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Abstract
Purpose To compare the clinical effectiveness of reduction and fusion with in situ fusion in the management of patients 
with degenerative lumbar spondylolisthesis (DLS).
Methods The systematic review was conducted following the PRISMA guidelines. Relevant studies were identified from 
PubMed, Embase, Scopus, Cochrane Library, ClinicalTrials.gov, and Google Scholar. The inclusion criteria were: (1) com-
parative studies of reduction and fusion versus in situ fusion for DLS patients, (2) outcomes reported as VAS/NRS, ODI, 
JOA score, operating time, blood loss, complication rate, fusion rate, or reoperation rate, (3) randomized controlled trials 
and observational studies published in English from the inception of the databases to January 2023. The exclusion criteria 
included: (1) reviews, case series, case reports, letters, and conference reports, (2) in vitro biomechanical studies and com-
putational modeling studies, (3) no report on study outcomes. The risk of bias 2 (RoB2) tool and the Newcastle–Ottawa scale 
was conducted to assess the risk of bias of RCTs and observational studies, respectively.
Results Five studies with a total of 704 patients were included (375 reduction and fusion, 329 in situ fusion). Operating 
time was significantly longer in the reduction and fusion group compared to in situ fusion group (weighted mean difference 
7.20; 95% confidence interval 0.19, 14.21; P = 0.04). No additional significant intergroup differences were noted in terms 
of other outcomes analyzed.
Conclusion While the reduction and fusion group demonstrated a statistically longer operating time compared to the in situ 
fusion group, the clinical significance of this difference was minimal. The findings suggest no substantial superiority of 
lumbar fusion with reduction over without reduction for the management of DLS.
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Introduction

Degenerative lumbar spondylolisthesis (DLS) is a patho-
logical condition of the lumbar spine characterized by the 
anterior displacement of a superior vertebra over the adja-
cent caudal vertebra, while the neural arch remains intact 
[1, 2]. This condition is prevalent in our aging society and 
poses a significant financial burden on the healthcare system 
[3, 4]. Conservative management, including physical ther-
apy, motion restriction, and analgesics, is usually effective 

in alleviating symptoms. However, surgical intervention 
becomes necessary when clinical symptoms worsen or con-
servative treatments fail [5–7]. Decompression and fusion 
surgery have been shown to provide long-term pain relief 
and functional improvement for patients with DLS [8–10].

The primary goals of surgical management for DLS are 
decompression of the affected neural structures and sta-
bilization of the spinal segment [11]. Furthermore, intra-
operative reduction of slippage has gradually attracted the 
attention of researchers and generated lively discussion in 
recent years. The reduction procedure may contribute to 
reducing slip distance, increasing segmental lumbar lor-
dosis and intervertebral disc height, and potentially lead Extended author information available on the last page of the article
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to better clinical outcomes or a higher fusion rate [12–15]. 
Nonetheless, this additional step may also introduce poten-
tial complications, such as neurologic deficits, hardware 
failure (screw loosening or pull out), prolonged operat-
ing time, or loss of reduction [12, 16–19]. Therefore, it 
remains uncertain whether the benefits of the reduction 
procedure outweigh the associated risks and improve the 
clinical prognosis of patients with DLS.

Previous studies have yielded conflicting results regard-
ing the necessity and effectiveness of reduction procedures 
in the surgical management of DLS. Wegmann et al. [20] 
reported that reduction of the slipped vertebra was associ-
ated with improved postoperative disability and quality of 
life in patients with DLS. Conversely, other researchers 
proposed that intraoperative reduction did not result in 
better improvement in clinical and radiological outcomes 
[21–23]. Consequently, the debate on the role of reduction 
in DLS surgery persists. Considering that patients with 
DLS are often older and more prone to poorer prognoses, 
a comprehensive evaluation of the clinical effectiveness of 
reduction and fusion compared to in situ fusion in manag-
ing DLS is warranted [24, 25]. Therefore, the purpose of 
this study is to compare the clinical outcomes of reduction 
and fusion versus in situ fusion in patients with DLS and 
provide insights into the most effective surgical approach 
for this condition.

Methods

The systematic review and meta-analysis was conducted 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) reporting 
guidelines [26]. The study protocol was registered in 
PROSPERO to strengthen transparency and reliability 
(CRD42023391484) [27].

Search strategy

A comprehensive independent and duplicate search was 
performed in PubMed, Embase, Scopus, Cochrane Library, 
ClinicalTrials.gov, and Google Scholar databases to iden-
tify studies comparing reduction and fusion with in situ 
fusion in the management of DLS. Studies published in 
English from the inception of the databases to January 
2023 were considered for inclusion. Reference lists of the 
obtained literature were also searched for additional arti-
cles. The search strategies for each database are detailed 
in the Supplementary Materials (p. 4).

Study selection

The criteria of study selection were based on the PICOS prin-
ciple [28] as follows:

• P (Population): Adult patients with DLS who underwent 
lumbar fusion surgery

• I (Intervention): Reduction and fusion surgery
• C (Comparison): In situ fusion surgery
• O (Outcomes): Visual analogue scale (VAS) or numerical 

rating scale (NRS) for back/leg pain, Oswestry disability 
index (ODI), Japanese Orthopedic Association (JOA) 
score, operating time, estimated blood loss (EBL), surgi-
cal complications (e.g., screws loosening or pulled out, 
surgical site infection, cerebral fluid leakage, etc.) and 
medical complications (e.g., pulmonary embolism, deep 
vein thrombosis, urinary tract infection, etc.), fusion rate, 
reoperation rate

• S (Study design): Randomized controlled trials (RCTs) and 
observational studies published in English from the incep-
tion of the databases to January 2023

The exclusion criteria included:

(1) Reviews, case series, case reports, letters, and confer-
ence reports.

(2) In vitro biomechanical studies and computational mod-
eling studies.

(3) No report on study outcomes.
(4) Studies with < 10 patients per group.

Two independent reviewers (D.F.W. and W.W.) assessed the 
potential studies. A third reviewer (X.L.C.) was consulted to 
resolve the discrepancies between the two reviewers.

Data extraction

Data extraction was conducted independently by two reviewers 
(D.H. and C.K.) from the included studies regarding the first 
author, publication date, study design, number of patients, age, 
sex, follow-up duration, and outcome data. When the mean 
and standard deviation values were not reported, an estima-
tion was made according to sample size, median, range, or 
interquartile range [29]. A standardized data extraction table 
was used to record relevant data. Discrepancies in extraction 
were resolved by consensus.

Risk of bias

The assessment of the methodological quality of the 
included studies was conducted using two different tools. 
For RCTs, the risk of bias 2 (RoB2) tool was used to 
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determine the potential bias caused by the randomization 
process, deviations from intended interventions, missing 
outcome data, measurement of the outcome, or selection of 
the reported result [30]. The overall bias was rated as “low 
risk,” “high risk,” or “some concerns.” For cohort studies, 
the Newcastle–Ottawa scale (NOS) containing the selec-
tion of subjects, comparability of the groups, and assess-
ment of outcomes was used for the quality assessment 
[31]. The quality of each study was graded as low (0–3), 
moderate (4–6), or high (7–9). Two reviewers (D.F.W. 
and W.W.) used criteria to score the quality of the studies 
independently and to judge whether the studies fulfilled 
the appropriate criteria for quantitative meta-analysis. Any 
discrepancy was resolved by consensus.

