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Abstract

Background: Work-related postural change could lead to improved musculoskeletal health.

Method(s): In a quantitative, retrospective, longitudinal study, data of work-related
musculoskeletal disorders of 123 sewing-machine operators were captured for 4.5 years, and

analysed using Poisson regression.

Results: Stand-up work posture (SUWP) reduced the incidence for spinal disorders (SD) to 0.29
fold the incidence for sitting work posture (SWP) (p < 0.001). Morbid obesity had significantly
increased (p=0.04) incidence of upper limb disorders (ULD), 3.35 times that of normal body

mass index (BMI) (regardless of work posture). SUWP was associated with increased IRR


mailto:grobler.physio@gmail.com

(1.49) for lower limb disorders (LLD). LLDs were associated with obesity (overweight

(IRR=2.58; p=0.08), obese (IRR=2.45; p=0.09), and morbidly obese (IRR=6.24; p=0.001)).

Conclusions: The protective benefit of the SUWP was statistically significant for SDs incidence.
Owing to high mean BMI, SUWP had a negative impact on the incidence of LLDs for the first 2

months.

Keywords: obesity, sewing, sitting work posture, stand-up work posture, work-related

musculoskeletal disorders.

1. INTRODUCTION
Work-related musculoskeletal disorders (WRMSDs) are costly to employers and employees, and
to balance productivity and health, occupational healthcare needs well-researched evidence.(1,2)
Since 2010, a controversial body of evidence reported on the adverse health outcomes of
prolonged sitting.(3-5) Reducing sitting time can be one strategy to improve occupational
health, but scientific literature lacks population-specific implementation guidelines, as individual

risk factors are involved.(6)

Traditionally, sewing is performed in a seated work posture. Studies indicate a higher
prevalence of spinal and upper limb disorders among seated sewing-machine operators
(operators) (7) compared to the general working population; a high prevalence of upper limb
disorders associated with obesity (8) and leg discomfort associated with standing.(9) Although
studies mention that sitting compromises spinal biomechanical function (10) and vertebral disc
nutrition (11), a myriad of personal, ergonomic and psychosocial risk factors (12-15) are

associated with WRMSDs among these operators.



Operator-specific risk factors to WRMSDs are threefold. First, the association of personal risk
factors, that is. gender, age, and marital status/parenting (14,15) to WRMSDs among operators,
is inconclusive in literature. For musculoskeletal disorders (MSDs), length of employment (13-
16) and musculoskeletal history (14,17) are risk factors; and systemic illnesses (including
obesity) (7,15) might contribute to the prevalence of operator-specific MSDs. Second, causative
ergonomic risk factors to operator-specific MSDs, include a sub-optimal match between
sedentary furniture dimensions and individual anthropometric requirements (18); and high
muscle-load.(14,19) Operator-specific MSDs are not associated with the implementation of a
job rotation policy (12), or working overtime (15,20). The third group of factors, psychosocial

risk factors, are excluded from this study.

All ergonomic risk factors, individually and jointly, can play a causative role to the incidence
and prevalence of WRMSDs, and should be managed within a workplace health program, that is,
an integrated clinical occupational model. The three key determinants of such a program are:
first, primary prevention through close association of occupational intervention with clinical
care. Second, secondary prevention through early reporting of strains, followed by tertiary
prevention (rehabilitation) through aggressive medical/manual management.(2,10,21-25)

A “participatory ergonomics programme with multi-disciplinary representation” was
implemented among 250 United States of America (USA)-based operators sewing canvas
automobile products in the mid-90s to control and reduce workers' compensation costs. Among
other interventions, the program included a change in work posture from sitting to stand-up, and
resulted in an 82% reduction in MSDs, and 42% overall reduction in workers’ compensation
incurred losses.(21) A similar program, including a change in work posture from sitting to

stand-up was implemented among operators in a car-seat manufacturing plant of Johnson



Controls Automotive S.A. (Pty) Ltd (company) (25). As personal risk factors to each population,
and program components in each country are unique, these USA results cannot necessarily be

expected in South-Africa.

This study was conducted to determine the impact of a change in work posture from seated to
stand-up on WRMSDs among operators in this South African setting. The aim of the study was
to determine the impact of the change in work posture on the monthly count (equivalent to
incidence) of WRMSDs (spinal, upper- and lower limb) among operators. Objectives of the
study were to describe the incidence of WRMSDs for the study period; to determine the
association between individual risk factors (personal and ergonomic) and WRMSDs
longitudinal; and to determine the association between work posture and WRMSDs adjusted for

influential risk factors.

2. MATERIALS AND METHODS

Incidence of WRMSDs was assessed in a quantitative retrospective longitudinal study with a

convenience sample. Study period: June 2004 to January 2009.

