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The clip fitting task is a frequently encountered assembly operation in the car industry. It can causeupper limb pain. During task laboratory simulations, upper limb muscular activity and external force were compared for 4 clip fitting methods: with the bare hand, with an unpowered tool commonly used at a company and with unpowered and powered prototype tools. None of the 4 fitting methods studied induced a lower overall workload than the other three. Muscle activity was lower at the dominant limb when using theunpowered tools and at the non-dominant limb with the bare hand or with the powered tool. Fitting clips with the bare hand required a higher external force than fitting with the three tools. Evaluation of physical workload was different depending on whether external force or muscle activity results were considered.Measuring external force only, as recommended in several standards, is insufficient for evaluating physical workload.

INTRODUCTION

The current trend, in manufacturing industries, of seeking productivity gains combined with a high level of quality has resulted in a willingness on the part of designers to ensure an uniformity in the ways in which operators work [START_REF] Gold | Specific and non-specific upper extremity musculoskeletal disorder syndromes in automobile manufacturing workers[END_REF][START_REF] Parent-Thirion | European Foundation for the Improvement of Living Standards[END_REF][START_REF] Neumann | Production system design elements influencing productivity and ergonomics in a case study of parallel and serial flow strategies[END_REF][START_REF] Domkin | Joint angle variability in 3D bimanual pointing: uncontrolled manifold analysis[END_REF][START_REF] Chassaing | Vers une compréhension de la construction de la gestuelle des tôliers d'une entreprise automobile[END_REF][START_REF] References Andersen | Risk factors in the onset of neck/shoulder pain in a prospective study of workers in industrial and service companies[END_REF][START_REF] Neumann | A case study evaluating the ergonomic and productivity impacts of partial automation strategies in the electronics industry[END_REF]. Workstation designers define a single succession of postures and movements to be performed by the operator, without offering any alternative. Assembly lines are no exceptions to this rule. Such lines are made up of series of workstations on which tasks are performed in succession and repeatedly [START_REF] Carnahan | Incorporating physical demand criteria into assembly line balancing[END_REF]. Many of these tasks are performed manually, with the bare hand or using a tool, powered or unpowered [START_REF] Byström | Clinical disorders and pressure-pain threshold of the forearm and hand among automobile assembly line workers[END_REF]. In view of the repetitiveness of the movements, of the level of force requiredto perform an action, of extreme joint amplitudes and/or of activity maintained for long periods, neck and upper limb pain or indeed musculoskeletal disorders occur frequently in the workers performing such tasks [START_REF] Ferguson | Shoulder muscle fatigue during repetitive tasks as measured by electromyography and near-infrared spectroscopy[END_REF][START_REF] Ferguson | Musculoskeletal disorder risk during automotive assembly: current vs. seated[END_REF][START_REF] Jansen | Musculoskeletal discomfort in production assembly workers[END_REF][START_REF] Xu | Design of assembly lines with the concurrent consideration of productivity and upper extremity musculoskeletal disorders using linear models[END_REF][START_REF] Spallek | Work-related musculoskeletal disorders in the automotive industry due to repetitive work -implications for rehabilitation[END_REF][START_REF] Nordander | Risk of musculoskeletal disorders among females and males in repetitive/constrained work[END_REF][START_REF] Landau | Musculoskeletal disorders in assembly jobs in the automotive industry with special reference to age management aspects[END_REF][START_REF] Buckle | The nature of work-related neck and upper limb musculoskeletal disorders[END_REF][START_REF] Silverstein | Use of a prevention index to identify industries at high risk for work-related musculoskeletal disorders of the neck, back, and upper extremity in Washington state, 1990-1998[END_REF][START_REF] Sluiter | Criteria document for evaluating the work-relatedness of upper-extremity musculoskeletal disorders[END_REF][START_REF] Fransson-Hall | Self-reported physical exposure and musculoskeletal symptoms of the forearm-hand among automobile assembly-line workers[END_REF]. In ergonomics, workplace exposure to such physical workload is often evaluated by measuring muscular activity, which has been correlated with pain or musculoskeletal disorder symptoms [START_REF] Ferguson | Musculoskeletal disorder risk during automotive assembly: current vs. seated[END_REF][START_REF] Porter | Analysis of applied forces and electromyography of back and shoulder muscles when performing a simulated hand scaling task[END_REF][START_REF] Bao | Force measurement in field ergonomics research and application[END_REF][START_REF] Ostensvik | Association between numbers of long periods with sustained low-level trapezius muscle activity and neck pain[END_REF][START_REF] Southard | Ergonomic interventions for the reduction of back and shoulder biomechanical loading when weighing calves[END_REF]. Conversely, designers mostly use standards as a basis for evaluating physical workload, such standards recommending assessment of external force or posture (CEN 1005(CEN -4, 2004;;CEN 1005CEN -3, 2002;;CEN 894-3, 2008).

