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Factors that influence recurrent lumbar
disc herniation
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ABSTRACT

Introduction: The most common cause of poor
outcome following lumbar disc surgery is recurrent
herniation. Recurrence hasbeen noted in 5% to 15% of
patients with surgically treated primary lumbar disc
herniation. There have been many studies designed
to determine the risk factors for recurrent lumbar
disc herniation. In this study, we retrospectively
analysed the influence of disc degeneration, endplate
changes, surgical technique, and patient’s clinical
characteristics on recurrent lumbar disc herniation.

Methods: Patients who underwent primary single-
level L4-L5 lumbar discectomy and who were
reoperated on for recurrent L4-L5 disc herniation
were retrospectively reviewed. All these operations
were performed between August 2004 and
September 2009 at the Neurosurgery Department of
Ataturk Education and Research Hospital in Ankara,
Turkey.

Results: During the study period, 126 patients were
reviewed, with 101 patients underwent primary
single-level L4-L5 lumbar discectomy and 25
patients were reoperated on for recurrent L4-L5
disc herniation. Preoperative higher intervertebral
disc height (P<0.001) and higher body mass index
(P=0.042) might be risk factors for recurrence. Modic
endplate changes were statistically significantly
greater in the recurrent group than in the non-

recurrent group (P=0.032).

Conclusion: Our study suggests that patients
who had recurrent lumbar disc herniation had
preoperative higher disc height and higher body
mass index. Modic endplate changes had a higher
tendency for recurrence of lumbar disc herniation.
Well-planned and well-conducted large-scale
prospective cohort studies are needed to confirm
this and enable convenient treatment modalities to
prevent recurrent disc pathology.
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* Preoperative higher disc height, higher body mass index, and greater Modic endplate changes are important

factors in recurrent lumbar disc herniation.

* This study revealed that patients who had lumbar disc herniation with preoperative higher disc height and
Modic changes have a higher tendency to recurrence of lumbar disc herniation.
* Itisimportant to bear these factors in mind preoperatively and ensure discussion of expectations of surgery

with the patient.

Introduction

Single-level lumbar discectomy is a very common
surgical procedure and has been proven to be
beneficial for patients with lumbar disc herniation
(LDH). Recurrent lumbar disc herniation (rLDH) is
defined as disc herniation at the same level, regardless
of ipsilateral or contralateral herniation, in a patient
who has experienced a pain-free interval of at least
6 months after surgery.!? The true incidence of
same-level rLDH after lumbar discectomy is unclear.

The recurrence rate of LDH has been reported
to be 5% to 15%.'° There have been many studies
designed to determine the recurrence of LDH,
and various risk factors suggested including disc
degeneration, trauma, age, smoking, gender, and
obesity."*¢ Radiologically identifiable factors, such
as disc degeneration, disc height, and sagittal range
of motion have been shown to be related to spinal
instability and consequently to rLDH.”® In this
retrospective study, we analysed the influence of disc
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degeneration, endplate changes, surgical technique,
and patient’s clinical characteristics on rLDH.

Methods

We examined factors that could influence the
recurrence of LDH, especially in those with
the highest recurrence rate, and to minimise
the biomechanical changes at every level. We
retrospectively reviewed the medical records of
patients with L4-L5 LDH who underwent lumbar
discectomy between August 2004 and September
2009 at the Neurosurgery Department of Ataturk
Education and Research Hospital in Ankara, Turkey.
This hospital is a tertiary referral hospital and a
centre for education and scientific research. This
study was approved by the Ethics Committee of
Ankara Ataturk Education and Research Hospital,
Turkey. The principles outlined in the Declaration of
Helsinki have also been followed.

Patients were excluded if they had any of
the following: prior lumbar surgery at another
institution, segmental instability, vertebral fractures
and spinal infections, other types of degenerative disc
disease, tumours, pregnancy, and age over 75 years.
Patients were included if they had radicular pain for
at least 3 months that was refractory to 6 weeks of
conservative treatment with or without neurological
deficit, numbness in the lumbar spine, buttock, and/
or lower extremity, age between 21 and 75 years,
and magnetic resonance imaging (MRI) and/or
computed tomography demonstrating anatomical
unilateral LDH correlating with symptoms. In the
rLDH group, patients were additionally required to
have had a pain-free interval of at least 6 months
following the first surgery. We compared the
patients’ demographic and clinical characteristics
(age, sex, body mass index [BMI], diabetes mellitus,
smoking, herniation type), preoperative radiological
parameters (Pfirrmann disc degeneration grade,
Modic endplate changes, disc height), surgical
technique (microdiscectomy, open discectomy), and
duration of symptoms. All surgeries were performed
by the same group of surgeons via microdiscectomy
or open discectomy technique as previously reported
and standardised by Williams' and Mixter.!! The
type of herniation was classified as protrusion,
extrusion, or sequestration after retrospective review
of surgical records and MRI studies. The staff in the
radiological department were blinded to the outcome
of the study. Lumbar MRI and simple radiographic
examinations were performed in all patients before
surgery. Intervertebral disc height measurements
were calculated using the lateral radiographs. The
degree of disc degeneration was assessed on T2-
weighted sagittal MRI sequences. Disc degeneration
was classified by our radiological department in
a retrospective and blinded manner according to
modified Pfirrmann criteria as shown in Table 1.2
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Modic endplate changes were also classified with
the help of our radiological department on T1/T2-
weighted sagittal MRI sequences, again blinded to
the outcome.’®!*

