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I Topical Review

Epidemiology of Low Back Pain

Laxmaiah Manchikanti, MD

Low back painisasymptom that cannot be validated by an
external standard. It is a disorder with many possible eti-
ologies, occurring in many groups of the population, and
with many definitions. Low back pain is a common prob-
lem, with a prevalence in the United States ranging from
8% to 56%. It is estimated that 28% experience disabling
low back pain sometime during their lives, 14% experience
episodes lasting at least 2 weeks, 8% of the entire working
population will be disabled in any given year, and the life-
time prevalence of low back pain is 65% to 80%.

It is believed that most episodes of low back pain will be
short-lived and that 80% to 90% of attacks of low back
pain resolve in about 6 weeks, irrespective of the adminis-
tration or type of treatment. However, multiple studiesin
the late 90s showed recurrent or chronic low back pain,

L ow back pain isan important clinical, social, economic,
and public health problem affecting the population indis-
criminately. It is a disorder with many possible etiolo-
gies, occurring in many groups of the population, and with
many definitions. Consequently, the vast literature avail-
able on low back pain is not only heterogeneous but also
contradictory. By definition, low back painisasymptom
that cannot be validated by an external standard, the symp-
tom being what a person reports (1-9). Thus, the study of
the epidemiology of low back pain isamurky field, even
though human beings have had backaches throughout re-
corded history; and the advances in knowledge and high
resources spent on the study of low back pain are increas-
ing. Numerous modalities of therapeutic interventionsare
availablefor treatment of chronic low back pain: surgery,
drugs, manipulation, physical therapy, behavior therapy,
and neural blockade continue to spark debate among pro-
fessionals, with regard to their effectiveness in managing
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evaluated at 3 months, 6 months, or 12 months, ranging
from 35% to 79%.

Risk factors of low back pain are multifactorial, with many
possible etiologies. Multiplerisk factors of low back pain
and lower-extremity pain include physical factors, social
demographic characteristics, habits, and psychosocial fac-
tors. Thisreview will discussthe epidemiology of low back
pain, with emphasis on frequency, causes, and consequences
of low back pain; the influence of age, gender, morpho-
logic characteristics, and genetics; and the influence of oc-
cupational, mechanical, social, habitual, and psychological
factors.

Keywords: Low back pain, epidemiology, genetic predis-
position, risk factors, smoking, elderly, obesity.

chroniclow back pain (1, 10-16). Yet an astonishing agree-
ment exists among professionals with regard to the enor-
mity of chronic low back pain and its impact on society
(1-17). Thisreview will describe the epidemiologic evi-
dence of low back pain, with an emphasisonitsfreguency,
causes, and conseguences; the influence of age, gender,
morphologic characteristics, and genetics; and the influ-
ence of occupational, mechanical, social, habitual, and psy-
chological factors.

EPIDEMIOLOGY

Epidemiology is defined asthe study of the distribution of
disease in the population and the application of this study
to control health problems (18). In the case of low back
pain, epidemiology investigates how its frequency varies
by age, gender, race, and location and how the frequency
changesover time. Epidemiology providesan understand-
ing of the natural history of low back pain, which is rel-
evant and essential for the rational planning for health-
care programs and also provides a standard to which the
efficacy of various treatments may be verified. Further,
epidemiology also providesthe link between pain and the
individual or external factors, whichin asenseallowsrisk
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factorsto beidentified and minimized. The two most ba-
sic conceptsof epidemiology areincidence and prevalence.
Incidence is defined as the rate at which healthy people
develop a new symptom or disease over a specified pe-
riod of time, whichisdependent solely ontherateat which
the disease occurs. However, in contrast to incidence,
prevalence is a measure of the number of people in the
population who have a symptom or disease at a particular
point intime. The prevalence of back pain, for example,
isameasure of all thosewith back painidentified during a
certain period, regardless of whether the problem began
during or beforethe survey. Thus, prevalenceisaproduct
of both incidence and duration of the disease.

Three most common types of studies published in litera-
ture are: cohort studies, case-control studies, and preva-
lencestudies (19). Cohort studiestypically follow agroup
of “healthy” people forward in time to assess disease out-
come after risk factors have aready been measured (19).
Case-control studies use people selected on the basis of
outcome status; risk factors are assessed after the fact.
Although more proneto biasthan cohort studies, case con-
trol studies are more common in back pain research be-
cause of the ease of examining several risk factors simult-
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aneously and the expense of cohort studies (19). Preva-
lence studies use arandom sample of people collected at a
single point in time; consequently there is no predeter-
mined number of “cases’ and “controls,” their numbers
depending on the prevalence of disease and exposures in
the samples (19).

FREQUENCY OF LOW BACK PAIN

Information on the prevalence or incidence of low back
pain is available from numerous sources, including pa-
tient interviews or questionnaires, clinical studies, insur-
ance, and hospital data. The quality of thedataisvariable
based on the primary purpose of the investigation, the
population studied, and the definition of back pain. Meth-
odological problems in the study of the epidemiology of
back pain include recollection of the symptoms, which
aresubject torecall bias; analysisof Workers' Compensa-
tion cases or industrial populations, which may not be
generalized to the population in general; and analyses of
administrative databases, which depend on the recorded
diagnosisfor patientswith complaints of back pain, which
may be underreported or emphasized (1-8, 11).

56%
15%
12%
2% 2% 1% 1%
Any Frequentor  Osteoarthritis Fibromyalgia Herniated Disc  Rheumatoid Gout
low back pain persistent arthritis

low back pain

Fig. 1. Low back pain ranks No. 1 in musculoskeletal disorders.

Modified and adapted from Lawrence and colleagues (3).
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It isestimated that episodes of low back pain, that are fre-
guent or persistent have been reported in 15% of the US
population, with alifetime prevalence of 65% to 80% (3)
(Fig. 1). Itisaso stated that 28% of the US industrial
population will experience disabling low back pain at some
time and 8% of the entire working population will be dis-
abled in any given year, contributing to 40% of all lost
work days. Recent estimates of costs, morbidity, and mor-
tality of occupational injury or illnessesin the United States
showed that the total direct costs ($65 billion) plus indi-
rect costs ($106 billion) were estimated to be $171 bil-
lion, with injuries costing $145 billion and illnesses $26
billion (17). Studiesshowed the 1-year prevalence of back
paininthe United Statesto be ahighly variable, from 10%
to 56% (2, 20-26).

In an extensive review of the international literature on
theincidence of disabling low back pain, Nachemson (27)
reported that the problem of low back pain waseven greater
in Canada, Great Britain, the Netherlands, and Sweden, in
comparison to the United Statesand Germany. Thisanaly-
sis showed that the percentage of work force affected var-
ied from 2% to 8%, with days of absence per patient per
year ranging from 9 days in the United States, to 10 days
in West Germany, to 20 daysin Canada, to 25 daysin the
Netherlands, to 30 daysin Great Britain, and to 40 daysin
Sweden.

Epidemiological data is scarce on low back pain in the
elderly and children. Systematic review of the literature
of back painintheelderly showed the prevalenceto range
from 13% to 51% (7). Similarly, the studies of pain in
childhood also indicate that low back pain hasarelatively
high prevalence during school years, variable from 12%
to ashigh as 51% (8, 26).

Table 1: Prevalence of back pain in general population
ranked by severity and disability.

Pain Grade Percent

Grade 1 7
Low pain intensity and disability 41%
Grade2 o 12%
High pain intensity and low disability

Grade 3 and 4 13%
High pain intensity with moderate and severe disability °

Total 72%

Data modified and adapted from Cassidy et al (30)
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In contrast to low back pain, the incidence of radicular
pain with herniated nucleus pul posus has been reported in
approximately 25% of patientswith back problems. Over-
all, disc herniation is presumed to account for fewer than
30% of cases of low back pain and perhaps as few as 1%
(2, 3-25, 28, 29).

