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 Introduction: The safety of administration of intrathecal magnesium 
has been proven in many studies and this drug has no toxic effects 
in histopathological analyses. For example, in one study, the effects 
of intrathecal magnesium sulfate administration in preventing 
spinal cord ischemia during aortic cross-clamp have been proven 
and no histopathological damage has been observed. The aim of 
this systematic review is to investigate the beneficial effects of 
adding intrathecal magnesium to spinal anesthetic solution in 
lower limb orthopedic surgeries. 

Methodology: The present study is a systematic review study that 
was conducted in the first quarter of 2023 at Tabriz University of 
Medical Sciences. At first, the basic keywords to search for articles 
published in all English-language databases were determined by 
both researchers of this study; These keywords include: 
magnesium, magnesium sulfate, intraspinal, spinal, intrathecal, 
anesthetic solution, lidocaine, bupivacaine, surgery, orthopedics, 
lower limb, pain, pain intensity, hemodynamic status, blood 
pressure, systolic, diastolic, opioid , opioid use, analgesic, 
analgesia, pain control, pain management, severe pain, acute and 
painful pain. 

Results: The results indicated that the addition of intrathecal 
magnesium leads to a significant reduction in pain intensity after 
lower limb orthopedic surgeries; This means that whenever 
magnesium sulfate is injected into the spinal cord following the 
injection of intrathecal anesthetic, the intensity of pain after 
surgery is significantly reduced and the use of intrathecal 
magnesium leads to optimal and useful pain management.  

Conclusion: Our study showed that adding 100 mg of magnesium 
sulfate to spinal anesthesia can prolong the duration of analgesia 
without side effects after orthopedic procedures. Also, the safety of 
higher intrathecal dose of magnesium sulfate was shown in this 
study. 
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G R A P H I C A L   A B S T R A C T 

 
 

 

1. Introduction 

Every year, more than 6 million patients in the 

world undergo surgery. Surgery is a stress that 

causes physiological reactions (endocrine) and 

psychological stress (fear and anxiety) [1-3]. A 

patient who enters the hospital can be mildly, 

moderately, or severely anxious, and by knowing 

and determining the anxiety level, it is possible to 

plan for the implementation of his/or her 

medical and nursing care [4-6]. One of the 

situations that can cause anxiety is surgery, and 

its appearance in patients is not only normal but 

very common. Surgery can be planned or 

unplanned, small or large, invasive or non-

invasive, and involve any part or system of the 

body, but any type of surgery is considered an 

anxiety-provoking experience because it poses a 

threat to it as a threat to the body integrity and 

sometimes to life [7-9]. The steps before the 

operation, the day of the operation and worrying 

about the results all cause anxiety. Worries about 

not having control, being in an unfamiliar 

situation, and feeling threatened by death all 

contribute to this unpleasant phenomenon. 

Anxiety before anesthesia and the problems 

caused by it (severe and excessive changes in 

hemodynamic parameters, causing arrhythmia, 

and sometimes dangerous hemodynamic 
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complications for the patient during anesthesia, 

restlessness and low pain threshold after 

surgery, etc.) in the field of surgery and the 

anesthesiologist is well-known and the need to 

eliminate it has been the subject of many studies 

for a long time [10-13]. Giving information before 

the operation leads to more satisfaction and the 

healing process progresses. Providing proper 

information is effective in reducing the anxiety, 

stress, and pain levels of patients [14]. 

Concerning that in Iranian hospitals, surgeons 

usually perform a series of tests and 

consultations in the pre-operative stage, and also 

the place of education in ambulatory surgery is 

not very active compared to inpatient surgery. 

