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Abstract  
Study Design This cohort study was an analysis of prospectively collected data in the DaneSpine 
Database.   

Objective: The objective was to determine whether pre-operative magnetic resonance imaging 
(MRI) findings were associated with the frequency of surgical revision due to recurrent lumbar disc 
herniation (LDH) within three years after first-time, single-level, simple lumbar discectomy. 

Summary of Background Data: Because of a risk of poorer outcome in patients receiving revision 
surgery compared to first-time discectomy, there is a need to identify patients with LDH in risk of 
surgical revision prior to the primary discectomy. The association between pre-operative MRI 
findings and revision surgery in patients with LDH has not been thoroughly studied.  

Methods: Following an inter-observer reliability study pre-operative MRIs were evaluated. 
Potential predictive variables for surgical revision were evaluated using univariate and multivariate 
logistic regression analysis. Also, a sum-score of the number of MRI findings at the involved level 
was assessed.  

Results: In a study population of 451 operated patients, those who had surgical revision were 
significantly younger and were significantly less likely to have vertebral endplate signal changes 
Type 2 (OR 0.36 (95% CI 0.15-0.88)) or more than five MRI findings (OR 0.45 (95% CI 0.21-
0.95)) at the involved level than the patients not undergoing surgical revision. Surgical revision was 
not significantly associated with any other MRI findings.  

Conclusions: In general, pre-operative MRI findings have a limited explanatory value in predicting 
surgical revision within three years after first time, single-level, simple lumbar discectomy. Both the 
single variable VESC Type 2  and a sum-score > 5 MRI findings at the operated level was found to 
be negatively associated with patients undergoing surgical revision.  

 

Keywords Disc herniation. Recurrent lumbar disc herniation. Discectomy. Surgical revision. 
Predictors. Vertebral endplate signal changes. MRI. High intensity zone. Disc degeneration. Sum-
score. 

Level of evidence: 
3 

Key points 
1. In general, pre-operative MRI findings have a limited explanatory value in predicting 

surgical revision within three years after first time, single-level, simple lumbar discectomy.  

2. Patients with a sum-score of less than five preoperative MRI findings at the operated level 

had higher odds of receiving surgical revision within three years.  

3. Patients with vertebral endplate signal changes Type 2 had 2.8 lower odds of surgical 

revision than those with absence of VESC Type 2. 
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Introduction 

Recurrent lumbar disc herniation (rLDH) is a known complication after lumbar discectomy, and 

radiographic evidence of rLDH at the operated level is found in 23% of patients within 2 years after 

surgery.1 The incidence of surgical revision due to rLDH at the same level and side is 1% - 13% 1-5 

indicating not all re-herniations require surgery. Due to the risk of poorer outcome 6-8 and possibly 

greater per-patient cost 9 compared to first-time discectomy, there is a need to identify patients at 

risk of surgical revision prior to the primary discectomy.  

Although inconclusive, some magnetic resonance imaging (MRI) findings appear associated with 

prognosis in patients with non-specific low back pain (LBP) 10,11 or sciatica.12 Likewise, a few pre-

operative single MRI-findings (disc morphology and disc degeneration (DD), nerve root 

impingement and endplate changes) have been examined as possible predictors of surgical revision 

after limited discectomy with conflicting results.2,13-16 Hancock et al. found that an aggregate score 

of MRI-findings in the lumbar spine was more strongly associated with both previous and future 

LBP than single findings,17 and correspondingly it is possible that the number of MRI-findings  

could be associated with the risk of revision surgery.  

The objective of this cohort study is to examine whether both single pre-operative MRI-findings 

and a sum-score of MRI-findings at the level of lumbar disc herniation (LDH) are associated with 

the frequency of surgical revision due to rLDH within three years after first-time, single-level, 

simple lumbar discectomy.  
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Materials and Methods 

Study population 
The study population was first-time operated patients due to symptomatic disc herniation. All operations 

were conducted at a public spine clinic between June 1, 2010 and March 31, 2015. The operating 

procedure was single-level decompressive surgery using either open discectomy facilitated by 

microscope or loupe magnification and illumination,18 or microendoscopic discectomy. Patients were 

referred from primary or secondary care if they had persistent symptoms after non-surgical treatment. 

