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Aims: To investigate the occupational and personal factors associated with lumbar spondylolisthesis in taxi
drivers.

Methods: Cross-sectional analysis of the baseline data from the Taxi Drivers’ Health Study cohort.
Information was retrieved from the medical records of standardised lumbosacral spine plain films, age,
and anthropometric measures of 1242 subjects. Acquired spondylolisthesis (ASL) was defined as non-lytic
spondylolisthesis involving lumbar spines above L5. Questionnaires were used to gather information on
demographic features, health behaviours, exercise, work related physical and psychosocial factors, and
driving time profiles. Multiple logistic regression was used to model the odds ratio (OR) for prevalent ASL
cases associated with personal and occupational factors.

Results: A total of 40 cases (3.2%) of ASL were diagnosed. Among those driving <5 years, 6-15 years,
and >15 years, the estimated prevalence of lumbar spondylolisthesis was 1.1%, 2.4%, and 7.1%
respectively. Results of multiple logistic regression suggested that taxicab driving >15 years (OR=3.4,
95% Cl 1.1 to 10.7, compared to driving <5 years), age (OR=2.6, 95% Cl 1.1 to 6.6 for age 46-55;
and OR=4.8, 95% Cl 1.8 to 12.9 for age >55), body mass index =25 kg/m2 (OR=2.2,95% CI 1.1 to
4.6), and frequent strenuous exercise (OR=2.2, 95% Cl 1.1 to 4.5) were significantly associated with
higher prevalence of spondylolisthesis. There was a consistent likely exposure-response relation between
professional seniority and ASL prevalence.

Conclusions: Longitudinal studies are needed to confirm the observed association between professional
driving and spondylolisthesis, and to examine further the specific occupational exposures accountable for

this association.

lumbar spondylolisthesis remains a significant source of

back pain and disability.” From the public health
perspective, it would be desirable and potentially cost
effective to slow the clinical course or even prevent the
occurrence of this costly spinal disorder. However, most of
our current knowledge about the causes of spondylolisthesis
stems from descriptive radiographic and clinical observations.
For instance, it has been found that abnormalities of the
upper sacrum,’ dysplasia of L5 neural arch,* and spina bifida’
can predispose to slippage of vertebra. Hereditary suscept-
ibility> © has also been observed in certain types of spondy-
lolisthesis, for example, the isthmic lytic type, which is the
most prevalent spondylolisthesis among children and ado-
lescents. Female predominance,” racial difference”® in the
frequency of spondylolisthesis, and sports injuries’ in relation
to subsequent development of spondylolisthesis are also
reported. Additionally, anatomically defined factors, such as
sagitally oriented facet joints,'' increased pedicle-facet
angle,”” and horizontalisation of the lamina,” have been
related to spondylolisthesis. Unfortunately, these putative
biological risk factors for lumbar spondylolisthesis are
generally not modifiable. To develop a better prevention
strategy, we need more population based studies designed to
investigate potentially modifiable factors, such as environ-
mental or occupational factors.

A few previous occupational epidemiological findings drew
our attention to spondylolisthesis among professional drivers.
In a longitudinal observation of 211 young (mean age 17
years) tractor drivers,'" " investigators noted that the
proportion of drivers with pathological changes of the spinal
column increased from 57% in 1966 to 80% in 1971. Fisher
and colleagues'® compared radiographs of 136 helicopters and

First described by Herbineaux in the late 18th century,’
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143 jet pilots of comparable ages. They found that the
degenerative changes of spine were more frequent among
helicopter pilots (80%) than jet pilots (59%). Froom and
colleagues'” studied specifically spondylolisthesis among
helicopter pilots and found that helicopter pilots had a four
times higher prevalence of spondylolisthesis than the
reference group (4.5% v 1%). However, these differences in
prevalence of spondylolisthesis were based on univariable
between-group comparison, which was likely subject to
confounding by other factors related to spondylolisthesis,
such as age and physical activities.

