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Assessing the Interplay Between the
Shoulders and Low Back During Manual
Patient Handling Techniques in a Nursing
Setting

Alicia Belbeck
Alan C. Cudlip
Clark R. Dickerson

Department of Kinesiology, University of Waterloo, Waterloo, ON, Canada

The purpose of this research was to quantify shoulder demands during freestyle manual patient handling
(MPH) tasks and determine whether approaches intended to prevent low back injury increased shoulder
demands. Twenty females completed 5 MPH tasks found commonly in hospital settings before and after a
training session using current workplace MPH guidelines. Most normalized muscle activity indices and rat-
ings of perceived exertion decreased following training at both the low back and shoulders, but were more
pronounced at the low back. There was little evidence to suggest that mechanical demands were transferred
[from the low back to the shoulders following the training session. The study generally supports continued use
of the recommended MPH techniques, but indicates that several tasks generate high muscular demands and

should be avoided if possible.

nursing electromyography

shoulder low back ergonomics

1. INTRODUCTION

Although manual material handling is tradition-
ally associated with lifting and moving boxes and
assembly line parts, other work tasks involving
nontraditional load manipulation also are accom-
panied by a high risk of musculoskeletal over-
exertion and injury risk. Specifically, nurses often
must manually interact with patients to transfer or
reposition them. Patients are differentially able to
assist in this activity, while other patients are
resistant to assistance, which presents often un-
expectedly awkward and dangerous exertions [1,
2, 3]. Injury rates amongst nursing personnel are
high. In 2009, in Ontario, Canada, health care and
social services accounted for 13% of total lost
time claims due to injury, second behind manu-
facturing with 15.5% of total claims [4]. In 2009,

in the USA, nurses and nursing aides accounted
for the second highest occupation requiring days
away from work (50620) and 455 injuries per
10000 workers. Nearly half of the injuries in this
group were attributed to overexertion, which is
9 times the national rate for musculoskeletal dis-
orders in the USA and the highest among all pro-
fessions [5].

Although patient handling tasks vary by clini-
cal setting and are related to available assist
devices, the injury risks associated with perform-
ing them manually, especially to the back, have
been studied extensively. Consensus dangerous
nursing tasks include transferring a patient from
bed to chair, lifting a patient from a seated to a
standing position, repositioning a patient on a
hospital bed, and turning a patient toward or
away from the nurse to apply a sling for a
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mechanical lift device [6, 7, 8]. Certain transfers
(e.g., manual lifting and repositioning tasks com-
pleted by one person) consistently exceed
National Institute for Occupational Safety and
Health (NIOSH) spinal compression guidelines
and other recommended shear recommendations
on a patient handler, even doubling the limits in
some cases [1, 9, 10, 11].

In response, many health units have adopted
safe lifting policies, which often include mechan-
ical lifts and specific manual lifting techniques
intended to replace freestyle manual handling
tasks, but the holistic effectiveness of these poli-
cies is equivocal. These alternatives demonstra-
bly reduce the incidence of low back injuries
while concomitantly improving rating of per-
ceived exertion (RPE) scores and decreasing the
number of lost time days [2, 11, 12]. However,
the consequences of adopting these approaches
for other body regions, including the shoulder,
are unknown. Evidence suggests that they may
not attenuate shoulder risk. For example, after
implementing an ergonomics intervention, which
included adding mechanical assistive devices and
additional manual patient handling (MPH) train-
ing, associated task RPE scores decreased less for
the shoulders than the low back [2]. Although the
large muscle groups in both the shoulders and
back are essential for lifting and load movement,
many ergonomics interventions applied in hospi-
tals historically focus on minimizing low back
injuries [13, 14]. Concerns regarding potential
physical demand transfers between joints in MPH
have been often expressed [10, 15, 16].

While the shoulder has emerged as a site of
substantial demand in patient handling, limited
information regarding specific exposures is avail-
able, hampering their targeted mitigation. Some
tasks, e.g., shifting the patient up or down the bed
or turning the patient to one side, are known to be
highly stressful on the shoulder [15]. The purpose
of this research was to quantify shoulder demands
during freestyle MPH tasks, and then determine
whether approaches intended to prevent low back
injury negatively affected shoulder demands
while successfully mitigating low back
exposures.

JOSE 2014, Vol. 20, No. 1

2. METHODS

2.1. Participants

Twenty healthy university-aged females partici-
pated; mean (SD) age 21.6 (1.3) years, height
166.6 (7.9) cm, weight 62.5 (9.4) kg. Exclusion
criteria were any injury or pain in the past year to
the upper extremity or back and previous experi-
ence or training in MPH. Informed consent was
obtained prior to experimental data collection and
the study was approved by the institutional Office
of Research Ethics.

