Accepted: 26 December 2018

DOI: 10.1002/ajim.22957

RESEARCH ARTICLE

Factory and construction work is associated with an
increased risk of severe lumbar spinal stenosis on MRI:
A case control analysis within the wakayama spine study

Yuyu Ishimoto MD, PhD'? | Cyrus Cooper MD, PhD'?® | Georgia Ntani MD, PhD? |
Hiroshi Yamada MD PhD? | Hiroshi Hashizume MD, PhD? | Keiji Nagata MD, PhD? |
Shigeyuki Muraki MD, PhD* | Sakae Tanaka MD, PhD®> | Noriko Yoshimura MD, PhD® |
Munehito Yoshida MD, PhD? | Karen Walker-Bone MD, PhD'3

1MRC Lifecourse Epidemiology Unit, Southampton General Hospital, Southampton, Hampshire, United Kingdom

2 Orthopedic surgery, Wakayama Medical University, Wakayama city, Wakayama prefecture, Japan

3 Arthritis Research UK/MRC Centre for Musculoskeletal Work and Health, Southampton General Hospital, Southampton, Hampshire, United Kingdom

4 Faculty of Medicine, Department of Preventive Medicine for Locomotive Organ Disorders, 22nd Century Medical & Research Center, University of Tokyo,

Tokyo, Japan

5 Department of Orthopedic Surgery, Sensory and Motor System Medicine, Graduate School of Medicine, University of Tokyo, Tokyo, Japan

6 Department of Joint Disease Research, 22nd Century Medical and Research Center, University of Tokyo, Tokyo, Japan

Correspondence

Yuyu Ishimoto, MD, PhD, MRC Lifecourse
Epidemiology Unit, (University of Southampton),
Southampton General Hospital, Southampton
SO16 6YD, UK.

Email: y.ishimoto@soton.ac.uk

Funding information

Grant-in-Aid for the Promotion of joint
International Research from Japan Society for
the Promotion of Science, Grant number:
15KK0316; Grants-in-Aid for Scientific
Research, Grant numbers: B20390182,
B23390357, C20591737, C20591774
C22591639; Young Scientists, Grant number:
A18689031; Exploratory Research from the
Japanese Ministry of Education, Culture, Sports,
Science and Technology, Grant number:
19659305; Grants-in-Aid from the Ministry of
Health, Labour and Welfare, Grant numbers:
H17-Men-eki-009, H18-Choujyu-037, H20-
Choujyu-009; Research Aid from the Japanese
Orthopaedic Association (JOA-Subsidized
Science Project Research), Grant numbers:
2006-1, 2010-2; A grant from the Japanese
Orthopaedics and Traumatology Foundation,
Inc., Grant number: 166; The 2012 Wakayama

Background: To explore the association of MRI-diagnosed severe lumbar spinal
stenosis with occupation.

Methods: Occupational data were collected by questionnaire and all participants
underwent spine MRI s”cans using the same protocol. Central lumbar spinal stenosis
(LSS) was graded qualitatively. Those with severe LSS (>two-thirds narrowing) were
compared with the controls with lesser degrees of stenosis or no stenosis.

Results: Data were available for 722 subjects, mean age 70.1 years. 239 (33%) cases
with severe LSS were identified. Factory/construction workers had an almost four-
fold increased risk of severe LSS after adjustment for age, sex, smoking, and walking
speed amongst those aged <75 years (OR 3.97, 95%Cl 1.46-10.85). Severe LSS was
also associated with squatting =1 h/day (OR 1.76, 95%Cl 1.01-3.07) but this
association became non-significant after adjustment.

Conclusion: Further research is needed but this study adds more evidence that
occupational factors are associated with an increased risk and/or severity of

degenerative disease of the lumbar spine.

Institution at which the work was performed: Wakayama Medical University.
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1 | INTRODUCTION

Occupational physical activity is associated with osteoarthritis at
several different anatomical sites.>™* The risk of hip osteoarthritis, for
example, is increased amongst agricultural workers®>~” and that of knee
osteoarthritis amongst miners and floor layers.21° Regarding the
spine, there has been evidence for some time that physical workplace
exposures are associated with an increased risk of low back pain.211-1¢
However, most epidemiological studies have involved reporting of
symptoms alone and have not included an investigation of spinal
structural changes with occupation.

