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ABSTRACT

Objectives: To evaluate the influence of a single intraoperative injection of methylprednisolone on short-term haematological 
parameters following surgical removal of mandibular third molars.
Material and Methods: Fifty-two patients with indications for surgical removal of bilateral impacted mandibular third 
molars were included in a randomized, split-mouth and double-blinded study design. Each molar were randomly allocated 
into one of following four groups: 20 mg methylprednisolone, 30 mg methylprednisolone, 40 mg methylprednisolone and 
placebo. Peripheral blood samples were obtained before and three days after surgery. Haematological parameters involving 
haemoglobin, white blood cell count and C-reactive protein (CRP) were evaluated and expressed as mean changes. Level of 
significance was 0.05. Furthermore, outcomes were correlated for age, sex, smoking and time of surgery.
Results: There were no significant differences in postoperative haematological parameters with different doses of 
methylprednisolone compared with placebo. Peripheral blood samples revealed decreased level of haemoglobin and increased 
level of leucocytes and CRP in each group. Smokers displayed a significant lower level of haemoglobin and CRP compared 
with non-smokers (P < 0.05) and level of eosinophils decreased significantly with increasing age (P < 0.05).
Conclusions: This study indicates that a single intraoperative injection of methylprednisolone seems not to cause suppression 
of short-term haematological parameters compared with placebo following surgical removal of mandibular third molars.
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INTRODUCTION

Surgical removal of mandibular third molars (M3s) 
is a common surgical procedure in dentistry and 
oral and maxillofacial surgery. Facial swelling, pain 
and trismus are well-known sequelae caused by an 
inflammatory response to the surgical trauma [1,2]. 
Prophylactic measures including pharmacological 
therapies, cryotherapy, local compression and 
surgical drains are frequently used to diminish the 
inflammatory response following surgical removal 
of M3 [3-7]. Corticosteroids are synthetic analogues 
of natural steroid hormones produced by the adrenal 
cortex and have potent anti-inflammatory properties 
[8,9]. The clinical efficacy of synthetic corticosteroids 
to diminish postoperative sequelae following surgical 
removal of M3 have previously been assessed in 
systematic reviews and meta-analyses [10-13].
Systemic or local administration of corticosteroids 
interact with biochemical and haematological 
parameters including haemoglobin, white blood cell 
counts and C-reactive protein (CRP) [14-17]. Level 
of haemoglobin in peripheral blood is increased 
after administration of corticosteroid, possibly 
by retarding erythrophagocytosis [16]. Level of 
leucocytes is also increased after administration of 
corticosteroids due to increase rate of entrance from 
bone marrow and decrease rate of removal from the 
vascular compartment [18], whereas diminished 
level of lymphocytes, eosinophils, monocytes and 
basophils have been reported after administration 
of corticosteroids [18,19]. Level of CRP after 
tissue injury or inflammation is decreased after 
corticosteroid therapy due to diminish formation 
of cytokines [17,20]. It has been reported that the 
influence of corticosteroids on biochemical and 
haematological parameters depends on administration 
route, dosages and therapy duration [19]. A previous 
study estimated number of peripheral eosinophils after 
perioral administration of preoperative corticosteroids 
following surgical removal of M3 [21]. Facial 
swelling was statistically significant diminished 
after administration of hydrocortisone and a 50% 
reduction in the level of eosinophils compared with 
placebo. However, assessment of haematological 
parameters after systemic or local administration 
of corticosteroids following surgical removal of 
M3 has never previously been assessed. Therefore, 
the purpose of this double-blinded randomized 
controlled trial was to assess the influence of a single 
intramuscular injection of methylprednisolone on 
short-term haematological parameters, changes in 
inflammatory response and possible side effects 

compared with placebo following surgical removal of 
mandibular third molars.

MATERIAL AND METHODS
Study design and sample

The study was conducted at the Department of 
Oral and Maxillofacial Surgery, Aalborg University 
Hospital, Denmark between March 2018 and January 
2019. The study protocol was approved by the Danish 
Health and Medicines Authority, Research Ethics 
Committee and Danish Data Protection Agency 
(approval no. N-20170016). The study was performed 
in accordance with Good Clinical Practice (GCP), 
Declaration of Helsinki II and Consolidated Standards 
of Reporting Trials (CONSORT) statement [22]. 
Patients were recruited by public invitation through 
Facebook, personal contacts or scheduled for surgical 
removal of M3 due orthognathic treatment of a facial 
deformity. Oral and written information regarding the 
study was provided prior to enrolment, and written 
informed consent was obtained from all included 
patients. Participation was voluntary, and patients 
could at any given time withdraw from the study. 

Sample size calculation

Sample size was calculated using Clincalc.com 
(http://clincalc.com/stats/samplesize.aspx) to ensure 
adequate power for the study including a difference 
of 20 mm in VAS score on the first postoperative day. 
Analysis revealed that 16 patients per group would be 
necessary to provide 80% power with an alpha value 
of 0.05. Sample size was increased to 26 M3 in each 
group to compensate for possible dropouts.

Study population

Patients scheduled for surgical removal of bilateral 
impacted M3 were included. Position of M3 was 
assessed on panoramic radiograph and classified using 
Pell and Gregory system and Winters classification 
[23]. Inclusion and exclusion criteria are outlined in 
Table 1.

Randomization and blinding

A computer-aided randomization was used to allocate 
each M3 cases into four groups. A randomization 
scheme was fabricated including an allocation 
number for each M3. The pharmacy at Aalborg 
University Hospital, Aalborg, Denmark, preserved 
the randomization scheme until the study was 
unblinded. An assistant nurse received an e-mail with 
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the randomization numbers and allocated each M3 
case into one of the following four groups:
•	 Group I: placebo (isotonic saline solution);
•	 Group II: 20 mg methylprednisolone;
•	 Group III: 30 mg methylprednisolone;
•	 Group IV: 40 mg methylprednisolone.
Patients, surgeon, dental assistant as well as assessor 
were not informed about the allocation group. A 
trained assistant nurse fabricated syringes containing 
either placebo or methylprednisolone. All syringes 
contained 1.05 mL of mixtures. Syringes containing 
methylprednisolone were mixed with isotonic saline 
solution. The colour of the mixtures was identical. 
Thus, each syringe from the four groups had similar 
appearance and quantity.

