifying
determinants of success in the OPPAT™ will inform which strategies should be adopted to
maximize performance for all candidates in the OPPAT™, particularly female participants.

While there are research gaps regarding the specific determinants of performance for paramedic



tasks, similar occupational performance data can inform the starting point of investigations with

this population.

2.3 Demographic Determinants of Performance

Biological sex is a factor that has been linked to occupational performance and injury risk
in various work sectors. Jamnik, Thomas & Gledhill (2010) reported pass rates of 29% for
females and 73% for males in a fitness test for correctional officer applicants (FITCO). There
have been similar performance findings from OPPAT ™ investigations as well. When first
attempting the OPPAT™, 29% of the group failed, all of which were female (Armstrong et al.,
2019c). The alignment of findings between these studies shows that female physical performance
in the paramedic sector is no exception to trends seen in other laborious occupations. Specific to
injuries among emergency responders, a systematic review found that females were also more
likely to be injured on the job compared to males (Lentz et al., 2019). This is not to say that all
females have the same increased risk of injury. Nor does this mean that the one’s sex is the
ultimate determinant of how they perform occupational tasks. Several underlying determinants
may be contributing to these associations we see between sex and both occupational performance
and injury. On average, women have less muscle mass, strength, power, and endurance
compared to men (Roberts et al., 2016). In an evaluation of fatigue during paramedic tasks, more
than half of the females (53%) reached max heart rate, compared to only 10% of the male
participants, indicating a higher level of fatigue with the same tasks (Barnekow-Bergkvist et al.,
2004). Based on the underlying physiological differences between sexes, it has been suggested
that the average female likely requires a greater percentage of her capacity to perform the same
lifting task as the average male (Barnekow-Bergkvist et al., 2004). Accounting for these findings
and hypotheses, perhaps mitigating these underlying differences may bridge the gap in
performance outcomes between males and females.

Investigations have been conducted on the determinants of performance in the military
and evaluations to inform interventions that can bolster the workforce and reduce injury. Reilly
and colleagues (2016) measured body mass, fat mass, lean body mass, body mass index (BMlI),
body fat percentage, segmental lean mass, height, hip and waist circumference, sex, age, and
dead mass (fat mass and load being lifted) as possible predictors of military performance on a

PES. They found lean body mass to be one of the strongest predictors of performance, and



suggest the use of fitness programs designed around these findings to improve performance.
Expanding beyond anthropometric measures of organism constraints, Hydren and colleagues
(2017) conducted a meta-analysis involving 9 reports on prediction of lifting capacity in military
personnel. Multiple fitness domains were evaluated, including: body mass, aerobic capacity,
dynamic strength, power, isometric strength, strength endurance, speed, isokinetic strength,
flexibility and age. In addition to lean body mass, the results of their meta-analysis showed that
power and dynamic strength were strong predictors of performance (Hydren et al., 2017).
Outside of physiological determinants, work experience has also been associated with
performance differences (Gagnon et al., 2018; Plamondon et al., 2010; Plamondon et al., 2014)
and injury risk (Lentz et al., 2019; Maguire, 2011) between males and females. A similar
investigation on performance in the OPPAT™ has yet to be conducted. To begin such an
investigation, a wide range of determinants, inclusive of physiological and experiential features,

were considered but informed from previous performance research.

2.3.1 Heart Rate Response

Cardiovascular fitness has been linked to injury risk and performance that is readily
accessible during the OPPAT ™ testing protocol. VO2 max (maximal oxygen consumption) is
often used as a reliable measure for cardiovascular fitness (Barnekow-Bergkvist et al., 2004;
MacQuarrie, 2019). Research done by Poplin et al. (2014) found an association between VO2
max and injuries in firefighters, where workers with lower VO2 max (< 43 mL/kg/min) were 2.2
times more likely to be injured than those with a higher VO2 max (> 48 mL/kg/min). While VO
max is commonly used, it is not the only measure that can be associated with cardiovascular
fitness. In an evaluation of active paramedics, MacQuarrie (2019) found that paramedics with
higher VO2 max had lower heart rate (HR) and percentage of maximum heart rate (%o0HR max)
whilst on calls compared to those with lower VO2 max measurements. This finding provides
confidence that a heart rate response to tasks can act as a substitute for VO2 max values to
represent a cardiovascular fitness. Morgan, Allison and Duhon (2012) compared heart rate
response between different performance groups in a functional capacity evaluation. Performance
groups were dictated by an individual’s ability to repeat a task to volitional fatigue before or after
being stopped by an evaluator based on biomechanical exposures. The higher performance group

performed FCE tasks with significantly lower changes in heart rate compared to the lower



performance group (Morgan et al., 2012). A real-time heart rate response measure should be
included in the determinants of interest, in addition to other physiological characteristics

associated with physical performance.

2.3.2 Body Mass and BMI

Similar to heart rate response, body mass and BMI can be modified over time and have
been linked to performance. In paramedic specific tasks, heavier personnel were able to perform
prolonged carrying tasks with less fatigue response compared to their lighter counterparts
(Barnekow-Bergkuvist et al., 2004). However, a participants size may encompass other
underlying effects associated with their general stature. For example, the military PES
performance investigation conducted by Reilly et al. (2016) found that greater lean body mass
was one of the most positively associated predictor of performance and accounted for a portion
of the sex differences in PES outcomes. Based on findings from Reilly et al. (2016) and
Barnekow-Bergkvist et al. (2004), it is unclear if the overall size of the individual or both size
and body composition are the better predictor of performance. To explore this relationship
further, body mass will be included in tandem with BMI, which can be used as an analogous
measure for lean body mass, and has already been noted as a measure of interest for paramedics.
Studnek et al. (2010) evaluated the health status of EMS professionals and found that 27.7%
were classed as “overweight” and 26% were classified as “obese” based on their BMI values.
Sheridan (2019) identified 6 cross-sectional, international studies where excess weight was
common in paramedics and linked to a decrease in both the quality of work and ability to
perform physical activities. MacQuarrie (2019) suggests that elevated BMI levels in the
paramedics may be associated with high injury rates as well. Considering the influence of BMI,

using height, as a metric involved in the calculation of BMI, should also be explored.

2.3.3 Height

Height, being fairly consistent at working age, presents the most unique challenge of the
underlying differences between sexes. Roberts and colleagues (2016) noted that height
differences between males and females could be a significant contributor to the discrepancies in
performance. Height was also found to explain a significant amount of variance in development

of fatigue among females when performing a simulated stretcher-carrying task, even more so



than body weight differences (Barnekow-Bergkvist et al., 2004). While it was not a factor
compared in OPPAT™ performance before, demographics from Armstrong et al. (2019c)
showed that female candidates were 11.9 cm shorter on average compared to the male
candidates. This same investigation found that those who failed from their sample were all
female. Beyond paramedic tasks, Schenk and colleagues (2006) found that the relative height of
a load in a functional capacity evaluation was inversely related to performance. The authors
noted that, although height is a significant determinant influencing lifting capacity, the specific
causes are unclear. Accounting for the limited research on the exact impact on performance, it is
important to investigate height as a determinant of performance for future and current female

paramedics.

2.3.4 Experience

Expanding beyond direct influence of anthropometrics, experience has also been
connected with injury risk and performance. Specific to paramedics, Maguire (2011) conducted a
review of transportation injuries in EMTs and paramedics over 3 years and found that 52% of
injuries occurred in employees with 5 years of experience or less. Employees with less than a
year of experience account for 30% of the total injuries in this study. Elevated injury risk with
the less experienced employees could be explained by movement differences between novices
and experts. In manual materials handling tasks, Plamondon and colleagues (2014) identified
unique movement outcomes in novice employees, where novice employees exhibited less
synchronous lower body movement compared to experts. In a later investigation, novices were
found to differ from experts again, with a greater reliance on passive resistance and less active
muscle force when competing a box transfer task (Gagnon et al., 2018). Specific to paramedics,
Armstrong et al. (2019c¢) showed that the initial pass rate of participants engaging the OPPAT™
increased by 19% after repeated exposures to the PES. Throughout the duration of this study,
active paramedics had a pass rate of 100% (Armstrong et al., 2019c). Each of these findings
show the performance benefit of practical experience in occupational performance. However,
employees all start with no work experience, so can we account for experience differences even
among new recruits?

Leveraging the findings from Armstrong and colleagues (2019c) and anecdotal

observations from OPPAT™ facilitators, exposure to paramedic specific tasks, rather than



general work experience, is an analogous area of interests. It is suspected that, among paramedic
recruits, those educated from a public paramedic college are exposed to more physical paramedic
duties compared to those coming from a private paramedic college. If true, the additional
exposure to paramedic duties may better prepare public college graduates in contrast to their
private college counterparts. As both the college of study and employment status of candidates
are readily accessible from OPPAT™, this information should be incorporated as a demographic

of interest in relation to physical paramedic performance.

