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Abstract 

The treatment of lumbar spinal synovial cysts (LSCs) which are relatively rare but can cause neurogenic dysfunction 
and intractable pain has been a controversial topic for many years. Surgical excision of LSCs is the standard treatment 
for patients in whom conservative treatment options fail. This meta-analysis was undertaken to compare clinical out-
comes between minimally invasive approaches using tubular retractors (microscopic vs. endoscopic) and traditional 
percutaneous approaches for LSCs. Studies reporting surgical management of LSCs were searched in the Cochrane 
Library, PubMed and Web of Science database. This meta-analysis was reported following the PRISMA Statement, 
registered in Prospero (CRD42021288992). A total of 1833 patients were included from both the related relevant 
studies (41 studies, n = 1831) and the present series (n = 2). Meta-analysis of minimally invasive tubular approaches 
revealed no statistically significant difference in pain improvement, dural tear, residual cyst, recurrence and operation 
time between minimal groups with traditional groups (p > 0.05). Minimal groups had better Functional improve-
ment of 100% (95% CI 1.00–1.00; p < 0.001, I2 = 75.3%) and less reoperation rates of 0% (95% CI − 0.00–0.00; p = 0.007, 
I2 = 47.1%). Postoperative length of hospital stay and intraoperative bleeding in minimal groups were also less than 
traditional groups (p < 0.05). Subgroup analysis revealed endoscopic groups had less operation time (p = 0.004), 
and there was no significant difference in the rest. For patients with LSCs but without obvious clinical and imaging 
evidence of vertebral instability, even when preoperative stable grade 1 spondylolisthesis is present, minimally inva-
sive tubular approaches without fusion may provide the best outcome in surgical management.

Keywords Lumbar spinal synovial cysts, Traditional percutaneous surgery, Minimally invasive surgery, Tubular 
retractors, Fusion

Introduction
Synovial cysts often occur in the joints of the limbs 
(such as the wrist, knee, and ankle) and rarely mani-
fest in the spine [1]. Spinal synovial cysts (SSCs) are 

asymptomatic, but growth into the spinal canal is an 
unusual cause of nerve root and/or central canal com-
pression and lead to radiculopathy, intractable back 
pain, neurogenic claudication, and cauda equina syn-
drome [2–4]. While synovial cysts have been described 
throughout the spine, the lumbar spine remains the 
predominant location [5]. The precise etiology of LSCs 
remains unclear and the development of LSCs is linked 
to trauma, spinal instability, and degenerative spon-
dylosis [6, 7]. Current treatment modalities for LSCs 
include conservation (percutaneous cyst aspiration and 
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steroid injections) and surgery. Surgical approaches 
include traditional percutaneous approaches (hemi-
laminectomy or bilateral laminectomy) and minimally 
invasive tubular approaches (microscopic or endo-
scopic) [8–10]. Surgical management is indicated fol-
lowing the failure of conservative treatments and can 
provide significant improvement in clinical symptoms 
[11]. LSCs treatment’s mainstay is traditional percuta-
neous approaches. However, they may cause damage 
to the surrounding muscular, bony and ligamentous 
structures, potentially increasing segmental instabil-
ity, particularly in preexisting spondylolisthesis [12]. 
In recent years, many studies have reported the use of 
minimally invasive tubular surgery in the treatment of 
most spinal diseases, but rarely for LSCs [13]. In mini-
mally invasive tubular surgery, the whole synovial cyst 
is not exposed, which reduces the risk of dural injury 
[14, 15]. In our study, we successfully excised and cured 
two patients with LSCs using a microscopic minimally 
invasive tubular approach. Combining our institutional 
experience with the meta-analysis results, we proposed 
minimally invasive excision as an effective treatment 
for spinal synovial cysts.

Methods
Search strategy
This article was reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement. It was registered at the 
International Prospective Register of Systematic Reviews 
(CRD42021288992) [16, 17] (Fig.  1). A comprehensive 
online search was conducted via Web of Science data-
bases, PubMed and The Cochrane Library on October 
17, 2023, using the keywords “spinal synovial cyst”, “spine 
facet joint cyst”, “paraspinal joint cyst”, “spine degenera-
tive cyst”, “spine ganglion cyst”, “lumbar synovial cysts”. 
Duplicates and literatures involving synovial cysts of tho-
racic and cervical levels were excluded. We selected the 
literature following inclusion and exclusion criteria with 
no language restrictions. This selection process yielded a 
total of 41 studies.

Inclusion criteria (studies were included if they met one 
of the following criteria)

1. Studies described results of surgical modalities for 
LSCs.

Fig. 1 Flowchart of the meta-analysis following the PRISMA
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2. Studies compared the outcome of traditional percu-
taneous approaches (hemilaminectomy or bilateral 
laminectomy) with that of minimally invasive tubular 
approaches.

3. Studies compared the outcome of microscopic 
with that of endoscopic minimally invasive tubular 
approaches.

4. All patients included in the study either failed non-
surgical treatment or expressed a strong desire for 
surgery.

5. Intraoperative or histological confirmation of LSCs.
6. All patients included in the study were less than 

grade 2 spondylolisthesis.
7. The localization of the synovial facet cyst was less 

than 2 segments of the spine.
8. All patients included in the study were lack of previ-

ous spinal surgery in synovial cyst treated segment.

Exclusion criteria (studies were excluded if they met one 
of the following criteria)

1. Patients’ biometric data (sex, age, preoperative com-
plaints, the operative technique, perioperative com-
plications, follow-up time and outcome) were not 
provided.

2. Patients with other concomitant conditions that 
could impair the authors’ ability to determine clini-
cal improvements with surgical treatment of synovial 
cysts were excluded. For example, a concurrent diag-
nosis of infection, tumor or metastatic disease, recent 
spinal fracture, behavioral abnormalities.

3. No distinct operative technique was mentioned.
4. Meta-analysis, systematic review and letters to edi-

tors were excluded.
5. Case series and reports with < 2 patients were 

excluded.

Data extraction
Two researchers extracted all baseline data and primary 
outcomes from each qualified study: patient gender, age, 
relevant medical history, presenting symptoms, imaging 
findings, surgical management, and follow-up times. Our 
primary outcome variables were symptom resolution at 
last follow-up times and cyst recurrences.

Quality assessment of the selected studies
Two researchers independently assessed each non-ran-
domized study according to Newcastle–Ottawa Qual-
ity Assessment Scale (NOS) to assess the risk of bias. 
The NOS scale evaluated three aspects: cases selec-
tion, cases comparability, and exposure ascertainment. 

Cohort studies were evaluated based on study compa-
rability, patient selection and outcome. Differences will 
be resolved by consensus or with the help of the senior 
researcher. Finally, forest plots were charted for pooled 
results. Publication bias was assessed using Egger’s 
test funnel and plots. When p < 0.05, it was statistical 
significance.

Statistical analysis
All statistical analyses were performed using Stata 16 
(Stata Corp LP) and SPSS statistics 25 (IBM) software. A 
random-effects model was used to define all pooled out-
come measures, and the odds ratio (OR) was estimated 
with its variance and 95% CI. The prevailing heterogene-
ity between ORs for the comparable outcomes between 
different studies was calculated using the I2 inconsistency 
test that depicts the percentage of total variation across 
studies and reflects heterogeneity rather than chance. 
The I2 statistics were used for the heterogeneity test. 
If the I2 values were < 50%, use the fixed-effects model 
(FEM) to combine the effect quantity; when I2 ≥ 50%, the 
random effect model (REM) was used for meta-analysis 
[18]. Independent samples test and hypothesis test sum-
mary combined the effect quantity.