2.2. Procedure

The overall procedure consisted of a defined
sequence (Table 1). These components pro-
gressed through participant preparation (includ-
ing maximal voluntary contractions [MVC] for
future data normalization), participant calibration,
pre-training trials, a training period, post-training
trials, and participant debriefing.

2.2.1. Participant preparation

Before experimental data collection, each partici-
pant was instrumented and calibrated for record-
ing output variables. Each participant was trained
to report her RPE using a continuous modified
Borg’s CR-10 scale [17]. Further, 16 bipolar Ag-
AgCl surface electrodes (Ambu Blue Sensor N,
Malaysia) were placed 2 cm apart bilaterally on
the skin surface, overlying and parallel to the
fibres of the muscle bellies (Table 2). Participants
performed MVC for each muscle (16 muscles
with three repetitions of each; the erector spinae
were tested with one contraction) (see Table 1). A
2-min rest was provided between each set of
MVC collections for each muscle to avoid fatigue
[18, 19] (Table 2).

2.2.2. Experimental trials

Following these preparations, participants per-
formed five defined MPH tasks in two sessions
on the same day, before and after a training ses-
sion (Table 3). The 20-min multimedia and
hands-on training session included a self-paced
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computer presentation of recommended tech-
niques (described graphically and verbally) and
videos of proper lifting strategies for each task.
The training session finished with familiarization
and practice with the techniques, including
manipulating the patient and feedback from the
instructor. The task-specific recommended tech-
niques were extracted from literature sources [11,
20]. Within each session, the five tasks were

block-randomized and performed three times each
consecutively for a total of 30 trials (15 each in
both before and after training sessions), with rest
breaks of up to 5 min allowed between individual
task sets of three.

Task conditions were consistent across partici-
pants. Each task took place on an electrically
adjustable cushioned table (56—88 cm above the
floor) covered in a slider sheet similar to those

TABLE 1. Experimental Stages and Their Associated Activities

Experimental Stage Associated Steps Duration

Participant preparation informed consent obtained EMG electrodes applied ~40 min
MVC exertions performed

Participant calibration initial MPH technique self-selected Borg’s CR-10 ~30 min
scale [17] explained

Pre-training trials 3 repetitions of 5 randomized MPH tasks RPE ~25 min
recorded after each repetition EMG recorded
continuously

Training protocol participants instructed in recommended MPH ~40 min
techniques and allowed to practice these techniques

Post-training trials 3 repetitions of 5 randomized MPH tasks RPE ~25 min
recorded after each repetition EMG recorded
continuously

Participant debriefing electrodes removed ~5 min

total ~2.75h

Notes. EMG = electromyography, MVC = maximal voluntary contractions, MPH = manual patient handling,

RPE = rating of perceived exertion.

TABLE 2. Electrode and Maximal Voluntary Contraction (MVC) Exertions for Each Monitored Muscle

Site [18, 19]

Muscle

Electrode Location

MVC Exertion

Biceps brachii
long axis

Triceps brachii
located medially

above center of muscle, parallel to

on posterior portion of upper arm,

elbow flexion (sitting)

supine, shoulder and elbow flexed to 90°;
elbow extension against resistance
(pushing up to ceiling)

Infraspinatus

Middle deltoid

Middle trapezius

Pectoralis major

Thoracic erector spinae

Lumbar erector spinae

parallel to spine of scapula, ~4 cm
below it, over infrascapular fossa

lateral aspect of the arm, ~3 cm
below the acromion, parallel to
muscle fibres

2 cm vertically above the trigonum
spinae, T6 to T7 spinous process

between the scapular-clavicular joint
and coracoidal process, 2 cm
below clavicle, parallel when
shoulder is abducted to 90°, or
down and out

5 cm lateral to T9 spinous process

3 cm lateral to L3 spinous process

side-lying, elbow bent to 90°, participant
externally rotates

while standing, arm abducted to 90°
(elbow extended, thumb points forward)

prone, abducted to 120° elbow extended
and thumb pointing towards ceiling,
participant pushes up towards ceiling
against resistance

sitting, shoulder flexed to 90°, participant
horizontally adducts and flexes
shoulder (up punch)

