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Abstract

Background Lumbar discectomy has successful initial clinical outcome; its long-term success rate decreases

to 40-80% due to chronic low back pain and recurrent disc herniation.

Objective To evaluate the clinical results of Posterior Lumbar Interbody Fusion with a single unilateral stand-alone
PEEK (Poly-Ether-Ether-Ketone) cage without pedicle screw fixation for single level lumbar disc herniation.

Methods A retrospective study of 40 patients (24 men and 16 women) with lumbar disc herniation, was conducted
in the period from January 2016 through January 2021. The follow-up continued till December 2021. All patients suf-
fered from single level lumbar disc herniation and were treated with Posterior Lumbar Interbody Fusion with a single

unilateral stand-alone PEEK cage without pedicle screw fixation.

Results The affected levels were L2-3 in 2 cases, L3—4 in 8 cases, L4-5 in 18 cases and L5-S1 in 12 cases. On 18th
month follow-up, significant decrease in leg pain, LBP and ODI scores was detected (p < 0.001).

Conclusions This technique produced satisfying clinical enhancement in residual LBP, accepted radiological out-
come such as maintaining the proper intervertebral disc space and prevention of recurrent disc herniation.
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Introduction
Low-back pain (LBP) is the primary reason of long-term
disabilities globally, with an 18%-point incidence and 38%
1-year incidences [1]. Degenerative disc disease (DDD)
or lumbar disc herniation (LDH) is the most prevalent
cause of LBP [2].

Lumbar discectomy with Excision of the herni-
ated nucleus pulposus, remains the best surgical treat-
ment for this disease. Although Lumbar discectomy has
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successful initial clinical outcome, its long-term success
rate decreases to 40—80% due to chronic low back pain
and recurrent disc herniation [3]. Lumbar discectomy
is combined with interbody fusion to avoid residual low
back pain and prevent recurrent disc herniation [4]. The
necessity and efficiency of interbody fusion after single
level simple lumbar discectomy are still controversial [5].
Various procedures like transforaminal lumbar inter-
body fusion (TLIF), anterior lumbar interbody fusion
(ALIF), posterior lumbar interbody fusion (PLIF) and
interbody cage devices have been developed for fusion
[4]. Cloward first described PLIF for LDH [6]. A success-
ful PLIF restores disc height, immobilizes the unstable
degenerated motion segment, decompresses the nerve
roots, and restores load bearing to anterior parts [7].
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PLIF is usually a bilateral technique. Fixation with bilat-
eral posterior pedicle screws supported with bilateral two
interbody cages, has become routinely as a typical PLIF
procedure [8, 9].

However, it is really hard to place two cages of the suit-
able size bilaterally one on each side without wide expo-
sure. Extensive laminectomy and bilateral facetectomy
may result in iatrogenic instability [10]. Therefore, several
clinical reports advised pedicle screws fixation with PLIF
to obtain satisfactory clinical and radiological results.
[11, 12] The overexposure necessary for a circumferential
fusion might result in unneeded damage to the lumbar
musculoligamentous complex, that is considered one of
the reasons of a residual LBP [13].

On the other hand, unilateral facetectomy is known not
to cause obvious instability [14—16]. Is fixation with pos-
terior pedicle screws mandatory for PLIF in patients with
unilateral facetectomy?

Objective To evaluate the clinical results of Posterior Lum-
bar Interbody Fusion (PLIF) with a single unilateral stand-
alone PEEK (Poly-Ether-Ether-Ketone) cage without pedicle
screw fixation for single level lumbar disc herniation.

Methods

A retrospective study of 40 patients (24 men and 16
women) with lumbar disc herniation, was conducted in
the period from January 2016 to January 2021, the follow-
up continued till December 2021. The mean age at the
time of surgery was 44 years (22—62 year). The affected
levels were 1L2-3 in 2 patients, L3—4 in 8 patients, L4-5
in 18 patients and L5-S1 in 12 patients.

Preoperative assessment consisted of a comprehensive
examination of the patients and their radiographic data
which comprised plain anteroposterior and lateral stand-
ing radiographs with flexion and extension lateral films to
assess disc space high and segmental stability. Magnetic
resonance imaging (MRI) was done for all cases to deter-
mine level of LDH and site of neural compression.

The inclusion criteria were:

+ Severe LBP and leg pain refractory to conservative
therapy for 3 months.

+ MRI of the lumbar spine showing evidence of single
level LDH with neural compression.

+ Plain radiographs revealed wide disc space.

The Exclusion Criteria were:
+ LBP only.

+ Multilevel LDH.
+ Instabilities in the dynamic lateral X-ray
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+ Narrow disc space in the lateral X-ray.
+ Recurrent lumbar disc herniation.

