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Abstract

Introduction: The analgesic efficacy of magnesium sulphate added to bupivacaine for arthroscopy remains
controversial. We conduct a systematic review and meta-analysis to explore the efficacy of magnesium sulphate in
combination with bupivacaine for arthroscopy.

Methods: We searched PubMed, EMbase, Web of science, EBSCO, and Cochrane library databases through July
2020 for randomized controlled trials (RCTs) assessing the effect of magnesium sulphate plus bupivacaine versus
bupivacaine for arthroscopy. This meta-analysis is performed using the random-effect model.

Results: Six RCTs were included in the meta-analysis. Overall, compared with bupivacaine for arthroscopy,
combination analgesia using magnesium plus bupivacaine was associated with significantly prolonged duration of
analgesia (SMD=0.93; 95% CI=0.27 to 1.60; P=0.006) and first time to analgesic requirement (SMD=196.57; 95% CI=
13.90 to 379.24; P=0.03), reduced pain scores (SMD=-1.71; 95% CI=-2.96 to -0.46; P=0.007) and analgesic
consumption (SMD=-1.04; 95% CI=-1.49 to -0.60; P<0.00001), but showed no remarkable influence on nausea or
vomiting (OR=1.54; 95% CI=0.60 to 3.97; P=0.37).

Conclusions: Magnesium sulphate added to bupivacaine may significantly improve the analgesic efficacy for
arthroscopy.

Keywords: magnesium sulphate, bupivacaine, arthroscopy, randomized controlled trials, meta-analysis

Introduction
Arthroscopic surgeries are commonly used for various
diagnostic and therapeutic purposes [1–4]. However,
they may result in serious postoperative pain in some
patients. Adequate pain relief is crucial for early
mobilization, rehabilitation and discharge of patients [5–
8]. Several strategies have been developed to achieve op-
timal analgesia, and include systemic narcotics, nonste-
roidal anti-inflammatory drugs, neuraxial analgesia
(spinal/epidural), peripheral nerve blocks, intravenous
patient-controlled analgesia, periarticular (e.g.

subcutaneous, intra-articular) infiltration with local
anesthetics [9, 10].
Many local anesthetics were used for arthroscopy,

such as lignocaine, bupivacaine, ropivacaine, morphine,
fentanyl, sufentanil, pethidine, clonidine, dexmedetomi-
dine, magnesium, ketorolac, tramadol, and neostigmine
et al [11–13]. However, there are still some limitations
such as short duration of action, restricted availability in
the wards, and need for stringent monitoring for any
side effects. Optimal modality can provide excellent an-
algesia with minimal side effects, lower opioid use and
enhance rehabilitation. Bupivacaine was commonly used
for the analgesia of arthroscopy [12, 14]. Magnesium sul-
fate acts as an NMDA (N-Methyl-D-Aspartate) receptor
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antagonist, and was found to improve the pain manage-
ment after arthroscopic meniscectomy when added to
levobupivacaine [15].
Several studies reported the magnesium sulfate plus

bupivacaine versus bupivacaine for arthroscopic surgery,
but their efficacy has not been well established [15–18].
With accumulating evidence, we therefore perform a
systematic review and meta-analysis of RCTs to compare
the analgesic efficacy of magnesium sulfate plus bupiva-
caine versus bupivacaine for arthroscopy.

Materials and methods
Ethical approval and patient consent were not required
because this was a systematic review and meta-analysis
of previously published studies. The systematic review
and meta-analysis were conducted and reported in ad-
herence to PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) [19].

Search strategy and study selection
Two investigators have independently searched the fol-
lowing databases (inception to July 2020): PubMed,
EMbase, Web of science, EBSCO, and Cochrane library
databases. The electronic search strategy was conducted
using the following keywords: magnesium, and bupiva-
caine, and arthroscopy or arthroscopic surgery. We also
check the reference lists of the screened full-text studies
to identify other potentially eligible trials.
The inclusive selection criteria were as follows: (i) pa-

tients underwent knee arthroscopy; (ii) intervention
treatments were magnesium sulphate plus bupivacaine
versus bupivacaine; (iii) study design was RCT.

