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Abstract: Falls at height are among the major causes of fatal accidents at work, especially in the
construction sector. Maintaining balance while performing a tool with both hands generates
physical efforts and mental loading that needs to be managed for workers’ safety and health. The
purpose of the study is to compare perceived (dis)comfort (overall and localized), the ergonomic
risk and the perceived effort through the acquired postures that subjects assumed during the
execution of simple and common tasks both on a ladder and on the ground. 26 subjects were asked
to perform four tasks in both conditions: top screwing, frontal screwing, object picking from the
bottom forward, and object picking from the bottom sideways. Subjective and objective data were
gathered for assessing subjective experience (discomfort and effort, perceived) and ergonomic risk.
Results highlighted few ergonomic risk differences among “on ladder” and “on ground” tasks,
while subjective data reveal significant differences in different scenarios. Main results regard knees
and neck areas as the most critical ones.

Keywords: working at height; ladder; discomfort; ergonomics; hand tools

1. Introduction

Work at height is considered to be all those work activities carried out at such a height that it
exposes the worker to the risk of falling and personal injury. In case of low risks and short-duration
tasks, fall protection systems are not required and a ladder can be used for reaching the heights; also,
in case of impossibility to change workplace layout for using platforms or other safety features, the
portable ladder has to be used. To establish whether an activity is carried out safely or not, the level
of risk must be considered. Ladders should only be used in situations where they can be used safely,
e.g., where the ladder will be level and stable or where, if possible, the ladder can be fixed.

Much of the literature relating to ladders has emphasized the prevention of injuries associated
with working on ladders (1-10).

The main causes of these falls are foot slipping (11-13) on a ladder rung; the usage of broken,
collapsed or folded ladders (1,9,14-16); loss of balance and/or ladder movements during the usage
such as the sliding of the base. About the recovery of balance following slipping, different positions
of the feet and hands were examined (11). In (11,17-19) it is shown how grasping the rungs of the
ladder rather than the rails provides a better grip, thus reducing the likelihood of slipping and
preventing a fall.

Another investigated aspect is the angle of inclination of non-self-supporting ladders(3,6,20,21)
and several methods to best set it. Climbing and using ladders is a common generic task in many
occupations, professional and not. In the context of the use of non-professional ladders, the
incidence of significant injuries is increasing. In literature, different recommendations have to
reduce the probability of falling from a ladder such as improving ladder design; when it’s possible
using aerial lifts or scaffolds; training the user on how to use the ladder safely; training the user in
the selection and inspection phases; incentivize formal training programs and regulations governing
the use of ladders. (1,6,9,15,22,23).

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Little scientific research has been carried out to ergonomically evaluate the ascent, the descent,
and the handling of ladders in working activities(3,24). The most investigated factors regard heavy
loads and manipulation of objects while working at heights; incongruous posture, and repetitive
arm use; loading/unloading ladders from vehicles; and placing ladders on the shoulder to move
them. Some studies have been conducted especially in the agricultural sector, especially during
apple harvesting operations (25-29). In (25,26) two different apple harvesting methods were
compared: a conventional ladder and a newly developed mobile platform. In (28,29) the analysis
carried out using the RULA® method is aimed at identifying uncomfortable postures/activities that
occurred during apple harvesting.

In (24) the aim was to compare mechanical load, safety, energetic workload, perceived exertion,
and perceived discomfort, among window cleaners that used some extension ladders with 30 and 35
cm rung separation. The biomechanical aspects relating to the daily use of the ladder have received
very little attention, in particular, on the musculoskeletal load required and the postural discomfort
perceived during its usage. Subjective and/or objective data can be useful to evaluate postural
(dis)comfort regarding a generic task. To detect the subjective data (pain, discomfort, level of
fatigue) surveys, questionnaires, and self-reports are used. The most used are the BPD: Body Part
(Dis)comfort and the LPD: Localized Postural (Dis)comfort (30-32). To detect the objective data
(ergonomically valid posture, postural comfort) sensors, methods, and tools are used (33,34). The
software CAMan® (35-40) considering the angles assumed by the upper limbs during the execution
of a task gives an output a postural comfort index. The tool, realized by the University of Salerno,
gives the comfort index on a 10-point scale where 10 is the maximum.

