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ABSTRACT
Work-related Musculoskeletal Disorders (WMSDs) are a major health concern with considerable impacts on workers and economy worldwide. Researchers have extensively evaluated different formal work systems including mass-production systems in the garment industry, but literature is sparse on informal work systems of sewing machine operators also called Custom Tailors (CTs) in developing countries. Therefore, this study was designed to ergonomically evaluate custom tailoring work-systems for possible WMSD risk factors. The cross-sectional technique was explored to study the working conditions and the occurrence of self-reported WMSDs among a convenient sample of seventy (38 males and 32 females) Nigerian CTs. A pre-labelled body map with 40 Body Pain Locations (BPLs), questionnaire and direct observations with camcorder and still camera were used for data collection. Multinomial logistic regression was used for the questionnaire and BPL analysis, while Ovako Working-posture Analysis System (OWAS) was used to analyse the CTs’ tasks recorded with the camcorder. The 40 BPLs were grouped into dependent variables Y1-Y4, while the questionnaire responses were grouped into 13 independent pain risk factors X1-X13. Among the CTs, 30, 47, 46 and 21% complained of pains at Y1, Y2, Y3 and Y4, respectively. At 10% significance level, X3, X7 and X12 were significant at Y1, X1, X2, X4 and X6 were significant at Y3, while X2 and X10 were significant at Y4. The OWAS categorised CTs’ postures into 1-3, while none reached category 4 that requires immediate corrective actions for improvement. Nonetheless, motion and still pictures reveal very harmful postures that were repeatedly used in CTs’ various tasks as well as incompatibility of tools with users’ anthropometry. Poor work postures were part of the WMSD risk factors in CTs’ informal work systems. The prevalence of WMSDs in CTs particularly in the neck, lower back, knee, ankle and buttocks among other body parts was established. Hence, the need for ergonomic interventions in the CTs’ informal work-system to reduce costs and increase productivity.
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1. INTRODUCTION
Workforces in both developed and developing countries are confronted with Work-related Musculoskeletal Disorders (WMSDs) of serious magnitude (Colombini and Occhipinti, 2006; Nazari et al., 2012; Jakobsen et al., 2018a; Abate and Hailemariam, 2022; Das et al., 2023; Bizuneh and Kidanemariam, 2025). These WMSDs are a significant world-wide public health problem that are considered the main cause of disability, absenteeism, and requests for health care (Punnett and Herbert 2000, Sluiter et al. 2001, Nabi et al., 2021). 
Losses associated with WMSDs represent a significant problem to employers, employees and insurers. Whether the disorders was caused by single overexertion or from repeated micro trauma, the direct and indirect costs of WMSDs are very high (Kolare et al 1993). Although official statistics are difficult to compare across countries because of differences in record-keeping and case definitions (Punnett and Herbert 2000), Paoli and Merllie (2001) showed that about one third of all workers in the European Union are involved in painful postures for more than half of their working day, and close to 50% of all workers are exposed to short repetitive tasks. In the United States, WMSDs affect an estimated 19 million individuals per year, are responsible for more than one third of lost workday cases, and account for the majority of workers’ compensation costs (Bernard 1997; U.S. OSHA, 2003). It is estimated that WMSD cost employers more than $15 billion annually, and with related expenses, it may be as high as $54 billion a year OSHA, 1999). In France, cost of low back pain was approximately 1.3 billion Euros in 1990 (INSERM 2000).  
The pecuniary costs to society do not only comprise costs for health care, sick leave, workers’ compensation and pensions, but also cost for training of a new work force. Any society will face serious problems when the rate of retirement increases because of WMSDs. Therefore, prevention of WMSDs from the source is the key rather than medical treatment that is not cost effective (Sarder et al 2006). To be able to prevent MSDs, it is of utmost importance to understand the causes of the disorders and how they could be quantified.
[bookmark: _Hlk214541113]Some identified risk factors associated with the development of WMSDs among different occupational systems include, but not limited to physical, psychosocial, organizational and socio-demographic factors, particularly in workers involved in sedentary and repetitive activities (Louhevaara and Suurnakki, 1992; Mattila & Vilkki ,1999; Buckle and Devereux, 2002; Johnston et al., 2008; Dianat and Salimi, 2016). Ergonomic analyses and interventions are primary prevention methods to reduce these physical stressors in the workplace, prevent WMSDs and treat injured employees (Sohrabi and Babamiri, 2024). 
The occupational group of Sewing Machine Operators (SMOs), has been reported to have a high prevalence of MSDs attributable to work environments with poor ergonomic features, including constrained postures, repetitive motions and strong visual demands (Anderson et al., 1993; Chan et. al., 2002; Wang et al., 2005; Wang et al., 2007; Wang et al., 2010; Bulduk et al. 2017; Das et al. 2023; Bizuneh and Kidanemariam 2025). Studies suggest that employees in garment industries in the developing nations often work under difficult conditions that are unacceptable in industrialized countries (Sarder et al 2006; Mahendran and Tiwari 2023). 
