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Assessment of load on the lumbar spine
using two computerised packages and REBA method

TOMASZ MACIEJ TOKARSKI*, DANUTA ROMAN-LIU

Central Institute for Labour Protection – National Research Institute, Department of Ergonomics, Warsaw, Poland.

Purpose: The aim of the research was a comparative analysis of the back lumbar load assessment using three methods: two with
continuous input data and evaluation procedures based on mathematical relationships (ShiftBack, 3DSSPP) and one method with catego-
rized input data and tabular load estimation procedures (REBA). Methods: For the analysis, work activities and the value of applied force
were selected. Among the analyzed 24 work activities were those during which there was a symmetrical load, as well as those during
which the applied force or the assumed position of the body caused a lack of load symmetry. Results: The results show that the REBA
method differentiates 24 cases of unit load into six levels, while the other two methods provide 24 different values between cases. Cases
differing in load even over 100%, when assessed according to the 3DSSPP or ShiftBack do not differ in the assessment of REBA. Differ-
ences in the assessment of the same tasks between the results obtained from 3DSSPP and ShiftBack that were above 15% concern only
7 cases. Conclusions: A comparative analysis of the assessment of the lumbar part of the back using three methods indicates strong cor-
relations between the results of the assessment carried out using 3DSSPP and ShiftBack. Smaller relationships were demonstrated by
comparing these two methods with the REBA method.
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1. Introduction

One of the most important work-related aspects is
the excessive load on the musculoskeletal system
arising during work-related tasks, which often results
in development of musculoskeletal disorders (MSDs)
[12]. The back and arms are the regions of the body
that are particularly prone to development of MSDs
[30]. The percentage share of work-related MSDs in
comparison to other conditions in the working popu-
lation is quite significant and is 59 percent of all
problems reported [24]. Not only do work-related
MSDs account for the majority of professional pa-
thologies [7], [8], they also often result in absence due
to sickness, and even premature retirement [3]. There-
fore, the fact that there are places of work where
working conditions are inappropriate, the ergonomic
principles are neglected, and employees are affected

by excessive musculoskeletal load, which all contrib-
utes to development of MSDs, is an essential issue
that should be considered not only to improve the
health and quality of life of employees, but also to
prevent financial losses [18].

Development of MSDs is associated with factors
characteristic for a specific place of work and often
referred to as risk factors [8]. Risk factors are nor-
mally classified into three main groups: individual,
psychosocial and biomechanical risk factors [11]. The
biomechanical factors are most relevant to develop-
ment of MSDs, and they include posture and force
exerted as well as time sequences associated with the
two. Posture and force exerted together make up the
mechanical load on the lumbar spine, which is the
right measure of the risk of developing MSDs in that
area [6].

Studies show that the best strategy to prevent
MSDs is to maintain the right musculoskeletal load
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associated with work-related tasks [4]. For this to be
possible, the load needs to be assessed. Therefore,
particular importance is attached to the methods
where the musculoskeletal load associated with work-
related tasks is assessed. The methods for musculo-
skeletal load assessment can be discussed in the con-
text of their breakdown into the subjective assessment,
direct measurement, and observational methods [8].
The observational methods constitute the most com-
monly used approach to assessing the musculoskeletal
load. The best known and most commonly used ob-
servational methods for assessing load are generally
based on a simplified human body model reflecting
the position of the back and upper and lower limbs.
Among the many methods for external load assess-
ment, those most often mentioned are: REBA, RULA
[16], KIM (Key Item Method) [26], NIOSH [19],
OWAS (Ovako Working Posture Analysis System),
OCRA (Occupational Repetitive Actions), SI (Strain
Index) or ULRA (Upper Limb Risk Assessment) [21].
These methods allow risks to be identified, changes
made to the workstation to be monitored, and research
to be carried out on the issues of musculoskeletal load.
The assessment is carried out on the basis of variables
related to posture and forces exerted. Posture is most
often defined by the values of angles in the joints be-
tween the body segments involved in a task [22].
However, in some of the methods considered, posture
is defined indirectly or qualitatively. On the basis of
variables that define posture and force exerted for a sin-
gle task or number of technical action [27], unit load
is calculated and it serves as the basis for further as-
sessment steps which take time sequences into ac-
count. In addition number of technical action is one of
the main parameters related to the MSDs.

