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to a greater proportion of smokers and those in 
physically- demanding jobs3. Recurrence after surgical 
treatment has been reported to be as often as five to 
15% after primary discectomy3,4.The primary operation 
is either a traditional open-microdiscectomy or one 
of the novel surgical-approaches such as percuta-
neous-endoscopic-lumbar-discectomy (PELD)5-7. For 
patients, reoperation reintroduces surgical risks such 
as: haematoma, infection and dural-injury. Whilst for 
surgeons, a reoperation is more technically-challenging 
due to scarring and fibrosis4-8. Reoperation also costs 
approximately 15-times more than conservative 
treatment9. 

Despite the increasing wealth of literature examining 
the relationship of certain clinical and radiological 
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Despite a fast-growing evidence-base examining the relationship of certain clinical and radiological factors such as 
smoking, BMI and herniation-type with rLDH, there remains much debate around which factors are clinically important. 
We conducted a systematic review and meta-analysis to identify risk factors for recurrent lumbar disc herniation (rLDH) 
in adults after primary discectomy. A systematic literature search was carried out using Ovid-Medline, EMBASE, 
Cochrane library and Web of Science databases from inception to 23rd June-2022. Observational studies of adult patients 
with radiologically-confirmed rLDH after ≥3 months of the initial surgery were included, and their quality assessed 
using the Quality-In-Prognostic-Studies (QUIPS) appraisal tool. Meta-analyses of univariate and multivariate data and 
a sensitivity-analysis for rLDH post-microdiscectomy were performed. Twelve studies (n=4497, mean age:47.3; 34.5% 
female) were included, and 11 studies (n=4235) meta-analysed. The mean follow-up was 38.4 months. Mean recurrence 
rate was 13.1% and mean time-to-recurrence was 24.1 months (range: 6-90 months). Clinically, older age (OR:1.04, 
95%CI:1.00-1.08, n=1014), diabetes mellitus (OR:3.82, 95%CI:1.58-9.26, n=2330) and smoking (OR:1.80, 95%CI:1.03-
3.14, n=3425) increased likelihood of recurrence. Radiologically, Modic-change type-2 (OR:7.93, 95%CI:5.70-11.05, 
n=1706) and disc extrusion (OR:12.23, 95%CI:8.60-17.38, n=1706) increased likelihood of recurrence. The evidence did 
not support an association between rLDH and sex; BMI; occupational labour/driving; alcohol-consumption; Pfirmann-
grade, or herniation-level. Older patients, smokers, patients with diabetes, those with type-2 Modic-changes or disc 
extrusion are more likely to experience rLDH. Higher quality studies with robust adjustment of confounders are required 
to determine the clinical bearing of all other potential risk factors for rLDH. 

Keywords: Risk factors, lumbar disc, disc herniation, recurrence, microdiscectomy.

INTRODUCTION

Lower back pain (LBP) is the leading cause of disability 
globally and is a major public health concern affecting 
one-in-six people 1. More than 75% of those with LBP 
are older than 35-years and almost 30% are above-651. 
LBP has considerable implications on quality-of-
life (QoL) including poorer functional ability and 
social exclusion due to inability-to-work, as well as 
serious mental-health complications including clinical 
depression and anxiety2. 

A common cause of LBP is disc herniation which 
has a lifetime incidence of 13-40% peaking in the fifth 
decade of life2. The prevalence of disc herniation in 
men is twice that of women, which has been attributed 
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Systematic Reviews and Meta-analysis (PRISMA) 
statement guidance16.

The inclusion and exclusion criteria are detailed 
in Table 1. Observational studies (cohort or case-
control studies) of adult patients (≥18 years) admitted 
to hospital with radiologically confirmed rLDH (on 
magnetic resonance imaging or computed tomography) 
were included. rLDH was defined as an ipsilateral or 
contralateral herniation of the nucleus pulposus at the 
same disc level, in (symptomatic or asymptomatic) 
patients who had a postoperative pain-free interval 
of >3 months following primary discectomy.  Studies 
assessing any risk factor for rLDH of interest, 
irrespective of aetiology of initial disc herniation or 
geographical setting, were included. No restriction 
to type of disc-herniation, geographical region or 
language of published article was applied.  Studies 
which included patients with a postoperative follow-
up period of <6 months were excluded. Case-reports 
and conference abstracts were excluded. Studies 
which assessed risk factors for rLDH in a specific sub-
population such as patients with Crohn’s disease were 
also excluded. 