Cassidy and colleagues (30) assessed the 6-month preva-
lence of chronic low back pain and its impact on general
health in the Canadian population. Eighty-four percent of
respondents reported lifetime prevalence. The results
showed that 47% of patients reported grade 1 pain (low
painintensity/low disability); 12%, grade 2 pain (high pain
intensity/low disability); 13% grade 3 (high pain inten-
sity/moderate disability); and grade 4 (high pain intensity/
severe disability) pain and disability (Table1). They also
reported that grade 1 low back pain was more commonin
the younger population, while older age groups reported a
higher incidence of grade 3/4 pain. The study also re-
ported that over 10% of the people responding to the mail
guestionnaires reported having disabling back pain in the
previous 6-month period. Barsky and Borus (31) reported
that, “ Epidemiologic studies of ambulatory practice, sur-
vey of public attitudes, and historical examination of medi-
cal practicesall suggest that people areincreasingly both-
ered by and disabled by distress and discomforts that in
the past were deemed less important and less worthy of
medical attention.” Gureje and coworkers (4) in aWorld
Health Organization study on primary care of persistent
pain and well-being, reported that back pain topped the
list of the three most among the three most commonly re-
ported anatomical pain sites in order of frequency, fol-
lowed by headache, and joint pain. They reported acom-
bined prevalence of persistent pain for al centers across
the world as being 22%, with prevalence rates varying
from 5% to 33%.

Inareview of theliterature on the preval ence of low back
paininadults, Loney and Stratford (5) critically evaluated
18 studies, of which only three were considered as being
high quality, showing apoint prevalence ranging from 14%
to 29% and a lifetime prevalence ranging from 59% to
84%. These studies included the studies by Cassidy and
coworkers (30) (Saskatchewan, Canada), with a29% point
prevalence, 69% 6-month prevalence, and 84% lifetime
prevalence; Hillman and coworkers (32) (Bradford, United
Kingdom), with apoint prevalence of 19%, 1-year preva-
lence of 39%, and lifetime prevalence of 59%; and finally,
Biering-Sorensen (33) (Grostrup, Denmark), with a point
prevalence of 14%, 1-year prevalence of 45%, and life-
time prevalence of 62%. Leboeuf-Yde and Lauritsen (6)
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also reviewed the prevalence of low back pain in the lit-
erature from 26 Nordic studies from 1954 through 1993,
with 10 of the 26 population-based epidemiological sur-
veys on the occurrence of low back pain in the Nordic
countriesfulfilling aminimum of 75% of the methodol ogi-
cal criteria. The estimate of the prevalence of low back
pain in the United States by Lawrence and colleagues (3)
wasderived from the National Arthritis DataWork Group,
which showed an annual prevalence of low back painin
56% a lifetime prevalence of 70%, and a low back pain
ranking as No. 1 (Fig. 1).

RECURRENT OR CHRONIC LOW BACK PAIN

Duration of back pain and its chronicity have been topics
of controversy. Itisbelieved that most of these episodes
will be short-lived, with 80% to 90% of attacks resolving
in about 6 weeks, irrespective of the administration or type
of treatment; and 5% to 10% of patients devel oping per-
sistent back pain (34, 35). However, thisconcept has been
guestioned, as the condition tends to relapse, so most pa-
tientswill experience multiple episodes. In an evaluation
of the prognosis of low back pain in general practice in
Amsterdam, consisting of 15 general practitioners evalu-
ating for a period of 2 years, it was reported that 35% of
the popul ation experienced low back pain for 12 weeksto
12 months and 10% experienced pain after 1 year (36). In
another prospective report of the outcome of low back
painingenera practice, whiletheannual cumulative con-
sultation rate among adults in the practice was only 6%
and 59% of the patients had only one consultation, 32%
had repeat consultations 3 months after the initial consul-
tation. Of those interviewed at 3 and 12 months' follow-
up, only 21% and 25%, respectively, had completely re-
covered in terms of pain and disability (37). Croft and
coworkers (37) concluded that the results were consistent
with the interpretation that 90% of patients with low back
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pain in primary care will have stopped consulting with
symptoms within 3 months, even though most will still be
experiencing low back pain and related disability 1 year
after consultation. Carey and colleagues (38) showed that
chronic low back pain affected 3.9% of the North Caro-
lina population, with 34% considering themsel ves perma-
nently disabled and 52% assessing their overall health as
fair to poor. Carey and coworkers (39) also showed that
rates of recurrence of low back pain were substantial ; func-
tionally disabling recurrence rates varied between 8% and
14% between 3 to 6 months, and 20% to 35% between 6
to 22 months. Meidema and colleagues (40) determined
the proportion of patientswith back paininwhom chronic
back problems developed after a follow-up of 7 years, to
identify determinants of the chronicity, showing that
“chronic back pain problems’ developed in 28% of the
patients. These patients reported more pain, higher levels
of medical resource consumption, worse health outcomes,
and lower labor force participation. They concluded that,
even after afollow-up of 7 years, the proportion of people
with chronic back problems was high. Von Korff and co-
workers (41) also showed the presence of recurrent or
chronic low back pain at the end of 1 year. Thomas and
colleagues (42) followed 180 patients with new onset of
back pain over an 18-month period, of which 34% reported
disabling back pain. They reported that 73% reported dis-
abling back pain at 1 week, 48% at 3 months, and 42% at
12 months. Table 3 demonstrates the prevalence of chro-
nicity of low back pain.

Grades 3 and 4 categories of back pain with disability were
reported in 13% of the population in Canada (30). Davis
(15) showed that from 1979 to 1981 to 1988 to 1990, the
rate of hospitalizationswith lumbar spine surgery increased
over 33% in each sex, with a rate for lumbar fusion sur-
gery increasing more than 60% in each sex, the rate for
lumbar disc surgery increasing 40% among men and 21%

Table 2: Chronicity of low back pain.

Prevalence

Author(s) Year of Publication 3 months 12 months
Anderson and Svensson (35) 1983 20% 10%b6
Van Den Hoogen et al (36) 1997 35% 35%
Croft et al (37) 1998 79% 75%
Carey et al (38) 1999 N/A 20% to 35%
Meidema et al (40) 1998 N/A 28%
Thomas et al (42) 1999 48% 42%

N/A = Not available
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among women, and the rate for lumbar exploration/de-
compression surgery increasing more than 65% in each
sex. Carey and colleagues (38) also reported that during
their evaluation, at least 10% of the patients underwent
surgery in North Carolina.

Various analysts have tried to relate the development of
back pain to clinical, radiologic, psychological, and psy-
chosocial factors (43). During the past 50 to 60 years,
various explanatory models of back pain adopted by the
medical profession have exhibited swings between the me-
chanical/postural and the behavioral/psychological (43-
49). Roland and Morris (50), in a study of the natural
history of low back pain conducted in a general practice
setting, unequivocally concluded: “Psychological factors
arenot of great importance in the majority of new presen-
tations of back painin general practice - the increased in-
cidence of psychological abnormalities found in patients
attending ahospital isaresult of long-standing pain.” Thus,
they suggested that psychological morbidity is a conse-
guence of back pain rather than a contributory factor to
the development of the condition. Klenerman and col-
leagues (44), in an evaluation of the prediction of chro-
nicity in patients with an acute type of low back painina
general practice setting, studied 300 patients, with results
showing that patients who had not recovered by 2 months
were those who went on to become chronic low back pain
patients. Burton and coworkers (51) studied psychoso-
cia predictors of outcome in acute and subchronic low
back trouble in 252 patients presenting to primary care
and concluded that early identification of psychological
problemsisimportant in understanding and hopefully pre-
venting the progression to chronicity in low back trouble.
Thomas and colleagues (42) also showed that persistence
of symptoms was associated with “premorbid” factors,
whichincluded high levels of psychological distress, poor
self-rated health, low levels of physical activity, smoking,
dissatisfaction with employment, and factorsrel ated to the
episode of low back pain, widespread pain, and restric-
tion in spinal mobility. However, the multivariate model
was based on six factor-identified groups whose likeli-
hood of persistent symptoms ranged widely from 6% to
70%. Gatchel and coworkers (52) showed the presence
of “... arobust psychosocial disability factor that is asso-
ciated with those injured workers who are likely to de-
velop chronic low back pain disability problems.” How-
ever, they also concluded that preinjury or concomitant
psychopathology does not appear to predispose patients
to chronic pain disability, although high rates of psycho-
pathology have been shown in chronic low back pain.
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Croft and coworkers (53), in a prospective study of 4,501
adults from 18 to 75 years in age, concluded that symp-
tomsof psychological distressinindividualswithout back
pain predict the subsequent onset of new episodes of low
back pain.

