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Abstract 

Background 

Low back disorders (LBDs) are the most common musculoskeletal problem among farmers, with 

higher prevalence rates than in other occupations. Operators of tractors and other farm 

machinery such as combines and all terrain vehicles (ATV) can have considerable accumulation 

of exposure to whole body vibration (WBV). The causal relationship between LBDs and WBV is 

not fully clear; however, it may be different among farmers as their work context and exposure 

is unique. 

Objectives 

The objectives of the two studies which form two manuscripts or chapters in this thesis were 

to: 1) investigate the associations between WBV and LBDs among farmers using a) systematic 

review (manuscript 1) and cohort studies (manuscript 2). 

Methods 

Objective 1: Nine databases were searched using groups of terms for two concepts: ‘farming’ 

and ‘low back disorder’. Screening, data extraction and quality assessment was performed by 

two reviewers independently. The population was adult farmers or agricultural workers globally 

irrespective of sex. The intervention was considered to be WBV exposure, such tractor, 

combine and ATV use. The control was no exposure or low exposure to WBV and the outcome 

was low back disorders. No limits in date of publication and type of study design were applied 

in the literature search, and only full text, English language studies were considered. 

Objective 2: The data source was the Saskatchewan Farm Injury Cohort Study. In 2007, baseline 

data were collected on accumulated yearly tractor, combine, ATV operation, as well as several 
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biopsychosocial covariates thought to be associated with LBDs. Follow-up data on LBDs and 

related symptoms were collected during 2013 (6 year follow-up) and 2014 (1-year). This 

resulted in two datasets for each of two cohorts: 1) the first cohort with 1,149 farm people who 

had been followed for six years, and 2) the second with 605 participants who had been 

followed for one year. Generalized estimating equation-modified Poisson regressions were 

performed with low back and hip symptoms as the outcome. 

Results 

Objective 1: After 276 full texts screened, we found 12 articles which analyzed WBV as a risk 

factor for LBD. Three were case-control, 6 cross-sectional and 3 retrospective cohorts. Four 

studies showed no association between WBV and LBDs, 4 studies showed a positive association 

and for the remaining 4 studies, results were mixed depending on the exposure or the outcome 

measure. Objective 2: The adjusted model in cohort 1 found LBDs to be associated to tractor 

operation for 1-150 hrs/year (RR=1.23, 95%CI 1.05-1.44), 151-400 hrs/year (RR=1.32, 95%CI 

1.14-1.54) and 401+ hrs/year (RR=1.34, 95%CI 1.15-1.56). In addition, tractor operation for 151-

400 hrs/year (RR=1.95, 95%CI 1.45-2.62) and 401+ hrs/year (RR=1.79, 95%CI 1.32-2.45) was 

also found to be related to hip symptoms. Although combine operation ≥ 61 hrs/year and ATV 

operation 81+ days/year was related to LBD in the bivariate analysis in cohort 1, this association 

did not persist after adjustment for confounders. Due to limited power, no significant bivariate 

association was found between WBV and either LBDs and hip symptoms in cohort 2. 

Conclusions 

Objective 1: A firm conclusion is difficult due to heterogeneity in statistical strategy, LBDs 

definition, type of farm commodity, and study design. Direct comparisons and synthesis were 
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not possible. Although retrospective cohort studies tended to show a relationship, future 

studies with a prospective cohort design can help clarify this association further. Objective 2: 

Although duration of tractor operation and older age showed with both LBDs and hip 

symptoms in farmers in cohort 1, the true prospective cohort 2 found no significant association 

between WBV and LBDs.  
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Chapter 1: Introduction 

Globally, low back disorders (LBDs) are a common health problem in the general population. 

Not only are LBDs prevalence rates increasing, but they come with high economic burden [1]. 

The growing concerns of LBDs are that they often affect the working population [2], which may 

be attributable to work-related risk factors. Therefore, this chapter will focus on a brief 

description of work-related LBDs; economic burden of LBDs; prevalence of LBDs in the general 

population as well as in the agricultural sector; whole body vibration (WBV) as a risk factor for 

LBDs; WBV exposure patterns; and types of WBV measurements. 

Low back disorders (LBDs) are the most common musculoskeletal problem in the workplace [3]. 

Work-related low back disorder is an umbrella term that covers both low back pain (LBP) and 

low back injuries [4]. LBDs are significant public health concern with high social and economic 

costs [5, 6]. In addition, LBDs can affect individuals’ quality of life [7] which include physical and 

psychological health [8], and as well being an important cause of disability [2]. Insight into the 

economic burden of LBDs, prevalence of LBDs, and the growing concerns of WBV exposure in 

the agriculture sector is presented in the sections to come. 

1.1 Economic burden of LBDs 

LBDs have a substantial economic impact. LBDs are associated with high costs to industry and 

individuals, with 37% percent of the global burden of low-back pain attributed to work and 

estimated “to cause 818,000 disability-adjusted life years lost annually” [9]. LDBs have been 

found to impose high economic cost both on organizations and countries. High economic costs 
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of LBDs have been observed internationally: Japan 82.14 billion yen [10], United Kingdom £ 

12,300 million [11]; Australia $9.17 billion [12] and United States $7.4 billion [13-15] per year. 

An estimated 2 percent of European gross domestic product (GDP) is accounted for by the 

direct costs of musculoskeletal disorders each year and out of this, the cost of back pain has 

been estimated to exceed €12billion [16]. Health Canada estimates that musculoskeletal 

disorders, including back pain, cost society $16.4 billion in combined direct (treatment and 

rehabilitation) and indirect (lost- productivity) costs [17]. 

1.2 Prevalence of LBDs 

LBDs are among the most common health problem faced in the world today and nearly 90% of 

the general global population is estimated to suffer from LBDs [18]. Work-related activities 

were associated with two-thirds of low back disorders cases in a study conducted in the United 

States [19]. The US National Safety Council reported in 1991 that back injuries were the most 

frequent of all disabling work injuries in the United States[20]; their statistics revealed that 

about 31% of all workers’ compensation cases were related to back injuries [20]. In the 

industrial world, high prevalence of work-related LBD has been observed in United States [21], 

Germany, and Spain with respective prevalence of 80%, 37% and 32.9% [22]. Many of these low 

back disorders are associated with occupational factors and significantly increase workers’ 

compensation costs [23]. LBDs account for approximately 16-19% of all workers’ compensation 

claims, and about 33-41% of the total cost of all workers’ compensation costs [23, 24]. In 

Canada, LBDs affects 85% of the working population and 80% are expected to experience LBP in 

their lifetime [17]. More than 107,000 claims for back strains were received by WorkSafe BC 

from the period 2000 to 2004 representing 25% and over of all workers’ compensation claims 
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[25-27]. In Saskatchewan, 38% of people with low back pain reported a history of work-related 

low back injury [28]. 

1.3 LBDs and referred pain in the hip and lower limb 

In addition to pain in the low back region, LBDs may refer pain to the hip [29] and leg [30]. Hip 

dysfunction has been reported to be related to LBP “because of the anatomical proximity of the 

hip and lumbopelvic region” [31]. Rostocki reports that “lower back and hip pains are often 

experienced together, making it a common combination symptom syndrome” [32]. He further 

stated that “pain in the hips is sometimes related to many of the usual causes of lower back 

pain”, since both the hip and back work together in many functional tasks; it is common for 

pain that affects one area to also have direct effect on the other [32]. A study on work and 

health among farmers found that there is a connection between prolonged tractor driving and 

increased risk of back trouble (pain), as well as radiologically confirmed hip joint arthritis [33]. 

Similarly, Stupar et al. observed that “alleviating low back symptoms may impact on hip pain 

and function” [34]. Low back pain has also been found to be significantly associated with knee 

pain and disability [35]. Hence, it is worth investigating the hip as well as the lower limb when 

considering LBD, as pain could radiate from the low back to the hip and the lower limb area. 

1.4 Agriculture: increased risk of LBDs 

LBD is the most common musculoskeletal problem experienced in the agricultural sector, 

where it is more common than in other industries [2]. Driscoll et al.’s worldwide study on 

occupationally-related LBP found the highest risk (RR=3.7) in the agricultural sector [2]. Within 

the agricultural industry, farmers are particularly vulnerable to developing LBDs; these may 

arise from their work which “frequently incorporates activities” and occupational exposures 
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that are “thought to be risk factors for developing low back pain” [20, 36]. Farming is a 

heterogeneous occupation with many kinds of commodities and production methods, so 

exposures can also be varied. Farming is furthermore distinct in that farms are often places of 

residence populated by children and elderly [37], and to a great extent rely on family labour 

[38]. Worker traits, behaviours, setting and organizational structure also account for the 

uniqueness in farming among occupations [39]. Not only does farming have more self-

employed workers and long hours of working, farmers also retire at later age than most other 

workers [40]. Also, farmers are employed younger than in other occupations [41, 42]. The latter 

statement raises the issue on the importance of age at which one starts working and also for 

lifetime exposure, especially in a vibration-prone job setting. Dupuis and Zerlett note that “the 

age of the worker when first exposed to vibration at work is important as long as the growth of 

the spinal column is not yet complete”[43]. Clearly, agriculture is a unique milieu with a 

different set of risk factors and requires independent investigation. 

1.4.1 Prevalence of LBDs in farmers 

High prevalence of LBDs has been found in farmers. A study of risk factors for back pain among 

male farmers found that 31% of farmers in US reported having daily back pain for a week or 

more compared to 18.5% in the general working population [44]. In addition, previous studies 

found LBD prevalence range of 37-60% in farmers in Ireland and India [45, 46]. A study to 

determine the prevalence of low back pain and other musculoskeletal disorders among Kansas 

farmers found that the low back was the anatomical area with the highest prevalence of self- 

reported work-related pain (37.5%) [47]. Liu et al. found 38.4% prevalence of back pain in 

Chinese farmers, with it affecting work quantity and quality [48]. Findings of a study in three 
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provinces of Thailand demonstrated that low back pain was the most frequent musculoskeletal 

problem among farmers in these areas, with 56.91% reporting seven-day prevalence and 

73.31% reporting twelve-month prevalence [48]. Essen et al. note 71 % of swine producers in 

the US reported chronic back pain [49]. Although higher prevalence of LBDs has been observed 

in farmers, the extent to which WBV is associated with LBDs is not clear. 

1.4.2 LBDs risk factors: a biopsychosocial model 

LBDs are affected by factors in many dimensions, not only physical exposures or risk factors. 

According to Pincus et al. “the biopsychosocial model of back pain has become a dominant 

model in the conceptualization of the etiology and prognosis of back pain” [50]. The three areas 

captured by this model are biological, psychological, and social factors [50]. Gerdle et al. also 

noted that both acute and chronic pain are “influenced by and interact with physical, 

emotional, psychological, and social factors” [51]. Pincus et al. also found “good evidence for 

the role of biological, psychological, and social factors in the etiology and prognosis of back 

pain” [50]. 

Macleod et al. defined psychosocial factors as “any exposure that may influence a physical 

health outcome through a psychological mechanism” [52]. Previous studies have found 

psychosocial factors such as low wage, job satisfaction, feeling stressed, depression and high 

job insecurity [53] and education [54-57] to be related to increased LBP. In addition, other 

personal characteristics such as body mass index (BMI) [58, 59], age, sex [2, 55, 60], height [61] 

and lifestyle factors such smoking [55, 62-64] have also been found to be related to LBP. These 
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reinforce the importance of accounting for these variables, as they may confound the 

relationship between a risk factor and LBDs. 

1.4.3 Risk factors for LBD among farmers 

A recent systematic review of epidemiological literature published by Osborne et al. 

investigating risks factors for musculoskeletal disorders among farm owners and farm workers, 

found that the risk factors for musculoskeletal disorders among farmers are varied and may be 

classified in terms of work characteristics, personal characteristics, and psychosocial factors 

[65]. Although Osborne et al. investigated farming exposures broadly; their review did not focus 

on WBV exposures specifically [65]. Physical hazards which farmers are exposed to during work 

include: “lifting and carrying heavy loads, working with the trunk in sustained flexion and 

exposure to vibration from farm vehicles and power hand tools” [66, 67]. In view of these 

physical hazards and especially driving of agricultural tractors, Cvetanovic et al. found exposure 

to vibration to be especially harmful, as there could be a health risk if exposed to one hour in a 

day [68]. This finding highlights the importance in investigating WBV exposures specifically as a 

risk factor for LBDs.  

1.5 Whole body vibration: a risk factor for LBDs 

WBV occurs when “workers sit or stand on vibrating seats or foot pedals” [69]. The vibration is 

then transmitted to the body part in contact with the vibration sources especially the “legs 

when standing and the buttocks and back when sitting” [70]. Vehicles or machinery found to 

produce WBV in various industries include: forklift truck, lorry, tractor, bus, and loader [71]. 

However, the causal relationship between WBV and LBDs is not fully clear. Results of reviews 

have been mixed, with some showing an association [72-75] and some not [71, 76, 77]. 
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A systematic review commissioned by WorkSafe BC in 2001 to investigate the association 

between whole body vibration and low back pain concluded that there was insufficient 

evidence to establish that WBV was causally associated with low back pain in the workplace 

[78]. However, the authors added that since most of articles reviewed were based on cross-

sectional studies “the ability to assess temporal relationships of exposure to WBV to the 

development of LBD was lacking” [78]. Likewise, Waters et al.’s review on heavy equipment 

vehicles and LBDs also concluded that their review could not provide definitive evidence on the 

causal association between WBV and LBD, and strongly suggested the deployment of 

prospective cohort studies to investigate this association as well as studies to investigate the 

biological plausibility of this association [79]. The reason for not finding an association in 

Water’s et al.’ s review could be due to limitations of cross-sectional design as most evidence 

were drawn from cross-sectional studies [79]. In addition, Bovenzi et al.’s review on WBV and 

LBP also concluded that there is not sufficient evidence of a clear relationship between WBV 

and LBDs, and the authors similarly attributed the insufficient evidence to limitations of cross-

sectional design [80].  

1.5.1 WBV in agriculture 

In agriculture, the sources of WBV have been found to include “wheel-type agricultural tractors 

and self-propelled farm machines (e.g., combine harvesters)” [81]. Cvetanovic et al. noted that 

agricultural tractor drivers are exposed to various physical exposures with vibration being 

considered among the most harmful factors [68]. This makes farmers who operate tractors and 

other types of machinery generally vulnerable to whole body vibration; in part due to 
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“unevenness of road or soil profile” and “moving elements within the machine (vehicle)” or its 

attached implements [82]. 

1.5.2 Whole body vibration measurement in agriculture 

Farm machinery operators are exposed to different vibration patterns [69]. This is because of 

specific machinery with distinct frequencies, together with other occupational factors that 

influence vibration magnitude such as driving surface. Dupuis and Zerlett saw the need to 

account for the kind of machine or vehicle used when evaluating the effect of WBV, as vehicles 

and machinery “can be very different from the motion and work conditions” [43]. Factors found 

to influence vibration magnitude include: engine size; body weight; age of the vehicle; use of 

seat cushion; type of vehicle; suspension type; and nature of road surface [69, 83] .  

1.5.3 Weighted frequency 

The occupationally safe-range for exposure to WBV is 0.5 ms-2  A(8) or 9.1 ms1.75 VDV [84]. 

These measurements can be summarized in several different ways, including power spectrum, 

weighted R.M.S, and vibration dose value (VDV). 

Vibration exposure may be expressed in terms of its magnitude (acceleration (m/s2)) in the time 

domain, and its frequency (Hertz (Hz)) [85]. This vibration exposure may be quantified in three 

axes namely: vertical (z), front and back (x), and lateral (y) [85, 86] (see figure 1). 
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Figure 1: Axes measurement relative to the seat (X-axis; back to front, Y-axis; right to left and 
Z-axis; foot to head) Diagram adapted from Whole-body vibration and ergonomics tool kit 
research report [87]. 

 

Since the human health effects of vibration vary depending on the frequency the operator is 

exposed to, frequency weighting is considered in the calculation of the exposure [85]. In 

addition, since the effect of WBV is dependent on the direction, the weighted frequency 

vibration value is also multiplied by a direction factor (x and y axes is 1.4, and the z-axis is 1.0 ) 

[85].  

The vibration magnitude is then calculated using the formula: 
 

𝑎𝑎 = �(1.4𝑎𝑎𝑥𝑥𝑥𝑥)2 + �1.4𝑎𝑎𝑦𝑦𝑦𝑦�
2

+ (𝑎𝑎𝑧𝑧𝑧𝑧)2�
0.5

                        (1) 

 
Where: 𝑎𝑎𝑥𝑥𝑥𝑥, 𝑎𝑎𝑦𝑦𝑦𝑦 , 𝑎𝑎𝑧𝑧𝑧𝑧are the root-mean-square acceleration magnitudes in m/s2 for the x, y, z 
axes respectively [85, 88-90]. 

The root-mean-square (R.M.S) acceleration value captures a cumulative exposure which is 

adjusted to represent an 8-hour working day [84, 91]. 
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1.5.4 Vibration Dose Value (VDV) 

Vibration dose value is the “time integral of the acceleration”[84, 91] and is based on a “fourth 

power time dependency to accumulate vibration severity over the exposure period from the 

shortest possible shock to a full day (8 hours) of vibration” [92].  

VDV can be expressed as  

𝑉𝑉𝑉𝑉𝑉𝑉 =  �� [𝑎𝑎𝑤𝑤(𝑡𝑡)]4
𝑇𝑇

0
𝑑𝑑𝑑𝑑�

4

                                                   (2) 

where, 𝑎𝑎𝑤𝑤(𝑡𝑡) is the instantaneous frequency-weighted acceleration [93, 94]. 

The difference between the VDV method and the r.m.s is that the VDV method is “more 

sensitive to impulsive vibration” [94], and “responds more readily to the shocks in a signal 

compared with r.m.s and it maintains this influence as time passes” [84, 91]. Sandover notes 

that the VDV is more reliable in terms of measuring health risk resulting from the presence of 

high acceleration events than the weighted R.M.S [95]. 

1.5.5 Equivalent vibration magnitude and total vibration dose 

Equivalent and summarized vibration measures of WBV incorporate the use of a task exposure 

matrix or ‘vehicle exposure matrix’ to combine self-reported time on each vehicle to develop a 

cumulative dose model. Boshuizen et al. term these estimated vibration magnitudes per vehicle 

as an “equivalent vibration magnitude” and “total vibration magnitude” [96]. 

The derived equivalent vibration magnitude is then calculated using the formula: 

Equivalent vibration magnitude = �∑�𝑎𝑎𝑖𝑖
2𝑡𝑡𝑖𝑖�
𝑡𝑡𝑖𝑖

                   (3) 

where𝑡𝑡𝑖𝑖=time spent on vehicle “i” and 𝑎𝑎𝑖𝑖=estimated vector sum of the weighted acceleration in 

all three directions: x, y, and z [96]. 
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Alternatively, the total vibration dose according to Boshuizen et al.[96] is calculated based on 

the ISO 2631/1 time-dependence for daily exposure and is expressed as: 

Total vibration dose = ∑ 𝑎𝑎𝑖𝑖2𝑖𝑖 𝑡𝑡𝑖𝑖                                                        (4) 

These latter approaches have been applied successfully in previous studies involving 

agricultural tractor operators [89, 96, 97]. However, it is not clear which method is best to 

measure the association of WBV and low back disorders [98]. Nielson et al. note that the 

“frequency weighted rms-value, which is normally used to estimate the risk of the effect from 

WBV, is probably not optimal” [98] in predicting LBD; they argued that the use of a measure, 

“which is more sensitive to peak values of the vibration would probably be more correct” [98]; 

this seems to suggest the use of the VDV instead. 

Although no single measurement summary measuring procedure is complete in describing WBV 

complexity, Bovenzi notes that “measures of vibration exposure derived from exposure 

duration (daily or lifetime) and root-mean quad (R.M.Q) acceleration magnitude (e.g., VDV) 

were better predictors of LBD outcomes over time than measures of vibration exposure 

including R.M.S acceleration (A(8)” [99]. 

1.5.6 WBV exposure patterns 

LBDs related to WBV are not an acute or short term effect, but rather a long-term accumulation 

of exposure [100, 101] that may result in pathological tissue changes, pain, and associated 

disability. According to Nielson and Jorgensen “it is probable that many years of exposure to 

the type of WBV, which occur in working machines may contribute to the genesis of injuries or 

disorders of the lower back” [98]. Given the complexity of WBV exposure, it is not clear what 

level, duration, or frequency patterns are related to LBD, and longitudinal data is rare. A study 
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by Bovenzi et al. on self-reported low back symptoms in urban bus drivers exposed to whole-

body vibration found that elevated risk of LBD occurred at WBV exposure levels that were 

lower than the health-based exposure limits proposed by the International Standard ISO 2631/1 

[102]. Palmer et al. also found that among those exposed to WBV, only a small proportion of 

these individuals exceeded the action level in the British Standards [71]. Mayton et al. also 

observed that WBV measured at the farm equipment operator/seat interface exceeded the 

recommended action level [103]. Futatsuka et al. found that WBV on the seats of combine 

harvesters and wheel tractors exceeded ISO 2631 exposure limits [104]. Rehn’s risk assessment 

found that “vibration exposure in many ATVs used during work exceed recommended 

occupational exposure limits” [105]. Conversely, a study by Tiemessen et al. based on three 

WBV measurement metrics ( VDV, RMS and RMQ) found no indication of a dose-response 

pattern between WBV exposure and 12-month prevalence of low back pain [106]. The 

inconsistent results regarding vibration levels might reflect the impact of differing durations, 

work cycles, and frequency spectra and underscores the importance of assessing exposure 

patterns not only exposure amounts. 

1.6 Other options for exposure assessments 

WBV exposure can be assessed using different exposure assessment methods, including: direct 

assessment, self-report, observation, and the use of administrative data. 

1.6.1 Observation 

Work place/occupational exposure can be assessed through the use of observational methods. 

Observation has been found to be suitable for assessing “categorical biomechanical exposure 

and occurrence of specific work task” [107]. This method can be carried out through field-based 
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or video-based approaches [108]. Observational methods, besides being “more suitable for use 

in recording and analysing simulated tasks” [109], is time consuming and has a limitation in 

terms of its suitability in workplace practical assessments [109]. Other challenges that may 

result from this approach include: issues with non-randomness and variability as pertains to 

work tasks which may not be captured by camera [108]. This approach is also prone to 

potential systematic biases which could be due to “behavioral effects from the presence of 

cameras and occluded views of the work” [108]. 

1.6.2 Self report 

Self-report is a data collection method that can be used to collect work place exposure data 

involving both physical and psychosocial factors [109]. Obtaining data through the use of self-

report can be done in several ways including worker diaries, interviews, and questionnaires 

[109]. Although self-report is easy to adopt, inexpensive, appropriate for large samples, less 

time consuming, and does not require exposure experts [110], it has the limitations of low 

reliability and validity and hence is not a preferred choice for ergonomics [111]. Hardt et al. 

noted that self-report lacks the ability to assess work accurately, as workers might not be able 

to recall and report exposure to physical agents accurately [110]. For example, Spielholz et al. 

noted that “asking workers to estimate measures such as limb acceleration values, vibration 

levels, or joint moments was deemed not to be practical” [108]. 

