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Abstract

Background: Assessing the clinical, functional, and radiological results of transforaminal lumbar
interbody fusion (TILF) with OPAL spacer system cage and expedium 5.5 titanium screw system for low
grade spondylolisthesis (Grade I, I1). Method: At the Aswan University Hospital at EGYPT, we evaluated
30 patients who had surgery between June 2018 and October 2022. The expedium 5.5 titanium system
and OPAL cages were used throughout the operations on all patients. The surgery was performed at L4-5
level in 17cases and at L5-S1 level in 13 cases. For all patients, a simple lumbosacral spine X-ray with
dynamic films for preoperative and postoperative follow-up as well as an MRI of the lumbosacral spine
were performed. The Visual Analogue Scale (VAS) and the Oswestry Disability Index (ODI) were used to
measure the clinical and functional outcomes. The median follow up was 11 months. Results: At the
OPAL cages one-year follow-up, satisfactory fusion was achieved at all levels. With our method of
decompression, there were no dural tears or any intraoperative problems, and the fusion rate was
96.66% (29 patients). A follow-up with OPAL cages showed a higher fusion rate, improved realignment,
and reduced resorption. Conclusion: With minimal side effects, TILF using OPAL cages and the expeduim
screw system has produced better clinical outcomes and higher rates of circumferential fusion. OPAL
cages stabilize spinal segments primarily by distracting them and facilitating bone fusion and ingrowth.
They also help to distract the space between vertebral bodies, which facilitates spondylolisthesis correction.
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1.Introduction

Kilian originally defined spondylolisthesis degenerative, and iatrogenic. According to
as a gradually progressing dislocation of radiology, the Meyerding grading system
a lumbar vertebra in 1854. In the early assigns five grades to each slip. Grade |
stages of slipping, patients with spond- corresponds to values between 0% and
ylolisthesis may present with acute low 25%, grade Il to values between 25% and
back pain; in more rare cases, sciatica 50%, grade Il to values between 50%
may result from pressure or traction on and 75%, grade 1V to values between 75%
the nerve roots at the level of the defect, and 100%, and grade V spondyloptosis to
or there may be a bulging disc associated values more than 100% [3,4]. For the tre-
with the condition. Chronic low back atment of spondylolisthesis, several lumbar
pain is caused by ligamentous strain from fusion techniques, with or without instr-
instability at the level of the slip [1,2]. umentation, have been used. These tech-
Wiltse categorized spondylolisthesis into niques include anterior lumbar interbody
six categories according to the cause: fusion (ALIF), posterior lumbar fusion
pathologic, congenital, traumatic, isthmic, (PLF), circumferential 360 fusion (front
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and back), and more recently TLIF [5-7].
The necessity of reducing the sagittal plane
imbalance has persisted in controversy
because of the elevated risk of damage to
neural structures, particularly in cases of
high-grade spondylolisthesis [8-11]. Due
to the several fusion types that contribute
to different efficacies, high-level evidence
of the optimal surgical method is still
lacking [12-16]. Since Harms and Jesz-
ensky developed the TLIF treatment for
spondylolisthesis [17], it has been possible
to overcome PLIF, which is only effective
at levels L3 to S1. This is because severe
retraction on the thecal sac at higher levels
increases the danger of neurological stru-
ctural injury [18]. Furthermore, the cont-
ralateral facet joint and lamina can be
preserved because TLIF only necessitates
a unilateral approach [19]. Our hypothesis
was that the TLIF technique, which restores
the anatomic intradiscal height and tension
of the annulus and ligamentous structures
surrounding the disc spaces, is a safe and
very effective surgical strategy for treating
low-grade spondylolisthesis. This study
aims to report the radiographic and clinical
outcome of a consecutive series of low-
grade spondylolisthesis patients selected
for the surgery. Compliance with ethical
standards: Prior to taking part in the
trial, which was approved by the Insti-
tutional Ethics Committee, all patients
provided written informed permission.

2. Patients and Methods

This is a retrospective review of a pros-
pectively collected data for procedure for
a consecutive series of selected patients
of low-grade spondylolisthesis underwent
TLIF procedure in the period between
June 2018 to October 2022 at Aswan
university Hospital. The study included
thirty consecutive patients scheduled for
TLIF who had symptomatic degenerative
and isthmic spondylolisthesis. Ages 25
to 60 (average age of 36), low grade
(Meyerding Grade-I and II) spondyloli-
sthesis with or without adjacent level disc
degeneration, radicular symptoms and or
back pain that was consistent with rad-
iologic findings were the inclusion criteria.
This study excluded patients with prior
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spinal surgery, degenerative scoliosis or
preoperative coronal imbalance, vascular
claudication, diabetic neuropathy of limb,
and chronic medication use, such as
sedatives, opioids, and antidepressants (>6
months of use).

