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AIM: Comparison of proinflammatory cytokine (IL-6 & RANKL) levels between 

anterior and posterior segment, during enmasse retraction of anterior teeth. 

MATERIAL AND METHOD: 15 patients (age range of 18-25 yrs) with clinical 

presentation of class I Bi-maxillary protrusion or Class II Div I malocclusion 

undergoing fixed orthodontic treatment (in which extraction of all 1stpremolar teeth 

was required) were included in the study. Following standard protocol of wire 

sequence for alignment and levelling  first premolars were extracted .Thereafter enmasse 

retraction of anterior teeth was initiated on .019x.025 inch SS archwire using sliding 

mechanics with Niti closed coil spring with force levels of 200 gm. Based on site of 

GCF collection GCF sample was divided as Group I(included GCF collected from 

distal gingival sulcus of maxillary Canine)and Group II( included GCF collected from 

mesial gingival sulcus of maxillary first  molar) at different time intervals -T0 

(Baseline) immediately after applying the retraction force;T1- (after 24 hrs);T2-(after 

20 days), and T3-(after 2 months) using absorbent points. Mean level of IL-6 and 

RANKL were obtained following standard protocol of collection, storage, transport and 

analysis using ELISA analyser and Data was tabulated and statistical comparison was 

done. 

RESULT: The trend for Il-6 levels in Group I was T0>T2>T3>T1, with statistically 

significant difference between T0 - T1 and T1 - T2, in Group II was T1>T0>T3>T2, 

with statistically significant difference between T0 -T2. The trend for RANKL levels 

in Group I was T2>T3>T0>T1, in Group II it was T1>T0>T2>T3, and the difference 

was statistically non-significant between both groups. Levels of both the biomarkers 

IL-6 and RANKL were higher in Group II than Group I at all time. Intragroup 

comparison of both biomarkers in Group II did not show significant fluctuation in 

consequent time interval but Intergroup comparison revealed higher values in Group 

II than Group I with significant difference only at T0, T1 & T3 for IL-6 and at T1 for 

RANKL. 

CONCLUSION: Cytokines play an important role in the bone remodeling processes, 

indicate that the changes in level of cytokines in GCF are associated with orthodontic 

tooth movement. The assessment of biomarker in anterior and posterior segment can 

be helpful in assessing amount of anchorage loss as well. 
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KEYWORDS: Enmasse retraction, IL-6, RANKL, Orthodontic tooth movement, 

Cytokines, Biomarkers.
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Extraction of specific teeth is often required in fixed orthodontic treatment to improve 

facial esthetics, attain good structural balance, and achieve occlusal harmony1. Space 

closure after extraction can be accomplished either by frictionless/loop mechanics or 

by frictional/sliding mechanics. Frictionless/loop mechanics require intricate wire 

bending and is more technique-sensitive. Sliding mechanics uses lighter forces, is less 

technique-sensitive, and is more comfortable for the patient. In sliding mechanics, 

retraction of anterior teeth can be done either en masse or in two steps, where the canine 

is retracted initially, followed by the remaining four incisors 2. Two-step retraction is 

generally performed in maximum anchorage cases but prolongs overall treatment time 

and creates unesthetic spaces distal to the lateral incisor after canine retraction3. This 

limitation is overcome during en masse retraction, which is routinely used in 

Orthodontics and was selected in the present study for space closure. 

The mechanical stress arising from force application during orthodontic tooth 

movement (OTM) changes periodontal vascularity and induces cellular and molecular 

changes in the periodontal ligament (PDL), leading to the release of biologically active 

substances called signaling molecules, which regulate alveolar bone modelling and 

remodeling 4. 

Two interrelated biological processes occur during OTM: compression of the PDL on 

one side (pressure side) and stretching on the other side (tension side), leading to 

cellular changes at the molecular level and the release of various signaling molecules 

responsible for OTM. These molecules include neurotransmitters, cytokines, growth 

factors, colony-stimulating factors, and arachidonic acid metabolites 5. 

Cytokines are inflammatory mediators released soon after applying force in response 

to an acute inflammatory reaction, leading to vasodilation, leukocyte migration, and 

subsequent cytokine release. Among these cytokines, the levels of Interleukin 1β 

(IL1β), IL-1, IL-6, Receptor Activator of Nuclear Factor Kappa-B Ligand (RANKL), 

Tumor Necrosis Factor (TNF)-α, Epidermal Growth Factor, Matrix Metalloproteinase 

(MMP), Osteoprotegerin (OPG), and Sclerostin (SOST) are commonly assessed during 

orthodontic tooth movement. The assessment of these cytokines, neurotransmitters, and 

arachidonic acid metabolites as biomarkers has significantly enhanced our 

understanding of molecular changes during OTM 5,6. 
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A biomarker is a substance that is measured and evaluated objectively as an indicator 

of normal biological processes, pathogenic processes, or pharmacologic responses to a 

therapeutic intervention. A good biomarker should be specific, sensitive, and capable 

of providing information about biological conditions 7. 

Biomarkers have been used as diagnostic tools for disease identification, staging, prognosis, 

and monitoring clinical responses to interventions in medicine8. Their use in dentistry has 

facilitated the diagnosis and prevention of periodontal diseases, dental caries, and oral 

cancer, as well as understanding responses to therapeutic interventions9. In 

Orthodontics, biomarkers have helped to assess puberty, bone turnover, and orthodontic 

tooth movement at the molecular level 10. 

These biomarkers can be derived from different biofluids such as blood/serum, saliva, 

and Gingival Crevicular Fluid (GCF) 11. Serum biomarkers, such as LDL for 

cholesterol, P53 gene and MMPs for cancer, and HbA1c for diabetes, are valuable 

diagnostic and prognostic tools in medicine 12. In Orthodontics, serum biomarkers such 

as Insulin-like Growth Factor (IGF) for growth assessment, Fibroblast Growth Factor 

(FGF) for skeletal development, and Parathyroid Hormone-related Protein for bone 

turnover have been studied. However, the need for invasive intervention for serum 

collection is a major limitation 13. 

Biomarkers can also be derived from saliva, like levels of sorbitol and fructosamine 

levels in saliva correlate with glucose levels in capillary blood, and increased 

isoprostane and oxidized low-density lipoproteins are present in individuals with 

coronary heart disease 14. 

Various salivary biomarkers have been evaluated in dentistry, including TNF-α, IL-1, 

IL-6, IL-8, IgA, IgM, a-Glucosidase, Acid Phosphatase, Alkaline Phosphatase, MMP- 

13, MMP-8, MMP-9, and PDGF, as well as cancer antigen-125 (CA-125) in oral cancer 

subjects 15.16. 

Salivary biomarkers have also been assessed during various stages of fixed orthodontic 

treatment. Naoumova J et al 17evaluated OPG and RANKL levels during different 

orthodontic stages, including alignment, space closure, and finishing. Gloria Amparo 

Florez-Moreno et al18 assessed OPG and RANKL levels in saliva at different intervals 

during initial levelling and alignment. Vaghela N et al 19 studied salivary biomarkers 
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(RANKL and OPG) during en masse retraction of anterior maxillary teeth at different 

stages of healing. These studies indicated that biomarker levels change after force 

application at various stages of orthodontic tooth movement, correlating with different 

phases (initial, lag, and post-lag) of treatment5. 

Similar to serum, salivary biomarkers are also present in minimal quantities, requiring 

highly sensitive tests for quantification. The composition of saliva is influenced by 

environmental and psychological factors. Thus detection of presence of biomarkers in 

saliva can be reliably achieved but quantification of these biomarker is a real 

challenge20. To overcome these limitations, GCF biomarkers are preferred due to their 

proximity to periodontal tissues, minimizing the influence of systemic inflammatory 

processes 21. 

Navarro-Palacios et al 22 evaluated Myeloperoxidase activity in GCF and saliva, 

demonstrating that GCF values reflected inflammatory changes more accurately than 

saliva. GCF is an osmotically mediated inflammatory exudate that increases in volume 

and capillary permeability during inflammation23.Considering this, biomarker levels in 

GCF during orthodontic tooth movement were assessed in the present study. 

Biomarkers associated with bone resorption include IL-1, IL-6, and TNF-α, which 

upregulate RANKL expression in stromal cells and osteoblasts, stimulating bone 

resorption. IL-6 promotes RANKL activation in the initial force application stages. 

RANKL, produced by osteoblasts and activated by T-lymphocytes, binds to its receptor 

(RANK) on osteoclasts, inducing osteoclast maturity and alveolar bone resorption. 

However, if RANKL binds to OPG, it results in bone deposition5. 

Several animal and human studies have demonstrated cytokine level changes in 

periodontal tissues and GCF during orthodontic treatment. Most studies assessed 

biomarker levels during the alignment and levelling phase. Madureira et al 24 and 

Mohammed A et al 25 showed increased IL-6 levels in the human PDL after 12-15 

days of orthodontic force application. Basaran G et al 26 found increased IL-2, IL-6, 

and IL-8 levels in GCF during levelling and distalization. Widayati R et al 27 evaluated 

OPG levels in early leveling and aligning using different bracket systems. 

Uday H Barhate et al28 found a positive but not statistically significant correlation 

between the rate of canine retraction and the concentrations of cytokines such as IL- 1β 

https://pubmed.ncbi.nlm.nih.gov/?term=Barhate%2BUH&cauthor_id=36151016
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and TNF-α in GCF , Jayprakash P et al29 evaluated levels of Interleukin (IL)-1β, IL-

6, tumor necrosis factor-α, epidermal growth factor, and β2-microglobulin levels in 

GCF during canine retraction immediately before activation, and at 1, 24, and 168 

hours after the initiation of tooth movement. 

However, none of the studies have evaluated levels of biomarkers during enmasse space 

closure using sliding mechanics. As in sliding mechanics there is reciprocal movement 

of anterior and posterior segment, there by altering the level of biomarkers in both the 

segments irrespective of method of force application. Movement of posterior segment 

can be controlled by application of differential force and by anchorage reinforcement, 

hence level of biomarker might be different in anterior and posterior segment. Thus, in 

the present study, biomarkers present in GCF was evaluated both in anterior and 

posterior segment during enmasse retraction of anterior teeth30. 

To collect the GCF there are various methods like Intracrevicular washing technique, 

microcapillary technique, absorption technique. In this study absorption technique was 

used, advantage is being quick and easy to use, can be used at individual sites, and 

causing minimal trauma. Absorbent paper points were used and inserted just at the 

entrance of the crevice, to the base of the pocket or until minimum resistance is felt, 

and these samples (absorbent points) were stored till further procedures 31. 

Considering the role of IL-6 and RANKL in orthodontic tooth movement, the present 

study was conducted to compare the proinflammatory cytokine (IL-6 & RANKL) 

levels between anterior and posterior segment during enmasse retraction of anterior 

teeth. 
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AIM: 

To evaluate and compare the levels of cytokine (IL6 and RANKL) in GCF collected 

from anterior and posterior segment during enmasse retraction of anterior teeth using 

sliding mechanics at different time intervals. 

 

OBJECTIVES: 

1.  To evaluate level of biomarkers (IL6 and RANKL) in GCF collected from anterior 

and posterior segment during en masse retraction at different time intervals. 

2.  To compare level of biomarkers (IL6) in GCF collected from anterior segment 

during enmasse retraction at different time intervals. 

3.  To compare level of biomarkers (IL6) in GCF collected from posterior segment 

during enmasse retraction at different time intervals. 

4.  To compare the level of biomarkers (IL6) in GCF between anterior and posterior 

segments during enmasse retraction at different time intervals. 

5.  To compare level of biomarkers (RANKL) in GCF collected from anterior 

segment during enmasse retraction at different time intervals. 

6.  To compare level of biomarkers (RANKL) in GCF collected from posterior 

segment during enmasse retraction at different time intervals. 

7.  To compare the level of biomarkers (RANKL) in GCF between anterior and 

posterior segments during enmasse retraction at different time intervals. 
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William G. Grieve, Georgia K. Johnson, Robert N. Moore, c Richard A. 

Reinhardt, and Linda M. DuBois (1994)32 examined levels of prostaglandin E 

(PGE) and interleukin-1β (IL-1β) in GCF during human orthodontic tooth movement 

on 10 patients, each having one treatment tooth undergoing orthodontic movement and 

a contralateral control tooth. The GCF was sampled at control sites and treatment 

(compression) sites before activation and at 1, 24, 48, and 168 hours, 

radioimmunoassay is used for levels of PGE and IL-1β levels. At 1 and 24 hours, mean 

GCF IL-1β levels were significantly elevated at treatment teeth compared with control 

teeth. The GCF levels of PGE for the treatment teeth were significantly higher at 24 

and 48 hours than the control teeth. The GCF levels of PGE and IL-1β remained at 

baseline levels throughout the study for the control teeth, whereas significant elevations 

from baseline in GCF IL-1β (24 hours) and PGE levels (24 and 48 hours) were observed 

over time in the treatment teeth (p -< 0.05). 

Jennifer J. Lowney, Louis A. Norton, David M. Shafer, Edward F. Rossomando 

(1995) 33 measured tumor necrosis factor-a (TNF) directly in the human gingival sulcus 

before and after the application of an orthodontic force. To recover TNF from the 

sulcus, paramagnetic beads, coated with monoclonal antibodies for TNF, were 

introduced into the gingival sulcus of 50 teeth undergoing orthodontic tooth movement 

(by two force systems) in 20 patients. Retrieval was performed by a permanent 

magnetic device designed to fit the periodontal sulcus. The samples were taken before 

force application (controls)and at a fixed time after force application. The amount of 

immunoadsorbed TNF was quantified with an immunochemical assay. There was more 

than twofold increase in TNF recoverable from the gingival sulcus after application of 

orthodontic forces (mean of 12.9 ng vs 30.5 ng). A Student's t test for paired samples 

demonstrated statistical significance at p < 0.01. 

S Uematsu, M Mogi, T Deguchi (1996)34 investigated levels of biomarker in GCF 

during orthodontic tooth movement. Twelve patients (mean age, 14.4 years) were used 

as subjects. An upper canine of each patient having one treatment for distal movement 

served as the experimental tooth, whereas the contralateral and antagonistic canines 

were used as controls. The GCF around the experimental and the two control teeth 

was taken from each subject immediately before activation,and at 1, 24, and 168 hr 

after the initiation of tooth movement. The concentrations of interleukin (IL)-1lp, IL-



REVIEW of LITERATURE 
 

7 

 

6, tumor necrosis factor-c, epidermal growth factor, and 32- microglobulin were 

significantly higher in the experimental group than in the controls at 24 hr after the 

experiment was initiated. All the cytokines remained at baseline levels throughout the 

experiment for the two control groups. 

Sappho Tzannetou, Stella Efstratiadis, Olivier Nicolay, John Grbic, and Ira 

Lamster (1999)35 examined whether the inflammatory mediators interleukin (IL-1b) 

and β-glucuronidase (βG) are present in the gingival crevicular fluid (GCF) of children 

undergoing rapid palatal expansion and whether their levels vary upon activation of the 

appliance and movement of the maxillary first molars. Nine adolescent patients who 

needed palatal expansion were considered. After Four weeks of receiving periodontal 

prophylaxis, a modified Hyrax appliance was inserted in patients. The jackscrew was 

activated twice daily until the appropriate expansion was achieved. GCF samples were 

collected with filter paper strips at 2 pre-treatment observation periods and 9 

observation periods after placement of the appliance and analyzed by means of ELISA 

and time-dependent fluorometry for IL-1b and βG, respectively. The values recorded 

at the observation period 2 weeks after the periodontal prophylaxis were used as 

baseline. The results indicate that (1) βG and IL-1b are present in GCF of young, 

healthy individuals, (2) their levels decrease following a strict regimen of plaque 

control, (3) orthodontic/orthopaedic forces evoke changes in the levels of the 

inflammatory mediators IL-1b and βG in the periodontal tissues that can be detected in 

GCF. 