All 123 operators who performed sewing operations of car seats in the company’s auto-motive
factory were included in the study. These hourly-paid operators were subjected to the same daily
working hours, on the same premises with cement floor/paved areas, and had low job control in
an organisational climate driven by production targets. Their activity profile during working
hours, included the following activities: During working hours, each operator walked 100m
twice - from the outer gate to the work station and back. They had their 15 min early morning
‘flex-and-stretch’ group exercise session from 7h30-7h45 in a standing posture. Sewing was

performed from 7h45-9h00, 9h30-12h00, and 12h20-16h00; and should the need for working



overtime arise, they worked till 18h00. During their predictable meal breaks from 9h00-9h30,
and 12h00-12h20, operators could walk to the well-equipped canteen and toilets, which were 50
m from their work stations. Most operators chose the seated posture in the canteen throughout
the study period, although a few operators chose to lay on the floor, with their feet elevated
(especially during the early months after they changed their work posture). Operators were
allowed to walk to the toilet during working hours. Due to the nature of sewing a car seat with
cloth/vinyl/leather, the upper body of the operators constantly exerted forceful actions, while
they used their feet to operate the pedals to lift the needle, or adjust the sewing speed.

Sitting/standing during working hours, was never static.(26)

Only 70 of these operators self-reported WRMSDs during the study period. An average of 2.7

treatment sessions per operator was provided by the physiotherapist.

The physiotherapist clinically evaluated all WRMSDs; and visited the production lines weekly to
evaluate work settings. During physiotherapy sessions, WRMSDs were confirmed. Based on
subjective report of the operator and a physical examination performed by the physiotherapist,
work-relatedness was determined. Work-relatedness was ascertained by relying on general
principles of occupational medicine.(10) ‘These general principles of occupational medicine are:
relation of symptoms to work, history of workplace exposures to ergonomic factors likely to
contribute to the condition, presence of similar conditions among co-workers, presence of prior
trauma to the affected body parts, and vocational activities that may cause or contribute to
injury.’(27) Itis unlikely that WRMSDs were not reported, as team leaders regularly prompted
operators to report WRMSDs (without penalty) to the free of charge physiotherapy service. Part
of the remuneration package of each operator, was membership of a private medical scheme.

The company and operators each paid half of the monthly contributions for limited medical



benefits for health management of each operator and his/her family. These lower wage
employees, managed their personal medical expenses very conservatively; their monthly
contributions covered membership on the basic plans of their schemes, with limited out-of-
hospital benefits, specifically for physiotherapy. They tended not to visit personal physicians or
physiotherapists often, as depleted medical scheme benefits would lead to co-payments. The
fact that the company funded the physiotherapy service in this study 100% in order to manage
WRMSDs, made self-reporting of WRMSDs attractive to operators. Only the area of the
disorder, that is, spinal, upper limb, or lower limb was documented, and with the operator’s
consent it was anonymously reported to management. Some operators were employed
permanently, and other's as contractors for a minimum period of 6 months. All operators were
part of this unionized population, working under similar conditions in the company. The
physiotherapy service was unaware of any operator being penalised for reporting a WRMSD

over the total study period.

Differentiation between work-related and non-work-related MSD was a prerequisite from the

company for funding physiotherapy treatment.

Operators who were employed less than two months by the company (1%); non-sewing
occupations, that is, team leaders; and disorders not regarded as WRMSDs, that is, traumatic

injuries sustained after hours, were excluded.

2.1 Intervention
Each operator was allocated to a production line and worked in a seated posture until December
2004, where after the company implemented a change of work posture from seated to stand-

up.(25) Each of the seven production lines in this company, had an individual predetermined



stand-up date. The operator’s postural change was abrupt, compulsory and permanent. All

operators were working in a stand-up posture by August 2008 till the end of the study period.

COMPANY

Participatory ergonomics

PHYSIOTHERAPIST SEWING
Provide manual physiotherapy service MACHINE
OPERATOR

Figure 1 A graphic description of the three role players in the Prevention Early Intervention Programme (PEIP)

(Source: Developed by the first author)



2.2 Prevention Early Intervention Program

The company, physiotherapist and operators were the three role players in the workplace health
program, that is, the Prevention Early Intervention Program (PEIP) (Figure 1). The intervention
was implemented within this participatory ergonomics model.(10) The company coordinated the
PEIP and was committed to implementation of budget-approved ergonomic recommendations;
and the physiotherapist delivered a clinical ergonomics and manual therapy service. Ergonomic

issues were addressed by job redesign, health education and employee selection.

2.3 Job redesign
According to the participatory ergonomics model (10), regular excessive reaching was
minimised for all workstations by optimising storage heights and workstation layout (regarding

the floor plan and workflow) throughout the study period.

Similarly, for seated workstations, once-off adjustments of pedal position, table- and chair height
in relation to individual anthropometric measurements were made within the first few months,
and maintained. Chairs with fixed backrests were replaced by chairs with adjustable backrests
and also maintained.(14,18,28) For stand-up workstations, operators worked in cells, and

product transportation was done by conveyor belt throughout the stand-up period.

Due to budget constraints, the self-use height-adjustability feature of stand-up sewing tables was
only implemented from 2006, and enabled operators to do job-rotation whilst accommodating
individual anthropometric differences. Operators’ concerns about the possible negative effects
of the stand-up work posture on their lower limbs, were accommodated as pedals encouraging
alternative feet-use for sewing-speed and needle-lifting; and a 1x1 m? shock-absorbing carpet at

each work station (9) were supplied upon installation of stand-up workstations.