Haematological parameters

Blood samples were obtained by a medical laboratory 
technologist at Aalborg University Hospital, 
Denmark. Blood samples were collected from each 
patient before (T0) and three days (T1) after surgical 
removal of M3 with no regard to time of the day, 
physical activity or fasting. Data were registered 
and stored in the patients’ case report file. A total of 
8 mL of whole blood was collected from the cubital 
vein. Complete haemogram test of the blood samples 
was conducted within two hours by Sysmex XN-
9000 haematology analyzer (Sysmex Europe GmbH; 
Norderstedt, Germany) and Cobas 8000 (Roche 
Diagnostics International Ltd; Rotkreuz, Switzerland). 
Level of haemoglobin (mmol/L), leucocytes (counts 
x 109/L), neutrophils (counts x 109/L), eosinophils 
(counts x 109/L) and CRP (counts/L) were analysed.

Surgical procedure

A standardized surgical procedure was performed 
in all patients by the same trained surgeon (MKL). 
Patients had one M3 removed at each time. 
Removal of the contralateral M3 was scheduled, four 

to six weeks later. All patients received prophylactic 
analgesic including 400 mg ibuprofen (Ipren® - 
Takeda Pharma A/S; Hobro, Denmark) and 1,000 mg 
paracetamol (Pinex®, Actavis Nordic A/S; Søborg, 
Denmark), one hour prior to surgery.
Surgical removal of M3 was performed under 
local anaesthesia with 20 mg/mL mepivacaine 
hydrochloride and 5 µg/mL adrenaline (Carbocain-
Adrenalin® - AstraZeneca; Copenhagen, Denmark). 
Immediately after application of local anaesthesia, 
an injection of methylprednisolone or placebo was 
given in the masseter muscle at the ipsilateral site. A 
mucosal incision was made from the anterior border 
of the ascending mandibular ramus to the distal part 
of the second molar continuing marginal to the lower 
first molar. The mucosal flap was elevated. Facial and 
distal bone removal around the M3 was performed 
with a round burr on a straight hand-piece under 
continuous irrigation with saline. Sectioning of the 
crown  or roots was performed as necessary with a 
fissure bur and the same hand-piece. Extraction socket 
and surrounding bone was copiously irrigated with 
a saline solution, and the mucosal flap was sutured 
with a resorbable suture (Ethicon Vicryl Rapide™ 
suture 4-0 - Johnson and Johnson  Medical Gmbh; 
Norderstedt, Germany). A small gauze pack was 
applied to the surgical site and usual postoperative 
instructions were given to the patients.
Postoperative medications included 400 mg of 
ibuprofen three times a day (Ipren®) and 1.000 mg 
paracetamol (Pinex®) four times a day. Patients were 
also instructed to mouth rinse three times a day with 
0.12% chlorhexidine (Klorhexidin Mundskyl 0.12% - 
Faaborg Pharma; Faaborg, Denmark).

Statistical analysis

Data management and statistical analysis was 
performed with Excel, version 2013 (Microsoft; 
Redmond, Washington, USA) and R, version 3.6.1 
(Missouri, USA). Difference in level of haemoglobin, 

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

- Bilateral symmetrical impacted mandibular third molars.
- Indication for removal of mandibular third molars.
- Age between 18 and 40 years.

- Acute infection in the oral cavity at the time of surgery.
- Previous maxillofacial trauma.
- Craniofacial clefts or syndromes.
- Systemic bone disease (i.e. arthritis) or diabetes mellitus.
- Active acne vulgaris, viral and fungal infections.
- Psychological disease.
- Medication as bisphosphonate, anticoagulants and other drugs that have 
an influence on corticosteroids.
- Pregnancy and breastfeeding.
- Failure to attend follow-up.
- Known allergy to methylprednisolone and other inactive ingredients.
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leucocytes, neutrophils, eosinophils and CRP were 
analysed with a generalized estimating equation 
analysis, Generalized Estimating Equation analysis 
to compensate for the fact that some data were not 
normal distributed. The results were expressed as mean 
with a 95% confidence interval (CI). P value less than 
0.05 was considered as statistically significant. The 
analysis was descriptive and adjusted for age, sex, 
smoking and time of surgery. Parametric data were 
expressed as mean and standard deviation (M [SD]).
Descriptive analysis of secondary categorical 
variables including smoking habits, anatomical  

position of M3 and infection rate was analysed using 
Fishers exact test, when the number of observations in 
each category was not unreasonably small.

RESULTS
Study population

The present study included 52 patients (16 men and 
36 female) with a mean age of 25.9 (6) years (range 
from 18 to 39) and surgical removal of 104 M3 
(Table 2 and Figure 1). One patient dropped out 

Figure 1. Consort flow diagram.

Table 2. Baseline characteristics

Variable Level Placebo
(n = 26)

20 mg
(n = 26)

30 mg
(n = 26)

40 mg
(n = 26)

Total
(n = 104)

Sex, N (%)
Male 8 (30.8) 8 (30.8) 8 (30.8) 8 (30.8) 32 (30.8)
Female 18 (69.2) 18 (69.2) 18 (69.2) 18 (69.2) 72 (69.2)

Age, years

Mean (SD) 24.62 (4.97) 26.81 (6.52) 25.62 (6.17) 26.65 (6.28) 25.92 (5.99)
Median 24 25.5 23 24 24
Q1; Q3 21; 26.75 22; 30 21; 29 22.25; 30 21; 29
Min 18 18 18 18 18
Max 38 39 39 39 39

Smoking, N (%)
No 24 (92.3) 24 (92.3) 22 (84.6) 24 (92.3) 94 (90.4)
Yes 2 (7.7) 2 (7.7) 4 (15.4) 2 (7.7) 10 (9.6)

N = number; Q1 = first quartile; Q3 = third quartile; SD = standard deviation. 

