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Abstract

Objective: To investigate the risk factors of postoperative low back pain (LBP) following pos-

terior lumbar interbody fusion (PLIF) surgery for low-grade isthmic spondylolisthesis (IS).

Methods: This retrospective study enrolled patients with IS that underwent PLIF between

January 2011 and January 2016. Demographic, clinical, surgical and radiological characteristics

were analysed to determine associations between these characteristics and LBP as measured

using a visual analogue scale (VAS) pain score.

Results: A total of 192 patients were enrolled in the study. The mean VAS pain score of LBP

decreased significantly after surgery. The mean preoperative VAS pain score was significantly

greater in patients with symptoms of �3 years duration compared with those with symptoms

lasting >3 years. The postoperative VAS pain score was significantly lower in patients with grade

1 slippage compared with those with grade 2 slippage. There was a significant correlation
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between preoperative to postoperative change of VAS pain score and postoperative disc height

(r¼ 0.99).

Conclusion: PLIF significantly improved LBP in patients with low-grade IS, although patients still

reported some postoperative LBP. The grade of slippage was a risk factor for postoperative LBP.

Restoring the disc height appeared to improve LBP.
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Introduction

Spondylolisthesis is a common spinal dis-
ease and according to the Wiltse classifica-
tion system there are five types: isthmic,

dysplastic, traumatic, degenerative and
pathologic.1 Isthmic spondylolisthesis (IS)
is one of the most common types of spon-

dylolisthesis with a prevalence of approxi-
mately 4–6% in the whole population.2

Deficiency in the pars interarticularis of

the lumbar vertebrae is a key characteristic
of IS, usually occurring in L5 or L4.3 Most

patients with spondylolisthesis do not have
any symptoms and they are often surprised
to be informed they have spondylolisthesis

following X-ray imaging. Patients typically
visit a physician because of activities-
associated low back pain (LBP). The LBP

is sometimes accompanied by leg pain
resulting from nerve root impingement.4,5

Most patients with symptomatic IS can be

treated successfully with conservative meth-
ods, such as medication, physical therapy

and activity modification.6 In patients with
persistent symptomatology or conservative
management failure, surgical treatment

should be considered.7,8 The goals of sur-
gery for lumbar IS includes neurological
decompression, stability reconstruction,

restoration of disc space height or/and cor-
rection of deformity.9,10 Posterior lumbar

fusion is considered an effective surgical

approach for IS patients. Posterior lumbar
interbody fusion (PLIF) can be fused with
an autologous graft or a cage. Some com-
plications, such as adjacent segmental
degeneration and hardware-related prob-
lems, remain unavoidable.11 Despite the
risk of complications, PLIF has been
widely performed and may have beneficial
clinical outcomes for IS.12–14

Both LBP and leg pain are associated
with IS.15 Usually, leg pain is improved fol-
lowing surgery.14Posterior decompression
and fusion are not as effective as expected
in terms of improving LBP.16 Although sur-
gical techniques have improved, many
patients still complain of postoperative
LBP.17 Drugs such as nonsteroidal anti-
inflammatory drugs, sedatives, analgesics
and narcotics are helpful for postoperative
pain management.18–20 Some patients still
complain of only achieving partial pain
relief of postoperative LBP following med-
ication use. This current study investigated
the risk factors that contribute to postoper-
ative LBP in the patients with IS that
underwent PLIF.

Patients and methods

Study design and patient population

This retrospective study recruited consecu-
tive patients with IS that underwent
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primary PLIF in the Department of
Orthopaedics, First Affiliated Hospital of
Harbin Medical University, Harbin,
Heilongjaing Province, China and the
Department of Rehabilitation, Second
Affiliated Hospital of Heilongjiang
University of Chinese Medicine, Harbin,
Heilongjaing Province, China between
January 2011 and January 2016. The oper-
ations were conducted by two senior spinal
surgeons (Z.Y. & G.G.) at the two affiliated
hospitals of Harbin Medical University.
Final follow-up was recorded in January
2019. Every patient underwent X-ray, com-
puted tomography and magnetic resonance
imaging (MRI). IS was diagnosed accord-
ing to the symptoms and radiological find-
ings. The inclusion criteria were as follows:
(i) the presence of IS of slippage grade 1 or
2 at L4 or L5. Radiological findings were
consistent with that radicular level; (ii)
patients that failed or refused to receive at
least 6 weeks of conservative treatment; (iii)
patients aged 18–65 years; (iv) all patients
had radicular leg pain. The exclusion crite-
ria were as follows: (i) patients with trauma,
reoperation, neoplasm, infection, congeni-
tal deformations and chronic system illness,
such as rheumatoid arthritis and neurode-
generative diseases; (ii) LBP or radiculop-
athy associated with an extraspinal cause;
(iii) patients with a high grade of slippage
(� grade 3); (iv) patients that had under-
gone secondary surgery at the same level
or adjacent levels.

