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Abstract
Background: In recent years, there has been an increased tendency for using dental lasers for the 
treatment of soft tissue problems. The aim of this study was to evaluate the effect of low-level diode 
laser (980 nm) on the level of interleukin 1 beta (IL-1β) in the gingival crevicular fluid  (GCF) and the 
incidence of initial gingivitis caused by the use of orthodontic separators.
Methods: In this randomized clinical trial, 30 patients, who were beginning a fixed orthodontic 
treatment without gingivitis, were randomly assigned to control and diode laser radiation (980 nm 
wavelength, 3 J of energy, a density of 3 J/cm2, a power of 0.2 W, and at a distance of 1 cm away 
from the tissue for 15 seconds on the buccal and palatal sides of the tooth) groups. The gingival index 
(GI) and bleeding on probing (BOP) were measured at the beginning of the study and one week after 
the treatment. The level of IL-1β was evaluated using an enzyme-linked immunosorbent assay at the 
beginning of the study and one week after the placement of the separator. Finally, the inter-group and 
intra-group statistical analyses were performed using independent and paired t tests, and P < 0.05 was 
considered as the significance level.
Results: The evaluation of clinical variables in the entire mouth showed a slight clinical improvement 
in the experimental group although there was no significant difference between the two groups. No 
significant difference was observed between intra-group and inter-group evaluations of clinical indices 
in the studied specific teeth. Eventually, no difference was found between the two groups in terms of 
IL-1β changes.
Conclusions: In general, the single-diode laser radiation session is not effective in the treatment of 
gingivitis in patients undergoing orthodontic treatment. Thus, it is recommended to perform frequent 
laser radiation sessions in further studies.
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Background 
inflammation is a common occurrence in orthodontic 
treatment to the use of mechanical forces for tooth 
displacement. Blood flow changes in periodontal tissues 
after applying mechanical forces during orthodontic 
treatments, ultimately leading to inflammation in these 
tissues. After the onset of these inflammations, mediators 
such as histamines, enkephalins, dopamines, serotonins, 
prostaglandin E2 (PGE2), and leukotrienes are released, 
thus leading to hyperalgesia to pain (1-7). One of the 
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causes of inflammation is the accumulation of food debris 
that can be due to gingivitis (8). The first manifestation 
of gingivitis is observed in the form of vascular changes, 
including the expansion of the capillaries and increased 
blood flow. These changes occur in response to the 
microbial stimulation of resident cells, followed by the 
stimulation of endothelial cells. This stage of gingivitis is 
called an initial lesion (9). The existence of an orthodontic 
elastomeric separator can cause gingivitis as an initial 
lesion. Food stuck between teeth, water absorption, the 
gap between teeth and the disuse of dental floss can be 
considered as the causes of gingivitis in these patients 
(10). In their study, Giannopoulou et al found that the 
placement of an elastomeric separator could increase 
the inflammatory cytokines of interleukin 1beta (IL-1β), 
substance P, and PGE2 in the gingival crevicular fluid 
(GCF) from 1 hour to 7 days later (11). It is recommended 
to improve plaque control methods through the use of 
practices such as electric toothbrushes, use of ozonated 
irrigation water, and mouthwashes such as chlorhexidine 
and various interdental cleansing aids in order to prevent 
gingivitis during the orthodontic treatment. The patient’s 
lack of cooperation leads to the failure of the above-
mentioned methods in some patients (12-15). Among 
the available methods, some researchers suggested using 
low-level laser therapy to reduce the rate of inflammation 
(16).  Low-level lasers affect the activity of bone cells, 
and previous research reported an increase in superficial 
osteoblastic cells and osteoid thickness in the irradiated 
region (17). Therefore, this study aimed to investigate the 
effect of low-level laser radiation (980 nm diode) on the 
level of IL-1β in the gingival sulcus and initial gingivitis 
caused by the use of orthodontic separators.

