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A B S T R A C T   

Transorting patients in beds and stretchers throughout hospitals is a significant manual handling concern for 
transport teams, nurses, and nursing aides. The objective of this study was to evaluate a power-drive intervention 
when pushing beds and stretchers with different weight patients. Twelve participants were part of a laboratory 
simulation where beds and stretchers were pushed down a straight away, around a corner, down a ramp, and up 
a ramp with and without utilization of the power-drive feature. Peak three-dimensional spine loads were esti-
mated during the trials. In all, power-drive reduced the three-dimensional spine loads by 8%–21% as compared 
to the manual pushing of the beds and stretchers. Larger reductions were found for the tasks performed with the 
bed as opposed to the stretcher. The inexperience of the participants may have reduced the benefit of the power- 
drive as they appeared to not use it to the full extent. To minimize the loads being placed on healthcare pro-
viders’ spines and reduce the potential for injury hospitals should implement power-drive technologies on beds 
and stretchers.   

1. Introduction 

Nurses and nursing aides continue to be one of the top professions 
that suffer from musculoskeletal disorders (MSDs), specifically low back 
and shoulder injuries, with costs estimates being in the multi-billions of 
dollars each year (Waehrer et al., 2005; Davis and Kotowski, 2015). 
There are several handling tasks which nurses and nursing aides 
routinely complete in hospitals that have been identified as risky for 
MSDs such as repositioning patients in bed, lateral transfers between 
beds/stretchers, transfers to and from the toilet, and assisting patients 
out of bed (Alexopoulos et al., 2005; Cameron et al., 2008; Pompeii 
et al., 2008, 2009; Waehrer et al., 2005; Yip, 2004). Repositioning of 
patients in bed is the most routine direct patient handling activity, 
occurring about 35 times per 12-h shift (Callison and Nussbaum, 2012; 
Waehrer et al., 2005). 

While handling the patient is a significant part of manual handling in 
the hospital (Wilson et al., 2015), transfer teams, nurses, and nursing 
aides will transfer patients by moving the bed between rooms when 
procedures and tests are required. There are two typical methods of 
transfer: by hospital bed (e.g. keeping patient in one bed so no lateral 
transfer required) and by stretcher (e.g. more mobile but requires lateral 
transfer from bed). When moving the beds or stretchers through the 

hospitals, beds tend to be moved long distances which requires movers 
to use high pushing and pulling forces. Peak hand forces during the 
initial pushing phase have been found to be extremely high (222 N–450 
N) when no power-drive was used (Leban et al., 2019, 2021; Metha 
et al., 2011; Wiggermann, 2017). When the bed is moving, the hand 
forces were lower when moving bed straight, around the corner or 
maneuvering the bed into place (around 110–150 N after initial force) 
(Leban et al., 2019, 2021). 

One way to potentially reduce the physical demands on the nurses 
and other individuals who transport patients may be through the use of 
power-drive assist device technology. The power-drive is controlled 
through strain gauges in the two handles, which the healthcare provider 
pushes or pulls with minimal force to engage a motorized fifth wheel 
under the bed (Wiggermann, 2017). Power-drive has been found to be 
an effective way to reduce the pushing and pulling forces while moving 
beds with patients with a 97% reduction descending down a ramp and 
38% maneuvering into an elevator (Wiggermann, 2017). No difference 
was found between no power-drive and power-drive when pushing the 
bed down a straightaway (Wiggermann, 2017). Daniell and associates 
(2014) provided further evidence that the use of a power assist device 
reduced the muscle activation in the low back, arms, shoulders, and 
upper back (by 10–20%). Similar reductions in muscle activity were 
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found with other power-drive designs (Guo et al., 2017). 
To date, the biomechanical analysis of the impact of power-drive 

during the transporting of beds or stretchers has been limited to hand 
forces and muscle activation patterns. To truly understand the impact, 
spine loading estimates must be employed to get to the actual loading on 
the body. The study objective was to estimate the three-dimensional 
spine loads during the maneuvering of beds and stretchers in a simu-
lated hospital setting. 

