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Abstract

Background
The aim of this study is to explore the use of preoperative imaging stability studies of adult lumbar
spondylolisthesis and it's effects on intraoperative correction, postoperative observation, and clinical
e�cacy.

Methods
We retrospectively analyzed a total of 104 patients diagnosed with lumbar spondylolisthesis who
underwent Posterior lumbar interbody fusion surgery between 2011 and 2014. The quali�ed patients were
divided into two groups; group A (study/unstable group: 52 cases) and group B (control/stable group: 52
cases). Group A was further divided into group A1 (slip instability: 27 cases) and group A2 (angular
instability: 25 cases). The preoperative lumbar sagittal plane translation distances and segmental angle
of the preoperative lateral X-rays, hyper�exion X-rays, and hyperextension X-rays were measured and
compared with their third-day postoperative lateral X-ray, and slip rate. The occurrences of intraoperative
or postoperative complications, one-month postoperative follow-up data, including JOA, and VAS scores
were access to evaluate the clinical e�cacy of the treatment.

Results
Satisfactory postoperative radiographic correction was recorded in all groups. Better correction and
correction was observed in group A1 patients and group B patients who used puller screws compared to
those who used normal screws (P < 0.05). However, patients in group A2 who used normal pedicle screws
had similar correction as those who used puller screws. The preoperative VAS scores showed that low
back and lower extremity pain were higher in A1 and A2 groups compared to group B. However, they were
lower one month postoperative. The preoperative JOA scores for the unstable groups (group A1 and A2)
were lower than their stable counterpart but higher during the �rst month postoperative. Our analysis of
postoperative complications also revealed no statistically signi�cant difference between groups A1 and
B, and groups A2, and B.

Conclusions
Preoperative imaging stability for adult lumbar spondylolisthesis does not affect intraoperative
correction. The use of puller pedicle screws in patients with unstable or stable segmental slippage could
achieve better correction and correction than with normal pedicle screws. The preoperative symptoms of
patients with unstable segments were worse than their stable counterparts; however, their postoperative
recovery was quicker in the �rst month postoperative.
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Background
Lumbar spondylolisthesis, de�ned as a series of clinical syndromes caused by the displacement of an
upper vertebral body relative to a lower vertebral body. Common symptoms include lower back pain,
worsened by prolonged standing or sitting, but relieved by bed rest in early stages. As the disease
progresses, other symptoms such as lower back pain with intermittent claudication, sciatica, and lower
limbs radicular pain and numbness[1],[2] may develop. Patients with lumbar spondylolisthesis of lower
lumbar spine make up the majority of spondylolisthesis cases, and most cases predominantly involve
females than males. According to Ravindra VM et al., there are an estimated 39 million cases of lumbar
spondylolisthesis annually[3]. This high number of annual cases necessitate better diagnostic e�cacy
and speci�city as well as better treatment methods.

Khor S et al. Reported that surgical fusion of an unstable lumbar spine can successfully correct lumbar
spine stability[4]. Traditionally, conservative treatment for lumbar spondylolisthesis is considered for
patients with mild symptoms, and surgical treatment recommended for patients with severe symptoms
that affect their daily life, and those that failed conservative treatment[5]. Improvements in imaging
technologies in combination with other medical diagnostic methods have led to improved preoperative
diagnostic e�cacy and speci�city, enabling patient-speci�c treatment plans. There are currently few
reports on the preoperative imaging evaluation of the stability of a diseased lumbar segment and its
effect on intraoperative and postoperative outcomes. The aim of this study is to retrospectively analyze
available clinical data in order to investigate whether such stability of a diseased lumbar segment could
affect intraoperative correction, postoperative complications, and overall clinical outcomes in adult
lumbar spondylolisthesis patients.

