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ABSTRACT

BACKGROUND
Ambulatory arthroscopic knee surgery is now an established technique for the diagnosis and operative management of
intraarticular lesions. However, it is sometimes associated with moderate-to-severe post-operative pain.

The present study was undertaken to evaluate the efficacy of intraarticular Inj. Magnesium Sulphate as an adjuvant to Inj.
Bupivacaine for post-operative pain relief following diagnostic arthroscopy of the knee joint.

MATERIALS AND METHODS

This randomised controlled trial study of 60 eligible, consenting, ASA I and II physical status patients of either sex, undergoing
elective diagnostic knee arthroscopy were enrolled in the study. All the cases were conducted under general anaesthesia. The
patients were randomly allocated under two groups. Group A was the Control Group who received intraarticular 20 mL Inj.
Bupivacaine 0.5% in addition to 10 mL 0.9% normal saline, ten minutes before the release of tourniquet at the completion of the
procedure. Group B was the Study Group who received intraarticular 20 mL Inj. Bupivacaine 0.5% in addition to 10 mL Inj.
Magnesium Sulphate 10%, ten minutes before the release of tourniquet at the completion of the procedure. All the patients were
successfully reversed, extubated and observed for post-operative pain relief assessed by VAS score > 4 until the requirement of
rescue analgesic drug in the form of IV Inj. Tramadol Hydrochloride 1 mg/kg.

RESULTS

All 30 patients in Group B, i.e. case group who received Inj. Magnesium Sulphate along with Inj. Bupivacaine showed a three-fold
increase in the analgesic duration post-operatively in comparison with the Control Group A, who received only Inj. Bupivacaine
along with normal saline. The patients were highly satisfied with the quality of pain free period and no major complications were
observed in either group.

CONCLUSION

The present study confirmed the fact that intraarticular administration of Magnesium Sulphate is highly effective as an adjuvant to
Bupivacaine. This combination resulted in potentiating the analgesic duration of action post-operatively in patients undergoing
diagnostic arthroscopy of the knee joint, which enabled them to undertake a fast-tracking course.
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BACKGROUND

The current armamentarium of analgesic drugs and
techniques for the management of post-operative pain
continues to grow at a rapid rate. The expanding patient
population requires a perioperative analgesic regimen that is
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highly effective, has minimal side effects, is intrinsically safe
and can be easily managed away from the hospital or surgical
centre. This aspect is highly appropriated after knee
arthroscopy. Recently, the advent of intricate conglomeration
of best optical technology, tool technology and electronics has
made rapid strides in minimally access approach, which
represents the most important milestone in endoscopic
approach to the joints. Thus, the knee arthroscopy has in
many cases replaced the classic arthrotomy that was
performed in the past. In the absence of a long surgical
incision, the recovery after a knee arthroscopy is significantly
faster and post-operative physiotherapy can be started
immediately as compared to arthrotomy. However, the
arthroscopic procedures may cause enough pain and swelling
to delay the rehabilitation and return to work for up to two
weeks after surgery. Therefore, aggressive pain management
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during the early post-operative period is essential and can
enhance the convalescence after arthroscopic procedure.

Origin of the post-arthroscopic pain is a complex one and
is not fully understood. Thus, various factors have been
implicated in pain after arthroscopy and the effectiveness of
intraarticular analgesia. According to Henderson RC et al
(1990),! Joshi GP et al (1992)2 and Whitford A et al (1997),3
the factors that would contribute to the post-operative pain
following the arthroscopy include pre-operative pain score,
type of surgery, seniority of surgeons, use of general or
regional anaesthesia, volume of the drug injected, addition of
adrenaline and timing of intraarticular injection in relation to
tourniquet deflation etc.

Traditionally, administration of spinal anaesthesia has
been the choice for these patients with variable post-
operative analgesic duration. However, these days of fast
tracking, arthroscopies are being carried out as day care
surgeries and demands appropriate modification in
anaesthesia approach. Thus, General Anaesthesia with
numerous modern day intraarticular analgesics for post-
operative pain management is order of the day. Various drugs
that are commonly administered intraarticularly to provide
post-operative analgesia after arthroscopic knee surgery are
opioids, corticosteroids, local anaesthetics, clonidine,
ketamine, etc, most recently the use of intraarticular
magnesium sulphate has been studied extensively.