On the other hand, in the usual method, the 

anesthesiologist meets the patient in most 

hospitals in a maximum of 2-3 minutes interview 

and a quick review of the case, and that too 

inside the operating room. Therefore, in this 

short time of the interview, not only sufficient 

examination is not done, but also the patient's 

needs are not properly answered. Given that the 

patient's energy is necessary for healing and 

tissue repair, providing solutions to reduce the 

physical and mental symptoms of anxiety, the use 

of non-pharmacological treatment methods such 

as informing patients in nursing care are 

recommended. On the other hand, increased 

anxiety levels are strongly associated with severe 

pain after surgery [15-17]. 

Despite many new techniques and modern 

analgesic treatments, postoperative pain is still a 

controversial issue. Orthopedic surgeries are 

associated with high postoperative pain due to 

the nature of surgery on joints and bones [18]. 

The use of intravenous, intramuscular, 

intraspinal, and epidural narcotics are all pain 

control methods associated with side effects such 

as respiratory weakness, itching, nausea and 

vomiting, and cardio-respiratory arrest. Rarely, 

adding compounds such as ketamine, fentanyl, 

prostigmine, and midazolam, clonidine to local 

anesthetics in spinal anesthesia is one of the 

researches that have been conducted in this field 

and all of them have some kind of advantages 

and disadvantages [19]. 

Painful stimulation leads to the release of 

glutamine and aspartate neurotransmitters, 

which bind to excitatory amino acid receptors 

such as N-methyl-di-aspartate receptors. The 

activation of N-methyl-di-aspartate receptors 

leads to the entry of sodium and calcium into the 

cell and the exit of potassium out of the cell, 

causing central sensitization that the use of 

magnesium as a non-competitive antagonist of N-

methyl-di-aspartate receptor prevents this 

central sensitization [20-22]. This drug exerts 

pain controlling effects on the spinal axis. 

Intravenous administration of magnesium sulfate 

during general anesthesia reduces the need for 

narcotics during and after surgery. Research has 

shown that administration of intrathecal 

magnesium is able to strengthen the analgesic 

properties of opioids during childbirth and pain 

control after knee arthroscopy. The above 

studies have been coordinated with the 

intrathecal administration of magnesium in 

animals. The safety of administering intrathecal 

magnesium has been proven in many studies and 

this drug has no toxic effects in histopathological 

analyses [23]. For example, in one study, the 

effects of intrathecal magnesium sulfate 

administration in preventing spinal cord 

ischemia during aortic cross-clamp have been 

proven and no histopathological damage has 

been observed. The aim of this systematic review 

is to investigate the beneficial effects of adding 

intrathecal magnesium to spinal anesthetic 

solution in lower limb orthopedic surgeries [24]. 

2. Methodology 

The current study is a systematic review study 

that was conducted in the first quarter of 2023 at 

Tabriz University of Medical Sciences. Initially, 

the basic keywords to search for articles 

published in all English-language databases were 
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determined by both authors of this study; These 

keywords include magnesium, magnesium 

sulfate, intraspinal, spinal, intrathecal, anesthetic 

solution, lidocaine, bupivacaine, surgery, 

orthopedics, lower limb, pain, pain intensity, 

hemodynamic status, blood pressure, systolic, 

diastolic, opioid , opioid use, analgesic, analgesia, 

pain control, pain management, severe pain, and 

acute and painful pain. 

The exclusion criteria include patients aged less 

than 20 years old and over 50, the American 

Society of Anesthesiology class higher than 2, 

local and systemic infection, coagulation 

disorder, hypovolemia, drug sensitivity, a history 

of drug abuse, and longer operation time. It was 

from 90 minutes. It should be noted that the 

following criteria were considered as inclusion 

criteria for the study: 

1. Clinical trial studies. 

2. Studies conducted randomly. 

3. Studies conducted as double-blind or triple-

blind studies. 

4. The intensity of pain has been investigated as 

the main outcome of these studies. 

5. The amount of opioid used after surgery has 

been checked. 

6. All patients have undergone surgery using 

spinal anesthesia. 

7. Surgery has been performed on the lower 

limbs of the patients. 

