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� Current literature related to safe patient handling often
excludes the emergency care areas or lacks consistency
in educational methods. A dearth of knowledge exists
related to emergency nurses, specifically in safe lifting
methods.

� This article contributes to the knowledge in the reduc-
tion of 1 risk factor for low back injury in the emergency
setting.

� Key implications for emergency nurses found in this
article are that with a safer lifting strategy, the force
on the lumbar spine is reduced.

Abstract

Introduction: Musculoskeletal injury prevention for nurses is
aimed at removing the need to manually position patients. In
the ED, this is not always possible or practical. The purpose
of this study is to compare the calculated estimated compres-
sive force on the lumbar spine between recommended lifting
techniques and the SHAPE lifting method during the horizontal
transfer of a patient.
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Methods: Twenty-one student nurses completed the horizon-
tal transfer of a simulated patient while motion was collected us-
ing inertial measurement units. Motion data were analyzed to
calculate an estimated compressive force on the lumbar spine
while completing the movement based on current recommended
lifting methods and while using the SHAPE lifting method.

Results: A significant reduction in estimated peak and
average compressive force at the lumbar spine was found
during both the push and the pull portions (P < .001) of the
horizontal transfer.

Discussion: While the optimal way to limit musculoskeletal
injury among nurses is to eliminate the need for manual
handling of a patient, this is not always possible in the ED. It
is critical that when emergency nurses must reposition a pa-
tient, they perform the movement in the most biomechanically
sound method while using a friction reduction. These findings,
coupled with the previous biomechanical risk factor reduction
related to the SHAPE lifting intervention, gives promise to a
safer lifting strategy for emergency nurses moving forward.
Keywords: Emergency nurse; Musculoskeletal injury; Repetition
strain injury; Biomechanics
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Introduction

Wellness in the workplace can be defined as the ability of
workers to realize their highest potential while addressing
their normal stressors andworking productively.1 A common
theme among emergency nurses is to place the safety and
wellbeing of the patient over the safety and wellbeing of
themself.2 This practice often leads to the bypassing of safety
procedures while providing lifesaving care at the expense of
their own safety. For an emergency nurse to achieve wellness
they must address the physical3-5 and psychological6-9

demands that they will face in the highly unpredictable
emergency environment. Despite decades of research and
millions of dollars invested, nurses remain 1 of the most
injured occupations in the country, with musculoskeletal
injury related to overexertion being a leading cause.10

In 2020, over 10,500 nurses were injured, resulting in
days away fromwork due to overexertion,11,12 with the back
being the most frequently injured part of the body.10 Low
back pain has been reported in as many as 84.7% of nurses
(n ¼ 569) in a recent survey study.13 While little is known
about the current injury rates among emergency nurses spe-
cifically, a prior survey of the members of the Emergency
Nurses Association (ENA) found that 1 in 4 emergency
nurses reported non-violence-related injury in the work-
place.14 Given that the overall injury rate among nurses
has not seen a significant reduction since the publication
of the ENA study, it is assumed that the injury rates among
emergency nurses have remained similar. It is imperative
that a better approach to the preparation of emergency
nurses to handle the rigors of the emergency department
be developed to maintain the workforce while limiting the
distraction of injury and pain,15,16 allowing them to
continue to perform at the high level required.17

Current strategies to minimize musculoskeletal injury
focus on the environment surrounding the nurse and remove
the need to manually handle patients and equipment.18-21

While this is an ideal method for injury prevention in
most industrial settings, it is not always practical or
available in the health care environment, specifically the
emergency department. Lifting devices require a harness to
be placed under the patient to be used. While some
facilities will place these harnesses on all beds in some
critical care units, it is not feasible to have these placed on
all emergency medical services (EMS) stretchers on which
patients arrive. Without a harness being pre-placed under
the patient, the nursing teammust roll the patient onto their
side, place the harness, and then roll them to their other side
to finish placement of the harness. With an average wheel-
base ranging from 22 to 26 inches22 for EMS stretchers,
this movement is not safe to perform on our arriving patients
652 JOURNAL OF EMERGENCY NURSING
due to potential tipping,23 thus leaving no option but to
manually perform the horizontal transfer of the patient
from the EMS stretcher to the hospital bed.

Lavendar et al24 utilized a 47 kg (103 lb) mannequin to
complete several movements performed by firefighter/ para-
medic 2-person teams. The team identified the horizontal
transfer of a patient as being a high-risk movement for
musculoskeletal injury among this population. The force
pressing down on the spine during the movement, or the
spine compressive force identified during the horizontal
transfer, averaged 2147 N on the stretcher side and
3,350 N on the hospital gurney side. While the recommen-
dation is to not allow compressive force to exceed 3.4
kN,25,26 this level is often exceeded during patient move-
ment.27,28 It was also estimated that only 86% of the fire-
fighter/ paramedic population tested in the study had an
adequate amount of back strength to pull the patient from
the stretcher to the hospital gurney.24 The NIOSH lifting
equation estimates the allowable compressive force to be
representative of moving a weight acceptable for 99% of
the male population and 75% of the female population to
be able to handle the weight.27 Given that a large portion
of the patients presenting to the emergency department
weigh more than the 47 kg used in this study,24 it can be
assumed the compressive forces on the lumbar spine would
be greater when transferring heavier patients requiring a
larger expenditure of strength to complete the move.