2.1. Surgical technique

Half an hour prior to the procedure, pre-
operative antibiotics were administered.
The patient was made to lie prone on a
spine frame, with the abdomen free and
all bony areas carefully cushioned. Under
general anaesthesia, the same senior spine
surgeon performed all of the surgeries.
Next, the surgical site was prepared and
covered in the customary sterile manner.
Prior to the incision, a time out was con-
ducted. With the use of a C-arm picture,
the proper level was located. The skin
over the planned surgical levels was
incised, and the subcutaneous tissue was
dissected all the way down to the deep
fascia level. A typical subperiosteal ma-
nner was used to expose the posterior
parts. The transverse processes, bilateral
facet joints, bilateral laminae, and spinous
process were all dissected. Retractors that
self-retained were positioned. To ensure
that the spinal level was correct, an intraop-
erative radiograph was obtained. Expedium
polyaxial Bilateral transpedicular screws
were inserted. From the side of radicular
symptoms, the TLIF treatment was carried
out. The Mcdonald dissector was inserted
beneath the top lamina until the dura was
felt. Then, the lamina above the dissector
was removed until the dura was seen.
The ligamentum flavum was then removed
to the lower lamina and decompressed
until the neve root was seen. By using this
procedure, we were able to avoid dural
tears, fig. (1)
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Figure (1) Anatomy of direction 6f decompression
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After the dura and transverse roots were
sufficiently liberated to allow for the
dural retractor, the discectomy was carried
out. The nucleus pulposus and the surface
layers of the cartilaginous endplates were
removed from the intervertebral discs
using curettes, Shavers, and excision ins-
truments of the OPAL system using a
transforaminal approach. The vascular-
ization of the bone transplant depends on
the endplates being cleaned appropriately.
However, by removing bone from beneath
the cartilaginous layers, excessive cleaning
can weaken the endplates. Loss of seg-
mental stability and sinking may result
from removing the complete endplate.
To ascertain whether the height was
appropriate, a sizer trial was conducted.
Put the trial implant in place. Try to
place the trial implant across the midline
and 3-4 mm from the anterior long-
itudinal ligament by gently pressing on
its end (diameter 10 mm to 12 mm,
lengths 24 to 28 mm, width 10 mm). It is
best to align the trial implant shaft 30 to
45 degrees from the midline. Once it has
reached the desired depth Rotate the trial
implant 90 degrees clockwise to distract
and evaluate appropriate height by C-arm.
Continue using the subsequent trial implant
of a greater size until the desired anterior
height is reached. During the insertion
use fluoroscopy to confirm the trial implant
positioning. Choose a cage based on the
dimensions measured with the trial implant
in the earlier stages. The cages were filled
with bone harvested from the posterior
elements and bone graft replacement paste.
There was sufficient autograft bone pro-
duced from the posterior components
packed into the disc space. Till the cage
IS positioned across the midline and 3-4
mm from the anterior longitudinal ligament,
gently tap the end of the implant holder.
The OPAL cage is lumbar interbody cage
made from PEEK and contain two titanium
alloy markers pins which allows for vis-
ualization of the implant (peek = poly-
etheretherketone). We used one cage in
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midline, use fluoroscopy to confirm position
and fit of the implant, The implant must
fit tightly to preserve the segmental height.
On the side opposite the TLIF, decompr-
ession was accomplished. Using a Murphy
probe, the decompression of the foramen
was verified, and ultimately, bilateral
confirmation of the decompression of the
exiting and traversing nerve roots was
obtained. For washing we used normal
saline. After carefully decorating the tran-
sverse processes, the leftover bone from
the posterior parts was employed as a
posterolateral graft. After that, a lordotic
expedium rod of the proper size was
caught in the screws on both sides. C-
arm was taken for the final check. After
inserting the suction drain, the closer is
completed in layers. For skin closure we
used skin clips. Hospital stays averaged
4 days Postoperatively. On the first post-
operative day following surgery, the
patients were allowed to leave their beds
under the supervision of a physiotherapist.
They also began performing stretches on
their piriformis and back muscles. Imm-
ediately following surgery as well as three,
six, and twelve months later, radiography
was done. Eleven men and nineteen
women participated in the study. The
majority of the patients had chronic low
back pain, 23 had neurogenic intermittent
claudication, and seven had sensorimotor
dysfunction of the lower limbs. Magnetic
Resonance Imaging (MRI) lumbosacral
spine and plain X-ray lumbosacral spine
radiographs, including anteroposterior, lat-
eral, and dynamic flexion and extension
views, were used to evaluate all patients
radiologically. Twelve individuals had
grade Il spondylolisthesis and eighteen
patients had grade | spondylolisthesis on
preoperative lateral radiography. The
lumbar spine's magnetic resonance imaging
(MRI) revealed facet enlargement, ligam-
entum flavum hypertrophy, canal stenosis,
and nerve root compression. 21 cases
had degenerative spondylolisthesis and 9
patients had isthmic spondylolisthesis.



