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Abstract

Through a randomized controlled trial, we evaluated the effects of an electro-magnetic active seat 

suspension that reduces exposure of a long-haul truck driver to whole body vibration (WBV) on 

low back pain (LBP) and disability. Among 276 drivers recruited from six trucking terminals of 

a major US trucking company, 135 eligible drivers were assigned to either having an Active Seat 

(Intervention: n=70) – the BoseRide® electro-magnetic active seat – or Passive Seat (reference: 

n=65) – a new version of their current seat (passive air suspension seat) – installed in their truck 

via block (terminal) randomization. Low back pain (LBP in 0–10 scale) and the Oswestry LBP 

Disability Index were collected before and 3-, 6-, 12-, 18-, and 24-months post seat installation. 

LBP and LBP disability scores were significantly lower post seat installation in both groups. 

At 3 months, LBP decreased −1.3 [95% CI: −0.8 - −2.1: n= 46] for drivers in the Active Seat 

arm, and −1.5 [95% CI: −0.9 - −2.0: n = 41] for drivers in the Passive Seat arm. In a subset 

of drivers, WBV exposures were collected before and after the seat installation. WBV exposures 

significantly decreased post seat installation for Active Seat (p<0.01) but not for Passive Seat 

(p=0.15). While the new seat-suspension technology reduced WBV exposures, LBP appeared to 

be improved by multiple factors. These results were limited by the secondary prevention approach 

and the longer-term loss to follow up due to large rates of driver turnover typical for the industry.

INTRODUCTION

Truck drivers have a high prevalence of musculoskeletal disorders (MSDs), especially low 

back pain (LBP) (Davis, Dunning, Jewell, & Lockey, 2014; Rauser et al., 2008; Smith & 

Williams, 2014). In a two-year longitudinal study of truck drivers, the incidence of new LBP 

cases was 36 percent (Bovenzi, 2010). In the state of Washington from 2006 to 2012, strains, 

sprains, and overexertion injuries accounted for over one-third of workers’ compensation 
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claims among truck drivers (Rauser, Smith, & Williams, 2014). In the US overall, LBP 

accounts for 20% of workers’ compensation claims and over a one-third of costs (Leigh, 

2011; Webster & Snook, 1994). In 2019 in the US, MSDs of the back accounted for 33% 

of occupational related MSDs and 11% of all occupational non-fatal injuries, measured by 

days away from work (BLS, 2021). LBP can lead to long-term disability, which creates 

substantial economic burden and loss of productivity in the workplace (Punnett et al., 2005).

Exposure to whole body vibration (WBV) while driving is a major physical risk factor 

associated with the high prevalence of musculoskeletal disorders among professional drivers 

(Bovenzi, Schust, & Mauro, 2017; Burstrom, Nilsson, & Wahlstrom, 2015; Teschke, 1999). 

Numerous studies have documented strong associations and dose-response relationships 

between LBP and exposure to WBV in professional drivers (Bernard, 1997; Bovenzi, 2005, 

2009; Bovenzi & Schust, 2021; Pope & Hansson, 1992).

For several decades, the standard approach to reducing truck drivers’ exposure to WBV has 

been the installation of passive pneumatic seat suspension systems; however, this approach 

has had limited success in reducing exposure to WBV (Kim et al., 2016). Passive systems 

have a fixed frequency response targeting oscillatory components of WBV exposure with 

frequencies between one to six Hz. However, the typical impulsive type of vibrations 

includes frequencies up to 30 Hz, which can excite the resonate frequencies of the passive 

system (Blood, Yost, Camp, & Ching, 2015). Therefore, the passive suspension seats are 

ineffective in reducing WBV exposure and in some cases can amplify the vibration exposure 

at the seat in some circumstances (Kim et al., 2016; Thamsuwan, Blood, Ching, Boyle, & 

Johnson, 2013).

New seat suspension technology that actively measures and then compensates for vibrations 

measured at the floor through electro-magnetic actuators appears to reduce WBV exposure 

compared to the current industry passive suspension seats by as much as 50% (Blood, 

Dennerlein, Lewis, Rynell, & Johnson, 2011; Johnson, Zigman, Ibbotson, Dennerlein, 

& Kim, 2018). This new seat suspension with active-electromagnetic technology uses 

accelerometers mounted at the base of the seat’s suspension to measure vibrations 

transmitted from the truck. An algorithm based on dynamic controls theory then drives a 

high response linear actuator integrated in the suspension to attenuate the transmission of the 

vibration from the floor to the seat pan and the driver’s exposure to WBV. Due to the high 

fidelity in the frequency response, this active suspension is considerably more successful 

in reducing these exposures than the standard approach of passive seat suspension systems 

(Blood et al., 2011; Johnson et al., 2018).

