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SUMMARY 
A simulated fruit-picking experiment was conducted in a laboratory setting to assess the 

neuromuscular effort required for a new harvesting method in comparison to the conventional 

method used in industry. During the conventional method, harvesters bend over regularly to place 

picked bunches of grapes into a crate on the ground – which may increase their risk of work-related 

musculoskeletal disorders such as chronic lower back pain. An alternative method has been 

developed in which the crate being filled is carried hands-free by the harvester in an upright 

standing position using a harness system attached to the upper body. Kinematic and 

electrophysiological data were collected from a healthy adult male performing both harvesting 

methods using wireless wearable sensors and an integrated neuromechanics software platform. This 

facilitated a comparison of neuromuscular effort and its correlation with the movement patterns for 

each method. 

The Harness method reduced many of the risk factors associated with work-related musculoskeletal 

disorders. It required fewer extreme awkward postures (bending) and thus fewer high activity 

periods for the lower back muscles, suggesting that it also reduced large, repetitive forces and allows 

more recovery periods between bends. The additional weight carried by the picker when wearing 

the harness appeared to significantly increase the forces exerted by the upper shoulder muscles. 

Therefore, additional research in a large fruit-picking population is recommended to determine the 

whether this increased loading may have a negative impact on harvesters if sustained over a long 

period of time.  
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1 Introduction 
A simulated fruit-picking experiment was conducted in a laboratory setting to compare the 

traditional harvesting method (Conventional) with a new method (Harness) developed by Adagin 

(Pty) Ltd. (Figure 1). The aim of this pilot study was to investigate whether the Harness method 

reduces the risk of work-related musculoskeletal disorders (WMSD) – such as lower back pain – 

which have been reported amongst fruit harvesters utilizing the Conventional method. Known 

neuro-biomechanical WMSD risk factors include: 

1. High exerted force (e.g. heavy lifting) [1] 

2. Awkward working postures [1] (e.g. bending forward, reaching above shoulder level) 

3. High repetitiveness [2] 

4. Lack of recovery periods [2] 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Experiments simulating two fruit-picking methods. In the Conventional method the picker reaches up (A) to lift 
weight (representing fruit bunch) from platform (representing fruit tree) and bends down to place it in the crate on the floor 

(B). This is repeated until the crate is full (C). In the Harness method the picker hooks the Harness into an empty crate (D) 
and fills the crate in an upright position (E-F). The full crate is then placed on the floor and the Harness is unhooked (G). 
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2 Methodology 
Kinematic and electrophysiological data were collected from a healthy adult male using wireless 

wearable sensors and an integrated neuromechanics software platform (MyoResearch 3.10, 

Noraxon USA). Individual muscular involvement and work-rest patterns were assessed using bipolar 

surface EMG (MyoMuscle Lossless DTS) recorded from the back musculature (Trapezius and Erector 

Spinae (ES) muscles) according the standard practise [3]. Postural changes in the spine were 

recorded using inertial and magnetic measurement units (IMUs) to assess 3D segmental kinematics 

(MyoMotion Lossless). EMG and IMU data were time-synchronized, facilitating an assessment of 

when certain muscles were activated during the task. 

 

 

 

 

 

 

 

               (a)       (b)                (c) 

Figure 2: After standard EMG skin preparation, electrodes were placed on the muscle sites as shown above in (a). EMG and 
IMU sensors were attached to the subject using double-sides tape as shown in (b), and then fastened against the body using 

adhesive tape. A high effort task for contraction of the back muscles, as shown in (c), was used for EMG amplitude 
normalization. 

Prior to testing, the skeletal posture of the participant was calibrated relative to the IMUs by 

positioning them in an upright neutral position with arms at the side (a standard static pose used in 

IMU motion capture). Thereafter, the following data collection protocol was followed (Effort Test A), 

and then repeated in a second dataset (Effort Test B) with steps 4-5 reversed: 

1. EMG baseline levels were measured with the participant lying relaxed in the prone position  

2. Maximal Voluntary Contraction (MVC): EMG measured during high effort task (Figure 1c)  

3. 5-minute rest period 

4. Simulated picking with 1 kg weights to fill two crates using the Conventional method 

5. Simulated picking with 1 kg weights to fill two crates using the Harness method 

6. 10-minute rest period 

The recordings for step 1-2 were also utilized as a signal quality check trials in order to ascertain that 

activation levels were sufficiently differentiated from baseline levels. After data collection, IMU and 

EMG data were exported from MyoResearch software to Matlab (2012b, Mathworks) for post-

processing. EMG signals were rectified and then smoothed using a 50ms root-mean-square 

envelope.  
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3 Results 

3.1 Muscle Work-Rest Patterns 

As expected, a strong correlation was observed between activation of the lumbar ES muscles and 

lumbar flexion (i.e. bending forward) during the effort tests for both harvesting methods (Figure 

