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ABSTRACT

Introduction: Based on the results of long-term
clinical and radiological follow-up studies of
decompression and fusion with internal fixa-
tion for degenerative lumbar spondylolisthesis
(DLS), we recognized that the direction of the

pedicle screw affects the stability of the fixation.
However, few studies have analyzed the role of
pedicle screw insertion trajectory in disc height
recovery after fusion. We therefore analyzed
patients’ general information, clinical efficacy
and sagittal, coronal and implant parameters to
determine whether there is a correlation
between the insertion trajectory of screws and
the recovery of intervertebral space height, with
the ultimate aim to provide a basis for improv-
ing the clinical efficacy and radiological out-
comes of patients with DLS and to identify an
optimal technique for spine surgeons that
would benefit patients with spondylolisthesis.
Methods: From May 2015 to October 2019,
patients who underwent single-segment
decompression and fusion with internal fixa-
tion for DLS at our department were screened
for enrollment in the study. The clinical history,
pre- and post-operative lumbar sagittal param-
eters, intervertebral height, rate of recovery
from spondylolisthesis and pedicle screw angle
of inpatients were recorded and followed up for
at least 6 months. Clinical assessments included
the Oswestry Disability Index (ODI) and the
Visual Analogue Scale (VAS) for lower back and
leg pain. Data on screw angle, fusion segment
intervertebral space height and clinical out-
come were the primary outputs. Pearson corre-
lation and multivariate regression analyses were
performed to investigate the relationship
between the pedicle screw angle, the sagittal

Xin Xi and Zhili Zeng contributed equally to this work
and are co-first authors.

X. Xi � Z. Zeng � B. Ma � N. Xie � Y. Yu (&) �
L. Cheng
Department of Spine Surgery, Tongji Hospital,
Tongji University School of Medicine, Shanghai
200065, China
e-mail: yyu15@tongji.edu.cn

X. Xi � Z. Zeng � B. Ma � N. Xie � Y. Yu � L. Cheng
Key Laboratory of Spine and Spinal Cord Injury
Repair and Regeneration, Ministry of Education,
Tongji Hospital, Tongji University School of
Medicine, Shanghai 200065, China

F. Li
Department of Spine Surgery, Shanghai Fourth
People’s Hospital Affiliated to Tongji University
School of Medicine, Shanghai 200434, China

C. Wang � T.-Y. Tsai
School of Biomedical Engineering, Shanghai Jiao
Tong University, Shanghai 200030, China

G. Li
Department of Orthopedic Surgery, Orthopaedic
Bioengineering Research Center, Newton-Wellesley
Hospital/Harvard Medical School, Wellesley, MA,
USA

Pain Ther (2021) 10:1537–1550

https://doi.org/10.1007/s40122-021-00315-3

http://orcid.org/0000-0003-1120-7552
http://crossmark.crossref.org/dialog/?doi=10.1007/s40122-021-00315-3&amp;domain=pdf
https://doi.org/10.1007/s40122-021-00315-3


parameters of the fusion segment and clinical
efficacy.
Results: A total of 50 patients were initially
enrolled, two patients were lost to follow-up
after 6 months, 48 patients (17 men, 31 women)
were eventually enrolled, and the follow-up rate
was 96%. At least 6 months after the operation,
vertebral spondylolisthesis improved to varying
degrees [[ 80% in 17 cases (35.4%) and[ 20%
in 43 cases (87.5%), respectively]. Changes in
disc height (DH) were significantly associated
with lower pedicle screw angle, while lumbar
lordosis and segment lordosis remained the
same. Multivariate regression analysis showed a
significant negative correlation between the
upper and lower pedicle screw angles and the
change in DH (P\ 0.05). At 2 weeks post-oper-
ation, the VAS score for low back pain and the
ODI had improved significantly compared to
pre-operation (P\0.05).
Conclusions: These results suggest that the
Caudad insertion trajectory technique of pedi-
cle screws may be an ideal alternative for the
treatment of DLS.
Trial Registration Number: Chinese Clinical
Trial Registry (ChiCTR): ChiCTR1800020368.