2.4 Kinematic Comparison

There are various ways an individual might coordinate their movements when performing
an occupational task. Research by Armstrong and colleagues (2019a, 2020a) indicated a need to
consider movement strategy when evaluating physical capacity. Measuring segmental kinematics
to evaluate techniques was noted by Makhoul et al. (2017) as a potentially useful evaluation in
aiding paramedics. One benefit of a kinematic comparison is that it can inform immediate
interventions, in the form of specific movement suggestions, in contrast to training interventions
which require time for physiological adaptations as well as life-style changes. Courtney, Francis
& Paxton (2010) noted that high BMI is typically reported in paramedics but also discussed
contributing personal factors such as elevated levels of fatigue and stress, as well as 14% lower
physical activity than the general public. Additionally, Studnek et al. (2010) reported that 75% of
paramedics did not meet the Centers for Disease Control and Prevention recommendations for
physical activity. Furthermore, an evaluation of regular physical activity in paramedic schools
based on the transtheoretical model showed that only 10.5% of these individuals were in either
the action or maintenance stage of physical activity (Charkazi et al., 2014). Willingness to
engage in long-term physical training interventions may be low, therefore, rather than relying
only on long-term interventions that require significant biological, psychological and social
changes to daily living, informing changes in movement that typically lead to successful
performance may be more effective. Even when significant determinants of performance can be
successfully modified, this does not always guarantee a change in movement behaviour or
capacity. Sheridan (2019) indicated that even after a reduction in BMI from a training
intervention, paramedics still had difficulties completing task specific work. Furthermore, in a

situation where the determinants are more resistant to change, such as height, modifications to
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coordination may be the only viable option to directly influence exposure and performance.
Perhaps the movement differences can explain both the performance and injury differences
between males and females. Gagnon and colleagues (2018) found that females had larger joint
forces, larger compression and anterior-posterior shear forces compared to males when
performing manual materials handling tasks. Although experience has been linked to injury rates,
Gagnon and colleagues (2018) did not find these same compression and shear force differences
when comparing expert and novice males. The fact that females exhibited distinct movement
outcomes compared to males performing the same tasks in other studies (Makhoul et al., 2017;
Plamondon et al., 2014) provides additional incentive to include kinematic comparisons when
identifying determinants of paramedic performance for females. To better inform a movement
evaluation, successful factors related to performance should still be considered and adapted in a
kinematic comparison.

Movement comparisons should still account for other interacting factors when
investigated performance differences. In Newell’s model of constraints (1986), biological, task
and environmental constraints are stated restrict available movement options rather than initiate
movement. Those with different constraints, or determinants, will have access to degrees of
freedom in their movements. Therefore, a successful strategy implemented by a tall and heavy-
weight candidate may not be within the realm of accessible movements for a short and light-
weight candidate. With movement decisions being identified as an additional key factor in
performance, an evaluation of kinematics must account for determinants of performance that
constrain movement ability. Comparing performances between those with specific constraints
will dimensionally compress the potential coordination options, leaving the resulting movement
behaviours more predictable (Kay, 1988). Through this dimensional compression, the strategies
from the one group are more likely to overlap with the strategies that are possible for the other
group. Comparing the kinematics of successful and unsuccessful performances, while being open
to the interaction of other significant determinants, will not only help identify successful
strategies but also aid in interpreting the transferability of these movements between groups. For
example, if passing and failing female participants exhibit different movement strategies, but
only when there are also differences in body mass and experience, the movement outcomes from
the successful group may be a result of these demographic differences and limit the transfer of

this movement outcome to the failing group. In contrast, if passing and failing participants
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exhibit different movement strategies, even when matching for other key demographics, this
successful movement strategy may be readily accessible for failing group. However, before
kinematic comparisons could be made, we must identify specific tasks and kinematic outcomes

to compare, and a collection method that fits the research goal.

2.4.1 Tasks

Similar to the identification of key demographics to that contribute to performance,
specific paramedic tasks need to be selected for a kinematic comparison. In a survey of active
paramedics, Fischer, Sinden and MacPhee (2017) noted that patient transfer and stretcher lifting
were ranked as the most difficult tasks during a shift. The ranking of task difficulty matches
paramedic injury reports from Maguire et al. (2014), where lifting accounted for the greatest
proportion of injuries. In a systematic review, the majority (64%) of injury were musculoskeletal
(Kearney et al., 2022). More precisely, the muscular stress while lifting and/or carrying was
found to be a cause of injury, with 37-44% of workers’ compensation claims being due to
muscular stress while performing lifts specifically (Maguire et al., 2014). Armstrong et al.
(2020a) ranked biomechanical exposures of paramedic specific tasks, noting the Scoop board lift
as eliciting the greatest peak compression and anterior-posterior shear about the low-back
(Armstrong et al., 2020a). Despite involving a lighter load compared to stretcher lifts, the Scoop
board lift was found to be a highly demanding task, likely because the lift originated from the
floor. The combination of subjective ratings from paramedics, injury statistics, and elevated
biomechanical exposures associated with these lifting tasks indicate that they are extremely
demanding for paramedics. Within the OPPAT™, the lifting tasks appear to be an event of
interest to evaluate kinematic performance. Additionally, the elevated demands of these lifts
provides a significant task constraint on the performer, further limiting coordination options
afforded to them. This limitation on the potential degrees of freedom aids in the identification
and transfer of specific kinematic outcomes from successful performers to unsuccessful
performers. In addition to tasks of interest, specific kinematic measures need to be identified for

performance comparisons.
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2.4.2 Outcomes

There are many ways an individual can coordinate their own movements to achieve a
specific goal. Referencing previous investigations on paramedic and general lifting performance
guided the selection of specific outcomes. Lentz et al. (2019) found that leg power was lower in
emergency responders who became injured, notably those with lower jump heights were three
times more likely to have an injury than those with the highest jump height. Makhoul and
colleagues (2017) also noted that increased lower body joint power decreased the low-back spine
moments. Influence on low-back moments is of particular interest since the systematic review
from Kearny and colleagues (2022) revealed that 40% of the paramedic injuries were to the
trunk. Considering this, lift duration as an analogous time-based measure instead of lower body
power, was considered a useful dependent variable in comparing passing and failing
performances.

Another difference in movement that has been noted between males and females is lower
body joint coordination. Plamondon et al. (2014) found that females performing lifting and
loading tasks had greater and positive mean relative phase angles between the knee and hip. This
indicated more out-of-phase i.e. asynchronous joint movements, with a more knee-leading lift
strategy. This research group also noted that this movement strategy is similar to that employed
by novice lifters (Plamondon et al., 2014). This could be associated with the findings from
Gagnon, Plamondon and Lariviére (2018) that both female and novice workers experience
greater spine loading while lifting. It has been suggested that, in addition to body size and
strength deficits in females, the lack of synchronous technique commonly exhibited could
explain the elevated injury risk (Gagnon et al., 2018). This prompted the incorporation of a
measure of lower body coordination for the kinematic comparison between passing and failing
females in the OPPAT™. With the tasks and outcomes of interest being identified, the method of
capturing kinematics should also be evaluated.

2.4.3 Collection

The nature of this project evoked considerations regarding markerless motion capture as
the method of kinematic data collection. Armstrong and colleagues (2020a) expressed concern
over the lack of external validity from lab-based kinematic evaluations with paramedic tasks.

Evaluating kinematics via traditional 3D motion capture can be challenging as it is often
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cumbersome, time consuming and expensive (Colyer et al., 2018; Ota et al., 2020). Markered
motion capture requires a change in the performance environment and tasks, as well as adding
encumbrances to the individual, all of which could elicit changes in their movement decisions.
Markerless motion capture has been considered a more suitable method to capture movement
patterns in contrast to a traditional markered approach due to the minimal interference imposed
on the individual’s movement (Colyer et al., 2018). Obtaining real-time kinematics through
markerless motion capture provides insight into the movement decisions during the OPPAT™
without modifying the constraints that make the OPPAT™ a defensible physical employment
standard. Markerless motion capture makes use of pose-estimation, which is an automated
machine learning method used to predict human motion data in 2D or 3D space (McKinnon,
Sonne, & Keir, 2020; Remedios & Fischer, 2021). Google MediaPipe has been proven to be
feasible in measuring joint angles for biomechanical evaluation by recent research by Lafayette
and colleagues (2022), where MediaPipe outputs showed stronger agreement with Qualysis
Tracking Manager markered motion capture to other establish pose estimation tools such as
Kinect V2, Intel and Astra. Compared to other pose estimators, MediaPipe had the lowest root
mean squared error and highest Pearson correlation with the Qualysis data when comparing joint
angles. These findings indicate superior agreement with traditional markered motion capture
compared to other pose estimation systems. Concerns have been raised about the reliability of z-
axis coordinates from not only MediaPipe (Lafayette et al., 2022) but other pose estimation tools
as well (Remedios & Fischer, 2021). However, 3D data of movement were not considered
mandatory for this novel investigation based on other kinematic comparison studies. As an
example, despite the other kinematic differences between expert and novice lifters identified by
Plamondon et al. (2010), no significant differences were found in the frontal plane. This
provided confidence that using only 2D outputs from MediaPipe particularly for lifting tasks
with greatest movement in the sagittal plane, would still allow comparisons to be made between

pass and fail groups.
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3 Research Questions and Hypotheses

The review of current literature revealed gaps in research surrounding female determinants
of performance in paramedic duties. Females appear to be less likely to meet the demands of the
job in certain physically demanding occupations compared to males. However, among females,
we do not know which factors are differentiate with those who can and cannot meet the physical
requirements of the job. Certain demographics have been linked to PES performance in other
physically demanding occupations, but we do not know which factors are associated with
success in a paramedic PES. Movement differences have been seen between females and males
in paramedic tasks, but similar comparisons have not be conducted between groups of females.
Additionally, a movement comparison between those who are successful and unsuccessful in a
PES has yet to be completed. The described gaps in the literature informed the research questions

and hypotheses below:

Research Question 1: Do heart rate response, height, body mass, BMI, employment status
and/or paramedic college type predict the likelihood of success in the OPPAT™ among female
candidates?

Hypothesis 1: It is hypothesized that height and employment status will remain predictors of

success likelihood.

Research Question 2: How do lift duration and hip vs knee peak joint velocity timing differ
when performing the Barbell Lift and Scoop Lift tasks between passing and failing females in
the OPPAT™, while accounting for the interaction of significant determinants from Research
Question 1.

