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Abstract 

Background Dynesys stabilization (DS) is utilized to preserve mobility at the instrumental segments and prevent 
adjacent segment pathology in clinical practice. However, the advantages of DS method in medium and long‑term 
follow‑up remain controversial.

Objective To compare the radiographic and clinical outcomes between DS and instrumented fusion in the treat‑
ment of degenerative lumbar spine disease with or without grade I spondylolisthesis with a minimum follow‑up 
period of 2 years.

Methods We conducted a comprehensive search of PubMed, EMBASE, Cochrane, and Web of Science databases, 
Chinese National Knowledge Databases, and Wanfang Database for potentially eligible articles. Clinical outcomes 
were assessed in terms of VAS and ODI scores, screw loosening and breakage, and surgical revision. Radiographic 
outcomes were assessed in terms of postoperative range of movement (ROM) and disc heigh. Moreover, adjacent 
segment degeneration (ASDeg) and adjacent segment disease (ASDis) were evaluated.

Results Seventeen studies with 1296 patients were included in the meta‑analysis. The DS group was associated 
with significantly lower postoperative VAS scores for low‑back and leg pain, and lower rate of surgical revision than 
the fusion group. Moreover, the Dynesys group showed significantly less ASDeg than the fusion group but showed 
no significant advantage over the fusion group in terms of preventing ASDis. Additionally, the ROM at the stabilized 
segments of the fusion group decreased significantly and that at the adjacent segments increased significantly com‑
pared with those of the DS group.

Conclusion DS showed comparable clinical outcomes and provided benefits in preserving the motion at the stabi‑
lized segments, thus limiting the hypermobility at the adjacent segments and preventing ASDeg compared with the 
fusion method in degenerative disease with or without grade I spondylolisthesis.

Keywords Dynamic stabilization, Dynesys, Fusion, Lumbar, Pedicle screw

†Lu‑Ping Zhou and Ren‑Jie Zhang contributed equally to the work and should 
be regarded as co‑first authors.

*Correspondence:
Cai‑Liang Shen
shencailiang@ahmu.edu.cn
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12893-023-01943-6&domain=pdf


Page 2 of 12Zhou et al. BMC Surgery           (2023) 23:46 

Introduction
Lumbar fusion has been considered as the gold 
standard for the treatment of lumbar degenerative 
pathologies over the last decades [1, 2]. However, 
instrumented fusion causes a series of complications, 
including instrumentation failure, pseudoarthrosis, 
and pain in donors [3–5]. Moreover, the preservation 
of lumbar motion is less considered in fusion instru-
ment, thus limiting the motility of stabilized segments 
and the increased load on adjacent segments, which 
may increase the risk of adjacent segment degenera-
tion (ASDeg), adjacent segment disease (ASDis), and 
severe post-operative functional disabilities [6–8].

In recent years, non-fusion systems have been 
applied clinically to prevent the incidence of adjacent 
segment pathology (ASP, including ASDeg and ASDis) 
after lumbar surgeries [9–11]. The Dynesys posterior 
dynamic stabilization system (Zimmer Inc., Warsaw, 
IN, USA), which was first introduced in 1994, is a 
commonly used dynamic stabilization device [12]. This 
system consists of pedicle screws (Ti alloy), polyethyl-
ene–terephtalate (PET) cords, and polycarbonate–ure-
thane (PCU) spacers for the stabilization of stabilized 
segments, restoration of normal segmental kinematics, 
and preservation of adjacent motion, and these parts 
aim to prevent the instability and decrease ASP inci-
dence [5, 13, 14]. The Dynesys system (DS) has shown 
significant improvement in terms of visual analog scale 
(VAS) pain scores, Oswestry disability index (ODI) 
scores, trauma severity, and recovery time compared 
with the fusion method [4, 15–18]. Moreover, the 
range of movement (ROM) at adjacent segments and 
along with the load across the intervertebral and adja-
cent discs has been reduced [4, 7, 13, 15, 19].

However, inconsistent results have been obtained in 
the advantages of DS over fusion method in terms of 
clinical outcomes, including the relief in post-oper-
ative pain status (VAS scores) and functional status 
restoration (ODI scores) [3, 5–7, 20–23]. Whether DS 
can retain ROM at surgical segment and reduce ASP 
in long-term follow-up remains controversial [5, 6, 23]. 
Furthermore, previous studies have mainly focused on 
short-term clinical efficiency, and limited reports have 
focused on medium and long-term outcomes with 
conflicting findings, especially trials involving fusion 
method as control [7, 15, 24–26]. Thus, this meta-
analysis aimed to compare the radiographic and clini-
cal outcomes of dynamic DS and instrumented fusion 
for the treatment of degenerative lumbar spine dis-
eases with a minimum follow-up period of 2 years.