RISK FACTORS OF LOW BACK PAIN

Low back painisamultifactorial disorder with many pos-
sible etiologies. Consequently, determining risk factors
becomes a difficult task. To analyze the various risk fac-
tors of low back pain and dissect the 20"-century health-
care enigma, many epidemiologic studies have focused
on risk factors for low back pain, attempting to analyze
occupational, nonoccupational, and psychosocial factors
(54-57). Hence, evidence from a single study, no matter
how well designed and executed, is never enough on its
own to decide if arisk factor is causal or not (19). A
multitude of determinants of low back pain and sciatica
include physical factorssuch asheavy physical strain, fre-
quent lifting, postural stress, and vibration; social demo-
graphic characteristics and individual factors such as
lifestyle and physical capacity, gender, age, race, genetic
factors, height, and weight; habits such as smoking and
alcohol consumption; poor general health; and, finaly,
psychosocial factors. In addition, many of the proposed
risksfactors have ahigh prevalencein the general asymp-
tomatic population, further confounding the situation.

Physical Factors

Heavy physical strain, frequent lifting, vibration, and pos-
tural stress are likely to result in disc degeneration, low
back pain, and sciatica.

Occupational Risk Factors: The relationship between
occupational risk factors and low back pain is not simple
because exposure is usualy difficult and sometimes im-
possibleto quantify (58-71). Occupational low back pain
inindustry isamajor problem, with prevalences of back
pain in the working population varying from 12% to 41%,
depending on the profession, with a mean prevalence of
27% in the Netherlands (72). In the United States, state-
by-state surveys show that occupational low back pain
constitutes 9% to 26% of al industrial insurance claims
and 26% to 42% of all wage replacement and health-care
costs (73). The prevalence and risk of occupational low
back paininthe United Stateswith high physical demands
are high (74-76). However, Murphy and Volinn (77) re-
ported that the US estimate of the annual low back pain
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claimsrate decreased 34% between 1987 and 1995, while
the annual low back pain claims costs during the same
time decreased 58%.

It is also difficult to assess the effect of occupation on
each individual, as different individual sin the same occu-
pation perform different jobs, instead of all performing
the samejob and thus have variable exposures. Similarly,
misconceptions may be devel oped with regardsto healthy
worker effect, as healthy workers may stay in the same
occupation and job; whereas workers with low back pain
may leave ajob and moveto aless physically taxing job,
thus, shifting the preval ence of low back pain from heavy
industriesto light industries. Still another problem is un-
derstanding the differences between heavy and light in-
dustries. Traditional beliefs suggested that heavy physi-
cal jobs required high energy demand, whereas light jobs
required low energy demand. However, many low-en-
ergy jobs are static in nature, which is an inherent risk
factor for low back pain. Tables 3 and 4 demonstrate the
10 highest-and lowest-cost occupations, ranked by atotal
annual cost of job-related injuries and illnesses (78). Not
only the incidence of low back pain but also lumbar disc
degeneration was shown to be effected by the occupational

Table 3: Highest-cost occupations in the United States
ranked by total annual cost of job-related injuries and

illnesses.
Total Annual
Rank Description Cost in
Millions (US $)
1 Heavy truck drivers 365
2 Nonconstruction laborers 331
3 Machine operators, not specified 260
4 Occupations not classified 239
5 Janitors and cleaners 226
6 Nursing aides, orderlies and attendants 205
7 Construction laborers 147
8 Assemblers 139
9 Retall sales workers 130
10 Miscellaneous machine operators 130

Adapted and modified from Leigh and Miller (78)
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load (79).

Heavy Physical Work: Several investigators showed an
increase in absences (sick days) dueto low back pain and
also anincreaseinlow back symptomsinindividuals per-
forming physically heavy work (70, 71, 80-87). Heavy
physical work was strongly associated with the occurrence
of low back pain, with highest prevalence of low back
pain being present in men with physically heavy profes-
sions (71, 80, 81). Lloyd and colleagues (81) reported a
lifetime prevalence of 69% low back pain and sciaticain
minersin contrast to 58% in officeworkers, with a3-month
prevalence of 35% and 26%, respectively. Leigh and
Sheetz (87), using aUS quality-of-employment survey for
1972 through 1973 data, reported that physically heavy
work, particularly farming, was associated with increased
levelsof low back pain. Higher reports of disc herniations
also were reported in physically demanding occupations
(65, 66, 83, 88). However, other studies are less clear, as
they did not find any differences in prevalence of disc
herniation between heavy and light work (68, 84).

In a prospective, nested case-control study during a 24-
year period, it was shown that 46% of the subjects be-

Table 4: Lowest-cost occupations ranked by total
annual cost of job-related injuries and illnesses
with a total annual cost of $13 to 14 Million (US
dollars).

Rank Description

1 Messengers

2 Miscellaneous textile machine operators

3 Laundering and dry-cleaning-machine operators
4 Stationary engineers

5 Painting and paint-spraying machine operators
6 Teacher's aides

7 Tool and diemekers

8 Automobile body and related repairers

9 Vehicle washers and equipment cleaners

10 Machinery maintenance occupations

Adapted and modified from Leigh and Miller (78)
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came patients with low back pain (89). Authors of this
study concluded that sedentary work or heavy physical
workload was associated with the occurrence of low back
pain among both women and men (89). The concurrent
presence of whole-body vibration and low influence over
work conditions among women and of overtime work and
poor social relations among men increased therisk for low
back pain.

Static Work Postures: Many studiesindicate anincreased
risk of low back pain in individuals with predominantly
sitting work postures, while a similar number of studies
disagree with this conclusion (22, 67, 88, 90). It wasre-
ported that men spending more than half their work day in
acar show athreefold increasein risk of disc herniation,
which may be due to the combined effects of sitting and
vibration (91-95). In addition, it was also reported that
individuals with sitting or standing jobs occupying most
of the workday had an increased risk of low back pain
(96).

Bending, Twisting, and Lifting: The association between
low back pain and bending, twisting, and lifting was es-
tablished in alarge number of studies (22, 62, 67, 81, 92,
95-99). It was reported that frequent bending and twist-
ing were the most frequent cause of back injuriesin En-
gland (49). Thefrequency of low back pain after liftingis
variable from 15% to 64% (61, 69, 81, 90, 92, 95, 96,
100-102). Sudden unexpected maximum efforts, as well
aslifting in combination with lateral bending and twisting
were found to be particularly harmful (96, 97). Chaffin
and Park (61) reported eight times higher incidence of low
back injuriesin workersinvolved in heavy manual lifting
compared to sedentary work.