Assessed for eligibility 
(n = 106) 

Randomised 
(n = 106) 

Enrolment 

Allocation 

Follow-up 

Analysis 

Analysed 
(n = 26) 

Analysed 
(n = 26) 

Analysed 
(n = 26) 

Analysed 
(n = 26) 

Dropped-out 
(n = 2) 

Allocated to 40 mg 
methylprednisolone 

(n = 26) 

Allocated to 30 mg 
methylprednisolone 

(n = 26) 

Allocated to 20 mg 
methylprednisolone 

(n = 26) 

Allocated to 
placebo 
(n = 26) 
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during the inclusion period and was replaced by 
another patient. No statistically significant differences 
were found in the demographic as well as clinical and 
radiographic characteristics among the study groups 
including gender, age, anatomical classification of 
the M3 (P = 0.66), smoking (P = 0.836) and time of 
surgery (P = 0.33) (Table 2 and 3). Mean surgical time 
was 9.42 (5.18) minutes. Patients underwent surgical 
removal of one M3, while the other M3 was removed 
after 58.8 days (range from 8 to 157). The study was 
unblinded 13th of May 2019.
Postoperative antibiotics involving 
phenoxymethylpenicillin 800 mg (Primcillin® - 
Meda A/S; Ballerup, Denmark) four times a day 
and metronidazole 500 mg (Metronidazol “DAK” 
- Takeda Pharma A/S; Hobro, Denmark) two times a 
day for seven days) were prescribed in 22 cases out of 
104 (21.1%) due to major swelling, pus or increased 
body temperature. Distribution of infection among the 
four groups was equal with no significant difference 
(P = 0.676). Postoperative bleeding occurred in two 
cases out of 104 (1.9%). The bleeding was sufficient 
treated with additional sutures and compression. 
None of the patients complained of discomfort or 
complications related to blood samples. No further 
complications were observed. 

Haemoglobin

Mean level of haemoglobin decreased in all 
groups from 8.79 (0.79) mmol/L (T0) to 8.51 
(0.74) mmol/L (T1). There were no significant 
differences in the level of haemoglobin from T0 to 

T1 between 20 mg methylprednisolone (P = 0.606), 
30 mg methylprednisolone (P = 0.404) or 40 mg 
methylprednisolone (P = 0.828) compared with 
placebo (Table 4A and Figure 2). No significant 
differences in the level of haemoglobin were observed 
from T0 to T1, when results were adjusted for age 
(P = 0.573), sex (P = 0.212) and time of surgery (P 
= 0.616). However, a significant difference in the 
level of haemoglobin was observed, when the results 
were adjusted for smoking (P < 0.05) indicating 
that smokers display a lower level of haemoglobin 
compared with non-smokers at T0 and T1, respectively.

White blood cell count

Mean level of leucocytes increased in all groups 
from 6.33 (1.36) 109/L (T0) to 7.85 (2.18) 109/L (T1). 
There were no significant differences in the level 
of leucocytes between 20 mg methylprednisolone 
(P = 0.449), 30 mg methylprednisolone (P = 0.761) 
and 40 mg methylprednisolone compared with 
placebo (P = 0.872) from T0 to T1 (Table 4A and 
Figure 3). No significant differences in the level of 
leucocytes were observed from T0 to T1, when results 
were adjusted for age (P = 0.805), sex (P = 0.814), 
smoking (P = 0.674) and time of surgery (P = 0.139).
Mean level of neutrophils increased in all groups 
from 3.44 (1.12) 109/L (T0) to 4.88 (1.96) 109/L (T1). 
There were no significant differences in the level of 
neutrophils between 20 mg methylprednisolone (P = 
0.562), 30 mg methylprednisolone (P = 0.454) and 
40 mg methylprednisolone compared with placebo 
(P = 0.555) from T0 to T1 (Table 4B and Figure 4). 

Table 3. Anatomical position of mandibular third molars and time of surgery

Variable Level Placebo
(n = 26)

20 mg
(n = 26)

30 mg
(n = 26)

40 mg
(n = 26)

Total
(n = 104)

Anatomical position (Winter), N (%)

1 10 (38.5) 8 (30.8) 10 (38.5) 5 (19.2) 33 (31.7)
2 6 (23.1) 8 (30.8) 4 (15.4) 10 (38.5) 28 (26.9)
3 5 (19.2) 4 (15.4) 8 (30.8) 6 (23.1) 23 (22.1)
4 5 (19.2) 6 (23.1) 4 (15.4) 5 (19.2) 20 (19.2)

Anatomical position (Pell and Gregory 
transversal), N (%)

1 0 (0) 1 (3.8) 0 (0) 0 (0) 1 (1)
2 26 (100) 24 (92.3) 26 (100) 26 (100) 102 (98.1)
3 0 (0) 1 (3.8) 0 (0) 0 (0) 1 (1)

Anatomical position (Pell and Gregory vertical), 
N (%)

1 7 (26.9) 5 (19.2) 9 (34.6) 8 (30.8) 29 (27.9)
2 18 (69.2) 18 (69.2) 16 (61.5) 16 (61.5) 68 (65.4)
3 1 (3.8) 3 (11.5) 1 (3.8) 2 (7.7) 7 (6.7)

Time of surgery (minutes)

Mean (SD) 9.27 (3.79) 8.77 (3.9) 9.04 (5.87) 11.73 (6.77) 9.7 (5.3)
Median 9.5 7 6 9.5 8
Q1; Q3 6; 10 6; 10.75 5.25; 10 8; 15.75 6; 11.25

Min; max 5; 18 5; 20 4; 30 4; 31 4; 31

N = number; Q1 = first quartile; Q3 = third quartile; SD = standard deviation.
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No significant differences in the level of neutrophils 
were observed from T0 to T1, when results were 
adjusted for age (P = 0.531), sex (P = 0.563), 
smoking (P = 0.671) and time of surgery (P = 
0.055).
Mean level of eosinophils decreased in all groups 
from 0.17 (0.11) 109/L (T0) to 0.14 (0.08) 109/L (T1). 
There were no significant differences in the level 
of eosinophils between 20 mg methylprednisolone 
(P = 0.612), 30 mg methylprednisolone (P = 0.956) 

and 40 mg methylprednisolone compared with 
placebo (P = 0.775) from T0 to T1 (Table 4B and 
Figure 5). No significant differences in level of 
eosinophils were observed from T0 to T1, when 
results were adjusted for sex (P = 0.411), smoking 
(P = 0.061) and time of surgery (P = 0.385). However, 
a significant difference in the level of eosinophils was 
seen from T0 to T1, when the results were adjusted for 
age (P = 0.05) revealing a larger reduction in level of 
eosinophils at T1 with increasing age. 