Statistical analysis

Continuous variables were analyzed by calculating the 
pooled weighted mean difference (WMD) with a 95% con-
fidence interval (CI). Dichotomous variables were calcu-
lated by the pooled relative risk (RR) with 95% CI. A het-
erogeneity test was performed using I2 statistics. I2 > 50% 
was considered to indicate substantial heterogeneity, and 
the random-effect model was employed for the analysis. 
Inversely, a fixed-effect model was used for I2 < 50%. Sub-
group analysis of RCTs versus observational studies was 
conducted to explore potential heterogeneity. The statisti-
cal tests were 2-sided, and significance was defined as an 
alpha of 0.05 unless otherwise specified.

Sensitivity analysis for all outcomes was performed using 
the leave-one-out approach to assess the robustness of the 
results [32]. Publication bias for all outcomes was statically 
tested using Egger’s linear regression test [33]. A p value of 
more than 0.05 indicated no publication bias.

Review Manager version 5.4 (The Nordic Cochrane 
Center, The Cochrane Collaboration, Denmark) was used for 
the pooled analysis. STATA version 17.0 (StataCorp LLC, 
USA) was used for the sensitivity analysis and the assess-
ment of publication bias.

Quality of evidence

The overall quality of the evidence for each outcome was 
evaluated using the approach recommended by the Grad-
ing of Recommendations, Assessment, Development, and 
Evaluation (GRADE) Working Group [34]. The quality of 
evidence was downgraded by one or two levels according to 

the limitation of the study design, inconsistency, indirectness, 
imprecision of results, or apparent publication bias.

Results

Study selection

In total, 823 articles were initially identified through the 
search strategy (Fig. 1). After the removal of 346 dupli-
cate records, 477 studies remained for further screening. 
Eighteen articles were identified for full-text reading 
after screening for eligibility. Thereinto, 13 studies were 
excluded for various reasons, including two studies that 
enrolled both degenerative and isthmic spondylolisthesis, 
three systematic reviews, two studies with no available 
data, one study with patients < 10 per group, and five non-
comparative studies. Accordingly, five studies, consisting 
of one RCT and four cohort studies, were finally included 
in the current meta-analysis.

Characteristics of the included studies

The five included studies described a total of 704 patients 
with DLS, with 375 (53.3%) patients undergoing reduction 
and fusion and 329 (46.7%) in situ fusion [12, 14, 16, 35, 
36]. For the reduction and fusion group, the average age 
was 61.35 ± 9.87 years, compared to 62.34 ± 11.54 years 
for the in situ fusion group. In the reduction and fusion 
group, 248 (66.1%) patients were female, and the number 
of females in the in situ fusion cohort was 218 (66.3%). 
Forest plots of age and sex were exhibited in the Supple-
mentary Materials (p. 5). The included studies reported an 
average follow-up of 30.08 months. Outcomes analyzed in 
this meta-analysis included back pain intensity, leg pain 
intensity, ODI, JOA score, EBL, operating time, compli-
cation rate, fusion rate, and reoperation rate. The detailed 
characteristics of each study are summarized in Table 1.

Risk of bias

The quality assessment of the included RCT [12] was per-
formed using the RoB2 tool [30]. The study had a low 
risk of bias for the randomization process, deviations from 
intended interventions, missing outcome data, measure-
ment of the outcome, and selection of the reported result 
(Supplementary Materials, p. 6). The remaining five 
cohort studies were evaluated using the NOS and selected 
as high quality [31] (Table 2).
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Clinical outcomes

Back pain

Back pain intensity was reported in four studies, including 
one RCT and three cohort studies (Fig. 2) [12, 14, 35, 36]. 
VAS score was implemented to evaluate the pain inten-
sity in three of the studies [12, 14, 35], while NRS score 
was used by Chan et al. [36]. In total, 422 patients were 
included in the meta-analysis. There was no significant 
difference between two groups based on the pooled results 
(WMD = 0.04; 95% CI [− 0.17, 0.26]; I2 = 0%, P = 0.70).

Leg pain

Leg pain intensity was reported in two cohort studies with 
a total of 271 patients (Fig. 3) [14, 36]. No statistical differ-
ence in leg pain assessment was found between the reduc-
tion and fusion and the in situ fusion cohorts according to 

the pooled results (WMD = − 0.41; 95% CI [− 0.87, 0.06]; 
I2 = 28%, P = 0.09).

ODI

Data for the ODI were extracted from one RCT and three 
cohort studies containing 422 patients (Fig. 4) [12, 14, 35, 
36]. Pooled analysis exhibited no significant difference in 
ODI between the reduction and fusion and in situ fusion 
cohorts (WMD − 3.64; 95% CI [− 8.10, 0.82]; I2 = 69%, 
P = 0.11). Nonetheless, patients who underwent reduction 
procedure exhibited a much lower ODI than those with 
in situ fusion in Heo et al.’s [14] study, which might account 
for the substantial heterogeneity of the pooled results.

JOA score

JOA score was assessed in one RCT and one cohort study 
(Fig. 5) [12, 35]. A total of 151 patients were included in 
the meta-analysis. The JOA score showed no statistical 

Fig. 1  Flow chart describing 
systematic research and study 
selection process
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difference between cohorts according to the combined 
results (WMD = − 0.01; 95% CI [− 0.64, 0.62]; I2 = 36%, 
P = 0.97).

EBL

One RCT and three cohort studies reported the differences in 
EBL between the reduction and fusion versus in situ fusion 
cohorts (Fig. 6) [12, 16, 35, 36]. Pooled data with substan-
tial heterogeneity indicated that intraoperative EBL was not 
statistically different between cohorts (WMD 14.42; 95% CI 
[− 43.81, 72.65]; I2 = 85%, P = 0.63). Varied surgical tech-
niques in the enrolled studies might induce the significant 
heterogeneity of the pooled results.

Operating time

Operating time was reported in one RCT and three cohort 
studies (Fig. 7) [12, 16, 35, 36]. Data from 639 patients were 
included in the meta-analysis. Results showed that patients 
who underwent reduction and fusion took longer operating 
time than those who received in situ fusion (WMD 7.20; 
95% CI [0.19, 14.21]; I2 = 0%, P = 0.04).

Complication rate

The reported complication included adjacent-segment 
degeneration [12], surgical site infection [12, 14, 16, 35, 
36], cerebral fluid leakage [12, 16, 35], delirium [12], pedi-
cle screws pulled out [12], neuropathic pain [12], low back 
pain [12], numbness [12], wound hematoma [16], pulmo-
nary embolism [16], deep vein thrombosis [16], urinary tract 
infection [16], cage retropulsion or expulsion [16], adjacent-
segment disease [36], suture granuloma [36], and delayed 
wound healing [35].

