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Abstract

Working on and with the sick or elderly person has various health effects on the nursing staff. The relevant literature describes
the wide range of musculoskeletal disorders, infections, skin diseases or burnout. A high musculoskeletal load on the nursing
staff results mainly from transfer and positioning measures on the patient. In this paper we deal with work process analysis
and workplace design for positioning measures. Video analyses of the manual work performed by nursing staff on patients
requiring the most intensive care were carried out at 71 workplaces in ward rooms and stress factors were calculated using
the REBA method. The causes of high levels of stress are identified and ergonomic recommendations for improving working
methods are derived.
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Introduction

Changes of positionin the patient’s bed are everyday tasks
of the nursing staff; they are necessary for health reasons
and for comfort aspects, especially if the sick or elderly
person can only move around to a limited extent. Positioning
measures serve to relieve pressure or ease breathing. They
can relieve pain or support further therapeutic measures.

The word “positioning measure” assumes a passive
role of the patient. However, it is important to rely on the
patient’s assistance whenever possible - as far as the patient’s
health permits. Positioning as an activating care measure is
described in a number of relevant publications, for example
from a kinaesthetic point of view, from the point of view of
the Bobath concept and basal stimulation [1,2]. Many of these
publications are aimed at changing the way nurses work, but
rarely at ergonomic workplace and work process design.
There is also a lack of a holistic approach related to the work
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system. The well-being of the patient is paramount; there is
a risk that the health protection of carers - especially with
regard to musculoskeletal disorders - will be neglected. This
paper therefore addresses these deficits and deals with the
ergonomic aspects of manual work on and with the patient
from an ergonomic perspective.

State of Research

Health statistics of nursing staff in many countries point
to exceptional workload and extraordinary sickness rates
[3,4]. The high level of absenteeism in the health care system
is due both to an above-average incidence of illness and a
longer duration of illness. Psychophysical stress on caregivers
has been the subject of many studies in the past [5-9]. In
the physical area, these include taking up forced positions,
lifting and carrying or the use of force. This can regularly
result in unfavourable postures, high disc compression,
especially at the lumbo-sacral transition, but also stress in
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the shoulder-neck and knee joint areas. Exposure studies
are available in the form of surveys, questionnaires or
measurements. According to representative studies, more
than 1/3 of the nursing staff surveyed in Germany have to
lift and carry heavy loads more than ten times a day. Almost
one third of the employees lift or carry heavy loads 1-5
times per working shift or 6-10 times per shift, respectively
[10]. The situation is similar in outpatient care, but there
are no or hardly any lifts or small aids available for patient
transfers. As a rule, outpatient nursing staff cannot count on
support from colleagues for lifting and carrying. In several
countries, some nursing staff illnesses are recognised as
occupational diseases and can be compensated accordingly -
e.g. in Germany the disc-related diseases of the lumbar spine
[11]. In intensive care, the stress caused by heavy lifting and
carrying is in the foreground. In a meta-study of 27 articles,
the results showed that in the n = 13,317 reported cases,
the prevalence of work-related musculoskeletal disorders
among nurses was about 72% [6]. In a further meta-study,
van Hoof and colleagues investigated the efficiency of various
behavioural-ergonomic measures for the recovery of lumbar
spine patients from nursing [12]. They came to a sobering
conclusion that neither training for load handling nor stress
management produced satisfactory results. Combined
behavioural-ergonomic measures (e.g. stretching plus back
exercise), on the other hand, produce better results. Passive
physiotherapy came off worst. However, in this study, too,
only behavioural-ergonomic measures were examined, not
ergonomic design measures.

We therefore pursue the following objectives in this paper:

e For nursing activities with a high load on the
musculoskeletal system, the weak points in work design
and behavioural ergonomics should be identified,

e For a broad repertoire of positioning and transfer
activities, quantitative exposure levels should be
determined using a simple screening tool,

e Improvements to work processes should be proposed.
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In addition to work design and the improvement of
work processes, there is also the possibility of using strength
training to prevent nursing staff from falling ill. Jacobs et al.
comment on this [13].