Methods
1. Research Object

We retrospectively analyzed the data of patients diagnosed with lumbar spondylolisthesis who
underwent Posterior lumbar interbody fusion(PLIF) surgery in our hospital between November 2011 and
June 2014. The inclusion criteria were: 1. Patients ≥18 years with the con�rmed diagnosis of lumbar
spondylolisthesis 2. Patients with complete preoperative radiographic lateral lumbar X-ray, as well as
hyperextension and hyper�exion X-ray; 3. Patients with the unstable lumbar spine on lateral X-ray �lm
with a measured segmental sliding/dislocation of > 3mm; 4. Patients who underwent PLIF surgery; 5.
Patients with complete follow-up data for > 18 months, with complete follow-up radiographic data. This
study exclusion criteria were: 1. Patients who underwent multiple segment fusion (n> 2); 2. Patients with
severe osteoporosis and vertebral compression fractures; 3. Patients with the previous history of lumbar
spine surgery; 4. Patients who refused surgery or transferred to other departments for treatment; 5.
Patients with the fusion of preoperative lesions.
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This study was approved by the Ethical and review committee of the First a�liated hospital of Guangxi
Medical University. The study conforms to the Helsinki declaration; however, since patient data were
anonymized, informed consent was unnecessary.

2. Collection of cases data

The clinical data of all patients who passed the inclusion criteria including baseline clinical data,
preoperative and postoperative imaging indicators, intraoperative �xation and correction data including
type of pedicle screws used, pre- and postoperative JOA and VAS scores, and postoperative
complications status were collected for statistical analysis.

3. Grouping methods and Imaging analysis indexes.

The quali�ed patients were divided into two groups; group A (study/unstable group: 52 cases) and group
B (control/stable group: 52 cases). According to the sagittal plane sliding range of lumbar hyper�exion
and hyperextension X-ray �lm patients with > 3mm of sagittal sliding were classi�ed as group A1 (slip
instability: 27 cases); those with the angle of rotation range > 10 ° were classi�ed as unstable angle
group A2 (angular instability: 25 cases)[6]; whiles patients with normal sagittal sliding and normal angle
of rotation were classi�ed as the control group or stable group (group B).

Preoperative lateral lumbar, lumbar hyper�exion and hyperextension radiographs, and third day
postoperative lateral lumbar radiographs were imported into the Surgimap ( Version: 2.2.9.8) software for
the measurement of the following indicators: 1. Translation Distances (TD)[7],[8]: de�ned as that the
distance between Intersection of a vertical line drawn from the inferior posterior angle of a slipped
vertebral body segment relative to the endplate of the inferior vertebral body segment and the superior
posterior angle of the inferior vertebral body; 2. Segment angle(SA): de�ned as the angle formed by the
Lower endplate line of the vertebral body of a spondylolisthetic segment and the upper endplate line of
the lower vertebral body of the same segment; 3. Slip rate[9],[10](SR): de�ned as the percentage of slip
distance to the width of the sagittal plane of the inferior vertebral body; 4. Slip distance correction =
preoperative slip distance-postoperative slip distance; 5. Segment angle correction = preoperative
segment angle- postoperative segment angle; 6. Correction of slippage rate = preoperative slippage rate-
postoperative slippage rate. The schematic diagram is shown in Figure 1.

4. Surgical technique

All of the patients enrolled in this study underwent PLIF surgery[11]. This operation involves extensive
decompression to relieve compression on the dural sac and nerve root, and loosen the adhesion tissue
around the nerve root; the resection of nucleus pulposus of the intervertebral disc, and the distractor used
in open correction or a combination of distraction and pedicle screws used for correction, However, the
aim is not to achieve complete anatomical correction. Patients on a postoperative day (POD) 2-4 undergo
orthotopic and lateral X-ray, and after no abnormalities were found, instructed to wears lumbar braces
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during ambulation for a period of at least three months whenever they get out of bed. Patients were
advised to return for follow-up on 1st, 3rd, 6th month, and 1st year after discharge.

5. Statistical software and methods

χ2 or Fisher exact tests were used to test the baseline information of each group. Independent sample
rank-sum tests were used to test the preoperative and postoperative imaging indexes, while an
independent sample t-test was used to analyze the preoperative, �rst month postoperative, and last
follow-up JOA and VAS scores. All statistical analyses were performed using SPSS 25.0 software (IBM,
USA), with a P < 0.05 considered statistically signi�cant.

Results
1. Baseline information.