Data extraction and outcome measures
We have extracted the following information: author,
number of patients, age, female, weight, duration of sur-
gery and detail methods in each group etc. Data were
extracted independently by two investigators, and dis-
crepancies were resolved by consensus. We also con-
tacted the corresponding author to obtain the data when
necessary.
The primary outcomes were duration of analgesia and

pain scores. Secondary outcomes included first time to
analgesic requirement, analgesic consumption, nausea
and vomiting.

Quality assessment in individual studies
Methodological quality of the included studies was inde-
pendently evaluated using the modified Jadad scale [20].
There was 3 items for Jadad scale: randomization (0-2
points), blinding (0-2 points), dropouts and withdrawals
(0-1 points). The score of Jadad Scale varied from 0 to 5
points. An article with Jadad score≤2 was considered to

be of low quality. If the Jadad score≥3, the study was
thought to be of high quality [21].

Statistical analysis
We estimate the standard mean difference (SMD) with
95% confidence interval (CI) for continuous outcomes
(duration of analgesia, pain scores, first time to analgesic
requirement, and analgesic consumption) and odd ratio
(OR) with 95%CI for dichotomous outcomes (nausea
and vomiting). The random-effects model was used re-
gardless of heterogeneity. Heterogeneity was reported
using the I2 statistic, and I2 > 50% indicated significant
heterogeneity [22]. Whenever significant heterogeneity
was present, we searched for potential sources of hetero-
geneity via omitting one study in turn for the meta-
analysis or performing subgroup analysis. All statistical
analyses were performed using Review Manager Version
5.3 (The Cochrane Collaboration, Software Update,
Oxford, UK).

Results
Literature search, study characteristics and quality
assessment
A detailed flowchart of the search and selection re-
sults was shown in Fig. 1. 239 potentially relevant ar-
ticles were identified initially. 91 duplicates and 138
papers after checking the titles/abstracts were ex-
cluded. Six RCTs were ultimately included in the
meta-analysis [15–18, 23, 24].
The baseline characteristics of the six eligible RCTs in

the meta-analysis were summarized in Table 1. The six
studies were published between 2008 and 2018, and
sample sizes ranged from 36 to 60 with a total of 312.
Among the six included RCTs, there were knee arthros-
copy [15, 16, 18, 23, 24] and shoulder arthroscopy [17].
The doses of magnesium sulphate ranged from 50 mg to
1.5 g. Two studies reported duration of analgesia [16,
17], two studies reported pain scores [15, 17], two stud-
ies reported first time to analgesic requirement [18, 23],
four studies reported analgesic consumption [15, 18, 23,
24], two studies reported nausea and vomiting [17, 23].
Jada scores ranged from 3 to 5, and thus these six in-
cluded generally had high quality.

Primary outcomes: duration of analgesia and pain scores
These outcome data were analyzed with the random-
effects model, and compared to bupivacaine for arthros-
copy, combination analgesia using magnesium plus bupi-
vacaine was associated with significantly prolonged
duration of analgesia (SMD=0.93; 95% CI=0.27 to 1.60;
P=0.006) with significant heterogeneity among the stud-
ies (I2=55%, heterogeneity P=0.13) (Fig. 2) and reduced
pain scores (SMD=-1.71; 95% CI=-2.96 to -0.46; P=
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0.007) with significant heterogeneity among the studies
(I2=88%, heterogeneity P=0.004) (Fig. 3).

Sensitivity analysis
Significant heterogeneity was observed for the primary
outcomes. There were only two studies included, and
thus we did not perform the sensitivity analysis by omit-
ting one study in turn or the subgroup analysis.

Secondary outcomes
In comparison with bupivacaine for arthroscopy, com-
bination analgesia could substantially increase the first
time to analgesic requirement (SMD=196.57; 95% CI=
13.90 to 379.24; P=0.03; Fig. 4), and reduce the anal-
gesic consumption (SMD=-1.04; 95% CI=-1.49 to
-0.60; P<0.00001; Fig. 5), but revealed no obvious

effect on nausea or vomiting (OR=1.54; 95% CI=0.60
to 3.97; P=0.37; Fig. 6).