The complication rate was mentioned in one RCT and 
four cohort studies, enrolling 704 patients (Fig. 8) [12, 14, 
16, 35, 36]. The complication rate was 15.2% (57/375) and 
11.6% (38/329) in the reduction and fusion and the in situ 
fusion cohorts, respectively. No significant difference was 
found between cohorts based on the pooled results (RR 1.26; 
95% CI [0.86, 1.84]; I2 = 0%, P = 0.23).

Fusion rate

Fusion state was assessed with flexion–extension radio-
graphs at 1 year for all of the patients in the study by Scheer 
et al. [16], and the angle difference of < 5 between flexion 
and extension indicated solid fusion. The radiographic signs 
of solid fusion were defined as Birdwell grade I or II in the 
study by Fan et al. [35]. The definition of solid fusion was 
not specified in the rest studies [12, 36].Ta
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Radiographic fusion status was assessed in one RCT 
and three cohort studies (Fig. 9) [12, 16, 35, 36]. A total of 
639 cases were available for analysis. The reported fusion 
rate ranged from 84.6% to 100% and 70.8% to 100% in 
the reduction and fusion and the in situ fusion cohorts, 
respectively. Pooled analysis suggested fusion rate was not 
statistically different between cohorts (RR 1.07; 95% CI 

[0.96, 1.20]; I2 = 85%, P = 0.19). However, the reported 
surgical techniques were varied, containing posterior lum-
bar interbody fusion (PLIF) [12, 14, 36], transforaminal 
lumbar interbody fusion (TLIF) [16, 35], anterior lumbar 
interbody fusion (ALIF) [36], and lateral lumbar inter-
body fusion (LLIF) [36], which may induce the substantial 
heterogeneity.

Table 2  Risk of bias assessment for cohort studies (the Newcastle–Ottawa scale)

Items Scheer et al. [16] Fan et al. [35] Heo et al. [14] Chan et al. [36]

Selection
 Representativeness of the exposed cohort 1 1 1 1
 Selection of the non-exposed cohort 0 0 0 0
 Ascertainment of exposure 1 1 1 1
 Demonstration that outcome of interest was not present at start of study 1 1 1 1

Comparability
 Comparability of cohorts on the basis of the design or analysis 2 2 2 2

Outcome
 Assessment of outcome 1 1 0 1
 Was follow-up long enough for outcomes to occur 1 1 1 1
 Adequacy of follow up of cohorts 0 1 1 1

Total 7 8 7 8
Grade of quality High High High High

Fig. 2  Forest plot illustrating back pain intensity of reduction and fusion group and in situ fusion group

Fig. 3  Forest plot illustrating leg pain intensity of reduction and fusion group and in situ fusion group



European Spine Journal 

1 3

Reoperation rate

Data on the reoperation rate were extracted from three 
cohort studies (Fig. 10) [14, 16, 36]. The reoperation rate 
was 2.68% (8/298) and 3.52% (9/255) in the reduction and 
fusion and the in situ fusion cohorts, respectively. There 
was no significant difference between groups (RR 0.79; 
95% CI 0.32, 1.98; I2 = 0%, P = 0.61).

Subgroup analysis

The prespecified subgroup analyses were performed for 
all outcomes according to the type of study. The results in 
all subgroup analyses were generally consistent with the 
main analysis (Figs. 2, 4, 6, 7, 8, 9).

Fig. 4  Forest plot illustrating ODI of reduction and fusion group and in situ fusion group

Fig. 5  Forest plot illustrating JOA score of reduction and fusion group and in situ fusion group

Fig. 6  Forest plot illustrating EBL of reduction and fusion group and in situ fusion group
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Sensitivity analysis

For all outcomes, a leave-one-out sensitivity analysis was 
performed. A substantial change in outcome was observed 
in the overall pooled leg pain after the omission of Chan 
et al. [36]. Additionally, a significant change in the over-
all pooled operating time was found after removing the 
study by Lian et al. [12], Chan et al. [36], or Scheer et al. 
[16]. No significant changes were found in the other 

outcomes analyzed. The detailed results are listed in the 
Supplementary Materials (pp. 7–15).

Publication bias

Publication bias for all outcomes was statically tested 
using Egger’s linear regression test [33]. There is no evi-
dence of publication bias according to the test (P > 0.05). 
The detailed results are summarized in the Supplementary 
Materials (pp. 16–22).

Fig. 7  Forest plot illustrating operating time of reduction and fusion group and in situ fusion group

Fig. 8  Forest plot illustrating complication rate of reduction and fusion group and in situ fusion group
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Grading the evidence

According to the assessment results of the GRADE approach 
[34], the strength of evidence was found to be moderate for 
complication rate and operating time; low for back pain 
intensity, JOA score, and reoperation rate; very low for leg 
pain, ODI, EBL, and fusion rate. Figure 11 summarizes the 
overall recommendation for each outcome.

Discussion

No consensus has been reached regarding the surgical meth-
odology for DLS. Several published reviews have compared 
the prognosis of fusion surgery with and without reduc-
tion procedure, but none restricted the pathology of DLS 
[37–40]. To our best knowledge, this is the first meta-anal-
ysis to evaluate the effect of reduction procedure on clini-
cal outcomes focusing on patients with DLS by analyzing 
the findings of five comparative studies (one RCT and four 
observational studies), with a total of 704 patients enrolled. 
From the currently available data, this meta-analysis does 

not show significant superiority of reduction and fusion as 
compared with in situ fusion for the treatment of DLS.

Very low/Low-quality evidence supported that back/leg 
pain intensity, ODI, and JOA score were not statistically 
different between the reduction and fusion and in situ fusion 
groups (Fig. 11). Reduction during surgery is appealing as 
it may contribute to indirect decompression by restoring the 
spinal anatomy and disc space, but this alteration may be 
minimal since the degree of slippage was grade I or II in the 
majority of DLS patients [5]. The improvement of clinical 
outcomes still relies more on the decompression procedure 
during surgery in those patients, which may further mask 
the potential benefits of the reduction procedure [41, 42]. 
Published studies with various types of lumbar spondylolis-
thesis have also reported no clear association between the 
reduction of slippage and improved clinical outcomes [22, 
37, 38]. However, the availability of the outcome data is 
limited in this meta-analysis. Pain intensity and ODI were 
reported in four studies, while the JOA score was mentioned 
in only three. Furthermore, different pain assessment tools 
(NRS and VAS) were used across studies, and in two stud-
ies [12, 35], it was not explicitly specified whether the pain 

Fig. 9  Forest plot illustrating fusion rate of reduction and fusion group and in situ fusion group

Fig. 10  Forest plot illustrating reoperation rate of reduction and fusion group and in situ fusion group
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assessment referred to leg or back pain. The corresponding 
data was taken as the result of back pain assessment in this 
meta-analysis after meticulous evaluation of the full-text. 
Overall, solid conclusions on differences in clinical scores 
for reduction and fusion in situ cannot be drawn with such 
limited data.