Surgical technique

This procedure was done under general anesthesia with
the Patient in the prone position. A midline posterior
incision was done, the paravertebral muscles were sub-
periosteally dissected and laterally retracted to expose
the lamina and facet joints. Following the laminectomy,
a partial medial UF was done. Adequate foraminotomy
was done and the facet joints were preserved as much as
possible. The thecal sac and traversing nerve root were
mobilized and medially retracted. Using pituitary ron-
geurs, a rotate-cutter, shavers and down-biting curved
curettes, the disc content and endplates were excised as
much as feasible. Using down-biting curettes and a spe-
cifically constructed curved rotate-cutter, the disc con-
tent and endplates on the contralateral side should be as
thoroughly removed as feasible. The disc space distrac-
tion was done by inserting and manipulating disc spread-
ers. We utilized a single PEEK cage (Medi Tech, Egypt)
as a hollow ramp; a rectangular implant with rounded
sides and varied heights (13 mm, 11 mm, and 9 mm) that
allows for simple insertion. The cages were chosen with
consideration for the intervertebral disc height.

Prior to cage implantation, Cancellous bone obtained
from Laminectomy was utilized to fill the PEEK cages’
chambers as much cancellous bone as feasible was trans-
planted into the anterior sides of the intervertebral disc
space.

To prevent posterior displacement of the cage, we used
a large cage as we can and the cage was inserted to the
disc space and carefully pushed to the contralateral side
with the impactor to be deep, transverse and firm. After
achieving full hemostasis, the incision was closed in
layers.

On the first day after surgery, all cases were permitted
to walk with a lumbar orthosis, that was worn for one to
two months.

Each case’s age, gender, degree and length of surgery,
and hospital stay were documented. All cases were fol-
lowed up during the second week, 2nd month, 6th
month, 12th month, and 18th month after surgery. In
the early period after surgery and on the 12th month, all
of the cases had X-ray imaging. On the 12th month, CT
scans of the lumbar vertebra were used to examine the
stability and fusion of PLIF cases. Regarding CT imaging,
the height of IVDS and fusion rates were measured.

The Oswestry disability index (ODI) and visual ana-
logue scale (VAS) scores were assessed preoperatively
and 18 months postoperatively.
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The VAS score was determined by asking the case to
place the level of discomfort on a horizontal scale from
0 to 10, with 0 indicating no pain and 10 indicating the
most severe pain.

ODI is a global instrument that measures disability as
follows: 0—20; minimal disability, 20—-40; mild disability,
40-60; intermediate degree of disability, 60—80; disabling
pain and 80-100; bedridden with severe pain.

Statistical Methods

Data were statistically presented in terms of range, mean
and frequencies. Comparison of the pre and postopera-
tive means to estimate the significance was performed
utilizing the paired “t” test. All statistical analysis were
done utilizing SPSS (Statistical Package for the Social Sci-
ence version 15; SPSS Inc., Chicago, IL, USA).

Results
The affected levels were L2-3 in 2 cases, L3—4 in 8 cases,
L4-5 in 18 cases and L5-S1 in 12 cases. Table 1.

On 18th month follow-up, significant decrease in
leg pain, LBP and ODI scores was detected (p <0.001).
Table 2.

The mean operation duration was 50 min. The mean
estimated blood loss was 150 ml. Mean hospital stay was
1 day. Neither a significant complication nor neurologic
damage was noticed during the procedure or after it. On
the postoperative 10th day, one case developed superfi-
cial surgical site infection and was treated with antibiot-
ics. No recurrence was recorded.

Depending on a comparison before surgery with one-
year CT imaging, the height of the IVDS was maintained
in every case. CT imaging revealed the progression of
fusion in 80% of cases. Radiological instability was not
detected.

Table 1 Involved levels

The involved levels No %
[2-3 2 6.67
L3-4 8 20
L4-5 18 40
[5-S1 12 3333
Total 40 100

Table 2 Outcome

Mean pre-op Mean post-op  p value

Leg pain (VAS) 7.35+0.80 244+058 p<0.001
Low Back pain (VAS) 7.25+0.56 277+£071 p<0.001
ODI 67.50/100 + 9.5 10.50/100 + 4 p < 0.001
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Discussion

Simple Lumbar Discectomy is a commonly performed
and highly approved procedure for LDH. Some authors
observed satisfactory initial results with success rates of
over 90% [17, 18] while others observed less favorable
long-term results with success rates ranging from 40 to
79% [3, 19-22].

Residual LBP and recurrent LDH were significant fac-
tors in determining the long-term outcome of Simple
Lumbar Discectomy; Residual low back pain after simple
discectomy was documented in 44% of cases by Frymoyer
et al. [20], 27% of cases by Kotilainen [23], 21% of cases
by Loupasis [3], 54% of cases by Nachlas [24], and 47% of
cases by Vaughan et al. [25], and 61% of the non-fusion
group by Takeshima et al. [26]. The frequency of residual
low back pain after simple discectomy is definitely high
(21-61%). Caldwell and Sheppard reported an incidence of
8% for recurrent LDH [27], Eie reported 10% [28], Loupa-
sis et al reported 7.3%, Rish reported 18% [29], Takeshima
et al reported 18% [26], Tominaga et al reported 12.5%
[30], and Vaughan et al reported 15.4% [25]. Their fre-
quency of recurrent LDH (7.3—-18%) is not low.

