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Abstract
Background  Lumbar disc herniation (LDH) with radiculopathy is associated with greater pain, disability, healthcare use, 
and costs compared with nonspecific low back pain. Reliable information about its incidence and risk factors were lacking.
Questions  (1) What is the incidence of lumbar disc herniation (LDH) with radiculopathy in adults? (2) What are the risk 
factors for LDH with radiculopathy in adults?
Methods  Systematic review. We searched five electronic databases from 1970 to September 2023. Eligible cohort and case–
control studies were identified and independently assessed for risk of bias. A qualitative best evidence synthesis of low and 
moderate risk of bias studies was conducted.
Results  We critically reviewed 87 studies and synthesised data from 59 (68%) studies; 12 were of low and 47 of moderate 
risk of bias. The lower and upper bound limits of the 95% CIs of annual incidence estimates ranged from 0.3 to 2.7 per 1000 
persons for surgical case definitions, from 0.04 to 1.5 per 1,000 persons for hospital-based case definitions, and from 0.1 to 
298.3 per 1,000 persons for clinical case definitions. Factors associated with the development of LDH with radiculopathy 
included middle-age (30–50 years), smoking, higher BMI, presence of cardiovascular risk factors (in women), and greater 
cumulative occupational lumbar load by forward bending postures and manual materials handling, with effect sizes ranging 
from ranging from 1.1 (1.0–1.3) to 3.7 (2.3–6.0).
Conclusions  Incidence of LDH varies in different populations and according to case definition. Risk factors include indi-
vidual, behavioural, and work-related variables. Our findings support the need to develop standardised case definitions that 
validly classify the clinical spectrum of LDH and for future low risk of bias studies examining causal relationships for LDH 
with radiculopathy in adults.
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Introduction

Low back pain is the leading cause of disability globally 
and associated with a large burden on persons, healthcare 
systems, and society [1]. Radiculopathy due to lumbar disc 

herniation (LDH) is one of the most recognizable disorders 
of the low back. The diagnosis is typically based on a com-
bination of symptoms and signs suggesting lumbar spinal 
nerve root compression or irritation, such as radicular pain 
with nerve root tension signs, neurologic deficits, and imag-
ing findings that correlate with the clinical syndrome [2, 3]. 
LDH, defined as the localised displacement of disc material 
beyond the margins of the intervertebral disc space [4], is the 
most common cause of lumbosacral radiculopathy [5]. Com-
pared with nonspecific low back pain without radiculopathy, 
LDH with radiculopathy is typically associated with greater 
pain, disability, healthcare use, and intervention [6–9].

Previous studies of symptomatic LDH have reported a 
point prevalence of about 5% in adults 30 years of age and 
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older [10, 11], varying by sex and age. In people aged 25 to 
55 years, 95% of symptomatic herniated discs occur at the 
lower lumbar spine (L4-L5 and L5-S1 levels) [12]. However, 
little is known about the incidence of LDH with radiculopa-
thy, and consequently, risk factors are not well understood. 
Our aim was to synthesise the evidence on the incidence of 
and risk factors for LDH with radiculopathy in adults. To 
the best of our knowledge, no recent systematic review has 
focused on synthesising the best available evidence on the 
incidence and risk factors of LDH with radiculopathy.

Therefore, the specific research questions for this system-
atic review were:

1.	 What is the incidence of lumbar disc herniation (LDH) 
with radiculopathy in adults?

2.	 What are the risk factors for LDH with radiculopathy in 
adults?

Methods

Our review was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 statement [13]. Details of our protocol were 
registered in the international prospective register of sys-
tematic reviews (PROSPERO No. CRD42011001197) [14]. 
This review was initially conducted in partial fulfilment of 
a doctoral dissertation in epidemiology as an unpublished 
manuscript [15], which we updated to September 2023.