2.4 Health education

Due to an initial increase in lower limb discomfort voiced by the operators to the physiotherapist
shortly after implementation of the stand-up work posture, health education was prioritised by
management as part of occupational interventions to operators in the seated and stand-up work
postures.(23) The physiotherapist designed and presented health education sessions during
working hours in English to management and operators.(18,23,25,29-32) Managing the impact
of the work posture change was addressed individually and in small work groups, and included
advice on purchasing supportive footwear,(9) silicone innersoles,(32) compression

stockings,(33) and exercise.(29,30)

Prior and during the study period, all operators participated in a 15 min early morning ‘flex-and-
stretch’ group exercise session. Exercises were done in a standing posture and focussed on
breathing and full-body stretching. Because most operators wore high-heeled shoes while
sewing in the seated work posture, prescription of additional exercises was imperative in
managing WRMSDs before, during and after the postural transition period. Work- and home-
based exercise regimes addressed lower limb stiffness and atrophy. Exercise regimes were
demonstrated to operators, and hard-copy hand-outs had pictorial and textual explanations. The
work-based regime included four easy-to-do lower limb exercises for 30 s, to be repeated every 2
h. Work-based exercises could only be done in standing, therefore home-based exercises were
added for goal-orientated strengthening and stretching in other positions. For example,
stretching hip flexors, were done in prone. Performing home-based exercise regimes were not
compulsory, but highly recommended by management and the physiotherapist as part of the

participatory ergonomics programme.



The physiotherapist gave advice on the importance of matching individual anthropometric
dimensions with furniture adjustability features; the job rotation rationale; benefits of alteration

in weight bearing while using the pedals in the stand-up work posture.

2.5 Employee selection
When adjustability range could not accommodate the seated employee’s individual
anthropometric requirements, employee selection was done matching physical and workstation

dimensions; while accommodating job description and employee skill.

2.6 Data management
Data on personal risk factors were included in the analysis, but not addressed as part of the PEIP.
Data included information on age, gender, medical history (rheumatoid arthritis, hypertension,

diabetes mellitus (DM)), musculoskeletal history, and body mass index (BMI).

The first ergonomic risk factor, posture, was addressed by the intervention and was categorized

into either sitting (pre-intervention) or standing (post-intervention).

The second ergonomic risk factor, force, was categorised as either working with material type
(cloth/vinyl or cloth/leather), or method of stitching (straight stitching or forceful precision

stitching).

The third ergonomic risk factor, duration, comprised two elements: working overtime and
performing job rotation. While working overtime (yes or no to the company producing more than
10 000 units per month), musculoskeletal exposure was more during months with higher
production volumes; similar to performing job rotation between the two methods of stitching

(either straight stitching or forceful precision stitching), where the level of musculoskeletal strain

10



was higher with the latter. Job rotation was implemented between June 2004 and October

2005.(25)

Capturing of demographic data, medical-related data and data on risk factors was done by the
first author, at three locations during the data collection period (2011 to 2012). First,
demographic data were captured at the company’s human resource department, and included
name and surname, date of birth and employment period of all participants in order to compile a
baseline data spreadsheet on Microsoft Excel (version 7). Thereafter, data regarding participant
exposure to ergonomic risk factors on a timeline, were determined during a consensus building
meeting between the physiotherapist and three coordinators of team leaders. Risk of error in this
method of data collection was low, as allocation of participants to; and combination of
ergonomic risk factors related to a specific production line, were consistent over the study
period. Data on the number of units produced per month were provided by the finance

department of the company via e-mail, and all information was added onto the spreadsheet.

Second, medical-related data on personal risk factors was captured from the on-site occupational
health care company’s medical surveillance forms and included base line information on

hypertension, arthritis, DM, and BMI; and were added onto the spreadsheet.

Last, data of one personal risk factor, that is, musculoskeletal history, and data on the WRMSDs
of each participant who received physiotherapy treatment, was added onto the spreadsheet. As
for musculoskeletal history, the question was asked if this disorder had received physiotherapy
treatment since June 2004, and the type of disorder was categorised as a spinal, upper limb or
lower limb disorder. Names and surnames of participants were removed from the spreadsheet

before statistical analysis commenced.
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2.7 Ethical considerations

The Ethics Committee of the Faculty of Health Sciences at the University of Pretoria approved
the ethical aspects of the study (S157/2011). Injured operators gave written permission that the
nature of their WRMSDs was communicated to the company. The on-site occupational health
care company gave written permission to access data. The company gave written permission for

the study to be conducted, to access information as well as the publication of its name.

2.8 Statistical analysis

Monthly counts of self-reported and confirmed disorders (as proxy for incidence) were used in
the analysis. Only the first date of physiotherapy sessions was captured. When course sessions
overlapped between two consecutive months, the denominator for calculating the incidence rate
ratio was decreased accordingly for the second of the 2 months. The denominator for incidence
varied, depending upon the total number of participants in each specific month. Only new
disorders in a specific month were counted. This happened only in a few cases, and had a
negligible influence on results. Participants were followed for a maximum period of 56 months.

Data for the participants was summarised using frequencies, percentages and cross-tabulations.