Thirteen patients had fusions performed
at L5-S1, and seventeen at L4-L5. Due
to lumbar canal stenosis and adjacent level
disc disease, three patients underwent
surgery on two levels and 27 patients und-
erwent surgery on one level. Preoperative
and postoperative assessments of the
clinical outcomes were conducted using
the Oswestry Disability Index (ODI) and
Visual Analogue Scales (VAS) for back
and leg pain. The absence of motion on
flexion-extension radiography views, the
absence of a dark hole surrounding a cage
on anterior-posterior and lateral views, and
the continuous presence of visible bone
within each cage were used to determine
the success of fusions. 11 months was the
average follow-up period (range: 6 to 24
months). Excellent, good, fair, or poor
were used to assess outcome. Satisfactory
outcomes were considered with Excellent
or Good; unsatisfactory outcomes were
considered with fair or poor. Clinical
improvement of pain and activity level,
radiologically proven fusion, and active
job status at the time of follow-up were
used to assess the outcome.
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Figure (2) 51 ys old female with L5-S1 spondyl-

olithesis (preoperative xray and MR,
postoperative xray)
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Figure (3) 46 ys male with L5-S1 spondylolitheis
with L4-5 adjacent level disc disease
and caudal disc migration (preoperative
MRI and postoperative x-ray)

3.Results

This study includes thirty patients. L4-L5
was the operating segment for 17 patients
(56.66%), while L5-S1 was the operative
level for 13 patients (43.33%). With a
mean of 36, the ages ranged from 25 to
60. 19 women and 11 men participated
in the study. The symptoms persisted on
average for 10.8 months (6-14 months).
Eleven months was the average follow-up
period (6 to 24 months). For all patients,
the primary complaint was low back pain,
neurological claudication, and/or discomfort
radiating to the lower limbs. The physical
results and clinical symptoms did not
differ in males and females. According to
Meyerding, the degree of anterior displa-
cement was grade | in 18 patients (60%)
and grade Il in 12 patients (40%). Nine
patients (30%) had isthmic spondylo-
listhesis, while 21 patients (70%) had deg-
enerative spondylolisthesis. Patients with
grade I or 1l spondylolisthesis had canal/
foraminal stenosis on their MRIs, which
may or may not have disc bulges. The
average blood loss was 230 millilitres
(between 160 and 300 millilitres), and the
average operating time was 2.75 hours
(between 2.5 and 3.5 hours). Transfor-
aminal lumbar interbody fusion (TILF)
was performed on all patients using OPAL
peep cages and the EXPEDIUM 5.5
screws system. The cage sizes were 28
mm in length and 11 mm in height for 16
patients and 10 mm in length and 10 mm
in height for 14 patients. Hospital stay



on average was 4 days (3to 5 days).
There were no intraoperative complications.
Physiotherapy with back, piriformis and
hamstring muscles stretching exercise
started from first postoperative day with
a favorable response. According to an
antibiotic culture sensitivity assessment,
one patient had superficial wound infe-
ctions that were successfully treated with
oral antibiotics. The follow-up period
lasted an average of 11 months (6-24
months). Preoperative mean VAS was 6.8,
and postoperative mean VAS was 1.9.
Preoperative mean ODI was 37.48, and
the mean ODI scoring at the 12-month
follow-up was 21.1. Ninety percent of
patients who underwent surgery with
OPAL cages expressed satisfaction with
the outcome at their follow-up visit. Out
of the 30 patients who underwent surgery,
the fusion rate was 96.66 (of which 29
had satisfactory fusion on radiography,
reducing postoperative VAS). There
haven't been any significant intraoperative
or postoperative problems in this study.