Figure 2. Boxplot of the level of haemoglobin (mmol/L) before and three days after intramuscular 
administration of methylprednisolone and surgical removal of mandibular third molar (M3).

Figure 3. Boxplot of the level of leucocytes (/L) before and three days after intramuscular administration 
of methylprednisolone and surgical removal of mandibular third molar (M3).

Before surgical removal of M3 Three days after surgical removal of M3

Group

H
ae

m
og

lo
bi

n

Before surgical removal of M3 Three days after surgical removal of M3

Group

Le
uc

oc
yt

es
 

Table 4A. Results of blood sampling. The difference between before surgery and three days after surgery

Group
Haemoglobin Leucocytes

Estimate 95% CI SD P Estimate 95% CI SD P
0 mg Reference - - - - - - -
20 mg -0.05 -0.22; 0.13 0.088 0.606 0.39 -0.62; 1.4 0.517 0.449
30 mg 0.08 -0.11; 0.28 0.101 0.404 -0.19 -1.42; 1.04 0.629 0.761
40 mg 0.02 -0.15; 0.19 0.087 0.828 0.09 -0.98; 1.16 0.546 0.872

CI = confidence interval; SD = standard deviation.
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Table 4B. Results of blood sampling. The difference between before surgery and three days after surgery

Group
Neutrophils Eosinophils C-reactive protein

Estimate 95% CI SD P Estimate 95% CI SD P Estimate 95% CI SD P
0 mg - - - - - - - - - - - -
20 mg 0.27 -0.64; 1.19 0.467 0.562 0.009 -0.03; 0.05 0.019 0.612 -4.78 -17.65; 8.08 6.565 0.466
30 mg -0.45 -1.61; 0.72 0.594 0.454 -0.001 -0.04; 0.04 0.019 0.956 -10.26 -20.31; -0.2 5.131 < 0.05
40 mg -0.3 -1.28; 0.68 0.5 0.555 -0.005 -0.04; 0.03 0.019 0.775 -9.92 -22.17; 2.32 6.249 0.112

CI = confidence interval; SD = standard deviation.

Figure 4. Boxplot of the level of neutrophils (x109/L) before and three days after intramuscular 
administration of methylprednisolone and surgical removal of mandibular third molar (M3).

Figure 5. Boxplot of the level of eosinophils (x109/L) before and three days after intramuscular 
administration of methylprednisolone and surgical removal of mandibular third molar (M3).

Before surgical removal of M3 Three days after surgical removal of M3

Group

Eo
si

no
ph

ils

Before surgical removal of M3 Three days after surgical removal of M3

Group

N
eu

tr
op

hi
ls

C-reactive protein

Mean level of CRP increased in all groups from 
2.36 (2.63)/L (T0) to 14.92 (22.03)/L (T1). There 
were no significant differences in the level of CRP 
between 20 mg methylprednisolone (P = 0.466) and 
40 mg methylprednisolone (P = 0.112) compared 
with placebo from T0 to T1. However, mean 
level of CRP was significantly decreased with 30 
mg methylprednisolone compared with placebo 

(P < 0.05) from T0 and T1 (Table 4B and Figure 
6). No significant differences in the level of CRP 
were observed from T0 to T1, when the results 
were adjusted for age (P = 0.748), sex (P = 0.83) 
and time of surgery (P = 0.104). However, a 
statistically significant difference in the level of 
CRP was seen between smokers and non-smokers 
(P < 0.05) at T1 indicating that smokers have a lower 
increase in the level of CRP compared with non- 
smokers. 
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DISCUSSION

Indication for the use of corticosteroids or other 
medications to diminish postoperative sequelae 
following surgical removal of M3 is an important 
consideration for healthcare professionals. Advantages 
and disadvantages should always be considered, 
especially if the drugs interfere or suppress normal 
body functions. However, haematological parameters, 
adrenal insufficiency or increased risk of infections 
following surgical removal of M3 with administration 
of different doses of corticosteroids have never 
previously been investigated. The present double-
blinded randomized controlled trial demonstrated no 
significant differences in short-term haematological 
parameters following surgical removal of M3 with a 
single intramuscular injection of methylprednisolone 
compared with placebo. Postoperative peripheral 
blood samples revealed generally decrease in level of 
haemoglobin and an increase in level of leucocytes 
and CRP compared with preoperative blood levels. 
Subgroup analyses indicated that increased age 
and smoking influence haematological parameters 
following surgical removal of M3.
Synthetic corticosteroids display dissimilar 
pharmacokinetic properties and duration of action 
[10]. Methylprednisolone was used in the present 
study since other synthetic corticosteroids are not 
available in Denmark for intramuscular injection 
following surgical removal of M3. Methylprednisolone 
is classified as intermediate duration of action with 
plasma half-life time of 3 to 4 hours and duration of 
action of 12 to 36 hours [24]. Consequently, peripheral 
blood samples were obtained before surgery and after 
three days, when methylprednisolone’s duration of 
action of was ended and haematological parameters 