In the current epidemiological study, we aimed to examine
the association of spondylolisthesis and professional seniority
of taxi drivers. Using multivariable analyses, we attempted to
identify personal characteristics, and occupational factors if
any, associated with spondylolisthesis in professional taxi
drivers. We hypothesised that the frequency of spondylolis-
thesis increases with taxi drivers’ professional seniority.

METHODS

Study population

The study population was the baseline cohort of the Taxi
Drivers” Health Study (TDHS)," ' which is an integrated part
of a medical monitoring programme sponsored by the Taipei
City Government to provide taxi drivers free physical
examinations each year. From 31 January to 31 May 2000,
3295 taxi drivers participated in this programme. From five
designated hospitals, we selected the one with the largest
assigned service volume as the study base of TDHS. The main
outcomes of research interest at the design phase of TDHS

Abbreviations: ASL, acquired spondylolisthesis; BMI, body mass index;
Cl, confidence inferval; OR, odds ratio; TDHS, Taxi Drivers’ Health Study
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Main messages

e Llittle is known about potentially modifiable personal
and environmental risk factors for lumbar spondylo-
listhesis.

e This epidemiological study provides the first results
suggesting an association between acquired lumbar
spondylolisthesis and taxi driving.

® Age, overweight and obesity, and frequent strenuous
exercise, are all associated with increased prevalence
of acquired lumbar spondylolisthesis.

included cardiovascular disease risks, job stress, and low back
disorders, among others. For drivers to be eligible for
enrolment in this study, they had to have been: (a) registered
taxi drivers in Taipei City for at least one year; (b) willing to
participate; and (c) able to read. The research protocols and
consent forms were approved by the Human Subjects
Committee of the Harvard School of Public Health, Boston,
MA, USA, and by the Institutional Review Board of the Taipei
Veterans General Hospital, Taipei, Taiwan. Informed consent
was obtained from every TDHS participant in the selected
hospital.

Ovutcome measures

Standardised anterior-posterior (AP) and lateral plain radio-
graphs of lumbosacral spine were used in this medical
monitoring programme to screen L-spine abnormalities.
From the descriptive files of all radiological diagnoses of
each study participant, we searched for the diagnosis of
lumbar spondylolysis and spondylolisthesis, along with the
levels of involvement. Acquired spondylolisthesis (ASL),
which was the outcome of interest for the current study,
was defined as radiographic spondylolisthesis without
spondylolysis involving lumbar intervertebral levels above
L5. This definition followed the classification scheme
proposed by Marchetti and Bartolozzi.”® We disregarded
isthmic spondylolisthesis, because such developmental
lesions very often (>85%) involve the lumbosacral level,
and most have occurred before adulthood.”' ** The presence of
spondylolisthesis was defined as a translation of a vertebral
body on the segment immediately below (fig 1), and the
degree of translation was graded according to Meyerding’s
method.”” All L-spine radiographs were interpreted by a
single radiologist (WP Chan) experienced in spinal imaging.
The reader was aware of the occupation of the study subjects
but blind to their age, professional seniority, risk profiles for
low back pain, and any clinical symptoms. The test-retest
reliability assessment conducted in 2002 among a sample of
100 films (30 from taxi drivers with spondylolisthesis and 70
from other healthy subjects coming to medical examinations
clinics) indicated a 100% agreement on the presence of
spondylolisthesis.

