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Assessment of Muscle Activation of Caregivers Performing
Dependent Transfers With a Novel Robotic-Assisted Transfer

Device Compared With the Hoyer Advance
Eline R. Blaauw, MSc, Mark Greenhalgh, PhD, MPH, Riemer Vegter, PhD, Sarah Bass, PhD, Hailee Kulich, BSc,
Garrett G. Grindle, PhD, Rosemarie Cooper, MPT, ATP, Alicia M. Koontz, PhD, RET, and Rory A. Cooper, PhD

Objective: The purpose of this study was to compare muscle activity
in caregivers while using a novel robotic-assisted transfer device
(Strong Arm) to a clinical standard of care (Hoyer Advance).
Design:A quasi-experimental design was used in which 20 caregivers
(33 ± 15 yrs old) performed transfers with three surfaces (toilet, bench,
and shower chair) with the Strong Arm and Hoyer Advance. Transfer
completion time (seconds), peak percentage surface electromyography
(EMG), and integrated EMG of the bilateral erector spinae, latissimus
dorsi, pectoralis major and anterior deltoid were measured.
Results:Caregivers required less transfer timewhen transferring from
wheelchair to surface using the Hoyer Advance (P = 0.011, f = 0.39).
For the lower back, significantly lower peak percentage EMGs were
found using Strong Arm in 50% and for the integrated EMG in 25%
of the cases, with the remaining cases showing no significant differ-
ences. For the shoulder, significantly lower peak percentage EMG
values were found using Strong Arm in 19% of transfers and lower in-
tegrated EMG was found in 25% of transfers when using the Hoyer
Advance, with the remaining cases showing no significant differences.
Conclusion: Although back muscle activation during Strong Arm
transfers is statistically, but not clinically, lower, additional features
that couple with significantly lower muscle activation make it an alter-
native to the clinical standard for further research and possible clinical
applicability.

Key Words:Moving and Lifting Patients, Back Injuries,
Self-Help Devices, Wheelchairs

(Am J Phys Med Rehabil 2021;100:885–894)

C linical guidelines and previous research suggest imple-
mentation of interventions and techniques to lower care-

giver muscle activation as well as the load placed on the L5/S1
center of mass when lifting and transferring people with
disabilities.1–4 According to the National Institute of Occupa-
tional Safety and Health, a healthcare worker should lift no
more than 35 lb.2 Likewise, the International Observational
Standards recommends lifting no more than 3400 N during a
typical shift and 10 kg repetitively.5 Despite these guidelines,
it is estimated that 63.1% and 37.8% of caregivers develop

worked-related back and shoulder pain, respectively, both re-
ducing quality of life and work performance.6–11 Previous re-
search has shown that 43.4% of caregiver-related pain occurs
because of transfer-related activities, including lifting (27.9%)
or transferring (15.5%) a patient.12 Transfer devices are popular
remedies to reduce risk of caregiver injuries in the workplace.13

For instance, a mechanical lift (the clinical standard of care)
requires manual compression to lift and lower the mobility
device user, who is secured to a sling and a harness, during a
transfer.13,14 Research shows that the use of this technology
significantly lowers muscle activity compared with a manual
transfer. However, it does not completely eliminate overexer-
tion, awkward positioning, space constraints, and transfer dis-
tance that are required to complete an assistive transfer.7,15–17

The use of robotic-assisted transfer devices for caregiver-
assisted transfers is a promising intervention to reduce
healthcare-related strain.18 For example, the Strong Arm (SA)
(Fig. 1), a fully powered system, lifts and transfers mobility de-
vice users via sling with caregiver assistance, who directs
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What Is Known

• Transfer devices are popular remedies to reduce risk of
caregiver injuries in the workplace. Although they re-
duce a significant amount of the muscle activation
compared with a manual transfer, the Hoyer Advance
does not completely eliminate overexertion, awkward
biomechanical positioning, space constraints, and
transfer distance that are required to complete an as-
sistive transfer.