were anticipated to be normalized.
Synthetic corticosteroids are widely used for 
management of inflammatory and immunologic 
conditions, such as allergies, rashes, asthma 
or arthritis [17,25,26]. Adrenal suppression, 
cardiovascular disease, Cushing’s syndrome, 
dyslipidaemia, hyperglycaemia, immunosuppression 
and osteoporosis are well-known side effects 
associated with long-term corticosteroid therapy 
[27]. Local or systemic administration of a single 
dosage of corticosteroid is often used to diminish the 
inflammatory response following surgical removal 
of M3 [10]. However, adrenal suppression or severe 
side effects related to a single dosage of corticosteroid 
have never previously been described following 
surgical removal of M3 [10,11,28].
Systemic or local administration of synthetic 
corticosteroid interacts with haematological and 
biochemical parameters. Levels of haemoglobin and 
leucocytes in peripheral blood are usually increased 
following corticosteroid therapy [16,18]. In the 
present study, no statistical significant difference was 
observed in the level of haematological parameters 
between different dosages of methylprednisolone 
compared with placebo. However, the mean level 
of CRP was significantly decreased with 30 mg 
methylprednisolone compared with placebo indication 
a lower inflammatory reaction. Levels of CRP are 
influenced by various confounding factors including 
postoperative infection, time of surgery, body mass 
index, lack of exercise and medical conditions 
[29,30]. Moreover, anti-inflammatory drugs may 
cause a decrease in CRP levels. In the present study, 
subgroup analyses revealed equal distribution of 
postoperative infections and time of surgery among 
the four groups. Association between body mass index 
and daily physical functioning were not correlated to 

Figure 6. Boxplot of the level of C-reactive protein (mg/L) before and three days after intramuscular 
administration of methylprednisolone and surgical removal of mandibular third molar (M3).

Before surgical removal of M3 Three days after surgical removal of M3

Group

C
-r

ea
ct

iv
e 

pr
ot

ei
n

http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm


http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm	 J Oral Maxillofac Res 2020 (Apr-Jun) | vol. 11 | No 2 | e3 | p.9
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH	 Larsen et al.

levels of CRP and registration of quantity as well as 
time period of need for painkillers was not performed. 
The reported significant difference in CRP after 
administration of 30 mg methylprednisolone may 
therefore be related to another cause. Consequently, 
a single dosage of methylprednisolone seems not to 
significantly influence haematological parameters 
following surgical removal of M3. 
Haematological parameters are influenced by various 
factors, including age, gender, ethnicity, diet, life-
style, medication, anaemia, pregnancy, smoking and 
bleeding [25,26]. Therefore, patients with medical 
conditions, pregnancy or medical prescription 
influencing haematological parameters were excluded 
from the present study. Furthermore, results of 
peripheral blood samples were adjusted for age, 
gender, smoking and time of surgery.
Elderly patients are characterized by decreased 
level of haemoglobin and leucocytes in peripheral 
blood [24,26,31]. In the present study, there were no 
significant differences in the level of haemoglobin 
and leucocytes, when the results were correlated 
for age. However, patients’ age ranged between 18 
and 39 years, which might explain the reason for no 
statistical difference in the haematological parameters. 
However, pre- and postoperative peripheral blood 
samples revealed a significantly larger decreased in the 
level of eosinophils with increasing age. This result is 
in accordance with the literature demonstrating that 
levels of eosinophils decrease with advancing age [32].
Normal range of haemoglobin differs between 
genders and males generally have higher haemoglobin 
values than females [24,33]. In the present study, 
no statistically significant difference in the level of 
haemoglobin was observed between genders after 
administration of methylprednisolone compared 
with placebo. Thus, gender seems not to influence 
haematological parameters following surgical removal 
of M3 with a single intramuscular injection of 
methylprednisolone compared with placebo.
Smoking increases the level of haemoglobin, 
leucocytes and CRP in peripheral blood compared 
with non-smoking [34,35]. In the present study, there 
was no significant difference in level of leucocytes 
between smokers and non-smokers. However, a 
significant lower level of haemoglobin and CRP was 
observed in smokers compared with non-smokers. 
These results seems not to be in accordance with 
previous studies [34,35]. But only, five low smokers 
were included in the present study. Thus, the influence 
of smoking on haematological parameters within this 
study may not be representative. 
Prolonged time of surgery may cause a decrease in the 
level of haemoglobin due to increased blood loss [36]. 

Surgical removal of M3 is usually associated 
with minor blood loss, though life-threatening 
haemorrhage has been reported [37]. Decreased level 
of haemoglobin following surgical removal of M3 is 
therefore not anticipated due to the insignificant blood 
loss. However, mean level of haemoglobin decreased 
in all groups, although blood loss were diminutive in 
all patients and no statistically significant difference in 
the level of haemoglobin was observed when the time 
of surgery was increased. Postoperative bleeding was 
observed in two patients, which did not affect the level 
of haemoglobin. Furthermore, level of leucocytes or 
CRP was not influenced by the time of surgery. 
The present study is characterized by following 
limitations including small sample size, inclusion 
of smokers and non-smokers, dissimilar gender 
distribution and blood samples at different times 
with no regard to fast, sleep and physiological 
activities. Moreover, the life span of erythrocytes is 
approximately 90 days. Bone marrow suppression 
or disturbed erythropoiesis caused by a single dose 
of corticosteroids would therefore not be detectable 
in blood samples after solely three days. Assessment 
of long-term haematological parameters is therefore 
needed in further studies. Consequently, conclusions 
drawn from the present study should be interpreted 
with caution.

CONCLUSIONS

In conclusion, a single, intramuscular injection of 
methylprednisolone seems not to influence the short-
term haematological parameters compared with 
placebo following surgical removal of mandibular 
third molars. However, further randomized controlled 
trials including larger patient samples, homogenous 
study groups and comparison of different synthetic 
corticosteroids are needed before definite conclusions 
can be provided about the influence of synthetic 
corticosteroids on haematological parameters 
following surgical removal of mandibular third molars.