Very low-quality evidence suggested that the reduction 
procedure did not result in higher EBL, while moderate-
quality evidence showed that the mean operating time was 
7.2 min longer in the reduction and fusion group (Fig. 11). 
We think the additional steps of distracting and lifting dur-
ing the reduction technique may be responsible for the dis-
crepancy in operating time [12, 43–45], but this statistically 
significant difference is likely not clinically significant. Fur-
thermore, different surgical procedures were conducted in 
the enrolled studies, including PLIF, TLIF, ALIF, and LLIF, 
which increased clinical heterogeneity and therefore lim-
ited generalizability of the pooled results. Future systematic 
reviews with subgroup analyses based on these factors are 
exceedingly desired.

Moderate-quality evidence indicated that the overall 
complication rate was not statistically different between 
the reduction and fusion and in  situ fusion groups 
(Fig. 11). The reduction-related complication was only 
mentioned in the study by Lian et al. [12], in which the 
pedicle screws in the slipped vertebra were pulled out 
during intraoperative reduction, and bone cement had to 
be used to support the screws in two patients. Moreover, 
very low-quality evidence revealed that the reduction and 
fusion group had no significant advantage in improving the 
fusion rate (Fig. 11). Considering the difference in docu-
menting postoperative complication, assessing degree of 
fusion, and surgical techniques among the included stud-
ies, the reported results should be interpreted with caution.

Low-quality evidence exhibited that the reoperation rate 
was not significantly different between groups (Fig. 11). 
Patients underwent reoperation because of adjacent seg-
ment disease [36], surgical site infection [14, 36], and suture 
granuloma [36]. The reason of reoperation was not explic-
itly stated in the study by Scheer et al. [16]. Therefore, no 

Fig. 11  Grading the strength of evidence according to GRADE approach
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definite association between reduction procedure and reop-
eration can be drawn based on the current result.

There are multiple other factors that may lead to biased 
results. First, the degree of slippage before surgery was lim-
ited to Meyerding grade I in the study by Chan et al. [36], 
while it was not restrained or described in detail in the other 
studies. Second, the follow-up duration of the included stud-
ies was not sufficient to assess long-term clinical outcomes. 
Third, bone mineral density (BMD) was mentioned in none 
of the included studies. In a retrospective study involving 81 
patients older than 60 years diagnosed with DLS or spinal 
stenosis, Andersen et al. [46] proposed that low BMD was 
associated with the development of DLS. Another research 
by Okuyama et al. [47] revealed that low BMD suggested a 
potentially increased risk of instability of the inserted pedi-
cle screws. Furthermore, BMD is a frequently used and reli-
able indicator for diagnosing osteoporosis in clinical work 
[48]. As common comorbidity of patients with DLS, osteo-
porosis may have a negative effect on postoperative clinical 
outcomes and should be highly valued during the periopera-
tive management [49, 50]. Thus, whether the slip should 
be reduced in patients with low BMD or even osteoporosis 
needs to be further investigated in future studies.

The present study is also restricted by few limitations. 
First, the majority of the included studies were observational 
studies, and the indicators assessed varied from one study 
to another. The limited articles and incomplete data might 
downgrade the evidence. Second, three of nine meta-anal-
yses had I2 values of > 50% (ODI, EBL, and fusion rate), 
indicating substantial heterogeneity. Such results should 
be interpreted with caution. Third, the reviewers were not 
blinded to the authors and institutions during the quality 
assessments, which might have resulted in potential bias and 
might have affected the grading.

Implications for clinical practice

Though this meta-analysis indicates comparable clinical 
outcomes between the two cohorts, this does not imply that 
the additional reduction step is not worthwhile. Indeed, the 
reduction procedure leads to spinal canal and foramen wid-
ening, contributing to indirect decompression. Moreover, 
reduction and fusion maintains superior spinal sagittal align-
ment over in situ fusion, containing higher intervertebral 
disc height, segmental lordosis (SL), and lumbar lordosis 
(LL) [12–14]. In a prospective study enrolling 57 patients 
with DLS who underwent lumbar fusion surgery, Kuhta 
et al. [51] reported that obtaining adequate SL was corre-
lated with favorable ODI 5 years postoperatively. Similarly, 
Takahashi et al. [52] showed that DLS patients with a higher 
increase in SL and LL were predisposed to a higher JOA 
recovery rate after lumbar fusion surgery for DLS. Further-
more, biomechanical analysis by Senteler et al. [53] revealed 

that a postoperative higher LL contributed to reducing shear 
stresses of the adjacent levels to prevent adjacent segment 
degeneration. Therefore, given the benefits of spinal sagittal 
realignment and the absence of increased adverse events, 
the application of the reduction procedure in treating DLS 
remains a viable consideration.

Directions for future research

While the current meta-analysis uncovered some nonsignifi-
cant differences between the two groups, it is important to 
acknowledge that these negative findings could be influenced 
by the substantial heterogeneity among the included primary 
studies. To minimize these inherent differences and enhance 
the reliability of future research, it is imperative to establish 
standardized protocols for patient selection, surgical proce-
dures, and outcome assessment. Moreover, previous studies 
have highlighted a strong correlation between spinal sagit-
tal alignment and clinical outcomes in patients with DLS 
[52, 54–56]. Therefore, future analysis should place greater 
emphasis on the radiographic assessment of DLS patients 
and investigate the impact of reduction and fusion on the 
restoration of spinal alignment and its subsequent effect on 
clinical prognosis. By exploring these aspects, we can fur-
ther elucidate the potential benefits and limitations of reduc-
tion and fusion procedures and optimize their application in 
the management of DLS.

Conclusion

The present study represents the first meta-analysis to spe-
cifically compare the clinical effectiveness of reduction and 
fusion versus in situ fusion in patients with preoperative 
pathology limited to DLS. Our analysis revealed that the 
operating time for the reduction procedure was longer com-
pared to in situ fusion, although this difference may not hold 
significant clinical relevance. Based on the currently avail-
able data, our findings suggest no substantial superiority of 
reduction and fusion over in situ fusion in terms of improv-
ing the prognosis of DLS patients.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00586- 023- 08041-4.

Acknowledgements This study was organized by AO Spine through 
the AO Spine Knowledge Forum Degenerative, a focused group of 
international spine degeneration experts. AO Spine is a clinical division 
of the AO Foundation, which is an independent medically-guided not-
for-profit organization. Study support was provided directly through 
the AO Spine Research Department.