2. Methods 

2.1. Overall study design 

The study design was a repeated measures laboratory simulation of 
bed and stretcher transports with different “sized” patients. The trans-
porting tasks attempted to replicate the movement of beds/stretchers in 
a hospital under varying conditions: down a hallway, around a corner in 
the hall, and up and down a ramp. Walls were built out of cardboard 

boxes stacked on each other where they could be positioned around the 
room at a similar distance as measured by the widths of the local uni-
versity hospital. During the simulated tasks, the activity of the trunk 
muscles and instantaneous trunk postures were recorded and then enter 
into a spinal load model. 

2.2. Participants 

There were 12 participants (6 males and 6 females) in the study. All 
participants read and signed a consent form that was approved by the 
University of Cincinnati’s Institutional Review Board (IRB). The subjects 
were recruited into the study based on 6 weight-height classifications: 1) 
tall-average weight, 2) tall-overweight, 3) average height-average 
weight, 4) average height-overweight, 5) short-average weight, and 6) 
short-overweight. The height categories were defined as being below the 
25th percentile, 26th to 75th percentile, and above 76th percentile for 
males and females while overweight was based on the body mass index 
of normal weight having BMI below 25 kg/cm2 and overweight having 

Fig. 1. Participant pushing bed and stretcher under the four transport tasks a) straight, b) around the corner, c) down the ramp, and d) up the ramp.  
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BMI between 25 kg/cm2 and 30 kg/cm2. The average age of the males 
and females were 25.8 years and 28.5 years, respectively. The average 
weight and standing height for males and females were 70.2 kg and 65.2 
kg and 179.6 cm and 146.0 cm, respectively. All participants were 
inexperienced with using the power-drive and manual transporting of 
the beds and stretchers. There were no specific instructions provided to 
engage the power drive or maneuver the beds and stretchers other than 
what the specific tasks was and not to allow the bed or stretcher to hit 
the walls. If they hit the wall, the trial was repeated. 

2.3. Independent variables 

The independent variables consisted of the following: 1) type of bed, 
2) patient size, 3) transport task, and 4) power drive type. Two bed 
types were evaluated including 1) standard med-surg bed (Advanta bed 
with a weight capacity of 227.3 kg) and 2) stretcher (transport stretcher 
bed with a weight capacity of 317.5 kg). There were three patient 
weights tested: empty stretcher (or no patient), 90.9 kg, and 227.3 kg. 
The weight consisted of bags of sand that were stacked at approximately 
the position of a patient in bed/stretcher, thus simulating a natural 
weight distribution on the stretcher. The positioning of the bags was 
consistent across all bed conditions. 

Each of the bed/stretchers was transported by the caregiver under 
the following four transport tasks: 1) pushing a straight distance and 
stopping at specific point, 2) pushing around corner and then stopping at 
specific point, 3) pushing down a ramp of 4.8◦ and stopping at the 
bottom at specific point, and 4) pushing up a ramp of 4.8◦ and stopping 
at the top at specific point (Fig. 1). The straight transport tasks consisted 
of pushing the bed/stretcher for 6.1 m, and stopping prior to a simulated 
wall (e.g. stacked boxes). Each subject was instructed to push the bed/ 
stretcher as fast as possible but so that he/she remained under-control so 
that the “walls” were not hit. The corner transport tasks consisted of 
pushing the bed/stretchers 3.05 m, then maneuvering it around a 
simulated corner wall, and then continuing to push it for another 3.05 m 
where it was stopped just before a simulated wall. The down-ramp 
transport tasks had the subject push and control the stretcher a short 
distance on a flat surface (1.8 m), then down a ramp of 3.05 m (with 
slope of 4.8◦), and then out a door where they stopped short of a wall 
(3.05 m away from ramp). The up-ramp transport tasks had the subject 
push the bed/stretcher a short distance on flat surface (3.05 m from 
ramp) through a door way, then up a ramp of 3.05 m (with slope of 4.8◦), 
and then a short distance (1.8 m) where they stopped short of a wall. For 
both the ramp conditions, the stretcher had to be maneuvered between a 
wall and the side of the ramp as well as around the handle of the door 
and hand rail along the ramp. Anytime that the bed/stretcher came into 
contact with the rail, door, or side of ramp, the trial was re-done. 