Current recommendations for the movement of a pa-
tient are to utilize a mechanical lifting device when lifting
or moving a patient.29,30 When this is not possible, the
nurse is recommended to raise the bed to hip height and
lift with their leg muscles rather than those of their backs.29

When performing the horizontal transfer of a patient with
the bed at this height, the use of the leg muscles to perform
the movement is limited due to the pelvis being locked in
place, requiring a majority of the strength necessary to com-
plete this movement to be generated by increasing the veloc-
ity of the trunk or by relying on the muscles of the lower
back and shoulder regions.3 Current evidence identifies an
average strength differential based on biological sex that is
more pronounced in the upper body.31,32 The SHAPE lift-
ing method4 demonstrated an increase in the muscle activa-
tion of the muscles of the legs when completing the
horizontal transfer.3 This increased incorporation of
the more pronounced muscles of the legs, specifically in
the emergency setting where mechanical lifting devices are
not practical, is critical in helping to reduce the risk of
low back injury among emergency nurses.

Prior research has identified the need for safe patient
handling policies, equipment, training, and adequate staff-
ing in the emergency department.14 While contextual
VOLUME 50 � ISSUE 5 September 2024



TABLE 1
Participant demographic data

Participant Age Sex Height Weight

1 21 M 69 180
2 20 M 69 175
3 23 M 71 192
4 21 F 58 110
5 20 F 69 210
6 21 F 66 132
7 21 F 67 130
8 20 F 64 125
9 20 F 66 130
10 20 M 67 150
11 20 M 70 175
12 21 F 68 129
13 21 F 67 128
14 20 F 67 140
15 20 F 66 145
16 20 F 64 137
17 21 M 70 175
18* 22 F 64 125
19* 21 F 69 150
20* 23 M 71 210
21* 22 F 66 130

Note:
* Indicates participation in study 2
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training demonstrates better results than classroom-based
education,33 little is known about the biomechanical effi-
cacy of the current techniques being taught. The purpose
of this study was to compare the current practice recommen-
dations for repositioning a patient29,34,35 to the Safe
Handling and Applied Efficiency (SHAPE) training
model3,4 utilizing an estimation of compressive force in
the lumbar spine equation.36
Methods

Two prior studies examined risk factors for a back injury
during the horizontal transfer of a patient using biomechan-
ical analysis during the movements among a convenience
sample of nursing students3,4 who had completed the initial
patient handling training. Demographic data can be found
in Table 1. Inertial measurement units were attached to
each lifter (17 units from head to foot) to track their motion
September 2024 VOLUME 50 � ISSUE 5
while performing the push and pull portions of the horizon-
tal transfer of a simulated patient. A pre-test/ post-test
(quasi-experimental) method was used in each study with
biomechanical analysis of the movements performed
comparing the recommended lifting technique29,35 to the
SHAPE lifting intervention (Table 2). Data were collected
in the skills practice laboratory within the College of
Nursing and lasted approximately 30-60 minutes. Both
studies were quasi-experimental in nature, with a pre-post
biomechanical analysis of each movement following delivery
of the SHAPE lifting education. IRB approval was obtained
from the University of Alabama IRB for the initial collection
of the research data (18-OR-456-A, and 21-03-4434-A).

Participants in both studies3,4 presented to the skills
practice lab and were fitted with the motion capture system.
Participants were guided on completion of the horizontal
transfer of a simulated patient (34 kg and 75 kg, respec-
tively), both the push and the pull portions, for a total of 3
repetitions utilizing the recommended lifting methods
(Table 2 and Figure 1). Participants then received the
SHAPE lifting intervention training and completed the
movement again while biomechanical data were obtained.
Comparison of the data between lifting techniques was
utilized for this study.

The biomechanical risk factors of lever arm distance,4

trunk velocity, and angle of the lumbar spine3 were the pri-
mary variables of concern in the 2 prior studies; however,
the compressive force experienced at the lumbar spine was
not examined. For this study, a secondary analysis was con-
ducted while applying the revised back compressive force
estimation model.36,37 The following equation was applied
to all participant data with BW being the weight of the
participant (lb), H being the height of the participant
(inches), u the angle of the lumbar spine (degrees), L being
the load of the patient (lb), and HB being the distance from
the lumbar spine to the load (inches):