Data sources and search strategy

We systematically searched Medline, Embase, Cochrane 
Central Trials Registry, Cochrane Database of Systematic 
Reviews, and Database of Abstracts Related to Effects; ini-
tially from 1970 to March 2016. In February 2022, we con-
ducted an update and identified records published between 
April 2016 and January 2022. We ran a final search update to 
21 September 2023. Search strategies combined terms from 
three key concepts: intervertebral disc herniation, lumbar 
spine, and etiology, and were developed in consultation with 
an experienced information specialist (Appendix 1 in Online 
Supplementary Material). The reference lists of all eligible 
studies were also searched for additional relevant studies.

Eligibility criteria

Eligible were studies published in English, French, or 
Spanish that used cohort, case–control, or randomised trial 
(only potentially eligible for risk factor evidence) designs 
to examine the incidence of and/or risk factors for LDH 
with radiculopathy in adults (aged 18 years or older). We 
excluded studies of asymptomatic LDH, or LDH due to 

neoplasm, infection, fracture, dislocation, or spinal cord 
injury. Narrative reviews, case reports or series, cross-
sectional, cadaveric, animal studies, or studies where the 
majority of the population was < 18 years of age were also 
excluded.

In consultation with clinical experts, we defined LDH 
with radiculopathy as lumbar or lumbosacral radiculopathy, 
sciatica, and/or clinically relevant neurologic deficit, with or 
without advanced imaging (i.e., MRI or CT) confirmation of 
disc herniation. We conceptualised and applied three types 
of case definitions for LDH with radiculopathy. A surgical 
case definition was used for study populations that had sur-
gical intervention for LDH with radiculopathy. A hospital-
based case definition applied when study participants sought 
medical care for LDH in a hospital setting without surgical 
intervention. A clinical case definition of LDH with radicu-
lopathy was used to describe study populations identified 
or selected based on relevant clinical signs and symptoms 
of LDH with radiculopathy in primary care or community-
based settings.

Study selection

A three-phase screening process was used to identify eli-
gible studies for our review. In the first-phase title/abstract 
screen, one of two reviewers (CAH/DK) rated all records as 
relevant, irrelevant, or of uncertain relevance. In the second-
phase title/abstract screen of those records rated relevant or 
uncertain from the first-phase, six reviewers (CAH, JDC, 
PC, DK, LH, AK) independently identified potentially eli-
gible reports to be retrieved for full-text screening. In the 
third-phase full-text screening, potentially eligible reports 
were deemed either eligible or ineligible by two independent 
reviewers (CAH, DK, JDC, PC). When necessary, discrepan-
cies were resolved by consensus. Reasons for exclusions of 
full texts and references to the excluded reports are available 
in Appendix 2 (Online Supplementary Material).

Risk of bias assessment

We assessed eligible reports for risk of bias in teams of two 
independent reviewers (CAH, DK, JDC, PC, ARJ, YRR, EB, 
JH, LH, AK) using checklists (cohort, case–control, and con-
trolled trials) based on criteria recommended by the Scottish 
Intercollegiate Guidelines Network (SIGN) [16]. Reviewers 
summarised judgments to assess overall study-level risk of 
bias as low, moderate, or high for all studies. When further 
information was required from original authors, up to three 
attempts were made to contact them by email. We used con-
sensus and arbitration by a third reviewer, when necessary, 
to resolve discrepancies.
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Data extraction, analysis, and synthesis

One reviewer (CAH/DK) extracted (verified by a second 
reviewer [DK/CAH]) the following data from eligible studies: 
study and population characteristics, case definitions and study 
outcomes, risk factors considered, and estimates of incidence 
and risk. Any discrepancies were resolved by consensus or 
with a third reviewer when necessary.

Based on the principle of best evidence synthesis [17], 
we conceptualised low and moderate risk of bias studies as 
admissible and the focus of our qualitative synthesis giving 
more weight to low risk of bias studies, but also tabled high 
risk of bias studies to report their findings. In best evidence 
synthesis, low and moderate risk of bias studies—deemed to 
be less susceptible to biased findings based on methodological 
adequacy—are given more weight than studies judged to be 
high risk of bias [18, 19]