prone with torso extended over edge of
table, extended back against resistance

same as thoracic erector spinae

JOSE 2014, Vol. 20, No. 1
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used in hospitals. Table height for the recom-
mended techniques was placed at each partici-
pant’s waist height, except for the Sit-to-Chair
task when the height of the table was moved to
match the height of the seat pan of the chair. A
92-kg male was used as the “patient” throughout
the data collection. The patient was 87th percen-
tile based on anthropometry tables for weight,
and 72nd percentile for stature [21]. The patient
simulated a partial weight bearing patient, and
only supported himself when in a seated or stand-
ing position. The participant always approached
the bed on the left, with the head of the patient to
the left and feet to the right. Specific instructions
from the training session were emphasized during
the task performances following the training ses-
sion. Participants were instructed to stay as close
to the bed as possible in an effort to minimize
moment arms at the shoulder and back, and this
distance from the bed was closely monitored by
the instructor. Participants were also instructed to
verbally count to three in preparation for each

trial, while shifting their body weight between
their feet on each count.

Following each task trial, the participant’s cali-
brated RPE was recorded for the left shoulder,
right shoulder, and low back. Electromyography
(EMG) data was collected continuously during
the experimental trials at 2048 Hz.

2.3. Data Processing

EMG and RPE data were reduced through fur-
ther processing. Raw EMG was high pass fil-
tered at 30 Hz to remove heart rate contamina-
tion, full wave rectified, and digitally filtered
with a 3-Hz low pass second order Butterworth
filter [22]. Trial EMG was normalized for each
muscle with the maximal values obtained from
the performed MVC trials (described in section
2.2.1), to yield a percentage of maximal activity.
Mean muscle activity and maximal (peak) mus-
cle activity for each muscle and each trial were
calculated. Cumulative EMG was calculated

TABLE 3. Recommended Manual Patient Handling Techniques Taught in Training Session, Stratified

by Task
Task Patient Position Participant (Nurse) Position
Lie-to-Sit lying supine, arms crossed Standing with neutral spine, bent knees and feet shoulder-
over chest, left leg crossed width apart, place left hand under neck of patient and right
over right hand on his top knee. While shifting body weight from right
leg to left leg, pivot and rotate body while pulling on knee
and lifting up under patient’s upper thorax.
Reposition lying supine, chin tucked, arms Take sliding sheet in both hands, feet spread shoulder-

(assisted task)  crossed over chest

Sit-to-Chair seated upright with feet
touching the floor, hands
around participant’s waist

Turn Away lying supine, arms at the side

Turn Toward lying supine, arms at the side

width apart with bent knees and neutral spine. Shift
weight from right foot to left foot and shift patient
towards head of bed using sliding sheet.

Place folded sliding sheet firmly around patient’s low back,

put patient’s right knee between bent knees and
staggered feet. Keep spine neutral, lean forward and
squeeze patient’s knee. Shift weight from front foot to
back foot, lifting using sheet while straightening legs and
pivoting feet. Slowly lower in squat position into chair
beside bed.

Cross patient’s left arm over trunk and place right knee in

flexed position. Stand in walking position with slightly
bent knees with left foot in front. Place right hand on
patient’s bent knee and left hand under patient’s right
shoulder. Shift weight from back leg to front leg, keeping
neutral spine, and turn the patient away to face the
opposite side of the bed.

Cross patient’s right arm over trunk and place left knee in

flexed position. Stand in walking position with slightly bent
knees with right foot in front. Place right hand on patient’s
bent knee and left hand on patient’s left shoulder. Shift
weight from front leg to back leg, keeping neutral spine,
and turn patient towards to face closest side of the bed.

Notes. Each transfer was completed with the participant standing to the right of the supine “patient”, with the

participant’s left foot closest to the head of the bed.
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from the normalized data using a trapezoidal
integration method multiplied by the sampling
period to yield %MVC x second. The three trial
repetitions of each task (before and after training)
were averaged to yield 10 trials for each partici-
pant for subsequent analysis. Similarly, the RPE
values from the repetitions collected for each task
and condition were averaged.

All statistical analyses were performed with
JMP 8.0 software (SAS Institute, USA). A post
hoc p of .05 was used to determine significance
with Tukey’s test. Each of the five tasks and asso-
ciated outcome variables were analyzed sepa-
rately using training state as an independent fac-
tor. For the perceived exertion data, RPE of the
right shoulder, left shoulder, and low back were
treated as dependent variables analyzed with sep-
arate one-way (training state) repeated measures
analyses of variance (ANOV As). The EMG anal-
ysis included mean, peak, and cumulative charac-
terizations of normalized muscle activity. These
were evaluated separately to assess acute, aver-
age, and total muscular demand. Dependent vari-
ables included activity levels of the 16 muscles
collected; total muscle activity of these 16 mus-
cles; and total activity of all muscles of the left
shoulder, right shoulder, and low back independ-

ent of one another. One-way ANOVAs were per-
formed to test for the effect of training state. Bon-
feronni corrections were made to adjust for multi-
ple comparisons. The results of the statistical tests
were amalgamated to assess the overall influence
of training on muscular demands and perceived
effort across the tasks.

