Video analysis of biomechanical risk factors for musculoskeletal disorders in loincloths female weavers Faso Dan Fani in Burkina Faso
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Abstract
Background
The purpose of this study is to describe the kinematic characteristics of manual weaving related to the biomechanical risk factors for musculoskeletal disorders.

Methods
Twelve professional female weavers participated in this study. The video recording of their workstations was performed perpendicularly in the sagittal and transverse planes in a synchronized manner, at about 2.45 m and for 5 minutes. The videos were then analyzed using the Kinove software. Statistical processing by the statistical SPSS 22 software.

Results
The results identified a succession of cycles, each with two important phases called the “interlacing” phase and the “winding/adjustment” phase. The average cycle time is 127.9 ± 11.7 seconds. The “interlacing” phase is the longest and concerns an average 80% of the cycle time or 103.5 ± 35.9 seconds. The segmental movements are mainly flexion-extension type with angular variations constantly above the acceptable limits. It is the same for the repetitiveness of the movements which solicit the upper limb and the trunk particularly.

Conclusions
These results recommend one of the actions to prevent musculoskeletal disorders including instructions on postures and frequencies of weaving movements as well as physical exercises adapted to the physical needs of practitioners.
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BACKGROUND
The manual loincloth weaving is one of the income-generating activity of women in Burkina Faso. It employs more than 50 000 weavers including 40 000 women.1 This activity is identified as a promising economic sector by prospective studies of investment sectors carried out by the government of Burkina Faso and its partners. It is widely acknowledged that this sector makes a significant contribution to the socio-economic autonomy of women, who represent approximately 90% of weavers.2 However, it remains an informal activity with the main units of production (90%) operating in families. Consequently, this sector does not benefit from a health and safety framework.
On the other hand, several studies have shown the high prevalence of musculoskeletal disorders (MSDs) among practitioners. Indeed, the literature reports a prevalence ranging from 80% to 100% of MSD cases among weaving practitioners.3-6 These disorders are mostly consequences of poor work organization and/ or work-related physical load. Without a health and safety framework, the MSDs led weavers to self-medication with the worst unassessed consequences.
Many methods of prevention and care are described in the literature.7-9 They include, among other things, ergonomic intervention on the workstations and on the physical capabilities of the worker. These methods according to the World Health Organization, are based on creating an appropriate balance between task requirements and the worker capacity, either by adapting the task to the human being by the layout of the workplace, either by developing the worker’s capacity for this task through practice and vocational training.10 Among the various methods proposed in the literature, the Malchaire and Indeteege’s method11 appears coherent and complete. Indeed, these authors propose a coherent, objective, and reasoned structuring of the workplace analysis involving the methods of quantification of all risk factors likely to be at the origin of MSDs of the upper limbs.11 In this approach, the quantitative analysis of biomechanical stress (postures, levels of effort, and repetitiveness) based on observations from video recordings, is a major swatch of the prevention approach.
Manual weaving has been able to adapt to the modernization of societies in almost all continents, particularly in Asia and Africa, despite technical and technological advances.12-14 It is described as a series of skills and techniques that clearly present a set of physical loads detrimental to the musculoskeletal system. However, there is no study on the biomechanical characteristics of this activity as conducted by weavers in Burkina Faso. They use improved Sudanese-style horizontal pedal “looms” (Fig. 1) introduced in the late 1950s by a congregation of nuns in Burkina Faso to solve a women’s profitability problem in their weaving activity.2 Its working principle is similar to the traditional craft, but according to the author, the introduction of the stool and the flat pedals makes the techniques relating to the different parts of the body that it solicits different. Indeed, its operation consists in alternately operating one and the other heddle thanks to her feet, to open the space in which is slipped with one hand the shuttle which executes the frame. Each time the weft crosses the warp, it is pressed with the other hand by a comb attached to the second high bar of the craft. As all these tasks are carried out, the loincloth is wound on a cylinder placed at the front of the craft and called cloth roll or front beam as indicated in Fig. 2.15,16
[image: Fig. 1.]
Fig. 1. Improved modern pedal loom. A, pulley; B, heddle; C, reed; D, front warp beam; E, lever; F, pedals; G, shuttle; H, coil; I, stool.