Our previous pilot study demonstrated promising effects of improving health outcomes, 

including LBP and related disability of drivers in a single geographical region. However, 

its small sample size (i.e., insufficient statistical power) resulted in lack of statistical 

significance in all of the health outcomes. In addition, due to substantial dropouts, the 

follow-up period of this longitudinal study was only up to six months (Kim, Zigman, 

Dennerlein, & Johnson, 2018). To overcome these limitations, the goal of this longitudinal 

(24-month) randomized controlled trial was to evaluate the impact of reducing WBV 

exposures using an active-electromechanical seat suspension system on professional drivers’ 
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musculoskeletal health outcomes, mainly pain and functional limitations associated with 

LBP. To achieve this study goal, we tested the main hypothesis that drivers who received 

the intervention seat (the new electro-magnetic active seat) would experience larger 

improvements in musculoskeletal pain and associated functional limitations during the 

follow up periods (time) compared to drivers who receive the reference seat (the industry 

standard pneumatic suspension passive seat).

METHODS

Study Design

The study was a longitudinal randomized controlled trial (RCT) with two study arms: 

the intervention group (Active Seat) who received the BoseRide® electro-magnetic active 

suspension seat and the reference group (Passive Seat) who received a new version of their 

current seat (industry standard passive suspension seat). Before assigning drivers to the 

intervention or reference group, we implemented cross-sectional baseline driver surveys to 

collect demographics, eligibility criteria information, working history, and health outcome 

measures. Eligible drivers were assigned into the two groups via block (truck terminal) 

randomization. The participants were followed for 24 months after seat installation for post-

intervention measurements at 3, 6, 12, 18, and 24 months. To confirm that WBV exposures 

were reduced in the Active Seat arm and did not change in the Passive Seat arm, we 

completed WBV exposure assessments in a subset of drivers at baseline, immediately after 

seat installation, and at 12 and 24 months after seat installation. All protocols, procedures, 

surveys, and consent forms were approved by the Northeastern University Committee for 

Human Subjects Research.

Participants and the Intervention

Professional drivers were recruited from six terminals of a national trucking company. At 

study initiation, the company had over three dozen terminals and over 10,000 drivers in 

the United States. These six terminals were in industrial parks near urban areas in Oregon, 

California, Texas, Arkansas, North Carolina, and Indiana. They were chosen in consultation 

with the company based on several feasibility factors, including large numbers of eligible 

drivers, facilities to support the seat installation, and a full and established staff to support 

the research activities. In-person, face-to-face recruitment occurred during a two-week on-

site visit by at least two research staff.

During the two-week recruitment periods, drivers were invited to meet with researchers 

via printed flyers, and placards placed in the driver common areas of a terminal, as well 

as through in-cab communications from their dispatchers. The researchers were based in a 

central location, usually in the lunchroom. Of the drivers who met with or were engaged by 

the researchers, those who expressed interest in study participation were invited to complete 

a baseline survey once and then weekly pain surveys for four weeks.

Eligibility criteria for the drivers were a minimum tenure of one year with the company; 

assigned to a single truck (not a slip seater) that is less than four years old; 18–60 years 

of age; log a minimum driving time of 20 hours per week; perform no manual material 
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handling as part of their work duties (not involved in loading and unloading of the truck’s 

cargo); and exhibit LBP. To meet the eligibility criteria of existing LBP, drivers had to report 

LBP on the baseline survey within the last week (having 1 or greater on a 0–10 scale) or 

report at least one episode of LBP in the last three months. In addition, eligible drivers had 

to complete three of the four weekly surveys prior to seat installation. Drivers with a history 

of back surgery were excluded.

Eligible drivers were assigned to either Active Seat (the intervention group) or Passive Seat 

(reference group) via block randomization at each of the six terminals (Altman & Bland, 

1999). Once assigned to a seat, the drivers were scheduled for seat installation at their 

terminals during a two-week period six to eight weeks after the recruitment visit. Seats were 

installed by on-site technicians employed by the trucking company.