Both clinical prognostic factors and radiological 
parameters were assessed. The novel clinical factors 
included: occupational heavy labour, occupational 
driving, history-of-spinal-trauma, degree of pre-

factors such as smoking, BMI and herniation-type with 
rLDH, there remains much debate around which factors 
are clinically-important10-13. Previous studies have 
reported that smoking is an independent risk factor 
for rLDH10,11. However, other studies suggested that 
additional factors such as BMI are necessary to support 
this association12,13. A retrospective cohort study in 2010 
of 75 patients with rLDH found that those with BMI 
≥30 were 12-times more likely to have a recurrence and 
30-times more likely to require reoperation compared 
with non-obese individuals12. Conversely, more recent 
literature suggests that the opposite may be true14,15.

Our study aimed to identify the clinical and radio-
logical factors which increase the risk of developing 
rLDH in adult patients with radiologically-confirmed 
disc herniation. To achieve this, we conducted a 
comprehensive review of the best available evidence, 
including all the novel factors in recent literature which 
have not yet been pooled into a meta-analysis. This will 
serve to help clinicians identify the higher risk patient 
and thence individualise care accordingly, as well as, 
to better inform secondary prevention protocols for 
patients with LDH. 

MATERIALS AND METHODS

A systematic review and meta-analysis was conducted 
in accordance with the Preferred Reporting Items for 

PICOTS Inclusion criteria Exclusion criteria

Population

Adult patients ≥ 18 years who had radio-
logically confirmed lumbar disc herniation.

Studies with participants who have disc disease with 
another systemic illness e.g., Crohn’s disease patients or 
sarcopenia. 

Index prognostic factors

Novel factors in this systematic 
review 

Hypertension, spine trauma history, occupa-
tion, pre-operative function, details of the 
herniation (type, side, level), Modic change, 
Disc degeneration (Pfirmann grading), 
hospital complications and adverse events.

Studies which focus on recurrence which was not 
radiologically proven.

Comparator prognostic factors 

To compare with findings of 
previous systematic review

Age, sex, BMI, smoking status, diabetes 
mellitus.

Outcome 

Adult patients ≥ 18 years who had 
radiologically confirmed recurrence of their 
lumbar disc herniation (rLDH) with a pain-
free interval of ≥3 months after their primary 
disc surgery. 

Recurrence defined symptomatically or recurrence after 
non-operative management e.g., period of physiotherapy, 
analgesia, or spinal nerve root injections. 

Studies which consider recurrence managed conservatively 
as cases of non-recurrence.

Time
Prognostic factors measured before the diagnosis of rLDH and prognostic of recurrence in patients with 
a confirmed radiological diagnosis. Minimum follow-up of patients was 6 months after their primary disc 
surgery.

Setting Patients admitted to hospital or emergency departments with recurrence or an equivalent healthcare facility 
with access to imaging to radiologically confirm rLDH diagnosis. 

Table I — PICOTS framework for prognostic studies
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Study heterogeneity was examined by assessing the 
study and participant characteristics to determine if 
there was sufficient homogeneity of data pool. Where 
study homogeneity was sufficient, a meta-analysis was 
then carried out. Meta-analysis results were expressed 
as weighted-mean-differences (MD) and 95% con-
fidence intervals (CI), and dichotomous variables from 
case-control studies were reported as odd ratios (ORs) 
and 95% CI. Results were considered statistically 
significant if p-values were less than 0.05. Statistical 
heterogeneity was measured using the I2 statistic which 
was also used to confirm data homogeneity. A fixed-
effects model was implemented due to homogeneity of 
the included studies. The meta-analysis was conducted 
using RevMan version 5.420. A sensitivity-analysis 
of studies assessing recurrence after conventional 
microdiscectomy only (the most commonly performed 
type of disc surgery21) was conducted by excluding 
data for all other types of disc surgery. 

RESULTS

The literature search generated 2070 records (Figure 
1). Full-text articles were reviewed for 141 studies. 
Twelve studies were eligible for inclusion in the 
systematic review.

operative pain, measured by Visual-Analogue-Scale 
(VAS) and degree-of-disability measured by Oswestry-
Disability-Index (ODI), sporting ability, alcohol 
consumption, hypertension, and time-off-work. The 
radiological factors included: type and level-of-
herniation, Modic-change and degree-of-degeneration 
(measured by Pfirmann-grade). 

The comparator prognostic factors were age, sex, 
BMI, smoking and diabetes-mellitus. These factors have 
been assessed in a previous systematic review in 20165.

Two authors (AA and AI) independently performed 
a literature search using the databases: Ovid Med-line, 
EMBASE, Cochrane Library and Web-of-Science, 
from inception to 23rd-June-2022. In addition, a manual 
search through reference lists of relevant reviews and 
their included studies was conducted to identify any 
further relevant literature. Limitations to ‘humans’ 
and ‘adults’ were delayed to the screening stage to 
avoid missing recent papers which had not yet been 
assigned appropriate database-specific tags. Relevant 
search terms were selected (by AA, SB and KRM) 
and corroborated by a medical statistician. The MeSH 
headings included “intervertebral disc”, “diskectomy”, 
“risk factors” and “recurrence”. The detailed search 
strategies for each database are found in Supplementary 
File 1.