It is to be noted that the SMOs’ job description is different from that of the Custom Tailors (CTs). While the SMOs work majorly on sewing machines in formal work-systems, the CTs’ work systems are informal, and their job definition includes, but not limited to all tasks involved in the production of outfits from uncut fabric to delivery of the bespoke garment to clients. However, informal sewing machine operators are referred to as CTs in this study. CTs’ garment production operations include, but not limited to manual scissors work and stitching operation. The former involves repeated exposure to awkward wrist postures, repeated grip force and contact stress to the hands and fingers, while the latter is the placing of fabric pieces on sewing mound and running it through the sewing machine. This requires pinch grips, awkward postures of arms, neck and trunk as well as a force required to push the fabric through machine. Also, fine work could be at the cutting, sewing or finishing stage. Acute visual requirement couple with intense wrist, hand, and finger movement are of importance in these operations (OSHA, 1999; OSHA, 2003). Sewing task forces CTs to hold their body in the same position for long periods, while repeatedly reaching, stitching, pinching and pulling fabrics. Injuries to muscles and joints could result from this action and long working hours with few breaks leaves little time for the muscles and joints injuries to heal. Damages are also caused to nerves and soft body parts when the edges of chair, worktable, or table legs are pressed into worker’s body for long periods (HEISIS, 2009). The fragmentation of CT’s job implies that the tasks are often highly repetitive, potentially dangerous and complex task involving the coordination of both hands, usually performed in a seated awkward working posture for a long period of time (Dianat et al., 2015). CTs’ sewing tasks are performed in a sitting posture with upper back curved forwards and the head bent towards the sewing machine to focus their attention and have better visual control of the precision task (Nadeem et al., 2024). Working in this awkward posture for a long time increases the chance of developing WMSDs particularly in the back, neck and upper limbs (Sealetsa and Thatcher, 2011, Dianat et al., 2015, Kanniappan and Palani 2020, Nabi et al., 2021; Das et al. 2023).  
Some ergonomics studies carried out on different Nigerian occupational groups includes but not limited to Omokhodion and Osungbade (1996), Sanya and Ogwumike (2005), Adéwolé and Olorunnisola (2010), Saidu et al (2011), Abaraogu et al (2012), Ismaila et al (2012), Samuel et al (2012), Samuel and Babajide (2012) and Mijinyawa et al (2012). However, literature is sparse on the WMSDs of CTs. Although Nigerian CTs have WMSDs that hinder their productivity, health and safety at work like their contemporaries in other countries, literature is however sparse on the ergonomic analysis of this occupational group and their work systems. While the occupational health and safety programmes in developing countries have mainly focused on large-scale industries, these labour-intensive, Small and Medium Enterprises (SMEs) in the developing countries are a major and very much neglected sector in occupational health research (McCann, 1996, Seidu et al., 2024).  Although in Nigeria, some works carried out by Omokhodion and Osungbade (1996), Sanya and Ogwumike (2005), Adéwolé and Olorunnisola (2010), Saidu et al (2011), Abaraogu et al (2012), Ismaila et al (2012), Samuel et al (2012), Samuel and Babajide (2012) and Mijinyawa et al (2012) have been on ergonomics,  but none was found on tailoring work-systems.  Apart from the fact that materials on work done in Africa are relatively scarce, the discussion on the disorders in advanced countries has lately been concentrated on medical aspects, rehabilitation and costs for workers compensation; yet no known statistical information about the presence of WMSDs in self-employed Nigerians is available. This makes it impossible to quantify the loss both in monetary and productivity terms amongst them.  
Attention must be given to important causes of the disorders, the work site and the organization of work, thus preventing occurrence of new cases or at least reducing the frequency. Since science has not identified all the causes of WMSDs especially among custom tailors in Africa, research is therefore needed on all aspects of the problem to create ergonomic work environments. There is a need for in-depth ergonomic studies of WMSDs in Africa particularly as regards to tailors, to prevent or at least reduce the percentage, thereby reducing the costs instead of investing in treatments which are not cost-effective. A better understanding of the occupational hazards and their control measures in this sector has the potential for a notable impact on national productivity and workers' quality of life (Dianat, et. al., 2015). Currently, there is limited research on the occurrence of WMSDs and the associated risk factors among the informal Nigerian CTs. This study was therefore designed to analyse CTs’ informal work systems and find the ergonomic risk factors of WMSDs amongst these informal sewing machine operators. This research findings are expected to promote better understanding of the working conditions of the CTs and their WMSDs as well as to introduce preventive measures.
2. METHODOLOGY