Najat Alhashimi, Lars Frithiof, Pongsri Brudvik and Moiz Bakhiet (2001)36 

measured the messenger RNA expression of IL-1β, IL-6, and TNF α at 3, 7, and 10 

days after the application of orthodontic force on the maxillary first molars of 12 rats. 

The contralateral side and 3 untreated rats served as controls. Measurements of the 

messenger RNA expression were selected as the means to investigate the role of 

orthodontic force in de novo synthesis of proinflammatory cytokines. After the 

application of force, the induction of IL-1β and IL-6 was observed to reach a maximum 

on day 3 and to decline thereafter. No messenger RNA induction of either cytokine was 

measured in the control teeth. The messenger RNA expression of TNF-α was not 

detected at any time point of this study in the experimental or contralateral sides or in 

the control animals. 
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Perinetti G et al (2003)37 examined aspartate aminotransferase (AST) activity in GCF 

in order to assess AST potential in GCF as a possible diagnostic aid to monitor tooth 

movement and tissue response during orthodontic treatment. 18 patients (mean age, 

16.1 years) were taken for sample., during upper first molar distalization served as the 

test tooth (TT), with its contralateral (CC) and antagonist (AC) first molars used as 

controls. The CC was included in the orthodontic appliance , but was not subjected to 

the orthodontic force; the AC was free from any orthodontic appliance. The GCF 

around the experimental teeth was collected from both mesial and distal tooth sites 

immediately before appliance activation, 1 hour after, and weekly over the following 4 

weeks. Clinical gingival condition was evaluated at baseline and at the end of the 

experimental period. AST levels were significantly elevated in all sites from the TT 

and CC groups compared to the AC group where, conversely, AST activity remained at 

the baseline level. 

Serra E et al (2003)38 examined the lactate dehydrogenase (LDH) activity in GCF to 

assess whether GCF LDH can be proposed as a sensitive marker for periodontal tissue 

modifications during orthodontic tooth movement on 37 subjects, 16 males and 21 

females (mean age 18.7 years, range 14.0 to 26.7 year). Subjects underwent a session 

of professional oral hygiene and oral hygiene instructions; 2 weeks later, a fixed 

orthodontic appliance was placed on the maxillary arch and maxillary canine was 

considered as the test tooth, and its antagonist, which had no appliance, was used as the 

control tooth. From 2 to 12 weeks after orthodontic appliance placement, GCF was 

collected from both experimental teeth at the mesiobuccal angle. The results showed 

that no differences in clinical conditions and GCF volume occurred between the 

experimental teeth. On the contrary, GCF LDH activity in the test teeth was 

significantly greater than that of the control teeth (P .01). 

Ogasawara T et al (2004)39 examined the in-situ expression of RANKL, RANK, 

Osteoprotegerin, interleukin-1b (IL-1b) and tumor necrosis factor α (TNFα) in the 

osteoclasts of rat periodontal tissue. Tooth movement was performed by the Waldo 

method, and the pathological bone resorption was induced on 4 -week-old Wistar 

rats. The demineralized maxillae and mandible were embedded with paraffin. RANKL, 

RANK, osteoprotegerin, IL-1b, and TNFα mRNAs in osteoclasts and other cells using 

the specific RNA probes, respectively detected in In situ hybridization. Both RANKL 
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and RANK were expressed in some osteoclasts. RANKL was also positive in 

osteoblasts and PDLs. No IL-1b- and TNFα-positive osteoclast found. The positive 

signals of osteoprotegerin were detected in almost all osteoblasts, PDLs and 

odontoblasts. The number and the distribution pattern of RANKL- and RANK- 

expressing osteoclasts changed when orthodontic excessive force was applied to 

periodontal tissue. In addition, IL-1β and TNF-α were shown to be expressed in 

osteoclasts under pathological status. 

Nishijima Y, Yamaguchi M, Kojima T, Aihara N, Nakajima R, Kasai K (2005)4 

examined the secretion of RANKL and OPG from hPDL cells following a compression 

force (0, 0.5, 1.0, 2.0, or 3.0 g/cm2 for 48 h) on 10 adolescent patients. GCF was 

collected at the distal cervical margins of the experimental and control teeth 0, 1, 24, 

and 168 h after the retracting force was applied. GCF levels of RANKL were 

significantly higher, and the levels of OPG significantly lower, in the experimental 

canines than in the control teeth at 24 h, but there were no such significant differences 

at 0, 1, or 168 h. 

Batra P, Kharbanda OP, Duggal R, Singh N, Parkash H (2005)40 – investigated 

alkaline phosphatase activity in the gingival crevicular fluid (GCF) during orthodontic 

tooth movement in humans. Ten female patients requiring all first premolar extractions 

were selected and treated with standard edgewise mechanotherapy. Canine retraction 

was done using 100 g sentalloy springs. Maxillary canine on one side acted as 

experimental site while the contralateral canine acted as control. GCF was collected 

from mesial and distal of canines before initiation of canine retraction (baseline), 

immediately after initiation of retraction, and on 1st, 7th, 14th and 21st day and the 

alkaline phosphatase activity was estimated. The results show significant (p < 0.05) 

changes in alkaline phosphatase activity on the 7th, 14th and 21st day on both mesial 

and distal aspects of the compared experimental and control sides. The peak in enzyme 

activity occurred on the 14th day of initiation of retraction followed by a significant 

fall in activity especially on the mesial aspect. 

Basaran G et al (2006)41evaluated interleukins 2, 6, and 8 levels in GCF during 

Levelling and distalization of the teeth in fifteen patients in which 9 female, 6 male; 

ages, 15-19 years; mean age, 16.7 2.3 years. Each underwent a session of professional 

oral hygiene and received oral hygiene instructions. The patients were seen at baseline, 
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at days 7 and 21, and as the teeth were levelled. Records of the baseline scores for the 

distalization forces were taken at the sixth month. Scores of days 7 and 21 after 6 

months of the distalization treatment were also recorded. Increases were seen in the 

volume of gingival crevicular fluid and the concentrations of interleukins 2, 6, and 8. 

Levelling and distalization of the teeth caused increase in interleukins 2, 6, and 8 levels 

in the periodontal tissues which can be detected in gingival crevicular fluid. No 

statistical differences between the observations except at the 7th day of levelling for 

IL-8 (P .05). Although there were no statistical differences in IL-2 levels, it increased 

at the 7th and 21st days of levelling and distalization. IL-6 showed no significant 

alterations either statistically or mathematically. 

Masaru Yamaguchi, Mizuho Yoshii and Kazutaka Kasai (2006)42 investigated GCF 

levels of Substance P (S)P and interleukin-1 β (IL-1β ) during human orthodontic tooth 

movement. On 3 males, with a mean age of 21.3 ± 2.8 years old, and 6 females, with 

a mean age of 23.1 ± 2.4 years, undergoing orthodontic movement of a single tooth, 

with the contralateral tooth used as the control. GCF was collected at the control and 

treatment (compression) sites before and 1, 4, 8, 24, 72, 120, and 168 hours after 

initiation of orthodontic treatment. Prevention of plaque-induced inflammation allowed 

assessment of the dynamics of mechanically stimulated SP and IL-1 β levels in the 

GCF, which were determined using ELISA kits. GCF levels of SP and IL-1 β for the 

treated teeth were significantly higher ( P < 0.001) than for the corresponding control 

teeth from 8 to 72 hours, and peaked at 24 hours. These results show that the amounts 

of SP and IL-1 β in GCF increase with orthodontic tooth movement. 

Kawasaki K, Takahashi T, Yamaguchi M, Kasai K (2006)43compared the levels of 

the receptor activator of nuclear kappa B ligand (RANKL) and Osteoprotegerin (OPG) 

in the gingival crevicular fluid (GCF) during orthodontic tooth movement in juvenile 

and adult patients. Fifteen juveniles and 15 adults served as subjects. GCF was collected from 

the distal cervical margins of the experimental and control teeth at 0, 1, 24, and 168 h after 

application of a retracting force. ELISA kits were used to determine RANKL and OPG levels 

in the GCF samples. The amount of tooth movement for juveniles was larger than for adults 

after 168 h. Further, after 24 h RANKL levels were increased and those of OPG decreased in 

GCF samples from the compression side during orthodontic tooth movement in both juveniles 

and adults. The RANKL/OPG ratio in GCF from adult patients was lower than that in the 

juvenile patient samples. 
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Hilal Uslu Toygara; Beyza Hancioglu Kircellib; Sule Bulutc; Nurzen Sezgind; 

Bahar Tasdelen (2008)44 investigated the level of osteoprotegerin (OPG) in GCF 

during tooth movement. GCF were taken from 12 patients (13–17 years of age) required 

canine distalization at baseline, 1 hour, 24 hours, 168 hours, 1 month, and 3 months 

from the distal sites of the test and with control teeth after the application of force. OPG 

concentration was detected by ELISA. OPG concentrations in distal sites of the test 

teeth were decreased in a time-dependent manner. Decrease is significant when 

compared with the baseline measurements (P .038). Variability was detected in the 

levels of OPG concentration in the distal sites of the control tooth throughout the 

experimental period. 

Sappho Tzannetou, Stella Efstratiadis,Olivier Nicolay,John Grbic, and Ira 

Lamster(2008)45 compared the responses of IL-1β and βG in the GCF of the maxillary 

first molars, first premolars and central incisors during palatal expansion . Four weeks 

after receiving periodontal prophylaxis, a modified hyrax appliance was placed. The 

jackscrew was activated twice daily until the appropriate expansion was achieved. GCF 

samples were collected with filter paper before and after periodontal prophylaxis and 

during passive wearing of the appliance, active orthodontic treatment, and retention. 

The values recorded after periodontal prophylaxis were used as the baseline. The results 

validate that IL-1β and βG are present in the GCF of adolescents, and, although their 

level decreases after a strict regimen of plaque control, it increases during orthodontic 

or orthopaedic movement. Moreover, this study demonstrates that both heavy and light 

forces evoke increased levels of IL-1β and βG, stronger forces cause higher levels of 

inflammatory mediators, and both IL- 1β and βG respond to direct and indirect 

application of mechanical force to teeth. 

N Hamamci et al (2011)46assessed and found insignificant difference in the level of 

IL-6 during canine distalization, maxillary miniscrew implants were placed bilaterally 

between the maxillary second premolar and first molars. Peri miniscrew implant 

crevicular fluid samples were collected from the mesiobuccal aspects of the miniscrew 

implants and gingival crevicular fluid (GCF) samples were obtained from the 

distobuccal site of maxillary canines (treatment) and mesial of the maxillary second 

premolar teeth (controls) ,on applying 150 g force delivered by a NiTi closed coil 

spring(7mm) on a 0.016 × 0.022 inch SS archwire in .018 slot with molar toe–ins and 

https://www.sciencedirect.com/topics/medicine-and-dentistry/first-premolar
https://www.sciencedirect.com/topics/medicine-and-dentistry/central-incisor
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tip-back bends, and tying second maxillary premolars and first molars with figure of 8 

ligature , at baseline (T1) and at 1hr (T2), 24hr (T3), and 48hr (T4), 7 (T5) and 21 (T6) 

days, and 3 months (T7) .For treatment group (Canine) with highest concentration at 

T4(3.20 ± 1.82)>T3(3.15 ± 1.83 )>T2(3.05 ± 1.62)>T5(3.04 ± 0.99)>T6(.99 ± 1.15) 

>T1(2.95 ± 2.66)T7(2.95 ± 1.04) pg/ml. For Control group (2nd premolar) highest was 

at T3(2.92 ± 1.15) >T4(2.92 ± 1.03)>T2(2.89 ± 1.98)>T1(.80 ± 0.57)>T5(2.78 ± 

0.75)>T6(2.69 ± 2.57)>T7(2.62 ± 1.20) pg/ml. For miniscrew group was highest at 

T4(3.42  ±  1.19)>T3(3.36  ±  0.97)>T7(3.25  ±  0.71)>T2(3.23  ± 0.78)>T5(3.05 

± 1.49)>T6(3.02 ± 0.76)>T1(3.01±0.82) pg/ml. None of the intragroup comparison of 

T1 with T2 ,T3 ,T4 ,T5 ,T6, T7 were made. 

Sarah A. Alfaqeeh and Sukumaran Anil (2011)47 analyzing lactate dehydrogenase 

(LDH) activity in GCF during orthodontic movement on 20 patients all requiring first 

premolar extractions and treated with conventional straight wire mechanotherapy. 

Canine retraction was done using 125 g Nitinol closed coil springs. The maxillary 

canine on one side served as the experimental site while the contralateral canine served 

as the control. GCF was collected from the canines before initiation of retraction, then 

1 hour after initiating canine retraction, followed by 1 day, 7 days, 14 days and 21 days. 

GCF LDH levels were estimated and compared with the control site. The results 

revealed significantly higher LDH levels on the 7th, 14th and 21st day at the sites 

where orthodontic force had been applied. The levels also showed a significant increase 

from 0 hour to the 21st day. Peak levels were seen on 14th and 21st day following 

initiation of retraction. 

Asma alhusna abang abdullah, Rohaya megat abdul wahab & Shahrul hisham 

bin zainal ariffin(2011)48 investigated the presence of an enzyme called alkaline 

phosphatase (ALP) in GCF during leveling and alignment stage of orthodontic fixed 

appliance treatment. 14 patients between the ages of 15 and 27 years old with moderate 

upper labial segment crowding. GCF from mesial and distal sites of upper canines were 

collected using paper point before the fixed appliance placement (week 0). The 

baseline level of ALP (week 0) acted as a control. GCF samples were repeated at 1st, 

2nd and 3rd week during orthodontic treatment. The activities of ALP were measured 

using spectrophotometer (405 nm). Paired sample t-test was used to assess the 

significance of difference over the 3 weeks. The results showed patterns of ALP 
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activities on the test teeth throughout the 3 weeks of levelling and alignment stage, 

however the results were not significant (p >0.05) when compared to control. 

Zhao NN, Lin JX, Chen ZB, Liu Y(2012)49 evaluated the level of osteoprotegerin 

(OPG) and RANKL in gingival crevicular fluid (GCF) during orthodontic retention and 

corresponding expression of OPG and RANKL in periodontal tissues were 

evaluated. Fifteen male Wistar rats (age, 6 weeks) were divided into three groups with 

5 rats for each. GCF samples were collected at the baseline, 14 days after orthodontic 

force application, and 14 days after orthodontic force removal. ELISA was used to 

quantify the concentration of OPG and sRANKL (soluble receptor activator of nuclear 

factor kappa B ligand) in GCF. The concentration of sRANKL in GCF increased 

statistically significant from baseline to T2 (P<0.05) while decreased significantly from 

T2 to T3 (P<0.05). The concentration of OPG had minimum fluctuation from baseline 

to T3 without any statistical significance (P>0.05). The sRANKL/OPG ratio in GCF 

and that in periodontal tissues during the three time points were similar which showed 

a prominent increase in T2 (P<0.05 and P<0.01, respectively) and sharp decrease in T3 

(P<0.05). 

