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Abstract: During orthodontic tooth movement, the early 
response of periodontal tissues to mechanical stress is an acute 
inflammatory reaction. Mechanical stress from orthodontic 
appliances is believed to induce cells in the periodontal ligament 
(PDL) to form biologically active substances, such as enzymes 
and cytokines, responsible for connective tissue remodeling 
(Nishijima Y et al 2006). Leptin, a polypeptide hormone has 
been classified as a cytokine (Zhang et al 1994). Earlier 
findings concluded that leptin at high local concentrations 
protects the host from inflammation and infection as well as 
maintaining bone levels. It has been also suggested that leptin 
plays a significant role in bone formation by its direct effect on 
osteoblasts (Alparslan et al 2010). This pilot study aimed to study 
leptin in saliva and its association with tooth movement during 
initial orthodontic alignment. Aim: To determine if there are any 
differences in saliva leptin level before and after orthodontic 
alignment. Methods: Ten orthodontic patients (7 girls and 3 boys; 
mean age, 16.76 ± 1.1 years) with crowding (up to 5mm) that 
required orthodontic fixed appliances, on a non-extraction basis 
as part of the treatment plan, were recruited in this longitudinal 
study. Orthodontic study models were constructed at baseline 
and at 6- weeks after orthodontic treatment commenced. Full 
fixed orthodontic appliances with initial 0.014” Nickel Titanium 
archwire placed. The amount of crowding was measured, 
before and after initial alignment with an electronic digital caliper 
(Max-Cal, Japan Micrometer Ltd, Tokyo, Japan) with an accuracy 
of up to 0.01mm. Unstimulated morning saliva sample were 
collected at all visits, after at least an 8-hour period of fasting 
and no-toothbrushing. After centrifugation (4000x g;10min), the 
samples were stored at -25C and tested using Leptin Abnova 
LEP Human ELISA kit (KA3080) which was subsequently 
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analyzed. Subjects’ periodontal health status was also monitored throughout the study. Ethical 
approval (ID IREC 262) was received on 7th April 2014 from International Islamic University Malaysia 
Research Ethics Committee (IREC). Results: Leptin concentration in saliva was significantly 
decreased in a time-dependant manner (t(9)=8.60, p<0.001), from before orthodontic treatment 
(7016.45± 425.15 pg/mL) and 6 weeks after bond-up (4901.92±  238.64 pg/mL). Conclusion: Leptin 
concentration in saliva is decreased during orthodontic tooth movement in initial alignment stage.

Keywords: Leptin, saliva, tooth movement

Introduction

Leptin is a highly hydrophilic protein that circulates in plasma as a 16-kDa protein. It is 
produced in adipose tissue and also recently described to be synthesized by placental 
tissue. Plasma concentration of leptin is positively correlated to body fat mass, and 
administration of recombinant leptin to mice indicates that leptin participates in the 
regulation of food intake and energy expenditure.

Leptin is released primarily by adipose tissue, and it is strongly correlated with body 
weight and body fat mass1. Leptin has been reported to influence various biological 
mechanisms, including the immune and inflammatory response, haematopoiesis, angio-
genesis, bone formation, and wound healing2; it also has an anti-inflammatory action3. 
It has been reported that serum leptin levels were increased by surgical stress and acute 
sepsis. In these states, increased stress-induced hormones and cytokines, such as corti-
sol, TNF-α, IL-1, and IL-6 have been thought to cause the increment of serum leptin level4.

Since the discovery of this relatively new hormone, many studies have been conducted 
to know more about its role in various fields. This includes leptin’s role in regulating 
bone metabolism that was first described in year 20005. Leptin was also associated 
with inflammatory response including periodontitis. It has been suggested that the 
salivary leptin concentration significantly changed in chronic periodontitis patients 
and may reflects the disease activity6. 

