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Introduction 
Pain is among the most important irritating 

post-surgical complications [1]. Pain  

management is an inseparable part of  

postoperative patient care [2]. Management of 

acute and chronic pain is an important priority. 

In the past, opioids were the cornerstone of 

pain reduction. Premedication with opioids is 

commonly performed in general anesthesia, 

and is continued perioperatively. However, 

considering their side effects such as nausea, 

vomiting, itching, and respiratory depression, 
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 Abstract  

Background and Aim: Considering the side effects of high doses of 

opioids taken postoperatively for pain control, paracetamol and 
magnesium sulfate may be able to aid in pain control. This study  

assessed the effects of paracetamol and magnesium sulfate on the 
level of pain and opioid intake following orthognathic surgery.    
Materials and Methods: In this double-blind randomized clinical 
trial, patients scheduled for bimaxillary orthognathic surgery were 
randomly assigned to two groups of 25. Group 1 patients received 1 
g infusion of intravenous acetaminophen (paracetamol) administered 
within 20 minutes while group 2 patients received 50 mg/kg  

magnesium sulfate infusion one hour prior to completion of surgery. 
The patients were asked to express their level of pain prior to  
discharge from the recovery, and every 4 hours for 12 hours using a 
visual analog scale (VAS). Patients with pain score > 5 at any time 
received 30 mg pethidine. The total received dosage of pethidine 
postoperatively was recorded and those that received pethidine were 
not included in pain score analysis. Data were analyzed by  

generalized estimating equation (GEE), and Mann-Whitney U,  

Chi-square, and t-tests. 
Results: The pain score was not significantly different between the 
two groups at the time of recovery and 4 and 8 hours (P>0.05). The 
magnesium sulfate group had significantly lower pain score at 12 
hours (P=0.009). The difference in pethidine dosage was not  

significant (P>0.05). 
Conclusion: Both magnesium sulfate and paracetamol decreased 
postoperative pain and the need for opioid consumption, but  
magnesium sulfate was slightly more effective.  
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attempts are ongoing to find non-opioid  

alternatives to decrease the administration of 

opioids [3]. Pain after orthognathic surgery is 

due to clinical problems related to masticatory 

muscles or temporomandibular joint such as 

muscle spasm in the head and neck, and  

maxillofacial region, and extensive  

manipulation of muscles and bones [4]. Nerve 

injury during orthognathic surgery can also 

result in orofacial or musculoskeletal pain [5]. 

Mobini et al. [6] evaluated pain after  

orthognathic surgery and the need for opioid 

intake, and reported a mean pain score of 6 

according to a visual analog scale (VAS), which 

was relatively severe. Also, patients who  

underwent bimaxillary surgery or mandibular 

surgery had higher level of pain than those 

who only underwent maxillary surgery, and 

required higher doses of opioids. Thus, it is  

imperative to find a strategy to decrease the 

level of pain after orthognathic surgery while 

lowering the dosage of opioids by finding an 

efficient alternative.  

Acetaminophen is a relatively safe  

medication with insignificant side effects and 

limited contraindications. It does not have  

considerable interference with other  

medications [7]. Paracetamol is the injection 

form of acetaminophen (50 mL  

acetaminophen). Its onset of action starts  

immediately after injection, its effect quickly 

reaches its peak, and remains for 2 to 3 hours 

in adults. 

Magnesium sulfate (50% Infu-magnesol; 50 

mL) is injected intravenously, its onset of  

action occurs within 1-2 minutes, its effect 

quickly reaches its peak, and remains for 30 

minutes. It is a physiological calcium channel 

blocker and a non-competitive antagonist of  

N-methyl-D-aspartate “NMDA” receptors.  

