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Objective: Until now, the spondylolisthesis reduction technique has relied on posterior instrumentation using long arm pedicle
screws. In this way, the segments will be brought into alignment with the other vertebrae with the pedicle mats being tightened. The
aim of this study is to acknowledge whether reduction surgery for degenerative lumbar spondylolisthesis (DLS) using long arm pedicle
screws is able to correct the listhesis and spinopelvic parameters.

Methods: We carried out a retrospective study of patients with degenerative lumbar spondylolisthesis who went through reduction
surgery using long arm pedicle screws in our institutions from January 2019 to March 2022. Preoperative and postoperative
radiological outcomes consisting of listhesis and spinopelvic parameters were assessed.

Results: We found a statistical difference between the magnitude of listhesis immediately after surgery and preoperatively (p<0.001),
with a successful correction of 85.85%. There was significant decrease in the value of pelvic tilt (p=0.044) and increase in the value of
sacral slope (p=0.008) after surgery.

Conclusion: Reduction surgery using long arm pedicle screws for DLS was able to reduce the listhesis effectively up to 85.5%, and
also to restore the parts of spinopelvic parameters, the pelvic tilt and sacral slope, approaching normal values.

Keywords: degenerative lumbar spondylolisthesis, long arm pedicle screws, listhesis, spinopelvic parameters, radiological outcomes

Introduction

Spondylolisthesis is forward slippage of one vertebrae against the vertebra below it, which is associated with degen-
erative changes without vertebral ring defects or disorders.'”” Degenerative lumbar spondylolisthesis (DLS) occurs in the
elderly group. This disease is more common in women because of ligament flexibility and hormonal effects: the ratio of
women to men is 2—3:1.2. The global prevalence of DLS is 24.8%: prevalence in segments L3-4 is 4.5%, segment L4-5 is
12%, and L5-S1 is 8.3%.> Risk factors in the form of anatomical conditions also determine the progression of this
disease, including pelvic anatomy, inclination of the fourth lumbar vertebra, vertebral size, and facet orientation in the
sagittal section, which results in facet joint degeneration. The vertebrae that are susceptible to spondylolisthesis are the
fourth and fifth lumbar, with vertebral translation most often at >30%.
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Even if the displacement is small, if it is accompanied by ligamentous flavum hypertrophy or intervertebral disc
protrusion, narrowing of the spinal canal is likely to occur easily. The narrowing causes neurological symptoms in the
form of neurogenic claudication or sensory and motor disturbances. The spinal canal then narrows again with posterior
joint subluxation exacerbated by osteophyte growth. In addition, the exiting L5 nerve can also experience the “guillotine
effect”, ie compression by the pedicle and corporotransverse ligament from above.* ¢

Spondylolisthesis management can be non-operative and operative. The main goals of therapy are to relieve pain,
restore function, restore flexibility of nervous tissue, and strengthen the spine. Surgery is performed to partially remove
the bone pressing on the nerves, followed by fusion of the vertebral bodies to repair.? These procedures are performed
simultaneously by reducing the displaced bone. Several researchers have tried various tools to facilitate reduction.
Examples of these techniques are skeletal traction in the hip flexion position, distraction using halo-femoral traction,
distraction using a Harrington rod, and placing a cast. The results of therapy vary widely, some being very good and
others unsatisfactory. In addition, there is a high risk of neurologic injury.”*

Until now, the spondylolisthesis reduction technique has relied on posterior instrumentation, namely, bolts of the
vertebral segment that has undergone listhesis and then in the final stage using a special reduction, called long arm
pedicle screws.’ Long-arm pedicle screw is a multi-axial pedicle screw with a long U-shaped screw head. In this way, the
spondylolisthesis segment will be brought into alignment with the other vertebrac when the pedicle nuts and rods are
being tightened.”® The use of this long arm pedicle screw had been described in the literature; however, its use in our
country is still limited, owing to its more expensive cost compared to ordinary pedicle screws. In our country, we had
limited budget due to the National Insurance. For the above reason, we were not much using this long arm pedicle screw.
Measurement of the degree of correction required is based on the measurement of radiological parameters. For the case
of degenerative spondylolisthesis, there are various parameters used, ranging from the degree of displacement of the two
vertebrae involved, to the spinopelvic and sagittal balance parameters, all of which can be obtained from the lumbosacral
lateral projection radiograph. This study was then performed to evaluate whether reduction using long arm pedicle screws
is able to correct the listhesis.