Leptin was classified as a cytokine7 that plays a role in the host defense immune 
system where stimulates the immune system by enhancing pro-inflammatory cyto-
kine production and phagocytosis by macrophages1. This was further supported by 
the study of Bozkurt 2006, who suggested that an elevated level of leptin in gingival 
crevicular fluid of healthy periodontium prolonging the life span of human primary 
osteoblasts by inhibiting apoptosis8.

It is assumed that leptin has a role in protecting gingival tissues9, leptin stimulates the 
immune system and enhances bone formation by acting directly on osteoblasts10. 
As periodontal disease progresses, the protective role of leptin on the gingiva is lost 
owing to a decrease in the leptin level.

During orthodontic tooth movement, the early response of periodontal tissues to 
mechanical stress is an acute inflammatory reaction11.

Remodeling process (resorption and apposition) takes place in periodontal tissues 
induced by the changes in the stress-strain distribution in the periodontium after the 
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application of orthodontic forces12. Furthermore, a local damage-repair process with 
inflammation-like reactions, including high vascular activity with many leukocytes 
and macrophages and involvement with the immune system may occur during ortho-
dontic tooth movement5. Changes in the stress-strain distribution in the periodon-
tium after the application of orthodontic forces trigger remodelling processes. These 
forces compress the PDL fibers and reduce the PDL space in the pressure area. At the 
tension site, PDL fibers are stretched, and orthodontic force results in widening of the 
periodontal membrane13.

Study of leptin therefore is a useful guide to determine its relationship with tooth move-
ment in both tension and pressure sites and the role of this cytokine in controlling the 
local inflammation around the tooth. Detection of the leptin level in GCF at sites under 
orthodontic movement had been tested and it was found that the concentration of 
leptin in GCF is decreased by orthodontic tooth movement12.

This pilot study aimed to venture leptin in saliva and its association with tooth move-
ment during initial orthodontic alignment. The specific aim is to determine if there is 
any differences in saliva leptin level before and after orthodontic alignment 

Material and methods:
A convenient sampling of ten orthodontic patients (7 girls and 3 boys; mean age, 
16.76 ± 1.1 years) were selected according to the inclusion criteria. Ethical approval 
with ID No IREC 262 received from International Islamic University Malaysia Research 
Ethics Committee (IREC). 

Inclusion criteria were:

• Patients with mild to moderate crowding (up to 5mm) malocclusion, requiring 
orthodontic treatment with fixed appliances on a non-extraction basis 

• Good health 

• Normal body mass index, according to the WHO chart (BMI of 18.5-22.9) 

• No history of the use of anti-inflammatory drugs within the month preceding the 
sample collection 

• No history of the use of antimicrobial therapy within the previous 6 months 

• Healthy periodontal tissues with generalized probing depths of ≤ 2 mm, with mini-
mal bleeding and no sign of attachment loss

• No radiographic evidence of periodontal bone loss 

Patients were identified in orthodontic specialist clinic, International Islamic Univer-
sity Malaysia. Patients who met the criteria were given ample information about the 
study in addition to the research information sheet. Informed consent obtained from 
patients who agreed to participate and patients’ rights were protected according to 
Good Clinical Practice Guideline.

Subjects that met the inclusion criteria were seen in 3 appointments as shown in Table 1.
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Morning, unstimulated whole saliva (5ml) sample were collected by a modified drain-
ing method14 as a diagnostic fluid, at all 3 visits. Patients were required to fast from 
midnight till the time the saliva samples were taken at 8am (after at least 8 hours of 
fasting). Patients also were not allowed to brush the morning of the appointment as 
to avoid risks of gingival trauma/bleeding during sample collection. Participants were 
asked to expectorate into disposable tubes every 30 sec over a period of 5 min. After 
centrifugation(4000x g;10min), the samples were stored at -25C and tested using 
Leptin Abnova LEP Human ELISA kit (KA3080).