8. Patients without systemic infections. 

9. The method of evaluating pain intensity in all 

patients should be with the help of VAS tool. 

10. The minimum sample size in all studies 

should be equal to 60 people. 

All patients after receiving 10 ml/kg of an 

intravenous crystalloid solution for the initial 

loading dose, by an anesthesiologist who knew 

the type of drugs used in the syringe so that he/ 

or she could take the necessary measures in case 

of problems, in a sitting position on the surface of 

the seal 3rd and the 4th lumbar or at the levels of 

the 4th and the 5th lumbar vertebrae have been 

subjected to spinal anesthesia with needle 

number 25. In the patients of the intervention 

group, spinal anesthesia was a combination of 

100 mg of lidocaine and 100 mg of magnesium 

sulfate, and in the control group, normal saline 

was used instead of magnesium sulfate. 

The patient and the anesthesia resident who 

performed the evaluation and recorded the 

information were unaware of the injected drugs. 

After spinal anesthesia, patients were given 

oxygen by mask at the rate of 4 liters per minute. 

To monitor the patients, a monitoring device was 

used, which was able to record the rhythm of the 

electrical waves of the heart and measure pulse 

oximetry, as well as equipped with non-invasive 

blood pressure measurement. The anesthesia 

resident, who was unaware of the injected drug, 

performed all post-injection evaluations. Vital 

signs including blood pressure and heart rate 

were recorded every 5 minutes to 30 minutes 

and then every 15 minutes until the end of the 

procedure. In case of pressure drop (systolic 

pressure less than 90 mm Hg or pressure drop of 

more than 20% from the baseline), 250 ml of 

normal saline was injected as a bolus and in case 

of no response, 10 mg of ephedrine was injected. 

In case of decreased heart rate (less than 50 

beats per minute), 0.6 mg of atropine was 

injected. The analgesia duration from the time of 

intrathecal injection of the drug until the 

patient's request for pain relief was recorded, 

and if the patient needed pain relief, 0.5 mg/kg of 

intravenous pethidine was prescribed. During 

this period, motor activity was checked by 

Bromage scoring system. After the end of 

operation, the analgesia duration until the need 

for painkillers, the patients' pain based on the 

visual pain scale, the amount of pethidine 

consumed, motor activity, blood pressure, heart 

rate, and respiratory depression were evaluated 

and complications were reported. 

3. Results 

As can be seen from the results seen in Figure 1, 

variables such as age, gender, and underlying 
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diseases were introduced as effective factors on pain intensity after surgery (Figure 1). 

 

Fig. 1. Risk factors of pain after surgery 

The results indicated that the addition of 

intrathecal magnesium leads to a significant 

reduction in pain intensity after lower limb 

orthopedic surgeries. This means that whenever 

magnesium sulfate is injected into the spinal cord 

following the injection of intrathecal anesthetic, 

the intensity of pain after surgery is significantly 

reduced, and the use of intrathecal magnesium 

leads to optimal and useful pain management 

(Figure 2). Also, the results showed that the 

intensity of pain decreases with time in the group 

receiving magnesium in a significant way 

compared to the control group (Figure 3). The 

results indicate that the activation of N-methyl-

di-aspartate receptors leads to the entry of 

sodium and calcium into the cell and the exit of 

potassium out of the cell and causes central 

sensitization (Figures 4 and 5). 
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Fig. 2. Results of pain intensity after surgery based on receiving or not receiving intrathecal 

magnesium 

 

Fig. 3. Changes in pain intensity over time
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Fig. 4. How NMDA receptors enter the cell 

 
Fig. 5. How NMDA receptors enter the cell after using magnesium sulfate 

4. Discussion 

The present study shows interesting results 

about the role of magnesium sulfate in 

postoperative analgesia. In some ways, this study 

has more power than similar studies, because the 

two studied groups did not differ significantly in 

terms of demographic factors. Therefore, these 
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factors did not have a disturbing effect on the 

results of the study [25-27]. The safety of 

intrathecal magnesium sulfate has been proven 

in many animal and human studies. In this study, 

a dose of 100 mg of intrathecal magnesium 

sulfate was used, which, in a study by Lee et al. 

