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Abstract 

Background A subarachnoid block is the cheaper and widely used regional block for lower limb surgery. Postopera-
tive pain occurs after lower limb orthopedic surgery from moderate to severe. We conducted a prospective, rand-
omized, double-blind controlled trial. All patients were assessed for onset and duration of sensory and motor block, 
total duration of analgesia, and postoperative pain relief.

This study was conducted to evaluate the efficacy of intrathecal bupivacaine with magnesium undergoing lower limb 
orthopedic surgery.

Results One hundred patients were randomly divided into two equal groups. Group M: Intrathecal 3 ml (15 mg) 
of 0.5% bupivacaine + 0.2 ml (50 mg) of preservative-free 25% of magnesium sulphate. Group B: Intrathecal 3 ml 
(15 mg) of 0.5% bupivacaine + 0.2 ml preservative-free 0.9% normal saline. The mean time that occurred for the sen-
sory blockade at T10 was 2.49 ± 0.49 min in group B, while it was 4.13 ± 0.74 min in group BM (p value < 0.0001). The 
mean of the total duration of the sensory block in group B was 139.5 ± 32.01 min, while it was 366.4 ± 30.12 min 
in group BM (p value < 0.0001). The time taken for the onset of motor block in group B was 5.28 ± 1.31 min, 
while it was 7.86 ± 1.19 min in group BM (p value < 0.0001). The mean total duration of the motor block in group 
B was 136.3 ± 8.19 min, while it was 336.5 ± 37.08 min in group BM (p value < 0.0001). The total duration of analge-
sia in group B was 141.4 ± 14.85 min, while it was 365.9 ± 44.91 min in group BM (p value < 0.0001). The mean dose 
required for rescue analgesia in group B was 2.2 ± 1.14, while in group BM was 1.28 ± 0.96 (p value < 0.0001).

Conclusions The addition of 50 mg magnesium sulphate in intrathecal hyperbaric bupivacaine significantly prolongs 
the extended duration of sensory, motor blockade, and total duration of analgesia for patients undergoing lower limb 
orthopedic surgery.

Keywords Analgesia, Bupivacaine, Magnesium sulphate, Subarachnoid block

Background
In clinical practice, spinal anesthesia was first introduced 
by Karl August Bier in 1898 (Parameshwara 2001). An 
unpleasant sensory and emotional experience associated 
with actual or potential tissue damage is known as pain 
(Ripamonti 2012). Postoperative pain is reported to be 
moderate to severe after lower limb orthopedic surgery 
and has major effects on almost all body systems. Several 
studies have reported the effect of intrathecal magne-
sium sulphate as an adjuvant to intrathecal bupivacaine 
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prolongs the analgesic duration of spinal anesthesia, but 
there is inconsistency with relative data (Alur et al. 2021; 
Wang et al. 2020). Magnesium sulphate is a noncompeti-
tive antagonist to N-methyl d-aspartate (NMDA) recep-
tors at the spinal cord to prevent central sensitization 
from peripheral nociceptive stimulation. Some other 
studies have reported that magnesium, due to its antino-
ciceptive property, has been used to relieve chronic pain 
(Tramer et al. 1996; Xiao and Bennett 1994) as well as to 
determine the intensity of duration and postoperative 
pain (Woolf and Thomas 1991; Lysakowaski et al. 2007).

The primary objective was the onset as well as the 
duration of sensory and motor block. The secondary 
objectives included were postoperative analgesia, hemo-
dynamic variations, and adverse effects of drugs.

Methods
The study was approved by the institutional ethical com-
mittee, ref number 162/2019, dated November 25, 2019. 
The duration of the study period was from the 1st of 
December 2019 to the 31st of December 2020.

After written informed consent, this randomized, pro-
spective, and experimental double-blind study included 
100 patients of sex, belonging to the American Society of 
Anesthesiologists (ASA) physical statuses I and II posted 
for lower limb orthopedic surgeries under spinal anes-
thesia. Surgery duration was limited from 80 to 190 min. 
Pre-anesthetic check-ups with all routine investiga-
tions were done a day before surgery. All patients were 
explained about the risks and advantages of the proce-
dure and the visual analog scale (VAS) (Scott and Huskis-
son 1976) (mark 0 = no pain, 10 = worst pain imaginable).

Randomization was done by using a computer-gener-
ated random number table. Both the observer and par-
ticipants were blinded by the intervention.

Group B (n = 50) patients received 3 ml of 0.5% heavy 
bupivacaine (15  mg) + 0.2  ml of preservative-free 0.9% 
normal saline.