The Active Seat was a BoseRide
®

 electro-magnetic suspension seat (Bose Corporation, 

Framingham, Massachusetts, USA) that measures the acceleration of the suspension base 

and then signals the suspension’s actuators to reduce the vibration reaching the seat and 

driver. The Passive Seat was a passive suspension seat (National 2000, National Seating, 

Franklin, Tennessee, USA), with a passive pneumatic (spring and damper) suspension 

system. The Passive Seat is the industry standard and was the original equipment 

manufacturer for the Freightliner Trucks utilized in the trucking company’s fleet. Hence, 

Passive Seat drivers received a brand-new version of their current seat. In an attempt to 

conceal the type of seat each driver received, all visible brand and model information labels 

were removed from each seat. Because of the different technical requirements of the seats, 

blinding of the research staff was not possible.

Drivers in both groups received training on how to adjust the seats according to ergonomic 

guidelines developed by an ergonomic consulting company used by the trucking company. 

Both groups received “glove-box” cards reminding them of the adjustments and study 

contact information.

Measurements

The primary health outcomes were LBP severity, overall musculoskeletal pain severity, 

and LBP disability. These driver outcomes were measured via electronic self-administrated 

surveys at the time of recruitment (baseline), 3-, 6-, 12-, 18-, and 24-months post 

seat installation (follow up). To capture the episodic nature of pain, LBP and overall 

musculoskeletal pain severity were captured via weekly surveys for four weeks before seat 

installation and for twelve weeks (three months) after seat installation.

The drivers completed surveys electronically through their in-cab communication unit, a 

mobile computing device (smart phone/tablet) or desktop computer at the terminal. For 

the weekly and follow-up surveys, research staff notified drivers to complete surveys by 

corresponding with the drivers’ dispatchers. Researchers followed up with their dispatchers 

when the drivers did not respond, requesting that they complete the survey.

On all surveys, LBP severity was assessed by a single question asking the drivers to rate 

their LBP in the past seven days at its highest or worst level. The single question was 
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a visual analog scale ranging from 0 to 10 with verbal anchors at 0 (no pain) and 10 

(worst pain you can imagine). Overall musculoskeletal pain during the past seven days was 

assessed in seven body areas using the same response scale. The body areas included the 

low back; neck; shoulders; wrists and forearms; legs (sciatica); knees; and ankles and feet. 

Overall pain was scored by the summation of the responses of these seven items (0 to 70) 

(Amick et al., 2003).

LBP functional limitation was assessed for the baseline and follow up surveys using 

the Oswestry Disability Index (Fairbank, Couper, Davies, & O’Brien, 1980; Fairbank & 

Pynsent, 2000). The Index contains ten items assessing the impact of back pain on activities 

of daily life. Scoring ranges from 0 (no disability) to 100 (completely disabled) (Vianin, 

2008).

The baseline survey included questions about a driver’s experience with back pain in the 

past three months, specifically the number of episodes of LBP and the duration of these 

episodes (Johanning, 2011). The baseline survey also collected driver demographics — 

gender, age, company tenure, education, and job title. In addition, the survey included the 

12-item Short From (SF-12) survey to evaluate drivers’ overall health relative to the US 

population (Ware, Kosinski, & Keller, 1996).

To confirm changes in WBV exposures, we measured WBV in a subset of drivers 

before (usually during recruitment visits) and after seat installation (one-week, 12- and 

24-month post seat installation). Drivers who completed the baseline survey and were 

available for measurements while research staff were on site were invited to participate 

in the vibration measurements. For the first 30–40 miles of the drivers’ regular routes, 

raw unweighted-acceleration data were collected at 1,280 Hz using either a four or eight 

channel data recorder (DA20 or DA-40; Rion Co. LTD; Tokyo, Japan) and tri-axial seat-pad 

accelerometers (356B40; PCB Piezotronics; Depew, NY) mounted on the seats according to 

the International Organization for Standardization (ISO) 2631–1 standards. Research team 

members coordinated with the drivers to meet at a roadside location some 30 to 40 miles 

from the terminal to retrieve the instrumentation providing 60 to 90 minutes of continuous 

raw acceleration data.