Fc ¼ :045ðBW ÞðHÞcos uþ LðHBÞ
2

þ 0:8

�
BW
2

þ L
�

The primary outcome of lever arm distance (LAD) was
calculated by creating a virtual marker at the level of L5S1
that tracked with the right hand and is represented as HB
in the equation. The angle of the lumbar spine was collected
during both studies and is applied to this equation. During
previous testing of the formula, the angle of the lumbar spine
was rounded to the nearest 10 degrees.37 For this analysis,
actual values of the angle of the lumbar spine were used. Ac-
curacy of themodel indicates an average error of 9.36 8.2%
with the addition of the height of the participant to account
for the length of the torso in the equation.37
WWW.JENONLINE.ORG 653
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TABLE 2
Movement instructions for textbook method and Safe Handling and Applied Efficiency (SHAPE) method

Movement Textbook29,34,35 SHAPE

Core activation No recommendation Core activation must be utilized throughout each of the
movement patterns. To practice this skill, participants are
instructed to stand up straight with feet shoulder width
apart, shoulders back, and chest pushed forward. Then,
they contract gluteal muscles fully and take a deep breath.
On the exhale of the breath, they contract the abdominal
muscles, and while maintaining contraction of the
abdominal muscles, relax the gluteal muscles.

Horizontal transfer
of patient (push
and pull)

A slide board is recommended for this
movement

Step 1: Position the participant to the side of
the bed that the patient will be moving to
and another nurse on the opposite side.

Step 2: Fan fold the sheet on both sides against
patient

Step 3: Stand with feet spread widely with 1
foot slightly in front of the other and grasp
the draw sheet.

Step 4: On count of 3, pull the patient to the
new desired position.

Onemember of the teamwill be on either side of the patient,
who is on a slide board. The bed will be positioned at the
mid-thigh position of the shortest member of the team
such that each participant can grasp the draw sheet under
the patient with knees slightly bent and spine in a neutral
position. In a coordinated effort, the participant on the
push side of the patient will push through their heel,
extending their arms as they push the patient across the
slide board. The participant receiving the patient will
push through their heels, standing upright, pulling their
elbows back, and squeezing their scapula together.

FIGURE 1

Initial setup for the horizontal transfer based on the SHAPE lifting method with bed at midthigh position of the shortest lifter (top) compared to recommended height of the bed
at hip height (bottom). Participant completing the pull is 4’11”, the push is 5’8”.

654 JOURNAL OF EMERGENCY NURSING VOLUME 50 � ISSUE 5 September 2024
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FIGURE 2

Peak compressive force (N) by movement and time-point. *Note. Gray lines represent trends for individuals while the black line is the linear mixed-effects modeling estimated
average trend across individuals.

Callihan et al/RESEARCH
For data analysis, back compressive force (force) was
first examined for the presence of outliers using boxplots
and normality assumptions using Q-Q plotting and
Shapiro-Wilk testing separately for peak and average force.
No extreme outliers were present, and plotting and non-
significant tests suggested normality assumptions were
reasonable. Linear mixed-effects modeling was performed
to test if the peak and average forces were different post-
test compared to the pre-test. A random intercept for partic-
ipants was specified to account for repeated measures.
Kenward-Roger degrees of freedom were specified for this
modelling,38,39 and least square means were estimated for
movements (push, pull) and time-points along with their
mean differences (md). All analyses were performed using
SPSS v28.0 (IBM Statistics, Aurora, IL) and SAS v9.4
(SAS Institute, Cary, NC). A 2-sided P-value < .05 was
considered statistically significant.
Results

A total of 21 participants participated in the intervention
and pre- and post-data collection time-points with no
missing data. Participants in the 2 studies identified as
September 2024 VOLUME 50 � ISSUE 5
female (67%) with an average age of 20.9 (SD¼ 1.0) years,
with an average height of 67.1 inches (SD ¼ 3.0) and an
average weight of 151.3 pounds (SD ¼ 29.4). All partici-
pants were nursing students who had completed their initial
training in patient movements offered in the fundamentals
course of their bachelor’s level nursing education.

Estimated peak and average compressive force for all
participants can be seen in the Supplementary Table and
visually in Figures 2 and 3 (for peak and average force,
respectively). The mean peak and average compressive force
for the push movement were 2774 N (SD ¼ 226.4) and
2275.5 N (SD ¼ 293.5) when completing the movements
per recommendations and 2377.5 N (SD ¼ 264.5) and
1862.7 N (SD ¼ 242.5) per the SHAPE method. The
average peak and average compressive force for the pull
movement were 2699.8 N (SD ¼ 267.3) and 2117.4 N
(SD ¼ 303.8) for the recommended lifting techniques
and 2365.2 N (SD ¼ 292.4) and 1868.2 N (SD ¼
243.6) when using the SHAPE lifting method.

For peak back compressive force, the difference be-
tween pre- and post-intervention average force did not
significantly depend upon which movement it was (push
vs. pull; Interaction F [1,60]¼ 0.46, P¼ .498). In a subse-
quent main effects-only model, there was not a significant
WWW.JENONLINE.ORG 655
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FIGURE 3

Average compressive force (N) by movement and time-point. *Note. Gray lines represent trends for individuals while the black line is the linear mixed-effects modeling estimated
average trend across individuals.

