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Abstract: An investigation of a cluster of cervical
herniated discs among container truck drivers with
occupational exposure to whole-body vibration:
Fan-Yun Lan, et al. Department of Occupational and
Environmental Medicine, National Cheng Kung
University Hospital, Taiwan—Objective: This study
aimed to determine if occupational exposure to whole-
body vibration is associated with cervical intervertebral
disc herniation among container truck drivers. Meth-
ods: We conducted a walk-through survey among
container truck drivers and unexposed workers. We also
measured the vibration hazard of the container truck
over the driver’s back and seat when the driver was
loading a container and driving the loaded truck.
Results and Discussion: Among the 38 workers
interviewed, 32 were container truck drivers. Four of
them reported cervical herniated discs, and all of these
individuals were container truck drivers with a job tenure
of greater than 10 years. Self-reported cervical herniated
disc, nuchal pain, nocturia, arm/forearm weakness,
arm/forearm numbness, and finger numbness were
significantly more prevalent as the driver’s duration of
exposure increased (all p values of test for trend <0.05).
The vibration of the truck during and after loading a
container was considered the main cause of herniated
disc. When a container truck was driven with a loaded
container, both the vertical and horizontal vibrating
acceleration over the seat and back sites exceeded the
8-hr exposure level based on the ISO 2631-1 criteria.
The transient vibration dose values (VDVs) measured
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during misaligned or unsmooth loading operations were
usually greater than the upper bounds of the health
guidance caution zone for the 8-hr VDV. Conclusions:
Our investigation disclosed a cluster of cervical inter-
vertebral disc herniation that was associated with the
vibration hazard during long-term container truck driving
under full load and possibly aggravated by misaligned
loading operations.

(J Occup Health 2016; 58: 118-127)
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Vibration has been reported to be a health hazard
in the past few decades', and it can be classified
as local or whole-body vibration (WBV). Local
vibration is often due to vibrating tools, causing
health effects such as hand-arm vibration syndrome
and carpal tunnel syndrome®. Occupational expo-
sure to WBV due to operating vehicles is gener-
ally considered a significant risk for illnesses of the
lower back®!V and is widely accepted as an occu-
pational disease'>'¥. However, guides for diagnosis
and lists of occupational diseases in most countries,
such as those used by the European Commission and
Denmark, do not include vibration-related cervical
illness'>'».  Moreover, there are a limited number
of studies on the association between hazards from
occupational exposure to WBYV and cervical illnesses.
These pioneering studies provided the initial evidence
indicating that occupational drivers operating vibrat-
ing motor vehicles may sustain cervical damage if
they are exposed to impact shock and have abnormal
posture!*'9,  However, the literature has only limited
data on the related exposure assessments, and thus
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there is as yet no universally accepted value for the
permissible exposure limit for WBV-related cervical
illnesses.

In May 2014, two patients visited the occupational
medical clinic of National Cheng Kung University
Hospital with herniated cervical intervertebral discs,
requesting a determination of the occupational related-
ness of their lesions. Since both of them were from
the same truck company and also reported that two
other workers were suffering from the same illness,
we conducted this cluster investigation to explore
possible etiological factors, including occupational
exposure to WBV hazard, for the clustered cases with
cervical illnesses.

One of the two patients was a 52-year-old man who
had suffered from numbness throughout the bilateral
upper arms for a two-year period. He complained
that this numbness radiated to the posterior neck
and was associated with nuchal pain. He visited
another medical center in early 2014 and underwent a
magnetic resonance imaging (MRI) examination, and
the results showed 5"-6" cervical intervertebral disc
herniation. Surgical intervention was performed in
April 2014, and his symptoms were largely relieved.