Funding This study was funded by Beijing Hospitals Authority Ascent 
Plan (DFL20190802) and Beijing Hospitals Authority Clinical Medi-
cine Development of special funding support (XMLX202116).

https://doi.org/10.1007/s00586-023-08041-4


 European Spine Journal

1 3

Declarations 

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

References

 1. Wiltse LL (1962) The etiology of spondylolisthesis. J Bone Jt Surg 
Am 44(3):539–560

 2. Wang YXJ, Káplár Z, Deng M, Leung JCS (2017) Lumbar degen-
erative spondylolisthesis epidemiology: a systematic review with 
a focus on gender-specific and age-specific prevalence. J Orthop 
Transl 11:39–52. https:// doi. org/ 10. 1016/j. jot. 2016. 11. 001

 3. Ravindra VM, Senglaub SS, Rattani A, Dewan MC, Härtl R, Bis-
son E, Park KB, Shrime MG (2018) Degenerative lumbar spine 
disease: estimating global incidence and worldwide volume. Glob 
Spine J 8:784–794. https:// doi. org/ 10. 1177/ 21925 68218 770769

 4. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, 
Genevay S, Hoy D, Karppinen J, Pransky G, Sieper J, Smeets RJ, 
Underwood M (2018) What low back pain is and why we need 
to pay attention. Lancet 391:2356–2367. https:// doi. org/ 10. 1016/ 
s0140- 6736(18) 30480-x

 5. Bydon M, Alvi MA, Goyal A (2019) Degenerative lumbar spon-
dylolisthesis: definition, natural history, conservative manage-
ment, and surgical treatment. Neurosurg Clin N Am 30:299–304. 
https:// doi. org/ 10. 1016/j. nec. 2019. 02. 003

 6. Chan AK, Sharma V, Robinson LC, Mummaneni PV (2019) Sum-
mary of guidelines for the treatment of lumbar spondylolisthesis. 
Neurosurg Clin N Am 30:353–364. https:// doi. org/ 10. 1016/j. nec. 
2019. 02. 009

 7. Kalichman L, Hunter DJ (2008) Diagnosis and conservative man-
agement of degenerative lumbar spondylolisthesis. Eur Spine J 
17:327–335. https:// doi. org/ 10. 1007/ s00586- 007- 0543-3

 8. Ghogawala Z, Dziura J, Butler WE, Dai F, Terrin N, Magge SN, 
Coumans JV, Harrington JF, Amin-Hanjani S, Schwartz JS, Sonn-
tag VK, Barker FG 2nd, Benzel EC (2016) Laminectomy plus 
fusion versus laminectomy alone for lumbar spondylolisthesis. N 
Engl J Med 374:1424–1434. https:// doi. org/ 10. 1056/ NEJMo a1508 
788

 9. Austevoll IM, Hermansen E, Fagerland MW, Storheim K, Brox JI, 
Solberg T, Rekeland F, Franssen E, Weber C, Brisby H, Grundnes 
O, Algaard KRH, Böker T, Banitalebi H, Indrekvam K, Hellum 
C (2021) Decompression with or without fusion in degenerative 
lumbar spondylolisthesis. N Engl J Med 385:526–538. https:// doi. 
org/ 10. 1056/ NEJMo a2100 990

 10. Weinstein JN, Lurie JD, Tosteson TD, Zhao W, Blood EA, Toste-
son AN, Birkmeyer N, Herkowitz H, Longley M, Lenke L, Emery 
S, Hu SS (2009) Surgical compared with nonoperative treatment 
for lumbar degenerative spondylolisthesis. Four-year results in 
the spine patient outcomes research trial (sport) randomized and 
observational cohorts. J Bone Jt Surg Am 91:1295–1304. https:// 
doi. org/ 10. 2106/ jbjs.H. 00913

 11. Schroeder GD, Kepler CK, Kurd MF, Vaccaro AR, Hsu WK, Patel 
AA, Savage JW (2015) Rationale for the surgical treatment of 
lumbar degenerative spondylolisthesis. Spine 40:E1161-1166. 
https:// doi. org/ 10. 1097/ brs. 00000 00000 001116

 12. Lian XF, Hou TS, Xu JG, Zeng BF, Zhao J, Liu XK, Zhao C, Li 
H (2013) Posterior lumbar interbody fusion for aged patients with 
degenerative spondylolisthesis: is intentional surgical reduction 
essential? Spine J 13:1183–1189. https:// doi. org/ 10. 1016/j. spinee. 
2013. 07. 481

 13. Kawakami M, Tamaki T, Ando M, Yamada H, Hashizume H, 
Yoshida M (2002) Lumbar sagittal balance influences the clinical 
outcome after decompression and posterolateral spinal fusion for 
degenerative lumbar spondylolisthesis. Spine 27:59–64. https:// 
doi. org/ 10. 1097/ 00007 632- 20020 1010- 00014

 14. Heo DH, Jang JW, Lee JK, Park CK (2019) Slippage reduction of 
lumbar spondylolisthesis using percutaneous pedicle screw with 
reduction fixation system after interbody fusion: a comparison 
with traditional open fusion and pedicle screw fixation. J Clin 
Neurosci 67:156–162. https:// doi. org/ 10. 1016/j. jocn. 2019. 05. 040

 15. Park B, Noh SH, Park JY (2019) Reduction and monosegmental 
fusion for lumbar spondylolisthesis with a long tab percutane-
ous pedicle screw system: “swing” technique. Neurosurg Focus 
46:E11. https:// doi. org/ 10. 3171/ 2019.2. Focus 18724

 16. Scheer JK, Auffinger B, Wong RH, Lam SK, Lawton CD, Nixon 
AT, Dahdaleh NS, Smith ZA, Fessler RG (2015) Minimally inva-
sive transforaminal lumbar interbody fusion (TLIF) for spon-
dylolisthesis in 282 patients: in situ arthrodesis versus reduction. 
World Neurosurg 84:108–113. https:// doi. org/ 10. 1016/j. wneu. 
2015. 02. 037

 17. Martiniani M, Lamartina C, Specchia N (2012) “In situ” fusion 
or reduction in high-grade high dysplastic developmental spon-
dylolisthesis (HDSS). Eur Spine J 21(Suppl 1):S134-140. https:// 
doi. org/ 10. 1007/ s00586- 012- 2230-2

 18. Petraco DM, Spivak JM, Cappadona JG, Kummer FJ, Neuwirth 
MG (1996) An anatomic evaluation of L5 nerve stretch in spon-
dylolisthesis reduction. Spine 21:1133–1138. https:// doi. org/ 10. 
1097/ 00007 632- 19960 5150- 00002

 19. Floman Y, Millgram MA, Ashkenazi E, Smorgick Y, Rand N 
(2008) Instrumented slip reduction and fusion for painful unstable 
isthmic spondylolisthesis in adults. J Spinal Disord Tech 21:477–
483. https:// doi. org/ 10. 1097/ BSD. 0b013 e3181 5b1abf

 20. Wegmann K, Gundermann S, Siewe J, Eysel P, Delank KS, 
Sobottke R (2013) Correlation of reduction and clinical out-
come in patients with degenerative spondylolisthesis. Arch 
Orthop Trauma Surg 133:1639–1644. https:// doi. org/ 10. 1007/ 
s00402- 013- 1857-8

 21. Oikonomidis S, Meyer C, Scheyerer MJ, Grevenstein D, Eysel P, 
Bredow J (2020) Lumbar spinal fusion of low-grade degenerative 
spondylolisthesis (Meyerding grade I and II): do reduction and 
correction of the radiological sagittal parameters correlate with 
better clinical outcome? Arch Orthop Trauma Surg 140:1155–
1162. https:// doi. org/ 10. 1007/ s00402- 019- 03282-9