Results
A total of 4128 relevant studies were retrieved from Pub-
Med, the Cochrane Library and Web of Science data-
bases. After removing duplicate studies and screening, 
41 studies were selected for the meta-analysis (Fig.  1). 
They included one article in German, two in Spanish 
and 38 in English. We also included our own two cases. 
The studies reviewed comprised a total of 1833 patients. 
The earliest study included in the meta-analysis was pub-
lished in 2001. Most studies were published in the United 
States followed by American (Additional file  1: Fig. S1). 
Traditional percutaneous, microscopic minimally inva-
sive tubular and endoscopic minimally invasive tubular 
approaches were used in 16, 12 and 10 studies, respec-
tively. Three studies compared outcomes of microscopic 
minimally invasive tubular approaches with those of 
traditional percutaneous approaches (Additional file  1: 
Fig. S2). L4–5 was the most common location of facet 
cyst (n = 1129), followed by L3–4 (n = 269) and L5–S1 
(n = 269) (Fig.S3). Patients had a mean age of 61.7 years 
and were mostly female (n = 978 (53.4%)). The mean fol-
low-up was 35.4  months (range, 2.25–111  months). On 
radiography, 1208 (94.6%) had radiculopathy, 411 (39.9%) 
had claudication, and 434 (31%) had preoperative stable 
grade 1 spondylolisthesis. Only 159 (11.8%) were treated 
with instrumented fusion. In addition, 1088 (87.1%) 
patients were experiencing excellent and good outcomes 
as per Macnab’s criteria or experiencing 0–2 scores as 
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per Nurick at last follow-up. Tables 1 and 2 show disease 
characteristics included in analyzed studies.

Pain improvement at the last postoperative follow‑up
To facilitate statistical analysis, percentage changes in 
preoperative and postoperative visual analogue scale 
(VAS) scores were divided by preoperative VAS scores. 
This generated a quantitative indicator of pain improve-
ment. The percentage change in VAS scores was 76% 
(95% CI 0.76–0.82; p = 0.011, I2 = 84.7%, random-effects 
models) for traditional groups compared with 80% (95% 
CI 0.78–0.82; p < 0.001, I2 = 90.8%, random-effects mod-
els) for minimal groups. This outcome was no significant 
difference (p = 0.175) between traditional groups and 
minimal groups (Fig. 2A). The Funnel plot were used to 
assess publication bias of the change in the percentage 
of VAS scores after surgical removal of cysts, showing 
publication bias (Fig. 2B). To explore high heterogeneity, 
we performed sensitivity analysis using a single-study-
removal method (Fig.  2C). No changes were seen in 
terms of the significance of outcome (Fig.  2D). Sub-
group analysis of minimal groups showed no significant 
difference (p = 0.204) between endoscopic groups and 
microscopic groups, which was 79% (95% CI 0.76–0.82; 
p < 0.001, I2 = 84.8%, random-effects models) and 81% 
(95% CI 0.79–0.84; p < 0.001, I2 = 94%, random-effects 
models), respectively (Additional file  1: Fig. S4A). Pub-
lication bias was assessed by the funnel plot, suggesting 
publication bias (Additional file 1: Fig. S4B). When stud-
ies were excluded in the sensitivity analysis (Additional 
file 1: Fig. S4C), no changes were seen in terms of the sig-
nificance of outcome (Additional file 1: Fig. S4D).

Functional improvement at the last postoperative 
follow‑up
Analysis of the studies describing favorable last postoper-
ative follow-up outcome using MacNab’s criteria (excel-
lent and good)/Nurick (0–2) revealed differences among 
traditional and minimal groups. The pooled proportion 
of patients experiencing a favorable outcome following 
excision of SSCs using traditional groups and minimal 
groups was 89% (95% CI 0.87–0.91; p = 0.011, I2 = 59.7%, 
random-effects models) and 100% (95% CI 1.00–1.00; 
p < 0.001, I2 = 75.3%, random-effects models). This out-
come was significantly higher (p < 0.001) for minimal 
groups was than for traditional groups (Fig. 3A). Egger’s 
regression test yielded a p-value of 0.964, suggesting no 
significant publication bias (Fig.  3B). To explore high 
heterogeneity, we performed sensitivity analysis using a 
single-study-removal method (Fig. 3C). No changes were 
seen in terms of the significance of outcome (Fig.  3D). 
Subgroup analysis of endoscopic groups and micro-
scopic groups with tubular retractors was 100% (95% 

CI 1.00–1.00; p < 0.001, I2 = 79.0%, random-effects mod-
els) and 100% (95% CI 1.00–1.00; p < 0.001, I2 = 75.1%, 
random-effects models), respectively. The difference 
between the two groups was not statistically significant 
(p = 0.811) (Additional file 1: Fig. S5A). Egger’s regression 
test yielded a p-value of 0.207, suggesting no significant 
publication bias (Additional file  1: Fig. S5B). To explore 
high heterogeneity, we performed sensitivity analysis 
using a single-study-removal method (Additional file  1: 
Fig. S5C). No changes were seen in terms of the signifi-
cance of outcome (Additional file 1: Fig. S5D).

Dural tear
According to the meta-analysis results, the pooled pro-
portion of dural tears in traditional and minimal groups 
was 0% (95% CI −  0.00–0.00; p = 0.125, I2 = 32.2%, 
fixed-effects models) and 0% (95% CI −  0.00–0.00; 
p = 0.191, I2 = 16.8%, fixed-effects models). The differ-
ence in dural tear between the two groups was not sig-
nificant (p = 0.987) (Fig.  4A). The Funnel plots were 
used to assess publication bias of dural tears, suggesting 
publication bias (Fig.  4B). To explore publication bias, 
we performed trim and filling method. After adding 18 
studies, the results were still not statistically significant 
(p = 0.976) and did not reverse (Fig. 4C). Subgroup anal-
ysis of endoscopic groups and microscopic groups with 
tubular retractors was 0% (95% CI − 0.00–0.00; p = 0.125, 
I2 = 32.2%, I2 = 79.0%, fixed-effects models) and 0% (95% 
CI −  0.00–0.00; p = 0.306, I2 = 13.7%, I2 = 23.5%, fixed-
effects models), respectively. The difference between the 
two groups was not statistically significant (p = 0.981) 
(Fig. 4D). The Funnel plots were used to assess publica-
tion bias of dural tears after minimal resection of cysts, 
suggesting publication bias (Fig. 4E). To explore publica-
tion bias, we performed trim and filling method. After 
adding 12 studies, the results were still not statistically 
significant (p = 0.986) and did not reverse (Fig. 4F).

