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Abstract

Sciatica is a common musculoskeletal disorder, especially among the working-age population. It
causes huge costs to society through work absenteeism and hospital treatments. The common
cause of sciatica is the herniated lumbar disc compressing the nerve root. The neurological deficit
resulting from this compression can be either sensory or motor-related. Earlier studies have shown
both genetic and environmental factors to exist in the aetiology of sciatica.

The aim of this study was to investigate how individual, physical and work-related risk factors
associate with sciatica, and to determine the prevalence of sciatic pain among Finnish adolescents.
The data used in this study were from large, population-based Finnish surveys: the Northern-
Finland Birth Cohort 1986, the Mobile Clinic Health Examination Survey, the Mini-Finland
Health Survey, Health 2000, the Young Finns Study, and the Helsinki Health Studies.

The results of this study showed that sciatic symptoms are already common among
adolescents. Young women in particular reported sciatic pain more often than men. Low back pain
at the age of 16 predicted sciatic pain at the age of 18. Physically demanding work, smoking and
obesity were found to predict an increased risk of hospitalization for sciatica. In the Mobile Clinic
Health Examination Survey, leisure-time physical activity protected men from hospitalization for
sciatica, whereas among women obesity increased this risk. Occupation also modified the effects
of various risk factors. In the Mini-Finland Health Survey, overweight and obese participants who
had been exposed to whole body vibration in their work were at a higher risk of hospitalization
due to sciatica. In addition, lifting and carrying heavy objects at work, or sedentary work involving
the handling of heavy objects predicted an increased risk of hospitalization for sciatica. Heavy or
very heavy work protected against hospitalization for sciatica. A meta-analysis of four prospective
cohort studies showed that walking and cycling to work reduced the risk of hospitalization for
sciatica.

This thesis extends our knowledge regarding the risk factors for sciatica. Its results show that
these risk factors are complex and can modify each other’s effects. Thus, further research on the
interactions of the various risk factors is needed.

Keywords: hospitalization, occupation, population-based data, risk factors, sciatica
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Tiivistelmä

Iskias on etenkin työikäisten keskuudessa yleinen sairaus, joka aiheuttaa paljon työkyvyttömyyt-
tä ja sairaalahoitoja ja siten kustannuksia yhteiskunnalle. Iskiaksen taustalla on yleensä välilevyn
pullistuma, joka painaa hermojuuria. Hermojuuren puristuksesta aiheutuva neurologinen puutos-
oire voi olla joko sensorinen tai motorinen. Aiemmat tutkimukset ovat osoittaneet iskiaksen
taustalla olevan sekä geneettisiä että ympäristötekijöitä.

Tämän tutkimuksen tavoitteena oli selvittää yksilöllisten, fyysisten ja työhön liittyvien riski-
tekijöiden yhteyttä iskiakseen sekä tutkia iskiaskivun yleisyyttä suomalaisilla nuorilla aikuisilla.
Aineistoina tutkimuksessa käytettiin laajoja väestöpohjaisia suomalaisia aineistoja: Pohjois-Suo-
men syntymäkohorttia 1986, Autoklinikka- ja Mini-Suomi-aineistoja sekä Terveys 2000-, Young
Finns- ja Helsinki Health Study -tutkimuksia.

Tutkimuksessa selvisi, että iskiasoireet ovat yleisiä jo nuorilla aikuisilla ja etenkin naiset
raportoivat iskiaskipua useammin miehiin verrattuna. 16-vuotiaana ilmennyt alaselkäkipu oli
myös yhteydessä iskiasoireisiin 18 vuoden iässä. Työn fyysisen rasittavuuden, tupakoinnin ja
lihavuuden todettiin lisäävän sairaalahoitoon johtaneen iskiaksen riskiä. Autoklinikka-aineistos-
sa vapaa-ajan fyysinen aktiivisuus suojasi miehiä sairaalahoitoon johtaneelta iskiakselta, naisilla
taas ylipaino lisäsi iskiaksen riskiä. Lisäksi ammatti näytti muokkaavan riskitekijöiden assosiaa-
tioita. Mini-Suomi-aineistossa ylipainoiset ja lihavat henkilöt, jotka olivat altistuneet työssään
koko kehon tärinälle, olivat korkeammassa riskissä sairaalahoitoon johtaneen iskiaksen suhteen.
Töissä raskaiden esineiden nostaminen tai kantaminen tai painavien esineiden käsittelyä sisältä-
vä istumatyö lisäsivät myös iskiaksen riskiä. Raskas tai erittäin raskas fyysinen työ taas näytti
suojaavan sairaalahoitoon johtaneelta iskiakselta. Neljän prospektiivisen kohorttitutkimuksen
meta-analyysissä selvisi, että työmatkapyöräily tai -kävely vähensivät sairaalahoitoon johtaneen
iskiaksen riskiä.

Tämä väitöstutkimus kasvattaa ymmärtämystä iskiaksen taustalla olevista riskitekijöistä.
Tulokset osoittavat, että iskiaksen riskitekijät ovat moniulotteisia ja voivat muokata toistensa
vaikutuksia, joten lisätutkimusta eri riskitekijöiden välisistä interaktioista tarvitaan.

Asiasanat: ammatti, iskias, riskitekijät, sairaalahoito, väestöaineisto
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1 Introduction 
Sciatica is a common musculoskeletal disease, often defined as pain radiating from 
the low back to the lower limb below the knee, with both sensory and neurological 
deficits due to the nerve root compression (Frymoyer, 1988). Muscle weakness, 
tendon reflex changes and sensory deficits may also accompany these. Sciatica was 
originally believed to be caused by a ruptured herniated lumbar disc compressing 
the lumbar nerve roots (Mixter WJ, 1934), but tumours and epidural abscesses 
compressing the extra-spinal course of the sciatic nerve can also cause sciatica. 
(Bickels et al., 1999; Chen, 1995; Kotilainen, Sonninen, & Kotilainen, 1996; Weeks, 
Mackie, & Glover, 1979). Sciatica causes huge costs to society as it is a significant 
cause of disability among the working-age population and leads to the use of health 
care services (Hagen & Thune, 1998; Molano, Burdorf, & Elders, 2001). A Dutch 
study estimated the cost of sciatica to society in 1991 to be $128 million in hospital 
treatments, $708 million in disability benefits, and $730 million in work 
absenteeism (van Tulder, Koes, & Bouter, 1995). Adjusted to 2013 prices, these same 
rates would be $219 million, $125 million and $1.2 billion (Fitzsimmons et al., 2014).  

It is thought that disc degeneration is a pre-existing condition in the aetiology 
of sciatica, and degenerative changes seem to be essential for disc herniation 
(Moore, R. J., Vernon-Roberts, Fraser, Osti, & Schembri, 1996). Both non-genetic 
(individual, psychosocial and physical) and genetic factors have shown to exist in 
the aetiology of sciatica. Twin and familial aggregation studies have revealed 
several predisposing genetic factors of disc degeneration and lumbar disc 
herniations (Battié MC, Videman T, Parent E, 2004).  

The purpose of this doctoral thesis was to obtain more information about the 
various risk factors – especially work-related factors – for sciatica. The study 
assessed the possible risk factors for sciatica in large population-based data sets: 
the Social Insurance Institution’s Mobile Clinic Data and the Mini-Finland Health 
Survey, and conducted a meta-analysis of the effects of lifestyle risk factors on the 
risk of hospitalization for sciatica. In addition, it examined the prevalence and 
bothersomeness of sciatica among young adults belonging to a population-based 
birth cohort (OBS study).  

This thesis uses the following definitions: sciatic pain (sciatica), lumbar disc 
herniation and radiculopathy. Radiculopathy is characterized by the presence of 
weakness, the loss of sensation, or the loss of reflexes associated with a particular 
nerve root, or a combination of these. It can coexist with radicular pain (Hartvigsen 
et al., 2018). Disc herniation in conjunction with local inflammation is the most 
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common cause of radicular pain and radiculopathy (Hartvigsen et al., 2018). 
Lumbar disc herniation means localized dislocation of disc tissue material into the 
intervertebral disc space (Fardon et al., 2014). 
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2 Review of the literature 

2.1 Structure of the spine 

The human spine, also known as the vertebral column, is an important structure 
which bears a great amount of the body’s weight. The spine consists of 33 bony 
vertebrae and intervertebral discs, which both separate and join the vertebrae 
(Figure 1). It extends from the base of the skull all the way to the apex of the coccyx 
(Moore, K. L., Dalley, & Agur, 2014). 

2.1.1 Structure and function 

The vertebrae are arranged in five regions: 7 in the cervical, 12 in the thoracic, 5 in 
the lumbar, 5 in the sacral and 4 in the coccygeal region. In adults, the five sacral 
vertebrae are fused to form the sacrum and the four coccygeal vertebrae are fused 
to form the coccyx, therefore motion occurs mainly through the 24 superior 
vertebrae. The size of the vertebrae varies throughout the spine; they are smallest 
in the cervical spine, and become larger in the lumbar region, after which they 
decrease towards the coccyx. This variation in size is due to the fact that the 
consecutive vertebrae support increasing amounts of the body’s weight, while the 
spine descends towards the coccyx (Moore, K. L. et al., 2014).  

The vertebral column has several important functions. It protects the spinal 
nerves and the spinal cord, gives structural support to the body and allows trunk 
movements such as extension, flexion, rotation, and side bending (Moore, K. L. et 
al., 2014). 

Structure of the vertebra 

A typical vertebra can be divided into the vertebral body, the vertebral arch and 
seven processes. The almost cylindrical vertebral body is the largest structure of 
the vertebra and the anterior part of the bone that supports the body’s weight. It is 
composed of spongy vascular bone and is surrounded by a thin layer of compact 
bone. The upper and lower surfaces of the vertebral body are surrounded by 
endplates, which mainly consist of hyaline cartilage (Moore, K. L. et al., 2014).  

The posterior part of the vertebral body is called the vertebral arch and 
comprises the left and right pedicles and laminae, forming the vertebral foramen 
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together with the posterior side of the vertebral body. Consecutive vertebral 
foramina form the spinal canal, which contains the spinal nerve roots and the spinal 
cord, meninges, vessels, and fat. Seven processes arise from the vertebral arch: four 
articular, two transverse and one median spinous process. These processes provide 
attachment for deep back muscles, enable movement between the adjacent 
vertebrae, and prevent the vertebra from slipping anteriorly onto the vertebra below 
(Moore, K. L. et al., 2014).  

2.1.2 Intervertebral discs 

Humans usually have 25 intervertebral discs, from the axis to the sacrum, which 
connect the vertebral bodies of the spine (Chan, Sze, Samartzis, Leung, & Chan, 
2011a; Moore, K. L. et al., 2014). The main purpose of intervertebral discs is 
mechanical: they enable movements such as flexion, extension, lateral bending and 
axial rotation. They also maintain spinal stability (Urban & Roberts 1995) and 
absorb the shocks of axial loads as well as permit movement between the vertebrae 
(Moore, K. L. et al., 2014). Vertebral bodies and intervertebral discs are connected 
via the anterior longitudinal ligament, which is a strong, broad fibrous structure that 
prevents the hyperextension of the spine and maintains stability between the 
vertebral body joints (Moore, K. L. et al., 2014).  



23 

Fig. 1. Human spine. Palmer AB, Hunt EM et al. 1884. Copyright expired. 
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2.1.3 Structure of a healthy intervertebral disc 

Intervertebral discs consist of softer, gel-like nucleus pulposus in the centre and are 
surrounded by laminated, fibrous annulus fibrosus. Below and above are the 
cartilaginous endplates, which play a major role in the nutrition of intervertebral 
discs as nutritional substances diffuse through the endplate (Mirza & White, 1995). 

Nucleus pulposus 

The soft jelly-like nucleus pulposus is located in the centre of a healthy 
intervertebral disc. It consists of chondrocyte-like cells, which produce chondroitin 
sulphate, and collagen and elastin fibres. Aggrecan is the most abundant 
proteoglycan in the intervertebral discs and enables osmotic properties for 
compressive loading (Roughley, 2004; Watanabe, Yamada, & Kimata, 1998). The 
proteoglycans are supported by a randomly orientated collagen II fibrous network, 
and also include smaller amounts of collagens IX and XI (Boos et al., 2002; Chan, 
Sze, Samartzis, Leung, & Chan, 2011). After birth, the water content of the nucleus 
pulposus in humans decreases and is approximately 80% in young adults (Boos et 
al., 2002). The nucleus pulposus has an avascular structure and obtains nutrition by 
diffusion from the blood vessels at the periphery of the vertebral body and annulus 
fibrosus (Moore, K. L. et al., 2014). It has been suggested that the reduced water 
content contributes to the degeneration process and the narrowing of disc height 
(Chan et al., 2011). Vertical forces affect the intervertebral discs: when compressed, 
the nucleus pulposus becomes broader and when tensed or stretched it becomes 
thinner (Moore, K. L. et al., 2014).   

Annulus fibrosus 

The annulus fibrosus comprises the outer parts of the intervertebral disc and 
surrounds the nucleus pulposus. It is a highly structured lamellar tissue, and the 
inner and outer annulus can be separated. The outer annulus is formed of 15 to 25 
layers of fibre bundles arranged in a criss-cross pattern (Marchand & Ahmed, 1990; 
Moore, K. L. et al., 2014). These layers are thicker in the lateral and inner region 
of the annulus (Mirza & White, 1995). The outer part is highly organized and 
composed mainly of collagen I together with collagens III, V and VI (Chan et al., 
2011; Eyre & Muir, 1977). In the inner annulus fibrosus, the cells are more 
chondrocyte-like and the extracellular matrix is less organized, consisting of 
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collagen II, proteoglycans and water (Buckwalter, 1995; Freemont, 2009). The 
overall structure of the annulus fibrosus forms a boundary for the nucleus pulposus, 
but the borders of the inner and outer annulus fibrosus and nucleus pulposus 
become more unclear with ageing (Boos et al., 2002; Colombier, Clouet, Hamel, 
Lescaudron, & Guicheux, 2014; Freemont, 2009).  

Endplate  

The third structure is the vertebral endplate, which is a thin layer of fibrocartilage 
and hyaline cartilage (Cramer & Darby, 2014). The vertebral endplate can be 
divided into two layers: the inner bony layer and an outer, more cartilaginous layer. 
In children, the endplate may be thicker and also include blood vessels, whereas a 
normal adult endplate is avascular and neural (Prescher, 1998; Urban & Winlove, 
2007). The endplate is responsible for the nutrition and metabolism of the 
intervertebral discs (Roberts, Menage, & Urban, 1989; Urban & Winlove, 2007). 

2.2 Sciatica 

The most common cause of sciatica is a herniated lumbar disc, but many non-spinal 
and spinal causes also exist. In non-spinal cases such as pelvic and gynaecologic 
conditions, piriformis syndrome, diabetic radiculopathy and pregnancy, and in 
spinal cases such as tumours of the spinal column, arachnoiditis has also been 
shown to cause sciatica (Ropper & Zafonte, 2015). 

2.2.1 Prevalence 

The prevalence rates of sciatica vary in epidemiological studies, from 1.6% to 43% 
(Konstantinou & Dunn, 2008). It has been suggested that the reason for this wide 
spectrum of prevalence rates is the varying definitions of sciatica and the 
differences in the studied populations and data collection methods. In fact, the 
stricter the definition of sciatica was in the studies, the lower the prevalence rates 
(Konstantinou & Dunn, 2008). Studies clinically assessing sciatic symptoms also 
obtained lower prevalence rates than those using self-reported symptoms alone 
(Konstantinou & Dunn, 2008).  