Keywords: Lumbar spondylolisthesis;
Interbody fusion; Pedicle screw fixation;
Caudad insertion trajectory; Intervertebral disc
height

Key Summary Points

Why carry out this study?

Degenerative lumbar spondylolisthesis
(DLS) is one of the most common
degenerative diseases of the lumbar spine.

DLS causes not only a series of clinical
symptoms in patients, but its high
incidence also increases the economic and
medical burden of individuals, families
and governments.

We investigated whether there is a
correlation between the insertion
trajectory of screws and the recovery of
intervertebral space height in patients
who underwent single-segment
decompression and fusion with internal
fixation for DLS, which may ultimately
help surgeons to develop an optimal
technique for patients with
spondylolisthesis.

What was learned from the study?

Caudad insertion trajectory technique of
pedicle screws may be an ideal alternative
for the treatment of DLS.

INTRODUCTION

The most common changes in degenerative
lumbar spondylolisthesis (DLS) include anterior
vertebral sliding, reduced segmental lordosis
angle and loss of intervertebral space height. In
the surgical treatment of this condition, the
reduction of spondylolisthesis and the degree of
reduction are not directly related to the clinical
prognosis; rather, the focus is on the recon-
struction of lumbar stability through fusion
[1–3]. In general, a successful outcome is largely
dependent on obtaining a solid fusion, as well
as recreating the normal disc height (DH) [4].
Satisfactory bone fusion can effectively prevent
post-operative cage shifting and post-operative
intervertebral space height loss. Bourghli et al.
showed that a restored spinal sagittal balance
was correlated with good clinical outcomes
following surgery for low-grade spondylolisthe-
sis [5, 6]. Correcting spondylolisthesis is desir-
able for effective indirect decompression of the
neuroforamina and restoration of spinal sagittal
balance. Although optimal methods for opera-
tive treatment remain poorly established, there
has been a trend toward the use of the interbody
fusion technique, which was developed to pro-
vide solid fixation of spinal segments while
restoring a proper DH and sagittal balance [7].
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Pedicle screw fixation is commonly used to
facilitate fusion as the screws are believed to
help temporarily fix the lumbar spine, obtain
good intervertebral DH and restore the seg-
mental lordosis angle. Moreover, the additional
stability of pedicle screw fixation provides sig-
nificantly improved fusion rates [8]. However, a
typical complication associated with pedicle
screw fixation is screw loosening, which occurs
in 0.8–27% of cases, with the rate potentially
exceeding 50% in patients with osteoporosis
[9–12]. In the biomechanical context, injury of
the superior adjacent facet joint (FJ) by the
pedicle screw increases the axial rotation angle,
FJ pressure and pressure within the interverte-
bral disc [13, 14], thus affecting the stability of
the adjacent segments.

Studies have shown that bone radiodensity,
length of fixation and applied surgical tech-
nique, including fusion type, affect complica-
tion rates [15]. More recently, a ‘‘rocking’’
technique and a modified version termed the
‘‘swing’’ technique have been developed and
brought into regular use. These two techniques
are safe and effective reduction methods for
spondylolisthesis that not only alleviate symp-
toms but also achieve a nearly complete reduc-
tion of slippage. A study on the stability of
pedicle screw fixation in osteoporotic lumbar
vertebrae showed that the direction of the screw
affected the stability of the fixation [16]. For
patients with osteoporosis, the commonly used
technique of parallel screws to the upper end-
plate does not provide the best biomechanical
stability [16]. However, few studies have ana-
lyzed the role of pedicle screw insertion trajec-
tory in DH recovery after fusion. Also, it is not
clear whether the recovery and maintenance of
DH depends on the type of support used and
the angle of pedicle screw placement. While the
need for such a comparison was expressed pre-
viously [17], only a few studies have addressed
this topic. In the present study, we compiled
patient data on the clinical efficacy of the pro-
cedure and sagittal, coronal and implant
parameters before and after the surgery, to
analyze the correlation between clinical efficacy
and radiological outcomes. We hypothesized
that different insertion trajectories of screws are
associated with a significant difference in

recovery of intervertebral space height, but that
the comparison of clinical outcomes would
show a similar improvement at follow-up. The
investigation of optimal insertion trajectory of
screws may help the surgeons to develop an
optimal technique for patients with spondy-
lolisthesis and to better manage subsequent
rehabilitation.