The study was approved by the
Institutional Review Broad of Harbin
Medical University, Harbin, Heilongjaing
Province, China. All study participants pro-
vided written informed consent.

Clinical and radiographic outcome
measures

Demographic, clinical, surgical and LBP
data from all of the study participants
were recorded. The presence of LBP was

reported according to standardized Nordic
questionnaires.21Preoperative and postop-
erative LBP severity were evaluated using
a visual analogue scale (VAS) score.22

Measurements were taken on standing
lateral lumbar plain X-ray film radiographs.
The segmental lordotic angle was measured
between the upper endplate of the cranial
side of the vertebral body and the lower
endplate of the caudal side of the vertebral
body for the operating level.23,24 The
lumbar lordotic angle was measured
between the upper endplate of the L1 ver-
tebral body and the upper endplate of the
S1 vertebral body.23,24The height of the
intervertebral disc space was obtained
from the mean value of the heights of the
anterior, middle and posterior interverte-
bral discs.25

The primary outcome measure was the
change of VAS pain score of LBP. The pre-
operative VAS pain score was defined as the
score before surgery but not specifically
taken at the initial presentation. The post-
operative VAS pain score was recorded
clinically at the last follow-up.

Statistical analyses

All statistical analyses were performed
using SAS software, version 9.1.3, (SAS
Institute, Cary, NC, USA). Data are pre-
sented as mean� SD or n of patients (%).
The demographic characteristics and clini-
cal data were compared between groups
using v2-test, Fisher’s exact test or t-test,
as appropriate. Univariate and multivariate
unconditional logistic regression were used
to estimate crude and adjusted odds ratios
and 95% confidence intervals, which were
the measure of the association between the
risk factors and LBP. For correlation anal-
yses, Pearson’s correlation coefficient was
used to assess the relationship between var-
iables. All reported P-values were 2-sided
and a P-value< 0.05 was considered statis-
tically significant.
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Results

This retrospective study recruited 244
patients that underwent primary PLIF sur-
gery. Of these, 192 completed the final
follow-up, which ranged from 12 to 70
months (mean follow-up duration, 39.8
months). There were 47 men and 145
women with a mean age of 43.01 years
(range, 18–65 years). The completed
follow-up rate was 78.7% (192 of 244
patients). Patients (n¼ 21) whose symptoms
were not improved well or deteriorated fol-
lowing primary PLIF surgery received an
MRI. Five of these patients required revi-
sion surgery for inadequate cord decom-
pression and were excluded from the
study. Six patients who underwent a
second operation for infection were exclud-
ed from the study. In two patients, the ped-
icle screws in the slipping vertebra were
pulled out when reduction was undertaken
intraoperatively; and although reduction
was accomplished via the use of bone
cement in the pedicles to enhance the
screws, these two patients were excluded
from the study. The nerve root was injured
in three patients during the operation. A
total of 32 patients were lost to follow-up
during the 4 years. An additional four
patients died during the 4 years for unre-
lated reasons. All of these 52 patients were
excluded from this study.

Table 1 presents the demographic and
diagnostic characteristics of the patients.
When the preoperative and postoperative
VAS scores were compared at the final
follow-up, there was a significant difference
exhibited (P< 0.01). The mean� SD VAS
score decreased from 6.53� 1.23 preopera-
tively to 4.41� 1.63 at the final follow-up
after primary PLIF surgery.

With regard to the primary outcome, the
preoperative to postoperative change of
LBP VAS pain score, the only significant
difference was between patients with grade
1 slippage (mean� SD, 2.42� 1.70) and

Table 1. Demographic and clinical characteristics
of patients (n¼ 192) with isthmic spondylolisthesis
that participated in a retrospective study to inves-
tigate the risk factors for postoperative low back
pain following primary posterior lumbar interbody
fusion.