This man has been working as a container truck
driver for eleven years. He used to work nine
hours a day, 25-26 days a month. His daily routine
consisted of driving the unloaded container truck to
the harbor to collect cargo and then spending about
6-8 hours driving it to its destination. The container
usually weighed 10-24 tons, and the worker stated
that smooth loading of the container at the harbor
requires a skillful technique. If the container does not
fall exactly on the pins at the four corners, then the
truck sustains a violent vibrational shock two or three
times until the crane operator manages to achieve a
good alignment. The driver has to stay in the truck
during the loading process to work with the crane
operator and move the truck backward and forward
to achieve a good alignment. However, there is no
convenient communication tool between the truck
driver and crane operator, other than their eyes, which
often results in shocks and sometimes even causes the
driver’s head to hit the roof of the truck. The man
also complained of occasional whiplash injury to his
neck while driving the loaded truck, occurring once or
twice a week. In addition, the cushioned seat of the
driver’s truck had only been replaced with a new one
three years previously, and he stated that before this,
the vibrations were even more severe. He claimed
that he did no other work or daily weight-bearing
tasks, and he also stated that he had no history of
trauma, arthritis, rheumatological disease, or any other
medical history related to neck strain.

Fig. 1. The overhead crane sets the container
onto the unloaded container truck.
The driver has to stay in the truck to
cooperate with the crane operator to
move the truck forward/backward.
The arrows mark the pins at the four
corners, which have to be inserted into
(aligned with) the four recesses of the
container.

Methods

The Occupational Safety and Health Administration
of the Ministry of Labor has contracted with nine
medical centers in Taiwan to conduct field investi-
gations for the determination of work-related inju-
ries since 2008, one of which is the Occupational
Medicine Department of National Cheng Kung
University Hospital. We conducted a workplace
visit to figure out possible occupational hazards with
regard to container truck drivers’ cervical spines.
Every worker currently employed in the company was
included in the investigation without selection.

The unloaded container trucks were parked in a
parking lot about a 15-minute drive from the harbor.
The drivers and the officials of the cargo company
met at the parking lot every morning for the assign-
ment of cargo. Each driver then drove his truck to
the harbor with their assignment sheet to receive the
cargo. As mentioned before, we observed that trial
and error were inherent in container loading, which
occasionally resulted in two or three vibrating impacts
to the truck (Fig. 1) with the driver sitting in his seat.

We measured the vibration in the trucks, both over
the seat and upper back sites, with an SV 106 Human



120

J Occup Health, Vol. 58, 2016

Table 1. Vibration measurements at two time points: “unloaded truck entering harbor” and “loaded truck leaving harbor”

Site of Direction Unloaded truck entering harbor Loaded truck leaving harbor
measurement
Truck A (5 records) Truck B (4 records) Truck A (2 records) Truck B (3 records)
RMS Max Exposure RMS Max Exposure RMS Max Exposure  RMS Max Exposure
(m/s?)* (m/s?)** limit time (m/s?)* (m/s?)** limit time (m/s?)* (m/s?)** limittime (m/s*)* (m/s?)** limit time
(hours)* (hours)* (hours)* (hours)*
Seat Forward/ 0453  0.622 8 0.481 0.795 8 0.750  0.844 8 0.419  0.507 8
backward
Leftward/  0.659  0.867 8 0.526  0.932 8 2.344 2704 1 0.698 1.029 4
rightward
Upward/ 0.658  1.165 8 0.634  1.112 8 1.517  1.752 4 0.704  0.893 8
downward
Upper back  Forward/ 0926 1.124 8 0.557  0.651 8 1.514  2.061 4 1.049  1.283 4
backward
Leftward/  1.096  1.411 8 0905 1.134 8 0.725 0936 8 0.623  0.923 8
rightward
Upward/ 0917  1.240 8 0.773  0.962 8 0.939  1.266 4 0.479  0.563 8
downward

* RMS: Root mean square. ** Max: Maximum dose measured. * The exposure limit time was determined by the ISO 2631-1:1997

exposure limit value.

Vibration (6-ch) Meter and Analyzer and an SV 38V
Seat Accelerometer (Svantek, Warsaw, Poland), which
were adjusted to meet ISO 8041:2005. Because we
had only one device, we measured either the seat
or back site individually until both measurements
accomplished. Vibration signals were recorded every
second, and data were saved as a file every minute.
The setup of the vibration measurement process is
shown in a step-by-step flowchart in the Appendix.
The measurements were performed during the follow-
ing three periods: “unloaded truck entering harbor”,
“loading course”, and “loaded truck leaving harbor”.

