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How do low/high height and weight variation
affect upper limb movements during manual
material handling of industrial boxes?

Como a variacao de altura e massa da carga afetam os movimentos do membro
superior durante o manuseio de caixas industriais?

Ana B. Oliveira, Luciana C. C. B. Silva, Helenice ]. C. G. Coury

Abstract

Objectives: To evaluate the effect of surface height and load weight on upper limb movements and electromyographic (EMG) recordings
during manual handling performed by both experienced and inexperienced lifter subjects. Methods: Sixteen experienced and sixteen
inexperienced lifters handled a box (both 7 and 15 kg) from an intermediate height (waist level) to either a high or low surface.
Electromyography and video images were recorded during the tasks. The 10", 50" and 90" percentiles were calculated for the deltoid
and biceps muscles, shoulder flexion, shoulder abduction, and elbow flexion movements. Groups, right/left sides, weights and heights
were compared. There were no differences between either groups or sides. Results: Weight and height variations affected EMG and
posture, although weight had more impact on EMG. Shoulder abduction and flexion movements higher than 60° occurred, particularly
for the higher surface. Shoulder flexion was also higher when the box was moved to the low height. This study provides new evidence as
shoulder postures during boxes handling on low surfaces had not previously been evaluated. Conclusions: The high demand of upper
limb in manual material handling tasks is clear, particularly for the shoulder. This knowledge can be used by physical therapists to plan
better rehabilitation programs for manual material handling-related disorders, particularly focusing on return to work.

Keywords: biomechanics; environment design; weight lifting; cumulative trauma disorders; physical therapy.

Resumo

Objetivos: Avaliar o efeito da altura de superficie e massa da carga nos movimentos e na atividade eletromiogréafica (EMG) dos
membros superiores durante o manuseio de carga realizado por sujeitos experientes e inexperientes. Métodos: Dezesseis sujeitos
experientes e 16 inexperientes manusearam uma caixa (7 e 15 kg) de uma superficie com altura intermediaria para uma superficie
alta e/ou baixa. Durante as tarefas, foram registradas imagens de video e EMG. Os dados foram processados para obtencao dos
percentis 10, 50 e 90 referentes a EMG dos musculos deltoide e biceps e aos movimentos de flexao e abdugéo do ombro e flexdo do
cotovelo. Foram comparados os grupos, lados (direito/esquerdo), massas e altura de manuseio. Resultados: Nao foram encontradas
diferencas significantes entre os grupos ou lados. As variagdes de massa e altura de manuseio afetaram a EMG e postura, embora
a massa da caixa tenha tido mais impacto sobre a EMG. Os movimentos de abdugéo e flexdo do ombro ocorreram acima de 60°,
particularmente no manuseio para a superficie alta. A amplitude de flexdo de ombro também foi alta quando a caixa foi movida para
a superficie baixa. Esse resultado consiste em uma nova evidéncia, j& que posturas do ombro durante o manuseio de carga em
superficies baixas ndo tinham sido investigadas. Conclusdes: A alta demanda do membro superior em tarefas de manuseio de carga é
clara, particularmente do ombro. Esse conhecimento pode ser usado por fisioterapeutas para um melhor planejamento da reabilitagéo
de lesdes relacionadas ao manuseio de cargas, visando o retorno ao trabalho.

Palavras-chave: biomecénica; planejamento ambiental; levantamento de peso; transtornos traumaticos cumulativos; fisioterapia.
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Upper limb demand in manual material handling

Introduction

Manual material handling (MMH) activities are performed in
awide variety of occupational settings. The relationship between
MMH and work-related musculoskeletal disorders (WRMSDs) is
well established in the literature'. In general, 25 to 36% of re-
ported WRMSDs are related to MMH activities**®. The part of
the body most affected is the lumbar spine, with a prevalence
ranging from 50 to 70%**". Epidemiological studies have also
reported high prevalence of WRMSDs in other body sites. The
second most affected region is the shoulder, with a prevalence of
MMH-related to WRMSDs ranging from 38 to 60%>*"5.