RESEARCH/Callihan et al
difference in peak force for push versus pull movements
(t ¼ �0.96, P ¼ .342), but there was a significantly lower
estimated peak back compressive force at post-
intervention relative to pre-intervention (post – pre
md ¼ �365.5 N, t ¼ �8.09, P < .001). Similarly, for
average back compressive force, the difference between
pre- and post-intervention average force did not depend
upon the movement (F [1,60] ¼ 3.40, P ¼ .070). Again,
there was not a significant difference in average force for
push versus pull movements (t ¼ �1.69, P ¼ .097), but
there was a significantly lower estimated average back
compressive force at post-intervention relative to
pre-intervention (post – pre md ¼ �331.0 N, t ¼ �7.32,
P < .001).
Discussion

Despite previous efforts aimed at injury prevention, back
injury remains a major concern among the nursing profes-
sion worldwide.2,11,13,18,19 The National Institute of Occu-
pational Safety and Health (NIOSH) established a peak
compressive force on the lumbar spine of 3.4 kN26 in an
656 JOURNAL OF EMERGENCY NURSING
effort to decrease the risk of lower back injury. This limit
of 3.4 kN was established by linking compressive force
data to the incidence rate of lower back injury28, but the
validity of this limit has been questioned25,27 specifically
for workers over the age of 40 years25 and during move-
ments requiring flexion of the spine.25,27 While questions
remain about the exact limit that should be in place for
compressive force on the lumbar spine, it is accepted that
an increased compressive force on the lumbar spine during
flexion, as seen in the horizontal transfer, will result in an
increased risk for injury.40

Our analysis demonstrated an average compressive
force on the stretcher side (push) of 2276 N and the gurney
side (pull) of 2117 N when utilizing the recommended lift-
ing technique to complete the horizontal transfer. This
finding is consistent with the findings of Lavender et al,
with EMS workers demonstrating an average compressive
force of 2147 N on the stretcher side and 3350 N on the
gurney side.24 A significant reduction in estimated force
(1863 N stretcher and 1868 N gurney) was demonstrated
when utilizing the SHAPE lifting technique,3,4 lending
merit to the SHAPE lifting method providing a reduction
of musculoskeletal injury risk during the horizontal transfer
VOLUME 50 � ISSUE 5 September 2024
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of the patient compared to the current recommended
method.

Educational offerings have demonstrated limited suc-
cess in reducing injury rates, but few display an acceptable
quality in their methodology, and large variation in educa-
tional approaches exists.12 Improvement has been noted
in safe lifting techniques secondary to educational offer-
ings,41 but there remains a lack of high-quality studies to
explore the true effects of preventative strategies.42 This
study evaluated the effect of a new lifting intervention on
the compressive force of the lumbar spine in comparison
to current recommended practice.29,35

Although several studies have indicated a minimal
impact of educational interventions on musculoskeletal
injury,20,43-45 the standard of raising the bed to hip height
for patient movement19 may be perpetuating the failure of
this methodology. The use of the SHAPE lifting education
method has demonstrated an improvement in the biome-
chanical risk factors of lever arm distance,4 trunk flexion,
trunk velocity, and improved muscle activation3 during
the horizontal transfer of a patient. The further analysis of
this data has demonstrated that the use of the SHAPE lifting
method provides a decrease in the estimated compressive
force on the lumbar spine when compared to the accepted
teaching practice.
Limitations

There are several limitations in this study. The homogenous
sample size, including all healthy college students, does not
allow for the findings of this study to be generalizable to the
nursing population. The limited weight of the simulated pa-
tient (34 kg and 75 kg) does not consider the patients that
exceed these weights in the emergency department. An
increased weight of the patient would increase the force
experienced at the lumbar spine; however, the comparison
between the recommended lifting method and the SHAPE
lifting method utilized the same weight patient for both
movements. Another limitation of the study is the smaller
sample size. In biomechanical research, a smaller sample
size is not uncommon among biomechanical studies due
to the large volume of data associated with motion capture
(60 frames per second) and EMG (1200 frames per second)
collections. Target power of 0.8 is often achieved with 5 to
40 participants when utilizing 1-dimensional (1D) anal-
ysis.46 Given the sample size of 21 participants and the
use of 3D motion analysis rather than 1D, the given sample
size was adequate to achieve power but does not allow for
September 2024 VOLUME 50 � ISSUE 5
generalizability to all nurses completing the task. Future
research should include a larger sample size of emergency
nurses and examine their perceived pain and fatigue related
to patient handling activities.
Implications for Emergency Nurses

The positioning of the nurse when performing the horizon-
tal transfer of a patient is critical to reduce the compressive
force on the lumbar spine. While the primary preventative
strategy for back injury among nurses is the use of lifting de-
vices and eliminating the need for manual handling of a pa-
tient,20,45 it is not always feasible to use these devices for a
newly presenting patient to the emergency department
from an EMS provider due to the narrow footprint of the
EMS stretcher making it unsafe to place a lifting harness un-
der the patient; thus the use of a slide board can be an effec-
tive addition while transferring the patient to the hospital
gurney. Slide boards have demonstrated a reduction in the
force required to be generated to move a patient to 26%
of a patient’s weight47 and are often readily available in
the emergency department. While upwards of 80% of the
torque placed on the lower back during a patient’s move-
ment while using a slide board is related to body posi-
tioning,47 the body position of the nurse during the
horizontal transfer of the patient is critical in limiting the
risk of lower back injury.