[image: Fig. 2.]
Fig. 2. General appearance of the Faso Dan Fani loincloth produced by weavers. A, Faso Dan Fani loincloth; B, lever; C, reed; D, shuttle; E, heddle.

This study aims to make a quantitative analysis of manual weaving activity to identify possible biomechanical constraints that can contribute to the prevention of MSDs among weavers. Specifically, it must lead to a mechanical description of weaving activity on the one hand and on the other hand to the identification of biomechanical risk factors of MSDs.

METHODS
The analysis was carried out female manual weavers operating on horizontal looms of improved pedal types in the GODE weaving workshop. The weavers having taken part in the study were chosen based on the following criteria. They had to be regular weaver employees in the Center GODE with the weaving as permanent activity. They had also to have a length of practice of weaving at least 12 months, and to accept the collection of the data. The center of GODE has been selected because it is the only center framed by the state and this fact offers some of the best conditions for our study in terms of space and availability of the weavers. The video recording took place August 22, 2019 in GODE Center where a hall has been arranged in a lighted place. All the 12 female weavers who met the criteria of the study on the day of the recording proceeding have been recorded. To make it possible to observe the weaving postures, the weavers were invited to wear space-saving clothes, in particular, tight-fitting bras. In addition, they were informed about the study's purpose and were regularly invited to work as simply as possible as they usually do. They were therefore encouraged to weave in a natural way as they used to. Their postures and movements were recorded during the weaving process.
Two Sony Handycam DCR-SR80 (25× Optical zoom; 800× digital zoom) video cameras were used for video recording. The recording procedure was inspired by that proposed by Croteau.17 The video recording was performed in the sagittal and transverse planes in a synchronized manner. Each camera was adjusted and held by a cameraman and positioned perpendicular to the weaving station at approximately 2.45 m and recording was performed for 5 minutes after the weaver was installed on her workstation to weave.17
The Kinovea software version 0.8.15 was used for the measurement of angles, frequencies of movements, and postures. It is software that has been designed for capture, observation, and motion analysis. It can also be used to track the trajectory and speed of point movement.18,19
The approach of analysis adopted in this study was an adaptation of the method proposed by Malchaire and Indeteege11 but using two cameras. It consisted of replaying the videos using Kinovea software to observe in each plan of recording, the following variables.
The kinematic characteristics of weaving, such as the types of segmental movements and their frequencies as well as the different postures of the back and the upper limbs were measured. These observed postures were compared to a set of reference postures defined in the literature.
Statistical analysis
All statistical analyses were performed using the SPSS Statistics version 22 software (IBM Corp., Armonk, NY, USA). Descriptive statistics were mainly used for data analysis.

Ethics statement
The research protocol was approved too by the national ethic committee of Burkina Faso in resolution NO. 2017-10-154. It was also approved by the research ethics committee of the Institute of Sports, Sciences and Human Development. Study participants were informed in detail about the purpose and approach of this study. A briefing note from the research participant was sent to them.


RESULTS
General characteristics of participants
Twelve professional female weavers were recorded and analyzed. Table 1 shows their characteristics. Their average age indicates adults with significant work experience in this activity.
Table 1. Characteristics of the surveyed female weavers
	Characteristic	No. of participants (n = 12)
	Age (years)	48.7 ± 15.6
	Height (cm)	163.1 ± 7
	Mass (kg)	65.5 ± 14.9
	Working time (years)	19.8 ± 13.7
	Working weekly times (days)	6
	Working daily hours (hours)	8.7 ± 0.5


Values are presented as mean ± standard deviation.



The mechanical description of weaving
The analysis of the videos collected made it possible to identify a cycle with two important phases represented in the following Figs. 3 and 4. These two phases are as follows.
[image: Fig. 3.]
Fig. 3. Sagittal view of the interlacing phase. (A) Change “to go” from shuttle to colored limb. (B) Strip compaction with uncolored limb. (C) Change “to go back” from shuttle to uncolored limb. (D) Strip compaction with colored limb.

