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Abstract: An isolated police officer executing an arrest can be placed in a dangerous situation
should the subject become non-compliant. Further research is needed to ascertain the position
that a subject can be placed in that takes the longest time to rise from the ground. Twenty-four
college-aged participants (15 men, 9 women) were recruited for this study. Four prone positions
were examined in one session: hands hidden under the chest (PHC); arms perpendicular to the
torso and palms of the hand facing up (PPU); arms perpendicular to the torso, palms of the hand
facing up, with ankles crossed on the ground (PPUAC); and arms perpendicular to the torso,
palms of the hand facing up, with ankles crossed but elevated toward the lower back (PACKB). The
order of these positions was randomized amongst participants. Participants were instructed to rise
to an athletic position from each position as quickly as possible, with the movements recorded by
a video camera. Times were calculated via a frame-by-frame analysis using motion analysis soft-
ware from movement initiation until participants were standing. A 2 (sex) x 4 (position) repeated
measures ANOVA with Bonferroni post hoc calculated between-position differences. There was a
significant ANOVA for position (p = 0.003) but not sex (p = 0.415). The PACKB position was sig-
nificantly slower than the PHC and PPUAC positions (p < 0.045) and had the slowest movement
time to stand (~2.019 s). As reaction time could influence an officer’s safety, the PACKB position
required the most time for a subject to stand and potentially engage an officer.
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INTRODUCTION

A police officer is required to complete many essential job tasks. Some of these tasks in-
clude patrolling assigned areas to ensure civilians are adhering to the law, investigating
crimes or accidents, and effecting arrests (Decker et al., 2022; Decker et al., 2016; McKin-
non et al., 2011). One of the more dangerous activities required of officers is effecting an
arrest of a subject. Depending on the actions of the subject, the health and safety of the
officer, subject, and the general population can be put at risk. According to data released
from the Federal Bureau of Investigation (FBI) from 2021, 43,649 police officers were as-
saulted while performing their duties (Law Enforcement Bulleton, 2023). The number of
assaults was an 11.2% increase from 2020 (Law Enforcement Bulleton, 2023). Moreover,
the estimated number of police officers who sustained at least one injury from an assault
increased by 18.3% from 2020 to 2021 (Law Enforcement Bulleton, 2023). In an Australi-
an state police force, arresting an offender was the leading cause of injury (31.2%) for gen-
eral duties police at a rate three times higher than the next most frequent cause of injury
(Orr et al., 2023). These data would suggest that further research is needed to support ar-
rest techniques in situations that could place the officer in danger, while still maintaining
safety of the subject and general population.

As part of their academy training (Lockie et al., 2020a), in addition to specific educational
courses (e.g., patrol school following a period working in custody) (Baran et al., 2018;
Lockie et al., 2019; Lockie et al., 2020b), police personnel will learn defensive tactics and
arrest techniques. Generally following a directed and specific curriculum when learning
arrest techniques, there are some important factors that must be considered by the officer
when effecting an arrest (Peace Officer Standards and Training, 2022). Some of these fac-
tors include, but are not limited to:

e Maintenance of a proper distance from themselves to the subject, being aware of
the subject from head to foot and of any body movement which may indicate any
offensive movement;

e Being aware of the location of the subject’s hands;

e DPotential escape routes for the subject;

e Positioning and balance, and ensuring the gun side is away from the subject;

e General control and influence the officer has over the subject, and physical control
they may need to exert; and,

e Protection of areas of the body that require maximum protection during an attack
(e.g., face/head, neck/throat, heart, spine, kidneys, groin, joints).

Single officer patrols are common around the world (Anderson & Dossetor, 2012), al-
though an isolated officer interacting with a subject could invite a situation of increased
risk. Before any physical interactions with a subject, the officer should establish their pres-
ence and communicate clearly with the subject (Berrien County Sherift’s Department,
2003; Peace Officer Standards and Training, 2022). To ensure greater safety, the officer
should be in a position of advantage relative to the subject (Berrien County Sherift’s De-
partment, 2003). An example position of disadvantage for a subject is if they are prone
with their feet spread wide, toes out and arms out to the side with his palms up (Berrien
County Sheriff’s Department, 2003). This is because it should be more difficult for the
subject to create any offensive movement from this position before the officer can react.
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Nonetheless, further research is needed on disadvantageous positions given they can in-
fluence the time an officer has to react should the subject become non-compliant. As a
starting point for this type of analysis, documenting the time required to rise from the
ground from different positions into a position where the subject could react (i.e., flee or
physically engage the officer) is needed. These data would provide support for the use of
certain positions that would provide the greatest advantage to the officer.

