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Abstract Nurses and caregivers experienced lower
back pain (LBP) as a result of patient handling motions to
assist in wheelchair or bed transfer and repositioning.
Therefore, previous studies provided assistive tools and
devices to reduce lumbar loads while these patients
handling motions. However, these devices and tools could
not be used in several facilities because these facilities
require comfortability, time efficiency, and low cost.
Therefore, from these backgrounds, LBP prevention is
required for any facility and situation without assistive
devices and tools. Low load posture and movement of
patient handling motions should be provided for LBP
prevention without devices and tools. In our previous study,
we explored suitable foot placement to reduce the lumbar
load during turning a patient on a bed because patient
repositioning on a bed is a serious cause of LBP. However,
our previous study indicates that lumbar loads while
turning patients cannot be improved only by foot
placement adjustment. Postural asymmetry is related to
lumbar load and cannot be avoided with only suitable foot
placement. On the other hand, adjustment of both arm
movement and foot placement has a possibility that

reduces lumbar loads due to asymmetry posture. This study
aims to explore a suitable combination of foot placement
and arm movement order while turning patients for LBP
prevention. A total of nine lumbar load combinations
consisting of three foot placements (parallel stance, left
forward, and right forward) and three arm movement
orders (parallel, right first, and left first) were investigated
via surface -electromyography (SEMG) measurement
during patient turning. The results of SEMG showed that a
combination using anteroposterior foot placement (right
forward) and parallel arm movement (both left and right
arm operated at the same time) performed turning patient
with the smallest activity for both left and right erector
spinae muscles. These results indicate that a combination
of anteroposterior foot placement and parallel arm
movement could provide a suitable posture to reduce
lumbar loads during patient turning.

Keywords Turning Patient, Arm Movement, Foot
Placement, Surface Electromyography, Lumbar loads
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1. Introduction

Nurses and caregivers experienced lower back pain
(LBP) as a result of patient handling motions to assist in
wheelchair or bed transfer and repositioning [1-4].
Therefore, previous studies provided assistive tools and
devices to reduce lumbar loads while handling patients [4—
8]. Schibye et al. reported that using a sliding sheet could
reduce compressive forces at L4/ L5 compared with
self-righting motions [5]. Additionally, assistive beds with
automatic turn functions contributed to preventing lumbar
loads during repositioning and turning patients on a bed
[6-8]. Iridiastadi et al. found that a lifting machine could
reduce compressive and shear forces on the vertebra during
patient handling motion for transfer [9]. These findings
suggest that these assistive devices and tools can prevent
LBP due to patient handling motions. However, these
devices and tools could not be used in several facilities
because these facilities require comfortability, time
efficiency, and low cost [10]. Moreover, Robielo et al.
showed that lifting devices caused physical loads to
caregivers when several parameters such as assistive force
and size of sling were unsuitable [11]. Thus, from these
backgrounds, LBP prevention is required for any facility
and situation without assistive devices and tools.

Posture and movement education is considered one
solution for LBP prevention without specific devices.
Body mechanics provides ergonomically suitable posture
and movement during patient handling techniques [12,13].
Ibrahim and Elsaay indicated that a body mechanics-based
education program delivered knowledge about LBP
prevention [12]. Conversely, Karahan et al. reported that
more than 50% of nurses did not use body mechanics for
assistive motion [13].

This reason needs to be considered because body
mechanics-based posture and movement are difficult to
perform as body mechanics often incorporate active
correction, such as the trajectory of the center of gravity
[13]. A simpler and easier strategy is considered necessary
for implementing suitable posture and movement to
prevent LBP due to patient handling. Thus, our previous
studies focused on the adjustment of initial foot placement
in patient handling since initial posture can be adjusted
statically and easily [14-16]. Our previous studies showed
that quantitative adjustment for anteroposterior and lateral
distance between both feet could reduce lumbar loads
during assistive sit-to-stand motion [14,15]. However,
erector spinae muscle loads were not changed for different
foot placements while turning the patient in bed [16]. The
previous study indicates that lumbar loads while turning
patients cannot be improved only by foot placement
adjustment. Lumbar loads of turning patients should be
avoided since this patient handling motion is frequently
performed for repositioning on a bed [17].

We focused on both the lower limb and upper limb for
reducing lumbar loads while turning patients because
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previous study found that only initial foot placement is
insufficient for reducing Ilumbar loads [16]. We
hypothesize that adjusting both lower limbs and upper
limbs can contribute to avoiding asymmetry and posture
twisting related to lumbar loads [18]. The present study
focuses on arm movement order for upper limb
adjustment because arm movement order is an easy and
simple parameter compared with other dynamic
adjustments. Furthermore, this study focuses on initial
foot placement for lower limb adjustment based on our
previous studies [14-16].