METHODS

Study Design and Consent

The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).
The study was approved by ethics board of
Tongji Hospital of Tongji University (No.:
K-2017-008) and individual consent for this
retrospective analysis was waived.

Inclusion and Exclusion Criteria

The inclusion criteria were: (1) single-segment
decompression and fusion with internal fixa-
tion performed for DLS; (2) age C 18
and B 75 years; (3) availability of clinical data,
including general patient information [age, sex,
body mass index (BMI), surgical fusion seg-
ment, spondylolisthesis segment]; lumbar
X-ray; computed tomography (CT) before and
after the operation; Oswestry Disability Index
(ODI) and the Visual Analogue Scale (VAS)
scores for lower back and leg pain; and (4)
patient followed up for at least 6 months.

The exclusion criteria were: (1) failure to
complete follow-up; (2) failure of internal fixa-
tion and second operation; (3) multi-segmental
operation; (4) condition combined with serious
spinal deformity, tumor, fracture or other spinal
diseases; and (5) condition combined with
Parkinson’s disease, cerebrovascular accident or
other diseases.

Follow-Up Method

The patients were followed up for at least 6
months before and after the surgery. Both
standard anteroposterior and lateral X-rays of
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the lumbar spine and CT of the lumbar spine
had been performed. The preoperative and
postoperative X-ray and CT imaging data of
patients who met the inclusion and exclusion
criteria and who had underwent single-segment
decompression and fusion with internal fixa-
tion from May 2015 to October 2019 were
obtained. The sagittal, coronal and implant
parameters [anterior disc height (ADH),

posterior disc height (PDH), angle of pedicle
screw inclination, vertebral height, lordosis
angle, cage angle, among others] were measured
by spinal surgeons (Figs. 1, 2). Demographic
characteristics, including age, gender and BMI,
were collected for all patients at the beginning
of this study. Patient-reported outcomes,
including the ODI and VAS scores, were col-
lected during follow-up. For the ODI, a lower
score corresponds with better function; for the
VAS, a higher score indicates worse symptoms.

Measurement of Lumbar Sagittal
and Coronal Parameters

The radiological analysis included the measure-
ment and evaluation of pre-and post-operative
images using a measurement software developed
with the help of custom Matlab programs (The
MathWorks,Natick,MA,USA).As shown inFig. 1,
ADH, PDH, lordosis angle in the fusion segment
and adjacent intervertebral space were measured
pre-operatively and at the final follow-up visit, as
was lumbar lordosis (LL). DHwas calculated as the
average of the ADH and PDH at every lumbar
fusion segment. To evaluate the restoration ofDH,
oneparameter other thanDHwas calculated.DDH
was defined as (post-operation fusion DH) - (pre-
operation fusion DH). Similarly, DLL was defined
as (post-operation LL) - (pre-operation LL). All
length parameters were in millimeters, unless
otherwise specified. Slip (%) was measured as a
percentage of the distance from the posterior bor-
der of the caudal vertebra to the posterior border of
the rostral vertebra.DThillard(%) = (pre-operation
- post-operation slip percentage)/(pre-operation
slip percentage) 9 100.

Measurement of Implant Parameters

Pedicle screwparametersweremeasuredas shown
in Fig. 2A. The pedicle screw angle is the angle
between the pedicle screwand the upper endplate
of the vertebral body, and a and b are the upper
and lower pedicle screw angles, respectively.

Cage parameters were measured as shown in
Fig. 2B, C. Our preliminary study [18] on how
the positioning variables of the cage contribute
to adjacent facet joint degeneration showed

Fig. 1 Measurement of lumbar sagittal parameters. ab
indicates the anterior disk height (ADH), cd indicates the
posterior disk height (PDH). Disc height (DH) was
measured as the minimum distance (mm) between the
superior and inferior endplates of adjacent vertebral bodies
at the anterior and posterior surfaces. DH was calculated as
(ADH ? PDH)/2. df is the anteroposterior width of the
lower vertebral body. Slip (%) = ce/df. SL Angle between
the superior and inferior endplates of the adjacent superior
and inferior vertebral bodies, respectively, LL angle
between the superior S1 and L1 endplates. SS is the angle
subtended by a line drawn along the endplate of the
sacrum and a horizontal reference line extended from the
posterior/anterior superior corner of S1
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that the method of measurement of cage
parameters (and not explained here).