1.6.3 Administrative data 

The utility of administrative data in occupational health assessments cannot be underestimated 

as it has contributed significantly in providing information on “worker’s compensation, hospital 

discharges, emergency department data” [112] and other “injuries and illnesses not reported 
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into employer-based surveillance systems” [112]. In spite of its several advantages which 

include obtaining information on large population with ease, low cost [113], and fewer 

resources required [114], it has limitations such as issues with accuracy of diagnostic 

information [113] and often incomplete or unreliable data [115]; handling such data requires 

specialized expertise [114]. 

1.7 Purpose of the study 

Although farmers with WBV exposure seem to be at higher risk for LBDs, the weight and quality 

of evidence is not enough to establish this association. Knowledge on the level, duration, and 

frequency patterns is needed to allow for prevention strategy development. Although works by 

other authors have investigated farming exposures broadly, their work rarely focuses on WBV 

exposure specifically. Therefore, this thesis will provide information on the association between 

LBDs and WBV exposures and important biopsychosocial covariates specifically by addressing 

the knowledge gap in two manuscripts: 1) association between WBV and LBDs in farmers in a 

systematic review; and 2) association between WBV and LBDs in farmers in a cohort study. This 

type of knowledge will fill existing gaps and help enable governments, occupational health 

agencies, and agricultural stakeholders to develop policies that promote safer working 

environments for farmers which would limit pain, loss of productivity, and temporary or 

permanent disabilities associated with LBDs. 
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2.1 Abstract 

Background: Low back disorders (LBDs) are the most common musculoskeletal problem among 

farmers, with higher prevalence rates than in other occupations. Farmers who operate tractors 

and other types of machinery can have substantial exposure to whole body vibration (WBV). 

Although there appears to be an association between WBV and LBDs, the causal relationship is 

not clear. 

Purpose: This systematic review investigates the association between whole body vibration and 

low back disorders among farmers.  

Methods: Nine databases were searched using groups of terms for two concepts: ‘farming’ and 

‘low back disorder’. Screening, data extraction and quality assessment was performed by two 

reviewers independently. The population was adult farmers or agricultural workers globally 

irrespective of sex. The intervention was considered to be WBV exposure, such tractor, 

combine and ATV use. The control was no exposure or low exposure to WBV and the outcome 

was low back disorders. 

Results: After 276 full texts screened, 12 articles met our selection criteria and were used to 

analyze WBV as a risk factor for LBD. Three were case-control, 6 cross-sectional and 3 

retrospective cohorts. Four studies showed no association between WBV and LBDs, 4 studies 

showed a positive association and the remaining 4 studies results were mixed depending on the 

exposure or the outcome measure.  

Conclusion: A firm conclusion is difficult due to heterogeneity in, LBDs definition, type of farm 

commodity, study design, and statistical strategy. Direct comparisons and synthesis were not 
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possible. Although retrospective cohort studies tended to show a relationship, future studies 

with a prospective cohort design could help clarify this association further. Future research 

should focus on standardization of LBDs definition and WBV exposure measures. 

2.2 Introduction 

Low back disorders (LBDs), a term which includes both low back pain and low back injuries [1], 

are a significant public health concern with high social and economic costs [2, 3]. Besides LBDs 

being most common musculoskeletal problem in farmers, with higher prevalence rates than in 

other occupations [4], they account for about one-third of work-related disability globally [5]. 

To this effect, farmers are particularly vulnerable to developing LBDs; this may arise from their 

work which involves occupational exposure activities that are probable risk factors for the 

development of LBDs [6, 7]. In particular, farmers who operate tractors and other types of 

machinery such as combines and all-terrain vehicles are exposed to whole body vibration [8]. 

Vibration often accompanies operation of farm equipment and is caused by random 

(unevenness of road or soil profile) and systematic (moving elements within the machine 

(vehicle) or its attached implements) [9] vibration. 

The relationship between WBV and LBDs is not fully clear. Results of reviews have been mixed, 

with some supporting the relationship [10-13] and some not [14-16]. However, these reviews 

considered occupations in general, not specifically farming, where findings appear to be more 

consistent in terms of long exposure to vibration prone vehicles or machinery. Lee et al. 

reported the uniqueness of farming in terms of workers’ traits and behaviours, setting and 

organizational structure as compared to other occupations [17]. Farmers are indeed unique in 
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many respects, including the probability of more exposure to WBV over their lifetimes than 

other occupations. As stated by Griffin, “farms are homes populated by children and 

elderly”[18]. Farmers are employed younger than in other occupations [19, 20], and they are 

more likely to continue working well beyond the age at which most other workers retire [21]. 

Farming is characterised by a high degree of self-employment and long working hours [21]. In 

addition, farmers may use a variety of machinery throughout the year. 

Although farmers with exposure to whole body vibration seem to be at higher risk for LBDs, a 

review has never been conducted to evaluate the relationship between WBV and LBDs 

specifically in this occupation. This knowledge gap limits ability to establish focused and tailored 

preventative strategies that will help promote safer working environments for farmers. 

Therefore, the objective of this systemic literature review is to investigate the association 

between WBV and LBDs in farmers. 
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2.3 Methodology 

This systematic review is one part of a larger systematic review on LBD in farmers. An a priori 

protocol was registered on PROSPERO (CRD42014013247), and is available on the Centre for 

Reviews and Dissemination website [22].  

Although this systematic review did not study interventions, the PICO framework [23, 24] has 

been applied to provide a structure for the study. In terms of population, this review focused on 

adult farmers or agricultural workers globally, including both males and females. As mentioned 

earlier, the focus of this review was not an intervention per se but rather exposure to WBV. 

However, Lichtenstein et al. suggested that, in the absence of intervention, exposure can be 

considered [25]. Hence, the effects of WBV resulting from use of farm machinery or agricultural 

vehicles are being investigated in this review. Control in the case of this review can be 

considered those with no exposure or very low exposure to WBV. The outcome was low back 

disorders, which includes low back pain, back pain, and lumbago. In terms of type of study, this 

review considered wide range of studies which include: observational studies and RTCs. No 

restriction on date of publication was applied. 

2.3.1 Search Strategy 

Databases searches for full text publications were conducted in OVID Medline, Web of Science, 

Cumulative Index to Nursing and Allied Health Literature (CINAHL), SCOPUS, OVID EMBASE, 

OSH References, PEDro, OTSeeker and PubMed. In addition, Canadian grey literature was 

searched, but nothing was included. The search was based on two groups of search terms: 

‘Farming’ and ‘Low back disorder’. No limits in date of publication were applied in the literature 

search, but we only included English language full text publications. 
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2.3.2 Screening and selection Process 

All articles identified in the initial search were screened individually by two reviewers starting 

from the title, abstract, and full-text stages. The screening of articles found to be potentially 

relevant to the study were assessed based on the criteria that the population must be adult 

farmers or agricultural workers globally irrespective of sex, those with exposure to WBV by 

operating farm vehicles such as tractor, ATV and combine, may come from any part of the 

world, with low back disorders, low back pain and lumbago as an outcome. There were no 

restriction on date of publication and the type of study design used. In order to adequately 

address the research question “what is the strength of the association between WBV and LBDs 

among farmers”, additional two more stringent inclusion criteria were considered which 

include: 1) study must focus or provide data on the relationship between low back disorder and 

whole body vibration, and 2) the reporting of inferential statistics to assess this relationship. 

Studies focusing on only children were not included. Canadian grey literature was searched, but 

nothing was included. Any disagreements that arose were discussed by the two reviewers; 

these meetings created an opportunity to improve upon the interpretation of decision rules for 

both the inclusion and exclusion criteria so as to enhance the screening process. The summary 

of the process of searching, screening, and extraction is found in figure 2. 

2.3.3 Data Extraction 

The data extraction phase of this systematic review focused on the primary research question 

“what is the strength of the association between whole body vibration and low back disorder 

among farmers?” Data extraction captured information such as exposure assessment type, 

socio-demographics characteristics, study design, population, sampling strategy used by 
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studies, commodity involved, location (region, country). Data were extracted by two reviewers 

independently, and then reconciled through discussion. Disagreements that arose during the 

reconciliation process were discussed and resolved at team meetings. 

2.3.4 Study Quality Assessment  

The assessment of the quality of the studies involved the assessment of the risk of bias in 

accordance with the tools developed by both Hoy et al. [26] and Elm et al.(STROBE) [27]. The 

assessment process included binary (Yes/No) questions such as “was the sampling frame a true 

or close representation of the target population?” “Was the likelihood of a non-response bias 

minimal?” (see Appendix D). In addition, the measure of risk with significance level and 

confidence interval, study finding, consideration of confounders (see Appendix E), and the 

quality of low back disorder definition were assessed. As with other aspects of data extraction, 

the quality of the study was rated independently by two reviewers.  

2.3.5 Forest Plot 

Forest plots were employed to graphically represent the point estimates of association and the 

variability of findings. A forest plot was developed for the subset of studies which met the 

following criteria: reported an odds ratio based on 95% confidence interval; reported LBDs 

prevalence of 52 weeks and used self-reported duration via a survey for exposure assessment. 

In the case of two or more exposure categories, the odds ratio of the highest exposure category 

was used. The plot was developed in MedCalc software [28]. 
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2.4 Results 

Figure 2 shows the results of searching and screening steps for the systematic review. In the 

search, 694 titles were found, of which 276 made it to full text stage. After full texts were 

screened, 12 papers were found to analyze WBV as a risk factor for LBD. The 12 studies used 

various study designs; three were case-control, six cross-sectional, and three retrospective 

cohorts. 

Table 1 summarizes the findings of the population characteristics and employment context of 

the 12 studies. In terms of sex, five studies were on both males and females, four studies were 

on only male farmers, one on only female and the remaining two studies did not specify. Out of 

the 12 studies included, only 4 studies provided information on age and the ages ranged from 

18-95 years. In terms of commodity, most (5) studies focused on farmers who were involved in 

mixed farming commodities, one on animal product, three on crop production, and three did 

not specify the type of commodity produced. Overall, the majority of studies were from 

developed and industrialised nations. 

Table 2 summarizes results on exposure assessment methods and characteristics of included 

studies. Majority of studies (8) used only self-report, 2 used only direct measurement and the 

remaining 2 used a combination of direct and self-report. In addition, majority of studies 

summarized exposure based on categories. In terms of exposure dimensions, most included 

studies (6) used durations.  

Table 3 summarizes findings on the quality of research assessment of included studies. The 

results revealed that Questions on “random sampling” and “non-response bias” were not 
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addressed by five of the studies. However, several questions were addressed well by the 

majority of studies, including: “representative sampling frame”, “low back disorder definition”, 

“same mode of data collection” and “direct data collection”. 
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Figure 2: Results of searching and screening steps for the systematic review 
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Table 1: Summary of Population Characteristics and Employment Context of Included Studies 

Reference Study 
Design 

Sex  and  demographics Commodity Employment 
context 

Sample Size(n) Region 

Milosavljevic  
et al. 2012[29] 
 

Cross-
sectional 

Males (85%) 
Females (15%).  

Dairy, Beef,  
Sheep and 
mixed stock, 

Self-
employed 
farmers and 
rural workers 

130 New Zealand 
 

Bernard et al. 
2011[30] 
 

Cross-
sectional 

Males (72%) 
Females (18%). Gender 
considered 

Fruit Vineyard 
workers 

3947 France 
 

Hathorn et al. 
2009[31] 
 

Cross-
sectional 

(100%) Women older than 
18yrs.ethnicity 
(white/non-white)  

Hauling Animals 
Beef and Hay                                                

 657 Louisiana, USA 
 

Hartman et al. 
2006[32] 
 
 
 

Case-
control 

Males  
(100%)  

Dairy, Pig, Poultry, 
Arable, 
Horticulture, and 
Mushroom 
 

Self-
employed 
farmers 
 
 
 

1156 Netherlands 

Gomez et al. 
2003[33] 
 
 
 
 

Cross-
sectional 

Males (62% ) 
Females (38%). Age from 
18-95 
99% white and 1% 
Hispanic   

Dairy, Other 
livestock, Cash  
crop, Vegetable, 
Fruit, and 
Horticultural 

Owner/ 
Operator 
Worker 
Resident 

1706 New York, USA 

Toren et al. 
2002 [34] 

Cross-
sectional 

Males  
(89%) 10% females. 
Gender considered 

Crops, Milk, Meat, 
Swine, Poultry, 
Sheep, Potato, 
Forestry, 
Vegetables 

Farm 
workers 

1075 Uppsala, Sweden 
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 Reference Study Design Sex  and  demographics Commodity Employment 
context 

Sample Size 
(n) 

Region 

Kumar et al. 
1999  [35]               

Retrospective 
cohort 

Not Specified  
 

Not specified Drivers of 
agricultural 
tractors 

100 India 

Boshuizen et 
al. 1990[36] 
 

Retrospective 
cohort 

Males 
(100%) 

Not specified Drivers of 
agricultural 
tractors 

577 Netherlands 

Boshuizen et 
al. 1990[37] 

Retrospective 
cohort 

Males 
(100%) 

Not specified Drivers of 
agricultural 
tractors 
 

499 Netherlands 

Hartman et al. 
2005[38] 

Case-Control Not Specified  
Gender considered    

Dairy farming, Pig 
husbandry, 
Poultry farming, 
Arable farming, 
Horticulture, Bulb 
farming, 
Fruit, Plant, 
Mushroom 
 

Self-
employed 
farmers 

198 Netherlands 

Xiao et 
al.2013[39] 

Cross-
sectional 

Men (55%) Women (45%). 
Age  from 18-55yr  
ethnicity ( Mexican, 
Central, Or South 
American, Hispanic or 
Latino ) 
                                                                                      

Melon, Tomatoes, 
nuts, grapes, 
Cotton 

Migrant and 
Seasonal 
farm workers                                              

759 California, USA 
 

Bovenzi et al. 
1994 [40] 

Case-control 100% Males 
Aged 25-65 years 

Apple trees, 
vineyards 

Drivers of 
agricultural 
tractors 

1155 Italy 
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Table 2: Summary of Exposure Assessment Methodologies and Characteristics of Included Studies 

Reference Exposure Metrics Exposure Assessment and  
Sampling Strategy Used 

Results (risk of LBD with 
exposure to WBV) 

Milosavljevic  
et al. 2012 [29] 
 
 

Vibration dose value 
ISO 2631:>17m/s^1.75 
(Continuous) 

Convenience sampling 
Direct exposure measurement based on 
 

LBP 12- month 
OR =1.01, 95% CI0.94-1.08,  
P = 0.81 

  1 hour exposure LBP 12-month 
OR =1.03, 95%CI 0.94-1.13,  
P = 0.50 

 Level 
Shock Mpa 

Full day’s exposure LBP 12- month 
OR=1.19, 95% CI 0.96-1.49, 
P = 0.12 

Bernard et al. 2011 
[30] 

Duration measured in years 
(Categorical) 

Random sampling stratified method 
Self-reported exposure via postal survey 

OR=1.439, 95% CI 1.15-1.80 

Hathorn et al. 2009 
[31] 

Duration: Days on tractors 
(Categorical). Exceeding  20 hours per 
week 

Stratified, random sampling. Self-
reported via phone interview1 to 20 
based on hours per week 

1 to 20 days 
OR=1.23, 95% CI 0.81-1.86 
>20 days 
OR=1.35 95%CI 0.86-2.11 

Hartman  et al. 2006 
[32] 

Duration: Hours/year. (Categorical). 
Driving tractor exceeding 1000 hr per 
year, Duration of work in hours/week >60 

Cases; not specified. Controls; random 
sampling. Self-reported exposure via 
postal questionnaire Past 12 months 

>1,000hr/Year 
OR=2.44, 95% CI 0.95-6.43 

Gomez et al. 2003 
[33] 

Duration: Hours per day in past year 
Categorical. Exceeding 4 hours per day in 
the past year: 0, 1-99, 100-199,≥ 200 

Self-reported via phone interview based 
on hours on average work on farm during 
each season in the past year 

OR =1.51, 95%CI 1.20-1.89 

Toren et al. 2002 
[34] 

Duration: Per person year 
(Continuous). More than 30h/week 

Self-reported exposure via postal 
questionnaire based on hours of tractor 
driving in the previous year 

OR=0.92, 95%CI 0.82-1.03 

Kumar et al. 1999   
[35]               

Frequency: measured in Hertz 
Frequency of 1 Hz and upper frequency 
of 100Hz. (Categorical) 

Direct exposure measurement/ 
questionnaire based interview 

P = 0.015 
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Reference Exposure Metrics Exposure Assessment and  
Sampling Strategy Used 

Result 

Boshuizen et al. 
1990 [36]   

Exceeding IOS-2631 exposure limit 
(Categorical) 
Vibration dose in years 
0-2.5 

Matching. 
Self-reported exposure via postal 
questionnaire based on number of hours 
driven daily 

Overall  P-value  
M-H=0.001 &  
Wald =0.005 
OR  =1.80, 90%CI 1.11-2.9 

 2.5-5   OR =1.78, 90%CI 1.04-3.1 
 >5   OR =2.8., 90%CI 1.64-5.0 
 Vibration magnitude (𝒎𝒎𝒎𝒎−𝟐𝟐) 

0.3-0.55 
  

OR= 1.98 90%CI 0.98-4.0 

 0.55-0.7  OR=1.66 90%CI 0.82-3.4 

 0.7-0.9  OR =2.10 90%CI 1.07-4.1 
 >0.9  OR=1.38 90%CI 0.52-3.7 
 Duration of exposure in years 

0-5 
  

OR= 2.44 90%CI 0.84-7.1 
 5-10  OR=2.5  90%CI 0.85-7.6 
 >10  OR = 3.6 90%CI 1.21-11 

Boshuizen et al. 
1990 [37] 

Duration; Magnitude exceeding 0.4m/s2 
(Categorical) 

Convenience sampling Direct exposure 
measurement based on number of hours 
driven daily 

 

 520 weeks of exposure.  RR =1.14, 90%CI0.88-1.48 

 A 5yrs m2 /s4  dose exposure   RR =1.13, 90%CI 0.85-1.50 
 vibration dose in year m2 /s4 

0.5-2.5 
 Incident density ratio (IDR)  

IDR 0.97 90%CI 0.59-1.61 
 

 2.5-5.0  IDR 1.51 90%CI 0.92-2.5 
 >5  IDR 1.45 90%CI 0.84-2.5 
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Confounders* Toren et al. gender, age                                                                                                                     +OR=Odds ratio 
                          Xiao et al.: age, years working in agriculture, and smoke                                                            CI= Confidence interval 
                          Hartman et al: BMI, smoking                                                                                                             M-H=Mantel Haenszel 

Reference Exposure Metrics Exposure Assessment and  
Sampling Strategy Used 

Result 

Hartman et al. 2005 
[38] 

Duration. Exceeding 500h/year (medium 
exposure). Reference category 0-
250h/year. (Categorical) 

Random sample. Self-reported exposure 
via postal questionnaire based on hours 
per year 

 

 251-500 h/year 
 
>500h/year 
 

 OR=1.27, 95%CI 0.60-2.70,  
P = 0.533 
 
OR =1.71, 95%CI 1.08-2.71 
P = 0.021 

Xiao et al.2013 [39] Duration. More than 40h/week 
(Categorical) 

Stratified random sampling. Self-reported 
exposure via personal interview based on 
number of hours per week 

Men 
 

 1<60  OR =0.36, 95%CI 0.08-1.58 
 ≥60  OR =2.16, 95%CI 1.02-4.54 
   Women 
 1<60  OR=1.57, 95%CI 0.16-15.81 
 ≥60  OR=3.39, 95%CI 0.52-21.13 
Bovenzi et al.1994 
[40] 

Duration/years and Vibration dose 
value(years m^2/s^4 ).ISO 2631/1 
Standards in years m^2/s^4/tractor 
driving years above 5 years. (Categorical) 

Direct exposure measurement/ 
questionnaire based interview based on  
number of hours per year and daily 
exposure respectively 

 

 Tractor driving years  12 month-LBP 
 5-15  OR=2.65 95%CI 1.68-4.18 
 16-25  OR =2.31 955CI 1.46-3.64 
 >25  OR =2.74 95%CI 1.69-4.45 
 Vibration dose  12 month-LBP 
 <15  OR =2.33, 95%CI 1.48-3.67 
 15-30  OR =3.04, 95%CI 1.92-4.82 
 >30  OR =2.36, 95%CI 1.48-3.74 
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Table 3: Research Quality, as Assessed by Hoy Tool and STROBE, of Articles Linking WBV and LBDs 

N/S-Not specified* 
Q1-Representative Sampling Frame                                                             Q7-Study Instrument Validity/Reliability 
Q2-Random Sampling                                                                                      Q8- Same Mode of Data Collection 
Q3-Non-Response Bias                                                                                    Q9-Appropriate Length of Prevalence Period 
Q4-Direct Data Collection                                                                               Q10-Appropriate Numerator and Denominator 
Q5-Low Back Disorder Definition  
Q6-Quality of the Low Back Disorder Definition (scale 1, low-5, high) 
 
 

Reference Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
Milosavljevic  et al. 2012 [29] Y N Y Y Y 4 Y Y Y Y 
Bernard et al. 2011 [30] Y Y Y Y Y 4 Y Y Y Y 

Hathorn  et al. 2009 [31] Y Y N Y N N/S Y Y N N 
Hartman  et al. 2006 [32] Y Y N Y Y 3 Y Y Y Y 

Gomez et al. 2003 [33] Y N Y Y Y 5 Y Y Y Y 
Toren et al. 2002 [34] Y Y N Y Y 5 Y Y Y Y 

Kumar et al. 1999 [35]  Y N Y Y Y 4 Y Y Y Y 
Boshuizen et al. 1990 [36]   Y N Y Y Y 2 N N N N 
Boshuizen et al 1990 [37] N N N Y Y 2 N Y N N 

Hartman et al 2005 [38] Y Y Y Y Y 3 Y Y Y Y 
Xiao et al.2013 [39] Y Y Y Y Y 4 Y Y Y Y 

Bovenzi et al. 1994 [40]  N Y N Y Y 5 Y Y Y Y 
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Figure 3: Forest plot of studies linking WBV exposure to risk of LBDs. Included studies were 
studies that reported LBD prevalence of several weeks or longer, used survey for exposure 
assessment, exposure dimension must be in duration, reported an odds ratio based on 95% 
confidence interval. 

2.5 Discussion 

The present review identified 12 articles that assessed of the association between whole body 

vibration and low back disorders in farmers. Four studies showed no association between WBV 

and LBDs, four studies showed a positive association between WBV and LBDs, and the 

remaining four studies showed mixed association between WBV and LBDs depending on the 

exposure categories. Given the variability in results, study designs, and types of measures, it is 

not possible to make a conclusive statement on association between WBV and LBDs among 

farmers. However, insight into this relationship and the state of knowledge represented by the 
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literature can be attained by considering the studies’ designs, settings, and exposure 

assessment methodologies. 