The average follow-up period of the 104 patients included in this study was 32 months. According to the
grouping method, eligible patients were divided into study and control groups: group A (study/unstable
group: 52 cases), and group B (control/stable group: 52 cases). Group A was further divided into group
A1 (slip instability: 27 cases) and A2 (angular instability: 25 cases). The clinical characteristics of groups
A1 and A2 were compared with group B, respectively, and their baseline data tested using the χ2 test or
Fisher exact probability method. Tested data included screw type, number of fusion segments, operation
time, follow-up duration, among others. Results were considered not to be statistically different when P >
0.05. See Table 1-1 and Table 1-2 for details.

2. Preoperative imaging parameters.

Among the cases reviewed, the preoperative slip distance and slip rate were found to be higher in patient
in group A1 in comparison to group B; however, the difference was not statistically signi�cant (P > 0.05).
Also, the preoperative segment angle difference among patients in group A2 were higher compared to
those in group B, the difference however, was not statistically signi�cant (P > 0.05). The detailed results
are shown in Figure 2.

3. Correction of slippage reset.

The comparison of the preoperative and POD 3 lumbar lateral X-rays revealed no statistically signi�cant
difference in the slippage correction rate, segment angle correction, and slip distance between patients in
group A1 and those in group B (P > 0.05). The comparison of the average values of the two indexes
(slippage rate correction and slip distance correction) between groups A2 and B revealed that the indexes
in group A2 were higher than those in group B. On the contrary, the average segmental angle of patients
in group B were higher than those in group A2. The differences among the three indicators between the
two groups, however, were not statistically signi�cant (P > 0.05). See Figure 3 for details.

4. Comparison of the pedicle screw typesused for reductionand correction.
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Data of patients in the three groups (A1, A2, and B) were analyzed in accordance with the type of pedicle
screw used (normal screws or puller screws) for the correction of spondylolisthesis. Patients in groups A1
and B, who used puller pedicle screws, achieved better correction and correction than patients who used
normal pedicle screws. There was a statistically signi�cant difference between the slippage correction
and slip distance correction rates. However, there was no statistically signi�cant difference in the
segmental angular correction rate. There was no statistically signi�cant difference in the correction rates
of spondylolisthesis, segmental angle correction, and sliding distance correction in group A2 patients
who used normal pedicle screws or puller screws. See Figure 4 for details.

5. JOA scores analysis

The total JOA score for the study population was 29 points, with the lowest score signifying severe
dysfunction[12]. The postoperative improvement rate was calculated by subtracting the pretreatment
score from the posttreatment score, then dividing the outcome with the outcome of the 29 minus
posttreatment score. We observed that the preoperative score for groups A1 and A2 were lower than that
of group B, and the difference was statistically signi�cant (P <0.05); however, this outcome was reversed
at one month postoperative in both groups (A1 and A2). The analysis of the last follow-up data revealed
no statistically signi�cant difference in the JOA scores between groups A1 and B, as well as A2 and B.
The one month postoperative and last follow-up improvement rate for patients in group A1 were higher
than those in the B group, and the difference was statistically signi�cant (P <0.05). There was a
statistically signi�cant difference between the improvement rate in group A2 when compared to group B
(P <0.05), but there was no statistically signi�cant difference in the improvement rate at the last follow-up
(P > 0.05). See Figure 5 for details.

�. VAS scores for lower back and limb pain

The VAS scoring, which is used to evaluate the patient’s pain severity subjectively, has a scoring system
with 0 signifying no pain, and 10 for unbearable/severe pain. The average preoperative VAS scores for
groups A1 and A2 were higher than that of group B. On the contrary, the average at one month
postoperative was lower than group B. At the last follow-up, the average scores for patients in group A1
were lower than those in group B, while that of group A2 were higher than those in group B. At the last
follow-up, the average scores for groups A1 and A2 were lower than those of group B. See Figure 6 for
details.