Methods
Search strategy
This meta-analysis was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses guidelines [27]. A systematic search on PubMed, 
EMBASE, Cochrane, Web of Science databases, Chinese 
National Knowledge Databases, and Wanfang Database 
was conducted to identify potentially eligible articles 
from inception up until November 14, 2022 without lan-
guage restriction. The terms “Dynesys” or “dynamic” or 
“semi-rigid” and “fusion” and “lumbar” were used for the 
search. The detailed search strategy is summarized in 
Additional file 1. Two reviewers independently searched 
all the titles and abstracts. The reference lists of relevant 
studies on DS were also reviewed for additional litera-
ture. Full-text articles were obtained when uncertainties 
were encountered. Any disagreement was settled by a 
third reviewer.

Inclusion and exclusion criteria
The inclusion and exclusion of studies for the meta-
analysis were based on the following criteria. (1) For par-
ticipants, the study population consisted of patients who 
satisfied the following criteria: aged 18  years or older; 
mean follow-up period ≥ 2  years; suffering from lumbar 
degenerative diseases, including disc herniation, lumbar 
spinal stenosis, and grade I degenerative spondylolis-
thesis; and having 1–4 fixed segments in the lumbar. 
Studies on patients with grade II or higher spondylolis-
thesis, ankylosis spondylitis, spinal tumor, and severe 
spinal deformity were excluded. (2) The intervention 
in the experimental group was dynamic DS. Studies on 
hybrid dynamic stabilization and other kinds of dynamic 
stabilization, including Coflex, Wallis, and X-stop sys-
tems were excluded. (3) For comparison, the inter-
vention in the control group was instrumented fusion 
methods, including posterior lumbar interbody fusion, 
transforaminal lumbar interbody fusion (TLIF), and 
posterolateral fusion. (4) In terms of outcomes, studies 
were eligible if they satisfied at least one of the follow-
ing outcomes: clinical outcomes at final follow-up (VAS 
and ODI scores, screw loosening and breakage, surgical 
revision), ASP (ASDeg and ASDis), and radiographical 
outcomes (postoperative ROM and disc heigh). ASDeg 
(radiographic ASD) represents radiographic etiologies 
adjacent to the surgically treated spinal level that involves 
loss of disc height, disc degeneration, stenosis, instability, 
or hypertrophic facet arthritis, regardless of the presence 
of symptoms. [8] ASDis (symptomatic ASD) is a clinical 
symptom (manifested as pain, numbness, or the other 
symptoms caused by nerve compression) that is corre-
lated with radiographic changes in adjacent segments. [2, 
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8] The primary outcomes considered were radiographic 
outcomes and ASP. (5) For study design, randomized 
controlled trials (RCTs) or comparative studies were eli-
gible. Case series, case reports, reviews, and conference 
reports were excluded.

Risk of bias assessment
Cochrane risk-of-bias criteria [28] and Newcastle–
Ottawa Scale (NOS) [29] were used to assess the meth-
odological quality of the included RCTs and comparative 
studies. The included randomized controlled trials were 
evaluated based on randomization sequence generation, 
allocation concealment, blinding of participants and 
personnel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other bias. We 
defined other biases as different baseline characteris-
tics in the experimental and control groups. The bias of 
domains was qualified as low risk, high risk, or unclear 
risk. Meanwhile, comparative cohort studies were 
assessed in terms of selection of patients, comparability, 
and outcomes of the case and control groups, with scores 
ranging from 0 to 9. The studies were evaluated as high 
quality (score 8 or 9), moderate quality (score 6 or 7), and 
low quality (score 5 or less).

Data extraction
Two reviewers independently extracted relevant data 
from the qualified studies. Any disagreement was set-
tled by a third reviewer. Leading author, publication year, 
study design, country of origin, study period, age, gender 
distribution, number of treated segments, fusion type, 
and follow-up period were extracted from the included 
studies.