2.5.1 Study Design and Statistical Approaches 

This review included several types of studies, involving different statistical strategies to identify 

a relationship between LBDs and WBV. Most studies used odds ratio [29-34, 36, 38-40] in 

quantifying the relationship between WBV and LBDs, one used p-value from chi-square test of 

independence [35], and the remaining one used both relative risk and rate ratio [37]. The 

collapsibility property keeps the size of the risk ratio constant if a non-confounding variable is 

adjusted; since odds ratios do not have this property, comparing them to relative risk is 

inappropriate [42]. The heterogeneity in the measure of association used to quantify the 

association between WBV and LBDs also made a firm conclusion difficult. In addition, the 

statistical approaches (e.g., chi square, logistic model, and Cox proportional hazard model) used 

by studies also contributed to the inconclusiveness of the association between WBV and LBDs. 

The forest plot in figure 3 shows a positive association between WBV and LBDs in four of the 

studies [30, 33, 35, 38], three did not show any significant association [31, 32, 34] and the 

remaining one showed a mixed association [39]. The point estimates of studies which did not 

find any association were OR: 1.35 [31], 0.92 [32], and 2.44 [34]. This is sub-optimal, since 

“several confounding factors make it difficult to determine the relation between back problems 

and WBV” [35]. The articles did not consistently account for confounders such as age, sex, body 

mass index (BMI), education, height, and weight using multivariate analysis. Some of the 

studies reported results based on multivariate analysis and also adjusted for potential 

confounding factors and others reported only bivariate analysis. For example, nine studies 
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included confounders [30, 32-34, 36-40], and the others did not [29, 31, 35]. Confounders 

included in the studies were age, body mass index (BMI), smoking, education, years in job, sport 

activity, marital status, height, weight, and time sitting. It is unclear whether significant 

bivariate associations would persist after accounting for confounding. Most confounders 

considered by studies were consistent with other findings [43, 44], however, studies were silent 

on psychological factors such as stress-related factors that can confound the relationship 

between LBDs and WBV [43]. Confounders such as job satisfaction, poor social support at work, 

and job demands should be considered in future studies of farmers, since many studies of LBD 

have demonstrated their importance [13, 45]. 

Different study designs contributed to the inconclusiveness of the association between LBDs 

and WBV. The majority of the studies were non-cohort studies, with six being cross-sectional 

[29-31, 33, 34, 39] and three case-control [32, 38, 40]. However, only two cross-sectional [30, 

33], and one case-control [40] study found association between WBV and LBDs. The cross-

sectional design is quick, less expensive, less time intensive, requires no follow-up, and 

primarily is used in ascertaining prevalence [46] and measures of association, but it is known to 

have a limitation in assessing temporality of cause and effect relationships [47]. The association 

between WBV and LBDs found by the cross sectional studies [30, 33] could be due to potential 

measurement or information biases, as the design has the limitation of not being able to show 

causality [48]. The authors concluded that “no causal conclusion could be drawn” from this 

study [30], in part due to misclassification of the outcome [33]. Thus, according to Gomez et al. 

the outcomes (aches, pain, or discomfort) “are very general and make no reference to the 

etiology, duration, or severity” [33] of LBDs. This may affect the correct determination of the 
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outcome status. The case-control design also does not rely on long follow-ups to assess cause 

and effect relation, which makes it relatively quick and cheap to perform; however, it has issues 

with biased results [49]. Threats to validity include selection bias related to factors such as 

“differential surveillance, diagnosis, or referral of individuals into the study” [50] and/or recall 

bias because the time participants were recruited into the study, both outcome and exposure 

had already happened [50]. Although, an association can be found using case control, the use of 

a more rigorous design can help elucidate the association further [51]. Retrospective cohort 

designs are “less expensive to perform” and “require less time to assemble the cohort” [52] 

than prospective cohort design. However, its ability to provide stronger evidence on causality is 

low as compared with studies from prospective cohort design [53]. In addition, data collected 

retrospectively may be subject to various disadvantages which include “limited control over the 

data” since the data had been collected already [47], incompleteness of the data, and between 

subject measurement may be inaccurate [47, 54]. Three retrospective cohort studies were 

included in the present review [35-37]: a) study 1 found a positive association between WBV 

and LBDs [35]; b) study 2 also found a positive association between LBDs and WBV measured in 

vibration dose [36], but showed a mixed association between LBDs and WBV measured in 

duration of exposure (years) and equivalent vibration magnitude (𝑎𝑎𝑒𝑒𝑒𝑒 m/s2) depending on 

exposure categories [36]; and c) study 3 found no association [37]. Although the evidence of 

the present review findings suggest that studies which used retrospective cohort designs were 

more likely to find an effect, however, the use of prospective cohort can help clarify this 

further. For an appropriate conclusive statement on the association between WBV and LBDs, 

more cohort prospective cohort studies are needed. 
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The point estimates of the ORs varied approximately between 1 and 3; irrespective of the 

sample size and confidence intervals. Odds ratios less than 3 interpreted as Cohen’s index of 

effect size, can be considered to be small [55]. Confidence intervals indicate the range of 

plausible values for the odds ratios and also give a measure of precision of the point estimates 

[56]; large confidence intervals suggest that the study group is highly dispersed [57], and 

sample size is insufficient for the analysis performed [56]. Some studies revealed wide 

confidence intervals CI 0.52-21.1 [39] and CI 1.21-11 [36] with sample size N=759 and N=577, 

respectively. Correspondingly, studies with larger sample sizes generally revealed narrower 

confidence intervals. Bernard et al, with sample size N=3947, found a confidence interval (CI 

1.15-1.80) [30]; Gomez et al, with N=1706, found confidence interval (CI 1.20-1.89) [33]; and 

Bovenzi et al, with N=1155, found confidence interval (CI 1.48-3.74) [40]. Also, confidence 

interval size depends on the choice of the level of confidence [57]. The present review found 

nine studies which used confidence level of 95% [29-34, 38-40], and two studies used 

confidence level of 90% [36, 37]. Although unusual confidence intervals can be converted into 

more conventional 95% confidence intervals, one study did not specify [35]. This further 

suggests how difficult it is to compare results across studies. For example, Boshuizen et al notes 

that firm conclusion cannot be made on the association between WBV and LBD-related 

disability due to the small sample size of N= 499 in that study [37]. Although two of the studies 

that did not find an association between WBV and LBDs had relatively large sample sizes (N> 

1000) [32, 34], this may not be enough as larger sample sizes will be needed to detect smaller 

difference [58], and also to handle measurement errors [58]. 
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Despite these facts, a blanket statement cannot be made on under-power of studies which 

found no association. 

Exposure assessment methods used by studies could also play a major role in determining a 

practical sample size. For instance, Milosavljevic et al.’s study [29], with sample size N=130, 

used a direct exposure assessment of WBV. Due to time and expense, direct measurement is 

difficult to apply to a large sample size when compared to self-report [59-61]. In addition, three 

[30, 33, 40] of the four studies that used large sample sizes found an association between WBV 

and LBDs; generally, an effect was found with larger studies. Therefore, the variability in the 

ranges of confidence intervals in the present review, (i.e., some are narrow and others wide, 

see figure 3) can be attributed in part to the diversity in sample size by studies and level of 

confidence. 

The definition of LBDs varied across studies, a long -acknowledged issue in LBDs research 

despite efforts to standardize [62-64]. Studies used a range of tools to capture LBDs status, 

including : the Standard Nordic Questionnaire [30, 33, 34, 40]; other questionnaires [29, 36, 37, 

39]; clinical diagnosis obtained from examination [32, 35, 38] and one did not specify [31]. Most 

notable differences were the prevalence of LBDs periods found in non-cohort studies. Six 

studies defined LBDs as any pain in the lower back in a twelve month period [30-34, 38], one in 

terms of “several weeks or longer” [36], and one in 6 weeks or more [39]. Several studies gave 

range of time periods: two weeks, 12 months, and lifetime [35]; 7 days and 12 months [29]; 12 

months and 1 month [40]; and one was not specified [37]. 
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Studies showed considerable heterogeneity in terms of statistical strategy, LBD definition, types 

of commodity produced, and type of design, making comparisons and synthesis difficult. This 

observation has also been made by Osborne et al in a review of musculoskeletal disorders 

among farmers: “one consequence of the study heterogeneity is results that are not 

generalizable” [65]. 

2.5.2 Exposure assessment 

Overall, the precision of exposure assessment was low. A limited number of studies that used 

direct exposure assessment were found in the present review; however, they suggest a trend of 

no relationship. “Direct technical methods offer more reliable and valid data than self-

reports”[59]. However, moderate cost and the ability to sample large numbers of subjects have 

popularized the use of self-reports [59]. The range of exposure assessments methodologies 

among included studies was notable. Some studies used only direct measurement [29, 37], 

some used a combination of direct and self-report [35, 40], and others only self-report 

exposure assessment [30-34, 36, 38, 39]. Studies which used only direct measurements found 

no association between WBV and LBDs; this could be due to in part smaller sample sizes used 

by these studies. The dimension of exposure, described by Winkle and Mathisssen [59] as level, 

duration, or frequency of exposure, also varied by study. Six of the studies measured exposure 

in duration [31-34, 38, 39], two used both duration and vibration dose value [37, 40], one used 

frequency of exposure [35], one only vibration dose value (VDV) [29], one included three 

dimensions (vibration magnitude, duration, and vibration dose value [36]), and one did not 

specify [30]. This may also contribute to the difference between studies, as machines with 

certain vibration frequencies might produce more effect than others. Allan et al. note that 
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vibration dose values (VDV) measures cumulative vibration dose and is much more dependent 

on vibration magnitude than duration [66]. The VDV is based on a “fourth power time 

dependency to accumulate vibration severity over the exposure period from the shortest 

possible shock to a full day of vibration”[67]. Unlike duration, VDV can measure the “severity of 

transients, shocks, and repeated shock motions”[68], hence results might represent different 

aspects of injury mechanism. Boshuizen et al. note that the trend of increasing prevalence with 

increasing vibration exposure becomes weaker for all types of back pain when duration of 

exposure is used instead of vibration dose to form exposure categories [36]. This perhaps 

resulted in most included studies not finding a positive association between WBV and LBDs, as 

most studies used exposure categories based on duration. Studies also used different 

approaches in summarizing exposure; some used categories [30, 32, 33, 35-40], and others a 

continuous variable [29, 34].  

Low-quality exposure assessments used by studies could hinder identification of the association 

between LBDs and WBD. The majority of the studies reviewed used self-report exposure 

assessments. A review by Bernard et al. [69] notes that self-report exposure assessments used 

by studies likely obscure association between WBV and back pain [69]. Interestingly, the 

present review found no association between WBV and LBDs in 2 of studies that used direct 

exposure assessment [29, 37]. Direct exposure measurements have been found to “provide 

more reliable data than those based on observations or subjective judgements”[70]. This 

suggests that future research should focus more on direct exposure assessment methods. 

However, while direct exposure assessment produces accurate data, its expense limits its use in 

obtaining large sample sizes. Besides self-report being easy and inexpensive to use [70], it has 



 

49 

low reliability and validity hence not a preferred choice for ergonomics [71]. On the contrary, 

studies that used a combination of direct and self-report found positive associations between 

WBV and LBDs [36, 40]. These used a task exposure matrix or ‘vehicle exposure matrix’ to 

combine directly measured vibration and self-reported time on each vehicle to develop a 

cumulative dose model. In addition, the choice of an exposure assessment method may also 

depend on the study design. For example, retrospective exposure assessment can only be done 

through self-report, since it is not possible to either observe or apply direct measures. 

2.5.3 Agriculture: a diverse industrial setting 

The present review found considerable diversity in the samples in terms of commodity 

produced, region, and farmer characteristics (sex, social-demographic and employment status). 

In terms of commodity, several farms types were included: 5 studies concentrated on farmers 

who were involved in mixed farming commodities (e.g. beef, hay, mushroom, poultry) [31-34, 

38], only one focused on animal products (e.g. dairy, beef, sheep) [29], and three focused on 

crop production (e.g. melon, grapes, apple) [30, 39, 40]. Three studies’ commodities were not 

specified, but may also represent mixed commodities [35-37]. The 12 studies also span across 4 

of the continents. This includes 7 from Europe [30, 32, 34, 36-38, 40], 3 from North America 

[31, 33, 39], 1 from Asia [35], and 1 from Australia [29]. The single country that dominated in 

this review was the Netherlands with 4 studies. The predominance of studies from developed 

and industrialised nations was not surprising as their farming is done “commercially on a large-

scale, highly mechanised, characterised by abundance of engine-powered equipment and with 

human input being predominantly that of a controller” [72]. In contrast, farming in developing 

countries is mostly done on subsistence bases and characterised by “limited mechanical power” 
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used for tasks such as “land preparation, crop care, processing”, and manual, labour-intensive 

[72]. The diversity in region of farmers may also explain the diversity in commodities produced. 

A variety of commodities were named, but only within the developed world; other studies did 

not describe the commodities despite commodity likely having an impact on the nature and 

range of machinery used. Task, machines, and seasonality differed a lot between studies and, as 

stated by Burström et al.’s “those who in one study were considered low-exposure might in 

another study be regarded as highly exposed” [73].The diversity in the industry explains some 

of the difficulties involved in making a firm conclusion of the association between WBV and 

LBDs. 

There is evidence that personal factors like age, sex [74],and ethnicity [75] are important in the 

development of LBDs. Information on age has been found to be important when examining the 

relationship between WBV and LBDs as it can confound the relationship [43]. In addition, sex 

has been found to be an important factor to control for when investigating the association 

between LBDs and WBV [76]. The farmers themselves were also varied; in terms of sex , five 

studies were on both males and females [29, 30, 33, 34, 39], and four studies were on only 

male farmers [32, 36, 37, 40] and 1 on only female [31]. The two studies that did not specify sex 

probably did not control for it as a variable which might have influence the relationship 

between LBDs and WBV. Also, apart from 2 studies that did not specify sex distribution, the 

studies showed a higher percentage of males than females. Some studies reported age range 

[31, 33, 39, 40], and others did not [29, 30, 32, 34-38]. Studies which did not provide any 

information on age probably did not account for the effect of age on the relationship between 

LBDs and WBV. In terms of employment status, studies from Europe identified farmers to be 
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self-employed and farm workers [30, 32, 34, 36] while those in North America were migrant, 

seasonal farm workers, and farm operators [33, 39]. Farmer participants from Australia were 

self-employed and rural workers [29]. The 3 studies from North America described the 

participants as ‘whites’, ‘Hispanics’, and ‘Latinos’ [31, 33, 39]. This demonstrates the 

representativeness of studies included in the present review. 

2.5.4 Quality Assessments 

In addition to the STROBE criteria [27], a tool developed by Hoy et al. [26] was employed to 

examine study in terms of risk of bias. Quality assessment of the studies showed some 

consistent strong and weak points in the included articles. For example, a risk question which 

was found to be always ‘yes’ across all studies was on “Direct Data Collection”. Questions that 

had 5 studies were rated “no” on “Random sampling”, and “Non-Response Bias”. Non-response 

bias just like all other study biases can pose a severe threat to validity of interpretation and 

generalization of results [77, 78]. The “unique strength of randomization is that if successfully 

accomplished, it prevents selection bias” [79]. This suggests that non-randomization may 

introduce a bias which can affect the validity of interpretation and generalization of results. 

Other criteria that were harder for studies to meet include: “Appropriate Length of Prevalence 

Period”, and “Appropriate Numerator and Denominator”. In terms of studies with greater risk, 

some tended to be mixed association depending on the exposure categories, and one positive 

association. To improve the quality of studies, future research should perform and report 

appropriate numerators and denominators as well as appropriate sampling strategies. 
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2.5.5 Comparison to other industries 

Since agriculture represents a unique occupational setting with respect to the level, duration, 

and frequency of WBV exposures, it seems likely that the relationship between WBV and LBDs 

is unique to this industry. The present review focused on selected population of farmers as a 

high-risk group [5], unique in that they tend to retire at a later age, work long hours [21] and 

start work younger than in other occupations [19, 20]. The results of the present review, 

however, are consistent with previous reviews that were not restricted to one industry in that 

firm conclusions cannot be drawn. 

Lings and Yde [80] literature review on WBV and LBDs which included a mixed occupational 

group found no definitive evidence to support the association between WBV and LBP. The 

authors suggested that “good prospective studies with repeated measurement of exposures 

and clear (outcome) definition” [80] are needed to draw firm conclusion. Similarly, Chambers’ 

review on workplace WBV and LBP found insufficient evidence to establish that WBV was 

causally associated with LBP [81]. The authors attributed the reason to temporal limitations of 

cross -sectional studies [81]. Waters et al. review on heavy equipment vehicles and LBDs also 

concluded that their review could not provide definitive evidence on the causal association 

between WBV and LBD and strongly suggested the deployment of prospective cohort studies to 

investigate this association as well as studies to investigate the biological plausibility of this 

association [44]. Bovenzi et al.’s review on WBV and LBP also concluded that there is not 

sufficient evidence of a clear relationship between WBV and LBDs, and the authors similarly 

attributed the insufficient evidence to limitations of cross-sectional design [82]. Contrarily, 

Burström et al.’s more recent 2014 review on WBV and LBDs found that there is “scientific 
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evidence that exposure to WBV increases the risk of LBD” [73]. The authors suggest that their 

review found an association when others did not because more recent published articles used 

in their review, and also the “use of more stringent criteria for inclusion had led to a slightly 

higher risk of LBDs due to WBV exposure compared with previous reviews” [73]. Although 

Burström et al.’s review found an association between WBV and LBDs, they still note that a 

limited number of prospective studies have been published on WBV and LBDs [73], which 

suggests that more prospective studies are still needed. 

As in the farming-specific studies in present review, several reviews on all industries state that 

there is insufficient evidence to decisively support a causal relationship. However, the 

relationship cannot be rejected, and the proposed mechanism has high biological plausibility 

[83]. As in the present reviews, prior reviews agree that the primary limitation stems from a 

lack of published prospective studies with high quality exposure measurement approaches, and 

provide a direction for future research. 

2.5.6 Strengths and limitations of the review 

This review represents first time such a study on association between WBV and LBDs has been 

done in the high-risk group select population of farmers [5]. It also provided detailed 

information on exposure assessment cut-offs and captures the complex relationship between 

WBV and LBDs in a WBV exposed industry. Additionally, the search for studies was done 

comprehensively and screened rigorously to meet the inclusion criteria as described in an a 

priori registered protocol [22]. In terms of the risk of bias, the review adapted standard 

questions from published tools found to be reliable [26], as well as academic checklists for 
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observational studies [27]. However, the present review also has some limitations. Although we 

assessed quality and risk of bias, due to the low number of articles we did not eliminate studies 

based on quality as did Burström et al. [73]. Heterogeneity in the measures of association, 

exposure assessment, and the commodity produced limited the present review from pursuing 

meta-analysis. 

2.6 Conclusion 

Within the population of adult farmers globally, the body of evidence suggests that the 

relationship of WBV exposure to the outcome of LBD is unclear. This review showed that 

findings are inconclusive; four studies showed no association between WBV and LBDs, four 

studies showed a positive association between WBV and LBDs. In addition, four studies showed 

mixed association between LBDs and WBV depending on exposure categories. Considerable 

heterogeneity in terms of inferential test, LBDs definition, type of commodity produced, and 

type of design, makes comparisons and synthesis difficult. Although retrospective cohort 

studies tended to show a relationship, future studies with a prospective cohort design can help 

clarify this association further. Future research should also focus on LBDs definition 

standardization and more consistent WBV exposure measures. Ultimately, a better 

understanding of the association of WBV and LBDs will assist in developing strategies to prevent 

and reduce pain, loss of productivity, temporary or permanent disabilities in farmers. 

.  
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Chapter 3: Methodology 

The methods used by studies may influence both the interpretation of results and the 

outcomes. Hence, this chapter describes the methods used by the Saskatchewan Farm Injury 

Cohort (SFIC), as well as the statistical approaches and analysis methods used in manuscript 2 

(chapter 4). 

3.1 Saskatchewan Farm Injury Cohort Study Methods and Measures 

The data used for this chapter and manuscript 2 (association between whole body vibration and 

low back disorder in farmers: a prospective cohort study) comes from a large prospective 

cohort study: the Saskatchewan Farm Injury Cohort (SFIC) Study Phase I and Phase II. The SFIC 

project aims to “(1) examine associations between individual farm exposures and the 

occurrence of various types of farm injury in the province of Saskatchewan, Canada, and (2) 

assess the importance of the contextual factors (physical, socio-economic, and cultural) as 

potential moderators of association between individual farm exposures and the occurrence of 

injury” [1, 2]. The target population for the SFIC was farm people in Saskatchewan. Phase 1 

started in 2007 involving distribution of a postal questionnaire [1]. Phase 1 baseline data was 

collected from 5,492 farm people on 2,390 Saskatchewan farms [2] in fifty rural municipalities 

[1]. Follow-up surveys were distributed every six months for two years and reported farm injury 

cases with add-on text narratives of the circumstances surrounding each injury event were 

collected [1]. Similarly, Phase II started in 2013 with baseline data collected from 2, 849 farmer 

participants on 1216 Saskatchewan farms [3].  
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Although information on many farm exposures, hazards, and potential confounders were 

collected, the primary exposure of interest for this thesis was operation of vibrating equipment, 

machinery, or vehicles on the farm. Unique among prior farm surveys, the SFIC exposure data 

captured information on several farm vehicles or machineries including: tractors, ATVs, and 

combines. 

Follow-up data on musculoskeletal symptoms, the primary outcome of the dependent variable 

of interest to this thesis, were collected in 2013 from a subset of Phase I participants who 

remained in the study for the 6 intervening years: 1149 of farmer participants on 582 farms. In 

addition, a one-year follow-up data on musculoskeletal symptoms were collected in 2014 from 

605 of farmer participants on 605 farms (see figure 4). 

 

Figure 4: Baseline and follow-up sample sizes for the six years and one year time intervals 

Questions on musculoskeletal symptoms used by the SFIC project were adapted from the 

Standardised Nordic Questionnaire (SNQ) (see figure 5) for the analysis of musculoskeletal 

symptoms[4]. Farmer participants were asked to answer “yes” or “no” to two questions asked 

for 9 body parts (neck, shoulder, elbows, wrist/hands, upper back, low back, hips/thighs, knees, 
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and ankles/feet): 1) trouble (ache, pain, discomfort) experienced in the last 12 months, and 2) 

whether it has prevented them from doing their normal work (at home or away from home) in 

the last 12 months. The Standardized Nordic Questionnaire (SNQ) has been found to be 

acceptable tool for collecting self-reported prevalence data. The SNQ has been tested in terms 

of validity by comparing clinical diagnosis [4], and in terms of its reliability [4]. The test-retest 

method used to assessed the reliability of the SNQ comprising samples 19-29 workers of three 

separate studies ranged from 0 to 23% disagreement while its validity was tested by comparing 

clinical history of two separate studies with samples 19 and 20 workers varied between 0-20% 

disagreement [4, 5]. In addition, the reliability and validity of the SNQ is considered acceptable 

for use in workplace ergonomics [5]. Previous study on the sensitivity and specificity of the SNQ 

using clinical examination as the reference method, found the sensitivity in a range of situations 

ranging from 82.3% to 100% and specificity from 51.1% to 82.4% [6].  

