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Abstract
Background: The objective of the retrospective study was to investigated the incidence and risk factors of
low back pain (LBP) in patients with lumbar degenerative disease after single-level oblique lateral
interbody fusion(OLIF).

Methods: In this retrospective study, 120 patients who undergoing single-level OLIF to treat lumbar
degenerative disease were recruited. Preoperative and postoperative radiographic parameters, including
segmental lordosis(SL), lumbar lordosis(LL), disk height(DH), pelvic incidence(PI), pelvic tilt (PT), sacral
slope(SS), thoracic kyphosis(TK), C7-sagittal vertical axis (SVA). Visual analog scale(VAS) for back and
leg pain, and Oswestry Disability Index(ODI), were used to evaluate symptoms and quantify disability. All
patients achieved at least two-year follow-up.

Results: A total of 120 Patients who complained low back pain were apportioned to LBP group (n=38;
VAS scores for back pain≥3) or Non-LBP group (n=82;VAS scores for back pain 3). There was no
difference in age(P=0.082), gender(P=0.425), body mass index(P=0.138), degenerative spondylolisthesis
or lumbar spinal stenosis(P=0.529) surgical level(P=0.651), blood Loss (P=0.889) and operative
time(P=0.731) between the groups. In both groups, the ODI and VAS scores for back pain and leg pain
were signi�cantly improved at the �nal follow-up compared to the preoperative scores (P=0.003).
Furthermore, except for the LBP (P=0.000), there were no signi�cant differences in these scores between
the two groups at the �nal follow-up (P > 0.05). According to the radiographic parameters, in Non-LBP
group, the LL, SL, DH, TK and SS had all signi�cantly improved; PT and C7-SVA signi�cantly decreased at
the �nal follow-up compared to the preoperative values. The DH in both groups had signi�cantly
improved, no signi�cant difference was found(P=0.325). In the �nal follow-up, LL, PI-LL, PT and C7-SVA
in Non-LBP group had more improvements compared to the LBP group (P 0.05) . Multivariate analysis
showed that PT, PI-LL and C7-SVA were identi�ed as signi�cant risk factors for LBP after OLIF.

Conclusion: The clinical outcomes of OLIF for single-level lumbar degenerative disease were satisfactory.
Our �ndings showed that PT, PI-LL mismatch and C7-SVA had the greatest impact on the incidence of
LBP. Therefore, patients with appropriate decreased PT, improved C7-SVA and PI-LL match experienced
less low back pain. 

Background
Lumbar degenerative disease represents the symptoms of back pain, radiculopathy and neurogenic
claudication. The degenerative spondylolisthesis and lumbar spinal stenosis are the most frequent types.
The sagittal spinopelvic alignment has become increasingly important for investigating preoperative
planning and surgical outcomes.[1-3] Failure to account for sagittal spinopelvic alignment might increase
the risk for spinal misalignment and lead to the poor clinical outcomes. Therefore, achieving an ideal
sagittal spinopelvic alignment has been recommended for optimal postoperative clinical outcomes.[4-6]

The evaluation of sagittal balance is now taken into account more frequently for surgical decisions. [7-9]
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Various lumbar interbody fusion techniques has been developed for the management of degenerative
lumbar disease, which were thought to be superior compared to conservative treatment. There are several
theoretical advantages of fusion techniques, such as restoration of disc height(DH), correction of sagittal
spinal balance, and decompression of the neural foramina.[10-12] Recently, oblique lumbar interbody
fusion (OLIF) is one of the emerging minimally invasive techniques which has progressively been used.
The advantages of this minimally invasive technique is avoiding injury to the paraspinal muscles, psoas
muscle, and lumbar plexus, owing to it reach the intervertebral space by the retroperitoneal channel
directly.[13-15]

During the procedures, DH could be restored with larger cages; sagittal and coronal alignment could be
corrected; spinal canal could be decompression indirectly. However, despite this advantages, there is still
parts of patients complain the residual low back pain(LBP). Previous studies have reported sagittal spinal
misalignment has been shown to be a risk factor for LBP after fusion.[16-18 ] However, to our knowledge,
there is no study regarding on the impact factors of LBP after OLIF. It was our hypothesis that the
restored the sagittal spinopelvic alignment is bene�cial to relieve the LBP. To determine this, the present
retrospective study investigated the incidence and risk factors of LBP of patients with lumbar
degenerative disease after OLIF.