Method

We have carried out video analyses and REBA
calculations [14] in a clinic for rehabilitation and follow-
up treatment at a total of 71 workplaces in ward rooms of
patients requiring the most severe care (awake coma ward,
patients after transplantations, paraplegics). The video
analyses lasted between 10 and 50 minutes - depending on
the severity of the illness and the psychological state of the
patient. All preparatory and follow-up work on transfers
and positioning measures was also recorded. Video analyses
were only carried out if the patient and nursing staff agreed.
The analyses were only used for ergonomic evaluations by
the authors of this paper. At publications real photos were
replaced by drawings (see below).

In this paper, we will mainly focus on the positioning
processes. Transfers, e.g. between bed and wheelchair or bed
and shower bed, are examined elsewhere [15].

The REBAmethod takesintoaccountatotal of 9 characteristics

for posture and use of force combined to a point value (Table

1) [14]:

- Posture of the upper body (tilted or twisted forward
and/or sideways),

- Head position (tilted forward or backward, turned, tilted
sideways),

- Leg position (both legs take over body weight, step
position, straddle position),

- Position of the upper arm,

- Position of the forearm,

- Wrist deflection angle,

- Useyour power,

- Coupling between hand and object,

- Nature of activities.

REBA point value Risk level Action
1 Negligible No design measure required
2-3 Low Possibly (occasionally) take design measures
4-7 Average Design measures required
8-10 High Design measures to be implemented soon
11-15 Very high Implement design measures now

Table 1: REBA point values, risks for employees and indicated design measures [14].

There are many methods for assessing musculoskeletal
load on an ordinal or metric scale (overview e.g. [16]). We
have chosen REBA because this method has been shown in
preliminary studies [17-19] to have the best understanding
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among the nursing staff concerned. The 3DSSP method [20]
was also used for validation purposes. These results are
shown in Landau K [15].
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Results
The following Table 2 shows the steps described from an

Lateral positioning as an example (other transfer and ergonomic point of view for a sideways positioning measure.
positioning measures in Landau K [15])

No. Instruction of the career(s) Exemplary Image REBA-value

First bring the bed to working height!

The nurse stands in a step position close to the edge of the
bed at the height of the patient’s shoulders. She grasps the
1 patient’s front and back shoulders. 13

The nurse now takes up momentum by shifting her weight
back and forth to pull the patient towards her in this section
by shifting her weight backwards.

The nurse continues with the same technique in the area of
the pelvis and legs, grasping the patient’s upper and lower
legs.

If the patient lies too close to the edge of the bed on his or her
side before positioning, a positioning correction towards the
middle of the bed is required beforehand.

The caregiver stands in a step position close to the edge of
the bed at the level of the patient’s pelvis.

The nurse turns the pelvis slightly upwards with the
dominant hand and pushes the other hand including forearm
in supination position under the patient’s pelvis until the
entire pelvis rests on the hand and forearm.

11

The caregiver pulls the patient towards him/her with his/her

lower arm by shifting his/her weight backwards. 12

Landau K and Jacobs M. Weak Point Analysis and Work Design for Positioning Measures of Patients Copyright© Landau K and Jacobs M.
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The caregiver stands in a light walking position with slightly
bent knees close to the edge of the bed at the level of the
patient’s lower leg.

He/she grasps the patient’s back leg, i.e. the sole of the foot
with her right hand and the inside of the knee with her left
hand, in order to adjust vertically at an angle of approx. 110°
by means of a guided outside-internal rotation movement.

11

The carer then grasps the patient’s right wrist to place the
right arm at an angle with the back of the hand down to the
6 side. The left arm is then grasped by the forearm and placed 9
on the upper body at chest height. Finally the head is turned

sideways in the direction of rotation.

The rotation is now initiated by grasping the shoulder facing
away from the caregiver and the angled knee joint and
7 completed by shifting weight to the caregiver’s back leg. The 8
patient is secured by the caregiver grasping the upper knee
joint with her right hand.

