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Objectives Epidemiologic evidence supporting optimal seating is limited and inconsistent. This cross-sectional
study was conducted to examine the association between seat inclination, use of lumbar support, and the
prevalence of clinically significant low-back pain among taxi drivers
Methods A digital inclinometer was used to measure inclinations of seat surfaces (θseat) and backrests (θback),
and calculate the back-to-thigh angle (θback-thigh). Structured interviews were conducted to gather information on
the use of lumbar support and the prevalence of low-back pain that had led to medical attention or absence from
driving in the past month. A multiple logistic regression analysis was used to estimate the prevalence odds ratio
(OR) with adjustment for age, body mass index, professional seniority, monthly driving hours, and the intensity
of exposure to whole-body vibration.
Results Among 224 drivers, the mean θseat and θbackrest were 14.5 (SD 9.6) and 95.1 (SD 2.7) degrees,
respectively, resulting in θback-thigh of 80.6 (SD 9.3) degrees. Fifty-five percent used a lumbar support regularly,
but 25% reportedly had significant low-back pain. The prevalence of low-back pain was 23% among those with
θback-thigh <86 degrees, 37% for those with a θback-thigh of 86~91 degrees, and 9% for a θback-thigh of >91 degrees. The
adjusted OR comparing those with a θback-thigh of ≤91 degrees to those with a θback-thigh of >91 degrees was 5.11
[95% confidence interval (95% CI) 1.07~24.4]. For regularly using drivers versus those not using lumbar
support, the prevalence of low-back pain was 18% versus 34%, with an adjusted OR of 0.33 (95% CI
0.16~0.68). Neither θseat nor θbackrest alone was significantly associated with low-back pain.
Conclusions The epidemiologic observation of this study was consistent with the results of prior biomechanical studies on appropriate seat inclinations and the use of lumbar support. Prospective studies are needed to
confirm the true beneficial effects of these seating parameters.

Key terms automobile driving; epidemiology; occupational exposure; sitting posture.

For decades, automobile driving (1–4) has been identified consistently as an activity associated with a variety
of low-back disorders. Professional drivers operating
various kinds of vehicles have been found to have high
risks for sciatica (5, 6), intervertebral disc displacement
(2, 6), lumbar spine degeneration (7, 8), and nonspecific low-back pain (6, 9, 10). Many occupational factors,
such as whole-body vibration (4, 6), prolonged seating
posture (6, 11), back injury (7), and psychosocial factors (10, 12), have been postulated to be important
1
2
3
4

determinants of drivers’ low-back disorders. Although
sitting while driving is not equivalent to sedentary sitting at work, many experimental studies have investigated the links of seating posture to low-back disorders.
For instance, earlier studies with in vivo measurements
have indicated that sitting without lumbar support and
a backrest could increase disc pressure (13–15) and the
electromyogrphic activities of back muscles (16, 17). To
some extent, these biomechanical findings may have led
to the widespread belief that prolonged seating posture
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is harmful to the lumbar spine. In some medical texts
(18, 19) and reviews (20–22), sedentary work with sitting was also classified as a risk factor for low-back
pain.
However, so far, the postulated harmful effects and
biomechanical disadvantages resulting from prolonged
seating postures have not been fully supported by available epidemiologic data. In a recent critical review (23)
of epidemiologic studies on sitting at work in relation
to low-back pain published between 1985 and 1997, researchers did not find sufficient epidemiologic evidence
to support the pervasive opinion that sitting while at
work is associated with low-back pain. Although an interesting observation, we speculate that these inconsistent results may be caused, in part, by the way sitting at
work was characterized. Often occupational epidemiologists assessed prolonged seating either through a qualitative description of job titles (sedentary versus nonsedentary) and tasks performed (eg, sedentary work versus others) or simply quantified the duration of sitting
at work without knowing the exact seating posture. The
awkward seating posture was mostly measured by subjective evaluation. Any of the aforementioned methods
for assessing prolonged sitting posture will result in significant measurement errors sufficient to account for the
observed lack of association between sitting and lowback pain.
The inconsistency between epidemiologic studies
and biomechanical findings does not alter the public’s
perception that better seating postures can reduce the
risk of back disorders. In fact, investigators have examined several seating parameters and attempted to provide guidelines for the “optimal” workstation and seat
design and “ideal” sitting postures (24–28). These seating parameters include backrest inclination, seat-surface
inclination, lumbar support, trunk-to-thigh angle, and
knee flexion angle, among other factors. It was found
that a backward inclination of the backrest decreased
both the electromyographic activities of back muscles
and the transdiscal pressure (13), but increased the degree of lumbar lordosis (29). The use of lumbar support
was found to have biomechanical benefits similar to
those of backrest inclination (30). Findings from these
studies on seating parameters have helped to construct
an ideal spinal model for seat design (24–26). Although
these guidelines are common practices in designing office chairs and car seats, epidemiologic data supporting
these biomechanical recommendations for preventing
low-back pain are sparse.
The purpose of our study was to examine whether
seat inclination and the use of lumbar support were associated with the prevalence of low-back pain in an epidemiologic study on urban taxi drivers. Our null hypothesis was that these seating parameters have no relation to the prevalence of low-back pain.