Hypothesis 2: It is hypothesized that there will be a significant interaction between determinants
from Research Question 1 and pass/fail groups, and that the pass group will have shorter lift

duration and less time differences between hip and knee peak joint angular velocities.
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¢ Employment status, college type, body mass and BMI were significant predictors
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16



4.1 Introduction:

Sex disparities exist in both employment demographics and injury prevalence data within the
paramedic sector. Over the last decade, females comprised 21-23% of the paramedic workforce,
with minimal year-over-year growth (Crowe et al., 2020). Despite accounting for less than a
quarter the workforce, more than 50% of physical injuries claims are reported by female
employees (Maguire, 2011). Elevated injury rates are already common in the paramedic
workforce, with injury risk seven times greater than the national average based on an Australian
study (Maguire et al., 2014), but there appears to be an even greater risk for female paramedics.
While there are benefits to increasing the presence of underrepresented groups in paramedic
services (Crowe et al., 2020), ongoing issues with injury risk must also be addressed.
Considering that females are not well represented and are at a higher risk for injury, generating
strategies to support females entering the paramedic profession will improve both the capacity
and diversity of the paramedic workforce.

With the growth in paramedic call volumes exceeding the growth in population (Pasma,
2020), it is imperative that the paramedic workforce is fortified with more paramedics, as well as
a workforce that is more representative and able to work injury free. Paramedics perform a
variety of duties that are integral to providing pre-hospital care, but also impose elevated injury
risk for these service providers. Most serious workers compensation cases in paramedics (37-
44%) are due to muscular stress while lifting during occupational tasks (Maguire et al., 2014).
One method to reduce the incidence of injury is to improve physical occupational performance
(Harbin & Olson, 2005; Legge, Burgess-Limerick & Peeters, 2013). Work-related physical
performance has been used to predict injury outcomes, where those with capacity that matched
or exceeded the physical demands of a job were 30% less likely to experience injury (Harbin &
Olson, 2005). In a seven-year longitudinal investigation of injury incidence and physical
occupational performance, those whose job-related functional capacity did not meet the demands
of their job were 2.3 times more likely to experience injury compared to their coworkers (Legge
et al., 2013). Measuring job-related physical capacity and understanding which factors underpin
physical performance in paramedic tasks can help inform exercise-based strategies to help
optimize performance.

To adequately test an individual’s physical capacity to meet the demands of an occupation,

evaluations should be specific to the requirements of the job (Harbin & Olson, 2005). Physical

17



Employment Standards (PES) are implemented by employers to ensure that candidates, and in
some cases even current employees, possess the physical capacity required to meet the demands
of the job (Reilly et al., 2016). For paramedics, a PES has already been established. The Ottawa
Paramedic Physical Ability Test (OPPAT™) exists as a legally defensible PES through which
physical readiness for duty can be evaluated for prospective and current paramedics (Sinden,
MacPhee, & Fischer, 2015). By using performance on the OPPAT™ as an evaluation of physical
readiness for paramedic work, and by extension, risk of occupational injury, we can identify
which performers have the necessary physical capacity to meet the demands of the job, and
which factors likely underpin their abilities. Once identified, learnings can be used to inform
strategies that can be implemented to help individuals who cannot meet the physical demands of
paramedic work.

The OPPAT™ reflects the specific physical demands of paramedic work, but females are
less likely to pass than males (Armstrong et al., 2019c¢). While females make up the majority of
injury cases (Maguire, 2011) and typically perform poorly on physical employment standards
relative to males (Gumieniak et al., 2018; Jamnik et al., 2010), not every female becomes injured
while performing paramedic duties. Therefore, it is important to investigate how modifiable and
non-modifiable personal factors influence OPPAT™ performance within a female cohort. For
instance, among paramedics, higher cardiovascular capacity was found to be associated with a
decreased likelihood of injury (Poplin et al., 2014), and a lower cardiovascular response was
associated with improved occupational performance (Barnekow-Bergkuvist et al., 2004; Morgan,
Allison & Duhon, 2012). Therefore, heart rate as a measure of cardiovascular function, may help
explain pass/fail outcomes on the OPPAT™., However, structural physical features, such as lean
body mass (Hydren, Borges & Sharpe, 2017) and/or height (Schenk et al., 2006) may also be
strong predictors of success. When evaluating female paramedics performing simulated
ambulance work, Barnekow-Bergkvist and colleagues (2004) found that including participant
height significantly improved the ability a model to predict the onset of fatigue. Considering the
evidence from previous investigations, a measure of cardiovascular fitness, height and body mass
may prove to be important predictors of pass/fail outcomes among females completing the
OPPAT™,

The aim of this study was to identify factors that predict pass outcomes among females

performing the OPPAT™, Based on prior research, we hypothesized that stature and mass would

18



predict successful OPPAT™ performance. Additionally, given that some paramedic candidates
are educated within the public college system and others within the private (for-profit) system,
we also explored if their educational program was an additional predictor of pass/fail outcomes.
By increasing our understanding about how modifiable (i.e., heart rate, lean body mass,
educational program) and non-modifiable factors (i.e., height) influence performance on a job-
specific performance test, we can better develop targeted screening and coaching methods to

maximize every candidate’s potential to successfully complete the OPPAT™.,

4.2 Methods:

4.2.1 Study Design, Participants and Data Collection

This study employed a retrospective analysis of data collected from female paramedic
recruits and active duty paramedics completing OPPAT™ between January 2021 and February
2022. Before attempting the OPPAT™, incoming and incumbent paramedics were required to
complete a PAR-Q+ and receive medical clearance from a doctor if required. Those deemed
ready to safely attempt the OPPAT™ were asked to consent to have their demographic
information, heart rate (HR) data and pass/fail outcomes recorded for research purposes. The
collection and secondary analysis of OPPAT™ participant data was approved by the ethics
review board from the University of Waterloo and Wilfrid Laurier University.

Self-report questionnaires were administered prior to OPPAT™ completion and were used to
gather data including height (m), body mass (kg), college of study, and employment status,
where height and weight were also used to calculate body mass index (BMI). The college of
study and employment status of each participant were dichotomised as public or private, and
employed or not yet employed, respectively. Employed included active duty in a paramedic
service or patient transfer company. HR and performance outcomes were recorded during
OPPAT™ completion, where HR was measured by using a Polar chest-strap sensor (Kempele,
Finland). HR values were recorded after successful lifting events during the test (i.e., Barbell
Lift, Scoop Lift and Carry). Note that the Barbell Lift was the first challenging physical lift in the
OPPAT™ and, as a result, only the post-Barbell Lift HR was retained for statistical analysis. A
portion of participants failed the OPPAT™ at the Barbell Lift stage so HR from later lifts were

not considered as a result of missing data for those who did not reach those points in the test.
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The OPPAT™ was designed as a series of three circuits of increasing physical demand that
are completed successively. Circuits were designed to replicate call types (no patient transfer
required, stair chair extrication, and scoop board extrication), where successful performance
required participants to complete all three circuits within 10 and 17 minutes, without dropping or
unsafely handling equipment, or stopping in the middle of an activity. More details about the
OPPAT™ gare reported in Armstrong et al., 2019c, where the test was based on physical demands

as reported on in Fischer et al., 2017.

4.2.2 Statistical Analysis

A logistic regression was used to determine if height, body mass, BMI, post-Barbell Lift HR,
college type and/or employment status could predict the likelihood of females to pass the
OPPAT™., A backwards stepwise approach (alpha <0.05 to retain, alpha <0.1 to remove) was
applied by using the log likelihood test (p < 0.05) to identify significant predictors. All statistical
analyses were competed using R (The R Foundation for Statistical Computing, Vienna Austria).

4.3 Results:

Of the 211 eligible participants, 135 passed and 76 failed the OPPAT™., Descriptive
statistics stratified by height, body mass, BMI, post-Barbell HR, college type, and employment

status are displayed in Table 1.

TABLE 1 — Descriptive statistics (+ standard deviation) and frequency counts for
demographics and heart rate data stratified by pass/fail outcomes

Grand Mean Pass Mean Fail Mean Pass — Fail
(= SD) (xSD) (xSD) Difference
Height (m) 1.65 + 0.07 1.66 + 0.07 1.63 + 0.06 0.03
Body mass (kg) 70.0 +14.2 72.6 +14.9 65.4+ 115 6.9
BMI (kg/m?) 25.7+5.0 26.3+5.0 248+ 4.7 15
Barbell HR (bpm) 173.4+12.4 173.0+ 125 1741 +12.2 -1.2
Total (count) Pass (count) Fail (count) % pass
Public college 143 99 44 69%
Private college 68 36 32 52%
Employed 83 60 24 71%
Not yet employed 128 76 52 59%
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The results of the logistic regression indicated that a model including college type,
employment status, weight, and BMI best predicted successful test outcomes in the OPPAT™ (p
< 0.01, df = 3, McFadden’s pseudo R? = 0.11) (Table 2). The likelihood of passing the OPPAT™
was increased for those training in a public college, those currently employed and for every unit
increase in body mass. However, conversely, the odds of passing the OPPAT™ were decreased

for every unit increase in BMI.

TABLE 2: Logistic regression results to predict the odds of passing the OPPAT™ using
significant predictors including school type, body mass, BMI and employment status.

p-value OR Cl 5% Cl 95%
College Type (public) 0.009* 2.36 1.38 4.10
Body Mass (kg) 0.002* 1.12 1.05 1.18
BMI (kg/m?) 0.010* 0.82 0.71 0.93
Employment Status (employed) 0.043* 1.94 1.14 3.36

Note: *indicates significant difference (p<0.05) between means of pass and fail groups.

4.4 Discussion:

The objective of this study was to identify factors that predict successful performance of the
OPPAT™ among female participants. It is well established that females have a lower likelihood
of success in physical employment testing, hence our focus on a population of female candidates.
College type, employment status, body mass, and BMI were retained as significant predictors of
OPPAT™ performance, where active employment, public college program education and higher
body mass were positively associated with success and higher BMI was negatively associated
with success.

