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 Instrumentation and data processing: Muscular 

loading EMG signals were recorded from the 

dominant side forearm flexors, forearm 

extensors, and upper trapezius, as well as 

bilaterally from the erector spinae (T9 level).

 Instrumentation and data processing: Posture 

and movement Postures and movement speeds 

of the trunk, dominant upper arm, and dominant 

wrist were estimated using inertial measurement 

units (IMUs)
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 field work with a self-powered machine generally 
required lower muscular loads and lower peak 
kinematic loading in comparison to most other 
activities, indicating a potential advantage of 
mechanization but at a cost of greater static kinematic 
characteristics and, implicitly, increased exposure to 
whole-body vibration

 Overall, the substantial variability in biomechanical 
loading between and within agricultural activities 
indicates a need for sampling strategies designed to 
more fully capture the temporal patterns of farm work.
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wearable technologies may improve the 

biomechanical risk assessment

 standardized methods commonly used for 

biomechanical risk assessment are still mainly based on 

observational and subjective approaches;

 the presence of the most advanced remotely controlled 

robot, occupational collaborative robots and wearable 

trunk and upper-limb exoskeletons will assist more and 

more workers in performing their tasks reducing their 

exposure. Are the standardized biomechanical risk 

assessment methods able to take into account all these 

new factors?
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The histogram blu and red bars represents the mean among all the 

subjects of the median of the EMG activity with and without the 

exoskeleton. A and B panels report the results for the ESL with the 

trunk in upright position and with a trunk bending of 30° respectively



15

wearable technologies

 innovative wearable technologies and electronic 

smart devices, without interfering with the work 

activities performed by workers, have been 

introduced to improve the biomechanical risk  

assessment adapting it to all the work conditions 

and overcoming the limits of the current 

standardized methods;

 for biomechanical risk assessment wearable

wireless sensor networking is still largely 

underexploited and the state of the art lags 

dramatically behind the expectations.
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wearable technologies

 intelligent work environments may represent the new scenario 

in which smart wearable sensors with computational 

capabilities and network connections are sensitive, responsive, 

adaptive and transparent to workers’ movements allowing 

online, real-time monitoring of work activities (ethics);

 wearabke sensors allow the estimation of biomechanical risk in 

real-time and could provide a direct feedback to the end-user 

who would be constantly monitored directly at work.
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Inertial Measurement Units (IMUs)

 measure of orientation, position, velocity and accelerations 

of each investigated segment and whole body posture; 

 usually three orthogonal accelerometers and three 

orthogonal gyroscopes are embedded within the probe to 

measure linear acceleration and angular velocity. Angular 

displacements are obtained from numerical integration of the 

angular velocity while linear velocity and displacement are 

estimated from first and second numerical integration of 

linear accelerations. IMUs can also embed tri-axial magnetic 

sensors although their use turns out to be more critical in the 

workplace in presence of electromagnetic fields.
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Hand-Held Dynamometers and Grip Force Sensors

 placed between a fixed place and the subject’s 

body part to assess the isometric muscle (or 

muscle group) strength;

 reliable, easy to use, portable, inexpensive and 

compact if compared with isokinetic systems;

 the measure of the grip force is also provided by 

instrumented gloves (i.e., equipped by force 

sensitive resistors) or by force sensor mats applied 

to handles.
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 role of hand-held dynamometers devices, is to measure 

the normal and shear forces created between fingers 

and handles;

 in clinical settings to assess muscle integrity to 

determine the level of any strength deficits associated 

to clinical physical examination tests (i.e., the diagnosis 

of shoulder pain).
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sEMG

 surface electromyography (sEMG) sensors allow a 

detailed estimation of muscle behaviors without 

interfering with the typical movements performed 

by workers in the workplace.
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sEMG

 electrical activity of the muscles. Single- or double differential bipolar sEMG

performed by using wet electrodes is widely and easily used in ergonomics 

for research activities and directly at the workplace;

