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Objective: To examine differences in demographic, psychoso-
cial, and job physical exposure risk factors between multiple low
back pain (LBP) outcomes in a prospective cohort of industrial
workers.

Background: LBP remains a leading cause of lost industrial
productivity. Different case definitions involving pain (general LBP),
medication use (M-LBP), seeking healthcare (H-LBP), and lost time
(L-LBP) are often used to study LBP outcomes. However, the rela-
tionship between these outcomes remains unclear.

Method: Demographic, health status, psychosocial, and job
physical exposure risk factors were quantified for 635 incident-
eligible industrial workers. Incident cases of LBP outcomes and pain
symptoms were quantified and compared across the four outcomes.

Results: Differences in age, gender, medical history, and LBP
history were found between the four outcomes. Most incident-
eligible workers (67%) suffered an LBP outcome during follow-up.
Cases decreased from 420 for LBP (25.4 cases/|100 person-years)
to 303 for M-LBP (22.0 cases/|00 person-years), to 151 for H-LBP
(15.6 cases/100 person-years), and finally to 56 for L-LBP (8.7 cas-
es/100 person-years). Conversely, pain intensity and duration in-
creased from LBP to H-LBP. However, pain duration was relatively
lower for L-LBP than for H-LBP.

Conclusion: Patterns of cases, pain intensity, and pain duration
suggest the influence of the four outcomes. However, few differenc-
es in apparent risk factors were observed between the outcomes.
Further research is needed to establish consistent case definitions.

Application: Knowledge of patterns between different LBP
outcomes can improve interpretation of research and guide future
research and intervention studies in industry.
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INTRODUCTION

Low back pain (LBP) remains a leading
cause of lost industrial productivity (Crow &
Willis, 2009; Dagenais et al., 2008; Feuerstein
et al., 2001; Katz, 2006; NIOSH, 1997) and a
primary reason for early retirement and dis-
ability pensions (Andersson, 1981; Kim et al.,
2005). In the United States (U.S.), industrial
workers continue to experience high incidence
of LBP (Bureau of Labor Statistics, 2015) and
report LBP as the most frequent reason for days
away from work (Courtney & Webster, 1999).
According to the California Commission on
Health and Safety and Workers’ Compensation
(CHSWC), the average cost of back-related
injuries increased from 2000 to 2010 (CHSWC,
2011) and stabilized at around $53,500 over the
past decade (CHSWC, 2018).

It is important for the industry to establish
successful workplace ergonomic interven-
tions to control work-related LBP (Nelson &
Hughes, 2009). In literature, LBP is most com-
monly defined as a binary outcome (i.e., present
or absent; Ozguler et al., 2000; Thiese et al.,
2014); however, negative low back health out-
comes, such as LBP symptoms, LBP-related
lost time, and disability can also be used as
surveillance measures to evaluate the effi-
cacy of ergonomic interventions (Courtney &
Webster, 1999). A challenge with selecting an
LBP outcome for research and/or intervention
is that risk factors associated with LBP may
vary depending on the corresponding outcome
measures used (Ozguler et al., 2000; Vasseljen
et al., 2013). Therefore, it may be necessary and
helpful to include additional outcome measures,
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for example, medication use (Kapellusch et al.,
2014), healthcare visit (Garg, Kapellusch,
et al., 2014), and lost time (Feuerstein et al.,
2001; Hoogendoorn et al., 2002), since together
these measures may represent a hierarchy of
cascading events corresponding to a progres-
sion of LBP severity (Ferguson et al., 2019).
However, what appears to suggest an increase
in LBP severity might simply be conflated with
treatments in accordance with the LBP man-
agement strategy developed by medical profes-
sionals or a circumstance of company policies
or culture. For example, the American College
of Physicians (ACP) and the American Pain
Society (APS) recommend the use of medi-
cation, such as over-the-counter (OTC) pain
reliever (e.g., acetaminophen) and nonsteroidal
anti-inflammatory drugs (NSAIDs), as a first-
line intervention to improve or resolve nonspe-
cific LBP (Bannwarth et al., 2012; Chou et al.,
2007; Falope & Appel, 2015; Hart et al., 1995);
and approximately 70% of patients in primary
care reported medication use for LBP as recom-
mended by their physicians in the United States
(Cherkin et al., 1998; Ivanova et al., 2011).
However, most prior comparisons of LBP mea-
sures have been conducted in clinical settings
(Norton et al., 2016; Taylor-Stokes et al., 2011;
Wilkie et al., 2015) and using cross-sectional
study designs (Ferguson et al., 2019; Ozguler
et al., 2000). In addition, there is a lack of stud-
ies examining and comparing pain symptoms,
demographics, job physical exposure, and psy-
chosocial factors, based on LBP measures, pro-
spectively in a large occupational population in
the United States.

This report uses data from a large, pro-
spective cohort of manual materials handling
(MMH) workers: (1) to examine the potential
influence of four outcome measures on the esti-
mates of LBP incidence in workplace, includ-
ing: (a) LBP symptoms, (b) medication use for
LBP, (c) healthcare visit for LBP, and (d) lost
time due to LBP; and (2) to determine if (a)
worker demographics, (b) LBP characteristics,
(c) crude job physical exposure, and/or (d) sim-
ple psychosocial factors are associated with dif-
ferences in incident cases between the four LBP
incident-case groups.

METHOD

The “BackWorks” study was a National
Institute for Occupational Safety and Health
(NIOSH) funded prospective cohort study with
initial aims to identify MMH risk factors for
LBP among industrial working populations.
Detailed descriptions of the BackWorks study
cohort and data collection methods have been
published elsewhere (Garg et al., 2013). A brief
description of these methods is provided below.
Workers were recruited from 30 employers with
28 diverse production facilities located in the
states of Illinois, Texas, Utah, and Wisconsin.
These workers performed mainly MMH jobs
from a variety of manufacturing worksites, for
example, high physical demand jobs included
palletizing and low physical demand jobs
including assembly. Recruitment meetings were
held to explain the study and attract potential
workers to participate. Employers paid workers
regular wages, and respondents were not given
additional incentives for participation. A total
of 871 workers provided written, informed con-
sent to participate in the study. The overall par-
ticipation rate is unclear, although it is believed
to be more than 50% of the total available work-
ers. The BackWorks study was approved by the
Institutional Review Board of the University of
Wisconsin-Milwaukee (#04-02-049).

Participating workers were asked to com-
plete a questionnaire and a structured inter-
view, administrated by the Health Outcomes
Assessment Team (Garg et al., 2013), to pro-
vide information on: (1) demographics (e.g.,
age, sex/gender), (2) cigarette usage, (3) med-
ical history of LBP, (4) history of other medical
conditions (i.e., diabetes mellitus, high blood
pressure, high cholesterol, thyroid problem,
gout, rheumatoid arthritis, and osteoarthritis),
(5) workplace social support measured by a
modified APGAR scale (Bigos et al., 1991), and
(6) perceived depression measured by a mod-
ified Zung scale (Zung, 1965). Each worker’s
height and weight were measured and used to
calculated body mass index (BMI).

Low Back Health Outcomes

At baseline, a dichotomous response (yes/
no) to the question “In the past 12 months, have
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you had low back pain every day for a week
(7 days) or more?” was used to determine an
individual worker’s eligibility to become an
incident case (i.e., Yes: Negative Baseline
Group; No: Incident-Eligible Group). Workers
who reported that they had past spinal surgeries
(e.g., fusion, laminectomy, and laminotomy),
history of sciatica, or were diagnosed with
sciatica at baseline were excluded from subse-
quent analyses. In addition, those workers who
reported that their LBP episode was due to an
accident (e.g., fall and automobile accident)
were also excluded from subsequent analyses.
Throughout the study, LBP intensity (/) was
measured using an 11-point rating system with
verbal anchors: no pain, for a pain rating of 0;
and worst pain imaginable, for a rating of 10.
Duration of LBP (D) was entered in days. The
cohort was followed monthly with on-site inter-
views to determine: (1) new LBP symptoms,
(2) changes in current LBP, (3) medication use
for LBP, (4) healthcare visit(s) for LBP, and
(5) LBP-related lost time (including light and/
or modified duty) during the previous month.
Workers who were absent were asked to pro-
vide information for the time elapsed since their
prior on-site interview.