Therefore, the purpose of this study was to determine differences in the time to rise from the
ground from four prone positions into a standing athletic position (being a position which
would theoretically prepare the individual to physically engage with, or run from, the of-
ficer) (Lockie et al., 2014). The four positions were: prone position with hands hidden under
the chest (PHC); prone position with arms perpendicular to the torso and palms of the hand
facing up (PPU); prone position with arms perpendicular to the torso, palms of the hand
facing up, with ankles crossed on the ground (PPUAC); and prone position with arms per-
pendicular to the torso, palms of the hand facing up, with ankles crossed but elevated toward
the lower back (PACKB). It was hypothesized that the PACKB position would result in a sig-
nificantly slower movement time into the athletic position compared to all other positions.

METHODS

EXPERIMENTAL APPROACH TO THE PROBLEM

This cross-sectional study involved ascertaining the differences in the time to rise from
the ground from four prone positions (PHC, PPU, PPUAC, and PACKB) into a standing
athletic position. Male and female civilian participants completed the movements, and
time was measured via a video camera and associated software. A 2 (sex) x 4 (position)
repeated measures analysis of variance (ANOVA), with Bonferroni post hoc for multiple
comparisons, calculated the between-position time differences.

PARTICIPANTS

Twenty-four college-aged civilian participants were recruited for this study; nine partici-
pants were women (age = 23.11 + 2.20 years; height = 164.4 + 4.4 cm; body mass = 63.60
+ 8.70 kg) and 15 were men (age = 26.33 + 6.43 years; height = 175.4 + 7.5 cm; body mass
= 79.90 + 13.32 kg). Participants were selected to ensure a wide variety of individuals
from the general population to help determine best practice, and all participants were able
to perform the required movements in the study without any pain or significant risk of
bodily harm. The institutional ethics committee approved the study (IRB-21-546). This
research also conformed to the Declaration of Helsinki recommendations (World Medical
Association, 1997).

MEASUREMENTS AND PROCEDURES

The study involved one testing session. Participants first arrived to the human performance
laboratory where they completed the required paperwork (confirmation that the partic-
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ipant did not have COVID-19 symptoms as defined by the Centers for Disease Control
and Prevention COVID-19 fact sheet, informed consent, physical activity readiness ques-
tionnaire). Following this, height was measured using a stadiometer (Detecto, Webb City,
MO, USA), while body mass was measured via an electronic digital scale (Model HBF-510,
Omron Healthcare, Kyoto, Japan). Participants then walked to the gymnasium where they
completed the four prone-to-standing positions on rubber flooring. A square of tape meas-
uring 1 meter (m) by 1 m was placed to serve as a fixed starting point for all trials.

As shown in Figure 1, the four prone-to-standing positions, chosen to allow an officer to
move away from a subject if a threat were detected (i.e., they are not in physical contact
with the subject), were:
e PHC: Participants laid on the ground face down with their hands underneath their
chest and palms on the floor with their feet turned out (external rotation at the hips);
e PPU: Participants laid on the ground face down with their arms spread and palms
facing up with their feet turned out (external rotation at the hips);
e PPUAC: Participants laid on the ground face down with their arms spread and
palms facing up with their ankles crossed; and
e PACKSB: Participants laid on the ground face down with their arms spread and palms
facing up with their ankles crossed and knees flexed to elevate the ankles.

Figure 1. (A) Prone Position with Hands Hidden under the Chest (PHC); (B) Prone
Position with Arms Perpendicular to the Torso and Palms of the Hand Facing Up (PPU);
(C) Prone Position with Arms Perpendicular to the Torso, Palms of the Hand Facing Up,

with Ankles Crossed on the Ground (PPUAC); and (D) Prone Position with Arms
Perpendicular to the Torso, Palms of the Hand Facing Up, with Ankles Crossed
and Elevated Toward the Lower Back (PACKB)

From each position, participants were instructed to stand as quickly as possible and as-
sume an athletic position (Figure 2). The athletic position involved participants standing
in a quarter squat position with the head and chest up, and hips and knees flexed (Lock-
ie et al., 2014). This position is a universally accepted position whereby the participant
should be ready to move in any direction (i.e., flee from an officer), or move towards and
physically engage with an officer (Frost et al., 2008; Johnson et al., 2010; Lockie et al.,
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2014). Participants had the four positions explained to them, were given a visual demon-
stration, and then were placed in each position so they understood the expectations.