One of the tasks that are frequent in automotive assembly processes is insert fitting. The inserts are small components of different shapes, made of metal, plastic or composite material. They are referred toby various names including clips, staples, nuts, rings or 3 bushings. They are used to secure two parts together, for example a glove compartment and a dashboard. This task can be performed manually or in automated manner. As in other assembly tasks, automation is considered in order to reduce musculoskeletal disorders related to manual fitting. However, investment in automated machinery is costly and requires considerable expertise [START_REF] Andrews | Acceptable peak forces and impulses during manual hose insertions in the automobile industry[END_REF]. Usually, it is not considered to be costeffective in view of the lifespan of such a part and of alterations that are often performed half way through its life. Therefore, insert fitting is generally performed manually, with or without a tool.

An ergonomic investigation conducted at an automotive supplier specialized in designing and producing dashboards preceded this study (Gaudez, 2008a;Gaudez, 2008b). The request from that company involved objectifying physical workload exerted during the insert fitting operation, which was a source of neck and upper limb pain or of musculoskeletal disorders.

In that company, the insert fitting operation was combined with other operations such as deflashing, visual quality inspection, and packaging of the dashboards. The company had developed an unpowered tool. Its aim was to reduce the physical workload during the insert fitting operation.But it was observed that, when fitting the particular variety of clip-type inserts, most of the operators performed the operation with the bare hand despite the fact that the workstation working procedure recommended fitting them with the tool. In that company, the operators suffering from upper limb pain fitted the clips sometimes with their bare hand and sometimes with the tool. Operators changing their working practices depending on their physical conditions, such as depending on whether they feel tired or in pain, has already been observed during work activities [START_REF] Derosier | Studying work practices: a key factor in understanding accidents on the level triggered by a balance disturbance[END_REF]. Those operators explained that alternating the two fitting methods allowed them to vary their movements and reduced the physical workload on different parts of the body. In addition, many operators found that the tool was too heavy and that its handle was too large, cold, hard, and slippery when sweaty. This laboratory study simulated the clip fitting activity. Its aim was to use muscular activity and external force measurements to evaluate the physical workload on the neck and upper limbs. Four different insert fitting methods were analyzed: two used in the company, namely bare hand and unpowered tool,as well as two prototype tools, one unpowered and one powered. The first objective of this study was to determine whether any one of these four methods generated lower physical workload than the other ones, thereby demonstrating its benefit to the musculoskeletal health of workers. The second was to compare the results of muscular activity measurements with the results of external force measurements. This laboratory study supplemented the initial ergonomic investigation. Indeed, this simulation offered the advantage of isolating the insert fitting operation and thus of satisfying the initial request of the automotive supplier. It also allowed the use of prototype tools and techniques that were difficult to apply out in the companysuch as measuring resultant force, which would have required the workstation to be transformed.

METHOD

Subjects

Eleven right-handed male volunteers took part in the experiment. Those subjects did not work in the company in which the ergonomic investigation had been conducted, due to economic and social difficulties present at the time of the laboratory study and to the distance between the company and INRS(National Research and Safety Institute), where the laboratory was located.The volunteers were professionally experienced in performing precision assembly work.

The 11 subjects had not suffered from any musculoskeletal pain during the month preceding the experiment. Their average age was 27 years (ranging from 19 to 60 years), their average height was 178 cm (ranging from 171 to 191 cm), their average weight was 77 kg (ranging from 57 to 111 kg) and their body mass index was 19 (ranging from 19 to 37).The subjects gave their informed consent to the experiments, which were approved by the local ethics committee.