Also, patients had an American Society of Anesthesiologists (ASA) classification score of < 3.19 Only 

patients with pre-operative MRIs from two strategically appointed radiologic departments were included 

in the study due to similar MRI machines and standardized imaging protocols allowing for data 

consistency. Patients with other identifiable spine pathology at the time of surgery were excluded. 

The study population was identified from a national Danish database DaneSpine.20 The spine clinic in 

this study has registered pre-operative questionnaires including demographic data on 97% of the total 

population of patients operated in the lumbar spine in 2016.21 Surveying the electronic patient journal 

verified the search-criteria and established the origin of the pre-operative MRI for final identification of 

the study population.  

Data collection 

The patients completed a questionnaire  on the day of admission to the spine clinic for LDH 

surgery, and intra-, peri- and post-operative data were entered into the DaneSpine database by the 

surgeon no later than at patient discharge from the spine clinic. Collected data included age, gender, 

Oswestry Disability Index (ODI),22-24 Visual Analog Scale (VAS),25,26 EuroQol-5D (EQ-5D),27-29 

SF-36,28,30 admission-diagnosis, level of surgery and date of surgical revisions performed within the 

entire country. Surgical revision included open or micro-endoscopic discectomy or un-instrumented 

fusion.  
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MRI variables and protocol 

MRI variables of interest and evaluation nomenclature are described in Table 1. Levels from Th12 

to S1 were evaluated by the first author using EasyViz (Picture Archiving and Communication 

System version 7.4.7-263, ON, Canada), and data were entered into a simplified data entry form 

(EpiData Entry Client version 4.0.2.49, Odense, Denmark) using a fully explanatory data 

documentation sheet and built-in checks to minimize data entry errors. The MRI system used was 

Philips 1.5 Tesla. Standard imaging protocol consisted of a sagittal T1-weighted turbo spin-echo 

(TSE), a sagittal short-tau inversion recovery (STIR), an axial T2-weighted TSE of the three lower 

lumbar segmental levels and a sagittal Volume Isotropic Turbo spin echo Acquisition (VISTA) 

enabling reconstruction of semi-coronal series. In a small number of cases other protocols were 

used, leading to uneven variable-totals (N) in the following analyzes.  

MRI reproducibility 

Prior to the MRI data collection, an inter-observer MRI reliability study was completed including 

patients randomly selected from an MRI database at the spine clinic. Images were independent 

evaluated at disc levels Th12-S1 by a senior musculoskeletal consultant radiologist and by the first 

author both blinded to all clinical information, and using a standardized evaluation protocol. Overall 

agreement was evaluated using Cohen’s kappa statistics with 95% confidence interval.38 

 

Data management and statistical analysis 

Statistical analysis 

All variables were descriptively analyzed, reducing categories of MRI-findings as described in 

Table 2. A sum-score of MRI variables was created calculating the number of single MRI-findings 
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at the operated segmental level and then reduced according to the distribution of data. Associations 

between independent variables were tested using chi-square test.  

Statistical analysis for comparison of age, gender, pain and disability between the outcome groups 

(revision or non-revision) was performed using Student’s test, chi-square test or Mann-Whitney 

test. Univariate logistic analysis was performed for each MRI-variable, the association expressed as 

odds ratio (OR). Furthermore, using stepwise backward elimination, all variables except the sum-

score were tested in a crude multivariate logistic analysis and subsequent in a multivariate logistic 

analysis adjusted for age, as a positive correlation between age and DD has been shown in the 

literature.39 Analyzes were performed using Stata 14 (StataCorp, College Station, Tx, USA). Alpha 

level of 0.05 used in all tests.  

Ethics and data control 

The study was approved by the Danish Health Safety Authority and the Danish Data Protection 

Agency. According to Danish law, ethical approval from The Regional Scientific Ethics Committee 

for Southern Denmark was not required for this type of study.40 Permission to use DaneSpine data 

was given by the data controller at the spine clinic involved.  

All patient data are strictly confidential and stored according to the Danish Open Administration 

Act, the Danish Act on Processing of Personal Data and the Health Act. 