The final independent variable is power drive which had two levels: 
1) no power-drive and 2) power-drive. Under the no power drive, the 
participant utilized the standard handles to push the bed/stretcher 
manually. For the power drive conditions, the motorized power system 
(IntelliDrive® Powered Transport Systems) engaged as the handles were 
pushed/pulled, and would move the bed. 

2.4. Dependent variables 

The dependent variables fall into two main groups: 1) spine loading 
and 2) perceived exertion (RPE). The three-dimensional spine loading 
(lateral shear, anterior-posterior shear and compression) were predicted 
for each of the trials by the EMG-assisted model Davis et al. (1998); 
Fathallah et al. (1998); Granata and Marras (1995); Marras and Som-
merich (1991). The prediction utilized an open loop model where an 
estimated muscle gain (based on closed-loop conditions) was applied to 
the muscle activity and trunk kinematics. The loads are predicted at 
L5/S1. The rating of perceived exertion (RPE) was based on the Borg 
scale (Borg, 1982) which has been widely used and validated (Pfeiffer 
et al., 2002). The scale ranges from 6 (minimal effort) to 20 (maximal 

effort). 

2.5. Procedures 

When the subjects arrived at the laboratory, the research team 
explained the study and completed the consent process. The subject was 
then instrumented with the electrodes followed by taking maximum 
exertions to normalize the electromyographic signals. The lumbar mo-
tion monitor (LMM) was placed appropriately on the subjects. A set of 
calibration lifts under “closed loop” conditions were completed to 
calculate the gain for the model. A short practice session was conducted 
to ensure the subjects were able to use the power-drive adequately. 
When the subject was acclimated to the power-drive, the individual 
combinations of transport tasks, patient weight, and power-drive con-
ditions were completed in random order. Immediately following the 
completion of each tasks, the subject rated the perceived exertion level 
by providing the research team a number from 6 to 20, which was 
recorded in an Excel database. Each condition was completed twice. 

2.6. Data and statistical analyses 

Descriptive statistics including means and standard deviations were 
computed for all of the outcome variables. A repeated analyses of 
variance (ANOVA) was completed on each dependent variable to iden-
tify whether there were differences between beds, and interactions with 
other factors such as power-drive, transporting task, and patient weight. 
Post hoc analyses in the form of Tukey standardized Honest difference 
were conducted where significant effects were identified to determine 
the source of the differences between conditions. All significance was 
determined at p = 0.05. 

3. Results 

The use of a power drive to move beds and stretchers significantly 
reduced the three-dimensional loads (Fig. 2). Overall, the power drive 
significantly reduced lateral shear and A-P shear (125 N) while 
compression had a significant interaction effect with power drive and 
bed type (see Fig. 2). There was a decrease when comparing power drive 
and no power drive in lateral shear for the bed of about 200 N (21%) and 
for stretcher of about 45 N (6%). Similar decreases were seen for A-P 
shear and compression with a drop of 120 N (8%) and 125 N (7%) for 
bed and stretcher, and about 700 N (17%) and 270 N (7%) for bed and 
stretcher, respectively. The patient weight had no direct impact on the 
spine loads. 