 22. Tay KS, Bassi A, Yeo W, Yue WM (2016) Intraoperative reduc-
tion does not result in better outcomes in low-grade lumbar spon-
dylolisthesis with neurogenic symptoms after minimally invasive 
transforaminal lumbar interbody fusion-a 5-year follow-up study. 
Spine J 16:182–190. https:// doi. org/ 10. 1016/j. spinee. 2015. 10. 026

 23. Hagenmaier HS, Delawi D, Verschoor N, Oner F, van Susante JL 
(2013) No correlation between slip reduction in low-grade spon-
dylolisthesis or change in neuroforaminal morphology and clinical 
outcome. BMC Musculoskelet Disord 14:245. https:// doi. org/ 10. 
1186/ 1471- 2474- 14- 245

 24. Badhiwala JH, Karmur BS, Hachem LD, Wilson JRF, Jiang F, Jaja 
B, Nouri A, Witiw CD, Nassiri F, Fehlings MG, Wilson JR (2020) 
The effect of older age on the perioperative outcomes of spinal 
fusion surgery in patients with lumbar degenerative disc disease 
with spondylolisthesis: a propensity score-matched analysis. Neu-
rosurgery 87:672–678. https:// doi. org/ 10. 1093/ neuros/ nyz444

 25. Karsy M, Chan AK, Mummaneni PV, Virk MS, Bydon M, 
Glassman SD, Foley KT, Potts EA, Shaffrey CI, Shaffrey ME, 
Coric D, Asher AL, Knightly JJ, Park P, Fu KM, Slotkin JR, 
Haid RW, Wang M, Bisson EF (2020) Outcomes and complica-
tions with age in spondylolisthesis: an evaluation of the elderly 
from the quality outcomes database. Spine 45:1000–1008. 
https:// doi. org/ 10. 1097/ brs. 00000 00000 003441

https://doi.org/10.1016/j.jot.2016.11.001
https://doi.org/10.1177/2192568218770769
https://doi.org/10.1016/s0140-6736(18)30480-x
https://doi.org/10.1016/s0140-6736(18)30480-x
https://doi.org/10.1016/j.nec.2019.02.003
https://doi.org/10.1016/j.nec.2019.02.009
https://doi.org/10.1016/j.nec.2019.02.009
https://doi.org/10.1007/s00586-007-0543-3
https://doi.org/10.1056/NEJMoa1508788
https://doi.org/10.1056/NEJMoa1508788
https://doi.org/10.1056/NEJMoa2100990
https://doi.org/10.1056/NEJMoa2100990
https://doi.org/10.2106/jbjs.H.00913
https://doi.org/10.2106/jbjs.H.00913
https://doi.org/10.1097/brs.0000000000001116
https://doi.org/10.1016/j.spinee.2013.07.481
https://doi.org/10.1016/j.spinee.2013.07.481
https://doi.org/10.1097/00007632-200201010-00014
https://doi.org/10.1097/00007632-200201010-00014
https://doi.org/10.1016/j.jocn.2019.05.040
https://doi.org/10.3171/2019.2.Focus18724
https://doi.org/10.1016/j.wneu.2015.02.037
https://doi.org/10.1016/j.wneu.2015.02.037
https://doi.org/10.1007/s00586-012-2230-2
https://doi.org/10.1007/s00586-012-2230-2
https://doi.org/10.1097/00007632-199605150-00002
https://doi.org/10.1097/00007632-199605150-00002
https://doi.org/10.1097/BSD.0b013e31815b1abf
https://doi.org/10.1007/s00402-013-1857-8
https://doi.org/10.1007/s00402-013-1857-8
https://doi.org/10.1007/s00402-019-03282-9
https://doi.org/10.1016/j.spinee.2015.10.026
https://doi.org/10.1186/1471-2474-14-245
https://doi.org/10.1186/1471-2474-14-245
https://doi.org/10.1093/neuros/nyz444
https://doi.org/10.1097/brs.0000000000003441


European Spine Journal 

1 3

 26. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, 
Chou R, Glanville J, Grimshaw JM, Hróbjartsson A, Lalu MM, 
Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness 
LA, Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P, 
McKenzie JE (2021) PRISMA 2020 explanation and elabora-
tion: updated guidance and exemplars for reporting systematic 
reviews. BMJ 372:n160. https:// doi. org/ 10. 1136/ bmj. n160

 27. Booth A, Clarke M, Ghersi D, Moher D, Petticrew M, Stewart L 
(2011) An international registry of systematic-review protocols. 
Lancet 377:108–109. https:// doi. org/ 10. 1016/ s0140- 6736(10) 
60903-8

 28. Brown P, Brunnhuber K, Chalkidou K, Chalmers I, Clarke M, 
Fenton M, Forbes C, Glanville J, Hicks NJ, Moody J, Twaddle S, 
Timimi H, Young P (2006) How to formulate research recommen-
dations. BMJ 333:804–806. https:// doi. org/ 10. 1136/ bmj. 38987. 
492014. 94

 29. Wan X, Wang W, Liu J, Tong T (2014) Estimating the sample 
mean and standard deviation from the sample size, median, range 
and/or interquartile range. BMC Med Res Methodol 14:135. 
https:// doi. org/ 10. 1186/ 1471- 2288- 14- 135

 30. Higgins JPTSJ, Page MJ, Elbers RG, Sterne JAC (2022) Assessing 
risk of bias in a randomized trial. In: Higgins JPTTJ, Chandler 
J, Cumpston M, Li T, Page MJ, Welch VA (eds) Cochrane hand-
book for systematic reviews of interventions version 63. Wiley, 
Hoboken

 31. Stang A (2010) Critical evaluation of the newcastle-ottawa scale 
for the assessment of the quality of nonrandomized studies in 
meta-analyses. Eur J Epidemiol 25:603–605. https:// doi. org/ 10. 
1007/ s10654- 010- 9491-z

 32. Iyengar S, Greenhouse J (2009) Sensitivity analysis and diagnos-
tics. Handbook of research synthesis and meta-analysis. Russell 
Sage Foundation, New York, pp 417–433

 33. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in 
meta-analysis detected by a simple, graphical test. BMJ 315:629–
634. https:// doi. org/ 10. 1136/ bmj. 315. 7109. 629

 34. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, 
Guyatt GH, Harbour RT, Haugh MC, Henry D, Hill S, Jaeschke 
R, Leng G, Liberati A, Magrini N, Mason J, Middleton P, Mru-
kowicz J, O’Connell D, Oxman AD, Phillips B, Schünemann HJ, 
Edejer T, Varonen H, Vist GE, Williams JW Jr, Zaza S (2004) 
Grading quality of evidence and strength of recommendations. 
BMJ 328:1490. https:// doi. org/ 10. 1136/ bmj. 328. 7454. 1490

 35. Fan G, Zhang H, Guan X, Gu G, Wu X, Hu A, Gu X, He S (2016) 
Patient-reported and radiographic outcomes of minimally invasive 
transforaminal lumbar interbody fusion for degenerative spon-
dylolisthesis with or without reduction: a comparative study. J 
Clin Neurosci 33:111–118. https:// doi. org/ 10. 1016/j. jocn. 2016. 
02. 037