Study population and methods
Our study was carried out in parallel with the Taxi Drivers’ Health Study, an epidemiologic study on taxi drivers in Taipei City, Taiwan. The major research interests of the study included cardiovascular diseases, job
stress, low-back disorders, and a benchmark comparison of occupational health status with other occupational
groups. The data for our analysis came from an exposure assessment study, nested within the Taxi Drivers’
Health Study, in which we conducted a direct measurement of whole-body vibration. Figure 1 displays the
construct of the Taxi Drivers’ Health Study and the interrelation of its components. The study protocol was
approved by the Harvard School of Public Health Human Subjects Committee and by the Institutional Review Committee of the Liberty Mutual Research Institute for Safety.
Details of the study design and sampling scheme of
the full study have been reported elsewhere (31–33). In
brief, a representative sample of 247 drivers was recruited from large cab companies, taxi cooperatives, cab
service radio stations, and local unions to participate
between June and August in 2000. The recruited study
participants were all (i) male, (ii) registered professional taxi drivers, (iii) active drivers, and (iv) operating
vehicles made by Toyota, Nissan, Honda, or Ford. These
four manufacturers made approximately 85% of all automobiles used in Taiwan’s cab business.
The population demographic features, personal characteristics, and occupational factors of the 224 drivers
in our study are summarized in table 1. The mean age
was 44.6 (SD 8.2) years. On the average, they drove 188

Taipei Taxi Drivers’ Medical
Monitoring Program

Study base hospital
(N=1355)

Other hospitals
(N=1940)

Taxi drivers’ health study
(TDHS)

Cardiovascular
risk factors

Job stress

Low-back
disorders

Whole-body vibration
exposure assessment
(N=247)

Occupational
Health Survey

Questionnaire data

Current study
(N=224)

Figure 1. Structure of the Taxi Drivers’ Health Study and the interrelation of its component studies. Twenty-three drivers with a significant
low-back disorder before entering the taxicab business were excluded
from the current study.
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Table 1. Characteristics of the 224 drivers included in the study on the effect of seat inclination and the use of lumbar support on the
prevalence of low-back pain (low-back pain that had led to medical attention or absence from driving in the past month). (TDHS = Taxi
Drivers’ Health Study)
Characteristics

Age
(years)
Mean

Drivers in current study (N=224)
Drivers in TDHS (N=1242)
Reference a (%)
a

44.6
44.5

Body mass
index
(kg/m2)

Average days
of driving per
month (days)

Daily driving
duration
(hours)
Mean

SD

Mean

9.7
9.8

2.3
2.8

188.0 53.4
·
·
181.6

SD

Mean

SD

Mean

SD

Mean

8.2
8.7
43.9

24.7
24.9

3.7
3.6

9.3
11.4

7.4
7.8

25.8
2.8
26.2
2.6
26.8

·

9.2

SD

10

Daily driving
distance
(km)
SD

From the Department of Statistics, Taiwan Ministry of Transportation and Communication, Taiwan (34).

