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Research Paper: Improvement of Spinopelvic Pa-
rameters Following the Surgical Treatment of Spon-
dylolisthesis Using Interbody Fusion Cage

Background: There is no consensus regarding the clinical benefit of interbody fusion cage in 
the treatment of Spondylolisthesis (SL). This study aimed to evaluate the effect of posterolateral 
fusion combined with interbody fusion cage on the spinopelvic parameters and the pain level of 
the patients. 

Objectives: Role of interbody fusion in the treatment of spondylolisthesis 

Methods: This prospective study included 40 SL patients who underwent surgery following the 
failure of conservative management. The Meyerding classification was used to grade SL. Also, 
the visual analog scale was used to measure the level of pain, before and after the operation. 
Spinopelvic parameters included total kyphosis, sagittal vertebral axis, pelvic tilt, pelvic 
incidence, and lumbar lordosis.

Results: The Mean±SD age of the patients was of 53.4±11.6 years. In four patients (10%), SL 
occurred at two levels. Besides, the etiology was degenerative in 21 cases (52.5%) and isthmic 
in 19 cases (47.5%). The grade I, II, and III of SL were detected respectively in 17, 17, and 6 
cases (42.5%, 42.5%, and 15%, respectively). The Mean±SD preoperative value of the sagittal 
vertebral axis was 43.1±33.1 mm, which improved to 24.8±22.3 mm after the surgery (P<0.001). 
Also, the Mean±SD preoperative value of the pelvic tilt significantly improved from 19.2±10º 
to 17±9.1º (P=0.049). Moreover, the Mean±SD score of the visual analog scale improved from 
9.1±0.8 to 2.8±1.2 (P<0.001). The clinical and spinopelvic parameters greatly improved in 
patients with degenerative SLs, single-level SLs, and the lower grades of SL.

Conclusion: Posterolateral fusion combined with interbody fusion cage improves both the 
clinical and spinopelvic parameters of SL patients and could be suggested as the treatment of 
choice for these patients.
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1. Introduction

pondylolisthesis (SL) is the displacement 
of one vertebra and mainly occurs at the 
base of the spine. The SL results in the 
forward or anterior slippage of a verte-
bra over the vertebra inferior to it. Sev-

eral etiologies have been introduced for SL. Etiologies 
explained for the isthmic and degenerative SL are most 
commonly accepted. At presentation, low-back pain is 
the main complication of the patients [1]. 

The symptomatic SL is currently treated with multiple 
treatment modalities. Conservative treatment is the pri-
mary means of treatment and most of the patients appro-
priately respond to this treatment. Also, surgical inter-
vention is indicated in refractory cases. However, every 
treatment plan mainly aimed to relieve the back pain [1, 
2]. Yet, SL is associated with a disturbed global sagittal 
balance of the spine, also, the restoration of global spino-
pelvic balance is an important factor in the improvement 
of the biomechanical environment for fusion [3-6].

A variety of surgical techniques, including decom-
pression, vertebral reduction, instrumentation (pedicle 
screw, rod, plate, interspinous device, etc), and fusion 
(posterolateral or interbody) have been implicated alone 
or in combination with each other. However, there is no 
universal agreement on a sole surgical approach for the 
treatment of SL [6-8].

Interbody fusion cage was initially proposed to im-
prove the fusion and prevent the loss of reduction fol-
lowing the SL surgery [9]. Later investigations demon-
strated no clinical benefit of the interbody fusion cage, 
in addition to an increase in cost and more complication 
and morbidity [10, 11]. Consequently, the implication of 
the interbody fusion cage added a new layer of complex-
ity to an already complicated surgery.

Considering the importance of sagittal balance in SL 
treatment, the present study aimed to investigate how 
posterolateral fusion combined with interbody fusion 
cage impacts the postoperative spinopelvic parameters 
and the pain level of the patients.

2. Materials and Methods

This study was approved by the review board of our 
institute. Also, written consent was obtained from the 
patients to use their medical data for publication. This 
prospective study included patients with the diagnosis of 
isthmic and degenerative SL, between 2010 and 2018. 

The patients had back pain with or without spinal ste-
nosis/claudication and underwent surgery at our center 
following the failure of conservative management. The 
surgical approach was comprised of posterolateral fu-
sion and interbody fusion cage. Moreover, decompres-
sive surgery was done for all patients at the level of SL.

The study included both single-level and multilevel 
SL. The exclusion criteria were the SL cases with other 
etiologies, the follow-up time of less than 12 months, a 
previous history of spinal surgery, and treatment with 
other surgical approaches. All the surgeries were per-
formed with the same senior surgeon. 

Intraoperative assessments included incidental du-
rotomy, the amount of blood loss, and the timing of the 
surgery. Besides, the Visual Analog Scale (VAS) was 
used to measure the level of pain before and after the 
operation (at the last follow-up session). The spinopelvic 
parameters were assessed on the pre and postoperative 
lateral whole-spine standing radiographs; the assessment 
comprised of total kyphosis, Sagittal Vertebral Axis 
(SVA), pelvic tilt (PT), Pelvic Incidence (PI), and Lum-
bar Lordosis (LL). 