[2007] prolonged the analgesia duration without 

side effects. However, in a study conducted in 

2013 by two researchers on mice, 

neurodegenerative changes were observed by 

intrathecal magnesium sulfate. However, a 

similar study that can show the neurotoxic effect 

of magnesium sulfate with a dose of 50-100 mg 

has not been done in humans [28-30]. Therefore, 

it seems that intraspinal magnesium sulfate is a 

good and safe drug, which is also well shown in 

our study, which did not cause any side effects 

with this drug. Likewise, in our study, there was 

no significant difference in terms of 

hemodynamic changes in the two groups [31-33]. 

Based on the results of the study, the analgesia 

duration was significantly longer in the 

magnesium sulfate group than in the control 

group. In this study, the analgesia duration was 

analyzed in two groups according to gender, and 

the research results showed that the duration of 

analgesia in both men and women in the 

treatment group was significantly longer than 

the control group. In a study conducted in 2014 

by several researchers to investigate the effect of 

intravenous magnesium sulfate to sufentanil in 

controlling pain after orthopedic surgery, it has 

been shown that magnesium sulfate is effective 

in controlling the pain of these patients [34-36]. 

In addition, several researchers investigated the 

effect of adding magnesium sulfate to 

bupivacaine and fentanyl in spinal anesthesia in 

knee arthroscopy [37]. The results of the study 

showed that the consumption of painkillers 

during 24 hours in the group that used 

magnesium sulfate was not different from the 

control group. The duration of the first analgesic 

request was significantly longer in the 

magnesium sulfate group, which is similar to our 

study [38-40]. 

In a study conducted in 2012 by several 

researchers to evaluate the effect of intrathecal 

magnesium sulfate on post-hysterectomy 

analgesia, it showed that the duration of post-

operative analgesia was longer in the magnesium 

sulfate group and the need for post-operative 

painkillers was clearly reduced. The results of the 

previous two studies are comparable to our 

study, and in our study, the first time of needing 

to receive painkillers is longer, and the amount of 

narcotics consumed is clearly lower in the 

magnesium sulfate group than in the control 

group [41-43]. 

Our study was superior to the other similar 

studies in terms of sample size and dose of 

intrathecal drug prescribed because the sample 

size of the current study was larger. However, 

one of the limitations of our study was the use of 

pethidine as a postoperative analgesic because in 

many countries of the world, pethidine is no 

longer used to control postoperative pain. 

However, many developed countries still use 

pethidine for postoperative analgesia. Hence, in a 

study conducted in South Africa, it showed that 

pethidine is the most common drug used after 

cesarean section [44-46]. Also, it is better to 

avoid using pethidine in the following cases, 

which include cancer patients, patients with 

anemic tuberculosis, autosomal dominant 

polycystic kidney disease (absolute prohibition), 

dialysis patients, and as an analgesic after 

surgery [47-49]. Therefore, it is better not to use 

pethidine in future studies to control the pain of 

patients and to use alternative drugs for this 

purpose [50]. It is also recommended for future 

research that this study be conducted in 

surgeries other than orthopedics with higher 

doses and compared to other drugs that are able 
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to increase the duration of the nerve block, and 

then the analgesia [51]. 

 

5. Conclusion 

Our study showed that adding 100 mg of 

magnesium sulfate to spinal anesthesia can 

prolong the duration of analgesia without side 

effects after orthopedic procedures. Likewise, the 

safety of higher intrathecal dose of magnesium 

sulfate was shown in this study. As the results of 

our study and other studies conducted in the 

world have shown, the consumption of 

magnesium sulfate is very effective in reducing 

the amount of pain and its use can be very useful 

in-patient comfort and patient satisfaction with 

anesthesia.  