Intraarticular local anaesthetics are frequently used in
perioperative pain management. Bupivacaine, an amide local
anaesthetic, is often utilised because of its extended duration
of action.# Intraarticular bupivacaine in doses of 0.5 percent
or less does not appear to be harmful to articular cartilage.>

The recent discovery that opiate receptors exist in
peripheral tissue including the intraarticular tissue is of great
potential value while approaching the modalities of
preventing or reducing post-operative pain. Their presence
have been well documented and confirmed as specific
receptor sites in the knee.6 Plasma profiles for morphine and
its metabolites following intraarticular injection have been
shown to be too low to produce effective systemic analgesia.2
Similarly, other opioids like fentanyl and meperidine have
also been used intraarticularly with comparable analgesic
effects. Use of intraarticular corticosteroids like
triamcinolone and methylprednisolone has been studied
extensively. They have a significant opioid sparing effect. But
the onset of action of analgesic effect is considerably delayed
but long-lasting.” Similarly, intraarticular clonidine following
arthroscopic knee surgerys8-10 has been shown to prolong the
duration of action of local anaesthetics!! as well as to
selectively block the conduction of A d and C fibres.12 In
addition to its local anaesthetic effects, clonidine may
produce analgesia by releasing encephalin-like substances
resulting in peripheral analgesia.!3

N-methyl-D-aspartate (NMDA) receptors play a major
role in central nociceptive transmission, modulation and
sensitisation of acute pain states.!4 In addition to their central
location, recent studies identified NMDA receptors
peripherally in the skin,!5 muscles'6 and knee jointsl? and
found that they play a role in sensory transmission of noxious
signals. In its inactive state, the NMDA receptor is blocked by
the presence of a centrally positioned magnesium ion.
Afferent activity in nociceptor fibres dislodges the central
magnesium ion from the NMDA receptor, therefore allowing
calcium influx into the cell.
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Magnesium can be considered as a physiological blocker
of NMDA receptors.18 Magnesium therapy has been shown to
be potentially beneficial in eclampsia,’9 headache20 and acute
migraine attacks.2! More recently, it has been demonstrated
to reduce post-operative analgesic requirements.2223 Thus,
magnesium appears to have cornered the attention of several
research workers who are concentrating on its effects on
post-operative pain relief following knee arthroscopic
procedures. The primary aim of this clinical study was to
evaluate the efficacy of intraarticular Inj. Magnesium sulphate
as an adjuvant to Inj. Bupivacaine for post-operative pain
relief following diagnostic arthroscopy of the knee joint.

MATERIALS AND METHODS

A randomised controlled trial study “Evaluation of the
efficacy of intraarticular Inj. Magnesium sulphate in
combination with Inj. Bupivacaine for post-operative pain
relief following diagnostic arthroscopy of the knee joint” was
conducted on 60 eligible ASA 1 and 2 patients, who
underwent elective diagnostic arthroscopy of the knee joint
under general anaesthesia at the Shivamogga Institute of
Medical Sciences, Shivamogga, from June 2016 to June 2018.
ASA grade other than I and II. The study was double blinded.
Procedures requiring surgical interventions, need for post-
operative intraarticular drainage and contraindication for
intraarticular deposition of Inj. Magnesium Sulphate and knee
surgeries under regional anaesthetic techniques were
excluded from the study.

Pre-operatively, patients underwent a detailed history
taking and physical examination before recruiting them
under the study. Patients were taken into confidence after
explaining regarding the mode of anaesthesia, the post-
operative pain relief that will be instituted and the patient’s
participation in evaluating the duration of post-operative
analgesia under the study. For this purpose, all the patients
were counselled in their native language regarding their role
in the study with respect to the post-operative pain
assessment and were familiarised with the Visual Analogue
Scale used in the study. Further, the demonstration of pre-
operative pain assessment was done using the visual
analogue scale with score 0 to 10 cm (0 - 100 mm, 0 - No
Pain, 10 - Worst Possible Pain) and the VAS score was
recorded with the active participation of the patient. A
written informed consent was taken from the patients after
explaining the modalities of the study. The results of the
following investigations were reviewed: Weight, Height and
BMI, ECG; Chest X-ray; Blood Sugar, Serum Electrolytes,
Complete haemogram including bleeding and clotting time,
renal and liver function profile. Eligible patients were then
considered and enrolled under the study. Patients were
randomised into Control Group and Study Group based on
computer generated randomisation-

