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Abstract 
The numbers of patients undergoing orthodontic treatment have increased spectacularly from past several decades. 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. 
Biochemical analysis of the gingival crevicular fluid (GCF) has provided a non-invasive model for investigating the cellular 
response of the underlying PDL during orthodontic tooth movement in vivo. In GCF, several substances such as interleukin, 
tumor necrosis factor, leptin, osteoprotegerin and alkaline phosphatase have been found to be significantly elevated in 
teeth under orthodontic forces compared with untreated control teeth. [14] Hence due to the above relevance the present 
study was planned for Assessment of Leptin Concentration in Gingival Crevicular Fluid (GCF) during Orthodontic Tooth 
Movement. 
The present study was planned in Department of Private Practioner, Swastik Dental Clinic and Orthodontic Centre Gaya. 
Total 10 cases of orthodontic of age 13 – 15 years were evaluated in the present study. For each subject, a maxillary cuspid 
undergoing distal orthodontic tooth movement was used as an experimental tooth, and the contralateral cuspids served as 
control tooth. Orthodontic brackets were placed on the canines. Experimental canines were moved in the distal direction 
through an archwire by use of an elastic chain exerting an initial force of 250 g. The amount of tooth movement for each 
tooth was measured with digimaticcalipers. At the distal aspect of experimental and control teeth, GCF was collected for 
subsequent analysis and the following examinations of the periodontium were conducted: Probing depth, presence or 
absence of plaque, and bleeding on probing. The collection and examinations were conducted immediately before 
activation and at 1 hr, 1 day, and 7days after the initiation of tooth movement. 
The data generated from the present study concludes that concentration of leptin in the GCF is decreased by orthodontic 
tooth movement. Leptin may be one of the mediators associated with orthodontic tooth movement. Orthodontic tooth 
movement can be carried out without any significant destructive changes in investing tissues of the teeth provided oral 
hygiene is properly maintained. 
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Introduction: 

Orthodontics is a specialty of dentistry that deals with 
the diagnosis, prevention and correction of 
malpositioned teeth and jaws. It can also focus on 
modifying facial growth, known as dentofacial 
orthopedics. Abnormal alignment of the teeth and 
jaws is common nearly 30% of the population has 
malocclusions severe enough to benefit from 
orthodontic treatment. Treatment can take several 
months to a few years it involves the use of dental 
braces and other appliances to slowly move the teeth 

and jaws around. If the malocclusion is very severe, 
jaw surgery may be used. Treatment is usually started 
before a person reaches adulthood since bones can 
more easily be moved around in children. [1] 

A typical treatment for incorrectly positioned teeth 
(malocclusion) takes about 1 to 3 years to complete, 
with braces being altered slightly every 4 to 10 weeks 
by the orthodontist.[5] Multiple methods exist for 
adjusting malocclusion. In growing patients there are 
more options for treating skeletal discrepancies, 
either promoting or restricting growth using 
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functional appliances, orthodontic headgear or a 
reverse pull facemask. Most orthodontic work is 
started during the early permanent dentition stage 
before skeletal growth is completed. If skeletal 
growth has completed, jaw surgery can be an option. 
Sometime teeth are extracted to aid the aid the 
orthodontic treatment (teeth are extracted in about 
half of all of cases, most commonly the premolars). 
[2] 

Orthodontic therapy can include the used of fixed or 
removable appliances. The majority of orthodontic 
therapy is delivered using appliances that are fixed in 
place, for example with braces that are bonded to the 
teeth with adhesives. Fixed appliances can have a 
greater mechanical control of the teeth and the 
treatment outcome is greater with the use of fixed 
appliances. [3] 

Fixed appliances are for example used to rotate teeth 
that don't fit to the arch shape of the other teeth, to 
move multiple teeth to different places, to change 
the angle of teeth, or to change the position of the 
root of the tooth. It is not preferable if the patient 
has poor oral hygiene (as that can result in 
decalcification, tooth decay, and other problems), if 
the patient isn't motivated (as treatment lasts several 
months and commitment to oral hygiene is required), 
or if the malocclusions are mild. 