References  

[1]  M.A. Kouidri, L. Bessissa, D. Mahi, A. Hadjadj, 

Experimental Environmental Study of 

Atmospheric Emissions in the Urban Area of 

the Industrial City of HassiR'mel. Journal 

homepage, 80(1) (2019) 1-9. 

https://doi.org/10.18280/mmc_c.800101 

[2]  A.T. Atimtay, M.T. Chaudhary, Air pollution 

due to NOx emissions in an iron-steel industry 

region in south-eastern Turkey and emission 

reduction strategies. Environmental 

Engineering, 11(1) (2005) 1413-1418. 

[3]  A. Ghasedi, A. Ghasedi, S. Ghorbani, F. Fallah, 

A Simultaneous Study of Harmful effects of 

work place and Environmental impacts due to 

Air pollution in Steel Industry. 12th National 

Conference on Environmental Health. Shahid 

Beheshti University of Medical Sciences of Iran. 

Faculty of Health, (2009).  

[4]  J.B. Smith, S.H. Schneider, M. Oppenheimer, G. 

W. Yohe, W. Hare, M.D. Mastrandrea, ...&, J.P. 

van Ypersele, Assessing dangerous climate 

change through an update of the 

Intergovernmental Panel on Climate Change 

(IPCC)“reasons for concern. Proceedings of the 

national Academy of Sciences, 106(11) (2009) 

4133-4137. 

[5]  H. Esfandian, M. Goodarzian Urimi, A. 

Shokoohi Rad, Risk Assessment of Gasoline 

Storage Unit of National Iranian Oil Product 

Distribution Company using PHAST Software. 

International Journal of Engineering, 34(4) 

(2021) 763-768. 

[6]  J. Jia, S. Cheng, S. Yao, T. Xu, T. Zhang, Y. Ma, 

W. Duan, Emission characteristics and 

chemical components of size-segregated 

particulate matter in iron and steel industry, 

Atmospheric Environment, 182 (2018) 115-

127.  

[7]  S.M. Almeida, J. Lage, B. Fernández, S. Garcia, 

M.A. Reis, P.C. Chaves, Chemical 

characterization of atmospheric particles and 

source apportionment in the vicinity of a 

steelmaking industry. Science of the Total 

Environment, 521 (2015) 411-420 

[8]  M. Si, S. Thompson, K. Calder, Energy 

efficiency assessment by process heating 

assessment and survey tool (PHAST) and 

feasibility analysis of waste heat recovery in 

the reheat furnace at a steel company, 

Renewable and Sustainable Energy Reviews, 

15(6) (2011) 2904-2908. 

[9] US Environmental Protection Agency. Air 

Trends Summary, Nitrogen Dioxide (NO2), 

2009. 

[10] M Ghiaseddin, Air pollution: Sources, 

effects and control, 2773, 1, University of 

Tehran Press, (2006). 

[11] E.M. Leibensperger, L.J. Mickley, D.J. 

Jacob, S.R. Barrett, Intercontinental influence 

of NOx and CO emissions on particulate matter 

air quality. Atmospheric Environment, 45(19) 

(2011) 3318-3324. 

[12] C. Baukal, Everything you need to know 

about NOx: Controlling and minimizing 

pollutant emissions is critical for meeting air 

quality regulations. Metal Finishing, 103(11) 

(2005) 18-24 

https://doi.org/10.18280/mmc_c.800101


Naghi Abedini, Behrouz Nazari / Prog. Chem. Biochem. Res. 2023, 6(2), 98-109 

 

107 

 

[13] M.S. Kang, H.J. Jeong, M.M. Farid, J. 

Hwang, Effect of staged combustion on low 

NOx emission from an industrial-scale fuel oil 

combustor in South Korea. Fuel, 210 (2017) 

282-289. 