Residual cyst
The meta-analysis revealed a pooled proportion of resid-
ual cyst of 0% (95% CI − 0.00–0.00; p = 0.148, I2 = 29.6%, 
fixed-effects models) and 0% (95% CI −  0.00–0.00; 
p = 0.988, I2 = 0%, fixed-effects models) in traditional and 
minimal groups, respectively. The difference in residual 
cyst between two groups was not significant (p = 0.994) 
(Fig. 5A). The Funnel plots were used to assess publica-
tion bias of residual cyst, suggesting publication bias 
(Fig. 5B). To explore publication bias, we performed trim 
and filling method. After adding 12 studies, the results 
were still not statistically significant (p = 0.978) and did 
not reverse (Fig.  5C). Subgroup analysis of endoscopic 
groups and microscopic groups with tubular retrac-
tors was 0% (95% CI −  0.00–0.00; p = 0.713, I2 = 0%, 



Page 5 of 21Chen et al. European Journal of Medical Research          (2023) 28:494  

Ta
bl

e 
1 

Ca
se

 re
po

rt
s 

an
d 

ca
se

 s
er

ie
s 

re
po

rt
in

g 
pa

tie
nt

s 
w

ith
 c

er
vi

ca
l d

eg
en

er
at

iv
e 

cy
st

s 
an

d 
ou

tc
om

es

A
ut

ho
rs

 a
nd

 y
ea

r
N

um
be

r 
of

 c
as

es
A

ge
 (m

ea
n 

± 
SD

, 
ye

ar
s)

In
te

rv
en

tio
n

Co
un

tr
y

M
al

e:
fe

m
al

e
D

ur
at

io
n 

of
 

sy
m

pt
om

s 
(m

ea
n 

± 
SD

, m
os

)

Lo
ca

tio
n

Ra
di

cu
lo

pa
th

y 
(n

)
Cl

au
di

ca
tio

n 
(n

)
Pr

eo
pe

ra
tiv

e 
sp

on
dy

lo
lis

th
es

is

Pr
es

en
t s

er
ie

s
2

80
 ±

 3
③

C
hi

na
2:

0
1 

±
 0

.5
L4

-5
(1

); 
L5

–S
1(

1)
1

0
0

Tr
um

m
er

, M
., 

et
 a

l., 
20

01
19

65
 ±

 1
0.

4
①

A
us

tr
ia

12
: 7

L3
–4

(2
); 

L4
–5

(1
5)

; 
L5

–S
1(

2)
19

2
6

Pi
ro

tt
e 

et
 a

l., 
20

03
46

62
.2

①
Be

lg
iu

m
8:

38
6.

82
 ±

 3
.9

7
L2

–3
(1

); 
L3

–4
(3

); 
L4

–5
(3

4)
; L

5–
S1

(1
1)

46
11

4

Sa
nd

hu
, F

.A
., 

et
 a

l., 
20

04
17

64
.2

 ±
 1

0.
8

③
A

m
er

ic
an

7:
 1

0
L3

-4
(1

); 
L4

-5
(1

4)
; 

L5
–S

1(
2)

17
0

8

Kh
an

, A
.M

., 
et

 a
l., 

20
05

39
63

.3
(4

3–
81

)
①

A
m

er
ic

an
28

:1
1

L2
–3

(3
); 

L3
–4

(8
); 

L4
–5

(2
7)

; L
5–

S1
(2

)
31

34
32

Se
ha

ti,
 N

., 
et

 a
l., 

20
06

19
63

.6
 ±

 9
.9

③
A

m
er

ic
an

9:
10

L3
–4

(2
); 

L4
–5

(1
6)

; 
L5

–S
1(

1)
16

1
2

Ja
m

es
, A

., 
et

 a
l., 

20
12

16
66

.5
 ±

 1
0.

7
③

A
m

er
ic

an
6:

10
L3

–4
(5

); 
L4

–5
(9

) 
L5

–S
1(

2)
9

7
9

La
nd

i e
t a

l., 
20

12
15

66
.6

①
Ita

ly
6:

9
7.

76
L2

–3
(1

); 
L3

–4
(1

); 
L4

–5
(8

); 
L5

–S
1(

5)
15

2
0

Ja
nk

ow
sk

i e
t a

l., 
20

12
11

59
Po

la
nd

5:
6

2–
72

L3
–4

(1
); 

L4
–5

(9
); 

L5
–S

1(
1)

9
5

1

Rh
ee

, J
., 

et
 a

l., 
20

12
2

69
.5

 ±
 2

1.
9

③
A

m
er

ic
an

0:
2

M
an

y 
m

os
L4

–5
(2

)
2

0
0

Ko
m

p,
 M

., 
et

 a
l., 

20
14

74
52

(3
1–

78
)

②
G

er
m

an
y

32
:6

2
2.

07
L1

–2
(2

); 
L2

–3
(4

); 
L3

–4
(5

); 
L4

–5
(5

2)
; 

L5
–S

1(
17

)

74

Zh
en

bo
, Z

., 
et

 a
l., 

20
14

24
59

.7
①

C
hi

na
10

:1
4

22
.4

L3
–4

(3
); 

L4
–5

(1
5)

; 
L5

–S
1(

6)
10

Kn
af

o,
 S

., 
et

 a
l., 

20
15

(1
)

18
63

.6
①

Fr
an

ce
8:

12
T1

2–
L1

(1
); 

L3
–4

(1
); 

L4
–5

(1
3)

; L
5–

S1
(5

)
15

3
3

Kn
af

o,
 S

., 
et

 a
l., 

20
15

(2
)

3
68

 ±
 1

2.
5

③
Fr

an
ce

0:
3

L3
–4

(1
); 

L4
–5

(2
)

3
0

0

Sc
ho

lz
, C

., 
et

 a
l., 

20
15

(1
)

6
53

①
G

er
m

an
y

1:
5

4
L4

–5
(4

); 
L5

–S
1(

2)

Sc
ho

lz
, C

., 
et

 a
l., 

20
15

(2
)

2
55

.5
 ±

 2
.1

③
G

er
m

an
y

0:
2

1 
m

os
 to

 s
ev

er
al

ye
ar

s
L4

–5
(2

)
0

Su
kk

ar
ie

h,
 H

.G
., 

et
 a

l., 
20

15
13

66
 ±

 1
1

③
A

m
er

ic
an

5:
8

L3
–4

(4
); 

L4
–5

(9
)

11
2

4

Kl
es

si
ng

er
, 2

01
6

38
66

 ±
 1

0.
3

G
er

m
an

y
19

:1
9

6.
3

L2
-3

(1
); 

L3
–4

(6
); 

L4
–5

(2
6)

; L
5–

S1
(5

)
37

1
0

Bi
rc

h,
 B

.D
., 

et
 a

l., 
20

16
40

65
 ±

 9
.6

③
A

m
er

ic
an

13
:2

7
6.

5
L3

–4
(3

); 
L4

–5
(2

9)
; 

L5
–S

1(
8)

39
1

15

D
en

is
, D

.R
., 

et
 a

l., 
20

16
53

50
.5

 ±
 2

3.
3

③
A

m
er

ic
an

26
:2

7
L3

–4
(7

); 
L4

–5
40

); 
L5

–S
1(

6)
53

18



Page 6 of 21Chen et al. European Journal of Medical Research          (2023) 28:494 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
rs

 a
nd

 y
ea

r
N

um
be

r 
of

 c
as

es
A

ge
 (m

ea
n 

± 
SD

, 
ye

ar
s)

In
te

rv
en

tio
n

Co
un

tr
y

M
al

e:
fe

m
al

e
D

ur
at

io
n 

of
 

sy
m

pt
om

s 
(m

ea
n 

± 
SD

, m
os

)

Lo
ca

tio
n

Ra
di

cu
lo

pa
th

y 
(n

)
Cl

au
di

ca
tio

n 
(n

)
Pr

eo
pe

ra
tiv

e 
sp

on
dy

lo
lis

th
es

is

Kr
zo

k,
 G

., 
et

 a
l., 

20
16

2
50

.5
 ±

 2
3.