Theoretically, it can play a role in part of the 

molecular process of sensitization, and relieve 

postoperative pain by blocking NMDA  

receptors [8]. According to a review study by 

Shin et al. [9], due to the pivotal function of 

NMDA receptors in pain transfer, the  

mechanism of analgesic effect of magnesium is 

mainly explained by its inhibitory effect on 

NMDA receptors and central sensitization. The 

analgesic efficacy of magnesium has been  

evaluated for different types of pain. Oral,  

intravenous, spinal, and epidural  

administration of magnesium may decrease 

postoperative pain and the need for analgesics. 

Beneficial effects of treatment with magnesium 

have also been reported in patients with  

neuropathic pain such as those with  

neurological symptoms due to malignancy,  

diabetic neuropathy, neuralgia after herpes 

labialis, and peripheral neuropathy due to 

chemotherapy. Thus, injection of magnesium is 

more commonly used in daily clinical practice 

[9,10]. Therefore, paracetamol and magnesium 

sulfate were selected for assessment in this 

study. A previous study showed that  

paracetamol decreased pain and the need for 

opioids [11] while another study reported no 

significant effect [12]. The reports regarding 

the analgesic efficacy of magnesium sulfate 

have also been controversial [13,14]. Mostafa 

et al. [15] evaluated the prophylactic effect of 

intravenous infusion of magnesium on  

postoperative sore throat after thyroid surgery 

and reported that it significantly decreased the 

incidence and severity of sore throat after  

thyroidectomy. Hamed and Al-Saeed [16] as-

sessed the efficacy of intravenous magnesium 

sulfate versus intravenous paracetamol on pain 

in children after tonsillectomy and the need for 

analgesics and reported that magnesium  

sulfate had superior analgesic efficacy  

compared with paracetamol, and decreased the 

need for analgesics. However, Kalani et al. [12] 

compared the analgesic effects of paracetamol 

and magnesium sulfate on pain during surgery 

and found that although administration of  

narcotics decreased by the use of paracetamol 

and magnesium sulfate, this reduction was not 

significant. Another study by Talebi et al. [7] 

evaluated the effect of intravenous  

acetaminophen (paracetamol) administration 

on pain intensity and opioid consumption by 
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patients undergoing radius shaft fracture  

surgery and reported that it had a significant 

effect on opioid consumption during and after 

surgery; however, the difference in pain scores 

was not significant between the two groups at 

any time point.  

Considering the abovementioned  

controversy, this study aimed to assess and 

compare the effects of magnesium sulfate and 

paracetamol on pain and opioid consumption 

in patients undergoing orthognathic surgery in 

Bouali Hospital in Tehran during 2019-2021.  

 

Materials and Methods  
This double-blind prospective randomized  

clinical trial (ethical code: 

IR.IAU.DENTAL.REC.1398.005, IRCT code: 

IRCT20201113049375N1) was conducted on 

50 male and female patients between 18-45 

years who were candidates for bimaxillary  

orthognathic surgery, were ASA class 1 or 2 

according to the American Society of  

Anesthesiologists, did not have a history of 

previous orthognathic surgery, did not have 

drug allergy, substance abuse, or alcohol  

consumption, were not using psychedelic  

medications, had no hepatic or renal disease, 

did not have major anemia or arrhythmia, were 

not under chronic treatment with  

corticosteroids, calcium channel blockers, or 

non-steroidal anti-inflammatory drugs, and 

were willing to patriciate in the study and 

signed informed consent forms. Emergency 

cases and those with multiple facial trauma 

were excluded. The patients were randomly 

divided into two groups of 25. After 8 hours of 

fasting, the patients underwent standard  

monitoring of SPO2, ETCO2, ECG, and NIBP 

(Non-invasive blood pressure). After obtaining 

a venous access, 500 mL of saline was adminis-

tered prior to  

anesthesia induction. The patients were  

pre-oxygenated with 100% oxygen for a  

minimum of 5 minutes, and after receiving 

premedication with 0.03 mg/kg midazolam 

and 3 mic/kg fentanyl, anesthesia was induced 

by 1.5-2 mg/kg propofol; 0.5 mg/kg  

atracurium as muscle relaxant was also  

administered and the patients were intubated. 