The incidences of disorders were determined in three anatomical areas: the spinal area; upper
limbs; and lower limbs. The primary exposure variable of interest was work posture, that is,
seated or stand-up. The disorders were analyzed individually as well as multiple (more than one

of the disorders were present in the same month).

Incidence rate ratios for risk factors were determined using random effects Poisson regression
considering risk factors individually; and in bivariate analyses both for individual and collective

outcomes. Risk factors were modelled as fixed effects and participant was included as the
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random component. Along with including co-variates and ergonomic risk factors with P less
than 0.2, purposeful factors were included in the multivariable analysis (as deemed by the
physiotherapist). A co-variate was labelled a confounder only if the inclusion of the co-variate
brought about a difference of more than 15% to the co-efficient of the exposure variable (change
in work posture). This is standard procedure in model building.(35) For the duration of the
study period, the monthly counts of disorders were displayed graphically using local polynomial

smooth.

Testing was done at the 0.05 level of significance both for the scenario where all 56 months were
considered (‘full period’); and the scenario where the first three months and the ‘initial stand-up
month and the consecutive month’ were omitted (‘reduced period’). These data were omitted to
accommodate the two transitional periods during the study period, and hence also impact the
implementation of the PEIP and the change in work posture on the incidence of WRMSDs. The
first transitional period accommodated the initial adaptation of the participant group to PEIP
implementation (June to August 2004) (‘program adaptation period’); and the second transitional
period accommodated the individual adaptation of participants when his/her work posture
changed (‘postural adaptation period’). At onset of the data analysis of the reduced period, all

participants employed, except one, at that stage (n=103) were injury free.

3. RESULTS

3.1 Description of the population in terms of risk factors
The population (n=123) consisted of 120 (97.6%) females, of which the largest proportion was

between 36 and 50 years of age (63.4%); 20.3% was 35 years and younger, and 16.3% was older
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than 50 years at baseline. The mean age was 42.3+8 years, 95% Confidence Interval (CI) (40.8;
43.7) years. As for medical history, 17.9% had hypertension, 3.3% reported having arthritis and
6.5% had DM (missing data accounted for 7.3% for hypertension and 3.3% for arthritis and
DM). Furthermore, normal BMI accounted for 22% of the participants, 27.6% were overweight,
29.3% obese and 13% were morbidly obese (missing data accounted for 8.1%). The mean BMI
was 29.7 6.1 kg/m2, and 95% CI (28.6; 30.8 kg/m?). Musculoskeletal history data were

compiled throughout the duration of the study period.

All participants were working in the seated work posture till December 2004, where after 17.9%
transitioned to the stand-up work posture in January 2005, 30.1% in January 2007, 34.9% in
January 2008, 6.5% in March 2008, and the last 10.6% in July 2008. From August 2008

onwards, all participants performed sewing in the stand-up work posture.

As for material type, cloth and leather were sewn by 89.4% of the participants; while the rest sew
cloth and vinyl. As for method of stitching, 79.7% of participants performed relatively easy
straight stitching; while the rest did forceful precision stitching (sewing of headrests and airbags,
and perform top stitching). Job rotation between straight stitching and forceful precision

stitching was applied for 36.6% of participants.

3.2 Incidence of WRMSDs

In Figure 2 local polynomial smoothing displays the trend of monthly incidence of WRMSDs, by
disorder group, over the full period. In Figure 3, the program- and postural adaptation periods
were removed from the full period. The effect of the removal of the data of the two adaptation
periods demonstrates the impact of the implementation of the program and the change in work

posture on specific disorders.
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Figure 2 Monthly cumulative incidence (x100) for spinal, upper limb, lower limb and also multiple disorders for the

full period of the study (n=123)
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Figure 3 Monthly cumulative incidence (x100) for spinal, upper limb, lower limb and also multiple disorders for the

reduced period of the study (n=123)

Figure 2 demonstrates an initial high incidence in spinal and upper limb disorders, levelling off
over time. There is one noticeable peak of lower limb disorders during January 2007. In Figure
3, the initial high incidences are absent, and the former peaks are now less marked.

Subsequently, the incidence in upper limb disorders did not change much over time.

The noticeable peak of lower limb disorders in Figure 2 during the first 2 months of 2007 when
30.1% of the participants changed their work posture from seated to stand-up, did not recur as

expected during 2008 when the last 52% of the participants changed their work posture. Figure
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3 demonstrated that the initial high incidence of disorders after implementation of a PEIP lasted
3 months; and the increase in lower limb disorders during the change of work posture for the
study period, lasted 2 months. The multiple disorder sequence reflected that of the 3 groups of

disorders.

The overall incidence per disorder was determined for the reduced period: the incidence of spinal
disorders decreased by 5.7% (from 12.2 to 11.5 disorders per 1 000 person-months); for upper
limb disorders by 9.3% (from 10.8 to 9.8 disorders per 1 000 person-months); for lower limb
disorders by 22.7% (from 8.8 to 6.8 disorders per 1 000 person-months); and for multiple

disorders by 11.6% (from 31.8 to 28.1 disorders per 1 000 person-months).