Leptin is a hormone predominantly made by adipose 
cells and enterocytes in the small intestine that helps 
to regulate energy balance by inhibiting hunger, 
which in turn diminishes fat storage in adipocytes. 
Leptin acts on cell receptors in the arcuate nucleus of 
the hypothalamus. Although regulation of fat stores 
is deemed to be the primary function of leptin, it also 
plays a role in other physiological processes, as 
evidenced by its many sites of synthesis other than 
fat cells, and the many cell types beyond 
hypothalamic cells that have leptin receptors. Many 
of these additional functions are yet to be defined. In 
obesity, a decreased sensitivity to leptin occurs 
(similar to insulin resistance in type 2 diabetes), 
resulting in an inability to detect satiety despite high 
energy stores and high levels of leptin. [4] 

Factors that acutely affect leptin levels are also 
factors that influence other markers of inflammation, 
e.g., testosterone, sleep, emotional stress, caloric 
restriction, and body fat levels. While it is well-
established that leptin is involved in the regulation of 
the inflammatory response,[67][68][69] it has been 
further theorized that leptin's role as an 

inflammatory marker is to respond specifically to 
adipose-derived inflammatory cytokines. In terms of 
both structure and function, leptin resembles IL-6 
and is a member of the cytokine superfamily. 
Circulating leptin seems to affect the HPA axis, 
suggesting a role for leptin in stress response. 
Elevated leptin concentrations are associated with 
elevated white blood cell counts in both men and 
women. [5] 

Similar to what is observed in chronic inflammation, 
chronically elevated leptin levels are associated with 
obesity, overeating, and inflammation-related 
diseases, including hypertension, metabolic 
syndrome, and cardiovascular disease. While leptin is 
associated with body fat mass, however, the size of 
individual fat cells, and the act of overeating, it is 
interesting that it is not affected by exercise (for 
comparison, IL-6 is released in response to muscular 
contractions). Thus, it is speculated that leptin 
responds specifically to adipose-derived 
inflammation. Leptin is a pro-angiogenic, pro-
inflammatory and mitogenic factor, the actions of 
which are reinforced through crosstalk with IL-1 
family cytokines in cancer. [6] 

Taken as such, increases in leptin levels (in response 
to caloric intake) function as an acute pro-
inflammatory response mechanism to prevent 
excessive cellular stress induced by overeating. When 
high caloric intake overtaxes the ability of fat cells to 
grow larger or increase in number in step with caloric 
intake, the ensuing stress response leads to 
inflammation at the cellular level and ectopic fat 
storage, i.e., the unhealthy storage of body fat within 
internal organs, arteries, and/or muscle. The insulin 
increase in response to the caloric load provokes a 
dose-dependent rise in leptin, an effect potentiated 
by high cortisol levels. (This insulin-leptin relationship 
is notably similar to insulin's effect on the increase of 
IL-6 gene expression and secretion from 
preadipocytes in a time- and dose-dependent 
manner.) Furthermore, plasma leptin concentrations 
have been observed to gradually increase when 
acipimox is administered to prevent lipolysis, 
concurrent hypocaloric dieting and weight loss 
notwithstanding. Such findings appear to 
demonstrate high caloric loads in excess of storage 
rate capacities of fat cells lead to stress responses 
that induce an increase in leptin, which then operates 
as an adipose-derived inflammation stopgap signaling 
for the cessation of food intake so as to prevent 
adipose-derived inflammation from reaching elevated 
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levels. This response may then protect against the 
harmful process of ectopic fat storage, which perhaps 
explains the connection between chronically elevated 
leptin levels and ectopic fat storage in obese 
individuals.  Leptin increases the production of 
leukocytes via actions on the hematopoietic niche, a 
pathway that is more active in sedentary mice and 
humans when compared to individuals which are 
physically active. [7] 