An incident case of LBP (LBP) was defined
as an individual worker with self-reported
regional pain in the lumbosacral area, of any
intensity, and lasting at least 1 day during fol-
low-up. An incident case of medication use for
LBP (M-LBP) was defined as self-reported use
of medication to treat LBP during follow-up.
The questionnaire did not distinguish between
OTC and prescription medications, nor did
it account for the potential for illegal use of
prescription medications. An incident case of
healthcare visit for LBP (H-LBP) was defined
as self-reported seeking care for LBP treatment,
from healthcare provider(s) including physi-
cians and/or nurse, physical therapists and/or
occupational therapists (PT/OT), chiropractors
and/or massage therapists during follow-up.
An incident case of lost time due to LBP (L-
LBP) was an individual worker who reported
missing work and/or being placed on light
and/or modified duty for at least 1 day due to
LBP during follow-up. For the purpose of this
study, each individual worker’s specific low

back health status was determined using these
four outcome measures, based on the data col-
lected throughout the entire follow-up period.
Therefore, a specific worker could contribute
an incident case to more than one outcome
group. However, workers could only contribute
one case per outcome (e.g., even if a worker
became pain free and then subsequently rede-
veloped LBP, he/she could not contribute a
second LBP case). It should be noted that this
summarization of follow-up data did not con-
sider the temporal relationship associated with
the four outcomes. For example, an individual
worker could take medication for LBP first (i.e.,
become an M-LBP case first) and report LBP
symptoms (i.e., become an LBP case later) in a
later follow-up or never report any LBP symp-
toms at all (i.e., not an LBP case).

In this study, for each low back health out-
come measure, peak pain intensity (/,,,) and
total days in pain during the entire f(P) low-up
period (D,,,,) were calculated and analyzed.
Also, for a specific worker, three additional
variables were proposed and calculated to
investigate overall LBP characteristics for each
outcome group, based on all monthly follow-up
records indicating the presence of low back
health outcome determined by each outcome
measure accordingly, including:

(1) the time-weighted-average pain intensity

() (Eq. (1))

_ Y iixd;
Lya = S d (1
j is the jh episode, 1 is the pain intensity of
the ji episode, d is the duration of pain of the
ji episode, n is the total number of episodes
during follow-up
(2) the average proportion of days in pain
(Pmean) (Eq' (2))

n 9
_Xhg @

t is the follow-up period in days of the ji
episode

(3) the maximum proportion of days in pain
(Prnae) (Eq. 3))
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I, reflects the average pain workers experi-

enced throughout the entire follow-up. Because
workers commonly experienced multiple epi-
sodes of pain that varied in both intensity and
duration, a weighted average is used. P, is
the average proportion of days in pain during
a month, whereas P_ . is the maximum pro-
portion of days in pain during a given month
across the whole study. When examined with
traditional measures of peak pain intensity and
total days in pain, these three measures of LBP
characteristics provide insight into how workers

in the study experienced LBP.

Job Physical Exposure Assessment

Job physical variables were separately and
independently collected on-site by trained
ergonomists (i.e., Job Exposure Assessment
Team) at baseline and, if there was a signifi-
cant physical exposure change, every 3 months
throughout follow-up, using the Revised
NIOSH Lifting Equation (RNLE; Waters et al.,
1993). More detailed methodology can be
found in prior publications (Garg et al., 2013;
Tang, Lu, et al., 2018). Since the RNLE lacks
the capability to directly evaluate one-handed
lifting (Marras & Davis, 1998), an additional
multiplier dedicated to “one-handed operation”
(Oy; = .6) was applied to the original RNLE
approach according to the European standard
(Ringelberg & Koukoulaki, 2003).

A majority of the workers had multiple
tasks throughout the daily work shift (i.e., had
job rotation). Thus, “peak exposure” was used
to assign job physical exposure at the worker
level, as past studies have shown that the peak
demands of a job are more predictive of LBP
than the average physical demands of a job
(Garg, Boda, et al., 2014; Norman et al., 1998).
Specifically, peak frequency independent lift-
ing index (pkFILI)—the maximum of subtask
FILIs—was used to assign worker exposure
at the subtask level. Similarly, peak compos-
ite lifting index (pkCLI)—the maximum of
composite lifting indexes (CLIs) across multi-
ple tasks—was used to represent an individual
worker’s job physical exposure at the task level.

Using the methodology proposed by Garg and
Kapellusch (2016), cumulative lifting index
(CULI) was also calculated to estimate an indi-
vidual worker’s job physical exposure for an
entire shift (i.e., job level).

Statistical Analyses

Proportion of workers in the Negative Baseline
Group was calculated. Based on each low back
health outcome measure, the corresponding inci-
dent case group was determined. Case defini-
tions necessarily allowed workers to contribute
an incident case to multiple outcome groups.
Nevertheless, each outcome group was treated
as independent of the other groups. Therefore,
group-wise comparisons were made based on the
data collected from each outcome group. Mean
values, standard deviations, medians, ranges, and
frequencies were calculated for each outcome
group. One-way analysis of variance (ANOVA)
or Kruskal-Wallis test was used to examine the
differences in continuous variables across the
four incident case groups. Specific between-
group comparisons were conducted using
independent samples ¢ tests or Mann—Whitney—
Wilcoxon tests, depending on the distributions of
data. Categorical variables (i.e., sex/gender, cig-
arette usage, LBP history, and medical history)
were analyzed using y” tests. All data analyses
were conducted using R statistical software for
Mac OS (R-64 version 3.5.3, The R Foundation
for Statistical Computing, Vienna, Austria).
Statistical significance was at p <.05.

RESULTS

Out of the 871 workers initially enrolled in this
study, 44 workers did not complete baseline data
collection. One hundred and six workers had at
least one episode of LBP lasting a week or more
within the preceding year at baseline. Of these
106 workers, seven were excluded from becom-
ing prevalent cases due to an accident precipi-
tating the LBP episodes (i.e., Negative Baseline
Group = 99). Out of the remaining 721 workers,
56 workers were immediately lost to follow-up,
primarily due to unforeseen plant closings or
layoffs. In addition, during the follow-up period,
30 workers reported accident-related LBP.
Therefore, the final LBP Incident-Eligible Group
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for this study included 635 workers. The Incident-
Eligible Group was followed for a median of 22.5
months (average = 31.6 4 26.4, range = 0.1-93.6
months). During the follow-up period, study par-
ticipation decreased, primarily due to plant clos-
ings and layoffs and also from retirements and
employer changes. No workers withdrew or were
dismissed from the study.

Negative Baseline Group Versus Incident-
Eligible Group

Descriptive statistics regarding the Negative
Baseline Group and Incident-Eligible Group are
provided in Table 1. While both groups were
mostly male (>60%, p = .325), the Negative
Baseline Group was older (p < .001) and felt
more depressed (p =.030). In addition, Negative

TABLE 1: Comparisons Between Negative Baseline Group and Incident-Eligible Group

Negative Baseline

Incident-Eligible

(n=99) (n = 635) p Value®
Mean + SD or %
(Median, Range)
Demographic
Age (years) 43.2+11.4 38.1+11.9 <.001
(44.4,22.0-62.7) (36.7, 18.3-69.0)
Gender
Male 68.7% 63.0% 325
Female 31.3% 37.0%
Height (cm) 168.4 £ 10.1 169.0 £ 104 .567
(170.2, 147.3-195.6) (170.2, 147.3-195.6)
Weight (kg) 83.4+20.4 83.9 +21.7 732
(80.3, 44.0-153.3) (81.4, 43.1-247.7)
BMI (kg/m?) 29.2+53 29.3+6.5 .848
(28.1, 18.3-43.6) (28.3, 15.8-85.5)
Smoking
Current 29.3% 20.0% .022
Past 27.3% 22.2%
Never 43.4% 57.8%
Medical history
Yes 49.5% 34.8% .007
LBP history
Yes 81.8% 40.2% <.001
Psychosocial factors
Social support ® 4.3+3.3 43+33 .940
(4.0, 0.0-13.0) (4.0, 0.0-13.0)
Depression ° 7.2+39 6.2+39 .030
(7.0, 0.0-16.0) (6.0, 0.0-19.0)

Note. BMI = body mass index; LBP = low back pain.

@ Higher numbers imply decreased social support from coworkers.

b Higher numbers imply increased feelings of depression.

¢ Bold indicates statistically significant results.
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Baseline Group had more past or current smok-
ers (p = .022), history of LBP (p < .001), and
other medical conditions (p = .007). No differ-
ence was found in either height, weight, BMI,
or perceived workplace social support (p > .05).

Comparison of Workers With and Without
Low Back Health Outcomes

During the approximately 8 years of follow-up,
about 30% of the cohort (n = 208) reported no
low back health outcomes. Of the 427 workers
who reported some low back outcomes, 98% (n =
420) reported LBP symptoms (LBP cases), 71%
(n = 303) reported medication use for LBP (M-
LBP cases), 35% (n = 151) reported healthcare
visit for LBP (H-LBP cases), and 13% (n = 56)
reported lost time due to LBP (L-LBP cases),
resulting in incident rates of 25.4 cases, 22.0
cases, 15.6 cases, and 8.7 cases per 100 person-
years for each outcome, respectively. Results
from the comparisons between workers with and
without negative low back health outcomes are
presented in Table 2. In addition, results from the
comparisons across the four incident case groups
are also presented in Table 2.