We also conducted a questionnaire survey among
container truck drivers and unexposed workers at the
workplace. The questionnaire contained items on
demographic data (gender, age, body height, body
weight, and marital status), medical history (diabetes
mellitus, hypertension, cancer, rheumatoid arthritis,
gout, ankylosing spondylitis, cervical herniated disc,
lumbar herniated disc, carpal tunnel syndrome, mental
illnesses, trauma, and so on), current symptoms related
to a herniated cervical disc, personal history (includ-
ing alcohol consumption), and work history (including
self-perceived occupational factors related to herniated
cervical disc). We conducted detailed interviews with
those reporting a medical history of cervical herniated
disc to verify that the diagnosis was made by a certi-
fied physician based on a physical examination and
imaging evidence. All workers completing the ques-
tionnaire signed an informed consent form.

Statistical analysis

All data were coded onto a personal computer, and
we applied the SAS 9.3 software (SAS Institute Inc.,
Cary, NC, USA) to conduct statistical analyses. The
Mantel extension test for trend!” was performed to
examine if longer durations and different frequen-
cies of exposure to truck vibration and whiplash
episodes during the loading process and regular driv-
ing are associated with increased risks of symptoms
and diseases related to the cervical spine. We also
included the following three dummy symptoms for
validation of potential false-positive symptoms unre-
lated to cervical disc herniation: diarrhea, chest pain,
and dyspnea.

Results

Vibration measurement

The vibration measurements are summarized in
Tables 1 and 2. Although all the measurements were
within ISO 2631-1:1997 limits without any container
load, both vertical and horizontal vibration accel-
eration over the seat and back sites exceeded the
8-hr exposure level when two trucks were carrying
containers (Table 1). When vibrational shock occurred
because of a poor loading process (or a misaligned
loading operation), the crest factor (=peak value/rms
value) rose to more than 9, and the vibration dose
value (VDV) was up to 19.86 m/s'. The transient
VDV was greater than the upper bounds of the health
guidance caution zone for 8-hr VDV, which is 17 m/
s'5, We made more efforts to measure a total of
three trucks. One of them happened to have data for
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Table 2. Vibration measured at the time of loading operation stratified by trucks and “aligned versus misaligned”

conditions
Vibrating shock during loading course (seat site) Truck A Truck B Truck C Truck C
(Misaligned)  (Aligned) (Aligned)  (Misaligned)
Forward/backward RMS (m/s?)* 9.80 6.68 1.19 6.68
(X-axis) VDV (m/s' 75 5.16 3.89 0.68 9.89
Leftward/rightward RMS (m/s?)* 30.20 2.32 1.17 21.32
(Y-axis) VDV (m/s!75)* 9.86 1.45 0.83 1145
Upward/downward RMS (m/s?)* 12.95 8.41 1.58 25.41
(Z-axis) VDV (m/s' )t 19.86 6.78 0.98 17.78

* RMS: Root mean square. * VDV: Vibration dose value.

both aligned and misaligned loading operations for
self-comparison, and it consistently showed results
exceeding ISO limits when the loading process was
misaligned, as summarized in Table 2.

Questionnaire survey

After excluding six drivers who had been work-
ing for less than one year, we collected self-reports
from the 38 remaining workers, all of whom were
male: six of them were administration or unexposed
workers, while 32 were container truck drivers.
There were no significant differences in average age
(45.5 £ 6.4 versus 45.0 £ 16.2 years old) and duration
of employment (12.7 £7.5 versus 11.0 = 10.6 years)
between the exposed and unexposed groups. Fourteen
of these drivers had been employed for less than ten
years, and 18 had been employed for more than ten
years, as summarized in Table 3. Self-reported nuchal
pain, nocturia, arm/forearm weakness, arm/forearm
numbness, and finger numbness were all significantly
more prevalent as the drivers’ duration of exposure
increased (all of the p values of test for trend <0.05).
Four of the 32 reported a medical history of cervical
herniated disc, and the test for trend was significant
(p value<0.05). All four were container truck driv-
ers with job tenures of greater than 10 years, with
the shortest duration being 11 years, but there was no
significant difference in mean age between those with
and without herniated cervical discs (47.8 = 3.6 versus
45.2 £ 6.7 years old). Three of these four drivers
had undergone surgical treatment with valid medical
evidence, while the fourth one was seriously consid-
ering the same treatment (Table 3). Despite some
missing values in these self-reported data in different
categories, we found significant associations between
increased frequencies of truck vibration during driving
and/or the loading process and prevalence of weak-
ness and numbness throughout the upper extremi-
ties (Table 4). However, neither increased frequency