The horizontal transfer of a patient will require 2 people
at minimum, 1 on the stretcher side (push) and 1 on the
gurney side (pull). The bed should be positioned at the
mid-thigh position of the shortest lifter, allowing all mem-
bers assisting with the move to begin in a squat position
with a neutral position of the spine while using the muscles
of their legs to initiate the movement. Activation of the
core48 is critical to provide stability to the lumbar spine dur-
ing the movement. Core activation and the SHAPE lifting
technique are described in Table 2.
Conclusions

Emergency nurses face many physical and mental stressors
in the performance of their everyday job. Through the
proper use of assistive devices to reposition and move pa-
tients, the physical strain on the nurse can be reduced while
transferring a patient from the EMS stretcher to the hospital
gurney. The SHAPE lifting technique makes the adjust-
ment in the bed height to the mid-thigh position rather
WWW.JENONLINE.ORG 657
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than hip height to reduce the estimated compressive force
on the lumbar spine. With safer lifting strategies through
improved biomechanics, we can limit the incidence of
musculoskeletal injuries in our emergency work force.
Author Disclosures

Conflicts of interest: none to report.
Funding for the initial study was provided through the

Central Appalachian Regional Education and Research
Center, a joint project of the University of Kentucky and
Eastern Kentucky University. Funded by CDC/NIOSH
Cooperative Agreement 2T42OH010278-04.

Acknowledgments

Special thanks to Cameron McCoy, Anna Dailey, Kathleen
Diket, Brylan Somers, Dhruv Dinesh, Lauren Aldred, Kait-
lyn Clamp, Alyssa Treglown, Cole Custred, Kathryn
Porteous, and Emily Szukala for assistance in the collection
of the data analyzed in this article.

Supplementary Data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jen.2023.12.009.
REFERENCES
1. CDC.Workplace Health Promotion. Engaging employees in their health

and wellness. Published August 24, 2018. Accessed September 28, 2023.
https://www.cdc.gov/workplacehealthpromotion/initiatives/resource-cen
ter/case-studies/engage-employees-health-wellness.html

2. Osborne ARH, Connell C, Morphet J. Investigating emergency nurses’
beliefs and experiences with patient handling in the emergency depart-
ment. Australas Emerg Care. 2021;24(1):49-54. https://doi.org/10.10
16/j.auec.2020.07.005

3. Callihan M, Somers B, Dinesh D, et al. Proof of concept testing of safe
patient handling intervention using wearable sensor technology. Sensors
(Basel). 2023;23(12):5769. https://doi.org/10.3390/s23125769

4. Callihan ML, Eyer JC, McCoy CJ, et al. Development and feasibility
testing of a contextual patient movement intervention. J Emerg Nurs.
2021;47(1):101-112.e1. https://doi.org/10.1016/j.jen.2020.05.018

5. Callihan ML, Kaylor S. Proning pains: recognizing the red flags of body
mechanics for health care workers involved in prone positioning tech-
niques. J Emerg Nurs. 2021;47(2):211-213. https://doi.org/10.1016/
j.jen.2021.01.001

6. Wolf LA, Delao AM, Perhats C, Clark PR, Edwards C,
Frankenberger WD. Traumatic stress in emergency nurses: does your
work environment feel like a war zone? Int Emerg Nurs.
2020;52:100895. https://doi.org/10.1016/j.ienj.2020.100895
658 JOURNAL OF EMERGENCY NURSING
7. Wolf LA, Perhats C, Delao AM,Martinovich Z. Validation of a grounded
theory of nurse bullying in emergency department settings. Int Emerg
Nurs. 2021;56:100992. https://doi.org/10.1016/j.ienj.2021.100992

8. Callihan ML, Wolf L, Cole H, et al. Determining clinical judgment
among emergency nurses during a complex simulation. J Emerg Nurs.
2023;49(2):222-235. https://doi.org/10.1016/j.jen.2022.11.010

9. Wolf LA, Perhats C, Delao AM, Clark PR, MoonMD. On the threshold
of safety: a qualitative exploration of nurses’ perceptions of factors
involved in safe staffing levels in emergency departments. J Emerg Nurs.
2017;43(2):150-157. https://doi.org/10.1016/j.jen.2016.09.003

10. BLS. Incidence Rates of Nonfatal Occupational Injuries and Illnesses by
Case Type and Ownership, Selected Industries. Accessed March 1, 2023.
https://www.bls.gov/iif/oshcdnew.htm