Vibration: Whole-body vibration has been reported to be
associated with back pain. Seidel and Heide (103) ana-
lyzed the relevant literature in 1986, on the long-term ef-
fects of whole-body vibration in 43,000 workers exposed
to whole-body vibration and 24,000 persons in control
groups. The results indicated an increased health risk of
the spine and of the peripheral nervous system after in-
tenselong-term whole-body vibration. Holshof and Zanten
(104) reviewed epidemiologic studies of whole-body vi-
bration and low back painin 1987. They concluded that
low back pain, disc degeneration, and herniated lumbar
disc hasthe most frequently reported adverse effects. Ina
1998 review of whole-body vibration and low back pain,
Lingsand L eboeuf-Y de (105), which included 53 articles,
concluded that while experimental data supported the hy-
pothesis that whole-body vibration can have a negative
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effect on the spine, these studiesfailed to offer aquantita-
tive specification of the association between exposure and
effect. They also concluded that epidemiological studies
have shown drivers to have an increased prevalence of
low back pain, probably in a dose-related fashion, postu-
lating that long-term exposure to whole-body vibration
can contribute to back disorders. Bovenzi and Hulshof
(106) ina1999 publication, reviewed 45 articles published
between 1986 and 1997. Thefindingsof 17 selected stud-
iesand theresults of the meta-analysis showed that whole-
body vibration is associated with an increased risk of low
back pain, sciatica, and lumbar intervertebral disc disor-
ders. However, they concluded that the epidemiologic
evidence was not sufficient to outline a clear exposure-
response rel ationship between vibration and low back pain.
Increased prevalence of low back pain in drivers of vari-
ous vehicles including airplanes secondary to vehicular
vibration hasbeen reported (65, 107-116). A survey among
men train operators suggested that workersin a sedentary
position with exposure to whole-body vibration were at a
special risk for low back pain (65). However, a study of
tractor operators showed no correlation between mean
duration of tractor driving and back apin compared to per-
sonswho were not tractor drivers (66). Evaluation of back
pain in bus drivers in Denmark showed that the preva-
lence of frequent low back pain was 57% compared to
40% in the control group (115). Similarly, in a study in
California, back and neck pain was shown to be present in
81% of bus drivers (116). Increased levels of low back
pain were also reported in the steel industry (117, 118). It
was shown that truck driving increased the risk of disc
herniation by a factor of four, while tractor driving and
car commuting increased therisk by afactor of two (111).
In addition, it was also shown that the risk of disc hernia-
tion was related to the type of vehicle, indicating signifi-
cant differences between different brands of vehicles (66).
A survey among men crane operators suggested that work-
ers in a sedentary position with exposure to whole-body
vibration were at aspecial risk for low back pain (112). It
was shown that, in bus drivers, both physical work load
and psychosocial factors, including extended uninterrupted
driving, frequency of job problems, high psychosocial
demands, low job satisfaction, and low supervisory sup-
port were simultaneously independently associated with
back pain (113).

Psychosocial Work Factors
Several psychological work factorsimplicated inlow back

pain include worker satisfaction, attitude toward the em-
ployer, job satisfaction, quality of interactions between the

Pain Physician Vol. 3, No. 2, 2000
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worker and hisor her supervisor, poor employee appraisal
rating, and monotony at work (93, 102, 119-124). Bigos
et a (120) and Skovron et a (121) in two large scale pro-
spective studies from the United States and Belgium re-
spectively, showed that job dissatisfaction isasignificant
risk factor for the onset of low back pain. Thomas and
colleagues (42), by collecting data on risk factors before
the onset of the pain, have shown that the presence of per-
sistent low back pain is not only determined by clinical
factors associated with pain, but also by the premorbid
state. However, in astudy of incidence and risk factors of
low back pain in middle-aged farmers, it was concluded
that mental stress did not predict unspecified low back
pain or sciatic pain (124).

INDUSTRY-SPECIFIC LOW BACK PAIN

Surveys of varioustypes of occupations show wide varia-
tions in the incidence and prevalence of low back pain
related to specificindustries. Leighand Miller (78) ranked
multiple occupations based on the costs of job-related in-
juries and diseases, with heavy truck drivers occupying
the number one position in terms of high risk and messen-
gers occupying the number one position in terms of low-
est-cost occupation. Surprisingly, most of the high cost
per employee jobs, such as production helpers, laborers,
janitors, nursing orderlies, driver-salesworkers, truck driv-
ers, polishing machine operators, kitchen-machine opera-
tors, assemblers and others, are not generally regarded as
dangerous or high-risk jobs. Similarly, some of the low-
risk jobs, such as messengers, laundry and dry cleaning
machine operators, tool and dye makers, vehicle washers,
and equipment cleaners, are not regarded by the public as
the least dangerous or lowest-cost occupations. Louma
and colleagues (79), by studying the risk factors of lum-
bar disc degeneration demonstrable with magnetic reso-
nance imaging (MRI) with special emphasis on occupa-
tional load and back accidents, found anincreased risk for
posterior disc bulges among carpenters and for anterior
disc bulges among machine drivers, but decreased signal
intensity was not related to occupation. In addition, they
also showed that car driving was also associated with an-
terior disc bulges.

Trucking and Warehousing

Seated, whole-body vibration is most commonly impli-
cated as contributing to the high incidence of occupational
low back pain in workers of the trucking and warehous-
ing industries (69, 95, 108, 111, 125-129). Drivers are
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also exposed to other activities such as loading and un-
loading atruck and prolonged sitting, also considered risk
factors. Kelsey (95) and Kelsey and Hardy (111) found
that men truck drivers were more than four times more
likely to develop aherniated disc than women. Rosegger
and Rosegger (129) found that 70% (61% to 94%) of a
group of tractor drivers had premature degenerative
changesin the vertebral column, as detected by radiologic
changes, with a prevalence of findings increasing with
years of tractor driving.

Construction

Construction workers such as carpenters, bricklayers, and
unskilled workers perform heavy manual work, repetitive
tasks and assume awkward working positions, or are ex-
posed to whole-body vibration, or continuous carrying and
lifting of heavy loads, which may cause biochemical and
morphologic changes of the disc and vertebrae, contribut-
ing to higher incidence of low back pain (130-132). The
prevalence of low back painin peopleworking in the con-
struction industry was shown to bethe highest inthe United
States (80). Infact, in astudy of radiographically detect-
able degenerative changes of thelumbar spine among con-
cretereinforcement workers and house painters, disc space
narrowing occurred at about 10 years and spondylophytes
at about 5 years in concrete workers compared to house
painters (132). Similarly, a Finnish study found arisk of
disc prolapse among construction workers that was three
timesashigh asthat of white-collar employees (64). How-
ever, in a Hamburg construction worker study (130) au-
thorsfound that the 12-month prevalence of low back pain
was highest in painters (57%), intermediate in concrete
buildersand brick layers (41%), and lowest in carpenters,
and unskilled workers (38%). Leigh and Miller (78), in
ranking of occupations, reported construction laborers,
welders, stone cutters, and warehouse workers asthe high-
cost occupations.

Law Enforcement

A significantly high incidence in the prevalence of back
pain was reported among police officers who drive for a
significant part of their working day compared with those
who do not drive as part of their employment (133, 134).
A survey of police officersin the United States found that
all back injuries, including first-time back injury, were
associated with overexertion and that work |oss was asso-
ciated with litigation (134). In contrast, Brown and co-
workers (133) concluded that the prevalence of chronic
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or recurring low back pain since joining the Royal Cana-
dian Police Force was 55%, which was comparable with
the lifetime prevalence reported for the general popula-
tion.

Health-Care Workers

A multitude of studies concern low back pain in health-
care workers, specifically nurses and nurses’ aides (135-
143). However, these studies do not allow definitive con-
clusions. Marras and colleagues (140), used two different
models, the low-back-disorder-risk model and the biome-
chanical spinal-loading model, to study a variety of pa
tient-handling tasks, and employed nine men and eight
women participants, 12 of whom had experience in pa
tient handling. Their results showed that patient handling
was an extremely hazardous job with a substantial risk of
causing a low back injury, whether with one or two pa-
tient handlers; they concluded that patient handlingin real
situations, such asin a nursing home, would be expected
to beevenworse. InaUS study of occupational low back
injury in a hospital employee population with epidemio-
logic analysis of multiple-risk factors of ahigh-risk occu-
pational group, researchers found significant associations
for history of low back pain or “slipped disc” by self re-
port and for history of previous back injury (139). Other
significant associated variables included working the day
shift, single status, and low body weight (139). Biering-
Sorensen (143) reported that nurses have the highest in-
jury rates of any occupationsin Denmark. In an analysis
of over 3,000 nursing personnel, in Taiwan, risk factors
for low back pain were age, stature, body weight, dura-
tion of work, work habits, and sitting posture, with alife-
time prevalence of low back pain of 78% (137). Cooper
and colleagues (141) reported that the most common
mechanism of injury was transfer, followed by lifting.