In two Finnish national health examination surveys, the prevalence of sciatica 
was approximately 5% (Heliovaara, 1989; Kaila-Kangas et al., 2009). The 
prevalence of sciatica tended to be higher among men than women, and increased 
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with age, peaking in the fourth and fifth decades of life (Heliovaara, Knekt, & 
Aromaa, 1987). Similar prevalence rates have been observed in the USA (Deyo & 
Tsui-Wu, 1987; Frymoyer, 1992; Svensson & Andersson, 1989).   

2.2.2 The aetiology of sciatic symptoms 

Disc protrusions have been found to exist among 20–36% of asymptomatic 
individuals (Boden, Davis, Dina, Patronas, & Wiesel, 1990; Boos et al., 1995; 
Jensen, M. C. et al., 1994), thus it is obvious that pressure on the nerve root alone 
cannot be the cause of sciatica. Hence it has been suggested that factors other than 
mechanical compression may also assist in the pathogenesis of sciatica. One theory 
is that in symptomatic individuals, the nerves are sensitized to pressure (Cavanaugh, 
1995), possibly through an inflammatory cascade. A recent study of mice suggests 
that the underlying mechanisms in radiating pain are related to disc narrowing and 
disc innervation (Millecamps & Stone, 2018). 

Mechanical compression 

Mechanical compression of the lumbar nerve roots plays a major role in the 
pathophysiology of sciatica. In one study, magnetic resonance imaging (MRI) of 
patients (n = 394) with leg pain revealed that 87% had lumbar disc herniation 
(Porchet et al., 2002). An observational study in turn found impingement within the 
intervertebral foramina and swelling of dorsal root ganglia in patients with a 
unilateral radiculopathy, and the degree of swelling and impingement correlated 
positively with the severity of the leg pain (Atlas et al., 1996), whereas a Finnish 
study showed that the degree of nerve root entrapment was not related to subjective 
symptoms among sciatic patients (Karppinen et al., 2001). 

Inflammation 

Many studies have investigated the way in lumbar disc herniation produces its 
symptoms. The role of inflammatory signalling in producing nerve pain in lumbar 
disc herniation has been indisputably shown. The contents of intervertebral discs, 
especially the nucleus pulposus, cause an immunological reaction if they are found 
beyond their normal physiological environment (Amin, Andrade, & Neuman, 
2017). When nucleus pulposus extrudes into the epidural space, vascular 
endothelial cell changes occur, such as increased vascular permeability, 
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vasodilation and migration of immune cells along with elevated expression of 
inflammatory cytokines (Kobayashi et al., 2010). Several inflammatory mediators, 
for example, tumour necrosis factor α (TNF-α), cyclooxygenase 2 and follistatin-
like protein 1, have been found to occur in significantly higher local and systemic 
concentrations in lumbar disc herniation patients than in non-herniated controls 
(Kraychete et al., 2010; Liu, Y. et al., 2017; Ohtori et al., 2013; Willburger & 
Wittenberg, 1994).  

Cytokines appear to play a role in the pathophysiology of sciatica. In one study, 
the presence of TNF-α, interleukin-1α (IL-1α), IL-1β and IL-6 was observed in 
homogenates of 77 discs removed from participants with sciatica (Takahashi et al., 
1996). IL-4, IL-6, IL-8 and TNF-α protein levels have also shown to be higher 
among sciatica patients than controls (Wang et al., 2016). Figure 2 presents an 
overview of the pathogenesis of sciatica and the inflammatory factors related to 
sciatica.  

Immunological 

It has been suggested that the pathogenesis of sciatica involves an immune reaction 
of the nervous tissue. Glycosphingolipids are normally abundant in the peripheral 
and central nervous system cells (Sullivan et al., 2000; Svennerholm et al., 1989). 
Antibodies for these cell components are usually very low, whereas among patients 
with non-operated or operated sciatica, elevated antibody levels have been 
observed in glycosphingolipids (Brisby et al., 2002). In addition, concentrations of 
neurofilament and S-100 proteins, known as indicators of nerve damage, have been 
higher among patients with symptomatic operated sciatica than among controls 
(Brisby, Olmarker, Rosengren, Cederlund, & Rydevik, 1999).  
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Fig. 2. Overview of pathogenesis of sciatica. Adapted from Stafford et al. 2007. 
Reprinted with permission from Elsevier.   

2.2.3 Structure of a herniated lumbar disc 

When intervertebral discs are herniated or prolapsed, they usually bulge or rupture 
posterolaterally, when the annulus fibrosus is thin and the posterior or the anterior 
longitudinal ligaments either do not support it or posteriorly press the nerve roots 
of the spinal canal (Moore, K. L. et al., 2014). About 95% of lumbar disc 
protrusions or herniations occur at the L4–5 or L5–S1 level. At the lumbar level, 
the intervertebral foramina decrease in size, whereas lumbar nerves increase in size, 
and this may partly explain the frequency of sciatica (Moore, K. L. et al., 2014). 
Generally, when the intervertebral disc herniates, it usually compresses the nerve 
root numbered one lower than the herniated disc (Moore, K. L. et al., 2014), for 
example, the L4 nerve is usually compressed by L3–4 lumbar disc herniation.  

Lumbar disc herniations may be classified as protruded, extruded, or 
sequestrated, based on the shape of the displaced disc tissue material (Figure 3). 
Bulging is also a commonly used term, but does not really represent disc herniation 
(Fardon et al., 2014).  



29 

Bulging 

Normal discs have no disc material in the periphery of the disc space. Bulging of 
the disc tissue means that the disc tissue has extended through the edges of the ring 
apophyses to the circumference of the disc (Fardon et al., 2014). 

Protrusion, extrusion, sequestration 

Protrusion is described as the greatest distance between the edges of the disc 
material existing outside the disc space being less than the distance between the 
edges of the base of the disc material extending outside the disc space (Fardon et 
al., 2014). The disc is called extruded when the displaced disc tissue material has a 
broader dome than its neck in at least one plane (Fardon et al., 2014). According to 
Fardon’s definition ‘Extrusion means that in at least one plane, any one distance 
between the edges of the disc material beyond the disc space is greater than the 
distance between the edges of the base of the disc material beyond the disc space 
or when no continuity exists between the disc material beyond the disc space and  
that within the disc space’. Extrusions can be further classified as sequestration 
when the herniated disc tissue has no connection to the disc of origin (Fardon et al., 
2014).  
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Fig. 3. A) Normal disc, B) Bulging disc, C) Herniated disc: protrusion, D) Herniated disc: 
extrusion, E) Herniated disc: sequestration. Reproduced with permission from Deyo RA 
& Mirza SK, 2016, Copyright Massachusetts Medical Society. 
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2.2.4 The pathophysiology of a herniated lumbar disc 

In general, herniation of the lumbar disc is thought to follow a mechanically 
induced rupture (Adams & Hutton, 1982). Studies have shown that degenerative 
changes seem to be necessary before the disc herniates (Moore, R. J., Vernon-
Roberts, Fraser, Osti, & Schembri, 1996). Autopsy studies and surgical specimens 
have revealed that sequestration or herniation is the result of the migration of 
isolated, degenerative fragments of nucleus pulposus through pre-existing tears in 
the annulus fibrosus (Moore, R. J. et al., 1996). It is hypothesized that the location 
and form of disc failure is determined by mechanical forces, but that biological and 
genetic components also affect individual susceptibility to failure (Rajasekaran, 
Bajaj, Tubaki, Kanna, & Shetty, 2013). 

In lumbar disc herniation, the narrowing of the space available for the thecal 
sac may be followed by the protrusion of the disc through an intact annulus fibrosus 
or the extrusion of the nucleus pulposus through the annulus fibrosus (Amin et al., 
2017). Biological changes in the intervertebral disc, such as reduced water content 
in the nucleus pulposus (Brayda-Bruno et al., 2014; Colombier et al., 2014; Kalb, 
Martirosyan, Kalani, Broc, & Theodore, 2012), changes in the collagen and 
extracellular matrix materials (Mayer JE. 2013), an increased amount of collagen I 
within the nucleus pulposus and the inner annulus fibrosus (Adams, Lama, Zehra, 
& Dolan, 2015) and upregulation of biological pathways of degradation are thought 
to associate with lumbar disc herniation. The pathways include inflammatory and 
apoptotic cascades, which have shown to contribute to lumbar disc herniations 
(Martirosyan et al., 2016).  

2.2.5 Clinical picture  

Sciatica is a symptom rather than a diagnosis. It is often defined as pain in the 
lumbar region of the back, radiating from the back to the leg, normally below the 
knee. Neurological deficits, either sensory or motor, are often related to sciatica. 
Sciatica usually occurs in the dermatomal distribution of the respective affected 
nerve root and numbness often co-occurs in the same distribution (Waddel, 2004).  

Radiculopathy is characterized by the presence of weakness, loss of sensation, 
or loss of reflexes associated with a particular nerve root, or a combination of these, 
and can coexist with radicular pain (Hartvigsen et al., 2018).  

The clinical picture of sciatica varies due to which nerve root is compressed. If 
the L5 nerve root is involved, the pain radiates along a broad line from the buttock 
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to dorsolaterally proceeding in the thigh, in cases of S1 compromise posteriorly and 
with L4 involvement anterolaterally in the thigh. If nerve-root pain extends below 
the knee, its location conforms to the superficial sensory distribution of the affected 
spinal root. Sciatica is usually unilateral, in keeping with the common dorsolateral 
configuration of disc rupture/herniation. Bilateral pain may arise in central disc 
herniation, lumbar stenosis, and spondylolisthesis (Ropper & Zafonte, 2015). 

Patients often report worsening of the pain when sitting, as sitting is known to 
increase pressure on the discs by approximately 40% (Nachemson, A. L., 1981). 
Restricted trunk flexion, focal paresis and increases in leg pain with straining, 
sneezing or coughing are also common (Vroomen, de Krom, Wilmink, Kester, & 
Knottnerus, 2002; Vucetic & Svensson, 1996).   

2.2.6 Diagnosis 

Sciatica is mainly diagnosed by history taking and clinical examination, but 
imaging is needed in some cases, as described later in the ‘Imaging’ chapter. In 
general, if a patient reports typical radiating pain below the knee in one leg and has 
a positive sign in one or more neurological tests, indicating nerve root pressure or 
neurological deficits, a diagnosis of sciatica can be made (Koes, van Tulder, & Peul, 
2007).  

History taking 

Information on the distribution of pain radiation is essential. Pain drawings may 
help identify the pain distribution (Koes et al., 2007). The possible presence of 
cauda equina symptoms (faecal incontinence, urinary retention, saddle anaesthesia) 
must also be assessed.  

Clinical examination 

The focus of clinical examination is on neurological testing. In 2014, the North 
American Spine Society’s (NASS) Evidence-based Guideline Development 
Committee suggested a manual muscle test, sensory testing, and a supine straight 
leg raising test as the gold standard for diagnosing sciatica (Amin Raj M. 2017). 
The straight leg raising test indicates the compression of the nerve root at the L5 or 
S1 level. In patients with lumbar disc herniation, the straight leg raising test shows 
less conus movement on the symptomatic side (Rade et al., 2017). Table 1 shows 
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affected root pathology, based on tendon reflex abnormality, motor weakness and 
sensory losses (Deyo & Mirza, 2016).  

Table 1. Affected root due to reflex loss, motor weakness and sensory losses. Plus sign 
indicates affected root.  

Symptom L3 L4 L5 S1 

Motor weakness     

Knee extension + +   

Dorsiflexion of foot  + (+)  

Plantarflexion of foot    + 

Dorsiflexion of big toe   +  

Plantar flexion of big toe     + 

Sensory loss     

Lower, medial parts of knee  +   

Medial and dorsal parts of foot   +  

Lateral parts of lower limb    + 

Reflex abnormality     

Patella  +   

Achilles    + 

Positive straight leg raising test   + + 

The diagnostic value of history and physical examinations has not been properly 
investigated (Vroomen, de Krom, & Knottnerus, 1999). The pooled sensitivity of 
the straight leg raising test is estimated to be 91%, and pooled specificity 26% 
(Deville, van der Windt, D A, Dzaferagic, Bezemer, & Bouter, 2000). Systematic 
reviews have reported sensitivities ranging between 0.14 and 0.61 for sensory and 
tendon reflex abnormalities (Albeck, 1996; Vroomen, de Krom, Wilmink, Kester, 
& Knottnerus, 2002) and between 0.27 and 0.62 for motor weakness (Knutsson, 
1961; Vroomen et al., 2002).  

Imaging 

MRI (Figure 4) is the gold standard for the imaging of lumbar disc herniation and 
its diagnostic accuracy is 97% (Kim, Kim, Lee, Kang, & Kim, 1993; Kreiner et al., 
2014). Computed tomography (CT) is indicated if there are contraindications for 
MRI, for example, pace makers or cochlear implants (Amin et al., 2017), whereas 
plain radiographs are not informative for imaging disc pathology. Early imaging is 
required when a tumour or infection is suspected, or if the patient has a progressive 
or severe clinical deficit (Deyo & Mirza, 2016). Diagnostic imaging is also required 
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if patients have severe symptoms lasting over 4–6 weeks despite conservative 
treatment, and surgery is then considered (Dawson & Bernbeck, 1998; Koes et al., 
2007; Saal & Saal, 1989). The indications of MRI must be clear and clinicians must 
be aware that conclusions based on only MRI should not make, because the 
prevalence of disc displacement is also high among individuals without 
radiculopathy (Borenstein et al., 2001) as well as asymptomatic individuals 
(Brinjikji et al., 2015).  
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Fig. 4. Sagittal (A) and axial (B) T2-weighted MRI scans of lumbar disc herniation at L4-
5. Reproduced with permission from Ropper & Zafonte 2015, Copyright Massachusetts 
Medical Society. 
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2.2.7 Treatment 

Sciatica can be treated by conservatively or surgically. The treatment of sciatica is 
mostly conservative at first. (Dawson & Bernbeck, 1998; Hagen, Hilde, Jamtvedt, 
& Winnem, 2004; Saal & Saal, 1989). 

Conservative treatment mainly consists of pain reduction, either by pain 
medication or reducing the pressure on the nerve root. One systematic review has 
revealed that conservative treatments do not improve the natural course of sciatica, 
or reduce symptoms (Luijsterburg et al., 2007). Detailed information on the causes 
of sciatica and a favourable natural course for patients plays an important role in a 
pain management strategy (Koes et al., 2007).  

Strong evidence of effectiveness is lacking for most of the conservative 
treatment options used, such as staying active, analgesics or non-steroidal anti-
inflammatory drugs, acupuncture, epidural steroid injections, spinal manipulation, 
traction, and physiotherapy. Bed rest is no longer recommended (Hagen et al., 
2004). Non-steroidal anti-inflammatory drugs, pain medication and muscle 
relaxants have proved no more effective than placebo in the relief of symptoms. 
One systematic review found no evidence that non-steroidal anti-inflammatory 
drugs, traction, tizanidine or intra-muscular steroids were more effective than 
placebo treatment (Vroomen, de Krom, Slofstra, & Knottnerus, 2000).  

The purpose of the surgical treatment is the removal of the mechanical 
compression. The presence of cauda equina syndrome, epidural abscesses or severe 
or progressive neurologic deficits are absolute indications for surgical treatment 
(Altun & Yuksel, 2017). Relative indications are continuing symptoms after six to 
eight weeks of conservative treatment, acute severe paresis or progressive paresis 
(Deyo & Mirza, 2016). MRI scans are usually needed for the decision to operate, 
and both symptoms and clinical findings must correlate with the imaging findings 
(Koes et al., 2007).  