Figure 2. The Athletic Position Participants Were Required to Maintain Once
They Explosively Popped Up from the Ground from Various Prone Positions

Prior to completing the prone-to-standing positions, a black marker with white back-
ground was placed on the greater trochanter of the femur (hip) of the participant, which
was determined via palpation. A video camera (HDR-PJ200, Sony, Tokyo, Japan), with
a frame rate of 30 Hertz, recorded the movements. Similar cameras have been used in
the analysis of human movement with motion analysis software (Nor Adnan et al., 2018;
Shishov et al., 2021). The camera was positioned on a tripod and placed 5.08 m perpen-
dicular to the outer edge of the square. For each participant, a 1-m long vertical scale
was recorded first, followed by the participant standing in the athletic position. The par-
ticipant then completed two trials each of the four prone-to-standing movements (eight
trials total) in a randomized order. They were instructed to assume the athletic position to
complete each trial.

The recordings from the camera were analyzed within motion analysis software (Bina-
ryVideoX, Binary Sports, Slia¢, Slovakia). The 1-m long scale was used to provide the
reference distance within the field of view (Lockie et al., 2012a). Similar software to that
used in this study have been found to be reliable when measuring distance (Puig-Divi et
al., 2019) and time (Balsalobre-Fernandez et al., 2014) in human movement research. The
first recording of the athletic position was used to measure the participant’s hip height
when standing in this position. This hip height was used to confirm that the participant
had finished the movement after they stood up from the prone position and was displayed
through the rest of the footage to provide a reference. For each trial, initiation of move-
ment was visually determined from the video footage (Gruen, 1997; Lockie et al., 2012b).
Once the initial frame of movement was noted, the stopwatch application was used to
measure the time in seconds (s) from the first movement until the participant was station-
ary and within 5% of their hip height as measured during their reference athletic position.
This 5% range was adapted from studies that measured time to stabilization (Ebben et al.,
2010; Flanagan et al., 2008; Lockie et al., 2016), as the participant was expected to be stable
in their standing athletic position. Once the participant was stationary and attained this
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height, they were determined to have completed the movement and time was recorded via
the stopwatch application.

STATISTICAL ANALYSES

Statistical analyses were processed using the Statistics Package for Social Sciences (Version
29; IBM Corporation, New York, USA). Descriptive statistics (mean * standard deviation
[SDJ; 95% confidence intervals [CI]) were derived for time to rise for each prone position.
A 2 (sex) x 4 (position) repeated measures ANOVA, with Bonferroni post hoc for multiple
comparisons, calculated the time differences for the different prone positions (PHC, PPU,
PPUAC, and PACKB). Significance was set as p < 0.05. Sex was considered within the
ANOVA as there are differences in body size (Centers for Disease Control and Prevention,
2017) and muscle mass (Janssen et al., 2000) between men and women which could influ-
ence their time to rise from the different prone positions. However, if the ANOVA output
indicated no significant differences between the sexes, then all data would be combined
for the post hoc analysis. Effect sizes (d) were also calculated for the between-position
comparisons, where the difference between the means was divided by the pooled SD (Co-
hen, 1988). Absolute values were used in this research, with a d less than 0.2 considered a
trivial effect; 0.2 to 0.6 a small effect; 0.6 to 1.2 a moderate effect; 1.2 to 2.0 a large effect;
2.0 to 4.0 a very large effect; and 4.0 and greater an extremely large effect (Hopkins, 2004).

RESULTS

The descriptive data for time to rise from the four prone positions is shown in Table 1.
Between-group comparisons are represented graphically in Figure 3, with effect size data
displayed in Table 2. There was a significant ANOVA for position (F 320 = 0.741, p =
0.003, np? = 0.503) but not sex (F 550 = 0.996, p = 0.415, np? = 0.130). Post hoc analyses
indicated that the PACKB position was significantly slower than the PHC (p < 0.001, d
= 0.903, moderate effect) and PPUAC (p = 0.045, d = 0.529, small effect) positions and
had the slowest time to reach a standing athletic position (~2.019 + 0.263 s). Compared
to each different prone position (PHC, PPU, and PPUAC), the PACKB was 9%, 3%, and
4% slower, respectively. There were no significant differences between the PHC, PPU,
and PPUAC positions, all of which had trivial-to-small effects.