 36. Chan AK, Mummaneni PV, Burke JF, Mayer RR, Bisson EF, 
Rivera J, Pennicooke B, Fu KM, Park P, Bydon M, Glassman SD, 
Foley KT, Shaffrey CI, Potts EA, Shaffrey ME, Coric D, Knightly 
JJ, Wang MY, Slotkin JR, Asher AL, Virk MS, Kerezoudis P, Alvi 
MA, Guan J, Haid RW, Chou D (2021) Does reduction of the 
meyerding grade correlate with outcomes in patients undergoing 
decompression and fusion for grade I degenerative lumbar spon-
dylolisthesis? J Neurosurg Spine 1:1–8

 37. He R, Tang GL, Chen K, Luo ZL, Shang X (2020) Fusion in situ 
versus reduction for spondylolisthesis treatment: grading the evi-
dence through a meta-analysis. Biosci Rep. https:// doi. org/ 10. 
1042/ BSR20 192888

 38. Bai X, Chen J, Liu L, Li X, Wu Y, Wang D, Ruan D (2017) 
Is reduction better than arthrodesis in situ in surgical manage-
ment of low-grade spondylolisthesis? A system review and 
meta analysis. Eur Spine J 26:606–618. https:// doi. org/ 10. 1007/ 
s00586- 016- 4810-z

 39. Zhan X, Xi X, Li F, Xiang Q, Qian J, Yu H, He L, Yu Y, Cheng 
L (2021) Is reduction or arthrodesis in situ the optimal choice 
for adolescent spondylolisthesis?—a systematic review and 
meta-analysis. Ann Palliat Med 10:8523–8535. https:// doi. org/ 
10. 21037/ apm- 21- 569

 40. Longo UG, Loppini M, Romeo G, Maffulli N, Denaro V (2014) 
Evidence-based surgical management of spondylolisthesis: reduc-
tion or arthrodesis in situ. J Bone Jt Surg Am 96:53–58. https:// 
doi. org/ 10. 2106/ jbjs.L. 01012

 41. Chang HS, Fujisawa N, Tsuchiya T, Oya S, Matsui T (2014) 
Degenerative spondylolisthesis does not affect the outcome of 
unilateral laminotomy with bilateral decompression in patients 
with lumbar stenosis. Spine 39:400–408. https:// doi. org/ 10. 1097/ 
brs. 00000 00000 000161

 42. Sugiura T, Okuda S, Matsumoto T, Maeno T, Yamashita T, Haku 
T, Iwasaki M (2018) Surgical outcomes and limitations of decom-
pression surgery for degenerative spondylolisthesis. Glob Spine J 
8:733–738. https:// doi. org/ 10. 1177/ 21925 68218 770793

 43. Kong C, Wang W, Li X, Sun X, Ding J, Lu S (2020) A new lever 
reduction technique for the surgical treatment of elderly patients 
with lumbar degenerative spondylolisthesis. BMC Musculoskelet 
Disord 21:11. https:// doi. org/ 10. 1186/ s12891- 019- 3028-8

 44. Rajakumar DV, Hari A, Krishna M, Sharma A, Reddy M (2017) 
Complete anatomic reduction and monosegmental fusion for lum-
bar spondylolisthesis of Grade II and higher: use of the minimally 
invasive “rocking” technique. Neurosurg Focus 43:E12. https:// 
doi. org/ 10. 3171/ 2017.5. Focus 17199

 45. Liu ZD, Li XF, Qian L, Wu LM, Lao LF, Wang HT (2015) Lever 
reduction using polyaxial screw and rod fixation system for the 
treatment of degenerative lumbar spondylolisthesis with spinal 
stenosis: technique and clinical outcome. J Orthop Surg Res 
10:29. https:// doi. org/ 10. 1186/ s13018- 015- 0168-x

 46. Andersen T, Christensen FB, Langdahl BL, Ernst C, Fruensgaard 
S, Østergaard J, Andersen JL, Rasmussen S, Niedermann B, Høy 
K, Helmig P, Holm R, Egund N, Bünger C (2013) Degenera-
tive spondylolisthesis is associated with low spinal bone density: 
a comparative study between spinal stenosis and degenerative 
spondylolisthesis. Biomed Res Int 2013:123847. https:// doi. org/ 
10. 1155/ 2013/ 123847

 47. Okuyama K, Abe E, Suzuki T, Tamura Y, Chiba M, Sato K (2001) 
Influence of bone mineral density on pedicle screw fixation: a 
study of pedicle screw fixation augmenting posterior lumbar inter-
body fusion in elderly patients. Spine J 1:402–407. https:// doi. org/ 
10. 1016/ s1529- 9430(01) 00078-x

 48. Marshall D, Johnell O, Wedel H (1996) Meta-analysis of how well 
measures of bone mineral density predict occurrence of osteo-
porotic fractures. BMJ 312:1254–1259. https:// doi. org/ 10. 1136/ 
bmj. 312. 7041. 1254

 49. Edwards MH, Dennison EM, Aihie Sayer A, Fielding R, Cooper 
C (2015) Osteoporosis and sarcopenia in older age. Bone 80:126–
130. https:// doi. org/ 10. 1016/j. bone. 2015. 04. 016

 50. Lehman RA Jr, Kang DG, Wagner SC (2015) Management of 
osteoporosis in spine surgery. J Am Acad Orthop Surg 23:253–
263. https:// doi. org/ 10. 5435/ jaaos-d- 14- 00042

 51. Kuhta M, Bošnjak K, Vengust R (2019) Failure to maintain 
segmental lordosis during TLIF for one-level degenerative 
spondylolisthesis negatively affects clinical outcome 5 years 
postoperatively: a prospective cohort of 57 patients. Eur Spine J 
28:745–750. https:// doi. org/ 10. 1007/ s00586- 019- 05890-w

 52. Takahashi Y, Okuda S, Nagamoto Y, Matsumoto T, Sugiura T, 
Iwasaki M (2019) Effect of segmental lordosis on the clinical 
outcomes of 2 level posterior lumbar interbody fusion for 2 level 
degenerative lumbar spondylolisthesis. J Neurosurg Spine. https:// 
doi. org/ 10. 3171/ 2019.4. Spine 181463

 53. Senteler M, Weisse B, Snedeker JG, Rothenfluh DA (2014) 
Pelvic incidence-lumbar lordosis mismatch results in increased 

https://doi.org/10.1136/bmj.n160
https://doi.org/10.1016/s0140-6736(10)60903-8
https://doi.org/10.1016/s0140-6736(10)60903-8
https://doi.org/10.1136/bmj.38987.492014.94
https://doi.org/10.1136/bmj.38987.492014.94
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1016/j.jocn.2016.02.037
https://doi.org/10.1016/j.jocn.2016.02.037
https://doi.org/10.1042/BSR20192888
https://doi.org/10.1042/BSR20192888
https://doi.org/10.1007/s00586-016-4810-z
https://doi.org/10.1007/s00586-016-4810-z
https://doi.org/10.21037/apm-21-569
https://doi.org/10.21037/apm-21-569
https://doi.org/10.2106/jbjs.L.01012
https://doi.org/10.2106/jbjs.L.01012
https://doi.org/10.1097/brs.0000000000000161
https://doi.org/10.1097/brs.0000000000000161
https://doi.org/10.1177/2192568218770793
https://doi.org/10.1186/s12891-019-3028-8
https://doi.org/10.3171/2017.5.Focus17199
https://doi.org/10.3171/2017.5.Focus17199
https://doi.org/10.1186/s13018-015-0168-x
https://doi.org/10.1155/2013/123847
https://doi.org/10.1155/2013/123847
https://doi.org/10.1016/s1529-9430(01)00078-x
https://doi.org/10.1016/s1529-9430(01)00078-x
https://doi.org/10.1136/bmj.312.7041.1254
https://doi.org/10.1136/bmj.312.7041.1254
https://doi.org/10.1016/j.bone.2015.04.016
https://doi.org/10.5435/jaaos-d-14-00042
https://doi.org/10.1007/s00586-019-05890-w
https://doi.org/10.3171/2019.4.Spine181463
https://doi.org/10.3171/2019.4.Spine181463