Patients were ventilated in both groups and 

ETCO2 was precisely controlled by  

capnography to prevent hypo- or hypercarbia. 

Anesthesia maintenance was the same in both 

groups with continuous infusion of 2%  

sevoflurane and 0.5 mg/kg atracurium every 

20-30 minutes and N2O + O2 with 50/50 ratio. 

In both groups, 0.1 mg/kg morphine sulfate 

was infused within 20 minutes one hour after 

the onset of surgery. Vital signs were recorded 

every 30 minutes. Urinary output, bleeding, 

and the volume of consumed crystalloids  

perioperatively were recorded. Approximately 

1 hour prior to termination of surgery when 

screws were fixed in the mandible and prior to 

suturing of the maxilla and mandible,  

intravenous acetaminophen (paracetamol, 1 g; 

Apotel; Alborz Daru) was infused within 20 

minutes in group A. In group B, 50 mg/kg  

magnesium sulfate (50 mL; 50%  

Infu-magnesol, Shahid Ghazi, Tabriz) was  

infused within 20 minutes one hour prior to 

termination of surgery. Hypotension or  

reduction of heart rate were treated in case of 

occurrence. After termination of surgery and 

after returning of spontaneous respiration of 

patients, the effects of muscle relaxant were 

reversed by 0.2 mg/kg atropine and 0.04 

mg/kg neostigmine and nerve stimulator to 

ensure no residual muscle relaxation. After  

extubation, the patients were transferred to the 

recovery room. The vital signs were checked 

every 15 minutes, and when the patients  

acquired a score > 9 according to the modified 

Aldrete scoring system, they were discharged 

to the ward. After discharge, the patients were 

asked about their level of pain using a 0-10 

visual analog scale (VAS) with 0 indicating no 

pain and 10 indicating most severe pain  

experienced. The patients were asked about 

pain every 4 hours up to 12 hours  
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postoperatively, and the total dose of pethidine 

injected in the first 12 hours postoperatively 

was recorded. In case of pain (VAS > 5) at any 

time after discharge to the ward, 30 mg  

pethidine was gradually infused intravenously. 

Patients who received pethidine at any time 

within the first 12 hours postoperatively were  

excluded from the pain comparisons, and were 

separately compared regarding the dosage of 

pethidine received between the two groups of 

Apotel and magnesium sulfate. In case of  

postoperative nausea or vomiting, 4 mg  

ondansetron was gradually injected  

intravenously within 10 minutes. The level of 

pain was recorded at the time of recovery, and 

at 4, 8 and 12 hours using a VAS, and recorded. 

The frequency of opioid intake was also  

recorded during this period.  

The Mann-Whitney U test and generalized  

estimation equation (GEE) were applied to 

compare the level of pain at each time point 

between the two groups, and over time. T-test 

and Mann-Whitney U test were also used to 

compare opioid intake between the two 

groups. The time of onset of severe pain was 

compared between the two groups by the  

Chi-square test. 

 

Results 
Comparison of pain score between the two 

groups: 

Table 1 compares the pain score between 

the two groups at different time points. The 

Mann-Whitney test showed no significant  

difference in the pain score between the two 

 

groups at the time of recovery, 4 hours and 8 

hours (P>0.05). However, this difference was 

significant at 12 hours, and the mean pain 

score was significantly lower in magnesium 

sulfate group (P<0.05).  

The GEE model was then applied to  

assess the interaction effect of time and 

medication on pain score over time (Table 

2). The results showed that the effect of 

type of medication on pain score was  

significant over time (P<0.05). Pain score 

did not experience a significant change over 

time (P>0.05). The interaction effect of time 

and medication on pain score was  

significant (P<0.05). 

Comparison of consumed dosage of  

pethidine: 

To compare the consumed dosage of 

pethidine between the two groups, the 

mean and standard deviation values were 

reported and the results were analyzed by 

the Mann-Whitney U test due to small  

sample size in each group. The results 

showed no significant difference in this  

regard between the two groups (Table 3). 