Although leptin reduces appetite as a circulating 
signal, obese individuals generally exhibit a higher 
circulating concentration of leptin than normal 
weight individuals due to their higher percentage 
body fat. These people show resistance to leptin, 
similar to resistance of insulin in type 2 diabetes, with 
the elevated levels failing to control hunger and 
modulate their weight. A number of explanations 
have been proposed to explain this. An important 
contributor to leptin resistance is changes to leptin 
receptor signalling, particularly in the arcuate 
nucleus, however, deficiency of, or major changes to, 
the leptin receptor itself are not thought to be a 
major cause. Other explanations suggested include 
changes to the way leptin crosses the blood brain 
barrier (BBB) or alterations occurring during 
development. [8] 

Studies on leptin cerebrospinal fluid (CSF) levels 
provide evidence for the reduction in leptin crossing 
the BBB and reaching obesity-relevant targets, such 
as the hypothalamus, in obese people. In humans it 
has been observed that the ratio of leptin in the CSF 
compared to the blood is lower in obese people than 
in people of a normal weight. The reason for this may 
be high levels of triglycerides affecting the transport 
of leptin across the BBB or due to the leptin 
transporter becoming saturated. Although deficits in 
the transfer of leptin from the plasma to the CSF is 
seen in obese people, they are still found to have 30% 
more leptin in their CSF than lean individuals. These 
higher CSF levels fail to prevent their obesity. Since 
the amount and quality of leptin receptors in the 
hypothalamus appears to be normal in the majority 
of obese humans (as judged from leptin-mRNA 
studies), it is likely that the leptin resistance in these 
individuals is due to a post leptin-receptor deficit, 
similar to the post-insulin receptor defect seen in 
type 2 diabetes. [9] 

When leptin binds with the leptin receptor, it 
activates a number of pathways. Leptin resistance 
may be caused by defects in one or more part of this 

process, particularly the JAK/STAT pathway. Mice 
with a mutation in the leptin receptor gene that 
prevents the activation of STAT3 are obese and 
exhibit hyperphagia. The PI3K pathway may also be 
involved in leptin resistance, as has been 
demonstrated in mice by artificial blocking of PI3K 
signalling. The PI3K pathway also is activated by the 
insulin receptor and is therefore an important area 
where leptin and insulin act together as part of 
energy homeostasis. The insulin-pI3K pathway can 
cause POMC neurons to become insensitive to leptin 
through hyperpolarization. [10] 

The consumption of a high fructose diet from birth 
has been associated with a reduction in leptin levels 
and reduced expression of leptin receptor mRNA in 
rats. Long-term consumption of fructose in rats has 
been shown to increase levels of triglycerides and 
trigger leptin and insulin resistance, however, 
another study found that leptin resistance only 
developed in the presence of both high fructose and 
high fat levels in the diet. A third study found that 
high fructose levels reversed leptin resistance in rats 
given a high fat diet. The contradictory results mean 
that it is uncertain whether leptin resistance is caused 
by high levels of carbohydrates or fats, or if an 
increase of both, is needed. [11] 

Leptin is known to interact with amylin, a hormone 
involved in gastric emptying and creating a feeling of 
fullness. When both leptin and amylin were given to 
obese, leptin-resistant rats, sustained weight loss was 
seen. Due to its apparent ability to reverse leptin 
resistance, amylin has been suggested as possible 
therapy for obesity. [12] 

It has been suggested that the main role of leptin is 
to act as a starvation signal when levels are low, to 
help maintain fat stores for survival during times of 
starvation, rather than a satiety signal to prevent 
overeating. Leptin levels signal when an animal has 
enough stored energy to spend it in pursuits besides 
acquiring food. This would mean that leptin 
resistance in obese people is a normal part of 
mammalian physiology and possibly, could confer a 
survival advantage. Leptin resistance (in combination 
with insulin resistance and weight gain) is seen in rats 
after they are given unlimited access to palatable, 
energy-dense foods. This effect is reversed when the 
animals are put back on a low-energy diet. This also 
may have an evolutionary advantage: allowing energy 
to be stored efficiently when food is plentiful would 
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be advantageous in populations where food 
frequently may be scarce. [13] 

The numbers of patients undergoing orthodontic 
treatment have increased spectacularly from past 
several decades. 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. Biochemical analysis of the 
gingival crevicular fluid (GCF) has provided a non-
invasive model for investigating the cellular response 
of the underlying PDL during orthodontic tooth 
movement in vivo. In GCF, several substances such as 
interleukin, tumor necrosis factor, leptin, 
osteoprotegerin and alkaline phosphatase have been 
found to be significantly elevated in teeth under 
orthodontic forces compared with untreated control 
teeth. [14] Hence due to the above relevance the 
present study was planned for Assessment of Leptin 
Concentration in Gingival Crevicular Fluid (GCF) 
during Orthodontic Tooth Movement. 

