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ABSTRACT

Lumbar spondylolisthesis is a prevalent cause of lower back pain and is a focal interest of spinal surgery. A
diverse set of decompression and fusion techniques are used in surgery.

To investigate the surgical and clinical outcomes patients with spondylolisthesis who received surgical
intervention.

Data from 25 patients (15 women; 10 men; mean age, 48.8 + 12.4 years; range, 27—-66 years) with low-grade
spondylolisthesis who received surgical intervention were retrospectively analyzed. Posterolateral and
posterior interbody fusion was used in 17 and 8 patients, respectively, and 19 received posterior pedicle
screws and 6 received only fusion and decompression.

According to the Kirkaldy—Willis criteria, the clinical outcomes of 11 (44%), 9 (36%), 3 (12%), and 2 (8%)
patients were rated excellent, good, fair, and poor, respectively, with a success rate of 80%. Furthermore,
fusion was observed in 21 patients (84%). Favorable outcomes were achieved in 17 (90%) patients with pedicle
screws and in 3 (50%) with only decompression and fusion (p=0.048; p<0.05). The rate of favorable outcome
was 75% of patients who smoked (p=0.226; p>0.05). Two out of three patients with revision surgery had poor
clinical outcomes (p=0.091; p<0.05).

The addition of pedicle screw fixation to posterolateral fusion increases fusion rates and yields satisfactory
clinical results. Previous history of surgery is a risk factor that should be considered before deciding to perform
surgery. Furthermore, the transpedicular screw fixation technique can be made less complicated and effective
via effective and experienced teamwork. Herein, we reviewed recent studies and discussed the indications,
complications, and outcomes of surgical treatment of low-grade spondylolisthesis.
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Lomber spondilolistezis bel agrisinin yaygin bir nedenidir ve omurga cerrahisinin odak noktasidir. Cerrahide ¢ok
cesitli dekompresyon ve flizyon teknikleri kullaniimaktadir.

Cerrahi girisim uygulanan spondilolistezisli hastalarin cerrahi ve klinik sonuglarini aragtirmak.

Dusuk dereceli spondilolistezis nedeniyle cerrahi girisim uygulanan 25 hastanin (15 kadin; 10 erkek; ortalama
yas, 48,8 * 12,4 yil; aralik, 27-66 yil) verileri retrospektif olarak analiz edildi. Sirasiyla 17 ve 8 hastaya
posterolateral ve posterior interbody flizyon uygulandi ve 19'una posterior pedikil vidasi, 6'sina ise sadece
flzyon ve dekompresyon uygulandi.

Kirkaldy-Willis kriterlerine gore 11 (%44), 9 (%36), 3 (%12) ve 2 (%8) hastanin klinik sonuglari miikkemmel, iyi, orta
ve kotu olarak derecelendirildi. sirasiyla %80 basari oraniyla. Ayrica 21 hastada (%84) fuzyon gozlendi. Hastalarin
17'sinde (%90) pedikil vidasi, 3'linde (%50) ise sadece dekompresyon ve flizyon ile olumlu sonuglar elde edildi
(p=0,048; p<0,05). Sigara icen hastalarda olumlu sonug orani %75 idi (p=0,226; p>0,05). Revizyon cerrahisi
yapilan ug hastanin ikisinde koti klinik sonuglar elde edildi (p=0,091; p<0,05).

Posterolateral flizyona pedikiil vidasi fiksasyonunun eklenmesi flizyon oranlarini arttirmakta ve tatmin edici klinik
sonuglar vermektedir. Onceki ameliyat dykiisii, ameliyata karar vermeden énce dikkate alinmasi gereken bir risk
faktoradir. Ayrica etkili ve deneyimli bir ekip galismasiyla transpedikiler vida tespit teknigi daha az karmasik ve
etkili hale getirilebilir. Burada gtincel galismalari gozden gegirdik ve distk dereceli spondilolistezisin cerrahi
tedavisinin endikasyonlarini, komplikasyonlarini ve sonuglarini tartigtik.

Anahtar sozciikler: Lomber spondilolistezis, pedikil vidalari, flizyon
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Introduction

Lumbar spondylolisthesis is an important cause of
spinal canal stenosis and is often associated with
back and leg pain, restriction in daily activities, and
significant work disability. Various techniques
intended for the surgical treatment of lumbar
spondylolisthesis have been developed thus far, and
the development of new techniques has continued.
1234 No golden standard for the surgical treatment
of spondylolisthesis has been established thus far.
Fusion is an indispensable part of spondylolisthesis
treatment and other conditions of spinal instability.
However, achieving adequate fusion and favorable
clinical outcomes is not always possible in adults
with spondylolisthesis. > The technique involving
stabilization with the posterior pedicle screw has
garnered increased use in recent years and was
believed to provide a better solution. The
disadvantages of this technique include that it is a
major surgical procedure, has relatively high
complications, and is an expensive surgical
technique; thus, exercising precaution during
patient selection is important. &’ The present study
aimed to determine the patient group and the
extent to which the patients would benefit from
surgical treatment and review the problems
associated with the treatment in light of the recent
studies.