[image: Fig. 4.]
Fig. 4. Sagittal view of the woven strip winding. (A, B) Rolled up from the front. (C, D) Rolled up from top to back. (E, F) Thrust and adjustment of the rails forward.

- The phase that we named “interlacing”: it corresponds to the sequences of movements that allow the constitution of the frame that is to say the passage of the thread in the chain and the settlement of the frame.
The interlacing phase is a cyclical phase of alternating movements between the two upper limbs (Fig. 3). The hands pass in turn the shuttle through the chain of wires (sequences A and B) followed by a movement of compaction of the comb to compact the woven tape (sequences C and D).
- The phase that we named “winding/ adjustment” of the woven strip. This phase consists of two stages, namely the winding itself to form a roll of strip already woven to free up space necessary for the continuation of the interlacing phase and the adjustment step which consists in returning the smooth to its normal position.
Winding: at this level, the weaver uses an arm that is used to turn towards her a metal lever attached to the beam of the loom to pull the string of wires stretched by a slide (Fig. 2, sequences A to D).
Adjustment: the weaver adjusts the stringers and the thread chain before resuming the interlacing operation (Fig. 4E and F).

Frequencies of the different phases of the cycle
The average cycle time is 127.9 ± 11.7 seconds (2 minutes and 7.9 seconds). The “interlacing” phase is the longest and concerns on average 80% of the cycle time or 103.5 ± 35.9 seconds (Table 2).
Table 2. Times of the weaving cycle of the loincloth Faso Dan Fani
	Phases	Gesture sequences (fa)	Average ± SD times per cycle in seconds	% of total cycle time
	Weaving cycle			
	Interlacing	Compacting (51 ± 1)	103.5 ± 35.9	80.9
	woof crossing (51 ± 1)
	Winding/adjustment	Warp beam rotation (1)	10.7± 2.7	8.4
	Beam adjustment (1)
	Average cycle time in seconds		127.9 ± 11.7	100


SD, standard deviation.
aFrequencies of gesture per cycle.


In the phase of interlacing, Table 3 shows that the joints of the upper limb, particularly the shoulder, elbow and wrist, are solicited in the three planes of movement. However, since the videos were not filmed in the frontal plane, the abduction, and inclination movements were not measured. The forearm is used between 49° and 89° in extended flexion and the arm between 10 and 25°. The different sequences (A to D) of this phase are illustrated in Fig. 3.
Table 3. Description of the types of movements during the cycle
	Body segments	Movement	Average angle (degree)
	Recommended cut-point7,20 (degree)
	Interlacing phase (CTa = 103.5 ± 35.9)	Winding/adjustment phase (CT = 10.7± 2.7)
	Hand	Flexion-extension	NEb	NE	<45
	Abduction-adduction	NE	NE	0
	Forearm	Pronation-supination	NE	NE	0
	Flexion-extension	49 ± 1 Fc–89 ± 3 F	73 ± 2 F–85 ± 1 F	<60 or >100
	Arm	Flexion-extension	10 ± 7 F–25 ± 5 F	59 ± 3 Ed–60 ± 5 F	<20
	Abduction-adduction	NE	NE	<20
	Rotation	NE	NOe	0
	Back	Flexion-extension	7 ± 3–11 ± 9	13 ± 2 E–25 ± 5 F	<20 F; 0 E
	Tilt	NO	NE	0
	Rotation	NO	NE	<10


aCycle time (seconds);
bNon evaluable due to recording plans;
cFlexion;
dExtension;
eNon-observate.


Through the same table, we can read the nature of the different postures of the trunk and segments of the upper limb during winding. During this sequence, the two upper limbs are solicited differently. For all weavers, the position of the lever of the loom requires more mobilization of the right member. Under the registration plan, the data of the right member could be recorded. The trunk and the arm are solicited in all plans. The right arm is the most stressed with movements ranging from 59° in extension to about 10° in bending. The same applies to the back, which oscillates between –13° and 25°. The different sequences (A to D) of this phase are illustrated in Fig. 2. The same movements of flexion and extension are observed in the adjustment phase with two sequences (E and F) in Fig. 4.