Table 1. Descriptive Data (Mean + SD; 95% CI) for Time to Stand
from the PHC, PPU, PPUAC, and PACKB Positions

Prone Position Mean = SD 95% CI
PHC 1.867 + 0.218 1.775-1.960
PPU 1.964 + 0.303 1.837-2.093

PPUAC 1.956 + 0.246 1.852-2.060
PACKB 2.019 + 0.263 1.908-2.130
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Table 2. Effect Size Data for the Comparisons between Time to Stand
from the PHC, PPU, PPUAC, and PACKB Positions

PPU PPUAC PACKB
PHC 0.431 0.569 0.903*

PPU 0.292

PPUAC

Note: * Effect size associated with a significant between-group difference.

0.047
0.529*
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* Significantly (p < 0.05) different from the PHC position.
§ Significantly (p < 0.05) different from the PPUAC position.

Figure 3. Comparisons between Time to Stand (Mean + SD)
from the PHC, PPU, PPUAC, and PACKB Positions

DISCUSSION

The current study investigated the time to rise and stand in an athletic position from four
different prone positions that could be used when detaining a subject. This research was
conducted to inform police officers of potential positions of advantage for detaining a
subject to ensure their safety (Berrien County Sheriff’s Department, 2003). If a particular
prone position has a reduced movement time from the ground for the subject, and fea-
tures disadvantageous conditions (i.e., the hands of the subject cannot be seen) (Berrien
County Sheriff’s Department, 2003; Peace Officer Standards and Training, 2022), this will
increase the risk for the officer, the detained subject, and the general public. It was hypoth-
esized that the PACKB position would have the slowest movement time, and the results
indicated this was the case. These results, in conjunction with wider police use of force
considerations, could have implications for arrest techniques used by officers in the field.
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Previous research suggests that the average time that it takes an officer to draw their weap-
on from their holster, depending on the holster, was approximately 1.78 s (Blake & Bartel,
2018) to 1.92 s (Campbell et al., 2013). Following a review of literature, Blake and Bartel
(2018) found draw to fire one-round response times to range from about 1.52 s to 2.31 s.
While this is not the only option available to officers when engaged with a subject and does
represent the most extreme option (Blair et al., 2011; Eighth United Nations Congress on
the Prevention of Crime and the Treatment of Offenders, 1990), this does illustrate the
time stress placed on officers should a subject become non-compliant. Participants in this
study were all able to rise from the four prone position variations on the floor to a standing
athletic position in approximately 2 s or less. This demonstrates that the reaction time of
subjects could be relatively fast despite the physical position that they are being held in.
Accordingly, officers need to consider arrest techniques that provide them with the most
time to make appropriate and safe decisions.

This study showed that PACKB position, with the palms of the hand facing up, with an-
kles crossed on the ground and elevated toward the lower back, required the most time
(~2.019 s) for a subject to stand and potentially engage an officer. This position resulted
in a movement time that was 3-9% slower than the other three variations from this re-
search. Further, from a tactical perspective, the subject’s hands could be seen at all times
(unlike the PHC position). Informal discussions with officers suggested that although a
position where the hands cannot be seen is not recommended (Berrien County Sherift’s
Department, 2003; Peace Officer Standards and Training, 2022), there are situations where
the officer may not have a choice (i.e., the subject is non-compliant and time is of the es-
sence for gaining control of the subject). Nonetheless, the current data indicates that the
PACKB position could potentially provide the greatest safety for the officer, public, and
also the subject. The officer would be in a position of advantage (Berrien County Sherift’s
Department, 2003), as the PACKB position requires the most movement (i.e., uncrossing
the ankles extending the lower body, moving the arms and hands underneath the body
to push themselves up) from the subject to get up into a standing athletic position. This
is especially important in situations where an officer needs to detain a subject if they are
patrolling alone or while waiting for backup (Anderson & Dossetor, 2012). The PACKB
may provide an officer room to react and physically detain the subject should they choose
to engage with the officer or run away. Indeed, future research should investigate the time
to physically engage with an officer or to sprint a specific distance away following being
placed in the different prone positions.