CT scans were performed as a diagnostic tool
for the analysis of interbody fusion. The degree
of interbody fusion was classified according to
the criteria outlined by Siepe et al. [19]. The
images were evaluated by two independent and
highly specialized spinal surgeons with distinct
expertise in the evaluation of spinal patholo-
gies. To be confirmed as a solid fusion, both
surgeons had to independently confirm either a
first- or a second-degree fusion according to the
classification system [19]. A third- (incomplete
signs of fusion) or a fourth-degree interbody
fusion assessment was defined and recorded as a
nonunion/pseudarthrosis. We used the intra-
class correlation coefficient (ICC) to evaluate
the consistency of clinical evaluators to post-
operative fusion outcomes. If the evaluation
results were inconsistent, another senior physi-
cian was called in to provide an evaluation; the
evaluation by the third senior physician pre-
vailed. The grade of degeneration of

spondylolisthesis was evaluated according to
the Meyerding grading.

Statistical Analysis

All data were imported into SPSS version 21.0
(IBM, Armonk, NY, USA) for statistical analysis.
Continuous variables were presented as means
and standard errors. Paired t tests were used to
analyze the differences before and after the
operation. A normal test was conducted to
determine whether the dependent variable was
normally distributed or not. The outcomes of
sagittal, coronal and implant parameter mea-
surements were analyzed using univariate and
multivariate regression analyses. The correla-
tion coefficient r was used to describe the degree
of linear correlation between the variables. The
VAS and ODI data, measured pre-operatively,
2 weeks after the operation and at the final fol-
low-up (C 6 months after the operation) were
tested by one-way analysis of variance with

Fig. 2 Radiographic measurement of implant parameters.
a Identification of vertebral contours and implant. The
pedicle screw angle is the angle between the pedicle screw
and the upper endplate of the vertebral body. a, b Upper
and lower pedicle screw angles, respectively. b, c Sagittal
and coronal measurements of cage parameters. a, b, c Three
feature points of cage, CC center point of cage. The

anterior and posterior distances, upper and lower distances
between CC and the intervertebral space can be measured.
The central axis of the cage is the line between a and CC,
and the angle between the cage and the lower endplate can
be measured. y1y2 is the line of the spinous process vertex,
and the distance between CC and y1y2 can be measured.
The angle between the cage axis and y1y2 can be measured
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repeated measures, and a two-sided
P value\ 0.05 was considered to be significant.

RESULTS

Patient Demographics and Clinical
Outcomes

From May 2015 to October 2019, a total of 50
patients were initially enrolled, two patients
were lost to follow-up after 6 months, 48
patients (17 men, 31 women) were eventually
enrolled, and the follow-up rate was 96%. The
mean age of the 48 patients analyzed was 63.04
(range 53.34–72.74) years, and the average BMI
was 25.18 (range 21.7–28.66) (kg/m2) (Table 1).
The average follow-up duration for all patients
was 9.16 (± SE) ± 2.21 (range 6.0–17.0)

months. Spondylolisthesis in L3, L4 and L5 was
observed in 1, 42 and 5 cases, respectively. All
patients underwent single-level fusions; one
patient had internal fixation at L3/4, 42 patients
had internal fixation at L4/5 and five patients
had internal fixation at the lumbosacral joint
(L5/S1). The data of the two surgeons showed a
high consistency [ICC = 0.815 (range 0.712,
0.884)], and there was no need for a third party
to evaluate. The fusion rate was 83.3% (40/48
cases). At the final follow-up, no post-operative
symptoms were observed among all patients
with adequate fusion; among the eight patients
with inadequate fusion, five had mild persistent
low back pain, and adjacent segmental degen-
eration (ASD) occurred in the other three. There
was no implant failure or displacement, and no
revision surgery was required. No major com-
plications, such as neural and vascular injury or
deep wound infection, occurred.