2.2.8 Prognosis 

Usually, the clinical course of acute sciatica is favourable, the prognosis is good, 
and the pain general resolves within a few weeks. In a randomized trial which 
compared non-steroidal anti-inflammatory drugs to placebo for acute sciatica; 60% 
of the patients recovered within three months and 70% within 12 months (Weber, 
Holme, & Amlie, 1993). In randomized trials in non-surgical interventions, 
approximately 50% of patients with sciatica in the placebo groups reported 
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recovery within 10 days and approximately 75% within four weeks (Vroomen et 
al., 2000). Hence the overall prognosis is good, although about 10–40% of cases 
are still painful after one year or develop chronic pain (Atlas et al., 1996; Atlas & 
Deyo, 2001; Vroomen et al., 2000; Weber, Holme, & Amlie, 1993).  

2.3 Risk factors for sciatica 

Sciatica is a multifactorial disorder, and both genetic and environmental factors 
contribute to its aetiology. Several studies have investigated risk factors for sciatica, 
but mainly in cross-sectional and case-control settings, and only a few prospective 
studies exist. Many lifestyle risk factors have been found to associate with sciatica, 
but the results are controversial. This literature review focuses on the lifestyle, 
behavioural and occupational risk factors of sciatica with a short review of genetic 
risk factors. This section first briefly presents the different designs of studies 
reporting risk factors for sciatica, and then reviews each of these risk factor.  

2.3.1 Study designs of earlier studies  

Case-control, actual or retrospective information on risk factors  

Table 2 shows the risk factors found to associate with sciatica in case-control study 
settings. These cases were mainly confirmed by CT, myelogram, MRI or surgery 
(Kelsey, 1975a; Kelsey, Githens, O'Conner et al., 1984a; Mundt et al., 1993; 
Schumann et al., 2010; Seidler et al., 2003).   

Cross-sectional population studies, actual or retrospective information on 
risk factors  

Table 3 describes cross-sectional studies of the risk factors for sciatica (Heliovaara 
et al., 1987a; Heliovaara, Makela, Knekt, Impivaara, & Aromaa, 1991; Kaila-
Kangas et al., 2009; Kaila-Kangas et al., 2011; Younes et al., 2006;).  
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Table 2. Summary of case-control studies identifying risk factors for sciatica.  

Risk factor  Population Cases Controls Reference 

Sedentary 

occupations 

 American Lumbar disc herniation 

confirmed by surgery plus 

clinical symptoms 

Admitted for conditions 

not related to spine 

Kelsey 1975 

Psychosocial 

workload 

 German Lumbar disc herniation 

confirmed by CT or MRI 

Population-based and 

patients hospitalized for 

urolithiasis 

Seidler et al. 

2003 

Driving motor 

vehicles 

 American Lumbar disc herniation 

confirmed by surgery plus 

clinical symptoms 

Admitted for conditions 

not related to spine 

Kelsey 1975 

Driving cars  American Acute prolapsed intervertebral 

disc, myelogram/surgery 

Admitted for conditions 

not related to spine 

Kelsey et al. 

1984a 

Smoking  American Acute prolapsed intervertebral 

disc, myelogram/surgery 

Admitted for conditions 

not related to spine 

Kelsey et 

al.1984a 

Smoking  German LDH confirmed by CT/MRI 

and disc narrowing confirmed 

by x-rays plus hospital 

treatment 

Randomly selected 

population from random 

sample of residents 

Schumann et 

al. 2010 

Extreme forward 

bending 

 German Lumbar disc herniation 

confirmed by CT, MRI or 

spondylosis 

Population-based and 

patients hospitalized for 

urolithiasis 

Seidler et al. 

2003 

Weight lifting or 

carrying 

 German Lumbar disc herniation 

confirmed by CT, MRI or 

spondylosis 

Population-based and 

patients hospitalized for 

urolithiasis 

Seidler et al. 

2003 

Frequent lifting 

with knees 

straight and back 

bent 

 American Confirmed by surgery, CT, 

myelogram or MRI 

Admitted to hospital for 

conditions not related to 

neck/back 

Mundt et al. 

1993 

Weight  German Lumbar disc herniation 

confirmed by CT/MRI and 

disc narrowing confirmed by 

x-rays 

Randomly selected 

population from random 

sample of residents 

Schumann et 

al. 2010 
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Table 3. Summary of cross-sectional studies identifying risk factors for sciatica. 

Risk factor Population Size Cases Outcome Reference 

Professional car 

driving 

Finnish 2323 

men 

29 Clinically verified sciatica and other 

chronic low-back disorders 

Kaila-Kangas et 

al. 2011 

Exposure to 

vibration 

Tunisian 4380 56 Past or present history of pain in L5or 

S1 distribution extending beyond knee, 

with or without low back pain 

Younes et al. 

2006 

Physically 

demanding work 

Finnish 2323 

men 

95 Clinically-verified sciatica and other 

chronic low-back disorders 

Kaila-Kangas et 

al. 2011 

Physically 

demanding work 

among men 

Finnish 4811 122 Diagnosis of sciatica based on 

characteristic symptoms and 

standardized clinical examination by 

physicians 

Kaila-Kangas et 

al. 2009 

Heavy manual 

labour 

Tunisian 4380 42 Past or present history of pain in L5 or 

S1 distribution, extending beyond knee, 

with or without low back pain 

Younes et al. 

2006 

Occupational 

physical stress  

Finnish 5673 289 History of pain radiating down leg with 

segmental distribution and findings of 

lumbar nerve root compression or 

herniation confirmed by surgery or 

myelography 

Heliövaara et al. 

1991 

Job requiring 

prolonged 

standing  

Tunisian 4380 31 Past or present history of pain in L5or 

S1 distribution extending beyond knee, 

with or without low back pain 

Younes et al. 

2006 

Job requiring 

bending forward 

Tunisian 4380 14 Past or present history of pain in L5 or 

S1 distribution extending beyond knee, 

with or without low back pain 

Younes et al. 

2006 

Heavy lifting Tunisian 4380 53 Past or present history of pain in L5 or 

S1 distribution extending beyond knee, 

with or without low back pain 

Younes et al. 

2006 

Occupational 

mental stress 

Finnish 2484 289 History of pain radiating down leg with 

segmental distribution and findings of 

lumbar nerve root compression or 

herniation confirmed by surgery or 

myelography 

Heliövaara et al. 

1991 

Anxiety and 

depression 

Tunisian 4380 26 Past or present history of pain in an L5 

or S1 distribution extending beyond 

knee, with or without low back pain 

Younes et al. 

2006 

Male gender Tunisian 4380 67 Past or present history of pain in L5 or 

S1 distribution extending beyond knee, 

with or without low back pain 

Younes et al. 

2006 
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Risk factor Population Size Cases Outcome Reference 

Sex Finnish 5673 289 History of pain radiating down leg with 

segmental distribution and findings of 

lumbar nerve root compression or 

herniation confirmed by surgery or 

myelography 

Heliövaara et al. 

1991 

Sex Finnish 7217 7217 History of pain radiating down leg with 

segmental distribution and findings of 

lumbar nerve root compression or 

herniation confirmed by surgery or 

myelography 

 

Heliövaara et al. 

1987a 

Obesity Tunisian 4380 58 Past or present history of pain in an L5 

or S1 distribution extending beyond 

knee, with or without low back pain 

Younes et al. 

2006 

Height Finnish 5673 289 History of pain radiating down leg with 

segmental distribution and findings of 

lumbar nerve root compression or 

herniation confirmed by surgery or 

myelography 

Heliövaara et al. 

1991 

Smoking Tunisian 4380 46 Past or present history of pain in L5or 

S1 distribution extending beyond knee, 

with or without low back pain 

Younes et al. 

2006 

History of low 

back problems 

Tunisian 4380 79 Past or present history of pain in L5or 

S1 distribution extending beyond knee, 

with or without low back pain 

Younes et al. 

2006 

Traumatic back 

injuries  

Finnish 5673 85 History of pain radiating down leg with 

segmental distribution and findings of 

lumbar nerve root compression or 

herniation confirmed by surgery or 

myelography 

Heliövaara et al. 

1991 

1Cases=Number of cases exposed to risk factor 

Prospective studies  

Table 4 describes prospective studies of the risk factors for sciatica (Heliovaara et 
al., 1987b; Heliovaara, 1987a;; Kaaria et al., 2011; Kaila-Kangas, Leino-Arjas, 
Riihimaki, Luukkonen, & Kirjonen, 2003; Leclerc, Tubach, Landre, & Ozguler, 
2003; Miranda, Viikari-Juntura, Martikainen, Takala, & Riihimaki, 2002; Rivinoja 
et al., 2011; Sorensen, Jacobsen, Gyntelberg, & Suadicani, 2011; Wahlstrom, 
Burstrom, Nilsson, & Jarvholm, 2012) .  
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Table 4. Summary of prospective studies identifying risk factors for sciatica.  

Risk factor Population Size Cases Follow-

up 

Outcome Reference 

Age Finnish forest 

industry 

workers 

2404 177 1 year Sciatic pain defined as 

LBP radiating below knee

Miranda H. et 

al. 2002 

Age Swedish 

construction 

workers 

263 

529 

NA 16 

years 

Hospitalization for lumbar 

disc disease 

Wahlström et al. 

2012 

Sex Finnish 373 NA 28 

years 

Hospitalization for 

conservatively or 

surgically treated LBP 

and sciatica 

Rivinoja et al. 

2011 

Sex Finnish 592 364 11 

years 

Hospitalization for 

herniated lumbar disc or 

sciatica 

Heliövaara et al. 

1987b 

Overweight 

(women) 

Finnish 5261 38 5–7 

years 

Sciatica defined as LBP 

radiating to calf or foot 

Kääriä S. et al. 

2011 

Obesity (women) Finnish 5261 41 5–7 

years 

Sciatica defined as LBP 

radiating to calf or foot 

Kääriä S. et al. 

2011 

Weight Swedish 

construction 

workers 

263 

529 

NA 16 

years 

Hospitalization for lumbar 

disc disease 

Wahlström et al. 

2012 

BMI > 27.5 kg/m2 Finnish metal 

industry 

employees 

902 NA 27 

years 

Hospitalization for back 

disorders 

Kaila-Kangas et 

al. 2003 

Overweight/obesity Finnish 373 NA 28 

years 

Hospitalization for 

conservatively or 

surgically treated LBP 

and sciatica 

Rivinoja et al. 

2011 

Height Finnish 332 67 11 

years 

Discharged from hospital 

with herniated lumbar 

intervertebral disc 

Heliövaara 

1987a 

Height French  841 

men 

NA 2 years Pain, discomfort or 

stiffness in low back 

region at least 1 day in 

previous 12 months, with 

radiating symptoms in leg

Leclerc A. et al. 

2003 

Height Swedish 

construction 

workers 

263 

529 

NA 16 

years 

Hospitalization for lumbar 

disc disease 

Wahlström et al. 

2012 
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Risk factor Population Size Cases Follow-

up 

Outcome Reference 

Height Men from city 

of 

Copenhagen 

3833 

men 

29 26 

years 

Hospitalization for 

herniated lumbar disc 

disease 

Sorensen et al. 

2011 

Smoking Swedish 

construction 

workers 

263 

529 

NA 16 

years 

Hospitalization for lumbar 

disc disease 

Wahlström et al. 

2012 

Smoking (women) Finnish 5261 43 5–7 

years 

Sciatica defined as LBP 

radiating to calf or foot 

Kääriä S. et al. 

2011 

Smoking  Finnish forest 

industry 

workers 

2404 49 1 year Sciatic pain defined as 

LBP radiating below knee 

Miranda H. et 

al. 2002 

Smoking Finnish metal 

industry 

employees 

902 NA 27 

years 

Hospitalization for back 

disorders 

Kaila-Kangas et 

al. 2003 

Smoking Finnish 373 NA 28 

years 

Hospitalization for 

conservatively or 

surgically treated LBP 

and sciatica 

Rivinoja et al. 

2011 

Smoking Finnish 592 203+181 11 

years 

Hospitalization for 

herniated lumbar disc or 

sciatica 

Heliövaara et al. 

1987b  

Low leisure-time 

physical activity 

(women) 

Finnish 5261 75 5–7 

years 

Sciatica defined as LBP 

radiating to calf or foot 

Kääriä S. et al. 

2011 

Frequent strenuous 

physical activity at 

work 

Men from city 

of 

Copenhagen 

3833 

men 

36 26 

years 

Hospitalization for 

herniated lumbar disc 

disease 

Sorensen et al. 

2011 

Walking Finnish forest 

industry 

workers 

2404 135 1 year Sciatic pain defined as 

LBP radiating below knee 

Miranda H. et 

al. 2002 

Previous acute and 

chronic local LBP 

(women +men) 

Finnish 5261 82+91 5–7 

years 

Sciatica defined as LBP 

radiating to calf or foot 

Kääriä S. et al. 

2011 

Occupation Finnish 592 264+117 11 

years 

Hospitalization for 

herniated lumbar disc or 

sciatica 

Heliövaara et al. 

1987b 

Semi-professionals 

and manual 

workers (men) 

Finnish 5261 89 5–7 

years 

Sciatica defined as LBP 

radiating to calf or foot 

Kääriä S. et al. 

2011 
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Risk factor Population Size Cases Follow-

up 

Outcome Reference 

Manual 

occupational class 

(women) 

Finnish 5261 42 5–7 

years 

Sciatica defined as LBP 

radiating to calf or foot 

Kääriä S. et al. 

2011 

Work with heavy 

physical load  

Swedish 

construction 

workers 

263 

529 

243 16 

years 

Hospitalization for lumbar 

disc disease 

Wahlström et al. 

2012 

Work-related 

twisting of the trunk 

Finnish forest 

industry 

workers 

2404 100 1 year Sciatic pain defined as 

LBP radiating below knee

Miranda H. et 

al. 2002 

Self-assessed 

strenuousness of 

work 

Finnish  592 70 11 

years 

Hospitalization for 

herniated lumbar disc or 

sciatica 

Heliövaara et al. 

1987b 

Driving  French 841 

men 

NA 2 years Pain, discomfort or 

stiffness in low back 

region at least 1 day in 

previous 12 months, with 

radiating symptoms in leg

Leclerc A. et al. 

2003 

Mental stress Finnish forest 

industry 

workers 

2404 97 1 year Sciatic pain defined as 

LBP radiating below knee

Miranda H. et 

al. 2002 

Psychological 

distress 

Finnish 592 74 11 

years 

Hospitalization for 

herniated lumbar disc or 

sciatica 

Heliövaara et al. 

1987b 

2.3.2 Sex and age 

Earlier studies have indicated that sciatica is more common among men than 
women (Heliovaara et al., 1987; Heliovaara et al., 1987a; Kaila-Kangas et al., 2009; 
Kelsey, 1982; Miranda et al., 2002; Rivinoja et al., 2011). One study found that in 
the Finnish population, the prevalence of lumbar disc syndrome was 5.1% among 
men compared to 3.7% among women (Heliovaara et al., 1987b). In a Finnish 
prospective cohort study the risk of discectomy was 2.6 times higher among men 
than among women (Rivinoja et al., 2011). Similarly, Mattila et al. (Mattila, Saarni, 
Parkkari, Koivusilta, & Rimpela, 2008) found that men were at a two-fold higher 
risk of discectomy than women. 

In a Finnish cross-sectional study, men were at a higher risk of sciatica; 3.8% 
among working participants (men 4.2%, women 3.5%) and 7.9% among non-
working participants (men 9.7%, women 6.5%) (Kaila-Kangas et al., 2009). 
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Aetiology beyond sex differences is not exactly known. It has been speculated 
that obligatory military service for men in Finland may be one explanation. Military 
service includes heavy physical exercise and lifting that causes excessive loading 
of the spine (Mattila et al., 2008). 