ACKNOWLEDGMENTS AND DISCLOSURE 
STATEMENTS

A special thanks to MSc Lærke Brygger Madsen, 
Department of GCP at Aarhus and Aalborg University 
Hospital for assistance with the monitoring process, 
secretary Ms. Louise Fibiger Vangdal, Department 
of Oral and Maxillofacial Surgery, Aalborg 
University Hospital for efficient patient scheduling 
and MSc Rikke Nørmark Mortensen, Clinical Unit 

http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm


http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm	 J Oral Maxillofac Res 2020 (Apr-Jun) | vol. 11 | No 2 | e3 | p.10
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH	 Larsen et al.

of Biostatistics, Aalborg University Hospital for 
statistical analyses. Furthermore, a special thanks 
to MSc Kirsten Lykke Vorbeck, Pharmacy, Aalborg 
University Hospital for assistance with randomization 
procedure and production of medicine.
The study protocol was approved by the Danish 
Health and Medicines Authority (approval number: 

56872, EudraCT-number: 2017-000622-35), Research 
Ethics Committee (approval number: N-20170016) 
and the Danish Data Protection Agency. 
Patient consent: written informed consent was 
obtained from all included patients.
The authors report no conflicts of interest related to 
this study, as well as no funding to declare.

REFERENCES

1.	 Osunde OD, Adebola RA, Omeje UK. Management of inflammatory complications in third molar surgery: a review of the 
literature. Afr Health Sci. 2011 Sep;11(3):530-7. [Medline: 22275950]

2.	 Bui CH, Seldin EB, Dodson TB. Types, frequencies, and risk factors for complications after third molar extraction. 
J Oral Maxillofac Surg. 2003 Dec;61(12):1379-89. [Medline: 14663801] [doi: 10.1016/j.joms.2003.04.001]

3.	 Zandi M, Amini P, Keshavarz A. Effectiveness of cold therapy in reducing pain, trismus, and oedema after 
impacted mandibular third molar surgery: a randomized, self-controlled, observer-blind, split-mouth clinical trial. 
Int J Oral Maxillofac Surg. 2016 Jan;45(1):118-23. [Medline: 26597577] [doi: 10.1016/j.ijom.2015.10.021]

4.	 Atkinson HC, Currie J, Moodie J, Carson S, Evans S, Worthington JP, Steenberg LJ, Bisley E, Frampton C. 
Combination paracetamol and ibuprofen for pain relief after oral surgery: a dose ranging study. Eur J Clin Pharmacol. 
2015 May;71(5):579-87. [Medline: 25778933] [doi: 10.1007/s00228-015-1827-x]

5.	 Rullo R, Addabbo F, Papaccio G, D’Aquino R, Festa VM. Piezoelectric device vs. conventional rotative instruments 
in impacted third molar surgery: relationships between surgical difficulty and postoperative pain with histological 
evaluations. J Craniomaxillofac Surg. 2013 Mar;41(2):e33-8. [Medline: 22890087] [doi: 10.1016/j.jcms.2012.07.007]

6.	 Christensen J, Matzen LH, Schou S, Væth M, Wenzel A. Is thermography useful for assessment of postoperative 
inflammation after surgical removal of mandibular third molars when methylprednisolone is administered and how does 
it correlate with patients’ perception of swelling? J Oral Maxillofac Surg. 2014 Mar;72(3):463-9. [Medline: 24315312] 
[doi: 10.1016/j.joms.2013.09.035]

7.	 Juhl GI, Norholt SE, Tonnesen E, Hiesse-Provost O, Jensen TS. Analgesic efficacy and safety of intravenous paracetamol 
(acetaminophen) administered as a 2 g starting dose following third molar surgery. Eur J Pain. 2006 May;10(4):371-7. 
[Medline: 16085437] [doi: 10.1016/j.ejpain.2005.06.004]

8.	 Petri WA. Chemotherapy of tuberculosis, Mycobacterium avium complex disease, and leprosy. In: Brunton LL, Lazo 
JS, Parker KL, editors. Goodman and Gilman’s The Pharmacological Basis of Therapeutics. 11th Edition. New York: 
McGraw-Hill; 2005. p. 1203-23.

9.	 Schleimer RP. An overview of glucocorticoid anti-inflammatory actions. Eur J Clin Pharmacol. 1993;45 Suppl 1:S3-7; 
discussion S43-4. [Medline: 8313932] [doi: 10.1007/BF01844196]

10.	 Larsen MK, Kofod T, Christiansen AE, Starch-Jensen T. Different Dosages of Corticosteroid and Routes of 
Administration in Mandibular Third Molar Surgery: a Systematic Review. J Oral Maxillofac Res. 2018 Jun 29;9(2):e1. 
[Medline: 30116513] [PMC free article: 6090248] [doi: 10.5037/jomr.2018.9201]

11.	 Markiewicz MR, Brady MF, Ding EL, Dodson TB. Corticosteroids reduce postoperative morbidity after third molar 
surgery: a systematic review and meta-analysis. J Oral Maxillofac Surg. 2008 Sep;66(9):1881-94. [Medline: 18718396] 
[doi: 10.1016/j.joms.2008.04.022]

12.	 Herrera-Briones FJ, Prados Sánchez E, Reyes Botella C, Vallecillo Capilla M. Update on the use of corticosteroids in third 
molar surgery: systematic review of the literature. Oral Surg Oral Med Oral Pathol Oral Radiol. 2013 Nov;116(5):e342-51. 
[Medline: 22902498] [doi: 10.1016/j.oooo.2012.02.027]

13.	 Dan AE, Thygesen TH, Pinholt EM. Corticosteroid administration in oral and orthognathic surgery: a systematic 
review of the literature and meta-analysis. J Oral Maxillofac Surg. 2010 Sep;68(9):2207-20. [Medline: 20591548] 
[doi: 10.1016/j.joms.2010.04.019]

14.	 Pountain GD, Keogan MT, Hazleman BL, Brown DL. Effects of single dose compared with three days’ prednisolone 
treatment of healthy volunteers: contrasting effects on circulating lymphocyte subsets. J Clin Pathol. 1993 Dec;46(12): 
1089-92. [Medline: 7904272] [PMC free article: 501716] [doi: 10.1136/jcp.46.12.1089]

15.	 Yu DT, Clements PJ, Paulus HE, Peter JB, Levy J, Barnett EV. Human lymphocyte subpopulations. Effect of corticosteroids. 
J Clin Invest. 1974 Feb;53(2):565-71. [Medline: 11344571] [PMC free article: 301500] [doi: 10.1172/JCI107591]