Test bench

An experimental test bench was used to simulate the clip fitting task. The shape, dimensions, and material of the clip supports were identical to those making up a dashboard in the company. Ten clip supports were fixed to a rule (Figure 1). The clips were purchased from the same manufacturer as the one used by the automotive supplier. The supports were inclined such that the subjects inserted the clips forward and downward at a 45° angle in the sagittal plane. This inclination of the supports was frequently to be found on the dashboards.

The rule was fixed to an elevating table simulating the height-adjustable workstations of the company. The table height was adjusted tothe anthropometry of each subject. It was set at 90% of the elbow-to-floor height of the subject, corresponding to working in a standing position requiring average normal vision and precision (CEN ISO 14738, 2008).

Task

Standing and facing the rule, each subject fitted clips to each support using four different methods: with the bare hand, with an unpowered tool commonly used at the company, with an unpowered prototype tool, and with a powered prototype tool (Figure 1). The prototype tools were developed at INRS with the help of the company's methods department that worked with the operators.

The unpowered tool commonly used at the companywas circular in cross-section and cylindrical in longitudinal section. Its length was 120 mm, its diameter was 32 mm and its weight was 200 g. It had a magnetic cavity at its end that was preformed to match the geometrical shape of the clip for subsequent positioning on the support. The clip was held by magnetization in that cavity.An unpowered prototype tool featuring merely a modified handle was therefore developed from that commonly used tool. Various studies bear witness to the importance of the ergonomics of the handle of the hand tool in terms of performance, comfort, and physical stress for the operator (Harih andDolsak, 2014a, 2014b;[START_REF] Ng | A review of shape and size considerations in pinch grips[END_REF][START_REF] Garneau | Optimization of product dimensions for discrete sizing applied to a tool handle[END_REF][START_REF] Eksioglu | Relative optimum grip span as a function of hand anthropometry[END_REF]. Its handle had a shape that was circular in cross-section and conical in longitudinal section. That shape appeared to be optimum for hand tools requiring handling with precision or with force [START_REF] Kong | Evaluation of handle shapes for screwdriving[END_REF][START_REF] Dong | The effect of tool handle shape on hand muscle load and pinch force in a simulated dental scaling task[END_REF]. Its length was 115 mm. Its largest diameter was 36 mm and its smallest diameter was 20 mm. The diameter of the handle splayed to 25 mm in the vicinity of the cavity to form a guard and was made of slightly rough, hard plastic in order to prevent the fingers and hand from slipping, and the handle from feeling cold. This prototype tool weighed 130 g. The cavity located at the tool tip was identical to that on the tool commonly used at the company. The magnetic force of the cavity was identical for both tools.The subjects were told to hold the unpowered tools with a full hand grip in theirdominanthand with the thumb directed towards the cavity to ensure consistency between subjects. That way of holding the tool was the one that was observed most frequently during the ergonomic investigation. The powered prototype tool was developed from a pneumatic stapler, whose nose and loading magazine were modified. Its loading magazine contained 10 clips. Urged by a spring, the clip went into place automatically in the cavity of the tool. The handle extended at right angles and was held in the dominant hand, with the forearm extended in alignment with the hand.

The handle was 140 mm long, oval (40 mm X 30 mm) in cross-section and cylindrical in longitudinal section.A trigger that was 45 mm long, was actuated by the index finger and the middle finger of the dominant hand. It weighed 970 g and was sheathed in slightly rough plastic. The tool tip featured the same cavity as that of both of the unpowered tools and a position markwas added to the cavity so as to make it possible to pre-position the tool tip above the support. The subject pulled the trigger, to discharge a jet of compressed air that initiated percussion on the top of the clip, allowing the clip to be inserted into its vacant support.

The upper limbs were mobilized differently depending on the 4 fitting methods. The clips were placed at the center of the table. When fitting with the bare hand, subjects picked up the clip with their dominant hand and then inserted it in the vacant support. With unpowered tools, subjects picked up the clip with their non-dominant hand and positioned it in the cavity of the tool. The tool was held in a full hand grip with the dominant hand. Thus,subjects inserted it with the tool into the vacant support. Using these tools, each limb was mobilized to perform different actions. The powered tool was held in the dominant hand. Unlike with unpowered tools, the operator did not have to place the insert in the cavity. The subject triggered insertion of the clip by pulling the trigger with the index and middle finger of his dominant hand.