Methods
This study retrospectively identi�ed patients who were admitted to our hospital and underwent single-
level OLIF surgery from January 2015 and December 2017. The surgery was performed by the same team
of surgeons. Inclusion criteria: patients who were diagnosed with symptomatic degenerative
spondylolisthesis and/or lumbar spinal stenosis that could not be effectively treated conservatively for 3
months. Patients with isthmic spondylolisthesis, scoliosis, in�ammatory spine disease, history of lumbar
and abdominal surgery, multi-level degenerative disease of the lumbar spine, trauma, malignancy and
infection were excluded from this retrospective study. The Ethics Committee of Third Hospital of Hebei
Medical University approved this study. Patient consent for review of medical records was not required, as
all data was de-identi�ed. All protocols were conducted in accordance with the research principles in the
Declaration of Helsinki. 

The OLIF procedure

All procedures were completed by the same surgeon. The patient was positioned right lateral decubituson
on the operating table. The intervertebral disc was approached with a blunt probe. In order to protect
posterior muscle and lumbar plexus, blunt dissection was performed through the plane between the
retroperitoneal fat and psoas muscle in the retroperitoneal space to access the lumbar spine. Discectomy
was performed through this access portal. After opening the annulus �brosus, then intervertebral disc and
cartilage end plate were removed.The cage loaded with allogeneic demineralized bone matrix mixed with
cancellous bone was inserted into the intervertebral space under the intraoperative C-arm �uoroscopic
guidance.
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Clinical Measurements

Clinical and radiographic data were examined preoperative and the �nal follow-up data. For each patient,
the following data were collected: age, gender, body mass index (BMI), diagnosis(degenerative
spondylolisthesis or lumbar spinal stenosis), surgical level, operating times and blood loss. Clinical
measurements included: Oswestry disability index (ODI) questionnaires were administered for functional
evaluation; the Visual Analog Scale (VAS) was used to assess for back pain and leg pain.

Radiographic measurements included: lumbar lordosis (LL) was measured the angle between the upper
end plate of L1 and S1; segmental lordosis(SL)was measured the angle between the lower endplate of
the vertebra above the surgical level and the upper endplate of the vertebra below the surgical level;
thoracic kyphosis (TK)was measured the angle between the upper endplate of T5 and the lower endplate
of T12; C7-sagittal vertical axis (SVA) was measured the distance between the C7 plumb line and
posterosuperior border of S1; pelvic incidence(PI) was measured the angle between thevertical line of the
sacral endplate and the line connecting the middle of the sacral endplate and the midpoint of the bilateral
femoral head center; pelvic tilt (PT ) was measured the angle between the line connecting the middle of
the sacral endplate and the midpoint of the bilateral femoral head center and the plumb line. sacral
slope(SS) was measured the angle between the horizontal plane and the sacral plate; DH was measured
an average value of the anterior disc height and the posterior disc height.(Figure 1)

Statistical Analysis

Statistical analyses were performed using SPSS software (Version 22.0, Chicago, IL, USA).In all the
analyses, P value <0.05 was considered to be a statistically signi�cant difference. The differences
between preoperative and the �nal follow-up measurements were analyzed using paired sample t-test;
independent t-test or chi-squared test was used to identify signi�cant differences between groups;
multivariate logistic regression analysis was used to determine the risk factors related to LBP. Results
were presented as mean ± standard deviation.

Results
Demographic data are summarized in table 1. A total of 120 patients were included in this study and their
mean follow-up period was 28.3months (range, 26-32 months). Patients who complained low back pain
were apportioned to LBP group (n=38; VAS scores for back pain≥3) or Non-LBP group (n=82;VAS scores
for back pain 3); Table 1). There was no difference in age(P=0.082), gender(P=0.425), body mass
index(P=0.138), degenerative spondylolisthesis or lumbar spinal stenosis(P=0.529) surgical
level(P=0.651), blood Loss (P=0.889) and operative time(P=0.731) between the groups. None of them
required additional surgery on either the surgical level or adjacent levels for recurrent symptoms. Two
patients were found thigh numbness and two patients were found transient thigh �exion weakness, all of
them have resolved spontaneously within 3 month after operation. Six patients was found cage
subsidence after surgery, and one patients have received second-stage posterior �xation.
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Clinical outcomes: In both groups, the ODI and VAS scores for back pain and leg pain were signi�cantly
improved at the �nal follow-up compared to the preoperative scores (P=0.003). Furthermore, except for
the low back pain (P=0.000), there were no signi�cant differences in these scores between the two groups
at the �nal follow-up (P > 0.05).