INDIVIDUAL FACTORS

The individual factors considered to influence low back
pain are heredity, age, sex, posture, body height and weight
or body build, smoking, and physical fitness and sports
activities.

Genetic Predisposition

Until 1995, structural and biochemical changes associated
with disc degeneration were major aspects, making the
disc aprimary focus of diagnostic investigationsand man-
agement interventions, except for occasional reports ex-
ploring several theories, including familial and genetic
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predisposition (144-153). There is evidence to suggest
that there is a familial component to other types of low
back pain, such as ankylosing spondylitis, scoliosis, and
spondylolisthesis. A genetic component to disc pathol-
ogy issuggested by animal models, including some breeds
of dogs, and aparticular speciesof mouse (151). Familial
predisposition to disc herniation in pediatric populations,
and familial association of lumbar disc disease and other
ailments have been described (2, 146, 149, 150, 153-158).
Nachemson (159), has suggested that environmentally or
genetically induced premature aging changes may render
the disc mechanically incompetent, creating abnormal
motion patterns that subject various spinal structures to
undue stress, causing pain. Videman and coworkers (160),
studying associations between variationsin the vitamin D
receptor gene and measures of disc degeneration on MR,
in 85 pairs of monozygotic twins, discordant for exposure
to common conditions suspected of affecting disc degen-
eration, concluded that, “ Specific vitamin D receptor alle-
les were associated with intervertebral disc degeneration
— demonstrating, for the first time, the existence of ge-
netic susceptibility to this progressive, age-related degen-
erative process.” Jones and coworkers (161) also found
significant associations between allelic variation in the
vitamin D receptor gene and the presence of disc narrow-
ing; found strong associations with the severity of osteo-
phytosis, but only weak associations with the presence of
osteophytes; and found no association with severity of disc
narrowing or facet-joint arthritis. Annunen (162), study-
ing mutation and intervertebral disc degeneration on MRI
and CT scansin patients with sciatica, found strong asso-
ciation between collagen 9 gene mutation (Trp allele) with
the presence of severe disc degeneration and sciatica, and
gene allele associated with 4% of the patients with sci-
atica. Among other studies published in 1999, Bijkerk
(163), in studying a population-based sample of 1583 in-
dividuals, compared variance in disc degeneration within
and between sibling pairs, concluding that disc degenera-
tion was significantly more common in siblingsthan in a
random sample, signifying a genetic component of these
problems. He explained that 75% of the variance in disc
degeneration is by genetic factors. Similarly, Sambrook
and colleagues (164), in a study of 172 monozygotic and
154 dizygotic twins, not selected for back pain or disc
disease, compared MRI features of degenerative disc dis-
ease in the cervical and lumbar spines. They concluded
that, for severe disc disease, inheritability in the lumbar
spine was 64%, astheir results showed disc height, bulge,
and osteophyteswere heritablein thelumbar spine. Battié
and coworkers (153) studied 115 maleidentical twin pairs
who were selected based on lifetime discordance in sus-
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pected environmental risk factors for disc degeneration,
and concluded that the disc degeneration may be explained
primarily by genetic influences and by unidentified fac-
tors, which may include complex, unpredictable interac-
tions. However, Heikkila and coworkers (152), in a na-
tionwide Finnish cohort study of 9,365 adult twins, con-
cluded that environmental factors explain more than 80%
of the etiology of sciatica. Similarly, Videman and col-
leagues (158) also explained low back pain mostly based
on environmental factors. Simmons and coworkers (165)
indicated that afamilial predisposition to degenerative disc
disease can exist along with other risk factors. Similarly,
Richardson and colleagues (166) concluded that familial
predisposition toward lumbar disc pain and injury existed.

Age

Intervertebral discs undergo age-related degenerative
changesthat contributeto some of the most common causes
of impairment and disability for middle-aged and older
persons (Fig. 2). Aging is an evolutionary and dynamic
process that results in degenerative changes, not only in
the intervertebral discs, but also in ligaments and bones,
accounting for most diseases and disorders of the aging
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spine (167). Kirkaldy-Willis and coworkers (168) de-
scribed the pathogenesis of degenerative changes in the
aging spine, entailing three phases, beginning with dys-
function and progressing to unstable and stabilizing phases,
in the context of a three-joint complex that describes the
articulation between two vertebrae as changeswithin each
member of thisjoint complex will result in changesin oth-
ers. Bernick and colleagues (169) investigated the age
changes of the annulus fibrosus in human intervertebral
discs and reported that age changes in the annulus were
first observed in the vertebrae of persons aged 41 to 60
years and became progressively severe through advanced
age (60 to 83 years).

Increasing age has been associated with an increase in
muscul oskeletal symptoms. A US national survey of phy-
sician visits among patients age 75 or older revealed that
back pain is the third most frequently reported symptom
in general and the most commonly reported in the muscu-
loskeletal system (170). In another study, 17% of total
back problem visits occurred in the 65-years-and-ol der age
group (171, 172). A Canadian epidemiological report
ranked back problemsasthethird leading cause of chronic
health problems in the 65-years-and-older age category

15%

27%

12%

Children and adolescents Adults

Elderly

Fig. 2. Estimated average of age related prevalence of persistent low back pain.
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for women and the fourth leading cause of such problems
for men in the same age category (173).

However, it has been stated that low back pain usually
beginsin early life, with highest frequency of symptoms
occurring in the age range of 35 to 55; while sickness,
absence, and symptom duration increase with increasing
age (33, 90, 174, 175). The major studies and develop-
ments in the study of the epidemiology, diagnosis, and
management of low back pain dealt and continued to deal
with the specific problem of occupational low back pain.
Whilethe overall statistics of persons suffering from back
pain are staggering, it has been shown that persons over
65 years of age experience low back pain with greater fre-
guency and have been under-represented in research, as
well asin management (7). A review of studiesthat evalu-
ated pain in the elderly suggests that complaints of pain
aremore prevalent, varying from 44% to 84%, in contrast
to the general population, in which pain complaints are
seen in 14% to 29% of the population (7). Similarly, the
studies of back pain in childhood also indicate that low
back pain has arelatively high prevalence during school
years, which varies from country to country; with a 36%
incidence in the United States; lowest incidence in Fin-
land, with 20%; and highest incidencein Switzerland, with
51% (8, 176).

People age 65 and older are the fastest-growing segment
of the population of not only the United States, but the
entire world (7). By the year 2030, one of every five
Americanswill be 65 yearsor older; and by the year 2050,
almost 80 million Americanswill be over 80 years of age
(177). Bressler and colleagues (7) undertook asystematic
review of theliterature to determinethe preval ence of low
back pain associated with aging. A review of the litera-
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ture from 1966 through 1998 identified 152 articles de-
scribing the prevalence of back paininthe elderly, includ-
ing only 12 articles for systematic review that met the in-
clusioncriteria. Of these 10 dealt with cross-sectional and
two dealt with cohort samples. In total, nine studies
sampled individualsin the general community (178-186),
two were derived from medical practices (18, 187), and
oneinvolved along-term carefacility (188). Bressler and
coworkers (7) reported a prevalence of back pain among
the elderly within the community ranging from 13% to
49%; within the medical practice setting, the range was
from 24% to 51%; and in the long-term care setting, the
prevalence was 40%, concluding that there was an under-
representation of the older population in the back pain lit-
erature, suggesting that the prevalence of low back pain
in this population is not known with certainty and is not
comparable with that in the younger population (Table5).

Crook and colleagues (189) estimated that persistent pain
has an incidence of 14%, while age-dependent estimations
varied from 8% for individuals between 10 and 30 years
of age, to 40% in those over 81 years of age. Wood and
Bradley (190) reported that, in the general population, at
least 25% of the people who have serious impairment due
tolow back painareover 65. Lavsky-Shulan and cowork-
ers (182) found that low back pain was reported by ap-
proximately 24% of the women and 18% of the menin a
study of rura elderly. Stelian and colleagues (191) re-
ported that back pain resulting from osteoarthritis was a
frequent occurrence in the elderly. Similarly, von Korff
and colleagues (18) estimated that, among persons sur-
viving to age 70, 85% will experience back pain. Roy and
Associates (192) reported the back “...as the most com-
mon area of pain location in the elderly.” A high inci-
dence of hospitalizations and spinal surgery was reported

Table 5: Prevalence of low back pain in the elderly.