This retrospective study was conducted on forty patients
suffering from single level LDH with preserved interver-
tebral disc space height. Patients with fracture pars and
instability were excluded neural decompression with lami-
nectomy and discectomy was done followed by PLIF by the
inserting of the appropriately sized cages in the interverte-
bral disc space without pedicle screw fixation.

Cloward pioneered the PLIF procedure, which has the
benefit of restoring IVD height, sagittal plane alignment,
and anterior column weight bearing [9, 10, 31]. After the
development of several cages for PLIF, both surgery and
its results have undergone significant improvement. The
majority of surgeons advocate supplementing PLIF with
posterior pedicle screw fixation [11, 31, 32]. To achieve a
circumferential fusion of the segment, though, additional
exposing and disturbance of the posterior parts would
be required. According to much research, iatrogenic soft
tissue damage is associated with unfavorable long-term
clinical consequences [33]. Wide exposure and exten-
sive intra-operative dissection of paraspinal muscles may
result in denervation and atrophy. The injured muscle tis-
sue works as a source of pain, which increases the likeli-
hood of "failed back syndrome" [34]. Bilateral aggressive
facetectomy can lead to instability and postoperative
pain. Wide exposure and circumferential fusion might
thus create iatrogenic flat back syndrome in individuals
with persistent LBP and LDH.

For the management of a degenerative lumbar con-
dition, an interbody fusion with a cage alone is gain-
ing popularity [13]. Conversely, several spine surgeons
have questioned PLIF with stand-alone cages owing



Elnaggar et al. Egyptian Journal of Neurosurgery (2024) 39:2

to the requirement to remove a substantial percent-
age of the posterior spinal support components. In sev-
eral biomechanical experiments, bilateral PLIF without
extra posterior instrumentation resulted in consider-
able destabilizing of the fused segment [35]. In bilateral
PLIF, large bilateral bony and ligamentous structures are
often needed for the precise placement of implants of the
correct size. No reports exist of segmental destabiliza-
tion after unilateral facetectomy without pedicle screw
fixation [16]. However, in our study we utilized unilateral
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single PEEK cage and made limited laminectomy and
facetectomy.

According to a cadaveric study, the destruction of pos-
terior stabilizing structures: posterior longitudinal liga-
ment, the lamina and intervertebral disc, after simple
lumbar discectomy resulted in remarkable instability of
all test measurements, notably flexion-extension. Using
only PLIF, reduces mean angular displacement and per-
centage of range of motion (ROM) regaining stiffness to
near intact levels [36].

C.

Fig. 1 Male patient, 46 years old, presented with LBP and bilateral sciatica. a, b sagittal and axial MRI T2 images revealed L4-5 LDP causing neural
compression. ¢ plain X-ray LSS lateral view revealed L4-5 discectomy and PLIF with a stand-alone cage. Postoperatively, LBP and bilateral sciatica

were completely resolved (Excellent outcome)
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Blume reported in 1985; unilateral PLIF utilizing a
bone dowel and cancellous bone chip preserved the
integrity of the posterior ligament elements. In contrast,
PLIF with bone only without cages may result in disc
space collapse over time [37] (Fig. 1).

Zhao et al. described the oblique placement of a one
threaded interbody fusion cage for the treatment of
degenerative spondylolisthesis. [38] They observed that
a unilateral facetectomy enabled enough decompres-
sion for the secure placement of the cage device, even
as preserving the essential posterior supporting spinal
structures. They observed that PLIF with a single long
threaded cage placed obliquely via a unilateral facetec-
tomy and hemi-laminectomy, was significantly stiffer
than PLIF done with two posterior cages placed via a
bilateral laminectomy and facetectomy [39] (Fig. 2)

Abumi et al observed that a bilateral facetectomy
increased significantly flexion and axial rotation, while
a unilateral facetectomy did not affect significantly in
motions, particularly in rotation [40].

With our surgical approach, an ipsilateral total facetec-
tomy was not necessary. For a PLIF with one cage, a par-
tial hemi-laminectomy or total laminectomy and medial
UF were sufficient. We believe that additional posterior
transpedicular screw fixation is not required as far as the
facet joints are preserved and the other posterior struc-
tures can maintain their natural ROM in flexion and rota-
tion. To increase solid bone fusion, an extra bone graft
could be inserted to the contralateral disc space prior
to the insertion of the cage without the danger of pos-
terior retropulsion. We had no cases of cage posterior
retropulsion. The possibility of posterior retropulsion of
stand-alone cages can be avoided by inserting a cage with
appropriate size (Fig. 3).