3
②

A
m

er
ic

an
1:

1
7.

5
L3

–4
(1

); 
L4

–5
(1

)
2

0
1

Ku
lk

ar
ni

 e
t a

l., 
20

17
30

67
③

In
di

a
18

:1
2

L3
–4

(4
); 

L4
–5

(2
3)

; 
L5

–S
1(

3)
8

Br
ud

er
, M

., 
et

 a
l., 

20
17

14
0

65
.1

8
①

G
er

m
an

y
50

:9
0

6.
4

L1
–2

(2
); 

L2
–3

(3
); 

L3
–4

(2
9)

; L
4–

5(
87

); 
L5

–S
1(

19
)

13
1

42
33

D
om

en
ic

uc
ci

, M
., 

et
 a

l., 
20

17
34

63
①

Ita
ly

13
:2

1
4.

73
L2

–3
(1

); 
L3

–4
(3

); 
L4

–5
(2

0)
; L

5–
S1

(1
0)

34
14

H
w

an
g,

 J.
H

., 
et

 a
l., 

20
17

3
64

.3
 ±

 7
.5

②
Ko

re
a

2:
1

L3
–4

(1
); 

L4
–5

(2
)

3
0

Li
st

a-
M

ar
tín

ez
, O

., 
et

 a
l., 

20
17

10
70

.2
①

Sp
ai

n
5:

5
L3

–4
(4

); 
L4

–5
(6

)
8

4
4

O
er

te
l, 

J.M
., 

et
 a

l., 
20

17
11

59
②

G
er

m
an

y
4:

7
L4

–5
(8

); 
L5

–S
1(

3)
10

4

Ve
rg

ar
a,

 P
., 

et
 a

l., 
20

17
(1

)
13

70
①

En
gl

an
d

7:
6

L3
–4

(1
); 

L4
–5

(1
1)

; 
L5

–S
1(

1)
4

Ve
rg

ar
a,

 P
., 

et
 a

l., 
20

17
(2

)
24

68
③

En
gl

an
d

13
:1

1
L1

-2
(1

); 
L3

–4
(6

); 
L4

–5
(1

6)
; L

5–
S1

(1
)

9

Br
ud

er
, M

., 
et

 a
l., 

20
18

12
3

70
.8

①
G

er
m

an
y

42
:8

1
L1

-2
(2

); 
L2

-3
(2

); 
L3

–4
(2

6)
; L

4–
5(

77
); 

L5
–S

1(
16

)

29

A
kb

ar
y,

 K
., 

et
 a

l., 
20

19
13

60
.3

 ±
 1

3
②

Ko
re

a
9:

4
L3

–4
(2

); 
L4

–5
(1

0)
; 

L5
–S

1(
1)

13
17

H
eo

, D
.H

., 
et

 a
l., 

20
19

10
57

.3
②

Ko
re

a
5:

5
L3

–4
(4

); 
L4

–5
(6

);

La
nd

rie
l, 

F.,
 e

t a
l., 

20
19

19
60

.2
 ±

 1
1.

7
③

A
rg

en
tin

a
13

:8
6.

9
L3

–4
(2

); 
L4

–5
(1

3)
; 

L5
–S

1(
3)

; S
1-

2(
1)

16
2

11

Ra
hi

m
, T

., 
et

 a
l., 

20
19

28
3

63
.4

①
G

er
m

an
y

97
:1

94
5.

5
L1

-2
(1

0)
; L

2-
3(

6)
; 

L3
–4

(5
9)

; L
4–

5(
16

7)
; 

L5
–S

1(
41

)

28
3

23
2

86

Te
lfe

ia
n,

 A
.E

., 
et

 a
l., 

20
19

2
61

 ±
 1

4.
1

②
A

m
er

ic
an

0:
2

L4
–5

(1
); 

L5
–S

1(
1)

2
0

0

W
u,

 H
.H

., 
et

 a
l., 

20
19

8
62

 ±
 1

9.
6

②
En

gl
an

d
4:

4
2.

38
L2

–3
(1

); 
L4

–5
(5

); 
L5

–S
1(

2)
6

2
0

Ro
se

ns
to

ck
 T

., 
et

 a
l., 

20
20

11
1

64
①

G
er

m
an

y
55

:5
5

2
L3

–4
(1

9)
; L

4–
5(

67
); 

L5
–S

1(
17

); 
L5

–S
1(

8)
97

42
36

Ro
le

m
be

rg
 D

an
ta

s, 
F.L

.,e
t a

l., 
20

20
50

63
.3

 ±
 9

.7
8

①
Br

az
il

18
:3

2
5

L3
–4

(1
); 

L4
–5

(3
8)

; 
L5

–S
1(

11
)

44
10

21



Page 7 of 21Chen et al. European Journal of Medical Research          (2023) 28:494  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
rs

 a
nd

 y
ea

r
N

um
be

r 
of

 c
as

es
A

ge
 (m

ea
n 

± 
SD

, 
ye

ar
s)

In
te

rv
en

tio
n

Co
un

tr
y

M
al

e:
fe

m
al

e
D

ur
at

io
n 

of
 

sy
m

pt
om

s 
(m

ea
n 

± 
SD

, m
os

)

Lo
ca

tio
n

Ra
di

cu
lo

pa
th

y 
(n

)
Cl

au
di

ca
tio

n 
(n

)
Pr

eo
pe

ra
tiv

e 
sp

on
dy

lo
lis

th
es

is

Ta
cc

on
i, 

L.
, e

t a
l., 

20
20

35
52

(2
6–

79
)

②
Ita

ly
18

:1
7

2.
75

L3
–4

(6
); 

L4
–5

(2
8)

; 
L5

–S
1(

1)
0

H
el

lin
ge

r, 
S.

, e
t a

l., 
20

20
47

60
.5

8 
±

 1
2.

32
②

G
er

m
an

y
21

:2
6

3
L3

–4
 (6

); 
L4

–5
 (3

2)
; 

L5
–S

1 
(9

)
47

0

Pa
ge

 e
t a

l., 
20

21
10

4
63

.2
 ±

 1
1.