The raw acceleration data were processed via international WBV standards ((ISO), 1997, 

2004). The ISO WBV exposure parameters were the root mean square weighted average 

vibration (A) and the vibration dose value (VDV), with the former capturing the overall 

average of the exposure and the latter capturing the more impulsive components (Marin et 

al., 2017). These parameters calculated were normalized to reflect eight hours of exposure: 

A(8) and VDV(8).

Data Analyses

Based on power analysis and anticipated loss to follow-up due to high rates of driver 

turnover in the industry, we aimed to recruit 70 drivers per arm of the study. The proposed 

sample size was based on power calculations on an estimated LBP severity score for those 

who report mild symptoms or higher of 2.8 (SD 0.8; scale of 1–5) collected from an 

unpublished survey of truck drivers from the Washington State Department of Labor and 
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Industries (Silverstein, 2010). For type I error of 5%, we would need a total of 50 subjects 

(25 each arm) to have 80% power to detect a mean pain score change of 25% in the mean 

baseline value assuming no change in the reference group. To account for loss to follow-up 

due to high turnover in the industry (>50% per year), we set our goal for a total of 140 

drivers, 70 per arm, which assumed that for the second year the loss to follow up would be 

much smaller reflecting the smaller turnover rate for drivers with tenure of over 12 months.

The success of randomization was checked by testing for differences in baseline 

demographics and outcome measures between the groups using two sample t-tests for 

continuous variables and chi-square tests of r categorical values. These tests were also 

performed to determine if differences existed between those lost to follow-up and those who 

remained in the study.

To confirm that WBV exposure metrics decreased after seat installation in the Active Seat 

and no reduction occurred for the Passive Seat, we completed two one-way analyses of 

variance ANOVAs, one for each arm (Active Seats and Passive Seats) with time as the 

independent variable and the A(8) and VDV(8) values for the z-axis as the dependent 

variable. Dunnett Least Square Means post-hoc tests compared the metrics measured at 

follow-up with the values measured at baseline. Two sample student t-tests examined if 

differences existed between the two arms for these metrics at each point of time. In addition, 

a two-way ANOVA that included time, seat, and a time-and-seat interaction was completed 

to confirm the results of the one-way ANOVA.

Pre-post differences in LBP severity, overall pain, and Oswestry Index values between 

baseline surveys and follow-up were calculated for each participant who had follow up data. 

The mean and its 95 percent confidence intervals (95% CI) were calculated for the drivers 

within each arm. Significance was determined when the 95% CI did not include zero – 

indicating significant change. The pre-post outcome differences at each time point were 

compared between each arm (Active Seats and Passive Seats) using two-sample student 

t-tests. In addition, mixed effect regression models were used to confirm differences in 

pain over time for the two arms. Fixed effects included time, an interaction term of seat 

by time, participant age, and participant BMI. A random intercept, slope and unstructured 

covariance was used to account for the repeated measures over time. Regression models 

were applied to the three dependent variables: LBP, overall pain, and values of the Oswestry 

Index. Significance was defined at α = 0.05 for all statistical tests.

RESULTS

Of the 276 drivers who agreed to participate at the six terminals, 135 completed the 

eligibility requirements and were allocated Active Seat or Passive Seat via block (terminal) 

randomization (Figure 1). Reasons for ineligibility included stopped working at the company 

(n=22); did not complete the baseline or weekly surveys (n=109); did not have LBP (n=4); 

or were terminated, on leave during allocation, or other administrative reasons (n=5). There 

were no significant differences in the baseline demographics between the groups (Active 

Seat and Passive Seat) (Table 1). Immediately after allocation, three drivers rejected the 

Active Seat and one rejected the Passive Seat, requesting their original seats be re-installed. 
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For the full 24 months, loss to follow-up was large, with 86 drivers dropping out. A majority 

(51) dropped out because of change in employment status (terminated, quit, or transferred to 

another division). Other reasons included medical and disability leave, change in equipment, 

or rejecting their new seat as described above. During follow up, survey response rates 

of eligible drivers were well above 65% except for at the 24-month follow up where 

the response rate in Active Seat drivers was 57%. There were no statistically significant 

differences in demographics and outcome variables in those who remained in the study and 

responded to the surveys compared to those who dropped out or did not respond to the 

surveys. In addition, there were no statistically significant differences in the demographics 

and outcome variables in the subset of drivers with WBV measures compared to those 

without measurements.

WBV exposure metrics decreased significantly post seat installation for Active Seat drivers, 

whereas for Passive Seat drivers the small (<10%) decreases were not significant (Table 

2). Baseline WBV exposure metrics did not show any differences between the two arms. 