11. Bureau of Labor Statistics, The Economics Daily. Nonfatal injuries and
illnesses resulting in days off work among nurses up 291 percent in
2020. Accessed May 6, 2023. https://www.bls.gov/opub/ted/2022/
nonfatal-injuries-and-illnesses-resulting-in-days-off-work-among-nurses-
up-291-percent-in-2020.htm

12. Demoulin C, Marty M, Genevay S, Vanderthommen M, Mahieu G,
Henrotin Y. Effectiveness of preventive back educational interventions
for low back pain: a critical review of randomized controlled clinical trials.
Eur Spine J. 2012;21(12):2520-2530. https://doi.org/10.1007/s00586-
012-2445-2

13. Gilchrist A, Pokorná A. Prevalence of musculoskeletal low back pain
among registered nurses: results of an online survey. J Clin Nurs.
2021;30(11-12):1675-1683. https://doi.org/10.1111/jocn.15722

14. Perhats C, Keough V, Fogarty J, et al. Non-violence-related workplace in-
juries among emergency nurses in the United States: implications for
improving safe practice, safe care. J Emerg Nurs. 2012;38(6):541-548.
https://doi.org/10.1016/j.jen.2011.06.005

15. Adams G, Salomons TV. Attending work with chronic pain is associated
with higher levels of psychosocial stress. Can J Pain. 2021;5(1):107-116.
https://doi.org/10.1080/24740527.2021.1889925

16. Rischer KM, González-Roldán AM,Montoya P, Gigl S, Anton F, van der
Meulen M. Distraction from pain: the role of selective attention and pain
catastrophizing. Eur J Pain. 2020;24(10):1880-1891. https://doi.org/
10.1002/ejp.1634

17. Rodziewicz TL, Hipskind JE. Medical error prevention. In: StatPearls.
StatPearls Publishing; 2018.

18. OSHA. Worker safety in your hospital: know the facts. Caring for Our
Caregivers. Accessed August 25, 2023. https://www.osha.gov/dsg/
hospitals/documents/1.1_Data_highlights_508.pdf

19. Gold JE, Punnett L, Gore RJ, ProCare Research Team. Predictors of low
back pain in nursing home workers after implementation of a safe resident
handling programme. Occup Environ Med. 2017;74(6):389-395. https://
doi.org/10.1136/oemed-2016-103930

20. Richardson A, McNoe B, Derrett S, Harcombe H. Interventions to pre-
vent and reduce the impact of musculoskeletal injuries among nurses: a
systematic review. Int J Nurs Stud. 2018;82:58-67. https://doi.org/
10.1016/j.ijnurstu.2018.03.018

21. Richardson A, Gurung G, Derrett S, Harcombe H. Perspectives on
preventing musculoskeletal injuries in nurses: a qualitative study. Nurs
Open. 2019;6(3):915-929. https://doi.org/10.1002/nop2.272
VOLUME 50 � ISSUE 5 September 2024

https://doi.org/10.1016/j.jen.2023.12.009
https://www.cdc.gov/workplacehealthpromotion/initiatives/resource-center/case-studies/engage-employees-health-wellness.html
https://www.cdc.gov/workplacehealthpromotion/initiatives/resource-center/case-studies/engage-employees-health-wellness.html
https://doi.org/10.1016/j.auec.2020.07.005
https://doi.org/10.1016/j.auec.2020.07.005
https://doi.org/10.3390/s23125769
https://doi.org/10.1016/j.jen.2020.05.018
https://doi.org/10.1016/j.jen.2021.01.001
https://doi.org/10.1016/j.jen.2021.01.001
https://doi.org/10.1016/j.ienj.2020.100895
https://doi.org/10.1016/j.ienj.2021.100992
https://doi.org/10.1016/j.jen.2022.11.010
https://doi.org/10.1016/j.jen.2016.09.003
https://www.bls.gov/iif/oshcdnew.htm
https://www.bls.gov/opub/ted/2022/nonfatal-injuries-and-illnesses-resulting-in-days-off-work-among-nurses-up-291-percent-in-2020.htm
https://www.bls.gov/opub/ted/2022/nonfatal-injuries-and-illnesses-resulting-in-days-off-work-among-nurses-up-291-percent-in-2020.htm
https://www.bls.gov/opub/ted/2022/nonfatal-injuries-and-illnesses-resulting-in-days-off-work-among-nurses-up-291-percent-in-2020.htm
https://doi.org/10.1007/s00586-012-2445-2
https://doi.org/10.1007/s00586-012-2445-2
https://doi.org/10.1111/jocn.15722
https://doi.org/10.1016/j.jen.2011.06.005
https://doi.org/10.1080/24740527.2021.1889925
https://doi.org/10.1002/ejp.1634
https://doi.org/10.1002/ejp.1634
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref17
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref17
https://www.osha.gov/dsg/hospitals/documents/1.1_Data_highlights_508.pdf
https://www.osha.gov/dsg/hospitals/documents/1.1_Data_highlights_508.pdf
https://doi.org/10.1136/oemed-2016-103930
https://doi.org/10.1136/oemed-2016-103930
https://doi.org/10.1016/j.ijnurstu.2018.03.018
https://doi.org/10.1016/j.ijnurstu.2018.03.018
https://doi.org/10.1002/nop2.272