4
①

A
m

er
ic

an
50

:5
4

T1
2–

L1
 (1

); 
L1

–2
 (1

); 
L2

-3
 (4

); 
L3

–4
 (1

3)
; 

L4
–5

 (6
3)

; L
5–

S1
 (2

2)

88
26

So
ria

no
 S

án
ch

ez
, J

.A
., 

et
 a

l., 
20

21
33

62
.8

8 
±

 9
.9

2
③

M
ex

ic
o

8:
25

48
.7

6
L3

–4
(2

); 
L4

–5
(2

3)
; 

L5
–S

1(
9)

32

La
la

nn
e,

 L
. B

., 
et

 a
l., 

20
22

69
57

.8
 (3

6–
79

)
①

C
hi

le
26

:4
3

3
L3

–4
 (1

6)
; L

4–
5 

(4
4)

; 
L5

–S
1 

(8
); 

ot
he

r (
1)

69

C
he

sn
ey

, K
., 

et
 a

l., 
20

22
85

65
 (3

7–
86

)
③

A
m

er
ic

an
43

:4
2

L2
-3

 (1
); 

L3
–4

 (1
4)

; 
L4

–5
 (6

1)
; L

5–
S1

 (1
0)

81
22

43

Fr
an

ca
vi

lla
 T

L.
, e

t a
l., 

20
22

11
7

59
 ±

 1
1

③
A

m
er

ic
an

63
:5

4
at

 le
as

t 1
.5

23

①
: t

ra
di

tio
na

l o
pe

n 
su

rg
ic

al
 a

pp
ro

ac
h;

 ②
: e

nd
os

co
pi

c 
ap

pr
oa

ch
; ③

: m
ic

ro
sc

op
e 

w
ith

 tu
bu

la
r r

et
ra

ct
or

s



Page 8 of 21Chen et al. European Journal of Medical Research          (2023) 28:494 

Ta
bl

e 
2 

Po
st

op
er

at
iv

e 
ou

tc
om

es
 a

nd
 c

om
pl

ic
at

io
ns

 in
 th

e 
in

cl
ud

ed
 s

tu
di

es

A
ut

ho
rs

 a
nd

 
ye

ar
Pr

e 
op

 V
A

S/
 p

os
t o

p 
VA

S 
(lu

m
ba

go
 o

r l
eg

 
pa

in
)

Pr
e 

op
 O

D
I (

%
)/

po
st

 o
p 

O
D

I (
%

)
Re

cu
rr

en
ce

Re
op

er
at

io
n

Re
si

du
al

 
cy

st
D

ur
al

 
te

ar
Fu

si
on

O
pe

ra
tiv

e 
tim

e 
(m

ea
n 

 ±
 S

D
, 

m
in

)

bl
oo

d 
lo

ss
 

(m
ea

n 
± 

SD
, 

m
l)

Po
st

op
er

at
iv

e 
le

ng
th

 o
f 

ho
sp

ita
l s

ta
y 

(m
ea

n 
 ±

 S
D

, 
da

ys
)

Fo
llo

w
‑u

p 
(m

ea
n 

m
os

)
M

ac
N

ab
 

(e
xc

el
le

nt
 

an
d 

go
od

)/
 

N
ur

ic
k(

0–
2)

Pr
es

en
t s

er
ie

s
7/

0.
5

35
.1

 ±
 6

.3
/0

0
0

0
0

0
19

7.
5 

±
 3

7.
5

35
 ±

 1
5

6.
5 

±
 4

.5
13

.5
2/

2

Tr
um

m
er

, M
., 

et
 a

l., 
20

01
1

1
0

0
0

5
22

.7

Pi
ro

tt
e 

et
 a

l., 
20

03
4

0
0

0
1–

13
2

Sa
nd

hu
, F

.A
., 

et
 a

l., 
20

04
1

1
0

97
 (5

0–
18

0)
35

 (5
–1

00
)

 <
 1

 in
 8

2%
13

16
/1

7

Kh
an

, A
.M

., 
et

 a
l., 

20
05

1
4

2
26

23
1 

(9
2–

39
1)

93
0 

(2
00

–2
50

0)
6.

2 
±

 3
.4

26

Se
ha

ti,
 N

., 
et

 a
l., 

20
06

0
0

0
2

0
15

8 
(7

5–
27

0)
31

 (1
0–

10
0)

1 
in

 6
8.

4%
16

18
/1

9

Ja
m

es
, A

., 
et

 a
l., 

20
12

7.
6/

0.
6

0
0

2
0

10
5 

±
 3

7
 <

 4
0

18
14

/1
4

La
nd

i e
t a

l., 
20

12
0

1
0

0
24

Ja
nk

ow
sk

i 
et

 a
l., 

20
12

0
0

0
0

12

Rh
ee

, J
., 

et
 a

l., 
20

12
0

0
0

0
0

74
 ±

 1
.4

1
27

.5
0.

6 
±

 0
.7

3
12

2/
2

Ko
m

p,
 M

., 
et

 a
l., 

20
14

7.
6/

2.
2

2
2

2
22

 (1
4–

43
)

N
o 

m
ea

su
r-

ab
le

24
71

/7
4

Zh
en

bo
, Z

., 
et

 a
l., 

20
14

7.
5 

±
 1

.7
/2

.5
 ±

 0
.8

0
0

4
71

.7
 ±

 5
14

4.
1 

±
 1

0.
7

58
.8

Kn
af

o,
 S

., 
et

 a
l., 

20
15

(1
)

2
2

12
/1

8

Kn
af

o,
 S

., 
et

 a
l., 

20
15

(2
)

0
0

2/
3

Sc
ho

lz
, C

., 
et

 a
l.,2

01
5(

1)
0

0
95

.5

Sc
ho

lz
, C

., 
et

 a
l., 

20
15

(2
)

0
0

36

Su
kk

ar
ie

h,
 H

. 
G

., 
et

 a
l., 

20
15

7.
8/

2.
9

0
0

1
0

12
3 

±
 3

0
44

1.
5 

±
 0

.7
20

.8
10

/1
3

Kl
es

si
ng

er
, 

20
16

0
1

0
5

0
4.

2
29

/3
8

Bi
rc

h,
 B

.D
., 

et
 a

l., 
20

16
1

2
2

58
 ±

 1
8.

7
20

0.
17

 ±
 0

.0
7

79
37

/4
0

D
en

is
, D

.R
., 

et
 a

l., 
20

16
1

2
2

18
1.

96
 ±

 3
28

3
42

.5
0.

28
 ±

 0
.6

8
14

.8
34

/4
0



Page 9 of 21Chen et al. European Journal of Medical Research          (2023) 28:494  

Ta
bl

e 
2 

(c
on

tin
ue

d)

A
ut

ho
rs

 a
nd

 
ye

ar
Pr

e 
op

 V
A

S/
 p

os
t o

p 
VA

S 
(lu

m
ba

go
 o

r l
eg

 
pa

in
)

Pr
e 

op
 O

D
I (

%
)/

po
st

 o
p 

O
D

I (
%

)
Re

cu
rr

en
ce

Re
op

er
at

io
n

Re
si

du
al

 
cy

st
D

ur
al

 
te

ar
Fu

si
on

O
pe

ra
tiv

e 
tim

e 
(m

ea
n 

 ±
 S

D
, 

m
in

)

bl
oo

d 
lo

ss
 

(m
ea

n 
± 

SD
, 

m
l)

Po
st

op
er

at
iv

e 
le

ng
th

 o
f 

ho
sp

ita
l s

ta
y 

(m
ea

n 
 ±

 S
D

, 
da

ys
)

Fo
llo

w
‑u

p 
(m

ea
n 

m
os

)
M

ac
N

ab
 

(e
xc

el
le

nt
 

an
d 

go
od

)/
 

N
ur

ic
k(

0–
2)

Kr
zo

k,
 G

., 
et

 a
l., 

20
16

1

Ku
lk

ar
ni

 e
t a

l., 
20

17
7.