What Is New

• A novel robotic-assisted transfer device was evalu-
ated, and this article builds off previous articles to de-
velop assistive technology to relieve transfer-related
injuries to both caregiver and wheelchair users and
providing a more ergonomically friendly method to
perform transfers.

ORIGINAL RESEARCH ARTICLE
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interaction with a joystick interface.11,19 The joystick interface
of the robotic arm provides 6 degrees of freedom, creating a more
fluid transfer. Previous research confirmed the safety of the arm,
perceived effort, as well as favorability from potential end users.20

Biomechanics outcomes have yet to confirm SA’s ability
to lower transfer-induced muscular demands. The purpose of
this research study was to compare the muscle activation of
caregivers performing dependent transfers using the SA and a
standard mechanical floor lift (Hoyer Advance [HL]21). It was
hypothesized that there would be significantly lower peak and
integrated muscle activity for the lower back (erector spinae
and latissimus dorsi) and shoulder (pectoralis major and anterior
deltoid) muscles when using the SA as compared with HL.

METHODS

Participants
This study was approved by the Veterans Affairs Pittsburgh

Healthcare System Institutional Review Board. Based on data
collected from previous research on the Personal Mobility and
Manipulation Appliance technology,22 an a priori power anal-
ysis conducted on G*Power showed that 20 participants were
needed to confirm significant differences in the muscles of in-
terest for device main effects. Participants were recruited from
the Veterans Affairs Pittsburgh Healthcare System, the Univer-
sity of Pittsburgh School of Health and Rehabilitation Sci-
ences, the University of Pittsburgh Medical Centre for Assistive
Technology, and local research registries from the University
of Pittsburgh Clinical Translational Science Institute, Univer-
sity of PittsburghMedical Centre, and the Human Engineering
Research Laboratories. Caregivers were screened with the fol-
lowing inclusion criteria: (1) minimum age of 18 yrs, (2) more
than 1 yr of experience in providing formal (e.g., paid or pro-
fessional capacity) or informal (e.g., unpaid, family member
or others) transfer assistance, (3) no history of pain or injury
that could be aggravated during the study (participants with a
history of pain were included on a case-by-case basis), and
(4) not pregnant at the time of the study. Participants performed

a 4-hr protocol at the Human Engineering Research Laborato-
ries during one visit. Informed consent was signed before par-
ticipants started the study protocol.

Study Protocol
Demographics

Investigators asked participants to complete a questionnaire
for sociodemographic information, including age, height, weight,
hand dominance, profession, years of transfer experience, and cur-
rent employment setting. More information on the demographics
and completed questionnaires can be found in Greenhalgh et al.23

Electromyography
Muscle activation was collected (sampled at 1500 Hz)

using bipolar surface electrodes of a 16-channel electromyo-
graphy (EMG) system (Noraxon Telemyo 2400 T). Eight elec-
trodes were placed bilaterally on the erector spinae, latissimus
dorsi, sternal portion of the pectoralis major, and anterior del-
toid. Placement of the electrodes was in accordance to the
placement standards of The SENIAM project24,25 for EMG
surface electrodes and was performed by the researcher with
supervision of a clinical coordinator. The maximum voluntary
contraction (MVC) of eachmuscle group was collected bilater-
ally over a period of 5 secs by manually applying an opposing
force on the targeted muscle group to generate resistance. No
verbal encouragement was given. Participants were prone to
collect the erector spinae and latissimus dorsi muscle data,
and supine for the pectoralis major and seated for the anterior
deltoid. Data collection was verified after each trial and re-
peated after a rest period if necessary. The MVC could be seen
as the maximum contraction that muscle could generate and
was used to normalize the EMGdata collected during the transfers.

Protocol
Before testing, participants were instructed on the usabil-

ity of the two transfer devices (SA and HL) and practiced trans-
ferring a mannequin (75 kg)26 to and from one of the transfer
surfaces until they were comfortable with both devices. Once

FIGURE 1. The SA design.
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the participant and the clinical investigator were confident
about each participant’s capability to use both devices to per-
form a transfer, data collection began.