Titles and abstracts were independently screened in 
accordance with the PICOTS criteria (Table 1) by two 
authors (AA and AI) using a pre-defined screening tool, 
after deduplicating and exporting citations to Microsoft 
Excel. All potentially eligible full-text articles were 
independently screened and assessed for eligibility. 
Following cross-screening, a senior author (KRM) 
resolved any discrepancies at title, abstract and full-text 
screening stages. Data extraction was carried out using 
the Checklist for critical-Appraisal and data-extraction 
for systematic-Reviews of prediction-Modelling-
Studies (CHARMS) checklist, the tool recommended 
by Cochrane for prognostic studies17. Data extracted 
included basic study characteristics as shown in Table 
2. Primary authors of all eligible studies were contacted 
to request missing data. When two articles for the 
same study were found, the more recent article was 
considered.

The risk of bias for all eligible studies was assessed 
using the Quality-In-Prognostic-Studies (QUIPS) tool, 
based on Cochrane recommendations17. Funnel plots 
were used to measure publication bias where ≥10 studies 
were included in the meta-analysis18. The Grading of 
Recommendations, Assessment, Development and 
Evaluation (GRADE) methodology was used to assess 
the weight-of-evidence from the meta-analysis19.

Figure 1
. * Paracino et al., 2021 was the only study to report hazard ratios. All 
other studies reported odds ratios. Since these two effect estimates 
cannot be considered equal for pooling in the same meta-analysis, 
this study’s data was excluded from meta-analysis. 
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from East Asia (four Korean, three Chinese and one 
Japanese), one study from West Asia (one Turkish), 
two studies from Europe (both Italian) and one study 
from South America (Chilean). 

Nine studies defined outcome as recurrence of 
symptoms at the same level (ipsilateral or contralateral) 
in patients with pain-free interval ≥6 months after 
primary operation, confirmed by MRI imaging. 
Three studies used a shorter pain-free interval of ≥3 

Table 2 illustrates the characteristics of included 
studies. Twelve studies (n=4497, mean-age: 47.3; 
34.5% female) were included. Mean follow-up was 
38.4-months (standard- deviation [SD]:14.3). Eleven 
studies (n=4235), all of which were case-control 
studies, had appropriate data for pooling into the meta-
analysis. One study was a cohort study and reported 
their data in hazard ratios (HRs) and therefore was 
not included in meta-analysis22. Eight studies were 

Papers (N=12) No. of patients 
recurred  (%)

553/4497(13.1%)

Time to recurrence in months, 
Mean 

± SD (range in months)
(24.1 ± 16.0, 6-90)

Definition of recurrence

Kim, 2021 15/71 (21.2) 17.5 ± 11.2 (8-46) 
Symptoms at same-level, or on the ipsilateral or 
contralateral side, ≥6 months after primary operation, 
confirmed by MRI imaging

Li, 2021 177/1706 (10.4) 27.4 ± 18.7 (6-72)

Relief of symptoms by ≥50% after surgical treatment 
followed by recurrence of back and radicular leg pain 
≥6 months after surgery caused by nucleus pulposus 
protrusion at same segment, reconfirmed by imaging

Paracino, 2021  46/262 (17.6) Most of the patients recurred 
within 24 months after surgery

Disc herniation at same level and side of previous 
microdiscectomy after a period free of post-operative 
pain for ≥3 months, confirmed by MRI imaging

Yu, 2020 46/484 (9.5) 12 – 48 months
Herniation at L5-S1 level confirmed by MRI or CT, 
nerve root pain with distribution confirming with 
imaging with no short-term recurrence (<3 months)

Dobran, 2019 20/209 (9.6) 12 months 
Herniation at the same level and side of previous 
microdiscectomy after 3 months postoperative pain-
free period, confirmed by MRI imaging

Li, 2018 58/321 (18.1) 32.3 ± 16.5 (7–90)

Herniation at the same level, regardless of ipsilateral 
or contralateral herniation, in patients who had pain-
free interval of ≥6 months after surgery, confirmed by 
MRI imaging

Yaman, 2017 25/126 (19.8) 8 (6.3-42.0) 
Radiologically confirmed re-herniation in patients 
with a pain-free interval of pain ≥6 months after the 
primary surgery

Yurac, 2016 109/218 (50) *
Nested case-control n/a

Radiologically confirmed re-herniation in patients 
with a pain-free interval of pain ≥6 months after the 
primary surgery 