Discussion
Surgical excision and resection in arthroscopy produce
postoperative pain because of irritation of free nerve
ending of synovial tissue, anterior fat pad, and joint cap-
sule [25–27]. Preoperative evaluation, appropriate intra-
operative management and early postoperative
mobilization are crucial for the anesthesia for ambula-
tory surgery needs good [28, 29]. Multimodal analgesia
has become a promising approach for postoperative pain
relief. For instance, intraarticular analgesic agents are
used as a simple and cost-effective approach via acting
on peripheral receptors and providing analgesia locally
with minimal systemic side effects. The local tissue

Fig. 1 Flow diagram of study searching and selection process

Xiang et al. Journal of Orthopaedic Surgery and Research          (2021) 16:583 Page 3 of 7



Ta
b
le

1
C
ha
ra
ct
er
is
tic
s
of

in
cl
ud

ed
st
ud

ie
s

N
O
.
A
ut
ho

r
M
ag

ne
si
um

su
lfa

te
g
ro
up

C
on

tr
ol

g
ro
up

Ja
d
a

sc
or
es

N
um

b
er

A
g
e

(y
ea

rs
)

Fe
m
al
e

(n
)

W
ei
g
ht

(k
g
)

D
ur
at
io
n
of

su
rg
er
y
(m

in
)

M
et
ho

d
s

N
um

b
er

A
g
e

(y
ea

rs
)

Fe
m
al
e

(n
)

W
ei
g
ht

(k
g
)

D
ur
at
io
n
of

su
rg
er
y
(m

in
)

M
et
ho

d
s

1
D
ev
i2
01
8

18
33
.4
4±

10
.8
7

5
67
.6
7±

14
.1
1

-
in
tr
aa
rt
ic
ul
ar

20
m
l,
0.
25
%

bu
pi
va
ca
in
e
w
ith

10
m
g/
kg

of
m
ag
ne

si
um

su
lfa
te

fo
r
kn
ee

ar
th
ro
sc
op

y

18
37
.2
2±

13
.3
6

8
67
.3
9±

8.
33

-
20

m
lo

f0
.2
5%

bu
pi
va
ca
in
e

3

2
Kı
zıl
cı
k
20
17

32
43
.0
6±

13
.1
9

10
-

-
50

m
g
(5

m
l)
of

le
vo
bu

pi
va
ca
in

an
d

an
ad
di
tio

na
l1
.5
g
m
ag
ne

si
um

su
lfa
te

(1
0
m
l)
in
tr
aa
rt
ic
ul
ar
ly
fo
r

ar
th
ro
sc
op

ic
m
en

is
ce
ct
om

y

32
40
.0
6

±
9.
24

8
7-

-
10
0
m
g
(1
0
m
l)
of

le
vo
bu

pi
va
ca
in
e

in
tr
aa
rt
ic
ul
ar
ly

4

3
Le
e
20
12

28
60
±
8

10
67
±
11

90
±
22

in
te
rs
ca
le
ne

ne
rv
e
bl
oc
k
w
as

pe
rfo

rm
ed

w
ith

0.
5%

bu
pi
va
ca
in
e
20

m
L
w
ith

ep
in
ep

hr
in
e
(1
:2
00
,0
00
)
pl
us

ei
th
er

10
%

m
ag
ne

si
um

su
lp
ha
te

2
m
L
fo
r
ar
th
ro
sc
op

ic
ro
ta
to
r
cu
ff

re
pa
ir

30
56
±
8

13
71
±
19

98
±
45

in
te
rs
ca
le
ne

ne
rv
e

bl
oc
k

w
as

pe
rfo

rm
ed

w
ith

0.
5%

bu
pi
va
ca
in
e
20

m
L
w
ith

ep
i-

ne
ph

rin
e
(1
:2
00
,0
00
)

pl
us

no
rm

al
sa
lin
e
2
m
L

5

4
Fa
ro
uk

20
09

20
36
±
6

2
74
±
7

40
±
8

20
m
l0
.2
5%

bu
pi
va
ca
in
e
an
d

m
ag
ne

si
um

15
0
m
g
fo
r
ar
th
ro
sc
op

ic
kn
ee

su
rg
er
y

20
35

±
7

4
72

±
8

41
±
8

20
m
l0
.2
5%

bu
pi
va
ca
in
e

4

5
D
ay
io
ğl
u

20
09

30
41
.2
±

15
.3

11
74
.2
±

12
.1

56
.3
±
20
.8

50
m
g
m
ag
ne

si
um

su
lfa
te

(3
m
l)