However, Active Seat drivers had significantly lower WBV metrics than the Passive Seat 

drivers after the seat installation at post-intervention, 12- and 24-month follow up points 

(Table 2).

Low back and overall pain scores were significantly lower post seat installation for all 

drivers allocated a new seat, except for at 24-months among drivers who received the Active 

Seat (Tables 3 and 4). The mixed model regressions demonstrated a significant effect of time 

(pre-post intervention) for both LBP (p = 0.03) and overall pain severity (p<0.01); however, 

there was no significant interaction effect between time and seat for LBP scores (p = 0.84) 

and overall pain scores (p = 0.20) when accounting for driver age and BMI.

Oswestry LBP disability scores improved post seat installation in both groups, albeit not as 

consistently as the pain severity scores (Table 5). When accounting for driver age and BMI, 

the mixed model regressions demonstrated a significant effect of time (p <0.01); however, 

there was no significant interaction effect between time and seat (p = 0.28).

DISCUSSION

The goal of this study was to determine the impact of reducing WBV exposures through 

an electro-magnetic suspension seat on LBP and functional limitations in long-haul truck 

drivers. The exposure assessment confirmed that the electro-magnetic suspension seat 

(Active Seat) more effectively reduced WBV exposures than the industry standard passive 

suspension (Passive Seat) as observed before (Blood et al., 2011; Johnson et al., 2018). 

Despite the differences in the reduction of WBV between the groups, similar significant 

reductions in pain scores post seat installation were observed in both the intervention (Active 

Seat) and reference (Passive Seat) groups. In terms of disability, the improvements observed 

in the Active Seat drivers were larger for all follow up times except at 6-months – however, 

the differences between the groups were not statistically significant. While there was a 

positive effect, the results do not support the hypothesis that drivers who receive seats with 

the electro-magnetic active suspension (Active Seat) will experience greater reductions in 
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pain and disability than those who receive the passive pneumatic suspension seat (Passive 

Seat).

The improvement of pain scores in the Passive Seat drivers was not expected, especially 

given there were no differences in WBV exposure metric over time and the newly 

installed seats had the same seat suspension systems as the seats in the trucks prior to 

the intervention. These results are in contrast to our assumptions for the power studies 

and our pilot study results. Our sample sized calculation had presumed there would be no 

changes in outcome measures in the Passive Seat drivers. The pilot showed greater pain 

improvements with Active Seat drivers compared to Passive Seat drivers (Johnson et al., 

2018; Kim, Zigman, et al., 2018). Unlike the pilot study, drivers in both arms received 

specific training and coaching to adjust their seats based on recommendations from an 

ergonomic consultant used by the trucking company. As previous studies have shown, a 

driver’s posture significantly affected the transmissibility of WBV exposure (Jack & Eger, 

2008; Raffler et al., 2017; Rahmatalla et al., 2008; Zimmermann & Cook, 1997); the 

ergonomic training on the seat adjustment may have reduced awkward driving postures and 

risk for LBP. This is in line with previous study findings in non-driving settings showing 

seat adjustments, along with training, can collectively reduce musculoskeletal pain outcomes 

(Robertson, Ciriello, & Garabet, 2013; Van Eerd et al., 2016). Professional driving poses 

multiple risk factors for musculoskeletal pain, including the sedentary nature of driving 

(prolonged sitting), awkward driving postures, and other factors we did not measure (NRC/

IOM, 2001). Another explanation may be a Hawthorne effect (McCarney et al., 2007). If 

true, one would expect the Hawthorne effect to be present during the period prior to seat 

installation; however, the pre-seat installation weekly pain scores were similar to baseline 

values, suggesting more of a placebo effect. In agreement with the placebo effect, a few 

Passive Seat drivers did report to us that they liked the improvements of the new seat that 

they received.

The larger improvements of the Oswestry disability scores in the intervention group 

(Active Seat) were promising. Based on previous studies showing that minimal clinically 

important changes range from 4 to 16 percentage points (Lauridsen, Hartvigsen, Manniche, 

Korsholm, & Grunnet-Nilsson, 2006), the intervention group experienced clinically 

important improvement (reduction) in low back disability, especially at 12 and 18 months. 