Radiographic outcomes:The statistical data in this study showed that in the Non-LBP group, the LL, SL,
DH and SS all signi�cantly improved; PT and C7-SVA signi�cantly decreased at the �nal follow-up. The
�nal follow-up DH was12.8±1.9mm in the LBP group and 13.1±0.9 mm in the Non-LBP group, and this
difference was not signi�cant (P=0.325). The �nal follow-up SL, PI and TK was 7.5°±3.5°, 48.6°±12.2°
and 26.3°±11.5° in the LBP group, respectively. no signi�cant difference was found compared to the
values in Non-LBP group(P > 0.05). In contrast, the �nal follow-up PT in the Non-LBP and LBP groups
were 15.1°±7.3° and 22.3°±10.8°, respectively, and this difference was signi�cant (P=0.000). The LL for
the Non-LBP and LBP groups were 42.2°±11.2 °and 35.8°±8.7°, respectively, at the �nal follow-up, and
these differences were also signi�cant.(P=0.027) In the �nal follow-up, PI-LL in Non-LBP group had more
improvements compared to the LBP group. (P=0.006) The C7-SVA decreased signi�cantly from
51.8±38.9mm to 46.1±37.9mm in the LBP group. Meanwhile, in the Non-LBP group, the C7-SVA
decreased signi�cantly from 45.1±37.9mm to 18.0±28.5mm and which was a signi�cant difference in
the �nal follow-up compared between the 2 groups. (P=0.000)(Table 2).

To compare the relative impact of these variables on the incidence of LBP, multiple logistic regression
analysis was performed. With a P value < 0.2 applied in a univariate analysis, age,SS, PT, LL, PI-LL, and
C7-SVA were analyzed as dependent variables with a forward stepwise method. Based on this analysis,
PT, PI-LL and C7-SVA were identi�ed as signi�cant risk factors for LBP after OLIF (Table 3).

Discussion
The most important �nding of this present study demonstrated that unadjusted pelvic retroversion
(insu�cient decreased PT), C7-SVA (body lean forward) and PI-LL mismatch were the risk factors for the
LBP after OLIF. Therefore, the insu�cient decreased PT implied that pelvic still keep retroversion, could
not correct the body lean forward and PI-LL mismatch, which might be the reason for the LBP.

Recently, OLIF has become a popular method of treating lumbar degenerative disease with the advantage
of minimizing iatrogenic injury on the posterior vertebral structures compared to the posterior lumbar
surgery. Theoretically, the indirect neural decompression could be performed by the restore the
intervertebral height.[19.21] Abbasi et al performed 303 OLIF procedures on 568 levels and reported OLIF
was a safe and e�cacious procedure for the degenerative disease.[22] Lin et al found OLIF could achieve
equivalent clinical and radiologic outcomes by indirect decompression compared to other posterior
lumbar surgery. And it also have better restoration of DH and less blood loss.[23] Chang et al showed
favorable clinical outcomes after OLIF for the lumbar spinal stenosis.[24] Similar to their studies, we
analyzed 2 groups ( Non-LBP and LBP groups) comparably matched in terms of demographic data and
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clinical outcomes who were treated with OLIF after a minimum 2 year follow-up. Both groups have
signi�cant improved.