Method

We carried out a retrospective study of patients with degenerative lumbar spondylolisthesis (DLS) who carried out
reduction surgery using long arm pedicle screws in our academic Fatmawati Hospitals from January 2019 to March 2022.
Reduction surgery using these long arm pedicle screws was the standard method of surgery in these institutional
hospitals. Ethics approval was attained from institutional review board of local faculty and the engaging hospitals.
The institutional hospitals where the study was held were Cipto Mangunkusomo and Fatmawati Hospitals. The eligibility
criteria for this study were diagnosis of DLS with persistent symptoms after 6 weeks of non-operative measures. Patients
with another spinal surgery or loss to follow-up were excluded. All patients were assessed for preoperative and
postoperative radiological outcomes consistent with listhesis and spinopelvic parameters. Figure 1 presents the glow
chart of this study. Postoperatively, patients were allowed to return to previous sport or activity after 3 months.

Research data was analyzed using IBM SPSS version 22 statistical software. For comparing study groups for mean
equality of preoperative and postoperative outcomes, independent T or Mann—Whitney tests were used. P-value of <0.05
was considered to be statistically significant.

Intervention

Surgical Technique

The surgeries were held at two academic hospitals, performed by either one of two senior spine orthopaedic surgeons
using long arm pedicle screws. The steps of surgery were as follows: midline incision until exposure of the listhesis
levels, bilateral facetectomies, instrumentation of vertebrae using pedicle screws (the listhetic vertebrae were instrumen-
ted using long arm pedicle screws). Fusion using transforaminal of posterior lumbar interbody fusions was then followed,
as shown in Figure 2. Thereafter, the vertebral segments will be brought into alignment with the other vertebrae with the
pedicle mats being tightened. The final construct of the instrumentation was confirmed using intraoperative image
intensifier. All surgeries were monitored by intraoperative neuro monitoring (IONM) by neurologists.
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Patients underwent reduction surgery for
degenerative lumbar spondylolisthesis in Cipto
Mangunkusumo and Fatmawati Hospital between
January 2019 — March 2022
N=17

Excluded: 0

’ Total recruited: 17 ‘

[ Data available for analysis: 17 l

Preoperative measurements:
* Listhesis
* Spinopelvic parameters (pelvic incidence,
pelvic tilt, sacral slope, lumbar lordosis)

Reduction surgery using long
arm pedicle screws

Postoperative day-0 measurements:
* Listhesis
* Spinopelvic parameters (pelvic incidence,
pelvic tilt, sacral slope, lumbar lordosis)

Figure | Flowchart of Eligibility Criteria.

Non-sutured surgical drain was left in place until two to three days postoperatively. Patients then were encouraged to
ambulate progressively as tolerated, without external support. Daily activities were gradually increased. Return to sports
was restricted for at least 6 months after surgery.

Radiological Outcomes

The radiological outcomes were assessed preoperatively and immediately postoperatively using HOROS® application by
the DICOM images (Figure 3). The radiological outcomes measured include listhesis and spinopelvic parameters. The
spinopelvic parameters measured were pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), and lumbar lordosis (LL).
The listhesis was measured as millimeters (mm) of the forward slippage of the vertebrae. PI is the angle formed by a line
drawn from the center of the femoral heads to center of the sacral endplate. PT is the angle between the line from the
sacral endplate to the center of the femoral heads and a vertical line, while SS is defined as the angle between the sacral
endplate and a horizontal line. Lumbar lordosis is the angle between the sacral endplate and upper end of the first lumbar
vertebrae. '’

Results
A total of 17 patients had reduction surgery for DLS in our study. The follow-up was immediate postoperative. The
results were compared to preoperative values. Figure 3 shows the result sof radiologic measurements.