16.	 Greendyke R, Bradley E, Swisher S. Studies of the Effects of Administration of Acth and Adrenal Corticosteroids 
on ErythrophagocytosisJ Clin Invest. 1965 May;44(5):746-53. [Medline: 14276132] [PMC free article: 292551] 
[doi: 10.1172/JCI105187]

17.	 Brekke AC, Amaro EJ, Posey SL, Engstrom SM, Polkowski GG, Schoenecker JG. Do Corticosteroids Attenuate 
the Peri-Operative Acute Phase Response After Total Knee Arthroplasty? J Arthroplasty. 2019 Jan;34(1):27-35. 
[Medline: 30268443] [doi: 10.1016/j.arth.2018.08.033]

http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm
http://www.ncbi.nlm.nih.gov/pubmed/22275950
http://www.ncbi.nlm.nih.gov/pubmed/14663801
https://doi.org/10.1016/j.joms.2003.04.001
http://www.ncbi.nlm.nih.gov/pubmed/26597577
https://doi.org/10.1016/j.ijom.2015.10.021
http://www.ncbi.nlm.nih.gov/pubmed/25778933
https://doi.org/10.1007/s00228-015-1827-x
http://www.ncbi.nlm.nih.gov/pubmed/22890087
https://doi.org/10.1016/j.jcms.2012.07.007
http://www.ncbi.nlm.nih.gov/pubmed/24315312
https://doi.org/10.1016/j.joms.2013.09.035
http://www.ncbi.nlm.nih.gov/pubmed/16085437
https://doi.org/10.1016/j.ejpain.2005.06.004
http://www.ncbi.nlm.nih.gov/pubmed/8313932
https://doi.org/10.1007/BF01844196
http://www.ncbi.nlm.nih.gov/pubmed/30116513
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6090248
https://doi.org/10.5037/jomr.2018.9201
http://www.ncbi.nlm.nih.gov/pubmed/18718396
https://doi.org/10.1016/j.joms.2008.04.022
http://www.ncbi.nlm.nih.gov/pubmed/22902498
https://doi.org/10.1016/j.oooo.2012.02.027
http://www.ncbi.nlm.nih.gov/pubmed/20591548
https://doi.org/10.1016/j.joms.2010.04.019
http://www.ncbi.nlm.nih.gov/pubmed/7904272
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC501716
https://doi.org/10.1136/jcp.46.12.1089
http://www.ncbi.nlm.nih.gov/pubmed/11344571
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC301500
https://doi.org/10.1172/JCI107591
http://www.ncbi.nlm.nih.gov/pubmed/14276132
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC292551
https://doi.org/10.1172/JCI105187
http://www.ncbi.nlm.nih.gov/pubmed/30268443
https://doi.org/10.1016/j.arth.2018.08.033


http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm	 J Oral Maxillofac Res 2020 (Apr-Jun) | vol. 11 | No 2 | e3 | p.11
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH	 Larsen et al.

18.	 Kufe DW, Pollock RE, Weichselbaum RR, Bast RC, Gansler TS, Holland JF, Frei E. Holland-Frei Cancer Medicine. 
6th ed. Hamilton: BC Decker; 2003. [URL: https://www.ncbi.nlm.nih.gov/books/NBK12354/]

19.	 Thorn G, Jenkins D, Laidlaw J, Goetz F, Dingman J, Arons W , Streeten DH, Mccracken BH. Pharmacologic aspects 
of adrenocortical steroids and ACTH in man. N Engl J Med. 1953 Apr 2;248(14):588-601; contd. [Medline: 13037002] 
[doi: 10.1056/NEJM195304022481404]

20.	 Litao MK, Kamat D. Erythrocyte sedimentation rate and C-reactive protein: how best to use them in clinical practice. 
Pediatr Ann. 2014 Oct;43(10):417-20. [Medline: 25290132] [doi: 10.3928/00904481-20140924-10]

21.	 Ross R, White C. Evaluation of hydrocortisone in prevention of postoperative complications after oral surgery: 
a preliminary report. J Oral Surg (Chic). 1958 May;16(3):220-6. [Medline: 13526058]

22.	 Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ, Elbourne D, Egger M, Altman DG; CONSORT. 
CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel group randomised trials. 
Int J Surg. 2012;10(1):28-55. [Medline: 22036893] [doi: 10.1016/j.ijsu.2011.10.001]

23.	 Pell GJ, Gregory BT. Impacted mandibular third molars: classification and modified techniques for removal. Dent Digest 
1933;39:330–338. 

24.	 Mandala WL, Gondwe EN, MacLennan JM, Molyneux ME, MacLennan CA. Age- and sex-related changes in 
hematological parameters in healthy Malawians. J Blood Med. 2017 Aug 28;8:123-130. [Medline: 28919829] 
[doi: 10.2147/JBM.S142189]

25.	 Bårnes CB, Ulrik CS. Asthma and adherence to inhaled corticosteroids: current status and future perspectives. 
Respir Care. 2015 Mar;60(3):455-68. [Medline: 25118311] [doi: 10.4187/respcare.03200]

26.	 Barnes PJ. Glucocorticoids. Chem Immunol Allergy. 2014;100:311-6. [Medline: 24925411] [doi: 10.1159/000359984]
27.	 Liu D, Ahmet A, Ward L, Krishnamoorthy P, Mandelcorn ED, Leigh R, Brown JP, Cohen A, Kim H. A practical guide to 

the monitoring and management of the complications of systemic corticosteroid therapy. Allergy Asthma Clin Immunol. 
2013 Aug 15;9(1):30. [Medline: 23947590] [PMC free article: 3765115] [doi: 10.1186/1710-1492-9-30]

28.	 Ngeow WC, Lim D. Do Corticosteroids Still Have a Role in the Management of Third Molar Surgery? Adv Ther. 
2016 Jul;33(7):1105-39. [Medline: 27287853] [PMC free article: 4939150] [doi: 10.1007/s12325-016-0357-y]