Methodology: 

The present study was planned in Department of 
Private Practioner, Swastik Dental Clinic and 
Orthodontic Centre Gaya. Total 10 cases of 
orthodontic of age 13 – 15 years were evaluated in 
the present study. For each subject, a maxillary 
cuspid undergoing distal orthodontic tooth 
movement was used as an experimental tooth, and 
the contralateral cuspids served as control tooth. 
Orthodontic brackets were placed on the canines. 
Experimental canines were moved in the distal 
direction through an archwire by use of an elastic 
chain exerting an initial force of 250 g. The amount of 
tooth movement for each tooth was measured with 
digimaticcalipers. At the distal aspect of experimental 
and control teeth, GCF was collected for subsequent 
analysis and the following examinations of the 
periodontium were conducted: Probing depth, 
presence or absence of plaque, and bleeding on 
probing. The collection and examinations were 
conducted immediately before activation and at 1 hr, 
1 day, and 7days after the initiation of tooth 
movement. 

The GCF sampling was performed by the method of 
Offenbacher et al. [15] GCF was collected from the 
experimental and control teeth. The tooth was gently 

washed with water, and the sites under study were 
isolated with cotton rolls (to minimize contamination 
from saliva) and gently dried with an air syringe. 
Paper strips (Periopaper, Harco, Tustin, CA, USA) 
were carefully inserted 1 mm into the gingival crevice 
and allowed to remain there for 30 seconds. After a 
one-minute interval, a second strip was placed at the 
same site. Care was taken to avoid mechanical injury. 
The volume of GCF in the periopaper was measured 
with a Periotron (Harco, Tustin, CA, USA). The paper 
strips from the individual sites were stored at -30°C 
until further processing could be carried out. 

All the patients were informed consents. The aim and 
the objective of the present study were conveyed to 
them. Approval of the institutional ethical committee 
was taken prior to conduct of this study. 

Following was the inclusion and exclusion criteria for 
the present study. 

Inclusion Criteria:  (1) good systemic health; (2) not 
on antibiotic therapy within the past 6 months; (3) no 
use of anti-inflammatory drugs in the month 
preceding the study; (4) healthy periodontium, with 
generalized probing depth of 2 mm and no 
radiographic evidence of periodontal bone loss; and 
(5) requirements of first-premolar extraction and 
canine distal tooth movement as a part of 
orthodontic treatment. 

Exclusion Criteria: Patients not willing participate in 
study. 

Results & Discussion: 

Orthodontic forces cause an initial inflammatory 
response followed by alterations in the vascular and 
neural envelope and perpetual bone and tissue 
remodelling accompanied by paracrine release of 
bioactive mediators. [16-18] During orthodontic 
tooth movement (OTM), host-derived enzymes are 
released at various stages of activation, resorption, 
reversal and deposition of osseous elements and 
degradation of the extracellular matrix. [19] Some of 
these enzymes have been identified in the 
periodontal (pdl) tissue of orthodontically moved 
teeth. [20] Gingival crevicular fluid (GCF) is however a 
better choice for assessing biomolecules or mediators 
as sample collection is simple, sensitive, convenient, 
repetitive and non-invasive. [21] Thus, the 
quantitative estimations of mediators in GCF reflect 
biochemical mechanisms associated with OTM. A 
systematic review (SR) by Kapoor et al [21] in 2014 
studied variation in GCF level of cytokines with type 
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and magnitude of orthodontic forces and growth 
status of patients. It established a positive correlation 
of GCF activity index IL1RA (interleukin receptor 
antagonist)/ IL-1β) with intensity of pain and velocity 
of OTM and a negative correlation with growth status 
of patients. Besides cytokines, numerous other 
mediators also alter GCF during OTM, 
comprehensively reviewed in SR by Alhadlaq in 2015. 
[18] 