4.Discussion

Using Expedium 5.5 transpedicular screws
and an OPAL cage, our study docum-
ented the clinical and radiological results
of a TILF treatment for mild-grade spon-
dylolisthesis (Meyerding grades | and I1).
Our experience with the TLIF treatment
supports previous research findings, as it
results in good to exceptional circumfere-
ntial fusion rates and favourable clinical
outcomes while avoiding anterior surgery
problems such as retrograde ejaculation
and damage to abdominal viscera or vas-
cular systems. Furthermore, TLIF elim-
inates the requirement for severe dural
retraction, which is necessary during PLIF
and raises the risk of problems such
dural laceration and neurapraxic damage.
In terms of hospital stay and surgical
data, our results are comparable to those
of prior studies [20,21]. This study had a
low risk of complications, Similar studies
[21,22] also show that there were no
intra-operative problems. According to a
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recent MRC study [23], up to 36% of
perioperative complications occur. Although
reports of transient neuritis as high as
7% have been made, our experience has
not been that high. This is likely the
result of excessive nerve root retraction.
Anecdotal evidence suggests that the great
arteries may suffer catastrophic vascular
damage during cage insertion or deco-
mpression [24]. In ALIF, complications
include retroperitoneal damage leading to
dyspareunia in female patients, retrograde
ejaculation in male patients, and great
vascular injury (1.7%) with venous injury
as high as 15.6% [24]. Because of these
issues, TLIF is a more advantageous
option to circumferential fusion. For years,
there has been a contentious debate in
the literature on the correlation between
fusion rate and clinical result [25-28].
With a notable improvement in every
grading system used, our patients' clinical
outcomes—which included surgery for
both degenerative and isthmic spondyl-
olisthesis—can be considered good to
excellent. Considering that our union rate
was 96.66%, it is evident that the fusion
rate and clinical outcomes are correlated.
In our study, 11 (36.6%) of the patients
were male, and 19 (63.3%) of the patients
were female. It is demonstrated that the
female gender predominates in degenerative
spondylolisthesis [29]. In their research,
Hackenberg documented the outcomes
of TLIF with a minimum three-year follow-
up [30]. They included individuals with
disc degenerative disease in their study,
who had TLIF in addition to those with
low grade spondylolisthesis. However,
similar to our study, they used ODI
scoring as their tool and focused on the
functional outcome. At the last follow-
up, their mean ODI score was 31.6%,
compared to 41.6% prior to surgery. The
study conducted by Butterman G et al.
revealed that three years following fusion
surgery for spondylolisthesis, the mean
ODI improved from 63% to 33% [31].
Our mean ODI was 37.48 preoperatively
and 21.1 postoperatively, similar to these
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studies. They had mainly patients with
low-grade isthmic spondylolisthesis; Both
degenerative and isthmic spondylolisthesis
patients were included in our study. In
comparison with them, our follow-up was
short. Comparing postoperative scores at
three and six months revealed statistically
significant improvements in pain levels
(VAS and ODI) and significant improve-
ments in the SLR test. When comparing
the outcomes from three and twelve
months, there was a noticeable impro-
vement. We think that the internal fixation
device's stabilising action may be the
cause of the initial symptom reduction,
and that achieving a suitable fusion may
be the cause of long-term symptom relief.
In cases of mild grade spondylolisthesis,
posterolateral fusion has been reported to
have a fusion rate of 68%-100%. Our
fusion rate was 96.66% using radiographic
criteria for fusion assessment. It has been
observed that augmenting fusion with
pedicle screw fixation can speed up
arthrodesis in cases of low grade spon-
dylolisthesis [32], as well as to enhance
clinical results [33]. However, McGuire
and Amundson [34] did not discover any
benefit to instrumentation. Furthermore,
Kim et al. [35] found no extra advantages
from instrumentation, their instrumented
patient's fusion rate was lower than that
of the uninstrumented group. Regarding
the relationship between fusion and cli-
nical result in the management of lumbar
spinal diseases, there is conflicting evidence
in the literature [36]. A prospective study
found a direct correlation between an
insufficiently successful arthrodesis and
an unsatisfactory pain outcome [33].
According to some other research, an
unsatisfactory outcome is directly correlated
with the inability to obtain a successful
arthrodesis [37]. However, while achieving
a 90% fusion rate, Schnee et al. [36] only
reported good clinical outcomes in 60%
of patient They came to the conclusion
that outcomes were considerably impacted
by variables other than radiographic fusion
