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Abstract: Background: Index level disc herniation following lumbar spinal decompression is somewhat
overlooked as postoperative complication, resulting in return of symptoms. It is proposed that the combination
of local instability and degenerated disc is more likely to result in disc herniation. There is no literature
comparing post-decompression disc herniation rates between different techniques. Purpose: This study
compares the postoperative disc herniation rates of the “mini-open” laminectomy versus the tubular system
decompression. Study Design/Setting: Retrospective comparative study. Patient Sample: 563 patients who
underwent primary lumbar spinal decompression in our institution between February 2015 until September
2020. Outcome Measures: Primary: comparison of post-decompression surgery, index level, disc herniation
occurrence between two surgical techniques. Methods: Patient files were retrospectively reviewed and divided
into two groups, distinguished by surgical technique, “mini-open” partial laminotomy and minimally invasive
surgery using tubular system. Demographic, clinical, and postoperative data were collected and compared
using independent two-tailed t-test and Fisher’s exact test with significance set at p<0.05. Results:
Postoperative index level disc herniation was significantly lower in the minimally invasive surgery group with
2 cases (0.8%) versus 19 cases (5.8%) in the “mini-open” group [p=0.002]. Disc herniation following single level
and multi-level operations were also significantly lower in the minimally invasive group compared with the
“mini-open” group (2 versus 11 and 0 versus 8 respectively; p<0.05). Conclusion: Postoperative index level
disc herniation following lumbar spinal decompression occurs in 3.7% of surgeries. Minimally invasive surgery
is found to result in less herniations then “mini-open.”

Keywords: lumbar spinal stenosis; spinal decompression; minimally invasive surgery; mini-open;
disc herniation; post-decompression; instability

Introduction

Lumbar spinal stenosis (LSS) is evident radiographically in 19-47% of the population 260 years
old [1] and clinically symptomatic in about 10% [2]. Decompression surgery is indicated for patients
with moderate-to-severe symptoms refractory to conservative treatment [3,4].

Many surgical techniques for decompression are available ranging from traditional open
complete laminectomy, through “mini-open” partial laminotomy, to different minimally invasive
surgeries (MIS) [5]. While the literature is not conclusive regarding the superiority of the MIS
techniques versus the open techniques, there is an inclination towards the former due to less
operative complications and better patient satisfaction [5-7].

When performing decompression due to LSS, the main complications reported are; incidental
Dural tear (4-9%) [4,8,9]; deep wound infection (~1-2%) [8,10]; and neurological injury (<1%) [3]. Some
studies mention disc herniation as a post-decompression complication [11-14] but fail to distinguish
its rate between the different surgical techniques. In our opinion, disc herniation, though rare, present
a complication worthy of mention due to its clinical implications.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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In open laminectomy/laminotomies, large portion of the posterior complex of the vertebra is
being removed, as opposed to MIS techniques where an emphasis is put on preservation of the
spinous process and its ligaments, along with other structures and surrounding musculature.
Previous studies demonstrated lumbar spinal instability to occur in higher incidence after open
laminectomy then MIS [13,15-17]. Since LSS is more prevalent in the elderly [1,2], the intervertebral
disc of the operated level is already degenerated to some degree with weaker disc anulus. It is
proposed that the combination of local instability and degenerated disc is more likely to result in disc
herniation [11].

We assume that performing lumbar spinal decompression using a tubular system with minimal
bony and soft tissue removal will result in less disc herniations than open laminectomy. By
conducting this study, we wish to compare the postoperative disc herniation rates of the “mini-open”
laminectomy versus the tubular system decompression. Since no similar literature on this topic exist,
this novel study is of important value.

Methods

Study design

A retrospective, comparative study was conducted. We performed an analysis of data of 563
patients who underwent primary lumbar spinal decompression in our institution between February
2015 until September 2020. The study was approved by our institutional ethical board.

Patient population

All patients who underwent lumbar spinal decompression for symptomatic LSS by the primary
surgeon of this article in the spine surgery unit of our institution were candidates for this study.
Preoperative CT and MRI of the lumbar spine was performed for all patients. We included all patients
with intractable radicular pain or neurogenic claudication with disability related to LSS and
symptoms duration of at least 6 months irresponsive to non-operative treatment. Few patients were
included with rapid deterioration in daily function due to LSS. On MRI all patients had severe or
extreme spinal stenosis as described by Schizas et al. [18], light and moderate LSS patients are treated
only with physiotherapy. Only patients with no other spinal pathology needing surgical intervention
as seen in the preoperative MRI were included. A minimum of 12 months follow-up documented for
all patients in study. We excluded all patients with previous spinal surgery or disc herniation at the
operated level before surgery. Degenerative spondylolisthesis grade I was not a contraindication for
decompression surgery without instrumentation if no signs of spinal instability on MRI/CT or
dynamic flexion extension films seen. Patients were divided into two groups by surgical technique:
group 1 underwent “mini-open” partial laminotomy via midline structures and group 2 underwent
minimally invasive surgery (MIS) using tubular system without damaging the midline structures.