Measurement of covariates

We developed a standardised self-administered instrument to
measure personal characteristics and occupational factors in
this study. The feasibility of this instrument was tested in a
convenience sample of drivers before the study began. This
instrument incorporated a modified Nordic Musculoskeletal
Questionnaire (NMQ) that provided a graph of nine body
parts and asked subjects to mark the anatomic site(s) where
they ever suffered from any pain in the last 12 months. The
NMQ has been documented to have acceptable validity and
reliability.” * Besides demographics features and health
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Policy implications

o Longitudinal studies are needed to confirm the
observed cross-sectional association between profes-
sional driving and lumbar spondylolisthesis, and
further examine the specific occupational exposures
accountable for this association.

behaviours, the questionnaires consisted of items for driving
time profiles (professional seniority in years, average days of
driving per month, and daily driving duration in hours), and
average frequency of physical activities (lifting task and
bending/twisting) at work and during leisure time. The
instrument also included the job dissatisfaction subscale of
the Job Contents Questionnaire (Chinese version), and five
questions from the Mental Health Index of the Taiwanese
version of SF-36. Prior studies have found these two
inventories to have good reliability and validity.” > Age,
anthropometric measures (body weight and height), and
laboratory data were retrieved from the medical examination
files.

Statistical analysis

We used multiple logistic regression to estimate the
prevalence odds ratio (OR) of ASL associated with change
in professional seniority. We grouped drivers into three
categories according to the total years of taxi driving ( <5, 6—
15, and >15 years), and calculated the crude OR of ASL for
each group, using the most junior drivers (<5 years) as the
reference. In order to make statistical inference about effect
of professional seniority on the ASL prevalence conditional
on other predictors, established risk factors (age, gender,
strenuous exercise) for spondylolisthesis were retained in
every step of model building regardless of the significance

Figure 1 Lateral view of lumbar radiograph of a 47 year old male taxi
driver showing a grade | spondylolisthesis of L4 on L5.
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levels they reached in the crude univariate analyses. For any
other variable to be included in logistic regression, it must
have resulted in at least a 10% change in the estimate of the
OR associated with professional seniority or be statistically
significant at the 0.20 level in the univariate analysis. We
assumed no interaction terms among potential predictors,
and only included cases with complete data information in
the final analyses. The Hosmer-Lemeshow test* was used to
assess the goodness-of-fit. All of these statistical analyses
were carried out by STATA 7.0 statistical software (STATA
Corporation, College Station, TX).

RESULTS

During the study period for collecting baseline TDHS data, of
the 1355 drivers receiving medical examinations in the
selected hospital, 1351 had the reports of their L-spine
radiographs available and 1242 (92%) completed the ques-
tionnaire. Table 1 shows personal characteristics and
occupational factors of our study participants. Fifty one per
cent (51%) reported low back pain in the past year. Compared
to the other 1940 drivers who were not enrolled in TDHS but
had received medical examinations in other hospitals, the
TDHS enrolees were not systematically different from those
who were not enrolled, with respect to the distribution of age,
gender, professional seniority, daily driving duration, body
mass index (BMI), marital status, and registration type. The
demographic features of these two groups of drivers were also
comparable to the reference statistics from a nationwide
survey”” on taxi drivers in 2000. In a small subset of TDHS
baseline data from drivers who also participated in an
exposure assessment study on whole body vibration, we
found that self-reported professional seniority correlated very
well with data obtained from the taxi drivers’ registration
records or through structured interviews (Pearson’s correla-
tion coefficient = 0.96). Although self-reporting on average
underestimated professional seniority by 0.2 years, this
measurement error is independent of having low back pain
(p=0.73) and also independent of the presence of lumbar
spondylolisthesis (p = 0.94).

A total of 39 (3.2%) cases of non-lytic spondylolisthesis
involving lumbar intervertebral levels above L5 were diag-
nosed; of these, 17 (44%) had associated with degenerative
changes of their lumbar spines but none revealed radio-
graphic evidence of prior back surgery. No moderate or
advanced cases of spondylolisthesis were noted in the
radiographic reports. Thirty four cases (87%) involved single
level (including 14 at 14/L5, 14 at L3/14, and 6 at L2/L3) while
five (13%) involved two levels. One 48 year old male subject,
having been a taxi driver for seven years, was noted to have a
posterior lumbar slip and associated degenerative changes,
but the level of slippage was not specified. Since posterior
slips are mostly degenerative,’* this subject was classified as
having ASL as well. All together, 40 ASL cases were
identified, resulting in a total of 44 non-spondylolytic
spondylolisthesis lesions above L5, as revealed in the
descriptive files of their radiographic reports. There were
more posterior slips (n=24) than anterior slips (n = 14),
although the direction of slips was not specified in the other
six lesions. The proportion of subjects complaining of low
back pain in the past 12 months was 75% among those with
ASL and 50% among those without ASL. Forty nine per cent
of drivers with ASL sought medical attention for their back
pain, but only 28% of those without ASL received medical
attention for their back pain in the past 12 months.