Lumbar spinal stenosis (LSS), defined as a narrowing of the lumbar
canal with encroachment of neural structures by surrounding bone and
soft tissue, is thought to be a degenerative condition of the spine.1”-18
When severe, symptoms of LSS include neurogenic claudication
causing leg pain that increases in intensity with walking speed and
distance traveled. These symptoms cause impaired mobility at older
ages so that LSS is the most common indication for spinal surgery
among people aged >65 years.1??°

Epidemiological research to define risk factors for LSS has been
hampered in the past by lack of reliable clinical or x-ray criteria. In
current clinical practice, magnetic resonance imaging (MRI) has
become the preferred diagnostic tool, given that it allows the
detection of minute changes of the intervertebral discs and
Iigaments.21'22 To date however, there has been limited research to
explore the contribution of occupation to structural changes in the
spine as investigated by MRI. Therefore, we investigated the
prevalence of LSS using spinal MRI in a population sample of adults
who had undertaken a range of different occupations, as part of the
Wakayama Spine Study. The objective of this analysis was to

determine occupational risk factors for severe LSS.

2 | MATERIALS AND METHODS

2.1 | Participants

The Wakayama Spine Study assessed a sub-cohort from the Research
on Osteoarthritis/Osteoporosis Against Disability (ROAD) study, a
large-scale, prospective study of bone and joint disease among
population-based cohorts in Japan. The detailed profile of the ROAD
study is described elsewhere.?® In brief, individuals were recruited
from resident registrations in three communities: an urban region in
Itabashi, Tokyo; a mountainous region in Hidakagawa, Wakayama; and
a coastal region in Taiji, Wakayama. In total, 3040 people (1061 men

and 1979 women) consented to take part in a clinical and genetic study

occupational exposures

factory and construction workers, Lumbar spinal stenosis (LSS), MRI, occupation,

approved by the ethics committees of the University of Tokyo and the
Tokyo Metropolitan Institute of Gerontology. Participants completed
an interviewer-administered questionnaire that consisted of 400
questions about factors such as demographics, lifestyle and occupa-
tion, and they underwent anthropometric measurements and assess-
ments of physical performance.

The Wakayama Spine Study involved a subset of ROAD
participants from Hidakagawa and Taiji provinces. Participants were
recruited if they had no contraindications to undergo MRl scanning (eg,
sensitive implanted devices including pacemakers, claustrophobia) and
provided written, informed consent.?* Everyone underwent lumbar
spine MRI in a mobile unit (Excelart 1.5 T; Toshiba; Tokyo, Japan). The
participants were positioned supine, with pillows if needed. The
imaging protocol was as follows: axial images were obtained on T2-
weighted fast spin echo (repetition time: 4000 ms/echo, echo time
120 ms, field of view: 180 x 180 mm) (Figure 1).

2.2 | Occupation and occupational activities

A lifetime occupational history was collected alongside details of seven
types of specific work exposures: sitting on a chair for 22 h/day,
standing for 22 h/day, kneeling for 21 h/day, squatting for 21 h/day,
driving for 24 h/day, walking =23 km/day, walking upstairs 30 floors/
day, climbing up slopes or steps for 21 h/day, and lifting loads weighing
210 kg at least once a week. For the current study, the information on
occupational title and exposures was derived from the respondent's
principal occupation (that in which the participant had worked for the

longest duration).

2.3 | Assessment of lumbar spinal stenosis

Despite the severity of symptoms that can result from LSS, there is to
date no consensus as to how to define LSS radiologically using MRI
scanning?® and a number of approaches have been suggested.?® For
the current study, the severity of LSS on MRI scan was assessed
qualitatively by one experienced orthopaedic surgeon (YI) following
the methodology of Suri et al.'® The severity of the central canal
stenosis was qualitatively graded on the axial images as: no spinal
stenosis; mild spinal stenosis—a maximum of 1/3 narrowing; moderate
spinal stenosis—narrowing between 1/3 to 2/3, and; severe spinal
stenosis as more than 2/3 narrowing (Figure 1).