Statistical analysis
Odds ratio (OR) and its 95% confidence interval (CI) 
were calculated for dichotomous data. Mean difference 
(MD) and its 95% CI were calculated for continuous data. 
We used  I2 and chi-squared tests at a significance level 
of P < 0.05 for assessment of statistical heterogeneity. A 
fixed-effects model was utilized if no evidence of hetero-
geneity  (I2 < 50%) was observed among the studies. Oth-
erwise, a random-effects model was used. The sensitivity 
analyses were performed to investigate the source of het-
erogeneity. In addition, publication bias was evaluated by 
Egger tests when the number of included studies was 9 
or more. Except for publication bias assessed by STATA 
version 15.1, statistical analysis was performed with 
Review Manager version 5.3. All tests were two-tailed, 
and P < 0.05 was considered statistically significant.

Results
Study search
The process for literature search is summarized in 
Fig. 1. A total of 3359 potential papers were inspected 
from the electronic searches, and 1171 studies were 
excluded because of duplication. After assessing the 
titles and abstracts, 2127 studies were removed, and 
the 61 remaining articles were downloaded for full-
text verification. Finally, one prospective randomized 
controlled trial [21], five prospective clinical studies [3, 
15–17, 30], and 11 retrospective studies [4, 7, 22, 24–
26, 31–35] were deemed eligible and included in the 
meta-analysis.

Main characteristics of the included studies
Table  1 summarizes the main characteristics of the 
included studies. The baseline information of the 17 
studies was balanced and comparable. Among the 
included studies, 14 studies [3, 4, 7, 15–17, 21, 22, 24, 
30–34] were conducted in China, and one study was 
conducted in France [35], Italy [25], and the UK [26].

Risk of bias in the included studies
The risk of bias for the included studies are shown in 
Additional file  2 and Additional file  3. The only rand-
omized controlled trial [21] was of moderate quality 
and showed adequate randomization and allocation 
concealment. However, the blinding of participants and 
personnel and blinding of outcome assessment were of 
high risk. For the comparative cohort studies assessed 
by NOS, seven studies [3, 7, 15, 17, 24, 25, 31] were of 
sufficiently high quality, and nine studies [4, 16, 22, 26, 
30, 32–35] were of moderate quality.

Meta‑analysis results
Clinical outcomes at final follow‑up
Postoperative VAS scores
Four prospective studies [3, 15, 17, 30] provided data on 
post-operative back pain and leg pain scores between 
Dynesys and fusion groups. The combined results 
indicated that the postoperative VAS scores for low 
back pain (MD = −  0.26, 95% CI of −  0.34 to −  0.17, 
P < 0.001,  I2 = 0%; Fig.  2A) and leg pain (MD = −  0.28, 
95% CI of − 0.44 to − 0.13, P < 0.001,  I2 = 0%; Fig. 2B) 
in the Dynesys group were better than those in the 
fusion group.

Postoperative ODI scores
Four prospective studies [3, 15, 16, 30] provided data 
on post-operative ODI scores. The combined results 
revealed that the Dynesys group was insignificantly dif-
ferent from the fusion group in terms of postoperative 
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ODI scores (MD = 0.66, 95% CI of −  0.75 to 2.06, 
P = 0.36,  I2 = 0%; Fig. 2C).

Screw loosening and breakage
Eleven studies [7, 15, 17, 21, 22, 24, 26, 31–33, 35] and 
five studies [3, 4, 7, 33, 35] provided data on screw loos-
ening and breakage, respectively. The pooled results 
showed that the Dynesys group was insignificantly dif-
ferent from the fusion group in terms of screw loos-
ening (OR = 1.10, 95% CI 0.64–1.87, P = 0.73;  I2 = 0%; 
Fig.  3A) and screw breakage (OR = 0.77, 95% CI 
0.27–2.17, P = 0.62;  I2 = 15%; Fig.  3B). The Egger’s test 
suggested no publication bias of screw loosening (coef-
ficient = − 0.20, SE = 0.62, P = 0.756).

Surgical revision
Seven studies [3, 15, 21, 24, 26, 32, 33] provided sur-
gical revision data. The pooled results indicated 
that the Dynesys group was associated with signifi-
cantly lower rate of surgical revision than the fusion 
group (OR = 0.38, 95% CI 0.16–0.90, P = 0.03;  I2 = 0%; 
Fig. 3C).

ASP (adjacent segment pathology)
ASDeg (radiographic ASD)
Eight studies [15, 22, 24, 25, 32–35] provided ASDeg 
data. The pooled results indicated that the Dynesys group 
showed less ASDeg than the fusion group (OR = 0.24, 
95% CI 0.15–0.39, P < 0.001;  I2 = 0%; Fig. 4A).