Data analysis was performed using the
Statistical Package for the Social Sciences (Windows
version 11.5; SPSS Inc, Chicago [IL], United States).
Test of normality was applied to parametric data.
Parametric numerical data were compared with
Student’s ¢ test and non-parametric data with
Mann-Whitney U test. Chi squared test was used
with Fisher’s exact test to compare categorical and
nominal variables as appropriate. Wilcoxon signed-
rank test was used to compare differences between
paired data. To identify the associations between
recurrence and diabetes mellitus and smoking,
logistic regression analysis was used. In detalil,
recurrence was included in the regression model as
a dependent variable; smoking status and existence
of diabetes mellitus were included as covariants
and the enter mode was used. P value was used to
determine whether the differences were statistically
significant. A P value of <0.05 was considered
statistically significant.

Results

A retrospective analysis of 600 patients who
underwent surgery between August 2004 and
September 2009 for only a single-level LDH was
performed. The level of disc herniation was L1-L2 in
four (0.7%), L2-L3 in 17 (2.8%), L3-L4 in 39 (6.5%),
L4-L5 in 289 (48.2%), and L5-S1 in 251 (41.8%)
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patients. Of the 600 patients, 44 had rLDH; their
respective distributions of disc levels were 0, 1,
3, 25, and 15. The total recurrence rate was 7.3%.
Recurrence rate for L4-L5 level was the highest at
8.6%. The mean follow-up time of all patients was
323 days. The mean symptom duration was 78 days
for the non-recurrent group and 77 days for the

TABLE |. Pfirrmann disc degeneration grade'?

recurrent group. Patients in the recurrent group
were pain-free for at least 6 months after the first
operation with a median of 240 days (range, 188-
1260 days).

After applying the exclusion/inclusion
criteria, we retrospectively analysed 126 patients
who underwent primary single-level L4-L5 lumbar

Type Structure Nucleus Signal intensity Disc height
| Homogeneous Light Hyperintense Normal

Il Heterogeneous with horizontal line Light Hyperintense Normal

11l Heterogeneous, grey Dark Intermediate Normal

IVA Heterogeneous, grey Dark Intermediate Reduced
IVB Heterogeneous, black Lost Hypointense Reduced

Vv Heterogeneous, black Lost Hypointense Collapsed

TABLE 2. Univariate analysis of demographics, and clinical and radiological characteristics in the non-recurrent group and the

recurrent group before the first surgery

Variable Mean * standard deviation or No. (%) of patients P value
Recurrent group (n=25) Non-recurrent group (n=101)
Age (years) 53.2+12.3 479 +£12.2 0.055*
Sex (M /F) 17 (68.0) / 8 (32.0) 70 (69.3) / 31 (30.7) 0.899t
Body mass index (kg/m?) 24.8 +0.8 23.8+1.3 0.042*¢
Diabetes mellitus 0.1641
Positive 5 (20.0) 10 (9.9)
Negative 20 (80.0 91 (90.1)
Smoking 0.3491
Smoker 13 (562.0) 42 (41.6)
Non-smoker 12 (48.0) 59 (58.4)
Herniation type 0.057%
Protrusion 9 (36.0) 58 (57.4)
Sequestration 2 (8.0) 6 (5.9)
Extrusion 14 (56.0) 37 (36.6)
Disc degeneration grade (Pfirrmann) 0.079t
11-11 11 (44.0) 64 (63.4)
IV (A+B) 14 (56.0) 37 (36.6)
Endplate changes (Modic) 0.032%
0 7 (28.0) 51 (50.5)
1 4 (16.0) 8(7.9)
2 11 (44.0) 42 (41.6)
3 3(12.0)
Disc height (mm) 19.1+4.6 15.0+3.3 <0.001*
Type of surgery 0.602t1
Open surgery 17 (68.0) 63 (62.4)
Microdiscectomy 8 (32.0) 38 (37.6)
Symptom duration (days) 776 £101.2 78.8+110.9 0.978*

* Mann-Whitney U test
T Chi squared test
I Fisher's exact test
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discectomy and who were reoperated on for rLDH.
The patients were divided into recurrent (n=25) and
non-recurrent (n=101) group (Fig).