Methods are analysed in the light of various char-
acteristics: type of method, risk factors considered,
repeatability and reliability [22]. The results of differ-
ent MSDs risk assessment methods are also compared
[8], [14].

There are both differences and similarities between
the methods [22]. The differences mainly relate to the
ways of defining the input data to describe posture,
force exerted, time sequences and assessment proce-
dures. The assessment procedures consist of simple
mathematical relationships or relevant tables. A char-
acteristic shared by all the observational methods is that
these assessment methods require the involvement of
an expert who performs a time-consuming analysis so
that the input data for the method can be defined (vari-
ables of posture and force exerted).

The fact that the assessment methods require the
involvement of an expert and a time-consuming analy-

sis to define the input data is a major impediment to the
use of the methods. At the same time, current techno-
logical development means that movement can be re-
corded conveniently by means of markers [10]. When
the assessment of musculoskeletal load uses equipment
that allows direct collection of data about the position
of body parts, it is possible to assume a semi-automatic
approach to the assessment of musculoskeletal load
and the risk of developing MSDs. Several authors
studied the accuracy of the kinematic data provided by
a Kinect device [20]. This solution has been used to
obtain semi-automated input data for methods such as
NIOSH [19], EAWS [15], RULA [16]. The automa-
tised acquisition of input data enables both the accu-
racy of input data to be increased and more precise
assessment procedures to be used. Furthermore, ad-
vances in digitisation may also foster development
of computerised methods for assessing musculo-
skeletal load and the risk of developing MSDs. This
approach may foster greater accuracy of input data
and, as a result, greater precision of the assessment
methods. A computerised method of this kind where
assessment is based on exact input data, is the re-
cently developed SHIFTRISK method. SHIFTRISK
is a computerised method where input data are con-
tinuous in form and allow the position of body parts
and forces exerted to be defined accurately. Calcula-
tions are made on the basis of mathematical relation-
ships, which are embedded in the programme and
serve to calculate load in a function of input vari-
ables that describe posture, force exerted and time
sequences. The method is used to assess the risk of
developing MSDs affecting the upper limbs, neck
and back (lumbar spine).

The load on the lumbar spine is one of the main
measures of workload. The load in this body area is
the subject of assessment in such methods as REBA,
RULA, NIOSH. A precise assessment of load on the
lumbar spine for a specific work-related task, with
posture and force exerted taken into account, is possi-
ble using computer models such as the 3DSSPP model
[28]. The method was developed on the basis of Chaf-
fin’s model [5]. However, the result of the assessment
carried out using this method only pertains to a spe-
cific posture and the corresponding force exerted (unit
load). In contrast, the assessment of load and risk of
developing MSDs should be comprehensive, pertain
to all tasks performed during work, and also include
time sequences [23]. Partial assessment, e.g., that of
the load on the lumbar spine during a single work task
(unit load) being part of a sequence of tasks per-
formed, is an essential element of the assessment of
load and risk of developing MSDs.
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The objective of this paper was to provide a com-
parative analysis of the assessments of unit load on
the lumbar spine, where the assessments were carried
out using three different methods, differing in the
nature of input data and the assessment procedures.
Two methods with continuous input data and assess-
ment procedures based on mathematical relationships
(ShiftBack, 3DSSPP), and a method with categorised
input data and tabular load assessment procedures
(REBA) were chosen for the comparison.

2. Methods

2.1. Methods under analysis

2.1.1. SHIFTRISK (ShiftBack package)

The Shiftback package is a constituent part of the
SHIFTRISK method and it pertains to the assessment
of load on the lumbar spine, which results from a spe-
cific posture and exertion of force when performing the
tasks that involve the whole body, e.g., when working
in a standing position. The SHIFTRISK method is used
to assess the risk of developing problems affecting the
upper limbs, neck and back (lumbar spine), taking the
precise position of the upper limb and precise time
characteristics with values of forces into account. The
assessment of the load on the lumbar spine is carried
out by Shiftback package, using a mathematical rela-
tionship to calculate the impact force (Fback) as a func-
tion of the position of the upper limbs, lower limbs
and lumbar spine.