Surgical techniques

It is the senior author preference to always decompress bilaterally in cases of degenerative spinal
stenosis even if symptoms are mainly unilateral.

“Mini-open” partial bilateral laminotomy (MOL): under general anesthesia, patients are placed
prone on Jackson’s table. Surgical level is marked using fluoroscopy, then a 4-5 cm midline
longitudinal incision performed, subperiosteal dissection using McCulloch retractor for soft tissue
retraction until reaching the interlaminar gap. Using a Luer Rongeur or bone osteotome partial
cutting of the spinous process with complete resection of the interspinous and supraspinous
ligaments (ISL and SSL) at index level until lamina is exposed bilaterally. Surgical microscope
deployed, and bilateral partial laminotomy is performed using a High-speed drill with diamond head
of 4.5 mm or Kerrison Rongeur. The ligamentum flavum is than completely resected to expose the
trans versing nerve roots. We assured that there is no pressure on the nerve root in the region of its
shoulder, axilla or in the neuroforamen. Also, with a fine hook we check that there is no disc
herniation compressing the nerve and that the nerve root is freely mobilized.
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MIS using tubular system [METRx — Medtronic company, Minneapolis, Minnesota, USA]: the
procedure was performed as described in detail by Alimi et al. [19] with the exception of performing
decompression of both sides using unilateral port — over the top decompression. Tube inserted on
the most affected side of the patient and bilateral decompression was achieved via tilting of the
operating table and angulation of the surgical microscope for contralateral decompression. On the
affected side flavectomy and partial facetectomy performed as needed to remove all pressure from
the nerve and on the contralateral side, if no pain, only flavectomy performed without bony work.
We did not damage the Interspinous, Supraspinous or Spinous Process during the approach.

To clarify, only flavectomy and partial facetectomy were performed during the index surgery,
no discectomy or anulotomy was done.

Study protocol

All patients underwent a full clinical evaluation including physical examination, CT, and MRI
scan prior to the surgery. The same surgical techniques were used in all operations and performed
by single senior surgeon (E.B). Postoperatively, all patients were allowed to mobilize as pain allowed.
Most patients discharged less than 24 hours after surgery. Isometric strengthening and an exercise
program were started 3-weeks following surgery. Patients were followed up in the outpatient clinic
at 6-weeks, 6-months, and 1 year postoperatively. Clinical and demographic data (gender, age, BMI,
affected level) were collected retrospectively from patient’s medical records. As postoperative early
radiculopathy is very rare if decompression performed properly, each patient suffering from
postoperative radicular symptoms for more than three weeks and failed basic conservative treatment
of 10 days anti-inflammatory and pain medication, underwent an MRI with contrast material.

Outcome measures

The primary outcome was comparison of post-decompression surgery, index level, disc
herniation occurrence between the two study groups. Disc herniation diagnosis was confirmed by
MRI examination.

Data analysis

Continuous parameters are presented as the means and standard deviations and categorical
parameters as proportions. Continuous parameters (Age, BMI, etc.) were compared between the
groups with independent two-tailed t test and categorical parameters (gender, affected level, etc.)
were compared using the Fisher’s exact test. All statistical analyses were performed using MedCalc
Statistical Software version 19.7.2 (MedCalc Software Ltd., Ostend, Belgium). A p-value of <0.05 was
considered significant.

Results

A total of 563 patients were included in this study: 326 underwent “Mini-open” laminotomy
(MOL) and 237 underwent minimally invasive surgery using tubular system. In the MOL group 45%
were females versus 51% in the minimally invasive group (p=0.16). Age was found statistically
significant between the groups with patients aging 65+10 in the MOL group and 62+12 in the
minimally invasive group (P=0.002). BMI was found statistically significant as well between the MOL
and minimally invasive groups (28+4 versus 30+5 respectively, p=0.01).

No statistical difference was found between the groups regarding the number of segments
operated nor among the segment’s height as well (p>0.05). All demographics and clinical data are
presented in Table 1.
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Table 1. Demographics and clinical data of the study groups.
Total cohort Mini-open Minimal invasive | P value*
(N=563) laminotomy Tubular  system
(N=326) (N=237)
Gender
- Female 268 (48%) 147 (45%) 121 (51%) 0.16
- Male 295 (52%) 179 (55%) 116 (49%)
Age (years) 64 +12 (45 to 75) 65+10 (45t0 72) | 62+12 (48 to 75) 0.002
BMI (kg/m?2) 29 +5 (21 to 34) 28+4 (21 to 32) 3045 (23 to 34) 0.01
Operated segments:
- Single level 485 (86%) 287 (88%) 198 (83%) 0.12
L1-12 4 (1%) 2 (1%) 2 (1%) 0.74
L2-L3 29 (5%) 20 (6%) 9 (4%) 0.21
L3-L4 61 (11%) 39 (12%) 22 (9%) 0.31
L4-L5 293 (52%) 174 (53%) 119 (50%) 0.46
L5-51 98 (17%) 52 (16%) 46 (19%) 0.28
- Multi-level 78 (14%) 39 (12%) 39 (17%)
2 levels 62 (11%) 32 (10%) 30 (13%) 0.29
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3 levels 12 (2%) 4 (1%) 8 (3.5%) 0.08