Functional limitations often have better predictive behavior surrounding clinical hypotheses 

and may be better measures of health impacts of interventions (Amick et al., 2004; 

Dennerlein et al., 2002; Katz et al., 1997; Lerner et al., 2001). In addition, disability is often 

easier to prevent and impact than pain itself (Snook, 2004). With that said, the Oswestry 

disability index is often used for clinical populations, and the drivers’ disability scores were 

small (in the 0–20 range, out of a possible 0–100 range of scores). Most drivers were 

classified as experiencing “minimal disability” (Fairbank & Pynsent, 2000). As such, these 

drivers could only have experienced a small improvement in their scores, reducing the power 

to detect change. The effects of reducing WBV exposure may have been greater for those 

with higher disability scores, allowing those with more severe LBP to remain at work; 

however, such hypotheses need further investigation.
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As observed before, exposure to WBV did decrease as expected in the subset of drivers 

in the Active Seat group, while little change in WBV were observed in the subset of 

drivers in the Passive Seat group (Blood et al., 2015; Johnson et al., 2018; Kim, Marin, & 

Dennerlein, 2018; Kim, Zigman, et al., 2018). This result is consistent with previous studies 

showing superior attenuation performance of Active Seats in various vehicles compared to 

Passive Seats. Due to far greater fidelity in frequency response, this electro-magnetic active 

suspension seat (Active Seat) has shown greater efficacy in attenuating vibration for a wide 

range of frequency in various driving conditions. However, as a passive seat suspension 

system (Passive Seat) has a fixed dynamic range, it is not capable of changing its response 

with changing road conditions and their associated vibration frequency ranges.

While the terminals and routes differed across drivers, each WBV exposure measurement 

included a similar robust set of road conditions. These included both paved and unpaved 

surfaces in terminal truck yards, the surrounding paved neighborhood streets and regional 

roads with speed humps, and interstate highways traveling approximately 30 to 40 miles 

before meeting a researcher to retrieve the measurement equipment.

These WBV exposure measurements were limited to a subset of drivers due to feasibility 

issues associated with measuring all drivers, a limited number of accelerometers and data 

recorders, limited time of staff on site, and coordination with drivers and their driving routes. 

The subset also experienced a high dropout rate and were not fully repeated measures, 

which reduces the power to test for differences. Despite the non-randomly drawn subset, the 

WBV exposure level and their differences between the study group were consistent with our 

previous findings (Blood et al., 2011; Johnson et al., 2018).

A limitation of this study is a significant loss to follow-up for the full duration of the 

study; however, for the first six months loss to follow-up was below 35%, one of 16 

criteria used by Kennedy et al. to evaluate the quality of workplace interventions for 

upper extremity musculoskeletal disorders (Kennedy et al., 2010; Van Eerd et al., 2016). 

In addition, the loss-of-follow up was a result of several real-world aspects of completing 

workplace interventions. The trucking industry is well known for the high rate of driver 

turnover. Because the intervention required the coordination with a single company, when a 

driver left the company the intervention was unable to follow them. We did consider this for 

the baseline recruitment numbers as described in the methods.

We did compare the baseline data between those lost to follow-up and those who remained 

in the study to confirm no differences in the demographics, pain, and disability outcome 

measures between those two groups. Survey response rates among drivers still working were 

acceptable. We also assumed that the seat was always turned on; however, we were unable to 

verify this assumption with all drivers. We did explore several analyses other than the intent 

to treat, such as stratified analysis of those with the highest levels back pain – none of these 

exploratory analyses changed the findings.

A major strength of the study is its use of an experimental study design of a randomized 

controlled trial, where the exposure to WBV was significantly manipulated. Few studies 

relating occupational exposures to health outcomes have had such opportunities to change 
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exposure, especially at the individual level, and to examine WBV. Such study designs 

can make stronger statements about causality of the exposure and a health outcome than 

observational studies. Because we saw similar changes in the pain outcomes in both arms of 

the study, the study is unable to support such causal claims in this instance.

This lack of causality may be due to the intervention approach serving as a secondary 

prevention effort – that is, the drivers had to have had LBP to be eligible to participate, and 

researchers were looking for a reduction in their LBP. The secondary prevention approach 

was done for feasibility purposes as it often requires fewer participants for statistical power 

and is the most common approach for workplace interventions for musculoskeletal disorders 

(Kennedy et al., 2010; Van Eerd et al., 2016). A better approach to test out causality would 

be to begin with a pain free cohort and look for new incidents of pain. Doing so, however, 

requires many more drivers to participate to account for incident rates rather than looking 

for reduction in pain and disability. The inclusion criteria of having back pain may have 

also contributed to high rates of turnover and loss of follow up (Lavender & Marras, 1994), 

limiting the study’s overall efficacy.