Figure 1 illustrates the detailed breakdown of
all incident cases. Each line style (i.e., arrow and
dashes) corresponds to a specific outcome group.
Multiple arrows indicate the number of workers
contributing to multiple case groups. For exam-
ple, out of the 427 workers who developed LBP
outcomes, seven workers reported medication use
for LBP (M-LBP case) and never reported LBP
symptoms. Out of these seven workers, two work-
ers also reported seeking care for LBP (H-LBP
case), while the other five reported no additional
action. In another example, out of the 427 work-
ers who developed LBP outcomes, 420 reported
LBP symptoms (LBP case). Out of these workers,
296 reported medication use for LBP (M-LBP
case), while the other 124 did not report any med-
ication use. However, among these 124 workers,
three reported lost time due to LBP (L-LBP cases)
and seven reported seeking care for LBP (H-LBP
case), while the other 114 workers reported no
additional action (i.e., remained as LBP). In addi-
tion, only 9% of the cases (i.e., 40/427) reported
all four LBP outcomes. As illustrated in Figure 1,
workers with LBP outcomes did not necessarily

follow the logic order (i.e., from LBP = M-LBP
= H-LBP =- L-LBP), when contributing to mul-
tiple case groups.

According to each outcome measure, work-
ers in LBP group had an average of 7.9 monthly
follow-up records of reported pain symptoms
(7.9 + 10.2, range: 1-79), as compared to those
in M-LBP group (4.9 4 7.7, range: 1-51), H-LBP
group (3.3 + 4.5, range: 1-27), and L-LBP group
(1.3 £ 0.7, range: 1-5).

Information regarding the annual incident rate
for each of the years of follow-up based on each
outcome measure is presented in Tables 3 and 4. At
the end of year 1 (i.e., Yt 1), out of the 208 overall
non-cases, 63 workers did not have a follow-up
period greater than 1 year, and therefore were
determined lost during the first year (i.e., Lost).
On the other hand, all 420 overall LBP cases had
a follow-up period greater than 1 year. However,
out of these LBP cases, 70 workers did not report
their first symptoms yet (i.e., Not yet within Case
Group). The annual incident rate (IR) of LBP for
Yr 1 was calculated by first adding all available
workers (i.e., 208 — 63 = 145 from the non-cases
group plus 420 from LBP case group; 565 in total)
and then dividing the total number of workers by
the number of LBP cases reported in Yr 1 (i.e.,
[420 — 70] / 565 = 61.9%). At the end of Yr 2,
out of the 145 remaining non-cases from Yr 1, 70
workers did not have a follow-up period greater
than 2 years (i.e., Lost; 75 remaining as None).
Out of the 420 overall LBP cases, 161 workers did
not have a follow-up period greater than 2 years
(i.e., Lost) and 20 workers did not report their first
symptoms yet (i.e., Not yet). Therefore, the IR of
LBP for Yr 2 was calculated as 71.6% (i.e., [420 —
161 —20] / [565 — 70 — 161] = 71.6%). It should
be noted that the annual IR for a given year was
derived from the follow-up records during the spe-
cific time window and did not take input from the
previous years. For example, an individual worker,
who was a case for LBP during Yr 1, did not report
any LBP symptoms during Yr 2, and was therefore
determined as non-cases for Yr 2. Similarly, an
individual worker who had follow-up records over
6 years, might contribute LBP cases to Yr 2, Yr 4,
Yr 6 and remain non-cases for Yr 1, Yr3, and Yr 5.

Compared with the workers without negative
low back outcomes, only H-LBP cases were found
significantly older (p = .003) with M-LBP cases
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Figure 1. Detailed breakdown of four incident case groups. LBP = low back pain.

approaching the significance level (p =.080). The
only difference in gender was also found among
H-LBP cases (p = .030). No difference was found
in height, weight, BMI, or cigarette usage (p >
.05). Regardless of the low back health outcome
measures used, workers with LBP outcomes
were more likely to have a history of LBP (p <
.001). Similarly, the differences in the likelihood
of having a history of other medical conditions
were also significant among M-LBP (p = .003)
and H-LBP cases (p = .003) or approaching the
significance level among LBP cases (p = .073),
with the exception of L-LBP cases (p =.312). In
terms of psychosocial factors, workers with LBP
outcomes perceived less workplace social sup-
port (p = .05; for H-LBP, p = .084). LBP cases
also felt more depressed (p = .040), followed by
M-LBP cases (p = .062), with the exception of
H-LBP (p = .832) and L-LBP cases (p = .400).

With respect to job physical exposure, no dif-
ference was found at either subtask, task, or job
level, regardless of outcome measures used.

Comparison of Low Back Health Outcomes
Based on Four Outcome Measures

Comparisons across incident case groups cor-
responding to the four outcome measures revealed
no significant difference in gender, weight, BMI,
cigarette usage, depression level, or job physical
exposure (p >.05). The only difference in age was
found between LBP cases and H-LBP cases (p
=.008; Figure 2). L-LBP cases seem to be taller
than the LBP (p = .061), M-LBP (p = .066), and
H-LBP cases (p = .076). The influence of the
history of LBP and other medical conditions
approached significance when comparing to the
LBP and the H-LBP cases (p =.061 and p =.097,
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Figure 2. Comparison of worker age across four case groups. The plots with different
letters above them are statistically significantly different from one another. * indicates
mean. LBP = low back pain.
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Figure 3. Comparison of peak pain intensity across four case groups. The plots with
different letters above them are statistically significantly different from one another.
*indicates mean. LBP = low back pain.

respectively). Similarly, the impact of workplace In terms of pain intensity, during the whole
social support approached significance when  course of follow-up, peak pain intensity (i.e.,
comparing to the H-LBP and the L-LBP cases (p I ,,; Figure 3) was significantly different across
=.097). the four case groups (p < .05), where L-LBP
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Figure 4. Comparison of time-weighted-average pain intensity across four case groups.
The plots with different letters above them are statistically significantly different from one
another. * indicates mean. LBP = low back pain.
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Figure 5. Comparison of total days in pain across four case groups. The plots with different
letters above them are statistically significantly different from one another. * indicates
mean. LBP = low back pain.

cases reported the highest (median = 8.0), and  than the other three groups (p < .05), between
LBP cases reported the lowest (median = 6.0).  which the difference was not significant (p >.05).
As shown in Figure 4, L-LBP cases also reported With respect to the total duration of pain (i.e.,
higher time-weighted-average intensity (i.e., /,,,) D, Figure 5), LBP cases reported the least
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Figure 6. Comparison of mean proportion of follow-up time in pain across four case
groups. The plots with different letters above them are statistically significantly different
from one another. * indicates mean. LBP = low back pain.

amount of total days in pain, compared with the
other case groups (p <.05).

In addition, H-LBP cases, on average, spent
more time in pain for a given follow-up as mea-
sured by the average proportion of days in pain
(i.e., Ppeans P < .05; Figure 6) and the maximum
proportion of days in pain (i.e., P, .; p <.001;
approaching significance level when compared
to L-LBP, p = .093; Figure 7).

DISCUSSION

This study found material differences in case
incident rates as well as differences in worker
demographics, medical histories, and psychoso-
cial factors between four LBP outcome measures
(LBP, M-LBP, H-LBP, and L-LBP). In addition,
consistent with the theory of time progression
of low back disorders posed by Ferguson and
Marras (1997), the results of these current analy-
ses suggest a progressive worsening of LBP out-
comes from simple LBP to H-LBP and ultimately
L-LBP.

LBP Surveillance and Relevance of Pain
Characteristics

Results of this study suggest that MMH
workers are at a high risk of developing LBP,
considering that more than two-thirds (67.2%)
of the Incident-Eligible Group reported one
or more low back health outcomes during fol-
low-up, which was substantially higher than the
ones found in a general population (Andersson,
1998; Hart et al., 1995; Kopec et al., 2004),
supporting previous reports of higher LBP inci-
dence among occupations with high physical
demands (Garg, Boda, et al., 2014; NIOSH,
1997; Xiao et al., 2004). Biomechanical stud-
ies have reported that individuals performing
heavy manual lifting tasks can generate large
mechanical loadings on the spinal motion seg-
ments (Freivalds et al., 1984; Tang, Holland,
et al., 2018; Wilke et al., 1999), and hence be
exposed to an elevated risk of LBP (Guo et al.,
1995; Hoogendoorn et al., 1999; Lu et al,
2014; Marras, 2000; NIOSH, 1997; Waters
et al., 2011). During follow-up, over 70% of
LBP cases reported using medication for LBP,
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Figure 7. Comparison of maximum proportion of follow-up time in pain across four case
groups. The plots with different letters above them are statistically significantly different
from one another. * indicates mean; median maximum proportion for H-LBP and L-LBP

are 100%. LBP = low back pain.

which is comparable with previous observa-
tions among industrial workers and patients
with LBP (58% to 80%; Cherkin et al., 1998;
Ivanovaetal., 2011; Kapellusch et al., 2014) but
considerably higher than that observed in a gen-
eral population suffering from LBP in Norway
(~35%; Vasseljen et al., 2013). This study also
found that NSAIDs and OTC pain relievers
were the most frequently used types of medica-
tions (~90%) to treat LBP in accordance with
prior studies of industrial workers (Kapellusch
et al., 2014) and general population (Vasseljen
etal.,2013). These findings may reflect the real-
world practice pattern of the clinical guidelines
for LBP management, regardless of an individ-
ual’s occupation (Bannwarth et al., 2012; Chou
et al., 2007; Falope & Appel, 2015; Hart et al.,
1995; Holcomb, 2008).