4 levels 4 (1%) 3 (1%) 1(0.5%) 0.48

Gender and operated segments values are presented as n (% of values in relation to each

designated group). Age and BMI values are presented as mean +standard deviation (range).

* Gender and operated segments ratios were compared between the mini-open laminotomy and

minimal invasive tubular system groups using Fisher’s exact test. Age and BMI values were

compared between the groups using unpaired two-tailed t-test.

Postoperative disc herniation was found to be significantly higher in the “Mini-open” group
with 19 cases (5.8%) versus 2 cases (0.8%) in the minimally invasive group (p=0.002). Postoperative
disc herniation was also found to be significantly higher in multi-level operation, 8 out of 78 cases
(10.2%) compared with single level operation, 13 out of 485 cases (2.7%), (p=0.0043). When comparing
between surgical techniques, minimally invasive has significantly lower rates of postoperative disc
herniation compared to “Mini-open” both in single level and multi-level operations, 2 versus 11
(p=0.049) and 0 versus 8 (p=0.015) respectively (Table 2). As seen in Table 2, most postoperative disc
herniations following a single level operation, 10 out of 13 (76.9%), occurred after an operation at the
level of L4-L5.
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Table 2. Cases of postoperative disc herniation among the study groups.
Total cohort Mini-open Minimal invasive | P value*
(N=563) laminotomy Tubular system
(N=326) (N=237)
Postoperative disc
herniation (overall) 21 (3.7%) 19 (5.8%) 2 (0.8%) 0.002
Postoperative disc
herniation after a single
level operation: 13 (2.3%) 11 (3.4%) 2 (0.8%) 0.049
Overall 0 0 0
L1-L2 0 0 0
L2-13 1 1 0
L3-L4 10 8 2
L4-L5 2 2 0
L5-51
Postoperative disc
herniation after a multi- | 8 (1.4%) 8 (2.4%) 0(0.0%) 0.015
level operation: 7 7 0
Qverall 1 1 0
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2 levels 0 0 0

3 levels

4 levels

Values are presented as n (% of values in relation to each designated group).

*Comparisons between the mini-open laminotomy and minimal invasive tubular system groups

were performed using Fisher’s exact test.

Discussion

Lumbear spinal stenosis (LSS) is a common diagnosis in the general population with increasing
incidence correlated to increasing age [1,2]. General recommendations are to perform decompression
surgery on patients whose symptoms are moderate-to-severe and refractory to conservative
treatment for more than 3 months [3,4,8,20]. With many previous studies comparing between open
decompression and minimally invasive techniques, there is yet no conclusive preference on either
and no technique has been abandoned. Still, there in an inclination towards the MIS techniques due
to less blood loss, shorter operative duration, shorter hospital stays, fewer opiate use, and higher
patient satisfaction [5,7,20,21].

Like in any other operation, lumbar spinal decompression carry risks of general surgical
complication (reaction to anesthesia, blood clots, bleeding, etc.) but other risks are notably mentioned
like; incidental Dural tear (4-10%) [4,8,9]; deep wound infection (~1-2%) [8,10]; and neurological
injury (<1%) [3]. When performing spinal decompression, the main purpose is to alleviate pain and
prevent future neural deterioration. When an intervertebral disc herniates after decompressive
procedure, it may lead to return of symptoms and patient complaints. Lurie et al. [22] performed a
long-term (8-years) comparison of the outcomes of patients from the SPORT study. They found the
reoperation rate due to restenosis to be 10% after lumbar decompression but no complication of disc
herniation was mentioned. In this study we describe disc herniation as a short-term complication
after different decompressive surgery.

While the literature tried to compare the complication rate between open and MIS
decompression techniques, there is no reference comparing post-decompressive lumbar disc
herniation (PDLDH) rates between the different techniques. Takenaka et al. [11] provides a table
which summarizes 12 studies between the years 1993-2016, including their own, of lumbar spinal
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decompression procedures and following PDLDH rates. As Takenaka et al. mentioned, the incidence
of PDLDH was lower for the MIS procedures. However, some of the studies included patients with
an already herniated disc or preformed fusion during primary operation, and none of them made a
comparison between the two techniques. This study is the first to compare the rates between different
decompressive techniques and we show the PDLDH rate to be lower in the MIS technique using
tubular system then in the “mini-open” laminotomy.