θbackrest

θback-thigh
θseat

Figure 2. Measured inclinations for the seat surface (θseat) and
backrest (θbackrest) relative to the horizontal. These angles were measured while the driver remained seated, and the back-to-thigh angle
(θback-thigh) was calculated as the difference between θbackrest and θseat.

(SD 53.4) kilometers in 9.7 (SD 2.3) hours per day, and
had been professional taxi drivers for 9.3 (SD 7.4) years.
With respect to age, body mass index, professional seniority, driving-time profiles, daily driving distance,
measured seat inclinations, and the use of lumbar support, these 224 drivers did not significantly differ from
those excluded from our study because of prior lowback pain and missing covariate information. Table 1
also shows that the age, body mass index, and drivingtime profiles of those included in our study were very
similar to the population characteristics of the Taxi
Drivers’ Health Study, although the population of the
latter enrolled more professionally senior drivers, largely due to the difference in inclusion criteria. With respect to age, professional seniority, daily driving distance, and driving-time profiles, those enrolled in this
study were also very comparable with the reference statistics retrieved from a nationwide survey (34) on taxi
drivers in Taiwan.
We used a Pro 3600 Digital Protractor (Applied Geomechanics, Santa Cruz, CA, USA) to measure both the
inclinations of the seat-surface upward (θseat) and the
backrest backward (θbackrest). The accuracy and standard
deviation of this digital inclinometer has been specified
by the manufacturer as 0.05 degrees for 0 ~10 degrees,

260

chen.pmd

Professional
seniority
(years)