Material and Method

This retrospective study included 25 patients who
received surgical intervention for low-grade lumbar
spondylolisthesis between September 1991 and
January 1998 at the Neurosurgical Clinics of Atlas
University Medicine Hospitaltal. The article was
derived from a dissertation study. Study data,
including age, sex, preoperative complaints,
physical examination, and radiologic findings, were
recorded. Patients underwent follow-up
examinations and radiologic tests for a mean period
of 31 months (range from 6 months to 4 years)
postoperatively. Kirkaldy—Willis criteria (excellent,
good, fair, and poor) were used to assess the
effectiveness of the surgical intervention. ® The
patients deemed eligible for surgery showed clinical
and radiological findings compatible with
spondylolisthesis, and these patients did not benefit
from conservative treatment methods, including
bed rest, medical treatment, and physical therapy
and rehabilitation. The prerequisites for surgical
indication were neurologic deficit, neurogenic
claudication, spondylolisthesis, and postural
abnormality, among others.

Dynamic lumbosacral radiography was used to
radiologically confirm spondylolisthesis, a tensional
movement of >4 mm, in the patients. The

techniques accommodated during the surgical
interventions included fenestration, laminectomy,
posterior lumbar interbody fusion (PLIF) with no
cage, posterolateral fusion (PLF), and stabilization
with posterior pedicle screw technique. A
combination of these techniques was used based on
the indication of the cases. Reduction was not used
in any patient. Autologous graft, collected from the
iliac wing bone, was used for fusion. Fusion was
believed to have occurred upon observation of
bilateral trabecular bone continuity between the
fused segments.

Statistical Analyses

The Number Cruncher Statistical System (NCSS)
2020 Statistical Software (NCSS LLC, Kaysville, Utah,
USA) was used for statistical analysis. Fisher's Exact
Test was used to compare qualitative data. Results
were analyzed at a 95% confidence interval, and a p
level of <0.05 indicated statistical significance.

Surgical Technique

Patients were placed in a prone position to expose
the abdomen. Prophylactic antibiotherapy was
administered, and surgery was commenced under
general anesthesia after determining the vertebral
level using fluoroscopy. A vertical incision was made
into the midline to clearly view the surgical area.
The paravertebral muscles were bilaterally,
subperiosteally dissected, after which the laminae,
facet joints, pars interarticularis, and transverse
processes were exposed. Pedicle screw entry points
at the instrumentation levels were set using the
intersection technique. First, the entry point was
prepared with a curette and then the screw path
was prepared with a special pedicle curette, while
accounting for the transverse and sagittal pedicle
angles. Meanwhile, the screw path was
intermittently controlled using Kirshner wires.
When a transition from cortical bone to soft tissue
was detected, another nearby point was selected to
provide secure fixation. After determining the
screws according their respective levels, the screws
were placed into the prepared pathways in an
orientation as appropriate to their angles. Due care
was taken to avoid trespassing the anterior cortex
in terms of implantation depth. Necessary
decompression was then performed. Bone graft
from the iliac wing bone was shaped to fit the
distance in cases of interbody fusion. The graft was
placed in the disc space, allowing minimal neural
manipulation. The posterior lumbar fusion (PLF)
was placed in the form of lamellae on the facets and
between the transverse processes. Screw-rod
connection was ensured by shaping the rods to fit
their physiologic curvatures. Hemostasis was
achieved before closure.
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Results

Among the 25 patients who received surgical
intervention for lumbar spondylolisthesis, 10 were
male (40%), 15 were female (60%), and the mean
patient age was 48.8 + 12.4 years (range, 27-66
years). (Figure 1) Lower back pain was the leading
complaint at a presentation by all the patients

Figure 1. Distribution of cases based on age and gender.
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leg was unilateral in 14 patients and bilateral in 4.
The mean duration of pain experienced by the
patients was 4.8 years (range, 4 months to 11
years). Upon physical examination of the patients,
the most prevalent finding was the positive straight
leg raising test and sensory deficit (Table 2).
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Table 1. Patients' complaints at admission