Fig. 1 Flow diagram of the study selection
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ASDis (symptomatic ASD)
Four studies [17, 24, 33, 35] provided ASDis data. The 
pooled results showed that the Dynesys group was insig-
nificantly different from the fusion group in terms of 
ASDis (OR = 0.39, 95% CI 0.11–1.40, P = 0.15;  I2 = 0%; 
Fig. 4B).

Radiographic outcomes
Postoperative ROM
Five studies [3, 17, 22, 31, 35] provided data on post-
operative ROM at stabilized segments. The pooled data 
indicated that the ROM at the stabilized segment in 
the fusion group decreased significantly than that in 
the Dynesys group (MD = 3.87, 95% CI of 2.50 to 5.24, 
P < 0.001,  I2 = 98%; Fig. 5A). Sensitivity analysis was per-
formed by sequential removal of the included trials due 
to the remarkable heterogeneity  (I2 = 98%). The results 
showed the same conclusion (MD = 3.15, 95% CI of 2.86 
to 3.43, P < 0.001,  I2 = 0%) as before.

Seven studies [4, 7, 15, 17, 24, 32, 33] provided data on 
post-operative ROM at proximal adjacent segment. The 
combined results indicated that the ROM in the fusion 
group increased significantly than that in the Dynesys 
group (MD = −  2.08, 95% CI of −  2.99 to −  1.17, 

P < 0.001,  I2 = 95%; Fig. 5B). Sensitivity analysis was per-
formed because of remarkable heterogeneity  (I2 = 95%). 
The obtained result (MD = −  2.64, 95% CI of −  3.15 to 
− 2.12, P < 0.001,  I2 = 0%) was consistent with the above 
outcomes after removing the studies of Yang et  al. [17] 
and Wang et al. [4] that caused heterogeneity.

Three studies [3, 31, 35] provided data on the post-
operative ROM of L1–S1 lumbar lordosis (LL) angle. The 
combined results indicated that the ROM in the fusion 
group decreased significantly than that in the Dynesys 
group (MD = 8.12, 95% CI of 0.42–15.81, P = 0.040, 
 I2 = 99%; Fig. 5C). After the sensitivity analysis, the final 
result (MD = 2.08, 95% CI of 1.33–2.83, P < 0.001,  I2 = 0%) 
confirmed the above outcome.

Postoperative disc height
Five studies [7, 15, 17, 24, 33] reported the disc height 
at the surgical segment, and four studies [7, 15, 24, 33] 
reported the disc height at the proximal adjacent seg-
ment. The pooled results showed that the Dynesys 
group was insignificantly different from the fusion 
group in terms of the disc height at the surgical seg-
ment (MD = − 0.53, 95% CI of − 1.30 to 0.23, P = 0.170, 
 I2 = 83%; Additional file 4: Fig. S1A) and the disc height 
at the proximal adjacent segment (MD = − 0.23, 95% CI 

Fig. 2 Forest plots of Dynesys stabilization versus instrumented fusion: (A) postoperative back VAS scores; (B) postoperative leg VAS scores; (C) 
postoperative ODI scores
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of − 0.66 to 0.20, P = 0.300,  I2 = 0%; Additional file 4: Fig. 
S1B).

Discussion
Spine fusion is a primary therapy for spinal degenerative 
diseases, but this method is associated with several com-
plications, especially the acceleration of ASP [1, 5, 13]. In 
response to the complications caused by fusion, dynamic 
stabilization techniques have been developed, including 
DS, which is a widely used non-fusion technique with the 
advantage of ASP prevention [3].

Many studies have confirmed the safety and clinical 
equivalence of DS to fusion method. [4, 21, 24, 36] DS 
relieves clinical symptoms and improves the functional 
status and fusion instruments with durations of follow-
up ranging from 28.78  months to 70.14  months [7, 15, 
16, 20, 26]. Furthermore, Bredin et  al. [35] performed 
a study with a follow-up of 93.6  months and concluded 
that the DS group showed substantial improvements in 
VAS and ODI scores compared with the fusion method. 
The fusion method is likely to be chosen in the retrospec-
tive cases, in which a more severe disease state is pre-
sent. Additionally, patients with far lateral discs or other 

Fig. 3 Forest plots of Dynesys stabilization versus instrumented fusion: (A) screw loosening; (B) screw breakage; (C) surgical revision
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Fig. 4 Forest plots of Dynesys stabilization versus instrumented fusion: (A) ASDeg; (B) ASDis