0.10 degrees for 80 ~90 degrees, and 0.20 degrees for
10 ~80 degrees. The validity testing performed in our
laboratory indicated a less than 1% absolute measurement error (0~0.7%). Before any measurement was
started, we verbally assured that the observed seat inclinations were the usual conditions for their seating
behind the wheel. The measurement of these two inclinations was taken under loaded conditions at the end of
the session measuring whole-body vibration when drivers remained seated behind the wheel and assumed the
same driving postures. We did not measure spinal curvature directly because neither conventional radiograms
for static posture measurement nor sophisticated motionbased methods for dynamic posture assessment are feasible tools in large epidemiologic studies enrolling hundreds to thousands of professional drivers. Instead, we
calculated the difference between θbackrest and θseat, referred to as the back-to-thigh angle (θback-thigh), to approximate the trunk-to-thigh angle. The interrelation of these
three measures (θbackrest,, θseat, and θback-thigh) is illustrated
in figure 2. All the field measurements were carried out
by the same investigator, and the test-retest reliability,
as assessed by the intraclass correlation coefficient of
two repeated tests, was 0.85 [95 % confidence interval
(95% CI) 0.72~0.98) for measuring θ seat and 0.92
(95% CI 0.83~1.00) for measuring θbackrest. None of the
participating drivers complained of any discomfort during the measurement session.
The use of lumbar support was recorded by the same
interviewer and confirmed through the interview process. Using a structured interview, the same interviewer
also gathered individual information on demographic
features, body weight and height, and driving-time profiles. At the end of the interview, each driver was asked
whether he had clinically significant low-back pain, which
was defined as low-back pain that had led to medical attention or an absence from driving in the past month.
In addition, we collected information on professional
seniority, vehicle manufacturer, year of make, and engine size from the records on the registered licenses.
Information on the average days of driving per month
and average daily driving duration was obtained either
from a driving diary recording, if available, or from
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of the variance of θback-thigh was explained by θbackrest.
A total of 56 (25%) of the 224 drivers reported having low-back pain that had led to medical attention or
absence from driving in the past month. This low-back
pain prevalence did not differ from the estimated lowback pain frequency of all the participants in the Taxi
Driver Health Study. According to the decile distribution of the seat inclination and the result of the univariate analysis, we grouped the drivers into the three
θback-thigh categories of 53~85 degrees (N=140),
86~91 degrees (N=58), and >91 degrees (N=26). For
those with a θback-thigh of 53~85 degrees, 86~91 degrees,
and >91 degrees, the corresponding prevalence of lowback pain was 23%, 37%, and 9% respectively. The
odds ratio for having clinically significant low-back pain
was 2.92 (95% CI 0.65~13.2) in a comparison of
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self-reports. In addition, we took direct measurements
of the waist and hip circumferences, wheelbase length,
and tire width. The average intensity of the whole-body
vibration (in root mean square) used in the final analysis was based on a statistical model that we developed
to predict the individual exposure to whole-body vibration given our knowledge of average driving speed, vehicle manufacturers, year of make, engine size, professional seniority, body weight, daily driving-time profiles, wheelbase length, and use of additional cushion
on the seat surface. We have documented elsewhere that
the predicted exposures to whole-body vibration by our
statistical model would result in an acceptable predictive validity and appraised construct validity (33).
We employed a multiple logistic regression to estimate the prevalence odds ratio (OR) of low-back pain
associated with the different degrees of θseat, θbackrest, and
θback-thigh, and the use of lumbar support. In the univariate analysis, drivers were first divided into 10 categories, according to the decile distribution of the measured and calculated inclinations. Using the subgroup
with theoretically the least biomechanical stress as the
reference group, we grouped together those categories
with similar odds ratios for additional adjusted analyses. For a covariate to be included in the multiple logistic model, it had (i) to be a biomechnically or biologically plausible risk factor for low-back pain, (ii) its entry into the base model should have caused at least 10%
change of the odds ratio associated with the change in
seat inclination or the use of lumbar support, or (iii) the
P-value for testing its association with low-back pain
should be less than 0.25 in the univariate analysis. Drivers who reportedly had significant low-back pain
(N=23) before entering the taxicab business were excluded, and the final multiple logistic regression only
included those with complete data information. To assess the model fitting, we used the Hosmer-Lemeshow
goodness-of-fit test.
All of the statistical analyses were carried out with
the STATA 7.0 statistical software (STATA Corporation, College Station, TX, USA).
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Results
Figure 3 depicts the distribution of the measured seat
inclinations. The average inclination was 14.5 (SD 9.6)
degrees for θseat and 95.2 (SD 2.7) degrees for θbackrest.
The θback-thigh was thereby calculated as 80.7 (SD 9.3)
degrees. The θback-thigh was negatively correlated with the
θseat (Pearson r –0.96, P<0.0001), but there was only a
minor correlation between the θ seat and θbackrest
(Pearson r 0.26; P=0.0001). The θseat accounted for 92%
of the variance of θback-thigh, whereas only less than 1%
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Figure 3. Distribution of the seat-surface inclination, backrest inclination, and back-to-thigh angle.
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drivers with a θback-thigh of 53~85 degrees with drivers
with a θback-thigh of >91 degrees, whereas the odds ratio
was 6.00 (95% CI 1.27~28.3) in a comparison of drivers with a θback-thigh of 86~91 degrees with drivers with a
θback-thigh of >91 degrees. The wide confidence interval
of the odds ratio estimates resulted mainly from the
small number of participants (N=26) within the selected reference category, which presumably had the least
biomechanical stress (ie, θback-thigh of >91 degrees).
Altogether 55% of the drivers used a lumbar support regularly in their daily driving work. Most of the
lumbar supports were simply commercialized cushion
pads or pillows made of different materials, but their
positions could be easily adjusted to individual preference. For those using a lumbar support in daily practice, the prevalence of low-back pain was 18%, as opposed to 34% for those who did not use a lumbar support (crude OR 0.43, 95% CI 0.23~0.81).
The results of the multiple logistic regression model, which included only 216 participants with complete
data information but without significant prior low-back
pain, are shown in table 2. After adjustment for age,
body mass index, professional seniority, monthly driving hours, the predicted average daily intensity of
whole-body vibration, and the use of a lumbar support,
the adjusted odds ratio for having clinically significant
low-back pain was 4.01 (95% CI 0.82~19.5) in a
comparison of drivers with a θback-thigh of 53~85 degrees