Mean age of the patients was 57.82 + 7.77 years. Only one patient was a male, 16 were female. Most of the patients
were suffering from listhesis at the L4-L5 vertebrae, followed by L3-4 and L4-5 equally. Most patients were in
Meyerding grade I of the listhesis. Baseline characteristics of the patients are depicted in Table 1.

Summary of radiological outcome is depicted in Table 2. As seen, there was a significant difference between the
magnitude of listhesis immediately after surgery and preoperatively (p<0.001), with a successful correction of 85.85%.
Based on the measurements, there was no significant difference between after surgery and before surgery in the
measurement of pelvic incidence (p=0.550) and lumbar lordosis (p=0.089). However, there was a significant difference
in decreasing the value of pelvic tilt (p=0.044) and increasing the value of sacral slope (p=0.008) after surgery.
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Figure 2 Figure Describing the Operative Procedure. (A) Midline incision was performed until exposure of the listhesis levels. (B) Instrumentation of vertebrae using
pedicle screws (the listhetic vertebrae were instrumented using long arm pedicle screws). (C) Facetectomies. (D) Laminectomy. (E) Fusion using transforaminal of posterior
lumbar interbody fusions was then follow. (F) Thereafter, the vertebral segments will be brought into alignment with the other vertebrae with the pedicle mats being
tightened.

Preoperative Listhesis Preoperative PT

Preoperative LL Postoperative LL

Preoperative PI Postoperative PI Preoperative SS Postoperative SS

Figure 3 Figure Describing the Difference between Preoperative and Postoperative Radiologic Measurements.
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Table | Subject Characteristics

Parameter Value
Age (mean * SD) 57.82 +7.772
Sex (n, %)

— Male | (5.88%)
— Female 16 (94.2%)
Listhesis in mm (mean, range) 9.4 (3.1-20.4)

Location of listhesis

L3-4 2 (11.7%)

L4-5 13 (76.4%)

L5-SI 2 (11.7%)
Meyerding Classification

| 9 (52.9%)

Il 7 (41.1%)

1] | (5.88%)
Pelvic Tilt in degree (mean * SD) (27.61 = 10.13)
Pelvic Incidence in degree (mean * SD) (66.35 + 8.08)
Sacral Slope in degree (mean * SD) (33.847 = 10.77)
Lumbar Lordosis in degree (mean * SD) (45.78 + 19.33)

Table 2 Differences in Preoperative and Postoperative Radiological Values

Parameter Preoperative | Immediately Postoperative | A Correction | p-value
Listhesis in mm 9.79 1.895 7.896 (85.85%) | <0.001*
Pelvic Tilt in degree 27.60 20.82 6.78 0.044*
Pelvic Incidence in degree 66.35 65.07 1.288 0.550%*
Sacral Slope in degree 33.85 43.74 —9.895 0.008**
Lumbar Lordosis in degree 45.78 53.06 —7.285 0.089**

Note: *Wilcoxon test, **T-test.

Discussion

The average age of occurrence of lumbar degenerative spondylolisthesis was 57.15, with an age range of 45.00-68.00
years. This finding is in line with the epidemiological research conducted by Deng et al,'' which found that the
prevalence of degenerative lumbar spondylolisthesis was strongly influenced by age: prevalence was highest above 50
years of age and only a small number of cases occurred before the age of 50. Most of the subjects in this study were
female, with a male to female ratio of 3:35. This finding is in line with the epidemiological findings of Yi Xiang et al,'’
who found that the prevalence of degenerative lumbar spondylolisthesis was strongly influenced by gender. This study
and other studies also stated that the percentage of women who experienced complaints of spondylolisthesis and
underwent surgery for its treatment was higher than that of men due to the fact that women had lower pain thresholds
than men, and that women had a higher tendency to experience pain.'*'? Physiologically, a greater proportion of women
than men experience spondylolisthesis as a result of the greater laxity of their ligaments and the hormonal effects on

WOIl'lel’l.2
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The most frequent location for listhesis in this study was the L4-L5 segment. Lumbar degenerative spondylolisthesis
can occur in any lumbar segment, but is most common in the L4-5 segment. The L5-S1 segment may also have listhesis,
but with a small presentation.” This finding was reflected in this study, where most of the listhesis occurred in the L4-5
segment, followed by the L3-4 and L5-S1 segments. As previously described, spondylolisthesis is defined as forward
slippage of the vertebral bodies with respect to the vertebral bodies below at least 5% (3 mm) of the body length."'