 

Figure 5: Adapted Standardized Nordic Questionnaire (Kuorinka et al. 1987) 
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Since the effects of WBV may accumulate over several years, this thesis intended to investigate 

the effect of follow-up duration on the relationship between WBV and LBD. Therefore, the SFIC 

data collected were structured as two follow-up periods: 6-years (2007-2013) and 1-year (2013-

2014). Besides the different follow-up durations, the Phase II baseline (i.e. 1-year follow-up) 

captured several additional potential confounding variables not included in the 6-year follow-

up.  

3.2 Statistical analysis approaches: reviewing the options 

3.2.1 Introduction 

Odds ratio (OR) and relative risk (RR) are common measures of association used in medical-

related type of research [7]. However, these measures of association are highly dependent on 

the structure of the dataset in question. Although ORs are frequently reported [8], Holcomb et 

al. note that the only way to simplify quantitatively the interpretation of odds ratio is to 

approximate it to relative risk [7]. For instance, an example by Huck on fatality rates and 

passengers gender found that the “odds of dying were 10 times greater for male than for 

females” [9]. Meanwhile the same data used to compute the relative risk was simply 

interpreted as “male passengers were 2.5 times more likely to die than female passengers” [9]. 

However, as described below, the approximation of odds ratio to relative risk may not be 

appropriate under all conditions. Hence this thesis chapter provides the rationale and 

motivation for using relative risk from Modified Poisson as a measure of association to assess 

the relationship between WBV and LBD. This section contains a review of the pros and cons of 

this and alternative statistical analysis approaches such as logistic regression and log-binomial 

regression. 
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3.2.2 Logistic regression 

Logistic regression can simply be explained as a “technique for making predictions when the 

dependent variable is a dichotomy, and the independent variables are continuous and/or 

discrete” [10]. Austin and Steyerberg note that the purpose of fitting logistic regression is based 

on three primary reasons namely: “(a) to determine the independent predictors of a binary 

outcome; (b) to determine the association between a specific variable and the probability of 

the occurrence of an outcome after adjusting for a set of other covariates; and finally, (c) to 

predict the probability of the occurrence of a binary outcome given a specific vector of 

covariates” [11]. The popularity of logistic regression application in all area of public health 

research is phenomenal [12]. For instance, a study found that over 30% of published articles in 

the American Journal of Public Health used logistic regression approach [12]. Despite the 

popularity of logistic regression and it being a powerful statistical tool [12], Hosmer et al. 

admonish researchers to use logistic regression with caution [12]. For example, a study found 

that odds ratio from logistic regression is often misinterpreted by some medical practitioners 

and researchers, as the only way to simplify quantitatively the interpretation of odds ratio is to 

approximate it to relative risk [7]. However, previous studies have found that odds ratios from 

logistic regression is not a useful proxy for relative risk when the prevalence of the response 

variable is common (i.e. >10%) [13, 14]. Thus, when applying logistic regression to highly 

prevalent outcome, the converted odds ratio to relative risk overstates the relative risk [15, 16]. 

For example, Green et al. found logistic regression not to be a suitable choice for their study 

after realizing that their outcome “computer access” was not rare [17]. Similarly, Skandfer et al. 

found with a 51% prevalence of low back pain in their study the use of logistic regression for 
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the estimating the risk was a limitation: “for frequently occurring outcomes, such as LBP, the 

revealed ORs can overestimate the magnitude of the risks” [18]. These findings from previous 

studies suggest that in spite of the popularity of logistic regression when it comes to highly 

prevalent outcomes, other alternative (and more statistically appropriate) approaches must be 

considered. 

3.2.3 Log-Binomial regression 

Although both log-binomial regression and logistic regression assume binomial distribution of 

the response variable [16], the log-binomial is based on log function and produces adjusted 

relative risk, while that of the logistic produces an odds ratio based on the logit function. 

McNutt et al. note that the link between the independent variables and the probability of the 

response variable distinguishes logistic model from log-binomial model [15]. The log-binomial 

model produces an adjusted relative risk which is unbiased [15], however, Marschner and 

Gillett observed that it often subject to numerical instability [19]. Numerical instability 

according to Neumaier means that the “error in the result is considerably greater than one 

would expect from small errors in the input” [20]. Previous studies have also found that the 

computed confidence intervals from log-binomial models for adjusted relative risk may be 

narrower than the true confidence interval [15, 21, 22], leading to a false sense of certainty. 

Similarly, Williamson et al. observed that log-binomial models are prone to convergence issues 

[23]. Convergence issues occur if the statistical software fail to solve the equation properly [24] 

and that the certainty of results from such model cannot be guaranteed. According Katz, 

convergence issues may arise from reasons such as incorrect coding and “too few outcomes for 

the number of independent variables” [24] in the model. 
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3.2.4 Modified Poisson regression 

A modified (also called robust) Poisson model is a term coined for log-Poisson regression 

models with robust variance estimation [25, 26] and it is increasingly being used in outcomes 

that are highly prevalent [13, 17, 27] to estimate relative risk directly. [28]. Kleinbaum simply 

defined the robust variance estimators as “an adjustment of the model-based estimators” [29], 

which provide standard errors that are “robust to specification error” [28]. The chief advantage 

of the robust variance estimation technique is that “it provides a consistent estimate of the 

variance even if the working correlation is not correctly specified”[29]. In addition, modified 

Poisson has been found to estimate relative risk consistently and efficiently [25] and is also not 

prone to convergence issues as in the case of log-binomial model [26, 30]. Modified Poisson 

based on Generalized Estimating Equations (GEE) have successfully been applied in studies 

involving prospective cohort designs [26]. A 2014 publication comparing robust Poisson models 

and log-binomial models found that “the robust Poisson models are more robust to outliers 

compared to the log-binomial models when estimating relative risk for common binary 

outcomes” [13]. In summary, Chen et al. cautioned researchers to be “aware of the limitations 

when choosing appropriate models to estimate relative risk” [13]. As a whole, the literature 

favours modified Poisson as the preferred choice for estimating relative risk for frequently 

occurring outcomes. 

3.2.5 Generalized estimating equations and working correlation structures 

Generalized estimating equations (GEEs) have been found to be a useful statistical technique 

for analyzing correlated data [31-33]. Kleinbaum described GEE as a “generalization of quasi-

likelihood estimation” [33]. However, Ly et al. note that if an appropriate choice of working 
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correlation structure is not selected when analyzing with GEE approach, parameter estimates 

will be inefficient [34]. Hence, this thesis reviewed three different working correlation 

structures and after considering the results as well as recommendations from literature, the 

best working correlation structure was selected. 

Correlated analysis such as GEE can be performed using several different correlation structures. 

Commonly considered correlation structures include: independent, stationary m-dependent, 

exchangeable, first order autoregressive (AR1), and unstructured [33, 35]. The data used in the 

Saskatchewan farm cohort study was correlated which made the independent correlation 

structure not applicable in this case. Also, besides the data structure not suitable for the use of 

the m-dependent structure, previous studies have found that the m-dependent correlation 

structure are “not biologically plausible” [36]. Therefore, this thesis considered an analysis on 

exchangeable, AR (1) and unstructured for selecting the best working correlation structure. 

Ziegler and Vens counselled investigators to consider both biological and statistical reasons 

when selecting a working correlation structure for their analysis [37], which was the approach 

taken in the current investigation. 

The exchangeable correlation structure assumes that “two responses within a cluster have the 

same correlation”[33] with off-diagonal elements of the correlation matrix being equal and 

main diagonal equal one (1) [33]. AR (1) correlation structure assumes that the “correlation 

between response depends on the interval of time between responses” [33]. For example, 

Kleinbaum notes that responses collected one month apart are assumed to have a greater 

correlation than 20 months apart [33]. The unstructured correlation does not pose any 
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constraints [38]. Westgate notes that the unstructured working correlation “estimates more 

nuisance correlation parameters than other structures such as AR (1) or exchangeable” [31], 

hence it has limited use in most studies. Shults et al. also reported that for the parsimony of 

model to be greatly improved, replacing the unstructured with either AR (1) or exchangeable 

would help [39]. However, several criteria have been proposed including quasi-likelihood under 

the independence model criterion (QIC) [40], which is found in most statistical software. 

3.3 Results and Discussion 

3.3.1 Comparison of exchangeable, unstructured, and AR (1) working correlations 

Findings from this section are based on data from 6-year follow-up, the larger of the two 

datasets. Results from the two separate models fitted with exchangeable and AR (1) were 

consistent for all variables considered. However, the unstructured correlation showed different 

findings for some variables (see table 4). For instance, both the bivariate analysis from the 

exchangeable and AR (1) working correlation structures showed that ATV operation was not 

significantly related to LBD based on their P-values 0.059 and 0.094 respectively. However, ‘sex’ 

was found to be significantly related to LBD based on the bivariate results of both the 

exchangeable and AR (1) working correlation structures (P-value =0.002). On the other hand, 

the unstructured working correlation rather found ‘ATV operation’ to be significantly related to 

LBD (P-value <0.001) and ‘sex’ not significantly related to LBD (P-value = 0.648). Also, while 

‘combine operation’ was found to be significantly related to LBD based on the bivariate results 

revealed by both exchangeable and AR (1) working correlation (P-value < 0.001), the 

unstructured found that ‘combine operation’ was not significantly related to LBD (P-value = 

0.146). This suggests that if a P-value =0.25 was set as screening criteria to screen variables 
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from the bivariate to the multivariate, then ‘sex’ based on the unstructured correlation 

structure would not qualify to be a candidate for the multivariate analysis. Meanwhile, previous 

studies [41, 42] have shown the importance of sex in relation to LBD; therefore, if not adjusted 

for, it could potentially affect the results. 

In addition, in terms of the multivariate analysis results, a difference was seen in ‘tractor 

operation’. Both the exchangeable and AR (1) working correlation found all categories of 

‘tractor operation’ to be significantly related to LBD, however, the unstructured found no 

association between ‘tractor operation’ for 1-150 hrs/yr and 151-400 hrs/yr and LBD; the only 

negative association was found in 401 hrs/yr and above.  

These results support previously published findings that “more nuisance correlation 

parameters” [31] are estimated by the unstructured correlation [31] and is “unreliable with 

maximum quasi-likelihood under the independence model criterion (QIC) value” [38]. This 

leaves two options to be considered for the analysis of chapter 4 /manuscript 2: exchangeable 

or AR (1). To decide, the QIC proposed by Pan [40] was used. According to Pan, “QIC can also be 

applied to select a working correlation structure in GEE: one needs to calculate the QIC for 

various candidate working correlation structures and then pick the one with the smallest QIC” 

[40]. Based on this criterion, the exchangeable working correlation structure was selected as 

the plausible working correlation for the thesis analysis as it produced the smallest QIC in all the 

analyses. Although, Shults suggested that the use of the exchangeable and AR (1) help achieve 

parsimonious model [39], however, in contrast, this chapter found the unstructured to be more 

parsimonious. This may be linked to an observation made by Westgate that simpler correlation 
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structure like the unstructured which does not assume constraints on the correlation structure 

[38] “may perform better in some settings” without appropriate penalties in place [31]. This is a 

limitation since the proposed penalty modification made to selection criteria by Westgate [31] 

has not been incorporated into existing statistical softwares. In addition, besides the 

unstructured working correlation structure not meeting the QIC criteria for selection, sex as a 

biological factor was found not to be significant. Meanwhile, this investigation assessed the 

best working correlation based on both statistical (lowest value of QIC) and biological reasons 

as recommended by Ziegler and Vens [37]. 

The use of the AR (1) could have produced consistent estimates for the estimates in the 

manuscript 2 models, however, in GEE, obtaining efficient estimates may ultimately be 

preferable to researchers than consistent estimates. According to Hin et al., efficiency in GEE is 

obtained when the intracluster correlation is parametrically modeled accurately to “reduce 

potential error in estimation or prediction” [43]. But obtaining efficient estimates have been 

found by previous studies to depend on the right choice of the working correlation structure for 

the response variable [36, 44-46], the “cluster sizes”, “covariate distribution” and “regression 

parameters” [45]. On the other hand, parsimony has been found to be a procedure for 

estimation which takes into account few parameters [47, 48] and “is to be preferred on the 

grounds of simplicity of explanation” [47]. In summary, the results from chapter 3 and 

manuscript 2 based on the exchangeable working correlation are deemed to be efficient 

estimates. 
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3.4 Conclusion 

This chapter showed that based on the QIC criterion, the exchangeable working correlation 

structure was the appropriate choice for these data. Also, for frequently occurring outcomes, 

we forward support for the modified Poisson as the appropriate choice for estimating the 

relative risk. 
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Table 4: Comparison of Results from Three Different Working Correlation Structures 

 Six-Year Follow-up 
 Exchangeable AR (1) Unstructured 
Variables Bivariate Adj Model Bivariate Adj Model Bivariate Adj Model 
 RR    95% CI RR       95%CI RR   95% CI RR     95% CI RR     95% CI RR       95%CI 
Age         
<=19 (ref) 1.00  1.00  1.00  
20-39 2.04  1.34-3.11 1.82  1.18-2.80 1.95  1.28-2.96 1.70  1.12-2.60 2.86  1.40-5.86 1.76  1.16-2.66 
40-55 2.60  1.75-3.81 2.32  1.55-3.47 2.50  1.70-3.69 2.22  1.50-3.29 2.54  1.31-4.94 2.20  1.50-3.24 
56-75 2.50  1.68-3.72 2.22  1.48-3.34 2.44  1.65-3.61 2.14  1.44-3.17 2.92  1.67-5.10 2.12  1.43-3.13 
76+ 1.17  0.59-2.29 1.03  0.50-2.11 1.12  0.56-2.22 0.96  0.46-2.01 1.21  0.55-2.65 0.99  0.49-1.99 
 (P-V< 0.001)  (P-V< 0.001)  (P-V <0.001)  
Sex        
Female (ref) 1.00  1.00  1.00  
Male 1.16  1.05-1.28  1.16  1.05-1.28  0.95  0.78-1.17  
 (P-V <0.002)  (P-V = 0.002)  (P-V = 0.648)  
Education level       
Less than high sch 1.00  1.00  1.00  
Completed high sch 1.20  1.04-1.38  1.16  1.01-1.33  1.23  0.90-1.68  
Completed university 1.22  1.04-1.42  1.18  1.01-1.37  1.09  0.81-1.47  
Inst. Other than 
above 

1.17  0.99-1.38  1.14  0.97-1.34  1.16  0.89-1.50  

 (P-V =0.061)  (P-V = 0.142)  (P-V=0.572)  
Operate tractorh/yr       
None (ref) 1.00  1.00  1.00  
1-150 1.29  1.10-1.51 1.23  1.05-1.44 1.29  1.10-1.51 1.24  1.06-1.45 1.63  1.10-2.41 0.97  0.94-1.00 
151-400 1.42  1.22-1.65 1.32  1.14-1.54 1.40  1.21-1.64 1.33  1.14-1.54 1.62  1.06-2.47 0.97  0.94-1.00 
401+ 1.47  1.27-1.72 1.34  1.15-1.56 1.46  1.25-1.70 1.35  1.16-1.57 2.12  1.42-3.17 0.94  0.91-0.98 
 (P-V <0.001)  (P-V < 0.001)  (P-V < 0.001)  
Operate combine 
h/yr  

      

None (ref) 1.00  1.00  1.00  
1-60 1.11  0.97-1.28  1.11  0.97-1.27  1.22  0.85-1.76  
61-150 1.25  1.10-1.41  1.25  1.10-1.41  1.05  0.73-1.52  
151+ 1.29  1.14-1.45  1.28  1.13-1.45  1.62  1.19-2.22  
 (P-V <0.001)  (P-V < 0.001)  (P-V=0.146)  
Operate ATV day/yr        
None (ref) 1.00  1.00  1.00  
1-20 1.12  0.98-1.28  1.12  0.98-1.27  1.04  0.74-1.47  
21-80 1.10  0.94-1.28  1.09  0.93-1.28  1.15  0.77-1.72  
81+ 1.21  1.05-1.40  1.19  1.03-1.38  1.42  0.96-2.09  
 (P-V = 0.059)  (P-V = 0.094)  (P-V <0.001)  

*P-V = P-value                  RR = Relative Risk           CI = Confidence Interval    Adj=Adjusted 
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4.1 Abstract 

Background: Farmers, more than other occupations, are at high risk of developing low back 

disorders. Operators of tractors and other farm machinery such as combines and all terrain 

vehicles (ATV) can have considerable accumulation of exposure to whole body vibration (WBV). 

However, the causal relationship between LBDs and WBV is not fully clear; attributed in part to 

limitations of cross-sectional studies. 

Purpose: This dual cohort study investigates the association between WBV as measured by 

annual accumulated use of ATV, combines, and tractor operation; and LBDs among farmers. 

Methods: The data source was the Saskatchewan Farm Injury Cohort Study. In 2007, baseline 

data were collected on accumulated yearly tractor, combine, ATV operation, as well as several 

biopsychosocial covariates thought to be associated with LBDs. Follow-up data on LBDs and 

related symptoms were collected during 2013 (6 year follow-up) and 2014 (1-year). This 

resulted in two datasets for each of two cohorts: 1) the first cohort with 1,149 farm people who 

had been followed for six years, and 2) the second with 605 participants who had been 

followed for one year. Generalized estimating equation-modified Poisson regressions were 

performed with low back and hip symptoms as the outcome. 

Results: The adjusted model in cohort 1 found LBDs to be associated to tractor operation for 1-

150 hrs/year (RR=1.23, 95%CI 1.05-1.44), 151-400 hrs/year (RR=1.32, 95%CI1.14-1.54) and 401+ 

hrs/year (RR=1.34, 95%CI 1.15-1.56). In addition, tractor operation for 151-400 hrs/year 

(RR=1.95, 95%CI 1.45-2.62) and 401+ hrs/year (RR=1.79, 95%CI 1.32-2.45) was also found to be 

related to hip symptoms. Although combine operation ≥ 61 hrs/year and ATV operation 81+ 
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days/year was related to LBD in the bivariate analysis in cohort 1, this association did not 

persist after adjustment for confounders. Due to limited power, no significant bivariate 

association was found between WBV and either LBDs and hip symptoms in cohort 2. 

Conclusion: Although duration of tractor operation and older age showed with both LBDs and 

hip symptoms in farmers in cohort 1, the true prospective cohort 2 found no significant 

association between WBV and LBDs. Future research involving prospective cohort with larger 

samples and longer follow ups are needed to investigate this association further. 
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4.2 Introduction 

Low back disorders (LBDs) are the most common musculoskeletal disorder found in many 

occupational settings[1]. Farmers, more than workers in other occupations, are at higher risks 

for developing low back disorder [2] due to their work frequently incorporating activities with 

physical exposures that are potentially damaging ergonomically [3, 4]. For example, operators 

of farm tractors and other kinds of farm machinery such as combines and all terrain vehicles 

(ATV) can have considerable accumulation of exposure to whole body vibration (WBV) [5]. 

Boshuizen et al. suggested that the high prevalence of back pain in tractor drivers might be 

partially attributable to whole body vibration [6]. Cvetanovic et al. noted that among the 

various negative aspects of driving of agricultural tractors, vibrations are especially harmful; 

there is even an elevated risk for drivers exposed to vibrations as low as one hour per day [7].  

Although there is some evidence for a potentially causal relationship between WBV and LBDs, 

results of reviews have been mixed; some support the relationship [8-12] and some do not [13-

16]. A review by Hulshof et al. found that low back pain was among the most frequently 

reported adverse effects of WBV and suggested further epidemiologic research is needed 

particularly among high-risk groups [17]. The nature of an industry, driving task, and vehicle 

type may impact observed relationships with LBDs. An earlier review by Essien et al. on WBV 

and LBD in farmers found “considerable heterogeneity in terms of statistical strategy, LBDs 

definition, type of farm commodity, and study design, makes comparisons, and synthesis as 

well as firm conclusion on association difficult”[18]. However, the authors noted that higher 

quality studies including the use of prospective cohort design tended to demonstrate the 
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presence of causal relationships [18]. This highlights earlier calls for prospective cohort studies 

to investigate the association of WBV and low back pain [16]. 

Experiences with WBV-related musculoskeletal symptoms may not be limited solely to the 

back. LBD include a broad spectrum of conditions with a variety of etiologies, such as: low back 

pain and low back injuries [19]. Frank et al. described low back pain as “any back pain between 

the ribs and top of the leg from any cause”[20]. Anatomically, due the closeness of the hip and 

lumbopelvic region, hip symptoms and function may be related to LBDs [21]. “Lower back and 

hip pains are often experienced together, making it a common combination of symptoms 

(syndrome)” [22]. Also, problems originating at the low back may refer pain to the hip [23], and 

leg [24]. In addition to referred pain to the hip, local hip pathology may either mimic or co-exist 

with LBDs. Thelin’s work on the health of farmers found a connection between prolonged 

tractor driving and increased risks for back trouble as well as radiologically confirmed hip-joint 

arthritis [25]. 

Farming is a heterogeneous occupation with many kinds of commodities and production 

methods, so exposures can also be varied. Worker traits, behaviours, work settings and 

organizational structures account for the distinctiveness in farming among occupations [26, 27]. 

WBV likely works over a long period to produce mechanical effect [7, 28], but it is not clear how 

long it takes to begin observing symptoms. LBDs are affected by factors in many dimensions, 

not only physical exposures or risk factors. According to Pincus et al. “the biopsychosocial 

model of back pain has become a dominant model in the conceptualization of the etiology and 

prognosis of back pain” [29]. 
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Although there seems to be an association between LBDs and WBV; the causal relationship is 

not clear. The purpose of this study was to determine the strength and statistical significance of 

associations between WBV and LBDs among farmers through the use of a prospective cohort 

design. Associations between hip and lower limb symptoms and WBV were investigated and 

important biopsychosocial covariates were considered. All associations were investigated based 

on 6-year follow-up (cohort 1) and 1-year follow-up (cohort 2), to explore the potential effects 

of exposure accumulation. 

4.3 Methodology 

The data source was the Saskatchewan Farm Injury Cohort Study. Recruitment strategies and 

the study questionnaires were pilot tested and refined on multiple occasions [30]. In 2007, 

baseline data were collected via postal questionnaire from 5,492 individuals on 2,390 farms in 

50 rural municipalities within Saskatchewan [30]. Follow-up data on musculoskeletal symptoms 

were collected in 2013 (six-year follow-up) from 1149 farmer participants on 582 of the farms 

originally involved in the 2007 baseline study. In addition to these returning farmers, in 2013 

1,699 new farmers on 658 new farms filled in baseline questionnaires for the first time. 

Participants from the 2013 baseline were followed-up in 2014 (1-year follow-up). This resulted 

in two datasets for each of two cohorts: 1) the first cohort with 1,149 farm people who had 

been followed for six years, and 2) the second with 605 participants who had been followed for 

one year. 

For the cohort 1, musculoskeletal (MSK) outcomes were not assessed at baseline, so it was not 

possible to determine whether MSK symptoms exist. Hence, the cohort 1 operates on the 
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assumption that MSK symptoms at baseline were negligible, and that every case at follow up is 

an ‘incident’ case. Alternatively, the cohort 1 can be considered a cross-sectional design with 

asynchronous recording of exposure and health outcome. For the cohort 2, MSK symptoms 

were available at baseline and those with low back symptoms at baseline were eliminated, 

making cohort 2 a true prospective cohort. 