with drivers with a θback-thigh of >91 degrees and 8.79
(95% CI 1.70~45.4) in a comparison with drivers with
a θback-thigh of 86~91 degrees with drivers with a θback-thigh
of >91 degrees. This association was equivalent to an
adjusted odds ratio of 5.11 (95% CI 1.07~24.4) for having clinically significant low-back pain in a comparison of drivers with a θback-thigh of ≤91 degrees with drivers with a θback-thigh of >91 degrees. In the crude analysis, the estimated odds ratio associated with seat inclination was negatively confounded by other factors,
mainly by the average monthly driving duration. It appeared that drivers with a longer driving duration were
inclined to adopt driving postures corresponding to larger θback-thigh. After adjustment for these factors, regardless of the seat inclinations, comparing drivers using
lumbar support in the driver’s seat to drivers without
such use, showed an adjusted odds ratio for low-back
pain of 0.33 (95% CI 0.16~0.68). No data were available to adjust for psychosocial factors and other physical activities in the multiple logistic regression.
In both the crude and the adjusted analyses, we
found that neither the θbackrest nor the θseat was significantly associated with the prevalence of low-back pain. The
Hosmer-Lemeshow test (P=0.75) indicated the goodness-of-fit of the presented multiple logistic regression
model.

Table 2. Results of the multiple logistic regression a for estimating the prevalence odds ratio (OR) for the low-back pain in association with the degrees of seat inclination, use of lumbar support, and driving time among taxi drivers. (95% CI = 95% confidence interval)

Discussion

Factors

N Preva- Crude
lence b preva(%) lence
OR

95% CI Adjusted 95% CI
prevalence
OR c

Back-to-thigh angle
>91 degrees
26
86–91 degrees 58
53–85 degrees 140

9
37
23

1.00
·
6.00 d 1.27–28.3
2.92 0.65–13.2

1.00
·
8.79 e 1.70–45.4
4.01 0.82–19.5

34
18

1.00
·
0.43 e 0.23–0.81

1.00
·
0.33 e 0.16–0.68

1.00
2.13
2.04
1.04

1.00
2.51
2.29
0.64

Use of lumbar support
No
Yes

123
101

Driving time per month (hours)
1st quartile
2nd quartile
3rd quartile
4th quartile

57
61
52
53

16
33
35
17

·
0.93–4.89
0.78–5.36
0.38–2.80

·
0.93–6.80
0.82–6.39
0.21–1.95

a

The Hosmer-Lemeshow test for the goodness-of-fit of the final
adjusted model (P=0.75).
b
The crude prevalence of low-back pain leading to medical attention or
absence from driving in past month.
c
Adjusted for age, body mass index, professional seniority, predicted
average intensity of whole-body vibration, and the other factors
indicated in the table.
d
* P<0.05.
e
** P<0.01.
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Our epidemiologic study provides the first analytic results conforming to prior biomechanical studies on seating parameters, which have led to recommended guidelines for optimal seat design and the use of lumbar support. In both crude and adjusted analyses, drivers with
a larger θback-thigh (>91 degrees) had a lower prevalence
of clinically significant low-back pain in the past month
than those with a smaller θback-thigh. Since both the backrest and seat-surface tilts were measured under loaded
conditions with drivers assuming their usual driving postures, there should be strong coupling between a driver’s back and the seat backrest and also between a driver’s thigh and the seat surface. The seating posture imposed by these strong couplings would make the calculated θback-thigh a good proxy for measuring the trunkthigh angle in the field, even though we did not have
direct measures. Previous biomechanical studies have
shown that the curvature of lumbar lordosis was reduced
as the trunk-thigh angle decreased (35, 36). In vivo
measurements revealed a lower intradiscal pressure for
seated postures maintaining the lumbar lordosis (13–14).
Recent studies suggested an association between reduced lumbar lordosis and the risk of low-back pain in
both cross-sectional (37) and prospective studies (38).
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The way we quantified the seating postures imposed
by the joint inclination of the seat surface and the backrest indeed made our study results distinctive from previous epidemiologic studies investigating sitting while
at work as a potential risk factor for low-back pain. The
presented odds ratio has already been adjusted by the
logistic regression modeling that incorporates the predicted intensity of the whole-body vibration and the
driving duration, the latter often being used in previous
studies to characterize prolonged sitting or other physical exposures associated with professional driving. It is
also noteworthy that, as all of the measured backrest
inclinations were greater than 90 degrees, observational methods for assessing seating postures commonly
used by previous investigators would have resulted in
misclassifying most drivers as having good seating postures. Had we used driving duration only or adapted the
simple observation of the backrest inclination to characterize the seating postures of our study participants,
we would have lost the ability to find the association
between θback-thigh and the prevalence of low-back pain.
As mentioned before, because sitting while driving is
not equivalent to sedentary sitting at work, the potential advantage of assuming a favorable θback-thigh during
driving may not be generalized to the prolonged sitting
of other occupational settings. However, the idea and
promise of using more quantitative methods for measuring seating postures should be transferable to other
studies.
The observed negative association between the prevalence of low-back pain and the use of a lumbar support was also consistent with the results of many previous biomechanical studies. The use of a lumbar support
has been shown to preserve the degree of lumbar lordosis in supported sitting, to decrease the electromyographic activities of back muscles, and to be related to
lower intradiscal pressure (29, 39, 40). The benefit of
using lumbar support for the secondary prevention of
back pain has also been reported (41).
Although biomechanical studies have shown that an
increase in the backward inclination of a backrest could
decrease both the electromyographic activities of back
muscles and transdiscal pressure (13), both our crude
and adjusted analyses revealed that neither the θbackrest
nor the θseat was significantly associated with the prevalence of low-back pain. Previous studies have suggested that an adjustable backrest incline of 100 degrees
from the horizontal is the optimal inclination for designing a car driver’s seat (24). We had reported that most
of cab drivers in Taipei City used compact sedans (with
a mean engine size of 1600 cubic centimeters and a
mean wheelbase of 254 centimeters) for their taxicab
business (31). As a result, drivers were confined to a
relatively small space behind the wheel, where they had
to assume driving postures without too much backward