Experimental design

Prior to starting the experiment, each of the 11 subjects practiced fitting clips using the four methods until each of them declared he was fitting the inserts with ease. Then, each of the subjects fitted clips at a regular pace set by a metronome of one every 4 seconds, which was close to the fitting rate at the company. The order in which each subject passed from one of the four fitting methods to another was randomized. For each of the four methods, each subject fitted in succession 10 clips on the rule, starting with the supports at its left-hand end.

Each subject therefore fitted 40 clips in all (4 fitting methods x 10 clips).

Instrumentation

The resultant external force exerted, when fitting clips, was measured using a force platform located between the rule and the elevating table (AMTI BP 600900-1000). The subjects were asked not to touch the table with any part of their body to avoid influencing the measured data.

A portable surface electromyography (sEMG) signal analysis system (Wave wireless EMG, COMETA, Italy) was used to record the subject's myoelectric activity. The sampling rate was 2 Ks/sec -16 bits. The signals were band-pass filtered in the 10-1000 Hz frequency range, sampled at 2000 Hz and amplified 1000 times. All sEMG signals were post-processed. The root mean square values of each signal were calculated over consecutivetime windows (10 ms). Flexor digitorumsuperficialis (FDS),extensor digitorumcommunis (EDC), biceps brachii (BIC), triceps brachii (TRI), deltoideus anterior (DEL) and trapezius pars descendens (TRA) muscular activities in both upper limbs were measured by surface electromyography. Bipolar sEMG electrodes (Ambu® Blue Sensor N-00-S/25, Denmark) were aligned on abraded cleaned skin along the direction of the muscle fibers. The inter-electrode distance was set at 2 cm. The impedance was checked to be below 5 kΩ. The electrodes were placed according to [START_REF] Zipp | Recommendations for the standardization of lead positions in surface electromyography[END_REF]. Two maximum (5 s) reference contractions were performed for each muscle to standardize the EMG signals with respect to their corresponding maximal voluntary electrical (MVE) activity. Each of the contractions was separated by a pause of 3 minutes to avoid any risk of muscular fatigue appearing.The subject was provided with verbal encouragement. For taking measurements on the FDS and the EDC muscles, the subject was seated with his forearm resting horizontally on a table. The subject's upper arm remained in a vertical position and his hand was unsupported. For the FDS and EDC muscles, the back and the palm of the subject's hand faced the floor respectively [START_REF] Delisle | Comparison of three computer office work stations offering forearm support: impact on upper limb posture and muscle activation[END_REF]. A non-elastic strap was placed around his hand at the metacarpal-phalangeal joints. For the FDS muscle, the subject was required to perform a maximum wrist and finger flexion and, for the EDC muscle, he had to perform a maximum wrist and finger extension.

The non-elastic strap enabled the subject to perform maximum movements against a static resistance. For the BIC and TRI muscles, the subject was seated with his forearm horizontal and elbow flexed to 90°, with his wrist in a neutral position and his hand unsupported. A nonelastic strap was placed around his wrist perpendicular to his forearm. For the biceps muscle, the subject was required to perform a maximum elbow flexion and, for the triceps muscle, a maximum elbow extension. For the DELmuscle, the subject sat with his elbow flexed to 90° and his shoulder flexed to 45°. A non-elastic strap attached to the floor behind the subject, passed just over his elbow joint, perpendicular to the arm. The subject was required to perform a maximum shoulder flexion [START_REF] Delisle | Comparison of three computer office work stations offering forearm support: impact on upper limb posture and muscle activation[END_REF]. For the TRA muscle, the subject stood with his arms abducted to 90°. A non-elastic strap attached to the floor was placed around his arm at the elbow joint [START_REF] Mathiassen | Normalization of surface EMG amplitude from the upper trapezius muscle in ergonomic studies -A review[END_REF]. He was required to perform a maximum abduction of both upper limbs. For each muscle, myoelectric activity was expressed as a percentage of the MVE activity.

Statistical analysis

In order to avoid any border effect, the first and the last clip fitting were excluded.

For the resultant external force, the 90 th percentile was analyzed. This was compared with the values recommended by CEN 894-3 (2008). According to that standard, the recommended maximum actuation force for manual control parts is 20 N, when using a finger grip to perform a forward movement along the forearm axis; this movement is similar to that the movement that was performed for fitting theclips with a bare hand. The recommended maximum actuation force for manual control parts is 55 N, when using a full hand grip to perform a forward movement along the forearm axis; this movement is similar to of the movement that was performed for fitting the clips with a tool.