Barbieria G et al (2012)23 evaluated levels of RANK, OPG, OPN, and TGF-ß1 using 

ELISA in GCF of 10 healthy volunteers during early orthodontic tooth movement 

Orthodontic elastic separators were placed between the second premolar and first 

molar, with the contralateral quadrant serving as a control. GCF samples were 

collected at the mesiobuccal and mesiolingual sites of control molars at baseline and at 

7 days, and the test molar samples were obtained 24 hours and 7 days after placement 

of elastic separators at the mesiobuccal (tension side) and disto buccal (compression 

side) sites. The concentration of OPG significantly decreased at the compression site 

by 24 hours, and the amount and concentration of RANK differed significantly between 

the control, compression, and tension sites after 7 days. A significant increase in 

absolute TGF-ß1 levels was also detected at the compression site versus the control and 

tension sites after 7 days. Bone metabolism is affected by application of force to the 

teeth by elastic separators. Both increased expression of bone resorptive mediators (eg, 

RANK and TGF-ß1) and decreased expression of a bone-forming mediator (eg, OPG) 

on the compression side were detected. 
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Cristiane Canavarro, Ricardo Palmier Teles and Jonas Capelli Júnior(2013)50 

examined the levels of matrix metalloproteinases (MMPs) -1, -2, -3, -7, -8, -12, and - 

13 in GCF at different time intervals during orthodontic tooth movement. from 16 

healthy orthodontic subjects (7 females, 9 males; mean age, 17.7 years) who needed 

first upper premolars extracted. Maxillary canine was randomly chosen and subjected 

to distalizing force and was considered the test side. The contralateral canine, which 

was not subjected to any force but was included in the orthodontic appliance, was used 

as a control side. GCF sample was collected at both the mesial (tension) and distal 

(pressure) test and control sites at baseline, immediately before applying the 

orthodontic appliance, and after 1 and 24 hours and 7, 14, and 21 days. GCF samples 

were analyzed by multiplexed bead immunoassay. The mean levels of the MMP-1, -2, 

-3, -7, -8, -12, and -13 were not significantly different between the test and control 

groups . The comparisons between the tension and pressure sites were also not 

significantly different at each individual time. Expression of MMP-8 was higher than 

that of the other MMPs. MMPs are released in sufficient quantities such that tooth 

movement occurs but there was no significant increase in GCF levels. 

Melissa Grant, Jay Wilson, Peter Rock and Iain Chapple (2013)51 investigated 

changes in cytokines of bone and tissue metabolism in GCF from 20 patients 

undergoing orthodontic treatment at baseline, before tooth extraction and appliance 

placement and then at time intervals during orthodontic treatment. Samples were taken 

10 weeks following first appliance placement: at four hours; 7 days; and 42 days after 

application of distalising forces to maxillary canine teeth. Cytokines (GM-CSF, 

interferon-gamma, IL-1beta, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10 and TNF-α), and bone 

metabolism indicators (RANKL and OPG) were measured in GCF using multiple 

assays. Tension sites adjacent to canines showed significant increases in IL-1beta, IL- 

8, TNF-α, MMP-9 and TIMPs 1 and 2 across all time points following force 

application, while compression sites exhibited increases in IL-1beta and IL-8 after 4 

hours, MMP-9 after 7 and 42 days and RANKL after 42 days.. Elevated levels were 

found at 4 hours but continued for periods of up to 6 weeks. 

Gloria Amparo Florez-Moreno, Diana Marıa Isaza-Guzman, and Sergio Ivan 

Tobon- Arroyave (2013)18- evaluated salivary sRANKL and OPG concentrations 

determined by ELISA in 20 healthy subjects who required fixed appliance therapy not 
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involving tooth extractions or surgical procedures were selected. Unstimulated whole 

saliva samples were collected from each patient before fitting the orthodontic 

appliances, and at 24 to 48 hours, 2 weeks, 5 weeks, and 8 weeks after the activation. 

Overall, median values of sRANKL showed significant increases, median OPG 

salivary values showed a significant downward trend, and the sRANKL/OPG ratio 

tended to increase significantly over time after the activation visit. However, clear 

fluctuations in the immunoenzymatic findings were noted at the different sampling 

times, indicating nonlinear trends in the levels of the biomarkers through time. 

Tuncer B et al (2013)52 evaluated the levels of osteoprotegerin (OPG) and receptor 

activator of nuclear factor kappa-β ligand (RANKL) in tension (mesial) and pressure 

(distal) sides during continuous orthodontic force in GCF. Eighteen canine teeth of 9 

adults (5 female, 4 male; age range 17.5-18.9 yrs) with different Angle classifications 

were included. After first premolar extractions, the maxillary canines were tipped 

distally by sentalloy closed coil springs with a continuous force of 200 g. Gingival 

crevicular fluid (GCF) was sampled from mesial and distal gingival crevices of each 

canine separately at baseline, 1 hour(h), 24 h, 168 h, and 1 month after force 

application. OPG and RANKL levels were analyzed by ELISA. Concentration of OPG 

showed an increase in mesial side, while there was a decrease in distal side at 1 h, 

demonstrating a statistically significant difference, RANKL expression showed no 

significant changes during study. 

Navarro-Palacios A et al (2014)22- evaluated Myeloperoxidase (MPO) activity in 

gingival crevicular fluid (GCF) and whole saliva in orthodontic patients with different 

levels of dental crowding at the alignment.20 patients were classified according to the 

irregularity index into 2 groups: severe and minimum crowding (10 in each group). 

MPO activity was evaluated in GCF and saliva at 0 and 2 hours, and 7 and 14 days 

after the orthodontic appliances were activated. MPO activity was measured using the 

modified Bradley-Bozeman technique. In which they found that in both groups, the 

maximum activity was at 2hours(P\0.05)after activation. MPO activity remained 

elevated until day7, and values similar to base line were found at day 14 in the GCF 

and saliva samples. Enzymatic activity did not show statistical differences between the 

groups. They concluded that amount of dental crowding does not seem to influence 

MPO activity, which showed similar patterns in GCF and saliva, but the values in GCF 
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showed the inflammatory changes more accurately than did the values in saliva. 

Madureira DF et al (2014)24investigated the kinetics of interleukin-6 and chemokine 

ligands 2 and 3 levels in periodontal ligaments subjected to orthodontic forces. On 64 

premolars teeth. The experimental group consisted of premolars subjected to a force of 

0.980 N in the apical direction for 3 hours, 15 hours, 3 days, 12 days, or 21 days with 

a 0.017 × 0.025-in beta-titanium alloy cantilever. The contralateral teeth, without 

orthodontic appliances, were used as controls. The premolars were extracted for 

orthodontic reasons, and the periodontal ligaments were scraped for analysis of 

cytokine levels by ELISA. Compared with the control group, an increase in chemokine 

ligand 2 was observed on days 3 and 12 , and increases in interleukin-6 and chemokine 

ligand 3 were observed on day 12 in the experimental group. There is differential 

expressions of interleukin-6 and chemokine ligands 2 and 3 in periodontal ligaments 

after mechanical loading; this might reflect the distinct roles of these molecules in the 

bone remodeling process. 

Wahab R et al (2014)53evaluated Lactate Dehydrogenase (LDH), Aspartate 

Aminotransferase (AST), Tartrate-resistant Acid Phosphatase (TRAP) and Alkaline 

Phosphatase (ALP), using Self-ligating Brackets (SLBs), Saliva and Gingival 

Crevicular Fluid (GCF) were collected from 19 subjects (n=19) before and during 

orthodontic treatment (5 weeks). The subjects were bonded with SLBs with 100 g or 

150 g of orthodontic force. Enzyme assays, ELISA and tooth movement measurements 

were performed. A statistical analysis showed that compared to baseline values, 

significant differences (p0.05). were observed in the saliva levels of AST at week 5, 

the levels of TRAP at week 2, and the levels of ALP at weeks 1 to 5. In the GCF, LDH 

showed significant differences (p0.05). 

Leethanakul, C., Suamphan, S., Jitpukdeebodintra, S., Thongudomporn, U. and 

Charoemratrote, C. (2016)54 investigated the effects of application of vibratory 

stimuli on interleukin (IL)–1β secretion during maxillary canine distalization in 15 

subjects (mean age, 22.9 years; range 19 25 years) whose bilateral maxillary first 

premolars were extracted. On the experimental side, light force (60 g) was applied to 

the canine for 3 months in combination with vibratory stimuli provided using an electric 

toothbrush 15 minutes a day for 2 months; only orthodontic force was applied to the 

contralateral control canine. GCF was collected from the mesial and distal sides of each 

https://www.sciencedirect.com/topics/medicine-and-dentistry/premolar
https://www.sciencedirect.com/topics/medicine-and-dentistry/contralateral
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/enzyme-linked-immunosorbent-assay
https://www.sciencedirect.com/topics/medicine-and-dentistry/osteoplasty
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canine at each monthly appointment. IL-1β levels were analyzed using an ELISA. 

Canine movement was measured monthly. Overall, enhanced IL-1β secretion was 

observed at the pressure sites of experimental canines compared to control canines ( P 

<.001). The amount of tooth movement was greater for the experimental canine than 

for the control canine (mean, 2.85 6 0.17 mm vs 1.77 6 0.11 mm, respectively, P < 

.001) 

Louchian I et al (2016)55 determined the level of IL-1β in the saliva of teeth that are 

orthodontically tractioned, comparison was made between the levels of IL-1β in these 

teeth and the teeth upon which no orthodontic force is applied. The 60 patients 

considered in the study were divided into three groups, as follows: group A, the control 

lot, consisting of 16 patients without periodontal disease, without clinical gingival 

modifications; group B, 22 patients with periodontal disease (chronic periodontitis 

localized it at least three teeth), who received periodontal treatment; group C, 22 

patients with periodontal disease (chronic periodontitis localized it at least three teeth) 

who received combined orthodontic and periodontal treatment. Saliva was collected 

in two rounds from the patients in groups B and C, for group B, an initial collection 

and a second collection six months after the end of periodontal treatment- for group C, 

an initial collection and a second one six months after periodontal stabilisation and start 

of orthodontic treatment. The values of IL-1β dropped significantly both in the patients 

who had only periodontal treatment (F = 26.69, p<<<0.01), as well as in those who had 

periodontal treatment associated with orthodontic treatment (F = 16.49, p <<0.01. 

Thukral R et al (2017)56 evaluated Pentraxin-3 level in GCF of 25 patients that 

underwent canine retraction as a part of fixed orthodontic treatment. In the maxillary 

right and left quadrant, active tieback and NiTi coil spring were used respectively. 

Gingival crevicular fluid samples were collected 1 hour prior to the orthodontic canine 

retraction procedure followed by collection of sample at 1 hour, 1, 7, and 14 days after 

the start of canine retraction procedure. ELISA kit was used for analysis of the samples, 

nonsignificant difference was observed in the values of PTX- 3 at baseline and 1 hour. 

While comparing the mean PTX-3 values between different time intervals in both the 

study groups, significant difference was observed. 

Andrade A et al (2018)57evaluated the hypothesis that treatment with orthodontic 

appliances evokes significant functional limitations and emotional stress, which can be 
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detected by salivary biomarkers. Twenty subjects (10 men and 10 women) who needed 

orthodontic treatment were included. Saliva was collected for detection of alpha-

amylase activity and cortisol levels at three different times: before bracket placement 

(T0), 24 hours after archwire placement (T1), and 30 days after archwire placement 

(T2). The saliva electrolytes concentrations of calcium, phosphorus, magnesium, 

sodium and potassium were also evaluated. The orthodontic patients exhibited a 

significant increase in emotional stress as detected by the alpha-amylase activity at T1, 

the period in which patients reported the higher values of pain ,basal salivary cortisol 

was not affect by the treatment and the main change detected in electrolyte 

concentration was a sodium reduction, when these patients were compared to controls. 

J Amanda, R Widayati , N Soedarsono and M K Purwanegara et al 

(2018)58 determined the differences in RANKL concentrations in early orthodontic 

treatment between preadjusted edgewise appliances (PEA) and self-ligating (SL) 

bracket systems. Gingival crevicular fluid was retrieved before treatment and at 1, 

24, and 168 hours after treatment from five maxillary anterior proximal sites on the 

mesiolabial side of the upper right-to-left canines. An ELISA test was used to 

determine RANKL concentrations. The results showed differences in RANKL 

concentrations between the SL and PEA groups at 1, 24, and 168 hours after bracket 

insertion. The RANKL concentration at 168 hours in the SL group was higher 

compared to that in the PEA group, whereas that in the PEA group decreased to the 

baseline value after 24 hours. RANKL concentration in the passive SL bracket system 

was higher compared to that in the PEA system due to differences in the force and 

mechanotherapy of the SL brackets, The RANKL concentrations in the experimental 

group yielded statistically significant results (p < 0.01), while those in the control group 

showed no statistically significant difference (p>.01). paper strip, GCF was collected 

from the study and control teeth prior to orthodontic force application (T0), one hour 

after (T1) and 28 days after force application (T2), then the level of TNFαand IL-6 was 

measured using ELISA. Data were analyzed using SPSS version 20 via Friedman and 

Wilcoxon test, the level of IL-6 and TNFαat both sides of the study teeth was higher 

than that in the control teeth at T1, but this difference was not statistically significant p 

<0.05. 

Agita Pramustika, Nurtami Soedarsono, Krisnawati, Retno Widayati 
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(2018)59compared TNF-α concentrations in the gingival crevicular fluid (GCF) 

between preadjusted edgewise appliance (PEA) and self-ligating (SL) systems during 

the early leveling stage of orthodontic treatment. Eighteen patients (aged 15–35 years) 

who participated in this study were divided into two experimental groups (PEA and 

SL) and control group (without orthodontic treatment). The GCF was taken at five sites 

in the maxilla anterior teeth from each participant just before bracket bonding and at 1, 

24, and 168 h after the initiation of tooth movement. Cytokine levels were determined 

through ELISA. The concentration of TNF-α was significantly higher in the 

experimental groups than in the control group at 24 h after force application. TNF-α 

levels were significantly decreased at 168 h after force application in the PEA group. 

Meanwhile, in the SL group, the level of TNF-α at 168 h was still increased, although 

there was no statistically significant difference. 

Parviz Padisar,Roya Hashemi,Mohammadreza Naseh,Bahareh Abde Nikfarjam, 

Mahdi Mohammadi (2018)60 determined the level of tumor necrosis factor alpha 

(TNFα) and interleukin 6 (IL 6) in gingival crevicular fluid (GCF) during OTM. from 

10 patients who were undergoing orthodontic treatment. A canine tooth was randomly 

selected as the study group and subjected to distalization force while the contralateral 

canine tooth served as control. Using paper strip, GCF was collected from the study 

and control teeth prior to orthodontic force application (T0), one hour after (T1) and 28 

days after force application (T2), then the level of TNFαand IL-6 was measured using 

ELISA. Data were analyzed using SPSS version 20 via Friedman and Wilcoxon test, 

the level of IL-6 and TNFαat both sides of the study teeth was higher than that in the 

control teeth at T1, but this difference was not statistically significant p <0.05. 

Gujar A et al (2019)61 investigated the hypothesis that the levels of IL-1ß and TNF-a 

increased more and IL-1a, IL-2, IL 6, IL-8 increased less in GCF, after 3 weeks of 

treatment with conventional labial fixed appliance and with aligners. 40 patients who 

were treated either with labial brackets (n¼20) or aligners (n ¼20). GCF samples were 

collected at baseline and after 21 days. Cytokine levels were evaluated by ELISA. 

Plaque index (PI), gingival index (GI), and bleeding on probing (POB) were also 

examined. The levels of IL-1a, IL-1ß, IL-2, IL-6, IL-8 and TNF-a in the GCF were 

significantly increased in both groups. The levels of IL-2, IL-6, IL-8 increased more in 

patients treated with aligners compared to those treated by labial fixed appliances. 
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There was a statistically significant difference in change of the mean cytokine levels of 

IL-1a, IL-2, IL-6, IL-8 and TNF-a compared to labial fixed appliances and aligners. 