To confirm the reliability of this methodology, the observer re-
assessed a random sample of 50 of the MRI scans after a period of one
month, blinded to the original rating, and achieved excellent intra-
observer reliability with a kappa of 0.82 (95%Cl 0.77-0.86). Moreover,
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FIGURE 1 Qualitative central stenosis grading

inter-observer variability was measured between the study observer
and another experienced orthopaedic surgeon (KN) for a different
sample of 50 MRI scans, achieving a kappa of 0.77 (95%Cl 0.73-0.82)
for agreement. None of the included MRI scans were found to have
LSS caused by tumor, nor inflammatory, or traumatic pathologies.

2.4 | Statistical analysis

Participants’ demographic and lifestyle characteristics were summa-
rized using means and standard deviations (SDs) and proportions (%)
separately for those with severe LSS (cases) and those with lesser
degrees of LSS or no LSS (controls). Differences in categorical and
continuous characteristics between cases and controls were assessed
using chi-squared and t-tests, respectively. The effects of type of
occupation (using clerical/technical experts as a reference category),
and occupational activities on severity of LSS were assessed using
logistic regression modelling, before and after adjusting for demo-
graphic and lifestyle characteristics, and were summarized by odds
ratios (ORs) and 95% confidence intervals (Cls).

As the main focus of this study was to explore the association
between type of occupation and occupational activities with LSS, and
many of the older participants had stopped working as much as 20-30
years prior to their MRI scan, we repeated the analyses separately for
those <75 and 275 years of age, allowing a decade after retirement.2’
Statistical analyses were performed using Stata V.12.1 (StataCorp,

College Station, TX).
3 | RESULTS

Complete data were available for 722 participants (245 males, 477
females), mean age 70.9 years, range: 53-93 years. To explore their
representativeness, we compared the study population with the
general population for a key characteristic known to be associated with
osteoarthritis, body mass index (BMI). We found that the mean BMI of
our participants was not significantly different from that of the general
population of Japan (males: 23.71 (SD 3.41) vs 23.95 (2.64) kg/m?;
females: 23.06 (3.42) vs 23.50 (3.69) kg/m?). In contrast however, we

found that the study participants reported a lower prevalence of
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TABLE 1 Comparison of the demographic and lifestyle characteristics of cases with severe lumbar spinal stenosis as compared with controls

Cases (N =239)

Sex
Males 82 (34.3%)
Females 157 (65.7%)
Mean age (years (SD)) 74.1 (9.2)
Mean BMI (SD) 23.4 (3.5)
Usual walking speed m/s (median (IQR)) 5 (5-7)

Current smoking status
Non-smoker
Current smoker 17 (7.1%)
Any alcohol intake
None

Some alcohol

smoking and alcohol use than that reported by the general Japanese
population, suggesting that they might live healthier lifestyles.

In total, 239 (33%) subjects were defined with severe LSS (cases)
and the remaining 483 individuals were controls (Table 1). The cases
were significantly older than the controls (cases: 74.1 (SD 9.2) years,
controls: 69.4 (9.9) years, P < 0.001) but there were no differences in
gender, BMI, smoking or alcohol.

Table 2 shows the associations between occupational group and
occupational activities among cases as compared with controls. The
results of the unadjusted analyses (Model 1) showed that Agricultural/
Fishermen and Factory/Construction workers had a significantly
higher risk of severe LSS when compared with the referent group of
Clerical/Technical workers: Agricultural/Fishermen: OR 1.99, 95%Cl
1.22-3.26, Factory/Construction: OR 2.08, 95%Cl 1.09-3.96. More-
over, the risk of severe LSS was increased with kneeling 21 h/day (OR
1.56, 95%CI 1.04-2.35), squatting 21 h/day OR 1.44, 95%Cl 1.00-
2.08), and walking 23 h/day (OR 1.41, 95%Cl 1.02-1.95).

After adjustment for age (Model 2), none of the statistically
significant associations with occupational title or activity were retained
and similarly attenuated effects were seen after full adjustment for
age, sex, BMI, smoking, and usual walking speed (Model 3).