Risk factor evidence was prioritised using the framework 
described by Côté et al. [20] Phase I studies (exploratory) are 
hypothesis generating and describe crude associations without 
considering confounding. Phase II studies (exploratory) focus 
on sets of risk factors or examine which risk factors are associ-
ated with the development of LDH with radiculopathy with-
out an explicit attempt to assess and control for confounding. 
Phase III studies (confirmatory) are investigations of explicit 
hypotheses that allow for the quantification of the strength, 
direction, and independence of a proposed causal relation-
ship between a risk factor and the development of LDH with 
radiculopathy. We combined studies with different research 
questions examining the same source population. If phases of 
evidence varied, we tabled them as mixed (Phase I/II or Phase 
II/III). Phase III studies are considered the strongest evidence 
for risk factors, followed by phase II, and then phase I studies, 
which are considered more preliminary evidence.

We searched for all risk factors in any domain, such as soci-
odemographic, health conditions, health behaviours, personal 
physical and psychosocial, and occupational physical and psy-
chosocial risk factors.

We reported annual incidence estimates (cohort stud-
ies only) and risk factor effect estimates (only cohort and 
case–control studies, as no randomised trials were included) 
with 95% confidence intervals (CIs) as reported in original 
studies or calculated from raw data presented in original stud-
ies. Risk factor effect estimates were reported as odds ratio 
(OR), risk ratio (RR), or hazard rate ratio (HR), as appropriate. 
When needed, we computed these statistics in R [21] using 
standard methods [22].

Results

Literature search and study selection

Our search yielded 17,729 unique citations, of which 263 
studies underwent full-text screening. 87 studies (repre-
sented by 113 reports) met our eligibility criteria and were 
critically appraised. Of these, we rated 59 studies (68%) as 
admissible (low or moderate risk of bias) for our best evi-
dence synthesis, and 28 studies (32%) as inadmissible due 
to high risk of bias (Fig. 1).

Study characteristics

Table 1 provides a quantitative summary of the 87 eligi-
ble studies, while Table 2 details their summary charac-
teristics. Overall, 12 studies (14%) were rated low risk of 
bias; 47 studies (54%) moderate risk of bias; and 28 stud-
ies (32%) high risk of bias. The most common sources of 
bias included poor or inadequate description of sampling 
methods, exposure measurement, and confounding consid-
eration (see Appendix 3 in Online Supplementary Material 
for summary risk of bias ratings). The 59 admissible stud-
ies consisted of 31 cohort studies and 28 case–control stud-
ies. Appendix 4 (Online Supplementary Material) provides 
full descriptions of the 31 admissible studies that reported 
on incidence [23–58]. Appendix 5 (Online Supplementary 
Material) details the 54 admissible studies that reported on 
risk factors [23–25, 27–32, 34–45, 47–56, 58–104]. Appen-
dices 6 and 7 (Online Supplementary Material) characterise 
the 28 high risk of bias studies deemed inadmissible.

What is the incidence of lumbar disc herniation (LDH) 
with radiculopathy in adults?

We accepted 31 cohort studies on the incidence of LDH 
with radiculopathy in adults (summarised in Tables 1 and 
2, and fully detailed in Appendix 4 [Online Supplementary 
Material]).

The incidence of LDH with radiculopathy varied by 
source population and case definition. Among nine general 
population studies using a surgical or hospital-based case 
definition [23–27, 30, 33, 47, 51, 57, 58], the annual inci-
dence ranged from 0.2 to 2.5 per 1,000 persons, whereas 
one study with a clinical case definition reported an annual 
incidence of 13.4 per 1,000 persons [49]. In seven studies 
investigating occupational populations using a case defini-
tion based on surgery or hospitalisation, the annual inci-
dence of LDH with radiculopathy ranged between 0.04 and 
2.5 per 1,000 persons [35, 38, 39, 43, 45, 48, 52, 54]. One 
study from Finland found a higher incidence density of 7.8 
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per 1,000 person-years of hospitalised LDH in male military 
conscripts performing compulsory service between 1990 
and 2002 [32].