There was also a significant interaction for power drive and transport 
task for lateral shear and compression (Fig. 3). Shear forces were 
greatest for the no power drive during the corner and compression for 
more complex transport tasks (corner, up ramp, and down ramp). Fig. 3 

Fig. 2. Three-dimensional spine loads as a function of power drive (with and 
without) and bed type (Med-Surg Bed and stretcher). 
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also shows that generally the three-dimensional loads are lowest for the 
straight conditions and highest for the corner transport tasks. The lateral 
shear, A-P shear, and compression were 545 N (81%), 410 N (30%), and 
500 N (15%) greater for corner than straighter transport tasks, respec-
tively. The up-ramp task was found to have similar differences as 
compared to the straight transport tasks. The worst condition was the no 
power drive with the corner task followed by no power drive up the 
ramp (about 1200 N lateral shear, 1870 N A-P shear, and 4100 N 
compression for Corner and about 920 N lateral shear, 1650 N A-P shear, 
and 4000 N compression for up the ramp). 

Perceived exertion levels had a similar trend as the spine loads where 
the highest RPE was for no power-drive for the bed (RPE = 11) and the 
stretcher (RPE = 10), about 1–1.5 points higher than power-drive (see 
Fig. 4). The transport tasks with the largest RPE were up the ramp (RPE 
= 11.7), corner (RPE = 10.6), and down ramp (RPE = 10.6) without 
power-drive (see Fig. 5). The straight (RPE = 9.2) and down the ramp 
(RPE = 9.3) with power drive conditions had the lowest perceived effort. 

4. Discussion 

Power-drive was found to significantly reduce the three-dimension 
loads as compared to manual pushing of the beds and stretchers 
(8–21% for bed and 6%–7% for stretcher). Although not a part of this 
paper, a perplexing, but interesting, result was the lack of difference in 
hand forces between the power-drive and manual transporting of the 
bed and stretcher (peak forces were less than 40 N (8%) lower). This 
would indicate that the hand forces to start the bed/stretcher and 
maintain movement was not impacted as much as expected by the 

power-drive, likely a result of not responding to the feedback from the 
handles that result in continued excessive hand forces (e.g. they over 
push the handles). The participants were inexperienced in the use of 
power-drive to maneuver the beds/stretchers, likely resulting in over- 
pushing of the power-drive handles. Other researchers found signifi-
cantly lower hand forces when moving beds with automated power 
movers as compared to manual (about 2-fold) (Wiggermann, 2017). The 
large differences found by Wiggermann (2017) may have resulted from 
having participants who normally moved beds in hospitals (had 1 year of 
experience transporting beds). The methods to measure hand forces 
were quite different in the current study than previous studies (e.g. 
finger and hand forces sensors vs. force transducer at the handles), 
which make any direct comparisons between studies difficult. This dif-
ference in methodology was the reason for the focus on hand forces 
between power drive and none within the study. There are other po-
tential reasons for the limited difference between the power-drive con-
ditions. The instructions to move the bed/stretchers as fast as they can 
without hitting any walls may have influenced the pushing/pulling 
forces on the handles. Also, all the tasks had relatively short pushing 
durations which may have influenced the peak forces to move the 
beds/stretchers. Finally, the peak values of forces and loads were 
investigated in the current study, which may not be a complete repre-
sentation of difference between power-drive and none for the duration 
of the tasks. The small differences in hand forces from the current study 
appeared to translate in less difference in spinal loads between manual 
and power-drive conditions. 

The trunk movement during these bed and stretcher maneuvers were 
slightly faster for power-drive and participant postures were slightly 
more upright and neutral (1◦ in more upright posture and 2◦/s for ve-
locity in all planes of motion). Additionally, trunk muscle activations 
were reduced by 3%–15% when using the power-drive as compared to 
manually maneuvering of the beds and stretchers. These difference be-
tween posture and muscle activation patterns were shown across all 
conditions for power-drive and none. These reductions in actual muscle 
coactivation were at the same level of found by others (Daniell et al., 
2014; Guo et al., 2017). Thus, there may be a complex relationship 
between hand forces exerted and the translation to the 
three-dimensional spine loads, minimizing the benefit of the 
power-drive observed in this study. More extensive training in the use of 
the power-drive, focusing on exerting minimal hand forces when 
engaging the power-drive mechanism, may provide more significant 
benefit. 