There are second order outcomes that come with increased officer control in these situ-
ations. Firstly, as noted, arresting an offender is a leading cause of injuries and instances
of police officers being assaulted are increasing (Orr et al., 2023). Through improve safety
when arresting a subject, officer injuries may be reduced. This reduction in injuries may
bring with it lower rehabilitation costs, compensation costs, loss of work force, working
shifts lost, and shift overtime to replace injured officers (Lentz et al., 2019; Mona et al.,
2019; Orr et al., 2013). Secondly, the safer the officer when effecting an arrest and increase
in time to make a tactical decision may provide the officer with more situational control.
As such, the officer could have more use of force options, and thus hopefully reducing the
requirement to employ their sidearm.

There are some limitations to consider for this study. The participants were all college-aged
and were performing all the movements in a controlled environment. Offenders and sus-
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pects may move differently in the field, and the locations and terrain will also be dif-
ferent from the inside of a gym. Indeed, environment, terrain, and weather conditions
are points of consideration for officers when effecting a search or arrest (Berrien County
Sherift’s Department, 2003; Peace Officer Standards and Training, 2022). Nonetheless,
the researchers attempted to provide as little constraints to the participants as possible to
allow for effective movement. In line with this, video camera and motion capture software
were used to record time. Although similar software has been found to provide reliable
and valid kinematic measurements (Balsalobre-Fernandez et al., 2014; Puig-Divi et al.,
2019), three-dimensional motion capture systems may provide more accurate results. The
study used a convenience sample which was relatively small (N = 24). A larger sample size
may produce different results, although it still would be expected that the PACKB would
result in the slowest movement time. The current data should be interpreted with those
limitations in mind.

CONCLUSIONS

Given the time pressure placed on an officer to react should a subject decide to become
non-compliant, the officer should ensure they use the greatest position of advantage they
can when interacting with a subject. From the four prone positions used in this study, the
PACKB resulted in the slowest movement time. Within the context of the study limita-
tions, officers could use this position to provide themselves with a position of advantage if
they need to search and/or detain a subject. This position required the most movement to
reach a standing athletic position, while also allowing the officer to see the subject’s hands
the whole time. Future studies could investigate the use of different prone positions and
how long it would take a subject to either physical engage an officer, or sprint a specific
distance away from the officer.

ACKNOWLEDGMENT

The authors would like to thank the participants for their contributions to the study. This
research project received no external financial assistance. None of the authors have any
conflict of interest.

REFERENCES

Anderson, J., & Dossetor, K. (2012). First-response police officers working in single person
patrols: A literature review. Retrieved September 27, 2023, from https://www.aic.gov.au/
sites/default/files/2020-05/tbp049.pdf

Balsalobre-Fernandez, C., Tejero-Gonzalez, C. M., del Campo-Vecino, J., & Bavaresco,
N. (2014). The concurrent validity and reliability of a low-cost, high-speed camera-based
method for measuring the flight time of vertical jumps. Journal of Strength and Condition-
ing Research, 28(2), 528-533. https://doi.org/10.1519/JSC.0b013e318299a52e

NBP. Nauka, bezbednost, policija




NBP 2023, Vol. 28, Issue 3, pp. 37-48

Baran, K., Dulla, ], Orr, R., Dawes, J., & Pope, R. (2018). Duty loads carried by the Los
Angeles Sherift’s Department deputies. Journal of Australian Strength and Conditioning,
26(5), 34-38.

Berrien County Sherift’s Department. (2003). Arrest and search techniques study guide.
https://www.berriencounty.org/DocumentCenter/View/1023/Law-Enforcement-Explor-
ing-Arrest-and-Search-Techniques-Study-Guide-2003-PDF

Blair, J. P, Pollock, J., Montague, D., Nichols, T., Curnutt, J., & Burns, D. (2011).
Reasonableness and reaction time. Police Quarterly, 14(4), 323-343. https://doi.
org/10.1177/1098611111423737

Blake, D., & Bartel, L. (2018). Holster and handgun: Does equipment effect response time?.
Law Enforcement Executive Forum, 18(2), 39-47.

Campbell, A., Roelofs, A., Davey, P., & Straker, L. (2013). Response time, pistol fire posi-
tion variability, and pistol draw success rates for hip and thigh holsters. Human Factors,
55(2), 425-434. https://doi.org/10.1177/0018720812453466

Centers for Disease Control and Prevention. (2017). Body Measurements. Retrieved Au-
gust 2,2023, from https://www.cdc.gov/nchs/fastats/body-measurements.htm

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence
Earlbaum Associates.