At baseline visit, all the clinical periodontal parameters were measured with a Gold-
man/Fox Williams probe calibrated in millimetres by one trained dentist. These param-
eters include, bleeding on probing (BOP) and the plaque control index (PS), while prob-
ing pocket depth (PPD) was calculated as the measurement from gingival margin to 
the base of probing crevice. This was to ensure that subjects were free from periodon-
tal diseases and as a tool to monitor periodontium status throughout the study.

As part of our routine pre orthodontic protocol, we implement professional plaque 
control, and all patients received full mouth supragingival supra and subgingival scal-
ing using piezoelectric scaler with oral hygiene instruction including brushing twice a 
day using modified Bass brushing technique. All the clinical periodontal parameters 
have been re-evaluated 6 weeks after the scaling session and re-assessed 6 weeks 
after the orthodontics treatment.

Dental impressions for study models were taken before and after orthodontic treat-
ment commenced. Full fixed orthodontic appliances(with MBT prescriptions) bonded 
with 0.014” Nickel Titanium wires ligated on both upper and lower arches, 6 weeks 
after scaling was done. 

Amount of crowding was evaluated by using an electronic digital caliper (Max-Cal, 
Japan Micrometer Ltd, Tokyo, Japan) with an accuracy of 0.01mm over the occlu-
sal surface of study models to measure the mesio-distal width of misaligned teeth 

Table 1. Procedures done and time frame of the three visits.

Visit Time frame Actions

1 0 Week

• Basic Periodontal Examination

• First unstimulated saliva sample taken (Baseline)

• Scaling and polishing

• Oral hygiene instructions given

• Impressions for baseline orthodontic study model taken

2 6 weeks after visit 1

• Basic Periodontal Examination

• Second  unstimulated saliva sample taken (using Felcon 
sterile tube50ml)

• Upper and lower orthodontic fixed appliances bonded 
with 0.014” Nickel Titanium wires ligated on both upper 
and lower arch.

3 6 weeks after visit 2

• Basic Periodontal Examination

• Third unstimulated saliva sample taken

• Impressions for second orthodontic study model taken 
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and available space in the archform selected15. The same technique was applied to 
measure the amount of tooth movement 6 weeks after braces placement. The total 
amount of tooth movement was recorded in mm. 

Data was analyzed using IBM SPSS Statistics for Windows, Version 20.0 and a signif-
icance level was set at 95% (p ≤ 0.05).Data was presented using mean and standard 
deviation (SD). Repeated measures ANOVA test was used to test mean differences 
between the three visits, while the Paired t-test was used to detect mean differences 
between two visits. p <0.05 was considered statistically significant.

Results

Changes in periodontal parameters between the three visits

The clinical periodontal parameters of 10 recruited patients were scored at the baseline 
visit and were 89.58(8.63), 61.36(12.20) and 1.91(0.18) for PS, BOP and PPD respectively. 
All patients’ periodontal scores were slightly decreased at 2nd visit after receiving nonsurgi-
cal periodontal treatment that includes supra and subgingival scaling using piezoelectric 
scaler with oral hygiene instruction including brushing twice a day using modified Bass 
brushing technique, but didn’t reach the statistical significance as shown in Table 2. On the 
other hand the PS 90.30(8.78) and BOP 65.82(9.56) were increased after the orthodontics 
treatment compared to baseline and 2nd visit, but p-value was statistically not significant. 
This result showed that all the patients’ periodontium remains healthy throughout the 
study thus eliminating the possibility of leptin changes due to periodontitis.

Changes in leptin level between the three visits

Figure 1 shows the saliva leptin level between the three visits. As shown in Table 3, there 
was a statistically significant decrease in leptin level between visit 3 (M = 4901.923, 
SD = 754.657) and visit 1 (M = 7016.457, SD = 1344.468); t(9) = 8.601, p = 0.000. There 
was also a statistically significant decrease in the number of leptin level between visit 
1 (M = 7016.457, SD = 1344.468) and visit 2 (M = 5018.528, SD = 901.327); t(9) = 8.312, 
p = 0.000. However, no significant difference was found between visit 2 and visit 3 
(t(9) = 1.081, p > 0.05). 