From the final model, college type and employment status had the greatest impacts on the
likelihood of success, where those employed (OR 1.94) or those training in a public college (OR
2.36) were twice as likely to pass the OPPAT™ than those who were unemployed or were
trained in a private college paramedic program. The impact of on-the-job experience (i.e., active
employment) was expected considering working paramedics should have proven their ability to
complete paramedic tasks to become employed, in addition to continuous task-specific exposure

during the workday to maintain employment. Maguire (2011) found that most of the injuries in
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EMTs and paramedics occurred in employees within their first 5 years of employment, and 30%
occurring within the first year. Lack of exposure to job related demands could be a contributing
factor. This could imply that more experience increases one’s ability to perform tasks. However,
the finding that college type was a significant predictor is novel and may have important
implications regarding the availability of practical experiences with patient handling during
paramedic training. While limited information exists to understand curricular differences
between publicly funded colleges offering paramedic programs relative to private (i.e., for profit)
college offerings, anecdotally, publicly funded programs have been noted as offering more
hands-on training with actual equipment. In fact, several programs report that candidates are
required to demonstrate lifting ability as part of the program requirements. In contrast,
participants who trained in private college often noted that the OPPAT™ was the first time
where they had operated a stretcher or lifted a scoop board. Considering the role of employment
status and college type as predictors, it seems that strategies to improve hands-on experience
which in turn can help to develop tasks specific strength could be useful during the training
phase, prior to employment. Accounting for the performance benefits from increased hands-on
exposures, paramedic college curricula could be reviewed to ensure candidates are accruing
hands-on experience before entering the workforce, perhaps coupled with appropriately scoped
strength and conditioning to help candidates improve their overall physical capabilities to
perform high-demand paramedic tasks (Armstrong et al. 2019c).

Body mass was also identified as a significant predictor of OPPAT ™ performance. Based
the model, the likelihood of passing was increased by 12% for every kilogram increase in body
mass (OR 1.12). While some caution may be warranted here, our findings are consistent with
Barnekow-Bergkvist et al. (2004) who demonstrated that heavier paramedics were able to
perform prolonged carrying tasks with less fatigue compared to lighter paramedics. At face
value, this finding may suggest that increasing mass is a viable strategy to improve the likelihood
of passing the OPPAT™, thus demonstrating the ability to work as a paramedic; however, the
type of mass is likely critical. Roberts and colleagues (2016) note that the smaller stature and
muscle mass of the average female compared to the average male are linked to the strength and
power differences between sexes. Providing context based on physical abilities testing in the
military, Reilly and colleagues (2016) found that the second best predictor of performance on

various military tasks was lean body mass, with the best predictor being a metric which included
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the maximum load carried. Considering this, it is possible that the relationship between body
mass and performance is observed because heavier individuals are stronger on average (i.e.,
more lean body mass and great carrying capacity). While our results show that increased mass
may improve performance, we assert that increased lean mass, which is related to strength, is
likely the underlying causes of improved performance in heavier participants. This hypothesis
requires further testing in future research.

In contrast to the findings with body mass, BMI was found to be negatively associated with
OPPAT™ success. For every unit increase in BMI, participants were 18% less likely to pass (OR
82). This finding matches previous research from Sheridan (2019) who, after conducting a meta-
analysis, suggested that elevated BMI may be linked with decreased occupational performance.
This is a particularly relevant finding for the paramedic population as Studnek et al. (2010) noted
that over half of working EMS professionals are classified as “overweight” or “obese” based on
their BMI score. In addition to the general health and wellness concerns with elevated BMI,
there now appears to be a detrimental effect on physical occupational performance. Collectively
interpreting our findings related to the effects of body mass and BMI on performance, simply
increasing mass may not be a viable solution. Since mass is the numerator in the calculation of
BMLI, there appears to be a limit to the benefit of increasing ones’ mass for a given height, before
the increase in BMI becomes a detriment. As previously mentioned, a potential performance
benefit from increased mass is the increase in muscle mass and functional strength. Alterations in
body composition can be achieved through resistance training interventions, as shown by Pawlak
et al. (2015) who used physical training to reduce body fat percentage and BMI in military
professionals. More importantly, physical training has also been linked to improved occupational
performance. Both Pawlak et al. (2015) and Armstrong et al. (2019b) showed that introducing a
resistance training program improved physical occupational performance in both military
professionals and paramedics. Employing resistance training interventions to improve lean body
mass and strength may be a viable solution to improve female paramedic performance.

Despite the noted significant predictors, the overall model fit accounted for 11% of the
variance in outcomes (McFadden’s pseudo R? = 0.11). This suggests that other factors may play
a more dominant role in predicting OPPAT™ performance among female participants. For
comparison, when predicting performance in a law enforcement physical ability test, Dawes and

colleagues (2017) found that three fitness tests scores (vertical jump, one-minute sit up test and
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20-meter multistage shuttle run test) accounted for 54% of the variance in outcomes. The poor
predictive ability of our current model indicates that additional factors need to be considered

when predicting physical occupational performance in female paramedics, where those factors
might be more closely aligned with underlying physical fitness constructs related to physically

demanding paramedic work.

4.4.1 Limitations

This study relied on a secondary analysis with no ability to obtain alternative measures
beyond those that were routinely captured during OPPAT™ performance. As a result, it was not
feasible to measure height and mass directly. Measuring these demographics, rather than relying
on self-reported values, could have influenced the fidelity of these recorded metrics.
Additionally, we were not able to directly measure lean body mass or other characteristics of

strength and fitness, where such variables could improve the ability to predictive performance.

4.4.2 Future Directions

Future research may also consider movement competency as a factor of interest in
performing physical paramedic duties. Movement competency, or the ability to select a
movement solution that minimizes exposure (e.g., keep the load close when lifting) or increases
the bodies tolerance to withstand an exposure (e.g., minimize spine flexion when lifting), has
been noted as an area that should be explored in paramedic research (Armstrong et al., 2019a).
Differences in movement competency might explain why experience was a significant
performance factor from our study. For example, when performing occupational tasks, novices
and experts display distinctly different lifting techniques, with novices performing lifts with
greater lumbar and upper trunk flexion angles (Plamondon et al., 2010), and a greater reliance on
passive tissues rather than active muscle (Gagnon et al., 2018). Future research should include a
kinematic comparison of successful and unsuccessful performances in the OPPAT™ to identify

movement strategies that are favourable for meeting the physical demands of paramedic duties.
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45 Conclusion:

Female paramedics continue to be underrepresented in the workforce, while simultaneously
experiencing elevated rates of work-related injuries. This investigation found that body mass,
BMI, college type and employment status were the strongest predictors of success for females in
the OPPAT™: however, 89% of the variance in female performance was not accounted for by
the predictors tested in the current model. To help develop and target interventions to improve
the physical readiness for duty of female incumbent and working paramedics, more information
is needed to uncover the driving factors that influence readiness for duty. As we continue to
research further these data support that hands-on training / practice with lifting and strength
training are options that can likely improve physical readiness for duty as measured by the

successful completion of the OPPAT™,
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5 Comparing lift duration and lower body coordination between
females performing Barbell and Scoop lifts in the Ottawa Paramedic
Physical Abilities Test™

Authors: Alexander. L. Malone?, Daniel. P. Armstrong?, Renée. S. MacPhee? and Steven. L.
Fischer?

!Department of Kinesiology, Faculty of Health Sciences, University of Waterloo, Waterloo,
Canada

?Kinesiology & Physical Education and Health Sciences, Wilfrid Laurier University, Waterloo,
Canada

Highlights:
¢ No significant differences were found between passing and failing participants

e Markerless motion capture compared live physical employment standard performance
e Unsupervised machine learning could remove bias in future comparisons
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5.1 Introduction

A sex disparity exists in both workplace representation and prevalence of injury among
paramedics. More than 50% of physical injuries to paramedics are experienced by females
(Maguire, 2011), despite comprising only one quarter of the paramedic workforce (Crowe et al.,
2020; Maguire, 2011). In addition to higher injury rates, females have been found to have
reduced success rate compared to males in physically demanding occupational tasks (Gumieniak
et al., 2018; Jamnik et al., 2010). What could explain the elevated injury rates among females is a
gap in the ability to meet the physical demands of the job. However, not every female employed
in paramedic services will suffer an injury, nor does every female candidate fail their physical
evaluation. Perhaps we can learn more by studying females who are successful as a mechanism
to develop interventions for those who have been unsuccessful. To adequately support female
paramedics, more information is needed to identify performance differences between successful
and unsuccessful females during physically demanding paramedic tasks.

Physical employment standards (PES) are used to evaluate one’s physical ability to perform
work-related duties and are particularly common as entry-to-practice test prior to being hired
within first responder work. PES are used by employers to ensure that prospective and current
employees (i.e., those returning to work following an absence) have the physical capacity to
perform job related tasks (Reilly, et al., 2016). In comparison to using general physical fitness
scores, work related performance can be a better indicator of injury risk (Harbin and Olson,
2005; Legge, Burgess-Limerick & Peeters, 2013). A PES for paramedics already exists in the
form of the Ottawa Paramedic Physical Abilities Test (OPPAT™). The OPPAT ™ is a legally
defensible PES through which physical readiness for duty can be evaluated for prospective and
current paramedics (Sinden, MacPhee, & Fischer, 2015).

Although the OPPAT™ provides an evaluation of the ability to complete paramedic duties,
the outcome is binary (i.e., pass or fail). Using test outcomes alone may limit the ability to
identify differences in strength capabilities or movements strategies that underpin to success.
Further, by focusing on differences during specific high demands tasks, like lifting a scoop board
(Armstrong et al., 2020a), or lifting a simulated stair chair, we might gain the greatest insights
regarding movement strategy differences. Further, since muscular stress while lifting and/or

carrying was found to be associated with injury among working paramedics, accounting for 37-
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44% of workers compensation claims (Maguire et al., 2014), it remains prudent to focus on high
demand lifting and carrying tasks.