[14] T. Boningari, P.G. Smirniotis, Impact of 

nitrogen oxides on the environment and 

human health: Mn-based materials for the 

NOx abatement. Current Opinion in Chemical 

Engineering, 13 (2016) 133-141. 

[15] R. Khorram, Modeling the Outcome of 

Chlorine Emission Based on Emergency 

Response Planning Values over 24 Hours 

Using the PHAST Software (Case Study: 

Bushehr Nuclear Power Plant). Journal of 

Military Medicine, 22(5) (2020) 492-501. 

[16] M.A. Kouidri, L. Bessissa, D. Mahi, A. 

Hadjadj, Experimental Environmental Study of 

Atmospheric Emissions in the Urban Area of 

the Industrial City of HassiR'mel. Journal 

homepage, 80(1) (2019) 1-9. 

[17] A. Shahpari, F. Aminsharei, M. Ghashang, 

Application of PHAST software in methane 

emission factor for startup process of gas 

compressors (Case study: Iran gas 

transmission operation district 2). Journal of 

Air Pollution and Health, 4(1) (2019) 27-32. 

[18] A. Naemnezhad, A.A. Isari, E. Khayer, 

M.E.B. Olya, Consequence assessment of 

separator explosion for an oil production 

platform in South of Iran with PHAST 

Software. Modeling Earth Systems and 

Environment, 3(1) (2017) 43. 

[19] M.D. Sirignano, V. Nair, B. Emerson, J. 

Seitzman, T.C. Lieuwen, Nitrogen oxide 

emissions from rich premixed reacting jets in 

a vitiated crossflow. Proceedings of the 

Combustion Institute, 37(4) (2019) 5393-

5400. 

[20] A.Y. Watson, R.R. Bates, D. Kennedy, Eds. 

Air Pollution, the Automobile, and Public 

Health. National Academies Press (US), (1988) 

[21] M. Shelef. Nitric Oxide: Surface Reactions 

and Removal from Auto Exhaust, Catalysis 

Reviews, 11 (1975) 1-40 

[22] T. Boningari, P.G. Smirniotis, Impact of 

nitrogen oxides on the environment and 

human health: Mn-based materials for the 

NOx abatement. Current Opinion in Chemical 

Engineering, 13 (2016) 133-141. 

[23] M. Sperber, (Ed.). Diffuse lung disorders: 

A comprehensive clinical-radiologicalove-

rview. Springer Science & Business Media, 

(2012).  

[24] J.L. Peel, R. Haeuber, V. Garcia, A.G. 

Russell, L. Neas, Impact of nitrogen and 

climate change interactions on ambient air 

pollution and human health. Biogeochemistry, 

114(1) (2013) 121-134. 

[25] U. EPA, Integrated science assessment for 

oxides of nitrogen–health criteria.US 

Environmental Protection Agency, 

Washington, DC, (2016) 

[26] R. Zhang, Y. Zhang, H. Lin, X. Feng, T.M. 

Fu, Y. Wang, NOx emission reduction and 

recovery during COVID-19 in East China. 

Atmosphere, 11(4) (2020) 433. 

[27] Q.  Zhao, G. Wang, H. Zhang, Y. Xu, SH. 

Yang, Estimation of NOx emissions from the 

combustion chamber of heavy-duty gas 

turbines. 2020 International symposium on 

energy environment and green development, 

675 (2021). 

[28] S.A. Provataris, N.S. Savva, T.D. 

Chountalas, D.T. Hountalas, Prediction of NOx 

emissions for high speed DI Diesel engines 

using a semi-empirical, two-zone model. 

Energy Conversion and Management, 153 

(2017) 659-670. 

[29] B. Mijling, R.J. Van Der A, Q. Zhang, 

Regional nitrogen oxides emission trends in 

East Asia observed from space. Atmospheric 

Chemistry and Physics, 13(23) (2013) 12003-

12012. 