Kim, 2014 39/467 (8.4) 39.4 ± 17.9 (7-90)
Symptoms at same-level, or on the ipsilateral or 
contralateral side, ≥6 months after primary operation, 
confirmed by MRI imaging

Miwa, 2012 32/298 (10.7) 14.6 months 
Symptoms at same-level, or on the ipsilateral or 
contralateral side, ≥6 months after primary operation, 
confirmed by MRI imaging

Oh, 2012 18/178 (10.1) 18.7 (6-61)
Radiologically confirmed re-herniation in patients 
with a pain-free interval of pain ≥6 months after the 
primary surgery

Kim, 2009 14/157 (8.9) 40.8 ± 15.5 (7-70)
Repeated disc herniation at a previously operated disc 
level in patients who experienced a pain-free interval 
of ≥6 months after surgery, confirmed by MRI imaging

*Not the true proportion of recurrences from the original study population due to the study design (nested case-control) therefore, result 
not included in the overall mean recurrence calculation. n/a= no study data was available for data extraction.

Table III — Characteristics of the recurrence in the included studies
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Due to the younger mean age (recurrences: 35.1 ± 7.5 
years and non-recurrence: 40.4 ± 8.9 years), patients 
in this study had a higher rate of subligamentous disc 
herniations (92.6% of recurrences, compared to 25.9% 
of recurrences in other studies25). Similarly, in the study 
by Miwa et al., the study sample was 71.1% male and 
28.9% female32. Therefore, the unadjusted data should 
be interpreted with caution due to unbalanced sex ratio 
which may have influenced the prognostic significance 
of sex on rLDH. 

Ten of 12 studies (83.3%) reported sufficient 
information on their study participants with detail 
regarding study characteristics and criteria used (Figure 
2). Similarly, a low attrition-bias was found, with nine 
studies (75%) reporting good response rate from both 
recurrence and no-recurrence groups. The definition 
of recurrence (outcome measurement) was clear, with 
detailed methods of the applied radiological criteria 
reported in eight studies (66.7%). Only four studies 
(33.3%) adequately considered all relevant variables 
which could influence recurrence outcome. Finally, 
despite eight studies using a multivariate statistical 
model, many of these studies did not perform adjusted 
analyses on all the included factors.

All studies were similar in design (case-control, 
nested case-control, or cohort) and reported on similar 
risk factors of interest (low methodological and 
clinical diversity). Data variables on age, sex, smoking 
and DM were included in all studies22-33. Analysis of 
age, sex and BMI was largely consistent across the 
studies (Supplementary Table 1). Five studies reported 
a thorough biomechanical analyses with consistent 
measurement methods of disc height, sagittal range 
of motion, disc degeneration (Pfirmann grading) and 
endplate changes (Modic change)23-24,26-28 A narrow 
age range was used in nine studies (mean age 35-50 
years22-26,28-30,32). The surgical technique was largely 
consistent within and across all studies (Supplementary 
Table 2), and both studies which used a different 
technique were accounted for by sensitivity analysis.  

months22,24,25. Nine studies assessed rLDH in patients 
who underwent a traditional microdiscectomy whereas 
two studies focussed on those who underwent PELD23,24. 

The mean recurrence-rate was 13.1% (n=553/4497 
patients), 10.0% after PELD and 13.8% after micro-
discectomy, and the mean time-to-recurrence was 24.1 
months (Table 3). 

All studies were single-centre observational studies 
with sample populations ranging from 71 and 1706 
patients. Ten studies including more than 20 patients in 
the recurrence arm22-25,28-33. Kim et al. and Oh et al. had 
only 15 and 18 patients with recurrence, respectively. 
[26,27. In addition, Oh et al. had a large number of 
patients lost to follow-up in both arms which may have 
resulted in underreporting of rLDH cases27. All patients 
underwent preoperative and postoperative MRI or CT 
imaging22-33.

Seven studies reported on the surgical technique 
and data were mostly consistent in all of them22-24,28-

30,32. All patients in the study by Paracino et al. and 
over two-thirds of patients in Li et al. underwent 
partial or total laminectomy22,28. In all other studies 
the discectomy was accompanied by a laminotomy 
alone23,24,29,30,32. An open discectomy approach was 
used in five studies22,28-30,32 whereas Yu et al. and Li 
et al. used an endoscopic approach23,24. A sensitivity 
analysis excluding these two studies was conducted to 
minimise confounding. Five studies did not disclose 
details of the operation25-27,31,33. In the study by Miwa 
et al. the operations were conducted by two specific 
experienced surgeons32. In all other studies, the 
operations were carried out by any experienced spinal 
surgeon in the respective hospital department22-24,29,30,32. 
In all reporting studies, the operation was conducted 
using the same standardised technique for all patients 
however, inter-surgeon variability remains a source of 
bias. Nine studies included recurrence at any lumbar 
disc level 22-28,30,32 however, Yaman et al. and Kim et 
al. (2009) focussed on L4/5 recurrence alone, and Kim 
et al. (2014) focussed on L5/S1 recurrence alone29,31,33. 
Kim et al. (2014) and Yaman et al. included patients 
which were followed up for less than 12 months which 
limits our understanding of the prognostic significance 
of individual factors in the longer term29,31. The study 
by Kim et al. (2021) was limited by a small sample size 
(n=71) increasing the imprecision of its findings. The 
majority of included studies undertook a retrospective 
analysis of all eligible patients who underwent a 
discectomy within a prespecified time period22-29,31-33. 
However, Yurac et al. only included compensated 
patients under the workforce compensation program, 
hereby reducing the generalisability of their findings30. 