6 
±

 0
.9

/1
.6

 ±
 1

.0
4

61
.5

0 
±

 8
.4

/1
3.

16
 ±

 5
.1

4
0

0
0

1
0

46
.5

30
/3

0

Br
ud

er
, M

., 
et

 a
l., 

20
17

8
7

8
0

11
1

76
/8

1

D
om

en
ic

uc
ci

, 
M

., 
et

 a
l., 

20
17

7.
4/

1.
3

0
1

0
2

12
28

.5

H
w

an
g,

 J.
H

., 
et

 a
l., 

20
17

6/
2

54
.8

3 
±

 7
.1

3/
27

.4
3 

±
 1

.2
7

0
0

55
6

3/
3

Li
st

a-
 M

ar
-

tín
ez

, O
., 

et
 a

l., 
20

17

0
1

0
7

12
6/

9

O
er

te
l, 

J.M
, 

et
 a

l., 
20

17
1

4
0

59
 (4

1–
75

)
10

.5
9/

11

Ve
rg

ar
a,

 P
., 

et
 a

l., 
20

17
(1

)
/4

.7
0

1
1

10
9 

±
 3

7
1.

5 
±

 0
.5

7
14

.9

Ve
rg

ar
a,

 P
., 

et
 a

l., 
20

17
(2

)
/0

.9
0

0
1

10
3 

±
 2

7
0.

63
 ±

 0
.3

9.
4

Br
ud

er
, M

., 
et

 a
l., 

20
18

8
9

8
73

.3
10

8/
12

4

A
kb

ar
y,

 K
., 

et
 a

l., 
20

19
65

.0
8 

±
 7

.9
5/

13
.4

6 
±

 5
.1

9
0

0
62

.3
1 

±
 1

4.
23

 <
 5

0

H
eo

, D
.H

., 
et

 a
l., 

20
19

7.
64

 ±
 0

.7
1/

1.
63

 ±
 1

.2
8

45
.3

5 
±

 1
6.

15
/1

5.
82

 ±
 1

0.
21

0
0

0
0

60
.1

 ±
 2

3.
4

10
.1

La
nd

rie
l, 

F.,
 

et
 a

l., 
20

19
8.

3/
2.

5
0

0
1

5
15

0.
33

 ±
 6

33
1

2.
5 

±
 1

.7
8

26
19

/1
9

Ra
hi

m
, T

., 
et

 a
l., 

20
19

4
5

10
4.

4
24

0/
28

3

Te
lfe

ia
n,

 A
.E

., 
et

 a
l., 

20
19

7/
2

28
 ±

 2
.8

/5
 ±

 1
.4

1
0

0
0

24
2/

2

W
u,

 H
.H

., 
et

 a
l., 

20
19

7.
75

/0
.6

3
0

0
0

0
75

.7
5 

+
 1

6.
3

M
in

im
al

1.
25

 ±
 0

.4
6

12
7/

7

Ro
se

ns
to

ck
 T

., 
et

 a
l., 

20
20

7
23

0
3

16
2.

25

Ro
le

m
be

rg
 

D
an

ta
s, 

F.L
.,e

t 
a.

,2
02

0

0
3

0
3

0
2.

18
 ±

 0
.6

87
.6

47
/5

0



Page 10 of 21Chen et al. European Journal of Medical Research          (2023) 28:494 

Ta
bl

e 
2 

(c
on

tin
ue

d)

A
ut

ho
rs

 a
nd

 
ye

ar
Pr

e 
op

 V
A

S/
 p

os
t o

p 
VA

S 
(lu

m
ba

go
 o

r l
eg

 
pa

in
)

Pr
e 

op
 O

D
I (

%
)/

po
st

 o
p 

O
D

I (
%

)
Re

cu
rr

en
ce

Re
op

er
at

io
n

Re
si

du
al

 
cy

st
D

ur
al

 
te

ar
Fu

si
on

O
pe

ra
tiv

e 
tim

e 
(m

ea
n 

 ±
 S

D
, 

m
in

)

bl
oo

d 
lo

ss
 

(m
ea

n 
± 

SD
, 

m
l)

Po
st

op
er

at
iv

e 
le

ng
th

 o
f 

ho
sp

ita
l s

ta
y 

(m
ea

n 
 ±

 S
D

, 
da

ys
)

Fo
llo

w
‑u

p 
(m

ea
n 

m
os

)
M

ac
N

ab
 

(e
xc

el
le

nt
 

an
d 

go
od

)/
 

N
ur

ic
k(

0–
2)

Ta
cc

on
i, 

L.
, 

et
 a

l., 
20

20
6.

8/
2.

1
2

4
2

2
0

78
 (3

6–
15

0)
15

27
/3

5

H
el

lin
ge

r, 
S.

, 
et

 a
l., 

20
20

8.
07

 ±
 1

.5
7/

1.
67

 ±
 1

.3
2

0
2

0
0

0
M

in
im

al
55

.4
6

37
/4

7

Pa
ge

 e
t a

l., 
20

21
11

0
0

85
77

/8
5

So
ria

no
 

Sá
nc

he
z,

 J.
A

., 
et

 a
l., 

20
21

8.
24

/2
.2

1
41

.0
2 

±
 1

2.
58

/1
1.

82
 ±

 1
0.

52
1

3
13

14
3 

(5
5–

36
0)

2(
1–

5)
17

27
2/

33

La
la

nn
e,

 L
. B

., 
et

 a
l., 

20
22

1
0

2
69

94
.8

63
/6

9

C
he

sn
ey

, K
., 

et
 a

l., 
20

22
1

17
0

1
0

94
 (4

6–
18

3)
22

 (5
–1

00
)

 <
 2

 in
 9

2%
46

63
/8

1

Fr
an

ca
vi

lla
 T

L.
, 

et
 a

l., 
20

22
6.

2 
±

 2
.3

/3
.1

 ±
 2

.8
46

.7
 ±

 1
3.

5/
24

.7
 ±

 1
9

0
0

0
0

0
72

 +
 3

5
52

 ±
 1

01
0.

08
5

4.
17



Page 11 of 21Chen et al. European Journal of Medical Research          (2023) 28:494  

fixed-effects models) and 0% (95% CI −  0.00–0.00; 
p = 0.982, I2 = 0%, fixed-effects models), respectively. 
The difference between the two groups was not statisti-
cally significant (p = 0.988) (Fig.  5D). The Funnel plots 
were used to assess publication bias of residual cyst after 
minimal resection of cysts, suggesting publication bias 
(Fig. 5E). To explore publication bias, we performed trim 
and filling method. After adding 6 studies, the results 
were still not statistically significant (p = 0.984) and did 
not reverse (Fig. 5F).