Consistent with previous estimates (5% to
44%; Carey et al., 1996; 1Jzelenberg & Burdorf,
2004; Kent & Keating, 2005; Vasseljen et al.,
2013; Vingard et al., 2000; Walker et al., 2004;
Woodhouse et al., 2016), this study also found
that only a small fraction (24%) of work-
ers reported seeking healthcare for their LBP.
Physicians (i.e., MD/DO) were the primary
source of care (60%), which is comparable to

the prior estimates among general population
(Coté et al., 2001; Deyo & Tsui-Wu, 1987,
Hurwitz & Morgenstern, 1997; Shekelle et al.,
1995). However, LBP-related lost time (9%)
found in this study was relatively low, as com-
pared with previous estimates (11% to 20%;
Hemingway et al., 1997; Hoogendoorn et al.,
2002; Rossignol et al., 1993; Smedley et al.,
1997). The median duration of time lost (2 days)
reported in this cohort was also considerably
shorter than the nationwide estimate among
private industrial workers in the United States
who required a median of 7 days to recuperate
from back injuries (Bureau of Labor Statistics,
2015). The inconsistent findings reported in the
literature may be explained by discrepancies
in methodology used by various studies. For
example, the current study included workers
primarily from MMH jobs in manufacturing
settings and focused on self-reported episodes
in the low back region and related to their work
(i.e., excluding accident-related episodes),
as compared with the U.S. national estimate,
which was based on workers from all occupa-
tions reporting all injury cases related to the
whole back that may include accident-related
injuries.
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For low back health outcomes, pain intensity
is generally believed to be associated with med-
ication use (Taylor-Stokes et al., 2011), health-
care visit (Carey et al., 1996; C6té et al., 2001;
de Vet et al., 2002; Garg, Kapellusch, et al.,
2014; 1Jzelenberg & Burdorf, 2004; Walker
et al., 2004), and lost time (Reme et al., 2009;
Sjostrom et al., 2009). However, most previous
studies examined these measures individually;
therefore, their findings were not cohesive or
comprehensive. This may lead to the conflicting
reports found in the literature (Kapellusch et al.,
2014; Mortimer & Ahlberg, 2003; Ozguler
et al., 2000). On the other hand, it is less clear
whether LBP duration plays a role in the pro-
gression of low back health outcomes with lit-
tle evidence suggesting that longer duration of
LBP episode may be associated with the med-
ication use (Kapellusch et al., 2014). Overall,
these discrepancies may be explained by the
varying research methodology (e.g., prospec-
tive cohort versus cross-sectional design, and
occupational population versus community/
general population) used by different studies.
In this prospective study, results from compre-
hensive comparisons indicate that, at the end of
the follow-up, reported pain intensity increases
as incident cases measured from simple LBP to
LBP-related lost time (L-LBP), supporting the
theory that the four outcome measures represent
a series of worsening health outcomes, although
the actual increase in pain intensity was rela-
tively small (from 6.0 to 8.0). LBP duration (as
measured by total days in pain) increases as
incident cases measured from LBP to H-LBP
and remained steady for L-LBP cases, which
similarly provides some evidence suggesting a
potential positive association with the cascad-
ing health outcomes. It is evident that L-LBP
cases spent more time in severe pain (as mea-
sured by the time-weighted-average intensity);
however, it remains unclear whether the rela-
tively lower number of total days in pain among
L-LBP cases is a result of a proactive LBP man-
agement strategy to prevent further disabling
LBP by allowing workers to take days off work,
or merely a spurious coincidence. This topic
should be investigated in future research. In
addition, during the approximately 8-year study
period, follow-up records indicate that workers

with low back health outcomes are likely to
experience multiple episodes of pain, and there-
fore can shift their case status depending on the
procedures they took to cope with the pain. This
phenomenon may be interesting to ergonomics
researchers and professionals in occupational
medicine to study the success and efficacy of
intervention programs to mediate and, more
desirably, prevent low back health conditions.
Data and statistical methods with superior
capability of handling the temporal/sequential
changes in a series of events may be appropri-
ate to statistically study the status shift between
multiple outcome measures.

Relevance of Individual Factors and
Job Physical Factors

Prior investigations have identified multi-
factorial risk factors associated with the devel-
opment of LBP, with many potential etiologies
(Manchikanti, 2000). Some researchers have
reported that females, overweight/obese indi-
viduals, cigarette usage, and individuals with
poor health are at an elevated risk of LBP;
however, the associations are weak and some-
times inconsistent (Batti¢ et al., 1991; Croft
et al., 1999; Frymoyer, 1992; Kopec et al.,
2004; Manchikanti, 2000; Rubin, 2007). In
the literature, there is a body of evidence sug-
gesting associations between job physical
exposure and the development of work-related
LBP (Guo et al., 1995; Hoogendoorn et al.,
1999; Lu et al., 2014; Marras, 2000; NIOSH,
1997; Punnett et al., 2005; Waters et al., 2011).
Nevertheless, systematic reviews have failed
to find evidence that simple physical exposure
factors such as weight, “material handling,”
twisting, and so forth are independent risk
factors for LBP (Balagué et al., 2012; Roffey
et al., 2010a, 2010b). However, recent prospec-
tive cohort studies have found positive asso-
ciations between the RNLE and LBP (Garg,
Boda, et al., 2014; Lu et al., 2014; Waters et al.,
2011), suggesting that combinations of phys-
ical exposure factors pose a genuine risk. In
this study, however, there was no difference
between the RNLE lifting indexes of workers
with and without incidence of LBP outcomes.
It should be noted that in the current study, the
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analyses were based on data aggregated for up
to 8 years. Given the high occurrence of LBP in
this study (67% effective prevalence of LBP),
it is possible that more sophisticated analyses,
such as proportional hazards regression, that
control for confounding factors such as prior
history of LBP would find positive associations
within this cohort between the RNLE and one
or more LBP outcomes. This study also found
no statistically significant difference in height,
weight, BMI, or cigarette usage between cases
and non-cases using four LBP outcomes. It
should be noted that this study cohort was rel-
atively young (mean = 38.1 years), exclusively
employed in MMH jobs, and was generally
active in physical activities outside of work.
Most of the workers never smoked and had no
history of medical conditions. Therefore, high
BMI reported in this study cohort may possibly
reflect greater muscle mass rather than adipose
tissue. In addition, some studies have reported
the associations between body anthropometry
and the geometry of lumbar spine and paraspinal
muscles (Gungor et al., 2015a, 2015b, Gungor
et al., 2019; Tang et al., 2016, 2019); however,
the relationships between anthropometric char-
acteristics and risk of negative low back health
outcomes remain unclear (Frymoyer, 1992;
Manchikanti, 2000; Rubin, 2007).

Consistent with previous investigations (Garg,
Boda, et al., 2014; Hestbaek et al., 2003; Inoue
et al., 2015; Papageorgiou et al., 1996), this study
found that workers with a history of LBP are
more likely to develop future episodes of LBP. It
should be noted that, in the literature, there seems
to be no consensus definition of LBP history. In
this study, LBP history was defined as prior LBP
that resulted in workers’ compensation claim, lost
time/light duty/job change, visit to any healthcare
provider, medication use for LBP, and/or LBP
radiating to the leg(s). This study also found that,
during follow-up, workers who reported negative
low back health outcomes likely perceived lower
workplace social support (measured by the modi-
fied APGAR). However, conflicting findings have
been reported in the literature regarding the asso-
ciations between psychosocial factors and LBP.
Although some researchers have found an asso-
ciation between low workplace social support
or low job satisfaction and LBP (Hoogendoorn

et al.,, 2000, 2001; Macfarlane et al., 2009;
Papageorgiou et al., 1997), others have reported
either no association or weak association (Clays
et al., 2007; Hartvigsen et al., 2004; Jansen et al.,
2004). This inconsistency in past studies may be
due to (1) differences in measures of psychosocial
and biomechanical stressors used in these studies,
and (2) potential confounding from biomechani-
cal stressors from work (Davis & Heaney, 2000).
In addition, this study also found a higher level of
depression among LBP and M-LBP cases, which
is in agreement with prior reports (Currie & Wang,
2004; Jarvik et al., 2005; Leino & Magni, 1993;
Patten et al., 2008). It should be noted that this
study only evaluated baseline information regard-
ing the psychosocial factors. During follow-up,
psychosocial status of workers may change and
potentially affect the associations between psy-
chosocial factors and negative low back health
outcomes.