Time of pain onset: 

The coefficient of agreement and  

Chi-square test were applied and showed no 

significant difference between the two 

groups in time of onset of severe pain. The 

agreement coefficient, however, showed a 

good level of agreement between the two 

groups (Table 4). Time of severe pain onset 

had no significant correlation with type of 

received medication (P>0.05). 

 

Table 1. Comparison of pain score between the two groups at different time points 
 

Time/Group Number Mean rank Sum of rank     Z P-value 

Recovery 
Paracetamol 17 15.47 263.00 1.94 

 
0.052 

 Magnesium sulfate 20 22.00 440.00 

4 hours 
Paracetamol 17 19.62 333.50 0.35 

 
0.726 

 Magnesium sulfate 20 18.48 369.50 

8 hours 
Paracetamol 17 22.15 376.50 1.76 

 
0.077 

 Magnesium sulfate 20 16.33 326.50 

12 hours 
Paracetamol 17 23.71 403.00 

2.59 0.009 
Magnesium sulfate 20 15.00 300.00 
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Discussion 
In this study, which was conducted on 50 

patients undergoing orthognathic surgery, 

13 had severe pain (VAS > 5), indicating the 

optimal analgesic efficacy of paracetamol 

and magnesium sulfate and subsequently 

decreased need for pethidine. Comparison 

of the mean pain score between the two 

groups indicated no significant difference  

at the time of recovery and 4 and 8 hours. 

However, at 12 hours, the pain score was 

significantly lower in magnesium sulfate 

group. No significant difference was found 

regarding the consumed dosage of pethidine 

between the two groups. Also, time of severe 

pain onset had no significant correlation with 

 

 

 

 

 

type of received medication. Other relevant 

studies mainly evaluated one type of  

medication for other surgical procedures. 

Some studies reported that paracetamol  

decreased the pain score and the need for 

analgesic intake [11,17] while some others 

found no significant effect [12]. The reports 

regarding the analgesic efficacy of  

magnesium sulfate have been controversial 

[13,18-20]. 

Mostafa et al. [15] evaluated the  

prophylactic effect of intravenous infusion 

of magnesium on postoperative sore throat 

after thyroid surgery. They evaluated 80 

female patients in two groups of 30 mg/kg 

magnesium sulfate (test) and isotonic saline 

Table 2. GEE model  

 

Factor Coefficient 
Standard 

error 

95% CI Statistical test 

Lower 

bound 

Upper 

bound 

Wald 

statistic 

Degree of 

freedom 
p-value 

Constant 2.400 0.4339 1.550 3.250 30.598 1 0.000 

Medication -2.076 0.7644 -3.575 -0.578 7.379 1 0.007 

Time -0.300 0.1672 -0.628 0.028 3.220 1 0.073 

Time-medication 

interaction 
1.047 0.2927 0.473 1.621 12.796 1 0.000 

Table 3. Comparison of consumed dosage of pethidine between the two groups  

 

Medication Number Mean Std. deviation z P-value 

Paracetamol 8 38.2500 19.75384 
0.57100 0.622 

Magnesium sulfate 5 48.0000 26.83282 

Table 4. Comparison of the time of pain onset between the two groups  

 

Group 
Time 

Recovery 4 hours 9 hours 12 hours 

Paracetamol 0 2 2 4 

Magnesium sulfate 3 1 1 0 

P value (X2 test) = 0.061 

Contingency Coefficient = 0.601  
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(control). The incidence of postoperative 

sore throat was 75% in the control group 

and 37.5% in the test group. This difference 

was significant. They concluded that  

magnesium sulfate significantly decreased 

the incidence and severity of postoperative 

sore throat after thyroidectomy. Magnesium 

sulfate also showed optimal analgesic  

efficacy in the present study. Hamed and Al-

Saeed [16] assessed the efficacy of intrave-

nous magnesium sulfate versus intravenous  

paracetamol on pain in children after  

tonsillectomy and the need for analgesics. 