For the muscular activities, the amplitude probability distribution function (APDF: [START_REF] Jonsson | Quantitative electromyographic evaluation of muscular load during work[END_REF]) was used to determine the 10 th , 50 th and 90 th percentiles for the EMG signal. These were compared with thresholds proposed by [START_REF] Jonsson | Quantitative electromyographic evaluation of muscular load during work[END_REF] to prevent muscular fatigue occurring. According to that author, the 10 th percentile for the muscular activity must not exceed 5% and/or the 50 th percentile must not exceed 14% and/or the 90 th percentile must not exceed 70% of the MVE.

Prior to statistical modeling, the measured percentiles of the EMG signal were logtransformed to give approximately symmetrical residual distributions. The data were analyzed based on a 2-way mixed-effects ANOVAincluding main effects for tools and subjects, and tool-subject interaction. Tool was a fixed factor whereas subject and thus toolsubject interaction wererandom factors. Thus, the differences between tools took into account possible differences between subjects, due to age, height or weight. Model assumptions were checked by graphical inspection of the residual distributions. The statistical analysis was performed using the Stata 12 software (College Station Tx).

A difference between two fitting methods was considered interpretable when the 90 th percentiles for the resultant external force or the 10 th , 50 th and 90 th percentiles for the activity of a muscle deviated by more than the model-based estimate of its within-subject residual error. To ensure a higher reproducibility of the results, only the differences apparent in at least 8 out of the 11 subjects taking part in the experiment were interpreted.

RESULTS

Resultant external force

The mean 90 th percentiles for the resultant external forces measured when fitting with the bare hand and with unpowered tools were higher than the thresholds recommended by CEN 894-3 (2008) (with the bare hand: 132 +/-52 N compared with 20 N for a finger grip; with the unpowered tool commonly used at the company: 77 +/-33 N and with the unpowered prototype tool: 65 +/-32 N compared with 55 N for a full hand grip) (Figure 2). The mean 90 th percentile for the resultant external force measured when fitting with the powered prototype tool (53 +/-27 N) was closer to the force recommended by the above standard (55 N). Fitting clips with the bare hand required a higher external force than fitting with the three tools (p<0.001) (Table 1).

Muscular activity

Fitting with the powered tool was the only investigated method where the recommended values given byJonsson (1978) were exceeded. The 10 th percentile values for EDC andTRA activity in the dominant limb exceeded 5% of the MVE (Figure 3).

With regard to the dominant limb muscles, clip fitting methods involving the powered prototype tool and the bare hand generally induced higher muscle activities than fitting with the unpowered prototype tool (Table 1). Compared with the unpowered tool used at the company, and/or the unpowered prototype tool and/or the bare hand, clip fitting with the powered tool produced higher 10 th percentile values for the FDS (p≤0.001), the TRI (p=0.002) and the DEL (p≤0.001) muscles, and 50 th percentile values for the FDS (p≤0.001) and the DEL (p=0.003) muscles. Moreover, fitting with the bare hand generated 90 th percentile values for the EDC (p=0.002), the BIC (p≤0.001), the TRI (p≤0.001) and the DEL (p≤0.001) muscles higher than those generated when fitting with the unpowered tool used at the company and/or with the unpowered prototype tool and/or with the powered tool.

Furthermore, fitting with the tool commonly used at the company generated 10 th percentile (p≤0.001) and 50 th percentile (p≤0.001) values for the BIC muscle higher than those generated when fitting with the powered tool. Regardless of which muscle of the dominant limb was considered, the unpowered prototype tool generated no percentile values higher than those generated when using the other three fitting methods.

With regard to the muscles of the non-dominant limb, fitting with the unpowered tool commonly used at the company, and with the unpowered prototype generated higher muscular activities than fitting with the bare hand or with the powered prototype tool (Table 1). Fitting with the unpowered tool commonly used at the company generated a 50 th percentile value for the DEL muscle (p=0.002) and 90 th percentile values for the EDC (p≤0.001), the BIC (p≤0.001), the TRI (p≤0.001), the DEL (p≤0.001) and the TRA (p=0.016) muscles higher than those generated when fitting with the powered tool. The 90 th percentile value for the FDS muscle (p≤0.001) was higher when fitting with the unpowered tool commonly used at the company than when fitting with the bare hand. The 50 th percentile value for the EDC muscle (p≤0.001) and 90 th percentile values for the FDS (p≤0.001), the EDC (p≤0.001) and the DEL (p≤0.001) muscles were higher when fitting with the unpowered prototype tool than when fitting with the powered prototype tool.