Confounding variables such as demographic determinants of performance should also be
considered, such as body mass, BMI and experience, when comparing differences in movement
performance during lifting. In a recent evaluation of predictors for OPPAT™ performance
among female candidates, both employment status and paramedic college type were found to be
significant predictors of success (Malone, Armstrong, MacPhee & Fischer, 2023). In addition to
pass-fail groupings, both employment status and paramedic college type should be included as
factors that may inform movement difference during performances among females. Other
anthropometric measures, such as body mass and BMI have been linked to occupational
performance and were also found to be influential in paramedic physical performance (Malone et
al., 2023). In addition to the accounting for previously established determinants of performance,
we also wanted to capture authentic, unincumbered movements from current and future
paramedics so our findings translate seamlessly into the field.

Real-time motion capture offers an opportunity to collect valuable data while also mitigating
influences on ones’ natural movement selection. Researchers have expressed concern over the
lack of external validity from lab-based kinematic evaluations with paramedic tasks (Armstrong
et al., 2020a; Gagnon et al., 2018). Capturing kinematics via traditional 3D motion capture can
be challenging as it is often cumbersome, time consuming and expensive (Colyer et al., 2018;
Ota et al., 2020). However, it is possible to obtain real-time movement data without modifying
the constraints that make the OPPAT ™ a legally defensible physical employment standard.
Markerless motion capture has been considered a less restrictive method to capture movement
patterns compared to a traditional markered approach due to the minimal interference imposed
on the individual’s movement (Colyer et al., 2018). The use of markerless motion capture to
evaluate real-time PES performance is novel. Incorporating validated motion capture tools to
obtain unencumbered, real-time kinematics increases the confidence that movements being
compared are authentic and externally valid.

When comparing performance in the Barbell and Scoop Lift, previous research should guide
the selection of dependent variables to best compare performance. Lentz et al., (2019) found that
leg power was lower in emergency responders who become injured, and Makhoul et al. (2017)

noted that increased lower body joint power was associated with a decrease in the low-back
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spine moments when paramedics performed lifting tasks. As an alternative measure that does not
require a measure of force, lift duration has also been used when comparing occupational lifting
performance between males and females (Lindbeck & Kjellberg, 2001). In addition to lift
duration, the relative movement of joints during a lift can provide insight into performance
differences. When comparing movement coordination between males and females, Plamondon et
al. (2014) found that females adopted asynchronous joint coordination between the knees and
hips during lifting tasks. Using a measure of movement coordination could provide additional
insight on the technique differences employed between female performers who are and are not
successful in performing the OPPAT™,

The objective of this study was to compare movement characteristics among successful and
unsuccessful female participants in the OPPAT™ while accounting for factors that contribute to
movement competency. We hypothesized that successful performers would lift faster and with
less time between peak hip and knee joint angular velocities (i.e., more synchronous) when
completing the Barbell Lift and the Scoop Board Lift. We also hypothesized that there would be
a significant interaction between public/private college type and Pass-Fail status as categorical

factors and body mass and BMI as covariates.

5.2 Methods:

A retrospective analysis of data from females completing the OPPAT ™ between January
2021 and February 2022 was used. Participants included in this study needed to be eligible to
attempt the OPPAT™, indicate female on their demographics form, complete both the Barbell
Lift (Figure 1) and Scoop Lift (Figure 2) during the test, and consented to have their
demographics and performance video used for research purposes. Additional OPPAT ™ details
can be found in Armstrong et al., 2019b. The collection and secondary analysis of OPPAT™
participant data was approved by the ethics review board from the University of Waterloo and

Wilfrid Laurier University.
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FIGURE 1: Barbell Lift from the OPPAT

FIGURE 2: Scoop Lift from the OPPAT
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5.2.1 Collection

Employment and paramedic college of training were self-reported in the intake questionnaire.
Employment status and College type were dichotomized in Employed or Unemployed and Public
College or Private College, respectively. Body mass was self-reported and BMI was calculated
using the reported body mass and height. Pass-Fail status from the OPPAT™ was judged and
provided by the OPPAT™ examiner. Barbell Lift and Scoop Lift performances were captured
using a Canon VIXIA HFM40 Camera at frame rate of 30 Hz. In Python (Version 4.0.1), an
open-access Google MediaPipe script was adapted as a pose estimation tool to produce

kinematic outputs of estimated joint centres from the lifting videos.

5.2.2 Data Processing

From MediaPipe, 2D x-axis and y-axis trajectories for the ankle, knee, hip and shoulder joint
centre data were extracted. Available marker locations are displayed in Figure 3. Raw joint
position outputs were automatically gap filled and interpolated via the MediaPipe processing
script. MediaPipe position outputs were then low-pass filtered through a dual-pass Butterworth
filter with an effective cut-off frequency of 4 Hz. This cut-off frequency was selected in
alignment with the cut-off frequency used by Armstrong and colleagues (2020a) when evaluating

biomechanical exposure in paramedic lifting tasks.
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FIGURE 3: Joint centres and landmark outputs from Google MediaPipe Pose
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5.2.3 Calculations

The start of each lift was defined as the instant when the shoulder joint experienced in
increase in vertical (y-axis) velocity after reaching its minimum. The end of the lift was defined
as the instant when shoulder vertical velocity returned to zero after the start of the lift. Lift
duration was defined as the time difference between the start of the lift and the end of the lift.
Linear vertical velocity of the shoulder joint was calculated using the central differences method.

Unilateral joint angles were created using joint position data from the limb most proximal to
the camera (right). Hip joint angles were calculated as the angle between the thigh and torso
segments, where the thigh was defined as the vector between the knee and hip joint position and
the torso defined as the vector between the hip and shoulder joint position. Knee joint angles
were calculated as the angle between the shank and thigh segments, where the shank was defined
as the vector between the ankle and knee joint position. Joint angular velocity was calculated by
differentiating continuous joint angle data using the central difference method. The time of the
peak of the hip and knee joint angular velocity during the lift were identified, then the absolute
difference in timings between these peaks was used as the peak hip vs. knee joint angular
velocity timing variable (HvK). Greater difference in timing of these peaks represented more
asynchronous movement.

Figure 4 shows a sample plot of a Barbell Lift performance where shoulder joint velocity and
position are plotted against frame numbers in the x-axis, which frames indicate the start of the
lift, the end of the lift, and when peak knee and hip joint angular velocities occurred during the
lift. Figure 5 shows a sample plot from the same Barbell Lift performance from the start to the
end of the lift where knee and hip joint angular velocity are plotted against frames numbers in

the x-axis, as well as which frames indicate when peak knee and hip joint angular velocity occur.
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FIGURE 4: Sample plot of a Barbell Lift performance with vertical shoulder joint velocity
(blue), position (orange), the start of the lift (green), the end of the lift (red), peak knee joint
angular velocity during the lift (dashed blue), peak hip joint angular velocity during lift
(dashed orange) with frame numbers on the x-axis
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FIGURE 5: Sample plot of a Barbell Lift performance from start to end with joint angular
velocities for the knee (blue) and hip (orange), the frame where the peak joint angular
velocity for the knee (dashed blue) and hip (dashed orange) occur, and frame numbers on
the x-axis
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5.2.4 Statistical Tests

For the statistical analysis, four 3-way between groups factorial ANCOVAs were conducted
to compare lift duration and HvK between Pass-Fail status, College type and Employment type
groups, with body mass and BMI as covariates for the Barbell Lift and Scoop Lift (p < 0.05).
Any significant differences identified by the ANCOVAs were compared using a pair-wise Mann-
Whitney U test (p < 0.05). All statistical analyses were completed using R (The R Foundation for

Statistical Computing, Vienna Austria).

5.3 Results:

Descriptive statistics are reported in Table 3 for the 137 participants that met the inclusion
criteria for this study. The ANCOVA tests account for the relationship of continuous covariates
(i.e. body mass and BMI) when comparing dependent variables (i.e. lift duration and Hip vs
Knee Peak Joint Angular Velocity timing) between factor groups (i.e. Pass-Fail Status, College
Type, Employment Status). Tables 4-7 show the ANCOVA comparisons from this study. The
Main Effects portion of each ANCOVA table show results for differences in all determinants
(factor groups and covariates) in relation to the dependent variable. The 2-way and 3-way
interaction sections show difference results from comparing factor groups while accounting for
the influence of the covariates. Tables 4 and 5 show ANCOVA results for the Barbell lift
performance comparisons for lift duration and HvK, respectively. Tables 6-7 ANCOVA results
for the Scoop lift performance comparisons for lift duration and HvK, respectively.