In order to reduce the occurrence and to prevent new
episodes of WRMSDs associated with MMH activities, a better
understanding of musculoskeletal loads and the effects of task
parameters during this type of activity is crucial. This knowledge
is valuable for the ergonomics team (physical therapists, ergo-
nomic designers and engineers), to support a better job design.
The strategies of MMH activities have been studied through bio-
mechanical and subjective approaches®'®". While the spinal load
during several types of MMH activities has been well studied'* ",
the upper limb load still remains neglected. The available litera-
ture can provide relevant information on upper limb load, how-
ever the studies are mainly focused on light and repetitive loads,
which is not applicable when evaluating the musculoskeletal
load during boxes handling. Therefore, more studies are needed
in order to provide a better understanding about the influence
of physical aspects of the occupational settings on upper limb
workload during heavy handling,

Habes, Carlson and Badger'® studied the effect of destina-
tion height, load weight and reach on shoulder and lumbar
spine muscle fatigue during a repetitive lifting task. They ob-
served that the three factors (height, weight, and reach) have
affected the electromyographic parameters studied. Nielsen,
Andersen and Jorgensen'” assessed shoulder and lower back
muscular loads and evaluated the amplitude probability dis-
tribution function (APDF) of surface electromyograms (EMGs)
during lifting tasks using 10 kg boxes at different heights and
frequencies. They found differences in muscular load accord-
ing to height changes and frequency variation. Davis and
Marras'® evaluated the influence of lift origin and destination
on low back response. The three-dimensional spinal load was
influenced by the origin and destination height. The authors
acknowledged the importance of studying workplace spatial
layout and biomechanical response during lifting. Hoozemans
et al." have also studied the effect of lifting height and mass in
low back load and reported that both height and mass have an
effect on low back load. The available literature indicates that
both handling height and load weight have an important role
in musculoskeletal loads during MMH activities. However, all

these studies have evaluated upper limb load during handling
at or above waist height, when, it is known that occupational
settings also involve heights below the waist level. Moreover,
the handling of boxes has not been explored so far.

Another important factor that can influence the musculo-
skeletal load during MMH is the subjects’ previous experience
ofload handling. According to interesting studies on back load
by Gagnon' and a recent paper published by Chen, Lee and
Chen®, the strategy used by expert workers in performing
MMH activities has safety potential. In general, they present
strategies related to load maneuvers and footwork that differ
from those of novice workers. Such strategies can reduce back
loadings, back asymmetries and mechanical work require-
ments and, for these reasons, they can generate different pro-
files of musculoskeletal loads.

Therefore, when planning or redesigning MMH activities and
workplaces, certain variables should be controlled in order to re-
duce musculoskeletal load for not only low back but also shoul-
der and upper limbs. With regards to biomechanical demand
of upper limb in MMH activities, little information is available
from the literature, particularly in relation to real or simulated
occupational settings and taking into account the subject’s ex-
perience. Besides contributing to the prevention WRMSDs, this
knowledge can give to physical therapists a better understand-
ing on the upper limb demand in MMH tasks. They can use this
knowledge to plan better rehabilitation programs for MMH-
related disorders, particularly focusing on return to work.

Assuming that workplace spatial layout, object weight and
previous experience in handling might influence shoulder load,
the objective of this study was to evaluate the effect of height and
weight changes on the muscular activity and postures of upper
limb joints during manual handling performed by experienced
and inexperienced subjects.

Methods
Subjects

Male subjects with and without occupational load-handling
experience were recruited. The inclusion criteria were that
the subjects should not present musculoskeletal symptoms or
disorders, general illnesses, range of motion deficits, apparent
postural deviations or balance problems. The sample size was
calculated using SigmaPlot (11.0, Systat Software, Inc), and con-
sidering the outcome shoulder abduction motion and the dif-
ferences between experienced and inexperienced subjects. The
expected standard deviation of the difference for the abduction
movement was set at 14.5°, based on a pilot study carried out
with inexperienced subjects. The expected difference in means
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was set at 15°, considering that such difference would be biome-
chanically relevant. The alpha and beta level were set at 0.05 and
0.20, respectively. The results showed a sample size of minimum
fifteen subjects per group.

Thirty-two subjects, with a mean age of 22.6 (SD=4.3) years, a
mean height of 1.69 (SD=0.04) meters and a mean of weight 68.3
(SD=8.7) kg were recruited for this study. Sixteen participants
were experienced lifters (i.e. with at least 6 months of experi-
ence) and 16 were inexperienced (students, without professional
manual box-handling experience). The experienced lifters were
used to handle boxes of different weights (up to 20 kg) and sizes
in several conditions (palletizing and depalletizing; unloading
trucks; filling shelves). All participants signed an informed con-
sent form previously approved by the local ethics committee of
the Universidade Federal de Sdo Carlos (UFSCar), Sdo Carlos,
SP, Brazil (Approval 059/04).