The reason for this study was born in this context. The aim of this study was to examine joint
loading along with ratings of perceived discomfort and perceived strain during a simple work task
with and without the use of a ladder. The research questions are: how much does performing a
simple task on a ladder instead of on the ground affect perceived discomfort? Is the difference in
perceived discomfort related to biomechanical overload (evaluating it with the RULA® method)?

2. Material and methods
2.1. Purpose

In the case of work at height, working on scaffolding allows one to experience a perceived
stability when performing the operation that is almost the same as working from the ground, while
if the operation must be performed on a ladder, balance, and freedom of movement are
compromised, which is results in strong perceived discomfort and reduced user safety;
unfortunately, sometimes is not possible (or not convenient) to use fixed systems such as scaffolding,
thus it is necessary to use a ladder.

The aim of this study was to compare simple tasks, performed on the ground and on a ladder,
in terms of subjective experience and objective evaluation. For the subjective and objective comfort
data, questionnaires and CAMan® were used respectively. For the ergonomics evaluation, RULA®
analysis was performed.

2.2. Pilot Tests to Identify the Critical Tasks

First, brainstorming among the authors (experts) and three people who usually carry out
operations on a ladder (furniture, curtain, and air conditioning assembly workers) was conducted to
identify the most frequent and critical actions in terms of ergonomics and discomfort. Given the
heterogeneity of the group, experts, and non-experts, a first list of operations, both domestic and
non-domestic, which require a ladder to be carried out has been drawn up. Some examples were
window washing, painting, cleaning the internal roof of house room, screwing the plasterboard,
changing a light bulb, and picking up and moving objects. Then, starting from these activities, a list
of the movements to be carried out for each of them was drawn up. For example, to clean windows it
needs to make repetitive vertical movements with just one arm; to screw in a light bulb, make a
rotating movement with one hand; to clean a top it needs to make repetitive horizontal movements
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with just one arm. After the identification of the movements, a pre-experimental phase was carried
out on a sample of 15 users. Each participant was asked to perform each movement twice, once
standing and once using a ladder. The tests were carried out randomly and at the end of each test,
the participant had to assign a score of perceived discomfort on a scale from 1 to 10. The tests were
necessary to be able to select the movements that reported a significant difference if performed from
the ground or on the ladder. The authors chose 4 operations: the operations that, in the
re-experimental phase, presented a difference of at least two points between the two setups for 80%
of the sample.

The identified tasks were:

1) Top screwing: representative of all those operations that require the arms to be raised, with
possibly the handling of a tool needed to carry out the operation, and a force-exertion in the vertical
direction. This group includes operations such as: screwing at the top of a ceiling, drilling at the top,
painting the ceiling, changing a light bulb, etc. (Figure 1a).

Figure 1. Critical tasks (a) Top screwing (b) Frontal screwing (c) Object picking from bottom forward
(d) Object picking from the bottom sideways.

2) Frontal screwing: representative of all those operations that require the arms to be
maintained horizontally to carry out the operation, with possibly the handling of a tool needed to
carry out the operation far from the body’s center of gravity and force-exertion in the horizontal
direction. This group includes operations such as frontal screwing, frontal drilling, wall painting,
fixing of a frame, etc. (Figure 1b).

3) Object picking from bottom forward: representative of all those operations that require a
forward bend with a vertical applied load, for example, to pose or take an object positioned in front
of the ladder, in a lowered position (Figure 1c).

4) Object picking from the bottom sideways: representative of all those operations that require a
downward bending and a twist of the torso with a vertical applied load, for example, to pose or take
an object positioned laterally on the ladder, in a lowered position (Figure 1d).

2.3. Participants

Twenty-six healthy young people (22 males and 4 females), all volunteers, participated in the
experiment. None had a history of musculoskeletal diseases. The main characteristics of the subjects
are summarized in Table 1. The subjects were informed of the nature of the tests and their written
consent, in accordance with ethical standards of the University of Salerno, was obtained.