Sciatica and herniated lumbar discs occur mainly among individuals aged 20 
to 65 years (Hirsch & Nachemson, 1963; Naylor, 1974; Raaf, 1959). The incidence 
of sciatica increases with age, peaking in the fourth and fifth decades of life and 
declining thereafter. It is rarely seen before the age of 20 (Frymoyer, 1992). The 
same age distribution was also observed among individuals who underwent lumbar 
disc herniation surgery (Spangfort, 1972). In a Finnish cross-sectional study, the 
adjusted odds ratio (OR) of sciatica increased by 1.4 per increment of age by decade 
from 30–44 to 55–64 years (Heliovaara et al., 1991). Among the elderly, herniations 
were more likely to occur in L3–4 or L2–3 (Frymoyer, 1988).  
Age-related degeneration causes functional and morphologic changes in the 
intervertebral discs and the spinal canal, due to which the likelihood of disc 
displacement increases with age (Burdorf, Govaert, & Elders, 1991; Luoma et al., 
2000). 

2.3.3 Height and obesity 

Height 

Results concerning the effect of body height on the risk of sciatica are controversial, 
but many studies suggest that body height is associated with the risk of sciatica. 
Heliövaara et al. (Heliovaara, 1989) concluded that body height was causally 
related to the risk of sciatica. However, in two Finnish longitudinal studies, height 
did not predict sciatica (Manninen, Riihimak, & Heliovaara, 1995; Miranda et al., 
2002). One Finnish study found that height was positively associated with the 
prevalence of sciatica, but only among men aged 50–64 (Heliovaara et al., 1991). 
Body height was also associated with sciatica, lumbago or severe backache among 
both women and men, but sciatica was not analysed separately (Kuh, Coggan, 
Mann, Cooper, & Yusuf, 1993). In two prospective cohort studies, height was 
positively associated with hospitalization due to lumbar disc disease (Wahlstrom et 
al., 2012) and lumbar disc herniation (Sorensen et al., 2011).  
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Mechanism 

The mechanism underlying the association between sciatica and body height is not 
known. It has been suggested that angulations between vertebral bodies or 
intradiscal pressures during physical activity (Nachemson, A., 1966) or the size of 
the spinal canal (Troup, 1986; Vanharanta, Korpi, Heliovaara, & Troup, 1985) may 
be linked to height and therefore make the spine of tall individuals more vulnerable. 
Underlying, overlapping genetic factors may also be involved (Zhou et al. 2018). 

Obesity 

Several studies have suggested that obesity is a risk factor for sciatica (Kaaria et 
al., 2011; Rivinoja et al., 2011; Schumann et al., 2010; Younes et al., 2006) and a 
recent meta-analysis (Shiri, Lallukka, Karppinen, & Viikari-Juntura, 2014) 
confirmed this observation. In a Finnish 28-year follow-up study, overweight and 
obesity predicted second-time hospitalization for surgical treatment of sciatica 
among females (Rivinoja et al., 2011). However, Sorensen et al. (Sorensen et al., 
2011) found no association between weight or BMI and lumbar disc herniation.  

Mechanism 

The mechanism of how obesity increases the risk of sciatica is not known. Obese 
individuals may simply be more disposed to accidents and injuries or overweight 
can increase the risk of sciatica by increasing the mechanical load of the spine. It 
has been suggested that atherosclerosis of the spinal vessels leads to disc 
degeneration and hence to the development of sciatica. (Kauppila, 2009; Liuke et 
al., 2005).  

Obesity may slow down the healing capacity of a disc injury. In one study, 
obese sciatica patients had slower recovery, regardless of treatment type 
(conservative vs surgical) (Rihn et al., 2013). Obesity also increases the risk of 
recurrent lumbar disc herniation after microdiscectomy (Meredith, Huang, Nguyen, 
& Lyman, 2010).  

Inflammation is another potential explanation for sciatica among obese 
individuals. The adipocytes are metabolically active and secrete high amounts of 
proinflammatory adipokines and cytokines, hence causing systemic and chronic 
low-grade inflammation (Berg & Scherer, 2005; Tilg & Moschen, 2006). Obese 
individuals have elevated levels of proinflammatory markers, for example, C-
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reactive protein, TNF-α, secreted from the excess visceral adipose tissue, and this 
can lead to the development of symptomatic sciatica (Berg & Scherer, 2005; Saito 
et al., 2003; Tracy et al., 1997). 

2.3.4 Smoking 

Smoking has shown to be a risk factor for sciatica (Heliovaara et al., 1987; Kaaria 
et al., 2011; Kelsey, 1975a; Kelsey et al., 1984a; Mundt et al., 1993; Shiri & Falah-
Hassani, 2016a) and other back disorders. In a Finnish prospective cohort study, 
smoking in adolescence increased the risk of hospitalization for sciatica in 
adulthood among men (Rivinoja et al., 2011). A Swedish prospective cohort study 
(Wahlstrom et al., 2012) also found that smokers are at a higher risk of 
hospitalization due to sciatica than non-smokers. Smoking also increases the risk 
of lumbar disc herniation surgery (An et al., 1994; Mattila et al., 2008) and is 
associated with an increased risk of self-reported sciatic pain (Shiri et al., 2007). 
Smoking of long duration was associated with an increased risk of incidental sciatic 
pain, whereas the number of smoked cigarettes per day was not (Miranda et al., 
2002). A recent meta-analysis observed that smoking cessation reduces the risk of 
sciatic pain or clinically verified sciatica (Shiri & Falah-Hassani, 2016a). 

Mechanism 

There are several theories as to how smoking can cause sciatica. One explanation 
is that cigarette smoke or some of its constituents affect the physiology or nutrition 
of intervertebral discs. Intervertebral discs are avascular structures and may thus be 
vulnerable to even mild circulatory disturbances (Frymoyer et al., 1983). It has been 
shown that smoking causes vasoconstriction, the development of atheroma, 
carboxyhaemoglobin production and fibrinolytic defect, and hence reduces the 
vertebral blood flow (Ernst, 1993; Fogelholm & Alho, 2001; Frymoyer et al., 1983). 
Empirical studies have shown that smoking has a harmful effect on the capillary 
network of the surroundings of the disc (Holm & Nachemson, 1988; Uematsu, 
Matuzaki, & Iwahashi, 2001).  

It has also been speculated that smoking may exacerbate discogenic or 
radicular symptoms and that smoking cessation may relieve symptoms (An et al., 
1994). In this case, smoking does not exactly increase the risk of sciatica, but does 
aggravate pain symptoms. Smoking may also affect pain sensation by lowering 
pain thresholds (Girdler et al., 2005). 
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2.3.5 Leisure-time physical activity 

The role of leisure-time physical activity in sciatica has not been studied much. 
Findings regarding the association between leisure-time physical activity and 
sciatica are controversial. Some studies have found that physical activity during 
leisure-time does not predict sciatica (Miranda et al., 2002; Rivinoja et al., 2011), 
whereas others suggest that high leisure-time physical activity increases the risk of 
sciatic pain (Shiri et al., 2007).  

Cross-sectional studies have associated a lack of leisure-time physical activity 
with lumbar disc herniation (Kelsey, 1975a). One Finnish study, (Miranda et al., 
2002) found no association between physical activity and self-reported sciatica. 
Another Finnish study (Hurme, 1985) showed no association between leisure-time 
physical activity among patients with lumbar disc herniation compared to the 
general population. 

One Finnish prospective cohort study found that walking and jogging were 
associated with sciatic pain. Individuals who walked actively and were free from 
sciatic pain at baseline were at an almost two-fold risk of developing sciatic pain 
compared to non-active walkers (Miranda et al., 2002). The same study observed 
that joggers who were free from sciatic pain at baseline were at a lower risk of 
sciatic pain, but that joggers with severe sciatic pain at baseline were at an increased 
risk of persistent sciatic pain (Miranda et al., 2002). In a Finnish prospective cohort 
study, participating in any exercise or belonging to a sports club in adolescence did 
not predict the risk of hospitalization due to sciatica in adulthood (Rivinoja et al., 
2011). In a Danish male study, physical activity during leisure time did not associate 
with lumbar disc herniation (Sorensen et al., 2011).  

 One systematic review showed that high levels of leisure-time physical 
activity seemed to associate with an increased risk of sciatic pain (Shiri et al., 2007). 
A recent meta-analysis in turn found that leisure-time physical activity may play a 
protective role in the development of sciatic pain (Shiri, Falah-Hassani, Viikari-
Juntura, & Coggon, 2016b). In a Finnish prospective study, leisure-time physical 
inactivity and moderate activity increased the risk of sciatica (Kaaria et al., 2011).  

Mechanism 

High leisure-time physical activity helps keep the body fit and there are many 
explanations as to why leisure-time physical activity may protect from sciatica. 
Good muscle condition can help diminish sudden forces of the trunk which may 
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lead to injuries (Troup, 1979). Regular, moderate leisure-time physical activity 
improves the blood circulation of the muscles, muscle strength and reduces visceral 
adipose tissue, therefore reducing systemic inflammation (Bruunsgaard, 2005; 
Rauramaa et al., 2004). A recent study of mice found that intervertebral disc disease 
caused dysregulation of inflammatory pathways in the multifidus muscle and that 
exercise modified these inflammatory pathways (James G et al. 2018). Jensen et al. 
(Jensen, O. K., Nielsen, & Stengaard-Pedersen, 2010) found that physically 
inactive patients with sciatic pain were at a higher risk of greater pain intensity and 
disability. Similarly, a lack of leisure-time physical activity was found to associate 
with re-operation for recurrent lumbar disc herniation (Kara, Tulum, & Acar, 2005). 
Furthermore, physical activity may reduce fear-avoidance behaviour, and thereby 
enhance recovery. Assessing physical activity, the frequency, intensity and the form 
of activity are crucial. Metabolic equivalent of task (MET)-index for exercise is 
determined usually by means of these facts. These factors may also contribute to 
association with physical activity and sciatica.  

2.3.6 General health and psychological factors 

Psychological factors and distress symptoms have been found to associate with 
sciatica (Heliovaara et al., 1987; Miranda et al., 2002). Earlier studies have found 
an association between poor general health and back pain (Croft, Lewis, & 
Hannaford, 2003; Heliovaara, 1989; Lee, Helewa, Goldsmith, Smythe, & Stitt, 
2001; Smith, Elliott, Hannaford, Chambers, & Smith, 2004), but only a few have 
analysed its relation to sciatica.  

Mental stress has been found to increase the risk of sciatica (Miranda et al., 
2002). Even minor mental stress seems to increase this risk. In addition, 
dissatisfaction with work increases the risk of persistent, severe sciatic pain 
(Miranda et al., 2002). In a Finnish prospective study, hysteria (trait of personality) 
predicted sciatic pain among blue-collar workers (Pietri-Taleb, Riihimaki, Viikari-
Juntura, Lindstrom, & Moneta, 1995). Heliövaara et al. (Heliovaara et al., 1987) 
found that distress symptoms (nervousness, fatigue, excessive sweating, heart 
palpitations, and headaches) predicted hospitalization for lumbar disc herniation or 
sciatica over an 11-year follow-up among women reporting no severe back 
problems at baseline. However, not all studies have found an association between 
sciatica and psychologic factors (Leclerc et al., 2003).  
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Mechanism 

The possible mechanism in the association of psychological factors with sciatica 
could be physiological processes such as hormonal secretion and increased muscle 
tension triggered by psychological factors. These physiological mechanisms, may 
lead to musculoskeletal symptoms (Hoogendoorn, van Poppel, Bongers, Koes, & 
Bouter, 2000). Psychological distress may be related to a tendency to seek medical 
care. Psychological distress can increase sciatica patients’ willingness to participate 
in surgical interventions (Shiri et al., 2014).  

2.3.7 Occupation 

Earlier studies have shown a relation between occupation and sciatica. They have 
found many occupational groups to be at a higher risk of sciatica, and the contents 
of work and specific occupational exposures can predispose to sciatica and lumbar 
disc herniation.  

Foundry workers had an increased likelihood of lumbar disc compared to a 
local population (Lawrence, Molyneux, & Dingwall-Fordyce, 1966). In a case-
control study, work as a metal worker, construction worker or nurse for more than 
10 years was associated with radiologically confirmed lumbar disc herniation 
(Hofmann, Bolm-Audorff, Michaelis, Nubling, & Stossel, 1997). Jorgensen et al 
found also, work as a nurse to relate to lumbar disc herniation (Jorgensen, Hein, & 
Gyntelberg, 1994). Wood, metal or construction work posed a higher risk of 
hospitalization due to lumbar disc herniation than office work (Heliovaara, 1987b). 
Construction industry workers, especially concrete workers, were at a higher risk 
of hospitalization due to sciatica than white-collar workers and foremen 
(Wahlstrom et al., 2012). 

2.3.8 Heavy physical workload 

Several studies have found a positive association between heavy physical workload 
and sciatica (Heliovaara et al., 1987; Kaila-Kangas et al., 2009; Sorensen et al., 
2011), but not among Finnish middle-aged employees (Kaaria et al., 2011). 
Physically heavy work was associated with physician-diagnosed sciatica among 
working and non-working men, and this risk increased with the duration of 
exposure for the first 20 years, after which it then declined (Kaila-Kangas et al., 
2009).  
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2.3.9 Lifting 

Occupational and non-occupational lifting and carrying of heavy objects have 
shown to be a risk factor for sciatica (Heliovaara, 1987b; Kelsey, Githens, White et 
al., 1984b; Mundt et al., 1993). However, some studies have found no association 
between lifting and sciatica (Miranda et al., 2002). Seidler (Seidler et al., 2003) 
found a statistically significant relation between lumbar disc herniation and 
cumulative weight lifting exposure. Lifting with the knees straight and back bent 
in particular was extremely harmful and associated with lumbar disc herniation 
(Mundt et al., 1993). Kaila-Kangas et al., (Kaila-Kangas et al., 2009) showed that 
manual handling of heavy objects for more than 10 years increased the prevalence 
of sciatica.  

Mechanism 

Lifting, carrying and twisting or stooping postures increase the pressure of the 
intervertebral disc (Nachemson, A., 1966) and this may dispose the spine and 
intervertebral discs to injuries. In addition, disc pressure and intra-abdominal 
pressure increase when lifting with the knees straight and back bent (Anderson & 
Chaffin, 1986; Andersson, Ortengren, & Nachemson, 1978). The compression of 
the spine increases when the weight lifted is heavy (Anderson & Chaffin, 1986) 
and therefore the risk of lumbar disc herniation is smaller when the weight lifted is 
lighter (Mundt et al., 1993). It has been suggested that education in lifting 
techniques plays an important role in the prevention of sciatica and lumbar disc 
herniation (Mundt et al., 1993), although a systematic review found no support for 
this claim (Martimo et al., 2008).  

2.3.10 Sedentary work 

Only a few studies have examined sitting exposure and sciatica, but it has been 
suggested that sitting may be associated with low-back disorders (Bovenzi & Betta, 
1994; Kelsey, 1975b). Earlier studies have also analysed the prevalence of sciatic 
pain in occupations in which sitting is a major requirement, but which also involve 
co-exposure to awkward postures and whole body vibration (Bongers et al., 1990; 
Boshuizen, Bongers, & Hulshof 1992; Bovenzi & Betta, 1994; Johanning, 1991) 
and not only sitting exposure per se.  
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Kelsey et al., (1975) found an association between sedentary occupations and 
lumbar disc herniation, whereas prolonged sitting was not associated with sciatica 
in a Finnish cross-sectional study (Kaila-Kangas et al., 2009).  

Mechanism 

One underlying mechanism contributing to sciatica in sedentary occupations could 
be higher intradiscal pressure while sitting (Andersson, Ortengren, & Nachemson, 
1978).  