Decker, A., Hilton, B., Dawes, J., Lockie, R., & Orr, R. M. (2022). Physiological demands
of common occupational tasks among Australian police officers: A descriptive analysis.
Annals of Work Exposures and Health, 66(7), 960-966. https://doi.org/10.1093/annweh/
wxac012

Decker, A., Orr, R. M., Pope, R., & Hinton, B. (2016). Physiological demands of law en-
forcement occupational tasks in Australian police officers. Journal of Australian Strength
and Conditioning, 24(6), 78-79.

Ebben, W. P, Vanderzanden, T., Wurm, B. J., & Petushek, E. ]. (2010). Evaluating plyo-
metric exercises using time to stabilization. Journal of Strength and Conditioning Research,
24(2), 300-306. https://doi.org/10.1519/JSC.0b013e3181cbaadd

Eighth United Nations Congress on the Prevention of Crime and the Treatment of Of-
fenders. (1990). Basic principles on the use of force and firearms by law enforcement officials.
Retrieved September 28, 2023, from https://www.ohchr.org/en/instruments-mechanisms/
instruments/basic-principles-use-force-and-firearms-law-enforcement

Flanagan, E. P., Ebben, W. P, & Jensen, R. L. (2008). Reliability of the reactive strength
index and time to stabilization during depth jumps. Journal of Strength and Conditioning
Research, 22(5), 1677-1682. https://doi.org/10.1519/JSC.0b013e318182034b

Frost, D. M., Cronin, J. B., & Levin, G. (2008). Stepping backward can improve sprint
performance over short distances. Journal of Strength and Conditioning Research, 22(3),
918-922. https://doi.org/10.1519/JSC.0b013e31816a84f5

Gruen, A. (1997). Fundamentals of videogrammetry - A review. Human Movement Sci-
ence, 16(2), 155-187. https://doi.org/https://doi.org/10.1016/S0167-9457(96)00048-6

NBP. Nauka, bezbednost, policija




NBP 2023, Vol. 28, Issue 3, pp. 37-48

Hopkins, W. G. (2004). How to interpret changes in an athletic performance test. Sportsci-
ence, 8, 1-7.

Janssen, I., Heymsfield, S. B., Wang, Z., & Ross, R. (2000). Skeletal muscle mass and distri-
bution in 468 men and women aged 18-88 yr. Journal of Applied Physiology, 89(1), 81-88.

Johnson, T. M., Brown, L. E., Coburn, J. W,, Judelson, D. A., Khamoui, A. V,, Tran, T. T., &
Uribe, B. P. (2010). Effect of four different starting stances on sprint time in collegiate vol-
leyball players. Journal of Strength and Conditioning Research, 24(10), 2641-2646. https://
doi.org/10.1519/JSC.0b013e3181f159a3

Law Enforcement Bulleton. (2023). Law Enforcement Officers Assaulted in 2021. Retrieved
September 27, 2023, from https://leb.tbi.gov/bulletin-highlights/additional-highlights/
crime-data-law-enforcement-officers-assaulted-in-2021#:~:text=According%20t0 %20
statistics%20released %20by,enforcement%20agencies%20employing%20354%2C144%20
officers

Lentz, L., Randall, J. R., Guptill, C. A., Gross, D. P, Senthilselvan, A., & Voaklander, D.
(2019). The association between fitness test scores and musculoskeletal injury in police
officers. International Journal of Environmental Research and Public Health, 16(23), 4667.
https://doi.org/10.3390/ijerph16234667

Lockie, R., Callaghan, S., Jeffriess, M., & Luczo, T. (2016). Dynamic stability as measured
by time to stabilization does not relate to change-of-direction speed. Facta Universitatis,
Series Physical Education and Sport, 14(2), 179-191.

Lockie, R. G., Dawes, J.]., Orr, R. M., & Dulla, J. M. (2020a). Recruit fitness standards from
a large law enforcement agency: Between-class comparisons, percentile rankings, and
implications for physical training. Journal of Strength and Conditioning Research, 34(4),
934-941. https://doi.org/10.1519/jsc.0000000000003534

Lockie, R. G., Murphy, A. ], Schultz, A. B., Knight, T. J., & Janse de Jonge, X. A. K. (2012a).
The effects of different speed training protocols on sprint acceleration kinematics and

muscle strength and power in field sport athletes. Journal of Strength and Conditioning
Research, 26(6), 1539-1500.