Radiographical Outcomes

The sagittal sequence parameters of the lumbar
spine were compared pre-operation and at
6 months post-operation, and the results are
summarized in Table 2. The values at these two
time points were not significantly different for
the angle between the superior and inferior
endplates of the adjacent superior and inferior
vertebral bodies (SL), PDH and LL of the fusion
segment; however, compared to pre-operation,
the ADH and the DH of the fusion segment
increased, and the Meyerding grade and Taillard
score had decreased significantly at 6 months
post-operation (p\0.05).

Analysis of the Effect of Decompression
and Fusion with Internal Fixation
in the Treatment of DLS

As shown in Table 3, the VAS scores of low back
pain 2 weeks after operation were significantly
improved compared to those before the opera-
tion (p\0.05). At the final follow-up, the VAS
and ODI showed significant improvement
compared with pre-operative values in both
groups (p\0.05). The results of the analysis of

Table 1 Descriptive summary of the patient cohort

Descriptive variables No. of patients (N = 48
patients)

Age (years), mean ± SE 63.04 ± 9.70

Sex (male/female), n
(%)

17 (35.4%)/31(64.6%)

BMI (kg/m2), mean ±

SE

25.18 ± 3.48

Fusion segment, n (%)

L3/4 1 (2.1)

L4/5 42 (87.5)

L5/S1 5 (10.4)

Slip vertebrae, n (%)

L3 1 (2.1)

L4 42 (87.5)

L5 5 (10.4)

Fusion rate (%) 83.3% (40/48 patients)

Values in table are reported as the mean ± SE or as the
number of patients with the percentage in parenthese,
unless indicated otherwise
SE Standard error, BMI body mass index, L lumbar ver-
tebra, L5/S1 lumbosacral joint
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the improvement rates of lumbar spondylolis-
thesis (LS) after the surgical treatment are
shown in Fig. 3. The correction rate of the
standard score was [ 80% in 17 cases (35.4%)
and[20% in 43 cases (87.5%), suggesting that
vertebral spondylolisthesis improved to varying
degrees.

Correlations Between the Changes
in Deformity Parameters, Sagittal
Parameters and Pedicle Screw Angles

Table 4 shows that the restoration of PDH and
DH was correlated with the lower pedicle angle
(r = - 0.296, P = 0.041; r = - 0.306, P = 0.035,
respectively) at 6 months after surgery for DLS.
There was a significant correlation between
upper and lower pedicle screw angles (P\0.01).
The change in VAS was significantly correlated

with the lower pedicle screw angles. Other
improvements in sagittal parameters showed no
significant correlation with the upper and lower
pedicle screw angles.

Test of normality was performed for the
dependent variable of DADH and DPDH.
Because of the small sample size of our study,
results of the Shapiro–Wilk test were more
suitable as reference for the test of normality.
According to Table 5, the statistical magnitudes
of DADH and DPDH were 0.161 and 0.493,
respectively (P[0.05), indicating that the
DADH and DPDH are normal variables.

Multivariate Regression Analysis

The clinical efficacy index, lumbar spine
parameters and pedicle screw angles were ana-
lyzed using backward stepwise regression. The

Table 2 Comparisons of sagittal sequence parameters of the lumbar spine at pre-operation and 6 months post-operation

Sagittal sequence parameters Pre-operation Final follow-up post-operation P value Differences

SL(�) 14.29 ± 8.17 15.16 ± 6.58 0.274 0.87 ± 5.57

ADH (mm) 14.69 ± 6.75 17.36 ± 6.81 0.009* 2.67 ± 6.90

PDH (mm) 9.20 ± 4.52 10.42 ± 4.36 0.105 1.22 ± 5.20

DH (mm) 11.95 ± 5.25 13.89 ± 5.19 0.020* 1.94 ± 5.70

LL(�) 41.86 ± 12.45 43.20 ± 11.49 0.361 1.34 ± 10.24

Meyerding grade 1.10 ± 0.30 0.62 ± 0.49 0.000* – 0.48 ± 0.54

Taillard score 14.76 ± 11.59 4.49 ± 0.49 0.000* – 10.27 ± 9.68

Values are presented as the mean ± SE
SL Segment lordosis, ADH anterior disc height, PDH posterior disc height, DH disc height, LL lumbar lordosis
*Values are statistically significant at P\ 0.05