The Meyerding classification was used to grade SL. 
According to this classification, The caudal vertebra is 
divided into four sections, also, a translation of the cra-
nial vertebra of up to 25%, 50%, 75%, and 100% are 
considered as grade I, II, III, and IV, respectively [12].

Statistical analysis

The SPSS-16 for Windows was used for the statistical 
analyses of the data. Descriptive statistics were provided 
as Mean±Standard or number and percentage (%). Also, 
the paired t test or Kruskal-Wallis test was used to com-
pare the mean values before and after the surgeries. the 
parameters were compared between different groups, us-
ing the independent t test or the Mann-Whitney U test. 
A P value of lower than 0.05 was considered significant.

3. Results

This study included a total of 40 SL patients who 
underwent posterolateral fusion combined with an in-
terbody fusion cage. The study population comprised 
of six males (15%) and 34 females (85%) and had 
the Mean±SD age of 53.4±11.6 years (range, 31 to 75 
years). Also, L5-S1 was the most frequent level of in-
volvement. In four patients (10%), SL occurred at two 
levels; it occurred at one level in the remaining patients 
(90%). Moreover, the etiology of SL was degenerative 
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in 21 cases (52.5%) and isthmic in 19 cases (47.5%). 
Based on the Meyerding classification, the grade I, II, 
and III of SL were detected respectively in 17, 17, and 6 
cases (42.5%, 42.5%, and 15%, respectively). However, 
no case of grade IV SL was detected in our series. The 
mean±SD follow-up time of the patients was 25.7±9.4 
months (range, 15 to 45 months).

While preoperative SVA was over 50 mm in 18 patients 
(45%), postoperative SVA was over 50 mm in only three 
patients (7.5%). The Mean±SD preoperative SVA was 
43.1±33.1 mm, which was improved to 24.8±22.3 mm 
after the surgery (P<0.001). Furthermore, the Mean±SD 
preoperative PT was 19.2±10º and was improved to 
17±9.1º (P=0.049). No other significant difference was 
found between the pre and postoperative spinopelvic 
parameters. The Mean±SD pre and postoperative VAS 
of the patients were 9.1±0.8 and 2.8±1.2, respectively 
(P<0.001). Table detailedly demonstrates the pre and 
postoperative parameters of the patients. Besides, the 
Mean±SD blood loss of the patients was 733.8±385.4 
mL. The Mean±SD operation time was 186.1±40.6 min. 
A complete postoperative reduction was observed in all 
patients with grade I and II SL, based on the Meyerd-
ing classification. Out of six patients with grade III SL, 
three had a complete postoperative reduction while the 
remaining three turned into grade I SL (Table 1).

The mean age of the patients with isthmic SL was sig-
nificantly lower, compared with patients with degenera-
tive SL (49.2 years vs 57.3 years; P=0.026). Also, the 
mean SVA correction was significantly less in isthmic 
SLs (10.3 mm vs 25.6 mm; P=0.025). Moreover, the 
mean PT correction was significantly less in isthmic SLs 

(-1.1º vs 5.2º; P=0.004). No other significant difference 
was found between the isthmic and degenerative SLs.

The mean SVA and PT corrections did not significantly 
differ between multilevel and single-level SLs (P=0.72 
and P=0.52, respectively). Yet, the mean blood loss was 
significantly higher in multilevel SL, compared with sin-
gle-level SL (1150 mL vs 687.5 mL; P=0.021). No other 
significant difference was found between multilevel and 
single-level SLs.

The mean SVA correction was 11.6 mm, 15.8 mm, 
and 44.4 mm in grade I, II, and III SLs, respectively 
(P=0.003). Moreover, the mean PT correction did not 
significantly differ between the different grades of SL 
(P=0.55). The mean operation time was 171.7 min, 188.8 
min, and 219.2 min in grade I, II, and III SLs, respec-
tively (P=0.041). Also, the mean blood loss was 644.1 
mL, 779.4 mL, and 858.3 mL in grade I, II, and III SLs, 
respectively (P=0.005). No other significant difference 
was found between the different grades of SL (Figure 1).

Surgical complications

Incidental durotomy occurred in three patients; they 
were repaired appropriately and caused no postoperative 
complications. Moreover, we recorded no case of cage 
related complication, junctional degeneration, neurolog-
ical complications, and infection, in this series. 

4. Discussion

There is no consensus regarding the benefit of aug-
menting an interbody fusion cage in the treatment of 
SL. Therefore, this study evaluated the effect of this 
augmentation on the postoperative sagittal balance and 

SVA: Sagittal Vertebral Axis; LL: Lumbar Lordosis; PT: Pelvic Tilt; PI: Pelvic Incidence; VAS: Visual Analog Scale;
* The data are provided as Mean±SD; 
** The P<0.05 is considered significant.