Table 1. Demographic data of the participants.

Age (years) Height (cm) Weight (Kg)
Mean 27 175.1 76.3
Std. Deviation 5.6 7.8 13.37

2.4. Experimental Setup

For the experimental phase, a setup was prepared to reproduce the four selected tasks (both
from the ground and on the ladder. Three video cameras were positioned on the right side (Figure
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2a), behind (Figure 2b), and above (Figure 2c), in order to acquire the postures assumed by each
subject for each task.

(a) (b) (c)

Figure 2. Camera positions (a) Lateral (b) Behind (c) Above.

A wooden structure on which the drilling operations were carried out at the top and front was
built, and the holder surfaces at a fixed height for the object-picking operations were prepared.

Particularly, the experimental setup included:

1) Top screwing:

- Ladder leaning against the wall

- Drilling height equal to 210cm, measured from the plane on which the user placed his feet (the
floor and the second step of the telescopic ladder in the case of screwing on a ladder)

- Drilling to be made about 7 cm from the wall

2) Frontal screwing:

- Ladder leaning against the wall

- Height at which to drill equal to 153cm, measured from the plane on which the user placed his
feet (the floor and the second step of the telescopic ladder in the case of screwing on a ladder)

3) Object picking from bottom forward:

- Object height to be picked/deposited equal to 61cm, measured from the plane on which the
user placed his feet (the floor and the second step of the telescopic ladder in the case of screwing on a
ladder)

- The front distance of the object to be picked up / deposited is equal to 65cm

4) Object picking from the bottom sideways:

- Object height to be picked up / deposited equal to 61cm, measured from the plane on which
the user placed his feet (the floor and the second step of the telescopic ladder in the case of screwing
on a ladder)

- The lateral distance of the object to be picked up / deposited is equal to 70cm.

2.5. Test Procedure

Before starting the tests, personal data were recorded for each participant. Each subject was
then associated with an increasing number from one to 26 to be inserted in each questionnaire to be
completed. The personal information requested were: age, gender, height, weight, dominant arm
(right-handed or left-handed), and frequency usage of a ladder to carry out general tasks. For each
participant arm length and foot-to-shoulder distance were acquired.

Subsequently, each participant performed the 8 activities.

- Frontal screwing on the ladder;

- Frontal screwing from the ground;

- Top screwing on the ladder;

- Top screwing from the ground;

- Sideways object picking on the ladder;

- Sideways object picking from the ground;

doi:10.20944/preprints202402.0795.v1
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- Frontal object picking on the ladder;

- Frontal object picking from the ground.

Each activity included an initial explanation from one of the supervisors and the compiling of
the questionnaire, specific to the task, immediately at the end of each of them.

The testing order was planned for each participant adopting the Latin Square Method (41) to
randomize the order while keeping the experiments’ repeatability.

The task order was chosen randomly in order to avoid any task-order effect. Furthermore, after
every 2 activities, the participants were asked to rest for 5 minutes to prevent tiredness from
influencing the performance of the activities and, therefore, the answers to the questionnaire.

2.6. Questionnaire

All twenty-six participants in the experiment promptly completed an online survey using the
Google Forms platform.

The questionnaire aimed to evaluate the discomfort (overall and localized) perceived during
the task execution, the effort perceived, and the hand-wrist posture. This last was considered only
for the screwing tasks. The perceived discomfort was evaluated on a 10-point scale (1 minimum
discomfort, 10 maximum discomfort). The Localized Postural Discomfort regarded 17 body parts
(30) (see Figure 3). The effort perceived was evaluated through the Borg CR10 scale (38). The
hand-wrist position was evaluated on a 5-point Likert scale (31) (very good, good, neutral, harmful,
very harmful).

Figure 3. Localized Postural Discomfort Assessment.