Results 

MRI reproducibility 
49 patients were included (59% female, mean age 41, range 19-59). For all variables, except 

variables related to facet joints, an overall agreement no less than 0.8 was obtained (0.81-0.96) 

(Table 3). Kappa values showed moderate to substantial agreement (0.42-0.74), except for facet 

joint (0.13-0.30) and nerve root compression (0.38).  
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Comparison of groups 
The final study population consisted of 451 patients (Figure 1). In total, 53 patients had surgical 

revision due to rLDH within three years after the primary surgery. Of those, 45 patients (10 %) had 

revision discectomy within a mean of 9.6 months (range 1-35) and eight patients (1.7 %) had fusion 

surgery within a mean of 17 months (range 6-33). Because of the low number of fusions it was not 

possible to conduct isolated analyzes, therefore, all patients who received surgical revision formed 

the ‘revision group’, being compared to the group who did not have surgical revision, the ‘non-

revision group’.  

Patients in the revision group were significantly younger than patients in the non-revision group 

(Table 4).  

MRI variables 
The results of the univariate and multivariate analyzes at the operated level are shown in Table 5. 

Patients in the surgical revision group had an OR of 0.36 (95% CI 0.15-0.88) for having vertebral 

endplate signal changes (VESC) Type 2 compared to patients in the non-revision group. The same 

association was found in the multivariate analyzes both crude (OR 0.36 (95% CI 0.15-0.87), 

p=0.02) and adjusted for age (OR 0.38 (95% CI 0.16-0.93), p=0.03). Also, patients in the surgical 

revision group had an OR of 0.45 (95% CI 0.21-0.95) for having more than five MRI-findings at 

the operated level compared to the non-revision group, and the association remained when adjusted 

for age in a univariate analysis (OR 0.53 (95 % CI 0.25-1.13)).  

Statistically significant associations were found between DD and all other MRI variables, except 

HIZ (p=0.055).  
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Discussion 

The results showed that patients in the surgical revision group were less likely to have more than 

five pre-operative MRI-findings and VESC Type 2 at the operated level compared to patients in the 

non-revision group. None of the other single MRI-findings was associated with surgical revision. 

MRI variables 
The presence of VESC Type 2 seems to be significantly associated with surgical revision with 2.7 

lower odds of surgical revision than patients with absence of VESC Type 2. By acknowledging that 

the different types of VESC represents a developmental process with Type 1 (fissured endplates and 

vascular granulation tissue) as the first stage and Type 2 (disruption of the endplates and fatty 

degeneration of the adjacent bone marrow) as the following step,35 it seems plausible to interpret the 

different stages as a proxy for the degenerative process, and VESC Type 2 could represent the 

“burned out” aged disc preceded by VESC Type 1 and less likely to re-herniate.39 Supportive of this 

interpretation of VESC Type 2, a positive association was found in the descriptive statistics 

between DD and most of the independent MRI variables including VESC Type 2. The association 

between reduced disc height and VESC Type 2 is further supported by Teichtahl et al.,41 who found 

a reduction in the average baseline disc height associated with an increased risk for VESC Type 2 

(OR 1.9 (95% CI 1.1-3.3)) in a study with two-year follow-up. Yaman et al.14 found the presence of 

VESC in total (Type 1,2 and 3) associated with surgical revision, however in crude numbers the 

presence of VESC Type 2 was evenly distributed between the non-revision and revision groups. 

Quantifying the size of VESC in our study by only including VESC above the endplate-level, or a 

higher mean age in the Yaman et al. revision group compared to the non-revision group and in 

general, might explain this inconsistency.  

The sum-score of MRI variables was associated with surgical revision  indicating that patients with 

less than five pre-operative MRI-findings at the operated segmental level have higher odds of 
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surgical revision emphasizing the importance of evaluating groups or sum-scores of MRI-findings 

besides evaluation of single factors.  