Using the same cohort to prospectively study
LBP, M-LBP, H-LBP, and L-LBP makes it pos-
sible to compare the individual factors and job
physical factors for these outcome measures,
according to the theoretical progression of wors-
ening events. Results of this study indicate that
pain characteristics vary across the incident case
groups. Differences in age, height, history of LBP
and/or other medical conditions, and perceived
workplace social support were also noticed. On
the other hand, the current study found no dif-
ference in gender, weight, BMI, cigarette usage,
or job physical exposure. Current literature pro-
vides scant information about whether or how
individual factors might lead to differences in
these LBP outcomes in industry, and findings that
are reported are inconsistent. Some studies sug-
gest that female workers are more likely to use
medication for LBP (Kapellusch et al., 2014) and
seek care from healthcare professionals (Ozguler
et al., 2000). In general population, females are
more willing to use medication for health-related
issues as compared with males (Obermeyer et al.,
2004). However, it is noted that this difference
might be more evident when the health issues are
mild (Hibbard & Pope, 1986). Some researchers
suggested that when it comes to health issues,
males, in general, display a greater willingness to
seek advice from their peers (e.g., family mem-
bers, coworkers, friends, etc.), whereas females



992

September 2022 - Human Factors

more heavily rely on advice from healthcare pro-
fessionals (Obermeyer et al., 2004). Therefore, it
remains unclear whether female and male work-
ers cope differently with LBP and subsequently
result in different low back health conditions.
This should be investigated in the future. In addi-
tion, Kapellusch et al. (2014) found no difference
in psychosocial factors and job physical expo-
sure between workers who sustained LBP with-
out further actions and M-LBP workers, whereas
Ozguler et al. (2000) reported that frequent load
carrying tasks were associated with medication
use for LBP and healthcare utilization for LBP.
Unfortunately, the reasons why workers take
medication, seek healthcare, and take days off
work were not studied in the current investigation.

Strengths and Limitations

This study’s strengths include (1) prospec-
tive methods, (2) enrollment of a large number
of workers from diverse employers performing
different jobs, (3) use of computerized structured
interviews, (4) assessments and measurements of
various individual factors (e.g., demographics,
body anthropometry, psychosocial factors, etc.),
(5) quantification of each worker’s job physical
exposure based on specific biomechanical stress-
ors, (6) blinding of team members, (7) monthly
follow-ups of LBP status, (8) quarterly assess-
ments of job physical exposure, and (9) up to 8
years of cohort follow-up. This study was able to
examine the differences in a variety of individ-
ual factors, psychosocial factors, and job physical
factors simultaneously based on the utilization of
multiple incidence measures varying from symp-
tom to more specific on the basis of LBP-related
medication use, healthcare visit, and lost time,
and subsequently compare the characteristics
associated with each incident case group.

Limitations of this study include the follow-
ing. (1) Workers were primarily from manufac-
turing settings, and thus the results might not
be directly applicable in other environments. (2)
The overall 72% participation rate among those
workers attending the recruitment meetings and
estimated >50% rate from all potentially eligi-
ble workers could be a source of bias if those
who did not participate differed substantially
from those who did. (3) Only the RNLE was

used to quantify job physical exposures, and
thus other aspects of MMH, such as pushing
and pulling, were ignored. (4) The scales used
to measure psychosocial factors were devel-
oped for use in this study and have not been
used elsewhere, and only two factors—social
support and depression—were assessed, which
does not adequately capture the full extent of
potential psychosocial risk factors (Bigos et al.,
1991; Clays et al., 2007; Davis & Heaney, 2000;
Ghaffari et al., 2008; Hoogendoorn et al., 2000;
Papageorgiou et al., 1997). (5) Statistical analy-
ses used in this study assume that outcomes are
independent; however, many workers contrib-
uted cases to multiple groups. Simple group-
wise comparisons were used to determine the
potential difference in individual factors, job
physical factors, and psychosocial factors and
examine the impact of using four different inci-
dence measures. Future investigations of LBP
and related outcomes should consider using
more rigorous and frequent assessments of out-
comes so that time-series analyses can be used
to explore the inter-relatedness of various LBP
outcomes and the quantify risk factors associ-
ated with LBP outcomes.

CONCLUSION

Progressively fewer cases are identified as
outcome measures progress from LBP to L-LBP.
However, it is not clear that these outcomes
truly reflect an increase in outcome severity.
Few apparent differences were found between
outcome groups in this study. Nevertheless, dif-
ferent specific risk factors might be observed
for each outcome even within the same cohort
of workers. Thus, further research is needed to
determine how these outcomes relate to each
other in working populations. Similarly, the
large differences in case counts and potential for
risk factor differences suggests an urgent need
for researchers to develop more consistent case
definitions for investigating LBP. In the mean-
time, more specific outcome measures for low
back health outcome, such as medication use,
healthcare visit, and lost time, are likely less
influenced by recall bias than the simple survey
of LBP symptoms, and should be used in future
investigations of LBP.
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MMH workers.

ORCID iD

Ruoliang Tang
5960-7451

https://orcid.org/0000-0002-

REFERENCES

Andersson, G. B. J. (1981). Epidemiologic aspects on low-back pain
in industry. Spine, 6, 53—60. https://doi.org/10.1097/00007632-
198101000-00013

Andersson, G. B. J. (1998). Epidemiology of low back pain. Acta
Orthopaedica Scandinavica, 69, 28-31. https://doi.org/10.1080/
17453674.1998.11744790

Balagué, F., Mannion, A. F., Pellis¢, F., & Cedraschi, C. (2012). Non-
specific low back pain. The Lancet, 379, 482—491. https://doi.
org/10.1016/S0140-6736(11)60610-7

Bannwarth, B., Kostine, M., & Shipley, E. (2012). Nonspecific low
back pain: Assessment of available medications. Joint Bone
Spine, 79, 134-136. https://doi.org/10.1016/j.jbspin.2011.06.008

Battié¢, M. C., Videman, T., Gill, K., Moneta, G. B., Nyman, R.,
Kaprio, J., & Koskenvuo, M. (1991). 1991 volvo award in clinical

sciences. Smoking and lumbar intervertebral disc degeneration:
An MRI study of identical twins. Spine, 16, 1015-1021.

Bigos, S.J., Batti¢, M. C., Spengler, D. M., Fisher, L. D., Fordyce, W.E.,
Hansson, T. H., Nachemson, A. L., & Wortley, M. D. (1991).
A prospective study of work perceptions and psychosocial
factors affecting the report of back injury. Spine, 16, 1-6. https://
doi.org/10.1097/00007632-199101000-00001

Bureau of Labor Statistics. (2015). Nonfatal occupational injuries
and illnesses requiring days away from work, 2015: Technical
Report US Department of Labor.

Carey, T. S., Evans, A. T., Hadler, N. M., Lieberman, G.,
Kalsbeek, W. D., Jackman, A. M., Fryer, J. G., & McNutt, R. A.
(1996). Acute severe low back pain. A population-based study of
prevalence and care-seeking. Spine, 21, 339-344. https://doi.org/
10.1097/00007632-199602010-00018

Cherkin, D. C., Wheeler, K. J., Barlow, W., & Deyo, R. A. (1998).
Medication use for low back pain in primary care. Spine, 23,
607-614. https://doi.org/10.1097/00007632-199803010-00015

Chou, R., Qaseem, A., Snow, V., Casey, D., Cross, J. T., Shekelle, P.,
Owens, D. K., & Clinical Efficacy Assessment Subcommittee
of the American College of Physicians, American College of
Physicians, American Pain Society Low Back Pain Guidelines
Panel. (2007). Diagnosis and treatment of low back pain: A
joint clinical practice guideline from the American College of
physicians and the American pain Society. Annals of Internal
Medicine, 147, 478-491. https://doi.org/10.7326/0003-4819-
147-7-200710020-00006

CHSWC. (2011). Selected indicators in Health and Safety and
Workers” Compensation: 2011 Report Card for California. State
of California: Technical Report The California Commission on
Health and Saftey and Workers” Compensation, Department of
Industrial Relations, Labor and Workplace Development Agency.

CHSWC. (2018). California Commission on Health and Safety and
Workers’ Compensation (CHSWC) 2018 Annual Report. State
of California: Technical Report The California Commission on
Health and Saftey and Workers” Compensation, Department of
Industrial Relations, Labor and Workplace Development Agency.