The levels of the six studied cytokines in GCF (IL-1a, IL-1ß, IL-2, IL-6, IL-8 and TNF-

a) increased after 3 weeks both after treatment with conventional labial fixed appliance 

and with aligners. IL-1ß and TNF-a showed a prominent increase compared to the other 

cytokines in the GCF of teeth by both the labial fixed appliance and aligners. However, 

there were only minor differences in the changes of the cytokine levels from baseline 

to 3 weeks between the two groups. 

Jayaprakash P et al (2019)29 elevated levels of Interleukin (IL)-1β, IL-6, tumor 

necrosis factor-α, epidermal growth factor, and β2-microglobulin levels in gingival 

crevicular fluid during human Orthodontic tooth movement (OTM) , statistically 

significant no. of subjects (n = 10 and mean age = 15.6 years) were included in the 

study. A maxillary cuspid of each subject having one treatment for distal orthodontic 

tooth movement served as the experimental tooth, whereas the contralateral cuspids 

were used as controls. Gingival crevicular fluid (GCF) around the experimental and the 

two control teeth was collected from each subject immediately before activation, and 

at 1, 24, and 168 hours after the initiation of tooth movement. Result showed Elevated 

levels of Interleukin (IL)-1β, IL-6, tumor necrosis factor-α, epidermal growth factor, 

and β2- microglobulin levels in gingival… ELISAs were used to determine cytokine 

levels. The concentrations of interleukin (IL)-1lβ, IL-6, tumor necrosis factor-α, 

epidermal growth factor, and β2-microglobulin were significantly higher in the 

experimental group than in the controls at 24 hr after the experiment was initiated. All 

the cytokines remained at baseline levels throughout the experiment for the control 

groups. 

Bhadrinath Srinivasan, Arun Chitharanjan, Vignesh Kailasam, Vamsi Lavu and 

Vani Ganapathy (2019)62assessed the concentration of leptin in Gingival Crevicular 

Fluid (GCF) during orthodontic force application and to correlate its concentration to 

rate of tooth movement, sample was taken from 20 orthodontic patients (10 males and 

10 females) . Leptin concentration was measured at T0, before force application; T1, 

one hour after force application; T2, one day after force application; T3, one week after 

force application; T4, one month after force application. GCF was collected using filter 

paper strips from the distal aspect of gingival sulcus of the right maxillary canine 
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distalized by an active lace-backs, tooth movement was measured on dental casts, 

before and one month after force application. The mean GCF leptin concentration 

increased from T0 to T1, rose to a peak at T2, then declined to a minimum value at T3 

and then increased to a value at T4, closer to the base line value (T0), and it was 

statistically significant (P < 0.05). There was positive correlation of the overall mean 

leptin concentration to rate of tooth movement (correlation coefficient = 0.634). 

Mohammad A et al (2019)25 measured the levels of Interleukin-6 (IL-6) expression in 

the periodontal ligament (PDL) during orthodontic treatment at various intervals of the 

force application. A sample of 60 premolar teeth were divided into controls and test 

groups of 30 samples each. Each tooth was assigned a time point for its extraction at 2 

hours, 15th day or the 30th day after application of force. Brackets were bonded to the 

experimental teeth in the mesiodistal center but at 5 degrees to the long axis of the tooth 

to apply a force of 200–250 g, which was measured by Correx gauge. Gracey’s curette 

was used to scrape off all the periodontal ligament covering the root surface of the 

extracted teeth. Cytokine IL-6 was measured by  ELISA kit at a wavelength of 450 nm. 

There was no difference in the levels of IL-6 at 2 hours for the test and the control 

groups. IL-6 concentration showed the maximum levels when measured on the 15th 

day and showed a decrease on the 30th day. This study depicted a pattern followed by 

IL-6 after orthodontic force application, and is a step further in establishing IL-6 as a 

potential biomarker for improving the orthodontic treatment in terms of decreased 

treatment time and decreased side effects. 

Reiss S et al(2020)6 investigated the effect of supplemental vibratory force on 

biomarkers of bone remodeling during orthodontic tooth movement, the rate of 

mandibular anterior alignment (RMAA), and compliance with a vibration device. 

Seventeen biomarkers were analysed with the Multiplex analysis:OPN (osteo pontin), 

RANKL, SOST (sclerostin), OPG, MMP1, MMP8, MMP9, MMP13, TNF-α, IL-1β, 

IL-3, IL- 6, IL-8, IL-11, IL-18, and DKK1 (Dickkopf Related Protein) on 40 patients 

between the ages 15–35 undergoing fixed appliance treatment, were randomly 

allocated to supplemental use of an intraoral vibrational device or fixed appliance only 

(n = 20). Salivary multiplex assay was done to analyse the concentration of selected 

biomarkers of bone remodeling before treatment (T0) and at three following time points 

(T1, T2, T3), 4–6 weeks apart. Irregularity of the mandibular anterior teeth was 
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assessed at the same trial time points. No difference in the changes in salivary 

biomarkers of bone remodeling and RMAA between groups at any time point over the 

trial duration was observed. No correlation was found between changes in irregularity 

and biomarker level from baseline to another time point. 

Hülya Çevik-Aras ,Fadimana Isik-Altun ,Hatice Kilic-Tok , and Julia 

Naoumova(2021)63 evaluated Vascular endothelial growth factor (VEGF) and 

interleukin 1 beta (IL-1β) during different orthodontic treatment stages:alignment, 

space closure, and finishing. in saliva. Nine healthy females (15-20 years of age) with 

crowding requiring four premolar extractions and fixed appliances in both jaws were 

included. Total 134 stimulated and 134 unstimulated saliva samples were collected 

during two years of treatment: before tooth extractions (baseline) and then every 6- 8 

weeks at follow-up appointments. All saliva samples analysed by the ELISA. The 

percentage difference in IL-1β and VEGF between the different treatment stages was 

analysed by Bland-Altman plots. There was a gradual increase in IL-1β and VEGF was 

observed at alignment, reaching significance at space closure (p=0:002 and p=0:025, 

respectively). At finishing, both IL-1β and VEGF declined, however, without reverting 

to baseline values (p =0:172 and p=0:207, respectively). The salivary levels of both IL- 

1β and VEGF increased following orthodontic treatment and reached their peaks during 

the treatment stage of space closure. 

Sheikh A et al (2021)64found statistically significant increase in IL-6 values (from 

GCF) from day 2 to day 60 during retraction of the anteriors with active tie backs 

after having a basal 0.019*0.025 SS arch wire providing 150 grams of force activation 

at an interval of 4 weeks, highest mean level of IL-6 was seen after 2 days 

651±.242,then subsequently reduced and least was found at 60 days 477±.224 . 

Emire Aybuke Erdura, Kuter Karakaslıb, Elif Oncuc, Bahadır Ozturkd, Sema 

Hakkıe (2021)65 evaluated the efficiency of injectable platelet-rich fibrin (i-PRF) in 

accelerating canine tooth movement and to examine levels of the MMP-8, IL-1B), 

RANKL, and OPG in the gingival crevicular fluid during orthodontic treatment. 

Twenty patients with Class II Division 1 malocclusion were included in a split-mouth 

study. The treatment plan for all patients was extraction of maxillary first premolars 

followed by canine distalization with closed-coil springs using 150 g of force on each 

side. The study group received i-PRF two times, with a 2-week interval, on one side of 
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the maxilla. The contralateral side served as the control and did not receive i-PRF. 

Maxillary canine tooth movement was measured at five time points (T1–T5) on each 

side. Also, the activity of inflammatory cytokines was evaluated at three time points in 

the gingival crevicular fluid samples. There was a significant difference in canine tooth 

movement between the two groups (P, .001). i-PRF significantly increased the rate of 

tooth movement, and stimulation in the levels of inflammatory cytokines supported this 

result (P, .001). The levels of cytokines changed in both groups between T1 and T2. 

The IL-1b, MMP8, and RANKL values were significantly increased in the study group 

compared with the control group, while the OPG values were significantly decreased. 

Sioustis IA, Martu MA, Aminov L, Pavel M, Cianga P, Kappenberg-Nitescu DC, 

et al(2021)66assessed MMP-8,MMP-9 in saliva on 111 patients who were about to 

receive fixed orthodontic treatment, salivary levels of MMP-8 and MMP-9 and 

bleeding on probing (BOP) determined before applying the orthodontic fixed appliance 

(T1), one week after appliance placement (T2), and during orthodontic treatment, one 

month after non-surgical periodontal treatment (T3). Patients showed a significant 

increase in BOP, MMP-8, and MMP-9 levels one week after orthodontic appliance 

placement (T2) and a decrease in these parameters one month after periodontal 

treatment (T3). Statistically significant correlations were found between MMP-8 levels 

and BOP values at T1, T2, and T3. Strong positive statistically significant correlations 

were found between MMP-8 levels and BOP and medium positive statistically 

significant correlations between MMP-9 and BOP values before and after orthodontic 

treatment and periodontal treatment. 

Chelărescu S et al (2021)67 investigated IL1β and IL6 in the gingival crevicular fluid 

of clinically healthy adolescents and young adults during the acute phase of orthodontic 

treatment. Gingival crevicular fluid was collected from 20 patients (aged between 11 

and 28) undergoing orthodontic treatment. Measurements were taken before (T0) and 

after 24 h after distalization forces were activated (T1). IL1β and IL 6 were analyzed 

using ELISA tests. The statistical tests used were two sided t tests. Between the two 

time periods there was a significant raise both in the crevicular fluid rate (0.57 µL at 

T0 vs. 0.95 µL at T1, p = 0.001) and in IL1β levels (15.67 pg/µL at T0 vs. 27.94 pg/µL 

at T1, p = 0.009). We were able to identify IL6 only in a third of the sites. There is a 

significantly increased level of ILβ at T1 in adolescents, more than in young adults 
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(42.96 pg/µL vs. 17.93 pg/µL, p = 0.006). Conclusion of this study was the 

periodontal tissues of adolescents are more responsive to orthodontic forces than those 

of young adult . 

Barhate U et al (2022)28validated the rate of maxillary canine retraction by identifying 

the levels of Interleukin-1β (IL-1β) and Tumour Necrosis Factor-α (TNF-α) in the 

Gingival Crevicular Fluid (GCF),on 15 females (age range, 18-25 years) with Class I 

bimaxillary dentoalveolar protrusion malocclusions were included. After levelling and 

alignment of maxillary arches, 1st premolars were extracted from both sides. Canines 

were retracted immediately after the extraction of 1st premolars in control sides and 

placement of L-PRF plugs in the experimental sides. The amount of canine retraction 

was evaluated from study models recorded before the extraction of 1st premolars (T0) 

and at 1-week (T1), 2-weeks (T2), 4-weeks (T3), and 8-weeks (T4) after the beginning 

of canine retraction by using digital model superimpositions. The concentrations of IL-

1β and TNF-α were evaluated from the GCF collected at T0, T1, T2, T3, and T4 by using 

commercially available human IL-1β and TNF-α ELISA kits. The concentration of 

IL-1β increased significantly in the experimental sides at T1 (P=0.000),T2 

(P=0.000), and T3 (P=0.032). The concentration of TNF-α increased both in the control 

and experimental sides, but it was statistically greater in the experimental sides 

compared to control sides at T1 (P=0.000) and T2 (P=0.006). A positive but not 

statistically significant correlation was noted between the rate of canine retraction and 

the concentrations of cytokines such as IL-1β and TNF-α in GCF. 

Julia Naoumova ,Richard Olofsson ,Annica Almståhl ,Hülya Cevik-Aras 

(2022)17- evaluated mean levels of OPG and RANKL according to the different 

orthodontic treatment stages: alignment, space closure and finishing in saliva. In 9 

healthy females (15-20 years of age), who had crowding required four premolar 

extractions and fixed appliances in both jaws were included. In total, 134 stimulated 

and 134 unstimulated saliva samples were collected: before tooth extractions 

(baseline), and then every 6-8 weeks at follow-up appointments during the whole 

treatment period of two years. All saliva samples were analysed by ELISA. RANKL 

was not detectable either in stimulated or unstimulated saliva. OPG levels were 

measured in stimulated saliva due to low levels in unstimulated saliva. A significant 

increase in OPG was observed at all treatmentstages: alignment, space closure and 
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finishing compared with baseline (p = 0.002, p = 0.039, p = < 0.001, respectively). A 

small non-significant decrease was seen in space closure compared with alignment. 

OPG reached peak levels during the finishing stage. 

Bhardwaj A et al (2022)68analyzed IL1b and IL18 in saliva of 28 patients requiring 

orthodontic treatment of both genders were divided into 2 groups of 14 each. Group I 

was vibrational and fixed appliance group and group II was fixed appliance group only. 

Collection of unstimulated whole saliva in a sterile test tube was done were analyzed 

using ELISA assay test. Group I had 5 males and 9 females and group II had 6 males 

and 8 females. The mean IL- IB level at T0 was 41.5 and 82.5, at T1 was 26.3 and 57.4, 

at T2 was 29.7 and 106.3 and at T3 was 26.8 and 131.5. The mean IL- 8 level at T0 

was 265.4 and 250.5, at T1 was 190.7 and 178.2, at T2 was 198.2 and 261.5 and at 

T3 was 296.4 and 385.2 in group I and II respectively. The difference was significant 

(P< 0.05). 

Shetty A et al(2022)69assessed level of IL-6 in a split mouth study from the premolar 

region just before the extraction on control side whereas on the experimental site 

brackets (0.022 slot MBT mechanotherapy) were bonded on premolar to be extracted 

after 3 days and an initial intrusive force of 100–150 g was applied using a cantilever 

spring on this premolar for 3 days. They found insignificant difference in mean level 

of IL-6 in GCF after 3rd day of force application ( 4.5950 ± 1.6668 in the control group 

and 4.3975 ± 1.5948 in the experimental group). 

Alnazeh et al (2023)70evaluated level Of IL-6, IL-10, 13, 17, and GM-CSF in GCF of 

patients receiving fixed orthodontic therapy (FOT) and Invisalign. 60 participants were 

enrolled after meeting the predefined inclusion criteria. Patients then underwent either 

FOT or Invisalign by allocating them randomly to each group (n = 30). The basic 

periodontal assessment was performed, including the plaque index (PI), gingival index 

(GI), and bleeding on probing (BoP), at baseline and again after 4 weeks. GCF samples 

were taken from each individual at baseline and after 4 weeks. ELISA technique was 

used to determine the cytokine and BMB levels. An unpaired t-test compared the FOT 

and Invisalign group’s means and SDs. Paired t- tests examined the difference between 

T0 baseline and T1. The levels of IL-6 were significantly higher in patients treated with 

FOT as compared to Invisalign at T1 (p < 0.05) The other tested cytokines, IL-10, 13, 

17, and GM-CSF, were not significantly different in either the FOT or Invisalign group 
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at baseline and 4 weeks follow-up (p > 0.05). FOT and Invisalign displayed comparable 

outcomes in terms of cytokine and BMB levels. However, only IL-6 and NTx 

(BMPS)were significantly different at week 4 from baseline. 