Each participant was asked to transfer the mannequin with
both devices to and from a C500 Permobil power wheelchair
and three different surfaces: (1) toilet (ST) located in a simu-
lated bathroom that was compliant with the Americans with
Disabilities Act standards,23 (2) a clinical rehabilitation bench
(196 � 81 � 46 cm) (MT),27 and (3) shower chair without
backrest (71 � 56 � 48 cm) (TB).28 Both the SA and the HL
used the same initial starting position within the transfer
workspace. SA, which operates with 6 degrees of freedom, was
positioned on the forward corner of the wheelchair closest to
the transfer surface. For safety purposes, only one direction
of movement of SA could be activated at any time, making di-
agonal movements impossible. The wheelchair was driven by
the participant to the transfer service and aligned to his/her
preference. Participants positioned the HL as they preferred
to begin a transfer, owing to the 1 degree of freedom of the
arm. The EMG data from each participant were collected and
split into three phases: lift, transport, and placement. Each
transfer was conducted three times (2 devices � 3 surfaces-
3 trials� 2 directions = 36 transfers). The order of the transfer
surface and the transfer device was randomized to minimize
the effects of fatigue, although 5 mins of rest was allotted after
completing each device + surface transfer and anytime a care-
giver requested a break. After all transfers were completed, re-
corded video footage was used to note down the time to
complete a transfer. The participants were not informed about
the collection of the transfer times, to ensure naturality.

Transfer Phases
Determination of the phases was based on the Patient Lift

Safety Guide provided by the Federal Drug Administration.29

The lift phase was defined as mannequin movement vertically
from the surface (Fig. 2, photo 1). The transport phase was
defined horizontal movement in the air to the desired location
(Fig. 2, photos 2 and 3). The placement phase involved moving
the mannequin vertically to the surface (Fig. 2, photo 4).23 By
defining these phases, comparisons could be made, even when
the transfer techniques are not identical.

Data Analysis
By observing the collected video footage and the above-

mentioned phase definitions, while accounting for variability
by detecting fixed patterns with each device, the frame num-
bers of the beginning and end of each phase were noted manu-
ally. A customized MATLAB (Version R2017a) program was
then used to split the raw EMG data into three phases based
on the frame numbers.

The split raw EMG data files were then analyzed with a
second customized MATLAB code. Data were filtered with a
fourth-order bandpass Butterworth filter, with cutoffs between
10 and 400 Hz, before they were demeaned and rectified. A
low-pass filter (8 Hz) was used to smoothen the data. This
provided the conditioned EMG (cEMG), which was used
to identify the peak percentage EMG (pEMG) and inte-
grated EMG (iEMG). The peak data were normalized by di-
viding the peak cEMG value for each trial by the peak
cEMG value for the MVC times 100 (i.e., peak cEMG
values for each trial were a percentage of each individual’s
peak value for their cEMG during the MVC).30 In other
words, the pEMG was defined as the highest muscle activa-
tion within the trial expressed as a percentage of the MVC
(%MVC). The integrated cEMG (iEMG) values were calcu-
lated for each trial as the area under the cEMG curve over the
total time of each trial.30 The iEMG was calculated as the total
area under the curve over the duration of the trial. After determi-
nation of the pEMG and iEMG of each trial at each transfer sur-
face, the means of both the pEMG and iEMG at each surface
were calculated to increase power.

Postprocessed data were exported to IBM SPSS Statistics
V25, where a three-way repeated-measures analysis of var-
iance was used to determine the main effect of the device.
When an interaction effect was found within the outcomes,
a subanalysis of the Bonferroni corrected pairwise compari-
sons between all interactions was performed. The alpha was
set at P = 0.05 and Cohen f to present effect sizes was set at
f = 0.4 for a large effect. Each transfer that was performed to
the transfer surface and back was analyzed separately. No anal-
ysis was performed on the set-up differences (e.g., sling place-
ment) or transfer techniques between the two devices. Any
missing data were not included in the statistical analysis.