Studies using clinical signs and symptoms as the basis 
for case definition of LDH with radiculopathy found higher 
estimates of incidence. The definition of clinical signs and 
symptoms varied among studies, most studies defined it 
as low back pain and pain with a radicular pattern with or 
without accompanying neurological deficits such as motor 
or sensory deficits. Three studies among females from the 
US-based Nurses Health’ Study [29], military helicopter 
pilots in the United States [56], and Korean public officers 
[53], reported an annual incidence ranging from 4.1 to 26.6 
per 1,000 person-years. Eight other studies described the 
incidence of clinical LDH with radiculopathy in electrical 
and gas workers [40], Veterans Affairs outpatients [41, 42], 
house painters and concrete workers [34], forest industry 
workers [28], office workers, machine operators, and car-
penters [36], Taiwanese healthcare professionals [50, 55], 
and professional drivers from various industries [46]. These 
reported annual incidence estimates ranging from a low of 
2.8 per 1,000 persons among healthcare professionals in Tai-
wan [50], to a high of 218 per 1,000 persons among male 
earth-moving machine drivers in Italy [46].

What are the risk factors for LDH with radiculopathy 
in adults?

Our best evidence synthesis includes 25 cohort studies and 
28 case–control studies informing on risk factor evidence 
(summarised in Tables 1 and 2, and fully detailed in Appen-
dix 5 [Online Supplementary Material]). We report findings 
according to hierarchical phases of evidence, with phase III 
studies presenting the strongest (confirmatory) evidence of 
association. Throughout this section, we highlight risk factor 
estimates (point and 95% CI estimates) from low risk of bias 
phase III studies (Fig. 2).

Phase III studies

We found evidence that mid-age (30–50 years compared 
with younger adults) was associated with the development 
of LDH with radiculopathy with the strength of associa-
tions ranging from 1.3 (1.2–1.5) to 1.8 (1.5–2.0) [39]. 
Jhawar et al. reported an association of LDH with radicu-
lopathy and smoking in women (vs. nonsmokers), with a 
risk ratio of 1.4 (1.3–1.5) [29]. High cholesterol, diabetes 
mellitus, hypertension, a higher BMI, and a positive family 
history of coronary heart disease were also associated with 
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Fig. 1   Flow diagram of information through phases of the systematic review. Abbreviations: LDH, lumbar disc herniation; ROB, risk of bias
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Table 1   Summary of studies examining the incidence or risk factors of LDH with radiculopathy in adults

NA, not applicable; NR, not reported
* Admissible studies were those rated as low or moderate risk of bias; inadmissible studies were those rated as high risk of bias
† Categories are not mutually exclusive
‡ Proportions among studies on incidence; denominators indicated in header row
§ Proportions among studies on risk factors and not mutually exclusive; denominators indicated in header row
|| Hierarchical categories of risk factor evidence: phase I and II is exploratory evidence for an association, phase III is confirmatory evidence 
from better quality studies

Studies by admissibility* Admissible studies by focus†

Characteristic All studies (n = 87) Admissible (n = 59) Inadmissible 
(n = 28)

Incidence (n = 31) Risk
(n = 54)

Risk of bias—n (%)
 Low 12 (14) 12 (20) NA 12 (39) 10 (19)
 Moderate 47 (54) 47 (80) NA 19 (61) 44 (81)
 High 28 (32) NA 28 (100) NA NA

Focus—n (%)
 Incidence only 6 (7) 5 (8) 1 (4) 5 (16) NA
 Risk only 49 (56) 28 (47) 21 (75) NA 28 (52)
 Both incidence and risk 32 (37) 26 (44) 6 (21) 26 (84) 26 (48)

Study design—n (%)
 Case–control 48 (55) 28 (47) 20 (71) NA 28 (52)
 Cohort 39 (45) 31 (53) 8 (29) 31 (100) 26 (48)

Case definition type—n (%)
 Surgical 15 (17) 8 (14) 7 (25) 6 (19) 7 (13)
 Hospital 20 (23) 13 (22) 7 (25) 11 (35) 10 (19)
 Clinical 43 (49) 33 (56) 10 (36) 12 (39) 32 (59)
 Mixed surgical/hospital/clinical 9 (10) 5 (8) 4 (14) 2 (6) 5 (9)