A cross-sectional, descriptive-analytical study was conducted over a two-month period among custom tailors in Ibadan, western part of Nigeria. The non-experimental study with 70 participants according to inclusion and exclusion criteria started from interaction with the different union of the custom tailors. Following verbal consent from different tailors’ associations, Custom Tailors (CTs) were randomly given oral interviews to ascertain the veracity or otherwise of complaints of body pain by tailors as a preliminary survey at different locations in Ibadan metropolis. The survey showed that 98% of the CTs interviewed complained of pain in one part of their body or another. This established the need for the study.  After explaining the purpose of the study and the modalities to the union executives, permission was granted to carry out the detailed study on individual members. Each member was privately engaged in a data collection interview using localised musculoskeletal diagram and modified Nordic questionnaire. Each respondent was fully informed in his/her native language about the study after which consent was given to proceed. One hundred fully filled questionnaires resulted from the interview out of which seventy CTs of the respondents comprising 38 males and 32 females were selected for further work system studies. Thirty of the CTs were excluded because they produce tee shirts and not bespoke outfits. The participation was strictly on a voluntary basis, and the CTs were not under any obligation to complete the study. Further data collection was performed using direct observation of the CTs in operation and their work systems. Although the CTs were not paid for their participation in the study but their Unions were given the required incentives. Each participant was familiarised with the study procedure and raised concerns were addressed by the investigator. The study protocol was approved by the ethical review committee of the University of Ibadan.
Data were collected using a structured questionnaire consisting of socio-demographic, work-related factors, and modified Nordic Musculoskeletal Questionnaire (NMQ). Several scientific studies have used the NMQ (Nabi et al., 2021, Kanniappan and Palani 2020, Abate and Hailemariam 2022, Mahendran and Tiwari 2023). Multinomial logistic regression analyses were used to analyze the data and identify significant factors. Each tailor was asked to locate his/her area of pain on a well mapped out (Corlett and Bishop, 1976). Localized Musculoskeletal Diagram (LMD) which helps to avoid the ambiguity of locating aching body parts. Each respondent pointed out his/her areas of pain which were dully recorded in the marked LMD provided. Since most artisans are either illiterate or semi-literate, questions were read to them in their native language, and their responses were recorded in the questionnaires. The results of the questionnaires were collated and grouped into X1 -X13 as the independent variables of the pain-risk factors, while Y1 – Y4 were the dependent variables. Their descriptive statistical analysis was computed to ascertain their contribution to pain exacerbation. 
Y1 is the pain in the LMD body parts T and S (upper neck region)
Y2 is the pain in the LMD body parts A, B and C (Lower back or waist region)
Y3 is the pain in the combination of body parts T, S, A, B, C (upper neck region and lower back)
Y4 is the pain in any of the other 35 body parts different from T, S, A, B and C.
[bookmark: _Hlk214956295]The demographic, socio-economic and medical information supplied by participants were analysed with the aim to also find the cause-effect relationship between each factor and pain response.Using multinomial logit model of STATA software package and Y2 as baseline, analysis of what variable brings about pain in the neck versus pain in each of Y2, Y3 and Y4 was separately done to check the significance of each suspected factor on pain felt by the CTs.
Y2 was chosen as the baseline because it had the higher pain complaint frequency compared to the other LMD points. Moreover, ten of the participants were randomly selected for OWAS analysis using the following inclusion criteria. All participants were in good health and had over ten years of working experience after apprenticeship, no underweight or obese participant and gender was no factor. A convenient sample of 10 CTs was used for the video analysis because of the huge data involved in video recording. The minimum of ten years post-apprenticeship criterium was to ensure a perfect knowledge of all the procedures involved in outfit making. Each participant performed his/her daily tasks oblivious of the recording systems. The different motions involved in each tailoring tasks were captured using a camcorder and still pictures were taken intermittently with a camera. The monitored recordings of work activity permitted observations of different postures and movement of the relevant body parts. Attention was paid to the work-layout, tools, tailoring tasks as well as the work method during recording. Much care was taken not to interfere with worker’s job during the camcorder/camera data collection. Also, still pictures of their hands were taken to investigate the possibility of contact stress between tailors’ fingers and scissors.The recorded movies were later analysed using OWAS software built to identify 82 different postures. The OWAS categorization of the CTs’ various tasks was done into AC1-AC4 representing not harmful, slightly harmful, distinctly harmful and extremely harmful, respectively. 