Then the back side of the pelvis is grasped with the other
hand and turned towards the caregiver. The patient now lies
on his side in this part of the body and is pushed towards
the middle of the bed with the lower arm of the caregiver
by shifting his weight forwards without using much force in

8 . . 9
the shoulder, arm and back area. The carer is constantly in a
walking position.
At the end of the positioning, also ensure a comfortable head
position!
Table 2: Lateral positioning.
The mean value of the REBA analysis for this procedure work design.

is 10.5, and the postures during the pulling of the patient
and the rotation of the pelvis are rated with 13 and 12 points Table 3 shows the REBA arithmetic mean values for all
respectively. These high point values require immediate positioning measures investigated by us:
Landau K and Jacobs M. Weak Point Analysis and Work Design for Positioning Measures of Patients Copyright© Landau K and Jacobs M.
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Special load or Arithmetic mean

Positioning Activity recommendation values of REBA ratings

Positioning at the head end without auxiliary means

Strenuous postures plus

application of force 110

Positioning at the head end with sliding cloth ([21])

The sliding sheet makes it
easier to move the patient into a 10.3
diagonal lying position.

Positioning at the head end with anti-slip mat

The patient supports the nurse
by pressing his or her feet off
the mat, so that the nurse has 10.3

much less effort when moving the
patient’s head forward.

Landau K and Jacobs M. Weak Point Analysis and Work Design for Positioning Measures of Patients Copyright© Landau K and Jacobs M.
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forces

Lateral positioning: Use of leverage and reduction of frictional

Reducing frictional forces from
the nurse’s forearm and shifting
the nurse’s weight facilitates the

positioning measure

9.2

Table 3: Summarized REBA results.

The further positioning procedures are described and
visualized in Landau K [15]. The transfer measures not
discussed in this paper ([15]) result in a mean REBA point
value of 10.3 (range 8.4-13.0) if they are carried out alone
and 7.1 (range 2.5-11.8) if they are carried out in pairs. From
the point of view of musculoskeletal strain on the nursing
staff, it is therefore advisable to carry out transfers and
positioning in pairs. Alternatively, a patient lift should be
used for transfers carried out alone.

As with many summary assessment methods, differences
in the load on individual body regions are no longer visible
in the REBA total score. Here is an example: An abducted
upper arm increases the total score by “1”, if the lower and

upper thigh are no longer bent strongly at the same time, this
lowers the total score by “1” i.e. the overall result remains
the same although the load on individual body regions has
changed.

Discussion

The following guidelines (Table 4) focus on the
improvement of (bio-)mechanical working conditions and
the control (and, if necessary, reduction) of action forces
and action moments. Recommendations are given for both
positioning and transfers. The structure of the guidelines is
based on the model of the work system [22].

Related to . .
No. e Design principle Remarks
, . Encourage patient to assist with transfer (T) and | As far as the clinical picture and current
1 Basic suggestions e o
positioning (P) condition allow
Consider symptoms and diagnoses before and
2 )
during T & P
3 Always inform patient in advance about transfer
and positioning measures
. . . Pulling is better than pushing, lifting
4 Details Patient pull rather than lift should be avoided if possible.

Landau K and Jacobs M. Weak Point Analysis and Work Design for Positioning Measures of Patients
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Making patient ,compact”

By positioning both legs or lower support
with knee joint roll and by crossing the
patient’s arms on the chest, the load to be
moved by caregiver is concentrated over
a shorter distance; less attention must be
paid to leg and arm placement.

Put on the patient’s clothing either with the
legs bent in the lateral position or in the supine
position of the patient.

If the pelvis is to be lifted alternatively,
two caregivers are required.

!Note: some guidelines appear

several times as they refer to several elements of th

e work system.

Related to

Reasons and remarks

by raising the headboard of the care bed.

No (leading) nurse Design principle
. . . . The asymmetry of T & P causes higher
7 Basic suggestions Avoid prolonged asymmetrical postures. pressure and shear forces on the disc.
Temporary special postures of the caregiver The spine “lives on movement”. It is not
8 (squatting, kneeling, standing strongly bent) in | desirable to adopt a single posture over a
the sense of a change of load are permissible. long period of time.
9 Postures
Due to the large inclination of the upper
10 Avoid strong prevention of the nurse at T & P. body of the patientin T & P, .hlgh pressure
forces are generated on the intervertebral
disc.
The safer the caregiver can control
11 Assume a stable posture at T & P. postur(.e and movgm .e nt.’ the lowe.r the risk
of accidents and injuries for patient and
caregiver.
Step and incline positions facilitate weight
12 Increase posture stability and improve the use of | shifts of the caregiver. With weight shifts,
force in T & P by Step and incline positions. movements of the pelvis can be better
triggered.
13 Avoid pulling the shoulders up when using force Pulling the shoulders up can cause
[23] complaints in the shoulder/neck area.
The lateral inclination at T & P causes
e . higher pressure and shearing forces on
14 Reduce strong lateral inclination of the caregiver the intervertebral disc.