In the ShiftBack package, the position of the upper
limbs is described by the values of four angles that
affects the load on the back and relating to flexion/
extension of the arm (q1), abduction/adduction of the
arm (q2), rotation of the arm (q3), flexion at the elbow
(q4) [23]. The position of the lower limbs is deter-
mined only with regard to the sagittal plane and the
angle of the hip joint (Ω) and the angle of the knee
joint () are taken into account (Fig. 1). The position
of the lumbar spine is defined by the values of angles
in the sagittal (), coronal () and transverse () plane,
and the position of the cervical spine is defined in
a similar manner.

In the ShiftBack package which pertains to the as-
sessment of load on the lumbar spine, two types of
force are taken into account: the pushing force (Fpush)
and the lifting force (Flift). Data are entered independ-
ently for the left upper limb and the right upper limb.

Thus, in the ShiftBack package, the value of the im-
pact force (Fback) is calculated as a function of 15 angles
(four angles of the upper limb, two angles of the lower
limb for the left and right side, and three angles of the
back) and the value of the external force (Fig. 2).

The relative load on the lumbar spine for a single
task is expressed using an index (RFback) is calculated
as a value of the impact force (Fback) in relation to the
maximum force (Fmax) corresponding to the lumbar
spine strength (FbackMax). The spine is capable of trans-
ferring very heavy loads that range from 4.5 kN
(about 450 kg) for the third cervical vertebra (C3) up
to 8.3 kN (about 830 kg) for the fourth lumbar verte-
bra (L4) [2]. It was therefore assumed that FbackMax is
a fixed value of 8.3 kN. The RFback force is a load
index to be compared with the indices obtained from
other methods.

Fig. 1. Manner of defining the angles of the positions of the upper and lower limbs
that will serve as input data for load assessment
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2.1.2. Static Strength
Prediction Program (3DSSPP)

In the 3DSSPP (Static Strength Prediction Program)
method, the calculation of musculoskeletal load is based
on a simplified model of the whole human body, which
consists of twelve segments representing body parts
(upper torso and the head, lower torso, arms, forearms
and hands, thighs, lower legs, feet). The mathematical
description of the model is developed using the Newton
–Euler equations and allows static analysis of two- and
three-dimensional problems [5].

Anthropometric parameters describing an em-
ployee (data for different populations can be used),
posture during work (defined by the provided values

of angles in the joints) and the value of the external
force constitute the input data for the programme.

The individual angles of the positions of body
parts are defined in reference to two planes only. In the
3DSSPP method, the position of the upper limb is de-
fined by values of the following angles: arm position
angles in the coronal (Va) and transverse (Ha) plane,
and forearm angles in the coronal (Vf) and transverse
(Hf) plane (Fig. 3).

Two planes, the sagittal and the transverse plane,
were also taken into account when defining the position
of the lower limbs. The angles in the hip and the knee
joints are determined: the thigh position angle (Vu, Hu)
and the lower leg position angle (Vl, Hl). The force ex-
erted is entered as a value and type of force. Lifting,

QUANTITATIVE INPUT DATA
Left side Right side

Upper limb
force [N] Angles of limb posture [°] Angles of limb posture [°] Upper limb

force [N]

(FL) q1L, q2L, q3L, q4L, ΩL, L q1R, q2R, q3R, q4R, ΩR, R (FR)

variables A = FL, FR, q1L, q2L, q3L, q4L, ΩL, L, q1R, q2R, q3R, q4R, ΩR, R

Angles of back posture
[°]

α, β, γ

variables B = α, β, γ

QUALITATIVE INPUT DATA
Force type Body posture type

CALCULATION MODULE

Standing F = FpushSt (variables A, variables B)

OR

Pushing Sitting F = FpushSi (variables A, variables B)

OR

Sitting with back support F = FpushSs (variables A, variables B)

OR

Standing F = FliftSt (variables A, variables B)

OR

Lifting Sitting F = FliftSi (variables A, variables B)

OR

Sitting with back support F = FliftSs (variables A, variables B)

Force in back (Fback)

Fig. 2. Diagram showing the ShiftBack package calculations including input data
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pushing and pulling forces are taken into account.
When loads are handled manually, the calculations
include the absolute force value applied to the mid-
dle part of the palm. The assessment carried out in
accordance with the 3DSSPP method resulted in the
value of a compressive force in the lumbar spine
(L4/L5 disc), which is to be compared with results of
the other two methods.