1. Group A: Control Group

Received a combination of 10 mL of Inj. 0.9% Normal

saline + 20 mL of 0.5% Inj. Bupivacaine hydrochloride

0.5%, 20 mL intraarticularly at the conclusion of

arthroscopy.

2. Group B: Study Group

Received a combination of 10 mL of Inj. Magnesium

sulphate 10% and 20 mL of 0.5% Inj. Bupivacaine

hydrochloride intraarticularly at the conclusion of
arthroscopy.
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No oral premedication was administered in the ward
under the protocol. The arthroscopic procedure was
conducted under general anaesthesia. During the surgery the
patient monitoring included: Continuous Electrocardiogram,
Heart rate, Pulse oximetry, Capnograph and NIBP at five
minutes interval. The arthroscopy was conducted under
conventional general anaesthesia. Inj. Pentazocine 0.4 mg/kg
IV was the only analgesic administered during the surgery.
Appropriate sized LMA or an endotracheal tube was used to
control the airway. Tourniquet on the thigh was inflated to a
pressure of 300 mmHg before the start of arthroscopy. At the
end of the surgical intervention, the study drug was prepared
and deposited the drug intraarticularly into the operated
knee under aseptic care by the surgical team, and the time of
intraarticular deposition was noted. The tourniquet was
deflated 10 minutes after the intraarticular drug deposition.
The patients were reversed and extubated. They were further
monitored at the PACU during the study period.

Post-Operative Monitoring

1. Vital Parameters: The heart rate, blood pressure and
respiratory rate were measured and recorded at regular
intervals.

2. Pain Assessment: It was done using the Visual Analogue
Scale with score 0 to 10 cm (0 - 100 mm, 0= No Pain, 10=
Worst Possible Pain) at regular intervals of 0.5, 2, 4, 6, 8,
10, 12, 16, 20 and 24 hours post-operatively, i.e. till they
required rescue analgesia at a VAS score of > 4.

3. Rescue Analgesia: It was provided with Inj. Tramadol
hydrochloride 1 mg/kg IV.

4. Analgesic Duration: It was calculated from the time of
intraarticular deposition of the study drug to the first
requirement of rescue analgesia as defined by the VAS of
>4,

5. Tourniquet Site Pain: Patients were asked to comment
on the tourniquet site pain (Yes/No).

6. Other Complications.

The patients were monitored to recognise and rule out
any local anaesthetic and/or magnesium sulphate induced
toxicity that is expected during the post-operative period.
This included complications like nausea/ vomiting,
respiratory depression, convulsions, hypotension,
paraesthesia etc. These were treated appropriately.

Descriptive statistical analysis was carried out in the
present study. Results on continuous measurements were
presented on Mean + SD (Min-Max) and results on categorical
measurements were presented in Number (%). Significance
was assessed at 5% level of significance, i.e. a p-value < 0.05.
Student’s ‘t’ test (two-tailed, independent) was used to find
the significance of study parameters on continuous scale
between two groups (Intergroup analysis). 2 x 6 Fisher’s
Exact test was used to find the significance of study
parameters on categorical scale between two groups.
Homogeneity of samples based on age, gender and other
study characteristics was done using the student’s ‘t’ test and
Chi-square test.