Fig. 5 Forest plots of Dynesys stabilization versus instrumented fusion: (A) ROM at stabilized segments; (B) ROM at proximal adjacent segment; (C) 
ROM of L1–S1 lumbar lordosis angle
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pathology that required facetectomy and TLIF were not 
considered as candidates for DS because of the possibility 
of introducing confounding variables. Therefore, only the 
prospective studies that report the VAS and ODI scores 
were included for analyses, because these studies may 
effectively control the severity of diseases in this meta-
analysis. In conclusion, DS remarkably improved the 
VAS scores for back and leg pain. No significant differ-
ence was observed in post-operative ODI scores between 
the two groups. The results may be explained as follows. 
Although the decompression of nerve roots was con-
ducted in DS and fusion methods, the risk of nerve root 
injuries increased, because the latter not only dissects 
the bone and soft tissue but also requires the prepara-
tion of endplates and insertion of interbody devices or 
bone grafting, leading to back and leg pain after surgery. 
Additional surgical instrument and enlargement of sur-
gical trauma in fusion method may increase the surgical 
time, blood loss, and in-hospital complications. Further-
more, the occurrence of non-fusion with fusion method 
would aggravate clinical symptoms in the later recov-
ery process. Moreover, the Dynesys group did not differ 
from the fusion group in terms of screw loosening and 
breakage. These results can be attributed to the simplified 
operation of DS and the preservation of lumbar mobil-
ity. Hence, DS showed equivalent, or even better clinical 
measurements, compared with conventional fusion. The 
safety of DS has complied with the basic requirements for 
widespread clinical application in cases meeting indica-
tions, such as disc herniation, lumbar spinal stenosis, and 
grade I degenerative spondylolisthesis in lumbar.

DS is mainly used to minimize ASP. [6, 37] Hashimoto 
et al. [8] reported that the fusion of stabilized segments 
may increase the biomechanical stress on the adjacent 
levels, leading to ASDeg and ASDis. DS preserves the 
ROM at the stabilized segments and prevents hypermo-
bility at the adjacent segments in the medium or long-
term follow-up [4, 7, 15, 20, 21, 24, 36]. By contrast, Yang 
et al. [17] found that DS does not maintain the ROM at 
the adjacent segments compared with fusion method 
after a minimum follow-up of 24 months. Furthermore, 
Schaeren et  al. [38] found no measurable motion at the 
stabilized segments after DS but reported signs of degen-
eration at adjacent segments in 47% patients after 4 years, 
thus supporting our findings from the use of fusion 
instrument. In the current meta-analysis, in the fusion 
group, the ROM at stabilized segments and the ROM of 
LL decreased remarkably, but the ROM at adjacent seg-
ments increased remarkably compared with those in the 
DS group. This result was obtained, possible because 
the DS pedicle screws are connected to the PET cords, 
thereby providing tension to limit excessive flexion and 
PCU spacers resisting compressive force to limit over 

extension; this phenomenon leads to reduced vertebral 
abnormal activity and preserved motion at the instru-
mental segments and hypermobility at the adjacent seg-
ments in the medium and long-term duration [39].

Another early radiographic manifestation of ASP 
in clinical practice is the narrowness and loss of the 
intervertebral space, and its height is commonly con-
sidered as an indicator to evaluate the degree of ASP [3, 
15]. In the current meta-analysis, the Dynesys and fusion 
group did not differ in terms of disc heigh both at sta-
bilized and adjacent segments. The results can be attrib-
uted to the natural degenerative progression of the disc 
at the stabilized and adjacent segments despite DS, and 
this phenomenon is not associated with the stabilization 
method [40, 41]. Thus, DS showed no advantage over 
fusion method in terms of prevention of disc degenera-
tion after surgery.

Whether DS can delay the occurrence of ASP has not 
been confirmed. In the study of Bredin et al. [35], a mean 
follow-up of 5.5  years was obtained, and significantly 
less ASDeg was observed in the DS group than in the 
fusion group (12.1% versus 36%); Zhang et  al. [24] con-
firmed the conclusion in their study with mean follow-up 
of 55.2  months. DS may not prevent ASDeg, with high 
rates ranging from 16 to 47% [37, 38, 42]. In the current 
meta-analysis, the Dynesys group showed a lower rate 
of ASDeg than the fusion group. Although DS showed 
no superiority in terms of preventing disc degeneration 
compared with fusion method, the former performed 
well in terms of sparing abnormal biomechanical load at 
the stabilized and adjacent segments, consequently pre-
serving the physiological motion after stabilization; this 
finding may explain why DS can prevent ASDeg [10, 43]. 
Furthermore, the PET cords and PCU spacers were used 
to restrict flexion and extension. With increasing cord 
pretension, the flexion ROM at stabilized and adjacent 
levels increased, but the extension ROM decreased [44]. 
The realistic stiffness of DS varies with cord pretension 
and spacer length, which are decided based on surgeons’ 
personal experience; this phenomenon might partly 
explain the conflicting results in previously published 
works [7, 45, 46].