The tests performed in this study showed no significant differences between passing and
failing groups in lift duration or lower extremity inter-joint coordination. The ANCOVA
comparison of Lift Duration (s) for the Scoop Lift (Table 6 and Figure 6) identified a significant
interaction between Pass-Fail status, college type and employment [F = 5.879, p=0.017]. After
using Mann-Whitney U pairwise comparisons to decompose the interactions, one comparison
remained statistically significant indicating that passing, private college graduate who were
unemployed completed the Scoop lift faster than the failing, private college graduates who were
unemployed (Table 8). However, the comparison group sizes and p-value adjustments from the

interaction decomposition resulted in no significant differences in lift duration.
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TABLE 3: Descriptive statistics (+ standard deviation) and frequency counts for duration and
hip vs knee peak angular velocity timing (HvK) stratified by Pass-Fail status, Public-Private
College, and Employed-Unemployed status groups

Barbell Scoop
Count Duration Mean + HvK Mean + Duration Mean + HvK Mean +
SD (s) SD (s) SD (s) SD (s)

Pass 94 1.63 +0.39 0.26 + 0.29 1.68+0.35 0.56 + 0.37
Fail 43 1.73+0.43 0.25+0.23 1.68 + 0.40 0.63+0.42
Public College 94 1.70+0.41 0.27 + 0.28 1.71+0.36 0.62 +0.38
Private 43 1.59 + 0.40 0.25+ 0.26 1.63 + 0.37 0.50 + 0.39
College

Employed 57 1.66 +0.39 0.24 +0.27 1.63+0.34 0.54 + 0.36
Unemployed 80 1.66 +0.42 0.28 + 0.28 1.72+0.38 0.62 +0.40

and BMI as covariates

TABLE 4: 3-Way Between Groups Factorial ANCOVA comparing Lift Duration (s) from the
Barbell Lift between Pass-Fail status, College type, Employment type groups with Body Mass

| df | F Statistic | pvalue
MAIN EFFECTS
Body Mass 1 0.292 0.590
BMI 1 0.849 0.358
Pass-Fail Status 1 2.517 0.115
College 1 2.753 0.100
Employment 1 0.206 0.651
2-WAY INTERACTIONS
Pass-Fail Status x College 1 0.009 0.925
Pass-Fail Status x Employment 1 0.054 0.817
College x Employment 1 0.515 0.474
3-WAY INTERACTIONS
| Pass-Fail Status x College x Employment | 1 | 0.130 \ 0.719
| Residuals | 127 |

*indicates significance (p<0.05)
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TABLE 5: 3-Way Between Groups Factorial ANCOVA comparing HvK (s) from the Barbell
Lift between Pass-Fail status, College type, Employment type groups with Body Mass and
BMI as covariates

| df | F Statistic | pvalue
MAIN EFFECTS
Body Mass 1 0.012 0.913
BMI 1 0.100 0.752
Pass-Fail Status 1 0.038 0.846
College 1 0.101 0.752
Employment 1 0.990 0.322
2-WAY INTERACTIONS
Pass-Fail Status x College 1 3.465 0.065
Pass-Fail Status x Employment 1 0.091 0.763
College x Employment 1 0.034 0.855
3-WAY INTERACTIONS
| Pass-Fail Status x College x Employment | 1 ] 0.040 | 0.841
| Residuals | 127 |

*indicates significance (p<0.05)

TABLE 6: 3-Way Between Groups Factorial ANCOVA comparing Lift Duration (s) from the
Scoop Lift between Pass-Fail status, College type, Employment type groups with Body Mass
and BMI as covariates
| df | F Statistic | pvalue
MAIN EFFECTS
Body Mass 1 0.338 0.562
BMI 1 0.991 0.321
Pass-Fail Status 1 0.229 0.633
College 1 0.505 0.478
Employment 1 1.640 0.203
2-WAY INTERACTIONS
Pass-Fail Status x College 1 0.057 0.812
Pass-Fail Status x Employment 1 3.004 0.085
College x Employment 1 0.337 0.562
3-WAY INTERACTIONS
| Pass-Fail Status x College x Employment | 1 | 5.879 | 0.017*
| Residuals | 127 ]

*indicates significance (p<0.05)
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TABLE 7: 3-Way Between Groups Factorial ANCOVA comparing HvK (s) from the Scoop
Lift between Pass-Fail status, College type, Employment type groups with Body Mass and
BMI as covariates
| df | F Statistic | pvalue
MAIN EFFECTS
Body Mass 1 1.047 0.308
BMI 1 0.358 0.551
Pass-Fail Status 1 0.142 0.707
College 1 2.562 0.112
Employment 1 0.776 0.380
2-WAY INTERACTIONS
Pass-Fail Status x College 1 2.835 0.095
Pass-Fail Status x Employment 1 1.705 0.194
College x Employment 1 0.578 0.448
3-WAY INTERACTIONS
| Pass-Fail Status x College x Employment | 1 ] 2.094 \ 0.150
| Residuals | 127 |

*indicates significance (p<0.05)
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TABLE 8: Pairwise Comparison using Mann-Whitney U Test for Lift Duration (s) in the Scoop
Lift between Passing and Failing groups, who were from a Private College and Unemployed

Benjamini-
. Median Hochberg
Groups Count | Median Difference Stat | p-value Adjusted
p-value
Fail x Private x Employed 4 1.88 0.41 59 | 0.028* 0.448
Pass x Private x Employed 17 1.47

*indicates significance (p<0.05)

5.4 Discussion

The objective of this study was to assess whether differences existed when performing the
Barbell and Scoop lift between females who passed or failed the OPPAT™ while accounting for
interacting factors such as paramedic college type and employment status as categorical
variables, and body mass and BMI as covariates. Initially, there was significant difference in Lift
Duration (s) during the Scoop Lift between pass and fail groups who were from a private college
and employed, which aligned with previous occupation research. Studies from Hydren and
colleagues (2017) and Lentz et al. (2019) showed greater lower body power was predictive of
increased physical occupational performance and reduced injury risk, respectively. However, in
the Mann-Whitney U comparison of duration between groups in the Scoop Lift the failing group
contained only 4 participants (Table 8). This provoked concerns regarding the external validity
of the sample outputs in this comparison. Additionally, p-value adjustments from the 3-way
interaction resulted in a minimum of 16 planned comparisons (passing groups compared to
failing groups), which would result a non-significant difference after a liberal adjustment from p
=0.028 to p = 0.448 using the Benjamini-Hochberg Adjustment (Table 8). We expected
significant differences in lift duration and lower body joint coordination with the Barbell and
Scoop Lift considering the final test results for passing and failing participants were different.
However, the null findings in kinematic performance differences could be attributed to our
selection of movements, dependent variables and/or motion capture technologies to compare
between passing and failing female participants.

Focusing on Barbell and Scoop lift performance, while informed by previous research, may
have limited our ability to identify significant differences in performance between successful and

unsuccessful female participants. In alignment with other established PESs, outcomes from the
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OPPAT™ are a binary pass or fail, therefore limiting our knowledge of the demand that each
task from OPPAT™ imparts on the individual. Tasks requiring higher effort can dimensionally
compress the number of degrees of freedom that a performer has access to when selecting a
successful strategy to complete a task (Kay, 1988). For example, a passing individual whose
capacity greatly exceeds the demands of the Barbell Lift could perform the lift in a variety of
ways and still be successful. The movements selected across the passing individuals could have
so much variety and overlap with failing individuals that they are indiscernible from failing
individuals via statistical difference tests. Referring back to Table 3, the greatest mean difference
in lift duration between initial categorical demographic groups is 0.11s, but the standard
deviation of these values are 3 to 4 times greater than this difference. This is similar to largest
HvK mean difference (0.12s) and the standard deviation range (0.23s-0.425s).

Another movement, the Stretcher Lift, has been noted as difficult task from the OPPAT™,
which may further limit the available movement options for success. Previous studies have found
that the loads in the average stretcher lift exceeds NIOSH lifting limits (Fischer et al., 2017) and,
compared to other paramedic tasks, involves the greatest cumulative damage to the low back as
estimated with the Lifting Fatigue Failure Tool (Armstrong, 2020a). This movement has also
been used to evaluate performance differences paramedics in the past (Barnekow-Bergkvist et
al., 2004; Makhoul et al., 2017). Since the null findings from this study the use of a stretcher lift
may be more informative considering the heavy loads from this task, which may cluster the
degrees of freedom available during performance, indicate that future research may seek to
compare movement outcomes with this task rather than the Barbell and Scoop Lift.

The kinematic variables that were selected for comparison between pass and fail groups were
informed, not only by previous research, but also by the availability and reliability of trajectories
from markerless motion capture. Since paramedic performance is multifaceted and requires more
exploration, we extrapolated previously used kinematic outputs and adapted them to fit the study
parameters. While this provided confidence that the kinematic outcomes have been previously
established as different, we did not explore other differences that may arise while attempting the
selected OPPAT™ lifting tasks. The incorporation of markerless motion capture to obtain and
compare kinematics from live PES performance was a novel approach to performance research
but may have contributed to the null findings in this study. Wade and colleagues (2020) note a

variety of opportunities and limitations regarding the use of current markerless motion capture
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for real-world evaluations. The use of a single camera (monocular), and reliability the training
data sets have been mentioned as areas concern (Wade et al., 2020), and are relevant to our
investigation. Among the concerns with monocular cameras, parallax error and z-axis data
assumptions could have influenced the position data in this study. Based on visual observations,
when performing the Barbell Lift, the participants appeared to move primarily in the x-y plane
during their performance, but occasionally participants changed their position in the z-axis
(moving closer or further from the camera) while lifting.