They evaluated 60 children between 3 to 12 

years in two groups of magnesium sulfate 

and paracetamol infusion. A nurse  

evaluated analgesia by observing the face, 

feet, activity, crying, bleeding, and sedation 

of patients. Rectal diclofenac sodium (12.5 

mg) was administered in case of severe 

pain. They reported that magnesium sulfate 

had significantly superior analgesic efficacy 

compared with paracetamol, and  

significantly decreased the need for  

analgesics. The difference in bleeding and 

sedation was not significant. They  

compared two medications similar to the 

present study; however, they did not  

exclude patients who received diclofenac, 

while we excluded patients who received 

pethidine from the comparison of pain to 

obtain more accurate results. Kalani et al. 

[12] compared the analgesic effects of  

paracetamol and magnesium sulfate on pain 

during surgery. They evaluated 60 patients 

in three groups of paracetamol, magnesium 

sulfate, and control. Although the VAS pain 

score was higher in the control group at 6, 

12, and 18 hours, postoperatively, this  

difference was not significant.  

In the present study, only patients  

undergoing orthognathic surgery were  

included, since type of surgery and its  

degree of difficulty can affect postoperative 

pain. Kalani et al. [12] found that although 

administration of narcotics decreased by 

the use of paracetamol and magnesium  

sulfate, this reduction was not significant. 

Memis et al. [11] evaluated the efficacy of 

intravenous paracetamol for reduction of 

opioid dose, extubation time, and opioid 

side effects in intubated patients in the ICU. 

They evaluated 40 patients in two groups of 

1 g intravenous paracetamol every 6 hours, 

and 100 cc saline. The paracetamol group 

showed lower dosage of administered  

opioids, earlier extubation, and lower rate 

of opioid complications. In the present 

study, a small number of patients required 

pethidine, indicating that both medications 

decreased the need for opioids but the  

difference between the two groups was not 

significant. Hwang et al. [21] evaluated the 

efficacy of magnesium sulfate infusion  

during spinal anesthesia for postoperative 

pain reduction. They administered a bolus 

dose of 50 mg/kg, and reported significantly 

lower pain score at 4, 24, and 48 hours 

postoperatively in magnesium sulfate 

group. The present results were in line with 

their findings. Koing et al. [22] administered 

50 mg/kg bolus dose magnesium sulfate  

followed by infusion of 8 mg/kg/h. The  

results showed no significant difference in 

VAS score postoperatively between the  

control and magnesium sulfate groups but 

the rate of consumption of opioids was  

lower in magnesium sulfate group. They  

only evaluated magnesium sulfate in their 

study, while we compared two medications 

and found a significant difference between 

them.  

In the present study, the interaction effect of 

time and medication on pain score was  

significant. But no significant correlation 

was found between time of pain onset and 

type of medication. However, the authors 

also witnessed that patients who received 

paracetamol did not have severe pain in the 

recovery but later experienced severe pain 

over time. Thus, it may be concluded that 

although paracetamol was effective in pain 
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reduction early after surgery, its efficacy  

decreased with time, and patients in this group 

experienced greater pain over time than the 

magnesium sulfate group. Considering the 

trend of change in pain, we noticed that some 

patients had slightly higher pain score in  

magnesium sulfate group, which may also be 

due to the effects of intubation and shivering 

after regaining consciousness (which can be 

mistaken for pain). However, the trend of 

change in pain score was descending over time, 

indicating its long-term successful analgesic 

effects. Also, number of patients in magnesium  

sulfate group who required pethidine was  

lower (although not significantly). 

 

Conclusion 

It may be concluded that despite the relative 

success of both magnesium sulfate and  

paracetamol in pain control and reduction of 

opioids, it appears that magnesium sulfate was 

slightly more successful, and can be  

recommended for oral and maxillofacial  

surgical procedures, and particularly  

orthognathic surgery.   
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