2.3.11 Exposure to vibration 

Occupational exposure to whole body vibration has long been suggested as being 
a risk factor for LBP and sciatica (Heliovaara, 1987b; Kelsey, 1975a; Riihimaki et 
al., 1994) and a recent review supports this observation (Burstrom, Nilsson, & 
Wahlstrom, 2015). Earlier epidemiological studies have concluded that driving a 
motor vehicle, which exposes the driver to whole body vibration, increases the risk 
of herniated lumbar disc (Hrubec & Nashold, 1975; Kelsey & Hardy, 1975; Kelsey 
et al., 1984a). 

Many earlier studies have focused on LBP, but only a few studies have strictly 
concentrated on sciatica. Occupational exposure to whole body vibration seems to 
be especially harmful. A systematic review found that employees exposed to whole 
body vibration were at approximately a two-fold risk of LBP or sciatica compared 
to non-exposed employees (Burstrom et al., 2015). A prospective cohort study of 
Swedish construction workers showed that workers exposed to medium to high 
whole body vibration were at an increased risk of hospitalization due to lumbar disc 
herniation compared to foremen and white-collar workers (Wahlstrom, Burstrom, 
Johnson, Nilsson, & Jarvholm, 2018). Earlier studies have concluded that whole 
body vibration is a significant co-exposure, and that employees exposed to whole 
body vibration while sitting are at higher risk of sciatica (Burstrom et al., 2015).  

Driving motor vehicles 

Driving motor vehicles has shown to increase the risk of sciatica (Heliovaara et al., 
1987; Hrubec & Nashold, 1975; Kelsey, 1975a; Kelsey et al., 1984a), and among 
occupational drivers, the risk of hospitalization due to sciatica is higher (Wahlstrom 
et al., 2012). Similarly, driving for two hours more than once a week increases the 
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risk of sciatica (Leclerc et al., 2003). A cross-sectional study also revealed that 
driving a car was associated with anterior disc bulges in MRI (Luoma et al., 1998). 
In contrast, however, two Finnish studies found no association between sciatica and 
the annual numbers of kilometres driven (Riihimaki et al., 1994) or car driving 
(Miranda et al., 2002).  

Mechanism 

The suggested explanations beyond this association include mechanical forces on 
the intervertebral discs caused by whole body vibration while seated, sudden 
starting and stopping, the position of the driver’s legs, and a lack of support for the 
back (Kelsey, 1982; Troup, 1978; Wilder, Woodworth, Frymoyer, & Pope, 1982). 
Sitting while driving may also be one explanation (Wahlstrom et al., 2012).  

2.3.12 Awkward postures 

In a case-control study, exposure to extreme forward bending at work was 
significantly associated with lumbar disc herniation (Seidler et al., 2003). A history 
of bent postures for over 10 years and kneeling for 1–20 years were associated with 
a higher prevalence of sciatica (Kaila-Kangas et al., 2009). In contrast, another 
study (Mundt et al., 1993) observed no association between bending or stretching 
and sciatica. Uncomfortable working postures have also been proposed as risk 
factors for sciatica (Stafford, Peng, & Hill, 2007).  

Mechanism 

It has been suggested that awkward work postures may induce nerve root irritation 
and increase intradiscal pressure on intervertebral discs (Nachemson, A. L., 1981; 
Sato, Kikuchi, & Yonezawa, 1999), causing the discs to protrude or herniate.  

2.3.13 Psychosocial workload 

A relation has also been identified between psychosocial workload and sciatica. 
Perceived work strain caused by time pressure and contact with clients has been 
found to associate with the risk of sciatica (Seidler et al., 2003). In a Swiss study 
(Boos et al., 1995), patients with lumbar disc herniation reported significantly 
higher occupational stress and were unsatisfied with their jobs. In another study, 
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self-assessed strenuousness of one’s work also predicted hospitalization due to 
sciatica among women (Heliovaara et al., 1987).  

Mechanism 

The mechanism underlying this association is not clear. One study empirically 
demonstrated that psychosocial stress may increase spine compression and 
therefore also the pressure on the intervertebral discs (Marras, Davis, Heaney, 
Maronitis, & Allread, 2000). Psychosocial stress may also increase the risk of 
vascular diseases, hence reducing blood supply to the discs and causing changes in 
them (Seidler et al., 2003).  

2.3.14 Genetic risk factors 

It has been suggested that approximately 75% of lumbar disc herniation cases have 
a hereditary origin (Janeczko, Janeczko, Chrzanowski, & Zielinski, 2014). 
Heritability estimates in musculoskeletal diseases vary greatly. For example, in disc 
degeneration, heritability rates have been found to vary between 0% and 74% 
(Battie et al., 1995; MacGregor, Andrew, Sambrook, & Spector, 2004; Sambrook, 
MacGregor, & Spector, 1999; Williams et al., 2011), whereas heritability of 
vertebral endplate or Modic change seems to vary between 22% and 55.6% (Kjaer, 
Leboeuf-Yde, Korsholm, Sorensen, & Bendix, 2005; Kuisma et al., 2006; Maatta 
et al., 2014).   

Many genes have been found to be involved in processes predisposing to 
lumbar disc herniation. Genes that encode structural proteins, matrix 
metalloproteinases, growth factors and vitamin D receptors have shown to increase 
the risk of lumbar disc herniation (Martirosyan et al., 2016). Single nucleotide 
polymorphisms (SNP) have been found to associate with lumbar disc herniation, 
as have polymorphism in the IL-1β (Paz Aparicio et al., 2011), the human sickle 
tail gene (SKT) (Karasugi et al., 2009) and thrombospondin-2 (THBS2) (Hirose et 
al., 2008). It is thought that environmental exposures in different ethnic populations 
and different genetic variants affect the pathogenesis of lumbar disc herniation. 
Therefore replication studies are needed to strengthen the evidence of these 
association studies (Liu, W. et al., 2017). At present, genome-wide association 
studies (GWAS) can help identify novel genetic variants in lumbar disc herniation. 
The first GWAS study of sciatica found that five novel variants in the Nuclear factor 
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1 B-type (NFIB) and Myosin VA (MYO5A)-genes associated with sciatica 
(Lemmela et al., 2016).   

2.4 Summary 

The aetiology of sciatica appears to be multifactorial, with both environmental and 
genetic components. Risk factors for the development of sciatica have been studied 
less than those for LBP, and it is thus important to obtain data on the risk factors 
for sciatica. Previous literature suggests that occupational factors may affect the 
risk of sciatica, but so far, most of these studies have been conducted in cross-
sectional or case-control designs, which can cause recall bias. In addition, only a 
few prospective studies have focused on the risk factors for sciatica.  
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3 Outline of the present study 
The main goal of this thesis was to identify the possible risk factors of sciatica and 
to investigate the occupational risk factors for sciatica in particular.  

Aims of the thesis: 

1. To investigate the role of environmental factors such as physical activity, 
sedentary behaviour, obesity, smoking, physical workload, and history of LBP 
in sciatica symptoms among Finnish young adults. 

2. To assess the significance of known or suspected risk factors for sciatica 
(height, overweight, self-reported health, smoking, leisure-time physical 
activity, occupation) and for hospitalizations due to sciatica in a large 
population-based sample. 

3. To evaluate whether work-related factors predict sciatica in a longitudinal 
study design.  

4. To study the effects of lifestyle risk factors on hospitalization due to sciatica in 
a meta-analysis of four prospective cohort studies, and to investigate how 
overweight or obesity modifies the effect of leisure-time physical activity on 
hospitalization due to sciatica.  
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4 Materials and Methods 

4.1 Study populations 

4.1.1 OBS Study (Study I) 

The Northern Finland Birth Cohort 1986 (NFBC1986) originally included data 
from birth onwards on 9749 children with an expected date of birth between July 
1, 1985 and June 30, 1986 in the two northernmost provinces of Finland: Oulu and 
Lapland. Our study population (Oulu Back study, OBS) was a sub-cohort of 
NFBC1986, consisting of all cohort members living within 100 kilometres of the 
city of Oulu. The OBS study population involved 2969 individuals.  

A postal questionnaire on musculoskeletal pains and lifestyle factors was sent 
to all living members between May 2001 and April 2002, when the cohort members 
were approximately 16 years old (n = 9215; 7344 answered). At the age of 18 years, 
all members of the OBS cohort received another postal questionnaire on 
musculoskeletal symptoms and environmental exposures. A total of 1987 
participants responded.  

4.1.2 Mobile Clinic Health Examination Survey (Study II, IV) 

The Finnish Mobile Clinic Health Examination Survey was a study based on a large 
population survey carried out in Finland between 1973 and 1976 (Reunanen et al., 
1983). A total of 19 518 men and women aged 20 years or over participated in the 
baseline examination, with a participation rate of 83%. A basic questionnaire 
concerning occupation, lifestyle factors and medical history was sent to all cohort 
members (Knekt, Rissanen, Jarvinen, & Heliovaara, 2017). 

We excluded individuals aged over 59, those who were on disability pension, 
those with a history of low-back disorders at baseline, and those whose first 
hospitalization for sciatica preceded the baseline examination. Our final study 
population consisted of 7512 men and 5583 women, who were followed up until 
December 31, 2011.  
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4.1.3 Mini-Finland Health Survey (Study III) 

The Mini-Finland Health Survey was carried out in Finland between 1978 and 1980. 
The baseline data collection is described in detail elsewhere 
(https://www.thl.fi/en/web/thlfi-en/research-and-expertwork/population-
studies/finnish-mobile-clinic/mini-finland-health-survey). The original study 
population was a stratified, two-stage cluster sample, representing Finnish adults 
aged 30 years or over. The original sample included 8000 participants (3637 men 
and 4363 women). A total of 7217 persons with a participation rate of 90% took 
part in the screening phase of the study, which included questionnaires, interviews, 
and laboratory and functional tests. Participants with history, symptoms or findings 
indicating a musculoskeletal disorder were invited to a clinical examination carried 
out by a specially trained physician. 

Our study population consisted of 5087 individuals aged 30 to 59. We excluded 
790 participants who had a physician-diagnosed low back syndrome at baseline, 
546 participants who were no longer working, and 84 participants whose first 
hospitalization preceded the baseline examination. After these exclusions, our 
study population consisted of 1900 men and 1991 women, whom we followed until 
December 31, 2011.  

4.1.4 Health 2000 (Study IV) 

In the Health 2000 study, men and women aged 30 years or over living in Finland 
between the autumn of 2000 and spring of 2001 were recruited using a two-stage 
cluster sampling design (Kaila-Kangas, 2007). The sample was stratified according 
to five university hospital regions and included 7977 participants. Of these, 6354 
(79.7%) participated in the clinical/health examination and 6986 (87.6%) were 
interviewed (Kaila-Kangas, 2007). We excluded 124 participants who were 
hospitalized due to sciatica five years before the baseline examination, and 126 
participants with probable sciatica at baseline. The final study population consisted 
of 6413 participants with data on at least leisure-time physical activity, whom we 
followed until December 31, 2013.  

4.1.5 Helsinki Health Study (Study IV) 

The Helsinki Health Study was conducted among employees of the City of Helsinki, 
aged 40 to 60 years at baseline in 2000–2002. The original study population 
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consisted of 8960 individuals (Lahelma et al., 2013). We excluded 25 participants 
whose hospitalization due to sciatica had occurred four years before the baseline. 
The final population comprised 6288 participants with data on interested variables, 
and these were followed until December 31, 2013.  

4.1.6 Young Finns Study (Study IV) 

The Young Finns Study originally included children and young adults aged 3, 6, 9, 
12, 15 and 18, and the original study population consisted of 4320 participants 
(Shiri et al., 2008). Follow-up studies of the original study population were carried 
out in 1983, 1986, 2001, 2007 and 2011. In our study population, we included 2620 
participants, who also participated in the follow-up study in 2001 at ages between 
24 and 39. We excluded 21 participants who had been hospitalized before the 
baseline study in 2001. The final study population consisted of 2545 individuals, 
whom we followed until December 31, 2014.  

4.1.7 Study ethics 

The Ethics Committee of the Northern Ostrobothnia Hospital District reviewed the 
OBS (I) study plan, which was in accordance with the Declaration of Helsinki. The 
participants also provided informed written consent. The Finnish Mobile Clinic 
Health Examination Survey (II, IV) and the Mini-Finland Health Survey (III) were 
carried out before the current legislation on medical research among human 
subjects became effective. The participants were fully informed of the use of the 
collected data and participated on a voluntary basis in accordance with the 
principles of the Declaration of Helsinki. The Department of Public Health of the 
University of Helsinki and the ethics committee of the health authorities of the City 
of Helsinki approved the Helsinki Health Study plan (IV). The Health 2000 Survey 
study plan was approved by the Ethics Committee for Epidemiology and Public 
Health of the Hospital District of Helsinki and Uusimaa. Approval for the Young 
Finns Study was granted by local Ethics Committees.  

4.2 Follow-up (Studies II, III, IV) 

The mortality and morbidity of the participants were followed continuously from 
the baseline examination through to record linkage to nationwide registers.  
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4.2.1 Follow-up of Mobile Clinic Health Examination Survey and Mini-
Finland Health Survey 

The data on hospitalizations for sciatica were obtained from the Care Register for 
Health Care, which covers all public and private hospitals in Finland and is 
maintained by the National Institute for Health and Welfare. Its diagnoses are based 
on the International Classification of Diseases (ICD). The Eighth Revision defined 
sciatica by the codes 353.99, 725.10 or 725.19; the Ninth Revision by 7225A, 
7227C or 7228C; and the Tenth Revision by G55.1, M51.1, M51.2, M54.3 or 
M54.4. The follow-up period of both studies ended in December 31, 2011.  

4.2.2 Follow-up of Health 2000, Young Finns Study and Helsinki 
Health Study  

Data on hospitalizations for sciatica were also obtained from the Care Register for 
Health Care. For these three studies we included the following ICD-10 codes: 
M51.1 lumbar and other intervertebral disc disorders with radiculopathy, M51.2 
other specified intervertebral disc displacement, M54.3 sciatica, M54.4 lumbago 
with sciatica, and G55.1 nerve root and plexus compressions in intervertebral disc 
disorders. Follow-up ended on December 31, 2013 for the Health 2000 Survey and 
the Helsinki Health Study and on December 31, 2014 for the Young Finns Study 
follow-up.  

4.3 Determinants of sciatica 

4.3.1 Oulu Back Study 

Sciatic pain 

The questionnaire elicited sciatic pain and defined this as pain, aches or numbness 
radiating from the low back to the leg below the knee. We assessed the prevalence 
of sciatic pain at different time points: 1) Ever, 2) During the last year, 3) During 
the last month, 4) During the last week and 5) Today. A 10-point numerical scale 
was used for evaluating the intensity of sciatic pain and long-term (lasting over two 
weeks) sciatic pain was also assessed. The level of physical impairment caused by 
sciatica was elicited using the following question: ‘Has sciatic pain caused you 
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inconvenience during the following activities? 1) Sitting for 5 to 10 minutes, 2) 
Standing for 5 to 10 minutes, 3) Walking for 5 to 10 minutes, 4) Lifting or carrying 
heavy objects, or 5) Exercising?’. We formulated an impairment index; 1) 
Reference group with no limitations in daily activities, 2) Some sciatica-related 
limitations and 3) Considerable sciatica-related limitations to daily activities. The 
use of pain medication and the need to consult a physician due to sciatic pain was 
also elicited by the following questions: ‘Have you used pain medication for your 
sciatic pain?’ and ‘Have you consulted a physician because of your sciatic pain?’  

Determinants of sciatic pain at 16 and 18 years 

Earlier LBP history at the age of 16 was evaluated on the basis of self-reported LBP, 
using the following question: ‘Have you suffered pain or aching in your lower back 
during the last six months?’ The response alternatives were: 1) No, 2) Yes, but I 
have not consulted a physician, physiotherapist, nurse or other health care 
professional, and 3) Yes, and I have consulted a physician, physiotherapist, nurse 
or other health care professional.  