Lockie, R. G., Orr, R. M., Moreno, M. R, Dawes, J. ], & Dulla, J. M. (2019). Time spent
working in custody influences Work Sample Test Battery performance of Deputy Sherifts

compared to recruits. International Journal of Environmental Research and Public Health,
16(7), 1108. https://doi.org/10.3390/ijerph16071108

Lockie, R. G., Pope, R. P, Saaroni, O., Dulla, J. M., Dawes, J. ]., & Orr, R. M. (2020b).
Job-specific physical fitness changes measured by the Work Sample Test Battery within
deputy sheriffs between training academy and their first patrol assignment. International
Journal of Exercise Science, 13(4), 1262-1274.

Lockie, R. G., Schultz, A. B., Callaghan, S. ]., & Jeffriess, M. D. (2014). The effects of tradi-
tional and enforced stopping speed and agility training on multidirectional speed and ath-
letic performance. Journal of Strength and Conditioning Research, 28(6), 1538-1551. http://
journals.lww.com/nsca-jscr/Fulltext/publishahead/The_Effects_of Traditional_and_En-
forced_Stopping.97603.aspx

NBP. Nauka, bezbednost, policija




NBP 2023, Vol. 28, Issue 3, pp. 37-48

Lockie, R. G., Vickery, W. M., & Janse de Jonge, X. A. K. (2012b). Kinematics of the typical
beach flags start for young adult sprinters. Journal of Sports Science and Medicine, 11(3),
444-451.

McKinnon, C. D., Callaghan, J. P., & Dickerson, C. R. (2011). Field quantification of phys-
ical exposures of police officers in vehicle operation. International Journal of Occupational
Safety and Ergonomics, 17(1), 61-68. https://doi.org/10.1080/10803548.2011.11076870

Mona, G. G., Chimbari, M. J., & Hongoro, C. (2019). A systematic review on occupational
hazards, injuries and diseases among police officers worldwide: Policy implications for the
South African Police Service. Journal of Occupational Medicine and Toxicology, 14(1), 2.
https://doi.org/10.1186/s12995-018-0221-x

Nor Adnan, N. M., Ab Patar, M. N. A,, Lee, H., Yamamoto, S.-L., Jong-Young, L., & Mahmud,
J. (2018). Biomechanical analysis using Kinovea for sports application. IOP Conference
Series: Materials Science and Engineering, 342, 012097. https://doi.org/10.1088/1757-
899x/342/1/012097

Orr, R, Canetti, E. E. D., Pope, R., Lockie, R. G., Dawes, J. J., & Schram, B. (2023). Charac-
terization of injuries suffered by mounted and non-mounted police officers. International
Journal of Environmental Research and Public Health, 20(2), 1144. https://doi.org/10.3390/
ijjerph20021144

Orr, R. M., Stierli, M., Amabile, M. L., & Wilkes, B. (2013). The impact of a structured
reconditioning program on the physical attributes and attitudes of injured police officers.
Journal of Australian Strength and Conditioning, 21(4), 42-47.

Peace Officer Standards and Training. (2022). Learning domain 33 arrest and control ver-
sion 5.1. Retrieved September 27, 2023, from https://post.ca.gov/portals/0/post_docs/ba-
sic_course_resources/workbooks/LD_33_V-5.1.pdf

Puig-Divi, A., Escalona-Marfil, C., Padullés-Riu, J. M., Busquets, A., Padullés-Chando, X.,
& Marcos-Ruiz, D. (2019). Validity and reliability of the Kinovea program in obtaining an-
gles and distances using coordinates in 4 perspectives. PLoS One, 14(6), €0216448. https://
doi.org/10.1371/journal.pone.0216448

Shishov, N., Elabd, K., Komisar, V., Chong, H., & Robinovitch, S. N. (2021). Accuracy of
Kinovea software in estimating body segment movements during falls captured on stand-
ard video: Effects of fall direction, camera perspective and video calibration technique.
PLoS One, 16(10), €0258923. https://doi.org/10.1371/journal.pone.0258923

World Medical Association. (1997). World Medical Association Declaration of Helsinki.
Recommendations guiding physicians in biomedical research involving human subjects.
Journal of the American Medical Association, 277(11), 925-926.

NBP. Nauka, bezbednost, policija