Crude estimates of the ASL prevalence, stratified by
professional seniority (<5, 6-15, and >15 years), were
1.1%, 2.4%, and 7.1% respectively. When the direction of slips
is considered, the prevalence of anterior ASL (2.6%; 95% CI
1.1 to 5.0) was similar to the prevalence of posterior ASL
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(3.3%; 95% CI 1.6 to 5.8) among those who were profession-
ally the most senior drivers. The tendency of increasing ASL
associated with professional seniority was also significant for
both anterior slips (trend test p=0.02) and posterior slips
(trend test p=0.01). Univariate analyses also indicated that
biological age, overweight and obesity (BMI =25 kg/m?), and
frequent strenuous exercise (more than three times/week),
were all significantly (p < 0.05) associated with higher ASL
prevalence.

The small case number prohibited us from constructing
multiple logistic models for either anterior or posterior slips.
Since the results of crude analyses indicated no differential
effect of professional seniority on ASL prevalence between
anterior and posterior slips, we pooled all ASL cases in the
multiple logistic regression analyses (table 2). After adjusting
for age, gender, BMI, smoking, alcohol drinking, frequency of
heavy lifting, bending and twisting, and strenuous exercise,
professional seniority was significantly associated with
increased prevalence of spondylolisthesis (trend test
p =0.02). Using the prevalence in the professionally junior
drivers (<5 years) as the baseline, the adjusted OR was 1.9
(95% CI 0.6 to 6.1) for those with taxi driving history of 6-15
years, and 3.4 (95% CI 1.1 to 10.7) for the most senior (>15
years) drivers. In contrast to the larger crude ORs (2.2 and 6.8
respectively), such decreases of OR estimates resulted mainly
from the confounding by drivers’ biological age, as older
drivers usually had a longer history of professional driving.
The observed positive association with drivers’ age, body
mass index, and frequent strenuous exercise remained
statistically significant in the adjusted analysis.

Neither the frequency of physical activities (lifting tasks,
bending/twisting) at work, nor the psychosocial factors, such
as job dissatisfaction, self-perceived stress, and mental health
score, had consistent associations with the ASL prevalence in
this cohort. These factors did not confound the OR estimates
for professional seniority and for all other significant factors
either. The result of Hosmer-Lemeshow test (p=0.73)
supported the goodness-of-fit of the multiple logistic model.

DISCUSSION

Our epidemiological study provides the first analytical results
suggesting an association between acquired lumbar spondy-
lolisthesis and taxi driving. Unlike previous studies on tractor
drivers and helicopter pilots, the observed association
between professional seniority and increase in the prevalence
of spondylolisthesis remained statistically significant after
adjusting for a set of potential confounders including daily
driving duration, age, and physical activities.

A few physical factors associated with taxi driving can
impose significant biomechanical strains on the lumbar
spine. These biomechanical responses may accumulate over
time and become sufficient for the development or progres-
sion of ASL. Firstly, experimental studies’* have shown that
the anterior shear force is one major determinant of
spondylolisthesis. In their daily occupational activities, taxi
drivers may be exposed to imbalanced shearing force, either
transferred by shock events® *” when riding over bumps and
jolts or resulting from collision accidents with significant
translational impacts. As drivers are sitting within a confined
space behind the wheel, the strong coupling between the seat
backrest and vehicle floor’® can result in a differential motion
between backrest and seat pan, which may create a
continuing shear force acting on the spinal segment.
Secondly, researchers have found that the integrity of the
disc is important to resist shear force.’* *> An animal study®
has shown that exposure to vibration decreases the proteo-
glycan content in the nucleus pulposus, and eventually
results in disruption of matrix integrity. In the earlier study
on helicopter pilots, investigators had suggested that
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Table 1 Distribution of demographic features and occupational factors of 1242 participants in the Taxi Drivers’ Health Study