3. Postural Data Acquisition

The photos for each participant and each task were processed using Kinovea® software (Figure
4). The limb movements acquired were:
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Figure 4. Example of Kinovea® angle measurement.
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For the neck: frontal flexion, rotation, and lateral flexion;

For the shoulder: frontal flexion, abduction/adduction;

For the elbow: flexion/extension, pronation/supination;

For the wrist: flexion/extension, radio/ulnar deviation.

The aforementioned data were used to calculate RULA® and CAMan® indices.

RULA® method was used to investigate the potential upper limb disorders, for right and left
sides.

CAMan® software was used to calculate the comfort index of the neck, shoulder, elbow, and
wrist. Finally, the comfort index for the right, left side, and overall ones (Figure 5).
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Figure 5. CAMan® Software Interface.

4. Result and Discussion

Wilcoxon Signed Rank test has been performed to calculate whether there were significant
differences between data, particularly between the data collected among the four tasks and for the
same task but in the two configurations: on the ground and on the ladder.

Correlations and the strength of the relationship between the variables, particularly between
the subjective data (perceived (dis)comfort, from questionnaires and CAMan®) and objective ones
(RULA®) were calculated with IBM® SPSS® Statistics version 24. Spearman index was computed
since data was not normally distributed.

The data analysis had two specific purposes:

The first target was to understand, for each task, if there was a significant difference between
the task carried out from the ground and from the ladder. This analysis was carried out both in terms
of RULA® score, in terms of discomfort (questionnaire) rating, and in terms of comfort (CAMan®)
rating. Since the operations involved an asymmetrical use of the body, the right and left sides were
considered separately.

The second target was to understand, for each task, which parts of the body were most in
discomfort and whether there were correlations between the data acquired from the questionnaire
and the results of the RULA® and CAMan® analysis.

- Frontal screwing
The RULA® and CAMan® analysis shows no significant differences, neither between the right
and left side of the body, nor between the tasks performed from the ground and on a ladder (score =

3-4, further investigations are needed) (Table 2). CAMan® results show the lowest values for the
wrist (very low comfort).
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Table 2. Frontal screwing Ground-Ladder differences among absolute values.

Frontal RULA RULA(Left) Perceived Effort Left Right Wrist-Hand CAMan CAMan

Screwing  (Right) Discomfort Needed Knee Knee Posture (Right) (Left)
Evaluation
Mean (Ladder) 4,57 3,29 4,05 1,32 1,18 1,18 2,45 708 7,15
St. Dev. 0,81 0,56 2,21 0,65 2,06 1,82 0,67 081 090
(Ladder)
Mean 4,38 3,24 2,73 1,18 0,05 0,09 2,05 7,59 811
(Ground)
St. Dev. 0,59 0,54 2,05 0,50 021 043 0,79 078 0,90
(Ground)
Mean 0,19 0,05 1,32 0,14 1,14 1,09 0,41 051 096
Difference
Stochastic NO NO YES NO YES YES YES YES YES
Significance

Otherwise, the perceived discomfort is significantly higher when the task is carried out on the
ladder. The reason lies in the discomfort perceived in the knee. RULA and CAMan® do not consider
the lower limbs and do not show significant differences between ground and ladder tasks. However,
a significant difference emerges from the questionnaire in terms of global comfort. This confirms
that the discriminating factor is the knees, assessed only in the questionnaire. Furthermore, the
questionnaires show a higher average knee discomfort value for ladder work.

Correlation analysis confirms this result. For the ladder operation, knee discomfort has a
positive correlation with the overall discomfort (and a negative correlation with to participant height
(Table 3). The difference in perceived discomfort between the ground and on the ladder, therefore, is
due to the forced contact between the knees and the steps in order to facilitate the balance of the
body during the execution of the task. For height, from the analysis of the videos it was noted that as
the taller is the subject, the lower is the area/time of contact between knees and parts of the ladder
(steps). Furthermore, the cross-analysis shows strong negative correlations between the CAMan®
results and the questionnaire. As perceived discomfort increases (questionnaire), postural comfort
decreases (CAMan®). This result shows that the participants answered consistently to the
questionnaire.

Table 3. - Frontal screwing Spearman coefficients. ** The correlation is significant at level 0.01
(2-queues) * The correlation is significant at level 0.05 (2-queues).