Table 3 Changes in Oswestry Disability Index and Visual Analogue Scale scores

Oswestry Disability Index and the Visual
Analogue Scale

Pre-
operation

Two weeks post-
operation

Final follow-up post-
operation

VAS score 6.92 ± 0.97 3.80 ± 1.16* 0.70 ± 0.79*#

ODI score 63.52 ± 5.88 33.10 ± 6.67* 15.20 ± 3.55*#

Values in table are presented as the mean ± standard deviation
*Significant difference with pre-operation value at P\ 0.05; #significant difference wtih 2 weeks post-operation value at
P\ 0.05
VAS Visual Analogue Scale, ODI Oswestry Disability Index
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independent variables included pre-and pos-t-
operative fusion segment ADH, PDH, DH and
SL; the lumbar sagittal parameters LL and SS;
and the changes in these parameters. The upper

and lower pedicle screw inclinations were also
used as independent variables in the multiple
regression analysis. Table 6 shows the regression
coefficients for each predictive variable adjusted

Fig. 3 Results of the analysis of the improvement rates of degenerative lumbar spondylolisthesis after surgical treatment

Table 4 Pearson correlation analysis of the upper and lower pedicle screw angles and dependent variables

Variables Dependent (D) variables

a b DADH DPDH DDH DSS DLL DVAS DODI

a

r 1 0.449** - 0.002 - 0.103 - 0.187 - 0.081 - 0.086 - 0.260 - 0.201

P value – 0.001 0.989 0.487 0.203 0.582 0.559 0.075 0.170

b

r 0.449** 1 - 0.131 - 0.296* - 0.306* 0.239 - 0.145 - 0.297* - 0.161

P value 0.001 – 0.374 0.041 0.035 0.102 0.326 0.041 0.276

a Upper pedicle screw angle, b lower pedicle screw angle, DADH = (post-operation fusion ADH) - (pre-operation fusion
ADH), DPDH = (post-operation fusion PDH) - (pre-operation fusion PDH), DDH = (post-operation fusion DH) -
(pre-operation fusion DH), DLL = (post-operation LL) - (pre-operation LL); DSS (sacral slope) = (post-operation SS) -
(pre-operation SS), DVAS= (post-operation VAS)- (pre-operation VAS), DODI= (post-operation ODI) - (pre-operation
ODI)
*Statistically significant Pearson correlation coefficient (r) at P\ 0.05
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by the fitting. The change in DH and fusion
segment SL was positively correlated with the
change in ODI and VAS scores, respectively. The
upper pedicle screw angle was significantly
negatively correlated with the change in VAS
score. The reduction of the upper pedicle screw
angle per unit reduced the increased value of
VAS by 0.041 units. These results indicated that
the preo-perative lumbar spine parameters did
not significantly affect the clinical outcomes of
surgery for DLS, except for the percentage of
change rate (%).

A significant negative correlation was
observed between the angle of the superior
pedicle screw and the anterior height recovery
of the fused segment. The reduction of the
upper pedicle screw angle per unit reduced the
anterior DH recovery value by 0.323 units.
Moreover, a significant negative correlation was

observed between the angle of the inferior
pedicle screw and the recovery of posterior
height. The reduction of the lower pedicle screw
angle per unit reduced the recovery value of
PDH by 0.196 units.

Together, these results indicate that within a
certain range, decompression and fusion with
internal fixation can correct high or low ante-
rior and posterior heights of the intervertebral
space and can recover the lordosis angle with
high slippage. Also, the results of the multi-
variate stepwise regression analysis showed a
correlation between the pedicle screw angle and
post-operative height recovery in the interver-
tebral space. A larger downward inclination
angle between the upper and lower pedicle
screws was conducive to the recovery of the
anterior and posterior height of the interverte-
bral space.