fo
llo
w
in
g
6
m
g
bu

pi
va
ca
in
e
0.
5%

pl
us

10
μ
g
fe
nt
an
yl
in
tr
at
he

ca
lly

fo
r

kn
ee

ar
th
ro
sc
op

y

30
38
.7
±

14
.4

12
75
.5
±

8.
1

52
.9
±
18
.2

3
m
lo

f
pr
es
er
va
tiv
e-

fre
e
0.
9%

N
aC

lf
ol
-

lo
w
in
g
6
m
g
bu

pi
va
-

ca
in
e
0.
5%

pl
us

10
μ

g
fe
nt
an
yl

in
tr
at
he

ca
lly

4

6
El
sh
ar
no

ub
y

20
08

27
40
±
11

1
82
±
12

-
bu

pi
va
ca
in
e
0.
25
%

an
d
1
g
of

m
ag
ne

si
um

su
lfa
te

in
20

m
L
fo
r

ar
th
ro
sc
op

ic
kn
ee

su
rg
er
y

27
45
±
9

2
79
±
11

-
0.
25
%

(2
0
m
L)

bu
pi
va
ca
in
e

4

Xiang et al. Journal of Orthopaedic Surgery and Research          (2021) 16:583 Page 4 of 7



Fig. 2 Forest plot for the meta-analysis of duration of analgesia

Fig. 3 Forest plot for the meta-analysis of pain scores

Fig. 4 Forest plot for the meta-analysis of first time to analgesic requirement

Fig. 6 Forest plot for the meta-analysis of nausea and vomiting

Fig. 5 Forest plot for the meta-analysis of analgesic consumption
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binding to receptors can be increased in order to en-
hance the analgesic effect [30].
Local anesthetics such as bupivacaine may exert chon-

drotoxicity by reducing chondrocyte viability in arthros-
copy surgeries [31]. The incidence of chondrolysis
following local administration of bupivacaine seems to be
low or possibly underreported [32]. Bupivacaine is com-
bined with adjuvants (e.g. opioids, Mg, tramadol, clonidine
and dexmedetomidine) to provide prolonged postopera-
tive analgesia and reduce the dose of analgesics. N-methyl
D-aspartate (NMDA) receptors widely exist centrally and
peripherally in the joints, muscles, and skin. They account
for central nociceptive transmission, modulation, and
sensitization of acute pain states [33]. Mg can serve as an
efficacious adjunct, therefore enhancing postoperative an-
algesia when used by intravenous, intraarticular and epi-
dural routes [14, 33, 34]. Its antinociceptive effect is
produced by blocking NMDA receptors and decreasing
the entry of extracellular calcium into cells, thereby exhi-
biting chondrocyte protective effect [24].
The main findings of this meta-analysis suggested that

combination analgesia using magnesium plus bupiva-
caine could significantly prolong the duration of anal-
gesia and first time to analgesic requirement, reduce
pain scores and analgesic consumption than only bupi-
vacaine for arthroscopic surgeries, but there was no in-
crease in nausea and vomiting after magnesium plus
bupivacaine intervention. Significant heterogeneity
remained when performing the sensitivity analysis, and
several factors may account for it. Firstly, different types
and operation procedures can produce different levels of
pain intensity, which may affect the pooling results. Sec-
ondly, the doses of magnesium sulphate ranged from 50
mg to 1.5 g, and produce different promotion to pain re-
lief. Thirdly, the routes of local analgesics included
intraarticular and spinal anesthesia.
This meta-analysis has several potential limitations.

Firstly, our analysis is based on six RCTs, and all of them
have a relatively small sample size (n<100). These may
lead to overestimation of the treatment effect in smaller
trials. More RCTs with large sample size should be con-
ducted to explore this issue. Next, different doses and
routes of drugs may contribute to the significant hetero-
geneity. Finally, different types and operation procedures
can produce different levels of pain intensity, which may
produce some effect on the results.

Conclusions
Combination analgesia using magnesium plus bupiva-
caine may provide better analgesic efficacy for arthros-
copy than as compared to only bupivacaine.
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