Clays, E., De Bacquer, D., Leynen, F., Kornitzer, M., Kittel, F., & De
Backer, G. (2007). The impact of psychosocial factors on low
back pain: Longitudinal results from the Belstress study. Spine,
32, 262-268. https://doi.org/10.1097/01.brs.0000251884.94821.
c0

Coté, P, Cassidy, J. D., & Carroll, L. (2001). The treatment of
neck and low back pain: Who seeks care? Who goes where?
Medical care, 39, 956-967. https://doi.org/10.1097/00005650-
200109000-00006

Courtney, T. K., & Webster, B. S. (1999). Disabling occupational
morbidity in the United States. An alternative way of seeing
the Bureau of Labor Statistics” data. J Occup Environ Med, 41,
60-69.

Croft, P. R., Papageorgiou, A. C., Thomas, E., Macfarlane, G. J., &
Silman, A. J. (1999). Short-term physical risk factors for new
episodes of low back pain. Prospective evidence from the South
Manchester back pain study. Spine, 24, 1556-1561.

Crow, W. T., & Willis, D. R. (2009). Estimating cost of care for
patients with acute low back pain: A retrospective review of
patient records. J Am Osteopath Assoc, 109, 229-233.

Currie, S. R., & Wang, J. (2004). Chronic back pain and major
depression in the general Canadian population. Pain, 107, 54—60.
https://doi.org/10.1016/j.pain.2003.09.015

Dagenais, S., Caro, J., & Haldeman, S. (2008). A systematic review
of low back pain cost of illness studies in the United States and
internationally. The Spine Journal, 8, 8-20. https://doi.org/10.
1016/j.spinee.2007.10.005

Davis, K. G., & Heaney, C. A. (2000). The relationship between
psychosocial work characteristics and low back pain: Underlying
methodological issues. Clinical Biomechanics, 15, 389-406.
https://doi.org/10.1016/S0268-0033(99)00101-1

de Vet, H. C. W., Heymans, M. W., Dunn, K. M., Pope, D. P., van der
Beek, A. J., Macfarlane, G. J., Bouter, L. M., & Croft, P. R. (2002).
Episodes of low back pain: A proposal for uniform definitions to
be used in research. Spine, 27, 2409-2416.

Deyo, R. A., & Tsui-Wu, Y. J. (1987). Descriptive epidemiology
of low-back pain and its related medical care in the United



994

September 2022 - Human Factors

States. Spine, 12, 264-268. https://doi.org/10.1097/00007632-
198704000-00013

Falope, E. O., & Appel, S. J. (2015). Substantive review of the
literature of medication treatment of chronic low back pain
among adults. Journal of the American Association of Nurse
Practitioners, 27, 270-279. https://doi.org/10.1002/2327-6924.
12155

Ferguson, S. A., & Marras, W. S. (1997). A literature review of low
back disorder surveillance measures and risk factors. Clinical
Biomechanics, 12, 211-226. https://doi.org/10.1016/S0268-
0033(96)00073-3

Ferguson, S. A., Merryweather, A., Thiese, M. S., Hegmann, K. T.,
Lu, M.-L., Kapellusch, J. M., & Marras, W. S. (2019). Prevalence
of low back pain, seeking medical care, and lost time due to low
back pain among manual material handling workers in the United
States. BMC Musculoskeletal Disorders, 20, 243. https://doi.org/
10.1186/s12891-019-2594-0

Feuerstein, M., Berkowitz, S. M., Haufler, A. J., Lopez, M. S., &
Huang, G. D. (2001). Working with low back pain: Workplace
and individual psychosocial determinants of limited duty and
lost time. American Journal of Industrial Medicine, 40, 627-638.
https://doi.org/10.1002/ajim.10000

Freivalds, A., Chaffin, D. B., Garg, A., & Lee, K. S. (1984). A dynamic
biomechanical evaluation of lifting maximum acceptable loads.
Journal of Biomechanics, 17, 251-262. https://doi.org/10.1016/
0021-9290(84)90136-2

Frymoyer, J. W. (1992). Lumbar disk disease: Epidemiology.
Instructional Course Lectures, 41, 217-223.

Garg, A., Boda, S., Hegmann, K. T., Moore, J. S., Kapellusch, J. M.,
Bhoyar, P., Thiese, M. S., Merryweather, A., Deckow-Schaefer, G.,
Bloswick, D., & Malloy, E. J. (2014). The NIOSH lifting equation
and low-back pain, part 1: Association with low-back pain in the
backworks prospective cohort study. Human Factors, 56, 6-28.

Garg, A., Hegmann, K. T., Moore, J. S., Kapellusch, J.,
Thiese, M. S., Boda, S., Bhoyr, P., Bloswick, D., Merryweather, A.,
Sesek, R., Deckow-Schaefer, G., Foster, J., Wood, E., Sheng, X.,
& Holubkov, R. (2013). Study protocol title: A prospective cohort
study of low back pain. BMC Musculoskeletal Disorders, 14, 84.
https://doi.org/10.1186/1471-2474-14-84

Garg, A., & Kapellusch, J. M. (2016). The cumulative lifting index
(CULI) for the revised NIOSH lifting equation: Quantifying risk
for workers with job rotation. Hum Factors, 58, 683—694.

Garg, A., Kapellusch, J. M., Hegmann, K. T., Moore, J. S.,
Boda, S., Bhoyar, P., Thiese, M. S., Merryweather, A., Deckow-
Schaefer, G., Bloswick, D., & Malloy, E. J. (2014). The NIOSH
lifting equation and low-back pain, part 2: Association with
seeking care in the backworks prospective cohort study. Human
Factors, 56,44-57.

Ghaffari, M., Alipour, A., Farshad, A. A., Jensen, 1., Josephson, M.,
& Vingard, E. (2008). Effect of psychosocial factors on low back
pain in industrial workers. Occupational Medicine, 58, 341-347.
https://doi.org/10.1093/occmed/kqn006

Gungor, C., Tang, R., Sesek, R., Davis, G., & Gallagher, S. (2019).
Regression models for the erector spinae muscle (ESM) cross-
sectional area (CsA): Asymptomatic populations. Journal of
Biomechanical Engineering. https://doi.org/10.1115/1.4043558

Gungor, C., Tang, R., Sesek, R. F., Bo Foreman, K., Gallagher, S., &
Davis, G. A. (2015a). Morphological investigation of low back
erector spinae muscle: Historical data populations. International
Journal of Industrial Ergonomics, 49, 108—115. https://doi.org/
10.1016/j.ergon.2015.02.001

Gungor, C., Tang, R., Sesek, R. F., Bo Foreman, K., Gallagher, S., &
Davis,G.A.(2015b).Predictionmodelsfortheerectorspinaemuscle
cross-sectional area. Journal of Biomechanical Engineering,
137. https://doi.org/10.1115/1.4029984

Guo, H.-R., Tanaka, S., Cameron, L. L., Seligman, P. J., Behrens, V. J.,
Ger, J., Wild, D. K., & Putz-Anderson, V. (1995). Back pain
among workers in the United States: National estimates and
workers at high risk. American Journal of Industrial Medicine,
28, 591-602. https://doi.org/10.1002/ajim.4700280504

Hart, L. G., Deyo, R. A., & Cherkin, D. C. (1995). Physician office
visits for low back pain. frequency, clinical evaluation, and
treatment patterns from a U.S. national survey. Spine, 20, 11-19.
https://doi.org/10.1097/00007632-199501000-00003

Hartvigsen, J., Lings, S., Leboeuf-Yde, C., & Bakketeig, L. (2004).
Psychosocial factors at work in relation to low back pain and
consequences of low back pain; a systematic, critical review
of prospective cohort studies. Occupational and environmental
medicine, 61, e2.

Hemingway, H., Shipley, M. J., Stansfeld, S., & Marmot, M.
(1997). Sickness absence from back pain, psychosocial work
characteristics and employment grade among office workers.
Scandinavian Journal of Work, Environment & Health, 23, 121—
129. https://doi.org/10.5271/sjweh.189

Hestbaek, L., Leboeuf-Yde, C., & Manniche, C. (2003). Low back
pain: What is the long-term course? A review of studies of
general patient populations. European Spine Journal, 12, 149—
165. https://doi.org/10.1007/s00586-002-0508-5

Hibbard, J. H., & Pope, C. R. (1986). Another look at sex differences
in the use of medical care. Women & Health, 11, 21-36. https://
doi.org/10.1300/J013v11n02_03

Holcomb, S. S. (2008). Treating low back pain: The latest guidelines.
The Nurse Practitioner, 33, 8—11.