(TDHS)
TDHS participants Drivers not in selected hospital* Referencet
Mean (SD) Mean (SD) Mean
Characteristics Nt or % Not or % or %
Age (years) 1242 44.5 (8.7) 1403 46.6 (8.7) 43.9
Professional seniority (years) 1234 11.4(7.8) 1890 11.0(7.5) 9.2
Total days of driving/month (days) 1239 26.2 (2.6) 1780 25.2 (3.6) 26.8
Hours of driving/day (hours) 1238 9.8 (2.8) 1889 9.9 (2.5) 10
Body mass index (kg/mz) 1242 24.9 (3.6) 1780 25.2 (3.6) -
Gender
Male 1193 96% 1854 96% 97%
Female 49 4% 82 4% 3%
Education
Below high school 405 33% 770 40% =
High school 782 63% 1067 56% =
College and beyond 53 4% 69 4% -
Marital status
Single 201 16% 257 14% =
Married 960 75% 1469 77% =
Separafed/ divorced/widowed 116 9% 178 10% -
Registration type
Individual 497 40% 808 43% —
Cooperative 395 32% 606 33% =
Cab company affiliated 341 28% 447 24% -
Lifting activities
Never/rare/seldom 604 49% - - -
Often/sometimes 508 41% - - -
Very frequently 122 10% - - -
Bending/twisting
Never/rare/seldom 643 52% - - -
Often/sometimes 482 39% - - -
Very frequently 111 9% - - -
Leisure time physical exertion
Never/rare/seldom 602 49% - - -
Often/sometimes 506 41% - - -
Very frequently 126 10% - = =
Perceived job stress
None 282 23% = = =
Mild 639 52% - - -
Moderate-severe 311 25% - - -
§Mental health score (0-100) 1218 63.1 (16.8) - - -
9Job dissatisfaction index (0.01-1) 1225 0.61 (0.17) - - -
*“*Low back pain in past 12 months 628 (1241) 51% 988 (1798) 55% -

data.

§Assessed by the SF-36, Chinese version.

YAssessed by the Job Content Questionnaire, Chinese version.
**Assessed by the modified Nordic Musculoskeletal Questionnaire.

*Drivers who received medical examinations in hospitals other than the study base hospital.
+Obtained from the Department of Statistics, Ministry of Transportation and Communication, Taiwan (34).
1Ny, number of subjects in TDHS group; Ny, number of subject not in study base. The total number summed up across each category varies slightly due to missing

intensive vibration stress during flight might cause the
observed high frequency of spondylolisthesis. However, it is
noteworthy that taxi drivers, in general, are exposed to a
relatively lower level of whole body vibration than other
professional drivers. Whether long term exposure to low
levels of whole body vibration could also disrupt the integrity
of disc tissues remains unclear. Thirdly, direct back injury
during motor vehicle accidents was another physical hazard
associated with professional driving that could possibly cause
traumatic spondylolisthesis. Interestingly, none of the 40 ASL
cases reported ever having a back injury incurred during
motor vehicle accidents. A likely explanation for this
observation is that, because of the demanding driving tasks,
taxi drivers with a history of motor vehicle related back
injuries might have chosen to leave this occupation and thus
were not observed in our cross-sectional study.