2.1.3. REBA

In order to identify the position of body parts, the
REBA method uses a range of values of the angle at the
joint rather than a value of the angle. The position so
defined is assigned a code which depends on the limit
values of the range of the angle considered. The first step
defines posture only in the sagittal plane. If a posture
requires that the position in other planes must also be
taken into account, e.g., when there is abduction/ad-
duction or pronation/supination, the value of the as-
signed code is modified. The assessment made using
this method is broken down into two groups. Group
A assessment covers the assessment of the back on
the basis of the position of the back, neck and legs.
Group B assessment concerns the upper limbs. To
combine the codes reflecting the position of the indi-
vidual body segments into a single assessment cate-
gory, relevant tables are used. For group A, the posi-
tion category determined on the basis of codes that
represent the position of the back, neck and legs is
combined with the code representing the force in the
next assessment step.

The position of the back is defined in reference to
the lumbar and cervical part. For any head inclination
angle, codes 1 or 2 are assigned depending on whether
the inclination of the head is between 0° and 20° or
more than 20°. If the neck is twisted, or when any
lateral inclination of the head occurs, the code is in-
creased by 1. For the back, codes from 1 to 4 may be
assumed depending on the back inclination angle. The
limit values for the subsequent codes are the values of

the back inclination angle of 0°, 20° and 60° respec-
tively. The back position code value is increased by
1 both when the back is twisted and when it is inclined
laterally. For the position of the legs, a code from 1
to 4 is assumed, depending on body weight distribu-
tion and values of the angle at the knee joint.

The code representing the force is determined ac-
cording to the value of the force and may be 0 (less
than 5 kg), 1 (a force of 5–10 kg) or 2 (a force of more
than 10 kg). When the force is exerted in a rapid man-
ner, the previously assigned code is additionally in-
creased by 1. The relevant table combines the neck,
back and leg codes to obtain an A position category of
the REBA method.

The comparison of the results of assessment, which
is the subject of this article, only pertains to group A
assessment, and the result of group A assessment (load
category A) will be the load index obtained from the
REBA method.

2.2. Comparative load
assessment procedure using 3DSSPP,

SHIFTISK and REBA methods

Regardless of the type of task performed, the meth-
ods for external load assessment express load in a func-
tion of input parameters. In these methods, load pertains
to a single task and a series of sequences of the work-
related tasks performed. To satisfy the research objec-
tive presented in the paper, only the assessment of the
load arising due to a single task will be considered,
which means that the values of angles in the joints,
defining posture and value of the force exerted, will
be used as input data to assess the load.

The 3DSSPP, SHIFTISK and REBA methods dif-
fer in both the manner of entering input data and the
procedure for calculating load indices. Therefore, the
assessment is carried out using procedures that differ
according to method. However, for the purposes of the

         

Fig. 3. Defining the upper and lower limb position in the 3DSSPP method
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analysis, the same model for the initial definition of
input data was assumed for all the methods. It was
assumed that the position of the upper limb is defined
by the values of four angles, the position of the back is
defined by the values of three angles in the lumbar
spine and three angles in the cervical spine, and the
position of the legs is defined by two angles.

The analysis concerned the values of load obtained
as a result of assessment using the 3DSSPP, ShiftBack
and REBA methods, as well as the relationships be-
tween the results obtained from the three methods.

3. Results

3.1. Analysis of musculoskeletal load
arising during selected work tasks

Work tasks and input data for load analysis

24 cases of work tasks, defined by posture and force
exerted, were selected for the analysis. The postures

Task A Task B Task C Task D Task E Task F

Task G Task H Task I Task J Task K Task L

Task M Task N Task O Task P Task Q Task R

Task S Task T Task U Task V Task W Task X

Fig. 4. Postures of employees during various work-related tasks, assessed and analysed for load
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Table 1. Analysed work-related tasks with their assigned values of force exerted and angles at the upper limb joints
(* – pushing force, in other cases lifting force)

Posture  [°]  [°] γ [°] q1 [°] q2 [°] q3 [°] q4 [°]  [°] Θ [°] F [N]
left 20 0 0 0 20 0 90 40 90 80

