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Abstract. This study aims at analyzing the relationship between postural assess-
ment and perceived discomfort for picking tasks with low mass (1kg), involving
a wide range of positions/postures. We analyzed the agreement of the different
postural scores (mean value, integral value, root mean square value, weighted
average time at each RULA level and the % of time per RULA level) with the
subjective assessments. The statistical analysis showed no correlation between
subjective and postural scores. A few negative correlations were also noticed,
especially for time spent at specific levels of postural discomfort compared to
subjective feedback. The results showed that the subjective assessment was not
correlated with the postural assessment in such low discriminant tasks. Although
postural assessment enabled to discriminate the more difficult postures with re-
gard to the experimental conditions, the subjects were unable to report coherent
discomfort feedback.
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1 Introduction

Assessing arduousness in work environments can be an effective mean to prevent the
musculoskeletal disorders (MSD) that affect the different body parts, causing pain and
discomfort, thus affecting, the daily work activities. Evaluating arduousness is a com-
plex problem that entails several factors: biomechanical factors such as posture, repeti-
tion, force..., and psychosocial factors like stress, social status... [1]. Several tools have
been developed in order to quantify ergonomic risks related to biomechanical factors.
These methods can be classified into three groups according to the approach used in
measurement [2]: (1) self-report, (2) observational [3, 4], and (3) direct measurement
methods.

Self-report methods can be presented under different forms such as rating scales i.e.
Borg scale [5] and CP-50 [6], checklists, questionnaires and interviews. The measure-
ments using rating scales are based on the person’s physical and mental sensitiveness;
they vary depending on physical and environmental conditions. Observational methods
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are also used by ergonomists to evaluate different kinds of risks. NIOSH lifting equa-
tion can be used to assess risks mainly based on the load used in manual handling tasks
[7]. Occupational Repetitive Actions (OCRA) [8] is mainly used to focus on frequency
factors in repetitive tasks. The postural risk can be evaluated by using Rapid Upper
Limb Assessment (RULA) method [9] or Rapid Entire Body Assessment (REBA) [10].
The posture score is divided into two groups: upper arms, lower arms and wrist for the
first group and neck, trunk and legs for the second one. This score is adjusted with
factors related to load handled and repetitive muscular activity to obtain the postural
final scores, which varies from 1 for low risks to 7 for high postural risks in the case of
RULA [9]. In all observational methods, the joint angles of different body segments
and the load manipulated by the worker are scored using a worksheet corresponding to
a collected key posture. The results validity for the observational methods depends on
the collected input data [11], inter-rater reliability [12, 13]. To partly tackle this prob-
lem, observation could be replaced by direct measurements by using motion capture
systems, such as optoelectronic systems or Microsoft Kinect [ 14, 15]. As arduousness
at work is a multivariate phenomenon, assessing arduousness requires combining dif-
ferent methods. We could expect that combining various biomechanical, physiological
and psychological factors would be correlated with the subjective feedback of the sub-
ject. But this correlation between subjective and objective measurements seems to be
quite complex. Chihara et al. [16] reported little agreement between CP-50 and RULA
for manual material handling tasks, when using 0 to 10 Kg loads. In this paper, we
propose to investigate this correlation for picking tasks with low mass, but with a high
range of postures/positions, and continuous RULA measurement instead of static ones.

2 Materials and Methods

2.1 Protocol

We carried-out an experiment with 14 healthy subjects (five females and nine males);
age (27.07 + 7.6 years), stature (172 = 11 cm) and body mass (65.64 £ 11.24 Kg) re-
spectively. The protocol was approved by a French national ethics committee (South
West and Overseas 4 Persons Protection Committee) and registered under the reference
n°® 2019-A00218-49.

The experimental set-up was composed of a four-levels shelf of 40, 100, 170, 230
cm height and 30 c¢cm left, middle and 30 cm right positions. A table was placed either
to the right or left depending on the predominant subject hand. Twelve one-liter bottles,
numbered from 1 to 12 were placed on the table in a random order. Before starting the
experiment, each subject was asked to sign a consent form and was given a brief intro-
duction on what the experiment was about in case he has questions or concerns.

At the beginning of each trial, the experimenter arranged the 12 bottles according to
a random combination displayed in front of him. This random combination guaranteed
the uniqueness of the order associated with each of the trials and prevented task-learn-
ing effects. Fig.1 represents a subject performing the experimentation. For each trial,
the subject was facing the shelf. The bottles were placed on the table on the predominant
subject side. The subject grabbed each bottle and placed it in the corresponding place.
After placing a bottle, the subject had to evaluate the discomfort of the task according



to the CP-50 scale. CP-50 defines five global categories of discomfort defined as fol-
lows: very slight discomfort, slight discomfort, discomfort, severe discomfort and very
severe discomfort. After choosing a global category, the subject indicated the specific
level of discomfort in the category on a 10-points scale. Paper labels were used in this
experiment allowing the subject to note the difficulty for each task by placing the labels
in front of the bottle. For each bottle, the subjects had to rate discomfort using these
labels. The order was to compare the discomfort of picking and placing this bottle at
the current placement, to the one in the middle level of the shelf. This latter placement
was supposed to be the most comfortable configuration for all subjects, according to
the French norm NF X35-109 [17]. More specifically, this norm assumes that the most
comfortable position is between 75 cm and 110 cm for handling tasks. The subject re-
turned to the table and took a new bottle for a new placement, and restarted the assess-
ment process, for all the 12 bottles (a trial is defined as a picking and placing a set of
12 bottles). Once all bottles were placed on the shelf, the trial ended followed by a rest
period before starting a new trial.