DISCUSSION
As a reminder, our study aim is to describe the kinematic characteristics of manual weaving in order to contribute to the reflection on the biomechanical risk factors of musculoskeletal disorders related to this activity.
The average age of women who took part in this stage of the research is 48.7 ± 15.2 years old with an average working time of 19.8 ± 13.7 years. The average age of women indicates that they are adults and have extensive professional experience in this activity. With this maturity and experience, they have certainly developed automatisms and adaptations that make their weaving work much more professional, and free of parasitic actions.17,21 Thus, this professional experience seems more interesting in an epidemiological study such as the present insofar as the constraints or risks related to the activity could be reduced to the minimum due to gestural control.
In this regard, the video recordings of the weaving were made in the sagittal and transversal planes and their analysis allowed to identify a cycle of two major phases in the weaving activity during which all the joints of the upper limb and trunk are mobilized. The cycle lasts on average 2 minutes and 8 seconds with the “interlacing” phase as the longest with an average of 80% of the cycle time or 103.5 ± 35.9 seconds. When the weaver weaves the string of threads, she interrupts this operation on average after two minutes to wind the strip she gets. This second winding operation takes on average 8% of the cycle time. Weaving can therefore be considered as a set of cycles comprising interweaving operations of wire interspersed by winding operations of woven strips. These steps actually respond to the general principles of fabric manufacturing described in the literature. Indeed, the fabric is defined as the result of an assembly of threads, fibers, or both.22 Referring to the definitions of weaving by some authors, it appears that the two phases observed correspond one to the mechanisms of assembly, it is the interlacing and the other to the constitution of the texture.15,16 In fact, the physical stresses of the different weaving phases take into account the mean time of the phase, the frequency of segmental repetitions and the amplitude of the angles of the solicited segments.5,7,23
In this respect, there is a predominance of flexion-extension movements. The horizontal shape of the loom could explain this observation. In fact, this elongated forward shape requires the weaver to use weaving techniques that lead to movements in the forward-backward direction in the sagittal plane, which probably corresponds to bending-extension movements.24-26
Inside a weaving cycle that lasts on average 2 minutes 8 seconds, the nature and intensity of mobilization of the joint system of the upper limb and trunk are not the same. For the upper limb, the results obtained from the recordings analysis indicate repeated stress at the elbow and shoulder joints especially during the interlacing operation (80% of the time of the cycle). Indeed, the joints of each upper limb regularly perform movements of various flexion-extensions between two interruptions, rotation, and abduction during the interlacing operation. In the literature, the repetitiveness of a movement becomes a MSD risk factor when the cycle time is less than 30 seconds or when more than 50% of the cycle time is composed of the same sequences of gestures11,27,28 or this movement reaches 15 repetitions per minute.29
In this case, the interlacing phase occupies 80% of the cycle and is composed of 103 sequences of repeated movements: 51 sequences of “shuttle passage” and 51 sequences of “compaction of the frame.” These characteristics are more than 30% higher than the criteria of repetitiveness cited above reported in the literature.11,27,29 This means that FDF weaving is a highly repetitive activity, especially its interlacing phase.
As regards the angular values collected in this phase, they also show an amplitude of bending elbow and shoulder extensions around 10° and 20° from the vertical with abduction and shoulder rotation. These variations reveal both the multitude of actions during weaving, but also the movements constraints related to the shape and dimensions of the “loom” which impose adaptation postures. For shoulders, these values are within the range of ergonomic standards prescribed in the literature.20,30-33 According to these authors, the maximum acceptable angles of arm posture are 20° for abduction and 25° for flexions, which approximately agree with our results for flexion.
