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Abstract. The aim of the present study was to compare the effi-
cacy of intra-articular magnesium sulphate and a saline placebo
for postoperative pain control following total hip arthroplasty
(THA). Sixty patients underwent THA and were randomly
allocated into two groups to receive intra-articular injections of
either 10 ml magnesium sulphate (100 mg/ml; magnesium group,
n=30) or 10 ml normal saline solution (control group, n=30).
Postoperative analgesia was maintained by intravenous morphine
injection. The outcome measurements were visual analogue
score (VAS), morphine consumption and Harris hip score
(HHS). The two groups were well matched. The outcome of VAS
at rest was significantly lower at postoperative hours 6 and 12
in the magnesium group as compared with the control group,
although the difference was insignificant preoperatively and at
postoperative hours 2, 4, 24 and 48, and days 3, 7 and 14. This
indicator during activity was also lower in the magnesium group
at postoperative hour 24 than that of the control group, although
the difference was insignificant preoperatively and at hour 48,
and days 7 and 14. The consumption of morphine (the total
quantity) at 0-6, 6-12 and 0-48 h in the magnesium group was
significantly lower than in the control group, although no signifi-
cant differences were observed at 12-24 and 24-48 h between
the groups. The improvements of HHS from preoperative to
postoperative scores were statistically significant, however, no
significant differences were identified between groups. Thus, the
findings indicate that intra-articular magnesium sulphate injec-
tions provided improved pain control and reduced the need for
morphine when compared with a saline placebo following THA.

Introduction

Total hip arthroplasty (THA) is an effective surgical inter-
vention for pain relief and function improvement in elderly
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patients presenting with hip degeneration. However, a variable
amount of pain often accompanies this procedure postop-
eratively (1,2). Inadequate control of postoperative pain may
influence early rehabilitation and result in delayed recovery
and prolonged hospitalization. Consequently, various studies
have been conducted to obtain an ideal analgesic strategy,
which could offer satisfactory analgesia with high safety.
Traditionally, post-THA analgesics include oral
and epidural analgesics, peripheral nerve blockers, and
intra-articular analgesia infusions, among which local anal-
gesic injection is a simple and effective method. At present,
numerous options, including opioids, non-steroidal anti-
inflammatory agents and local anesthetics are available for
local injection (3-5). A relatively novel approach for peripheral
pain control is to use magnesium sulphate. A recent study
revealed magnesium had antinociceptive effects in animal and
human models of chronic pain (6). It was shown to be effec-
tive as a postoperative analgesic in orthopedic surgery (7,8).
The analgesic property of magnesium is associated with
inhibition of the N-methyl-D-aspartate (NMDA) receptor
and modulation of calcium channels (9). Furthermore, its
addition to local anesthetics prolongs anesthesia duration and
maximizes their effects (10,11). Clinical studies demonstrated
that intra- articular injection of magnesium effectively amelio-
rated postoperative pain in arthroscopic knee surgery when
compared with a placebo (12,13). However, to the best of our
knowledge, its application to THA has not yet been reported.
Therefore the present study was performed to compare and
analyze the analgesic efficacy and safety of an intra-articular
magnesium sulfate injection with a placebo following THA.
It was hypothesized that patients receiving the intra-articular
magnesium sulfate injection would experience reduced
postoperative pain when compared with the control group.

Materials and methods

Participants. Between October 2012 and June 2014, a total of
60 patients underwent THA in the Second Affiliated Hospital
of Wenzhou Medical University (Wenzhou, China) and met the
inclusion criteria, thus were included in the current study. All
procedures were conducted in accordance with the ethical stan-
dards of the responsible committee on human experimentation
(institutional and national) and with the Helsinki Declaration
of 1964 and its later amendments. Informed consent was
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obtained from all the patients included in the study. The
compliance was considered to be good, as the majority of the
outcome measurements were short-term assessments.

Patients who underwent unilateral THA for hip osteoarthritis
or aseptic necrosis of the femoral head were eligible for the
current study. The diagnosis was predominantly determined
by local radiographs, and further confirmed with the help of
medical history, clinical examination, and additional imaging
examinations, such as computed tomography or magnetic
resonance imaging if necessary. The inclusion criteria were
as follows: Patients aged <80 years, weighing <80 kg, and
with an American Society of Anesthesiologists physical
status class I or I (14). The exclusion criteria were as follows:
1) History of bleeding diathesis or any previous thromboembolic
episodes; ii) recent use of therapeutic agents that may distort
the results; iii) exhibiting metabolic diseases, such as hepatic
or renal dysfunction, or serious cardiac disorders; iv) exhibiting
hypermagnesemia or associated diseases with the potential to
develop a hypermagnesemia; v) known allergies to one of the
medications included in the study.