No. of Total Elderly B Prevalence
Study Setting . Population Based on Total
Studies Range .
Base Population
. 13% to o
Community (178-186) 8 16,694 29% 24%

. 23% to @
Primary care (18, 187) 2 387 51% 31%
Nursing home (188) 1 92 40% 40%

Total 12 17,173 13% -51% 27%
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in elderly Medicare beneficiaries, with an eight fold in-
creasefor spinal stenosissurgery from 1979to 1992 (193).
Apart from the pain from disc degeneration and facet-joint
arthritis, the elderly suffer with a multitude of other de-
generative disorders of the spine, as well as osteoporosis
(194-196). The prevalence of osteoporosisisroughly one
in four in women after the age of 50 and onein eight in
men (195). The prevalence of vertebral fracturesis 42%
in women of advanced age and/or who have decreased
bone mass (196). In addition, men also have painful and
debilitating fractures of the spine, even though incidence
is less than in women (195). A rapid rise of vertebral
fracturesinwomen isinitially associated with the onset of
menopause and isfollowed by anincreasein thefrequency
of wrist and hip fractures due to age-related bone loss,
whereasin men it is associated with fractures of the wrist
and other bones due to osteoporosis (195).

The review of epidemiology of juvenile low back pain
showed that studies indicate that the cumulative preva-
lence of low back pain in juvenilesis close to 30%, with
increasing cumulative prevalence with age (8). Burton
and coworkers (197), in a 5-year longitudinal interview
and questionnaire-based survey of back pain in adoles-
cents, reported that the annual incidence increased from
12% at age 12+ to 22% at 15+ years. Lifetime prevalence
increased from 12% at age 11 to 50% at age 15+ years.
Others reported point prevalence of 17%, with a lifetime
prevalence of 30% to 57% in school children of low back
pain (26). Tertti and colleagues (198) reported disc de-
generation in 38% of the children with low back pain and
26% of the control subjects. Symptomatic adult disc pro-
trusions were reported in less than 1% to 3% or more pa-
tients (199). In a prospective 9-year follow-up study in-
volving randomized, matched subgroups of 15-year-old
school children with or without low back pain at baseline,
Salminen and colleagues (200) evaluated the long-term
persistence of initially reported recurrent low back pain,
showing that 35% of the participantsin the original group
with low back pain persistently reported recurrent pain.
They reported the relative risk of recurrent low back pain
up to the age of 23 years to be 16, compared with those
having no disc degeneration. A study of familial and psy-
chological factors of low back pain in school children by
Balague and coworkers (201) showed that Swiss children
reported a lifetime prevalence of back pain as 74%.
Balague and colleagues (202) also showed that the mea-
sured psychological factors were significantly associated
with reported nonspecific low back pain and its conse-
guences, as well aswith sibling history of low back pain.
Juvenile discogenic disease also has been reported com-
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monly. Heidhoff and colleagues (176) reported unex-
plained premature degeneration of the lower lumbar spine,
asevenfold increase in spondylolysis and spondylolisthe-
sisin patientswith juvenile discogenic disease. Salminen
and coworkers (203, 204) reported that premature disc
degeneration in adol escents was associated with recurrent
back problems.

Gender

Health statistics routinely demonstrate that women have a
higher morbidity from acute and nonfatal chronic diseases
(205). Indeed, in most epidemiological pain research,
women are more likely than men to report a variety of
temporary and persistent pains, in addition to moderate or
severe painsfrom menstruation, pregnancy, and childbirth
(206). However, only small gender differences were re-
ported in the majority of epidemiological investigations
of the prevalence of low back pain. While many studies
(23, 24, 187, 207-209) reported higher rates of incidence
of low back pain in women, some studies found that men
reported more low back pain at the time of the interview
than women (182, 210). In spite of these differencesin
the reporting, it appears that the prevalence of back pain
may be more strongly related to occupational factors than
to gender (211). In addition, some back pain reported by
women in epidemiological studiesalso may be associated
with menstruation, pregnancy, or labor. It has also been
shown that sciatica, which may affect 2% of the popula-
tion with low back pain, was seen more frequently in men
than women (5.3% vs 3.7%); and operations for disc her-
niation are performed about 1.5 to three times more often
in men than in women (212, 213). Worker’'s Compensa-
tion claims and isthmic spondylolisthesis are more com-
mon in men than women (206, 207, 213-215).

Back pain during pregnancy is also a frequent problem.
Nine-month prevalence rates ranging from 48% to 90%
have been reported, compared with the expected preva-
lence rate of 20% to 25%, of nonpregnant women of the
same age (33, 214-217). The back pain is attributed usu-
ally to increased biomechanical strain or an atered hor-
monal influence during pregnancy. An association be-
tween back pain during pregnancy and back pain later in
life aso has been claimed. In retrospective studies, 10%
to 25% of the women with persistent low back pain refer
the onset of back pain to pregnancy (33, 218). However,
fortunately, herniated lumbar discs as the cause of pain
are unusual; the prevalence of herniation is only one per
10,000 women (214, 219). In addition, imaging studies
have reported the same prevalence of disc abnormalities
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and spondyl alisthesisin pregnant and nonpregnant women
(220, 221). In aprospective study, Kristiansson and col-
leagues (214), in a cohort of 200 consecutive women at-
tending an antenatal clinic, reported back pain in 76% at
sometime during pregnancy and concluded that back pain
during pregnancy was a common complaint, with 30%
who presented with highest pain scores reporting greatest
difficultieswith normal activities. They also reported that
back pain started early in pregnancy and increased over
time, with higher prevalence with increasing pain inten-
sity with duration, with increasing prevalence to 48% un-
til the 24" week, which remained stable and declined to
9.4% after delivery (214). Oral contraceptives also have
beenincriminated asacausal factor of back paininwomen.
Wreje and coworkers (222) reported asignificantly higher
incidence of low back symptoms in contraceptive users,
and they noted that pregnancy was not a confounding fac-
tor.

Height

A number of studies have shown that there is a relation-
ship between the prevalence of low back pain and height
(65, 88, 96, 123, 223). Theevaluationsimplicated height’s
contributing to higher-than-average risks of low back pain,
which claimaclear-cut, direct relation between body height
and the risk of sciaticafrom a herniated lumbar interver-
tebral disc, even though tallness does not seem to predict
other types of low back pain (65, 88). Higher incidences
of disc protrusions were also reported in taller children
(224). However, some authors have reported no such cor-
relation (87, 95).

Weight

Obesity isaserious medical problem that isincreasing in
prevalence, affecting millions, and of great interest to the
public (225, 226). To articulate the burden of obesity, in-
vestigators have used indicators such as prevalence (226,
227), economic cost (228), and association with risk fac-
tors and diseases (229). Allison and colleagues (225) es-
timated the number of annual deaths attributable to obe-
sity among US adults as approximately 280,000 based on
hazard ratios from all subjects and 325,000 based on haz-
ard ratios from only non-smokers and never-smokers. In
addition to the deaths, obesity also has been associated
with symptoms such as adverse fat distribution; and sec-
ondary disordersincluding coronary artery disease, stroke,
non-insulin-dependent diabetes mellitus, cancer, and low
back pain. There are several hypothesesrelating to alink
between obesity and low back pain. Increased mechani-
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cal demands resulting from obesity have been suspected
of causing low back pain through excessive wear and tear,
and it has al so been suggested that metabolic factors asso-
ciated with obesity may be detrimental (88, 95, 230-236).
Obesity, defined as being 30% over ideal weight, influ-
ences normal body mechanics by making it more difficult
to sit, stand, and walk and increases the time required to
recover fromaninjury. Fatty tissueisastresson the body
evenwhen apersonisnotinjured, asit decreasesthe blood
flow carrying nutrients for healing to the injured area.
Sinceitiswell known that too much fat is associated with
loss of endurance, it is presumed that obesity also makes
rehabilitation more difficult for the low back injury pa-
tient since poor endurance and cardiovascular fitness may
hinder full participation in therapy (235). Thus, some
consider obesity as a strong, contributing factor of low
back pain (95, 237-242). While some consider it a pos-
sible, but not a particularly strong contributing factor of
low back pain (243), others do not think it isarisk factor
of low back pain (244, 245). In addition, it also has been
postulated that obesity may be a marker (88) or a con-
founder (230, 232) for some other factors that are a true
cause of low back pain.