Levels’ labels
Category labels

Table containing 12 bottles
in a random combination

A 4 levels’ shelf

Fig.1. A subject equipped with the 43 reflective markers following the ISB recommendations
[18] facing the shelf, the table on his right and the bottles in a random combination.

An optoelectronic motion capture system Qualisys (composed of 23 12-Mpixels
cameras, 200Hz sampling frequency) was used to track 43 reflective markers placed on
standardized anatomical landmarks, following the ISB (International society of Biome-
chanics) recommendations [18].

2.2 Data Processing

Based on the 3D position of the anatomical landmarks captures with the Qualisys sys-
tem, joint angles were computed following ISB recommendations [18]. RULA scores
were then computed using these joint angles. The RULA method involves adjustments
for shoulder abduction\adduction movements, lateral flexion of the trunk. The threshold



was set to 20° for the trunk and the wrist as suggested in [15], and 45° for the abduc-
tion\adduction of the shoulder. To compare the RULA score with the CP-50 score, both
scores were normalized. The RULA score was normalized by the maximum of each
score for all the bottles. Similarly, the CP-50 was normalized by the maximum of all
placements of a trial. The RULA score was computed continuously all along the task
at 200 Hz, whereas CP50 was collected as a unique score for each bottle placement. To
obtain a unique postural score derived from RULA for each bottle, we tested different
assumptions: the mean value of the continuous RULA score (1), the integral value (2),
the Root Mean Square value (3), the weighted average time at each RULA level (4) and
the % of time per RULA level (5).
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N: total number of frames.

RULA (i): the value of RULA at frame i.

Count (RULA=1): the number of frames where RULA value equals i.

a;: weights applied to Count (RULA=1). In this paper we have chosen vi, a;=i to give
more weight for important RULA scores.

RULA: The time spent in each score level of RULA.

To explore the correlation between scores derived from RULA and subjective ratings
of the discomfort of the task, a principal component analysis (PCA) was performed
using a pxm matrix where p is the total number of subjects and m=6 (5 scores derived
from RULA and one CP-50 score). The highest PCA coefficients were selected (leading
to explain at least 80% of the variance). To evaluate the consistency of the subjects’
ratings for the different trials using the CP-50, an intra-class correlation coefficient
(ICC) was computed. The difference between subjects' responses were also compared.
This method allowed to explore how consistent were the ratings with regard to the ex-
perimental conditions.



3 Results and Discussion

Table 1: PCA coefficients for different assumptions and the (%) of total variance for the first
three components.

Coefficient relating to the different assumptions
Total Va- Mean | Inte- | RMS | Weighted | CP-50 | %time- | %time- %time-
riance (%) gral average RULA | RULA | RULA=7
time =4 =6
First | 29.57 0.03 0.03 0.03 0.003 0.99 -0.007 0.03 0.01
Com-
po-
nent
Se- 25.67 0.25 0.25 0.26 0.10 -0.05 -0.29 0.73 0.05
cond
Com-
po-
nent
Third | 23.81 0.11 0.11 0.08 0.03 0.06 0.82 -0.04 -0.03
Com-
po-
nent

Table 1 shows the results of the three first components of the PCA that described
79.05 % of the total variance. The first component with 29.57 % of the total variance
was mainly based on CP-50 (99%). All the postural scores derived from RULA appear
in the second and third components with 25 % for the mean RULA score value, 26%
for the root mean square RULA score value. The percentage of time spent at specific
RULA levels (%time RULA=1, 2, 3 and 5) were not significant in these three first
components and therefore not reported here. We noticed a few negative correlations
especially with the %time spent at RULA score equal to 4. The PCA results reveal that
no correlation exists between the CP-50 and the postural scores derived from RULA.
The ICC for all subjects and all trials was equal to 0.326, demonstrating a poor con-
sistency of the intra and inter-subjects' ratings (CP-50 answers) with regard to the ex-
perimental conditions (bottle location on the shelf). We found poor correlation between
CP-50 and postural scores, in agreement with the PCA analysis. Hence, although RULA
scores enabled us to distinguish differences between the postures, our results show that
discomfort reported by the subjects where inconsistent. Subject did not feel enough
changes in the experimental conditions to clearly identify higher levels of discomfort
for extreme postures (highest and lowest levels of the shelf for example). The CP-50
scale may also be too complex for such a task and may had resulted in a larger disper-
sion of the results. Concurrently, the scores derived from RULA logically reached
higher levels for - assumed- more extreme postures. In the literature [16] showed a
small agreement between CP-50 and RULA scores for handling task with 0 to 10 Kg
load. Similarly, [19] showed an agreement between RPE and physiological parameters



for handling tasks with 23Kg load. Ours results seems to indicate that this agreement
vanishes for the lowest load levels (1kg). This result is in accordance with previous
work [3] demonstrating that the heavier the weight is, the higher the correlation between
postural and subjective assessment is.

4 Conclusion

In this study, the agreement between postural discomfort scores derived from RULA
and self-report discomfort scores was investigated to explain the arduousness of the
task. The major findings are:

1. The ICC of the subjects CP-50 ratings was low, indicating a poor consistency of the
intra and inter subject answers with regard to the experimental conditions (here the
postural changes related to the bottle placement).

2. The PCA analysis of the scores indicated that the postural assessment and the sub-
ject’s answers were not correlated, in agreement with previous works.

Future works will involve a simpler rating scale to simplify the assessment for the
subjects. The mass will also be increased to check the agreement found in the literature
for such a task. The posture holding time will also be extensively investigated, since it
is supposed to be a discriminant parameter to evaluate discomfort over time. Another
interesting perspective would consist in investigating the subject fatigue with regard to
repetitive tasks performed with low loads.
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