29.	 Landry A, Docherty P, Ouellette S, Cartier LJ. Causes and outcomes of markedly elevated C-reactive protein levels. 
Can Fam Physician. 2017 Jun;63(6):e316-e323. [Medline: 28615410] [PMC free article: 5471098]

30.	 Kostrzewa-Nowak D, Nowak R, Chamera T, Buryta R, Moska W, Cięszczyk P. Post-effort chances in C-reactive 
protein level among soccer players at the end of the training season. J Strength Cond Res. 2015 May;29(5):1399-405. 
[Medline: 25426511] [doi: 10.1519/JSC.0000000000000753]

31.	 Mahlknecht U, Kaiser S. Age-related changes in peripheral blood counts in humans. Exp Ther Med. 2010 Nov;1(6): 
1019-1025. [Medline: 22993635] [PMC free article: 3446744] [doi: 10.3892/etm.2010.150]

32.	 Shah B, Nepal A, Agrawal M, Sinha A. The effects of cigarette smoking on hemoglobin levels compared between smokers 
and non-smokers. Sunsari Technical College Journal. 2013 Apr;1(1):42-4. [doi: 10.3126/stcj.v1i1.7985]

33.	 Santagostino A, Garbaccio G, Pistorio A, Bolis V, Camisasca G, Pagliaro P, Girotto M. An Italian national multicenter 
study for the definition of reference ranges for normal values of peripheral blood lymphocyte subsets in healthy adults. 
Haematologica. 1999 Jun;84(6):499-504. [Medline: 10366792]

34.	 Malenica M, Prnjavorac B, Bego T, Dujic T, Semiz S, Skrbo S, Gusic A, Hadzic A, Causevic A. Effect of Cigarette 
Smoking on Haematological Parameters in Healthy Population. Med Arch. 2017 Apr;71(2):132-136. [Medline: 28790546] 
[PMC free article: 5511531] [doi: 10.5455/medarh.2017.71.132-136]

35.	 Pedersen KM, Çolak Y, Ellervik C, Hasselbalch HC, Bojesen SE, Nordestgaard BG. Smoking and Increased 
White and Red Blood Cells. Arterioscler Thromb Vasc Biol. 2019 May;39(5):965-977. [Medline: 30866659] 
[doi: 10.1161/ATVBAHA.118.312338]

36.	 Chrcanovic BR, Toledo GL, Amaral MB, Custódio AL. Assessment of hematologic parameters before and 
after bimaxillary orthognathic surgery. Oral Maxillofac Surg. 2016 Mar;20(1):35-43. [Medline: 26280080] 
[doi: 10.1007/s10006-015-0525-2]

37.	 Moghadam HG, Caminiti MF. Life-threatening hemorrhage after extraction of third molars:case report and management 
protocol. J Can Dent Assoc. 2002 Dec;68(11):670-4. [Medline: 12513934]

To cite this article:
Larsen MK, Kofod T, Kirsten D, Starch-Jensen T.
Short-term Haematological Parameters Following Surgical Removal of Mandibular Third Molars with Different Doses of 
Methylprednisolone Compared with Placebo. A Randomized Controlled Trial
J Oral Maxillofac Res 2020;11(2):e3
URL: http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3.pdf
doi: 10.5037/jomr.2020.11203

http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm
https://www.ncbi.nlm.nih.gov/books/NBK12354/
http://www.ncbi.nlm.nih.gov/pubmed/13037002
https://doi.org/10.1056/NEJM195304022481404
http://www.ncbi.nlm.nih.gov/pubmed/25290132
https://doi.org/10.3928/00904481-20140924-10
http://www.ncbi.nlm.nih.gov/pubmed/13526058
http://www.ncbi.nlm.nih.gov/pubmed/22036893
https://doi.org/10.1016/j.ijsu.2011.10.001
http://www.ncbi.nlm.nih.gov/pubmed/28919829
https://doi.org/10.2147/JBM.S142189
http://www.ncbi.nlm.nih.gov/pubmed/25118311
https://doi.org/10.4187/respcare.03200
http://www.ncbi.nlm.nih.gov/pubmed/24925411
https://doi.org/10.1159/000359984
http://www.ncbi.nlm.nih.gov/pubmed/23947590
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3765115
https://doi.org/10.1186/1710-1492-9-30
http://www.ncbi.nlm.nih.gov/pubmed/27287853
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939150
https://doi.org/10.1007/s12325-016-0357-y
http://www.ncbi.nlm.nih.gov/pubmed/28615410
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5471098
http://www.ncbi.nlm.nih.gov/pubmed/25426511
https://doi.org/10.1519/JSC.0000000000000753
http://www.ncbi.nlm.nih.gov/pubmed/22993635
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3446744
https://doi.org/10.3892/etm.2010.150
https://doi.org/10.3126/stcj.v1i1.7985
http://www.ncbi.nlm.nih.gov/pubmed/10366792
http://www.ncbi.nlm.nih.gov/pubmed/28790546
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5511531
https://doi.org/10.5455/medarh.2017.71.132-136
http://www.ncbi.nlm.nih.gov/pubmed/30866659
https://doi.org/10.1161/ATVBAHA.118.312338
http://www.ncbi.nlm.nih.gov/pubmed/26280080
https://doi.org/10.1007/s10006-015-0525-2
http://www.ncbi.nlm.nih.gov/pubmed/12513934
http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3.pdf
http://dx.doi.org/10.5037/jomr.2020.11203


http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm	 J Oral Maxillofac Res 2020 (Apr-Jun) | vol. 11 | No 2 | e3 | p.13
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH	 Larsen et al.

Copyright © Larsen MK, Kofod T, Kirsten D, Starch-Jensen T. Published in the JOURNAL OF ORAL & MAXILLOFACIAL 
RESEARCH (http://www.ejomr.org), 30 June 2020.
This is an open-access article, first published in the JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH, distributed 
under the terms of the Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 Unported License, which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work and is 
properly cited. The copyright, license information and link to the original publication on (http://www.ejomr.org) must be 
included.

http://www.ejomr.org/JOMR/archives/2020/2/e3/v11n2e3ht.htm
http://www.ejomr.org
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://www.ejomr.org