A
right 20 0 0 0 20 0 90 40 90 80
left 90 0 0 –10 80 0 0 20 20 60

B
right 90 10 0 –10 80 0 0 20 20 60
left 10 0 0 20 20 –20 90 0 0 0

C
right 10 0 0 20 20 –20 90 20 20 40
left 10 0 0 10 50 –10 90 0 0 0

D
right 10 0 0 30 110 –100 110 0 0 80
left 30 0 0 20 30 –30 10 10 10 110

E
right 30 0 0 20 40 –20 80 10 10 110
left 0 0 0 20 60 –40 90 0 0 100

F
right 0 0 0 20 60 –40 90 0 0 100
left 0 0 0 80 40 –40 50 0 0 100

G
right 0 0 0 80 40 –40 50 0 0 100
left 0 0 0 0 90 –20 30 0 0 5*

H
right 0 0 0 0 90 –20 30 0 0 5*
left 30 0 0 20 50 –30 20 0 0 5

I
right 30 0 0 150 20 –150 110 20 0 0
left 50 0 0 40 40 –80 90 0 0 70

J
right 50 0 10 –10 60 0 0 10 0 70
left 10 0 0 10 70 –10 10 30 40 130*

K
right 10 0 0 10 50 –10 40 20 0 130*
left 0 0 0 20 90 –20 10 0 0 130*

L
right 0 0 0 –10 50 0 40 0 0 130*
left 20 0 0 0 30 0 20 20 20 40

M
right 20 10 0 0 30 0 20 20 20 40
left 10 0 0 20 50 –20 70 0 0 30

N
right 10 0 0 20 50 10 90 0 0 30
left 0 0 0 40 40 –60 70 0 0 0

O
right 0 0 0 40 40 –10 40 0 0 0
left 0 0 0 0 50 –20 60 0 0 0

P
right 0 0 0 0 50 –20 60 0 0 3
left 20 0 0 30 10 –70 70 0 0 40

Q
right 20 10 0 40 70 0 10 0 0 0
left 0 0 0 10 10 0 130 0 0 0

R
right 0 0 0 10 10 0 130 0 0 10
left 10 0 0 20 20 0 10 0 0 10

S
right 10 0 0 80 40 –120 110 0 0 90
left 0 0 0 0 0 0 20 0 0 20

T
right 0 0 0 0 0 0 20 0 0 20
left 0 0 0 20 10 0 120 0 0 30

U
right 0 0 0 90 80 0 100 0 0 30
left 60 0 0 30 100 0 0 0 0 0

V
right 60 0 10 80 20 –120 110 20 0 50
left 30 0 0 30 110 –100 110 0 0 70

W
right 30 0 0 10 40 –70 100 0 0 70
left 70 0 10 30 110 –100 110 0 0 110

X
right 70 0 0 –10 70 –20 90 40 40 110

Note:  – angle of back flexion,  – angle of back lateral bending,  – angle of back rotation, q1 – angle of
arm flexion/extension, q2 – angle of arm abduction/adduction, q3 – angle of arm rotation, q4 – angle of flexion
at the elbow, Ω – angle at the hip joint;  – angle at the knee joint; F – force exerted.
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are shown in Fig. 4, whereas the values of the angles
defining the position of the upper limbs, back and
legs, and the values of the force exerted, are shown
in Table 1. Postures were defined in accordance with
a general principle, also adopted by the SHIFTRISK
method. According to that principle, the values of all
angles in the natural posture (upright, standing) are
zero. Designated values of the angles were determined
on the basis of observations and videos recorded during
observation of work activities. The load assessment
was carried out by specialists in the field of ergonomics
with many years of experience in the assessment of load
using methods such as REBA, RULA, NIOSH, OCRA
and measurements using muscle forces, electromyog-
raphy, goniometers.

3.2. Results of the analysis

In the calculation using the ShiftBack package,
the values of forces and angles shown in Table 1
were used as input data. For the calculation using the
3DSSPP method, the values of the angles needed to
be transposed as the 3DSSPP method assumes a con-
notation of the values of the position angles that is
different from the common approach. In the REBA
method, values of particular angles are replaced by
values of codes. The basic codes corresponding to
the angles of changes in the position in the sagittal
plane, and the supporting codes that refer to the po-
sition in the coronal plane, are taken into account.
The codes representing load on the back, neck and
legs, and the codes representing the external force,
served as the basis for calculating overall load in
group A.