Frontal Screwing Left Right CAMan
Correlation Knee Knee global
Perceived Discomfort ,443* ,467* -,596**
Height -A77* -,442* -
RULA (right) - - -,406*
RULA (left) - - -,447%

- Top screwing

Unlike frontal screwing, screwing from above is more critical (higher values for both RULA®,
perceived discomfort). This is due to a posture that involves greater extension of the arms, the
inability to lean against the wall to improve balance, and greater flexion of the neck. CAMan® shows
the lowest values for the neck and arms for both tasks, performed on a ladder and from the ground.
The arms and neck are the most critical parts body. However, there are no significant differences
between the right side and the left side. Furthermore, the exertion of the force is in vertical direction,
adding the gravitational effects to the exerted force. The RULA® analysis shows a significant
difference between ground and ladder only for the right arm, despite assuming high scores in both
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cases (score=5-6. Investigation and changes required soon). The knee is, once again, the most
uncomfortable part with significantly higher values in the task carried out on a scale. The perceived
effort is greater for the operation carried out on a ladder (Table 4). From the correlation analysis,
effort is positively correlated with all right limbs. In this operation, therefore, the asymmetry of
posture and activity is accentuated. Even for the top screwing tasks, such as the frontal screwing,
there is a positive correlation between knee discomfort and global discomfort and a negative
correlation between knee discomfort and the height of the subjects. Also, the arm length had a
negative correlation with the local discomfort on the right forearm (Table 5). The reason can be
found in being higher and having a longer arm makes it easier to reach the screwing height without
stretching. Results show strong correlations between CAMan® and the questionnaire, particularly, as
the global discomfort assessed through the questionnaire increases, and the arms comfort assessed
in the CAMan® decreases.

Table 4. Top screwing Ground Ladder difference.

Top screwing RULA RULA(Left) Perceived Effort Left Right Wrist-Hand CAManCAMan

(Right) Discomfort Needed Knee Knee Posture (Right) (Left)
Evaluation

Mean (Ladder) 6,95 6,19 5,82 2,27 1,82 2,27 3,36 6,80 6,85

St. Dev. 0,22 0,75 2,79 1,08 2,82 2,96 1,09 037 041
(Ladder)

Mean 5.7 6,19 4,27 1,68 1,27 0,27 2,86 7,30 7,10
(Ground)

St. Dev. 0,44 0,75 2,05 0,89 094 094 0,94 081 0,74
(Ground)

Mean 0,19 0,00 1,55 0,59 1,55 2,00 0,50 050 0,25
Difference

Stochastic YES NO YES YES YES YES NO YES YES
Significance

Table 5. - Top screwing Spearman coefficients. ** The correlation is significant at level 0.01 (2-queues)
* The correlation is significant at level 0.05 (2-queues).

Top screwing Correlation Effort n.e eded Right Left Knee CAMan
perceived Knee global
Perceived Discomfort ,820%* ,510* ,476* -737%*
Right arm ,735%* - - -475*
Left arm - - - -499%
Right forearm ,466* - - -
Right wrist ,439* - -
Right shoulder ,505* - - )
Right knee ,605%* - - i
Effort needed 1 ,606** A67* 4;9*
Height - -,650%* -,644** ’

- Sideways object picking

The RULA® analysis shows no differences, neither between the right and left side of the body,
nor between the tasks performed from the ground and on a ladder (score=5-6. Investigation and
changes required soon). The perceived discomfort, instead, is higher for the task carried out on the
ladder (Table 6). Discomfort is strongly correlated to the upper limbs (arm, forearm), knees and back
discomfort. The correlation analysis, for this task, highlights that leg discomfort is a crucial element.
As the perceived discomfort in the leg increases, the general discomfort increases and, at the same
time, the perceived effort, during the execution of the task. CAMan®, instead, shows significant


https://doi.org/10.20944/preprints202402.0795.v1

Preprints.org (Www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2024

9

differences between the right and left sides, in particular, the right side has a lower comfort score,
due to a greater effort to reach the object. The cross-analysis shows strong correlations between
CAMan® and the questionnaire. As perceived discomfort increases (questionnaire), postural comfort
decreases (CAMan®) (Table 7).