Table 2. Changes in periodontal parameters from baseline to 6 weeks after bond-up

Variables Baseline 
(Visit 1)

2nd visit
(Visit 2) p-value¶ 3rd visit

(Visit 3) p-value§ p-value¥

PS 89.58(8.63) 86.244(4.10) 0.320 90.30(8.78) 0.271 0.394

BOP 61.36(12.20) 60.085(13.63) 0.759 65.82(9.56) 0.170 0.317

PDV 1.91(0.18) 1.792(0.22) 0.101 1.83(0.20) 0.475 0.174

Data are given as mean (standard deviation) unless stated otherwise.
PS: Percentage of sites with plaque scores
BOP: Percentage of sites with bleeding on probing
PPD: probing pocket depth
¥: Repeated measures ANOVA test among three visits ¶: Paired t-test (between baseline and 2nd visit)
§: Paired t-test (between 2nd and 3nd visits)



6

Abu Bakar et al.

Leptin concentrations decreased in a time-dependent manner during the study period. 
When compared with baseline, the decrease was statistically significantly 6 weeks 
after orthodontic alignment.

Changes in tooth movement after initial alignment

There was significant tooth movement between 1st visit and 3nd visit (p <0.0001) 
as shown in Table 4. On average, the tooth movement were 2.20 mm (95% CI: 1.6357, 
2.7643) 6 weeks after patients in initial alignment stage.

Table 4. Changes in tooth movement after initial alignment

One-Sample Statistics
95% Confidence Interval 

of the DifferenceMean Std. 
Deviation t df Sig. 

(2-tailed)

Tooth 
movement 2.2000 .78881 8.820 9 .000 (1.6357,2.7643)

Table 3. Saliva leptin level differences between the three visits

Mean Std. 
Deviation

Std. Error 
Mean t df Sig. 

(2-tailed)

Pair 1 Leptine 1 - 
Leptine 2 1997.92900 734.59400 232.29902 8.601 9 .000

Pair 2 Leptine 2- 
Leptine 3 116.60500 341.15040 107.88123 1.081 9 .308

Pair 3 Leptine 1 - 
Leptine 3 2114.53400 804.44456 254.38771 8.312 9 .000

Data was analysed using paired t-test by the Statistical Package for the Social Sciences (SPSS 20). 

Figure 1. Saliva leptin level between the three visits
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Discussion
The result shows that, similar to leptin in gingival crevicular fluid, leptin in saliva also 
decreased in tooth movement. It does in some way potentially relate leptin as one of 
the mediators associated with tooth movement. This study opens a path to a bigger 
study with a larger sample size to further understand the role of leptin in orthodontics. 

To certify that this leptin changes happen only due to tooth movement and not peri-
odontal issues, in methodology, we emphasized on professional plaque control regime 
throughout the sample taking, as orthodontic treatment may negatively affect the 
periodontal health status16-19. As leptin was observed among patients with irreversible 
periodontal disease (periodontitis)20 , patients with periodontitis were excluded from 
the study. Constant monitoring of the periodontium health was also done to ensure no 
patients develop periodontitis at the duration of study.

For saliva collection, the use of unstimulated saliva was implemented over the stim-
ulated one to overcome the modulation of the fluid pH since the later provide less 
suitable saliva for diagnostic applications due to dilution in the concentration of the 
salivary protein of interest21 

Two conclusions can be drawn:

• The concentration of leptin in the saliva is significantly decreased in time depen-
dent manner in orthodontic tooth movement in alignment stage. 

• Leptin may be one of the mediators associated with orthodontic tooth movement. 

The knowledge gain from this study will enable us to have a better idea of the relation-
ship between leptin and tooth movement and the role of this cytokine in controlling 
the local inflammation around the tooth.
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