Population source—n (%)
 General 15 (17) 11 (19) 4 (14) 11 (35) 8 (15)
 Occupational 24 (28) 17 (29) 7 (25) 17 (55) 15 (28)
 Healthcare 48 (55) 31 (53) 17 (61) 3 (10) 31 (57)

Sex—n (%)
 Men only 16 (18) 11 (19) 5 (18) 9 (29) 9 (17)
 Women only 3 (3) 3 (5) 0 3 (10) 3 (6)
 Both men and women 68 (78) 45 (76) 23 (82) 19 (61) 42 (78)

Incidence estimate type‡—n (%) (n = 38) (n = 31) (n = 7) (n = 31)
 Cumulative incidence only 22 (58) 19 (63) 3 (43) 19 (61) NA
 Incidence density only 12 (32) 10 (32) 2 (29) 10 (32) NA
 Both estimate types 3 (8) 2 (6) 1 (14) 2 (6) NA
 NR 1 (3) 0 (0) 1 (14) 0 (0) NA

Risk factors considered§—n (%) (n = 81) (n = 54) (n = 27) (n = 54)
 Sociodemographic 40 (49) 28 (52) 12 (44) NA 28 (52)
 BMI, anthropometrics, genetics 45 (56) 33 (59) 12 (44) NA 33 (59)
 Health conditions, prior pain, comorbidities 28 (35) 17 (30) 11 (41) NA 17 (30)
 Health behaviours 31 (38) 21 (39) 10 (37) NA 21 (39)
 Personal—physical 10 (12) 7 (13) 3 (11) NA 7 (13)
 Personal—psychosocial 9 (11) 9 (17) 0 NA 9 (17)
 Occupational—physical 25 (31) 18 (33) 7 (26) NA 18 (33)
 Occupational—psychosocial 8 (10) 6 (11) 2 (7) NA 6 (11)

Phase of risk factor evidence||—n (%) (n = 87) (n = 59) (n = 28) (n = 54)
 I 27 (31) 14 (24) 13 (46) NA 14 (26)
 II 43 (49) 31 (53) 12 (43) NA 31 (57)
 III 7 (8) 7 (12) 0 NA 7 (13)
 Mixed (I/II or II/III) 4 (5) 2 (3) 2 (7) NA 2 (4)
 NA 6 (7) 5 (8) 1 (4) NA 0
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the risk of LDH with radiculopathy in women with asso-
ciations ranging from 1.1 (1.0–1.3) to 1.5 (1.2–2.0) [29]. 
The associations between LDH with radiculopathy and 
greater cumulative occupational lumbar load by forward 
bending postures and manual materials handling ranged 
from 1.6 (1.1–2.7) to 3.7 (2.3–6.0) [74, 100]. Two studies 
found weak to moderate associations of LDH with radicu-
lopathy and whole-body vibration, with 95% CIs indicat-
ing both narrow (OR 1.4 [1.1–1.6]) [54] and wide (OR 1.8 
[0.4–9.0]) [100] ranges of plausible true risk estimates. 
Prolonged sitting combined with moderate-to-vigorous 
physical activity in leisure time was also associated with 
LDH, with risk estimates ranging from 1.3 (1.1–1.6) to 
2.2 (1.1–4.2) [47].

Phase II studies

The strength of associations for LDH with radiculopathy in 
males (vs. females) ranged from 1.3 to 2.2 (1.3–6.3) in low 
risk of bias studies [23–25, 27]. Mattila et al. reported an 
increased risk for LDH in persons participating 4–5 times in 
sports per week (vs. never; HR 2.7 [1.1–6.3]) [32]. Mental 
stress and number of psychological distress symptoms were 
associated with LDH with radiculopathy (compared with 
none), with associations ranging from 1.6 to 3.0 (0.9–5.9) 
[23–25, 28].

Discussion

Lumbar disc herniation (LDH) with radiculopathy is associ-
ated with greater pain, disability, healthcare use, and costs 
compared with nonspecific low back pain. To improve 
healthcare and prevention efforts a better understanding of 
the incidence and causal risk factors of this condition are 
needed. Our objective was to synthesise the best available 
evidence on the incidence of and risk factors for LDH with 
radiculopathy in adults.