3. RESULTS AND DISCUSSION
The 40 Localized Musculoskeletal Diagram (LMD) body parts with their corresponding pain frequency and percentage are presented in Table 1. Table 2 gives the description of the independent variables X1 -X13 , while Table 3 presents the statistical report of the variables. Table 4 shows the significance of the dependent variables on the CTs’ musculoskeletal pain response.
 Table 1. The forty body pain regions in the LMD
	S/N
	Body parts - acronym
	Freq
	% Freq
	S/N
	Body parts - acronym

	Freq
	% Freq

	1. 
	Left wrist - JJ 
	0
	0
	1. 
	Right shoulder - G
	7
	10.00

	2. 
	Left upper arm - FF 
	0
	0
	2. 
	Right hand - EE
	7
	10.00

	3. 
	Right mid-section - D
	0
	0
	3. 
	Left calf - VV
	7
	10.00

	4. 
	Left hand - KK
	1
	1.43
	4. 
	Right calf - PP
	7
	10.00

	5. 
	Left forearm - HH 
	1
	1.43
	5. 
	Left lower neck - R
	9
	12.86

	6. 
	Left elbow - GG
	1
	1.43
	6. 
	Mid lower neck - Q
	9
	12.86

	7. 
	Left mid-section - F
	1
	1.43
	7. 
	Mid upper back - K
	9
	12.86

	8. 
	Left lower shoulder - M
	2
	2.86
	8. 
	Right foot - RR
	9
	12.86

	9. 
	Right elbow - BB
	3
	4.29
	9. 
	Right lower neck - P
	10
	14.29

	10. 
	Right forearm - CC 
	3
	4.29
	10. 
	Left buttock - SS
	10
	14.29

	11. 
	Right wrist - DD
	3
	4.29
	11. 
	Right buttock - LL
	10
	14.29

	12. 
	Left upper back - L
	3
	4.29
	12. 
	Left ankle - XX
	10
	14.29

	13. 
	Right upper back - J
	3
	4.29
	13. 
	Right ankle - QQ
	11
	15.71

	14. 
	Left thigh - TT
	3
	4.29
	14. 
	Left knee - UU
	14
	20.00

	15. 
	Right thigh - MM
	3
	4.29
	15. 
	Right knee - OO
	15
	21.43

	16. 
	Left shoulder - O
	4
	5.71
	16. 
	Left upper neck - T 
	21
	30.00

	17. 
	Right lower shoulder - H
	4
	5.71
	17. 
	Right upper neck - S
	21
	30.00

	18. 
	Right forearm - AA
	5
	7.14
	18. 
	Left lower back - C
	32
	45.71

	19. 
	Left wrist - E
	5
	7.14
	19. 
	Right lower back - A
	33
	47.14

	20. 
	Left upper arm - ZZ
	6
	8.57
	20. 
	Mid lower back - B
	33
	47.14




Table 2 Description of the independent variables
	Variable
	Definition

	1. AGE             XI
	Tailor’s age

	2. Gender          X2
	Tailor’s gender

	3. Hel                X3
	Tailor’s apprentices

	4. Exp               X4
	Tailor’s experience at work

	5. Med              X5
	Tailor takes pain medication

	6. Vac               X6
	Tailor takes vacation

	7. Swhr/day      X7
	Sewing hours per day

	8. Wh/day         X8
	Total working hours per day

	9. Wdays          X9
	Working days per week

	10. St ht              X10
	Tailor’s stool height in cm

	11. Smh              X11
	Tailor’s sewing machine height in cm

	12. Tab ht           X12
	Tailor’s cutting table height in cm

	13. Ht                 X13
	Tailor’s standing height in cm



Table 3. Pain risk factors from self-reporting technique
	Factor
	Statistical Data