Callihan et al/RESEARCH
22. Ferno. Ambulance cots. Accessed November 15, 2023. https://www.
ferno.com/us/product/inx?hl¼en-us

23. Kurosaki H, Yasuda Y, Sakaguchi E, Yamamoto K. Investigation of stra-
tegies to prevent stretcher tripping: a mechanical simulation study. Int J
Paramedicine. 2023;(4):8-14. https://doi.org/10.56068/CKFY9492

24. Lavender SA, Conrad KM, Reichelt PA, Johnson PW,Meyer FT. Biome-
chanical analyses of paramedics simulating frequently performed stren-
uous work tasks. Appl Ergon. 2000;31(2):167-177. https://doi.org/
10.1016/s0003-6870(99)00040-x

25. Jäger M, Luttmann A. Critical survey on the biomechanical criterion in
the NIOSHmethod for the design and evaluation of manual lifting tasks.
Int J Ind Ergon. 1999;23(4):331-337. https://doi.org/10.1016/S0169-
8141(98)00049-3

26. Walters T, Putz-Anderson V, Garg A. Applications manual for the revised
NIOSH lifting equation. NIOSH, U.S. Department of Health and Hu-
man Services, Centers for Disease Control and Prevention, National
Institute for Occupational Safety and Health. Published 2021. Accessed
December 24, 2023. https://stacks.cdc.gov/view/cdc/110725/cdc_
110725_DS1.pdf

27. Arjmand N, Amini M, Shirazi-Adl A, Plamondon A, Parnianpour M.
Revised NIOSH Lifting Equation May generate spine loads exceeding
recommended limits. Int J Ind Ergon. 2015;47:1-8. https://doi.org/
10.1016/j.ergon.2014.09.010

28. Ahmad S, Muzammil M. Revised NIOSH lifting equation: a critical eval-
uation. Int J Occup Saf Ergon. 2023;29(1):358-365. https://doi.org/
10.1080/10803548.2022.2049123

29. American Nurses Association. Safe patient handling and mobility: inter-
professional national standards across the care continuum. Published
2021. Accessed August 25, 2023. https://www.nursingworld.org/
practice-policy/work-environment/health-safety/safe-patient-handling/

30. CDC. Occupationally acquired infections in healthcare settings. Updated
March 14, 2023. Accessed May 23, 2023. https://www.cdc.gov/hai/
prevent/ppe.html

31. Bassett AJ, Ahlmen A, Rosendorf JM, Romeo AA, Erickson BJ,
Bishop ME. The biology of sex and sport. JBJS Rev. 2020;8(3), e0140.
https://doi.org/10.2106/jbjs.rvw.19.00140

32. Nuzzo JL. Narrative review of sex differences in muscle strength, endur-
ance, activation, size, fiber type, and strength training participation rates,
preferences, motivations, injuries, and neuromuscular adaptations. J
Strength Cond Res. 2023;37(2):494-536. https://doi.org/10.1519/
jsc.0000000000004329

33. Resnick ML, Sanchez R. Reducing patient handling injuries through
contextual training. J Emerg Nurs. 2009;35(6):504-508. https://doi.org/
10.1016/j.jen.2008.10.017

34. Potter P, Perry A, Stockert P, Hall A. Fundamentals of Nursing. 8th ed.
Elsevier Mosby; 2013:1358.
September 2024 VOLUME 50 � ISSUE 5
35. CDC. The National Institute for Occupational Safety and Health. Safe
patient handling and mobility (SPHM). Accessed November 14, 2023.
https://www.cdc.gov/niosh/topics/safepatient/default.html

36. Bloswick DS, Villnave T. Ergonomics. In: Harris RE, ed. Patty’s Indus-
trial Hygiene and Toxicology. 5th ed. John Wiley & sons; 2000.

37. Merryweather AS, LoertscherMC, Bloswick DS. A revised back compres-
sive force estimation model for ergonomic evaluation of lifting tasks.
Work. 2009;34(3):263-272. https://doi.org/10.3233/wor-2009-0924

38. Kenward MG, Roger JH. Small sample inference for fixed effects from
restricted maximum likelihood. Biometrics. 1997;53(3):983-997.
https://doi.org/10.2307/2533558

39. KenwardMG, Roger JH. An improved approximation to the precision of
fixed effects from restricted maximum likelihood. Comp Stat Data Anal.
2009;53(7):2583-2595. https://doi.org/10.1016/j.csda.2008.12.013

40. Dolan P, EarleyM,AdamsMA. Bending and compressive stresses acting on
the lumbar spine during lifting activities. J Biomech. 1994;27(10):1237-
1248. https://doi.org/10.1016/0021-9290(94)90277-1

41. Karahan A, Bayraktar N. Effectiveness of an education program to pre-
vent nurses’ low back pain: an interventional study in Turkey.Workplace
Health Saf. 2013;61(2):73-78. https://doi.org/10.1177/216507991306
100205