inclination in order to yield more room for passengers
while obtaining proper vision through the windshield.
Since our data contained very limited variability for the
backrest inclination (with only 8 participants whose
backrest inclinations were ≥100 degrees from the horizontal), we were unable to find an association between
low-back pain and backrest inclination. Moreover, we
noted that a reclining backrest and control of the seatsurface inclination, a condition tested in many previous
experimental studies, is mathematically equivalent to
changing the back-to-thigh angles. Therefore, it is possible that the biomechanical responses of increasing the
back-to-thigh angle may be very similar to what has
been found for increasing backrest inclinations.
The lack of a significant association between monthly driving duration and the prevalence of low-back pain
(table 2) needs to be interpreted cautiously. First, part
of the outcome definition (low-back pain that led to
medical attention or days away from work) may have
affected the way drivers reported their average drivingtime profiles and thereby resulted in a misclassification
of the true monthly driving duration. Second, although
our analyses did not reveal a statistically significant association between driving duration and the prevalence
of low-back pain, in this cross-sectional study, it is possible that those with significant low-back pain may have
actually changed their driving-time profiles, which are
more modifiable than other personal and occupational
factors. Thus the “healthy worker effect” could partly
explain the nonsignificant association and even the negative association between prolonged driving and lowback pain.
Our study also suffered from several other limitations of a cross-sectional design. Although it is implausible that seating parameters with biomechanical disadvantages (eg, a θback-thigh of <91 degrees, not using a lumbar support) would be secondary to the presence of recent significant low-back pain, it is still arguable that
an observed strong association between a smaller
θback-thigh and a high prevalence of low-back pain is not
truly causal. As low-back pain is such a common musculoskeletal disorder, it may be that keeping favorable
inclinations or using a lumbar support does not really
prevent the occurrence of low-back pain but simply reduces the frequency of low-back pain episodes, a phenomenon reflecting the length sampling bias of crosssectional studies. In addition, the observed nonmonotone of the exposure-response relation between θback-thigh
and the prevalence of low-back pain is subject to the
possibility that drivers with recently significant lowback pain would have changed their seat inclinations
from the mostly uncomfortable degrees (<86 degrees)
to less uncomfortable degrees (86~91 degrees) or even
to more favorable ranges (>91 degrees). A prospective
study should allow us to address the methodological
Scand J Work Environ Health 2005, vol 31, no 4
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Table 3. Sensitivity of the association between the back-to-thigh
angle (θback-thigh) and back pain (prevalence odds ratio dx a) to various combinations of the relative prevalence of an unmeasured
binary confounder z among those with a back-to-thigh angle of
≤91 degrees (Pz1) versus those with back-to-thigh angle of >91
degrees (Pz0).
Prevalence
z1