Recurrence
The meta-analysis revealed a pooled proportion of 
recurrence of 0.07% (95% CI 0.05–0.09; p = 0.050, 
I2 = 42.9%, fixed-effects models) and 0% (95% CI 
−  0.00–0.00; p = 0.984, I2 = 0%, fixed-effects models) 
in traditional and minimal groups, respectively. The 
comparison of subgroup between two groups was not 

significant (p = 0.954) (Fig. 6A). The Funnel plots were 
used to assess publication bias of recurrence, suggesting 
publication bias (Fig.  6B). To explore publication bias, 
we performed trim and filling method. After adding 
18 studies, the results were still not statistically signifi-
cant (p = 0.978) and did not reverse (Fig. 6C). Subgroup 
analysis of endoscopic groups and microscopic groups 
with tubular retractors was 0% (95% CI −  0.00–0.00; 
p = 0.383, I2 = 4.2%, fixed-effects models) and 0% (95% 
CI − 0.00–0.00; p = 0.995, I2 = 0%, fixed-effects models), 
respectively. The difference between the two groups 
was not statistically significant (p = 0.983) (Fig.  6D). 
The Funnel plots were used to assess publication bias of 
recurrence after minimal resection of cysts, suggesting 
publication bias (Fig.  6E). To explore publication bias, 
we performed trim and filling method. After adding 11 
studies, the results were still not statistically significant 
(p = 0.984) and did not reverse (Fig. 6F).

Fig. 2 Forest plots showing pooled proportion of percentage change in the VAS scores after surgical resection of cysts (A). Funnel plots 
assessed the publication bias of the change in the percentage of VAS scores after surgical resection of cysts (B). Sensitivity analysis using 
a single-study-removal method (C). Forest plots showing pooled proportion of percentage change in the VAS scores after removing studies (D)
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Reoperation
The meta-analysis revealed a pooled proportion of 
reoperation of 6% (95% CI 0.02–0.10; p = 0.697, I2 = 0%, 
fixed-effects models) and 0% (95% CI −  0.00–0.00; 
p = 0.007, I2 = 47.1%, fixed-effects models) in traditional 
and minimal groups, respectively. The comparison of 
subgroup between two groups was significantly signifi-
cant (p < 0.001) (Fig.  7A). The Funnel plots were used 
to assess publication bias of reoperation, suggesting 
publication bias (Fig.  7B). To explore publication bias, 
we performed trim and filling method. After adding 18 
studies, the results were still not statistically significant 
(p < 0.001) and did not reverse (Fig. 7C). Subgroup anal-
ysis of endoscopic groups and microscopic groups with 
tubular retractors was 0% (95% CI − 0.00–0.00; p = 0.163, 
I2 = 31.8%, random-effects models) and 0% (95% CI 

−  0.00–0.00; p = 0.005, I2 = 56.4%, random-effects mod-
els), respectively. The difference between the two groups 
was not statistically significant (p = 0.983) (Fig.  7D). 
The Funnel plots were used to assess publication bias of 
reoperation after minimal resection of cysts, suggesting 
publication bias (Fig.  7E). To explore publication bias, 
we performed trim and filling method. After adding 11 
studies, the results were still not statistically significant 
(p = 0.988) and did not reverse (Fig. 7F).

Blood loss, operation time and postoperative length 
of hospital stay
For surgical characteristics, independent samples test 
or hypothesis test summary showed a significant differ-
ence in blood loss (p = 0.027) (Fig.  8B), operation time 

Fig. 3 Forest plots showing analysis of studies describing the favorable outcome using Macnab’s criteria (excellent and good)/Nurick (0–2) 
of the last postoperative follow-up to find differences between minimal and traditional groups (A). Egger’s test assessing no publication bias 
(B). Sensitivity analysis using a single-study-removal method (C). Forest plots showing pooled proportion of percentage change in the favorable 
outcome after removing studies (D)
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Fig. 4 The forest plot showing the pooled proportion of dural tears. Studies were homogeneous with an I2 value < 50% (A). Funnel plots assessed 
the publication bias of the pooled proportion of dural tears (B). The trim and filling method showing the pooled proportion of dural tears (C). 
Forest plots showing pooled proportion of dural tears after minimal resection of cysts (D). Funnel plots assessed the publication bias of the pooled 
proportion of dural tears after minimal resection of cysts (E). The trim and filling method showing the pooled proportion of dural tears after minimal 
resection of cysts (F)
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Fig. 5 The forest plot showing the pooled proportion of residual cyst. Studies were homogeneous with an I2 value < 50% (A). Funnel plots 
assessed the publication bias of the pooled proportion of residual cyst (B). The trim and filling method showing the pooled proportion of residual 
cyst (C). Forest plots showing pooled proportion of residual cyst after minimal resection of cysts (D). Funnel plots assessed the publication bias 
of the pooled proportion of residual cyst after minimal resection of cysts (E). The trim and filling method showing the pooled proportion of residual 
cyst after minimal resection of cysts (F)
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Fig. 6 The forest plot showing the pooled proportion of recurrence. Studies were homogeneous with an I2 value < 50% (A). Funnel plots assessed 
the publication bias of the pooled proportion of recurrence (B). The trim and filling method showing the pooled proportion of recurrence (C). 
Forest plots showing pooled proportion of recurrence after minimal resection of cysts (D). Funnel plots assessed the publication bias of the pooled 
proportion of recurrence after minimal resection of cysts (E). The trim and filling method showing the pooled proportion of recurrence 
after minimal resection of cysts (F)
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Fig. 7 The forest plot showing the pooled proportion of reoperation. Studies were homogeneous with an I2 value < 50% (A). Funnel plots assessed 
the publication bias of the pooled proportion of reoperation (B). The trim and filling method showing the pooled proportion of reoperation (C). 
Forest plots showing pooled proportion of reoperation after minimal resection of cysts (D). Funnel plots assessed the publication bias of the pooled 
proportion of reoperation after minimal resection of cysts (E). The trim and filling method showing the pooled proportion of reoperation 
after minimal resection of cysts (F)
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(p = 0.361) (Fig. 8B) and postoperative length of hospital 
stay (p = 0.045) (Fig. 8A) between minimal and traditional 
groups. However, the difference in blood loss (p = 0.395) 
(Additional file  1: Fig. S6A), operation time (p = 0.004) 
(Additional file  1: Fig. S6B) and postoperative length 
of hospital stay (p = 0.833) (Additional file  1: Fig. S6C) 
between the microscopic with tubular retractors and 
endoscopic groups was not statistically significant.

Discussion
LSCs are relatively rare but can cause significant 
symptoms including symptomatic radiculopathy and 
neurogenic dysfunction. Surgery with the goal of cyst 

excision or rupture is decompress the affected nerve 
root. Now, surgeries may be shifting away from larger, 
more invasive surgeries in favor of minimally inva-
sive options. More minimally invasive surgeries have 
become a routine procedure for the management of 
various spine pathologies, e.g., disk herniation, ste-
nosis and schwannoma compression. To the best of 
our knowledge, this is the most up to-date systematic 
review and meta-analysis on outcomes and complica-
tions of LSCs treatment. We estimated overall out-
comes and complications for each surgical approach.