Sample Size Calculation
a=Za=1.960
B=7ZB=0.842
A=(1/q1+1/q0) =4.000
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B = (Za + ZB)? = 7.849

Standardised effect size = E/s = 0.72
Total Group Size = N =AB/ (E/s)2 = 60.56
SoN1=30and N2=30

RESULTS

The demographic data with respect to Age, Gender
distribution, Weight, Height and ASA status was comparable
between the groups. The mean tourniquet time was 47.46
minutes in Group A and 47.36 minutes in Group B, attracted
no statistical significance. The mean VAS scores at rest
recorded post-operatively were significantly lower in Group
B than in Group A. The analgesic duration was significantly
longer in Group B than in Group A, ie. 18.17 £ 3.15 hrs. in
Group B as against 6.40 £ 1.59 hrs. in Group A. The statistical
analysis was highly significant with p-value < 0.001. The
significantly longer analgesic duration in Group B in
comparison with Group A confirmed the fact that the Inj.
Magnesium exerts a significant adjuvant action on the Inj.
Bupivacaine by prolonging its duration of action by almost
three times. A very large effect of Inj. MgSo4 with effect size
of 4.68 was seen. Inj. Magnesium sulphate exerts significant
extended analgesic effect when administered intraarticularly
following diagnostic knee arthroscopies. The haemodynamics
in the form of pulse, blood pressure and respiratory rate
remained stable in the post-operative period in both the
groups indicating the safety of use of Magnesium sulphate.
There were no major complications observed in both the
groups in the post-operative period. Minor late side effects
like nausea/ vomiting could be attributed to the use of Inj.
Tramadol hydrochloride as rescue analgesic. No systemic side
effects following systemic absorption of the intraarticularly
injected Magnesium sulphate was noted in Group B.

DISCUSSION

Intraarticular local anaesthetics following knee arthroscopy
was studied by Nole R et al5 as early as 1985. These authors
preferred to deposit Inj. Bupivacaine, an amide local
anaesthetic for its extended duration of action. According to
Nole R et al (1985),5 intraarticular Inj. Bupivacaine in doses
of 0.5 percent or less does not appear to be harmful to
articular cartilage. Adjuvants are compounds, which by
themselves have undesirable side-effects or low potency but
in combination with opioids allow a reduction of narcotic
dosing for post-operative pain control. Adjuvants are needed
for post-operative pain management due to side-effects of
opioid analgesics which hinder recovery, especially in the
increasingly utilised ambulatory surgical procedures.
Adjuvants are also needed to prolong the duration of local
anaesthetics.

Inj. Magnesium sulphate is easily available at low cost.
Intraarticular use of Inj. Magnesium sulphate is an effective
adjuvant to Bupivacaine for post-operative analgesia
following diagnostic arthroscopy of the knee joint. The low
concentration of Magnesium sulphate used intraarticularly
has significant analgesic benefit. The analgesic benefit may be
attributed to the NMDA antagonistic property of Magnesium.
In concentrations of 10%, 10 mL Magnesium sulphate can
safely be used intraarticularly without any major side effects
on its systemic absorption. Use of intraarticular Inj.
Magnesium sulphate along with Inj. Bupivacaine following
knee arthroscopies allows for early ambulation and makes
diagnostic knee arthroscopy the day care surgery a reality.
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Special focus of interest is on the role played by the
NMDA antagonists in the attenuation of the post-operative
pain since a long time. The prototype Inj. Ketamine has been
extensively studied by Yatindra Kumar Batra et al (2005)24
for its adjuvant action to local anaesthetics after
intraarticular injection. Fawcett W] et al (1999)18 have shown
that Magnesium can be considered as a physiological blocker
of NMDA receptors. Koinig H et al (1998)18 and Levaux Ch et
al (2003)22 have demonstrated a reduction in post-operative
analgesic requirements with the use of Inj. Magnesium
sulphate intraoperatively. Previous studies investigating the
analgesic efficacy of systemic administration of Inj.
Magnesium sulphate have shown conflicting results. After
hysterectomy, reduced analgesic requirements, reduced
discomfort and better sleep quality have been reported by
Trameér et al (1996).25
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Koinig H et al (1998)23 conducted a randomised, double-
blinded study on patients undergoing arthroscopic knee
surgery with total IV anaesthesia. The patients received
either Magnesium sulphate 50 mg/kg pre-operatively and 8
mg.kg-1.h-1 intraoperatively. They concluded that IV
Magnesium sulphate administration reduces intra-operative
and post-operative analgesic requirements. Their results
demonstrate that systemic administration of Magnesium can
be an adjuvant to perioperative analgesic management.