of hitting the head on the roof nor whiplash injury
during the loading process seemed to be associated
with these symptoms. With the assistance of an
orthopedic surgeon specialized in spine injury, we
carefully reviewed these drivers’ medical records and
rechecked their diagnoses of cervical disc herniation
and spondylosis according to the findings of MRI
studies combined with their clinical symptoms of neck
pain or radicular pain. Among the three patients with
MRI, we could visualize HIVDs (herniated interverte-
bral discs) at C 5—6 and C 6-7 plus degeneration of
facet joints and ligamenta flava, including osteophyte
formation, subchondral sclerosis of facet joints, or
buckling change of ligamenta flava, and so on. All
three suffered from severe pain over the lower cervi-
cal neck with and without numbness of the unilateral
or bilateral upper extremities. These subjects suffered
from both HIVD and spondylosis, and thus they
underwent discectomy plus anterior fusion with cage.

Discussion

Despite considerable evidence showing a significant
association between lower back diseases and vibra-
tion hazard among professional drivers'3?, there are
few reports discussing vibration hazard and cervical
spine diseases. Although we found a cluster of four
cases with cervical disc herniation in container truck
drivers, this does not necessarily indicate that such
an association is occupationally related. We have,
however, the following arguments to corroborate such
a hypothesis: First, since all four cases occurred in
drivers with more than 10 years experience of driving
container trucks, there is a significant trend of asso-
ciation between duration of exposure and cervical disc
herniation, and there was no significant difference
in mean ages between those with and without the
above illness. Moreover, the same trend was statisti-
cally significant for individual cervical spine-related
symptoms, including nuchal pain, weakness of arm/
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Table 3. Self-reported symptoms and comorbidities among container truck drivers and unexposed workers

Unexposed Container truck Container truck Two-tailed p value of

workers drivers with job tenure drivers with job tenure test for trend

(N=6) <10 years (N=14) >10 years (N=18)

Symptoms
Headache 0 0 0.17
Nuchal pain 0 6 11 0.01*
Frequent urination 0 1 1 0.71
Diarrhea 1 1 0 0.10
Chest pain 0 1 3 0.21
Dyspnea 0 0 0 N/A
Nocturia 0 0 4 0.05*
Urine incontinence 0 0 0 N/A
Stool incontinence 0 0 0 N/A
Shoulder pain 0 8 11 0.10
Arm/forearm pain 1 4 9 0.10
Arm/forearm numbness 0 1 8 0.01%*
Arm/forearm weakness 0 0 5 0.02*
Finger numbness 1 2 9 0.04*
Lower extremities weakness 0 0 1 0.34
Cormorbidities

Hypertension 1 0 3 0.59
Diabetes mellitus 2 0 2 0.36
Cancer 0 0 0 N/A
Rheumatoid arthritis 0 0 0 N/A
Gout 0 0 1 0.34
Ankylosing spondylitis 0 0 0 N/A
Cervical herniated discs* 0 0 4 0.05*
Lumbar herniated discs* 0 0 1 0.34
Carpal tunnel syndrome 0 0 0 N/A
Mental illnesses 0 0 0 N/A

*p value <0.05. * Detailed imaging, laboratory, and surgical intervention records were collected and confirmed if the worker

reported such diseases. N/A: not available.

forearm, and numbness of the finger and arm/forearm
(Table 3). There was only one driver with herniated
disc who also complained of nocturia. To control
for potential biased reports from exposed workers,
we deliberately included three dummy symptoms in
the questionnaire: diarrhea, chest pain, and dyspnea.
None of them showed a similar trend, indicating that
the above association is probably valid. Second,
direct vibration measurements at the driver’s seat and
upper back indicate strong vibrations in all directions
when the truck is normally carrying a loaded contain-
er. In addition, ISO-2631-1:1997 recommends that
drivers should work for less than 8 hours under such
conditions. This implies that the longer the duration
of exposure, the higher the likelihood of developing
WBV-related illness, even if all loading operations are
performed with perfect alignments. Table 4 shows