Table 2. Results of the assessment of load on the lumbar spine
obtained from the 3DSSPP, ShiftBack and REBA methods

ShiftBack
[N]

3DSSPP
[N]

Load
assessment A

1 2 3 4
Posture A 2637.8 2579 7
Posture B 3900.3 3718 9
Posture C 1512.0 1300 6
Posture D 1365.9 1515 7
Posture E 3397.5 3078 8
Posture F 1722.6 1951 6
Posture G 769.0 1427 5
Posture H 827.8 788 4
Posture I 1920.0 1742 7
Posture J 4217.6 3148 9

1 2 3 4
Posture K 3503.9 3458 7
Posture L 2956.3 3296 7
Posture M 2380.4 1891 7
Posture N 1506.1 1571 5
Posture O 595.6 548 4
Posture P 749.2 643 4
Posture Q 1738.4 1636 7
Posture R 627.1 458 4
Posture S 1050.6 1493 6
Posture T 582.9 416 4
Posture U 874.4 695 4
Posture V 2873.8 2853 8
Posture W 2399.6 2563 9
Posture X 4784.8 4758 11

Table 2 shows the results of calculation of the
unit load arising from posture and force exerted,
obtained using the three methods for 24 different
tasks. Figure 5 shows variation in the values of load
calculated according to the Shiftback and 3DSSPP
methods for the same values of the load category
determined as per the REBA method. Figure 6 shows
the relationship between the values of load calculated
using the 3DSSPP method and the Shiftback and
REBA methods.

In Figure 7, values of load of ShiftBack and
3DSSPP assigned to specific codes obtained ac-
cording to REBA method are presented. The differ-
ences in load assessment done with ShiftBack or
3DSSPP for cases that are not differentiated with
REBA method are shown.

Fig. 5. Values of load on the lumbar spine for specific tasks,
calculated using the Shiftback and 3DSSPP methods

and ranked according to the assessment category
obtained from the REBA method
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Fig. 6. Relationships between the results of load assessment
obtained using the Shiftback method and the 3DSSPP method,

and using the REBA method and the 3DSSPP method

Fig. 7. Differences in load assessment using ShiftBack or 3DSSPP
for cases that are not differentiated with REBA method

4. Discussion

Many publications highlight the importance the unit
load, made up of posture and force exerted during work,
has for the development of MSDs. The main way to
prevent the development of an MSDs is to ensure that an
employee’s workload is appropriate. To assess whether
it is appropriate, it is necessary to select the right assess-
ment method and carry out a quantitative analysis of the
risk associated with the work tasks. The purpose of the
tests presented in this paper was to analyse the differ-
ences and similarities between the assessments of load
on the lumbar spine, performed using different assess-
ment procedures and varying accuracy of input data. For
the comparison, three procedures were selected, each of

them being a constituent part of the ShiftBack package
being a part of the SHIFTRISK method, REBA and
3DSSPP methods [28].

The 3DSSPP method is a commonly known and
used method of load assessment. The model used for
the 3DSSPP calculations is a relatively precise model,
compared to the models adopted in other methods,
and it can serve as a reference for other methods. The
weakness of the 3DSSPP method is that it does not
allow for overall assessment along with the risk as-
sessment, i.e., assessment that includes a sequence of
work tasks with time sequences. This is possible with
the SHIFTRISK method, where the load on the back
is assessed on the basis of the ShiftBack package. This
method allows both unit assessment, i.e., assessment
of unit load related to specific postures along with
force exerted, and assessment of overall load arising
during a sequence of tasks, taking the relevant time
sequences into account.

In analysis presented in this paper, 24 different
postures with forces exerted were analysed. The ana-
lysed work tasks included those where a symmetrical
load occurred, and those where the force exerted or the
posture assumed resulted in the lack of symmetry of the
load. The results of the comparative analysis indicate
strong relationships between the assessment according
to the ShiftBack package and the assessment using
3DSSPP. The comparison of the REBA method and the
3DSSPP method showed a weaker relationship. The
results show that the REBA method differentiates the
24 cases of unit load into six levels, whereas the two
other methods deliver 24 values differentiated among
the cases. Therefore, the cases that, according to the
assessment by the 3DSSPP and ShiftBack methods,
differ in load even by more than 100 percent, are not
different when assessed by the REBA method. In the
case of the REBA, the range of angles that define the
position of the back is divided into 7 areas only. This
means that the accuracy of input data is lower.