Cazzolla A et al (2024)71 evaluated changes in the concentration of N-terminal type I 

collagen extension pro-peptide (PINP), tartrate-resistant acid phosphatase (TRAcP), 

and parathyroid hormone-related protein (PTHrP) in saliva during orthodontic 

treatment in order to evaluate whether changes in bone turnover marker (BTM) 

concentration can help highlight the effects of orthodontic mechanical loading in the 

absence of clinical evidence of tooth movement in terms of tooth movement. Saliva 

samples from 25 apparently healthy young subjects (10 females and 15 males) were 

collected and the concentrations of PTHrP, TRAcP 5b, and PINP were analyzed at time 

0 (T1), 25 days (T2), and at 45 days (T3). Differences in the median value of biomarker 

levels between baseline T1 and follow-up of the different groups (T2 and T3) were 

assessed. Trough concentrations of P1NP, PTHrP, and TRAcP were 0.80 µg/L, 0.21 

ng/mL, and 0.90 U/L above the method LOD. All subjects evaluated had a statistically 

significant difference between T1 vs. T3. 

Vaghela N et al(2024)19, evaluated concentrations of salivary biomarkers; receptor 

activator of nuclear factor kappa-B ligand (RANKL) and osteoprotegerin (OPG) in 20 

patients with protruded anterior maxillary teeth requiring en-masse retraction ,they 

were randomly allocated into two groups. In the healed extraction (HE) group, 1st 

premolar extraction was performed at the beginning of treatment while in the recent 

extraction (RE) group, it was done just before the initiation of en-masse retraction. 

Saliva and study model collection was done at start of treatment, after levelling, and 

after 2, 8 and 12-weeks of retraction, respectively. An increase in concentration of 

RANKL and decrease in OPG concentration was observed in both the RE and HE 

groups at 12 weeks; however, the intergroup comparison showed no statistically 

significant differences (P = 0.517). RANKL/OPG ratio was significantly higher in the 

RE group (P = 0.015) at 12 weeks. A significantly higher rate of en-masse retraction 

was found in the RE group (P < 0.001). 
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The present clinical study was conducted in the Department of Orthodontics and 

Dentofacial Orthopaedics, Babu Banarasi Das College of Dental Sciences,BBDU 

Lucknow, in collaboration with department of Biochemistry, King George’s Medical 

University ,Lucknow, with the aim to evaluate and compare proinflammatory cytokine 

(IL-6 & RANKL ) levels between anterior and posterior segment, during enmasse 

retraction of anterior teeth . 

MATERIALS 

Sample 

15 patients (age range of 18-25 yrs ) with clinical presentation of class I Bi-maxillary 

protrusion or Class II Div I Malocclusion who required fixed orthodontic treatment 

with extraction of all 1st premolar teeth were included in the study. In all the patients 

fixed orthodontic treatment was initiated and alignment & levelling was accomplished, 

and then 1st Premolar extraction was done, and enmasse retraction of anterior teeth was 

initiated using sliding mechanics. GCF was collected from gingival sulcus (distal to 

maxillary canine and mesial to maxillary first molar) at different time intervals 

(Baseline - immediately after application of retraction force; after 24 hrs; after 20 days; 

after 2 months) and level of biomarkers IL-6 & RANKL was assessed using ELISA 

test . 

Criteria for Sample collection 

After careful evaluation of all the diagnostic records (Lateral cephalogram, O.P.G, 

Study model) subjects for the study were selected based on the following criteria- 

Inclusion criteria 

1. Patients with age range of 18-25 years. 

2. All subjects in good general health with healthy periodontal tissues 

3. Patients with Angle’s class I Bi-maxillary protrusion/Angle’s class II division 

1 malocclusion, in whom all first premolar extractions are advised as a part of 

fixed orthodontic treatment. 
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4. Patients having full complement of teeth till 2nd Molar. 

 

Exclusion criteria 

1. Patients having history of chronic diseases like diabetes, hypertension. 

2. History of taking drugs changing the hormonal balance such as contraceptives, 

antihistamines or non- steroidal anti-inflammatory drugs, bisphosphonate in the 

past four months or during the fixed orthodontic treatment. 

3. Patient advised asymmetric extraction. 

4. Patient not willing for fixed orthodontic treatment. 

Ethical Committee Approval 

Approval from the Ethical and Research committee of Babu Banarasi Das College of 

Dental Sciences; BBD University has been taken prior to conducting the study. Signed 

informed consent was obtained from the selected subjects participating in the study 

before beginning of the treatment as per the guidelines of university by explaining them 

the purpose procedure and consequences of the study. 

A total of 15 subjects with Angle’s Class 1 bimaxillary protrusion or Class II div 1 

malocclusion who fulfilled above mentioned inclusion and exclusion criteria were 

selected for the study. 
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Materials and Equipments used in the study: 

 

1. Diagnosis and Impression Making :(Fig.1) 

 

1. Mouth -mirror 

2. Explorer 

3. Tweezer 

4. Gloves 

5. Kidney tray 

6. Bowl, spatula 

      7.    Impression trays 

      8.    Photographic Mirror 

      9.    Cheek retractor 

      10.  Alginate impression material 

      11.   Orthokal 
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1.Mouth -mirror 5. Kidney Tray 9. Cheek Retractor 

2.Explorer 6. Bowl, Spatula 10. Alginate Impression material 

3.Tweezer 7. Impression Trays 11.Orthokal 

Fig.1: Materials used for Diagnosis and Impression 
Making 

4.Gloves 8. Photographic Mirror 
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2. Materials used for Cephalometric Analysis (Fig.2) 

 

1. Lateral cephalogram 

2. Tracing sheet 

3. Masking Tape 

4. Pencil 

5. Scale 

6. Protractor 

7. Set square 
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Fig.2: Materials used for cephalometric analysis 

 
                      1. Lateral cephalogram 5. Scale 

                      2. Tracing sheet   6. Protractor 

                      3. Masking Tape   7.Set square 

                       4. Pencil 



MATERIAL & METHODS 

33 

 

3. Materials used for fixed orthodontic treatment (Fig.3) 

 

1. Separators 

2. Modules 

3. Ligature wire 

4. Cotton roll 

5. Cheek retractor 

6. Preformed bands on molar as per size (3M, unitek) with buccal tube 

7. MBT brackets (.022*.028)” 

8. Bonding materials (etchant, primer, bonding adhesive) 

9. Glass Ionomer cement (luting) 

10. Arch wire NiTi and SS (round and rectangular) 

11. MBT Gauge 

12. Bracket Holding Forcep 

13. Ligature wire cutter 

14. Distal End cutter 

15. Hoe Plier 

16. Mathieu Haeden plier 

17. Dontrix Gauge 

18. Light cure Gun 
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     Fig.3: Materials used for fixed orthodontic treatment 

1. Separators (Garmy) 10. Arch Wires 

2. Modules (Garmy)      11. MBT Gauge 

3. Ligature wire 12. Bracket holding   forcep     

4. Cotton roll 13. Ligature wire cutter 

5. Cheek retractor  14. Distal end cutter 

 6.Preformed bands on molar with buccal tube (3M, 

unitek)  

15. Hoe plier 

7. MBT brackets (.022” x .028” 3M)  16.Mathieu Haiden plier 

 8.Bonding material (D-tech)  17.Dontrix gauge  

 9.Glass Ionomer Cement (d-tech) 18.Light cure gun  
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3. Material used for Sliding Mechanics:(Fig.4) 

1. .019”x.025” ss arch wire 

2. Crimpable hook 

3. Crimpable Plier 

4. Niti closed coil spring 
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       Fig.4: Material used For Sliding Mechanics 

 1. 019” x.025” ss arch wire     3. Crimpable plier 

 2. Crimpable hook                 4. Niti closed coil spring(6mm) 
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4. Material used for GCF Collection (Fig.5) 

 

1. Mouth wash  

2. Gloves 

3. Cotton rolls 

4. Cheek retractor 

5. Phosphate buffer solution  

6. Absorbent points  

7. Eppendorf tube 
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     Fig.5: Material used for GCF collection and storage 

1.Mouth wash 

 2. Gloves 

3.Cotton rolls 

4.Cheek retractor 

5. Phosphate buffer saline 

6. Absorbent points 

7. Eppendorf tube 
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5. Material used for Interim and final storage(Fig.6) 

 

1. Ice Box for interim storage of sample (at 4 0 C) during transportation. 

 

2. Deep freezer for final storage of sample till ELISA test( -800 C). 
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Fig.6:  Materials used for interim and final storage 

Ice Box for interim storage of sample (at 4 0 C) 

 

Deep freezer for final storage of sample till ELISA test( -800 C) 
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4. Assessment of biomarker (ELISA TEST) (Fig.7) 

 

1. Centrifugation machine (GMI) 

2. Incubator (M Lab) 

3. ELISA Kit for RANKL 

4. ELISA kit for IL-6 (Elabsciences) 

5. ELISA analyser system (Thermoscientific) 
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            Fig.7:     Material used for assessment of Biomarker  

 

                             
                 1.   Centrifuge   Machine                     4.ELISA kit for IL-6 
                 2.   Incubator                                        5.ELISA analyser system 
                 3.   ELISA kit for RANKL                    
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METHODOLOGY: 

 

A) START AND PROGRESSION OF FIXED ORTHODONTIC TREATMENT 

1. Patient coming to the department for fixed orthodontic treatment were screened 

for Angle’s class I Bimaxillary protrusion or Angle’s class II Div 1 

malocclusion. 

2. Clinical history and diagnosis was done and all the diagnostic records were 

taken .After evaluating the records treatment plan was finalized and patients in whom 

all 1st Premolar extractions were indicated for treatment purpose were selected for the 

study. 

3. As per the treatment plan, anchorage consideration was maximum. Seperator 

placement was done distal and mesial to 2nd molar, mesial to 1st molar and left 

for 4- 5 days on selected cases. After space creation appropriate band size with 

buccal tube was selected and a transpalatal arch was fabricated and soldered 

with maxillary1st molar bands. Bands were cemented with Glass ionomer 

cement (luting GIC) to maxillary 1st and 2nd molars. 

4. MBT brackets were bonded following standard protocol. 

5. Initial alignment and levelling was done by following Sequential NiTi arch wire 

insertion as per case requirement till .019”x.025” Stainless steel can be placed 

passively.(Fig.8) 

6. Before starting the anterior enmasse retraction 1st premolar was extracted as 

part of fixed orthodontic treatment. (Fig.9) 
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Fig.8: Intraoral photograph (Right and Left lateral view)  after 

alignment and levelling. 

 Fig.9: Intraoral photograph (Right and Left  lateral view) after 

first Premolar Extraction 
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B) FOR ENMASSE RETRACTION 

1. For enmasse retraction crimpable hooks (4mm length) were 

crimped on .019”x.025” stainless steel wire between lateral incisor and 

canine.(Fig.10) 

2. Enmasse retraction was initiated using Niti closed coil spring 

extended from crimpable hook, to the hook of buccal tube on maxillary 

1st Molar band. (Fig.11) 

3. Force of 200 gm, standardized on both sides using dontrix gauge. 

(Fig.12)      
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Fig.10: Crimpable hook crimped on arch wire 

Fig.11: Initiation of enmasse retraction of anterior teeth   

using Niti closed coil spring 
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Fig.12: Retraction force of 200 gm standardized on Dontrix 

gauge 
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C )  PROCEDURE BEFORE COLLECTING GCF 

1. The participants were seated comfortably in a dental chair and the procedure 

for GCF collection was explained to them. 

2. Before collection of GCF, Supragingival plaque were carefully removed from 

the site , thoroughly washed and patient was instructed to do mouth wash rinses 

with 0.012% chlorhexidine mouthwash. 

3. The site was dried with an air syringe and isolated from salivary and blood 

contamination with the aid of cotton rolls. For retraction cheek retractor and 

mirror was used. (Fig.13) 
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Fig.13: Adequate Isolation of site before GCF collection 
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D) FOR GCF SAMPLE COLLECTION 

 

1. Initially GCF was collected from 2 sites at each time. The absorbent / paper 

points were gently inserted into the gingival sulcus of the selected sites (distal 

to maxillary canine and mesial to maxillary first molar) at a depth of 1-2mm 

for approximately 40 sec. Thereafter absorbent points were removed gently 

from the sulcus avoiding saliva/ blood contamination. GCF was collected at 

T0 Baseline -immediately after applying the retraction force. (Fig.14 & 15) 

2. The same protocol for GCF collection was followed at different time selected 

in the study- T1- After 24 hrs; T2- After 20 days; T3 -after 2 months . Based 

on site of GCF collection GCF sample was divided as Group I that included 

GCF collected from distal gingival sulcus of maxillary Canine and Group II  

that included GCF collected from mesial gingival sulcus of maxillary first  

molar. 

 

            TABLE-1 TIME INTERVAL AT WHICH GCF WAS COLLECTED 

 

Number 

of 

subjects 

N=15 

GCF 

detection 

site 

GROUP-I 

Anterior segment 

(Distal to Maxillary Canine) 

GROUP -II 

Posterior segment 

(Mesial to Maxillary 1st 

Molar) 

 Time 

at 

which 

GCF 

samples 

were 

collected 

T0 T1 T2 T3 T0 T1 T2 T3 

  Baseline After 

24hr 

After 

20days 

After 

2Month 

Baseline After 

24hr 

After 

20days 

After 

2Month 
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Fig.14: Absorbent point inserted i n  distal gingival 

sulcus of Canine tooth 
 

Fig.15: Absorbent point inserted in mesial gingival 

sulcus of maxillary  first molar 
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E) GCF STORAGE AND TRANSPORTATION 

1. These Absorbent points soaked with GCF were placed in Eppendorf tube 

containing 250ul phosphate buffered saline. (Fig. 16) 

2. Eppendorf tube was stored in a dry ice box maintaining 4 °C temperature 

till its transportation to the laboratory of Biochemistry department of 

KGMU, Lucknow for its storage at – 80 °C temperature till further 

procedures.(Fig 17a&b) 
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a. Ice Box with Eppendorf tube 

 

b.Deep freezer 

 

  

Fig.16: Soaked Absorbent point placed in labeled Eppendorf 

tube containing Phosphate Buffer Saline (PBS) solution 

 

Fig.17: (a&b) GCF storage and transportation solution 
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F) FOR PROCESSING OF SAMPLE 

 

1. After collection of all samples of study, samples were processed at 

laboratory. 

2. All frozen samples were thawed at room temperature (18-250 C). All 

samples were centrifuged and mixed fully at time of testing for 30 

seconds to ensure the complete elution of GCF from paper 

points.(Fig.18a) 

3. After being centrifuged, the paper points were removed and supernatants 

were transferred into a new Eppendorf tube and kept in incubator. (Fig.18 

b&c) 
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Fig.18(a-c): Sample processing for ELISA analysis 
 

a. Centrifuge machine with Eppendorf tube for elution 

of GCF 

b. Supernatants were transferred into new 

Eppendorf tubes. 

c. Incubator 
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G). FOR BIOMARKER ANALYSIS (ELISA): 

After completion of elution of GCF for all the sample analysis for the assessment 

of IL-6 and RANKL level in the GCF was done. The preparation for reagent 

preparation is as follows- 

1. The kit for either of the biomarker to be tested was taken from the 

refrigerator 20 minutes in advance to bring all reagents to room 

temperature (18-25°C) before use. (Fig 19) 

2. Dilute the 25x Concentrated Wash Buffer to 1x working solution. 

3. Dilute the Reference Standard to different concentration. 

4. Dilute the 100x Biotinylated Detection Ab/Ag to 1x working solution 15 

minutes earlier before. 

5. Dilute the 100x Concentrated HRP Conjugate to 1x working solution 15 

minutes earlier before. 