Group BM (n = 50) patients received 3 ml of 0.5% heavy 
bupivacaine (15  mg) + 0.2  ml of preservative-free 25% 
magnesium sulphate (50 mg).

Inclusion criteria

• Age 20–60 years
• Either sex
• ASA I or II
• Elective lower limb orthopedic surgeries

Exclusion criteria

• Patient refusal

• Patient with h/o bleeding diathesis
• Significant cardiac, renal, hepatic disease, and neuro-

muscular disease
• Psychological disorder
• Allergic reaction to local anesthetics

All the patients included in the study were kept nil 
per oral since midnight. All patients received tab diaz-
epam 10 mg the night before surgery. After shifting the 
patient to the operating room, basic anesthesia moni-
tors like pulse-oximetry, electrocardiogram (ECG), and 
non-invasive blood pressure (NIBP) were connected and 
baseline vital parameters (blood pressure, heart rate, and 
oxygen saturation  (SpO2)) were recorded. An intravenous 
line with an 18-G cannula was placed, and adequate infu-
sion was started. All patients were premedicated with inj. 
glycopyrrolate 0.2 mg and inj. ondensetron 4 mg intrave-
nously. No sedative agent was administered.

With proper antiseptic precaution, lumbar puncture 
was done with a 25-G Quincke (BD, USA) spinal needle 
at the level of L3–L4 vertebra in a sitting position, and 
after confirming the free flow of cerebrospinal fluid, 
3.2  ml of the study drug solution was administered by 
an anesthesiologist not aware of the drug solution. The 
sensory level was assessed by pinprick method using 
a blunt 23-gauze needle along the midclavicular line, 
after placing the patient in a supine position. No tilt of 
the table was allowed till 20  min after the administra-
tion of the drug. The time between the end of the injec-
tion of the intrathecal anesthetic drug and the absence of 
pain at the T10 dermatome is considered as the onset of 
sensory block. The time for regression of two segments 
from the maximum block height evaluated by pinprick is 
known as the duration of the sensory block. The Modi-
fied Bromage Score ((0) no motor loss, (1) inability to flex 
the hip, (2) inability to flex the knee, and (3) inability to 
flex the ankle) (Breen et al. 1993) was used for assessment 
of motor block. The time from intrathecal injection to 
Bromage score 1 is defined as the onset of motor block, 
whereas when the Bromage Score 0, it was defined as the 
duration of motor block. The period from spinal injection 
to the time when the patient complained of pain for the 
first time in the postoperative period was considered as 
the duration of analgesia.

Heart rate, systolic, diastolic, mean blood pressure, 
oxygen saturation, and respiratory rate were monitored 
every 5 min for the first 30 min and then every 15 min 
until the end of surgery in the operating room. Hypoten-
sion (decrease in blood pressure of more than 20% from 
baseline) was immediately treated with intravenous fluids 
or ephedrine, and bradycardia (heart rate < 60 beats/min-
ute) was managed with atropine. The postoperative anal-
gesia was defined as the time to first analgesic request 
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(when VAS reached ≥ 4) from the time of injection of 
the study drug. The quality of postoperative analgesia 
was assessed using VAS scores at 2, 3, 4, 8, 12, 18, and 
24  h postoperatively. Any patient showing VAS ≥ 4 was 
administered a supplemental dose of injection Trama-
dol 1 mg/kg intravenously slowly. The primary outcome 
measure in this study was the onset and duration of sen-
sory and motor block. The secondary outcome measures 
included postoperative analgesia, hemodynamic stability, 
and side effects.

Statistical analysis
In this study, the sample size was calculated on the basis 
of the pilot study. To get the clinically relevant difference 
of 20% in the duration of sensory and motor blockade 

with 0.05 significant levels and 80% power, we needed 
41 patients in each group. To compensate for the attri-
tion rate, we included 50 patients in each group. Col-
lected data were presented as mean ± SD, numbers, and 
percentages as appropriate. Statistical analysis was car-
ried out using MS Excel 2010 (Microsoft Corporation, 
USA) and Graph Pad Prism 9.0 software (Graph Pad 
Software Inc., La Jolla CA, USA). Appropriate univariate 
and bivariate analyses were done by using the Students’ t 
test for continuous variables and the chi-square test for 
categorical variables. P < 0.05 is considered as significant 
level, and p < 0.0001 was taken as highly significant.

Results
Demographic data (Tables  1 and 2) revealed that there 
was no statistically significant difference between the 
two groups with regard to age, gender, weight, height, or 
duration of surgery and ASA grades.

As regards block characteristics (Table 3), there was a 
statistically significant delay in the onset of sensory and 
motor block in group BM when compared to group B.