FIGURE 2. A participant performing a transfer with the Hoyer Advance (A) and SA (B) at two different transfer surfaces. 1, lift phase; 2–3, transport
phase; 4, placement phase.
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RESULTS

Participants
Participants (N = 20) were predominantly female (75%)

and right handed (85%). The most represented profession was
that of a personal care attendant (40%), and half of the partici-
pants were working in a home/community-based setting (50%).

Transfer Completion Times
TheHL took significantly less time for each phase (P= 0.011,

f = 0.39) transferring to the surface (Table 1). Specifically, lower
transfer times are seen at MT (P < 0.001, f = 0.61). When transfer-
ring in the opposite direction, less time was necessary when using
the HL at MT (P = 0.015, f = 1.18) and the lift phase
(P < 0.001, f = 0.73).

Lower Back Muscles Peak and Integrated
Percentage EMG
Erector Spinae

An overview of the pEMG and iEMG is provided in Table 2
(lower back muscles) and Tables 3 and 4 (shoulder muscles).
When transferring from the wheelchair to surface, participants
obtained significantly lower erector spinae pEMG values for
SA for both their right (P = 0.003, f = 0.73) and left
(P < 0.001, f = 1.07) sides. In addition, lower iEMGwas found
at the left side (P = 0.015, f = 0.65). The pairwise comparison
was significantly lower using the SA for the left iEMG at the
ST (P = 0.006, f = 1.1) and TB (P = 0.010, f = 0.75), in addition
to the left iEMG during the lift (P < 0.001, f = 1.12) and place-
ment (P = 0.011, f = 0.73) phases. Furthermore, the left pEMG
lift (P < 0.001, f = 1.46), transport (P = 0.05, f = 0.60), and

placement (P = 0.004, f = 0.92) phases were also significantly
lower using the SA.

When transferring from a surface to the wheelchair, SA
showed significantly lower values at the right (P = 0.006,
f = 0.70) and left (P < 0.001, f = 1.07) pEMGs and left iEMG
(P = 0.022, f = 0.69). No significant differences were found be-
tween the surfaces for the right and left pEMGs. The left side
showed lower iEMG values for SA when transferring from
the ST to the wheelchair (P = 0.003, f = 0.63). Lower pEMG
was seen for the left side at the lift (P = 0.001, f = 1.07), trans-
port (P = 0.003, f = 0.91), and placement (P < 0.001, f = 1.05)
phases and the iEMG placement phase (P < 0.001, f = 1.43)
with the use of SA.

Latissimus Dorsi
When using SA, the right latissimus dorsi showed signif-

icantly lower pEMG (P < 0.001, f = 1.13) and iEMG
(P = 0.008, f = 0.75), and for the left pEMG (P = 0.008,
f = 0.95), no differences were found between surfaces. Signif-
icantly lower pEMG was found at the right latissimus dorsi
when using SA during the transport (P < 0.001, f = 0.97) and
placement (P < 0.001, f = 1.29) phases.

When transferring the mannequin in the opposite direc-
tion, from surface to wheelchair, participants obtained signifi-
cantly lower latissimus dorsi values for SA on the right pEMG
(P < 0.001, f = 1.19) and iEMG (P = 0.001, f = 0.96), as well
as left pEMG (P = 0.024, f = 0.97). The SA showed significantly
lower right iEMG values for all three surfaces, ST (P < 0.001,
f = 1.29), MT (P = 0.028, f = 0.78), and TB (P = 0.012,
f = 0.65). Caregivers showed lower iEMG values for the right
side during the transport (P = 0.007, f = 0.80) and placement
(P < 0.001, f = 1.42) phases.

Shoulder Muscles Peak and Integrated
Percentage EMG
Pectoralis Major

When transferring from wheelchair to surface using the
HL, the left pectoralis major muscle activation was lower for
iEMG (P = 0.035, f = 0.73), whereas SA was lower for the
pEMG on the right side (P = 0.030, f = 0.87). The HL showed
significantly lower iEMG values in the left pectoralis major
when transferring from wheelchair to MT (P = 0.008, f = 0.78)
and was also lower during the transport phase (P < 0.01,
f = 1.02). The right pectoralis major showed lower pEMG
values using SA during the lift (P = 0.017, f = 0.71) and trans-
port (P = 0.011, f = 0.75) phases.