6. After the preliminary steps of reagent preperation microplate reader of 

ELISA analyser system was turned on and Assay procedure for ELISA 

was done as shown in following flow chart. 
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Fig.19 Material used for ELISA test 

(ELISA kit for RANKL/ IL6) 
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Assay procedure summary  

Add 100 µl of standard or sample to each well. Incubate for 90 minutes at 

370C. (Biomarker molecule present in the sample is bound to the wells by the 

immobilized antibody) (Fig.20a) 

  



MATERIAL & METHODS 

59 

 

 

 

 

 

 

 

 

Fig.20(a-c): Preperation of assay for sandwich ELISA 

procedure. 

 
                   a. Addition of sample to each well 

                   b. Washing of wells 

                   c. Dilution and addition of  biotinylated antibody,  

                        HRP-  conjugated pipetted to wells 
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Fig.21(a&b): Showing Colour change 

a. Positive well colour changed to blue 

b. Colour changed from blue to yellow 
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The present clinical study was conducted in the Department of Orthodontics and 

Dentofacial Orthopaedics, Babu Banarasi Das College of Dental Sciences, 

BBDU Lucknow, in collaboration with department of Biochemistry King 

George’s Medical University, Lucknow, with an aim to evaluate and compare 

proinflammatory cytokine (IL-6 & RANKL ) levels between anterior and 

posterior segment, during enmasse retraction of anterior teeth . 

The sample for the study included collected sample(GCF) from anterior and 

posterior segments that were grouped as Group I and Group II respectively .GCF 

was collected at different time -T0 (Baseline ) immediately after applying the 

retraction force; T1- (after 24 hrs) ; T2- (after 20 days) ; T3 –(after 2 months). 

The results of the present study are summarized in the following tables :- 

TABLE 2: Descriptive statistics for mean values of IL-6 and RANKL as obtained 

for Group I and Group II at different time. 

TABLE 3: Intragroup comparison of IL6 for Group I at different time intervals. 

TABLE 4: Intragroup comparison of IL-6 for Group II at different time intervals. 

TABLE 5: Intergroup comparison of IL-6 between Group I & Group II at T0, 

T1, T2, T3. 

TABLE 6: Intragroup comparison of RANKL for Group I at different time 

intervals 

TABLE 7: Intragroup comparison of RANKL for Group II at different time 

intervals. 

TABLE 8: Intergroup comparison of RANKL between Group I & Group II at 

T0, T1 ,T2, T3. 

TABLE 9: Overall Comparison between Group I and Group II for RANKL and 

IL-6. 
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TABLE 2: DESCRIPTIVE STATISTICS FOR MEAN VALUES OF IL6 

AND RANKL AS OBTAINED FOR GROUP I AND GROUP II AT 

DIFFERENT TIME. 
 

N=15 IL-6 RANKL 

GROUP 

I 

MIN 

(pg/ml) 

MAX 

(pg/ml) 

Mean±SD 

(pg/ml) 

MIN 

(pg/ml) 

MAX 

(pg/ml) 

Mean±SD 

(pg/ml) 

T0 2.539 3.119 2.829±.290 21.109 24.785 22.947±1.838 

T1 2.185 2.851 2.518±.333 20.215 23.775 21.995±1.780 

T2 2.486 2.962 2.724±.238 20.753 25.661 23.207±2.454 

T3 2.325 3.013 2.669±.344 20.835 25.569 23.202±2.367 

GROUP 

II 

MIN 

(pg/ml) 

MAX 

(pg/ml) 

Mean±SD 

(pg/ml) 

MIN 

(pg/ml) 

MAX 

(pg/ml) 

Mean±SD 

(pg/ml) 

T0 2.486 4.412 3.449±.963 19.278 30.574 24.926± .648 

T1 2.8 4.194 3.497±.697 20.844 31.132 25.988±5.144 

T2 2.254 4.138 3.196±.942 19.544 30.144 24.844±5.300 

T3 2.343 4.493 3.418±1.075 20.891 27.031 23.961± .070 

For Group I ,mean level of IL6 was highest at T0(2.829±.290pg/ml) ,followed by 

T2(2.724±.238pg/ml)then T3(2.669±.344pg/ml) and least was in 

T1(2.518±.333pg/ml).(T0>T2>T3>T1). 

For Group II ,mean level of IL6 was highest at T1(3.497±.697pg/ml) followed by 

T0 (3.449±.963pg/ml), then T3(3.418±1.075pg/ml)and least was in T2 

(3.196±.942pg/ml).(T1>T0>T3>T2). 
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For Group I , mean level of RANKL was highest at T2(23.207±2.454pg/ml),followed 

by T3(23.202±2.367pg/ml) then T0(22.947±1.838pg/ml)and least was in 

T1(21.995±1.780pg/ml).(T2>T3>T0>T1). 

For Group II, mean level of RANKL was highest at T1(25.988±5.144pg/ml), 

followed by T0(24.926 ± 5.648pg/ml) then T2(24.844 ± 5.300pg/ml)and least was in 

T3(23.961 ± 3.070pg/ml).(T1>T0>T2>T3). 

TABLE 3: INTRAGROUP COMPARISON OF IL6 FOR GROUP I AT 

DIFFERENT TIME INTERVALS 

 
Mean±Std.D 

(pg/ml) 
Std. Error Mean t df P value 

GROUP I 

T0 - T1 .310 ± .324pg/ml .083 3.705 14 .002** 

T0 - T2 .104  ± .282pg/ml .073 1.436 14 .173 

T0 - T3 .160  ± .331pg/ml .085 1.871 14 .082 

T1 - T2 -.205 ± .274pg/ml .070 -2.908 14 .011* 

T1 - T3 -.150 ± .352pg/ml .090 -1.656 14 .120 

T2 - T3 .055  ± .419pg/ml .108 .510 14 .618 

 P≥ .05 nonsignificant ;P≤.05 just significant* ;P≤ .01significant** ;P≤ .001 highly   significant*** 

 

On comparing mean levels of IL-6 between T0 and T1 ,it was seen that values were 

higher for T0 (2.829±.290pg/ml )than T1( 2.518±.333pg/ml), with mean difference 

of .310± .324pg/ml and that difference was statistically significant.(p=.002) 

On comparing mean levels of IL-6 between T0 and T2 ,it was seen that values were 

higher for T0 (2.829±.290pg/ml )than T2( 2.724±.238pg/ml) with mean difference 

of .104± .282pg/ml but that difference was not statistically significant.(p=.173) 

On comparing mean levels of IL-6 between T0 and T3 ,it was seen that values 

were higher for T0 (2.829±.290pg/ml )than T3( 2.669±.344pg/ml) ,with mean 

difference of .160± .331pg/ml but that difference was not statistically 

significant.(p=.082) 
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On comparing mean levels of IL-6 between T1 and T2, it was seen that values were 

higher for T2 (2.724±.238pg/ml) than T1 ( 2.518±.333pg/ml) with mean difference 

of -.205± .274pg/ml and that difference was statistically significant. (p=.011) 

On comparing mean levels of IL-6 between T1 and T3, it was seen that values were 

higher for T3 (2.669±.344pg/ml) than T1(2.518±.333pg/ml) , with mean difference 

of -.150± .352pg/ml but that difference was not statistically significant. ( p=.120) 

On comparing mean levels of IL-6 between T2 and T3, it was seen that values 

were higher for T2(2.724±.238pg/ml )than T3( 2.669±.344pg/ml) , with mean 

difference of .055± .419pg/ml but that difference was  not statistically 

significant.(p=.618) 

TABLE 4: INTRAGROUP COMPARISON OF IL6 FOR GROUP II 

AT DIFFERENT TIME INTERVALS 

 

  Mean ± Std. D 

(pg/ml) 

Std. Error Mean t df P value 

GROUP II T0 - T1 -.048 ± .465pg/ml .120 -.400 14 .695 

T0 - T2 .253 ± .389pg/ml .100 2.519 14 .025* 

T0 - T3 .031 ± .504pg/ml .130 .243 14 .812 

T1 - T2 .301 ± .575pg/ml .148 2.027 14 .062 

T1 - T3 .079 ± .736pg/ml .190 .418 14 .682 

T2 - T3 -.221 ± .453pg/ml .117 -1.893 14 .079 

  P≥ .05 nonsignificant ;P≤.05 just significant* ;P≤ .01significant** ;P≤ .001 highly   significant*** 

On comparing mean levels of IL-6 between T0 and T1 ,it was seen that values 

were higher for T1 (3.497±.697pg/ml )than T0( 3.449±.963pg/ml) , with mean 

difference of -.048± .465pg/ml but that difference was not statistically 

significant.(p=.695) 

On comparing mean levels of IL-6 between T0 and T2 ,it was seen that values 

were higher for T0 ( 3.449±.963pg/ml )than T2( 3.196±.942pg/ml) with mean 

difference of .253± .389pg/ml and that difference was statistically 

significant.(p=.025) 
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 On comparing mean levels of IL-6 between T0 and T3 ,it was seen that values 

were higher for T0 (3.449±.963pg/ml )than T3( 3.418±1.075pg/ml) ,with mean 

difference of .031± .504pg/ml but that difference was not statistically 

significant.(p=.812) 

On comparing mean levels of IL-6  between T1 and T2 ,it was seen that values 

were higher for T1 (3.497±.697pg/ml pg/ml )than T2( 3.196±.942pg/ml) with 

mean difference of .301± .575pg/ml but that difference was not statistically 

significant.(p=062) 

On comparing mean levels of IL-6 between T1 and T3 ,it was seen that values 

were higher for T1 (3.497±.697pg/ml )than T3(3.418±1.075pg /ml), with mean 

difference of .079± .736 pg/ml but that difference was not statistically 

significant .(p=.682) 

On comparing mean levels of IL-6 between T2 and T3 ,it was seen that values 

were higher for T3(3.418±1.075pg g/ml )than T2( 3.196±.942pg /ml) ,with mean 

difference of -.221± .453pg/ml but that difference was not statistically 

significant.(p=.079) 

TABLE 5: INTERGROUP COMPARISON OF IL6 BETWEEN GROUP I 

& GROUP II AT T0 T1 T2 T3. 

 

N=15 TIME Group  Mean ± Std. D.(pg/ml) Std. Error Mean P value 

 T0 I  2.829 ± .290pg/ml .074 0.024* 

II  3.449 ± .963pg/ml .248  

T1 I  2.518 ± .333pg/ml .086 0.001*** 

II  3.497 ± .697pg/ml .180  

T2 I  2.724 ± .238pg/ml .061 0.070 

II  3.196 ± .942pg/ml .243  

T3 I  2.669 ± .344pg/ml .089 0.016** 

II  3.418 ± 1.075pg/ml .277  

 P≥ .05 nonsignificant ;P≤.05 just significant* ;P≤ .01significant** ;P≤ .001 highly   significant*** 
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On comparing Group I with Group II at T0 , mean value of IL-6 was higher in 

Group II (3.449±.963pg/ml) than Group I(2.829±.290pg/ml) and difference was 

statistically significant(p=0.024) 

On comparing Group I with Group II at T1 , mean value of IL-6 was higher in 

Group II (3.497±.697pg/ml) than Group I(2.518±.333pg/ml) and difference was 

statistically significant.(p=0.001) 

On comparing Group I with Group II at T2 , mean value of IL-6 was higher in 

Group II (3.196±.942pg/ml) than Group I(2.724±.238pg/ml) but difference 

was not statistically significant.(p=.070) 

On comparing Group I with Group II at T3 , mean value of IL-6 was higher in 

Group II (3.418±1.075pg/ml)than Group I(2.669±.344pg/ml) and difference was 

statistically significant.(p=.016) 

 

TABLE 6: INTRAGROUP COMPARISON OF RANKL FOR GROUP I 

AT DIFFERENT TIME INTERVALS 

 

  Mean ± 
Std. D. 

(pg/ml) 

Std. 

Error 

Mean 

t df 
P 

value 

GROUP I 

T0 - T1 .952 ± 1.997pg/ml .515 1.845 14 .086 

T0 - T2 -.260 ± 2.213pg/ml .571 -.455 14 .656 

T0 - T3 -.254 ± 3.145pg/ml .812 -.314 14 .758 

T1 - T2 -1.212 ± 2.563pg/ml .661 -1.831 14 .088 

T1 - T3 -1.206 ± 2.837pg/ml .732 -1.647 14 .122 

T2 - T3 .005 ± 2.585pg/ml .667 .008 14 .994 

P≥ .05 nonsignificant ;P≤.05 just significant* ;P≤ .01significant** ;P≤ .001 highly   significant*** 
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On comparing mean levels of RANKL between T0 and T1 ,it was seen that 

values were higher for T0 (22.947±1.838pg/ml )than T1( 21.995±1.780pg/ml), 

with mean difference of .952± 1.997pg/ml but this difference was not statistically 

significant.(p=086) 

On comparing mean levels of RANKL between T0 and T2 ,it was seen that 

values were higher for T2 (23.207±2.454pg/ml )than T0( 22.947±1.838 pg/ml) 

with mean difference of -.260± 2.213pg/ml but this difference was not 

statistically significant.(p=.656) 

On comparing mean levels of RANKL between T0 and T3, it was seen that 

values were higher for T3 (23.202±2.367pg/ml ) than TO(22.947±1.838pg /ml) 

,with mean difference of -.254± 3.145pg/ml but this difference was not 

statistically significant.(p=.758) 

On comparing mean levels of RANKL between T1 and T2, it was seen that 

values were higher for T2 (23.207±2.454pg/ml ) than T1(21.995±1.780pg /ml) 

with mean difference of -1.212± 2.563pg/ml but this difference was not 

statistically significant.(p=.088) 

On comparing mean levels of RANKL between T1 and T3, it was seen that 

values were higher for T3 (23.202±2.367pg /ml) than T1 ( 21.995±1.780pg /ml) 

,with mean difference of -1.206± 2.837pg/ml but this difference was not 

statistically significant.(p=.122) 

On comparing mean levels of RANKL between T2 and T3, it was seen that 

values were higher for T2(23.207±2.454pg /ml) than T3 ( 23.202±2.367pg /ml), 

with mean difference of .005±2.585pg /ml but this difference was not 

statistically significant.(p=.994) 
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TABLE 7: INTRAGROUP COMPARISON OF RANKL FOR GROUP I I 

AT DIFFERENT TIME INTERVALS 

 

  Mean ± Std. D. 

(pg/ml) 

Std. 