Prevalence
z0

Prevalence
odds
ratio
xz b

0.2
0.3
0.4
0.5
0.5
0.6
0.6
0.7
0.75
0.75

0.1
0.1
0.2
0.25
0.33
0.3
0.4
0.35
0.45
0.55

2.25
3.86
2.67
3
2.03
3.5
2.25
4.33
3.67
2.45

Prevalence odds ratio dx
Prevalence
odds
ratio
dz c 2

Prevalence
odds
ratio
dz c 3

Prevalence
odds
ratio
dz 4

Prevalence
odds
ratio
dz c5

3.69
3.40
3.45
3.36
3.57
3.27
3.52
3.20
3.57
3.34

3.45
3.02
3.13
3.02
3.34
2.93
3.30
2.85
3.38
3.06

3.27
2.76
2.93
2.82
3.21
2.73
3.16
2.66
3.28
2.91

3.13
2.56
2.79
2.69
3.12
2.61
3.08
2.54
3.22
2.82

The prevalence odds ratio for back pain comparing a θback-thigh ≤91
degrees witg a θback-thigh of >91°.
b
The prevalence odds ratio for a θback-thigh of ≤91 degrees comparing
those with z=1 to those with z=0.
c
The prevalence odds ratio for having back pain associated to z=1 as
compared to z=0.
a

θback-thigh and low-back pain, as the difference in smoking prevalence between the drivers with a θback-thigh of
>91 degrees and those with a θback-thigh of ≤91 degrees
was not substantial (67% versus 45%, P=0.65).
To seek for alternative explanations for our interesting findings, we conducted further sensitivity analyses
(42), attempting to determine how severe the effect of
an unmeasured confounder or residual confounding, if
any, would have to be to affect our results (table 3). For
example, if we missed a strong low-back pain risk factor that had an odds ratio of 5.0 and was three times
more prevalent (30%, for example) among those with a
θback-thigh of ≤91 degrees than among those with a θbackthigh of >91 degrees (10%), the odds ratio (a θback-thigh of
≤91 degrees versus a θback-thigh of >91 degrees) would
only be decreased from 4.06 to 2.56. Given the magnitudes of the odds ratio estimates in both the crude and
adjusted analyses (4.06 and 5.11 for a θback-thigh of ≤91
degrees), our sensitivity analyses indicated that the reported significant association between θback-thigh and lowback pain was not merely the consequence of either residual or unadjusted confounding per se.

Acknowledgments
complexities and examine the true benefits of these seating parameters in preventing low-back pain.
The time and resource limitation diminished our
ability to assess other risk factors of low-back pain comprehensively, such as psychosocial factors, other physical activities (lifting, bending and twisting, etc), and
smoking. In terms of a mechanism, seating postures
imposed by biomechanically favorable parameters may
reduce the psychosocial stress associated with prolonged
driving. Our empirical data from a subset of participants
(N=39) who provided information on seat inclination
and job stressors did suggest that those with a favorable inclination (>91 degrees) perceived less job stress
than those with an unfavorable (≤91 degrees) inclination (22% versus 60%, P=0.11). With respect to confounding by other physical activities, our empirical data
indicated that those with a θback-thigh of >91 degrees, as
compared with those with a θback-thigh of ≤91 degrees,
were more involved in lifting (20% versus 6%) and
bending and twisting occupational activities (20% versus 10%). Although these associations did not reach statistical significance (P=0.36 and 0.47, respectively), it
seemed more likely that the potential negative confounding by other physical activities may have biased the association between θback-thigh and low-back pain towards
the null. The possibility of positive confounding by
smoking cannot be ruled out. However, the potential
positive confounding by smoking, if any, is unlikely to
account completely for the observed association between
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