Surprisingly, DD was not associated with surgical revision although the direction of the OR was in 

line with the association found for both VESC Type 2 and the sum-score, however the 

dichotomization of the variable and thereby loss of information could be one explanation for the 

lack of association. If categorical, it is possible that the variable DD could have shown statistically 

significance as the category ‘no DD’ is more frequently seen in the revision group compared to the 

remaining three categories within the variable. Unfortunately, due to insufficient cell sizes this 

analysis was not possible. Similarly, Dora et al. concluded that advanced DD (Pfirrmann grades IV 

and V) was significantly more frequent in a non-revision group than in a revision group.13  

The variable HIZ was nearly statistically significant in the univariate analysis (OR 0.26 (95% CI 

0.06-1.10), p=0.07) indicating that HIZ could be less frequent in the revision group. The underlying 

pathogenesis of HIZ as well as the clinical importance of the phenomena is not very well 

understood or described in the literature.42 The prevalence of HIZ at the operated level in the 

present study is lower than seen elsewhere in both symptomatic LBP populations and asymptomatic 

populations,42 which might indicate a possible bias. The association between DD and HIZ was close 

to being statistically significant (p=0.055) indicating that HIZ might just be a normal finding within 

the spine aging, which supports the findings of HIZ in both symptomatic and asymptomatic 

populations.42  

The remaining MRI variables were not associated with surgical revision, however the OR being <1 

for all MRI-findings related to degeneration indicates that these could be less frequently present in 

the revision group and the combination of small ORs and a low frequency of surgical revision is a 

possible explanation of the insignificance. It is possible that other MRI-findings could be 
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associative to surgical revision and maybe even explain some of the rLDH occurrence. Such MRI-

findings could include the size or location of the LDH. 

Comparisons of groups 
The incidence of revision discectomy within 3 years is in line with most other studies 4,8,14,16,43,44 

although some are not directly comparable reflecting heterogeneity in definition of rLDH and 

follow-up time-points. The incidence of surgical revision in form of fusion (1.7%) is in concordance 

with other findings,5,8 but inferior to the 15% found by Abdu et al.16 over an eight-year period, and 

to a meta-analysis finding the preferred surgical revision techniques equally discectomy (47%) and 

fusion (53%).45 This inconsistency could be reflective of absent clinical guidelines and subsequent 

differences in surgical management as described by Dower et al.46 among others. 

The revision group was significantly younger than the non-revision group, which is in concordance 

with similar studies.2,4,15,16 Only one study found older patients in the revision group.14 As the 

prevalence of degenerative MRI-findings increases with age 39 younger patients would be expected 

to have fewer degenerative MRI-findings and thereby have a higher risk of revision surgery as the 

disc complex would not yet be ‘burned out’. We found no difference between gender in the two 

groups which is in line with previous studies 4,13,16 although inconsistencies exist.2,15 

Strengths and limitations 
The results of the inter-observer reliability study and subsequently evaluating all pre-operative 

MRIs is a strength of this study as it estimates the usefulness of the data and secures optimum data 

consistency. The assessment of facet joints showed slight to fair kappa agreement being inferior to 

the substantial agreement found by Weishaupt et al.36 and could be the result of lacking consensus 

training As the facet joint osteoarthritis are included in the sum-score, a cautiously interpretation of 

the sum-score variable is recommended.  
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The selected MRI variables examined in this study are not comprehensive and including other MRI 

variables of interest in future studies could provide additional knowledge of the predictive value of 

MRI-findings. In addition, it is most likely that components such as biological or environmental 

factors, surgical technique and work-related physical demands could influence the occurrence of 

rLDH. To include all potential predictors would require a much larger study sample and even then, 

the extrapolation would be questionable due to the relative indications of LDH surgery. 

The potential disadvantages associated with retrospective data collection is sought minimized using 

meticulously collected secondary data from a suitable database and enhancement of data 

completeness as described. Entering data into the DaneSpine database is voluntary, yet the spine 

clinic performing the first-time surgery has a structured data collection and handling .21 The 

completeness of reported surgical revisions from other spine clinics is unknown and a risk of under-

reporting might exist. However, assuming that most patients would undergo surgical revision at the 

spine center performing the primary surgery minimizes the impact of a possible bias.  

In spite of a relatively large cohort, the number of surgical revisions in form of fusion was too low 

to perform sufficient and isolated analyzes, which is a limitation to the study and leaves the 

question if the choice of surgical technique should make a difference to the outcome unanswered. 