[30] J. Krzywański, T. Czakiert, W. Muskała, W. 

Nowak, Modelling of CO2, CO, SO2, O2 and 



Naghi Abedini, Behrouz Nazari / Prog. Chem. Biochem. Res. 2023, 6(2), 98-109 

 

108 

 

NOx emissions from the oxy-fuel combustion 

in a circulating fluidized bed. Fuel Processing 

Technology, 92(3)(2011) 590-596. 

[31] S. Van den Elshout, K. Léger, F. Nussio, 

Comparing urban air quality in Europe in real 

time: A review of existing air quality indices 

and the proposal of a common alternative. 

Environment International, 34(5) (2008) 720-

72 

[32] E. Cogliani, Air pollution forecast in cities 

by an air pollution index highly correlated 

with meteorological variables. Atmospheric 

Environment, 35(16) (2001) 2871-2877. 

[33] P. Goyal, A.T. Chan, N. Jaiswal, Statistical 

models for the prediction of respirable 

suspended particulate matter in urban cities. 

Atmospheric environment, 40(11) (2006) 

2068-2077. 

[34] U.S. Environmental Protection Agency, 

National Ambient Air Quality Standards, 

(2011)  

[35] A. Kumar, P. Goyal, Forecasting of daily 

air quality index in Delhi. Science of the Total 

Environment, 409(24) (2011) 5517-5523. 

[36] Ministry of Roads and Transportation, 

Meteorological Office of Guilan Province: 

www.GILMET.IR 

[37] J. Salehi Artimani, M. Arjmand, M. Kalaei, 

Modeling, and assessing risk analysis of 

chlorine gas in water treatment plants. 

European journal of experimental biology, 

2(6) (2012) 2151-2157. 

[38] T. Banerjee, S.C. Barman, R.K. Srivastava, 

Application of air pollution dispersion 

modeling for source-contribution assessment 

and model performance evaluation at 

integrated industrial estate-Pantnagar. 

Environmental Pollution, 159(4) (2011) 865-

875. 

[39] R. Sivacoumar, A.D. Bhanarkar, S.K. Goyal, 

S.K. Gadkari, A.L. Aggarwal, Air pollution 

modeling for an industrial complex and model 

performance evaluation. Environmental 

Pollution, 111(3) (2010) 471-477. 

[40] M.A. Taghehbaf, S. Givehchi, M. Ardestani, 

A. Baghvand, Modeling the consequences of 

potential accidents in one of the gasoline 

storage tanks at oil storage of yazd, in terms of 

explosion. International Journal of Engineering 

Innovation & Research, 3(4) (2014) 555-560. 

[41] A. Bouafia, M. Bougofa, M. Rouainia, M.S. 

Medjram, Safety risk analysis and accidents 

modeling of a major gasoline release in 

petrochemical plant. Journal of Failure 

Analysis and Prevention, 20(2) (2020) 358-

369. 

[42] J. Zhou, Y. You, Z. Bai, Y. Hu, J. Zhang, N. 

Zhang, Health risk assessment of personal 

inhalation exposure to volatile organic 

compounds in Tianjin, China. Science of the 

Total Environment, 409(3) (2011) 452-459. 

[43] A. Sharroui, M. Arjmandi, J. Salehi 

Artimani, comparing dispersion models of air 

pollutants (CO, SO2, and NO2) emitted from 

steel production process. Journal of applied 

science and agriculture, 9(3) (2014) 1169-

1175. 