Univariate analysis for demographics, and
clinical and radiological characteristics of the
recurrent and non-recurrent groups is shown in
Table 2. There were no significant differences in the
age, sex, type of disc herniation, type of surgery, and
duration of symptoms between the two groups. Of
the patients, 13 (52.0%) in the recurrent group and
42 (41.6%) in the non-recurrent group were smokers.
In comparison with non-smokers, smokers had a
50% higher recurrence rate (odds ratio [OR]=1.52;
95% confidence interval [CI], 0.63-3.66). Five (20.0%)
patients in the recurrent group and 10 (9.9%) in the
non-recurrent group had diabetes mellitus. Patients
with diabetes mellitus had twice the recurrence
rate of those without (OR=2.27; 95% CI, 0.70-7.38).
Preoperative mean intervertebral disc heights
were significantly different between the recurrent
(19.1 mm) and non-recurrent (15.0 mm) groups
(P<0.001). A higher preoperative intervertebral disc
space might be a risk factor for recurrence. A higher
BMI was a statistically significant factor in the
recurrent group (P=0.042). Modic endplate changes
were statistically higher in the recurrent group than
in the non-recurrent group (P=0.032). In the non-
recurrent group, 13 (12.9%) patients showed grade
II, 51 (50.5%) showed grade III, 24 (23.8%) showed
grade IVA, and 13 (12.9%) showed grade IVB
Pfirrmann disc degeneration. Although Pfirrmann
disc degeneration was not statistically significant
between the two groups (P=0.079), it might still be a

& Recurrent lumbar disc herniation

moderate marker for a potential risk of recurrence.
The comparative analysis of preoperative
clinical and radiological characteristics of the
recurrent group is shown in Table 3. Before the first
surgery, one (4%) patient showed grade II, 10 (40%)
showed grade III, eight (32%) showed grade IVA,
and six (24%) showed grade IVB Pfirrmann disc
degeneration. In one patient, grade II Pfirrmann
degeneration progressed to IVA before the second

Patients operated on for
single-level LDH (n=600)

Exclusion of patients with non—-L4-L5 LDH
(n=311)

A4

Patients operated on for
L4-L5 LDH (n=289)

A
Patients operated on for

Exclusion of prior lumbar surgery at
another institution, segmental instability,
vertebral fractures and spinal infections,

other types of degenerative disc diseases,
tumours, pregnancy, and age >75 years
(n=163)

L4-L5 LDH selected for
this study (n=126)

\ 4 \ 4

L4-L5 LDH
(n=101)

L4-L5 rLDH
(n=25)*

FIG. Flowchart of the study

Abbreviations: LDH = lumbar disc herniation; rLDH = recurrent lumbar disc

herniation

* Patients with L4-L5 rLDH having pain-free interval for at least 6 months after the

first surgery

TABLE 3. Comparison of preoperative clinical and radiological characteristics of the recurrent patients (n=25)*

Characteristic

Initial surgery

Second surgery

P value

Herniation type

Protrusion 9 (36) 7 (28)

Sequestration 2 (8) 0

Extrusion 14 (56) 18 (72)
Disc degeneration (Pfirrmann)

-1 11 (44) 5 (20)

IV (A+B) 14 (56) 20 (80)
Endplate changes (Modic)

0 7 (28) 5 (20)

1 4 (16) 6 (24)

2 11 (44) 11 (44)

3 3(12) 3(12)
Disc height (mm) 191+ 46 18.1+4.4
Body mass index (kg/m2) 24.8+0.8 255+0.9

Median (range) pain-free interval (days) -

240 (188-1260)

0.320t

0.072%

0.8211

0.201§

0.020§
0.020§

* Data are shown as No. (%) of patients, unless otherwise specified

T Fisher's exact test
T Chisquared test
§ Wilcoxon signed-rank test
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surgery. Six of 10 patients with grade III changed
to IVB, three changed to IVA, and one remained
unchanged with a Pfirrmann degeneration grade III
after recurrence.

These results led us to consider the relationship
between grade of degenerated disc and herniation
type. Herniation type was compared with Pfirrmann
disc degeneration degree and Modic endplate
changes. Patients with extrusion-sequestration
herniation had a statistically significant higher
Pfirrmann disc degeneration in contrast to patients
with protrusions (P=0.016). Nonetheless, there
was no correlation between Modic changes and
herniation type (P=0.279).