Levaux et al (2003)22 had studied the effect of intra-
operative systemic administration of Magnesium sulphate on
pain relief and patient comfort after major lumbar
orthopaedic surgery and they concluded that systemic
administration of Magnesium sulphate reduced post-
operative opioid consumption and pain scores with
improvement in first night’s sleep and the global satisfaction
scores.

Intrathecal administration of Magnesium has been
studied by Buvanendran A et al (2002).26 The patients were
randomised to receive either intrathecal Fentanyl 25 pg plus
saline or Fentanyl 25 pg plus Magnesium sulphate 50 mg as
part of a combined spinal epidural technique. There was
significant prolongation in the median duration of analgesia
(75 mins) in the Magnesium plus Fentanyl group compared
with the Fentanyl group (60 mins). They concluded that
intrathecal Magnesium prolongs spinal opioid analgesia in
humans and suggest that the availability of an intrathecal N-
methyl-D-aspartate antagonist could be of clinical importance
for pain management.

The recently published data on intraarticular deposition
of Inj. Magnesium sulphate use by Bondok RS et al (2006),27
Mohamed R Hemida et al (2006)28 and Elsharnouby et al
(2008)29 supports the use of Inj. Magnesium sulphate for its
extended analgesic benefits without any adverse effects on
the cartilages.

The mechanism of peripheral antinociceptive effect of
NMDA antagonism has not been precisely defined. It has been
hypothesised to occur through an analgesic and anti-
inflammatory effect. In the study conducted by Hong-Tao Liu
et al (2001),30 they have shown that NMDA antagonists
reduce the excitability of nociceptive input terminals of C-
fibres, which play a role in the central processing of pain. The
anti-inflammatory action in the peripheral tissues occurs
through antagonising the release of inflammatory mediators
such as histamine, cytokines and serotonin which in turn
excite nociceptors.3!

The analgesic effect of intraarticular Magnesium is
evident. The present study as well as the previous studies has
shown a significant benefit with the use of intraarticular
magnesium. Inj. Magnesium sulphate in concentrations of
10% has been shown to be safe when used intraarticularly by
NM Elsharnouby et al in an animal study on rat knee joints.

The results of the present study correlate well with the
published data by the previous studies, where they have used
intraarticular Magnesium along with Inj. Bupivacaine.
Furthermore, no major side effects indicating the systemic
side effects of Magnesium were noted during the present
study. In the present study, where 10 mL of 10% Inj.
Magnesium sulphate (total 1 gm) along with 20 mL of 0.5%
Inj. Bupivacaine has been deposited intraarticularly in the
Study Group (B) and the other Control Group (A) received 10
mL normal saline along with 20 mL of 0.5% Inj. Bupivacaine
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intraarticularly. The study demonstrated the advantages of
Magnesium sulphate used intraarticularly as an adjuvant to
Bupivacaine in enhancing the post-operative analgesic
duration following knee arthroscopy. These advantages are
obtained without any post-operative complications involving
cardiovascular ~ or  respiratory  systems  following
intraarticular deposition of Magnesium sulphate.

The present study has shown that low concentrations of
intraarticular Magnesium are efficient for pain relief.
Intraarticular Inj. Magnesium sulphate is an efficient adjuvant
to Inj. Bupivacaine following knee arthroscopy. Also, that
none of the patients who received intraarticular Magnesium
had any significant side effects.

The present study has shown the benefits of the
intraarticular use of Magnesium sulphate for post-operative
pain relief following knee arthroscopy, conducted on 60
patients. The sample size is small to comment on the safety of
the use of intraarticular Magnesium sulphate. Though no
major complications were observed in the present study, a
large study involving higher number of patients might
evaluate the safety of the use of intraarticular Magnesium
sulphate.

The limitations of the present study may be that the
estimation of serum levels of Magnesium following its
intraarticular administration has not been carried out. The
available literature did not warrant such a study, which
would alter the course of the study. The other one is the
absence of a placebo group.

CONCLUSION

The present study confirmed the fact that intraarticular
administration of magnesium sulphate is highly effective as
an adjuvant to Bupivacaine. This combination resulted in
potentiating the analgesic duration of action post-operatively
in patients undergoing diagnostic arthroscopy of the knee
joint, which enabled them to undertake a fast-tracking
course.
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