Figure 2
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Summary results from meta-analysis

Clinical risk factors
Primary analysis Sensitivity analysis

Univariate Multivariate Univariate Multivariate

Age MD 3.99 (2.87, 5.11)
N= 3064

OR 1.04 (1.00, 1.08)
N=1014

MD 4.07 (2.52, 5.63)
N=874

OR 1.04 (1.00, 1.08)
N=530

Sex (male) OR 1.02 (0.82, 1.26)
N=3336

OR 0.78 (0.44, 1.38)
N=747

OR 1.43 (1.05, 1.96)
N= 1421 n/a

BMI MD 1.07 (0.70, 1.45)
N=2720

OR 1.10 (0.89, 1.36)
N=693

MD 1.31 (0.40, 2.21)
N=530

OR 1.09 (0.88, 1.36) ò

N=484

Smoking status OR 3.19 (2.59, 3.92)
N=3611

OR 1.80 (1.03, 3.14)
N=3425

OR 1.69 (1.27, 2.25)
N=1421

OR 1.18 (0.41, 3.38)
N=1719

DM OR 5.78 (3.88, 8.60)
N=2387

OR 3.82 (1.58, 9.26)
N=2330

OR 1.76 (0.75, 4.11)
N=197

OR 1.34 (0.26, 6.94)
N=624

Occupational lifting/ 
Heavy labour

OR 4.74 (3.44, 6.54)
N=2543

OR 1.48 (0.18, 12.43)
N=2004

OR 2.79 (1.84, 4.23)
N=837

OR 1.40 (0.16, 12.53) ò

N=298

Occupational driving OR 1.95 (0.95, 4.01)
N=619

OR 1.20 (0.36, 4.03) ò

N=298  n/a n/a

History of spine trauma OR 4.59 (3.26, 6.46)
N=2689

n/a OR 5.90 (3.50, 9.95)
N=499

n/a

Alcohol consumption OR 1.22 (0.81, 1.85)
N=1103

OR 1.18 (0.55, 2.54) 
N=298ò

OR 1.20 (0.70, 2.04)
N=619

n/a

Hypertension OR 3.62 (2.58, 5.07)
N=2190

n/a n/a n/a

Pre-operative back pain 
(VAS)

MD 0.53 (0.40, 0.66)
N=2236

n/a MD 0.10 (-0.15, 0.34)
N=530

n/a

Pre-operative leg pain 
(VAS)

MD 0.49 (0.36, 0.63)
N=2027

n/a MD -0.04 (-0.32, 0.24) ò

N=321
n/a

Time to return to work MD 0.07 (-0.15, 0.30)
N=702

n/a  MD 0.18 (-0.14, 0.49) ò

N=218
n/a

Athleticism (sport activity) OR 1.15 (0.66, 2.00)
N=619

n/a n/a n/a

Radiological risk factors
Primary analysis Sensitivity analysis

Univariate Multivariate Univariate Multivariate
Modic Change

Type 0 OR 0.19 (0.14, 0.25)
N=1903

n/a OR 0.52 (0.25, 1.07)
N=197

n/a

Type 1 OR 1.07 (0.53, 2.15)
N=1903

n/a OR 1.58 (0.53, 4.72)
N=197

n/a

Type 2 OR 5.32 (3.95, 7.17)
N=1903

OR 7.93 (5.70, 11.05) 
N=1706 ò

OR 1.12 (0.53, 2.37)
N=197

n/a

Type 3 OR 0.68 (0.26, 1.77)
N=1903

n/a OR 7.33 (1.52, 35.47)
N=197

n/a

Pfirmann Grade (Disc degeneration)

Grades I and II OR 0.64 (0.42, 0.97)
N=1098

n/a OR 0.57 (0.31, 1.04)
N=570

n/a

Grades III and IV OR 1.75 (1.26, 2.43)
N=2760

OR 1.39 (0.70, 2.77)
N=2190

OR 1.54 (0.96, 2.47)
N=570

n/a

Table 4 — Summary table of meta-analysis and sensitivity analysis results illustrating the relationship between specific risk factors and 
recurrence in adults (over 18 years) after primary disc surgery at mean follow-up of 38.4 months (recurrence, n=553, no recurrence, n=3944, 

total N=4497); mean difference (MD) or odds ratio (OR) with 95% confidence intervals (CI)
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to increase the likelihood of rLDH. Whereas, no 
relationship was found between rLDH and degree of 
sport activity or time-off work. 