 

 

Figure 6: Baseline and follow-up sample sizes for the six-year and one-year cohorts 

 

4.3.1 Questionnaire: Whole body vibration exposure 

Information on exposure to vibrating equipment or vehicles was measured in terms of hours 

per year of operating tractors, and combines, and days per year operating all-terrain vehicles. 

Hours were categorized into four groups (zero exposure, plus tertiles of the remainder) per 

exposure type in cohort 1: 0, 1-150, 151-400 and 401+ for tractor operation, 0, 1-60, 61-150 

and 151+ for combines operation, and ATV categories of, 0, 1-20, 21-80 and 81+ days per year. 

In cohort 2, hour of exposure to farm machinery were divided into three groups: 0, 1-250 and 
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251+ for tractor operation, 0, 1-120, and 121+ for combine operation and 0, 1-60, 61+ 

days/year for ATV operation. Questions on farm machinery use were pilot tested on a 

convenience sample of farmers to test for face validity and ease of interpretation.  Questions to 

assess demographic and farm characteristics used standard categories and were also pilot 

tested and refined. [30]. 

4.3.2 Questionnaire: personal and farm characteristics as potential confounder 

A biopsychosocial model of LBDs was considered for this study, acknowledging that back 

disorders develop and progress within a context that includes physical, psychological, biological, 

and social factors [31, 32]. A range of potential confounders were available from the 2013 and 

2014 follow-up study instruments. Farm characteristics such as operating arrangements on 

farms were considered: “individual family farm”, “partnership”, “family corporation”, and 

“other types”. The primary commodities produced on farm were categorised as: “grain crops”, 

“cattle (beef)”, “cattle (dairy)”, “pigs”, “poultry”, “vegetables or fruit”, and “other animals”. 

Potential confounding variables found in the in 2013 database were age, gender, and 

education. Age was divided into five categories for cohort : “less than or equal to 19 years”, 

“20-39 years”, “40-55 years”, “56-75 years”, and “76 years and above” and three categories for 

cohort 2: “less than or equal to 50 years”, “51-60 years” and 61 years and above”. Education 

level attained by farmer participants was also categorized into four levels: “less than high 

school”, “completed high school”, “completed University”, and “institutions other than above”. 

Besides the potential confounding variables captured in the 2013 database, the 2014 also 

captured additional potential confounding variables which include: BMI, smoking, depression, 
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height, weight, and other farm tasks (shoveling, heavy lifting, and hands above shoulders). 

Depression and smoking were reported as “yes/no”. BMI was divided into three categories: 

“normal”, “overweight”, and “obese”. Weight was also included as four categories: “less than 

or equal to 120 pounds”, “121-160 pounds”, “161-190 pounds”, and “191 pounds and above”. 

Similarly, height was also categories into four: “less than or equal to 60 inches”, “ 61-65 inches”, 

“66-70 inches”, and “71 inches and above”. Physically demanding farm tasks were also assessed 

by the questionnaire: heavy lifting, shoveling, and working with hands above shoulder. Heavy 

lifting was categorized as “none”, “1-10 days per year”, “11-20 days per year”, and “50 days per 

year and above”. Likewise, shoveling was also included as four categories: “none”, “1-10 days 

per year”, “11-20 days per year”, and “20 days per year and above”. Hands above shoulder 

were assessed based on days exposed to working with hands above shoulder in days per year. 

The categories were “none”, “1-5 days per year”, “6-16 days per year”, and “16 days per year 

and above”. 

4.3.3 Questionnaire: musculoskeletal symptoms as an outcome 

Questions on musculoskeletal symptoms were selected from the Standardised Nordic 

Questionnaire (SNQ) for the analysis of musculoskeletal symptoms [33]. Farmer participants 

were asked to answer “yes” or “no” to two questions that requested information on 9 body 

parts (neck, shoulder, elbows, wrist/hands, upper back, low back, hips/thighs, knees, and 

ankles/feet): question 1) trouble (aches, pain, discomfort) experienced in the last 12 months; 

and question 2) whether the symptoms prevented them from doing their normal work (at 

home or away from home) in the last 12 months. Here question one is referred to as “Any 

musculoskeletal symptoms” and question two as “Interrupting musculoskeletal symptoms”. 
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The SNQ has been tested in terms of validity by comparing clinical diagnosis [33], and in terms 

of its reliability [33]. The test-retest method used to assessed the reliability of the SNQ 

comprising samples 19-29 workers of three separate studies ranged from 0 to 23% 

disagreement while its validity was tested by comparing clinical history of two separate studies 

with samples 19 and 20 workers varied between 0-20% disagreement [33, 34]. In addition, the 

reliability and validity of the SNQ is considered acceptable for use in workplace ergonomics 

[34]. Previous study on the sensitivity and specificity evaluation of the SNQ using clinical 

examination as the reference method, found the sensitivity in a range of situations ranging 

from 82.3% to 100% and specificity from 51.1% to 82.4% [35].  

4.3.4 Data analysis 

A modified Poisson regression was performed using both SAS 9.4 and SPSS version 22. Modified 

(also called robust) Poisson models are increasingly being used in situations where outcomes 

are highly prevalent [36-38]. Clustering was incorporated into the models through the use of 

generalised estimating equations (GEEs). This GEE assumed an exchangeable working 

correlation, based on published recommendations [39-41]. To avoid the pitfall of colinearity 

between independent variables, Spearman’s correlation coefficients were used to assess 

correlation. When variables were highly correlated (rho > 0.7) [42], the variable with stronger 

biological plausibility or literature supporting a relationship with the health outcome was kept 

in the models.  

Our modeling strategy considered biological plausibility as informed by the literature, and 

statistical evidence generated from initial bivariate analyses, backwards elimination, and 
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change in estimate approaches. Based on the model techniques described by Hosmer et al., all 

variables with a p-value < 0.25 in the bivariate analysis qualified for inclusion into the 

multivariate analysis [43]. In the case of categorical variable of three or more categories, the 

overall p-value was used to determine their inclusion. Backward elimination procedures were 

used to select a parsimonious list of the most contributing predictors (p < 0.05) for the final 

model. Possible interactions terms between WBV exposure (tractor, combine, and ATV) and 

psychosocial factor including depression and smoking were tested as recommended by 

Devereux et al. [44]. A variable was deemed a possible confounder if there was at least 20% 

change in estimate approach [45]. 

4.4 Results 

Table 5 summarizes the population and work characteristics of cohorts 1 and 2, demonstrating 

that the majority of farmer participants were males for both the cohort 1 and cohort 2, (60.6%) 

and (59.1%) respectively. However, in cohort 1 most of the farmer participants were between 

the ages of 40 and 55 years (46.3%) while in cohort 2 were more often between the ages of 56 

and 75 years (41.2%). In addition, both cohorts showed majority of farmers surveyed had 

completed high school. In cohort 1, tractor operation was reported by 838 (72.9%), combine by 

584 (50.8%), and ATV by 504 (43.9%). A similar pattern of exposure to tractor operation was 

observed in the cohort 2 with 1957 (68.6%) of participants reporting exposure to tractor 

operation, while a pattern of increased exposure to ATV was seen with 1550 (54.4%) reporting. 

The additional variables available in cohort 2 revealed that 118 (4.1%) of farmer participants 

had been diagnosed of depression while 216 (7.6%) smoke. Furthermore, most farmers (321, 
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53.1%) were within the height range of 66-70 inches, and 883 (31.0%) had weight 191lbs and 

above. The body mass index categorization found that 1036 (36.4%) of farmer participants were 

overweight. Other work characteristics revealed that, most farmer participants performed 

heavy lifting and shoveling more between 1-10 days per year.  

Tables 6 summarizes cohort 2 demographic and farm characteristics of farmers with and 

without LBD at baseline and follow-up. In the cohort 2 baseline data, the majority of farmer 

participants (1512, 54.0%) reported a history of “Any back symptoms. However, the pattern 

was different in the case of Interrupting back symptoms, as majority of farmers were free of 

“Interrupting back symptoms” 2394 (85.7%).  

The present study also assessed the relationship between WBV and hip symptoms; table 7 

presents the demographic and farm characteristics of farmer participants with and without 

“Any hip symptoms” and “Interrupting hip symptoms”. In all, the majority of farmer 

participants did not report hip symptoms, with only 799 (28.5%) and 163 (5.8%) reported 

having “Any hip symptoms” and “Interrupting hip symptoms”, respectively, at baseline. 

Although a large number of participants were free of both “Any hip symptoms” and 

“Interrupting hip symptoms” at baseline, only 388 (any hip symptoms) and 562 (interrupting hip 

symptoms) responded in the follow-up. 

Tables 8 summarizes the findings of both bivariate and multivariate analysis of the associations 

of WBV with LBDs in cohort 1. The adjusted models in table 8 showed significant associations 

between WBV and LBD in some exposure categories. For combine and ATV use, no significant 

relationship was found after accounting for potential confounders for either “Any back 
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symptoms” or “Interrupting back symptoms". Also, a dose-response relationship was found for 

accumulated WBV exposure among tractor operators exposed to 1-150hrs/year (RR=1.23, 

95%CI: 1.05-1.44), 151-400hrs/year (RR= 1.32, 95%CI: 1.14-1.54) and 401+hrs/year (RR=1.34, 

95%CI: 1.15-1.56) and “Any back symptoms”. Overall, more associations were found with “Any 

back symptoms” than “Interrupting back symptoms”.  

Table 9 shows the findings of bivariate analysis of the association between WBV and LBDs in 

cohort 2. In contrast to the cohort 1 results in table 8, table 9 does not show any of the farm 

machinery investigated in cohort 2 to be significantly associated in bivariate analysis for either 

“Any back symptoms” or “Interrupting back symptoms”. Hence, further multivariate analyses 

were not pursued. 

Table 10 shows results of bivariate and adjusted models for cohort 1. Findings of the adjusted 

model also showed no significant relationship in all three farm vehicles (tractor, combine and 

ATV) and “Interrupting hip symptoms” after accounting for potential confounding variables. 

The strongest adjusted association was found in tractor operation for 151-400 hours per year 

(RR = 1.95, 95% CI 1.45-2.62), 401 +hours per year (RR = 1.79, 95% CI 1.32-2.45) and “Any hip 

symptoms” in cohort 1. As with “Any back symptoms” and “Interrupting back symptoms” in 

cohort 2, no significant bivariate association was found for any of the three farm vehicles and 

either “Any hip symptoms” or “Interrupting hip symptoms” (see table 11). 
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Table 5 Personal, Farm, and Work Characteristics of Participating Farm People 

  
   
Variables Cohort 1 Follow up 

N= 1149 
Cohort 2 Baseline 

N=2849 
Age   
<= 19 87                         (7.6%) 267                       (9.4%) 
20-39 142                       (12.4%) 423                       (14.8%) 
40-55 532                       (46.3%) 802                       (28.2%) 
56-75 347                       (30.2%) 1174                     (41.2) 
76+ 27                          (2.3%) 174                       (6.1%) 
Missing 14                          (1.2%) 9                            (0.3%) 
Sex   
Female 453                       (39.4%) 1153                     (40.5%) 
Male 696                       (60.6%) 1685                     (59.1%) 
Missing  11                          (0.4%) 
Education   
Less than high school 252                       (21.9%) 593                       (20.8%) 
Completed high school 397                       (34.6%) 971                       (34.1%) 
Completed university 255                       (22.2%) 558                       (19.6%) 
Institution other than above 240                       (20.9% 711                       (25.0%) 
Missing 5                            (0.4%) 16                          (0.6%) 
Tractor operation hrs/year   
None  256                       (22.3%) 714                       (25.1%) 
1-150 338                       (29.4%) 647                       (22.7%) 
151-400 253                       (22.0%) 756                       (26.5%) 
401+ 247                       (21.5%) 554                       (19.4%) 
Missing 55                          (4.8%) 178                       (6.2%) 
Combines operation hrs/yr   
None  476                       (41.4%) 1230                     (43.2%) 
1-60 196                       (17.1%) 463                       (16.3%) 
61-150 214                       (18.6%) 494                       (17.3%) 
151+ 174                       (15.1%) 444                       (15.6%) 
Missing 89                          (7.8%) 218                       (7.7%) 
ATV operation hrs/year   
None 559                       (48.7%) 1134                    (39.8%) 
1-20 233                       (20.3%) 513                      (18.0%) 
21-80 144                       (12.5%) 571                      (20.0%) 
81+ 127                       (11.1%) 466                      (16.4%) 
Missing 86                          (7.4%) 165                       (5.8%) 
Depression   
No  2731                    (95.9%) 
Yes  118                       (4.1%) 
Missing   
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Table 5 (Continued) 

Smoking   
No  2608                      (91.5%) 
Yes  216                         (7.6%) 
Missing  25                           (0.9%) 
Height (Inches)   
<=60  199                         (7.0%) 
61-65  643                         (22.6%) 
66-70  1176                       (41.3%) 
71+  750                         (26.3%) 
Missing  81                           (2.8%) 
BMI   
Normal  914                         (32.1%) 
Overweight  1036                       (36.4%) 
Obese  669                         (23.5%) 
Missing  230                         (8.1%) 
Weight (Pounds)   
< = 120  246                         (8.6%) 
121-160  765                         (26.9%) 
161-190  782                         (27.4%) 
191+  883                         (31.0%) 
Missing  173                         (6.1%) 
Heavy lifting days/year   
None  1299                       (45.6%) 
1-10  528                         (18.5%) 
11-50  421                         (14.8%) 
>50  396                         (13.9%) 
Missing  205                         (7.2%) 
Shovelling days/year   
None   1250                       (43.9%) 
1-10  733                         (25.7%) 
11-20  238                         (8.4%) 
>20  443                         (15.5%) 
Missing  185                         (6.5%) 
Hands above days/year   
None  1493                       (52.4%) 
1-5  416                         (14.6%) 
6-16  337                         (11.8%) 
>16  370                         (13.0%) 
Missing  233                         (8.2%) 
LBD Symptoms   
Any symptoms  59.8% 
Interrupting  17.9% 
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Table 6: Demographic and Farm Characteristics of Farmers with and without LBD at Baseline and Follow-up for Cohort 2 

 Baseline Follow-up 
 Without LBD With LBD Without LBD With LBD 
Variables Any 

Symptoms 
(N=1289) 

Interrupting  
(N=2394) 

Any 
Symptoms 
(N=1512) 

Interrupting 
 (N=398) 

Any 
Symptoms 

(N=200) 

Interrupting  
(N=499) 

Any 
Symptoms 

(N=405) 

Interrupting 
(N=104) 

Age          
<=50 613 (47.6%) 945 (39.5%) 455 (30.1%) 118 (29.6%) 41 (20.5%) 102 (20.4%) 77 (19.0%) 18 (17.3%) 
51-60 303 (23.5%) 699 (29.2%) 540 (35.7%) 141 (35.4%) 67 (33.5%) 184 (36.9%) 164 (40.5%) 45 (43.3%) 
61+ 370 (28.7%) 745 (31.1%) 515 (34.1%) 138 (34.7%) 92 (46.0%) 213 (42.7%) 163 (40.2%) 41 (39.4%) 
Missing 3     (0.2%) 5     (0.2%) 2      (0.1%) 1      (0.3%)   1     (0.3%)  
Sex          
Female 568 (44.1%) 981 (41.0%) 563 (37.2%) 145 (36.4%) 58 (29.0%) 134 (26.9%) 97 (23.9%) 22 (21.2%) 
Male 718 (55.7%) 1405 (58.7%) 944 (62.4%) 252 (63.3%) 141 (70.5%) 364 (72.9%) 306 (75.6%) 81 (77.9%) 
Missing 3     (0.2%) 8       (0.3%) 5      (0.3%) 1      (0.3%) 1     (0.5%) 1      (0.2%) 2     (0.5%) 1   (0.9%) 
Education         
Less than high school 326 (25.3%) 516 (21.6%) 254 (16.8%) 63 (15.8%) 28 (14.0%) 71   (14.2%) 56 (13.8%) 14 (13.5%) 
Completed high School 414 (32.1%) 798 (33.3%) 542 (35.8%) 153 (38.5%) 78 (39.0%) 180 (36.1%) 140 (34.6%) 35 (33.7%) 
Completed University 240 (18.6%) 467 (19.5%) 308 (20.4%) 80 (20.1%) 44 (22.0%) 122 (24.4%) 105 (25.9%) 29 (27.9%) 
Inst. Other than above 304 (23.6%) 603 (25.2%) 402 (26.6%) 100 (25.1%) 49 (24.5%) 125 (25.1%) 102 (25.2%) 25 (24.0%) 
Missing 5  (0.4%) 10   (0.4%) 6         (0.4%) 2     (0.5%) 1   (0.5%) 1      (0.2%) 2 (0.5%) 1   (0.9%) 
Tractor Operation hrs/yr         
None 416 (32.3%) 620 (25.9%) 283 (18.7%) 75 (18.8%) 31 (15.5%) 69 (13.8%) 49 (12.1%) 12 (11.5%) 
1-250 554 (43.0%) 1024 (42.8%) 651 (43.1%) 179 (45.0%) 95 (47.5%) 223 (44.7%) 175 (43.2%) 46 (44.2%) 
251 255 (19.8%) 603   (25.2%) 479 (31.7%) 128 (32.2%) 64 (32.0%) 179 (35.9%) 158 (39.0%) 42 (40.4%) 
Missing 64   (4.9%) 147 (6.1%) 99   (6.5%) 16 (4.0%) 10 (5.0%) 28 (5.6%) 23 (5.7%) 4   (3.9%) 
Combine Operation hrs/yr          
None 630 (48.9%) 1056 (44.1%) 579 (38.3%) 152 (38.2%) 62 (31.0%) 151 (30.3%) 119 (29.4%) 30 (28.8%) 
1-120 356 (27.6%) 687   (28.7%) 464 (30.7%) 132 (33.2%) 71 (35.5%) 178 (35.7%) 150 (37.0%) 42 (40.4%) 
121+ 218 (16.9%) 480   (20.1%) 353 (23.3%) 90 (22.6%) 51 (25.5%) 133 (26.6%) 108 (26.7%) 26 (25.0%) 
Missing 85   (6.6%) 171 (7.1%) 116 (7.6%) 24 (6.0%) 16  (8.0%) 37    (7.4%) 28   (6.9%) 6   (5.8%) 
ATV Operation hrs/yr         
None 569 (44.0%) 967 (40.4%) 548 (36.2%) 146 (36.7%) 78 (39.0%) 175 (35.1%) 135 (33.3%) 37 (35.6%) 
1-60 490 (38.0%) 920 (38.4%) 584 (38.6%) 151 (37.9%) 80 (40.0%) 209 (41.9%) 169 (41.7%) 41 (39.4%) 
61+ 163  (13.0%) 376 (15.7%) 298 (19.7%) 83 (20.9%) 29 (14.5%) 89 (17.8%) 86 (21.0%) 24 (23.1%) 
Missing 67   (5.0%) 131 (5.5%) 82 (5.4%) 18 (5.0%) 13 (6.5%) 26  (5.2%) 15 (4.0%) 2 (1.9%) 
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Table 6 (Continued) 

Depression         
Yes 35 (2.7%) 84 (3.5%) 83 (5.5%) 34 (8.5%) 2 (1.0%) 10 (2.0%) 21 (5.2%) 13 (12.5%) 
No 1254 (97.3%) 2309 (96.5%) 1429 (94.5%) 364 (91.5%) 198 (99.0%) 489 (98.0%) 383 (94.5%) 91 (87.5%) 
Missing       1 (0.3%)  
Smoking         
Yes 92 (7.1%) 173 (7.3%) 119 (7.9%) 38 (9.5%) 10 (5.0%) 32 (6.4%) 27 (6.7%) 7 (6.7%) 
No 1188 (92.2%) 2206 (92.7%) 1388 (91.8%) 360 (90.5%) 189 (94.5%) 465 (93.2%) 376 (92.8%) 97 (93.3%) 
Missing 9        (0.7%)  5        (0.3%)  1     (0.5%) 2     (0.4%) 2     (0.5%)  
Height (Inches)         
<=60 122 (9.5%) 165 (6.9%) 67      (4.4%) 24 (6.0%) 1    (0.5%) 8  (1.6%) 13 (3.2%) 5 (4.8%) 
61-65 320 (24.8%) 567 (23.7%) 318    (21.0%) 70 (17.6%) 35 (17.5%) 87 (17.4%) 60 (15.0%) 8 (7.7%) 
66-70 483 (37.5%) 973 (40.6%) 675    (44.6%) 182 (45.7%) 108 (54.0%) 261 (52.3%) 212 (52.3%) 59 (56.7%) 
71+ 326 (25.3%) 623 (26.0%) 415    (27.5%) 113 (28.4%) 53 (26.5%) 139 (27.9%) 116 (28.6%) 31 (29.8%) 
Missing 38 (2.9%) 60   (2.8%) 37      (2.5%) 9 (2.3%) 3 (1.5%) 4           (0.8%) 4  (0.9%) 1   (1%) 
BMI         
Normal 478 (37.1%) 782 (32.7%) 417    (27.6%) 110 (27.7%) 57 (28.5%) 129 (25.9%) 94 (23.2%) 22 (21.2%) 
Overweight 437 (33.9%) 871 (36.4%) 591    (39.1%) 155 (38.9%) 89 (44.5%) 225 (45.0%) 183 (45.2%) 47 (45.2%) 
Obese 257 (19.9%) 555 (23.2%) 407    (26.9%) 106 (26.6%) 47 (23.5%) 133 (26.7%) 115 (28.4%) 28 (26.9%) 
Missing  117 (9.1%) 186 (7.7%) 97      (6.4%) 27 (6.8%) 7   (3.5%) 12   (2.4%) 13 (3.2%) 7 (6.7%) 
Weight (pounds)         
<=120 179 (13.9%) 224 (9.4%) 61      (4.0%) 16 (4.0%) 6 (3.0%) 10 (2.0%) 5  (1.2%) 1 (1%) 
121-160 393 (30.5%) 654 (27.3%) 356    (23.5%) 93 (23.4%) 52 (26.0%) 117 (23.4%) 84 (20.7%) 18 (17.3%) 
161-190 309 (24.0%) 650 (27.2%) 465    (30.8%) 121 (30.4%) 59 (29.5%) 160 (32.1%) 137 (34.0%) 37 (35.6%) 
191+ 333 (25.8%) 727 (30.3%) 540    (35.7%) 143 (35.9%) 78 (39.0%) 203 (40.7%) 168 (41.4%) 42 (40.4%) 
Missing 75   (5.8%) 139 (5.8%) 90      (6.0%) 25   (6.3%) 5  (2.5%) 9     (1.8%) 11   (2.7%) 6 (5.7%) 
Heavy Lifting days/yr         
None 706 (54.8%) 1134 (47.4%) 576 (38.1%) 140 (35.2%) 79 (39.5%) 179 (35.9%) 128 (31.6%) 26 (25.0%) 
1-10 217 (16.8%) 429 (17.9%) 304 (20.1%) 91 (22.9%) 51 (25.5%) 126 (25.3%) 108 (26.7%) 32 (30.8%) 
11-50 150 (11.6%) 344 (14.4%) 268 (17.7%) 74 (18.6%) 30 (15.0%) 87 (17.4%) 77 (19.0%) 21 (20.2%) 
<50 135 (10.5%) 320 (13.4%) 258 (17.1%) 73 (18.3%) 26 (13.0%) 80 (16.0%) 76 (18.7%) 21 (20.2%) 
Missing 81   (6.3%) 167 (6.9%) 106 (7.0%) 20 (5.0%) 14 (7.0%) 27 (5.4%) 16  (4.0%) 4 (3.8%) 
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Table 6 (Continued) 