About the back, the results reveal a joint amplitude of the trunk in flexion-extension during this interlacing operation of about 7° to 11° of the vertical. These variations follow those of the segments of the upper limb because the movements of the trunk generally extend to those of the upper limb. These values remain appropriate as they are within the comfort zone.34,35 Therefore, joint mobilization does not appear to be a potential risk factor for lower back pain in the interlacing phase, but it presents high risks in terms of repetitive movements. The postural analysis of the second phase of the weaving cycle, especially the winding, indicates that in terms of duration, it is shorter (8.39%) of the cycle time or 10.74 seconds on average. In terms of repetitiveness of movements, it has fewer demands on joint structures. On the other hand, the angles described by the segments mobilized are more important during this operation. Indeed, the results present at the level of the upper limb a set of abduction, bending, and rotation movements for the shoulders and elbow of the limb that performs the winding. Subsequently, there is a pronounced bending of the two limbs to adjust smoothly. For the shoulder, the mean observed angles are 59° in extension and 10° in bending combined with abduction movements. For the different authors, a bending-extension of the arms is acceptable below 20°, both in extension and in flexion, beyond, the shoulders are exposed to a risk of MSDs.31,34 These data from the literature support the fact that the joint stress of the shoulders during this second weaving operation also appears as an important risk factor for MSDs especially in extension because the angular mean values are extreme, over 59°.
For the back, the results obtained indicate during the winding operation the presence of flexion-extension movements. Indeed, the bending-extension movements vary on average between 13° in extension and 25° in bending angle. The literature considers that the trunk is in a neutral bending position in a sagittal plane between 0° and 20° which assumes a physical stress of high risk in extension and less in bending.31,36 However, other authors estimate that a trunk bend of 20° angle on a seat without inclination and average height lower than the height of the work support (loom in the case of weaving) significantly reduces the trunk-thigh angle. This reduction of the angle below 100° does not allow the physiological lumbar curvature to maintain so the pelvis switches to retroversion favoring the risk of lumbar pain. Moreover, this sitting posture of work if maintained for long hours can be a source of lumbar pain, especially with twisting movements during this winding phase.29,37 In the literature, some authors who used tools of empirical observation came to the same conclusions. Indeed, Choobineh et al.25 through empirical observation and literature review find that carpet weaving is in fact a very repetitive task in which a regular weaver makes up to 30 knots per minute. They noticed that during all stages of weaving, wrist and finger flexors and extensors are used repeatedly, with pinch movements and gripping force. They showed that the weaving task represents 60% of the weavers’ total working time. Therefore, they concluded that in weaving, repetitive movement is common. Since very repetitive tasks have cycle lengths of 30 seconds or less, they classify weaving as very repetitive work.25 The same authors studied the prevention of musculoskeletal disorders and the design of manual carpet weaving workstation. In that study, they argue that in a weaving operation the positions of the head, neck, and shoulders are decisive in the ergonomic design of a weaving workstation.39 For them, the trunk posture is an essential element in the design of a weaving seat.39 The results of their study highlight the risk factors of weaving in general, but they cannot be compared to the results of this study since the loom used in our case is horizontal while it is vertical in the case of carpet weaving. The same observations are made through the studies of Motamedzade et al.14,40 and that of Bazrafshan and Mahmoudi.41
Moreover, our results confirm those of Dewangan and Sora24 who did a similar study with 274 weavers including 200 women using questionnaires and goniometers. Their results revealed a large variation in most dimensions of looms. They also found that the body bending of weavers is relatively higher in horizontal looms compared to vertical looms. For them, musculoskeletal pain in the lower back and neck is widespread in most workers independently of looms. Posture, energetic effort, repetitive task, and work method were identified as the predominant causes of musculoskeletal pain reported by weavers regardless of the loom. Their study found that more than 95% of weavers reported musculoskeletal pain in any part of the body.

CONCLUSIONS
MSDs are now a health issue in the professional area. In Africa, and particularly in Burkina Faso, the phenomenon received little attention. This study focused on weavers and on their activity biomechanical characteristics. It is purely descriptive and analytical. It showed that weaving is a mechanically cyclical activity with increased solicitation of the upper limb and back in the sagittal plane. These results recommend not only a design with safe and preventive instructions based on the identified characteristics but also physical activity programs for conditioning of the different body parts according to the type of solicitation. However, it is important to mention that weaving is a process that involves several stages: dyeing, warping, and weaving the craft. The biomechanical analysis carried out concerned only one stage of the professional activity of the weaver. The results therefore suggest a broader analysis considering all the tasks of weaving given the possibility of a combination of physical requirements as a risk factor.
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