The duration of sensory blockade in group BM was 
prolonged than in group B which was statistically highly 
significant (p < 0.0001). The duration of motor blockade 
in group BM was prolonged than in group B which was 
also statistically highly significant (p < 0.0001).

A statistically significant difference was observed 
for the prolonged duration of analgesia in group BM 
compared to group B (P < 0.001). The group B patient’s 

Table 1 Demographic data

Data presented as mean ± SD or number, percentage: P > 0.05 not significant

Variables Group B (n = 50) Group BM (n = 50) P value

ASA grade I 25 (50%) 24 (48%) 0.84

II 25 (50%) 26 (52%)

Gender Male 33 (66%) 40 (80%) 0.11

Female 17 (34%) 10 (20%)

Age (years) 40.19 ± 12.4 42.17 ± 12.0 0.81

Weight (kg) 57.80 ± 4.4 58.20 ± 6.5 0.71

Height (cm) 155.7 ± 2.6 156.1 ± 4.0 0.55

Surgery duration 
(minutes)

127.5 ± 29.42 133.9 ± 52.89 0.45

Table 2 Type of surgery

Data presented as number or percentage

Surgical procedure Group–B (n = 50) Group-BM (n = 50) P value

Plating of the lower end of the femur 16 (32%) 18 (36%) 1

PFN 13 (26%) 11 (22%)

TKR 16 (32%) 17 (34%)

Plating of the upper end of the tibia 05 (10%) 04 (8%)

Table 3 Characteristics of spinal block

Data presented as mean ± SD or number: P < 0.0001 highly significant

Variables Group B (n = 50) Group BM (n = 50) P value

Onset of sensory block (min) 2.49 ± 0.49 4.13 ± 0.74  < 0.0001

Duration of sensory block (min) 139.5 ± 32.01 366.4 ± 30.12  < 0.0001

Onset of motor block (min) 5.28 ± 1.31 7.86 ± 1.19  < 0.0001

Duration of motor block (min) 136.3 ± 8.19 336.5 ± 37.08  < 0.0001

Total duration of analgesia (min) 141.4 ± 14.85 365.9 ± 44.91  < 0.0001

Analgesic dose request (number) 2.2 ± 1.14 1.28 ± 0.96  < 0.0001

Requirement of analgesia (min) 142.5 ± 32.01 369.8 ± 26.48  < 0.0001
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requirement of the dose of inj tramadol was earlier as 
compared to group BM patients (P < 0.0001) (Table 3).

In the immediate postoperative period, no patient had 
a VAS score ≥ 4. The mean VAS score was higher at the 
end of 4 h in group B as compared to group BM at the 
same time. The difference was statistically highly signifi-
cant (P < 0.0001) (Fig. 1).

There was no significant difference in the heart rate, 
SBP, and DBP found between the two groups.

As regards side effects, only 4 cases reported nausea, 2 
cases reported vomiting, and 2 cases reported shivering 
in group B, while in group BM, 2 cases reported nausea 
and 2 cases reported headache; the difference between 
both groups was statistically insignificant.

Discussion
Subarachnoid block with hyperbaric bupivacaine is 
a safe, inexpensive technique and popular mode of 
anesthesia for lower limb orthopedic surgery. One of 
the major drawbacks of spinal anesthesia using local 
anesthetics alone is an early postoperative need for 
analgesia.

For postoperative pain relief, there are multimodal 
analgesic methods including systemic opioids or NSAIDS 
or NMDA receptor antagonist (magnesium) and regional 
techniques in the form of spinal, epidural, or peripheral 
nerve blocks, etc. It diminishes autonomic, somatic, 
and endocrine reflexes that finally result in a remarkable 
reduction in perioperative morbidity (Shukla et al. 2011).

Fig. 1 Consort flow diagram
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NMDA receptor antagonist has an important role in 
the prevention of central sensitization of pain. Magne-
sium sulphate being a non-competitive NMDA recep-
tor antagonist stimulates peripheral nociceptive and 
helps in the prevention of central sensitization (Tramer 
and Glynn 2007; Woolf and Thompson 1991; Woolf and 
Chong 1993).

The present study was designed to examine the onset 
and duration of sensory and motor block and the analge-
sic effects of intrathecal magnesium sulphate (50 mg) as 
an adjuvant to bupivacaine (15 mg) in spinal anesthesia 
for lower limb orthopedic surgery.

In our study, we observed prolonged onset and dura-
tion of sensory and motor blockade in the BM group 
with better postoperative analgesia without any unto-
ward effects in comparison to the B group. Haubold and 
Meltzer (1906) utilized intrathecal magnesium sulphate 
(1000–2000  mg) in human-produced spinal anesthesia, 
including motor and sensory blocks for 3.27  h without 
neurological damage.