Characteristic

Study cohort

n¼ 192

Age, years 43.01� 12.46

Duration of symptoms, months 41.40� 18.67

Estimated blood loss, ml 58.35� 15.55

Sex

Male 47 (24.5%)

Female 145 (75.5%)

Grade of slippage

1 102 (53.1%)

2 90 (46.9%)

Vertebral levels involved

L4–L5 101 (52.6%)

L5–S1 91 (47.4%)

Type of fusion

Autologous graft 88 (45.8%)

Cage 104 (54.2%)

Operation time, min

�120 43 (22.4%)

>120 149 (77.6%)

Smoker

No 129 (67.2%)

Yes 63 (32.8%)

Alcohol drinker

No 139 (72.4%)

Yes 51 (26.6%)

Missing data 2 (1.0%)

Electrocardiogram

Normal 108 (56.3%)

Abnormal 69 (35.9%)

Missing data 15 (7.8%)

Hypertension

No 166 (86.5%)

Yes 26 (13.5%)

Diabetes mellitus

No 150 (78.1%)

Yes 42 (21.9%)

Fusion

In situ 95 (49.5%)

Retraction 97 (50.5%)

VAS score P< 0.01

Preoperation 6.53� 1.23

Postoperation 4.41 �1.63

(continued)
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patients with grade 2 slippage (mean� SD,

1.78� 1.31) (P< 0.01) (Table 2).
Of the 192 patients with IS that under-

went primary PLIF, 10 patients confirmed

that their LBP had disappeared after the

operation (5.2%) (Table 3). Most patients

still complained about postoperative

LBP in varying degrees. Symptom duration

appeared to be associated with the

disappearance of LBP but there was no sta-

tistical difference between the two groups.

The grade of slippage was not associated

with the postoperative disappearance

of LBP.
The mean�SD preoperative LBP VAS

score was 7.81� 1.19 in the 79 patients with

symptoms for �3 years and 6.55� 1.26 in

the 113 patients with symptoms >3 years

(P¼ 0.02) (Table 4).
The mean�SD postoperative LBP VAS

score was significantly greater in patients

with grade 2 IS (4.80� 1.53) than the

grade 1 IS group (4.07� 1.65) (P¼ 0.02)

(Table 5). The mean� SD postoperative

LBP VAS score was 5.73� 1.47 in patients

with symptoms for �3 years and 4.40� 1.74

in patients with symptoms >3 years, but

difference was not significant.
There was no significant change in total

lordosis and segmental lordosis after sur-

gery, but the postoperative disc height was

increased significantly (Table 1) (P< 0.01).

There was a good correlation between the

preoperative to postoperative change of

VAS pain score and disc height (r¼ 0.99,

P¼ 0.03) (Table 6).

Table 1. Continued

Characteristic

Study cohort

n¼ 192

Total lordosis NS

Preoperation 48.13� 13.71

Postoperation 51.26� 15.91

Segmental lordosis NS

Preoperation 15.16� 8.17

Postoperation 16.15� 7.99

Disc height, mm P< 0.01

Preoperation 4.17� 2.54

Postoperation 11.13� 5.43

Continuous data presented as mean� SD and categorical

data presented as n of patients (%).

Preoperation to postoperation comparisons (including

VAS score, total lordosis, segmental lordosis and disc

height) were undertaken using t-test; NS, no significant

between-group difference (P � 0.05).

Table 2. Univariate analysis evaluating the associ-
ation among demographic characteristics, magnetic
resonance imaging findings and the preoperative to
postoperative change in visual analogue scale (VAS)
pain score.

Characteristic

Number of

patients

VAS pain

scale change

Age, years

�40 94 2.10� 1.50

>40 98 2.14� 1.62

Duration of symptoms, years

�3 79 2.08� 1.61

>3 113 2.15� 1.53

Type of fusion

Autologous graft 88 2.11� 1.50

Cage 104 2.12� 1.61

Operation time, min

�120 43 1.71� 1.61

>120 149 2.16� 1.55

Vertebral levels involved

L4–L5 101 2.21� 1.53

L5–S1 91 2.02� 1.58

Sex

Male 47 2.02� 1.34

Female 145 2.15� 1.62

Grade of slippage

1 102 2.42� 1.70

2 90 1.78� 1.31a

Fusion

In situ 95 1.96� 1.50

Retraction 97 2.28� 1.60

Estimated blood loss, ml

�600 98 2.18� 1.70

>600 94 2.05� 1.40

Data presented as mean� SD.
aP< 0.01; preoperative to postoperative change in VAS

pain score compared using t-test.
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Table 3. Univariate analysis evaluating the association between patients with and without low back pain
(LBP) following primary posterior lumbar interbody fusion.