Procedures

The participants handled a box (weighing either 7 or 15 kg)
from one shelf (intermediate shelf - IS - 102.5 cm, about waist
level) to either a higher shelf (high shelf - HS - 142.5 cm) or lower
shelf (low shelf - LS - 62.5 cm). The weight of the box was deter-
mined after observing MMH tasks in a medium-sized industry
(i.e. 1800 workers). Seventy percent of the observed tasks were
performed involving boxes weighting from 7 to 15 kg.

LS

Figure 1. Layout of the manual handling tasks performed by the
subjects. Full line indicates MMH from the intermediate shelf to the high
shelf (IS — HS) and dotted line indicates MMH from the intermediate
shelf to the low shelf (IS — LS).

Data relating to all four conditions (two box weights and
two shelf heights) were recorded (see Figure 1). The partici-
pants always picked up the box from the IS and placed it on
a predetermined shelf. No specific instructions were provided,
either on postures or how to grasp the box. The shelf’s height
and weight of the box order were randomized. Before lifting the
box, the subjects were provided with information about the
initial and final positions of the box, and when to perform the
task. Participants were not allowed to practice handling the
boxes before starting the experiment. For each trial, simulta-
neous recordings of force applied on the box surfaces, electro-
myography (EMG) and video images were recorded.

Force recordings

A steel box built especially for the evaluation of manual han-
dling tasks® was used in this study. The box measured 300 mm
in length x 300 mm in width x 180 mm in height and was built
with four load cells internally and bilaterally fixed at the lateral
surfaces and the bottom of the box, allowing the record (in kgf)
of any force applied on these different parts of the box. Each load
cell was connected to the DataLink acquisition unit (Biometrics
Ltd, Gwent, UK). Data were sampled at 100 Hz and processed to
establish the start and the end of each handling.

Electromyography

Surface EMGs were recorded bilaterally from both biceps and
the middle fibers (from the lateral margin and upper surface of
the acromion) of deltoid muscles. Active single differential surface
electrodes (Model #DE-2.1, DelSys®, Boston, USA) with a detec-
tion geometry consisting of two parallel silver bars (1 mm?*x 1 cm)
separated by 1 cm were attached to the skin using a double-sided
interface (DelSys®). The electrode characteristics were: common-
mode rejection ratio (CMRR) >80 dB; input impedance >10Q" in
parallel, with 0.2 pF; voltage gain of 10; and noise of 1.2 pV (RMS).
They were placed on the greatest bulge of the deltoid muscle, along
the line between the acromion and the lateral epicondyle of the
humerus; and on the biceps along the line between the medial ac-
romion and the cubital fossa at one third of the distance from the
cubital fossa. The reference electrode was placed on the left hand.
Before attaching the electrodes, the skin was shaved and rubbed
with alcohol over the appropriate areas. The electrode positioning
and attachment were defined according to SENIAM recommen-
dations®. The signals were further conditioned by the main ampli-
fier (Bagnoli-8 EMG System, DelSys®), which provided a gain of
1000, bandwidth 20-450 Hz and noise of 1.2 pV (RMS). The data
were sampled at a rate of 2000 Hz using a PC workstation with
a 16-bit A/D card (PCI-6034E, National Instruments Corporation,
Austin, USA) and EMGworks® software (version 3.0, DelSys®).
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Video recordings

During the experiment, the subject’s movements in the sagittal
plane (right view) and frontal plane (posterior view) were recorded
at 50 Hz using two digital cameras (GR-DV 1800, JVC). The cam-
eras were placed perpendicularly to each other, 1.5 m above the
floor level. Passive markers were attached to the subject’s body at
the following positions: on the shoulder at the posterior face of the
acromion (right and left); on the elbow at the lateral epicondyle
(right and left); on the wrist at the ulnar styloid process (right); and
on the hip at the greater trochanter (right), according to the model
of Okunribido and Haslegrave®’. These markers were used to re-
construct right and left shoulder abduction, right shoulder flexion
and right elbow flexion.