 

 

Shovelling days/yr         
None 677 (52.5%) 1087 (45.4%) 557 (36.8%) 139 (34.9%) 84 (42.0%) 174 (34.9%) 123 (30.4%) 30 (28.8%) 
1-10 302 (23.4%) 603 (25.2%) 423 (28.0%) 121 (30.4%) 61 (30.5%) 174 (34.9%) 147 (36.3%) 35 (33.7%) 
11-20 76 (5.9%) 190 (7.9%) 160 (10.6%) 46 (11.6%) 16 (8.0%) 45 (9.0%) 41 (10.1%) 13 (12.5%) 
>20 158 (12.3%) 364 (15.2%) 280 (18.5%) 74 (18.6%) 29 (14.5%) 83 (16.6%) 75 (18.5%) 21 (20.2%) 
Missing 76 (5.9%) 150 (6.3%) 92 (6.1%) 18 (4.5%) 10 (5.0%) 23 (4.6%) 19 (4.7%) 5  (4.8%) 
Hands above 
days/yr 

        

None 789 (61.2%) 1288 (53.8%) 688 (45.5%) 180 (45.2%) 97 (48.5%) 221 (44.3%) 168 (41.5%) 43 (41.3%) 
1-5 169 (13.1%) 346 (14.4%) 241 (15.9%) 64 (16.1%) 44 (22.0%) 105 (21.0%) 75 (18.5%) 14 (13.5%) 
6-16 118 (9.2%) 272 (11.4%) 214 (14.2%) 60 (15.1%) 29 (14.5%) 70 (14.1%) 62 (15.3%) 20 (19.2%) 
>16 124 (9.6%) 301 (12.6%) 245 (16.2%) 68 (17.1%) 17 (8.5%) 68 (13.6%) 72 (17.8%) 22 (21.2%) 
Missing 86 (6.9%) 187 (7.8%) 124 (8.2%) 26 (6.5%) 13 (6.5%) 35 (7.0%) 28 (6.9%) 5 (4.8%) 
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Table 7: Demographic and Farm Characteristics of Farmers with and without Hip Symptoms at Baseline and Follow-up for Cohort 2 

 Baseline Follow-up 
 Without LBD With LBD Without LBD With LBD 
Variables Any 

Symptoms 
(N=2001) 

Interrupting  
(N=2631) 

Any 
Symptoms  

(N=799) 

Interrupting 
 (N=163) 

Any 
Symptoms 

(N=388) 

Interrupting  
(N=562) 

Any 
Symptoms 

(N=214) 

Interrupting 
(N=42) 

Age          
<=50 893 (44.6%) 1031 (39.2%) 177 (22.2%) 35 (21.5%) 91 (23.4%) 112 (19.9%) 28 (13.1%) 8 (19.0%) 
51-60 540 (27.0%) 778 (29.6%) 303 (37.9%) 62 (38.0%) 133 (34.3%) 211 (37.5%) 98 (45.8%) 18 (42.9%) 
61+ 564 (28.2%) 817 (31.1%) 318 (39.8%) 66 (40.5%) 164 (42.3% 239 (42.5%) 88 (41.1%) 16 (38.1%) 
Missing 4    (0.2%) 5     (0.1%) 1   (0.1%)      
Sex          
Female 761 (38.0%) 1051 (39.9%) 370 (46.3%) 76 (46.6%) 82   (21.1%) 139 (24.7%) 72 (33.6%) 17 (40.5%) 
Male 1234 (61.7%) 1572 (59.8%) 427 (53.4%) 87 (53.4%) 305 (78.6%) 421 (75.0%) 141 (65.9%) 25 (59.5%) 
Missing 6      (0.3%) 8       (0.3%) 2     (0.3%)  1      (0.3% 2     (0.3%) 1      (0.5%)  
Education         
Less than high school 438 (21.9%) 543 (20.6%) 142 (17.7%) 37 (22.7%) 51 (13.1%) 76 (13.5%) 34 (15.9%) 9 (21.4%) 
Completed high School 665 (33.2%) 894 (34.0%) 290 (36.3%) 58 (35.6%) 148 (38.1%) 205 (36.4%) 69 (32.2%) 11 (26.2%) 
Completed University 398 (19.9%) 523 (19.9%) 150 (18.8%) 25 (15.3%) 96 (24.8%) 142 (25.3%) 52 (24.3%) 9 (21.4%) 
Inst. Other than above 492 (24.6%) 661 (25.1%) 214 (26.8%) 42 (25.8%) 92 (23.7%) 138 (24.6%) 58 (27.1%) 12 (28.6%) 
Missing 8     (0.4%) 10   (0.4%) 3     (0.4%) 1   (0.6%) 1   (0.3%) 1     (0.2%) 1    (0.5%) 1   (2.4%) 
Tractor Operation hrs/yr         
None 519 (25.9%) 660 (25.1%) 180 (22.5%) 36 (22.1%) 47 (12.1%) 73 (13.0%) 32 (14.9%) 8 (19.0%) 
1-250 867 (43.3%) 1127 (42.8%) 339 (42.4%) 78 (47.9%) 171 (44.1%) 247 (44.0%) 99 (46.3%) 23 (54.8%) 
251 497 (24.8%) 689 (26.2%) 235 (29.4%) 42 (25.8%) 147 (37.9%) 213 (37.9%) 74 (34.6%) 8   (19.0%) 
Missing 118 (6.0%) 155 (5.9%) 45   (5.6%) 7   (4.2%) 23 (5.9%) 29   (5.1%) 9   (4.2%) 3   (7.1%) 
Combine Operation hrs/yr         
None 837 (41.8%) 1123 (42.9%) 371 (46.4%) 81 (49.7%) 94 (24.2%) 161 (28.6%) 86 (40.2%) 20 (47.6%) 
1-120 615 (30.7%) 775 (29.5%) 204 (25.5%) 44 (27.0%) 156 (40.2%) 206 (36.7%) 65 (30.4%) 15 (35.7%) 
121+ 406 (20.3%) 543 (20.6%) 166 (20.8%) 28 (17.2%) 106 (27.3%) 154 (27.4%) 52 (24.3%) 5   (11.9%) 
Missing 143 (7.2%) 190 (7.0%) 58   (7.3%) 10 (6.1%) 32 (8.3%) 41   (7.3%) 11 (5.1%) 2   (4.8%) 
ATV Operation hrs/yr         
None 802 (40.1%) 1053 (40.0%) 312 (39.0%) 61 (37.4%) 138 (35.6%) 198 (35.2%) 74 (34.6%) 15 (35.7%) 
1-60 768 (38.4%) 1007 (38.3%) 307 (38.4%) 65 (39.9%) 159 (41.0%) 231 (41.1%) 89 (41.6%) 19 (45.2%) 
61+ 320 (16.0%) 430 (16.3%) 142 (17.8%) 30 (18.4%) 67   (17.3%) 105 (18.7%) 47 (21.9%) 8   (19.0%) 
Missing 111 (5.5%) 114 (5.4%) 38   (4.8%) 7   (4.3%) 24   (6.1%) 28    (5.0%) 4  (1.9%)  
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Table 7 (Continued) 

Depression         
Yes 70 (3.5%) 105 (4.0%) 47 (5.9%) 13 (8.0%) 11 (2.8%) 21 (3.7%) 12 (5.6%) 2 (4.8%) 
No 1931 (96.5%) 2526 (96.0%) 752 (94.1%) 150 (92.0%) 377 (97.2%) 541 (96.3%) 202 (94.4%) 40 (95.2%) 
Missing         
Smoking         
Yes 158 (7.9%) 194 (7.4%) 53 (6.6%) 17 (10.4%) 28 (7.2%) 37 (6.6%) 8 (3.7%) 5 (11.9%) 
No 1832 (91.6%) 2423 (92.1%) 742 (92.9%) 145 (89.0%) 359 (92.5%) 523 (93.1%) 205 (95.8%) 37 (88.1%) 
Missing 11 (0.5%) 14     (0.5%) 4     (0.5%) 1     (0.6%) 1      (0.3%) 2 (0.3%) 1      (0.5%)  
Height (Inches)         
<=60 147 (7.4%) 178 (6.8%) 42 (5.3%) 11 (6.7%) 6 (1.5%) 10 (1.8%) 7 (3.3%) 3 (7.1%) 
61-65 417 (20.8%) 601 (22.8%) 221 (27.7%) 36 (22.1%) 47 (12.1% 89 (15.8%) 49 (22.9%) 7 (16.7%) 
66-70 812 (40.6%) 1079 (41.0%) 346 (43.3%) 77 (47.2%) 211 (54.4%) 296 (52.7%) 108 (50.5%) 24 (57.1%) 
71+ 568 (28.4%) 703   (26.7%) 172 (21.5%) 35 (21.5%) 119 (30.7%) 162 (28.8%) 49 (22.8%) 7 (16.7%) 
Missing 57   (2.8%) 70     (2.7%) 18 (2.2%) 4   (2.5%) 5      (1.3%) 5     (0.9%) 1   (0.5%) 1 (2.4%) 
BMI         
Normal 684 (34.2%) 854 (32.5%) 211 (26.4%) 39 (23.9%) 102 (26.3%) 143 (25.4%) 49 (22.9%) 8 (19.0%) 
Overweight 728 (36.4%) 958 (36.4%) 299 (37.4%) 69 (42.3%) 183 (47.2%) 249 (44.3%) 88 (41.1%) 23 (54.8%) 
Obese 423 (21.1%) 615 (23.4%) 241 (30.2%) 47 (28.9%) 91   (23.5%) 152 (27.1%) 70 (32.7%) 10 (23.8%) 
Missing  166 (8.3%) 204 (7.7%) 48 (6.0%) 8 (4.9%) 12   (3.0%) 18   (3.2%) 7   (3.3%) 1   (2.4%) 
Weight (pounds)         
<=120 205 (10.2%) 236 (9.0%) 35 (4.4%) 4 (2.5%) 7 (1.8%) 10 (1.8%) 4   (1.9%) 1    (2.4%) 
121-160 538 (26.9%) 699 (26.6%) 211 (26.4%) 48 (29.4%) 85 (21.9%) 124 (22.1%) 51 (23.8%) 11 (26.2%) 
161-190 525 (26.3%) 721 (27.4%) 248 (31.0%) 51 (31.3%) 125 (32.2%) 178 (31.7%) 69 (32.2%) 19 (45.2%) 
191+ 613 (30.6%) 820 (31.2%) 260 (32.5%) 52 (31.9%) 162 (41.8%) 236 (42.0%) 84 (39.3%) 10 (23.8%) 
Missing 120 (6.0%) 155 (5.8%) 45   (5.6%) 8   (4.9%) 9     (2.3%) 14 (2.4%) 6   (2.8%) 1    (2.4%) 
Heavy Lifting days/yr         
None 940 (47.0%) 1205 (45.8%) 339 (42.4%) 71 (43.6%) 121 (31.2%) 186 (33.1%) 86 (40.2%) 20 (47.6%) 
1-10 381 (19.0%) 492 (18.7%) 141 (17.6%) 28 (17.2%) 113 (29.1%) 153 (27.2%) 43 (20.1%) 5 (11.9%) 
11-50 292 (14.6%) 386 (14.7%) 126 (15.8%) 32 (19.6%) 65   (16.8%) 99 (17.6%) 42 (19.6%) 9 (21.4%) 
<50 260 (13.0%) 370 (14.1%) 134 (16.8%) 24 (14.7%) 67   (17.3%) 94 (16.7%) 34 (15.9%) 7 (16.7%) 
Missing 128 (6.4%) 178 (6.7%) 59 (7.4%) 8   (4.9%) 22   (5.6%) 30 (5.4%) 9   (4.2%) 1 (2.4%) 
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Table 7 (continued)

Shovelling days/yr         
None 895 (44.7%) 1157 (44.0%) 336 (42.1%) 71 (43.6%) 132 (34.0%) 190 (33.8%) 74 (34.6%) 15 (35.7%) 
1-10 528 (26.4%) 681 (25.9%) 198 (24.8%) 43 (26.4%) 138 (35.6%) 196 (34.9%) 69 (32.2%) 13 (31.0%) 
11-20 168 (8.4%) 224 (8.5%) 68   (8.5%) 12 (7.4%) 38   (9.8%) 55 (9.8%) 20 (9.3%) 3 (7.1%) 
>20 299 (14.9%) 409 (15.5%) 140 (17.5%) 30 (18.4%) 63   (16.2%) 94 (16.7%) 41 (19.2%) 10 (23.8%) 
Missing 111 (5.6%) 160 (6.1%) 57   (7.1%) 7   (4.2%) 17   (4.4%) 27 (4.8%) 10 (4.7%) 1  (2.4%) 
Hands above days/yr         
None 1084 (54.2%) 1390 (52.8%) 390 (48.8%) 80 (49.1%) 167 (43.0%) 244 (43.4%) 97 (45.3%) 21 (50.0%) 
1-5 279   (13.9%) 384 (14.6%) 131 (16.4%) 26 (16.0%) 84 (21.7%) 113 (20.1%) 34 (15.9%) 6 (14.3%) 
6-16 239   (11.9%) 310 (11.8%) 95 (11.9%) 23 (14.1%) 58 (14.9%) 83 (14.8%) 32 (14.9%) 7 (16.7%) 
>16 262   (13.1%) 346 (13.2%) 107 (13.4%) 23 (14.1%) 56 (14.4%) 83 (14.8%) 34 (15.9%) 3 (7.1%) 
Missing 137   (6.9%) 201 (7.6%) 76 (9.5%) 11 (6.7%) 23 (6.0%) 39 (6.9%) 17 (8.0%) 5 (11.9%) 
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Table 8: Bivariate and Multivariate Association of LBDs and WBV for Cohort 1 

 Any Symptoms (N=1070*) Interrupting Symptoms (N=1070*) 
Variables Bivariate Adjusted 

model* 
Bivariate Adjusted model* 

 RR       95%CI RR       95%CI RR       95%CI RR        95%CI 
Age     
< = 19 (ref) 1.00  1.00  
20-39 2.04       1.34-3.11 1.82    1.18-2.80 2.77      1.01-7.60 2.03      0.78-5.26 
40-55 2.60       1.75-3.81 2.32    1.55-3.47 3.53      1.37-9.06 2.66      1.09-6.44 
56-75 2.50       1.68-3.72 2.22    1.48-3.34 3.15      1.20-8.25 2.36       0.95-5.89 
76+ 1.17       0.59-2.29 1.03    0.50-2.11 1.30      0.25-6.69 0.58       0.07-4.71 
Gender     
 Female (ref) 1.00  1.00  
 Male 1.16      1.05-1.28  1.25       0.98-1.61  
Education     
Less than high sch. (ref) 1.00   1.00  
Completed high sch. 1.20      1.04-1.38  1.36      0.96-1.92  
Completed university 1.22      1.04-1.42  1.17      0.78-1.75  
Inst. other than above 1.17      0.99-1.38  1.13      0.77-1.66  
Operate tractor hrs/yr     
None (ref) 1.00  1.00  
1-150 1.29     1.10-1.51 1.23    1.05-1.44 1.66      1.12-2.46 1.55       1.05-2.30 
151-400 1.42     1.22-1.65 1.32    1.14-1.54 1.65      1.08-2.53 1.49       0.98-2.26 
401+ 1.47     1.27-1.72 1.34    1.15-1.56 2.15      1.43-3.21 1.92       1.29-2.86 
Operate combine hrs/yr     
None (ref) 1.00  1.00  
1-60 1.11     0.97-1.28  1.23       0.86-1.77  
61-150 1.25     1.10-1.41  1.05       0.72-1.52  
151+ 1.29     1.14-1.45  1.64       1.19-2.24  
Operate ATV days/yr     
None (ref)  1.00  1.00  
1-20 1.12    0.98-1.28  1.07       0.76-1.52  
21-80 1.10    0.94-1.28  1.18       0.80-1.74  
81+ 1.21    1.05-1.40  1.43       0.98-2.10  
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Table 9: Bivariate and Multivariate Association of LBDs and WBV for Cohort 2 

Variables Any Symptoms  Interrupting Symptoms  
 Bivariate   ( N=200) 

RR                95%CI 
Adjusted  Model Bivariate  (N=499)   

RR               95%CI 
Adjusted  Model 

Age     
<= 50 1.00  1.00  
51-60 1.07          0.97-1.19  0.99          0.97-1.01  
61+ 1.10          0.97-1.18  0.98          0.96-1.00  
Sex     
Female 1.00  1.00  
Male 0.99         0.92-1.06  0.99          0.97-1.01  
Education     
Less than high school 1.00  1.00  
Completed high school 0.92        0.84-1.00  1.02          0.99-1.05  
Completed University 0.94        0.85-1.03  0.99          0.97-1.03  
Institution other than above 0.94        0.87-1.02  1.01          0.98-1.04  
Tractor operation hrs/year     
None 1.00  1.00  
1-250 1.01        0.90-1.12  0.99         0.97-1.03  
251+ 1.05        0.97-1.13  1.00         0.97-1.03  
Combine operation hrs/year     
None 1.00  1.00  
1-120 1.00        0.92-1.09  0.98         0.97-1.01  
121+ 1.02        0.93-1.11  1.00         0.98-1.02  
ATV operation days/year     
None 1.00  1.00  
1-60 0.97       0.90-1.04  0.98         0.96-1.00  
61+ 0.98       0.89-1.09  1.00         0.98-1.02  
Depression     
No 1.00  1.00  
Yes 0.84       0.53-1.34  0.97         0.88-1.07  
Smoking     
No 1.00  1.00  
Yes 1.07       0.96-1.19  1.01        0.97-1.04  
Height (Inches)     
<=60 1.00  1.00  
61-65 1.83       1.71-1.96  1.05        0.93-1.19  
66-70 1.79       1.71-1.87  1.04        0.92-1.17  
71+ 1.74       1.62-1.86  1.06        0.93-1.19  
BMI     
Normal 1.00  1.00  
Overweight 1.02        0.94-1.10  0.99        0.97-1.01  
Obese 0.99        0.90-1.08  0.97        0.95-1.00  
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Table 9 (continued)

Weight (Pounds)     
<=120 1.00  1.00  
121-160 0.99      0.84-1.18  0.98           0.97-1.00  
161-190 0.97      0.82-1.15  0.98           0.97-0.99  
191+ 0.95      0.80-1.13  0.97           0.96-0.99  
Heavy lifting days/year     
None 1.00  1.00  
1-10 1.02      0.95-1.09  0.99            0.97-1.02  
11-50 0.88      0.78-1.00  0.98            0.96-1.01  
>50 0.94      0.83-1.05  0.98            0.95-1.01  
Shoveling days/year     
None 1.00  1.00  
1-10 1.08      1.01-1.15  1.02            0.99-1.04  
11-20 1.04      0.92-1.17  1.00            0.97-1.04  
>20 0.89      0.78-1.01  0.99            0.96-1.02  
Hands above days/year     
None 1.00  1.00  
1-5 0.99      0.91-1.08  0.99            0.97-1.02  
6-16 1.01      0.92-1.11  0.98            0.95-1.01  
>16 0.92      0.80-1.87  0.99            0.96-1.02  
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Table 10: Bivariate and Multivariate Association of Hip symptoms and WBV for Cohort 1 

 6-YEAR FOLLOW-UP N*=1070 
 Any Hip Symptoms Interrupting Hip Symptoms 

Variables Bivariate Adjusted 
model* 

Bivariate Adjusted model 

 RR       95%CI RR    95% CI RR      95%CI RR     95% CI 

Age     
< = 19 (ref) 1.00  1.00  
20-39 2.61  1.15-5.94 2.16  0.96-4.85 1.00  0.97-1.02  
40-55 5.28  2.55-10.94 4.14  1.99-8.62 0.97  0.95-0.99  
56-75 5.05  2.42-10.50 4.13  1.98-8.60 0.97  0.94-0.99  
76+ 3.06  1.16-8.07 3.35  1.32-8.51 1.01  1.00-1.03  
Gender     
 Female (ref) 1.00  1.00  
 Male 0.82  0.70-0.95 0.55  0.44-0.69 1.02  1.00-1.04  
Education     
Less than high sch. (ref) 1.00  1.00  
Completed high sch. 1.20  0.97-1.49  0.99  0.97-1.01  
Completed university 1.12  0.87-1.44  1.01  0.99-1.03  
Inst. other than above 1.11  0.86-1.43  0.99  0.97-1.02  
Operate tractor hrs/yr     
None (ref) 1.00  1.00  
1-150 1.09  0.86-1.37 1.22  0.97-1.54 1.00  0.97-1.02  
151-400 1.31  1.03-1.65 1.95  1.45-2.62 1.00  0.98-1.03  
401+ 1.19  0.94-1.52 1.79  1.32-2.45 1.00  0.98-1.02  
Operate combines hrs/yr     
None  (ref) 1.00  1.00  
1-60 0.90  0.71-1.15  1.00  0.98-1.03  
61-150 0.93  0.74-1.18  1.02  1.00-1.04  
151+ 1.03  0.82-1.29  1.01  0.99-1.03  
Operate ATV  hrs/yr     
None 1.00  1.00  
1-20 0.86  0.68-1.09  0.98  0.96-1.00  
21-80 1.03  0.80-1.33  1.00  0.98-1.02  
81+ 1.09  0.84-1.41  1.00  0.97-1.02  
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Table 11: Bivariate and Multivariate Association of Hip Symptoms and WBV for Cohort 2 

Variables Any  Hip Symptoms Interrupting Hip Symptoms 
 Bivariate   ( N=388) 

RR                95%CI 
Adjusted  Model Bivariate  (N=562)   

RR               95%CI 
Adjusted  Model 

Age     
<= 50 1.00  1.00  
51-60 0.99         (0.96-1.03  0.99        (0.98-1.01)  
61+ 0.96         (0.93-1.00)  0.99        (0.98-1.00)  
Sex     
Female 1.00  1.00  
Male 1.02        (0.97-1.06)  1.01        (0.99-1.03)  
Education     
Less than high school 1.00  1.00  
Completed high school 1.01        (0.96-1.07)  1.00        (0.98-1.01)  
Completed University 0.99        (0.93-1.06)  0.99        (0.97-1.00)  
Institution other than above 1.00        (0.94-1.06)  0.97        (0.96-1.01)  
Tractor operation hrs/year     
None 1.00  1.00  
1-250 1.03       (0.98-1.10)  1.00      (0.98-1.05)  
251+ 1.04       (0.97-1.11)  1.02      (0.99-1.05)  
Combine operation hrs/year     
None 1.00  1.00  
1-120 1.03      (0.99-1.08)  1.00      (0.99-1.02)  
121+ 1.03      (0.98-1.10)  1.01      (0.99-1.03)  
ATV operation days/year     
None 1.00  1.00  
1-60 1.00     (0.97-1.04)  1.00      (0.99-1.02)  
61+ 0.97     (0.92-1.02)  0.98      (0.96-1.01)  
Depression     
No 1.00  1.00  
Yes 1.01     (0.92-1.11)  0.99     (0.94-1.04)  
Smoking     
No 1.00  1.00  
Yes 0.96     (0.89-1.04)  0.98     (0.97-1.03)  
Height (Inches)     
<=60 1.00  1.00  
61-65 1.28   (0.98-1.67)  1.03      (0.94-1.14)  
66-70 1.27   (0.97-1.70)  1.04      (0.95-1.15)  
71+ 1.25   (0.96-1.64)  1.04      (0.93-1.15)-  
BMI     
Normal 1.00  1.00  
Overweight 1.02    (0.98-1.06)  0.99      (0.98-1.01)  
Obese 0.98    (0.93-1.03)  1.00      (0.98-1.02)  



 

106 

Table 11 (Continued) 

 

 

  

Weight (Pounds)     
<=120 1.00  1.00  
121-160 1.10    (0.91-1.35)  0.98     (0.96-0.99)  
161-190 1.12    (0.92-1.36)  0.99     (0.97-1.00)  
191+ 1.09    (0.90-1.34)  0.99     (0.98-1.00)  
Heavy lifting days/year     
None 1.00  1.00  
1-10 1.04    (1.00-1.08)  1.01      (0.99-1.02)  
11-50 1.01    (0.95-1.06)  1.02      (1.00-1.03)  
>50 0.99    (0.94-1.05)  1.00      (0.97-1.02)  
Shoveling days/year     
None 1.00  1.00  
1-10 1.03    (0.99-1.07)  1.01     (0.99-1.02)  
11-20 0.94    (0.86-1.02)  1.00     (0.97-1.03)  
>20 1.01    (0.96-1.06)  1.01     (0.99-1.03)  
Hands above days/year     
None 1.00  1.00  
1-5 1.02    (0.98-1.06)  1.01     (0.99-1.03)  
6-16 1.04    (0.99-1.08)  1.01     (0.99-1.02)  
>16 0.96    (0.90-1.02)  1.00     (0.98-1.03)  
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4.5 Discussion 

The present study analysed two cohorts to investigate the relationship between farm 

machinery use and both hip and back symptoms. Cohort 1 found that tractor operation was 

consistently related to low back disorders and hip symptoms, with the strongest association 

between tractor operation and LBDs. All-terrain vehicles and combines showed some significant 

contribution to LBDs at certain exposure ranges, but the risk was less than that of operating 

tractors and did not persist after accounting for potential confounders. In addition, a stronger 

association was found with “Any symptoms” than “Interrupting symptoms” for both back and 

hip. Cohort 2 found no significant association with any farm machinery (tractor, combine and 

ATV) and either LBDs and hip symptoms. This is likely due to power limitations, as there was 

substantial loss to follow-up and those who reported LBDs from baseline were excluded from 

the analysis of cohort 2. 