Results from sensitivity-analysis of univariate data 
illustrated that older age (MD:4.07, 95%CI:2.52-
5.63, N=874, GRADE:high), male-sex (MD:1.43, 
95%CI:1.05-1.96, N=1421, GRADE:low), higher 
BMI (MD:1.31, 95%CI:0.40-2.21, N=530, GRADE: 
moderate), current smoker (OR:1.69, 95%CI:1.27-
2.25, N=1421, GRADE:moderate), and occupational 
heavy-labour (OR:2.79, 95%CI:1.84-4.23, N=837, 
GRADE:moderate) increased odds of rLDH. However, 
once these variables were adjusted in a multivariate 
analysis, only age (OR:1.04, 95%CI:1.00-1.08, n=530, 
GRADE:moderate) was associated with an increased 
likelihood of rLDH. Results for the relationship of 
rLDH with history of spinal-trauma were concordant 
with that of primary-analysis (OR:5.90, 95%CI:3.50-
9.95, N=499, GRADE:moderate). No relationship was 
found between rLDH and alcohol consumption, pre-
operative back and leg pain or time-off work. 

Analysis of data on radiological factors showed 
that type-2 Modic-changes and extrusion-type disc 
herniation increased the likelihood of recurrence 
(OR:5.32, 95%CI:3.95-7.17, N=1903, GRADE: 
moderate and OR:4.39, 95%CI:3.43-5.60, N=2620, 
GRADE:moderate, respectively). This was also true 
when the data were adjusted for possible con-
founders (OR:7.93, 95%CI:5.70-11.05, N=1706, 
GRADE=moderate and OR:12.23, 95%CI:8.60-17.38, 
N=1706, GRADE=moderate, respectively). Grade 
III and IV disc-degeneration (Pfirmann-grading) 
was found to increase the odds of rLDH (OR:1.75, 

Therefore, despite heterogeneity in certain risk factors 
such as occupational level and history of spinal trauma, 
the studies were similar in the characteristics of study 
participants; exclusion criteria; strict case definition 
and, method of surgical intervention (Table 3 and 
Supplementary Table 2). 

A summary of the results from all meta-analyses is 
shown in Table 4. Results from analysis of univariate 
data showed that older age (MD:3.99, 95%CI:2.87-
5.11, N=3064, GRADE:high), higher BMI (MD:1.07, 
95%CI:0.70-1.45, N=2720, GRADE:moderate), cur-
rent smoker (OR:3.19, 95%CI:2.59-3.92, N=3611, 
GRADE:moderate), diabetes-mellitus (DM) (OR:5.78, 
95%CI:3.88-8.60, N=2387, GRADE:low) and occupa-
tional heavy-labour (OR:4.74, 95%CI:3.44-6.54, 
N=2543, GRADE:low) increased the odds of rLDH. 
However, once these variables were adjusted in a 
multivariate analysis, only age (OR:1.04, 95%CI:1.00-
1.08, n=1014, GRADE:moderate), smoking (OR:1.80, 
95%CI:1.03-3.14, N=3425, GRADE:low) and DM 
(OR:3.82 95%CI:1.58-9.26, N=2330, GRADE:low) 
were associated with increased odds of rLDH. Both 
occupational driving and alcohol consumption were not 
associated with increased odds of rLDH in univariate 
or multivariate analyses, respectively. Only univariate 
data was available for the following variables: 
history of spinal-trauma (OR:4.59, 95%CI:3.26-6.46, 
N=2689, GRADE:moderate), hypertension (OR:3.62, 
95%CI:2.58-5.07, N=2190, GRADE:low), pre-
operative back (MD:0.53, 95%CI:0.40-0.66, N=2236, 
GRADE:low) and leg pain (MD:0.49, 95%CI:0.36-
0.63, N=2027, GRADE:low) assessed by visual-
analogue-scale (VAS) score, which were found 

Type of disc herniation

Protrusion OR 0.47 (0.32, 0.69)
N=2620

OR 1.32 (0.68, 2.57) ò

N=1706
OR 0.57 (0.38, 0.85)