Number of cases (%)
25 (100%)

Symptoms |
|
18 (72%) |
|
|

Lower back pain

| Pain radiating to the leg
| Muscle weakness 5 (20%)
| Numbness in the foot 4 (16%)

Table 2. Examination findings of the patients

FINDINGS Case (%) |

Straight leg raise test 18 (72%)
Motor deficit 11 (44%)
Sensory deficit 18 (72%)
Reflex deficit 12 (48%)
Neurogenic claudication 7 (28%)
Atrophy 5 (20%)

The mean slippage rate was 24% (range, 15%—51%)
based on Tailard’s method. ® Furthermore, isthmic,
degenerative, and postoperative spondylolisthesis
was observed in 11, 13, and 1 patients, respectively
(Figure 2). The age of patients with degenerative
spondylolisthesis was 41-60 vyears, whereas
patients with isthmic spondylolisthesis were
distributed across all age groups (Figure 3).

Spondylolisthesis was at the level of L5-S1 in 11
patients, L4-5 in 9, L3-4 in 4, and L2-3 in 1.
Comorbid lumbar stenosis and lumbar disc
herniation was observed in 9 and 7 patients with
spondylolisthesis, respectively. Of the 19 patients
who received stabilization with the posterior
pedicle screw technique, 4 had six screws, and 15
had four screws. A total of 6 patients only
underwent decompression and PLF, whereas 19

patients underwent fenestration and
foraminotomy, with 6 patients receiving
decompression with laminectomy. PLF was

performed in 17 patients, and PLIF was performed
in the remaining 8 patients. The mean duration of
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hospitalization was 13.5 days, and the mean
duration of surgery was 3.5 hours.

In total, 20 patients were rated as excellent or good
and 5 as fair or poor based on the Kirkaldy—Willis
Grading system. Good outcome was observed in 17
(90%) patients with pedicle screws and in 3 (50%)
patients with only decompression and fusion. The
difference was significant (p=0.048; p<0.05), with a
higher rate of good outcome in the patients with
pedicle screws. In patients who smoked, 75% of the
patients showed good results. The patients who
smoked showed no significant difference when
compared with those who did not smoke (p=0.226;
p<0.05).

Figure 2. Distribution of the type of spondylolisthesis

The clinical outcome in patients without revision
surgery was good in 19 patients (86.4%). A good
outcome was achieved in only one of the 3 patients
(33.3%) who received revision surgery. Although
the difference was not significant, the p value was
close to the level of significance. A significantly high
rate of good outcomes was noted in patients who
did not undergo revision surgery (p=0.091; p<0.05).
Radiologic examination revealed the absence of an
increase in the slippage percentage in these
patients. Furthermore, fusion was observed in 21
patients (84%).
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Complications

Two patients with a superficial infection at the
surgical site were treated via antibiotherapy and
dressing. No surgical intervention was considered
necessary. All patients, who received grafts from
the iliac bone wing, experienced severe
postoperative pain at the origin of the iliac bone
area. Analgesics were used to treat pain, and these
pains did not persist for a prolonged period. Major
postoperative complications were observed in 5
patients. One patient experienced a cerebrospinal
fluid (CSF) fistula, which was successfully managed
with conservative treatment involving measures
such as bed rest, maintaining an upright position,
and avoiding activities that could raise intracranial
pressure, including lifting and straining. Wound care
was administered using dressings, and by the third
day, the leakage had ceased. One patient had an
abscess at the paravertebral muscles, which was
treated by draining the abscess and administering
antibiotherapy. In one patient, root compression
occurred upon narrowing the foramen because the
screw appeared to be misoriented; this was treated
by repositioning the screw during revision surgery.
The grafts in one patient with PLIF had slipped into
the spinal canal, and pedicle screw penetration was
visible via the lumbar computed tomography
imaging performed for control purposes. The
reoperated patient had bone grafts removed from
the disc space and PLF and screw repositioning were
performed. The patient’s clinical condition did not
improve after revision surgery, and therefore, the
instruments were removed through reoperation. In
another patient who had undergone PLIF, the grafts
had slipped into the spinal canal, inducing increased
pain. The patient was treated by repositioning the
grafts and removing the compression, which
resulted in successful decompression.