Limitations

This literature has many limitations making it difficult to 
draw consistent conclusions. Of the 87 eligible studies, only 
12 (14%) were deemed to be low risk of bias. It is challeng-
ing to compare incidence rates and risk factors due to the 
amount of heterogeneity in the body of evidence. We found 
no universally accepted definition of LDH with radiculopa-
thy. We tried to apply a prespecified, consistent definition 
of LDH with radiculopathy across different settings with 
varying levels of diagnostic investigation and differing sus-
ceptibilities to detection or ascertainment bias. The lack of 
a standard definition for the lower threshold of severity of 
LDH with radiculopathy leads to potential misclassification 
of cases. Many studies included hospital admissions only. 
This is problematic since hospital admission policies for 

Fig. 2   Infographic summarising the main findings of the systematic 
review showing limits of annual incidence 95% CIs and modifiable 
risk factors for LDH with radiculopathy in adults [28–30, 32, 87, 105, 
130, 131]. The lower and upper bound limits of the 95% CIs ranged 
from 0.3 to 2.7 per 1,000 persons for surgical case definitions, from 
0.04 to 1.5 per 1,000 persons for hospital-based case definitions, 
and from 0.1 to 298.3 per 1,000 persons for clinical case definitions. 

Potential modifiable risk factors: higher BMI, smoking, cardiovas-
cular risk factors (in women), lower education, greater cumulative 
occupational lumbar load by forward bending postures and manual 
materials handling, increased time pressure at work and lower deci-
sion latitude at work, regular or irregular three-shift work, or regular 
night work (in women)
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LDH vary over time and jurisdictions [23]. Even studies 
that capture emergency department cases miss the major-
ity that are treated at outpatient clinics or receive no treat-
ment at all, underestimating the true incidence of LDH with 
radiculopathy.

Our systematic review has two main limitations. First, 
the strength of our findings is limited by the considerable 
variation in the methods and quality of the primary literature 
including variation in the source populations, case defini-
tions, and assessment and control of confounding. We mini-
mised the effect of these potential sources of bias by rating 
the overall risk of bias as low, moderate, and high; and by 
classifying studies as phase I, II and III and giving greater 
weight to confirmatory phase III studies and studies rated 
as low risk of bias. Second, when assessing evidence on 
certain risk factors, we observed varying results that may be 
due to population-specific effects rather than contradictory 
findings, as well as mostly weak associations, which also 
limits our ability to draw conclusions.

What is the incidence of lumbar disc herniation 
(LDH) with radiculopathy in adults?

Annual incidence estimates for hospitalised or surgically 
managed LDH, ranged between 0.2 to 1.3 per 1,000 per-
sons among the general population. However, most LDH 
with radiculopathy is not treated in hospitals. The annual 
incidence of LDH with radiculopathy defined based on clini-
cal signs and symptoms varied from 2.8 per 1,000 persons 
(0.3%) among healthcare professionals in Taiwan [50], to 
218 per 1,000 persons (22%) among male earthmoving 
machine drivers in Italy [46].

What are the risk factors for LDH with radiculopathy 
in adults?

We identified a range of risk factors whose individual contri-
bution is unknown. While there is evidence that occupational 
factors such as high cumulative lumbar load from forward 
bending may be a strong risk factor for LDH with radicu-
lopathy, likely combinations of risk factors including indi-
vidual and behavioural factors interact to cause LDH with 
radiculopathy, and the specific combination of risk factors 
varies between persons.

We found evidence from low risk of bias phase III studies 
that mid-age (30–50 years), higher BMI and cardiovascular 
risk factors (in women), smoking, and greater cumulative 
occupational lumbar load by forward bending postures and 
manual materials handling are associated with the devel-
opment of LDH with radiculopathy. Furthermore, evidence 
from low risk of bias phase II studies suggests that male sex, 
lower education, higher perceived risk of work injury, lower 
decision latitude at work, regular or irregular three-shift 

work or regular night work in women, and increased time 
pressure at work are associated with the development of 
LDH with radiculopathy.