2Error! Reference source not found.). Since the conventional method required repeated forward 

bending to place each weight in the crate, this resulted in a highly cyclical pattern of a large range of 

lumbar flexion and extension throughout the trial. In contrast, the Harness method only required the 

picker to bend down twice for each crate (i.e. to pick up the empty crate as well as to place the full 

crate back on the floor). Therefore, longer durations of upright standing with small ranges of lumbar 

flexion (and consequently lower lumbar ES activation) can be seen between these periods. However, 

lumbar ESS activation during upright standing was lower for the Conventional method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Lumbar flexion angle and Lumbar ES activation pattern during the effort test for the Conventional method and 
Harness method.  
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In addition, a correlation was observed for both methods (as expected) between total shoulder 

flexion (angle between upper arm and trunk when lifting arms) and mean Trapezius activation due 

to the use of the arms in picking overhead (Figure 4). However, higher levels of activation of the 

upper trapezius muscle were observed for the Harness method in the upright standing position, 

most likely reflecting the larger extension moment required to counteract the torque exerted on the 

body by the additional weight of the loaded crate. This is supported by the observation that the 

upper Trapezium shows an upward trend while the crate is filling. Interestingly, the Harness method 

also demonstrated a correlation between shoulder flexion and ES activation, which may be due to 

the need to reach forwards and\or rotate the trunk during picking. The observed increase in the 

baseline resting EMG for the ES during the Harness method may be indicative of the additional off-

centre loading on the body due to the need to stabilize the crate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Shoulder flexion angle and mean Trapezius and ES muscle activation patterns during effort test, comparing the 
Conventional method (left) with the Harness method (right). 
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3.2  Individual Muscular Involvement 

Figure 5 illustrates the average neuromuscular effort – quantified as the average integrated EMG 

(iEMG) for the left and right side - of individual muscles during the effort tests, comparing the 

Conventional method with the Harness method. The neuromuscular effort of the upper Trapezius 

increased notably by 123% for the Harness method, whereas a decrease in neuromuscular effort was 

observed for all other muscle groups. The Harness method required only slightly more than half the 

neuromuscular effort (55%) of the Conventional method, which was a notable difference, and the 

lower Trapezius demonstrated a similar but smaller decrease in neuromuscular effort. There was 

also a negligible reduction in neuromuscular effort for the two ES muscle groups, despite the 

significantly larger peak activations for the ES during the Conventional method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Muscular effort (integrated EMG) of the Trapezius and ES muscles during the effort test  
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4 Conclusions 
From the effort tests conducted in this experiment, it was possible to identify changes in the WMSD 

risk factors due to the different methods (Table 1). The Harness method reduced the number of 

extreme awkward postures (bending) and associated high activity periods for the ES muscles, 

suggesting that it also reduced repetitive and large forces and provided longer recovery periods 

between bends. However, the additional weight carried by the picker when wearing the harness 

appeared to increase the forces exerted by the upper Trapezius muscles, as well as introducing 

higher activation levels of the ES muscles during upright standing. The Harness method is thus likely 

to reduce the risk of lower back pain, but further research is recommended to determine the impact 

of the additional tension in the upper Trapezius muscles when using the Harness method. 

Table 1: Difference in WMSD risk factors between picking methods 

Risk Factor Conventional Method Harness Method 

High exerted force Middle and Lower Trapezius 
Lumbar and thoracic ES 

Upper Trapezius 

Awkward static 

and dynamic 

working postures 

Bending forward  

Repetitiveness Bending forward every 5 seconds Bending forward every 25 seconds 

Recovery periods Little to none, continuous motion Between crate placements 

 

There are several factors which limit the generalizability of these results, and which warrant further 

research. Firstly, the duration of the experiments was very short in comparison to a full day’s work, 

and by extension, cannot be used to make conclusions about the long-term effects of using the 

Harness method throughout a harvest season. Furthermore, it was observed during that the test 

participant used a better strategy to bend down and place the full crate on the ground using the 

Harness by bending their knees and not their back. Again, significant increases to the neuromuscular 

effort may occur using the Harness method if a harvester is either not trained to lower the heavy 

crate correctly, or is non-compliant with such training. Lastly, in order to provide statistically 

significant findings, it is necessary to test a larger number of participants. Therefore, additional 

experiments should be conducted in a large field study of employed fruit pickers (both with and 

without previously reported WMSDs) which could consider additional factors such as the change in 

conditioning of pickers over a season. 

  



UNIT FOR HUMAN MOVEMENT ANALYSIS 

FEBRUARY 2017  Page 8 
 
 
 

5 References 
 

[1]  B. R. d. Costa and E. R. Vieira, “Risk Factors for Work-Related Musculoskeletal Disorders: A 

Systematic Review of Recent Longitudinal Studies,” American Journal of Industrial Medicine, no. 

53, p. 285–323, 2010.  

[2]  R. Merletti and P. J. Parker, Electromyography: Physiology, Engineering, and Non-Invasive 

Applications, New Jersey: Published by John Wiley & Sons, Inc., 2004, p. 345. 

[3]  P. Konrad, “The ABC of EMG: A Practical Introduction to Kinesiological Electromyography,” 

Noraxon Inc. USA, 2005. 

[4]  Noraxon USA, “Noraxon USA,” [Online]. Available: http://www.noraxon.com/. [Accessed 

February 2017]. 

 

 

 