Materials and Methods
The current split-mouth double-blind randomized 
clinical trial study was performed in the Dentistry Faculty, 
Hamedan during 2016-2017 after being registered at 
the Iranian Center for Clinical Trials with the code of 
IRCT2017011620523N2. Considering the specified 
inclusion and exclusion criteria, specimens were randomly 
selected from fixed orthodontic patients aged 18-30 years 
old and an elastomeric separator was placed (Table 1). After 

explaining the study procedure and obtaining informed 
consent from the patients, a trained person recorded the 
buccal gingival condition of the first maxillary molar and 
later recorded the gingival condition based on the gingival 
index (GI) and bleeding on probing (BOP).

Then, the plaque was removed and the region was 
isolated with a cotton roll on each side of the maxillary arch. 
To collect the GCF, Meta Biomed Sterile paper points (30 
mm, Korea) were placed in the gingival sulcus. The paper 
point was guided until feeling resistance in the gingival 
sulcus and then remained in the above site for 30 seconds. 
They were immediately placed in 1.5 cc microtubes 
containing phosphate buffer saline and transferred to 
the laboratory within 1 hour at -40 °C. Next, elastomeric 
separators (Dentaurum, Germany) were placed between 
the mesial and distal surfaces of the maxillary first molar 
using the forceps separator and without causing a trauma 
in such a way that one side of the separator was more 
gingival than the contact area and the other side was more 
occlusal compared to the contact area. Then, one side of 
the patient was placed in the laser group and the other side 
in the control group using the simple random sampling 
method and based on the numbers in the Opaque pocket. 
It should be noted that patients were unaware of the side 
that was supposed to undergo laser radiation. 

Laser Group
The laser diode radiation was performed on the buccal 
and palatal sides at a wavelength of 980 nm, 3 J, the density 
of 3 J, power of 0.2 W, and 1 cm away from the gum tissue 
for 15 seconds (laser tip diameter of 1 cm). Eye protection 
glasses were given to the patient and the operator during 
radiation therapy, and the radiation was performed in a 
closed room.

Control Group
The control group received the placebo irradiation in the 
buccal and palatal surfaces for 15 seconds in such a way that 
it did not differ from the laser group except for turning off 
the laser light. The patient referred a week later to remove 
the separator and continue the orthodontic treatment. GI 
and BOP were measured and GCF was collected again. 
The patients were requested to immediately refer for the 

Table 1. Inclusion and Exclusion Criteria of the Study

Inclusion Criteria Exclusion Criteria

The patient’s informed consent to enter the study
Coagulation disorders, autoimmune diseases, and acute and chronic infections based 
on the patient’s medical history

The absence of active periodontal disease (probe depth less than 4 
mm and the absence of BOP in maxillary first molar)

Patients undergoing immunosuppressive treatments, radiation therapy, and antibiotic 
therapy

Lack of a systemic disease Patients treated with corticosteroids and nonsteroidal anti-inflammatory drugs

The presence of maxillary first molars and having a firm contact with 
the adjoining teeth

Pregnant women and smokers

Patients with an index plaque less than 30%
Patients undergoing periodontal therapy and continuous intake of chlorhexidine 
mouthwash

Note. BOP: Bleeding on probing.
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Results
The current study was performed on 37 patients. Of these, 
3, 2, and 2 patients were excluded due to removal of the 
separator, periodontal inflammation, and the lack of 
attending the laser radiation session, respectively.

Figure 1 displays patients’ demographic information. 
This research was conducted on 17 women and 13 men 
with an average age of 22.8 years old.

Table 2 presents the results of the Chi-square test on the 
gingival condition before and after radiation in the two 
groups based on GI.

The results of the chi-square test on BOP before and 
after radiation in the 2 groups are provided in Table 3.

Table 4 summarizes the mean GCF volume collected in 
the 2 groups within 1 week and the results of the paired t 
test. Based on the results, the GCF volume has changed in 
both groups although the difference was not statistically 
significant in any of the 2 groups.

Table 5 lists the mean IL level of the GCF in the two 
groups within one week and the results of the paired t test.