 the “activation timing”, the amplitude (maximum values, average rectified 

values or ARVs, root mean square or RMS) and co-activations;

 local muscle fatigue can be estimated by measuring the decrease in the fiber 

conduction velocity  which imply a scaling of the sEMG signal power density 

towards the lower frequencies and an increase of amplitude;

 multi-channel sEMG performed by means of linear and two-dimensional 

electrodes arrays (high-density sEMG) allows the estimation of the motor 

unit action potential analysis, of the myoelectric manifestation of muscle 

fatigue and the analysis of the instantaneous potential maps.
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Cabeças, J.M. The risk of distal upper limb disorder in cleaners: A modified 

application of the strain index method. Int. J. Ind. Ergon. 2007, 37, 563–571

 Cabeças used sEMG to compute the SI score. The author 

concluded that, once appropriate trigger levels for the muscular 

activation are defined, sEMG is a valid alternative to visual 

inspection in SI computation. This is true in particular when 

efforts are not clearly associated to hand/wrist movements and 

when non-cyclical high-frequency activities are assessed.
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Vignais, N.; Miezal, M.; Bleser, G.; Mura, K.; Gorecky, D.; Marin, F. Innovative 

system for real-time ergonomic feedback in industrial manufacturing. Appl. Ergon. 

2013, 44, 566–574

 The sensor network was composed by IMUs and 

goniometers and the body posture (joint angles) was 

assessed by using a ten rigid segment, twenty degrees of 

freedom biomechanical model. IMUs were placed bilaterally 

on the upper arm and forearms, on the head, trunk (on the 

chest) and pelvis (on the sacrum). Goniometers were 

placed on the hands and forearms to measure wrist 

motions. Angle values were used as input within the Rapid 

Upper Limb Assessment (RULA) method, whose global and 

local scores were continuously computed by a mobile 

processing unit (a standard laptop) and fed back to the user 

via a see-through head-mounted display.
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Ranavolo, A.; Mari, S.; Conte, C.; Serrao, M.; Silvetti, A.; Iavicoli, S.; Draicchio, F. A 

new muscle co-activation index for biomechanical load evaluation in work activities. 

Ergonomics 2015, 58, 966–979.

 calculate the simultaneous activation of trunk muscles is 

the time-varying multi-muscle co-activation index (TMCi) 

which includes a sigmoid-weighting factor dependent on 

relative differences between muscles that do not rely on a 

priori definitions of agonist or antagonist behavior; 

 it has been shown that heavier lifting conditions resulted 

in higher TMCi values and that significant correlations 

exist between the TMCi and other agonist–antagonist 

methods. 
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Peppoloni, L.; Filippeschi, A.; Ruffaldi, E.; Avizzano, C.A. (WMSDs issue) A novel

wearable system for the online assessment of risk for biomechanical load in 

repetitive efforts. Int. J. Ind. Ergon. 2016, 52, 1–11.

 real-time body sensors network composed by IMUs 

and sEMG sensors has also been used in real-time to 

monitor workers by measuring muscular efforts and 

postures (upper limbs have been modeled as a 7-DoF 

kinematic chain) for WMSD prevention according to 

the RULA index and the Strain Index. An interesting 

index considered for this tool is the percentage of 

time spent in every RULA score range by every 

worker, considering the whole experiment duration.
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Ranavolo, A.; Varrecchia, T.; Rinaldi, M.; Silvetti, A.; Serrao, M.; Conforto, S.; 

Draicchio, F. Mechanical lifting energy consumption in work activities designed by 

means of the “revised NIOSH lifting equation”. Ind. Health 2017, 55, 444–454

 Kinematic data allowed the calculation of a mechanical lifting 

energy consumption (LEC) index which proved to be 

significantly growing with the NIOSH LI, discriminating all the 

risk condition pairs and well correlating with compression and 

shear forces that determine injuries at the L5-S1 joint. The 

findings of this study suggest a potential use of IMUs-based 

lifting tools in indoor and outdoor work environments for risk

estimation.
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Brandt, M.; Madeleine, P.; Samani, A.; Jakobsen, M.D.; Skals, S.; Vinstrup, J.; Andersen, 

L.L. Accuracy of identification of low or high risk lifting during standardized lifting 

situations. Ergonomics 2018, 61, 710–719.