7. The occurrence of complications.

Among the 104 cases reviewed, 58 patients developed temporary intestinal paralysis, and eight patients
developed wound infection, seven patients developed CSF leakage, �ve patients developed nervous
system-related injuries, while two patients developed urinary system-related complications. There were no
statistically signi�cant differences in the incidence of complications among the �ve main postoperative
complications between groups A1 and B, and groups A2 and B (p > 0.05). See Figure 7 for details.
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Discussion

1.Evaluation of the stability of lumbar spondylolisthesis
The anatomy of the spinal segments of a healthy person allows for a limited physiological range of
motion, including forwarding and backward bending, as well as lateral �exion and extension. This range
of movements does not permit excessive movement and is dependent on the level of resistance from
structures of spinal segments such as intervertebral discs, joints facets, muscles, and ligaments
associated with the spine. At present, most researchers use the segment angle of a diseased segment
and slip distance to evaluate postoperative stability of segmental spondylolisthesis, however, there is no
general consensus on a �xed method. In this study, we used preoperative sagittal lumbar X-rays of
spondylolisthesis patients; with hyper�exion and hyperextension > 3 mm or angular rotation > 10 ° used
as the criterion for assessing lumbar instability[13]. This criterion has been well accepted by other
scholars[14]. Okuda S. et al. Reported that deformation of facet joints may lead to accelerated
degradation of the spinal stabilization, and to a certain extent, affect the progress of degenerative
spondylolisthesis[15]. It has been reported that degenerative lumbar spondylolisthesis could naturally lead
to spontaneous stabilization[16]. These above studies, therefore, demonstrate that although the methods
of assessing the stability of lumbar spondylolisthesis are not clear, there could still be varying results as
different patients produce different degrees of inherent instability. Segment instability is one of the
critical indicators for operative lumbar spine fusion. In this study, all patients underwent posterior lumbar
interbody fusion surgery (PLIF). We compare group A1 with group B, and group A2 with group B, however,
there was no statistically signi�cant difference in the baseline data between groups A1, A2, and B groups.
There was also no statistically signi�cant difference between the preoperative imaging indicators. Our
results also revealed that there was no statistically signi�cant difference between preoperative and
postoperative imaging indexes (segment angle, slippage correction rate, and slip distance correction rate)
(P > 0.05). Therefore, we believe that preoperative stability observed in preoperative imaging of spinal
lesions has no obvious effect on intraoperative correction of lumbar spondylolisthesis treatment. Our
results, therefore, support previous studies that PLIF surgery can be successfully used to improve patients
with lumbar spine instability.

2. Correction of Lumbar spondylolisthesis
In patients with low-grade spondyloarthritis presenting with radiation sickness and or pseudo
claudication, a trial of conservative treatment may be considered; if conservative treatment does not
resolve the problem, surgical options may include decompression alone or decompression and fusion[17].
However, further studies have demonstrated that decompression alone increased the risk of reoperation
for lumbar spondylolisthesis[18]. However, there still exists controversies over whether slippage correction
may be necessary for spondylolisthesis. Lian et al., reported that PLIF surgery and pedicle screw �xation
successfully with or without correction resulted in the good postoperative outcome, however, deliberate
correction with better imaging results did not necessarily correlate to better clinical outcomes[15]. Karsy M
reported that postoperative pain relief and functional recovery were signi�cantly better than those
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obtained via conservative treatment alone[19]. In summary, partial correction and internal �xation for
slippage correction is more advantageous and could improve clinical e�cacy, safety, and overall
postoperative outcome. In this study, we observed that patients with unstable sliding segments and those
with stable sliding segments obtained better correction and correction using puller pedicle screws than
normal pedicle screws. However, patients with angular instabilities regardless of the use of the type of
screws used resulted in similar correction and correction outcomes. Therefore, we believe that if
conditions permit, puller pedicle screws should be the preferred choice, as it can improve the overall
clinical e�ciency. Also, extensive decompression of lateral recess, spinal canal, and nerve roots could
help release pain and improve the overall postoperative functional outcome.