[44] AA Esmaeilzadeh, MM Yaseen, U 

Khudaynazarov, ME Al-Gazally,et al. Recent 

advances on the electrochemical and optical 

biosensing strategies for monitoring 

microRNA-21: a review (vol 14, pg 4449, 

2022), ANALYTICAL METHODS, 15 (1) (2022) 

132-132 

[45] AA Esmaeilzadeh, M Kashian, HM Salman, 

MF Alsaffar, et al., Identify Biomarkers and 

Design Effective Multi-Target Drugs in 

Ovarian Cancer: Hit Network-Target Sets 

Model Optimizing, Biology, 11 (12) (2022) 

1851 

[46] AA Esmaeilzadeh, S Rasoolzadegan, AR 

Arabi, et al., Cytotoxic study of green 

synthesized pure and Ag-doped α-Fe2O3 

nanoparticles on breast cancer (MCF-7) cell 

line, Nanomedicine Research Journal, 7 (4) 

(2022) 370-377 

[47] AA Esmaeilzadeh, Mohammad Ghenaat, 

Pisheh Sanani, et al., Study of Silybinin Plant 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:u-x6o8ySG0sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:u-x6o8ySG0sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:u-x6o8ySG0sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:u-x6o8ySG0sC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:d1gkVwhDpl0C


Naghi Abedini, Behrouz Nazari / Prog. Chem. Biochem. Res. 2023, 6(2), 98-109 

 

109 

 

Effective Substance for use in targeted 

liposomal nanoparticles in the treatment of 

liver cancer, Archives of Pharmacy Practice, 

(2020) 11 (1) 35 

[48] H. Daneste, A. Sadeghzadeh, M. Mokhtari, 

et al., Immunoexpression of p53 mutant-type 

in Iranian patients with primary and 

recurrence oral squamous cell carcinoma, 

European Journal of Translational Myology, 

33 (1) (2023) 1-7 

[49] DH Birman, Investigation of the Effects of 

Covid-19 on Different Organs of the Body, 

Eurasian Journal of Chemical, Medicinal and 

Petroleum Research, 2 (1) (2023) 24-36 

[50] E Ghaibi, et al., Comparison of Marital 

Satisfaction, Emotional Divorce and Religious 

Commitment among Nurses and Staff of Ahvaz 

Government Hospitals, Eurasian Journal of 

Chemical, Medicinal and Petroleum Research, 

1(1) (2022) 33-39 

[51] E Ghaibi, et al., Comparison of 

Organizational Citizenship Behavior and Job 

Creativity between Male and Men's Education 

Personnel 1 Ahwaz, Eurasian Journal of 

Chemical, Medicinal and Petroleum Research, 

1(2) (2022) 49-57 

 

 

HOW TO CITE THIS ARTICLE 
N.Abedini, B. Nazari, Investigating the Beneficial Effects of Adding Intrathecal Magnesium to Spinal Anesthetic Solution 

in Lower Limb Orthopedic Surgeries: A Systematic Review. Prog. Chem. Biochem. Res, 6(2) (2023) 98-109. 
DOI: 10.22034/pcbr.2023.389139.1257 
URL: http://www.pcbiochemres.com/article_170799.html 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:d1gkVwhDpl0C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:d1gkVwhDpl0C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=sRro2vIAAAAJ&citation_for_view=sRro2vIAAAAJ:d1gkVwhDpl0C
https://pagepressjournals.org/index.php/bam/search?authors=Hossein%20Daneste
https://pagepressjournals.org/index.php/bam/search?authors=Azita%20Sadeghzadeh
https://pagepressjournals.org/index.php/bam/search?authors=Maral%20Mokhtari
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&sortby=pubdate&citation_for_view=jsPfDYcAAAAJ:Se3iqnhoufwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jsPfDYcAAAAJ&sortby=pubdate&citation_for_view=jsPfDYcAAAAJ:Se3iqnhoufwC
https://www.ejcmpr.com/article_154571.html
https://www.ejcmpr.com/article_154571.html
https://www.ejcmpr.com/article_154571.html
https://www.ejcmpr.com/article_154571.html
https://www.ejcmpr.com/article_154576.html
https://www.ejcmpr.com/article_154576.html
https://www.ejcmpr.com/article_154576.html
https://www.ejcmpr.com/article_154576.html