Variable Preoperativea Postoperative* P**

SVA (mm) 43.1±33.1 24.8±22.3 <0.001

Total kyphosis (º) 38.9±14.5 38.4±11.2 0.76

LL 53.8±12.7 53.2±11.7 0.72

PT 19.2±10 17±9.1 0.05

PI 55.4±12.3 56±10.4 0.45

VAS 9.1±0.8 2.8±1.2 <0.001

Table 1. Comparison of pre and postoperative vas and the spinopelvic parameters of spondylolisthesis patients
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pain level of the SL patients. According to our results, 
the interbody fusion cage significantly reduces the pain 
and improves the postoperative spinopelvic parameters, 
particularly SVA and PT, in SL patients. Besides, degen-
erative SLs, single-level SLs, and the lower grades of SL 
benefit more from using an interbody fusion cage.

Suk et al. compared the outcome of SL surgery between 
40 patients treated with posterolateral fusion without pos-
terior lumbar interbody fusion and 36 patients treated 
with additional posterior lumbar interbody fusion. Their 
results showed that using interbody fusions were associ-
ated with higher rates of fusion, better correction, and 
the maintenance of correction. Also, the subjective as-
sessment of back pain revealed excellent results in 45% 
of the posterolateral fusion group and 75% of the pos-
terior lumbar interbody fusion group. The authors rec-
ommended the addition of posterior lumbar interbody 
fusion to posterolateral fusion for the treatment of spon-
dylolytic SL with spinal stenosis [11].

Gottschalk et al. compared the clinical, radiographical, 
and cost/value of posterolateral fusion with interbody 
arthrodesis (111 patients) with those of posterolateral fu-
sion without interbody fusion (68 patients), in the treat-
ment of degenerative SL. The addition of an interbody 
fusion to posterolateral instrumentation caused an in-
creased cost and no clinical benefit [12].

Ha et al. assessed the benefit of interbody fusion in sta-
ble versus unstable degenerative SL. Also, the stability 
was defined as the slip length of lower than 4 mm and 
a slip angle of lower than 10º. While using an interbody 
fusion did not affect the clinical outcomes in the stable 
group, it greatly improved the function and relieved the 
pain in the unstable group. The authors suggested to 
consider preoperative segmental instability to determine 
whether the interbody fusion would be beneficial in the 
treatment of degenerative SL [13]. 

Kashani et al. studied 60 SL patients treated with pos-
terolateral fusion with or without transforaminal lum-
bar interbody fusion. The addition of an interbody fu-
sion cage was associated with a significant increase in 
operative time, intraoperative blood loss, and the cost of 
surgery. Yet, no significant difference was observed in 
the Oswestry Disability Index, VAS, fusion rate, and the 
loss of the correction between the two study groups. The 
authors concluded that using an interbody fusion cage 
did not significantly improve the radiologic and clinical 
outcomes of surgery in SL patients [14].

Eghbal et al. determined the functional, clinical, and 
radiological outcomes of 50 patients with low grade 
SL, who were treated with single or double level trans-
foraminal lumbar interbody fusion. After the surgery, 
the PI, PT, and sacral slope did not statistically change 
from the baseline. However, LL and segmental LL were 
significantly increased. Furthermore, both back and leg 

Figure 1. Posterior spinal fusion and instrumentation in combination with interbody fusion cage
A: Preoperative; B and C: Postoperative; Standing lateral radiographs of a 59-year-old female with L5-S1 degenerative spondy-
lolisthesis and sagittal imbalance; The correction of sagittal balance is obvious in the postoperative images
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VAS were significantly improved after the surgery [15]. 
Consistent with the present study, Eghbal et al. revealed 
that using an interbody fusion could improve both the 
spinopelvic and clinical parameters of the patients.

Yijian et al. compared the sagittal balance and clini-
cal outcomes of patients with degenerative SL who 
were treated with posterolateral fusion and posterior 
lumbar interbody fusion. The scores of the numerical 
rating scale and the Oswestry Disability Index were sig-
nificantly improved in both groups. However, the spi-
nopelvic parameters were significantly restored only in 
the posterior lumbar interbody fusion group. Also, this 
group revealed less incidence of postoperative chronic 
low-back pain [16]. The results of this study supported 
the positive effect of interbody fusion on the spinopelvic 
parameters and the pain level of the SL patients.  

In accordance with the study of Yijian et al., we re-
vealed that the addition of an interbody fusion cage to 
posterolateral fusion significantly improved the spino-
pelvic parameters of the SL patients. The restoration of 
sagittal alignment is known as one of the determining 
factors in the success of spinal interventions [17]. Thus, 
our findings suggest the application of fusion interbody 
cage in the treatment of SL, even if it causes higher blood 
loss, operation time, and cost of the surgery.

The main limitation of this study was the absence of a 
control group treated with posterolateral fusion without 
an interbody fusion cage. Thus, future controlled studies 
are needed to shed more light on the implication of the 
interbody fusion cage in the postoperative spinopelvic 
parameters of SL patients.
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