and preoperative symptoms. Poor radio-
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logical fusion was shown to be linked in
this study with poor clinical and functional
result. When comparing the clinical and
radiological fusion scores, it was shown
that higher VAS pain levels were correl-
ated with lower radiological fusion grades.
At 12 months postoperatively, the mean
ODI was 21.1 and the mean VAS scores
were 1.9 in grade-1 and grade-I1 fusions,
respectively. This contrasts with the fusion
grade IV (non-union) mean ODI of 36 and
mean VAS score of 6. It is still difficult to
objectively evaluate the clinical condition
of non-traumatic lumbar diseases [38].
Because the VAS score and ODI are
straightforward and have been utilised in a
study comparing the outcomes of poster-
olateral fusion and transforaminal lumbar
interbody fusion, we used them for our
final evaluation of the results. Our results
showed a 90% satisfactory outcome, which
is comparable to the 60-98% reported in
the literature [39,40]. However, due to
variations in surgical techniques, bone
graft types, equipment selection, postope-
rative immobilisation, rehabilitation, and
smoking, a precise comparison of outcomes
is challenging. According to our study's
findings, solid fusion (96.66%) and an
satisfactory clinical outcome (90%) are
closely related. In most cases of low-grade
isthmic spondylolisthesis, reducing the spo-
ndylolisthesis does not improve the situation
[41]; Actually, when short-segment post-
erior stabilisation (in situ fusion and
fixation) is utilised as the sole treatment,
there is a demonstrable reduction [42].
Without attempting to reduce, Kim et al.
[34] reported an overall 35% correction in
anterior displacement. Our study showed
an average correction of 10.9% for anterior
displacement which was seen in the initial
postoperative phase; however, no indep-
endent effort was taken to reduce the slide.
Many advocates against reduction as the
most controversial aspect of treating spon-
dylolisthesis is slip reduction. They assert
that the results of in situ fixing are good
and comparable, with a minimal incidence
of complications [43]. Still, some surge-
ons believe that leaving the basic pathology
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unaddressed is against the basic principles
[44]. An average reduction of 24% (grade-
1) to 10% (grade-1) was attained by Pan
J. and They said it happened spontane-
ously and was caused by circumferential
release [32]. The average correction in our
study was 10.9%, and the mean pre-
operative slip was 31.37% (grade-11) and
postoperatively was 19.67% (grade-I).
We believe that simple reduction can be
achieved even with one-sided release and
disc removal without raising the risk of
complications. Distraction of a lumbar
disc space has been thought to be clinically
useful in easing neural compression bec-
ause it increases the cross-sectional area
of the neural foramen [45]. Although
several publications have stressed the
significance of restoring segmental lordosis
and disc space height (DSH), there is a
dearth of experimental evidence to support
these ideas in clinical practice [34]. Exce-
llent clinical outcomes with a considerable
rise in DSH were demonstrated in our
study. An explanation for this could be
because the removal of segmental motion
could prevent irritation of a nerve root,
leading to an increase in the neural
foramen's size and an improvement in
symptoms. Because of the spontaneous
restoration of lordosis at the unfused
lumbar levels in lumbar spondylolisthesis,
Cheng et al. showed that total LL (lumbar
lordosis) improved following TLIF [46].
In their study, Jagannathan et al. discov-
ered postoperatively elevated segmental
and global LL. In our single level TLIF
analysis, we also came to the same
conclusion [47]. A comparable research
group was not included in this study, and
the data size was less. These are its
drawbacks. Although theoretically we
cannot effectively compare the results
due to the short follow-up period, our
analysis is reasonably comparable to the
findings of previous studies. Confirmation
of our findings will need to come from
bigger patient numbers and longer follow-
up in future prospective comparative trials
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(with other similar operations or with
conservative care alone).

5.Conclusion

In order to accomplish circumferential fusion
without experiencing severe problems, the Trans-
foraminal Lumbar Interbody Fusion procedure,
when combined with the Expedium 5.5 trans-
pedicular screw system and OPAL cages, is a
safe and very effective surgical approach for
treating low grade spondylolisthesis. The results
showed that the fusion rate was 96.66%, there
was high postoperative clinical satisfaction, the
local disc lordosis improved, the anatomic intra-
discal height and tension of the annulus and
ligamentous structures surrounding the disc
spaces were restored, and early weight-bearing
mobilisation was achieved.
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