Table 6. - Sideways object picking Ground-Ladder difference.

Sideways object RULA  RULA(Left)Perceived Effort Left Right CAMan CAMan

picking (Right) Discomfort Needed Knee Knee (Right) (Left)
Mean (Ladder) 5,77 5,77 3,81 1,37 1,52 1,67 5,67 7,08
St. Dev. (Ladder) 0,59 0,59 2,09 0,69 2,74 2,70 0,75 0,27
Mean (Ground) 5,69 5,69 2,81 1,19 0,48 0,26 6,43 7,59
St. Dev. (Ground)0,62 0,62 1,83 0,40 1,40 1,16 0,14

0,50
Mean Difference 0,08 0,08 0,93 0,19 1,04 1,41 0,76 0,51
Stochastic NO NO YES NO YES YES YES YES
Significance

Table 7. - Sideways object picking Spearman coefficients. ** The correlation is significant at level 0.01
(2-queues) * The correlation is significant at level 0.05 (2-queues).

Sideway's object picking Perceived Discomfort Effort .
Correlation Needed perceived
Right arm ,676** ,534**
Left arm ,562** ,508**
Right forearm ,541** ,447*
Left forearm ,403* -
Right knee ,587** ,405*
Left knee ,568** ,484*
Upper back ,512% -
Lower back A72% -
Right leg A79% ,394*
Left leg ,510** ,394*
Perceived Discomfort 1 ,655**
CaMan global -655** -

- Frontal object picking

The RULA® and CAMan® analysis show no differences, neither between the right and left side
of the body, nor between the tasks performed from the ground and on a ladder (score=5-6.
Investigation and changes required soon). The perceived discomfort, instead, is higher for the task
carried out on the ladder (Table 8). Since the difference between the ground and ladder can only be
seen from the questionnaires that consider the lower limbs, then it can be concluded that the
(dis)comfort depends exclusively on the knee (Table 8). The frontal object-picking task presents the
lowest level of discomfort compared to the other ones.

Table 8. - Frontal object picking Ground-Ladder difference.

Sideways object RULA  RULA(Left)Perceived Effort Left Right CAMan CAMan

picking (Right) Discomfort Needed Knee Knee (Right) (Left)

Mean (Ladder) 5,04 5,04 3,33 1,26 2,30 2,00 8,60 8,74

St. Dev. (Ladder) 0,92 1,00 2,06 0,45 2,92 2,77 0,96
1,01

Mean (Ground) 4,96 4,96 2,44 1,19 0,19 0,19 8,90

8,72

doi:10.20944/preprints202402.0795.v1
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St. Dev. (Ground)0,82 0,82 1,34 0,48 0,96 0,96 0,42
0,90
Mean Difference 0,08 0,08 0,89 0,07 2,11 1,81 0,16
0,12
Stochastic NO NO YES NO YES  YES NO
Significance NO

Spearman indices show two important correlations (Table 9). Neck discomfort is strongly
correlated with overall discomfort and perceived effort. This demonstrates how the neck is the most
critical body part for this operation.

Table 9. Frontal object picking Spearman coefficients. ** The correlation is significant at level 0.01
(2-queues) * The correlation is significant at level 0.05 (2-queues).

Frontal c.)b]ect picking Perceived Discomfort Effort '
Correlation Needed perceived
Right arm ,676%* ,534**
Left arm ,562** ,508**
Right forearm ,541** ,A447*
Left forearm ,403* -
Right knee ,D87** ,405*
Left knee ,568** ,484*
Upper back ,512% -
Lower back A72%* -
Right leg A79% ,394%
Leftleg ,510%* ,394*
Perceived Discomfort 1 ,655%*
CaMan global -655** -

5. Conclusions

When it is necessary to carry out work at height and it is not possible (or not convenient) to use
fixed systems such as scaffolding, the use of a ladder is necessary, carrying out a task, even a simple
one, on a ladder compromises balance and freedom of movement, resulting in strong perceived
discomfort and reduced safety for the user.