Hoogendoorn, W. E., Bongers, P. M., de Vet, H. C. W., Ariéns, G.A. M.,
van Mechelen, W., & Bouter, L. M. (2002). High physical work
load and low job satisfaction increase the risk of sickness absence
due to low back pain: Results of a prospective cohort study.
Occupational and Environmental Medicine, 59, 323-328. https://
doi.org/10.1136/0em.59.5.323

Hoogendoorn, W. E., Bongers, P.M.,de Vet, H. C. W., Houtman, I.L.D.,
Ariéns, G. A. M., van Mechelen, W., & Bouter, L. M. (2001).
Psychosocial work characteristics and psychological strain
in relation to low-back pain. Scandinavian Journal of Work,
Environment & Health, 27, 258-267. https://doi.org/10.5271/
sjweh.613

Hoogendoorn, W. E., van Poppel, M. N. M., Bongers, P. M.,
Koes, B. W., & Bouter, L. M. (1999). Physical load during work
and leisure time as risk factors for back pain. Scandinavian
Journal of Work, Environment & Health, 25, 387-403. https://
doi.org/10.5271/sjweh.451

Hoogendoorn, W. E., van Poppel, M. N. M., Bongers, P. M.,
Koes, B. W., & Bouter, L. M. (2000). Systematic review of
psychosocial factors at work and private life as risk factors for
back pain. Spine, 25, 2114-2125. https://doi.org/10.1097/
00007632-200008150-00017

Hurwitz, E. L., & Morgenstern, H. (1997). The effects of comorbidity
and other factors on medical versus chiropractic care for back
problems. Spine, 22, 2254-2263. https://doi.org/10.1097/
00007632-199710010-00011

Jzelenberg, W., & Burdorf, A. (2004). Patterns of care for low back
pain in a working population. Spine, 29, 1362—1368. https://doi.
org/10.1097/01.BRS.0000127188.58944.1E

Inoue, G.,Miyagi,M., Uchida, K., Ishikawa, T.,Kamoda, H., Eguchi, Y.,
Orita, S., Yamauchi, K., Takaso, M., Tsuchiya, K.-I., Takahashi, K.,
& Ohtori, S. (2015). The prevalence and characteristics of low
back pain among sitting workers in a Japanese manufacturing
company. Journal of Orthopaedic Science, 20, 23-30. https://
doi.org/10.1007/s00776-014-0644-x

Ivanova, J. 1., Birnbaum, H. G., Schiller, M., Kantor, E., Johnstone, B. M.,
& Swindle, R. W. (2011). Real-world practice patterns, health-care
utilization, and costs in patients with low back pain: The long road to
guideline-concordant care. The Spine Journal, 11, 622-632. https://
doi.org/10.1016/j.spinee.2011.03.017

Jansen, J. P., Morgenstern, H., & Burdorf, A. (2004). Dose-response
relations between occupational exposures to physical and
psychosocial factors and the risk of low back pain. Occupational
and Environmental Medicine, 61, 972-979. https://doi.org/10.
1136/0em.2003.012245

Jarvik, J. G., Hollingworth, W., Heagerty, P. J., Haynor, D. R.,
Boyko, E. J., & Deyo, R. A. (2005). Three-year incidence of
low back pain in an initially asymptomatic cohort: Clinical and
imaging risk factors. Spine, 30, 1541-1548. https://doi.org/10.
1097/01.brs.0000167536.60002.87

Kapellusch, J. M., Garg, A., Boda, S., Hegmann, K. T,
Moore, J. S., Thiese, M. S., Merryweather, A., Tomich, S., Foster, J. C.,
Bloswick, D., & Malloy, E. J. (2014). Association between lifting and
use of medication for low back pain: Results from the BackWorks
prospective cohort study. J Occup Environ Med, 56, 867-877.



INFLUENCE oF Low Back Outcome MEASURES

995

Katz, J. N. (2006). Lumbar disc disorders and low-back pain:
Socioeconomic factors and consequences. The Journal of Bone and
Joint Surgery, 88, 21-24. https://doi.org/10.2106/JBJS.E.01273

Kent, P. M., & Keating, J. L. (2005). The epidemiology of low back
pain in primary care. Chiropractic & Osteopathy, 13, 13. https://
doi.org/10.1186/1746-1340-13-13

Kim, H. S., Choi, J. W., Chang, S. H., Lee, K. S., & Oh, J. Y. (2005).
Treatment duration and cost of work-related low back pain in
Korea. Journal of Korean Medical Science, 20, 127-131. https:/
doi.org/10.3346/jkms.2005.20.1.127

Kopec, J. A., Sayre, E. C., & Esdaile, J. M. (2004). Predictors of back
pain in a general population cohort. Spine, 29, 70-77. https://doi.
org/10.1097/01.BRS.0000103942.81227.7F

Leino, P., & Magni, G. (1993). Depressive and distress symptoms
as predictors of low back pain, neck-shoulder pain, and other
musculoskeletal morbidity: A 10-year follow-up of metal
industry employees. Pain, 53, 89-94. https://doi.org/10.1016/
0304-3959(93)90060-3

Lu, M.-L., Waters, T. R., Krieg, E., & Werren, D. (2014). Efficacy of
the revised NIOSH lifting equation to predict risk of low-back
pain associated with manual lifting. Human Factors: The Journal
of the Human Factors and Ergonomics Society, 56, 73-85.
https://doi.org/10.1177/0018720813513608

Macfarlane, G. J., Pallewatte, N., Paudyal, P., Blyth, F. M.,
Coggon, D., Crombez, G., Linton, S., Leino-Arjas, P., Silman, A.J.,
Smeets, R. J., & van der Windt, D. (2009). Evaluation of work-
related psychosocial factors and regional musculoskeletal pain:
Results from a EULAR Task force. Annals of the Rheumatic
Diseases, 68, 885-891. https://doi.org/10.1136/ard.2008.090829

Manchikanti, L. (2000). Epidemiology of low back pain. Pain
Physician, 3, 167-192.

Marras, W. S. (2000). Occupational low back disorder causation
and control. Ergonomics, 43, 880-902. https://doi.org/10.1080/
001401300409080

Marras, W. S., & Davis, K. G. (1998). Spine loading during
asymmetric lifting using one versus two hands. Ergonomics, 41,
817-834. https://doi.org/10.1080/001401398186667

Mortimer, M., & Ahlberg, G. (2003). To seek or not to seek?
Care-secking behaviour among people with low-back pain.
Scandinavian Journal of Public Health, 31, 194-203. https://doi.
org/10.1080/14034940210134086

Nelson, N. A., & Hughes, R. E. (2009). Quantifying relationships
between selected work-related risk factors and back pain: A
systematic review of objective biomechanical measures and
cost-related health outcomes. International Journal of Industrial
Ergonomics, 39, 202-210. https://doi.org/10.1016/j.ergon.2008.
06.003

NIOSH. (1997). Musculoskeletal disorders and workplace factors.
technical report National Institute for occupational safety and
health (NIOSH): Centers for Disease Control and Prevention.

Norman, R., Wells, R., Neumann, P., Frank, J., Shannon, H., &
Kerr, M. (1998). A comparison of peak vs cumulative physical
work exposure risk factors for the reporting of low back pain
in the automotive industry. Clinical Biomechanics, 13, 561-573.
https://doi.org/10.1016/S0268-0033(98)00020-5

Norton, G., McDonough, C. M., Cabral, H. J., Shwartz, M., & Burgess, J. F.
(2016). Classification of patients with incident non-specific low back
pain: Implications for research. The Spine Journal, 16, 567-576.
https://doi.org/10.1016/j.spinee.2015.08.015

Obermeyer, C. M., Schulein, M., Hardon, A., Sievert, L. L., Price, K.,
Santiago, A. C., Lazcano, O., Kirumira, E. K., & Neuman, M.
(2004). Gender and medication use: An exploratory, multi-site
study. Women & Health, 39, 57-73. https://doi.org/10.1300/
J013v39n04_04

Ozguler, A., Leclerc, A., Landre, M. F., Pietri-Taleb, F., &
Niedhammer, I. (2000). Individual and occupational determinants
of low back pain according to various definitions of low back
pain. Journal of Epidemiology & Community Health, 54, 215—
220. https://doi.org/10.1136/jech.54.3.215

Papageorgiou, A. C., Croft, P. R., Thomas, E., Ferry, S., Jayson, M.,
& Silman, A. J. (1996). Influence of previous pain experience on
the episode incidence of low back pain: Results from the South
Manchester back pain study. Pain, 66, 181-185. https://doi.org/
10.1016/0304-3959(96)03022-9

Papageorgiou, A. C., Macfarlane, G. J., Thomas, E., Croft, P. R,
Jayson, M. 1., & Silman, A. J. (1997). Psychosocial factors in
the workplace—do they predict new episodes of low back pain?
Evidence from the South Manchester back pain study. Spine
(Phila Pa 1976), 22, 1137-1142.