L eboeuf-Y de (236) conducted a systematic review of epi-
demiologic literature to establish whether body weight is
truly associated with low back pain and whether the link
may be causal (Fig. 3). Shereviewed 56 original research
reports, reporting on 65 studies published between 1965
and 1997, for the frequency of positive associations be-
tween body weight and low back pain and examined the
presence of positive findings in relation to severa study
characteristics. The results of this review were that 32%
of all the studies report a statistically significant positive
weak association between body weight and low back pain.
Similarly, among 111 low back pain variables defined in
the 65 studies, a statistically significant positive associa-
tion with weight or relative weight was reported for 25%
or 23% of these 111 different low back variables. Leboeuf-
Y de (236) concluded that, due to lack of evidence, body
weight should be considered as a possible weak risk indi-
cator, but there are insufficient datato assesswhether itis
atrue cause of low back pain. Subsequently, she evalu-
ated only the studies as the sample size had the largest
effect, using larger study samples of 3,000 or more, andin
order to avoid the “healthy worker” effect, studies ema-
nating from the general population to establish causal re-
lationship between low back pain and obesity. Among
theseeight studies (34, 55, 232, 234, 246-249), six of these
eight large population-based studies reported at least one
positive association between body weight and low back
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pain, for seven out of 12 different low back pain variables.
Thus, the association between body weight and low back
pain, when present inlarge, general popul ation-based stud-
ies, was weak, with arate ratio of less than two.

Lean and colleagues (242), in a cross-sectional study of
approximately 13,000 (6,000 men and 7,000 women), aged
20to 59 years, reported that chronic low back pain of more
than 12 weeks per year was 14% in men with a normal
waist circumference, compared to 20% and 21% with
moderately and significantly larger waist circumference.
Similarly, Han and colleagues (250), evaluating the preva-
lence of low back pain and associations with body fat-
ness, fat distribution, and height, evaluated 5,887 men and
7,018 women aged 20 to 60 years. This study reported
that women who are overweight or havealarge waist have
a significantly increased likelihood of low back pain.
Obesity inrelation to herniated lumbar intervertebral discs
also showed conflicting results (88, 231, 250). Han and
coworkers (250) concluded that intervertebral disc-her-
niation symptomswere more common in women who were
overweight or who had a larger waist circumference,
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whereas others also have found significant correlation
between height and heavy body mass with intervertebral
disc herniation (88, 231). O'Neill and coworkers (251),
inapopulation-based survey, reported that increasing body
mass index was associ ated with more frequent osteophytes
at both the dorsal and lumbar spine, even though the rela-
tionship was stronger at the dorsal spine.

Smoking

Smoking of tobacco is considered as the single most pre-
ventable cause of death and disease in the United States
(252). Even though the negative health consegquences as-
sociated with cigarette smoking and the health benefits of
quitting smoking arewell established, approximately 26%
of al adults in the United States continue to smoke; and
recent estimates suggest that prevalence is increasing in
youth. Klesges and colleagues (252) postulated that one
of the many reasonsthat individual s begin to smokeisthe
perception that smoking hel ps control body weight, which
is more widely held by young people and women, even
though thisisafalse assumption. In an experimental ani-

Smoking = Obesity
97
51%
329 A%
23%
Number of Number of Studies from Studies Positive Pos'tiye asaoc_i ation
studies variables 60s - 80s from 90s association with !'nult| ple
in studies variables

Fig. 3. Strength of association of smoking (11 large studies), and obesity (8 large studies) with low

back pain

Adapted and modified from L eboedf-Y de C (236,261)
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mal study, Holm and Nachemson (253) suggested that ciga-
rette smoking not only significantly affects the circula-
tory system outside theintervertebral disc, wherethe most
pronounced effect is the reduction in solute-exchange ca-
pacity, but also significantly deteriorates the cellular up-
date rate and metabolic production within the disc. In
another study evaluating the effect of smoking on intra-
discal pH in rabbits, Hambly and Mooney (254) reported
that cigarette smoking is an adverse event and will create
a reduced pH in the rabhit’s intervertebral disc. Battie
and colleagues (255), in evaluating smoking and lumbar
intervertebral disc degenerationinidentical twins, showed
that disc degeneration was 18% greater in the lumbar spines
of smokers, as compared with nonsmokers. Others (66,
256) have shown significant correlation with interverte-
bral disc herniation and smoking. A suspected correla-
tion between smoking and disc degeneration, with its po-
tentia to increase risk of low back pain, dated back to an
epidemiologic study conducted by Gyntelberg in 1974
(223). Gyntelberg (223) postulated two different mecha-
nismslinking smoking with low back pain, whichincluded
chronic bronchitis'sinducing low back pain dueto repeated
increase of intraspinal pressure from coughing and aortic
atherosclerosis, which may cause low back pain.

L eboeuf-Y de (257) conducted a systematic review of the
epidemiologic literature on smoking and low back painin
which shereviewed 47 epidemiol ogic studiesfrom 41 jour-
nal articles, published between 1974 and 1996 (Fig. 3).
Thisreview showed no consistency of statistically signifi-
cant positive associations between smoking and low back
pain. The association, when present, was usually weak
and clearly apparent only in large study samples. Leboeuf-
Yde (257) reported at least one statistically significant
positive association between smoking and low back pain
in 51% of the studies. A statistically significant positive
association with smoking was reported for 34% of the 97
different low back pain variables in the cross-sectional
studies and for 35% of the 26 low back pain variablesin
thelongitudinal studies. Sixty-four percent of the 11 larger
studies with study samples of 3,000 or more had at least
onesignificantly positive association, compared with 47%
of the 36 smaller studies with samples of less than 3,000
(34,55,69, 223, 232, 234, 247, 249, 258-260). Thisanaly-
sis showed consistent evidence in favor of a causal link
between smoking and low back pain, which was present
only inthe study with the largest sample, ie, positive asso-
ciation, significant monotonic dose — response associa-
tion, and signs of reversibility. Leboeuf-Y de (257) con-
cluded that smoking should be considered aweak risk in-
dicator and not a cause of low back pain.
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Leboeuf-Yde and coworkers (261), in a cross-sectional
postal survey of 29,424 people, aged 12 to 41 years,
showed a positive association between smoking and low
back pain that increased with the duration of low back
pain. They concluded that there was a definite link be-
tween smoking and low back pain that increased with the
duration and frequency of the low back pain problem, but
the link was unlikely to be causal. Scott and colleagues
(262) a so studied the association between cigarette smok-
ing and back painin adultsin aretrospective cohort study
of adolescent idiopathic scoliosis. They reported statisti-
cally significant association between back pain and cur-
rent cigarette smoking in the two groups of women and
men with scoliosis, but not among men selected from the
general population. They also concluded that the fact that
smokers have more frequent episodes of back pain may
imply that smoking exacerbates back pain, and the obser-
vation that stronger associations between back pain and
smoking were found in the scoliosis cohorts suggests that
smoking may have a greater impact on persons with dam-
aged spines. However, some other studies showed these
results, which are equivocal or even in disagreement with
the above studies (79, 139, 263-265). In fact, Jamison
and colleagues (266) reveaed that patients with chronic
low back pain who smoked had a need to smoke when
they werein pain.

Feldman (267) inaprospective study concluded that smok-
ing was found to increase the risk for low back pain in
adolescents.