The prevention of ASDis is crucial because of the 
potential risk of revision surgery and adverse effect on 
health care outcomes and cost. Our meta-analysis dem-
onstrated that the Dynesys group showed less ASDis 
than the fusion group, whereas the difference was not 
significant. The result revealed that DS can prevent 
ASDeg instead of ASDis compared with the fusion 
method. The occurrence of ASDis is relatively lower than 
that of ASDeg, because ASDeg does not always cause 
clinical symptoms. Furthermore, the lack of remarkable 
difference in disabilities (ODI) post-operatively between 
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the two methods indicate the similar incidence of ASDis 
after surgery.

Screw loosening is a common complication of DS. The 
current study also showed that the Dynesys group did not 
differ from the fusion group in terms of screw loosening 
and screw breakage. Ko et  al. [47] included 71 patients 
and found that the screw loosening had no adverse effect 
on the improvement of VAS and ODI scores after the 
surgery. Hu et  al. [48] investigated the mid- and long-
term outcomes of hybrid surgery that combined Dynesys 
fusion and non-fusion stabilization in the treatment 
of degenerative lumbar diseases. The results show that 
screw loosening mainly occurred at the end of the fixed 
segment, and old age was a risk factor for screw loosen-
ing. Screw loosening is usually asymptomatic and can 
be observed regularly. If the symptoms related to screw 
loosening or screw breakage occur, and the conserva-
tive treatment fails, revision surgery is required. Based 
on Chinese expert consensus on the treatment of lumbar 
degenerative disease by trans-pedicle dynamic rod fixa-
tion, the rate of screw loosening can be reduced by pre-
serving the integrity of the bony structure and ligaments 
of the posterior column during decompression; thicker 
and longer screws are preferred, and repeated adjustment 
of depth and direction need to be avoided when placing 
screws [49].

The disadvantages of DS should be highlighted. DS 
is designed to preserve lumbar vertebral mobility and 
reduce the load on the intervertebral disc; if these two 
points cannot be achieved, the use of this technique has 
no advantage [49]. The Dynesys device is subjected to 
continuous stress during weight-bearing of the spine. 
Thus, fixation failure may occur in the cases of severe 
osteoporosis and severe decreases of lumbar stabiliza-
tion. Besides, DS cannot effectively stabilize the lumbar 
spine when used for isthmic spondylolisthesis with a high 
risk of fixation failure [50]. Moreover, for patients with 
severe stenosis in intervertebral space and small range 
of motion before surgery, the range of lumbar motion 
is limited after surgery, thus rendering the use of DS 
unsuitable [51].

This meta-analysis has several limitations. First, only 
one RCT along with 16 comparative cohort studies was 
included, resulting in less powerful results compared 
with that obtained purely from RCTs. Second, the defi-
nitions of ASDed and ASDis in previous studies are 
inconsistent and ambiguous. No consensus criterion has 
been established to define ASDed and ASDis, leading to 
imprecise outcome measures. Third, the number of the 
included studies was limited in terms of the ROM of LL, 
disc heigh at proximal adjacent segments, and ASDis. 
Furthermore, the fusion method is likely to encounter 
screw loosening initially, while the dynamic stabilization 

is likely to fail in the latter part. This flaw is expected in 
studies that evaluate early outcomes. Thus, future work 
should employ more RCTs of high quality and patients 
with follow-up more than 10 years from different cultural 
contexts.

Conclusion
DS showed equivalent outcomes in terms of ODI, screw 
loosing, screw breakage, and ASDis compared with 
fusion method. Moreover, DS had better clinical meas-
urements in terms of VAS scores for back and leg pain 
than fusion instrument. DS showed comparable clinical 
outcomes and provided benefits in preserving the motion 
at the stabilized segments, thus limiting the hypermobil-
ity at the adjacent segments and preventing ASDeg com-
pared with the fusion method in degenerative disease 
with or without grade I spondylolisthesis.
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