Interventions. All patients were randomized into one of two
groups using computer-generated numbers. The magnesium
group (n=30) received 10 ml 10% magnesium sulphate and the
control group (n=30) received 10 ml normal saline solution.
All patients received celecoxib (COX-2 inhibitor; PPLLC,
Dalian, China) postoperatively with a dose of 200 mg twice a
day. The patients received one dose of cefazolin (2 g; Reyoung
Pharmaceutical Co., Shandong, China) intraoperatively, and
the subsequent 4 doses of the same quantity over 48 h postop-
eratively. A daily treatment of 4,000 IU low molecular weight
heparin was administrated subcutaneously for deep venous
thrombosis (DVT) prophylaxis.

Prior to surgery, all patients received an intravenous bolus
of 500 ml Ringer's lactate solution (Kelun Pharmaceutical
Co., Sichuan, China). General anesthesia was required for all
patients and all procedures were performed by the same senior
anesthetist. It was induced by total intravenous anesthesia with
propofol (2 mg/kg; Jiabo Pharmaceutical Co., Guangdong,
China) and remifentanil (3 pg/kg; Nhwa Pharmaceutical Co.,
Jiangsu, China), and maintained with nitrous oxide in oxygen
(60%) and isoflurane (1-2%; Lenuo Kefeng Pharmaceutical Co.,
Shandong, China). The depth of anesthesia was maintained
by adjusting the percentage of isoflurane. Vital signs, such as
heart rate (HR), blood pressure, respiratory rate and arterial
oxygen saturation were monitored continuously throughout
surgery. Hypotension (systolic blood pressure <80 mmHg or a
30% decrease from baseline) was treated with Ringer's lactate
solution, if required followed by 5 mg intravenous epinephrine
(Kingyork Pharmaceutical Co., Tianjin, China). Bradycardia
(HR <50 bpm) was treated with 0.2 mg atropine (Kingyork
Pharmaceutical Co.).

All surgical procedures were performed by the same
senior surgeon according to standard surgical routines.
Metal-on-metal total hip systems without bone cement
(Smith & Nephew, Memphis, TN, USA) were available for
replacement. The posterolateral approach was adopted, and a
standard silicon drain with an inner diameter of 16 mm was
placed before closing the skin, which was clamped for 2 h
postoperatively and subsequently released. Following closure
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of the capsule the test medication was administrated. Patients
in the magnesium group received 10 ml magnesium sulphate
solution (10% magnesium sulphate; 1g diluted in 10 ml normal
saline) intra-articularly and those in the control group received
the same quantity of normal saline solution. All cases were
transferred to the post-anesthesia care unit and observed for at
least 2 h before being returned to the ward.

Morphine injection (10 mg) was administered intrave-
nously as an analgesic supplement once a day for 48 h after
surgery. If pain remained intolerable, an additional 5 mg per
administration was used and the total quantity was dependent
on the severity and general condition of the case. No other
analgesics were used during the study period. The drain at the
surgical site was removed 48 h postoperatively. The rehabilita-
tion protocol was identical for every patient. On postoperative
day 1, the anteroposterior and lateral radiographic views of
the affected hip were reexamined. Full weight bearing was
permitted after removal of the drains. The patients were
permitted to be discharged when pain was manageable with
oral morphine and when they were able to walk using crutches.

Outcome assessment. Preoperative variables, including age,
gender, diagnosis, body mass index (BMI) and surgical dura-
tion were evaluated for each patient. The primary outcome was
pain, as assessed using the visual analogue score (VAS), which
ranged from 0 mm (representing no pain) to 100 mm (repre-
senting the worst pain. VAS was determined preoperatively
and at hours 2, 4, 6, 12, 24 and 48, and on days 3, 7 and 14 at
rest, and postoperatively at hours 24 and 48, and days 7 and 14
during activity. The secondary outcomes included morphine
consumption and Harris hip score (HHS) (15). Morphine
consumption was calculated preoperatively and at hours 6, 12,
24 and 48, and HHS was documented preoperatively, and at
day 7 and 14 postoperatively. Serum magnesium concentration
was assessed in each patient. The blood samples (10 ml) for
calculating serum magnesium concentration were obtained
preoperatively and at hours 6 and 24 postoperatively. Adverse
events (AEs) were recorded within 14 postoperative days.

Statistically analysis. All data were analyzed by the research
team of our department in conjunction with a medical statisti-
cian using the latest version of SPSS 19.0 (IBM SPSS, Armonk,
NY, USA). Continuous data are presented as means + standard
deviation and analyzed using paired or unpaired Student's
t-test. Categorical data are presented using proportions and
analyzed using the * test with Fisher's exact test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Baseline demographic characteristics and clinical data.
All patients completed the study protocol. The baseline
demographic characteristics and clinical data are presented
in Table I. Two groups of patients were well matched, with no
significant differences in age, gender, BMI, diagnosis, length
of surgery, serum magnesium concentration and total drainage
fluid observed between the two groups.