Previous studies have suggested that restoring sagittal spinopelvic parameters may play a signi�cant
role in improving the quality of life after surgery. Therefore, it is particularly important to identify and
restore adequate sagittal spinopelvic alignment when performing fusion. The authors’ hypothesis was
that sagittal malalignment was a risk factor strongly correlated with LBP in patients after surgery. It is
well known that pathogenesis and development of degenerative lumbar disease was biomechanical
changes caused by sagittal unbalance.[25, 26] The PI was an anatomic parameter which played a
fundamental role in the sagittal balance and spinal degeneration. As a result, a higher PI implied a higher
SS and LL, which might lead to higher shear forces at the lumbosacral junction. That is one of the reason
for developing spondylolisthesis.[27–29] According to the posterior lumbar surgery, many studies had
suggested that increased SS and LL may lead to better clinical outcomes and less LBP. Failure to reach
proper sagittal balance can result in compensatory mechanisms such as decreased SL and LL, increased
PT, which have adverse effects on back muscle and eventually lead to LBP[4, 29, 30]. Recently, Liow et al
reviewed 63 patients who underwent short-segment lumbar fusion surgery and found patients with higher
SS (SS ≥ 30°) experienced less LBP. In their opinion, increased LL and SS indicating better clinical
outcomes and sagittal balance.[31]

During the surgery, the larger cage placed at both side of the endplate and located anteriorly vertebral
body. In spite of OLIF has effective procedure to indirectly spinal canal decompression and increased SS,
there were still parts of patients experienced residual LBP after surgery. From the current study, The
statistical data showed that SS in the Non-LBP group at the last follow-up (31.7°±6.9°) signi�cantly
improved compared to preoperative values. Nevertheless, SS in the LBP group (26.9°±6.9°)was
signi�cantly lower than the other group. After the multiple logistic regression analysis, SS was not the risk
factor for LBP after OLIF. As is known to everyone, increased PT means represents pelvic retroversion,
which compensates for sagittal spinal imbalance. PT 20°is recommend to correct the sagittal imbalance
and relieve symptoms.[29] In this study, PT in the Non-LBP and LBP groups were 22.3°±10.8° and 15.1°
±7.3°at the �nal follow up, it found signi�cant difference compared to the preoperative value. (P = 0.000)
The results suggested degree of the decreased PT in LBP group was not enough to compensated the
sagittal imbalance and associated with residual back pain.

In addition, many researches has reported the increased LL and SL correlate with improved clinical
outcomes.[32–34] Our results showed that there is a signi�cantly improved SL achieved by single-level
OLIF in both groups. although the SL in Non-LBP group were slightly higher than that in LBP group, our
results do not show a statistically signi�cant difference between the two groups. However, the LL in Non-
LBP group was signi�cant higher than that in LBP group.This suggested that the impact of the interbody
fusion is not enough to altering overall alignment.The C7-SVA has been reported to be an important index
to assess sagittal imbalance. In our study, C7-SVA signi�cantly decreased in both groups at the �nal
follow-up. The changes of C7-SVA in Non-LBP group was more than that in the LBP groups. Additionally,
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PI-LL of less than 10° was used to indicate whether sagittal reconstruction has been achieved in the Non-
LBP group. we found that OLIF could improve the LL and correct the PI-LL mismatch. Furthermore, the
decreased C7-SVA was as evidenced by adjustment of LL. Saadeh et al reported single-level lateral
lumbar interbody fusion achieved greater improvements in regional lordosis. In their study, global lordosis
was not impacted by the single-level intervention. [35] Schwab et al showed the postoperative PI-LL
mismatch causes greater residual LBP and proposed SVA, PT, and PI-LL were most closely related to poor
clinical outcomes and LBP. [36]

In the perspective of the parameters, although surgery improved the DH, LL,SL,PI-LL match and C7-SVA,
ideal sagittal balance could not be achieved in LBP group. OLIF could only limitedly restore sagittal
balance with the help of increased the intervertebral height by placing the larger interbody cage anteriorly
within the wider distraction of intervertebral space. On the one hand, de�cient vertebral distraction is not
su�cient for spinal decompression, but also affects the correction of sagittal imbalance. On the other
hand, excessive vertebral distraction cause overlarge interbody cage which may increase the risk of
subsidence into the endplate and reduce fusion rates. It signi�cantly increased mechanical stress on the
adjacent discs. Furthermore, the position of the interbody cage also affected the recovery of the
intervertebral height, which indirectly affected the restoration of LL and SL. Therefore, a larger
intervertebral cage at the anterior middle third column would be improvement the balance of sagittal
spinopelvic alignment. However,with regard to the SL, each level contributes a different and limited
magnitude to LL.Therefore, we considered that restoration the intervertebral space height by cage
insertion which might not enough alter the mechanical dynamics of the spine.