Variable

Patients with LBP

n¼ 182

Patients without LBP

n¼ 10

Age, years

�40 89 5

>40 93 5

Duration of symptoms, years

�3 76 3

>3 106 7

Type of fusion

Autologous graft 84 4

Cage 98 6

Operation time, min

�120 41 2

>120 141 8

Total lordosis, degree

Preoperation 48.12� 13.65 46.13� 22.93

Postoperation 50.25� 16.27 49.28� 27.77

Change 1.97� 2.77 2.14� 4.15

Segmental lordosis, degree

Preoperation 15.15� 10.19 14.17� 19.21

Postoperation 16.14� 9.17 15.16� 17.15

Change 0.03� 1.11 0.02� 2.91

Disc height, mm

Preoperation 4.16� 4.01 5.18� 3.91

Postoperation 11.15� 5.43 13.13� 5.43

Change 7.98� 4.43 8.73� 4.11

Vertebral levels involved

L4–L5 95 6

L5–S1 87 4

Sex

Male 45 2

Female 137 8

Grade of slippage

1 96 6

2 86 4

Fusion

In situ 90 5

Retraction 92 5

Estimated blood loss, ml

�600 93 5

>600 89 5

Continuous data presented as mean� SD and categorical data presented as n of patients (%).

Fisher’s exact test was used to compare group differences of categorical data and t-test was used to compare group

differences of continuous data; no significant between-group differences (P � 0.05).
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Discussion

This current study showed that some post-

operative LBP in patients with IS cannot be

managed conservatively with medication

and injections. Recently, a systematic

review found that there was no strong or

consistent association between IS and LBP

in epidemiological studies of the general

adult population.26 The current study dem-

onstrated that the surgical treatment of the

involved vertebral segment effectively
improved LBP regardless of whether an
autologous graft or a cage was used for
PLIF. A previous study reported that ante-
rior lumbar interbody fusion was beneficial
for LBP improvement for IS.27 This current
study found that PLIF provided relief of
LBP and a possible explanation for the
relief of LBP might that the fusion
improves the stability of the lumbar spine.
Both autologous grafting and cage fusion

Table 4. Univariate analysis evaluating the associ-
ation among demographic characteristics, magnetic
resonance imaging findings and the preoperative
visual analogue scale (VAS) pain score.

Characteristic

Number of

patients

Preoperative

VAS pain score

Age, years

�40 94 6.44� 1.29

>40 98 6.62� 1.16

Duration of symptoms, years

�3 79 7.81� 1.19

>3 113 6.55� 1.26a

Type of fusion

Autologous graft 88 6.42� 1.72

Cage 104 6.62� 1.27

Operation time, min

�120 43 6.35� 1.41

>120 149 6.55� 1.21

Vertebral levels involved

L4–L5 101 6.60� 1.28

L5–S1 91 6.45� 1.17

Sex

Male 47 6.38� 1.28

Female 145 6.58� 1.21

Grade of slippage

1 102 6.49� 1.21

2 90 6.58� 1.25

Fusion

In situ 95 6.48� 1.21

Retraction 97 6.58� 1.25

Estimated blood loss, ml

�600 98 6.54� 1.20

>600 94 6.52� 1.26

Data presented as mean� SD.
aP¼ 0.02; preoperative VAS pain score compared using

t-test.

Table 5. Univariate analysis evaluating the associ-
ation among demographic characteristics, magnetic
resonance imaging findings and the postoperative
visual analogue scale (VAS) pain score.

Characteristic

Number of

patients

Postoperative

VAS pain score

Age, years

�40 94 4.34� 1.59

>40 98 4.48� 1.68

Duration of symptoms, years

�3 79 5.73� 1.47

>3 113 4.40� 1.74

Type of fusion

Autologous graft 88 4.31� 1.66

Cage 104 4.50� 1.61

Operation time, min

�120 43 4.65� 2.06

>120 149 4.39� 1.59

Vertebral levels involved

L4–L5 101 4.40� 1.63

L5–S1 91 4.43� 1.64

Sex

Male 47 4.36� 1.52

Female 145 4.43� 1.67

Grade of slippage

1 102 4.07� 1.65

2 90 4.80� 1.53a

Fusion

In situ 95 4.53� 1.58

Retraction 97 4.30 �1.68

Estimated blood loss, ml

�600 98 4.36� 1.56

>600 94 4.47� 1.72

Data presented as mean� SD.
aP¼ 0.02; postoperative VAS pain score compared using

t-test.
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showed favourable clinical and radiological

outcomes in the current study. This result

was consistent with previous studies in

terms of the type of fusion.14,28,29

The literature remains sparse regarding

the risk factors of LBP after PLIF in

patients with IS. In this current study, the

grade of slippage was associated with the

relief of LBP. Patients with grade 1 slippage

experienced a significantly greater improve-

ment of LBP after surgery compared with

patients with grade 2 slippage (P< 0.01).