3. RESULTS

Decreases in RPE occurred following training for
most tasks at the right shoulder and low back,
while changes at the left shoulder were less con-
sistent (Table 4). The highest untrained RPE
occurred at the left shoulder during Reposition
(3.73 £ 1.77) and the lowest during Turn Toward
at the low back (2.02 + 1.28), while the highest
trained RPE occurred at the left shoulder during
Lie-to-Sit (2.99 + 1.15) and at the low back dur-
ing Turn Toward (1.34 + 1.13).

Decreases in muscle activity using the recom-
mended techniques occurred for most muscles for
each task, however, not universally (Tables 5-6).
Different results existed for the various character-
izations (mean, peak, and cumulative) of the
EMG signals.

TABLE 4. Rating of Perceived Exertion (RPE) Results in Trained and Untrained States, Stratified by

Task, M (SD)
Task Location Untrained Trained Change® p
Lie-to-Sit right shoulder 3.15 (1.49) 2.12 (1.07) ! 043
left shoulder 3.48 (1.23) 2.99 (1.15) — .288
low back 3.03 (1.59) 1.88 (1.31) ! 013
Reposition right shoulder 3.75 (1.84) 2.26 (1.24) ! .002
left shoulder 3.73(1.77) 2.10 (1.29) ! .001
low back 3.18 (2.02) 1.71 (1.13) ! <.001
Sit-to-Chair right shoulder 2.22 (2.06) 2.12(1.19) — .769
left shoulder 2.27 (2.16) 2.13 (0.98) — .586
low back 2.75 (1.62) 2.15(1.37) — 106
Tum Away right shoulder 2.73(1.43) 1.78 (0.99) ! .006
left shoulder 3.15(1.41) 2.21(1.12) ! 002
low back 2.31(1.64) 1.37 (1.05) ! 010
Turn Toward right shoulder 2.13(1.31) 1.59 (1.00) ! .013
left shoulder 2.21 (1.46) 1.93(1.12) — 240
low back 2.02 (1.28) 1.34 (1.13) ! 019

Notes. a = significant changes in RPE between the untrained and trained states.

JOSE 2014, Vol. 20, No. 1
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4. DISCUSSION

The results support previous findings of
decreased low back exposures when applying
recommended manual handling techniques [11,
19, 24]. Indeed, training resulted in decreased
exposures for both shoulders and the low back
across most measures, supporting the use of the
recommended task techniques. Across tasks, low
back exposures decreased both in terms of mus-
cle activity and RPE after training. For the Lie-to-
Sit task, the low back exposures decreased by
40% for RPE, and nearly 20% for mean and peak
muscle activity averaged across muscles. Con-
versely, the Turn Toward task had similar
decreases for RPE, but only a 3% decrease and
no change for mean and peak activity averaged
across muscles. Some exceptions occurred for
cumulative activity for both Turn Toward and
Sit-to-Chair, where there was a 30% increase at
the low back and a 6% increase averaged across
low back muscles.

Novel shoulder exposure data collected in this
study revealed a less consistent training effect,
which varied by task. Although decreases in RPE
occurred in both the left and right shoulders fol-
lowing training within nearly every task, the
decrease was lower than for the low back. Excep-
tions occurred in the Lie-to-Sit and the Turn
Toward tasks in the left shoulder, while neither
shoulder RPE changed for the Sit-to-Chair task.
Right shoulder decreases, when averaged across
the muscles were 20%-30% MVC, while left
shoulder decreases were ~15%—-20% MVC. This
discrepancy between shoulders may be due to the
right shoulder experiencing higher initial loading
in the self-selected techniques and a shift towards
a more balanced distribution between shoulders
in the recommended techniques.

However, some tasks created concomitant
increases and decreases in specific muscular
activity after training, suggesting potential trade-
offs or demand transfer. The combination of
increases at the shoulders and decreases at the
back in the Sit-to-Chair task suggests a joint-level
transfer of demand following training. This task
is considered high risk, and is frequently targeted
for replacement with mechanical lift assists [25].

JOSE 2014, Vol. 20, No. 1

The recommended technique for Turn Toward as
a task was the most variable among all measures.
Cumulative total muscle activity increased at all
three joints, with the back increasing the most.
This is likely due to the increased amount of time
recommended to complete the transfer during this
task.