 IMUs and sEMG sensors have been used to monitor trunk 

inclination and trapezius and erector spinae muscle activity during 

the execution of several types of lifting tasks with different weights, 

horizontal distance and technique executed by male office workers;

 the method allows the automatic identification of the risk levels 

associated with the lifting activities by a feature vector composed of 

either the 90th, 95th or 99th percentile of sEMG activity level and 

trunk inclinations during the task;

 instrumental approach based on subject-specific thresholds.
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Le, P.; Aurand, A.;Walter, B.A.; Best, T.M.; Khan, S.N.; Mendel, E.; Marras,W.S.

Development of a lumbar EMG-based coactivation index for the assessment of 

complex dynamic tasks. Ergonomics 2018, 61, 381–389.

 sEMG has been used to develop a sEMG-based 

multi-muscle coactivation index that resulted 

usable to continuously assess the neuromuscular 

effort and resulted significantly sensitive to several 

factors. In particular the higher the speed, 

complexity of the motion, the higher the 

coactivation index value is. Also, in this case this 

simple approach has been proposed to be used for 

ergonomic assessments.
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Varrecchia, T.; De Marchis, C.; Rinaldi, M.; Draicchio, F.; Serrao, M.; Schmid, M.; Conforto, 

S.; Ranavolo, A. Lifting activity assessment using surface electromyographic features and 

neural networks. Int. J. Ind. Ergon. 2018, 66, 1–9.

 sEMG features (i.e., max, ARV, mean and median frequencies) 

from the trunk muscles were used as input variables of artificial 

neural network for the prediction of risk levels; 

 sEMG time and frequency are significantly related to lifting index 

for specific trunk muscles. A tool based on these machine-

learning techniques and sEMG feature, choosing a proper 

combinations of input features and a right network architecture, 

can lead to an improved biomechanical risk classification;

 to implement the integrated approach on electronic smart devices 

(smartphones, phablets, tablets and smartwatches) would allow a 

simplified analysis of biomechanical risk at workplace.
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discussion

 instrumental-based tool will play an increasingly important role in 

both direct evaluations and in the rating of standard methods, also 

considering that several factors implying work-related 

musculoskeletal disorders interact at the same time; 

 therefore, it will be crucial to monitor all of them by using more 

than one method at the same time ensuring a more thorough 

evaluation of risk factors; 

 on the other hand, a lot of attention must be paid because the use 

of more than one method can rapidly lead to unacceptably high 

costs for the practitioner, both from a time and money viewpoint.
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two promising indices/approaches proposed in 

literature for manual lifting

1. the multi-muscle coactivation index;

2. machine-learning techniques based on sEMG;

 the literature shows that the fatigue indices need 

further elaboration (fatigue indices are used when 

the assessment is performed by using fatigue 

estimation before and after the work activity).
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IMUs

 a high number of units is required for whole-body bio-

mechanical studies in ergonomics, a high data 

transfer time could be required with both the Wi-Fi 

and Bluetooth protocols;

 IMUs fail to precisely measure translational motion 

and suffer from drift;

 IMUs can fail in the presence of magnetic fields in the 

workplace if they have embedded magnetic sensors.
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sEMG main critical factors

 crosstalk muscle signals; 

 electrode–skin impedance; 

 noise; 

 problems related to the electrode location, 

size, configuration and distance.
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 the use of these new innovative technologies for 

biomechanical risk assessment is only at its initial stage;

 rigorous laboratory and epidemiologic studies, independent 

research groups and transparent review processes are 

needed;

 the huge knowledge that will derive from its experimentation 

will allow the optimization of the current standardized 

methods or the developments  of the new ones.