When transferring from a surface to thewheelchair, signif-
icantly lower pEMG values were found at the right side
(P = 0.007, f = 1.01) when using SA. No other significant dif-
ferences were found.

Anterior Deltoid
When transferring from the wheelchair to a surface, lower

iEMG values were found for the right anterior deltoid when
using HL (P = 0.016, f = 0.55) and lower iEMG values were
found during the transport phase (P < 0.001, f = 1.12). How-
ever, SA showed lower pEMG values (P = 0.005, f = 1.12).

TABLE 1. Demographics (N = 20)

Sex
Male 5 (25)
Female 15 (75)

Age, years 33 ± 15
Height, cm 163 ± 15
Weight, kg 68 ± 18
Dominant hand

Right 17 (85)
Left 3 (15)

Profession
Personal care attendant (i.e., nurse) 8 (40)
Physical therapist 6 (30)
Occupational therapist 4 (20)
Informal caregiver 2 (10)

Experience, years 9 ± 12
Current employment setting

Home/community based 10 (50)
Inpatient/hospital 3 (15)
Outpatient 4 (20)
Other 2 (10)
Not known 1 (5)

Data are presented as n (%) or mean ± SD.
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When transferring from a surface to the wheelchair, HL
showed significantly lower values for the iEMG on the right
side (P = 0.030, f = 1.06) and left side (P = 0.001, f = 1.03).
No differences were found between the surfaces. The left side
showed lower iEMG when using HL for the transport (P = 0.05,
f = 1.12) and placement (P = 0.050, f = 1.06) phases. The right
side showed lower iEMG values when using the HL for the lift
(P = 0.001, f = 1.40) and transport (P < 0.001, f = 1.02) phases,
whereas the placement (P = 0.015, f = 1.42) phase showed
lower values using SA.

DISCUSSION

Overview
The purpose of this study was to compare lower back and

shoulder muscle activation during caregiver-assisted transfers
using a robotic-assisted transfer device and mechanical lift.
When looking at the lower back muscles, significantly lower
pEMG values were found in 50% of the cases for the SA vs.
the HL, and in the other cases, no significant difference was
found. Significantly lower iEMG values were found in 25%
of the cases in favor of SA vs.HL; therewere no significant dif-
ferences in the other cases. Lower iEMG was seen with SA
when performing transfers to the toilet. Therefore, the first hy-
pothesis is accepted, that the lower back muscles show lower
muscle activity during a SA transfer when compared with
those performed with the HL.

When examining the shoulder muscles, significantly lower
pEMG values were found in 18% of trials in favor of SA vs. 0%
in favor of HL. Significantly lower iEMG was found in 0%
using SA vs. 25% when using HL. No differences were found
within the three surfaces. When adjusted for phase, lower mus-
cle activation was required for the HL transfers in the transport
phase in 25% of cases, compared with 7% for the SA. However,
SA required lower activity in 13% of the cases in the placement
phase. Therefore, the second hypothesis is rejected, that shoul-
der muscles would show lower muscle activity over the entire

transfer when using HL as compared with lower peak activity
with the use SA.

Despite the statistical significance between the two de-
vices, there is not enough evidence to show a clinically mean-
ingful difference in EMG values between the two transfer
devices. For instance, although pEMG and iEMG values were
smaller, in addition to large effect sizes, in the erector spinae
and latissimus dorsi using the SA, those values alone are not
enough to ensure a clinically significant reduction in muscular
demand of SA as compared with HL for reducing the risk of
musculoskeletal injury in caregivers performing assisted trans-
fers. In addition, a main effect difference of 2 secs was found
for transfer times; however, that is not enough to prove a clin-
ical significance. Nevertheless, the implementation of robots
does improve the efficiency and reduces self-perceived de-
mand required to complete a transfer. These facets, combined
with the statistically lower EMG values, reveal interesting im-
plications of the SA’s clinical capabilities.