Patten, S. B., Williams, J. V. A., Lavorato, D. H., Modgill, G.,
Jetté, N., & Eliasziw, M. (2008). Major depression as a risk factor
for chronic disease incidence: Longitudinal analyses in a general
population cohort. General Hospital Psychiatry, 30, 407-413.
https://doi.org/10.1016/j.genhosppsych.2008.05.001

Punnett, L., Priiss-Utiin, A., Nelson, D. I, Fingerhut, M. A., Leigh, J.,
Tak, S., & Phillips, S. (2005). Estimating the global burden of
low back pain attributable to combined occupational exposures.
American Journal of Industrial Medicine, 48, 459-469. https://
doi.org/10.1002/ajim.20232

Reme, S. E., Hagen, E. M., & Eriksen, H. R. (2009). Expectations,
perceptions, and physiotherapy predict prolonged sick leave in
subacute low back pain. BMC Musculoskeletal Disorders, 10,
139. https://doi.org/10.1186/1471-2474-10-139

Ringelberg, J. A., & Koukoulaki, T. (2003). Risk estimation for
musculoskeletal disorders in machinery design. European Trade
Union Technical Bureau for Health and Safety.

Roffey, D. M., Wai, E. K., Bishop, P., Kwon, B. K., & Dagenais, S.
(2010a). Causal assessment of awkward occupational postures
and low back pain: Results of a systematic review. The Spine
Journal, 10, 89-99. https://doi.org/10.1016/j.spinee.2009.09.003

Roffey, D. M., Wai, E. K., Bishop, P., Kwon, B. K., & Dagenais, S.
(2010b). Causal assessment of occupational sitting and low back
pain: Results of a systematic review. The Spine Journal, 10, 252—
261. https://doi.org/10.1016/j.spinee.2009.12.005

Rossignol, M., Lortie, M., & Ledoux, E. (1993). Comparison of
spinal health indicators in predicting spinal status in a 1-year
longitudinal study. Spine, 18, 54-60. https://doi.org/10.1097/
00007632-199301000-00009

Rubin, D. L. (2007). Epidemiology and risk factors for spine pain.
Neurologic Clinics, 25, 353-371. https://doi.org/10.1016/j.ncl.2007.
01.004

Shekelle, P. G., Markovich, M., & Louie, R. (1995). Comparing
the costs between provider types of episodes of back pain
care. Spine, 20, 221-226. https://doi.org/10.1097/00007632-
199501150-00018

Sjostrom, R., Alricsson, M., Asplund, R., & Nordenmark, M. (2009).
Back to work — a two-year outcome of a multidisciplinary
rehabilitation programme focused on physical function and pain.
Disability and Rehabilitation, 31, 237-242. https://doi.org/10.
1080/09638280801923540

Smedley, J., Egger, P., Cooper, C., & Coggon, D. (1997). Prospective
cohort study of predictors of incident low back pain in nurses. BMJ,
314, 1225-1228. https://doi.org/10.1136/bm;j.314.7089.1225

Tang, R., Gungor, C., Sesek, R. F., Foreman, K. B,
Gallagher, S., & Davis, G. A. (2016). Morphometry of the lower
lumbar intervertebral discs and endplates: Comparative analyses
of new MRI data with previous findings. European Spine
Journal, 25, 4116-4131. https://doi.org/10.1007/3500586-016-
4405-8

Tang, R., Gungor, C., Sesek, R. F., Gallagher, S., Davis, G. A., &
Foreman, K. B. (2019). Prediction models for the cross-sectional
areas of lower lumbar intervertebral discs and vertebral
endplates. International Journal of Industrial Ergonomics, 72,
12-34. https://doi.org/10.1016/j.ergon.2019.03.006

Tang, R., Holland, M., Milbauer, M., Olson, E., Skora, J.,
Kapellusch, J. M., & Garg, A. (2018). Biomechanical evaluations
of bed-to-wheelchair transfer: Gait belt versus walking belt.
Workplace Health & Safety, 66, 384-392. https://doi.org/10.
1177/2165079917749862

Tang, R., Lu, M.-L., Merryweather, A. S., Thiese, M. S,
Hegmann, K. T., Ferguson, S.A., Marras, W. S., & Kapellusch,J. M.
(2018). Distributions of job physical exposure data in a pooled
study of low back pain prospective cohorts. In Proceedings of
the human factors and ergonomics society annual meeting (Vol.
62, pp. 920-924). SAGE Publications. https://doi.org/10.1177/
1541931218621211

Taylor-Stokes, G., Lobosco, S., Pike, J., Sadosky, A. B., & Ross, E.
(2011). Relationship between patient-reported chronic low back



996

September 2022 - Human Factors

pain severity and medication resources. Clinical Therapeutics,
33, 1739-1748. https://doi.org/10.1016/j.clinthera.2011.09.026

Thiese, M. S., Hegmann, K. T., Wood, E. M., Garg, A,
Moore, J. S., Kapellusch, J. M., Foster, J., Greene, T., Stoddard, G.,
Biggs, J., & BackWorks Study Team. (2014). Low-back pain
ratings for lifetime, 1-month period, and point prevalences in a
large occupational population. Human Factors: The Journal of
the Human Factors and Ergonomics Society, 56, 86-97. https://
doi.org/10.1177/0018720813493641

Vasseljen, O., Woodhouse, A., Bjrngaard, J. H., & Leivseth, L.
(2013). Natural course of acute neck and low back pain in the
general population: The HUNT study. Pain, 154, 1237-1244.
https://doi.org/10.1016/j.pain.2013.03.032

Vingard, E., Alfredsson, L., Hagberg, M., Kilbom, A.,
Theorell, T., Waldenstrom, M., Hjelm, E. W., Wiktorin, C., &
Hogstedt, C. (2000). To what extent do current and past physical
and psychosocial occupational factors explain care-seeking
for low back pain in a working population? Results from the
musculoskeletal intervention center-Norrtélje study. Spine, 25,
493-500. https://doi.org/10.1097/00007632-200002150-00017

Walker, B. F., Muller, R., & Grant, W. D. (2004). Low back pain in
Australian adults. Health provider utilization and care seeking.
Journal of Manipulative and Physiological Therapeutics, 27,
327-335. https://doi.org/10.1016/j.jmpt.2004.04.006

Waters, T. R., Dick, R. B., & Krieg, E. F. (2011). Trends in work-related
musculoskeletal disorders: A comparison of risk factors for symptoms
using quality of work life data from the 2002 and 2006 general social
survey. J Occup Environ Med, 53,1013-1024.

Waters, T. R., Putz-Anderson, V., Garg, A., & Fine, L. J. (1993).
Revised NIOSH equation for the design and evaluation of
manual lifting tasks. Ergonomics, 36, 749—776. https://doi.org/
10.1080/00140139308967940

Wilke, H.-J., Neef, P., Caimi, M., Hoogland, T., & Claes, L. E. (1999).
New in vivo measurements of pressures in the intervertebral
disc in daily life. Spine, 24, 755-762. https://doi.org/10.1097/
00007632-199904150-00005

Wilkie, R., Hay, E. M., Croft, P., & Pransky, G. (2015). Exploring
how pain leads to productivity loss in primary care consulters
for osteoarthritis: A prospective cohort study. Plos One, 10,
¢0120042. https://doi.org/10.1371/journal.pone.0120042

Woodhouse, A., Pape, K., Romundstad, P. R., & Vasseljen, O. (2016).
Health care contact following a new incident neck or low back
pain episode in the general population; the HUNT study. BMC
Health Services Research, 16, 81. https://doi.org/10.1186/
§12913-016-1326-5

Xiao, G.-B., Dempsey, P. G., Lei, L., Ma, Z.-H., & Liang, Y.-X. (2004).
Study on musculoskeletal disorders in a machinery manufacturing
plant. Journal of Occupational and Environmental Medicine, 46,
341-346. https://doi.org/10.1097/01.jom.0000121153.55726.95

Zung, W. W. (1965). A self-rating depression scale. Archives of
General Psychiatry, 12, 63-70. https://doi.org/10.1001/archpsyc.
1965.01720310065008

Ruoliang (Rio) Tang is an assistant professor at
Sichuan University-Pittsburgh Institute (SCUPI). He
received his PhD degree in industrial engineering in
2013 from Auburn University.

Jay M. Kapellusch is an associate professor and
chair of the Department of Occupational Science
and Technology at the University of Wisconsin-
Milwaukee. He received his PhD degree in indus-
trial engineering in 2010 from the University of
Wisconsin-Milwaukee.

Kurt T. Hegmann is a professor and director of
the Rocky Mountain Center for Occupational and
Environmental Health in the Department of Family
and Preventive Medicine at the University of Utah.
He received his MD degree in 1987 from the Medical
College of Wisconsin.

Matthew S. Thiese is an associate professor at
the Rocky Mountain Center for Occupational and
Environmental Health in the Department of Family
and Preventive Medicine at the University of Utah. He
received his PhD degree in occupational injury pre-
vention in 2008 from the University of Utah.

Inga Wang is an associate professor in the Department
of Occupational Science and Technology at the
University of Wisconsin-Milwaukee. She received her
PhD degree in rehabilitation science in 2007 from the
University of Florida.

Andrew S. Merryweather is an associate professor
in the Department of Mechanical Engineering at the
University of Utah. He received his PhD degree in
mechanical engineering in 2008 from the University
of Utah.

Date received: July 30, 2019
Date accepted: October 1, 2020