Posture

Postural deformities such as scoliosis, kyphosis,
hyperlordosis, and leg-length discrepancy do not seem to
predisposeto low back painin general (90, 174, 175, 233,
268-272). Scoliosis, which was most vigorously investi-
gated, showed no hard evidence of true association with
low back pain, except in curves of 80° or more (123, 271-
273). Similarly, lordosis showed no correlation with the
incidence of low back pain (90, 174). There have been
numerous attempts to discover causative factors associ-
ated with low back pain resulting from unequal leg length.
While the results of several studies suggest an inequality
in leg length as a contributor to low back pain (274-279),
other studies do not show any relation between leg-length
inequality and low back pain or lumbar deformity (280-
282). Much of the uncertainty was attributed to lack of
radiographic measurements to determine the leg length
inequality. Most of the studies reporting lack of correla-
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tion between leg-length inequality and low back pain were
donewithout radiol ogic measurements (90, 233, 270, 282),
whereas studies with radiographic measurements have
shown a relation between leg-length inequality and low
back pain (275, 278). Soukka (280) measured leg-length
inequality from radiographs and reported that this group
of asymptomatic individuals did not differ from a group
of persons who had disabling low back pain during the
previous 12 months.

Physical Activity

Among the factors most commonly suspected of acceler-
ating degenerative changesin the discs are various opera-
tional and leisuretime physical-loading conditions. How-
ever, Porter (283) raised a different view that hard work
could prevent disc protrusion by an adaptive increase in
annular and ligamentous strength. It is also a common
belief of physicians, aswell asthe general public and pa-
tients, that inactivity and lack of exerciseincreasethelevel
of back pain, as well as disability. An alternate theory
suggested that endurance exercises, such as running, may
have positive nutritional effects on the disc by enhancing
the transport of small solutesin and out of the disc (283,
284). Similarly, based on the “ oxidative stress hypothesis
of aging,” physical activity increasing oxygen usage could
be expected to accel erate degeneration (285, 286). Hence,
atheoretical case can be made for both positive, aswell as
negative, effects of physical loading and exercise on disc
degeneration. With similar mechanismsin mind, investi-
gators also have studied the effects of participation in cer-
tain types of sports and exercise including football, golf,
gymnastics, running, tennis, skiing, weight lifting, and
other sports (284, 287-306). Videman and colleagues (288)
studied the effects of extreme environmental sports and
found greater disc degeneration in the lower lumbar lev-
elsof former elite athletes who had participated in soccer,
which involvesforceful bending, twisting, and occasional
contact and falls; and throughout the entire lumbar spines
of former competitive weight lifters, although the magni-
tude of the apparent effects of these exceptional loading
conditions sustained over many yearswassmall. Inastudy
of elite cross-country skiers, it was shown that diagonal
skiing style was the most common back-pain-inducing
style, whereas no skier experienced back pain when ski-
ing only (300). Ahrens (301) demonstrated reduction in
vertebral column height, after a six-mile run and postu-
lated that these findings have implications for physical
therapy for patients with back pathology requiring an ex-
ercise program that may result in advice to limit running
due to possible exacerbation of back symptoms. Sward
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and colleagues (302), investigating 142 top athletes rep-
resenting wrestling, gymnastics, soccer, and tennis, re-
ported high frequency of back pain (50% to 85%). They
also reported radiol ogical abnormalitieswith reduced disc
height, Schmorl’s nodes, and change of configuration of
vertebral bodies, which correlated with back pain in 36%
to 55% of the athletes.

Generally, it is believed that persons with a good state of
physical fitness appear to have alesser risk of chroniclow
back pain and a more rapid recovery after an episode of
acute back pain. Cady and colleagues (303, 304) reported
that the firefighters who were judged to be the fittest had
fewer injuriesthan the lessfit ones. However, Dehlin and
coworkers (305), in arandomized study of nursing aides,
reported that fitness training improved fitness; however,
there was no difference in the number of low back inju-
ries, even though the fitness-trained nursing aides recov-
ered more quickly after injury than the others. Severa
investigators have reported a higher incidence of low back
pain and disc herniation in the population with a good
physical exercise pattern, even though others reported the
opposite results (22, 95, 97, 300, 306).

Marital and Social Factors

Reisbord and Greenland (24), in apopul ation-based study,
analyzed the factors associated with sel f-reported back pain
prevalence. Using gender, education, marital status, and
age, the results showed: high prevalence, consisting of
those 50- to 64-year-olds who were no longer married,
regardless of education, with aprevalence of 44% to 46%
for women and 42% for men; intermediate prevalence,
consisting of 35- to 49-year-olds who were no longer
married, regardless of education, with prevalence in
women at 27% to 31%, and in men at 23% to 27%, and
married persons with high school education or less, re-
gardless of age, with prevalence in women of 9% to 31%,
and in men of 15% to 23%; and low prevalence, consist-
ing of those married with greater than a high school edu-
cation, with prevalence in women of 13% to 15% and in
men of 9% to 11%, regardless of age, and 18- to 34-year-
olds who were no longer married, with a prevalence in
women of 13% to 17% and in men of 9% to 13%, regard-
less of education. It has been speculated that working
single mothers are at increasingly greater risk for devel-
oping medical illness such as cardiovascular disease than
other groupsin society, probably asaresult of stress (307).
Gatchel and colleagues (52) postulated that women with
acute pain episodes who have a history of multiple child-
births are more likely to have a complaint of low back
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Table 6: Risk factors of low back pain.
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Causal Probable Possible Nonrelated
None Genetic Lifting Body height
Age Vibration Scoliosis
Smoking Psychosocial factors Kyphosis
Gender Leg-length discrepancy
Obesity Physical activity

Heavy physical work

Static work postures

Back pain history

Job dissatisfaction

symptoms, possibly because of theincreased physical de-
mands of lifting children, loss of abdominal muscular sup-
port, and pelvic ligamentouslaxity. However, Gatchel and
coworkers (52) actually showed amuch higher number of
married patients than divorced or single patients (61% vs
39%) and a higher number of patients with a high school
degree (48%), followed by some college-educated people
(42%), and only 10% with no high school degree. It also
has been stated that the prevalence of low back pain may
be dightly greater in those from alower social class (9).
These trends are probably due to very complex relation-
ships among physical, psychosocial, and economic fac-
tors. However, it isnot clear what aspects of work, social
disadvantages, lifestyle, attitudes, and behavior influence
this (9).

History of Back Pain

Individuals with a history of prior back pain are consid-
ered to beat risk of recurrent or persistent back pain. Both
retrospective and prospective studies have demonstrated
increased risk of experiencing episodes of low back pain
inindividuals with history of back pain (36-43, 120, 308,
309).

CONCLUSION

Low back pain continues to be an important clinical, so-
cial, economic, and public health problem, affecting the
population of the United States and the entire world.
Multiple studies have shown an incidence of recurrent or

chronic low back pain at 3 months, 6 months, and 12
months to range from 35% to 79%.

Risk factors of low back pain are many, but none are con-
vincingly causal (Table 6). Probable risk factors include
genetic factors, age, and smoking. Possible risk factors
include back pain history, job dissatisfaction, heavy physi-
cal work, static work postures, lifting, vibration, obesity,
and psychosocial factors.

It is amusing to note that so-called independent evalua-
tors, insurance companies, and attorneys argue that back
pain is because patients smoke, are too fat, are too tall,
work in harmful occupations, and have psychological dis-
turbances. However, there is no scientific proof of these
assertions. Inaddition, thisattitudeinevitably impliesthat
their back painisbeyond help, that there is nothing a per-
son can do about it, and that physicians either cannot or
do not want to help. Nevertheless, at the same time, epi-
demiology teaches us that personal risk factors such as
smoking, obesity, lack of physical fitness, and multiple
psychosocial factors are probably or possibly linked to
back pain even though causality is not proven. Hence, it
would be good medical practiceto consider amultitude of
risk factors based on evidence at its appropriate level of
significance, rather than conjecture. Advising patientsto
stop smoking, exercise, avoid excessive weight, and im-
prove psychosocial status for the purpose of maintaining
good health is good medical practice, which may or may
not help alleviatelow back pain directly, but certainly may
influence it indirectly.
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