that the drivers reported truck vibration during the
loading process as the most important factor associat-
ed with cervical herniated discs and related weakness
and numbness, while neither hitting the head on the
roof nor whiplash injury during the loading process
were associated with it. As increased frequencies of
truck vibration during regular driving are also associ-
ated with increased symptoms of weakness and numb-
ness of upper extremities, we suspected that such a
chronic hazardous vibration (for periods of over 10
years) may at least partially contribute to nuchal pain
and HIVD, leading to weakness and numbness of
upper extremities. Thirdly, our survey of the subjects’
medical histories did not reveal any alternative causes
for the illness of the four drivers with herniation of
the cervical disc. As there is also the possibility of
a healthy worker effect for such a cross-sectional
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Table 4. Frequency distributions of self-perceived occupational factors and health outcomes

<1 1-3 1 >3 p-value of
time/week times/week time/day times/day test for trend
Truck vibration
Regular driving (No. cases) 10 5 2 17
Nuchal pain 3 2 2 10 0.12
Nocturia 0 1 1 2 0.44
Arm/forearm numbness 0 1 1 7 0.02%*
Arm/forearm weakness 0 0 0 5 0.02%*
Finger numbness 0 2 1 7 0.12
Cervical herniated discs 0 1 0 3 0.24
Loading process (No. cases) 10 5 1 15
Nuchal pain 3 1 1 9 0.08
Nocturia 1 0 0 2 0.66
Arm/forearm numbness 0 0 0 8 <0.01*
Arm/forearm weakness 0 0 0 5 0.02%*
Finger numbness 1 1 0 8 0.02*
Cervical herniated discs 0 0 0 4 0.04%*
Head hitting roof
Regular driving (No. cases) 15 1 1 7
Nuchal pain 7 1 1 4 0.55
Nocturia 0 0 0 1 0.13
Arm/forearm numbness 1 1 0 3 0.06
Arm/forearm weakness 1 1 0 1 0.65
Finger numbness 2 1 0 4 0.05*
Cervical herniated discs 1 1 0 2 0.22
Loading process (No. cases) 15 4 3 6
Nuchal pain 7 2 3 2 0.99
Nocturia 1 1 1 0 0.99
Arm/forearm numbness 3 1 2 2 0.31
Arm/forearm weakness 2 0 2 0 0.99
Finger numbness 4 2 2 2 0.52
Cervical herniated discs 2 0 1 1 0.66
Whiplash injury
Regular driving (No. cases) 13 5 2 11
Nuchal pain 4 3 2 6 0.21
Nocturia 0 1 0 1 0.48
Arm/forearm numbness 0 2 1 5 0.01%*
Arm/forearm weakness 0 1 1 3 0.06
Finger numbness 2 3 1 5 0.15
Cervical herniated discs 0 1 0 3 0.07
Loading process (No. cases) 11 2 3 12
Nuchal pain 3 1 3 8 0.04*
Nocturia 0 1 1 1 0.58
Arm/forearm numbness 1 1 2 4 0.18
Arm/forearm weakness 1 0 1 2 0.50
Finger numbness 2 2 3 4 0.44
Cervical herniated discs 1 0 0 3 0.29

#p<0.05.
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survey of currently working individuals, we tentatively
concluded that the cluster of cases examined in this
work is probably occupationally related and that our
estimate of four out of 32 truck drivers with herni-
ated intervertebral disc of the cervical spine is thus
an underestimation. A qualitative study of insight-
ful stories told by the workers also corroborates this
claim, as there have been at least two people who left
this job because of cervical symptoms.

Occupational drivers suffer from many musculo-
skeletal health problems, such as lower back pain,
sciatica, lumbar vertebral early degeneration, and
herniated intervertebral discs. The main etiology
is thought to be vibration hazard, especially whole-
body vibration® 2%, Many researchers have found that
specific vibration frequencies can cause a resonance
effect with the body’s vertebral system*-2", and this
resonance energy may cause damage to the vertebral
system?®,

Epidemiological study and outbreak investigations
also seem to corroborate the above hypothesis. An
epidemiological cohort study from Denmark revealed
a higher standardized hospitalization ratio (SHR) due
to prolapsed cervical discs among male drivers regis-
tered as working for shipping companies, harbors,
and so on (SHR, 2.03; 95% CI, 1.18-3.24), and those
working with haulage contractors, freight forward-
ers, and similar organizations (SHR, 1.04; 95% ClI,
0.69-1.52).  Another study found a borderline posi-
tive association between acute prolapsed cervical
intervertebral discs and time spent operating motor
vehicles. There was also an outbreak investigation
of two cases that examined occupational exposure to
repetitive vibrational impact and its association with
cervical herniated discs. The two cases in this earlier
study were dump truck drivers sustaining extreme
nuchal over-flexion and accelerating forces during the
process of dumping'®.