The association found for VESC Type 2 and the MRI sum-score together with the direction of the 

ORs for the other MRI-findings could indicate that the presence of degenerative findings were 

associated with less frequent revision surgery. In a clinical setting, the obtained knowledge could 

contribute to the pre-operative clinical decision making enhancing the awareness of a possible 

increased risk of rLDH when facing younger LDH patients with few MRI findings. However, the 

small ORs and a lack of statistically significance for most of the single MRI-findings, indicates that 

these results should be interpreted very cautiously and should be confirmed in larger study 

populations. 
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Conclusion 
 

In general, pre-operative MRI-findings have a limited explanatory value in predicting surgical 

revision within three years after first time, single-level, simple lumbar discectomy. The single 

variable VESC Type 2, the sum-score of > 5 MRI-findings and being older was found to be 

negatively associated with patients in the revision group.  
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Table 1 
MRI variables and description of categories 
 
 

MRI variables of 
interest 

Evaluation nomenclature 

Disc 
degeneration 
31 

 

None = Normal disc height and signal intensity.  

Mild = Slightly reduced disc height and/or reduced signal of 
the nucleus. 

Moderate = Reduced disc height and reduced signal of the 
nucleus.  

Severe = Collapsed disc space. 

HIZ 
32 

 

Present: Hyperintensity signal on T2-weighted MRI (STIR 
sequence) in the annulus fibrosus. Visibility: One slice. 

Not present 

Disc morphology 
33 

None 

Broad-based herniation: 25-50% = 90-180 degrees 

Focal herniation: <25% = < 90 degrees. Width>depth 

Extrusion: Depth>Width or ascending/descending behind 
corpora 

Sequestration: No connection between tissue and the disc to 
which it belongs 

Disc bulging 
33 

Present: >50%, including focal herniations and extrusions 

Not present 

Nerve root 
impingement 
34 

 

None 

Touch 

Displaced 

Compressed 

In case of more than one compromise, the more pronounced is 
registered. 

VESC Type 1 
and 2 
35 

Present: Above upper and lower endplate level. Not including 
corner lesions. 

VESC Type 1: hypointense T1 signal, hyperintense T2 & 
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STIR signal 

VESC Type 2: hypointense STIR signal, hyperintense T1 & 
T2 signal.  

Not present 

Endplate bony 
defects  

None 

Irregularity 

Visibility: > one slice or in more than one orientation 
(sagittal/axial) and >=3 mm. Size to be assessed in the 
direction in which the irregularity is most profound.  

Diffuse irregularity 

Visibility: > 50% of endplate 

Facet 
osteoarthritis 
36,37 

Present: 1) joint space narrowing and/or 2) osteophytes. Left 
and/or right side 

Not present 

VESC = Vertebral Endplate Signal Changes 

HIZ = High Intensity Zone  
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Table 2 Pre-operative MRI findings at the operated level   

MRI variables and reduction of 
categories 

Non-revision 
group (n=398) 

Revision group         
(n=53) 

n % n % 
Disc degeneration, n=451      

None/Mild 210 52.8 31 58.5 
Moderate/Severe 188 47.2 22 41.5 

High Intensity Zone, n=443      
Present 51 13.1 2 3.8 

Disc morphology, n=433      
Broadbased/Focal 176 46.2 25 48.1 
Extrusion/Sequestration 205 53.8 27 51.9 

Disc bulging, n=451      
Present 72 18.1 9 17.0 

Nerve root impingement, 
n=451      

None/Touch 85 21.4 7 13.2 
Displaced/Compressed 313 78.6 46 86.8 

VESC Type 1, n=438      
Present 61 15.8 11 20.8 

VESC Type 2, n=438      
Present 100 26.0 6 11.3 

Endplate bony defects, n=449      
Present 197 49.7 23 43.4 

Facet joint degeneration, 
n=447      

One finding 45 11.4 6 11.3 
Two findings 115 29.2 10 18.9 

MRI sum score, n=451      
>5 findings 132 33.2 9 17.0 

VESC = Vertebral Endplate Signal Changes 
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Table 3 

Inter-observer reliability on a test population of 49 persons (294 segmental levels) 

 
MRI variables 
 

Agreement 
coefficient 

 

Cohen's 
kappa  

(95% CI) 

Prevalence,  
positive findings (%) 

 

Bias 
Index 

 