BMI was calculated on the basis of self-reported body height and weight at a 
mean age of 18 years. Pack-years of smoking at 18 were determined, and the 
adolescents were categorized into three groups: 1) None, 2) Maximum of 2 pack-
years, and 3) Over two pack-years. Physical activity level at the age of 18 was 
evaluated and the participants were accordingly categorized into three groups: 1) 2 
to 3 times per month or less, 2) 1 to 3 times per week, and 3) 4 to 7 times per week. 
According to their sedentary hours, participants were categorized into three groups: 
1) 0–4 hours/day, 2) 5–7 hours/day and 3) On average 8 hours or more per day. 
Workload at the age of 18 was also categorized: 1) No work exposure ever, 2) Light 
physical workload and 3) Heavy physical workload. 

4.3.2 Mobile Clinic Health Examination Survey (Study II, IV) 

Determinants of sciatica 

All information on risk factors were obtained during the baseline examination or 
from the questionnaires in 1973–1976. Standing height and weight were measured 
at baseline. We formed separate height categories for men and women. BMI was 
categorized for both genders: < 25, 25–29.9, ≥ 30 kg/m2. The smoking categories 
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were 1) Never smoked, 2) Ex-smoker, 3) Current smoker of < 20 cigarettes/day or 
cigars or pipe only and 4) Current smoker of ≥ 20 cigarette/day.  

Self-rated health was categorized as 1) Good, 2) Quite good, 3) Average and 4) 
Poor or very poor. Leisure-time physical activity was elicited by the following 
question: ‘How often and how much do you exert yourself during leisure time in a 
usual week?’ Based on their answers, the participants were categorized into 1) 
Physically inactive and 2) Physically active.  

A research assistant coded the baseline occupations at a three-digit level using 
the Nordic Standard Classification of Occupations. For this study, we classified 
men’s and women’s occupations separately, because of their different occupation 
distribution (Table 5).  

Table 5. Occupational categories for men and women in Mobile Clinic Health 
Examination Survey 1973–1976. 

Occupation, men   Occupation, women    

White-collar occupations  White-collar occupations   

Agriculture and forestry  Nursing and related occupations   

Traffic and transport  Sales workers   

Construction industry  Agriculture and forestry   

Metal or machine work  Industry   

Other industrial work  Housewives   

Service sector and other related 

occupations 

 Service sector and other related 

occupations 

  

4.3.3 Mini-Finland Health Survey (Study III) 

Work-related determinants 

All the information on work-related determinants was obtained from questionnaire 
data. Work-related risk factors were elicited separately for present and long-term 
work. Working conditions were elicited by the following question: ‘Which of the 
following are (were) typical of your work: 1) Lifting or carrying heavy objects, 2) 
Stooped, twisted or otherwise awkward work postures, 3) Continuous or almost 
continuous standing, 4) Shaking of the whole body or use of vibrating equipment, 
5) Constantly repeated series of movements, 6) Working speed determined by a 
machine?’, to which the participants responded yes or no (Figure 5).  
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The physical strenuousness of work was classified as 1) Light sedentary work, 
2) Other sedentary work, 3) Physically light standing work, 4) Fairly light or 
medium-heavy work involving movement, 5) Heavy manual work, or 6) Very 
heavy manual work (Figure 6). We also formed a dichotomized variable for 
physical strenuousness of work: 1) Sedentary work handling fairly heavy 
objects/physically light work and 2) Heavy/very heavy work.  
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Fig. 5. Questionnaire on working conditions in Mini-Finland Health Survey 
(https://www.thl.fi/en/web/thlfi-en/research-and-expertwork/population-studies/finnish-
mobile-clinic/mini-finland-health-survey).  
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Fig. 6. Questionnaire (modified) on strenuousness of work in Mini-Finland Health 
Survey.   
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Other determinants 

Weight and standing height were measured during the baseline examination and 
BMI as a proxy for overweight and obesity were calculated as weight/height2 
(kg/m2). BMI was categorized as < 25 kg/m2, 25–29.9 kg/m2 and ≥ 30 kg/m2. For 
body height, we formed sex-specific tertiles: 1) 146–171 cm, 2) 172–177 cm, 3) 
178–194 cm for men, and 1) 117–159 cm, 2) 160–164 cm and 3) 165–180 cm for 
women. According to their smoking habits, participants were classified as 1) Never 
smoked, 2) Past smoker or 3) Current smoker.  Leisure-time physical activity was 
elicited by the question: ‘How much do you move about and how hard do you exert 
yourself physically in your leisure-time?’ The categories were: 1) Little physical 
exercise, 2) Irregular leisure-time physical activity and 3) Regular leisure-time 
physical activity.  

4.3.4 Meta-analysis (Study IV) 

Determinants 

Information on sex, age, occupation, education, physical workload, smoking, and 
leisure-time physical activity was collected in the home interviews of the Health 
2000 Survey, and in the other three studies using a self-administered questionnaire. 
Height and weight were measured in all the studies except the Helsinki Health 
Study, in which they were based on self-reported data. Waist and hip 
circumferences were only measured in the Young Finns Study and in the Health 
2000 Survey. Overweight was defined as waist circumference of 94–101.9 cm for 
men and 80–87.9 cm for women, and abdominal obesity as waist circumference of 
≥ 102 cm for men and ≥ 88.0 cm for women (National Institute for Health and 
Clinical Excellence, (NICE), 2006). LBP disorders were self-reported in three 
studies, and in the Health 2000 Survey, physicians made the diagnosis at baseline 
(Kaila-Kangas, 2007). Information on leisure-time physical activity was collected 
at baseline. 

A metabolic equivalent of task (MET) index (Ainsworth et al., 2011) was 
formed for the Young Finns Study and Helsinki Health Study. We used tertile 
distribution of physical activity to categorize the participants into 1) Low, 2) 
Moderate or 3) High level of leisure-time physical activity categories. In the Young 
Finns Study and Health 2000 Survey we also collected information on commuting 
to work by foot or bicycle.  
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4.4 Statistical analysis 

4.4.1 Oulu Back Study (I) 

We used the χ2 test and 95% confidence intervals (CI) to analyse sex differences in 
the prevalence of sciatic pain and impairment index. Independent sample t tests 
were used to estimate the correlation of the intensity of sciatic pain with the 
physician consultation and the need for pain medication. The associations between 
sciatic pain and the explanatory variables were analysed using multinomial logistic 
regression. Statistical analyses were performed using IBM SPSS Statistics software 
for Windows (version 19.0) and the statistical program R (R Project for Statistical 
Computing, Vienna, Austria).  

4.4.2 Mobile Clinic Health Examination Survey (II) 

Men and women were analysed separately, because of the differences in their 
occupations. We used logistic regression to analyse the cross-sectional associations 
between risk factors and the history of low back disorders at baseline. We also 
determined age-adjusted ORs and their 95% CIs. Cox’s proportional hazards 
models were used for investigating the associations between the risk factors and 
the incidence of sciatica, and adjusted HRs with 95% CIs were estimated separately 
for men and women. The interactions of various risk factors were investigated by 
entering their first-degree interaction terms into the full models. All analyses were 
performed using the SAS System for Windows (version 9.1, SAS Institute, Inc., 
Cary, NC, USA).   

4.4.3 Mini-Finland Health Survey (III) 

Cox proportional hazard regression models were used to investigate the 
associations between the various risk factors and the incidence of sciatica leading 
to hospitalization. During the follow-up, the participants were censored after they 
turned 65 or died. The analyses were adjusted for age and sex, and variables 
showing at least suggestive associations (P-value < 0.5) with the risk of sciatica 
were included in the full model. Hazard ratios (HRs) with 95% CIs were estimated 
and effect modification was studied by entering all the multiplicative first-degree 
interaction terms of the potential risk determinants into the full model. We used 
likelihood ratio statistics to analyse the statistical significance of the interactions 
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and associations. All analyses were performed using the SAS System for Windows, 
(version 9.4, SAS Institute, Inc., Cary, NC, USA). 

4.4.4 Meta-analysis (IV) 

Cox proportional hazards regression models were used in the analyses. In every 
study, the estimates were controlled for age, sex, smoking, overweight and obesity, 
leisure-time physical activity, occupation, exposure to workload factors, and LBP 
at baseline. The Helsinki Health Study and the Young Finns Study lacked statistical 
power for sex-specific analyses, so we did not conduct age-, or sex-specific 
analyses in every study. We used two-stage individual participant data for meta-
analysis (Burke, Ensor, & Riley, 2017), performed random-effects meta-analyses, 
and assessed the presence of heterogeneity by the I2 statistics (Higgins J, 2009). 
The analysis was performed using Stata, version 13 and SAS (version 9.4, SAS 
Institute, Inc., Cary, NC, USA). 
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5 Results 

5.1 Sciatic symptoms among adolescents (I) 

5.1.1 Prevalence and sciatic symptoms among adolescents 

Sciatic symptoms were common already in young adulthood. Sciatic pain was more 
common among women than among men, and women reported sciatic pain at every 
time point more often than men (Table 6). The lifetime prevalence of sciatic pain 
was 7.2% among women, and 3.4% among men. Women used pain medication for 
sciatic pain more often than men (P= 0.003). In addition, women consulted 
physicians due to sciatic pain more often than men, although the difference was not 
statistically significant. The intensity of sciatic pain correlated with the use of pain 
medication and the need for physician consultation due to sciatic pain. The intensity 
was higher among the participants needing pain medication or physician 
consultations (Figure 7,8). The impairment index of sciatic pain was higher among 
women and the index was higher among those who had needed pain medication or 
physician consultations due to their sciatic pain (Figure 9, 10).  

Table 6. Period prevalence of sciatic pain, prevalence of long-term sciatic pain, and 
need for pain medication and physician consultations because of sciatic pain. 

Prevalence  Males, %, (95% CI)  Females, %(95%CI) P 

Lifetime 3.4 (2.3-4.6)  7.2 (5.7-8.8) < 0.001 

Past 12 months 3.0 (1.9-4.1)  6.5 (5.0-8.0) < 0.001 

Past month 1.1 (0.4-1.8)  2.7 (1.8-3.7) 0.011 

Past week  0.4 (0.0.-0.9)  1.1 (0.5-1.8) 0.107 

Today  0.2 (0.0-0.5)  0.7 (0.2-1.2) 0.155 

Long-term sciatic pain 0.4 (0.0-0.9)  0.6 (0.1-1.0) 0.709 

Need for pain medication 0.9 (0.3-1.5)  2.7 (1.7-3.7) 0.003 

Physician consultation 0.6 (0.1-1.0)  1.2 (0.6-1.9) 0.122 
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Fig. 7. Proportion of adolescents using pain medication for sciatic pain according to 
pain intensity on a 10-point numerical rating scale. Printed with permission from LWW. 

 
 
 

Fig. 8. Proportion of adolescents needing to consult a physician for sciatic pain 
according to pain intensity on a 10-point numerical rating scale. Printed with permission 
from LWW.  
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Fig. 9. Proportion of adolescents using pain medication for sciatic pain according to 
number of physical limitations. Printed with permission from LWW. 

 
 

Fig. 10. Proportion of adolescents needing to consult a physician for sciatic pain 
according to number of physical limitations. Printed with permission from LWW. 

5.1.2 History of low back pain as a risk factor for sciatic pain 

History of LBP was associated with sciatic pain at the age of 18 (Table 7). Both 
reported LBP (OR 2.5, 95% CI 1.3-4.9) and LBP requiring a health care 
professional consultation (OR 3.8, 95% CI 1.2-11.9) were associated with mild 
sciatica at 18 years. In addition, LBP requiring a health care professional 
consultation was associated with later severe sciatica (OR 5.0, 95% CI 1.7-15.3).  
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5.1.3 Role of obesity, smoking, sedentary behaviour, leisure-time 
physical activity, physical workload, and sciatic pain  

Long-lasting sedentary behaviour outside school and working hours tended to 
associate with severe sciatica (sitting over 8 hours/day: OR 4.2, 95% CI 1.0-18.2, 
sitting for 5–7 hours/day: OR 3.6, 95% CI 0.8-16.0, Table 7). BMI, smoking and 
level of physical activity were not associated with sciatic pain (Table 7). Moreover, 
we found no significant association between physical workload and sciatic pain. 

Table 7. ORs and their 95% CIs from multinomial logistic regression analyses for sciatic 
pain according to sex, presence of LBP at 16 years, BMI, smoking, physical activity, 
sedentary behaviour, and physical workload. 

Characteristics N Mild sciatica*, 

OR (95% CI) 

N Severe sciatica**, 

OR (95% CI) 

Sex     

Men 19 1.00 8 1.00 

Women 36 1.48 (0.76-2.87) 33 3.87 (1.62-9.25) 

LBP at 16 years     

No 15 1.00 13 1.00 

Yes, but no need for health care visit 27 2.54 (1.31-4.90) 18 1.68 (0.80-3.54) 

Yes, and need for health care visit 4 3.77 (1.19-11.89) 5 5.02 (1.65-15.26) 

BMI 54 1.02 (0.92-1.12) 40 1.04 (0.94-1.16) 

Smoking (pack-years)     

Non-smoker 40 1.00 28 1.00 

Maximum 2 years 6 0.53 (0.20-1.40) 7 1.40 (0.58-3.41) 

≥ 2 years 8 0.89 (0.33-2.39) 6 1.09 (0.35-3.32) 

Physical activity     

4–7 times per week 10 1.00 9 1.00 

1–3 times per week 30 1.41 (0.63-3.14) 25 1.06 (0.47-2.42) 

2–3 times per month or less 14 1.67 (0.66-4.18) 7 0.36 (0.11-1.25) 

Sedentary behaviour     

0–4 hrs 12 1.00 2 1.00 

5–7 hrs 18 1.08 (0.46-2.54) 17 3.55 (0.79-16.03) 

≥ 8 hrs 25 0.78 (0.33-1.85) 22 4.15 (0.95-18.21) 

Physical workload     

Never worked 10 1.00 9 1.00 

Light workload 21 1.28 (0.52-3.13) 15 1.00 (0.37-2.70) 

Heavy workload 24 1.63 (0.67-3.97) 17 1.65 (0.62-4.34) 

*Reported sciatic pain during last year, but no need for physician consultation or pain medication 

**Reported sciatic pain during last year and need for physician consultation or pain medication 
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5.2 Occupation and other risk factors for sciatica leading to 
hospitalization (II) 

5.2.1 Baseline characteristics 

We analysed the association of risk factors for low back disorders at baseline. 
Among both men and women, back problems were associated with age and self-
rated health. Among men, physically heavy occupation seemed to associate with 
low back disorders (Table 8).  

5.2.2 Exclusion of participants with low back disorders 

After the exclusion of participants with baseline low back disorders, 363 men and 
339 women had cases of sciatica that occurred during 211 543 and 222 174 person-
years of follow-up, respectively. The median follow-up period for men was 35.7 
years (mean 30.0 years, ranging from 12 days to 39.1 years) and for women 35.9 
years (mean 32.8 years, ranging from 22 days to 39.1 years).  

5.2.3 Role of height, body mass index, smoking, general health, and 
leisure-time physical activity 

We found that tallness increased the risk of hospitalization due to sciatica, but only 
among women (Table 9). Overweight (BMI 25–29.9 kg/m2) individuals were at a 
higher risk of sciatica (HR 1.41, 95% CI 1.10-1.82), whereas obesity (BMI ≥ 30 
kg/m2) was not significantly associated with the risk of sciatica. Smoking ≥ 20 
cigarettes per day increased the risk of hospitalization for sciatica among women 
(HR 1.78, 95% CI 1.19-2.66). Among men, the risk of sciatica was significantly 
higher among the participants who smoked cigars or pipes or < 20 cigarettes per 
day (HR 1.39, 95% CI 1.05-1.84). Interestingly, leisure-time physical activity 
protected against hospitalization for sciatica among men, with borderline statistical 
significance (HR 0.74, 95% CI 0.55-1.00).  