Statistical Interpretation
Lower muscle activation at the placement phases implied

that the SA required lower muscle activation in the erector
spinae and latissimus dorsi. This is potentially because of the
automated components of the SA in contrast to the manual
components of the HL, which uses more space to complete a
safe and effective transfer. The automated controls, coupled
with reduced back muscle activation, potentially reduced push
and pull effort on the caregiver, in addition to the spatial con-
straints that caregivers typically experience in a real-world en-
vironment.7 This may explain the appeal of the SA at the toilet
as reported by the participants.23

The results of this article, accompanied by those reported
by Greenhalgh et al.,23 which assessed task demand from care-
givers, indicate lower strain when using the SAversus the HL.
The lower muscle activation in the back reported in this article
supports Greenhalgh et al.’s findings: that caregivers reported
significantly lower physical demand with SA compared with
the mechanical floor lift.23 This indicates a potential correlation

TABLE 2. Transfer completion times by phase in seconds

Wheelchair-Surface Transfer (n = 20) Surface-Wheelchair Transfer (n = 20)

L T P L T P

Accessible toilet (ST) HL 14.5 ± 5.2 24.5 ± 7.8 13.3 ± 5.0 12.9 ± 3.0 25.0 ± 7.8 10.8 ± 3.9
SA 15.3 ± 4.3 21.0 ± 5.9 13.4 ± 2.5 15.7 ± 4.6 22.9 ± 5.9 11.3 ± 5.9

Rehab bench (MT) HL 11.6 ± 3.7 17.1 ± 4.9 10.0 ± 3.1 11.1 ± 2.7 19.3 ± 7.0 10.0 ± 2.8
SA 14.1 ± 3.7 20.9 ± 4.6 14.0 ± 8.2 15.5 ± 7.7 19.7 ± 4.9 10.9 ± 4.3

Tub chair (TB) HL 11.9 ± 3.8 19.6 ± 6.9 9.7 ± 3.7 10.0 ± 2.7 20.0 ± 7.5 9.6 ± 3.3
SA 15.4 ± 5.6 20.6 ± 6.4 13.0 ± 5.7 14.2 ± 3.7 17.3 ± 3.8 11.3 ± 5.3

Pairwise comparison (*) and P SA > HLa

HL*MTb

HL*TBc

HL*MTa

HL*Lb

Data are presented as mean ± SD.

L indicates lift; T, transport; P, placement.
aP < 0.05.
bP < 0.001.
cP < 0.01.
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between self-reported physical demand and muscle activation
in both formal and informal caregivers. The mannequin was
lifted using a joystick instead of a lever, requiring less repeti-
tive movements and thus potentially reducing the chance of
overexertion in the lower back and shoulder. This indirectly
provides evidence that SA has the potential to reduce risks
for low back and shoulder pain in caregivers. With lower
self-reported transfer demands and required muscle activity,
caregivers should be less likely to report work-related pain
and fatigue, potentially improving the quality of care delivery.

Whereas muscle activation was lower in the lower back
muscles when using SA, the integrated muscle activity was lower
in the shoulder muscles, particularly during HL transfers. An
explanation is that the shoulder handling needed for SA’s joy-
stick required more static positioning of the shoulders and
chest while pushing and pulling the HL. To control the joy-
stick, extension of the shoulder was needed throughout much
of the trial, owing to the placement of the joystick around
shoulder-height.