ISO 2631-1 and ISO 2631-5 are often used as
health caution guidelines to determine occupational
exposure to WBV hazard, and these standards were
developed due to concerns with regard to WBV-related
health risks for vertebral systems and nearby nerve
structures. These risks include degenerative changes
of the vertebrae, damage to intervertebral discs, and
various gastrointestinal and genitourinary concerns®-3%,
We mainly used ISO 2631-1:1997 as the reference in
this cluster investigation, and this standard applies the
method of frequency-weighted acceleration, or root
mean square (RMS) during the measurement period,
as the basic evaluation of WBV. Such a method takes
different frequencies and accelerations along differ-
ent dimensions into consideration. However, RMS
values may not catch the effects of sudden vibrational
impacts, like those that occur with the misaligned
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loading of cargo. Therefore, ISO 2631-1:1997
suggests using the 4th power VDV or other meth-
ods when the crest factor (=peak value/rms value) is
greater than 9.

As shown in the results of our investigation,
although the samples were limited and the variations
were large, an episode of VDV of up to 19.86 m/s""
was noted. The transient VDV observed was greater
than the upper bounds of the health guidance caution
zone for 8-hr VDV, which is 17 m/s'7>. Moreover,
when the container trucks were driven under full load,
our measurements showed significant vibration hazard
not only over the seat site but also over the upper
back site. This indicates that upper back vibration
hazard should not be ignored, since the cervical verte-
bral structure is no less vulnerable than the lumbar
spine® 39,  As there were two episodes of misalign-
ment out of four loading operations during our
measurements and the truck vibration during the load-
ing process is reported to be the most important factor
related to cervical illness and relevant symptoms, we
suspect that such impact may be relatively common
and thus requires immediate attention. Moreover,
since four out of eighteen of the current workers
developed cervical disc herniation after at least 10
years of container truck driving, we also recommend
avoiding overtime driving under full load.

This cluster investigation report has the follow-
ing limitations: First, although we collected data
for almost all workers from the company (38 out
of a total of 44 workers), the sample size was still
relatively small, and we did not adjust for poten-
tial confounders, such as body mass index and so
on. Second, this study made a limited number of
measurements with large variations in occupational
exposure to whole-body vibration during the loading
process, and thus the results might not represent daily
exposures among the container drivers. We tried to
obtain the value of upper back vibration during load-
ing impact but failed because it was very difficult to
keep the measuring equipment fixed over the upper
back site when the impact shock occurred. However,
the impact shock resulting from misaligned loading
operations should not be lower at the upper back site
than that at the seat site, with the former associated
with neck whiplash and occasional episodes of the
driver’s head hitting the truck roof.

Conclusion

Our investigation examined the occupational expo-
sure to WBV hazard among container truck drivers,
and the vibrations that occurred during loading and
driving with full loads are probably responsible for
the drivers’ cervical herniated discs and related weak-
ness and numbness of upper extremities. However,
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there is currently limited scientific evidence on this
issue, and thus further longitudinal follow-up studies
are warranted to determine the causal relationships
among vibration, shock impact, and cervical herniated
intervertebral discs.
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102-2314-B-006-029-MY?2).

References

D

2)

3)

4)

5)

6)

7

8)

9

10)

11)

Bakker EW, Verhagen AP, van Trijffel E, Lucas C,
Koes BW. Spinal mechanical load as a risk factor
for low back pain: a systematic review of prospec-
tive cohort studies. Spine 2009; 34: E281-93.
Bovenzi M, Hulshof CT. An updated review of
epidemiologic studies on the relationship between
exposure to whole-body vibration and low back pain
(1986—-1997). Int Arch Occup Environl Health 1999;
72: 351-65.