The standard of surgery for spondylolisthesis is posterior stabilization using reduction screws. If the spondylolisth-
esis segment can be fully mobilized after adequate discectomy and annulus removal, the correction of the sagittal
alignment depends only on the screw which will reduce the listhesis segment.'* This study, using long arm pedicle
screws, successfully showed that the use of long arm pedicle screws was able to significantly reduce the spondylolisth-
esis, as high as 85.5%. A long arm pedicle screw consists of a long U-shaped screw head. The thread in the long arm
screw makes the reduction of spondylolisthesis possible when the pedicle along with its rod are tightened. Long arm
pedicle screw promotes more controlled and gradual anatomical reduction.

Our study showed that, postoperatively, there was reduction of PT value and increase of SS value. There was no
alteration in other spinopelvic parameters, which may be due to the fact that the correction of spinopelvic parameters
depends not only on the reduction of listhesis; factors other than vertebral displacement contribute to the resulting
spinopelvic parameters. Yamaguchi et al'> found that there was an increase in lumbar lordosis after vertebral fusion.
They revealed that the improvement in one of the spinopelvic parameters was not only caused by changes in post-
operative anatomy, but rather the return of spinopelvic parameters to normal values due to complaints of back and leg
pain having improved postoperatively. Another study, by Chumnanvej et al,'® assessed spinopelvic parameters in post-
fusion spondylolisthesis patients and found that, postoperatively, only the lumbar lordosis parameters improved.

As previously noted, the basic deformities in spondylolisthesis are listhesis or slippage of the vertebral bodies, loss of
disc height, and segmental kyphosis. With forward slippage, the center of gravity shifts to the anterior, the pelvis tilts
backward, the upper vertebral segments hyperextend to balance the shift, and the lumbar lordosis is reduced because the
disc also degenerates and the pelvis tilts toward the side back.'” The deformity correction operation will affect the
spinopelvic parameters. Several studies explain why the effect of spondylolisthesis surgery on correction of spondylo-
listhesis parameters can occur spontaneously. With reduced listhesis, it is expected that the center of gravity will move to
posterior, the pelvis will tilt to anterior, the sacral slope will be greater because the endplate of the sacrum is more
vertical, and the LL will be increased. In a study conducted by Kong et al,'” who performed surgical correction of
degenerative spondylolisthesis, it was found that, after surgery, there were changes in all spinopelvic parameters. They
found that the PT decreased and the SS and LL increased. These findings are in line with our study findings, where there
was a decrease in pelvic tilt and an increase in sacral slope values immediately after surgery. Based on the literature, the
cause of changes in the spinopelvis that are not too prominent in cases of lumbar degenerative spondylolisthesis is
because usually, in lumbar degenerative spondylolisthesis, the listhesis that occurs is low-grade (Meyerding I-II), so the
magnitude of the reduction after surgery is usually not great. Also, most patients can achieve a satisfactory reduction in
listhesis or slippage and, therefore, it will be difficult to find a correlation between spondylolisthesis and the spinopelvic

parameters.'’

Study Limitation
The sample size could be larger for this common DLS. Furthermore, the method of fusion was not the same for all
subjects because some patients were treated using posterolateral interbody fusion while others transforaminal interbody

fusion.

Conclusion
This study showed that reduction surgery using long arm pedicle screws was able to reduce the listhesis effectively up to
85.5%, and able to restore parts of spinopelvic parameters, namely, pelvic tilt and sacral slope approaching normal

values.
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