The potential musculoskeletal exposures a
nurse may encounter include acute and cumula-
tive loading, making prediction and prevention or
elimination of injury causality difficult. While
only a small fraction (1.4%-2.5%) of a typical
8-h shift is spent transferring and lifting patients,
the weight lifted is often prohibitive, especially
for bariatric patients [26]. For this reason, analyz-
ing peak normalized muscle activity provides
valuable insight into the exposure experienced at
the shoulders during MPH transfers. The relation-
ship between cumulative loading and low back
pain has also emerged as a major issue, and recent
meta-analyses have reported that workers with
low back pain were more likely to have been
exposed to cumulative spinal loading than those
without back pain [27]. In addition to these trans-
fer tasks, other types of tasks performed by nurses
also increase cumulative loading, such as regular
patient care or miscellaneous tasks [28].

While MPH techniques decreased the general
and specific demands for five different MPH
tasks, many muscles had increases in cumulative
muscular activity when using these techniques.
This coincides with documentation that recom-
mended patient handling techniques may
increase time requirements to complete various
handling tasks [10, 29]. The erector spinae
increased in cumulative normalized muscle
activity for Turn Toward and Sit-to-Chair, indi-
cating an extended period of muscular activity,
despite decreased mean activity during the task.
Muscles of the shoulder experienced variable
responses to adoption of the recommended tech-
niques, with many muscles increasing in cumula-
tive normalized muscle activity. The recom-
mended techniques for the Turn Toward task
produced significant increases, but only for mus-
cles on the right side of the body. This may be
due to a shift towards a more balanced distribu-
tion of patient loading between the two shoulders
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when using the recommended techniques. Post-
training increases in cumulative activity for the
Sit-to-Chair task were found in the left triceps
brachii, infraspinatus, and middle deltoid. These
increases were likely caused by the patient rota-
tion technique taught during the training session,
as participants were trained to keep the patient
close to their body throughout the transfer and to
use their own body weight to externally rotate the
patient to the left, thus increasing activity in the
infraspinatus and these muscles around the
shoulder.

The magnitude of a force exerted by a worker
is a known cause of low back injury, and high
peak normalized muscle activity at this joint was
observed in the MPH exertions [30, 31]. Lie-to-
Sit, with the highest reported values out of all the
tasks, reported nearly 80% normalized peak mus-
cle activity for the right thoracic and lumbar erec-
tor spinae, along with the left biceps and pectora-
lis major, even while decreasing from self-
selected magnitudes. While mechanical lift assists
are frequently acquired to reduce the need to per-
form the more stressful tasks, there is no guaran-
tee these devices will be used due to psychosocial
and time pressures [29, 32, 33]. Another concern
is increased exposures in the Turn Away and
Turn Toward tasks for sling application and
mechanical lift assist use. Not only did the Turn
Toward task increase many muscles in peak mus-
cle activity, but also mean and cumulative muscle
activity for the right biceps brachii and pectoralis
major, and the left middle deltoid and lumbar
erector spinae. Increases in cumulative and mean
measures were also present. The increase in expo-
sure for all three measures for this task may cre-
ate both short- and long-term risks.

Several aspects of this study should be consid-
ered when interpreting and applying the findings
in applied settings. The range of recommended
MPH techniques examined in this study was not
exhaustive, as there are many alternatives. Each
participant was limited to approaching the left
side of the bed for each task, which may have
influenced the self-selected techniques. If the
patient and participant had been oriented to the
other side and end of the bed, it is possible that
the opposite effect may have been seen at the left

and right shoulder joints for each measure. How-
ever, similar muscular activity levels are pro-
duced regardless of the side of the bed used [8].
Finally, only one patient body size was used in
this investigation. However, based on the
patient’s anthropometrics (87th percentile for
weight and 72nd for stature), only a small per-
centage of the population would be unaccounted
for, as the male patient used for all participants
represented the majority of the population for
height and weight. With this in mind, it is likely
that patients whose stature and weight are less
than the participant used in this study would
result in similar or decreased muscular activity
levels during MPH tasks experienced by the par-
ticipants in similar investigations.

5. CONCLUSIONS

This study generally supports continued use of
the recommended manual handling techniques,
and suggests that no substantial musculoskeletal
joint-level demand transfers are associated with
their use. However, caution is warranted for spe-
cific patient handling tasks due to the high
demands associated with them. Sit-to-Chair and
Turn Toward were the most demanding for the
shoulder. While the evaluated techniques were
designed to lower low back injury risks, several
techniques did not modify the measured physical
demands at the low back. While the results
encourage continued use of the recommended
techniques, consideration of potentially injury
risk transfer between joints should be included.
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