According to the obtained data, the IL-1β content of 
the GCF decreased slightly in the control group while 
increasing in the experimental group after a week. 
However, these changes were not statistically significant 
in the two groups. There was no significant difference 
between the two groups in terms of GCF volume changes in 
two stages (mean difference: 0.048, P > 0.834). Further, no 
significant difference was found between the two groups 
regarding IL-1β changes in two stages (mean difference: 
3.83, P < 0.748). Eventually, no significant difference 
was observed between the two groups in terms of IL-1β 

replacement of the separator if it was displaced during 
the week. In case of non-referral, the patient was removed 
from the specimens. GI and BOP were calculated by the 
same person who performed the measurements at the 
beginning of the study.

To measure GI, one number was assigned to the 
gingivitis of each tooth, including 0, 1, 2, and 3 denoting 
a complete absence of the inflammation signs, a slight 
change in the color of the superficial tissue, inflammation 
visibility, and the risk of BOP, respectively. In addition, 
number 3 referred to severe gingivitis and a tendency to 
spontaneous bleeding. It should be noted that numbers 
were recorded for each side.

To measure the BOP, a periodontal probe of 1 mm 
should be placed in the facial and lingual sulcus and it 
should be moved from the distal to the mesial side. After 
probing each quadrant, the presence or absence of BOP 
was investigated in the above-mentioned sites.

Measuring the Level of IL Inflammatory Factor 
Considering that the evaluator was unaware of patient 
grouping, the inflammatory factor levels of IL were 
measured by enzyme-linked immunosorbent assay.
The frequency of numbers was calculated in the two 
groups in the previous and next steps in terms of BOP and 
GI status, and the chi-square test was used to calculate the 
difference between the two groups in the previous and 
next steps. The P < 0.05 was considered as the significance 
level. 

 

Figure 1. Demographic Information of Patients. 

 

Table 2 presents the results of the Chi-square test on the gingival condition before and after 

radiation in the two groups based on GI. 

 

Table 2. GI-Based Comparison of the Inflammation Rate in the 2 Groups Before and 1 Week After the 
Placement of a Separator Using the Chi-square Test 
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Figure 1. Demographic Information of Patients.
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changes (IL-1β/volume of collected GCF collected, mean 
change: 0.1, P < 0.629).

Discussion
The results of this study showed no significant difference 
between the two groups in terms of the evaluation of the 
clinical indices of the mouth. There were no changes in 
the clinical variables in both groups after one week. Based 
on the assessment of the studied specific teeth, BOP and 
GI did not show any significant changes in either of the 
two experimental and control groups, and there was no 
significant difference between the two groups although GI 
changes improved in the experimental group. Moreover, 
no significant intergroup changes were observed in these 
teeth, which is in line with the results of Dudic et al 
and Giannopoulou et al (11, 18) Dudic et al placed one 
separator in the mesial region of the molar teeth and the 
opposite molar was selected as the control. Giannopoulou 
et al also placed one separator in the mesial and distal roots 
of the molar on one side, and the other molar was selected 
as the control. In other words, there was no significant 
difference between the experimental and control groups 

of the present study and the two above mentioned studies 
in terms of the clinical status of periodontal structures one 
week after the placement of the orthodontist separator. 
However, GI represented a continuous increase of 4 weeks 
in the study by Johnson et al (19 ) In addition to creating 
a mechanical barrier to adherence to oral hygiene, all 
oral hygiene practices including brushing and flossing 
were stopped in this study. Furthermore, the mechanical 
barrier covered several teeth in the form of a buccal 
shield. The differences in the development of gingivitis 
and hygiene practices can be the reason for the difference 
between the two studies. Moreover, Zhang et al concluded 
that there were no changes in the clinical appearance of 
gums despite changes in the biomarkers 3 days without 
oral hygiene (10).