Discussion

A golden standard for the principles of surgical
treatment for low-grade spondylolisthesis has not
been established thus far, and debate regarding
decompression, fusion technique, instrumentation,
and graft type is ongoing. Furthermore, different
techniques have been wused, which include
microdecompression 1°, transvertebral screw
fixation !, and defect repair with screws and
hooks'? and with screws and wiring 3. Significant
treatment progress could have been achieved
through the introduction of spinal instrumentation
in the treatment of spondylolisthesis. However, on
the grounds that conventional treatment methods
continue to be indispensable, fusion can only be
achieved in combination with spinal
instrumentation. The aim of surgical treatment in

the treatment of spondylolisthesis should be to
prevent deficits, provide maximum improvement in
existing deficits, relieve pain, ensure stability, stop
the progression of slippage, and improve quality of
life 14,

Most patients with low-grade spondylolisthesis
without  neurologic  deficit benefit from
conservative treatment. > 1® Evan D Boyd et al.
studied a group of 46 patients with grade 1
spondylolisthesis and spondylolysis and reported
that favorable outcomes can be achieved through
conservative treatment. !’ Nava-Bringas et al.
achieved good outcomes in terms of pain and
function in a study with exercise groups and
reported no difference in clinical outcome between
different exercise programs. ¥  However,
Matsunaga suggested that listhesis may increase up
to 30% after conservative treatment. *°

Although fusion is one of the main principles of
treatment in spondylolisthesis, only decompression
can achieve minimal intervention. A review of the
clinical results in patients who underwent
decompression without fusion revealed highly
satisfactory results. 2> 2122 However, Jang JW et al.
suggested that slippage increased in cases where
decompression alone was performed. 2> Muslim et
al. reported that bilateral microdecompression with
unilateral intervention was associated with
satisfactory results, and there was no increase in
slippage. 2

Reportedly, a clinically significant difference in
quality of life was observed in patients with
degenerative low-grade spondylolisthesis following
the addition of Ilumbar spinal fusion to
decompression. 2> 26 Takahiro Tsutsumimoto et al.
achieved a 69% recovery rate after decompression
and non-instrumented fusion. ¥’ Despite a 74%
fusion in the above series, no significant difference
was noted in terms of the clinical outcome between
those with and without fusion. However, previous
studies with fusion alone, reported a significant rate
of pseudoarthrosis compared with instrumented
fusion. 22 In their review article, Martin et al.
reported that fusion had a favorable effect on the
clinical outcome compared with the clinical
outcomes of patients who  underwent
decompression alone. Accordingly, they reported
that the use of instruments increased fusion rates
but did not ensure significant superiority in terms of
clinical outcome.

A study combined fusion and decompression and
reported satisfactory outcomes through the use of
instrumented fusion and interbody fusion at a rate
of 77% and 79%, respectively, compared with 64%
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satisfactory results with fusion alone. ?° Yong-ping
Ye et al. suggested that instrumentation increased
fusion rates but was not associated with
satisfaction. 3° In the present study, all the patients
received fusions with a success rate of 84%. The
fusion rate was variable in adults, and obesity,
osteoporosis, smoking, and systemic diseases may
lead to lower-than-expected results. 3! Fusion rates
were better in children than in adults. According to
a study by Jalenko et al., 85% fusion was achieved in
children who received non-instrumented
intervention in isthmic spondylolisthesis, whereas
the same rate was 65% in adults. 32

PLIF can be performed in patients undergoing
discectomy. In recent years, the application of PLIF
technique has become increasingly popular. As
observed in the present study, PLIF is performed
with cages in the majority of cases despite the fact
that PLIF was typically performed without cages in
the past. However, anterior lumbar interbody
fusion (ALIF) and PLIF alone were reported to be
biomechanically inferior to instrumented fusion and
were not considered a standard for spinal fusion. 3%
34 Therefore, PLIF may be considered suitable for
use in instrumented fusion surgeries. A number of
previous studies have reported successful results
using PLIF. In most of those studies, a higher rate of
fusion was obtained through PLIF than via PLF. 3> 36
However, the existence of a difference between the
two methods in terms of clinical outcome remains
unclear. In their review article, Okuda et al.
reported that a mean of 82% satisfactory results
were achieved in the PLIF series. 3 Liu et al.
suggested that PLIF was associated with fewer
complications and higher fusion rates than PLF. 38

Instrumentation has been adopted by a wide range
of authors on the grounds that it provides a rigid
fixation and increases the likelihood of fusion.
Fixation, when combined with decompression,
reduces pain, stops deformity progression, and
allows for early mobilization. The transpedicular
screw system is the most preferred technique
because pedicle screws provide biomechanically
stronger three-column stabilization than other
fixation options. Pedicle screws do not require an
intact posterior element. Despite the risk of neural
damage, CSF fistula, vascular damage, and
increased risk of infection, pedicle screws have been
proven to be safe in experienced hands.