Since this study used only x-axis and y-axis outputs from MediaPipe, this movement in the z-
axis to would change y-axis position values without adjustment based on z-axis data. As a
participant moves closer to the camera all the estimated trajectories above the midline of the
camera become have an increase y-axis value, while all trajectories below the midline are
interpreted as a decreased y-axis position value, despite the reality of the participants y-axis
positing relative to the ground remaining unchanged. As a result, these errors to delay the
identification of lift termination based on the parameters described for this study. Figure 7 shows
an example of this z-axis change resulting in alterations to y-axis position data. Additionally,
monocular camera issues with z-axis readings have been noted to potentially contribute to joint
centre location inaccuracies in 2D outputs (Wade et al., 2020). While the use of MediaPipe as a
pose estimation tool has been proven to have agreement with markered motion capture and
outperform other commonly used markerless motion capture technologies (Lafayette et al.,
2022), the training data set that MediaPipe uses has been questioned before. Little is known
about the processes employed in MediaPipe to label training data, leading researchers to question
the influence of human error in annotating anatomical key points (Bittner et al., 2022). Bittner
and colleagues (2022) also note that while the internal gap filling of position data from
MediaPipe yields better results that OpenPose, there is still a lack of information regarding the
interpolation techniques. However, there is hope with updates to existing markerless motion
capture tools. Incorporating multicamera hardware, with appropriate software updates to account
for multiple camera inputs, could mitigate issues with z-axis errors (Bittner et al., 2022; Wade et
al., 2022). However, while multi-camera inputs may improve the accuracy of joint centre
estimation and still leave the participants unencumbered, this may increase the awareness of
evaluation and limit the external application. Additionally, further updates to training data could

improve the accuracy and precision of markers, as well as expand the available markers.
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FIGURE 7: Sample plot of a Barbell Lift performance with shoulder joint velocity (blue)

and position (orange), as well as lift start (green) and delayed lift end (red) times with
frame numbers on the x-axis

5.4.1 Future Research

As an alternative, leveraging emerging machine learning techniques could remove the a
priori dependent variable selection bias. Principal Component Analysis to reduce the feature
space, followed by linear discriminant analysis is an example of an unsupervised machine
learning approach suggested to aid in differentiating groups via kinematics and, in turn, inform
targeted training interventions (Remedios et al., 2020). Rather than relying on the biases of the
researcher and prior knowledge, unsupervised machine learning can be used to cluster data and
identify patterns that best separate selected groups. Unsupervised machine learning has been
used to successfully identify and cluster participants based on kinematic outcomes among
individuals performing screening movements (Remedios et al., 2020) and lifting tasks (Beaudette
et al., 2019; Hawley, Hamilton-Wright & Fischer, 2023). For this investigation, we know that
there is a difference in performance that is resulting in some groups passing, while others fail,
but we have limited information on what these differences are. Leveraging unsupervised
machine learning to identify these differences may be a more appropriate method to identify

dependent kinematic variables between passing and failing groups while this current gap exists
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in physical paramedic performance. However, along with the opportunities with emerging

technologies, limitations should also be considered.

5.5 Conclusion

This study aimed to identify movement differences when lifting between females who passed
and failed the OPPAT™ while accounting for additional factors known to influence physical
performance. This study is the first to incorporate the use of markerless kinematics to capture
movements during live PES performance. However, despite the novel approach, no significant
differences were found between individuals who pass and fail when comparing lift duration or
hip vs. knee peak joint angular velocity timing while accounting for the interaction of paramedic
college type and employment status, as well as body mass and BMI as covariates. The null
findings from this study may be a result of the tasks, dependent measures and/or the technology
used to capture and compare performance differences between participant groups. Future
research should explore the use a machine learning to identify dependent movement variables
and seek to add validate the use of novel pose estimation technology to evaluate physical

occupational performance.
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6 General Discussion

The purpose of this thesis was to identify determinants of success for females completing the
OPPAT™  and by extension, completing paramedic duties in the field. This thesis was divided
into two research questions, where Research Question 1 sought to identify demographic
determinants of OPPAT ™ success for female participants using heart rate response, height, body
mass, BMI, paramedic college type, and employment status. Research Question 2 aimed to
identify differences in lift duration and lower body joint coordination during the Barbell and
Scoop lift between successful and unsuccessful female participants while accounting for
significant predictors from Research Question 1. The findings from Research Question 1
indicated that there were demographics that significantly predict pass/fail outcomes for females
performing the OPPAT ™. While body mass, BMI employment status and paramedic college
type were able to significantly predict pass/fail outcomes in the OPPAT ™, these determinants
accounted for less than a quarter of the variance in outcomes from the PES, suggesting that other
determinants should be explored when predicting when females can complete the OPPAT™,
Significant predictors from Research Question 1 were incorporated into Research Question 2,
with paramedic college type and employment status as interacting categorical factors, and body
mass and BMI as continuous covariates. Research Question 2 revealed no significant difference
in lift duration or hip vs knee peak joint angular velocity timing between pass and fail females

when performing the Barbell or Scoop lift from the OPPAT™,

6.1 Public Paramedic College

Findings from Research Question 1 align with previous literature on demographic
determinants of physical performance differences, but the inclusion of paramedic college type is
a novel contribution. There is preliminary evidence indicating that various anthropometric
measures influence ones’ ability to complete physical occupational tasks, such as elevated body
mass and reduced BMI (Malone et al., 2023). Paramedic college type was a new inclusion which
was found to be a significant predictor of female success in the OPPAT™, where those from a
public paramedic program were more likely to successfully complete the OPPAT™ compared to
those with private college training. We suspect that this association with paramedic college type

and OPPAT™ success is attributed to greater practical physical experience with paramedic tasks
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from public paramedic college graduates. Practical experience with physical occupational task
has been linked to performance outcomes in other sectors, which substantiates my claim. Sedliak
and colleagues (2021) conducted a study that compared physical performance among military
personnel between one group who was deployed for 6 months and a control group who were not
deployed but had a guided training protocol with the support of a strength and conditioning
professional. Upon re-testing anthropometrics and physical performance, the deployed group
showed significant reductions in body fat percentage, shuttle run time and 5 kilometer run time,
as well as an increase in their pull-up test scores, while the control group showed no significant
changes (Sedliak et al., 2021). In alignment with our findings, additional practical experience in
the deployed group appears to be beneficial to physical performance. However, this is not to say
that more work is the solution for gaps in performance. In fact, the systematic review from
Kearney et al. (2022) linked elevated paramedic call volumes with elevated rates of injury in the
paramedic workforce, indicating that more work can have a detrimental effect. Perhaps exposure
to specific work duties should be considered when evaluating this effect. In another evaluation of
military personnel, risk of injury was evaluated after exposure to various military tasks and
found that certain activities (road marching and obstacle courses) have a higher risk of injury
than others (Lovalekar et al., 2021). With this in mind, Sedliak and colleagues (2021) provided
additional context to their findings, noting that the physical demand of the deployed group was
noted as lower compared to other studies (Sedliak et al., 2021), potentially explaining the
increase physical performance rather than an increase in injury or decrease in performance in the
deployed group. It has been suggested that there is a need to quantify work related exposure
(Lovalekar et al., 2021) which could be beneficial in future research on determinants of
performance. If exposures can be quantified, perhaps future research can find a balance between
sufficient exposure for familiarity and adaptation before overexposing the individuals and
increasing injury risk.

Previous research with PES explores a balance between exposure and performance,
where additional exposure to PES testing has resulted in improved physical performance.
Armstrong and colleagues (2019c) exposed working and future paramedics to the OPPAT™ 6
times over 7 days, resulting in female pass rate increasing from 71% to 90%. Similarly,
Gumieniak, Gledhill and Jamnik (2018) compared completion time in a firefighting fitness

circuit between a group exposed to the firefighting circuit 7 times, another group who had a
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physical training plan as well as the 7 exposures to the circuit, and a final control group with
only 2 exposures to the circuit. While the control group did not show a significant change in
circuit completion time, the circuit exposure group improved completion time by 12.2%
(females) and 9.8% (males), and the group exposure to physical training and repeated bouts of
the circuit improved by 19.8% (female) and 16.9% (male) (Gumieniak, Gledhill & Jamnik,
2018). The inclusion of paramedic college type as well as employment status in the likelihood of
success for females in the OPPAT™  in addition to the effects of repeated testing in the
occupational testing (Armstrong et al., 2019c; Gumieniak et al., 2018) and occupational exposure
(Sedliak et al., 2021), indicate that a certain amount of exposure to occupation specific tasks will
be beneficial in occupational performance. Accounting for the suggestions from Lovalekar and
colleagues (2021) and our own findings, future research should investigate quantification of task

exposures and injury risk in addition to the performance benefits of occupational practice.

6.2 Variance in OPPAT Outcomes

Additional exposure to occupational tasks could be beneficial, however, this may be a result
of improved physical capacity rather than just task familiarization alone. Reflecting on the
findings from Gumieniak et al. (2018), the group that was exposed to physical training in
addition to repeated attempts with the firefighting circuits showed a greater improvement in
performance compared to the group with repeated circuit exposure alone. Stimuli from both the
physical training and circuit attempts could summate into an increase in overall capacity and
improve performance. Linking to another component of Research Question 1 that should be
expanded on in future research, the limited Pseudo R? could be supplemented with the addition
of physical capacity testing scores in the predictive demographics. While the logistic regression
model including body mass, BMI, college type and employment status was able to significantly
predict the likelihood of success among female participants, these determinants only accounted
for about 10% of the variance in outcomes (Malone et al., 2023). This could be a limitation from
the specific determinants we selected, and we believe that physical paramedic performance is
dictated by more than anthropometrics and demographics. Previous research has found physical
capacity scores to be some of best predictors of performance. For example, Reilly et al. (2016)
conducted a similar study with military personnel and their physical employment standard.

While lean body mass was a significant predictor of performance, the strongest predictor
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incorporated a measure of lifting capacity (Reilly et al., 2016). A measure of lifting capacity
could be helpful in determining determinants of successful performance and connect to some of
the most challenging paramedic duties i.e., the lifting tasks (Armstrong et al., 2020a; Fischer,
Sinden, MacPhee, 2017). Other physical capacity measures could also provide insight into what
else determines successful physical occupational performance. When predicting time to complete
a physical employment standard for police officers, Eduardo and colleagues (2019) found that
agility test scores yielded an R? of 0.45. Additionally, combining relative aerobic power, upper
limb strength and agility yielded an R? of 0.81 (Eduardo et al., 2019). Physical capacity tests
could be used to improve the ability of future models to predict success in complete physical
occupational tasks and inform interventions.