Despite the limitations of this literature, there are some 
important conclusions that we can make. Our findings sug-
gest that the incidence is higher among occupational popula-
tions and is highly dependent on the source population, case 
definition, and ascertainment method. Little is known about 
the incidence of clinically defined LDH with radiculopathy 
in the general population—only one admissible study [49] 
used a clinical case definition of LDH with radiculopathy 
to investigate incidence and risk factors among a general 
population. Overall, the limited information on risk factors 
suggests individual, behavioural, and occupational domains 
as potential sources of causal components for LDH with 
radiculopathy in adults.

Recommendations

Our review highlights existing gaps in knowledge of the eti-
ology of LDH with radiculopathy. Better quality (low risk 
of bias) descriptive and analytic investigations are needed 
as the incidence and risk factors of this disabling and costly 
condition have not been adequately described or examined 
in the literature, especially in the general population [6, 8]. 
Furthermore, incidence density rates are preferable to cumu-
lative incidence estimates since they provide a more accurate 
measure of the population-time at risk and a more accurate 
estimate of the rate at which an outcome occurs.

Future research should clearly and explicitly describe 
their source and target populations and issues related to their 
sampling frames. Accurate and complete ascertainment of 
both the cases developing the outcome and the at-risk popu-
lation (i.e., the population at risk of experiencing the out-
come) are required to produce valid incidence estimates. To 
reduce the amount of information bias surrounding the diag-
nosis and case definitions of LDH with radiculopathy, there 
is a need for workable clinical and surveillance definitions of 
LDH with radiculopathy and subsequent validation studies. 
For example, in their 1997 study evaluating the accuracy of 
diagnostic codes for identifying spinal disorders in health 
administrative databases, Faciszewski et al. reported that 
hospital discharge codes for LDH had a high positive pre-
dictive value (93%) compared with physician chart review 
[135]. More recently, Genevay and colleagues developed and 
validated clinical classification criteria to identify patients 
with radicular pain caused by LDH (RAPIDH score ≥ 11; 
specificity 90%, sensitivity 71%, area under curve 0.91) 
[136]. These diagnostic studies aiming to improve the evi-
dence base for the reliable and valid diagnosis and classifi-
cation of LDH with radiculopathy are promising and more 
research along this line of inquiry is warranted and needed 
[137].
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Risk factors should be studied in well-designed cohort 
or case–control study designs using multivariable statisti-
cal analysis allowing the identification of causal risk fac-
tors after adjustment for important confounders. Future 
etiological research on LDH with radiculopathy ought to 
be more explicitly conceptualised and designed to estimate 
causal associations between modifiable exposures of inter-
est and LDH. Regrettably, Gleadhill and colleagues found 
that more than 6 in 10 observational studies in spinal pain 
are misconceived, misaligned, or report mixed messages, 
with researchers using methods that signal causal intent but 
shrouding their intent in noncausal language [138]. There 
is an entire body of literature advancing causal modelling 
and inference [139–141] informed by causal directed acyclic 
graphs [142] and causal mediation analysis [143]. In sum, 
better understanding of the incidence and determinants of 
LDH with radiculopathy demands more careful attention to 
issues of causality, bias, methodology, and reporting [144].

Conclusions

The annual incidence of LDH with radiculopathy varies 
widely, reflecting the variability in evidence due to differ-
ences in case definitions and study populations. From phase 
III and low risk of bias studies, key risk factors have been 
identified. These include occupational physical factors, par-
ticularly cumulative lumbar load from activities like for-
ward bending and manual materials handling, which show 
a strong association with LDH. Lifestyle factors such as 
smoking and high BMI are also contributors. Additionally, 
mental stress has been highlighted as a potential risk factor.

This evidence underscores the need for future research 
to focus on establishing clear, standardised case definitions 
and employing robust methodologies to elucidate causal 
relationships. Understanding these relationships is vital 
for developing effective prevention strategies and guiding 
clinical practices to mitigate the incidence and impact of 
LDH with radiculopathy. The findings from high-quality 
studies will provide a more reliable basis for formulating 
targeted interventions, particularly in occupational settings 
and through lifestyle modifications.
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