Hoogendoorn WE, van Poppel MN, Bongers PM,
Koes BW, Bouter LM. Physical load during work
and leisure time as risk factors for back pain. Scand
J Work Eenviron Health 1999; 25: 387-403.

Osawa Y, Oguma Y, Ishii N. The effects of whole-
body vibration on muscle strength and power: a
meta-analysis. J Musculoskelet Neuronal Interact
2013; 13: 380-90.

Falkiner S. Diagnosis and treatment of hand-arm
vibration syndrome and its relationship to carpal
tunnel syndrome. Aust Fam Physician 2003; 32:
530-4.

Burstrom L, Nilsson T, Wahlstrom J. Whole-body
vibration and the risk of low back pain and sciatica:
a systematic review and meta-analysis. Int Arch
Occup Environ Health 2015; 88: 403-18.
Putz-Anderson V, Bernard BP, Burt SE, et al.
Musculoskeletal disorders and workplace factors: a
critical review of epidemiologic evidence for work-
related musculoskeletal disorders of the neck, upper
extremity, and low back. Cincinnati: Department of
Health and Human Services (National Institute for
Occupational Safety and Health), 1997. (Publication
No 97-141.)

Rozali A, Rampal KG, Shamsul Bahri MT , et al.
Low back pain and association with whole body
vibration among military armoured vehicle drivers
in Malaysia. Med J Malaysia 2009; 64: 197-204.
Bovenzi M. A longitudinal study of low back pain
and daily vibration exposure in professional drivers.
Ind Health 2010; 48: 584-95.

Kasin JI, Mansfield N, Wagstaff A. Whole body
vibration in helicopters: risk assessment in relation
to low back pain. Aviat Space Environ Med 2011;
82: 790-6.

Village J, Trask C, Chow Y, Morrison JB, Koehoorn
M, Teschke K. Assessing whole body vibration
exposure for use in epidemiological studies of

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

125

back injuries: measurements, observations and self-
reports. Ergonomics 2012; 55: 415-24.

European Commission: Directorate-General for
Employment, Social Affairs and Equal Opportunities:
Information notices on occupational diseases: a
guide to diagnosis. [Online]. 2009 [cited 2015 Oct
30]; Available from: URL: http://ec.europa.eu/social/
BlobServlet?docld=3155&langld=en

Denmark National Board of Industrial Injuries: List
of Occupational Diseases. [Online]. 2013 [cited
2015 Oct 30]; Available from: URL: http://www.ask.
dk/en/English.aspx

Jensen MV, Tuchsen F, Orhede E. Prolapsed cervi-
cal intervertebral disc in male professional drivers
in Denmark, 1981-1990. A longitudinal study of
hospitalizations. Spine 1996; 21: 2352-5.

Kelsey JL, Githens PB, Walter SD, Southwick WO,
Weil U, Holford TR, et al. An epidemiological
study of acute prolapsed cervical intervertebral disc.
J Bone Joint Surg Am 1984; 66: 907-14.

Du CL, Liang HW, Chen HC, Chen CY, Chu PC,
Wang JD. Cervical HIVD probably related to long-
term repetitive shock and neck flexion among
dump-truck drivers. J Occup Health 2006; 48: 273-5.
Mantel N. Chi-Square Tests with 1 Degree of
Freedom—Extensions of Mantel-Haenszel Procedure.
J Am Stat Assoc 1963; 58: 690-700.

Kelsey JL, Hardy RJ. Driving of motor vehicles as
a risk factor for acute herniated lumbar interverte-
bral disc. Am J Epidemiol 1975; 102: 63-73.
Hulshof C, van Zanten BV. Whole-body vibra-
tion and low-back pain. A review of epidemiologic
studies. Int Arch Occup Environ Health 1987; 59:
205-20.

Rossignol M, Suissa S, Abenhaim L. Working
disability due to occupational back pain: three-year
follow-up of 2,300 compensated workers in Quebec.
J Occup Med 1988; 30: 502-5.

Netterstrom B, Juel K. Low back trouble among
urban bus drivers in Denmark. Scand J Soc Med
1989; 17: 203-6.

Hildebrandt VH. Back pain in the working popula-
tion: prevalence rates in Dutch trades and profes-
sions. Ergonomics 1995; 38: 1283-98.