In this study, the amount of the collected GCF and 
the IL-1β in the GCF did not change significantly in 
the control group within 7 days. Pro-inflammatory 
cytokines are often produced by active macrophages 
and interact with the upregulation of inflammatory 
reactions. Specific proximal cytokines such as IL-1β, IL-
6, and tumor necrosis factor-α (TNF-α) have been shown 

Table 2. GI-Based Comparison of the Inflammation Rate in the 2 Groups Before and 1 Week After the Placement of a Separator Using the Chi-square Test

Laser Non-laser
Results of Chi-square Test

Number % Number %

The inflammation rate 
before the placement of 
the separator

No inflammation (0) 23 76.7 22 73.3 χ2 =0.099

df =2

P value = 0.952

At the gum level (1) 6 20.0 7 23.3

Evident inflammation (2) 1 3.3 1 3.3

Severe inflammation 0 0 0 0

The inflammation rate 
after the placement of 
the separator

No inflammation 20 66.7 18 60.0 χ2 = 1.15

df = 2

P value = 0.562

At the gum level 10 33.3 11 36.7

Evident inflammation 0 0 1 3.3

Severe inflammation 0 0 0 0

Note. GI: Gingival index.

Table 3. Comparison of BOP in the 2 Groups Before and 1 Week After the Placement of the Separator Using the Chi-square Test

Laser Non-laser
Results of Chi-square Test

Number % Number %

BOP before the 
placement of the 
separator

No 29 96.6 28 93.3 χ 2 =0.0000
df = 1

P value = 1.000Yes 1 3.3 2 6.66

BOP after the 
placement of the 
separator

No 30 100 29 96.6 χ 2 = 2.07
df = 1

P value = 0.150Yes 0 0 1 3.3

Note. BOP: Bleeding on probing.

Table 4. Comparison of the Mean GCF Volume Collected in the 2 Groups 
Before and 1 Week After the Placement of the Separator Using Paired T test

Collected GCF
Mean ± SD Before 

Laser Radiation
Mean ± SD After 
Laser Radiation

P value

Experimental group 0.0±09.11 0.0± 78.053 0.334

Control group 0.0±06.03 0.0± 95.10 0.227

Note. GCF: Gingival crevicular fluid; SD: Standard deviation.

Table 5. Comparison of the Mean IL-1β Collected in the 2 Groups Before 
and 1 Week After the Placement of the Separator Using the Paired t test

Level of IL-1β Mean ± SD Before 
Laser Radiation

Mean ± SD After 
Laser Radiation

P value

Experimental group 18.13 ± 56.7 17.15 ± 47.96 0.764

Control group 15.11 ± 82.46 18.15 ± 56.85 0.467

Note. IL-1β: Interleukin-1beta; SD: standard deviation.
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and basic fibroblast growth factor genes of rat gums. 
In this article, the low-level laser was able to suppress 
the expression of the inflammatory cytokine gene and 
reduce the amount of swelling, inflammation, and the 
time for wound healing (24). The differences observed 
in the type of the laser (diode vs. helium-neon), the 
frequency of radiation (1 dose vs. 2-3 doses), the method 
of cytokine analysis (examination of the cytokine in the 
gingival sulcus vs. examination of the gene expression), 
the nature of inflammation (inflammation induced by 
the orthodontic forces vs. inflammation caused by gum 
cutting) and the type of specimen (human vs. rat) can 
cause such a difference. 

One of the strengths of the present study is its triple-
blind design, meaning that the patient, the statistical 
analyst, and the individual performing the measurements 
were unaware of the patients’ grouping. This design has a 
significant impact on reducing the bias in measurements 
and result evaluation. The split-mouth design of the 
study, along with considering one mouth side as a control 
eliminates interpersonal differences in the results.

Conclusions
Based on the findings of the current study, the separator 
does not necessarily lead to increased gingivitis and 
inflammatory biomarkers in the first week. Additionally, 
taking into account the limitations of the present study, 
the radiation of a single low-level dose laser had no effect 
on the inflammation status and the studied biomarkers 
after using the separator.
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