Self-estimated health seemed to associate with the risk of hospitalization for 
sciatica. Men who estimated their general health as average (HR 1.37, 95% CI 1.03-
1.83) or poor/very poor (HR 2.00, 95% CI 1.32-3.03) were at a higher risk of 
sciatica than those with good self-assessment. Among women, the risk of sciatica 
was significantly higher for those who estimated their general health as quite good 
or poor (quite good: HR 1.49, 95% CI 1.10-2.00; average: HR 1.94, 95% CI 1.41-
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2.67; poor/very poor HR 1.75, 95% CI 1.02-2.98) than for those who rated it as 
good (Table 9). 

Table 8. Baseline characteristics and their cross-sectional associations with history of 
low back disorders. Mobile Clinic Health Examination Survey 1973–1976. 

Determinant Men  Women 

n N OR, 95% CI n N OR, 95% CI 

Age (years)        

20–29 107 2230 1.00  46 2066 1.00 

30–39 189 2018 2.05 (1.60-2.62)  147 1836 3.82 (2.73-5.35) 

40–49 366 2174 4.02 (3.21-5.03)  215 1803 5.95 (4.29-8.23) 

50–59 390 1677 6.01 (4.81-7.53)  306 1774 9.15 (6.67-12.57) 

Height        

Short 332 2017 1.00  348 3185 1.00 

Average 565 4520 0.95 (0.81-1.10)  337 3818 1.05 (0.89-1.24) 

Tall 155 1562 0.94 (0.76-1.17)  29 476 0.92 (0.61-1.37) 

BMI (kg/m2) 484 4372 1.00  323 4530 1.00 

< 25 475 3094 1.09 (0.95-1.26)  251 2069 1.14 (0.95-1.37) 

25–29.9 93 633 0.96 (0.75-1.22)  140 880 1.37 (1.09-1.73) 

30        

Self-rated health        

Good 50 2140 1.00  19 1782 1.00 

Quite good 196 2429 3.12 (2.27-4.30)  121 2582 3.90 (2.39-6.36) 

Average 441 2535 6.71 (4.94-9.12)  295 2297 10.39 (6.45-16.73) 

Poor or very poor 365 995 16.65 (12.03-23.05)  279 818 34.77 (21.25-56.90) 

Smoking        

Never smoked 246 2383 1.00  566 5464 1.00 

Ex-smoker 309 2162 1.08 (0.90-1.30)  50 647 1.00 (0.73-1.36) 

Pipe, cigars, or < 20 

cigarettes/day 

180 1316 1.28 (1.03-1.58)  73 1039 0.98 (0.75-1.27) 

< 20 cigarettes/day 317 2238 1.31 (1.09-1.57)  25 329 1.01 (0.66-1.55) 

Physical activity        

Low leisure-time activity 909 6649 1.00  650 6699 1.00 

High leisure-time activity 143 1450 0.83 (0.68-1.00)  64 780 0.91 (0.69-1.20) 

Occupation men        

White-collar occupations 130 1577 1.00     

Agriculture and forestry 283 1347 2.50 (1.99-3.14)     

Traffic and transport 65 596 1.40 (1.02-1.93)     

Construction industry 148 842 2.22 (1.72-2.88)     

Metal or machine work 31 189 2.13 (1.38-3.29)     

Other industrial work 337 2958 1.68 (1.35-2.08)     
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Determinant Men  Women 

n N OR, 95% CI n N OR, 95% CI 

Occupation women        

White-collar occupations     80 1428 1.00 

Nursing and related 

occupations 

    24 480 0.84 (0.52-1.35) 

Sales workers     41 683 0.96 (0.65-1.42) 

Agriculture and forestry     231 1273 2.31 (1.75-3.04) 

Industry     121 1195 1.67 (1.24-2.25) 

Housewives     77 739 1.43 (1.03-2.00) 

Service sector and other 

related occupations 

    140 1681 1.41 (1.06-1.89) 

5.2.4 Occupation and risk of sciatica 

Earlier studies have concluded that different occupations seem to associate with the 
risk of sciatica, but the results are controversial. We found that the risk of sciatica 
varied among different occupations. For men, the risk for sciatica was higher 
among metal, machine (HR 2.57, 95% CI 1.47-4.50) and other industrial workers 
(HR 1.44, 95% CI 1.06-1.95) than among white-collar occupations. For women the 
risk of sciatica was higher among those who worked as nurses or in related 
occupations (HR 1.81, 95% CI 1.18-2.78), sales workers (HR 1.56, 95% CI 1.05-
2.31) or as industrial workers (HR 1.46, 95% CI 1.03-2.08, Table 9). 
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5.2.5 Interactions between various risk factors 

We also studied the interactions between various risk factors for sciatica and found 
a few significant interactions.  

Among women, we found a significant interaction between BMI and 
occupation (P=0.009). The reference group was women with a BMI under 25 kg/m2 
working in white-collar occupations. Women with a BMI of 25–29.9 kg/m2 who 
worked in the following occupations: 1) white-collar occupations (HR 2.35, 95% 
CI 1.34-4.14), 2) sales work (HR 2.68, 95% CI 1.42-5.07), 3) nursing or related 
occupations (HR 3.97, 95% CI 1.96-8.02), 4) agriculture and forestry (HR 2.02, 95% 
CI 1.17-3.50), or 5) industry (HR 2.35, 95% CI 1.38-4.03) were at a higher risk of 
sciatica.  

Occupation and leisure-time physical activity carried a significant interaction 
among men (P=0.002). Leisure-time physical exercise reduced the risk of 
hospitalization due to sciatica, and this association was significantly stronger 
among men working in white-collar occupations (HR 0.38; 95% CI 0.18-0.88). The 
combination of no leisure-time physical activity and working in the metal or 
machine industry (HR 2.20; 95% CI 1.21-4.02) seemed deleterious, as the risk of 
sciatica was higher than among those who worked in white-collar occupations.  

We conducted the analyses with the full models by excluding the first 10 and 
20 years from the follow-up. The results remained mainly unchanged after the 
exclusion of the first 10 years, but after excluding the first 20 years, only 123 men 
and 132 women with sciatica remained. After the exclusion of the first 20 years, 
the strength of the associations was weaker and remained non-statistically 
significant. Nevertheless, the directions of most of the results remained unchanged.  

5.3 Work-related exposures associated with risk of sciatica (III) 

5.3.1 Baseline characteristics 

We investigated the risk factors of hospitalization due to sciatica both at baseline 
and after a 31–33-year follow-up period. At baseline, the results were adjusted for 
age and sex (Table 10). In the 40–49-year and 50–59-year age groups, the risk of 
sciatica for hospitalization was lower. Current smoking increased the risk of 
sciatica. 

Other sedentary work involving handling fairly heavy objects (HR 2.72, 95% 
CI 1.36-5.44) seemed to increase the risk of sciatica to a greater extent than in 
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physically light occupations. Physically light moving/standing work also predicted 
the development of sciatica (HR 1.78, 95% CI 1.06-3.02), whereas physically 
heavier work seemed to even protect against sciatica, although this association was 
not statistically significant. Lifting or carrying heavy objects at work (HR 1.47, 95% 
CI 1.02-2.10) or exposure to vibration at work (HR 1.66, 95% CI 1.03-2.67) was 
strongly associated with the risk of sciatica.  

We did not find sex, body height, BMI, leisure-time physical activity, awkward 
trunk postures, prolonged sitting or standing, constantly repeated series of 
movements, or paced work to associate with the risk of hospitalization for sciatica 
at baseline. 

Table 10. Baseline characteristics and their associations with incident sciatica. Mini-
Finland Health Survey, follow-up via Care Register for Health Care until 2011. 

Characteristic Sample Event HR, 95% CI P-value 

Age (years)     

30–39 1649 75 1.00  

40–49 1279 36 0.65 (0.43-0.96) < 0.00001 

50–59 963 9 0.23 (0.12-0.46)  

Sex     

Men 1900 65 1.00 0.13 

Women 1991 55 0.78 (0.55-1.12)  

Height tertiles (cm)     

117–159/146-171 1312 31 1.00  

160–164/172–177 1327 45 1.21 (0.76-1.92) 0.71 

165–180/178–194 1252 44 1.12 (0.70-1.79)  

BMI (kg/m2)     

< 25 2034 63 1.00  

25–29.9 1400 42 1.13 (0.76-1.68) 0.43 

≥ 30 457 15 1.47 (0.83-2.60)  

Smoking     

Never 2036 50 1.00  

Past 799 25 1.27 (0.77-2.08) 0.06 

Current 1056 45 1.67 (1.09-2.55)  

Leisure-time physical activity     

Little 1117 37 1.00  

Irregular 2022 57 0.82 (0.54-1.23) 0.63 

Regular 752 26 0.90 (0.54-1.48)  
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Characteristic Sample Event HR, 95% CI P-value 

Physical strenuousness of work     

Light sedentary 966 24 1.00  

Other sedentary 200 12 2.72 (1.36-5.44)  

Physically light 828 34 1.78 (1.06-3.02)  

Fairly light/medium-heavy 969 31 1.46 (0.86-2.50)  

Heavy 708 16 0.92 (0.49-1.75) 0.01 

Very heavy 220 3 0.57 (0.17-1.90)  

Lifting     

No 2316 62 1.00 0.04 

Yes 1575 58 1.47 (1.02-2.10)  

Awkward trunk postures     

No 2385 81 1.00 0.30 

Yes 1506 39 0.82 (0.56-1.20)  

Prolonged standing     

No 2252 69 1.00 0.97 

Yes 1639 51 1.01 (0.70-1.45)  

Prolonged sitting     

No  2597 73 1.00 0.40 

Yes 1294 47 1.17 (0.81-1.69)  

Vibration exposure     

No 3296 93 1.00 0.04 

Yes 595 27 1.66 (1.03-2.67)  

Constant movements     

No 3094 97 1.00 0.78 

Yes 797 23 0.94 (0.59-1.48)  

Paced work     

No  3609 112 1.00 0.75 

Yes 282 8 0.89 (0.44-1.83)  

5.3.2 Work-related risk factors for sciatica 

To assess the risk factors for sciatica over the follow-up period, we formed a 
multivariate model (Table 11). We found that current smoking increased the risk of 
hospitalization for sciatica (HR 1.52, 95% CI 0.99-2.32). Frequent lifting or 
carrying heavy objects at work increased the risk of sciatica (HR 2.18, 95% CI 
1.41-3.37). We also found that sedentary work that included handling fairly heavy 
objects/physically light work increased the risk of hospitalization for sciatica (HR 
1.57, 95% CI 1.05-2.34), whereas heavy/very heavy work decreased the risk of 
sciatica (HR 0.49, 95% CI 0.26-0.89). Other work-related exposures: prolonged 
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sitting, vibration exposure or awkward trunk posture did not associate with sciatica 
(Table 11).  

5.3.3 Risk factors’ modification of each other’s effects 

We also studied how the risk factors modified each other’s effects. One significant 
interaction emerged. We found an interaction between BMI and exposure to 
vibration at work (P=0.07, Table 12). Overweight (BMI 25–29.9 kg/m2) and obese 
(BMI ≥ 30 kg/m2) participants exposed to vibration in their work tasks were at a 
higher risk of sciatica. We found no other effect modification.  

Table 11. Full model HRs and their 95% CIs of incident sciatica. Mini-Finland Health 
Survey 1978–1980, follow-up via Care Register for Health Care until 2011.  

Characteristic HR 95% CI 

Age 0.59 0.47-0.73 

Sex, women vs. men 0.88 0.57-1.36 

BMI (Ref group: never)   

25–29.9 1.15 0.77-1.72 

≥ 30 1.42 0.80-2.53 

Smoking (Ref group: never)   

Past  1.20 0.73-1.98 

Current 1.52 0.99-2.32 

Sedentary work involving handling fairly heavy 

objects/physically light work 

1.57 1.05-2.34 

Heavy/very heavy work 0.49 0.26-0.89 

Lifting 2.18 1.41-3.37 

Awkward trunk postures 0.68 0.44-1.04 

Prolonged sitting 1.14 0.76-1.71 

Exposure to whole-body vibration 1.65 0.98-2.77 
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Table 12. Joint effect of body mass index and exposure to whole-body vibration at work 
on risk of hospitalization for sciatica. HRs with 95% CIs are adjusted for age, sex, height, 
smoking, leisure-time physical activity, physical strenuousness of work, lifting, 
awkward trunk postures, prolonged standing, prolonged sitting, constantly repeated 
series of movements, and paced work.  

Exposure to 

vibration 

Body mass 

index (kg/m2) 

Sample Event HR 95% CI 

No < 25 1779 56 1.00  

Yes < 25 255 7 0.89 0.38-2.08 

No 25–29.9 1146 29 0.99 0.62-1.56 

Yes 25–29.9 254 13 2.01 1.00-4.01 

No ≥ 30 371 8 0.96 0.45-2.03 

Yes ≥ 30 86 7 3.61 1.51-8.64 

5.4 Lifestyle risk factors (IV) 

5.4.1 Cohorts 

The individual participant data meta-analysis consisted of 34 589 participants and 
1259 events. The size of the study populations ranged from 2545 to 19 343 
participants, and the mean follow-up time ranged between 12 and 30 years. The 
incidence of hospitalization due to sciatica varied between 0.9% and 4.7% (Table 
13).  

5.4.2 Results of meta-analysis 

Our results suggest that overweight and obesity defined by BMI or waist 
circumference increase the risk of sciatica (Table 14). The results were controlled 
for age, education, sex, smoking, occupation, leisure-time physical activity, and 
LBP at baseline. Current smoking at baseline also increased the risk of sciatica by 
33% (95% CI 13%-56%) (Table 14).  

We found that commuting to work by foot or bicycle decreased the risk of 
hospitalization due to sciatica by 33% (95% CI 4%-53%) (Table 14). This 
protective effect was independent of body weight and other leisure-time physical 
activity. However, other leisure-time physical activity was not associated with 
sciatica among participants of normal weight or those who were overweight or 
obese (Table 15).  
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Table 13. Data on the characteristics of individual participants. 

Characteristic Health  

2000 

Mobile Clinic 

Survey 

Helsinki Health 

Study 

Young Finns  

Study 

Sample 6413 19343 6288 2545 

Events 260 901 57 41 

Mean follow-up time 11.6 30.0 12.5 13.8 

Age at baseline, range 30–99 20–92 40–60 24–39 

Female % 53 49 78 55 

Overweight % 41 35 34 31 

Obesity % 22 12 15 12 

Ever smoked % 49 47 47 42 

Low level of leisure-time activity % 28 26 34 26 

High level of leisure-time activity % 17 12 34 42 

Hospitalization for sciatica % 4.2 4.7 0.9 1.6 

Table 14. Effects of lifestyle risk factors on hospitalization for sciatica. Meta-analysis of 
four prospective cohort studies. 