Data analysis

Force, EMG and video recordings were collected throughout
the tests, but only the handling phase was analyzed. The handling
phase was defined as the time during which the subject’s hands
were in contact with the box. The start and end of each handling
period were established using force recordings. The analysis was
performed using MatLab® software (version 7.0.1, MathWorks
Inc., Natick, USA). The start was defined as the moment when
the sum of force applied on the right and left bottom of the box
reached 3 N. The end was established as the moment when this
sum decreased to less than 3 N. These time-points were used to
select the EMG and video records for the handling phase.

The kinematic data were digitized, filtered and reconstructed
using the Ariel Performance Analysis System software (APAS®,
Ariel Dynamics, Inc., Trabuco Canyon, USA). Data were low-pass
filtered at 5 Hz using a digital filter algorithm. The reconstruc-
tion of real coordinates was performed using the direct linear
transformation (DLT) procedure. Shoulder abduction (SA), flex-
ion (SF) and elbow flexion (EF) were calculated with the angles
defined as shown in Figure 2, and stored as ASCII files. The accu-
racy of the movement reconstruction was tested and recorded
at 2.1° for SA (y-z plane), and 1.9° for SF and EF (y-x plane).

The EMG data were processed using MatLab® software
(version 7.0.1, MathWorks Inc., Natick, USA). All signals were
band-pass filtered using a fourth-order zero-lag Butterworth
filter at 20-400 Hz, and were subsequently full-wave rectified
and low-pass filtered at 5 Hz to obtain the linear envelope®.
The signals were then selected using force recording, as de-
scribed above, and were normalized to one specific handling
- reference handling’, which was performed with the same
box, but weighting 11 kg. The box was transferred from the
intermediate to the high shelf. This reference contraction was
chosen for the normalization procedure since it showed better
results for inter-test comparison in relation to the mean value.

In addition, recent literature supports the use of dynamic con-
tractions as reference for EMG normalization®.

An Amplitude Probability Distribution Function (APDF) was
calculated for both the EMG and the kinematic data. Accord-
ing to Jonsson”, probability levels of 10, 50 and 90% represent
the static, median, and peak muscular load, respectively. The
APDF method is a widely applied procedure for describing oc-
cupational load®* for both EMG and movement recordings®.
'The use of APDF analysis was more suitable particularly due to
the short duration of each MMH, as it can provide more detailed
information than the analysis of time average.

In order to perform qualitative analysis and to compare pos-
sible patterns among the subjects, the linear envelope of each raw
EMG signal was normalized for each condition in time from 0%
to 100% in steps of 1%. The same procedure was performed for
shoulder flexion and abduction, and for elbow flexion angles.

Statistics

All data were tested for normality through Shapiro Wilk's W
test. Accordingly, nonparametric tests were applied. The Mann-
Whitney test was used to detect differences between the experi-
enced and inexperienced subjects. The Wilcoxon matched-pairs
test was applied to test for the differences between the right
and left sides, between surfaces (low versus high), and between
weights (7 versus 15 kg). An alpha level of 0.05 was used for all
statistic tests, which were performed using the Statistica® soft-
ware (version 7, StatSoft, Inc., Tulsa, USA).

Results

The EMG and the movement data collected from the ex-
perienced and inexperienced lifters presented no statistically
significant differences, and therefore the two groups have been

o = shoulder flexion (angle in y-x plane)
{ = shoulder abduction (angle in y-z plane)
v = elbow flexion (angle in y-z plane)

Figure 2. lllustration of the positions of the markers and coordinate
system used for joint angular position calculations.
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presented as a single unit. There were also no significant differ-
ences for either EMG activity or movement (shoulder abduc-
tion) between the right and left sides and so only the results
from the right side are described.

EMG

Data from APDF analysis for EMG are presented in Figure 3.
The EMG was modified by both the box weight and the shelf
height. Statistically significant differences was observed (*)
at the static (10" percentile = P10), median (50" percentile =
P50) and peak (90" percentile = P90) for the load levels when
the box weight was increased from 7 to 15 kg. In general, the
values increased from 50 to 77% for the biceps, and from 32
to 63% for the deltoid muscle. The greatest increase occurred

biceps

P=0.1 P=05 P=0.9
(static) (median) (peak)
%7 deltoid
4 N
*
33
o
=2
14 o : o ©
* *
S S
P=0.1 P=0.5 P=0.9
(static) (median) (peak)
[0 7kg-HS I 15kg-HS 7kg - LS W 15kg-LS

(*) indicates statistically significant difference (p<0.05) between 7 and 15 kg; (o)
indicates statistically significant difference (p<0.05) between HS and LS.