3. Clinical e�cacy
In recent years, advancements in surgical treatment have resulted in increased e�ciency of surgical
treatment for adults’ lumbar spondylolisthesis. Abdu WA reported in an 8-year follow-up study of surgical
and non0surgical treatment for lumbar spondylolisthesis, surgically treated patients had better functional
and pain improvements compared to non-surgically treated patients[20]. Methods commonly used in the
clinical evaluation of postoperative e�cacy include VAS score for pain (low back and leg pain), SF-36
scores, JOA scores, and ODI scores[12],[15, 18],[21]. In this study, we used JOA scores and VAS scores for the
assessment of postoperative pain. Our result demonstrates that patients in the unstable group had higher
JOA scores for preoperative lower back pain than the stable group, on the contrary, they had VAS scores
for lower back and leg pain. These results are similar to those reported in previous studies[22]. Our results
also revealed that the �rst-month postoperative JOA scores for neurological function in the unstable
group were higher than that of the stable group, while their VAS scores for lower back and leg pain during
the same period were lower. These results show that neurological function and leg pain symptoms of
patients in the unstable group improved faster than those in the stable group at one month postoperative.
This may be due to the successful decompression and correction of patients in the unstable group, which
may have resulted in improved nervous micro-environment, which necessitated early nerve root recovery
and enhanced postoperative rehabilitation. On the contrary, the lack of decompression for patients in the
stable group meant the nerve root compression still existed, hence delayed postoperative recovery.
Therefore, PLIF surgery can effectively improve the short-term postoperative recovery of patients, and
help relieve pain, neurological symptoms, and improve the overall clinical e�cacy.

4.The occurrence of complications
In this study, there was no statistically signi�cant difference in the incidence of postoperative
complications between the stable and unstable groups. However, we observed that the incidence rate of
incision infection was higher than previously reported[23]. Also, the incidence of postoperative reduced
gastrointestinal motility was higher. When the lumbar spine was reviewed on the second to third days
after surgery, a signi�cant colon expansion was observed. These can be attributed to intraoperative
pulling on nerve roots, however, it usually improves in most patients without the need for special



Page 10/20

treatment. The incidence of intraoperative neurological damage in this study was similar to previously
reported studies[15].

5.Limitations of this study
This study used a retrospective research methodology, and therefore there exists some level of recall bias.
No group randomization was used. However, the same screening criteria and imaging measurement
indicators were used. Also, the three groups’ baseline data were similar, which helped reduce the level of
bias. The study population was relatively small, as future multi-centered studies involving more cases
may be needed for better clari�cation. Other factors that can in�uence intraoperative correction and
postoperative recoveries, such as the degree of bone hyperplasia, joint facet anatomy, and intervertebral
space characteristics, were not evaluated.

Conclusion
The preoperative segmental stability of a lesion segment does not affect the incidence of postoperative
surgical complications. This is because, with su�cient intraoperative decompression, the preoperative
stability of anatomical segments does not affect intraoperative correction. The use of puller pedicle
screws produced better slippage correction and correction than normal pedicle screws. Patients with
segmental instability are likely to report with symptoms such as lower back and leg pain and impaired
neurological function than those with segmental stable, however, these symptoms rapidly improve one
month postoperative, producing similar e�cacy at the last follow-up those with stable segments.

Abbreviations
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Posterior lumbar interbody fusion
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Translation Distances
SA
Segment angle
SR
Slip rate
POD
Patients on a postoperative day
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Tables
Table 1-1. Baseline information.

Group Group
A1

Group B P
value

Group
A2

Group B P
value

Index

Gender Male/Female) 5/22 13/39 0.515 7/18 13/39 0.779

Screws (pedicle screws / pulling
pedicle screws)

12/15 28/24 0.428 10/15 28/24 0.255

Slip section (L3 / L4 / L5) 2/14/11 0/30/22 0.137 0/16/9 0/30/22 0.597

Slip indexing (  ° /  ° /  °) 15/10/2 34/18/0 0.125 16/9/0 34/18/0 0.905

Isthmus �ssure / degeneration 17/10 36/16 0.574 19/6 36/16 0.538

Spinal stenosis (with / without) 20/7 32/20 0.203 12/13 32/20 0.154

Erosive discitis (yes / no) 11/16 26/26 0.759 10/15 26/26 0.615

Number of fusion segments (1/2) 21/6 34/18 0.256 21/4 34/18 0.184

Table 1-1. Baseline information. Group A1 represents the unstable slip group, group A2 represents the
unstable angle group, and group B represents the stable group. 
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Table 1-2 Baseline information.