Caution: Can also have negative effects:
Patient can slide down.

Landau K and Jacobs M. Weak Point Analysis and Work Design for Positioning Measures of Patients
in Need of Intensive Care. Ergonomics Int ] 2020, 4(2): 000234.
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15 Action forces

The application of force via the back
muscles is strenuous and can lead to
complaints or injuries. The leg muscles

Do not work from “the back”. of the caregiver are stronger and better
suited for the application of force.
The motto is “Prefer leg motor skills over
trunk motor skills”.

16

If the gown is not closed at the back, this
17 Clothing and shoes Eliminate the risk of injury by wearing the

can cause the nurse to get stuck and fall.
correct clothing and footwear. Not closed shoes are a hygiene problem

and can also be a cause of falls.

Related to work . L
No. Design principle
processes

Reasons and remarks

Perform “difficult” T&P processes in pairs if

possible. Especially in heavyweight or inactive

patients, T & P performed alone can
lead to very unfavourable postures and
biomechanical conditions. In particular,

it is advisable for the assisting nurse
18 Basic suggestions to carry out auxiliary functions (e.g.
providing a wheelchair) in parallel so
that the T & P process is not interrupted.
Although the personal times (t

leading caregiver

t i ) will add up as a result, the
g caregiver:
time required for T&P will be shorter.

Contradictory actions by carers may
. . . occur if the instructing, leading role is not
19 Details With T&P by two caregivers, the leading

. coordinated. Attention: When working in
caregiver takes command. : e

pairs, the positive influence of momentum
and gravity must not be reduced.

Contact point of the nurse’s hands with the
patient’s armpits and subsequent lifting or
pulling is less favourable than sliding the patient

on the nurse’s forearms [23]

The pressure forces on the intervertebral
20

disc are considerably lower due to the
sledge-like guidance of the patient.

Form a “sled” with hand and forearm

Landau K and Jacobs M. Weak Point Analysis and Work Design for Positioning Measures of Patients Copyright© Landau K and Jacobs M.
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Unused work equipment hinders T & P
processes. They can lead to the caregiver’s
falling or even to injuries to the patient.
Therefore, when preparing T&P, push
these work aids aside or out of the care
room.

22 Using leverage in the interaction between nurse Stress effects on the skeleton, spine and
and patient. musculature are thus reduced..

21 Avoid spatial confinement.

So that a transfer is not interrupted,
the work equipment required later
must already be prepared. This applies,
for example, to the provision of the
wheelchair at the appropriate location.

23 In the preparation phase of a transfer, prepare
the work equipment required later.

No. Related to work equipment and aids Design principle Reasons and remarks

The use of gravity reduces the
amount of effort required by the
nursing staff.

Use height gradients and

24 Basic suggestions inclined planes.

For all positioning and
transfer measures, adjust | Torso bending, lateral inclination
the bed height in advance and torso twisting are thereby

to the type of measure and reduced.
the height of the caregiver.

- Th fi
Reduce friction between | -y G iCrertchral dise are
25 Details patient’s body and

considerably lower due to the

mattress or underlay [21]. sledge-like guidance of the patient.

Raise the headboard of

bed in preparation fora T The lateral inclination during

. transfers causes higher pressure
26 in order to reduce a strong gherp
R and shear forces on the
lateral inclination of the . .
. intervertebral disc.
caregiver.
Otherwise, large lever arms
Do not perform T & P on are created which considerably
27 the patient in bed over increase the pressure and shear
“obstacles” (for example forces on the intervertebral disc.
wheelchair). Therefore “obstacles” should be

cleared away before.

Landau K and Jacobs M. Weak Point Analysis and Work Design for Positioning Measures of Patients
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Extension of the arms by

By grasping the sheet and not
directly on the patient’s body,
both arms of the nurse can remain
stretched

28 sheets. and during the transfer the back is
kept straight so that the
spinal column load takes place
axially and thus physiologically.
For transfers “lying - lying” | By avoiding a difference in height,
29 adjust both beds or bed transfer is easier to handle.

and shower couch to the
same height.

Unproductive lifting work of the
patient is eliminated.
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