4.5.1 Challenges in Defining LBD cases 

As described above, cohort 2 suffered a decreased sample size due to excluding those who 

reported symptoms at baseline. In order to ascertain the true incidence in a prospective cohort, 

a study must consider only new cases in the susceptible portion of the sample [46]. However, 

ascertaining incident cases of LBP is challenging. Besides LBP having a very high lifetime 

prevalence (84%) [47], its commonly a recurrent condition [48, 49] and often chronic [49], 

making a true determination of incidence difficult. As reported by Duthey, “estimating the 

incidence of low back pain is difficult, as the incidence of first-ever episodes of low back pain is 

already high by early adulthood and symptoms tend to recur over time” [50]. As a result, 

Beaudet notes that “ the difficulty in identifying the onset of low back pain limits the capacity to 
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determine the incidence of LBP” [51]. It has been projected that 25% of individuals with 

episode of LBD can experience recurrence within a year [52]. Although selecting LBP-free 

participants for 6-12 months prior to a study has been suggested [51], Beaudet is of the view 

that the set period is inadequate to “exclude recurrent patients having experienced previous 

LBP episodes and might results in a misclassification bias” [51]. Elders et al. also found that 

period of recall and duration of the investigation are important predictors of incidence and 

recurrence of LBP [53]. In light of this, it seems likely that eliminating those reporting symptoms 

in the 12 months prior to baseline dose not eliminate all those who have suffered back pain; it 

is possible it has little impact on the final results apart from limiting sample size. An NIH task 

group recently published a set of recommendations to help standardize the definition of 

chronic low back pain [54]. However, this was published after the present data was collected 

and even the new recommendations cannot change the issues of very high prevalence, early 

onset, and recurrence. 

Due to the absence of symptom data at baseline, cohort 1 analyses were based on the 

assumption that MSK symptoms at baseline were negligible. This is clearly at odds with ample 

evidence showing high prevalence of low back pain in the general population [55] and farmers 

in particular [2]. However, given the present data limitations, not to mention the complexity of 

distinguishing true incidence from recurrence/chronicity, this assumption was necessary. 

Cohorts 1 and 2 provide different types of evidence, but also represent a trade-off between 

different advantages and disadvantages. Although cohort 1 has the strength of a large sample 

size and a longer follow-up, there may be issues with misclassification of disease status since 
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the outcome status was not assessed at baseline. In contrast, cohort 2 is a true prospective 

study with the capacity to provide strong evidence on causality [46, 56], but had limited power 

due to sample size inadequacy (N=200). In this study with about 79% loss to follow up and 53% 

reporting symptoms at baseline, in order to identify a risk difference of 1.5 between highest 

and lowest exposure categories at a p=80% level, cohort 2 would need 925 eligible participants 

at follow up (equivalent to 9371 participants at baseline).  

4.5.2 Farm machinery use related to WBV 

Bovenzi et al. (OR =1.84, 95% CI 1.05-3.24) [57]and Bernard et al. (OR=1.44, 95% CI 1.15-1.80) 

[58].The present study findings in cohort 1 (RR=1.23, 95% CI 1.05-1.44), (RR= 1.32, 95% CI 1.14-

1.54), and (RR=1.34, 95% CI 1.15-1.56) were similar to findings in the previous studies [57-60]. 

Gomez et al. found a positive association between lower back trouble and intensity of tractor 

driving (OR= 1.51, 95% CI 1.20-1.89) [59]. Similarly, Hartman et al. found a positive association 

of exposure to 500h/year and above of WBV and back disorder (OR=1.71, 95% CI 1.08-2.71) 

[61]. However, the design and measure of association used by the present study characterized 

the strength of findings. Most of these previous studies that found association between WBV 

and LBDs involved cross-sectional designs [58, 59], and therefore had limitations in assessing 

temporal causality [62], as well, they lack the property of collapsibility [63] because they were 

based on odds ratios. 

The present study findings were based on relative risk, which, due to its collapsibility property, 

keeps it size constant if a non-confounding variable is adjusted for [64]. For example, work 

conducted by Jewell found that after a non-confounding variable is controlled for, the relative 

risk (RR) was 2.0 across the two stratified levels of the non-confounding variable [65] (Jewell 
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2003, section 8.4 and table 8.6). Meanwhile the same data produced odds ratios of 2.43 and 

2.16 for the two-levels of the non-confounding variable [66]. 

In the present study, a positive bivariate association was found between WBV and LBDs in 

farmers exposed to combine operation for 61 hours/year and above (RR=1.25, 95%CI =1.10-

1.41), (RR=1.29, 95%CI 1.14-1.45). This is the first study known to the authors to investigate 

LBDs and combine-use.  

Several previous studies have not found a relationship between LBDs and WBV among farmers 

[67, 68]. For example, both Toren et al. [69] and Hathorn et al.[70] found no relationship 

between tractor use and LBDs with effect estimates (OR=0.92, 95%CI 0.82-1.03) and (OR=1.35, 

95%CI 0.86-2.11) respectively. Suggested reasons for not finding association include low 

response rate, recall bias [67], and sample size inadequacy [68]. Reasons for not finding 

association by these previous studies include low response rate, recall bias [67] and sample size 

inadequacy [68]. In terms of ATV operation, previous studies have not found an association 

between WBV from ATV and LBDs [71, 72]. Milosavljevic et al. [71] stated the reason for not 

finding an association can be in part attributed to sample size limitations; the authors 

suggested the use of larger samples in future studies to investigate this association further [71]. 

Rehn’s [72] cross sectional study adjusted for several potential confounding variables including 

age, smoking, and job strain, and found no association between ATV operation and LBDs. The 

present study’s finding on ATV was similar to these earlier studies [71, 72]; although, there was 

a positive bivariate association between farmers exposed to ATV for 81+ days/year and LBDs 

(RR = 1.21, 95% CI 1.05-1.40), after accounting for potential confounding variables this 

association did not persist. 
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4.5.3 Symptoms in the hip and lower limb 

LBDs may manifest as referred pain in the hip [23], and leg [24]. Hip [21], knee and ankle 

symptoms, which may be associated with LBDs or “sciatica” [73, 74], were therefore also 

investigated by the present study. Farmer participants with back pain were 33 times more likely 

to develop hip pain than those without back pain. Those with back pain were also 2.2 times 

likely to experience knee pain and 2.3 times likely to suffer from ankle pain than those without 

back pain. In the present cohort 1, some exposure categories of farm machinery use were 

association with WBV and hip symptoms in the bivariate results. However, after accounting for 

potential confounders, the only significant association was for tractor operation of 151 

hours/year and above (RR = 1.95, 95% CI 1.45-2.62) and (RR = 1.79, 95% CI 1.32-2.45). A 

combined outcome of concurrent low back and hip symptoms yielded the strongest association 

with tractor operation for 151-400 hours/year after adjusting for potential confounders 

(RR=1.37, 95%CI 1.05-1.78). This is consistent with previous studies, where associations have 

been found between tractor operation and hip symptoms [59, 69, 75] after adjusting for 

potential confounders. In the present study, only a bivariate association was found between 

tractor operation for 401 hours/year and above (RR=1.36, 95%CI 1.09-1.69) and knee 

symptoms, and this association did not persist after adjustment for confounders.  

However, since the present study used the Standardized Nordic Questionnaire (SNQ) to assess 

musculoskeletal symptoms, the findings cannot decisively confirm the association found in the 

knee as a referred pain; the nature of the SNQ items is not specific for referred nerve pain, 

making it difficult to distinguish between referred pain and other mechanisms such as knee 

osteoarthritis. This observation has also been made by Suri et al. in a study of LBP in individuals 
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with knee symptomatic osteoarthritis: “true knee pain may also be confused with referred pain 

from the spine such as in the case of nerve root impingement and radiculopathy” [73]. The 

present results reinforce the previously reported result of increased hip symptoms, but do not 

provide evidence of increased referred pain in the lower limb with increased tractor use. 

Hip symptoms were not found to be significantly associated with any of the three farm 

machinery types (tractor, combine and ATV).  

4.5.4 Considering the biopsychosocial model 

LBDs are affected by many factors, not only physical exposures or risk factors. According to 

Pincus et al. “the biopsychosocial model of back pain has become a dominant model in the 

conceptualization of the etiology and prognosis of back pain” [29]. This model covers factors 

that could biologically, psychologically, and socially [29] influence LBDs. For example, 

depression [76] and smoking [77-79] have shown to be associated with back pain-related 

disability. Hence the present study considered the biopsychosocial model by investigating 

several demographic, psychosocial, environmental, and work-related factors which have been 

consistently found to be important in the development of LBDs [80]. Upon all the potential 

confounding variables investigated, only age was found to be a confounder in the primary 

relationship between WBV and LBDs in cohort 1. As well, no interactions were found in cohort 

1. There are additional biopsychosocial variables not accounted for in this study. Kumar et al. 

observed that “several confounding factors make it difficult to determine the relation between 

back problems and WBV” [81], and the author suggested an example of such a factor to include 

poor working conditions and sitting for long periods [81]; Kumar further suggested that these 

potential confounders be accounted for in a high-quality study. Sprigg et al. noted that job-
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related strain, for example job-related anxiety was related to LBDs [82]. Lis et al. found 

awkward posture to relate to LBDs [83]. Marras found bending and twisting as related to LBDs 

[84]. That these factors were not either captured by either cohorts 1 or 2, is a limitation and a 

consideration for future studies. 

4.5.5 Strengths and Limitations 

This is the first study to investigate the association between WBV and LBDs using two study 

designs; a prospective cohort design and a cross-sectional design with asynchronous recording 

of exposure and health outcome. These two study designs each have complementary strengths 

and limitations, which combine to provide evidence on the relationship between WBV and 

LBDs. The exposure measurement included several types of machinery and the questions were 

pilot tested. Also, several confounders were assessed in the present study especially in the 

cohort 2. Outcomes were measured using standardized, validated [85] musculoskeletal 

questions from the Standardized Nordic Questionnaire, which has successfully been applied in a 

similar study [57]. In terms of analysis techniques, the present study used one of the most 

appropriate statistical approaches found to produced relative risk estimates directly, 

consistently, and efficiently [86]. The study is the first to use prospective cohort design in 

farming to identify a relationship between LBDs and machinery use. The prospective cohort 

design employed in cohort 2 addresses temporality issues previously identified to be a 

limitation in this line of research [18].  

This present study also had some limitations. Although it is a strength that the self-reported 

exposure questions were piloted, this method is not as precise as it could be if they were 

directly measured with accelerometers [87]. In addition, missing data due to loss to follow-up 
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or non eligibility were a major challenge, especially in cohort 2. Another limitation was that 

several potential confounding variables were not captured in cohort 1. Therefore, a full 

application and investigation of the biopsychosocial model was not possible with the larger 

sample in cohort 1.  

4.6 Conclusion 

Results of cohort 1 showed that after adjusting for potential confounders, longer annual tractor 

operation and older age are important predictors of lower back disorders in farmers. All-terrain 

vehicles and combines also showed some significant contribution to lower back disorders at 

certain exposure ranges, but the risk was less than that of operating tractors and did not persist 

after adjusting for confounders. Cohort 1 found that longer annual tractor operation and older 

age were also associated with hip symptoms. However, cohort 2, which used a prospective 

design known for providing the strongest evidence on causality, found no association between 

WBV and LBDs. Future prospective cohort studies with larger sample size and longer follow-up 

are needed to investigate this association further.  
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Chapter 5: General Discussion and Conclusion 

The focus of this thesis was investigating the association between WBV and LBDs among 

farmers in two manuscripts. Firstly, the association between WBV and LBDs in farmers was 

investigated through a systematic literature review which forms manuscript one. Secondly, 

manuscript two investigated the relationship between WBV exposure and LBDs through 

prospective cohort data collected by the Saskatchewan farm injury cohort. 

5.1 Manuscript 1: a systematic review 

This manuscript focused on LBDs as an outcome which is highly prevalent in farmers compared 

to  other occupations [1]. Among all risk factors that may influence LBDs, exposure to vibration 

has been found to be harmful, even being exposed to it for an hour [2]. Mayton et al. noted 

that farm tractor and other earth-moving machinery are among important sources of “some of 

the most common, prolonged and severe occupational exposures of vehicle vibration” that 

affects machinery operators [3]. This makes farm machinery operators potentially at higher risk. 

However, the causal relationship between WBV and LBDs is not clear. Hence, this manuscript 

investigated the causal relationship between LBDs and WBV in farmers through a systematic 

literature review. 

This systematic review was carried out using groups of terms for two concepts: ‘farming’ and 

‘low back disorder,’ searched in online databases including Medline, Web of Science, CINAHL, 

SCOPUS, and EMBASE. Screening, data extraction, and quality assessment was performed by 

two reviewers independently. The PICO framework was applied to provide a structure for the 
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systematic review [4, 5]. In terms of population, this review focused on adult farmers or 

agricultural workers globally, including both males and females. As mentioned in chapter 2, the 

focus of this review was not an intervention per se but rather exposure to WBV. However, 

Lichtenstein et al. suggested that, in the absence of intervention, exposure can be considered 

within the PICO framework [6]. Hence, the effects of WBV resulting from use of farm machinery 

or agricultural vehicles were investigated. Controls were considered to be those with no 

exposure or very low exposure to WBV. The outcome was low back disorders, which includes 

low back pain, back pain, and lumbago. In terms of type of study, a wide range of studies was 

captured in this review, including both observational studies and RTCs. No restriction on date of 

publication was applied and only English language studies were considered. Data extraction 

included items on: study design, sampling strategy, socio-demographics, and exposure 

dimensions. 

The first manuscript identified 12 articles for the assessment of the association between WBV 

and LBDs. Four studies showed a positive association between WBV and LBDs, four studies 

showed no association between WBV and LBDs, and the remaining four studies showed 

inconsistent association between LBDs and WBV depending on the exposure categories. 

However, a definitive statement on the association between WBV and LBDs among farmers 

cannot be made, given the heterogeneity in both the study contexts and the results. Since 

farmers are uniquely exposed due to their occupational setting with respect to the level, 

duration and frequency of WBV exposures, it seems likely that the relationship between WBV 

and LBDs may be unique to this industry. However, results are consistent with previous reviews 

on the association between WBV and LBDs in other industries. Lings and Yde [7] review found 
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no definitive evidence to support the association between WBV and LBDs among mixed 

occupation group. However, the authors noted that for a definitive conclusion to be drawn 

“good prospective studies with repeated measurement of exposures and clear (outcome) 

definition” [7] are needed. Similarly, Bovenzi et al.’s review on WBV and LBP also found 

insufficient evidence of clear relationship between WBV and LBP disorders, and the authors 

similarly attributed the insufficient evidence to limitations of cross-sectional design [8]. Other 

previous reviews have likewise found insufficient evidence to establish that WBV was causally 

associated with LBP [9, 10]; these studies attributed the reasons to temporal limitations of 

cross-sectional studies [9, 10] and one urged future studies to investigate the biological 

plausibility of this association [10]. 

5.2 Methodological considerations 

5.2.1 Design and statistical procedure used by studies 

Different designs and statistical procedures were used by studies to ascertain the relationship 

between WBV and LBD. In terms of statistical procedure, ten studies [11-20] used odds ratio, 

one used p-value from chi-square test [21], and the remaining one used both relative risk and 

rate ratio [22]. However, these statistical tests are not equivalent in the information that they 

provide. Biostatistics literature has cautioned readers to recognize the difference between odds 

ratio and relative risk in terms of meaning and interpretation [23-25]. In addition, the 

collapsibility property in relative risk makes comparison between studies which used relative 

risk and odd ratio difficult [26]. The collapsibility property keeps the magnitude of the risk ratio 

relatively constant if a non-confounding variable is adjusted [26], but this is not the case for 

odds ratios. For example, work conducted by Jewell found that after a non-confounding 
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variable is controlled for, the relative risk (RR) was 2.0 across the two stratified-levels of the 

non-confounding variable [27] (Jewell 2003, section 8.4 and table 8.6). Meanwhile, the same 

data produced odds ratios of 2.43 and 2.16 for the two-levels of the non-confounding variable 

[28]. 

Nine of the included studies used confidence level of 95% [11-16, 18-20] and two studies used 

confidence level of 90% [17, 22]. Although unusual confidence intervals can be converted into 

more conventional 95% confidence intervals, one study did not specify [21]. Since measures of 

association used by studies included in the systematic review to quantify the relationship 

between WBV and LBDs were quite varied, a definitive conclusion on association was difficult. 

The forest plot (see figure 3 in chapter 2) showed a positive association between WBV and LBDs 

in four of the studies [12, 15, 21, 29], three did not show any significant association [14, 16, 30] 

and the remaining one showed a mixed association [19]. However, definitive conclusions based 

on the forest plot cannot be made, as some studies controlled for confounders while others did 

not. In addition, different design type used by studies also hindered the review from making an 

explicit statement on the association between WBV and LBDs, as most of the studies reviewed 

share the temporality limitation due to being cross-sectional [31]. Although the few 

retrospective cohort studies included in the review tended to show a relationship, future 

studies with a prospective cohort design can help elucidate this association further. 

5.2.2 Outcome and exposure assessments used by studies 

In general, the precision of exposure assessment used by the studies reviewed was low; the 

majority of studies used self-report of WBV, a method which has been found to have low 

reliability and validity [32]. Bernard et al.’s review suggested that self-report to assess exposure 
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likely obscures association between WBV and back pain [33]. Although direct exposure 

measurements have been found to “provide more reliable data” [32] for occupational exposure 

assessment and also is the preferred choice for ergonomic evaluation, only four studies used 

direct measurement and tended to show a relationship. Direct exposure measurement via 

triaxial accelerometer and calculation of VDV is “more sensitive to impulsive vibration” [34], 

and “responds more readily to the shocks in a signal” [35, 36]. 

Both the definition of LBDs and prevalence of LBDs period varied across studies. The majority of 

studies used standardized questionnaires to assess LBDs. Such questionnaires’ reliability have 

been tested [37-40] and have been applied successfully in other related studies[41]; however, a 

standard questionnaire such as the SNQ has a limitation as it “does not grade incidence or 

severity of symptoms” [42]. In addition, few studies used clinical diagnosis obtained from 

examination to assess LBDs [14, 18, 21]. Also, prevalence of LBDs periods varied from 7 days to 

lifetime, with most of the studies reporting 12 months prevalence. Such heterogeneity in terms 

of statistical strategy, LBDs definition and prevalence periods, type of design and exposure 

assessment method found in studies made comparisons and synthesis difficult. Osborne et al.’s 

review observed a similar limitation: “one consequence of the study heterogeneity is results 

that are not generalizable” [43]. 

5.2.3 Risk of bias 

Risk of bias (ROB) may be defined “as the risk of a systematic error or deviation from the truth, 

in results or inferences” [44]. Assessing risk of bias as part of a review has been found to be vital 

even when there exists “variability in either the results or the validity of the included studies” 

[45]. Risk of bias assessment of included studies also paves the way for evaluating the strength 
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of a body of evidence [46]. The assessment of the quality of the studies included in manuscript 

1 was carried out with STROBE criteria [47] of study design, sample size, data source and 

method of assessment, sampling strategy, as well as, a back pain specific tool developed by Hoy 

et al. [48] to examine studies in terms of risk of bias (Appendix D & E). 

Overall, assessment of quality of the included studies showed some consistent strong and weak 

points. Reporting non-response and random sampling were rated “no” for most included 

studies. Non-response bias, just like all other study biases, can pose a severe threat to validity 

of interpretation and generalization of results [49, 50]. Similarly, the “unique strength of 

randomization is that if successfully accomplished, it prevents selection bias” [51]. This suggests 

that if randomization is not performed in a study, it may introduce bias which can affect the 

validity of interpretation and generalization of results. Other risk of bias dimensions that most 

studies failed to meet included appropriate length of prevalence of LBDs period, and reporting 

appropriate numerators and denominators. Thus, some included studies estimated measures of 

association based on inappropriate numerators and denominators, which may be due to 

uncertainties in the data or data collection process. To improve the quality of studies, future 

studies should pay attention to performing and reporting an appropriate numerators and 

denominators as well as appropriate sampling strategies. 