Figure 3. Static, median and peak levels (mean = one standard deviation)
of the EMG normalized to the reference condition (a.u. = arbitrary units),
for the biceps and deltoid muscles of 32 subjects during manual handling
of 7 and 15 kg boxes from the intermediate to the high shelf (HS) and from
the intermediate to the low shelf (LS).

at the peak load level, being between 73 and 77% (biceps) and
60 and 65% (deltoid).

EMG activity was significantly higher (o) when the box was
moved to the higher shelf, compared to moving it to the lower
shelf, except for the biceps at P50. At both P50 and P90, the
EMG showed similar increases (7 to 18% higher for the biceps
and 10 to 38% for the deltoid) when the box was moved to the
higher shelf, compared to the lower shelf. Thus, comparatively,
the deltoid presented higher activity at peak levels than the
biceps.

Movement

The data from the APDF analysis for Range of Motion
(ROM) are presented in Figure 4. The ROM was significantly
modified by changing the height of the destination shelf, ex-
cept for elbow flexion at the median load level. The ROM in-
crease was greater when the box was moved to the higher shelf
than when it was moved to the lower shelf, with the greatest
increase in relation to shoulder abduction. At the static load
level, the shoulder abduction increased by 7° and 25°-35° at the
median and peak load levels, respectively.

Changing the weight significantly changed the ROM in
four of the nine situations. These significant variations ranged
between 2 and 7° and affected the shoulder and elbow flexion
load at the static load level; shoulder abduction at the median
load level; and shoulder flexion at the peak load level.

Figure 5 shows the EMG data and postural angles for a
representative participant under all the conditions tested, in
which the effects from changing the weight and height can be
seen. The constant pattern of elbow flexion can be associated
with the results observed for the 50" percentile for this move-
ment (P>0.05).

Discussion

The results showed that the weight and the height influ-
enced both movements and EMG activity. Weight changes
influenced both muscular and postural behavior, but primarily
muscular behavior. Higher EMG estimates for both biceps
and deltoid was observed for the 15 kg box compared to the
7 kg box. The greater effort required for transferring the heavy
box may explain this difference. According to Kumar® it is
possible to establish a relationship between the external load
held in the hand and the muscle load. It is well established in
the literature that the handling of heavy weights involves high
levels of muscle activity on the lower back®”. According to our
results, the same behavior occured for upper limbs. This result
corroborates the findings from Habes, Carlson and Badger'®
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who reported an increase in EMG amplitude of 150 and 94%
for the deltoid and biceps, respectively, when the weight was
increased from 40 to 80% of the subject’s maximal voluntary
contraction (MVC).

Increasing the weight of the box also influenced move-
ments, but to a lesser extent. Authier, Gagnon and Lortie®
reported that weight had little effect on handling techniques.
They attributed their result to the small weight variation used
in their experiment (from 12 to 22 kg), which was insufficient
to detect significant changes. Since the weight range in the
present study was also small (7 to 15 kg), similar tendency
might have occurred.

Height changes had a clear effect on both muscular activ-
ity and postures, but mainly on the latter. In general, higher
muscular activity was recorded when the box was delivered
to the higher surface. This result is similar to what has been
reported in the literature'®'”*. Habes, Carlson and Badger'
also found increased load on the shoulder muscles when
the height of the destination surface was set at the eye level.
Nielsen, Andersen and Jorgensen' evaluated shoulder and
low back muscle load by performing APDF on the trapezius
and erector spinae muscles, respectively. They reported that
shoulder muscular load increased when subjects lifted a 10 kg
box from a higher surface (about 120 cm), compared to lifting
from lower surfaces. Anderson et al.* reported an increase
in anterior deltoid and biceps muscle activity when elevating
the knuckles and elbow in a load-handling task performed
with a barbell at 20% of the maximal elbow flexion force. De-
spite evaluating different tasks, the results summarized here
agree with those reported in the present study.

When the box was lifted to the high surface, the shoulder
and elbow postures presented greater amplitudes and, conse-
quently, higher postural load. The recorded shoulder flexion
and abduction at the peak load level for the high surface were
around 75 and 60°, respectively. The most significant effect of
height was observed for the shoulder abduction angle; at the
peak load level, as it changed from 23 to 58°. On the other hand,
shoulder flexion movement also presented high amplitude for
the lower shelf (around 55°), showing that both low as well as
high surfaces generate high musculoskeletal load for shoulders.
The high shoulder flexion recorded at the lower shelf handling
is related to the trunk flexion as a consequence of this particu-
lar reach condition. No studies evaluating shoulder postures
in handling related to low surfaces were identified in the lit-
erature, suggesting that this evidence should be considered in
future studies.