The aim of this study was to compare simple tasks, performed on the ground and on a ladder,
in subjective and objective terms. For the subjective data, questionnaires were used; for the objective
data the RULA® and CAMan® analysis were carried out.

The research questions are: how much does perceived discomfort affect performing a simple
task on a ladder instead of on the ground? Is the difference in perceived discomfort linked to
biomechanical overload?

Summarizing, the RULA® analysis does not highlight significant differences, neither between
the right and left side of the body nor between the activities carried out from the ground and on a
ladder (with the exception of the frontal screwing in which there is a significant difference, for the
right arm, between the ground and the ladder). The RULA® values for all activities, ground, and
ladder, are always high, therefore the activities selected are significant for the analysis. The activities
are compromising in terms of discomfort and biomechanical overload. CAMan® confirms the results
of the questionnaire. The cross-analysis shows strong negative correlations between the CAMan®
results and the questionnaire. The areas of the body that obtain the highest results in terms of
perceived discomfort (questionnaires) are the same ones that are most compromised from a postural
comfort point of view (CAMan®). From the questionnaires, however, it emerges that, for all
operations, there is a significant difference between the activity carried out on the ladder and the
same activity carried out from the ground. Furthermore, the perceived discomfort is always less
when the operation is carried out from the ground.
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As for localized discomfort, the knee is the most critical body part. Carrying out the operation
on the ladder creates weight imbalance and therefore balance problems. From the videos it appears
that the subjects, to maintain balance, rest their knee on one of the steps of the ladder and this causes
localized pain. The results also show a correlation between knee discomfort and participants’ height.
From the analysis of the videos, it was noted that the taller is the subject, the lower is the area/time of
contact between knees and parts of the ladder (steps).

In the frontal object picking, Spearman indices show two important correlations. Neck
discomfort is strongly related to general discomfort and perceived exertion. This shows how the
neck is the most critical part of the body for this operation. For all tasks, the perceived effort is
greater for the operation carried out on a ladder. This result can be found using the CAMan® indices.
The neck takes on low postural comfort values.

The findings would have a significant impact on ladder design. The ladder has not undergone
major evolutions over time and remains a simple tool for reaching points that are difficult to reach
but do not require specific platforms and scaffolding. However, the risks deriving from its use
should not be underestimated, especially when performing tasks involving both arms. Not being
able to use arms, because engaged in an activity, the knees contact on the ladder plays a
fundamental role in maintaining balance and stability. The study has in fact demonstrated that the
knees are affected, more than other parts of the body, by the discomfort perceived during the
execution of the task. It would therefore be necessary to provide for changes from an ergonomic
perspective intervening on the distance of the rungs.

The distance between the rungs is a topic addressed in the literature but with a view to
reducing the risk of falling, the speed of climbing, and the reduction of fatigue (19). The results of
this study show how it is necessary to intervene in the distance of the rungs, to reduce, at the same
time, discomfort, and improve balance and performance in all those commonly carried out activities
that involve the use of both arms. The distance of the rungs should be modified depending on the
height of the subjects in order to guarantee solid contact between the knees and the rungs.

6. Limitations

This work shows comparative results, in terms of discomfort perceived, effort needed, and
ergonomics risk, regarding the execution of simple and common tasks both on a ladder and on the
ground. Some limitations need to be acknowledged:

26 participants in the test cannot be considered sufficient to carry out an in-depth study of the
issues, even if the sample is statistically representative. Furthermore, the sample was composed of
only young people, and a group of only 4 women, out of a sample of 26, is considered a limiting
factor.

No EMG acquisition was performed to provide objective information measures of a person’s
behavior and effort.

The test setup, the choice of activities to simulate, and the procedure were found to be adequate
to be able to acquire both subjective and subjective data. However, the setup was the same for the
entire sample without taking into account the different anthropometry among the participants and
the difference in terms of force and exertion that each subject had to need to accomplish a task.
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