This study aims to explore a suitable combination of
initial foot placement and arm movement to reduce
lumbar loads while turning a patient in bed.

2. Materials and Methods

2.1. Participants

Four young males (24.7 £0.8 years, 1.72 +=0.05 m,
67.00 £ 10.79 kg) participated as simulated caregivers.
They had no caregiver or nurse experience. One young
male (25.00 years, 1.69 m, 70.00 kg) participated as a
simulated patient. All participants provided their verbal
informed consent before the experiment.

2.2. Materials

Surface electromyography (SEMG) was used to
evaluate lumbar load muscle activity. Shair et al.
suggested that SEMG can be applied to assess fatigue in
manual handling activities [19]. Nelson et al. evaluated
SEMG as body stress during patient handling motions [20].
Itami et al. used SEMG obtained from erector spinae
muscles for muscle load evaluation whereas caregivers
use assistive motion [21]. These studies indicate that
SEMG can be used for the assessment of muscle loads
while turning patients.

The erector spinae muscle was selected to evaluate
lumbar muscle loads. Callaghan et al. found that erector
spinae muscle activity is caused by lumbar loads due to
trunk movement [22]. Previous studies evaluated erector
spinae muscle activity as lumbar loads during assistive
motion [21]. Thus, SEMG of erector spinae muscle was
used for the evaluation of lumbar loads in this study.

The sEMG was measured using a data logger (Logical
Product Co., Fukuoka, Japan), EMG sensor (Logical
Product Co., Fukuoka, Japan), and electrodes (Ambu,
Ballerup, Denmark). Figure 1 shows electrode placement
for SEMG of erector spinae muscle. The placement was
determined by a previous study by McGill [23]. The
sampling frequency of SEMG was 1 kHz.

A bed (width, 0.95 m; length, 2.00 m; height, 0.88 m)
was used for turning a patient. The height and size of this
bed were selected based on previous study
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recommendations [24,25]. Bed height was considered
suitable for lumbar loads during assistive motion beside
the bed [24]. Additionally, bed size was able to cover the
area of patient turning [25].

Figure 1. Electrodes Placement for SEMG on Erector Spinae Muscle
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2.3. Procedure

The simulated caregivers performed patient turning in
bed with different combinations of initial foot placement
and arm movement order. Figure 2 shows patients turning
in bed. Figure 3 shows three initial foot placements
(parallel stance, left forward, and right forward) in patient
turning. Anteroposterior length and mediolateral width
between both feet were set at 25% of body height and
shoulder width [26]. Shoulder width was considered a
suitable width for self-adjusting of foot placement because
shoulder width is used in coaching various human
movements, such as squats [27,28]. Figure 4 shows three
arm movement orders (parallel, right first, and left first) in
patient turning. In “parallel,” the participants were asked
to move both arms at the same time. In “right first” and
“left first,” the participants were asked to move their arms
at different times.

Figure 2. Turning Patient on a Bed
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Table 1 shows nine combinations with these initial foot
placements and arm movement orders. The simulated
caregivers performed patient turning from supine to lateral
position in bed with these nine combinations. Turning
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Furthermore, the iEMG of combination #2 was the largest
in the right erector spinae muscle.

Table 2. Left Erector Spinae Muscle iEMG in Nine Combinations

patient was repeated 10 times for each combination and _ Significant
then a total of 40 trials were performed on all participants Combination 'El\"/l/'G [':/f';"\D/C] Difference
in each combination. The order of combinations was (Mean=5.D.) (p <0.05)
randomized for each caregiver. The SEMG of both left " 227 +12.9 None
and right erector spinae muscles of each simulated
caregiver were measured during each patient turning. #2 25.0+9.98 >4, #1
N #3 31.8 +£17.2 SHA, #7, #8, #9
Table 1. Initial Foot Placement and Arm Movement Order
Combinations #4 17.4 £10.8 <#2,#3
_— Initial Foot Arm Movement #5 20.2 +£8.22 >#1
Combination Pl d
acement Order #6 22.74+9.38 SH#HT
#1 Parallel stance Parallel #7 142 +7.72 <HD, #3, #5, #6
#2 Parallel stance Right first #8 19.7 +10.2 <#3
#3 Parallel stance Left first #9 18.3+11.2 <#3
#4 Left forward Parallel Table 3. Right Erector Spinae Muscle iEMG in Nine Combinations
#5 Left forward Right first .
. Y%MVC Significant
#6 Left forward Left first Combination "il\'\//lleGarE-sS D )] Difference
#7 Right forward Parallel (p<0.05)
#1 315 N
#8 Right forward Right first 33158 one
X - #2 37.7+12.1 SHT, #9
#9 Right forward Left first
#3 33.5%13.0 None
The sEMG valges were normalized via maximal # 30.6 +135 None
voluntary contractions (MVC). The MVC of each
.. . . . ) #5 33.3+11.8 None
participant was measured via Daniels and Worthingham’s
muscle test [29]. Integrated EMG (iIEMG) values were #6 30.8x11.2 None
caICL_JI_ated from rectified SEMG for each_ patient turning. #7 274 +11.8 <#2
Addltlonally, |EMG_vaIues were normalized by the totc_al 8 3014105 None
time for each motion. Processing was performed via
#9 28.3+10.7 <#2