In this study, the rate of radiological bone fusion was
marginally decreased than that of other PLIF proce-
dures. A sound fusion is believed to be a therapeutic
success factor for individuals with mechanical LBP. How-
ever, there was no correlation among fusion rates and
clinical findings in our cases. In previous research, the
clinical findings did not necessarily correspond to the
radiographically firm fusion [41].

According to Agazzi et al,, a PLIF with a stand-alone
cage may restore the disc height, preserve the sagittal bal-
ance and improve the clinical outcome despite the lack of
solid fusion [13].

In patients with posterior fixation, the fusion rates are
89-100% [14, 42—46].

In our study, the rates of clinical improvement and
radiological stability are comparable to fusion cases. As
previously noted, clinical improvements are not fully cor-
related with fusion rates [14, 42—-46].
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Fig.2 Male, 42 years, presented with LBP and Lt femoralgia. a, b
sagittal and axial MRI T2 images revealed L2-3 LDP causing neural
compression. ¢, d preoperative plain X Ray LSS Lateral and A-P views.
e, f postoperative plain X Ray LSS, A-P and Lateral views showing L2-3
laminectomy and discectomy with PLIF with a stand-alone cage. L4-5
laminectomy with foraminotomy was done at this stenosed level

In our study, intervertebral disc height was maintained
in all cases. The cage size that would be inserted into
the intervertebral disc space after discectomy has great
importance. Goh et al. concluded that cages as large as
possible are essential to restore the stiffness of the fac-
etectomized functional spine units especially in torsion
motion [47].
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Fig. 3 Female patient, 42 years old, presented with LBP and Rt sciatica. a, b preoperative X Ray LSS; lateral, A-P views. ¢ Preop axial CT scan. d, e
sagittal and axial MRI T2 images revealed L4-5 LDP causing neural compression. f, g plain X-ray LSS lateral and A-P view revealed L4-5 discectomy
and PLIF with a stand-alone cage. h, i postoperative sagittal and axial MRI T2 images revealed L4-5 discectomy and PLIF with a stand-alone cage.
j, k postoperative CT LSS revealed L4-5 discectomy and PLIF with a stand-alone cage. Postoperatively, LBP and bilateral sciatica were completely
resolved (Excellent outcome)

None of the cases were found to have segmental insta- Another possible complication of lumbar fusion sur-
bility. Long-term follow-ups of these cases may give fur-  gery is adjacent segment disease. Its occurrence ranges
ther information on these potential problems. from 5.2 to 29.6% [48-50]. In our study, radicular
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complaints were not seen in PLIF cases; hence, an MRI
was unnecessary. It is also documented that not all adja-
cent segment disease cases are clinically symptomatic [4].
According to the data from our study, it is unable to com-
ment on adjacent segment disease.

Postoperatively, individuals with LDH have shown
improved LBP outcomes [25, 29, 51]. In our research, an
enhancement in VAS and ODI scores was detected. The
leg pain and LBP enhanced significantly.

Recurrent disc herniation is another significant factor
influencing the long-term prognosis of LDH cases. Its
occurrence is estimated to range between 7.3 and 18.0%
after simple discectomy [3, 4, 29]. Rish suggested spinal
fusion as the first procedure for LDH [29]. Satoh et al.
demonstrated PLIF might prevent repeated LDH [4].
They indicated fusion in cases with massive herniation
and the presence of segmental instability [4]. No recur-
rent LDH was reported in our cases that underwent
PLIF. We believe that, PLIF procedure without instru-
mentation should be used from the start in patients
with preserved intervertebral disc height, for the pre-
vention of recurrent disc herniation.

Polyether ether ketone (PEEK) cages give better load
transfer and increased fusion on computed tomogra-
phy (CT) images, the cage radiolucency should result in
better assessment of fusion [52].

Conclusions

Unilateral PLIF with single PEEK cage without posterior
pedicle screw fixation after single level lumbar discec-
tomy was safe and effective method in cases with single
level LDH with preserved intervertebral disc height. This
technique produced satisfying clinical enhancement in
residual LBP, accepted radiological outcome such as main-
taining the proper intervertebral disc space and prevention
of recurrent disc herniation.

Abbreviations

LBP Low-back pain

DDD Degenerative disc disease

LDH Lumbar disc herniation

TLIF Transforaminal lumbar interbody fusion
ALIF Anterior lumbar interbody fusion
PLIF Posterior lumbar interbody fusion
PEEKCage  Poly-Ether-Ether-Ketone cage
MRI Magnetic resonance imaging
VDS Intervertebral disc space

ODI The Oswestry disability index

VAS Visual analogue scale scores

ROM Range of motion
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