Group Group A1 Group B  Group A2 Group B  

Index Mean ±
standard
deviation

Mean ±
standard
deviation

P
value

Mean ±
standard
deviation

Mean ±
standard
deviation

P
value

Course of
disease (y)

6.38±6.37 5.50±6.90 0.552 5.81±7.52 5.50±6.90 0.857

BMI kg/m2 22.51±3.1 23.65±3.41 0.147 22.47±3.0 23.65±3.41 0.146

Day of
hospitalization
(d)

12.56±4.80 11.98±5.93 0.834 10.52±4.60 11.98±5.93 0.282

Operation time
(min)

185.8±76.9 166.9±57.6 0.224 157.2±56.6 166.9±57.6 0.51

Bleeding
volume (ml)

653.7±452.5 637.5±453.6 0.881 526.0±400.8 637.5±453.6 0.298

Follow-up time
(m)

33.41±7.10 31.17±7.00 0.184 2.88±7.51 31.17±7.00 0.331

Table 1-2 Baseline information. Remarks: Group A1: unstable slip group, Group A2: unstable angle group,
Group B: stable group, inspection level a = 0.05, y: year, d: day, min: minute, ml: milliliter, m: month. 

Figures
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Figure 1

Schematic diagram of radiographic index measurements. Letter a represents the width of the lower
endplate line of the spondylolisthesis vertebra, letter b represents the width of the upper endplate line of
the lower vertebral body of the spondylolisthesis, and letter c represents the intersection of the posterior
angle of the spondylolisthesis and the vertical line of the upper vertebral body The distance from the
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posterior superior angle of the lower vertebral body. Translation Distances (TD) = c; slip rate (SR) = c / b ×
100%; segment angle (SA) = angle between a and b.

Figure 2

Preoperative imaging parameters. The graph (a) shows the preoperative slip distance of each group. The
graph (b) shows the preoperative segment angle of each group. The graph (c) shows the preoperative slip
rate for each group.

Figure 3

Postoperative imaging parameters. The graph (a) shows the postoperative slip distance correction of
each group. The graph (b) the postoperative segment angle correction of each group. The graph (c) the
postoperative slip rate correction for each group.
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Figure 4

The use of the pedicle screw and the puller screw. * represents a P-value <0.05, ** represents a P-value
<0.01. (a1) The diagram shows the translation distances correction for group A1 using pedicle screws
and using puller screws. (a2) The diagram shows the segment angle correction for group A1 using
pedicle screws and using puller screws. (c3) The diagram shows the slippage correction for group A1
using pedicle screws and using puller screws. (b1) The diagram shows the translation distances
correction for group A2 using pedicle screws and using puller screws. (b2) The diagram shows the
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segment angle correction for group A2 using pedicle screws and using puller screws. (b3) The diagram
shows the slippage correction for group A1 using pedicle screws and using puller screws. (c1) The
diagram shows the translation distances correction for group B using pedicle screws and using puller
screws. (c2) The diagram shows the segment angle correction for group B using pedicle screws and
using puller screws. (c3) The diagram shows the slippage correction for group A1 using pedicle screws
and using puller screws.

Figure 5

Preoperative JOA score status of each group. * represents a p value <0.05, ** represents a p value <0.01.
The (a) to (e) plots show the JOA score status of preoperative, one-month postoperative, �nal follow-up,
one-month improvement rate, and �nal improvement rate, respectively.
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Figure 6

The VAS scores for each group. * represents a p value <0.05, ** represents a p value <0.01. The graph (a1)
to graph (a3) represent the VAS score status of low back pain before surgery, one month after surgery,
and at the last follow-up visit, respectively. The graph (b1) to graph (b3) represent the VAS score status of
leg pain before surgery, one month after surgery, and at the last follow-up visit, respectively.
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Figure 7

Complications occurred in each group. Figures (a) to (e) show the occurrence of cerebrospinal �uid
leakage, incisional infection, temporary intestinal paralysis, urinary storage and nerve damage,
respectively.