Muscular activities presented no significant difference between both unpowered tools. However, compared with the unpoweredprototypetool, clip fitting with the unpowered toolcommonlyusedat thecompany produced higher mean values for the 90 th percentile of theexternalforce, and the10 th , 50 th et 90 th percentiles of the FDS, the BIC, the TRI and the TRA muscles of the dominantlimb,of theFDS, the EDC, the TRI, the DEL and the TRA muscles of the non-dominant limb, the 50 th and90 th percentiles of the EDC muscle of thedominant limb and of the BIC muscle of thenon-dominantlimband the90 th percentile of the DEL muscle of thedominant limb.

DISCUSSION

None of the four clip fitting methods induced a lower overall physical workload, as estimated from muscular activities and resultant external force, than the other three. Muscle activity of the dominant limb was lower when using unpowered tools in comparison to using the bare hand or the powered tool. However, fitting with the bare handor with the powered tool generated lower muscular activity at the non-dominant limb in comparison to unpowered tools. There was a risk for operator health, whatever the method used. Fitting clips with the bare hand, with the unpowered tool commonly used at the company and with the unpowered prototype tool effectively required resultant external forces that exceeded those recommended by CEN 894-3 (2008). Moreover, fitting clips with the powered prototype tool resulted in a risk of muscular fatigue, according to [START_REF] Jonsson | Quantitative electromyographic evaluation of muscular load during work[END_REF].

Therefore, the improvements in the 2 prototype tools, unpowered and powered, developed by INRS, need to be continued in order to reduce the physical workload on operators. For the unpoweredprototype tool, the ergonomics of the handle and the cavity receiving the insert could be improved. Furthermore, mechanical assistance to gear down the force exerted for the insertion could also be integrated into this tool.When fitting with the powered tool, the 10 th percentile values for the EDC and the TRA muscles of the dominant limb exceeded the thresholds proposed by [START_REF] Jonsson | Quantitative electromyographic evaluation of muscular load during work[END_REF]. The 10 th percentile value represents the static workload [START_REF] Ankrum | Questions to ask When Interpreting Surface Electromyography (SEMG) Research[END_REF] and, when this is high, certain muscular fibers are continuously active, allowing no, or only little, muscular rest and thereby compromising muscular integrity.

Weighing nearly 1 kg, the powered tool was the heaviest of the studied tools. A high and continuous activity of the EDC and TRA muscles of the dominant limb was associated with holding the tool. Moreover, this weight difference between tools explained the significantly higher 10 th percentile values for FDS, EDC and DEL muscles, when using the powered tool, compared with the three other fitting methods. For this reason, the powered tool cannot be used in its current state. A feasible solution would be to optimize its design by trying to reduce its weight or by suspending it.

This study also reveals possible mismatch between the results from resultant external force and surface electromyography. When fitting clips with the powered tool, the resultant external force value was smaller with this tool compared with the other three fitting methods, while the muscular activity measurement results indicated that the method involving the powered tool was the only one to cause a risk of muscular fatigue. Holding the tool requires a cocontraction of agonist-antagonist muscle. This physical load is measured by surface electromyography, and not by resultant external force. Resultant external force is a mechanical measurement recorded in the environment close to the subject, while muscular activity is a physiological measurement recorded directly on the subject. Measuring muscular activity reflects the real loads exerted on the subject to a greater extentthan resultant external force does and it would therefore seem more relevant for evaluating an operator health-related risk. Nevertheless, resultant external force is used often by designers [START_REF] Delleman | International standards on working postures and movements ISO 11226 and EN 1005-4[END_REF]Karger and Bayha, 1987) while muscular activity measurement is used only exceptionally.