3.3 Associations

For outcomes spinal, upper limb, lower limb and multiple disorders**, over full and reduced
periods***, the incidence rate ratio (IRR) of risk factors were determined from bivariate and
subsequently multivariable random effects Poisson regression with risk factors as fixed effects

and participant was included as the random component.

IRRs, 95% CI and P values (significance when P<0.05)* from the bivariate analysis of risk
factors for spinal, upper limb, lower limb and multiple disorders over full and reduced time

periods are summarized in Tables 1 and 2.

Risk factors, significant at the 0.2 level of significance in Tables 1 and 2, entered the

multivariable random-effects Poisson regression and are summarized in Tables 3 and 4.
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TABLE 1 Incidence rate ratio (IRR) from bivariate random-effects Poisson regressions, 95% CI and P values* of personal risk factors by type of disorder for the full-and reduced time

periods (n=123)***

Personal risk Spinal  disorders Upper limb  disorders Lower limb  disorders Multipl disorders **
Reduced period Reduced period Reduced period Reduced  period
factors Full period ool Full period Fkk Full period ookl Full period Fokk
Age(years)
IRR 0.51 0.63 0.46 0.62 0.42 0.56 0.32 041
36 t0 50 95% CI (0.21; 1.24) (0.25; 1.6) (0.16; 1.34) (0.17; 2.27) (0.12; 1.43) (0.11; 3.01) (0.66; 0.64) (0.18; 0.93)
p value 0.14 0.33 0.15 0.47 0.16 05 0.001* 0.03*
IRR 0.41 0.57 0.54 0.6 0.51 0.71 0.33 0.42
Older than 50 95% ClI (0.15; 1.18) (0.2; 1.66) (0.16; 1.85) (0.14; 2.6) (0.14; 1.88) (0.12; 4.13) (0.14;0.74) (0.17; 1.09)
p value 0.1 0.3 0.33 0.49 0.31 0.71 0.007* 0.07
Hypertension
IRR 1.16 1.28 131 1.53 1.561 1.79 1.35 1.56
Yes 95% ClI (0.57; 2.34) (0.64; 2.57) (0.5; 3.41) (0.52; 4.51) (0.76; 3.2) (0.78; 4.28) (0.75; 2.44) (0.81; 3.0)
p value 0.68 0.49 0.58 0.44 0.22 0.19 0.32 0.18
Arthritis
IRR 0.63 0.72 1.43 1.66 Insufficient Insufficient 0.72 0.87
Yes 95% ClI (0.07; 5.53) (0.09; 5.94) (0.15; 13.7) (0.14; 20.19) data data (0.15; 3.57) (0.16; 4.7)
p value 0.68 0.76 0.76 0.69 0.69 0.87
Diabetes mellitus (DM)
IRR 0.83 1.0 1.0 1.19 1.19 0.84 0.95 1.0
Yes 95% ClI (0.26; 2.63) (0.32; 3.03) (0.23; 4.24) (0.24; 5.97) (0.37; 3.85) (0.16; 4.34) (0.39; 2.36) (0.37; 2.73)
p value 0.74 0.98 0.99 0.83 0.78 0.84 0.92 1.0
Musculoskeletal history
IRR 1.82 191 0.85 0.94 0.74 0.64 11 1.16
Yes 95% CI (1.12; 2.94) (1.14; 3.21) (0.51; 1.42) (0.53; 1.65) (0.41; 1.32) (0.31; 1.33) (0.82; 1.48) (0.83; 1.61)
p value 0.02 0.01 0.53 0.82 0.31 0.23 0.54 0.38
BMI
IRR 0.96 0.99 1.88 1.99 2.54 2.8 1.57 1.62
Overweight 95% CI (0.47; 1.98) (0.49; 1.99) (0.67;5.31) (0.63; 6.32) (0.88; 7.31) (0.8;9.76) (0.82; 2.98) (0.8; 3.27)
p value 0.92 0.98 0.23 0.24 0.09 0.11 0.17 0.18
IRR 0.66 0.5 1.04 0.84 24 1.97 1.04 0.81
Obese 95% ClI (0.31; 1.41) (0.23; 1.11) (0.35;3.1) (0.24; 2.96) (0.84; 6.84) (0.55; 7.04) (0.54; 1.98) (0.39; 1.69)
p value 0.29 0.09 0.94 0.79 0.1 0.3 0.92 0.57
Morbidly IRR 0.76 0.73 3.34 3.81 6.26 481 2.24 2.09
obese 95% CI (0.3; 1.95) (0.29; 1.87) (1.04; 10.69) (1.05; 13.81) (2.2;17.82) (1.3;17.79) (1.07; 4.69) (0.92; 4.72)
p value 0.57 0.51 0.04* 0.04* 0.001* 0.02* 0.03* 0.08

*  Significant at P<0.05

** ‘Multiple’ denotes that more than one of the disorders were present in the same month

*** Reduced time period excluded the first three months of the study for all the sewing-machine operators and the month that each sewing-machine operator changed his/her work posture, as well as the

consecutive month
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TABLE 2 Incidence rate ratio (IRR) from bivariate random-effects Poisson regressions, 95% CI and P values* of ergonomic risk factors by type of disorder for the full-and reduced
time periods (n=123)***