Fig. 8 Independent samples test the blood loss between traditional and minimal groups (A). Independent samples test the operation time 
between traditional and minimal groups (B). Hypothesis test summary about the postoperative length of hospital stays between traditional 
and minimal groups (C)
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Outcome
In this review article, we pooled data from all the stud-
ies describing the results of surgical resection of LSCs to 
identify safer and more effective surgical management of 
LSCs. The pooled proportion of favorable outcomes and 
the percentage change were higher in the minimal groups 
were than in traditional groups. It is worth emphasizing 
that we detected publication bias by the Egger’s test on 
all findings and used trim and filling method to test the 
stability of our results. Besides, our analysis showed a 
significant difference between minimally and traditional 
groups in postoperative length of hospital stay and blood 
loss. We also found that minimal approaches minimized 
incision length, soft tissue trauma, blood loss and disrup-
tion of ligamentous and bony structures. In addition, they 
could produce a better clinical outcome, including com-
plete excision of the cyst, decreased postoperative pain 
and reduced hospitalization period, and were more cost-
effective than traditional surgery. Interestingly, we found 
that the probability of reoperation in the minimal groups 
was lower than that in the traditional groups. Moreover, 
minimally invasive microscopic approaches with tubular 
retractors are considered far more challenging than con-
ventional approaches due to a high risk of the residual 
cyst, dural tear and recurrence [19–21]. However, our 
analysis revealed no significant difference in risk of dural 
tear, residual cyst, recurrence, and reoperation between 
minimal and traditional groups. Compared to micro-
scopic excision of LSCs, endoscopic groups with tubu-
lar have less operative time. Other analyses revealed no 
statistically significant difference between subgroups. 
However, we should also consider operative time (with 
the associated learning curve involved for surgeons) and 
accessibility to theater and equipment to perform this 
specialized surgery [22–25]. In order to better under-
stand this technology, we have made a tabulated sum-
mary of the key findings and also comparative literature 
of the endoscopic approach to other lesions (Additional 
file 1: Table S1) [25–28].

Complications
Recent studies reviewed described spontaneous resolu-
tion after cyst rupture, triggering a local inflammatory 
reaction because of the presence of prostaglandins, pro-
teases, and cytokines [29–32]. Because of this phenom-
enon, cysts strongly adhere to the dura mater due to 
intermittent small ruptures, hindering cyst resection and 
increasing the risk of incidental durotomy. Most scholars 
believe that the traditional surgical approach is the safest 
approach for excision of synovial cysts, whether decom-
pression or fusion [11, 27]. It seems reasonable to con-
sider that the microscopic with the tubular approach is 
far more challenging than the conventional one because 

of risk of epidural hematoma, durotomy and cerebro-
spinal fluid leak, especially in narrower epidural spaces 
[12]. However, many studies have reported safe removal 
of spinal canal synovial cysts using minimally invasive 
microscopic approaches with tubular retractors and 
endoscopic approaches. Similarly, many studies have 
reported using endoscopic approaches and minimally 
invasive microscopic approaches with tubular retractors 
in the treatment of LSCs, demonstrating that LSCs can 
be safely resected with good outcomes [33–35]. In our 
study, of the 38 patients with incidental dural tears dur-
ing minimally invasive tubular approach, 88% were man-
aged conservatively or through primary repair.

Recurrence
In the meta-analysis, joint destabilization was one of the 
causes of recurrent intraspinal synovial cyst, specifically 
spondylolisthesis. The presence of spondylolisthesis var-
ied between 23 and 88% (mean, 31.5%) [36]. In our study, 
we obtained a similar result. Of the 1601 patients, 31% 
had preoperative spondylolisthesis, supporting, fusion 
as a first therapeutic choice in most cases [37]. Using 
minimally invasive surgery, Rolemberg, Scholz and Denis 
all found no difference in recurrence of radiculopathy, 
back pain and cyst between patients with decompres-
sion alone and those with decompression and fusion [4, 
37, 38]. Gupta et al. considered that fusion surgery pro-
longs surgery and, overall, has more surgery-related 
risks than sole decompression of SSCs. It also presents 
additional problems including screw loosening, adjacent 
level degeneration or breakage [39]. In our meta-analy-
sis, in traditional groups, 31% of patients had preopera-
tive spondylolisthesis, whereas 15.7% underwent fusion. 
In minimal groups, 27.24% of patients had preopera-
tive spondylolisthesis, whereas 4.02% underwent fusion. 
Lastly, in the endoscopic groups, 18.64% of patients had 
preoperative spondylolisthesis, and none underwent 
fusion. There was no difference in recurrence among the 
three groups and minimal groups had better functional 
improvement and less reoperation rates. The analysis 
results also proved that decompression alone was enough 
to achieve good results in preoperative stable grade 1 
spondylolisthesis patients and low incidence of second-
ary fusion surgery. Our analysis revealed no difference in 
postoperative functional recovery, cyst recurrence and 
reoperation between decompression alone group and 
decompression with fusion group showed (p > 0.05). This 
conclusion is inconsistent with Khan et  al. [40]. A pos-
sible explanation for this discrepancy is that their study 
probably compared only the curative effect difference 
between fusion and without fusion surgery and ignored 
the impact of surgical methods [41–43]. Minimally inva-
sive surgery preserves small joints, reduces damage to the 
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surrounding muscles, bones and ligaments, and prevents 
iatrogenic segmental instability to the greatest extent, 
especially in preexisting spondylolisthesis [44, 45].

Of the two cases we included in our study, case 1 was 
a patient with lung metastases from colorectal cancer 
and case 2 was a patient with chronic myeloid leukemia. 
Although the two patients had longer intraoperative time 
due to underlying comorbidities, they recovered well 
after surgery. Case 2 was hospitalized for a long time due 
to comorbid fever and high inflammatory indexes after 
operation. However, on the first day after the operation, 
he could go to the ground and preoperative low back pain 
and radiculopathy had been relieved. In our experience, 
minimally invasive surgery for spinal synovial cysts is 
characterized by less intraoperative bleeding and dam-
age to the surrounding muscles, bones and ligaments, 
hence, a better option for patients with severe underlying 
diseases.

Limitations
Here, we present the most extensive and first meta-
analysis of cases of LSCs. We analyzed patient data col-
lected for nearly 20  years, explicitly compared surgical 
outcomes and characteristics in patients treated with 
different surgical approaches and objectively evaluated 
them from multiple angles. However, our study had 
some limitations. First, our literature search yielded only 
three studies study directly comparing the differences 
in LSCs resection between the microscopic approach 
through tubular retractors and the traditional surgical 
approach. Second, as in all meta-analysis studies, our 
patient populations were subject to heterogeneity in sur-
gical outcomes and patient characteristics. We primar-
ily minimized this bias during initial screening process 
by excluding studies that reported differing presenting 
symptoms, comorbidities, and disease etiologies, which 
were the primary causes of heterogeneities. Third, there 
are currently no any prospective studies about spinal 
synovial cysts. A prospective randomized study may pro-
vide further insights into the optimal treatment of LSCs. 
Randomized prospective studies could also provide evi-
dence for safer and most effective surgical management 
of LSCs.

Conclusion
Based on patient-specific anatomy of spinal and synovial 
cysts, we recommend minimally invasive surgical tech-
niques for patients with LSCs. In addition, for patients 
without obvious clinical and imaging evidence of vertebral 
instability but with a preoperative stable grade 1 spon-
dylolisthesis, minimally invasive surgery without fusion 
is adequate primary surgical treatment due to the overall 

good clinical outcome and low incidence of reoperation, 
without overtreatment.
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bar chart shows the annual distribution of published studies and the sur-
gical methods used in the studies. Fig. S3. Graph showing LSCs locations 
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