DISCUSSION

Several factors affect the post-operative clinical
efficacy of DLS. Lumbar instability, defined as
the loss of the ability of the spine under physi-
ological stress to maintain its pattern of dis-
placement [20], is one such factor that can
adversely affect fusion rates. Abnormal sagittal
lumbar alignment after lumbar fusion may

Table 5 Output of the test for normality

Dependent
variable

Shapiro–Wilk test

Statistic df Statistical
magnitude

DADH 0.965 48 0.161

DPDH 0.978 48 0.493

Table 6 Regression coefficients for each predictive variable adjusted by the fitting

D-Variables DTaillard (%) DVAS DODI DADH DPDH

Coe p value Coe p value Coe p value Coe p value Coe p value

Variables

a – – - 0.041 0.038* – – - 0.323 0.035* – –

b – – – – – – – – - 0.196 0.032*

preADH – – – – 0.233 0.092 - 0.537 \ 0.01* – –

prePDH 26.509 0.001* – – – – – – - 0.671 \ 0.01*

PostLL 6.080 0.031* – – – – – – – –

DSL - 20.358 0.001* 0.051 0.011* – – – – – –

DDH – – – – 0.338 0.041* – – – –

DThailard (%) = (pre-operation - post-operation slip percentage)/(pre-operation slip percentage) 9 100, Coecoefficient,
DSL = (post-operation fusion SL) - (pre-operation fusion SL); see footnote for Table 4 for other definitions
*Values are statistically significant at P\ 0.05
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aggravate ASD, leading to higher energy
requirements for standing and ambulating,
resulting in early fatigue, intolerance to stand-
ing and walking with compensation through
other joints [21]. In other words, good post-
operative functional results largely depend on
the restoration of the normal spinal sagittal
sequence and stability during operation
[22, 23]. Moderate evidence indicates that
decompression alone may be a feasible treat-
ment option, with lower surgical morbidity and
outcomes similar to those of fusion when per-
formed in a select population with low-grade
slip [24, 25]. Similarly, the addition of interbody
fusion may be best suited to a subset of patients
with high-grade DLS [26–28], although this is
yet to be established. Data on sagittal, coronal
and implant parameters were collected in this
study. However, due to space limitation, only
the data on pedicle screw inclination and
intervertebral space height recovery were
analyzed.

While pedicle screw placement is generally
considered the most popular method in lumbar
spinal instrumentation for achieving successful
fusion, successful outcomes are largely depen-
dent on obtaining a solid fusion and recreating
the normal DH. Pedicle screw fixation and
intervertebral fusion restore intervertebral dis-
placement, maintain the balance between the
spine and the pelvis, provide immediate spinal
stability, relieve symptoms, prevent progressive
slippage and increase the fusion rate [29]. For
the lumbar vertebrae affected by osteoporosis,
pedicle screws inserted using the Krag (screw
pointed toward the superior endplate) and
Caudad (screw pointed toward the caudal part
of the body) trajectory techniques have been
found to provide better biomechanical stability
than those inserted parallel to the superior
endplate using the Magerl technique [16].
Although the Caudad approach is not close to
the upper and lower endplates, the trajectory is
close to the cortical bone of the upper and lower
walls of the pedicle, and it also runs through the
middle and rear of the vertebral body, pointing
forward and downwards, increasing the area of
contact with cortical bone, which may be the
reason why the Caudad approach can obtain
better biomechanical stability [16]. Our findings