Characteristic n Event HR 95% CI I2, % 

Body mass index      

Normal 17 135 619 1   

Overweight or obesity 17 110 635 1.19 1.01-1.41 0 

Overweight 10 012 458 1.31 1.14-1.49 0 

Obesity 4028 151 1.27 0.92-1.74 41 

Obesity* 4028 122 1.36 1.07-1.74 0 

Waist circumference      

Normal 3334 92 1   

Overweight or obesity 4801 193 1.34 1.01-1.77 0 

Overweight 1987 73 1.16 0.84-1.62 0 

Obesity 2814 120 1.41 1.03-1.93 0 

Smoking      

Never 18 435 585 1   

Ever 15 746 658 1.20 1.08-1.34 0 

Past 6340 234 1.11 0.94-1.31 0 

Current 8333 403 1.33 1.13-1.56 10 

Leisure-time activity      

Low 9682 320 1   

Moderate 18 098 749 1.12 0.87-1.44 45 

High 6669 189 0.96 0.76-1.21 20 

Walking or cycling to work      

No  6649 240 1   

Yes 1651 47 0.67 0.47-0.96 0 

*Limiting the follow-up time to < 14 years in the Mobile Clinic Survey 
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Table 15. Effect of leisure-time physical activity on hospitalization for sciatica among 
normal weight and overweight/obese participants. Meta-analysis of four prospective 
cohort studies. 

Leisure-time physical 
activity 

Normal Overweight or obese 
n Event HR 95% CI I2, % n Event HR 95% CI I2, % 

Overweight and obesity 

defined by BMI 

          

Leisure-time activity           

low 4203 143 1   5346 176 1   

moderate 9053 373 1.14 0.79-1.65 30 8938 372 1.05 0.87-1.26 0 

high 3776 103 1.21 0.66-2.20 65 2756 84 0.88 0.67-1.14 0 

Walking or cycling to 

work 

          

No 2609 76 1   3796 161 1   

Yes 816 22 0.81 0.49-1.34 0 757 23 0.60 0.38-0.96 0 

Overweight and obesity 

defined by waist 

circumference 

          

Leisure-time activity           

Low 725 18 1   1432 53 1   

Moderate 1476 41 0.96 0.55-1.68 0 2445 111 1.05 0.52-2.10 40 

High 1045 33 1.50 0.91-2.48 0 849 26 0.42 0.06-3.10 75 

Walking or cycling to work           

No 2400 73 1   3782 157 1   

Yes 782 15 0.55 0.31-0.98 0 765 29 0.77 0.51-1.17 0 
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6 Discussion 
Sciatica is a common musculoskeletal disorder and affects approximately 5% of 
the population. Most earlier studies of the role of lifestyle and occupational risk 
factors on sciatica have used cross-sectional or case-control study designs, and only 
a few prospective cohort studies exist.  

6.1 Sciatic pain among adolescents (I)  

Sciatic symptoms, their prevalence and the environmental risk factors for sciatica 
have usually been investigated among adults, and although some earlier studies 
have included adolescents in their study populations, they have not strictly analysed 
the associations among adolescents (Grovle et al., 2010; Younes et al., 2006). The 
findings of the OBS study (I) showed that sciatic pain was already common in 
young adulthood, showing a life-time prevalence of 3.4% among men and 7.2% 
among women.  

We found that women reported sciatic pain and used pain medication for sciatic 
pain more often than men. However, earlier studies have shown that male gender 
increases the risk of sciatica (Kaila-Kangas et al., 2009; Mattila et al., 2008; 
Rivinoja et al., 2011). The OBS study was based on self-reported data on sciatic 
symptoms and this may explain the discrepancy between our results and earlier 
studies in terms of gender. Women are more likely to report pain and symptoms 
than men, and they have lower pain thresholds and a better ability to discriminate 
pain (Berkley, 1997; Riley, Robinson, Wise, Myers, & Fillingim, 1998).  

Disc degeneration is thought to be one pre-existing step in the formation of 
lumbar disc herniation. It is believed that LBP is a multiple condition, which may 
also precede sciatic symptoms and later develop into sciatica (Adams & Hutton, 
1982; Sizer, Matthijs, & Phelps, 2000). There is also evidence that earlier LBP may 
be associated with sciatica (Kaaria et al., 2011; Leclerc et al., 2003; Younes et al., 
2006).  

Individual and physical factors such as smoking, obesity, leisure-time physical 
activity and physical workload were not associated with sciatic pain in the OBS 
study. One explanation for this may be the participants’ short exposure history to 
the individual and physical factors in this study. For example, smoking history was 
short among adolescents, and the role of smoking in sciatica may strengthen with 
age. The outcome of the OBS study was sciatic pain, which is a slighter condition 
than, for example, hospitalization for sciatica. This may be another explanation.  
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6.2 Lifestyle-related risk factors for sciatica (I, II, III, IV) 

According to the literature, many lifestyle risk factors associated with sciatica have 
been found. Evidence is strong for smoking and obesity, whereas the results 
concerning leisure-time physical activity are controversial. We wanted to assess 
whether these suggested risk factors of sciatica predicted sciatic pain in our study 
populations.  

6.2.1 Overweight/obesity and sciatica 

Obesity has been known to associate with the risk of sciatica (Frilander et al., 2015; 
Heliovaara, 1987a; Wahlstrom et al., 2012) and a meta-analysis (Shiri, Lallukka, 
Karppinen, & Viikari-Juntura, 2014) found that overweight increased the risk of 
clinically verified sciatica by 12% and the risk of hospitalization for sciatica by 
16%. For obesity, these rates were 31% and 38%, respectively. The results of the 
present study are in line with those of this meta-analysis. This thesis found that 
overweight increased the risk of sciatica leading to hospitalization in the Mobile 
Clinic Health Examination Survey (II), and the meta-analysis (IV) found that 
obesity increased the risk of hospitalization due to sciatica by 41%. Studies I and 
III found no significant association between sciatica and overweight/obesity. The 
lack of association in the former study (I) may be due to the young age of the cohort 
members. In the latter (III), it may be due to the long follow-up interval. During the 
follow-up, the participants’ weight may have changed, some may have lost weight, 
and others may have gained weight. In addition, in the Mini-Finland Health Survey 
(III) the non-working population was excluded from the study population and we 
can hypothesize that unemployed individuals may be more likely to be more 
overweight or obese than working individuals. 

6.2.2 Smoking and sciatica 

According to earlier studies, smoking and sciatica have consistently shown to be 
related (Heliovaara et al., 1987; Kaaria et al., 2011; Kelsey, 1975a; Kelsey et al., 
1984a; Mundt et al., 1993; Shiri & Falah-Hassani, 2016a). In this thesis, we 
analysed how smoking affects the risk of sciatica (I, II, III, IV). The OBS study (I) 
found no association between smoking and sciatic pain, which may be due to the 
short exposure time in this study population, as discussed in Section 6.1. The other 
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studies (II, III, IV) found that smoking increased the risk of sciatica leading to 
hospitalization.  

6.2.3 Leisure-time physical activity 

Some earlier studies have concluded that leisure-time physical activity is not related 
to sciatica (Miranda et al., 2002; Rivinoja et al., 2011) whereas others have shown 
that high leisure-time physical activity increases the risk of lumbar radicular pain 
(Shiri et al., 2007). The meta-analysis (IV) showed that leisure-time physical 
activity protects against lumbar radicular pain (Shiri, Falah-Hassani, Viikari-
Juntura, & Coggon, 2016b). In the Mobile Clinic Health Examination Survey (II), 
leisure-time physical activity protected against sciatica, but only among men and 
with borderline statistical significance. In the meta-analysis (IV), walking or 
cycling to work reduced the risk of hospitalization for sciatica, whereas other 
leisure-time physical activities did not associate with hospitalization for sciatica. 
The other studies (I, III) of this thesis found no association between sciatic 
pain/sciatica and leisure-time physical activity.  

Walking and cycling to work are low-level activities that do not strain the low 
back, whereas moderate or high leisure-time time physical activities can strain the 
lower back and thus damage spinal structures (Purcell & Micheli, 2009). Walking 
and cycling to work may also indicate more stable physically active behaviour. 

The studies of this thesis did not objectively measure physical activity at 
baseline. In the original studies of this thesis, the amount of leisure-time physical 
activity was based on self-reported data and different questions were used to assess 
the level of leisure-time physical activity. This may have affected the results of this 
thesis.  

6.3 General health and sciatica 

Earlier studies have found that psychosocial factors associate with sciatica. In the 
Mobile Clinic Health Examination Survey, self-rated health predicted the risk of 
sciatica leading to hospitalization, whereas the other studies of this thesis (I, III, IV) 
did not evaluate the association between psychosocial factors and sciatic 
pain/sciatica.  In the Mobile Clinic Health Examination Survey (II), men who 
estimated their general health as average or poor were at a higher risk of sciatica, 
and women who estimated their general health as only quite good were at a 
significantly higher risk of sciatica. Sciatica often tends to lead to work disability 
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and physical impairment and can thus easily influence an individual’s view of their 
health. Earlier studies have shown that self-reported health, assessed using a single-
item question, effectively predicted future health problems (Idler, Russell, & Davis, 
2000; Weinberger et al., 1986) and mortality among older and younger participants 
(Grant, Piotrowski, & Chappell, 1995; Helmer, Barberger-Gateau, Letenneur, & 
Dartigues, 1999; Idler, Kasl, & Lemke, 1990; Jylha, Guralnik, Ferrucci, Jokela, & 
Heikkinen, 1998; Mossey & Shapiro, 1982).  

6.4 Occupational factors  

6.4.1 Occupation 

The Mobile Clinic Health Examination Survey (II) found that occupation 
associated strongly with sciatica. Among men, a physically strenuous occupation 
predicted an increased risk of hospitalization for sciatica, and women working in 
care, sales work or industry was also at a higher risk of sciatica. Earlier studies have 
found that nurses and related medical workers are also at a higher risk of sciatica 
(Heliovaara, 1987b; Videman et al., 1984). The results of this thesis are thus in line 
with their findings.  
The Mobile Clinic Health Examination Survey (II) showed that occupation 
significantly modified the effect of leisure-time physical activity. Low leisure-time 
physical activity and working in the metal or machine industry seemed extremely 
deleterious. On the other hand, the combination of high leisure-time physical 
activity and working in white-collar occupations protected against sciatica. This 
study (II) also found that overweight was a risk factor for sciatica among women, 
and that occupation substantially modified these associations.  

6.4.2 Work-related exposures 

The Mini-Finland Health Survey (III) investigated the role of work-related factors 
in the risk of hospitalization for sciatica. Lifting or carrying heavy objects and 
exposure to vibration in either one’s current occupation or in the occupation of 
longest duration increased the risk of sciatica. This study found no significant 
interaction between awkward trunk posture, prolonged standing or sitting, 
constantly repeated series of movements, or paced work and incident sciatica.  
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Sedentary work involving handling fairly heavy objects/physically light work 
seemed to increase the risk of sciatica, whereas heavy/very heavy work reduced the 
risk. Individuals in physically poorer condition may seek lighter work tasks and 
this may be one explanation for the increased risk in these work tasks. Individuals 
working in physically heavy occupations are usually in better physical condition 
and thus presumably have better muscle strength and movement control of the spine 
and trunk. The ‘healthy worker effect’ may also have affected the results, because 
individuals with back disorders may seek lighter work tasks (Li & Sung, 1999).  

Earlier studies have suggested that vibration may be a significant co-exposure, 
and individuals exposed to vibration while sitting in their work tasks were at an 
increased risk of sciatica (Kelsey et al., 1984a). In the Mini-Finland Survey (III), 
overweight or obese participants with vibration exposure at work were at a higher 
risk of sciatica. The deleterious effect of vibration on the intervertebral discs may 
be worse among overweight and obese individuals.  

6.5 Strengths and limitations 

The OBS study (I) was a questionnaire-based study and the phenotype of sciatica 
was based on self-reported data, which is a limitation. Even though the term sciatica 
was accurately defined in the questionnaire, some respondents may still have 
misunderstood the definition. Therefore, some participants may not have had true 
sciatica. We categorized the outcome variable into three categories: 1) No sciatic 
pain, 2) Mild sciatica (reported sciatic pain during the last year, but no need for 
pain medication or physician consultation) and 3) Severe sciatica (reported sciatic 
pain during the last year and need for pain medication or physician consultation). 
Therefore, the results concerning severe sciatica in this study are probably the most 
reliable for assessing sciatic symptoms, as it is probably closest to the clinically 
verified disease. The impairment index and intensity of sciatic pain being higher 
among adolescents needing pain medication or physician consultation because of 
their sciatic pain also supports this assumption. Recall bias must always be 
considered in questionnaire-based studies. In the OBS study, the longest recall 
interval was only one year, so we expected recall bias to be quite small. In addition, 
it has been shown that the consistency of self-reported episodes of back pain is 
quite good in a 12-month interval (Biering-Sorensen & Hilden, 1984). As the study 
outcome was self-reported sciatic pain, the results are not fully comparable to the 
other studies of this thesis, the outcomes of which was hospitalization for sciatica 
(II, III, IV). 
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The strength of the studies (I, II, III, IV) of this thesis is that they were all based 
on a large population-based birth cohort or national surveys, which means that their 
results are generalizable to Finnish adolescents (I) or adults (II, III, IV). The 
representativeness of the OBS sub-cohort (I) was good in comparison to the 
original NFBC1986 cohort (Paananen, 2011). In addition, the outcome of most of 
the studies (II, III, IV) of this thesis were based on international ICD-codes, and 
the data on hospitalizations were collected from the Care Register for Health Care, 
which is known to be a reliable and accurate source of excellent quality (Sund, 
2012) and covers all Finnish hospitals. On the other hand, the coverage of the Care 
Register for Health Care has only improved in recent years to above 95%; earlier it 
was only above 80% (Sund, 2012). 

The long follow-up interval is one limitation of the studies in this thesis (II, III, 
IV). Referral and admission to hospital have probably varied over the decades and 
may therefore have affected the results. The outcome was defined as sciatica 
leading to hospitalization. This is a limitation because not every patient suffering 
from sciatica is hospitalized.  

In the meta-analysis of this thesis (IV), one limitation is that none of the 
original studies objectively measured physical activity at baseline. Another 
limitation is that two original studies evaluated the level of physical activity and 
measured height and weight at only one timepoint. Some participants may have lost 
or gained weight and may have changed their physical activity levels during the 
long follow-up.  
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7 Conclusions 
The aim of this thesis was to investigate behavioural and work-related risk factors 
for sciatica. The results of the thesis strengthen the evidence that smoking, 
overweight, physical strenuousness of occupation, and more specific work-related 
exposures such as whole-body vibration and carrying or lifting heavy objects are 
risk factors for sciatica.  

To the author’s knowledge, previous studies have not focused on risk factors 
for sciatica among adolescents. This thesis concludes that sciatic symptoms are 
already prevalent among adolescents and that earlier, LBP was closely associated 
with sciatic pain. Long sedentary behaviour outside school and working hours also 
tended to associate with adolescents’ sciatic pain.  

Novel information emerged on the work-related risk factors for sciatica. 
Walking or cycling to work predicted a reduced risk of sciatica leading to 
hospitalization. Low leisure-time physical activity among those working in the 
metal or machine industry seemed deleterious, and among men, the combination of 
high leisure-time physical activity and working in white-collar occupations seemed 
to provide protection against sciatica. This thesis also suggests a synergistic 
interaction between BMI and vibration: obese individuals exposed to whole-body 
vibration at work were at a high risk of sciatica. If replicated, these findings may 
lead to preventive applications in intervention trials and occupational health care, 
aiming to reduce the risk of sciatica by paying attention to work-related factors 
among individuals who are already at an elevated risk.  

Sciatica is a multifactorial syndrome. Its aetiology remains obscure and 
requires further research. Earlier studies have mostly investigated the risk factors 
for sciatica in cross-sectional or case-control designs, and only a few prospective 
studies exist. The assessment of the risk factors for sciatica should be performed in 
a prospective design with sufficiently long follow-up, because the pathogenesis of 
sciatica is often slow. The findings of this thesis suggest that as risk factors for 
sciatica are complex and may modify each other’s effects, future research should 
focus on the interactions of these various risk factors.  
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