Other strengths of the study include a longer follow-up period (two years), direct statistical 

comparison between the two arms, documented changes in exposure, and the use of intent-

to-treat analysis.

In addition, while our randomization did appear effective in creating populations for the 

study’s two arms that were not statistically different, there are other unmeasured factors that 

could have contributed to omitted variable bias in health outcome measurements, including 

psychosocial factors (NRC/IOM, 2001). Recruiting within a single company may help 

reduce the variability of these organizational factors; however, the multiple terminals across 

various geographical regions may increase the variability and differences across the two 

study arms for these unmeasured factors.

In conclusion, reducing WBV exposure through an active seat suspension system may be a 

promising approach to improve driver LBP and disability index. The results suggest other 

factors such as postures may also be influential in this regard. Therefore, reducing WBV 

exposure should be part of a comprehensive or integrated approach to improve overall driver 

musculoskeletal health.
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Figure 1: 
Study Consort Diagram.
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Table 1:

Demographics at allocation from baseline survey

Active Seat
(n=70)

Intervention

Passive Seat
(n=65)

Reference

Baseline Comparison

Mean (SD) Mean (SD) p-value

Age (Years) 48 (10) 48 (11) 0.88

Tenure (Years) 12 (10) 12 (11) 0.74

Body Mass Index (BMI) 35 (7) 33 (7) 0.19

SF 12 General**

Physical Health 46 (9) 47 (9) 0.52

Mental health 52 (8) 51 (9) 0.39

N. (%) N. (%)

Gender

Male 63 (90%) 59 (91%) 0.88

Female 7 (10%) 6 (9%)

Race 0.47

White 52 (75%) 51 (80%)

Black 6 (9%) 7 (11%)

Hispanic 8 (12%) 4 (6%)

Other 3 (4%) 2 (3%)

Hispanic/ Non-Hispanic 0.62

Hispanic 7 (11%) 4 (6%)

Non-Hispanic 60 (87%) 59 (92%)

Education 0.78

High School or Less 25 (36%) 21 (34%)

Some College or more 44 (64%) 41 (66%)

Intervention Targets & Outcomes Mean (SD) Mean (SD)

Low Back Pain Severity (Range: 0–10) 3.8 (2.8) 3.8 (2.6) 0.94

Sum of Body Part Pain (Range: 0–70) 17 (13) 16 (12) 0.75

Oswestry Disability (Range: 0–100) 11 (10) 10 (9) 0.54

*
Demographic variables were compared across seat groups using a t-test for continuous and chi-square for categorical variables

**
SF 12 Physical and Mental Health values have been normalized to the general US population with a mean value of 50 and standard deviation of 

10.
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Table 2:

Whole body vibration exposure metrics for the vertical axis

A(8)***

m/s2
Active Seat*
Intervention

Passive Seat**
Reference

Comparison at time

Mean (SD) N Mean (SD) N p-value

Baseline Values

Pre-Intervention 0.36 (0.15) 20 0.36 (0.11) 31 0.88

Follow up

Post-Interventions 0.23 (0.08) 24 0.31 (0.07) 26 <0.01

12-month 0.19 (0.04) 19 0.36 (0.12) 16 <0.01

24-month 0.16 (0.02) 4 0.31 (0.06) 5 <0.01

VDV(8) ***

m/s1.75
Active Seat *
Intervention

Passive Seat**
Reference

Comparison at time

Mean (SD) N Mean (SD) N p-value

Baseline Values

Pre-Intervention 8.9 (2.7) 20 9.0 (2.3) 31 0.92

Follow up

Post-Interventions 7.1 (2.1) 24 8.0 (1.7) 26 0.10

12-month 5.6 (1.6) 19 9.0 (2.4) 16 <0.01

24-month 4.6 (0.7) 4 8.9 (2.5) 5 0.01

*
One-way ANOVA results: dof = 3, fratio = 13.1, time: p < 0.01

**
One-way ANOVA results: dof = 3, fratio = 1.25, time: p = 0.30

***
Two-way ANOVA results: dof = 7, fratio = 13.1, time: p < 0.01, seat: p < 0.01, time*seat: p <0.01,

*
One-way ANOVA results: dof = 3, fratio = 10.2, time: p < 0.01,

**
One-way ANOVA results: dof = 3, fratio = 1.25, time: p = 0.30,

***
Two-way ANOVA results: dof = 7, fratio = 7.70, time: p < 0.01, seat: p < 0.01, time*seat: p <0.01

Bolded values indicated significant difference between follow up and baseline based on Dunnett Least Square Means Test within each seat.