imply that the Caudad insertion of pedicle
screws facilitated interbody distraction during
the restoration of spondylolisthetic vertebrae. A
larger downward inclination angle of the upper
and lower pedicle screws was conducive to the
recovery of the anterior and posterior height of
the intervertebral space. These findings are
consistent with those of a previous biome-
chanical study reporting significantly higher
biomechanical strength for pedicle screws
inserted in osteoporotic lumbar vertebrae using
the Caudad trajectory compared to those
inserted using the Krag trajectory, especially
during early fixation [30]. One explanation for
this finding might be that when the screws are
inserted into the pedicle of an vertebral arch
angulated, the holding force will be greater than
when they are inserted at 0� [31]. The holding
force is increased as the angle is augmentated.
Another factor is that when the cage was used as
the fulcrum, compression fixation with the
upper pedicle screw in the caudal approach
resulted in greater longitudinal pressure, and
the recovery of the corresponding pre-interver-
tebral space height was increased compared
with that with the pedicle screw parallel to the
upper endplate (Fig. 4a). Similarly, the longitu-
dinal pressure required for compression fixation
with lower pedicle screws placed in the caudal
approach was correspondingly reduced, which
is conducive to maintain the PDH after the
operation compared to pedicle screws placed
parallel to the upper endplate (Fig. 4b). How-
ever, additional biomechanical studies are nee-
ded to confirm this speculation and verify
whether the results of the present study can be
applied to patients with LS with normal bone
mineral density.

Regarding clinical efficacy, the results of this
study showed significantly improved VAS scores
for low back and leg pain and improved ODI
scores at 6 months after decompression and
fusion with internal fixation compared with
those before the operation. Also, vertebral
spondylolisthesis was reduced to varying
degrees. Multiple regression analysis indicated
that the change in DH and fusion SL was posi-
tively correlated with changes in ODI and VAS
scores, respectively, consistent with the findings
of previous studies [32]. While previous studies
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observed a change in sagittal balance at least
2 years after surgery [33, 34], we observed simi-
lar outcomes in a mean follow-up period of only
6 months. This improvement might be due to
better distraction of the intervertebral space,
which maintains the stability of the lumbar
spine and is conducive to the improvement of
clinical effects. However, biomechanical and
clinical indicators are needed for further verifi-
cation and comparative analysis. Feng et al.
[34, 35] and Park et al. [36] reported that DH
recovery was positively correlated with the
increase in LL and that the full restoration of
intervertebral space height was conducive to LL
recovery and reduction of intervertebral disc
pressure at the fusion segment. Furthermore,

the recovery of intervertebral space height and
the tension bending effect caused by lumbar
ligament tightening were also conducive to the
prevention of ASD. In contrast, our study results
showed no significant correlation between LL
and DH, which may be due to insufficient fol-
low-up time and recovery of intervertebral
space height. To reduce variability and fully
assess the efficacy of the technique, further
studies must evaluate clinical and radiological
outcomes in larger study populations and con-
duct long term follow-up together with the
collection of clinical effect indexes and the
measurement of sagittal parameters.

The potential limitations of this study
include its retrospective design and the

Fig. 4 Schematic images of the restoration of interverte-
bral disc height during surgical procedures. a The upper
pedicle screw in the Caudad insertion. � Insertion of
upper pedicle screws is moderately downward instead of
parallel to the upper vertebral endplate in the sagittal
plane, ` a cage is placed as a fulcrum and posterior
instrumentation is compressed, ´ a satisfactory and higher

anterior disc height is obtained after pedicle screw fixation.
b The lower pedicle screw in the Caudad insertion. �
Insertion of lower pedicle screws is moderately downward
instead of parallel to the upper vertebral endplate in the
sagittal plane, ` a cage is placed as a fulcrum and posterior
instrumentation is compressed, ´ a satisfactory posterior
disc height is maintained after pedicle screw fixation
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resultant reduced level of evidence. In addition,
a small sample size and short follow-up time
may have led to bias in the results of the data
collection. However, this is one of the few
studies to have investigated the relationship
between pedicle screw inclination and restora-
tion of intervertebral space height. Although
the results of this study suggest a negative cor-
relation between pedicle screw inclination and
post-operative DH recovery, the potential
advantages of a larger pedicle screw inclination
in terms of post-operative clinical efficacy and
complications have not yet been validated.
Therefore, future research should focus on the
assessment of pedicle screw angle, including
in vitro analysis and prospective studies.

CONCLUSIONS

In a retrospective study involving 48 patients
who underwent single-segment decompression
and fusion with internal fixation for DLS at our
institution with at least 6 months of radio-
graphical and clinical follow-up, we determined
that the Caudad insertion trajectory technique
of pedicle screws is an ideal alternative for the
treatment of DLS.
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