	Demographic
	X1 
Frequency
	20-30
	31-40
	41-50
	51-60
	

	
	
	20
	27
	16
	7
	

	
	X2
Frequency
	Male
	Female
	
	
	

	
	
	38
	32
	
	
	

	Socio-economic
	X3
Frequency
	0
	1-2
	3-4
	5-6
	7-8

	
	
	31
	25
	8
	4
	2

	
	X4
Frequency
	1-10
	11-20
	21-30
	31-40
	41-50

	
	
	13
	34
	16
	6
	1

	Health
	X5
Frequency
	Yes
	No
	
	
	

	
	
	63
	7
	
	
	

	
	X6
Frequency
	0
	1-7
	8-15
	16-23
	

	
	
	47
	15
	5
	3
	

	
	X7 
Frequency
	6-7
	8-9
	10-11
	
	

	
	
	42
	22
	6
	
	

	
	X8
Frequency
	1-3
	4-6
	7-9
	10-12
	13-15

	
	
	1
	2
	17
	43
	7

	
	X9
Frequency
	4
	5
	6
	7
	

	
	
	1
	8
	44
	17
	

	Anthropometric and workplace dimensions (cm)
	X10
Frequency
	42-47
15
	48-53
32
	54-59
21
	60-65
2
	

	
	X11 
Frequency
	70-79
60
	80-89
8
	90-99
2
	
	

	
	X12
Frequency
	74-84
25
	85-95
40
	96-106
5
	
	

	
	X13
Frequency
	150-159
13

	160-169
34
	170-179
18
	180-189
5
	

	
	
	
	
	
	
	


The study participants were 54.3% males and 45.7% females with the modal age between 31 and 40 years. Of the 70 respondents, 97.1% complained of body pain, but the highest complaints were found in the neck and lower back regions. In all the 40 Body Pain Locations (BPLs), the lower back (A, B, C) has the highest value of over 45% report, while the neck pain has 30% (2nd position). 56% of the CTs were with apprentices. 48.6% had between 11-20 years of experience. 90% of them take pain killers on a regular basis, 61% work between 10-12 hrs daily, 62.9% work 6 days per week, and 67% do not go on vacation. 
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Table 4. Determinants of musculoskeletal pain responses among CTs
	
	LMD body parts T and S (upper neck region)
	[bookmark: OLE_LINK1]LMD body parts T, S, A, B, C (upper neck region and lower back)
	Others LMD body parts

	Variables
	Coeff. 	
	Std. Err.
	Z-value
	Coeff. 	
	Std. Err.
	Z-value
	Coeff. 	
	Std. Err.
	Z-value

	Age     
	1.427  
	1.740          
	0.82   
	5.427**  
	2.794    
	1.94   
	-1.791 **  
	0.878
	-2.04   

	Apprentices    
	3.217*  
	1.699          
	1.89   
	-2.012 
	1.729
	-1.16   
	0.524  
	0.753    
	0.70   

	Gender
	-0.094  
	0.118          
	-0.80   
	-.414** 
	0.189   
	-2.18   
	-0.025
	0.074  
	-0.34   

	Service year
	0.091   
	0.152            
	0.60   
	0.513**  
	0.226  
	2.27   
	0.037  
	0.088
	0.43   

	Vacation days/years  
	-20.364 
	1574.826           
	-0.01   
	4.676*
	2.570     
	1.82   
	0.327
	0.712
	0.46   

	Working hours
	0.0727  
	0.051           
	1.43   
	0.025
	0.073   
	0.34   
	0.026  
	0.031   
	0.82   

	Sewing hours
	-0.176 **  
	0.084        
	-2.10   
	0.086
	0.118    
	0.73   
	-0.054
	0.051  
	-1.07   

	CT’s height
	0.137  
	0.128          
	1.07   
	0.071
	0.152 
	0.47   
	-0.013    
	0.058   
	-0.23   