Depending on theclip fitting methods, the upper limbs moveddifferently. This led to different physical workload of the upper limbs. Clip fitting with unpowered tools required less muscular activity of the dominant limb than fitting with the bare hand or with the powered tool, while clip fitting with the bare hand or with the powered tool required less muscular activity of the non-dominant limb than fitting with the two unpowered tools. Thus, although the initial objective of the study was to reduce the physical workload by identifying the insert fitting method that was least stressful, these results lead us to consider exploring another way for reducing the physical workload:diversifying the ways in which the task of inserting clips is performed at the same workstation.Out in the company, the operators who were suffering from aches and pains alternated between fitting with the tool and fitting with the bare hand. This proposal involving alternation of different ways of performing the same work activity goes against the current design practices, which tend to promote uniformity and standardization of the ways in which operators work.Multiple studies reveal that existence of variability in muscular activity can have a preventive effect on fatigue development [START_REF] Srinivasan | Motor variability in occupational health and performance[END_REF][START_REF] Bosch | The effect of work pace on workload, motor variability and fatigue during simulated light assembly work[END_REF][START_REF] Van Dieën | Lowlevel activity of the trunk extensor muscles causes electromyographic manifestations of fatigue in absence of decreased oxygenation[END_REF][START_REF] Farina | The change in spatial distribution of upper trapezius muscle activity is correlated to contraction duration[END_REF][START_REF] Andersson | Lumbar disc pressure and myoelectric back muscle activity during sitting. Part I: studies on an experimental chair[END_REF]. Furthermore, this proposal to alternate various different ways of fitting the inserts might bring to mind the technique of changing to different workstations. It is based on the assumption of reducing physical stress of operators by varying the parts of the body that are stressed. However, in practice, it can have the opposite effect and even be harmful to worker health [START_REF] Comper | The effectiveness of job rotation to prevent work-related musculoskeletal disorders: protocol of a cluster randomized clinical trial[END_REF][START_REF] Luger | The influence of task variation on manifestation of fatigue is ambiguousa literature review[END_REF][START_REF] Horton | Effects of rotation frequency and task order on localised muscle fatigue and performance during repetitive static shoulder exertions[END_REF][START_REF] Keir | Task rotation effects on upper extremity and back muscle activity[END_REF]. The protocol put in place in this study does not make it possible to validate this proposal. A future study will need to be performed in order to demonstrate this benefit for worker health.

LIMITATIONS AND FUTURE WORK

In this laboratory-based study, the activity was simulated and focused on insert fitting. It differed from the real work activity partly due to the absence of other activities generally associated with insert fitting, such as deflashing, part packaging or quality control, due to the workstation design and to the visual and acoustic conditions. These differences between laboratory and real working conditions may lead to different results [START_REF] Moriguchi | Are posture data from simulated tasks representative of field conditions? Case study for overhead electric utility workers[END_REF].

This study comparing physical workloads for different fitting methods requires validation in relation to real work activity.

This study analyzed only one of the very many types of inserts. Future studies could focus on analyzing physical workload associated with fitting other types of inserts and implementation of other fitting methods. Moreover, the prototype tools used in this study may be further improved, for example to reduce the resultant external force and the muscular activity required for inserting clips.

The study population was exclusively masculine yet, women do perform this activity at manufacturers. A study combining a masculine and feminine population could be envisaged.

The results of the present study lead us to propose alternating between different clip fitting methods. However, these methods have been analyzed separately. Future research could focus on the benefit to operator health based on a protocol comparing clip fitting method alternation with fitting based on each of these methods. It could also attempt to define the best method alternation frequency in relation to employee health.

CONCLUSION

This study shows different results depending on which technique was used to measure the physical workload: muscular activity versus resultant external force. It highlights the risk of erroneous interpretation when only resultant external force is taken into account. That measurement is recommended in several standards for evaluating the physical load on operators.

The results of this study show that none of the four clip fitting methods studied was preferable in relation to benefitting operator health. None induced lower activities on all the recorded muscles than the other three. Each of the 4 clip fitting methods exceeded the recommended thresholds, be they [START_REF] Jonsson | Quantitative electromyographic evaluation of muscular load during work[END_REF] for muscular activity, or the thresholds of CEN 894-3 (2008). Thus, the improvement of the prototype tools needs to be continued.

Alternating different insert fitting methods with a view to varying upper limb muscular activities could have a preventive effect on the risk of occurrence of fatigue or musculoskeletal pain. However this proposal needs to be validated in a future study. Unpowered tool used at company=tuc, Unpowered prototype tool=ut; Powered tool=pt):
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