The association between awkward posture and shoulder
disorders is well documented in the literature”*’. The main
effect of awkward postures is related to muscular load as well
as to joint strain. When the arm is moved away from the body,

shoulder abduction

ROM (°)

P=0.1
(static)

P=0.5
(median)

P=0.9
(peak)

100 -
90 -
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70 -

shoulder flexion

* o
* 0

50 -
40 -
30 A
20 -
10 4

ROM (°)

_‘]0 i
_20 i

P=0.1
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P=05
(median)

P=0.9
(peak)

140 1 elbow flexion

=

=]

Vi

]

=

N

.
§
.

\

R
P=0.1 P=0.5 P=0.9
(static) (median) (peak)
O 7kg-HS [ 15kg - HS 7kg- LS B 15kg-LS

(*) indicates statistically significant difference (p <0.05) between 7 and 15 kg; (o)
indicates statistically significant difference (p <0.05) between HS and LS.

Figure 4. Static, median and peak levels (mean = one standard
deviation) of range of motion (ROM) (in degrees) for right shoulder
abduction and flexion and right elbow flexion, of 32 subjects during
manual handling of 7 and 15 kg boxes from the intermediate to the high
shelf (HS) and from the intermediate to the low shelf (LS).
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Figure 5. Time-normalized ROM (y - angles) and EMG (y” — arbitrary units) data from right upper limb of one subject during MMH of the 7 kg box
to high (A) and low (B) shelf and of the 15 kg box to high (C) and low (D) shelf.

in either the sagittal or the frontal plane, higher arm levels and
internal moments are generated, thereby particularly increas-
ing the load on the abductor muscles®. Indeed, the raised arm
reduces the available space beneath the coracoacromial arch,
compressing the inferior structures such as the supraspinatus
and the biceps tendons, as well as the bursae. According to
Ludewig and Reynolds", most of shoulder complaints are re-
lated to occupational or athletic activities that involve frequent
use of the arm at, or above, the shoulder level.

Elbow movement did not promote high loads according
to the results presented here. Ranges from 80 to 120°** and 90
to 120°* have been proposed as mechanically advantageous
for elbow flexion. According to Murray, Delp and Buchanan®
and Kroemer and Grandjean®, the ability to generate torque
is higher within these ranges. In general, the elbow postures
recorded here were within advantageous ranges.

An unexpected result was the fact that the comparison
between experienced and inexperienced subjects did not show

any significant difference for any of the conditions studied. Re-
sults presented by Authier, Lortie and Gagnon* showed that
experienced workers used a wide variety of grips and differ-
ent strategies to carry out even a simple handling task. Even
when static conditions were evaluated novice and experts
showed different strategies to generate power®. Experts tend
to present skillful technique than novices and these strategies
positively affect body mechanics and are biomechanically more
advantageous'®. We hypothesized that our results are prob-
ably related to the weight and design of the box. The heaviest
mass used for this study was 15 kg instead of the 22 kg used by
Authier, Lortie and Gagnon™. Heavier loads would demonstrate
different strategies more clearly. The design of the box used in
the present study, presenting three supporting “feet”, necessary
for the load cells calibration, allowed for the subjects to grasp
the box from any side, including the bottom. Thus, there was no
need to move the box in order to adjust the grip. This possibil-
ity seems to have allowed the subjects to choose an interesting
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and more economical strategy for grasping the load: from the
bottom. It also provided them a symmetrical grip, which gener-
ated similar load pattern to right and left sides.

The fact that subjects have preferred to grasp the box from
its bottom should be better investigated in future studies due
to its potential biomechanical advantage. Further studies are
necessary, as well, for information about the interaction be-
tween upper limbs and spine in MMH tasks, including asym-
metric handling.

Conclusions :::.

Mass and height variation affect both muscular activity and
upper limb movements, particularly related to the shoulder.
Force exertion and awkward postures decrease biomechanical
advantage during handling and, consequently, are risk fac-
tors for the development of shoulder WRMSDs. The results
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