Action limits for A(8) is 0.5m/s2 and for VDV(9) is 9.1 m/s1.75.
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Table 3:

Low back pain severity at baseline and change over time

LBP Severity
(0–10)

Active Seat
Intervention

Passive Seat
Reference

Comparison at time

Mean (SD) N Mean (SD) N p-value

Baseline Values

Baseline Survey 3.8 (2.8) 70 3.8 (2.6) 65 0.94

Pre-weekly four-week average 3.8 (2.2) 70 3.9 (2.2) 65 0.58

Difference at Follow up Mean (95% CI) Mean (95% CI) N

Post-Weekly four-week average −1.5 [−2.0, −1.0] 64 −1.6 [−2.1, −1.2] 61 0.69

3-Month −1.4 [−2.1, −0.7] 46 −1.5 [−2.3, −0.8] 41 0.76

6-Month −1.9 [−2.8, −1.0] 41 −2.2 [−2.9, −1.5] 33 0.58

12-month −1.7 [−2.9, −0.4] 29 −2.2 [−3.3, −1.2] 26 0.47

18-month −1.8 [−3.0, −0.7] 23 −2.2 [−3.6, −0.8] 18 0.64

24-month −0.73 [−2.6, 1.1] 11 −2.0 [−3.5, −0.5] 12 0.25

Bolded values indicated the 95 percent confidence interval of the mean difference between follow up and baseline did not include 0 and are hence 
statistically significant different than baseline.

Post weekly four-week average was relative to the pre-weekly four-week average
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Table 4:

Sum of pain in all seven body regions at baseline and change over time

Sum of Body Pain
(0–70 scale)

Active Seat
Intervention

Passive Seat
Reference

Comparison at time

Mean (SD) N Mean (SD) N p-value

Baseline Values

Baseline Survey 17 (13) 70 16 (12) 65 0.75

Pre-weekly four-week average 16 (12) 70 17 (12) 65 0.54

Difference at Follow up Mean (95% CI) Mean (95% CI)

Post-Weekly four-week average −7 [−10, −4] 63 −7 [−9, −5] 60 0.92

3-Month −8 [−12, −5] 44 −6 [−9, −3] 40 0.46

6-Month −10 [−15, −6] 39 −9 [−12, −6] 33 0.57

12-month −11 [−16, −5] 27 −9 [−15, −4] 25 0.75

18-month −11 [−18, −5] 22 −11 [−17, −5] 18 0.85

24-month −4 [−16, 8] 10 −5 [−12, 2] 12 0.88

Bolded values indicated the 95 percent confidence interval of the mean difference between follow up and baseline did not include 0 and are hence 
statistically significant different than baseline.

Post weekly four-week average was relative to the pre-weekly four-week average.
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Table 5:

Low back pain disability at baseline and change over time

Oswestry Index
(0–100)

Active Seat
Intervention

Passive Seat
Reference

Comparison at time

Mean (SD) N Mean (SD) N p-value

Baseline Values

Baseline Survey 11 (10) 70 10 (9) 65 0.54

Difference at Follow up Mean (95% CI) Mean (95% CI)

3-Month −2.8 [−5.3, −0.3] 44 −0.1 [−2.1, 1.9] 40 0.09

6-Month −2.7 [−6.1, 0.8] 40 −3.6 [−5.6, −1.5] 34 0.65

12-month −6.1 [−9.4, −2.8] 28 −2.3 [−5.7, 1.0] 26 0.10

18-month −4.6 [−6.8, −2.3] 22 −0.9 [−4.5, 2.7] 18 0.07

24-month 1.2 [−7.1, 10.8] 15 0.0 [−5.1 5.0] 15 0.81

Bolded values indicated the 95 percent confidence interval of the mean difference between follow up and baseline did not include 0 and are hence 
statistically significant different than baseline.
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