Outcome of VAS, consumption of morphine and HHS. The
outcome of VAS at rest was significantly lower at postoperative
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Table I. Demographic characteristics and clinical data (values
presented as means + standard deviation).

Group
Magnesium  Control
Parameter (n=30) (n=30)  P-value
Age (years) 66.2+9.8 65.1£10.9 0.683
Gender 0.299
Male 11 16
Female 19 14
Body mass index (kg/m?*)  26.3+3.0 26.0£32  0.675
Diagnosis (n) 0.067
Osteoarthritis 21 13
Aseptic necrosis 9 17
Length of surgery (min) 76.0+£16.8 74.5+17.1 0.721
Serum magnesium
concentration (mmol/I)
Preoperative 1.00+0.15 1.03+£0.15 0.376
Postoperative, 6 h 1.08+0.17 1.04+£0.15 0414
Postoperative, 24 h 1.02+0.18  1.04+0.17 0.632
Total drainage fluid (ml) 428.3+81.2 409.0+82.4 0.364

100
90-_ *
80|
70}
60 [
50 -
401}
30|
20|

10f

—=— Magnesium group
—e— Control group

VAS score

n H 2 1 j 1 . H
Preop POH2 POH4 POHE POH12Z POH24 POH48 POD3 POD7 POD14
Time

Figure 1. VAS score at rest up to postoperative day 14. "P<0.05 and “P>0.05.
VAS, visual analogue score; PO, postoperative; H, hour; D, day.

hour 6 and 12 in the magnesium group as compared with
the control group (P<0.05), although the difference was
insignificant preoperatively and at postoperative hours 2,
4, 24 and 48, and days 3, 7 and 14 (P>0.05; Fig. 1). This
indicator during activity was also lower in the magnesium
group at postoperative hour 24 compared with the control
group (P<0.05), although the difference was insignificant
preoperatively and at hour 48, and days 7 and 14 (P>0.05;
Fig. 2). Following surgery, the consumption of morphine at 0-6,
6-12 and 0-48 h (the total quantity) in the magnesium group
was significantly lower when compared with the control group
(P<0.05); however, no significant differences were observed
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Figure 2. VAS score during activity up to postoperative day 14. "P<0.05 and
"P>0.05. VAS, visual analogue score; PO, postoperative; H, hour; D, day.
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Figure 3. Consumption of morphine up to 48 h post-surgery. "P<0.05 and
P>0.05.

at 12-24 and 24-48 h between the groups (P>0.05; Fig. 3).
The HHS was performed to evaluate postoperative recovery
conditions. As shown in Table II, although the improvements
from preoperative to postoperative scores were statistically
significant (P<0.05), no significant differences were identified
between the two groups (P>0.05). At the final follow-up,
25 cases in the magnesium group and 26 in the control group
achieved excellent or good scores.

AEs. A total of 17 patients (28%) reported at least one AE
and the proportions did not differ according to the treatment
group (Table IIT). Lower extremity Doppler ultrasound scans
were performed for every patient three days post-surgery. Two
cases in the magnesium group and one in the control group
were diagnosed with a DVT of the lower extremity. These
patients remained under observation for two weeks and no
serious AEs, such as pulmonary embolism or limb amputa-
tion occurred. Those patients were advised to attend periodic
outpatient follow-up.
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Table II. Outcome of Harris hip score (values presented as means + standard deviation).
Rating grade
Time Group Excellent (90-100) Good (80-89) Fair (70-79) Poor (<70) P-value
Preoperative Magnesium 0 0 11 19 0.491
Control 0 1 13 16
Postoperative day 7 Magnesium 4 15 11 0 0.279
Control 2 21 7 0
Postoperative day 14 Magnesium 7 18 5 0 0.823
Control 9 17 4 0
Table III. Adverse events. Magnesium has been shown to exert its analgesic effect
by peripheral, intravenous or spinal infusion (24). With the
Group (n=30/group) advantages of simplicity and minimal risk for complica-
- tions, intra-articular administration of magnesium has
Magnesium,  Control, received increasing attention and interest. There is evidence
Adverse event n (%) n(%) P-value NMDA-receptor exists in the peripheral terminal of
) articular primary afferent fibers and cellular elements of
Deep Yenous thrombosis 2(6.7) 13.3) 1000 the joint (25). Previous studies revealed that magnesium
Vomiting 133) 0(0.0) 1.000 exerted its possible anti-nociceptive effect predominantly via
Nf"tus.ea 5 (16.7) 3(10.0)  0.706  peripheral NMDA-receptor mechanisms when administrated
Dizziness 4(13.3) 6(200) 0731 Jocally (26-28). Therefore, the method of intra-articular injec-
Headache 2(6.7) 2(6.7) 1.000 tion was adopted in the present study.
Urine retention 0(0.0) 1(3.3) 1.000 The analgesic effect of magnesium by intra-articular injec-

Discussion

The present study indicates that intra-articular injection of
magnesium sulphate exerted analgesic effects following THA,
which decreased postoperative pain and morphine consumption
in the early stage of recovery either at rest or during activity.