42. Duffett-Leger L, Beck AJ, Siddons A, Bright KS, Alix Hayden K.What do
we know about interventions to prevent low back injury and pain among
nurses and nursing students? A scoping review. Can J Nurs Res.
2022;54(4):392-439. https://doi.org/10.1177/08445621211047055

43. Vendittelli D, Penprase B, Pittiglio L. Musculoskeletal injury prevention
for new nurses. Workplace Health Saf. 2016;64(12):573-585. https://
doi.org/10.1177/2165079916654928

44. University of Virginia. Back injury prevention. Ergonomics. Published
2023. Accessed August 25, 2023. http://ehs.virginia.edu/Ergonomics-
BIP.html

45. Van Hoof W, O’Sullivan K, O’Keeffe M, Verschueren S, O’Sullivan P,
Dankaerts W. The efficacy of interventions for low back pain in nurses:
a systematic review. Int J Nurs Stud. 2018;77:222-231. https://doi.org/
10.1016/j.ijnurstu.2017.10.015

46. Robinson MA, Vanrenterghem J, Pataky TC. Sample size estimation for
biomechanical waveforms: current practice, recommendations and a com-
parison to discrete power analysis. J Biomech. 2021;122:110451. https://
doi.org/10.1016/j.jbiomech.2021.110451

47. Bacharach DW, Miller K, von Duvillard SP. Saving your back: how do
horizontal patient transfer devices stack up? Nursing. 2016;46(1):59-64.
https://doi.org/10.1097/01.nurse.0000475501.70596.2b

48. Cordoza G, Starrett K. Becoming a Supple Leopard: the Ultimate Guide to
Resolving Pain, Preventing Injury, and Optimizing Athletic Performance.
2nd ed. Victory Belt Publishing, Inc.; 2015.
WWW.JENONLINE.ORG 659

https://www.ferno.com/us/product/inx?hl=en-us
https://www.ferno.com/us/product/inx?hl=en-us
https://www.ferno.com/us/product/inx?hl=en-us
https://doi.org/10.56068/CKFY9492
https://doi.org/10.1016/s0003-6870(99)00040-x
https://doi.org/10.1016/s0003-6870(99)00040-x
https://doi.org/10.1016/S0169-8141(98)00049-3
https://doi.org/10.1016/S0169-8141(98)00049-3
https://stacks.cdc.gov/view/cdc/110725/cdc_110725_DS1.pdf
https://stacks.cdc.gov/view/cdc/110725/cdc_110725_DS1.pdf
https://doi.org/10.1016/j.ergon.2014.09.010
https://doi.org/10.1016/j.ergon.2014.09.010
https://doi.org/10.1080/10803548.2022.2049123
https://doi.org/10.1080/10803548.2022.2049123
https://www.nursingworld.org/practice-policy/work-environment/health-safety/safe-patient-handling/
https://www.nursingworld.org/practice-policy/work-environment/health-safety/safe-patient-handling/
https://www.cdc.gov/hai/prevent/ppe.html
https://www.cdc.gov/hai/prevent/ppe.html
https://doi.org/10.2106/jbjs.rvw.19.00140
https://doi.org/10.1519/jsc.0000000000004329
https://doi.org/10.1519/jsc.0000000000004329
https://doi.org/10.1016/j.jen.2008.10.017
https://doi.org/10.1016/j.jen.2008.10.017
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref34
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref34
https://www.cdc.gov/niosh/topics/safepatient/default.html
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref36
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref36
https://doi.org/10.3233/wor-2009-0924
https://doi.org/10.2307/2533558
https://doi.org/10.1016/j.csda.2008.12.013
https://doi.org/10.1016/0021-9290(94)90277-1
https://doi.org/10.1177/216507991306100205
https://doi.org/10.1177/216507991306100205
https://doi.org/10.1177/08445621211047055
https://doi.org/10.1177/2165079916654928
https://doi.org/10.1177/2165079916654928
http://ehs.virginia.edu/Ergonomics-BIP.html
http://ehs.virginia.edu/Ergonomics-BIP.html
https://doi.org/10.1016/j.ijnurstu.2017.10.015
https://doi.org/10.1016/j.ijnurstu.2017.10.015
https://doi.org/10.1016/j.jbiomech.2021.110451
https://doi.org/10.1016/j.jbiomech.2021.110451
https://doi.org/10.1097/01.nurse.0000475501.70596.2b
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref48
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref48
http://refhub.elsevier.com/S0099-1767(23)00345-8/sref48
http://WWW.JENONLINE.ORG

	Save Your Back: Comparison of the Compressive Force on the Lower Back Based on Differences in the Training Techniques
	Introduction
	Methods
	Results
	Discussion
	Limitations
	Implications for Emergency Nurses
	Conclusions
	Author Disclosures
	Acknowledgments
	Supplementary DataSupplementary data related to this article can be found at https://doi.org/10.1016/j.jen.2023.12.009.
	References