	Sewing machine height
	 -0.395  
	0.340         
	-1.16   
	0.060  
	0.114    
	0.53   
	0.000
	0.109
	0.00   

	Seat height
	-0.088  
	.139      
	-0.63   
	0.307  
	0.237    
	1.29   
	 -0.183 ** 
	0.089
	-2.03   

	Cutting table height
	-.220*
	.1295          
	-1.70   
	-0.090   
	0.096
	 -0.94   
	-0.069 
	0.061  
	-1.13   

	Constant
	29.586
	28.475            
	1.04   
	-30.333
	29.526 
	-1.03   
	18.231  
	13.873  
	1.31   

	Model Summary
	
	
	
	
	
	
	
	
	

	Observation
	70
	
	
	
	
	
	
	
	

	Pseudo R2
	0.404
	
	
	
	
	
	
	
	

	Prob > chi2
	0.0001
	
	
	
	
	
	
	
	

	Log likelihood function
	-52.603
	
	
	
	
	
	
	
	


*is significant at 10% and ** is significant at 5%.
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DISCUSSION       
 Determinants of Musculoskeletal Pain Responses 
The multinomial logistic regression model was used to examine factors influencing the LMD among CTs. The dependent variables captured reported pain locations, including neck, lower back, both neck and waist, and other body regions. The Lower Back Pain (LBP) category was chosen as the reference group because it represented the most frequently reported pain site and is widely recognized in ergonomic and occupational health literature as a central indicator of musculoskeletal strain. With a high recurrence rate, LBP is one of the largest health care burdens on society worldwide (Hartvigsen et al. 2018). Using waist pain as the benchmark provided a meaningful basis for comparing which factors increased or decreased the likelihood of pain in other body areas relative to this common condition. The overall model fit was statistically significant at 1% confirming that the independent variables jointly explained differences in pain location. The pain response in body parts T and S (upper neck) is negatively affected by the number of helpers, with individuals with more apprentices being significantly more likely to report neck pain. This could be because CTs do not give clients’ jobs to apprentices for fear of being held responsible for every mistake caused by the apprentice which could be as high as getting a fabric replacement for the damaged one in a small-scale business. CTs however explain to their apprentices, while doing all the tasks alone and this make them spend more time than their counterparts without apprentices   In contrast, sewing hours and cutting table height variables (X12) were negatively associated with neck pain, indicating that individuals with longer work hours or higher cutting table dimensions tended to experience waist pain rather than neck pain. This is true because during these tasks, CTs engage more of waist hyper flexion and twisting than neck awkward postures (see Figures. 1-4).  Neck flexion and trunk flexion are illustrated in Figures 1-2, while trunk twisting and shoulder abduction are illustrated in Figures 3-4. These results support ergonomic findings of Das et al. (2023) that links long working hours and physical strain to lower back discomfort. For the LMD body parts T, S, A, B and C, age is positively associated with pain responses in these areas. This implies that older people tend to experience pain in the upper neck and lower back than younger individuals.  Gender showed a significant negative relationship, suggesting that females are more likely to experience pain in both regions than just waist pain. Furthermore, the service year influences pain in this combined body part, as those involved for more extended periods tend to experience pain in these body parts. This agrees with the study of Leon et al. (2011) that gender is a co-founding factor in neck shoulder pain prevention/management interventions. Similarly, more extended vacation periods result in greater pain in the T, S, A, and B body parts. This may be because workers with more vacation days might have accumulated workload or tight production deadlines before or after taking leave. This catch-up effect can increase physical strain on the body, particularly in the neck and lower back, leading to higher reported pain in these regions. 
Considering factors that influence pain responses in other parts of the body.  Age had an adverse effect, suggesting that older individuals are less likely to have pain in these body parts. Furthermore, reducing the cutting table height does not necessarily affect pain experience in these body parts.  The CTs experience pains around the neck and waist regions. Confirmed pain-causing variables were work-table height, gender, age, experience, stool height, helpers, sewing hour per day and lack of vacation. Work-related factors (including service years as CT, no of apprentices, sewing hours on machine, seat height and table height) and individual factors (including age, gender,) were associated with musculoskeletal symptoms in multinomial logistic regression model.