Limitation

This study has several limitations. First, this is a mall sample size in a single institution retrospective
study with relatively short follow-up period. Future study will need a larger cohort followed for a longer
period. Second, in the current study, one patients have received second-stage posterior �xation, most
patients did not received posterior �xation, whether necessary of posterior �xation for all patients is still
need longer follow-up. Third, although the patients with minor sagittal unbalance in this study had better
restored the DH, and corrected the LL after surgery, whether OLIF could correct patients with degenerative
scoliosis or major unbalance is still unknown. Furthermore, it is still a challenge to determine that how to
correct sagittal spinopelvic alignment and in order to maintain optimal postoperative sagittal balance.

Conclusion
This present study demonstrated the clinical outcomes of single-level OLIF for the surgical treatment of
lumbar degenerative disease was satisfactory after a minimum 2 year follow-up. According to our results,
among the risk factors reported, PT, PI-LL mismatch and C7-SVA had the greatest impact on the incidence
of LBP. Therefore, it is particularly important to identify and restore sagittal spinopelvic alignments when
performing this procedures.
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Tables
Table1. Demographic data of patients between LBP group and Non-LBP group

  LBP group Non-LBP group P value
Age  (years) 60.5±9.3 57.8±10.2 0.082
Gender (M/F) 13/25 36/46 0.425
BMI (kg/m2) 29.1 ±3.8  27.12 ±5.1  0.138
Diagnosis     0.529
degenerative spondylolisthesis  28 55  
lumbar spinal stenosis 10 27  
Surgical level     0.651
L3-4 8 22  
L4-5 30 60  
Blood Loss (mL) 106.6±11.1 105.8±9.9 0.889
Operative time(min) 95.9±15.2 97.96±11.8  0.731

https://www.ncbi.nlm.nih.gov/pubmed/31226681
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Table2. Comparison of preoperative and the final follow-up radiographic parameters between LBP group and Non-LBP group

  LBP group Non-LBP group
  preoperative final follow-up preoperative final follow-up
LL 32.6±13.9 35.8±8.7*  36.8±10.9 42.2±11.2* **
SL 4.1±2.5 7.5±3.5*  4.9±3.2 8.8±2.9* 
TK 25.6±12.2 26.3±11.5 20.5±11.7 24.5±10.3* 
C7-SVA 51.8±38.9 46.1±37.9*  45.1±37.9 18.0±28.5* **
PI 48.6±12.2 48.6±12.2 46.1±8.2 46.1±8.2
PT 23.9±11.3 22.3±10.8 19.8±7.5 15.1±7.3* **
SS 25.1±9.7 26.9±6.9 27.2±8.9 31.7±6.9* **
DH 8.5±3.2 12.8±1.9*  8.3±2.1 13.1±0.9* 
PI-LL 19.8±8.9 16.5±6.8 9.8±5.9 4.5±3.6* **

* Significant difference was between the preoperative and the final follow-up;

** Significant difference was between LBP group and Non-LBP group. 

 

Table 3. Comparison of preoperative and the final follow-up the visual analogue scale (VAS), Oswestry disability index (ODI) between LBP group

and Non-LBP group 

  LBP group Non-LBP group
  preoperative final follow-up preoperative final follow-up
VAS for back pain  5.9±2.4 3.5±1.2* 5.2±2.2 1.7±1.1*** 
VAS for leg pain  5.1±1.4 2.1±1.5* 5.3±1.6 1.5±1.1*
ODI 25.5±7.4 12.0±4.7* 25.1±6.7 11.5±3.3*

*Significant difference was between the preoperative and the final follow-up;

** Significant difference was between LBP group and Non-LBP group.
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Figure 1

LL: the angle between the upper end plate of L1 and S1; SL: the angle between the lower endplate of the
vertebra above the surgical level and the upper endplate of the vertebra below the surgical level; TK: the
angle between the upper endplate of T5 and the lower endplate of T12; C7-SVA: the distance between the
C7 plumb line and posterosuperior border of S1; PI: the angle between thevertical line of the sacral
endplate and the line connecting the middle of the sacral endplate and the midpoint of the bilateral
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femoral head center; PT: the angle between the line connecting the middle of the sacral endplate and the
midpoint of the bilateral femoral head center and the plumb line; SS: the angle between the horizontal
plane and the sacral plate; DH: an average value of the anterior disc height and the posterior disc height.