5.2.4 Strengths and limitations 

The strength of the systematic review presented in this thesis is that it is the first time such a 

study on association between WBV and LBDs has been done in the high-risk group select 

population of farmers [52]. In terms of methodological strength, this review provided detailed 

information on exposure assessment and categories. Also, the search for studies for the 
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systematic review was done comprehensively and screened thoroughly to meet the inclusion 

criteria [53]. In addition, risk of bias for included studies was assessed with a published tool 

found to be reliable [48], as well as academic checklists for observational studies [47]. 

Manuscript 1 also had some limitations. Due to the low number of articles identified in this 

review, studies were not eliminated based on risk of bias assessment, as has been done in 

previous reviews [54]. This means that lower quality evidence was also included in the review. 

Glanville et al. noted that including lower quality studies in a review may lead to the “risk of 

providing unreliable results” [55]. However, manuscript 1 included all studies identified in the 

review because previous published reviews deemed it to be important to consider wide range 

of studies as “public health often draws upon diverse forms of evidence” [56, 57], making it 

problematic not to include lower quality studies based on ROB assessment. Also, since the 

review included only articles that were published in English language, study findings may be 

impacted by language bias. A recent English-language review of LBD among farmers discovered 

a bias towards developed nations disproportionate to the world’s agricultural workforce; a 

finding which may be related to language restrictions [58]. However, other previous reviews 

have found no impact of language restriction on systematic reviews [59, 60], although one 

review [59] did acknowledge the possibility of language bias. 

5.3 Manuscript 2: a prospective cohort study 

The focus of this manuscript was to investigate the association between farming-related WBV 

and LBDs using data collected through the SFIC, a prospective cohort. Follow-up data on LBDs 

and related symptoms were collected during 2013 (cohort 1 with 6 years of follow-up) and 
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2014 (cohort 2 with 1 year of follow-up). This resulted in two datasets for each of two cohorts: 

cohort 1 with 1,149 farm people who had been followed for six years, and cohort 2 with 605 

participants followed for 1 year. The key findings of manuscript two were that, after adjusting 

for potential confounders, cohort 1 found a positive association between all categories tractor 

operation and LBDs as described by “Any back symptoms”, and also categories 1-150 

hours/year and 401+ hours/year related to “Interrupting back symptoms”. A dose-response 

relationship was found in annual accumulated hours of exposure to tractor operation and LBDs. 

In addition, tractor operation (for 151-400 hrs/year and 401+ hrs/year) was also found to be 

related to hip symptoms. Although combine operation ≥ 61 hrs/year and ATV operation ≥ 81 

days/year were related to LBD in the bivariate analysis in cohort 1, this association did not 

persist after adjustment for confounders.  

Although cohort 1 found associations, the results are likely to be prone to bias due to 

misclassification of disease status since the outcome status was not assessed at baseline. In 

addition, misclassification bias can also be encountered in cohort 2 (the ‘true’ prospective 

cohort study) which included only samples that reported LBP free for the short period of 12-

months. This is because it is likely that eliminating those reporting symptoms in the 12 months 

prior to baseline dose not eliminate all those who have ever suffered back pain. This has also 

been observed by Beaudet, who say that recruiting LBP-free participants for 6-12 months prior 

to a study is inadequate to “exclude recurrent patients having experienced previous LBP 

episodes and might results in a misclassification bias”[61]. This demonstrates how challenging it 

is to ascertain incident cases of LBP. According to Duthey, “estimating the incidence of low back 

pain is difficult, as the incidence of first-ever episodes of low back pain is already high by early 
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adulthood and symptoms tend to recur over time”[62]. Due to this, Beaudet notes that “ the 

difficulty in identifying the onset of low back pain limits the capacity to determine the incidence 

of LBP” [61]. In addition to the lifetime prevalence of LBP being very high (84%) [63], it is a 

commonly recurrent condition [64, 65] and often chronic [65], makes a true determination of 

incidence difficult. Cohort 2, which used a true prospective design known for providing the 

strongest evidence on causality, found no association between WBV and LBDs. This is likely due 

to power limitations, as there was substantial loss to follow-up and those who reported LBDs 

from baseline were excluded from the analysis of cohort 2. 

The findings from cohort 1 were consistent with earlier studies. Toren et al. found that tractor 

driving influence the risk of low-back symptoms [16]. Bovenzi et al. also found an increased risk 

of low-back symptoms in tractor driving [20]. Other previous studies also found association 

between tractor operation and LBDs [12, 21, 66]. Findings of cohort 1 also revealed that 

machinery type has an impact, as stronger effects were found in tractor operation than ATV 

and combine operation. The stronger association found by tractor operation may be 

attributable in part to frequency of its use on farms during the year, sample effect, and working 

conditions. Other farm machinery such as a combines are often used solely during the 

harvesting season. Although Rehn notes that characteristics of ATVs such as driving style and 

machine type makes it more vibration-prone vehicle compared to other vehicle types [42], the 

present study did not find any association between WBV from ATV use and LBDs after adjusting 

for confounders. Other previous studies also found no association between WBV from ATVs 

and LBD [11, 67]. In contrast, Futatsuka et al. found LBDs higher prevalence of LBDs in non-

operator farmers than in operator farmers [68]; however, the authors added that determining 
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the exact health implications of WBV may be difficult, as LBDs may originate from many other 

causes such as working posture, operating heavy equipment, and in farm working conditions 

[68]. 

Since LBDs may manifest as referred pain in the hip [69], manuscript 2 also investigated the 

association between farming-related WBV and hip symptoms. After accounting for potential 

confounders, the only significant association in cohort 1 was found in tractor operation for 151 

hours/year and above. This finding is consistent with earlier published studies. Toren et al. 

found that tractor driving increases the risk of hip symptoms [16]. Similarly, a 5-year 

prospective cohort study by Tuchsen et al. found WBV to be a strong predictor of hip pain [70], 

and Jacobsson et al. found increased risk of hip osteoarthritis with tractor driving [71]. 

5.3.1 Prevalence of the main outcomes 

The main study outcomes were: 1) trouble (‘aches, pain, discomfort’) in the lower back and 

hip/thighs and 2) trouble bad enough to limit work tasks. Manuscript 2 found higher 12-month 

prevalence for LBDs in cohort 1 (59.8%) than was found in cohort 2 (46.0%) (See figure 7). The 

12-month prevalence for hip symptoms also revealed a similar pattern, with cohort 1 recording 

higher prevalence (34.3%) than in cohort 2 (23.3%) (See figure 7). This result was consistent 

with other LBD prevalence published in earlier studies. Toren et al. found 12-month prevalence 

of any low back symptoms (61%) and hip symptoms (33%) in Swedish farmers [16]. Other 

previous studies also found similar results on the 12-month prevalence for low back and hip 

symptoms [15, 19, 72]. 
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Figure 7: 12-month prevalence of LBDs and hip symptoms 

 

5.3.2 Combined outcome of LBDs and hip 

Research  has shown that the hip cannot function independently of the lower back [73]. An 

example from sport biomechanics found that golfers with a history of LBP showed deficits in 

lead hip medial rotation range of motion [74]. This is due in part to the “anatomical proximity of 

the hip and lumbopelvic region” [75]. Hip pain may occur as a result of referred pain from LBDs 

[69] and may extend to the leg [76]. Also, reducing symptoms in the low back may reduce pain 

in the hip and enhance hip function [77]. Cohort 1 examined the relationship between WBV and 

farmer participants who reported both hip and lower back symptoms. The combined outcome 

of concurrent low back and hip symptoms found the strongest association with tractor 

operation for 151-400 hours/year after adjusting for potential confounders. Farmer participants 

with back pain were 33 times more likely to have hip pain than those without back pain (see 

figure 8). This result supports previously reported results on the connection between LBDs and 
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increased hip symptoms. Rostocki reports that “lower back and hip pains are often experienced 

together, making it a common combination symptom syndrome” [73]. 

 

 

Figure 8: Number of low back symptoms, hip symptoms, and coincidence of low back and hip 
symptoms 

5.3.3 Other lower limb outcome 

In addition to the hip and back, manuscript 2 also investigated the relationship between WBV 

and other lower limb outcomes such as symptoms in the ankle/feet and the knees in cohort 1. 

In terms of knee pain, farmer participants with back pain were 2.2 times likely to experience 

knee pain than those without back pain (See figure 9). The only bivariate significant association 

with knee pain as an outcome was found in tractor exposure for 401+ hours/year (RR=1.36, 

95%CI 1.09-1.69). However, this association did not persist after adjusting for potential 

confounding variables.  
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Despite having back pain increases the risk of experiencing lower leg symptoms, it is difficult to 

confirm that this is due to referred pain. In the present study, the self-report tool used (SNQ) is 

not specific for referred nerve pain, so is not possible to definitively separate that from knee 

osteoarthritis or other types of localized knee pathology. Suri et al. also note that distinguishing 

between local knee pathology and referred pain from the spine may be challenging, particularly 

without a physical examination, especially in the case of “nerve root impingement and 

radiculopathy” [78]. 

 

Figure 9: Number of low back symptoms, knee symptoms, and coincidence of low back and 
knee symptoms 

In terms of ankle symptoms, no association was found with operation of tractor, combine, or 

ATV. However, participants with back pain were 2.3 times likely to suffer from ankle pain than 

those without back pain (See figure 10). 
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Figure 10: Number of low back symptoms, ankle symptoms, and coincidence of low back and 
ankle symptoms 

The findings of manuscript 2 do not support an association between WBV and lower limb (knee 

and ankle) pain. The hypothesis that referred pain would lead to a relationship between WBV 

and lower limb symptoms cannot be confirmed; it appears that pain reported by farmers in the 

lower limbs likely comes from other mechanisms. 

5.4 Methodological considerations 

Manuscript 2 has several methodological issues which bear consideration. These considerations 

include: bivariate correlation of independent variables; effect of clustering in both cohort 1 and 

cohort 2; outcome and exposure assessments; influence of other confounding factors; and 

other strengths and limitations. 
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5.4.1 Bivariate correlation  

The highest bivariate correlations were observed for gender and tractor operation (r=0.65) in 

cohort 1 and between hands above shoulder and shoveling (r=0.64) in cohort 2. The criterion 

cut-point used in this study for assessing highly correlated variables to avoid collinearity was (r 

>0.7). All correlations were below the cut-point and so none were eliminated. 

5.4.2 Clustering effect of cohort 1 and cohort 2 

Since the data used for manuscript 2 had clustered grouping of farmer participants on the same 

farms, the effect of clustering was assessed in both cohorts. Clustering of farmers accounted for 

18% of the variability in ‘LBD any symptoms’ in cohort 1, as determined by a significant random 

effect. Introduction of ‘farm commodity’ and ‘operating arrangement’ as fixed effects on farm 

did not account for the inter-farm variability in cohort 1. On the other hand, cohort 2 depicted a 

perfect Intra-cluster correlation (100%) as determined by a significant random effect. A 100 % 

Intra-cluster correlation means a perfect similarity of farmers clustered on one farm. Only 16 % 

of the variability in ‘LBD any symptoms’ within cohort 2 was accounted for by ‘farm commodity’ 

and ‘operating arrangement’ on farm (see results in Appendix C). if not accounted for properly 

in the analysis stage, these significant intracluster correlations (i.e. correlation within cluster) 

are likely to cause limitations including: under power of the study, type I error rate inflation [79-

81]; and bias in the standard errors, “potentially resulting in misleading conclusion” [82]. 

However, the use of generalised estimating equations (GEEs) enabled the present study to 

properly account for clustering [83]. 



 

136 

5.4.3 Measure of association 

Manuscript 2 used relative risk as a measure of association to assess the relationship between 

WBV and LBDs in farmers. The modified Poisson regression enabled manuscript 2 to estimate 

the relative risk directly [84]. Both prevalence of lower back and hip symptoms met the rule of 

thumb for a common outcome (>10%) [85, 86], which made it possible for the study to estimate 

the relative risk directly. Although Skandfer et al. found the prevalence of LBP to be (51%); they 

found a limitation as to the use of odds ratio in estimating the risk, since “for frequently 

occurring outcomes, such as LBP, the revealed ORs can overestimate the magnitude of the 

risks” [41]. Furthermore, the size of a relative risk is kept fixed even if a variable which is not a 

confounder is adjusted due to its collapsibility property [26], However, odds ratio lacks this 

property [87]. 

5.4.4 Outcome and exposure assessments 

As with all exposure-response studies the results of this study should be interpreted with 

consideration of the measurement for both the outcome and exposure. The Standardized 

Nordic Questionnaire (SNQ) has been found to be a useful tool for assessing musculoskeletal 

symptoms related to workplace ergonomics [37, 39]. The reliability and validity of the SNQ have 

been tested already and have also been found to be acceptable [37-40]. Previous evaluation of 

the SNQ using clinical examination as the reference method, found the sensitivity in a range of 

situations ranging from 82.3% to 100% and specificity from 51.1% to 82.4% [88]. Rehn notes a 

limitation of the SNQ as it “does not grade incidence or severity of symptoms” [42]. In addition, 

the present study results also highlight that the nature of the SNQ is not specific enough to 

differentiate pathoanatomical sources of pain or other symptoms such as neuropathic pain, 
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referred somatic pain from spinal structures or appendicular osteoarthritis (i.e. hip or knee 

joint). 

In terms of the exposure assessment, the questionnaire has some limitations. Although the 

exposure questionnaire on WBV was put together by a panel of Agricultural Health and Safety 

Researchers [89] and was piloted on knowledgeable farm producers [89], it was not as precise 

as it could have been if WBV were directly measured [90]. As described in the introduction, 

direct measurement involves an electronic accelerometer being placed on the seat of the 

machinery/vehicle as described by ISO standards [91]. Also, the direct exposure approach has 

been found to be “more sensitive to impulsive vibration” [34]. Overall, the methods used were 

probably not as accurate as direct, but allowed for a large sample to be efficiently assessed 

[92]. 

5.4.5 Considering the biopsychosocial model: influence of other factors 

LBDs are affected by factors in many dimensions besides physical exposure. Futatsuka et al. 

note that it is becoming difficult to “find out the health effects of whole body vibration itself” 

[68], as health effects may originate from many causes including working posture, operating 

heavy materials, and in farm working conditions [68]. McNamee notes that for causal studies, 

attention should be paid to potential confounding, since “it results in biased estimation of the 

exposure effect and may suggest a causal effect where none exists or that a true effect is 

hidden” [93]. Manuscript 2 accounted for several potential confounding variables, including 

non-driving farm task such as heavy lifting, shoveling and working with hands above shoulder; 

personal characteristics such as age, height and BMI; and farm characteristics such as 

commodity and operating arrangement. No interaction effects were found, but age was found 
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to be a confounder in cohort 1. However, the association between WBV and LBDs may not have 

persisted if other factors such as bending and twisting, job-related strain, and awkward posture 

were considered. Unfortunately, data on these potential confounders were not available in 

either cohort 1 or 2. 

Although stress on the hip joint resulting from exposures such as heavy lifting have been found 

to be increased among farmers [71, 94, 95], the current study found no association between 

heavy lifting and hip symptoms. Similarly, Tüchsen et al. found BMI to be a significant risk factor 

for hip pain after adjusting for other factors [70]; however, the present study found no 

association between hip symptoms and BMI. Earlier studies have found job-related strain [96], 

awkward posture [97], and bending and twisting [98] to be related to LBDs. Alkherayf et al. 

found increased risk of LBP in young adults who smoke [99]; however the authors noted that 

the relationship between smoking and LBP is dose-dependent [99]. In contrast, the present 

study found no association between smoking and LBDs in cohort 2. Although not all possible 

confounders were assessed in the present study, several were available, particularly in the 

cohort 2. Compared to many prior studies on the topic of WBV and LBDs which do not account 

for any confounders, the present study represents advancement by considering an array of 

potential confounders within a biopsychosocial framework. 

5.4.6 Strengths and limitations  

Manuscript 2 makes a unique contribution to the literature by being the first study to 

investigate the association between WBV and LBDs using two study designs: a prospective 

cohort design and a cross-sectional design with asynchronous recording of exposure and health 

outcome. This study also used a standardized instrument for measuring LBDs; the reliability and 
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validity of the SNQ have been tested already and found to be acceptable for assessing 

musculoskeletal symptoms in the workplace [37-40]. In addition, the exposure measurement 

captured several types of farm machinery and the exposure questions were pilot tested on 

knowledgeable farm producers [89]. This manuscript used one of the most appropriate 

statistical approaches found to produced relative risk estimates directly, consistently, and 

efficiently [84]. Finally, cohort 2 was the first known prospective cohort design applied on this 

topic in farmers, so temporality issues identified as a limitation in earlier studies [100] were 

addressed. 

Manuscript 2 also had some limitations. Missing data resulting from loss to follow-up or non-

eligibility were a major shortcoming in this manuscript, especially in cohort 2. Undoubtedly, it 

was a strength that questions on exposure were piloted, however, self-report is not as precise 

as if exposures were directly measured [90]. Another limitation was that several potential 

confounding variables were not captured in cohort 1. Therefore, a full application and 

investigation of the biopsychosocial model was not possible with the larger sample provided by 

cohort 1. 

5.5 Implications 

Manuscript two demonstrated that after considering two study designs (a prospective cohort 

design and a cross-sectional design with asynchronous recording of exposure and health 

outcome), farmers exposed to tractor operation for longer yearly duration are at higher risk of 

experiencing LBDs as well as hip symptoms than knee and ankle symptoms; no such difference 

were found for ATV and combine use with cross-sectional design. However, no difference was 
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also observed in all three farm machinery (tractor, combine and ATV) with a prospective cohort 

design. Solecki noted that WBV in the agricultural sector arise from vehicle or machinery types 

such as “wheel-type agricultural tractors and self-propelled farm machines (e.g., combine 

harvesters)” [101]. In addition, Futatsuka et al. also observed that WBV on the seats of combine 

harvesters and wheel tractors exceeded the recommended ISO 2631 exposure limit [68]. 

Although some studies have previously been conducted on agricultural tractors and LBDs, no 

prior studies have been conducted between LBDs and WBV on combines making this is the first 

study to specifically investigate combines. 

5.6 Practical Significance 

The findings of this thesis may have broader practical implications for occupations that use 

WBV-prone machinery, especially farmers. It will also be useful to agricultural safety specialists, 

occupational health and safety professionals, and clinicians in their day to day work. This may 

be achieved by reducing operators’ hours of exposure to tractors especially among those aged 

40-75 years. In addition, the results of this thesis may help to inform governments, 

occupational health agencies, and other agricultural industry stakeholders to develop policies 

that promote safer working environments for farmers which would in turn limit pain, loss of 

productivity, and temporary or permanent disabilities. For example, policies or 

recommendations that set recommended upper limits on tractor usage may be helpful. 

5.7 Implications and direction for future research 

Although both manuscripts have addressed gaps in knowledge regarding the association 

between WBV and LBDs, some gaps still remain for future research to address. Future research 
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should focus on more prospective cohort studies, LBDs definition standardization, and more 

consistent exposure metrics. Ultimately, a better understanding of the association of WBV and 

LBDs will assist in developing strategies to prevent and reduce pain, loss of productivity, 

temporary or permanent disabilities in farmers. Future research involving direct measurement 

can help identify appropriate prevention strategies. 

5.8 Conclusions 

Overall, reviewing published literature on the association between whole body vibration and 

lower back disorders in farmers showed that findings are inconclusive. Four studies showed no 

association between WBV and LBDs, four studies showed a positive association between WBV 

and LBDs, and four studies showed mixed association between LBDs and WBV depending on 

exposure categories by studies. Considerable heterogeneity in terms of inferential test, LBDs 

definition, type of commodity produced, and type of design, makes comparisons and synthesis 

difficult. Although retrospective cohort studies tended to show a relationship, studies with a 

prospective cohort design can help clarify this association further. 

A cross-sectional investigation showed that after adjusting for potential confounders, longer 

annual tractor operation and older age are important predictors of lower back disorders in 

farmers. Other WBV sources such as all-terrain vehicles and combines also showed some 

significant contribution to lower back disorders at certain exposure ranges, but the risk was less 

than that of operating tractors and did not persist after adjusting for confounders. Also, longer 

annual tractor operation and older age were associated with hip symptoms. In contrast, a true 
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prospective design found no association between WBV and LBDs. However, this may be due to 

an under-powered sample in this cohort. 
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Appendix B: Main Exposure and Outcomes Questions 
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Appendix C: Output of Covariance Parameter Estimates for both Random 
and Fixed Effects 

Cohort 1 

 

Cohort 2 
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Appendix D: Quality Assessment Tool Adapted from Hoy et al. (2012) 

 

 

  

Risk of Bias Questions Response Origin Notes/Modification 
1) Was the sampling frame a 

true or close representation of 
the target population? 

Binary (Yes/No) Hoy N/A 

2) Was some form of random 
selection used to select the 
sample, OR, was a census 
undertaken? 

Binary (Yes/No) Hoy N/A 

3) Was the likelihood of 
nonresponse bias minimal? 

Binary (Yes/No) Hoy N/A 

4) Were data collected directly 
from the subjects (as opposed 
to a proxy)? 

Binary (Yes/No) Hoy N/A 

5) Was an acceptable case 
definition used in the study? 

Binary (Yes/No) Hoy N/A 

6) How was the quality of LBD 
definition captured? 

Scale (1, low  5, high) Hoy Modification 

7) Was the study instrument that 
measured the parameter of 
interest (e.g. prevalence of 
LBD) shown to have reliability 
and validity (if necessary)? 

Binary (Yes/No) Hoy N/A 

8) Was the same mode of data 
collection used for all 
subjects? 

Binary (Yes/No) Hoy N/A 

9) Was the length of the shortest 
prevalence period for the 
parameter of interest 
appropriate? 

Binary (Yes/No) Hoy N/A 

10) Were the numerator (s) and 
denominator (s) for the 
parameter of interest 
appropriate? 

Binary (Yes/No) Hoy N/A 
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Appendix E: Other Modified Questions Adapted from STROBE Statement 
 

 

  

Questions Description 

1) What statistical methods were used? Reported statistical methods used by the 
author (s). Example: logistic regression, 

discriptives, correlations, etc  

2) What is the significance level and 
confidence interval associated with 
this risk factor? 

Reported Cls OR p-value. Example: Cls or p-
value of adjusted (multivariate) model or in the 

absence of multivariate, Univariate model. 

3) How these risk factors supported by 
the study findings? 

Conclusion about the risk factors by the author 
(s). Example: significant positive relationship, 

negative, or not significant. 

4) Were confounding variables 
controlled? 

If multivariate analysis, what confounders 
were included? Example: age, sex, etc. 
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Appendix F: Number of Low back Symptoms, Hip Symptoms, and 
Coincidence of Low Back and Hip Symptoms 

 
 

 

 

 

 

  

346 
Only low 
back 

331 
Both Lower Back 

and Hip 
 

7 only 
hip 
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Appendix G: Number of Low back Symptoms, Knee Symptoms, and 
Coincidence of Low Back and Knee Symptoms 

 
 

 

 

  

325 
Only low 
back 

352 
Both Lower Back 

and Knee 
 

111 
Only 
Knee 
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Appendix H: Number of Low back Symptoms, Ankle Symptoms, and 
Coincidence of Low Back and Ankle Symptoms 

 
 

 

 

 

 

 

458 only 
Low back 

219 Both Lower 
Back and Ankle 

 

67 only 
Ankle 
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