Error 

Mean 

t df P value 

GROUP II T0 - T1 -1.062 ± 4.564pg/ml 1.178 -.901 14 .383 

T0 - T2 .082 ± 4.498pg/ml 1.161 .071 14 .944 

T0 - T3 .965 ± 4.366pg/ml 1.127 .856 14 .406 

T1 - T2 1.144 ± 6.486pg/ml 1.674 .684 14 .505 

T1 - T3 2.027 ± 5.467pg/ml 1.411 1.436 14 .173 

T2 - T3 .882 ± 2.707pg/ml .699 1.262 14 .227 

     

 P≥ .05 nonsignificant ;P≤.05 just significant* ;P≤ .01significant** ;P≤ .001 highly   significant*** 

 

On comparing mean levels of RANKL between T0 and T1 ,it was seen that 

values were higher for T1 (25.988±5.144pg/ml )than T0( 24.926±5.648pg/ml) , 

with mean difference of -1.062± 4.564pg/ml but this difference was not 

statistically significant.(p=.383) 

On comparing mean levels of RANKL between T0 and T2 for ,it was seen that 

values were higher for T0 (24.926±5.648pg/ml )than T2( 24.844±5.300pg/ml) 

with mean difference of .082± 4.498pg/ml but this difference was not statistically 

significant.(p=.944) 

On comparing mean levels of RANKL between T0 and T3 ,it was seen that 

values were higher for T0 ((24.926±5.648pg/ml )than T3(23.961±3.070pg /ml) 

with mean difference of .965± 4.366pg/ml but this difference was not statistically 

significant.(p=.406) 

On comparing mean levels of RANKL between T1 and T2, it was seen that 

values were higher for T1(25.988±5.144pg/ml) than T2(24.844±5.300pg/ml) 

with mean difference of 1.144± 6.486 pg/ml but this difference was not 

statistically  significant. (p=.505) 
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On comparing mean levels of RANKL between T1 and T3 ,it was seen that values 

were higher for T1 (25.988±5.144pg/ml )than T3( 23.961±3.070pg /ml) ,with mean 

difference of 2.027± 5.467 pg/ml but this difference was not statistically 

significant.(p=.173) 

On comparing mean levels of RANKL between T2 and T3 ,it was seen that values 

were higher for T2(24.844±5.300pg /ml)than T3( 23.961±3.070pg /ml) ,with mean 

difference of .882±2.707pg /ml but this difference was not statistically 

significant.(p=.227) 

TABLE 8: INTERGROUP COMPARISON OF RANKL BETWEEN 

GROUP I AND GROUP II AT T0 ,T1, T2 ,T3 

 

 

N=15 

 

N=15 

 

N=15 

 

N=15 

 

N=15 

 

N=15 

 

N=15 

 T0 I 22.947 ± 1.838pg/ml .474 0.207 

II 24.926 ± 5.648pg/ml 1.458  

T1 I 21.995 ± 1.780pg/ml .459 0.008** 

II 25.988 ± 5.144pg/ml 1.328  

T2 I 23.207 ± 2.454pg/ml .633 0.287 

II 24.844 ± 5.300pg/ml 1.368  

T3 I 23.202 ± 2.367pg/ml .611 0.455 

II 23.961 ± 3.070pg/ml .792  

    

 P≥ .05 nonsignificant; P≤.05 just significant*; P≤ .01significant** ;P≤ .001 highly   significant*** 

 

On comparing Group I with Group II at T0, mean value of RANKL was higher 

in Group II (24.926 ± 5.648 pg/ml) than Group I (22.947±1.838 pg/ml), however 

difference was not statistically significant. (p= .207) 

On comparing Group I with Group II at T1, mean value of RANKL was higher 

in Group II (25.988±5.144 pg/ml) than Group I(21.995±1.780pg/ml), and 

difference was statistically significant. (p= .008) 



OBSERVATION AND RESULTS 
 

70 

 

 

On comparing Group I with Group II at T2 , mean value of RANKL was higher 

in Group II (24.844±5.300pg/ml) than Group I(23.207±2.454pg/ml) ,however 

difference was not statistically significant .(p= .287) 

On comparing Group I with Group II at T3 ,mean value of RANKL was higher in Group 

II (23.961±3.070 pg/ml) than Group I(23.202±2.367 pg/ml) ,however difference was 

not statistically significant.( p= .455) 

TABLE 9: OVERALL COMPARISON BETWEEN GROUP I AND 

GROUP II FOR IL-6 AND RANKL . 

 GROUP Mean ± Std. D (pg/ml) Std. Error Mean p VALUE 

IL-6 I 10.741 ± .902pg/ml .232 0.05* 

II 13.562 ± 3.483pg/ml .899  

RANKL I 91.352 ± 5.712pg/ml 1.475 0.061 

II 99.720 ± 15.624pg/ml 4.034  

 

P≥ .05 nonsignificant; P≤.05 just significant*; P≤ .01significant** ; P≤ .001 highly   significant*** 

 

On overall comparison of IL-6 level in Group I with Group II at, mean value of IL-6 

was higher in Group II (13.562 ± 3.483 pg/ml) than Group I (10.741±.902pg/ml) and 

difference was statistically significant. ( p= .05) 

On overall comparison of RANKL level in Group I with Group II at ,mean value of 

RANKL was higher in Group II (99.720 ± 15.624 pg/ml) than Group I(91.352±5.712 

pg/ml) ,however difference was not statistically significant. ( p= .061) 
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Space closure after extraction can be accomplished either by frictionless/loop 

mechanics or by frictional/sliding mechanics. Frictionless/loop mechanics require 

intricate wire bending, and is more technique sensitive. Sliding mechanics uses lighter 

forces ,less technique sensitive ,and is comfortable for the patient2. 

The mechanical stress arising as a result of force application used for any orthodontic 

tooth movement(OTM) changes periodontal vascularity and induces changes at cellular 

and molecular level in the PDL to form biologically active substances termed as 

signalling molecules or biomarkers, which are responsible for modelling and 

remodelling of alveolar bone(e.g.IL1β,IL-1,IL-6,RANKL,TNF-α,MMP, OPG, 

Sclerostin )4,6. 

A Biomarker is a substance that is measured and evaluated objectively as an indicator 

of normal biologic processes, pathogenic processes, or pharmacologic responses to a 

therapeutic intervention7. Biomarkers can be derived from different biofluids such as 

blood/serum, saliva and Gingival crevicular fluid (GCF)11. In serum biomarkers are 

present in minimal quantity and collection method is invasive and levels are influenced 

by other inflammatory condition of body. The salivary biomarkers are also present in 

minimal quantities and there is need of highly sensitive test to assess lesser amount of 

biomarker present, so quantification is a real challenge20. In the present study GCF 

biomarkers are preferred, because of their close proximity to periodontal tissues, and 

are least effected by other inflammatory processes in the body21. 

Various studies has been conducted on biomarkers during various stages of orthodontic 

tooth movement. However, none of the studies have evaluated levels of biomarkers (IL-

6 and RANKL) during enmasse space closure using sliding mechanics. IL-6 is a 

multifunctional cytokine, that promotes activation of RANKL cascade in initial stages 

of force application. RANKL is a proinflammatory cytokine produced by osteoblasts 

and it is activated by lymphocyte T as a regulating factor. RANKL activates its specific 

receptor (RANK), which is located on the surface of the osteoclast and induces 

osteoclast maturity, resulting in resorption of the alveolar bone, if it binds with OPG 

resulting in bone deposition5. Hence we have choosen IL-6 and RANKL for the present 

study. 

The present clinical study was conducted in the Department of Orthodontics and 
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Dentofacial Orthopaedics, Babu Banarasi Das College of Dental Sciences, BBDU 

Lucknow, in collaboration with department of Biochemistry, King George’s Medical 

University, Lucknow, with the aim to evaluate and compare proinflammatory cytokine 

(IL-6 & RANKL ) levels between anterior and posterior segment, during enmasse 

retraction of anterior teeth . 

15 patients (age range of 18-25 yrs) with clinical presentation of class I Bi-maxillary 

protrusion or Class II Div I Malocclusion who required fixed orthodontic treatment 

with extraction of all 1st premolar teeth were included in the study. In all the patients 

first Premolar extraction was done and fixed orthodontic treatment was initiated. Initial 

alignment and levelling was done by following sequential NiTi arch wire insertion as 

per case requirement till .019”x.025” Stainless steel can be placed passively . Enmasse 

retraction of anterior teeth was initiated on .019x.025SS wire using Niti closed coil 

spring extended from crimpable hook placed between Lateral incisor and Canine to the 

hook of buccal tube on maxillary 1st Molar band and force level was kept at 200 gm 

using dontrix gauge. 

GCF was collected at different time intervals -T0 (Baseline) immediately after applying 

the retraction force; T1- (after 24 hrs) ; T2- (after 20 days) ;T3 -(after 2 months); from 

gingival sulcus. Site of GCF collection were grouped as Group I that included distal 

gingival sulcus of maxillary Canine and Group II that included mesial gingival sulcus 

of maxillary first molar using absorbent points following standard protocol. These 

absorbent points soaked with GCF were placed in Eppendorf tube containing 250ul 

phosphate buffered saline, transported to the laborartory at department of 

Biochemistry, KGMU, Lucknow for its storage at – 80 °C temperature till further 

analysis. 

After collection of all samples of study, samples were centrifuged at laboratory, the 

paper points were removed and supernatants were transferred into a new Eppendorf 

tube and kept in incubator. 

After elution, GCF samples were analyzed for IL-6 and RANKL levels. Reagents were 

prepared by bringing the kit out 20 minutes before use to room temperature (18- 25°C) 

and preparation was done as per manufacturers instruction. The ELISA analyser 

was then turned on and the assay procedure was followed as per protocol. The 
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concentration of biomarker was calculated from optical density of samples to standard 

curve as obtained for each ELISA kit. Mean level of IL-6 and RANKL was obtained as 

pg/ml. Data was tabulated and adequate statistical comparison was made. 

The results of the present study showed variable levels of biomarkers, both in anterior 

(Group I) and posterior (Group II) segment at different time 

intervals(T0,T1,T2,T3),suggestive of the fact that fluctuation of these biomarkers are a 

part of intricate process of OTM at molecular level. The trend for levels of IL-6 in Group 

I was T0(2.829±.290pg/ml)> T2(2.724±.238pg/ml)> T3(2.669±.344pg/ml)> 

T1(2.518±.333pg/ml), whereas  for  Group  II  trend  was  T1  (3.497±.697pg/ml) 

>T0(3.449±.963pg/ml)> T3(3.418±1.075pg/ml)> T2(3.196±.942pg/ml).(Bargraph-1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

On intragroup comparison of levels of IL-6 statistically significant difference was noted  

between  T0  &  T1  (.310±  .324pg/ml  ,p=.002)and  T1  &  T2(-.205± 

.274pg/ml,p=.011) for Group I whereas in Group II statistically significant difference 

was seen only between T0 & T2(.253± .389pg/ml,p=.025)(Bargraph-2,3) 

  

BARGRAPH 1- MEAN VALUES OF IL-6(pg/ml) FOR GROUP I AND 

GROUP II 
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 The trend for levels of RANKL in Group I was T2(23.207±2.454pg/ml)>     

T3(23.202±2.367pg/ml)>T0 (22.947±1.838pg/ml)> T1(21.995±1.780pg/ml), whereas 

for Group II trend was T1(25.988 ±5.144pg/ml)>T0(24.926 ± 5.648pg/ml) > T2(24.844 

± 5.300pg/ml)>T3(23.961 ± 3.070pg/ml). (Bargraph-4) 

BAR GRAPH 2-INTRAGROUP COMPARISON OF IL6 FOR GROUP I AT   

DIFFERENT TIME INTERVALS. 

 
BAR GRAPH 3-INTRAGROUP COMPARISON OF IL6 FOR GROUP I I 

AT DIFFERENT TIME INTERVALS. 
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On intragroup comparison of levels of RANKL, statistically significant difference was 

notnoted between any time interval for Group I as well as for Group II. (Bargraph 5,6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BARGRAPH 4- MEAN VALUES OF RANKL(pg/ml) FOR  GROUP I 

AND GROUP II 
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BAR GRAPH 5- INTRAGROUP COMPARISON OF RANKL FOR 

GROUP I AT DIFFERENT TIME INTERVALS. 
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On intergroup comparison it was seen that levels of both the biomarkers IL-6 and 

RANKL were higher in Group II than Group I at all time that is T0 ,T1,T2,T3 however 

difference was statistically significant only at T0,T1 &T3 for IL-6 and at T1 for 

RANKL.(Bragraph-7,8). Peak levels of RANKL were attained later than IL-6 in Group 

I suggestive of the fact that IL-6 is a initial cytokine which modulate the release of 

RANKL to continue with osteoclastogenesis during orthodontic tooth 

movement.(Bargraph 7,8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BAR GRAPH 6- INTRAGROUP COMPARISON OF RANKL FOR 

GROUP II AT DIFFERENT TIME INTERVALS. 

BARGRAPH 7- INTERGROUP COMPARISON OF IL-6 

BETWEEN GROUP I & GROUP II AT T0 ,T1 ,T2, T3. 

 

* * 
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On overall comparison of IL-6 level and RANKL in Group I with Group II at ,mean 

value of both biomarkers was higher in Group II than Group I .However difference was 

statistically significant only for IL-6 between Group I and Group II .(Bargraph-9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BARGRAPH 9- OVERALL COMPARISON BETWEEN GROUP I AND 

GROUP II FOR RANKL AND IL-6. 

BARGRAPH 8- INTERGROUP COMPARISON OF   

RANKL BETWEEN GROUP I & GROUP II AT T0, 

T1 ,T2, T3. 
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Though biomarker levels of Group II were higher than Group I, however the values of 

Group II did not change significantly between consecutive time interval, that is 

suggestive of the fact that molars were maintained in their respective position and force 

of 200 gms was adequate for moving anterior segment .The reason for higher values in 

Group II could be that molars are always being subjected to reciprocal forces exerted 

in anterior segments and could be due to bends in wires or soldering of TPA/Nance to 

prevent anchorage loss. Also addition of inflammatory component owing to elimination 

of self -cleansing process, due to bands on molars, could be responsible for the higher 

levels of biomarker in this area. 

For Group I the peak concentration of Il-6 was at T0 as anterior teeth were already 

consolidated by figure of 8 ligature wire at each appointment on progression to higher 

dimension archwire ,whereas peak concentration of RANKL was at T2 in Group I 

,suggestive of the fact that IL-6 is a initial biomarker released on application of force 

that initiates inflammatory process in the concerned area ,this further stimulates RANKL 

release that subsequently controls resorption of bone in direction of force application. 

The result of present study was compared with previous studies done at different phases 

of orthodontic treatment like enmasse retraction of anterior teeth by Sheikh et al64 

,during distalization of canine by Basaran et al41 ,Jayprakash et al29, by S. Uematsu 

et al34 ,Tuncer et al52, Grant M et al51, and Nishijima et al4 or during application 

of other forces on premolar to be extracted by Shetty et al69, Madureira et al24, 

Mohammad A et al25 or after placement of seperators during alignment and 

levelling by Barbieria G et al23 . 

 Sheikh A et al64 had evaluated level of IL-6 between control and experimental group 

where physical stimulation to accelerate tooth movement was applied using LASER 

during enmasse retraction of anteriors with active tie backs after keeping a basal 

0.019*0.025 SS arch wire for 6 weeks using 150 grams of force. The activation was at 

an interval of 4 weeks. The mean level of IL-6 in control group could be similar Group 

I of our study. It followed a trend of highest levels at day 2( 651±.242)> at day 9(.894 

± 0.218)>,at day 29(0.586± 0.254)>then subsequently reduced at day 46(0.549± 0.240) 

and least was found at day60 (477±.224), however  they did not show any statistically 

significant difference. 
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Jayprakash P. et al29 found significantly elevated levels of IL-6 on moving canine 

distally by elastic chain exerting an initial force of 250 gms , at 24 hours 0.065 ± 0.005 

pg/µg than at 1hr (baseline) that had IL-6 concentration as 0.030 ± 0.008 pg/µg. At 168 

hr (7days) mean level of IL-6 .044±.007pg/µg were higher than baseline but difference 

was not significant. S. Uematsu et al34 found significantly elevated levels of IL-6 during 

separate canine retraction, by elastic chain exerting an initial force of 250 g. At 24 hr 

(0.063 ±0.004 pg/µg) mean levels of IL-6 was significantly higher than at baseline 0.020 

± .007 pg/ug(p=0.0441). At 168 hr (7days) mean level of IL-6 was .009 ±.006 pg/ug (p 

0.0147) was significantly lesser than baseline values. Basaran G et al41 assessed the 

levels of IL-6 during canine distalization on 0.016 0.022-in SS archwire using 7-mm 

sentalloy closed coil spring with 150 g of force and found highest values at 21days 

T2(2.433±.399p=.996) followed by7th day T1(2.387±.594,p=.594)and least was at 

baseline T0(2.320±.528pg/ml,p=.535)i.e. just before starting canine retraction. 

However difference was not statistically significant at any time interval. 