Table 3 presents the stratified analysis by age using 75 years as a
cut-point. Among the participants aged 275 years, no statistically
significant associations were seen for severe LSS and any occupational
group or exposure, with or without adjustment for sex, BMI, smoking,
and usual walking speed (Models 1 or 2) (Figure 2). However, the
analyses among the younger subjects (aged <75 years) showed a
stronger association between severe LSS in factory/construction
workers compared with the referent group (OR 4.38, 95%Cl 1.66-
11.59) (Model 1), an effect which was robust to adjustment for age,
sex, BMI, smoking, and usual walking speed (OR 3.97, 95%Cl 1.46-
10.85) (Model 2). Additionally, severe LSS was associated with
squatting 21 h/day (OR 1.76, 95%Cl 1.01-3.07) in the unadjusted
analyses but this association became non-significant after adjustment
(Model 2).

222 (92.9%)

176 (73.6%)
63 (26.4%)

Controls (N = 483) P-value
163 (33.7%) 0.881
320 (66.3%)

69.4 (9.9) <0.001
23.1 (3.4) 0.27

5 (4-6) 0.001
442 (91.5%) 0.55
39 (8.1%)

340 (70.4%) 0.36

143 (29.6%)

4 | DISCUSSION

The results of this study suggest that severe LSS, assessed by MRI scan,
was associated with heavy manual work particularly in the Factory/
Construction industries. The strength of the association was strongest
among individuals aged <75 years in whom the risk was increased almost
four-fold, even after adjustment for age, gender, BMI, smoking, and
usual walking speed. We also tried to identify which specific
occupational activities might be implicated in severe LSS. The exposures
that were implicated were: kneeling 21 h/day, squatting 21 h/day and
walking 23 h/day, but none of these showed statistically significant
associations after full adjustment for participants’ characteristics.

It is noteworthy that these significant associations with agricul-
tural/construction work were found among an older cohort of adults
(mean age >70 years, range 53-93 years), among whom we found a
high prevalence of LSS changes on MRI scan (only 5/722, 0.7% had no
central canal stenosis). Because of the high prevalence of changes, our
comparisons were between the 239 cases with "severe” LSS (defined
as narrowing xtwo-thirds) and the 483 “controls” amongst whom the
prevalence of no LSS was only 5/483 (1%), the remainder being mild
LSS 132/483 (27%) and moderate LSS 346/483 (72%). In conse-
quence, the comparison was across the spectrum of severity rather
between those with and without LSS. If occupation is a risk factor for
onset of LSS we would have expected to see even larger effects were
the control population free of stenosis on MRI scan.

There are other limitations that need to be considered. First,
the participants in this study were a population sample but were
not selected at random. When we explored their representative-
ness, we found that they had BMI similar to that of the general
population but that the participants might have healthier lifestyles
(lower levels of smoking and alcohol) than the background
population. This may limit the generalizability of these findings
and more research is required.

Second, the study design did not allow recruitment of elderly
institutionalized adults as volunteers needed to be sufficiently healthy
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FIGURE 2 Comparison of the adjusted associations (OR and 95%
Cls) among cases with severe LSS, as compared with controls
without, among people from the different occupational, stratified by
age

to participate, attend for physical function tests and undergo an MRI
scan. As LSS is one of the common causes of impaired mobility in older
people and immobility may lead to institutionalization, this may have
created a bias, but if so, the effect would have been likely to reduce the
estimated prevalence of LSS. The effect of this on the current findings
would only be biased if we believe that those who previously
performed certain occupations were more likely to be institutionalized
than those previously employed in others, which seems unlikely.

In this study, ascertainment of occupational exertional exposures
was by direct inquiry rather than being inferred from job title, a method
that is well recognized to perform poorly in the absence of a job
exposure matrix. The information is dependent upon recall, which may
be subject to bias. Moreover, we analyzed data relative to the
occupation which was held for the longest period of time during each
participant's working lifetime (the principal occupation) which may not
accurately represent an entire working life experience of exposures.

It is a strength of this study that all MRI scans were performed in
the same scanner using one protocol. Moreover, all scans were
assessed by one highly-trained orthopaedic surgeon (YI). In addition,
considerable efforts were made to guarantee the reliability of the
assessments by the observer, including inter-observer and intra-
observer studies with a sample of 5% of the MRI scans, both of which
suggested a very good level of reliability (kappa >0.7 in both studies).