Clinical Interpretation
The results of this study indicate that transfers using the

robotic-assisted transfer device were as effective, and some cases
better, than those performed using the clinical standard.19,23,31,32

Between International Observational Standards/National Insti-
tute of Occupational Safety and Health standards and results
of previous literature, the HL mechanical floor lift is intended
to reduce the load that a caregiver experiences during patient
handling andmoving tasks.2,3,5 The SA design, coupled with re-
duced muscle activation in the back, indicated reduced load re-
quired by the caregiver to assist with transfers.32 For instance,
the SA joystick used in this study required no more than 3 N
of operating forcewhen performing transfers.19,32 Data on trans-
fers using an automated ceiling lift showed higher forces than
those required to operate the SA.3 A conventional floor lift, sim-
ilar to the HL, has been shown to require 86 N of initial forward
force to push and pull a care recipient to a target destination on a
vinyl covered concrete floor.33,34 Because of the lower operating
force required for SA, compared with a floor lift, lower back
muscles may not fire with the same intensity as they would dur-
ing an HL transfer. This was confirmed with this study’s muscle
activation data. In addition, erector spinae pEMG in caregivers
using the SAwere similar to erector spinae pEMG in caregivers
using the automated ceiling lift, which represented lower activa-
tion than the floor lift and manual lifting in previous literature.3

Unlike a ceiling lift, however, the SA has the potential for use
outside of a clinical or fixed environment.3,33 Based on the de-
mographics of caregivers represented in this study, many partic-
ipants wereworking in a home/community-based setting (50%),
settings that require caregivers working in confined and chal-
lenging areas within the home, as well as inaccessible commu-
nity settings, in which a traditional Hoyer lift is not an option
and/or very difficult and awkward to use, thereby exposing care-
givers and end users to risk of injuries. By implementing a
powered system on a portable device (i.e., the wheelchair), care-
givers have a mechanism to transfer a person in small confined
areas within the home, as well as have use the system when out
in the community, which would provide full access to all
wheelchair-accessible bathrooms, which are typically notR
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accessible to end users who rely on transfer devices, and these
public facilities are not equipped with mechanical transfer as-
sist options. An important quality of life benefit of portable
powered transfer devices would allow end users to expand their
daily activities beyond their homes and extend time and activ-
ities out in the community, knowing that their need for safe
transfers and also the need for a safe transfer option for their
caregivers are met, as the results of this study show that use
of the SA reduces the load placed on the muscles in the back
while in unique nonclinical environments.3,19,23,31–34

Peak %MVC showed percentages greater than 100% in
some cases, which can be interpreted in two ways. One inter-
pretation is that transfers with the HL required more muscle
activity than with the MVC collection, because all percentages
greater than 100 are seen when the HL was used. Another in-
terpretation is that the MVC was not a true reflection of the
maximal muscle activation required to complete a safe transfer.
It is likely that participants may have exerted more effort dur-
ing the transfer tasks with the HL than during the MVC task.
People do not typically maximally activate muscles during ev-
eryday life. It is important to note that there were cases with the
HL where participants were exerting greater than MVC effort
and it is relevant that effort is substantially decreased between
devices. However, these circumstances would not influence the
overall outcomes because the comparisons were performed as
within-subject comparisons. Comparable methods have been
used in previous studies.3,15,35,36

Limitations and Further Directions
This study used snowball recruiting for participants, re-

ducing generalizability. Lack of homogeneity created potential
bias in the results. These differences potentially had an impact
on the transfer technique aswell as familiarity with the technol-
ogies. It also potentially explains notably lower variations in
EMG values when the SA is used. This was seen throughout
all muscles and especially within the pEMG. For instance, at
the right erector spinae, the HL showed pEMG standard devi-
ations between 23% and 114%, whereas SA showed pEMG
standard deviations between 12% and 23%. Formal caregivers
possibly have more experience using the HL compared with
the informal caregivers, possibly creating variability in outcomes,
whereas all participants were new to the use of the SA. However,
another explanation can be the consistency in the use of the
SA, lowering the risk of unexpected suddenmovements, making
the device safer in use. The SA experienced several mechanical
and software malfunctions that required some participants
(n = 3) to return to the laboratory to complete the protocol.

A future ergonomic and biomechanical analysis incorpo-
rating mobility device users would be beneficial to further
assess the SA as an intervention for transfer-related strain
and fatigue.

CONCLUSION
Assessment of muscle activation during transfers using

the robotic-assisted transfer device compared with the clinical
standard of care showed reduced peak and integrated lower
back muscle activation during transfers from a wheelchair to
common transfer surfaces and vice versa.R
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