 European Spine Journal

1 3

segmental joint loads in the unfused and fused lumbar 
spine. Eur Spine J 23:1384–1393. https:// doi. org/ 10. 1007/ 
s00586- 013- 3132-7

 54. Mohanty S, Barchick S, Kadiyala M, Lad M, Rouhi AD, Vadali 
C, Albayar A, Ozturk AK, Khalsa A, Saifi C, Casper DS (2023) 
Should patients with lumbar stenosis and grade I spondylolisthesis 
be treated differently based on spinopelvic alignment? A retro-
spective, two-year, propensity matched, comparison of patient-
reported outcome measures and clinical outcomes from multiple 
sites within a single health system. Spine J 23:92–104. https:// doi. 
org/ 10. 1016/j. spinee. 2022. 08. 020

 55. Duan PG, Mummaneni PV, Berven SH, Mayer R, Ruan HB, 
Chang CC, Chou D (2022) Revision surgery for adjacent segment 
degeneration after fusion for lumbar spondylolisthesis: is there a 
correlation with roussouly type? Spine 47:E10-e15. https:// doi. 
org/ 10. 1097/ brs. 00000 00000 003708

 56. Hsieh MK, Kao FC, Chen WJ, Chen IJ, Wang SF (2018) The 
influence of spinopelvic parameters on adjacent-segment degen-
eration after short spinal fusion for degenerative spondylolisthesis. 
J Neurosurg Spine 29:407–413. https:// doi. org/ 10. 3171/ 2018.2. 
Spine 171160

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Dongfan Wang1,2  · Wei Wang1,2 · Di Han1,2 · Sathish Muthu3,4,5 · Juan P. Cabrera6,7 · Waeel Hamouda8,9 · 
Luca Ambrosio10,11 · Jason P. Y. Cheung12 · Hai V. Le13 · Gianluca Vadalà10,11 · Zorica Buser14 · Jeffrey C. Wang15 · 
Samuel Cho16 · S. Tim Yoon17 · Shibao Lu1,2,19  · Xiaolong Chen1,2,19 · Ashish D. Diwan18,20 on behalf of AO Spine 
Knowledge Forum Degenerative

 * Shibao Lu 
 spinelu@163.com

 * Xiaolong Chen 
 chensmalldragon@163.com

 * Ashish D. Diwan 
 a.diwan@spine-service.org

 Dongfan Wang 
 wdfdoctor@126.com

 Sathish Muthu 
 drsathishmuthu@gmail.com

1 Department of Orthopedics, Xuanwu Hospital, Capital 
Medical University, No.45 Changchun Street, Xicheng 
District, Beijing, China

2 National Center for Clinical Research on Geriatric Diseases, 
No.45 Changchun Street, Xicheng District, Beijing, China

3 Orthopaedic Research Group, Coimbatore, Tamil Nadu, India
4 Department of Orthopaedics, Government Medical College, 

Karur, Tamil Nadu, India
5 Department of Biotechnology, Faculty of Engineering, 

Karpagam Academy of Higher Education, 
Coimbatore,  Tamil Nadu, India

6 Department of Neurosurgery, Hospital Clínico Regional de 
Concepción, Concepción, Chile

7 Faculty of Medicine, University of Concepción, Concepción, 
Chile

8 Department of Neurosurgery, Kasr Alainy Faculty 
of Medicine, Research and Teaching Hospitals, Cairo 
University, Cairo, Egypt

9 Neurological & Spinal Surgery Service, Security Forces 
Hospital, Dammam, Saudi Arabia

10 Operative Research Unit of Orthopaedic and Trauma 
Surgery, Fondazione Policlinico Universitario Campus 
Bio-Medico, Rome, Italy

11 Research Unit of Orthopaedic and Trauma Surgery, 
Department of Medicine and Surgery, Università Campus 
Bio-Medico di Roma, Rome, Italy

12 Department of Orthopaedics and Traumatology, The 
University of Hong Kong, Hong Kong SAR, China

13 Department of Orthopaedic Surgery, University of California, 
Davis, CA, USA

14 Department of Orthopedic Surgery, NYU Grossman School 
of Medicine, New York, NY, USA

15 Department of Orthopaedic Surgery and Neurological 
Surgery, Keck School of Medicine, University of Southern 
California, Los Angeles, CA, USA

16 Department of Orthopedic Surgery, Icahn School 
of Medicine at Mount Sinai, New York, NY, USA

17 Department of Orthopaedics, Emory University, Atlanta, GA, 
USA

19 Xuanwu Hospital of Capital Medical University, No.45 
Changchun Street, Beijing 100053, China

18 Spine Service, Department of Orthopaedic Surgery, 
St. George Hospital Campus, Sydney, NSW, Australia

20 St. George & Sutherland Clinical School, University of New 
South Wales, Level 3, WR Pitney Building, Kogarah, 
Sydney, NSW 2217, Australia

https://doi.org/10.1007/s00586-013-3132-7
https://doi.org/10.1007/s00586-013-3132-7
https://doi.org/10.1016/j.spinee.2022.08.020
https://doi.org/10.1016/j.spinee.2022.08.020
https://doi.org/10.1097/brs.0000000000003708
https://doi.org/10.1097/brs.0000000000003708
https://doi.org/10.3171/2018.2.Spine171160
https://doi.org/10.3171/2018.2.Spine171160
http://orcid.org/0000-0003-2869-3809
http://orcid.org/0000-0002-6508-4458

	Clinical effectiveness of reduction and fusion versus in situ fusion in the management of degenerative lumbar spondylolisthesis: a systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy
	Study selection
	Data extraction
	Risk of bias
	Statistical analysis
	Quality of evidence

	Results
	Study selection
	Characteristics of the included studies
	Risk of bias
	Clinical outcomes
	Back pain
	Leg pain
	ODI
	JOA score
	EBL
	Operating time
	Complication rate
	Fusion rate
	Reoperation rate

	Subgroup analysis
	Sensitivity analysis
	Publication bias
	Grading the evidence

	Discussion
	Implications for clinical practice
	Directions for future research

	Conclusion
	Anchor 37
	Acknowledgements 
	References