Ergonomic risk Spinal _ disorders Upper limb  Disorders Lower limb  disorders Multiple  disorders **
Reduced  period Reduced period Reduced  period Reduced  period
Factors Full period il Full period il Full period il Full period Frx
Work posture
IRR 0.37 0.48 0.72 1.24 151 1.32 0.63 0.77
Stand 95% ClI (0.22; 0.64) (0.28; 0.84) (0.41;1.28) (0.64; 2.41) (0.87; 2.78) (0.64; 2.72) (0.45; 0.89) (0.52; 1.12)
p value <0.001* 0.01* 0.26 0.52 0.19 0.45 0.008* 0.17
Material types
Cloth and IRR 1.36 15 1 1.6 1.63 11 1.24 1.35
Leather 95% ClI (0.49; 3.87) (0.49; 4.54) (0.21; 4.89) (0.21; 12.28) (0.45; 5.85) (0.27; 4.44) (0.51; 3.01) (0.49; 3.68)
p value 0.56 0.48 1.0 0.65 0.45 0.89 0.63 0.56
Forceful precision Stitching
Forceful IRR 0.71 0.75 0.42 0.51 0.72 0.78 0.59 0.65
Precision 95% ClI (0.35; 1.46) (0.36; 1.55) (0.15; 1.21) (0.16; 1.62) (0.32;1.63) (0.29; 2.08) (0.33; 1.08) (0.34; 1.26)
Stitching p value 0.35 0.44 0.11 0.25 0.43 0.62 0.09 0.2
Overtime
More than IRR 0.81 0.9 1.03 1.24 0.58 0.82 0.81 1.0
10 000 95% ClI (0.43; 1.55) (0.48; 1.78) (0.55; 1.94) (0.64; 2.38) (0.25; 1.37) (0.34; 1.98) (0.55; 1.21) (0.66; 1.5)
units per month p value 0.53 0.82 0.93 0.52 0.22 0.66 0.31 0.98
Job rotation
Performing IRR 1.04 0.93 0.77 0.64 112 0.48 0.85 0.66
Job 95% ClI (0.6;1.8) (0.53; 1.63) (0.37; 1.6) (0.29; 1.43) (0.6; 2.12) (0.21; 1.09) (0.55; 1.31) (0.41; 1.05)
Rotation p value 0.88 0.79 0.49 0.28 0.72 0.08 0.46 0.08

*  Significant at P<0.05
** ‘Multiple’ denotes that more than one of the disorders were present in the same month
*** Reduced time period excluded the first three months of the study for all the sewing-machine operators and the month that each sewing-machine operator changed his/her work posture, as well as the
consecutive month
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TABLE 3 Incidence rate ratio (IRR) from multivariable random effects Poisson regressions, with 95% CI and P values* of personal risk factors for spinal, upper limb, lower limb and multiple**

disorders for full-and reduced time periods*** (n=123)

Spinal disorders Upper limb  disorders Lower limb disorders Multiple disorders**
Personal risk factors Full period  Reduced Full period  Reduced Full period  Reduced Full period  Reduced
period*** period*** period*** period***
Age (years)
36 10 50 IRR 0.37 0.36 0.44
95% CI (0.14; 1.01) (0.18;0.7) (0.2;0.96)
P value 0.05 0.003* 0.04*
Older IRR 0.52 0.4 0.53
than 50 95% CI (0.16; 1.68) (0.18;0.9  (0.21;1.35)
P value 0.28 0.03* 0.18
Musculoskeletal history
IRR 14 1.49
Yes 95% CI (0.86; 2.3) (0.87; 2.55)
P value 0.18 0.144
BMI
. IRR 1.52 2.05 2.58 2.82 1.48 1.59
Overweight ) ) ) ) . )
95% CI (0.54:4.30)  (0.64; 6.51) (0.9; 7.43) (0.81;9.79) | (0.75;2.91) (0.76;3.31)
P value 0.43 0.23 0.08 0.1 0.26 0.22
Obese IRR 0.89 0.88 2.45 2.02 1.03 0.78
95% CI (0.28;2.82)  (0.25;3.08) | (0.86;6.99) (0.57;7.20) | (0.5;2.11) (0.35;1.74)
P value 0.85 0.84 0.09 0.28 0.94 0.54
Morbidly IRR 3.35 3.91 6.24 4.87 2.43 2.21
obese 95% CI (1.06; 10.64) (1.08;14.13) | (2.2;17.72) (1.32;17.89) | (1.12;5.28) (0.94;5.16)
P value 0.04* 0.04* 0.001* 0.02* 0.03* 0.07

*  Significant at P<0.05

**  ‘Multiple’ denotes that more than one of the disorders were present in the same month
*** Reduced time period excluded the first three months of the study for all the sewing-machine operators and the month that each sewing-machine operator changed his/her work posture, as well as the consecutive month
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TABLE 4 Incidence rate ratio (IRR) from multivariable random effects Poisson regressions, with 95% CI and P values* of ergonomic risk factors for spinal, upper limb, lower limb

and multiple disorders** for full-and reduced time periods*** (n=123)