Reader 1 
Reader 
2 

VESC Type1, upper 
endplate  0.95 

0.74 (0.61 - 
0.87) 10 11 0.01 

VESC Type1, lower 
endplate  0.91 

0.61 (0.47 - 
0.74) 11 15 0.05 

VESC Type2, upper 
endplate  0.93 

0.68 (0.55 - 
0.81) 11 13 0.02 

VESC Type2, lower 
endplate  0.87 

0.49 (0.36 - 
0.63) 13 17 0.05 

Disc degeneration ‡ 0.96 
0.68 (0.61 - 

0.75) 27 45 0.31 

High Intensity Zone 0.90 
0.57 (0.42 - 

0.71) 12 13 0.01 

Disc morphology  0.81 
0.56 (0.48 - 

0.63) 24 30 0.20 

Nerve root impingement 0.88 
0.38 (0.23 - 

0.52) 7 13 0.11 
Facet joint space 
narrowing, left # 0.67 

0.31 (0.17 - 
0.45) 26 47 0.21 

Facet joint space 
narrowing, right # 0.67 

0.31 (0.17 - 
0.45) 27 46 0.19 

Facet joint osteophytes, 
left # 0.49 

0.14 (0.04 - 
0.24) 29 71 0.43 

Facet joint osteophytes, 
right # 0.49 

0.16 (0.06 - 
0.25) 28 73 0.45 

Disc bulging 0.96 
prevalence 

too low 2 3 0.20 
Endplate bony defects, 
diff. irregularity, upper  0.99 

prevalence 
too low 1 1 0.00 

Endplate bony defects, 
diff. irregularity, lower  1.00 

prevalence 
too low 0 0 0.00 

Endplate bony defects, 
irregularity, upper  0.92 

prevalence 
too low 7 4 0.03 

Endplate bony defects, 
irregularity, lower 0.91 

prevalence 
too low 7 4 0.03 

VESC = Vertebral Endplate Signal Changes 
CI = Confidence Interval  
‡Weighted Cohen's kappa. 
# N = 147: Axial imaging over the three lower lumbar segmental levels only 
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Table 4 Study population 

 Non-revision 
group 

(N=398) 

Revision group 

(N=53) 

p 

Gender (n (%)) 

Male 223 (56) 30 (57) 0.94 

Age (mean (SD)) 46.2 (13.9) 40.4 (9.6) 0.00 

ODI (mean (SD)) 47.4 (19.3) 48.8 (17.6) 0.60 

VAS – leg (median (iqr)) 73.0 (35.5) 79.0 (24.0) 0.22 

VAS – spine (median (iqr)) 49.0 (52.0) 55.0 (40.0) 0.22 

EQ-5D (median (iqr)) 0.6 (0.4) 0.5 (0.4) 0.66 

SF-36 MCS (mean (SD)) 42.0 (13.6) 41.3 (14.2) 0.71 

SF-36 PCS (mean (SD)) 28.0 (8.5) 27.5 (8.9) 0.68 

SD = Standard deviation 

iqr = Interquartile Range 

ODI = Oswestry Disability Index 

VAS = Visual Analog Scale 

EQ-5D = Euro-Qol-5D 

MCS = Mental Health Score 

PCS = Physical Health Score 
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Table 5 

Potential predictors for surgical revision 

 

 

 Univariate analysis 
MRI variables at operated level OR 95% CI p 
Disc degeneration  

Moderate/Severe 
   

0.79 0.44-1.42 0.43 
Disc morphology                           

Extrusion/Sequestration 
   

0.93 0.52-1.66 0.80 
Disc bulging 0.93 0.43-1.98 0.84 
HIZ 0.26 0.06-1.10 0.07 
Nerve root impingement 

Displaced/Compressed 
   

1.78 0.78-4.09 0.17 
VESC Type 1 1.39 0.68-2.85 0.37 
VESC Type 2 0.36 0.15-0.88 0.02 
Endplate bony defects 0.77 0.43-1.38 0.39 
Facet degeneration 

one finding 
two findings 

   
0.84 0.34-2.12 0.71 
0.55 0.26-1.14 0.11 

Sum-score >5 findings 0.45 0.21-0.95 0.04 
VESC = Vertebral Endplate Signal Changes 
HIZ = High Intensity Zone  
CI = Confidence Interval 
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Figure 1. Flowchart of the study population selection process. *Surveying electronic patient 
journals 
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