Whether bone fusion correlates with clinical
outcome remains a controversial issue. Certain
authors reported that clinical outcomes correlated
well with fusion rates. 3 However, Fritzell et al.
suggested that radiologic fusion did not correlate
significantly with clinical outcome. ° Inamdar et al.
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preferred PLF to PLIF due to the simplicity of the
procedure, low rate of complications, and better
clinical and radiologic results, although both groups
reported a fusion rate of 100%. *! Hallett et al.
compared decompression alone, PLF + pedicle
screw, and transforaminal lumbar interbody fusion
(TLIF) + pedicle screw technique and reported that
>90% fusion was achieved in the PLF group without
significant intergroup difference in terms of
functional results. ? In the cases included in the
present study, the clinical outcome was good or
excellent in 90% of the patients, who underwent
pedicle screws.

Fischgrund et al. investigated the effect of
instrumentation in lumbar stenosis secondary to
degenerative spondylolisthesis in a prospective
randomized study. Sixty-seven patients received
instrumented and non-instrumented
decompression and fusion. After completing the
follow-up, fusion rates of 82% and 48% were
achieved in instrumented and non-instrumented
cases, respectively. ** Considering that there were
reports on patients with spondylolisthesis, who
received pedicle screw fixation without any success,
despite an increased fusion rate, solid fusion was
believed to not be the only factor that influenced
clinical outcomes. Despite a fusion rate of 84% in
the cases included in the present study, the good
clinical outcome rate was 80%.

Fusion assessment was reported to be challenging
in several studies, and identifying fusion using
radiologic examinations is particularly difficult in all
cases. Pseudoarthrosis may be painful as well as
asymptomatic. * When patients who were
radiologically considered to have fusion underwent
re-operation for other etiologies, some patients
appeared to not have fusion. Therefore, it can be
suggested that “the best identification of fusion is
by intraoperative inspection, albeit not practical.” 4

Smoking is an important risk factor associated with
preventing return to pre-disease activity and pain
relief. In studies with a number of fusion series,
poor results and high pseudoarthrosis rate were
reported among smokers. 3% However, studies in
the past have also suggested that smoking had no
effect on fusion. # Although the rate of clinically
good outcome was lower (75%) in smokers in the
present study, this rate was not significant.

The need for revision surgery was one of the most
prominent factors affecting the outcome of lumbar
decompression and fusion surgery. 3¢ A recent study
reported a 13.5% re-operation rate in a database
analysis of lumbar fusion surgery. % Patients who
underwent repeated operations showed
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remarkably poor outcomes, and even in cases of re-
operation, the results were unsatisfactory. 3 Seung-
Pyo Suh et al. reported a fusion rate of 71% in
patients, who underwent revision surgery for
pseudoarthrosis, with satisfactory results in only
52%. 4 Derman et al. reported in a review article
that revision with PLF resulted in pseudoarthrosis in
35%-51% of cases. In addition, no significant
difference  was observed between different
techniques, including TLIF, ALIF, and PLIF, in terms
of patients’ quality of life after PLF revision
surgeries. Therefore, a study suggested that the
surgical strategy of each revision case should be
different. *® In the series included in the present
study, 3 cases underwent revision surgery and had
a good clinical outcome rate of 33%. A major
infection occurred in one patient (4%), consistent
with the reported rate of 0.7%-11.9%. *° Contrary
to the previous studies, the instrument did not have
to be removed as a result of the infection.

Limitations

The primary limitation to the present study was the
comparatively low number of cases. More
optimized results could be achieved through future
studies with a larger number of cases. Another
limitation is that the factors that might have an
effect of fusion and satisfaction rates could not be
comprehensively investigated. This is attributable
to the retrospective nature of the study. Therefore,
future prospective studies should address the issue
in @ more detailed approach by accommodating
different parameters.

Conclusion

Several alternatives to the surgical treatment exist
intended for low-grade spondylolisthesis. The
widespread use of a modern and contemporary
stabilization technique, including the posterior
pedicle screw in orthopedics and neurosurgery, has
opened new horizons in spinal surgery. The fusion
rates have increased and better stabilization can be
achieved through the pedicle screw technique. It is
widely accepted that the most effective stabilization
can be provided using fusion. Therefore, the
combination of pedicle screw fixation and fusion,
with the addition of decompression, as necessary,
may be considered the ideal surgical method.
However, patient selection is one of the most
important aspects of treatment. Previous surgery is
an important risk factor that should be considered
before deciding the surgical treatment. In
conclusion, it is possible to make use of the
transpedicular screw fixation technique in a less
complicated and effective approach through an
effective and experienced teamwork.
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