In recent years, as a result of increasing numbers of osteo-
arthritis cases and other degenerative disorders of the joint,
THA is being widely performed and has been demonstrated to
be a highly successful surgical intervention (16,17). Although
this procedure is effective, it is often associated with a delayed
rehabilitation and prolonged hospitalization, and is accompa-
nied by severe pain during the early postoperative period. At
present, various medications are available for postoperative
pain control in orthopedic surgeries, among which magnesium
is ideal, as it is safe and inexpensive. Although the underlying
mechanism of the antinociceptive effect remains unclear, its
interference with NMDA receptors and calcium channels
appears to affect postoperative pain. Previous studies revealed
that NMDA receptors exerted excitatory synaptic transmission
effects and possessed negative modulatory sites, and could be
blocked by magnesium in a voltage-dependent manner (18,19).
In animal models, NMDA receptor antagonists have been
shown to have analgesic properties in pain conditions, with
similar effects also observed in humans (20,21). Conversely,
calcium has been shown to be associated with the release of
neurotransmitters and substances implicated in nociceptive
response (22), thus the blockage of calcium channels may
initiate the pain relief process (23).

tion has been confirmed by various studies. Koltka et al (29)
conducted a randomized clinical study on 120 patients under-
going arthroscopic meniscectomy. In their study, the patients
received magnesium sulphate (500 mg diluted in 20 ml normal
saline), levobupivacaine (100 mg diluted in 20 ml normal saline),
lornoxicam (8 mg diluted in 20 ml normal saline) or 20 ml
normal saline by intra-articular injection prior to tourniquet
deflation. Koltka et al (29) found that magnesium sulphate was
a more effective analgesic than the placebo, although the most
effective was lornoxicam (29). In another study performed by
Bondok and Abd El-Hady (12), a total of 60 cases undergoing
arthroscopic knee surgery were randomly allocated to receive
intra-articular injection of either 10 ml magnesium sulphate
(50 mg/ml) or 10 ml normal saline prior to tourniquet release. It
was observed that the magnesium group obtained a significant
reduction in pain scores and less total diclofenac consumption
when compared with the control group postoperatively. It was
concluded that intra-articular magnesium administration was
effective for postoperative analgesia (12). In the present study,
intra-articular administration of magnesium was performed
for pain management following THA, and the results indicated
that this strategy improved postoperative pain scores when
compared with the control group, which was consistent with
the above-mentioned reports.

No significant differences in preoperative data, surgical
duration and total drainage fluid were identified between the
two groups, nor were there differences in intraoperative anes-
thesia, surgical approach and the types of implant; therefore,
associated factors that may affect postoperative VAS and
rehabilitation were excluded. The results of VAS at rest, at
postoperative hours 2 and 4 did not differ depending on the
treatment type, and the two were smaller than that at hour 6,
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which may be due to residual anesthetic in the circulatory
system. No significant differences in VAS were found after
postoperative day 2, as magnesium would be absorbed and
metabolized by the body. The result of HHS indicated that
intra-articular administration of magnesium may not facilitate
functional recovery in the early stages of recovery. However,
the outcomes of VAS at postoperative hours 6 and 12 at
rest, and postoperative hour 24 during activity were signifi-
cantly lower in the magnesium group, and the consumption
of morphine at 0-6, 6-12 and 0-48 h were also significantly
reduced. Thus, it was concluded that magnesium reduces post-
operative pain when administered intra-articularly following
THA as compared with administration of normal saline.

In the present study, serum magnesium concentrations
were not influenced by intra-articular injection at a low dose
(1 g), as the levels were comparable with those of the control
group, postoperatively and following surgery. All the serum
magnesium concentrations were within normal limits and no
associated AE was observed.

There were certain limitations of the present study.
A drainage system was applied and a small quantity of
magnesium sulphate was able to exude from it, thus it was
hypothesized that a lack of drainage could have contributed
to greater analgesia efficacy. In addition, the present study
was monocentric; therefore, the results may be biased, and a
multicenter study may strengthen the generalizability of the
outcomes. Furthermore, the present study was limited to the
early postoperative analgesia and complications, thus further
studies of subsequent clinical outcomes are required.

In conclusion, the present study indicates that the admin-
istration of intra-articular magnesium sulphate provides
improved pain control and reduces the requirement for
morphine in the early postoperative period without increasing
short-term complications, when compared with a placebo.
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