Robb MIJ, Mansfield NJ. Self-reported musculosk-
eletal problems amongst professional truck drivers.
Ergonomics 2007; 50: 814-27.

Tiemessen 1J, Hulshof CT, Frings-Dresen MH. Low
back pain in drivers exposed to whole body vibra-
tion: analysis of a dose-response pattern. Occup
Environ Med 2008; 65: 667-75.

Pope MH, Wilder DG, Jorneus L, Broman H,
Svensson M, Andersson G. The response of the
seated human to sinusoidal vibration and impact. J
Biomech Eng 1987; 109: 279-84.

Panjabi MM, Andersson GB, Jorneus L, Hult
E, Mattsson L. In vivo measurements of spinal
column vibrations. J Bone Joint Surg Am 1986; 68:
695-702.

Liu JZ, Kubo M, Aoki H, Liu N, Kou PH, Suzuki T.



126

28)

29)

30)

31)

A study on the difference of human sensation evalu-
ation to whole-body vibration in sitting and lying
postures. Appl Human Sci 1995; 14: 219-26.
Wilder DG, Woodworth BB, Frymoyer JW, Pope
MH. Vibration and the human spine. Spine 1982; 7:
243-54.

Mechanical vibration and shock—evaluation of
human exposure to whole-body vibration. Part 1:
General requirements.: International Organization for
Standardization; 1997(E). p. 1-28.

Mechanical vibration and shock—evaluation of
human exposure to whole-body vibration. Part
5: Method for evaluation of vibration containing
multiple shocks.: International Organization for
Standardization; 2004(E). p. 1-19.

Patwardhan AG, Havey RM, Ghanayem AJ, et al.
Load-carrying capacity of the human cervical spine
in compression is increased under a follower load.
Spine 2000; 25: 1548-54.

32)

33)

34)

35)

36)

J Occup Health, Vol. 58, 2016

Patwardhan AG, Havey RM, Meade KP, Lee B,
Dunlap B. A follower load increases the load-carry-
ing capacity of the lumbar spine in compression.
Spine 1999; 24: 1003-9.

Tencer AF, Ahmed AM. The role of secondary vari-
ables in the measurement of the mechanical proper-
ties of the lumbar intervertebral joint. J Biommech
Eng 1981; 103: 129-37.

White AA, 3rd. Clinical biomechanics of cervical
spine implants. Spine 1989; 14: 1040-5.

Wilder DG, Pope MH, Seroussi RE, Dimnet J, Krag
MH. The balance point of the intervertebral motion
segment: an experimental study. Bull Hosp Jt Dis
Orthop Inst 1989; 49: 155-69.

Wilke HJ, Wolf S, Claes LE, Arand M, Wiesend A.
Stability increase of the lumbar spine with differ-
ent muscle groups. A biomechanical in vitro study.
Spine 1995; 20: 192-8.



Fan-Yun Lan, et al.: Cervical herniated discs among container truck drivers

127

Appendix Table. Demographic data of container truck drivers with/without cervical HIVD
and non-exposed workers

Driver

One-way
With Without Non-exposed workers ~ ANOVA
cervical HIVD*  cervical HIVD p value

Case number 4 28 6
Age 47.8+3.6 452 +6.7 45.0+16.2 0.85
(year-old)
Job tenure 16.8 +4.1 12.1+7.38 11.0 £ 10.6 0.50
(year)

*HIVD: herniated intervertebral disc.

Measurement apparatus:

SV 106 Human Vibration
(6-ch) Meter & Analysis +
SV 38V Seat

ﬁ

Calibration to meet
the 1ISO 8041:2005
standard

Select function first,
followed by setting up
=P measurement and
display, as required

Accelerometer (Svantek,
Warsaw, Poland)

A 4
Recording measurements:
As we had only one device,
we measured either the seat

or back site at one time until
both measurements were
accomplished. Vibration
signals were recorded every
second and saved as a file

Two analysis processes

The data were
brought back to
the lab, and

Svantek software.

analyzed using the

were performed: 1/3
Octave band analysis,
and weighted vibrational

parameters calculation
including RMS, P-value,

P-P, MTVV, and VDV.

Appendix Figure. Setup of the vibration measurement expressed as a step-by-step flowchart