Occupations involving physical loading activities have been
implicated in the causal pathway of osteoarthritis at other anatomical
sites, particularly the knee and hip joints.?®?? Back pain and
degenerative changes at the cervical and lumbar spine have also
been reported since the 1950s, implicating both occupational
exposures such as heavy lifting and whole-body vibration, and
exposures outside work.1®3° LSS is a degenerative spinal condition
and therefore, it is not unexpected that heavy manual work might be
associated with its occurrence and/or severity.

Although there have been many studies of low back pain and

11-16

occupation, we found little published evidence about LSS and

occupation. One study which explored LSS using lumbar spine
radiographs reported that men who did heavy manual work had smaller
anteroposterior foraminal diameters than men whose work involved
less physical labor but that, paradoxically, the mean anteroposterior
foraminal diameters were wider in female farm workers than in other
women.! Another study explored hospitalizations for back disorders by
industrial classification using population census data linked with hospital
registry data.3? Data on LSS were only available amalgamated with
spondylosis and back-pain syndromes in the category “other common
back disorders.” In this category, agricultural workers and animal
caretakers had a considerably higher rate of hospital admissions (age-
standardized risk ratio (SRR) 388 for men and 304 for women). Among
women, mail carriers and sorters (SRR 237) were also at high risk and,
among men, assemblers, assembly line workers, and other occupations
in iron and metal work (SRR 192).32

We found one other MRI study, in which Mariconda and
colleagues assessed LSS among 120 patients aged 40-84 years, all
of whom had LBP.32 The investigators estimated occupational lifetime
exposures from self-reported questionnaires. LSS, (defined as a dural
sac cross-sectional area of less than 100 mm?) was not associated with
any occupational exposure in the age-adjusted univariate analyses.
However, in the multivariate backward logistic regression model,
manual materials handling was found to be associated with LSS, albeit
with wide confidence intervals (OR 4.76 1.24-18.20, P=0.023).
Paradoxically, exposure to occupational awkward postures was
associated with a protective effect (OR 0.54, 0.29-1.01, P =0.054).

Taken together with previous findings, the current study offers
new epidemiological evidence to suggest an association between LSS
confirmed on MRI scanning and physical work exposures. However,
this finding will require investigation in other populations and suggests
that additional laboratory or ergonomic investigation of the workplace
risks is needed.

Our finding that the associations of LSS with occupation become
attenuated at older ages (= 75 years) is not surprising. Many Japanese
industries have an age of retirement before age 65 years.2® Given that
this was an older cohort, age 53-93 years, many participants would
have stopped work some years before their MRI scan. The effects of
age, survival, BMI, and other factors (eg, non-occupational physical
activity) would intuitively play a greater role in determining an
individual's measured risk of LSS as time since stopping work increases.

In any study of occupation, the healthy worker effect is of
relevance, particularly when participants are selected for inclusion
from within the workplace as, of course, workers who are least healthy
are those most unable to attend work. We do not believe that this
effect will have paid a significant part in the current study given that
this was a community study in which all participants reported upon
their lifetime occupational exposure. If anything, we would expect that
those with most severe back pain symptoms would have self-selected
themselves into more desk-based and sedentary types of work during
their lifetimes, attenuating the association between exposure and
effect. Alternatively however, it could be conjectured that Japanese
workers in rural settings might have difficulty finding alternative
employment or that the Japanese work culture encourages workers to
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continue in manual work despite troublesome back symptoms. Either
way, the findings of the current study suggest an impact of heavy
manual tasks on the risk of LSS and it will be important to determine if
these findings are replicated in other workforces.

In conclusion, we present the first population study describing the
association of heavy manual work with severe LSS, particularly among
people aged <75 years at the time of the MRI scan. According to our
results, the risk appears strongest in those from the factory and
construction industries but it would be important to understand what
aspects of these jobs are specifically associated and undertake
research to explore how best to prevent any adverse impacts. This
finding needs replication in other cohorts but could have implications

for countries that define and compensate “industrial injuries.”
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