MATLAB R2020b (MathWorks Inc., USA). The iIEMG
values were compared in nine combinations. The
Bonferroni method and Kruskal-Wallis test were used to
statistically test this comparison of IiEMG. These
statistical tests were performed for both left and right
erector spinae muscles. Significant level was set as p <
0.05. These statistical tests were performed using EZR
(Kanda, Japan) [30].

3. Results

Table 2 and Table 3 show erector spinae muscle iIEMG
in nine combinations. The results showed that the IEMG
values of combination #7 were the smallest in both left
and right erector spinae muscles. The IEMG of
combination #7 was significantly smaller than four
combinations (#2, #3, #5, and #6) in the left erector spinae
muscle (p < 0.05). Conversely, the iEMG of combination
#3 was the largest in the left erector spinae muscle and
was significantly larger than four combinations (#4, #7,
#8, and #9) in the left erector spinae muscle (p < 0.05).

4. Discussion

The results showed that combination #7, using
anteroposterior foot placement (right forward) and parallel
arm movement (both left and right arm operated at the
same time) performed turning patient with the smallest
activity for both left and right erector spinae muscles.
These results indicate the possibility that a combination of
anteroposterior foot placement and right and same order
left arm movement contribute to reducing erector spinae
muscle load during patient turning in bed.

Lumbar loads of anteroposterior foot placements (#4,
#5, #6, #7, #8, and #9) were smaller than parallel stance
(#1, #2, and #3). Anteroposterior foot placement during
patient handling motion is recommended by body
mechanics because this foot placement broadens the base
of support [13]. Conversely, anteroposterior foot
placement has a disadvantage in reducing lumbar loads
since this foot placement provides asymmetry and twist
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postures cause lumbar loads [18]. It is considered that
parallel arm movement using combination #7 avoided this
disadvantage because of the asymmetry of anteroposterior
foot placement. Therefore, combination #7 is considered a
suitable combination for preventing LBP during patient
turning in bed.

Initial foot placement can be statically adjusted before
movement initiation. Arm movement of combination #7
can be performed by only adjusting timing. Therefore,
these initial foot placement and arm movements might be
applied for easy and simple implementation for low load
posture during patient handling. Additionally, initial foot
placement and arm movement might be instructed via a
wearable system because these postures can be measured
by wearable sensors for human movements [31-36].
Previous systems for LBP prevention could not provide
how to improve posture because these systems only
assessed trunk bending [32-35]. Previous systems
required additional commands for posture adjustment
from an instructor such as “use legs instead of back” [37].
Initial foot placement instruction and arm movement
related to posture adjustment will contribute to developing
a novel wearable instruction system for LBP prevention
among caregivers and nurses.

This study was limited because only young,
inexperienced males participated. Additionally, the
experiment environment was not in an actual clinic.
Therefore, future studies should evaluate the usefulness of
posture using anteroposterior foot placement and parallel
arm movement for experienced staff in an actual clinic.
These investigations should also be considered for
females as there are patient handling motion differences
between males and females [41]. Moreover, other lumbar
loads, such as vertebral stress [37,38] should be
investigated.

5. Conclusions

In this study, we explored the suitable combination of
initial foot placement and arm movement order during
turning patients for LBP prevention. The results showed
that a combination of anteroposterior foot placement and
parallel arm movement could provide a suitable posture to
reduce lumbar loads during turning patients. In future
studies, combination usefulness will be evaluated among
experienced caregivers and females in an actual clinical
setting. Moreover, effective methods and system
implementation of suitable posture using this combination
will be advanced.
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