Table 1: Levels of Gingival Crevicular Fluid Volume 
(mL) 

 Control Teeth Cases Teeth 

Cases of  Normal Teeth Orthodontic 
Treatment 

Initial 0.56 – 1.23 0.55 – 1.19 

1 hr 0.55 – 1.18 0.56 – 1.25 

After 1 day 0.56 – 1.20 0.55 – 1.23 

After 7 days 0. 58 – 1.22 0.57 – 1.17 

Table 2: Levels of GCP Leptin (pg/mL) 

 Control Teeth Cases Teeth 

Cases of  Normal Teeth Orthodontic 
Treatment 

Initial 1.75 – 2.99 1. 29 – 3.33 

1 hr 1.31 – 3.29 1.25 – 3.31  

After 1 day 1.71 – 3.11 1.39 – 3. 32 

After 7 days 1.38 – 3. 35  0.98 – 2.67 
 

Dilsiz et al., who evaluated leptin concentration in 
GCF before and after force application up to one 
week, reported a gradual decrease in GCF leptin 
concentration which is contradictory to our 
results.[20] The results in this study was also different 
from previous studies that measured other 
biomarkers during orthodontic tooth movement, 
where an exponential increase in concentrations of 
the mediators was observed after force application. 
The presence of leptin in gingival crevicular fluid 
during orthodontic tooth movement and concluded 
that the concentration of leptin in GCF is decreased 
by orthodontic tooth movement; this study also 
suggests that leptin may have been one of the 
mediators responsible for orthodontic tooth 
movement. [22] 

Leptin's bone regulatory actions include proliferation 
and differentiation of osteoblasts and prolongation of 
the life span of human primary osteoblast by 
inhibiting apoptosis. [24,27] It also promotes growth 
of cultures of both primary osteoblasts and 
chondrocytes.[23, 25, 27-28] Leptin inhibits 

osteoclastogenesis, by down regulating RANK 
production from mononuclear cells. [29] Further, 
leptin decreases the production of osteoprotegrin 
which is an inhibitor of bone formation. [23] 

Among the various biomarkers evaluated for 
orthodontic tooth movement, interleukin 1 beta was 
correlated to the rate of tooth movement. There was 
a positive correlation between concentration of 
interleukin 1 beta and the rate of tooth 
movement.[30-31] Leptin is found to control the 
interleukin system by stimulating secretion of 
interleukin 1 ß s, interleukin 1 receptor antagonist, 
and expression of IL 1 receptor, which could also 
explain the positive correlation of GCF leptin 
concentration to rate of tooth movement. [32] 

Bremen et al. reported that orthodontic treatment 
duration was greater in obese individuals.[33] Such 
individuals were found to have greater serum leptin 
concentrations and increased bone mineral density. 
[34-35] The common age group of orthodontic 
patients is usually early adolescence. Due to 
increasing prevalence of obesity among children, [36] 
there is a possibility of leptin playing a major role in 
orthodontic tooth movement and therefore the 
treatment outcome. 

Significantly decreased levels of leptin concentration 
might result from the presence of inflammation 
adjacent to the teeth undergoing movement. It has 
been shown previously that orthodontic tooth 
movement may therefore show local traits of a 
damage/ repair process with inflammation-like 
reactions: high vascular activity, many leukocytes and 
macrophages, and involvement of the immune 
system. [37] 

Future studies are required to evaluate the levels of 
leptin in GCF under various force magnitudes over a 
long period and to clarify the protective role of leptin 
in periodontal disease progression. Future 
interventional studies involving leptin administration 
are expected to further clarify the pharmaco 
therapeutic role of leptin in orthodontic tooth 
movement and periodontal disease progression. 

Conclusion: 

The data generated from the present study concludes 
that concentration of leptin in the GCF is decreased 
by orthodontic tooth movement. Leptin may be one 
of the mediators associated with orthodontic tooth 
movement. Orthodontic tooth movement can be 
carried out without any significant destructive 
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changes in investing tissues of the teeth provided oral 
hygiene is properly maintained. 
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