Discussion

Degenerative disc disease remains a poorly
understood phenomenon because of the lack of
precise definitions for healthy and degenerated
discs. Decreased nutrition is the final common
pathway for degenerative disc disease and the status
of the endplate plays a crucial role in controlling
the extent of diffusion and is the only source of
nutrition.” A recurrence rate of 5% to 15% for LDH
has been reported.'® Differentiation of recurrent
disc herniation from scar formation will allow for
improved treatment choices and selection of patients
who may benefit from a second surgery. Gadolinium-
enhanced MRI is thought to be the best modality to
differentiate between these two diagnoses. There is
much debate about the risk factors for r(LDH and it
is very difficult to define them because many clinical
and complicated biomechanical parameters are
involved.

In this study, we analysed the influence of disc
degeneration, endplate changes, surgical technique,
and patient’s clinical characteristics (age, gender,
BMI, symptom duration, herniation type, smoking
status, and diabetes). Kim et al® reported old age,
high BMI, protrusion type of disc herniation,
and positive Modic changes as risk factors after
percutaneous endoscopic discectomy. Swartz and
Trost,> however, found that age, gender, smoking
status, level of herniation, and duration of symptoms
were not associated with rLDH. We showed that
disc height, BMI, and Modic endplate changes were
significantly correlated with a higher incidence of
rLDH. Although diabetes and smoking were not
statistically significant in our study, patients with
diabetes had twice the recurrence rate of those
without. Furthermore, patients who were a smoker
had a 50% higher recurrence rate in contrast to non-
smokers. The exact mechanism by which smoking
contributes to disc degeneration is incompletely
understood, but may be related to disc annulus
nutrition and oxygenation, as well as increases in
intradiscal pressure due to excessive coughing.
Vascular insufficiency as a result of atheromas should

also be considered.'** Analogous with our results,
these presumptions may account for smoking as
a cause of rLDH. In contrast with these findings,
however, some studies found no relationship
between smoking and rLDH.?*"*

Clinical studies of disc height and recurrence
have shown that degenerative segments with
preserved disc height have a latent instability
compared with segments with collapsed discs.?
Other studies have shown that the restabilisation
stage begins when disc height is reduced by 50%.”
Similar to these studies, our study showed that
preoperative higher intervertebral disc space
measurements were significantly more important in
recurrence (P<0.001).

Pfirrmann disc degeneration grade was not
statistically significant in the recurrent group in
contrast to non-recurrent group (P=0.079), but
patients with extrusion and sequestration had
a statistically significant higher Pfirrmann disc
degeneration than patients with protrusions
(P=0.016). These findings provide evidence that
the healing processes that occur in the outer
lamellas after annular injury may not be sufficient
for effective reconstitution of the external
annulus in degenerated discs.?**® Increases in disc
degeneration cause larger volumes of herniation
type. Studies of Modic endplate changes after
lumbar discectomy have shown incremental changes
in disc degeneration grade.'®?® It is accepted that
Modic type 1 changes are dynamically unstable and
inflammatory lesions, whereas type 2 lesions are
much more stable and unchangeable.?® Therefore,
posterior lumbar interbody fusion combined with
pedicle screw fixation is suggested for degenerative
lumbar disc disease with Modic changes.”” Another
study suggested treatment of Modic type 1 and 2
lesions with degenerative disc disease with posterior
dynamic stabilisation.®® Our study showed that
Modic changes were statistically higher in the
recurrent group than the non-recurrent group
(P=0.032). These findings suggest that patients
with LDH and higher preoperative disc heights and
Modic changes have a higher risk and tendency to
recurrence of LDH. Although our study does not
include different modalities to include lumbar disc
diseases with Modic changes, the results might
suggest a supplemental approach such as posterior
stabilisation and fusion, or newly proposed treatment
options with dynamic posterior stabilisation.

This study has several limitations. It would have
a greater impact if we had included a larger subgroup
population, especially for (LDH. To investigate factors
that influence recurrence of L4-L5 disc herniation,
however, several clinical and radiological parameters
such as canal diameter, facet angle, annular defect
size, location of the herniation type etc would need
to be considered. The aim of this study was to focus
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on the effect of disc height, endplate changes, and
disc degeneration in rLDH at L4-L5 level. As only
univariate analyses were performed, we have no
adjustment for potential confounding, hence the
independent effects of the risk factors could not
be documented. A prospective study would obtain
more precise results, especially due to standardised
sampling and classification of data.

Conclusion

This study suggests that patients who had LDH with
higher preoperative disc height, higher BMI, and
Modic endplate changes have a higher tendency for
rLDH. Well-planned and well-conducted large-scale
prospective cohort studies are essential to firmly
evaluate and determine factors involved in rLDH.
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