At M1 (Y1/Y2) only three variables were found to be significant: X3, X7, and X12.  X3 with positive sign indicates that a 10% increase in the number of helpers will increase the probability of tailors having pain in the neck than in the waist by 2%. That is a 10% increase in the number of helpers will increase the neck pain by 2% relative to having pain in the waist. The other two factors have negative signs which show that a 10% increase in each of them will decrease the probability of having pain in the neck but increase the pain in the waist region.  A unit increase in X7 will decrease the probability of pain in the neck but increase that of the waist. Every negative value favours the waist pain, while the positive ones favours the neck. Others were not found to be significant although X2 and X4 have positive signs which show that any percentage increase will bring about pain in the neck relative to the waist pain. The others with positive signs will bring about decrease in the neck pain relative to waist pain.  At M3 (Y3/Y2), X2 is significant and this implies that a unit increase in the number of women engaged in sewing will lead to more pain in the neck. This increases the probability of more pain in the neck than in the waist which is -0.13. This means a 10% increase in the number of women will increase the probability of tailors having pain in the neck than having it in the waist by 1.3%. The implication is that as more women engage in sewing, the probability that there will be increase in neck pain is 1.3%. Other significant variables here are: X1, X4 and X6. At M4(Y4/Y2) only X2 and X10 are significant. While the range of measured stool height is 23, standard stool height has a range of 10. The former has SD = 4.57 and Var = 20.88 while the latter has SD = 1.96 and Var = 3.85. The measured sewing machine height has range = 29, SD = 4.39 and Var = 19.30 while the standard sewing machine height range = 23, SD = 4.75 and Var = 22.52. The measured table height range = 28, SD = 6.63 and Var = 44.01, while the standard table height range = 23, SD = 4.48 and Var = 20.06. None of the three pairs correlate. The incongruency of the anthropometric   data of users with their tool dimensions is clearly displayed in the pictures below. Figures 5 and 6 show some evidence of WMSD, contact stress between the hand and scissors used for manual cutting. These hand contusions were only found on the right hand; no left-handed scissors were sighted during this study and left-handed CTs learnt to cut with the right hand. Figures 1-4 presents the various harmful CTs’ postures found at the different task stations. During sewing machine operation, CTs typically sit with a sharp forward flexed torso which places them at risk to musculo-skeletal disorders of the neck and lower back (Figures 1 & 2). The video analysis showed sustained awkward work postures, highly repetitive actions, inadequate breaks unnatural postures on seats without backrests and strong visual demands. Other environmental problems observed in this informal work-systems include excessive heat and humidity, poor workstation design as well as poor illumination in agreement with the findings of Ahasan (2002). Illumination source is mostly sunlight through the door, as many shops are without windows. Work environments with poor ergonomic features like inadequate illumination makes CTs rely on day/sunlight (Figure 1). Also, sitting on unpadded stool without backrest is another source of low back pain. The anthropometry of CTs relative to their unsuitable work surface and seat heights forced them to maintain awkward shoulder, trunk, elbow and wrist postures during various tasks both at both sit and stand workstations (Figures 1-4). The prolonged sitting position may be responsible for the pain of the back, neck and buttocks. It could also reduce blood circulation to the leg. None of the participants reached category 4 of OWAS classification; all were between categories 1 and 3.  In agreement with Sarder et.al. (2006), the findings of this study showed that CTs in the informal systems of developing nations work under difficult conditions that are unacceptable in industrialized countries. 
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Fig 1-2 Neck-trunk flexion and fixed gaze at sewing task using a no-backrest stool
3 [image: A person ironing a purple cloth
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Fig 3-4 Arm hyperadduction, shoulder abduction, head-trunk rotation during cutting task.
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Figure 5-6  Hand contusion on CTs’ right hand fingers



Conclusion
Questionnaire survey with LMD responses and observations of the physical workplace pertaining to working conditions showed clear evidence of work practices, workplace conditions and equipment designs that were detrimental to productivity, health and safety. Some WMSD risk factors were identified and the deleterious effects included relatively high incidences of musculoskeletal problems, mainly in the upper body. It has been established that poor work postures are part of the WMSD risk factors in CTs’ informal work systems. The prevalence of WMSDs in CTs predominantly in the neck, lower back, knee, ankle and buttocks among other body parts was established. Therefore, there is need for ergonomic interventions in the CTs’ informal work-system. This is crucial in order to reduce costs and increase productivity. 
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