Faiz et  al. (2012) found that intrathecal  MgSO4 when 
combined with local anesthetic agents is known to poten-
tiate the analgesic effect.

In a meta-analysis published by Ramirez et  al. (2013), 
intrathecal magnesium sulphate doses range from 50 to 
100 mg. The most commonly used dose is 50 mg.

Paul et  al. (2009) showed that adding 50  mg  MgSO4 
intrathecally in patients undergoing lower limb surgeries 
delayed the onset of the sensory block as well as the time 
to reach peak sensory block in the magnesium group 
(6.65 ± 1.08 min, 19.26 ± 4.41 min) than the control group 
(5.2 ± 1.21 min, 14.83 ± 3.46 min) significantly, p < 0.001.

Shukla et  al. (2011) concluded that the addition of 
50  mg intrathecal  MgSO4 prolonged the onset of sen-
sory block and motor block in the magnesium group 
(6.46 ± 1.33 and 7.18 ± 1.38  min) as compared to the 
control group 4.14 ± 1.06 and 4.81 ± 1.03  min) in lower 
abdominal surgeries.

The authors of these studies suggested that delayed 
onset may be due to differences in the pH and baricity of 
the solution containing  MgSO4 (Shukla et al. 2011; Paul 
et  al. 2009). Another study has provided the reason for 
delayed onset due to the activation of cytochrome P450 
(CYP) by magnesium which increases the metabolism 
of bupivacaine (Morrison et al. 2013). In some studies, it 
is observed that sensory and motor blockade onset was 
directly dependent on the dose of magnesium sulphate 
used (Chaudhary et al. 2016; Prabhavathi et al. 2017).

However, Limbu et al. (2017) concluded that the addi-
tion of 75 mg  MgSO4 had no effect onset of sensory or 
motor block which is contradictory to our study results.

In addition, intrathecal magnesium sulphate (50–
100  mg) along with bupivacaine provided the extended 

duration of the sensory and motor blockade to a signifi-
cant level (Prabhavathi et al. 2017; Hemalatha et al. 2017; 
Kathuria et al. 2014).

Shah et  al. (2016) and Kahraman et  al. (2014) found 
that intravenous infusion of magnesium sulphate under 
spinal anesthesia prolongs sensory block duration.

However, Khezri et  al. (2012) and Limbu et  al. (2017) 
concluded that the addition of 50  mg  MgSO4 intrathe-
cally was no difference in sensory and motor block dura-
tion which is not in accordance with our study.

In some studies, it is found that the addition of 50 mg 
magnesium to hyperbaric bupivacaine (12.5  mg) with 
fentanyl (25  μg) for spinal anesthesia for infraumbilical 
surgeries results in a significantly delay of the onset of the 
sensory and motor block with prolonged analgesia, less 
score of VAS, without significant hemodynamic changes 
and side effects (Sen et al. 2020; Singh and Sen 2019).

Our results were partially comparable with Rashad 
and El-Hefnawy (2015) found that the use of magnesium 
sulphate as an adjunct in spinal anesthesia was asso-
ciated with increased duration of postoperative anal-
gesia and decreased amounts of postoperative opioid 
use (6.95 ± 1.19, 6.25 ± 2.22 vs. 5.60 ± 0.94, 9.50 ± 2.76, 
respectively).

In our study, the addition of intrathecal magnesium to 
bupivacaine decreased the VAS scores of the group in 
which magnesium was not used.

Hemalatha et  al. (2017) found that higher doses of 
intrathecal magnesium reported bradycardia and Morri-
son et al. (2013) found the risk of respiratory depression.

However, Kathuria et al. (2014) showed that 75 mg of 
intrathecal magnesium was used, without any hemody-
namic variability and any adverse effects.

There is a study of the use of intrathecal magnesium 
sulphate in rats observing neurodegeneration based on 
electron microscopic examination (Ozdogan et al. 2013).

In our study, we used 50 mg of intrathecal magnesium 
for better perioperative hemodynamic stability and no 
adverse effects.

Limitations
Our findings are limited to bupivacaine only, and future 
studies are needed for some other local anesthetic drugs.

Conclusions
Intrathecal magnesium sulphate (50  mg) as an adjuvant 
to bupivacaine (15 mg), in a subarachnoid block for lower 
limb orthopedic surgeries, significantly prolongs the 
onset and duration of sensory as well as motor block and 
decreases the mean VAS score with longer duration of 
postoperative analgesia than bupivacaine alone without 
significant hemodynamic variations and adverse effects.
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