Before PLIF surgery, patients with grade

2 slippage did not have more severe LBP

compared with patients with grade 1 slip-

page. These current results suggest that

PLIF can alleviate LBP much better in

patients with grade 1 slippage compared

with grade 2 slippage.
Patients with acute LBP (�3 years of

symptoms) showed significantly more

severe preoperative LBP than patients

with chronic LBP (>3 years of symptoms)

(P¼ 0.02). Interestingly, patients with acute

LBP did not show more severe LBP after

surgery compared with patients with

chronic LBP. Although they had more
severe preoperative LBP, they appeared to
recover better after the operation compared
with the patients with chronic LBP. The lit-
erature remains limited on this issue. For
example, two previous studies reported
that the operative level was not associated
with preoperative LBP.14,30 The current
results support the previous conclu-
sions.14,30 The postoperative VAS pain
score was significantly associated with the
extent of slippage (grade 1 versus grade 2)
in the current study (P¼ 0.02).

Previous studies have aimed to investi-
gate the differences between surgical
methods, fusion material and surgical tech-
nique.28–32 In this current study, postoper-
ative VAS pain score was not associated
with type of fusion (autologous graft or
cage) or the fusion techniques (fusion in
situ or retraction), which was similar to
the findings of previous studies.28–31 These
findings suggest that different types of
fusion do not influence the effect of surgery.
It should be noted that it was not possible
to pursue complete retraction in the current
study because retraction would not contrib-
ute to the surgical outcome. Demographic
characteristics of the patients and other
surgery-related factors such as operation
time, estimated blood loss and involved ver-
tebral levels were not associated with the
postoperative VAS pain score.

From these current findings, it would
appear that the extent of slippage is an
important factor contributing to LBP in
patients with IS, which should be investi-
gated in more depth in future research.
These current findings also suggest that
patients that have experienced symptoms
for �3 years have more severe preoperative
LBP. Despite their more severe preopera-
tive LBP, they still achieved satisfactory
improvements in postoperative LBP,
which was also partially supported by a pre-
vious study by this research team.14 In this
current study, a significant correlation was

Table 6. Correlation analysis between the radio-
logical outcomes and the preoperative to postop-
erative change in visual analogue scale (VAS) pain
score.

Characteristic

VAS pain scale

change r

Total lordosis

Preoperation 0.12

Postoperation –0.27

Change 0.41

Segmental lordosis

Preoperation 0.33

Postoperation 0.29

Change 0.17

Disc height

Preoperation 0.39

Postoperation 0.21

Change 0.99a

aP¼ 0.03; Pearson’s correlation coefficient analysis.
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only found between the preoperative to
postoperative change of VAS pain score
and disc height. The other radiological
parameters of total and segmental lordosis
did not show significant correlations.
Although total and segmental lordosis
increased postoperatively, the differences
were not significant. These findings were
inconsistent with anterior lumbar interbody
fusion.32 The anterior approach might be
more beneficial for increases in lordosis
but further research should be conducted
to confirm whether increasing lordosis is
essential for clinical improvement. The cur-
rent study demonstrated that achieving a
better disc height was associated with
better improvements in postoperative
LBP, which suggests that regardless of the
type of fusion used, the surgery should aim
to restore the disc height in order to reduce
postoperative LBP.

This current study had several limita-
tions. First, the retrospective nature of the
study might have led to selection bias,
although the database used in this current
study was constructed without knowledge
of the current hypothesis so all patient
data were collected in an unbiased
manner. Secondly, the study did not collect
data on the fusion rate of patients, which is
important because the fusion rate is a rela-
tively important factor for postoperative
LBP. Thirdly, all of the patients underwent
open surgery, therefore the risk factors of
postoperative LBP following minimally
invasive surgery were not evaluated at this
time.

In conclusion, over a mean follow-up
duration of 39.8 months, patients with IS
that underwent PLIF showed significant
improvements in postoperative LBP as
measured using a VAS pain score, although
patients still reported LBP to some extent.
The grade of slippage was a risk factor for
LBP improvement, with patients with grade
1 slippage experiencing larger improve-
ments in the postoperative VAS pain score

that those with grade 2 slippage. Achieving
a better disc height during surgery was asso-
ciated with better improvements in postop-
erative LBP, which suggests that surgery
should aim to restore the disc height in
order to reduce postoperative LBP.
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