We are aware of no other prevalence data on acquired
spondylolisthesis of professional drivers. However, we may
have underestimated the overall prevalence (3.2% as a crude
estimate; 95% CI 2.4 to 4.5) for a few reasons. Firstly, due to
the long driving time (on average 10 hours per day, 26 days
per month) demanded in the taxicab business in Taipei City,

those with lumbar spondylolisthesis, whether developmental
or acquired, are likely to be selected out in the course of their
career. Such a selection bias may also underestimate the OR
estimates. Secondly, although degenerative spondylolisthesis
is four times more common in women than in men,” the
female population is underrepresented (only 3-4%) among
taxi drivers in Taipei City. Thirdly, since 15% of spondylolis-
thetic lesions can only been seen by a standing lateral,”" using
supine plain radiographs only would have missed a few cases
of ASL not otherwise seen on a supine lateral view.
Interestingly, however, Farfan* found that the prevalence
of degenerative spondylolisthesis in a cadaver study was
4.1%. Among those taxi drivers aged above 45, with low back
pain, the ASL prevalence was 8.9%, similar to the prevalence
of degenerative spondylolisthesis (8.7%) reported by Iguchi
and colleagues” who examined the radiographs of 3259
Japanese outpatients with low back disorders and compar-
able ages.

The observed associations between lumbar spondylolis-
thesis and other personal factors (age, BMI, and strenuous
exercise) conform to the results of previous studies. The age
dependent degenerative arthritis of the facet joints could lead
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Table 2 Summarised results of crude prevalence and multiple logistic regressiont for estimating the prevalence odds ratios of
spondylolisthesis associated with personal and occupational factors

Prevalence ORs and 95% Cls

Crude OR Adjusted OR

Factors N (prevalence)t (95% CI) (95% CI)9q
Professional seniority (years)

<5 359 (1.1%) 1 1

6-15 543 (2.4%) 2.2 (0.7 to 6.7) 1.9 (0.6 to 6.1)

>15 324 (7.1%) 6.8 (2.3 10 19.8)** 3.4(1.1 t0 10.7)*

Trend fest p<0.001 p=0.02
Age (years)

<45 688 (1.3%) 1 1

46-55 383 (4.7%) 37 (1.7 to 8.4 26 (1.1 to 6.6)*

>55 163 (8%) 6.5 (2.7 to 15.6)** 4.8 (1.8 to 12.9)*

Trend test P<0.001 p=0.002
Gender

Male 1185 (3.1%) 1 1

Female 49 (6.1%) 2.0 (0.6 to 6.8) 1.9(0.5t07.2)
Body mass index (kg/m?)

<25 644 (2.1%) 1 1

=25 550 (4.5%) 2211 to 4.2 22 (1.1 to 4.6)*
Frequent strenuous exercise

No 939 (2.6%) 1 1

Yes 293 (5.5%) 2.2(1.210 4.2)* 2.2(1.1 o 4.5)

*5<0.05; *p<0.01.

data. A total of 1166 subjects were included in the final logistic model.

1The Hosmer-Lemeshow fest for the goodness-of-fit of the final adjusted model: p=0.73
$Number of subjects and crude prevalence of spondylolisthesis in each category. The fotal number of subjects slightly differed across categories because of missing

YAdjusted for frequency of lifting tasks, bending and twisting, smoking habit, alcohol dinking, and all the other factors indicated in the table.

to vertebral subluxation.*" Although the lumbar facet joints*
carry 3-35% of the static compression force on the lumbar
motion segment and dynamically up to 33% of the axial load,
biomechanically both the compression force and axial load
are increased as the body mass increases.”> Many studies have
also described the high prevalence of spondylolisthsis among
those engaged in competitive sports,”* * largely due to
trauma. Although we found that spondylolisthesis was more
common in female than in male taxi drivers (6.1% v 3.1%),
the extreme under-representation of female gender in this
occupation and the small number of identified lumbar
spondylolisthesis (three cases only) in female drivers
provided no statistical power to detect any significant gender
effect reported in previous studies.