N=914
n/a

Extrusion OR 4.39 (3.43, 5.60)
N=2620

12.23 (8.60, 17.38) ò 
N=1706

OR 1.73 (1.20, 2.48)
N=914

n/a

Sequestration OR 1.14 (0.73, 1.78)
N=2402

n/a OR 1.04 (0.61, 1.75)
N=696

n/a

Level of herniation

L2/3 OR 1.08 (0.13, 8.69) ò

N=1706
n/a n/a n/a

L3/4 OR 1.50 (0.89, 2.52)
2133

n/a OR 1.77 (0.82, 3.84)
N=427

n/a

L4/L5 OR 0.84 (0.65, 1.07)
N=2382

OR 0.88 (0.41, 1.88)ò

N=209
OR 0.94 (0.63, 1.40)

N=676
n/a

L5/S1 OR 1.09 (0.84, 1.41)
2311

n/a OR 0.87 (0.56, 1.35)
N=605

n/a

MD= Mean difference, OR= Odds Ratio, CI= Confidence interval DM= Diabetes Mellitus, VAS= Visual analogue scale. n/a= No study data was available 
for data extraction.ò  Results from one study only.
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with diabetes (OR:1.19, 95%CI:1.06–1.32)5. Regarding 
herniation-type, opposing conclusions were drawn 
for protrusions between our meta-analysis (OR:0.47, 
95%CI:0.32-0.69) and that by Huang et al (OR:1.79, 
95%CI:1.15–2.79)5. Nevertheless, concordant results 
were found for BMI, gender or occupational-work5. 
Notably, their systematic review had several limitations. 
Most pertinently, there was little restriction to 
recurrence definition resulting in patients readmitted for 
complications of the primary operation e.g., epidural-
haematoma or infection, included in the recurrence 
arm. In addition, the lack of distinction between 
unadjusted and adjusted data in their meta-analyses 
makes it difficult to draw clinically useful conclusions 
as the effect estimates do not uniformly account for 
confounders. Furthermore, a limited number of risk 
factors were considered, therefore a systematic review 
taking a more comprehensive approach was warranted. 

More recent evidence also supports the relationship 
between older age, BMI and smoking, and rLDH with 
concordant findings reported by Ono et al. in 2022 
(n=909)43, Noh et al. in 2021 (n=6300)44 and Fuentes 
et al. in 2021 (n=6901)45. Several recent studies also 
highlight the prognostic significance of the novel 
factors examined46-49. However, some heterogeneity 
in the literature exists surrounding these conclusions. 
For example, a post-hoc subgroup analysis of data 
from the Spine-Patients-Outcome-Research Trial 
(SPORT) of 810 patients found younger patients 
to be at greater risk of rLDH, with recurrence rate 
decreasing 4% per year (HR:0.96, 95%CI:0.94-0.99, 
p=0.002)50. This finding was also supported by another 
three older observational-studies34-36. Our results for 
radiological risk factors were also consistent with 
current literature. A large retrospective analysis of 1807 
patients who underwent PELD between 2012-2015 
constructed a multiple logistic regression prediction 
model for recurrence including type-2 Modic-changes 
(OR:7.93, 95%CI:5.70-11.05), Pfirmann-grading type-
III (OR:4.92, 95%CI:3.56-6.80) and extrusion-type 
herniation (OR:12.23, 95%CI:8.60-17.38), with an 
overall predictive accuracy of 97.6%23. 

Several underlying mechanisms for the increased 
risk of recurrence in older people, smokers, and 
people with diabetes have been proposed. In older 
patients, degenerated discs exhibit microtears and 
annular collagen changes which limit the capacity of 
the external-annulus to reform post-operatively37,38. 
Similarly, smoking has a negative effect on the 
regenerative capacity of the nucleus pulposus after 
primary surgery39,40. In people with diabetes, an 
increased risk of rLDH is hypothesised to be due to 

95%CI:1.26-2.43, N=2760, GRADE: moderate). How- 
ever, adjusted data showed this relationship was no 
longer true (OR:1.39, 95%CI:0.70-2.77, N=2190, 
GRADE=moderate). Data from univariate analyses 
showed that type-0 Modic-change, Grade I and II 
disc-degeneration and protrusion-type disc herniation 
decreased the odds of rLDH (OR:0.19, 95%CI:0.14-
.0.25, N=1903, GRADE:moderate, OR:0.64, 95% 
CI:0.42-0.97, N=1098, GRADE:moderate and OR:0.47, 
95%CI:0.32-0.69 M=2620, GRADE:moderate, res- 
pectively). However, no multivariate data were 
available to comment on the clinical significance of 
these findings. Level-of-herniation was not associated 
with recurrence in both primary and sensitivity-
analyses. Multivariate data was only available for L4/5 
level which showed no relationship with recurrence 
(OR:0.88, 95%CI:0.41-1.88, N=209, GRADE:low).