Spinal disorders Upper limb  disorders Lower limb disorders Multiple disorders**
Ergonomic risk factors Full period  Reduced Full period  Reduced Full period  Reduced Full period  Reduced
period*** period*** period*** period***
Work posture
IRR 0.29 0.4 0.78 1.21 1.49 1.42 0.68 0.81
Stand 95% CI (0.17;0.48)  (0.23;0.68) | (0.44;1.39) (0.63; 2.34) (0.8;2.8) (0.68;2.96) | (0.48;0.95) (0.55;1.2)
P value <0.001* 0.001* 0.4 0.57 0.21 0.34 0.03* 0.29
Forceful precision stitching
Forceful IRR 0.42
precision 95% ClI (0.15; 1.20)
stitching P value 0.11
Overtime
Morethan IRR 0.67
10 000 units  95% ClI (0.28; 1.6)
per month P value 0.37

*  Significant at P<0.05

**  ‘Multiple’ denotes that more than one of the disorders were present in the same month
*** Reduced time period excluded the first three months of the study for all the sewing-machine operators and the month that each sewing-machine operator changed his/her work posture, as well as the consecutive

month
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4. DISCUSSION
In this study the impact of a change from sitting to stand-up work posture on operator-WRMSDs
was investigated, and the stand-up work posture was found to be significantly protective towards
spinal disorders.(12,21,29) The increased risk of lower limb disorders due to standing, did not
reach statistical significance in this small sample. Unfortunately, the high BMI was
simultaneously significantly associated with lower limb disorders (15) in the stand-up work
posture, requesting an effort from the PEIP role players to manage the negative impact of

WRMSDs on productivity.

The over-representation of females in this study, was matched in international sewing industry
studies.(13,14,16,18,25) The mean age in this study was higher than the average age of most
studies conducted(13-15,18), possibly due to the low participant turn-over during the production
years of the company. In addition, the current study was longitudinal, with participants aging
over the study period, compared to cross-sectional design of similar studies. This relative older
age could explain the finding that participants older than 36 years experienced temporary
difficulty adapting to the stand-up work posture; performing forceful precision stitching; and had
more upper limb and lower limb disorders than younger participants.(15,16) In terms of medical
conditions, that is, hypertension, arthritis and DM, this was a relatively healthy population,(7,36)
and these conditions did not contribute towards WRMSD-incidence during the postural

transition.

The significantly decreased incidence in spinal disorders after the work posture change may be
attributed to the protective effect of the stand-up work posture per se (12,21,29); along with
implementation of the self-use height-adjustability feature of sewing tables in standing

workstations and health education within the PEIP.(2,22-25,32) Within the PEIP, spinal
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musculoskeletal discomfort was managed by the physiotherapist with manual therapy (9), while
exercises (18,23,25,29-32) addressed stiffness and muscular atrophy. The positive results may

be explained by spinal biomechanics (10); and vertebral disc nutrition.(11)

The relationship between musculoskeletal history and spinal disorders is mentioned in
literature.(10,14,17) During the study period, musculoskeletal history was defined as a specific
disorder ‘being treated by the physiotherapist since June 2004°. Therefore increased incidence of
spinal disorders during the first 3 months of the study period can be explained as unrehabilitated
spinal disorders sustained before June 2004. Musculoskeletal rehabilitation of these historical
disorders might have been neglected prior to the study period due to personal financial
constraints and work-related time pressure of participants in the absence of an on-site
physiotherapist. Another possible contributor to the increase in the incidence of spinal disorders
may have been an increase in awareness of symptoms and the positive environment to report
disorders. Similar results on increased incidence of disorders shortly after the implementation of

a workplace health program were found.(21)

International studies among operators showed that ‘being an operator’ does not imply a higher
BMI (15,37); but a high BMI might be associated with WRMSDs.(14,15) The participants in the
current study matched a similar local population of sewing-machine operators,(31) and both
studies equalled the elevated average BMI of the African urban women category in South
Africa.(36) The authors speculate about possible contributing factors towards the obesity level
of these participants, that is, ergonomic factors (posture and force) (26,37); psychosocial factors

(38,39), and food environment at work.(39)
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Sedentary behaviour is most commonly defined as “seated or reclining postures that require low
levels of energy expenditure, typically 1-1.5 METs.”(40) Furthermore, sewing “classed as ‘light
work’ requires an enormous amount of exertion in a constrained position”.(37) Although sewing
in the current study was initially performed in the seated posture, the authors agree that sewing
cannot be categorised as part of a sedentary life style, nor was it performed in a static posture

(sitting or standing).(26)

Although psychosocial risk factors per se were not measured in the current study, some of the
‘obesogenic’ psychosocial risk factors mentioned in literature were recognized amongst
participants, that is, high demands, low control (decision latitude), time pressure, psychological

job demands, and injuries at work.(38,39)

As far as the food environment at work was concerned, the participants in this study had predictable
meal times. The adequate canteen facility was equipped with refrigerators and microwaves for
participants to store and reheat food brought from home, and prepared meals were sold. No

information on the caloric value of the meals was available.(39)

Sibella, Galli et al.(41) observed that obese individuals have significantly less trunk flexion during
the sit-to-stand action; and Godde and Taylor (8) concluded that larger individuals rely more on their
upper limbs during this action than non-obese individuals. This could explain why obesity was

causative to upper limb disorders, regardless of work posture.