The differences between the results obtained from
the 3DSSPP and the ShiftBack methods are relatively
small. Differences of more than 15 percent were
found in 7 cases. Differences in assessment of the
same tasks may be due to differences in the manner of
identifying the variables that describe the angular
positions of body parts and force, and differences in
the manner of assessing load [29]. The discreet nature
of the REBA method and the more continuous nature
of the ShiftBack and 3DSSPP methods may be the
main source of the differences. Since the input data
in the ShiftBack package and in the 3DSSPP were of
the same nature, it should be assumed that the minor
differences in the load assessed according to the
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ShiftBack package and according to the 3DSSPP
method are mainly due to differences in the calcula-
tion procedure. On the other hand, the differences
between these two methods and the REBA are linked
to both the accuracy of the input data and the type of
calculation procedure. Differences in the results of
load assessment obtained using the 3DSSPP and the
ShiftBack may also be due to anthropometric dimen-
sions of the subjects. The 3DSSPP takes account of
the centile of population for which the calculations are
carried out. In the ShiftBack, anthropometric meas-
urements are not taken into account.

The study showed a relationship between methods
for assessing musculoskeletal load. ShiftBack itself
and the results of the presented analysis give scientists
the basis for further work on the back load and tools
for its assessment. The results of the study proved the
usefulness of the ShiftBack procedure. This is an in-
novative tool for ergonomics practitioners, therapists,
employers and employees need the effective assess-
ment methods available to prevent MSDs. Many meth-
ods of risk assessment have been developed [3], [7],
[13], [17], [22]. All of the available risk assessment
methods require input data and include specific as-
sessment procedures. Methods for assessing the load
and risk of developing MSDs differ in how they de-
fine the parameters related to posture, force and time
sequences, how they assess the load and, in some
cases, how they determine the amount of load-related
risk [22]. Different methods adopt different models of
the human body. The choice of an appropriate method
for assessing the workload requires a compromise
between accuracy and feasibility (i.e., in time and cost
terms). Usually, the methods based on subjective as-
sessment are used fairly widely and involve a large
group of employees; however, due to the subjectivity
and the categorised assessment, these methods have
limited accuracy [1]. At the same time, the assessment
of musculoskeletal load may differ when different
methods are used [26], [8]. This may make the choice
of an appropriate tool difficult [22]. None of the meth-
ods is exhaustive with regard to all aspects of load
assessment. Often, using more than one assessment
method may help to establish priorities for ergonomic
intervention and provide a more accurate assessment.
On the other hand, using more than one method can
quickly lead to unacceptably high assessment-related
costs [8]. It would be most appropriate to use a method
that allows the load and the risk of developing MSDs
to be assessed in the light of all the work tasks an
employee performs during their working day. In the
light of the technological developments offering auto-
matised measurements of the position of body parts

[20] and computerised calculation procedures, this
method could be of broad interest. A dramatic reduc-
tion should be expected in the costs of using the accu-
rate posture recording methods, e.g., inertia sensors or
automated body position tracking without markers [9]
together with a procedures that would allow for pre-
cise assessment of load and risk for MSDs.

5. Conclusion

A comparative analysis of the assessments of work
task related load on the lumbar spine, where the as-
sessments were carried out using three different meth-
ods, indicates strong correlations between the results
obtained from the assessment methods that used con-
tinuous input data and assessment is based on mathe-
matical relationships. More minor relationships were
shown when these two methods were compared with
a method that used categorised input data and assess-
ment procedures. These methods deliver a more dif-
ferentiated assessment than the method with the cate-
gorised system of input data and assessment.

Assessment of work/task related load on the on the
lumbar spine in different positions and at different
loads showed that the ShiftBack and 3DSSPP meth-
ods of analysis are more accurate and detailed than the
REBA method, which treated this topic more gener-
ally. Results of this study confirm the importance that
the nature of input data and assessment procedures has
for the musculoskeletal load assessment. The study
showed that the ShiftBack method is suitable for load
assessment and further scientific research to reduce
back load. It is also an innovative tool for profession-
als involved in the prevention of MSDs.
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