Our study found 21 cases (3.7% from the total cohort) of new disc herniation after decompressive
surgery. 19 cases of disc herniation (comprising 5.8% of the “mini-open” group) occurred if posterior
elements were damaged during surgery and 2 cases (comprising 0.8% of the MIS group) occurred if
posterior elements kept intact.

In this study we performed a “mini-open” procedure as described in the methods section. Even
with the utilization of a surgical microscope and only 4-cm skin incision, the procedure can still be
considered as rather aggressive due to the removal of the spinous process and ligaments. Spinal
instability is broadly discussed in previous studies [13,15-17,21,23-25]. Removal of the ISL and SSL
as well as the spinous process results in spinal instability, most notably in flexion-extension motion
[11,13,15,23]. This instability transfers much of the force to the same-level disc [24,25]. Since LSS is
common among the elderly [1,2], the intervertebral disc of the operated level is relatively
degenerated. In a degenerated disc, the annular ring is more frail, easier to bulge or tear, and the
nucleus pulposus, even if dried out, may herniate. It is proposed that the combination of local
instability and degenerated disc is more likely to result in disc herniation [11]. Rao et al. [24]
compared spinal stability after laminotomy and laminectomy by comparing postsurgical range of
motion, furthermore, they calculated pressure loads upon the intervertebral disc in each procedure
and motion. They demonstrated significantly larger motion of the spine in flexion, extension, and
lateral rotation after laminectomy rather than laminotomy. In addition, they found an 130% increase
in stress upon the disc annulus after laminectomy compared with only 20% after laminotomy. Zander
et al. [25] demonstrated as well, an increase in pressure upon posterior annulus while standing and
increased pressure in the anterior part while forward bending after facetectomy. Rao et al. also
mentioned in their study that the increase in pulposus pressure was insignificant after both
procedures [24].

In MIS procedure, using tubular system, and performing a unilateral laminotomy for bilateral
decompression (ULBD), as described in the methods section, the spinous process, ISL, SSL and
surrounding musculature are kept intact. The lamina is trimmed to the minimum required as well as
the facet joint. Based on the above studies, we believe the tubular system provide a better technique
for lumbar decompression by keeping the spine as stable as possible and still accomplish its purpose.
This can be seen by the significantly lower rates of PDLDH in the MIS groups compared with the
“mini-open” group. Additionally, it was found in our study that multi-level operation resulted in
more postoperative disc herniation compared with single level operation (10.2% vs. 2.7%, p=0.0043).
To our understanding, the difference between multi and single level operation PDLDH derives from
the proportion of soft and bony tissues removed (more tissue damage in multi-level operations) thus
creating far more instability in the operated area and leading to the aforementioned results.

Of the 21 postoperative disc herniation (Figure 1), 6 underwent further discectomy surgery in
which the herniated disc was removed with resolution of radicular pain.
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Figure 1. - T2-MRI of lumbar spine (a) before index surgery (b) disc herniation after decompression.

15 were treated conservatively with selective nerve root injection, physiotherapy, and anti-
inflammatory medication with an improvement of their symptoms at the final follow-up. We think
the relatively low reoperation rate even with proven large disc herniation is due to the laminotomy
performed in the decompression operation, with the enlargement of the canal the nerve root has more
space to avoid the compressive pressure of the disc herniation, causing less severe radicular pain,
pain that could be managed with conservative treatments rather than surgery until herniated disc
absorbed over time.

This study shows a 3.7% of new disc herniation after lumbar decompression surgery. This
complication prevalence is second only to durotomy and more common than infection or
neurological injury. Therefore, in our opinion, the knowledge of disc herniation as short-term
complication of decompressive surgery must be transferred to our patients pre-operatively when
signing a consent form.

Limitations and strengths

As aretrospective study our study holds some inherent limitations. However, any selection bias
or confounders are minimized due to the large sample size in this study. Our study holds some
strengths as all operations in this study were performed by one senior surgeon, experienced in both
techniques, lowering by that the chance for different surgical outcomes by different surgical
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techniques. It is worth mentioning that we performed postoperative MRI studies only on
symptomatic patients, meaning disc herniation after lumbar decompression surgery occurrence
might be even higher than 3.7% reported by us. Still, case-control, prospective study is required for
these results to be more definitive.

Conclusion

This study found 3.7% risk of disc herniation after lumbar decompressive surgery, a
complication that is significant and second only to durotomy as short period complication. This study
found higher rate of disc herniation if posterior elements are damaged. Minimally invasive surgery
using tubular system for lumbar spinal decompression is shown to result in significantly lower rates
of post-decompressive lumbar disc herniation than “mini-open” partial laminectomy.
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