As far as the association between obesity and lower limb disorders are concerned, the authors
speculate that development of muscular atrophy during the years of sewing in the seated posture; and
increase in interstitial and vascular volume, and biomechanical heel impact in the stand-up work

posture might have been causative to lower limb disorders.(9)
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The incidence of lower limb disorders spiked for a period of 2 months during the first 2 months
of 2007, and may be due to participants being older (15) and physically unprepared for
musculoskeletal challenges associated with prolonged standing.(9) Standing in this study was
prolonged, but not static(26). The fact that the spike did not recur as expected during 2008, may
be explained by the protective effect of the physiotherapist giving advice on acquisition of
supportive footwear,(9) silicone innersoles,(33) compression stockings,(34) and regular
exercises.(30,31) Ergonomic changes were made to the seated workstations of all participants
within the programme adaptation period. This data were excluded from the analysis of the
reduced period and therefore did not influence the findings. As expected, working overtime had
a temporary negative effect on the monthly count of lower limb disorders, and should not be

done during the implementation phase of a change in work posture.

The change in work posture, did not influence the incidence of upper limb disorders; but as
mentioned in other studies (7,15) the participants’ high mean BMI was significantly associated
with an increase in upper limb disorders. Similar to the spinal disorders, the incidence of upper
limb disorders was high during the first 3 months of the study period - specifically due to carpal
tunnel syndrome.(25) Upper limb disorders did not change much over time and may be
attributed to the relatively older population (15) performing regular life-time sit-to-stand
transitions.(8) The relationship between obesity and upper limb disorders can be explained by a
study done to compare musculoskeletal markers of “arm muscles during the sit-to-stand
transition of normal, obese and active cadavers.”(8) Contrary to expectations in the company, no
association was found between sewing different types of materials; in hindsight, stitching with
vinyl and leather both posed similar musculoskeletal demands. Although not statistically

significant, a trend was observed of a possible ‘work hardening’ effect of conducting forceful
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precision stitching, compared to easier straight stitching, that is, protective against upper limb

disorders.

4.1 Evaluation of the research

The longitudinal nature of the study made observation of ‘actual place, actual thing” (‘Genchi
Genbutsu’ in Japanese), managed within a participatory ergonomics model possible; and is a
strength of this study.(42) This study also describes the comprehensive postural exposure of
participants during workings hours - putting the impact of the postural change of work posture
from sitting to stand-up on musculoskeletal disorders in perspective.(26) The sample size of the
current study was large enough for statistical comparison of sub-groups. Other comparative

studies had similar sample sizes.(8,13,14,16,25)

However, the sample size was not large enough to observe some small associations (e.g.,
IRR=1.3) as being statistically significant. Another study limitation was the absence of a control
group and investigation of other possible risk factors (i.e. pregnancy in a predominantly female
population). Although findings might be a slight under estimate of the true number of disorders,

as they were self-reported, the effect might be negligent due to the reasons provided.

More information on psychosocial risk factors, caloric consumption, factors such as compliance
to performing home-based exercise programmes and after-hours activities were not gathered and

the authors cannot account for effects this could have had on the results.

As the researchers did not have control over the intervention timing, results must be interpreted
with caution; as all participants were not exposed to similar circumstances before and after the
intervention. For example, the participants who stood up in January 2007, were not prepared for

the change in work posture, as the groups who stood up later.
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4.2 Recommendations for further research

Monitoring of medical conditions, including a strategy of alternation between sitting and
standing (43-44) and inclusion of psychosocial risk factors may identify additional risk factors
that may guide the implementation of postural change interventions. For future studies, we
suggest that caloric consumption logs are kept, along with objective activity level measurements

over a 24 hour day.(26,40)

5. CONCLUSION
The change in work posture led to a temporary increased incidence of WRMSDs. The situation
was aggravated by the fact that this population of sewing-machine operators was older, and had a
higher mean BMI than operators in other international studies. The benefit of the stand-up work
posture was statistically significant only for the incidence of spinal disorders. The increase in
risk of lower limb disorders due to the intervention was temporary (especially for the morbidly
obese operators); and obesity was a risk factor for upper limb disorders, regardless of the change

in work posture.

The responsibilities of the employer as well as the employee for optimised musculoskeletal
health in the workplace, can be described as two sides of the same coin. For the employer, the
responsibility is to create and maintain a safe work environment, including sound ergonomic
workplace design; as well as a workplace health program to prevent and manage work-related
musculoskeletal disorders. For the employee, the responsibility to perform the work safely, as

well as to identify and address potential risk factors to their health and safety.

Postural implementation guidelines for South African employers of sewing operators in the

holistic management of work-related musculoskeletal disorders should not combine a change in
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work posture with working overtime; include management of lower leg disorders with the
combination of supportive footwear, silicone innersoles, compression stockings, and exercise;

and promote the reduction of high BMls.
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