The three-dimensional spine loads were not impacted by patient size, 
at least statistically. The weight of the bed with no patient was signifi-
cant (approximately 227 kg), requiring large forces to start moving and 
continue to maneuver it and the addition of a patient only had marginal 

Fig. 3. Three-dimensional spine loads as a function of power drive (with and 
without) and transport task (straight down hall, around a corner, down ramp, 
and up ramp). 

Fig. 4. Rating of perceived exertion as a function of power drive (with and 
without) and bed type (Med-Surg Bed and stretcher). 

Fig. 5. Rating of perceived exertion as a function of power drive (with and 
without) and transport task (straight down hall, around a corner, down ramp, 
and up ramp). 
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impact on the forces required to move the beds/stretchers. There was a 
difference between the spine loads when moving beds as compared to 
stretchers (about 70 N in lateral shear and 300 N in compression across 
all conditions). The transport task had a major impact on the spine loads 
with the shear forces being greatest during the corner task and 
compression being largest for more complex transport tasks (corner, up 
ramp, and down ramp). Maneuvering the bed/stretcher straight was 
found to biomechanically the easiest in the current study. Wiggermann 
(2017) found hand forces to be lowest for straight maneuvering (but no 
difference between power-drive and no power-drive). Overall, the 
biomechanical loads were greatest for the more complex maneuvering of 
the beds and stretcher. 

The perceptions of the physical exertion also indicated that power- 
drive reduced the efforts significantly. As with the biomechanical 
loads, the perceived exertions were highest for the up-ramp, corner, and 
down-ramp without power-drive. Straight with power-drive was a full 
point lower than all other transport tasks with no power-drive. 

There are several limitations to consider when interpreting the re-
sults. First, there was a small number of participants with very limited 
experience with moving hospital beds and stretchers. Actual nurses who 
are familiar with using power-drive or have had extensive training in its 
use, may have resulted in larger benefits of the power-drive. A more 
robust subject population may also solidify the differences between 
power-drive and manual maneuvering of beds/stretchers. Second, the 
evaluation was conducted through a laboratory simulation. The patient 
was bags of sand set-up to simulate the patient’s body by positioning 
them in an expected pattern on the bed. Walls were simulated by stacks 
of cardboard boxes. In all, the simulation represented typical transports 
conducted in hospitals with expected loads of different sized patients. 
Third, the biomechanical model estimated the loads on the spine. During 
maneuvering of the beds/stretchers, loads under other structure within 
the body (e.g. shoulders) would also be loaded significantly. Pushing 
and pulling is very different from lifting and is just starting to be un-
derstand with respect to the potential injury mechanisms for the low 
back and shoulders. Future research needs to investigate the impact of 
pushing and pulling on the whole body. Fourth, the simulation did not 
include other interactions with other equipment, people, or environ-
ments when investigating the power drive intervention. Finally, only 
one style of power-drive was evaluated in the current assessment. Other 
power-drive designs may provide better feedback that may further 
decrease the loads on the back. 

5. Conclusion 

Power-drive was found to be beneficial in reducing the three- 
dimensional spine loads (8–21% for bed and 6%–7% for stretcher) 
with the more complex maneuvering tasks such as cornering, up-ramp, 
and down-ramp, having greater reductions (9–20%) as compared to 
manual maneuvering. However, these benefits may be larger if in-
dividuals are more experienced or better trained as it appeared that 
participants who were inexperienced over pushed on the handles when 
using power-drive. Participants perceived the exertion levels to be lower 
for the power-drive as compared to the manual maneuvering, likely 
meaning nurses and nursing aides would buy into using them when 
transporting beds and stretchers. 
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