The following sensitivity analyses were carried out to
examine further the robustness of the exposure-response
relation between professional seniority and prevalence of
lumbar spondylolisthesis. Firstly, to examine whether our
findings were sensitive to the restricted definition of ASL, we
included all cases of spondylolisthesis (lytic and non-lytic)
regardless of their levels of involvement, assuming that some
physical exposures in this occupational setting might also
contribute to the progression of isthmic spondylolisthesis.
After adjusting for the same set of variables in table 2, the
tendency of increasing frequency of spondylolisthesis asso-
ciated with professional seniority remained statistically
significant (p =0.04), and more spondylolisthetic lesions
were found in professionally senior drivers than in drivers
with least seniority (OR=3.0; 95% CI 1.1 to 8.6). Secondly,
concerning the likelihood of residual confounding by drivers’
biological ages, we took alternative approaches to adjust for
the age effect. After we specified the age effect as a linear
function only for age >45, professionally senior drivers still
had a higher ASL prevalence than junior drivers (OR = 3.0;
95% CI 1.0 to 9.7) and the trend test remained statistically
significant (p = 0.04). Finally, even after we restricted the
analysis to drivers aged less than 55 (n=995), we
consistently observed the incremental change in ASL
prevalence associated with professional seniority (p = 0.03),
and the ASL lesions were still more frequent in professionally
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senior drivers than junior drivers (adjusted OR = 5.5; 95% CI
1.1 to 26.6).

Although plain radiographs have been recognised as a poor
method for assessing back pain,* *” the popular view on the
importance and usefulness of plain radiography among
patients with back pain remains a substantial barrier to
appropriate use of radiography.* One previous study in the
USA found that 87% of patients believed that everyone with
back pain should have plain radiograph.” A recent report also
indicated that 72% of patients with back pain referred from
Norwegian general practitioners rated radiography as very
important.” The TDHS research committee was not directly
involved in overseeing the medical examinations first
established for taxi drivers in Taipei City. However, we noted
that the inclusion of L-spine plain radiography also reflected
the self-perceived high risk for back disorders among taxi
drivers and the pervasive view on the use of L-spine plain
radiography among the involved parties (medical examina-
tion providers, drivers’ representatives, and the programme
sponsor). Although we observed a likely association between
professional seniority and prevalence of spondylolisthesis
among taxi drivers, our findings should not be used to
support the unconditional use of spine plain radiography in
either clinical or occupational settings.

We recognise several limitations to our cross-sectional
study. Firstly, without radiographic data from before the
subjects began driving professionally, the association
between driving seniority and spondylolisthesis cannot be
definitely interpreted as causal. In fact, it has been shown
that progression of slippage occurs in 30% of patients with
degenerative spondylolisthesis.” The observed cross-sectional
association may suggest that some physical exposures related
to professional driving are prognostic factors accelerating
progression of existing lumbar spondylolisthesis, but not
aectiological factors causing Iumbar spondylolisthesis.
Secondly, although the AP and lateral L-spine radiograph
taken with recumbent positioning is commonly applied to
many clinical settings to examine lumbar spine abnormal-
ities, it is a sub-optimal tool for the radiological diagnosis of
spondylolisthesis. Without the more sensitive standing lateral
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views or additional knowledge from the oblique views of L-
spines, a few spondylolytic lesions may have been missed,
resulting in misclassification of some identified ASL cases.
Similarly, restricting the ASL cases to those involved lumbar
spines above L5 may not capture those degenerative or
traumatic lesions over lumbosacral spines. Despite the
possibility of outcome misclassification, it is unlikely that
the consistently significant association in both crude and
adjusted analyses is spurious since the examination and
interpretation of L-spine was done blind to professional
seniority, and any resulting non-differential misclassification
would more likely have biased the association towards the
null.

Conclusion

Our cross-sectional study showed a consistent and robust
exposure-response relation between professional seniority
and prevalence of acquired lumbar spondylolisthesis among
taxi drivers. Prospective epidemiological studies are needed to
confirm the postulated association between professional
driving and spondylolisthesis and further examine the
specific occupational exposures accountable for this associa-
tion.
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