The results from univariate data showed that 
extrusion-type disc herniation increased the odds 
of rLDH (OR:1.73, 95%CI:1.20-2.48, N=914, 
GRADE:moderate) whilst protrusion decreased 
odds of rLDH (OR:0.57, 95%CI:0.38-0.85, N=914, 
GRADE:moderate). Type-3 Modic-change was also 
found to increase likelihood of rLDH (OR:7.33, 
95%CI:1.52-35.47, N=197, GRADE:moderate). No 
relationship between rLDH and types 0, 1 or 2 Modic-
change or Pfirmann-grading was found on sensitivity-
analysis. Not enough data was available to synthesise 
any multivariate sensitivity-analysis findings from that 
which were available.  

DISCUSSION

This systematic review is a comprehensive review of 
the most up-to-date evidence adding to the findings of 
a previous review in 20165. The results of this review 
indicate that the likelihood of recurrence increases 
4% by older age, almost twice by smoking and almost 
four-fold in people with diabetes. Radiologically, the 
likelihood of recurrence increases almost eight-fold in 
patients with type-2 Modic-changes and twelve-fold 
in those with extrusion-type herniations. Sensitivity-
analysis of microdiscectomy patients alone indicated 
that older age is the only prognostic factor for rLDH. 
Meta-analysis of unadjusted data show that history 
of spine trauma, hypertension, high pre-operative 
pain scores, as well as Pfirmann-grade III/IV are also 
potentially prognostic. 

The previous systematic review of 17 studies 
conducted by Huang et al. in 2016 also reported 
positive associations between rLDH, and smoking 
(OR:1.99, 95%CI:1.53–2.58) and a weaker association 
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management of patients with LDH should conduct a 
thorough clinical and radiological assessment, paying 
particular attention to age; diabetes; and smoking 
status as well as herniation-type and Modic-change 
to identify patients with higher recurrence risk. Based 
on the results of this meta-analysis, further predictive 
modelling research should be conducted to help 
implement these findings into clinical practice. 

CONCLUSION

Older patients, smokers, patients with diabetes, those 
with type-2 Modic-changes or disc extrusion are more 
likely to have rLDH. No relationship between rLDH 
and sex, BMI, occupational labour/driving, alcohol-
consumption, Pfirmann-grade, or herniation-level was 
found. Higher quality studies with robust adjustment 
of confounders are required to determine the clinical 
bearing of all other potential risk factors for rLDH.
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lower sulfation rate resulting in fewer proteoglycans, 
which is the main constituent of the intervertebral-
disc41.

This systematic review and meta-analysis has 
several strengths. It is a comprehensive review of 
the most up-to-date literature including the wealth of 
recent studies assessing risk factors for rLDH (since 
previous systematic review in 20165). The highest 
quality evidence for prognostic factor studies (case-
control and cohort studies) were included42. Unadjusted 
and adjusted data were analysed separately, and a 
sensitivity-analysis carried out to examine the effect of 
operation type on the relationship between risk factor 
and rLDH21. All relevant clinical and radiological 
risk factors routinely assessed in clinical practice 
were included. In addition, several novel factors 
were examined, such as: pre-operative pain scores, 
history-of-spine trauma, occupational-driving, alcohol-
consumption, hypertension, sport-activity and time-to-
return-to-work as well degree of Modic-change, degree-
of-disc-degeneration (Pfirmann-grading) and level-of-
herniation which had not previously been pooled in 
a meta-analysis. Strict definitions of recurrence were 
adhered to, ensuring recurrence was due to reherniation 
of disc at the same level and not a complication of the 
primary operation23,24,34. 

Nevertheless, some limitations to the study are 
important to highlight. Most pertinently, the paucity of 
multivariate-data confined the interpretation of several 
factors (such as: pre-operative pain) and their potential 
clinical bearing on rLDH. Further, measurement of 
prognostic factors was poor due to inherent heterogeneity 
in defining and measuring factors such as: smoking-
history, alcohol consumption, extent of spinal-trauma 
or intensity of occupational-labour. Finally, several data 
were imprecise with large confidence intervals (due 
to small sample sizes in some studies26,27,29) resulting 
in these data being statistically underpowered in the 
meta-analysis. This was reflected in the assessment of 
the strength of the evidence. Therefore, future studies 
should aim to clearly describe their prognostic factor 
definitions for methodological reliability. In addition, 
authors should include a multivariate analysis adjusting 
for common confounders, to ensure the clinical bearing 
of each individual variable on risk of recurrence can be 
deduced. 

Clinicians should encourage patients with LBP 
due to LDH to stop smoking and ensure those with 
diabetes engage with regular follow-up. Further, 
public-awareness strategies should highlight the vital 
role smoking cessation plays in improving prognosis 
for patients with LDH. Surgeons considering operative 
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