The use of a training program to improve participants physical capacity could be beneficial.
A 4-week training program was successfully implemented between attempts at the OPPAT™,
where the intervention group increased grip strength and peak lower body power, as well as
reduced time to complete the OPPAT™ (Armstrong et al., 2019b). Improved physical capacity
has been linked to injury risk as well as performance. Among police officers, grip strength scores
had a linear, positive relationship to passing the TACOPS (tactical operations) test completion
time and were inversely related to injury risk during the study (Orr et al., 2017). These findings,
in tandem with the limited pseudo R? from Research Question 1, indicate that physical capacity
may narrow the gap in our understanding of determinants for physical performance in paramedic
related tasks. However, this is not to say that physical capacity is the only component to be
focused on when seeking to improve occupational performance and reduce injury risk. In a
systematic review, Lentz and colleagues (2019) found limited evidence for a relationship
between physical fitness test scores and injury risk. Physical performance, like injury risk, is
multifactorial, so while physical training interventions and task specific exposure can aid in
performance, researchers should be open to exploring various domains in the pursuit of

performance determinants for paramedic work.

6.3 Incorporate Emerging Technology

To aid the exploration of performance differences in the paramedic workforce, future
investigations should also consider the benefits and limitations of emerging technology such as

markerless motion capture and machine learning. Research Question 2 leveraged markerless
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motion capture through Google MediaPipe. Previous investigations have indicated strong
agreement between kinematics from gold-standard markered motion capture and outputs from
MediaPipe. For example, MediaPipe outputs for the lower body and upper body were classified
as “Excellent” and “Good” agreement, respectively, with regards to Qualysis markered system
(Lafayette et al., 2022). Although researchers have suggested that MediaPipe can be confidently
applied to biomechanical evaluation of joint angles (Lafayette et al., 2022), our own validation of
the MediaPipe outputs raised some concerns in using the software outputs for kinematic
comparisons (Appendix A). In a preliminary comparison for our investigation, the root mean
squared differences between MediaPipe and Qualysis showed statistically significant correlation
between the mocap systems but the joint angle root mean square difference ranged from 6.92 to
8.95 degrees, with the standard deviation of the error ranging from 7.17 to 11.19 degrees (see
Appendix A Table 9). In contrast, Wade and colleagues (2022) indicated that difference between
markerless and markered motion capture larger than 3-11 degrees can be considered too large for
real world applications for kinematic comparisons for gait. Additionally, our Bland-Altman plots
(see Appendix A Figures 8-16) indicated an inconsistent error in the average and maximum joint
angle selection. The RMSD and Bland-Altman data from our preliminary validation created
hesitation when interpreting the comparison results in Research Question 2 due to both the
magnitude in inconsistent direction of the error. As markerless motion capture technologies
continue to develop, their incorporation into movement comparisons should be met with some
caution. While MediaPipe is considered to be in alignment with gold standard motion capture
technology and outperform other markerless indicated gaps in alignment that could have
influenced kinematic comparisons in Research Question 2.

The use of machine learning to cluster performance data is another opportunity where
emerging technology could change how motion capture informs comparisons between successful
and unsuccessful groups in physical paramedic performance. The dependent variables used for
comparison in Research Question 2 were adapted from other measures of power and
coordination based on the limitations of our minimally intrusive design and the available data
from our selected motion capture system. Using previous research added to our confidence in
selecting dependent variables, but both the need to adapt these measures to fit our parameters and
the limited pool of previous research in physical paramedic performance indicate a need for

alternative methods to conduct performance comparisons at this stage. Remedios and colleagues

47



(2020) suggest that machine learning may be beneficial to identify and screen movement patterns
that differentiate groups and inform targeted training interventions. These researchers were able
to successfully identify distinct movement clusters among individuals performing typical
screening movements such as a deep squat and hurdle step using unsupervised machine learning
(Remedios et al., 2020). Considering the existing gaps in knowledge around the kinematics in
successful paramedic performance, reliance on previous movement comparison studies may not
be the appropriate method. Alternatively, removing the bias of the researcher and allowing
unsupervised machine learning algorithms to identify and cluster real-time performance data

may uncover strategies that have yet to be identified.

6.4 Conclusion

This thesis included an investigation of the demographic determinants of performance for
females in the OPPAT™ as well as a comparison of lift duration and lower body joint
coordination between females that passed and failed the evaluation. This research is the first to
identify demographics linked to physical occupational performance for paramedics, as well as
the first to compare live performances in physical employment standard. When testing the
likelihood of passing the OPPAT™ among females remaining significant predictors of success
included body mass, BMI, employment, and paramedic college type. Of the significant
predictors from Research Question 1, paramedic college type was a novel discovery where
public college graduates had a higher likelihood of success compared to private college
graduates. This could be linked to a higher exposure to paramedic occupational tasks in public
colleges, but future research should explore this further. Our hypothesis for Research Question 1
expected that height and employment status would be remaining predictors of success likelihood,
so we failed to reject the null hypothesis. When comparing differences in lift duration and lower
body coordination no significant differences were found between females who passed and failed
the OPPAT™ when performing the Barbell or Scoop Lift. Our hypothesis for Research Question
2 expected that significant interactions between selected factors and the pass/fail groups, as well
as significantly shorter lift duration and time between hip and knee peak joint angular velocities
during the Barbell and Scoop Lift for the pass group. Therefore, we failed to reject the null
hypothesis. Future research should continue to advance markerless motion capture technologies
and leverage machine learning systems to identify performance differences between successful

and unsuccessful performers.
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Appendix A — MediaPipe Validation Test with Paramedic Tasks

Prior to Research Question 2, a preliminary validation of markerless motion capture
trajectories in comparison to gold-standard markered motion capture trajectories was conducted.
This analysis used 3D passive, optoelectrical motion capture system (Qualisys: Gothenburg,
Sweden) to collect landmark position data during Scoop Board and Stretcher lifting tasks for
paramedics. 2D video was collected during the performance occupational lifts performed by two
paramedics. Video data was available for 9 Scoop Board lifts and 4 Stretcher lifts, for total of 13
lifts. MediaPipe Pose was used as a pose-estimation software to extract joint position data from
the video recordings.

Joint angles were defined as the angle between adjacent segments. The knee joint was
defined as the angle between the shank, a rigid segment created between the ankle joint and the
knee joint, and the thigh, a rigid segment created from the knee joint to the hip joint. The hip
joint was defined as the angle between the thigh and the torso, a rigid segment created from the
hip joint to the shoulder (MediaPipe Pose) or C7 (Qualisys). Angular velocities were calculated
using the central difference method. Only 2D (x, y) outputs were used to define segments and
calculate joint angles and angular velocities. The start of each lift was defined as the instant
where the vertical velocity over 0 frames/second of the shoulder (MediaPipe Pose) or C7
(Qualisys) exceeded 0 frames/s after achieving a minimum velocity value. The end of each lift
was defined as the first instance where the vertical lift velocity returned to 0 frames/s after the
start of the lift. Lift duration was defined as the time (s) between the start and end of each lift.

Average and maximum joint angles were extracted and compared for the knee (KJA) and
hip (HJA). Additionally, average and maximum joint angular velocity were extracted and
compared for the knee (KJAV) and hip (HJAV). Lift duration was also compared. Comparisons
were made using the Root Mean Squared Difference (RMSD) of outputs from each measurement
system to quantify magnitude of differences between each motion capture tool. A Spearman
Rank Correlation test (r) was used to measure the relationship between outputs of the two motion
capture methods (Table 9). Additionally, Bland-Altman plots were used to evaluate the range

and consistency of agreement between the motion capture tools (Figures 8-16).
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TABLE 9: RMSD and Spearmen Rank Correlation of outputs between 3D Markered Motion Capture
from Qualisys and 2D Markerless Motion Capture from MediaPipe

Spearman Rank Correlation

Kinematic Outputs RMSD + SD r p-value

Average KJA (deg) 7.47 +9.88 0.95 <0.01*
Max KJA (deg) 6.92 +7.17 -0.20 0.52

Average HJA (deg) 8.95 +9.89 0.96 <0.01*
Max HJA (deg) 8.13+11.19 0.39 0.19

Average KJAV (degls) 16.83 + 29.89 0.84 <0.01*
Max KJAV (deg/s) 30.61 + 36.39 0.57 0.04

Average HJAV (degls) 7.02 +11.43 0.89 <0.01*

Max HJAV (deg/s) 18.15 + 23.75 0.82 <0.01*
Average TA (deg) 8.97 +6.78 0.61 0.03

Lift Duration (s) 0.21 +0.23 0.86 <0.01*

* Asterisked p-values indicate significance with an alpha = 0.01
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Qualisys (Q) outputs

FIGURE 11: Max Hip Joint Angle Bland-Altman
plot comparing MediaPipe (MP) and Qualisys (Q)
outputs
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FIGURE 14: Average Hip Joint Angular Velocity
Bland-Altman plot comparing MediaPipe (MP) and
Qualisys (Q) outputs

FIGURE 15: Max Hip Joint Angular Velocity
Bland-Altman plot comparing MediaPipe (MP) and
Qualisys (Q) outputs
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In addition to the RSMD and Bland-Altman comparisons, Figures 17-20 display

continuous joint angle and joint velocity comparisons between markered Qualisys motion

capture and markerless MediaPipe pose estimation outputs for one individual performing a

Scoop lift.

Knee Joint Angle
= Qualisys
—— [MediaPipe

160

140

120

Degrees (°)

100

Hip Joint Angle

= Qualisys
—— [MediaPipe

160
140
= 120

100

Degrees (

o 10 20 30 40
Aligned Frames

o 10 20 30 40
Aligned Frames

FIGURE 17: Sample comparison of continuous
Knee Joint Angle outputs between MediaPipe and
Qualisys

FIGURE 18: Sample comparison of continuous Hip
Joint Angle outputs between MediaPipe and
Qualisys
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FIGURE 19: Sample comparison of continuous
Knee Joint Angular Velocity outputs between
MediaPipe and Qualisys

FIGURE 20: Sample comparison of continuous
Knee Joint Angular Velocity outputs between
MediaPipe and Qualisys
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