Shetty A et al69 assessed level of IL-6 in a split mouth study from the premolar region 

just before the extraction on control side whereas on the experimental site brackets 

(0.022 slot MBT mechanotherapy) were bonded on premolar to be extracted after 3 days 

and an initial intrusive force of 100–150 g was applied using a cantilever spring on this 

premolar for 3 days. They found insignificant difference in mean level of IL-6 in GCF 

after 3rd day of force application (4.5950 ± 1.6668 in the control group and 4.3975 ± 

1.5948 in the experimental group). 

Madureira et al24 assessed levels of IL-6 , with a 0.017 × 0.025-in beta-titanium alloy 

cantilever attached on premolars that had to be extracted and were subjected to a force 

of 0.980 N in the apical direction for 3 hours, 15 hours, 3 days, 12 days, or 21 days .They 

found that there was an increase in IL-6 levels from 15hrs to day 3 and after that there 

was a subsequent decrease in IL-6 level, at day 7 with mild increase till day 14 and 

concentration of IL-6 was levelled from day 14 to day 21. 

Mohammed A et al 25evaluated IL-6 in PDL of extracted 1st premolar, each tooth 

was assigned a time point for its extraction at 2 hours, 15th day or the 30th day after 

application of force. They found a significant increase on experimental teeth in the level 

of IL-6 on 15th day(14.91) than on 30th day(11.1) and least was at 2hrs(3.4) which was 

non- significant in comparison to control. 
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Grant M et al51 evaluated IL-6 level at pretreatment , four hours; 7 days; and 42 days 

after application of distalising forces to maxillary canine teeth using 9 mm nickel- 

titanium closed coil spring on .018SS wire and force produced was 100 g .IL-6 level 

was highest at T1(25.79 ± 13.91)>T2(9.71 ± 3.15)>T0(4.48 ± 1.10)T3(4.44 ± 0.86)in 

pg/30s, however there was statistically nonsignificant difference in levels of IL-6 with 

time. The difference in the trend found for level of IL-6 from the present study 

(T0>T2>T3>T1 for Group I) may be attributed to methodological differences. 

Barbieria G et al 23evaluated RANKL level and found elevated but not statistically 

significant increase after the placement of separators at 24 hours ( 6.58±7.22 pg/ul ) and 

at 7 days (4.75±7.65pg/µl) with p =.552. 

Tuncer et al52 evaluated and found non -significant difference in levels of RANKL 

with time ,On retracting the maxillary canines by sentalloy closed coil springs with a 

continuous force of 200gm on the segmental .016x.022SS wire, four weeks after 1st 

premolar extraction .The mean value was highest at 7 days (1.29±1.0pmol/l9)>at 

baseline(pre-treatment-1.19±.71pmol/l)>at 1st month(1.04±.50pmol/l)>then at 

24hrs(.96±.55pmol/l)>least at 1 hr (.83±.30pmol/l). 

Grant M et al51 evaluated RANKL level at four hours; 7 days; and 42 days after 

application of distalising forces to maxillary canine teeth using 9 mm nickel-titanium 

closed coil spring on .018SS wire and force produced was 100 g, there was slight 

increase in RANKL level within 4 hrs of force application ,after that it reduced till 7th 

day and then there was significant increase in RANKL level from 7th to 42 

days(highest) after force application. 

Nishijima et al4 evaluated RANKL level at 0, 1, 24, and 168 h after the retracting force 

was applied (canine retraction) along a 0.018 inch archwire with an elastomeric chain, 

that delivered an initial force of 250gm. The mean values of RANKL were 

significantly higher at experimental site after 24 h ( 219.3 ± 26.9 pg/µl) in comparison 

to control site (7.7±5.8pg/µl). 

The fluctuation in levels of biomarker (IL-6 and RANKL)as seen in above mentioned 

studies was also seen in present study .However the variation in the results of the present 

study regarding level of biomarker at different time interval could be due to the 

difference in methodologies, archwires sizes, the times,appliances 
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(mechanotherapy),directions and magnitudes of the forces(heavy/light, 

interrupted/continuous) and also could be related to variations in age ,sex, bone mineral 

density, anatomic structures or cellular activity in the PDL and alveolar bone of that 

particular individual. 

The major limitation of present study was that other sources of cytokines such as bone, 

gingivae, and blood vessels, might interfere with GCF and PDL microenvironments. 

Also release of multiple other cytokines that can modulate the levels of selected 

biomarker (IL-6 & RANKL) of present study is a limitation, the variation in orthodontic 

treatment status of participants of present study could also alter biomarker levels. The 

results must be interpreted considering the wide range of biologic responses and 

interfering factors in both the PDL and GCF. 

Despite of the limitation it could be stated that there is change in levels (high or low) 

of the biomarkers in GCF, in present study suggestive of biological process of bone 

remodeling on alteration of mechanical stress leading to orthodontic tooth movement. 

The result of present study suggested that force of 200gm were light and adequate to 

alter biomarker in anterior segment to greater extent than in posterior segment that did 

not show considerable fluctuation in the levels.Excessive forces compress the roots and 

cause undermining resorption and hyalinisation resulting in prolonged lag phase, hence 

should be avoided. 

On applying heavy forces, tooth movement resumes only after removal of necrotic 

tissue and acquiring cells from adjacent marrow spaces to initiate bone resorption. 

Hence light forces are always preferred in orthodontics. The underlying molecular 

mechanism can be understood by corroborating the results of present study to pressure 

tension theory. According to this theory, cellular differentiation is produced by 

alterations in blood flow ( in which blood flow is decreased on compression site and 

increased at tension site). These alterations may have created changes in the chemical 

environment and creates difference in cellular response on tension and compression 

site5. 

The collection site of GCF in present study was compression site where on application 

of forces, alteration of blood flow must have happened, causes change in O2 tension, 

that altered levels of biomarker like IL-6 and RANKL. 
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The most important clinical implication of assessing biomarker level at different time 

interval would be to judge magnitude of forces as light and optimum for each individual 

and comparing to baseline levels of that individual. This would help clinically in 

avoiding hyalinisation or undermining resorption thereby keeping Orthodontic 

treatment comfortable and allowing its completion in stipulated time as per the case. 

The future scope of the study would be to validate result of present study on larger 

sample size. Various other biomarkers can also be analysed beside Il-6 and RANKL 

that play an important role at various stages of tooth movement. RANKL and OPG ratio 

might be evaluated as it is linked to bone remodelling with RANKL increasing 

osteoclastic activity whereas OPG increases osteoblastic activity. Also biomarker levels 

during various stages of orthodontic treatment could be assessed both in growing and 

non-growing individuals. 
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Following conclusions are drawn from the present study conducted with the aim to 

compare proinflammatory cytokine (IL-6 &RANKL) levels between anterior and 

posterior segment, during enmasse retraction of anterior teeth using sliding mechanics 

:- 

1.  Application of mechanical stress during orthodontic treatment altered the level of 

biomarkers (IL-6 &RANKL) both in anterior and posterior segment at different 

time intervals. 

2.  On Intragroup comparison in Group I, mean levels of IL-6 decreased significantly 

from T0-T1 and increased significantly from T1-T2, whereas in Group II, mean 

levels of IL-6 increased significantly from T0-T2.  

3.  On Intragroup comparison  for RANKL mean level did not fluctuate significantly 

between Group I & Group II. 

4.  Intragroup comparison of both biomarkers in Group II did not show significant 

fluctuation in consecutive time interval suggestive of the fact that 200gms of 

force was optimum for causing movement in anterior segment but not for 

posterior segment, thus  maintaining  posterior segment in its  position. 

5.  Intergroup comparison revealed higher values in Group II than Group I with  

significant difference only at T0 T1 & T3 for IL-6 and  at T1 for RANKL. 

The most important clinical implication of assessing biomarker level at different time 

interval would be to judge magnitude of forces as light and optimum for each individual 

and comparing to baseline levels of that individual. This would help  making orthodontic 

treatment comfortable for the patient and allowing its completion in stipulated time as 

per the case. 
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Space closure after extraction can be accomplished either by frictionless/loop 

mechanics or by frictional/sliding mechanics. Sliding mechanics uses lighter forces, is 

less technique-sensitive, and is more comfortable for the patient . In sliding mechanics, 

retraction of anterior teeth can be done either en masse or in two steps, where the canine 

is retracted initially, followed by the remaining four incisors . Two- step retraction is 

generally performed in maximum anchorage cases but prolongs overall treatment time 

and creates unesthetic spaces distal to the lateral incisor after canine retraction. This 

limitation is overcome during en masse retraction, which is routinely used in 

Orthodontics and was selected in the present study for space closure. 

The mechanical stress arising as a result of force application used for any orthodontic 

tooth movement(OTM) changes periodontal vascularity and induces changes at 

cellular and molecular level in the PDL to form biologically active substances termed 

as signalling molecules or biomarkers, which are responsible for modelling and 

remodelling of alveolar bone(e.g.IL1β,IL-1,IL-6,RANKL,TNF-α,MMP, OPG, 

Sclerostin ). The fluctuation of these biomarkers are a part of intricate process of OTM 

at molecular level. 

In sliding mechanics there is reciprocal movement of anterior and posterior segment, 

there by altering the level of biomarkers in both the segments irrespective of method 

of force application. Movement of posterior segment can be controlled by application 

of differential force and by anchorage reinforcement ,hence level of biomarker might 

be different in anterior and posterior segment .Thus in the present study , biomarkers 

present in GCF was evaluated both in anterior and posterior segment during enmasse 

retraction of anterior teeth. 

IL-6 and RANKL was chosen for the study. IL-6 is a multifunctional cytokine ,that 

promotes activation of RANKL cascade in initial stages of force application. RANKL 

is a proinflammatory cytokine produced by osteoblasts and it is activated by 

lymphocyte T as a regulating factor. RANKL activates its specific receptor (RANK), 

which is located on the surface of the osteoclast and induces osteoclast maturity, 

resulting in resorption of the alveolar bone, if it binds with OPG resulting in bone 

deposition. Hence we have choosen IL-6 and RANKL for the present study. 

The present clinical study was conducted in the Department of Orthodontics and 
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Dentofacial Orthopaedics, Babu Banarasi Das College of Dental Sciences, BBDU 

Lucknow, in collaboration with department of Biochemistry, King George’s Medical 

University, Lucknow, with the aim to evaluate and compare proinflammatory cytokine 

(IL-6 & RANKL ) levels between anterior and posterior segment, during enmasse 

retraction of anterior teeth . 

Samples for the study included 15 patients (age range of 18-25 yrs ) with clinical 

presentation of class I Bi-maxillary protrusion or Class II Div I Malocclusion who 

required fixed orthodontic treatment with extraction of all 1st premolar teeth. In all the 

patients 1st Premolar extraction was done and fixed orthodontic treatment was initiated. 

Initial alignment and levelling was done by following sequential NiTi arch wire 

insertion as per case requirement till .019”x.025” inch Stainless steel can be placed 

passively . Enmasse retraction of anterior teeth was initiated on .019x.025SS wire using 

Niti closed coil spring extended from crimpable hook placed between Lateral incisor 

and Canine to the hook of buccal tube on maxillary 1st Molar band and force level was 

kept at 200 gm using dontrix gauge. 

GCF was collected at different time intervals -T0 (Baseline) immediately after applying 

the retraction force; T1- (after 24 hrs) ; T2- (after 20 days) ; T3 -(after 2 months), from 

gingival sulcus. Site of GCF collection were grouped as Group I that included distal 

gingival sulcus of maxillary Canine and Group II that included mesial gingival sulcus 

of maxillary first molar using absorbent points following standard protocol. These 

absorbent points soaked with GCF were placed in Eppendorf tube containing 250ul 

phosphate buffered saline transported to the laborartory at department of Biochemistry, 

KGMU, Lucknow for its storage at – 80 °C temperature till further analysis. Level of 

biomarkers IL-6 & RANKL was assessed using ELISA test . After collection of all 

samples of study, samples were centrifuged at laboratory, the paper points were 

removed and supernatants were transferred into a new Eppendorf tube and kept in 

incubator. 

After elution, GCF samples were analyzed for IL-6 and RANKL levels. Reagents were 

prepared by bringing the kit out 20 minutes before use to room temperature (18-25°C) 

and preparation was done as per manufacturers instruction. The ELISA analyser was 

then turned on and the assay procedure was followed as per protocol. The concentration 

of biomarker was calculated from optical density of samples to standard curve as 
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obtained for each ELISA kit. Mean level of IL-6 and RANKL was obtained as pg/ml. 

Data was tabulated and adequate statistical comparison was made. Following 

conclusion can be drawn from the results of the present study: - 

1. Application of mechanical stress during orthodontic treatment altered the level 

of biomarkers (IL-6 &RANKL) both in anterior and posterior segment at 

different time intervals. 

2. On Intragroup comparison in Group I, mean levels of IL-6 decreased significantly 

from T0-T1 and increased significantly from T1-T2, whereas in Group II, mean 

levels of IL-6 increased significantly from T0-T2.  

3. On Intragroup comparison  for RANKL mean level did not fluctuate significantly 

between Group I & Group II. 

4. Intragroup comparison of both biomarkers in Group II did not show significant 

fluctuation   in consecutive time interval suggestive of the fact that 200gms of 

force was optimum for causing movement in anterior segment but not for 

posterior segment, thus maintaining  posterior segment in its  position. 

5. Intergroup comparison revealed higher values in Group II than Group I with  

significant difference only at T0 T1 & T3 for IL-6 and  at T1 for RANKL. 

 

The most important clinical implication of assessing biomarker level at different 

time interval would be to judge magnitude of forces as light and optimum for 

each individual and comparing to baseline levels of that individual .This would 

help making orthodontic treatment comfortable for the patient and allowing its 

completion in stipulated time as per the case. 
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ANNEXURE-IV 

Babu Banarasi Das College of Dental Sciences 

(Babu Banarasi Das University) 

 

BBD City, Faizabad Road, Lucknow – 227105 (INDIA) 
 

Guidelines for Devising a Participant / Legally Acceptable 

Representative Information Document (PID) in English 
 

Guideline for preparation of the participant information document 

 

While submitting your project report to the Institutional Ethics Committee, ensure that 

you have included participant information document and an informed consent form that 

is prepared as per the guidelines for Good Clinical Practice-Centre for Drug Candidate 

Optimization (GCP-CDCO2001), International Conference on Hormonization-Good 

Clinical Practice (ICH – GCP), ICMR ethical guidelines 2006, and the Declaration of 

Helsinki. The document is important because it enables the participants to make an 

informed choice. It also has got to be unique because no two research projects are 

identical. The participant information document (PID should include only those 

headings listed below which are relevant to that study. Any further information 

you wish to add, is your choice. 

1. Participant information document and an consent form in English and 

Hindi (otherlanguages if required) 

2. Font: Arial spacing of lines with 1.5 

3. Size: 12 

4 All the consent forms must have Version No, Date, Page no in the footer 

5. In the case of participants with age≥ 18 yrs, PID and consent form should be 

attached while in the case of participant’s age≤ 18 yrs and ≥ 8 yrs the above 

along with information document and assent form for children (minor) should 

be attached. In the case of ≤ 8 it will be signed by the guardian. 
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Potential recruits to your research/trial study must be given sufficient 

information to allow them to decide whether or not they want to take part. 

The Information 

Document should contain information under the headings given below, and 

preferably in the order specified. It should be written in simple, non-technical 

terms and be easily understood by a lay person. Use short words, sentences and 

paragraphs. 

 

1. Study Title 

Concentration of biomarkers in GCF during movement of forwardly placed front 

teeth inside. 

 

2. Invitation Paragraph 

―You are being invited to take part in a research/trial study. Before you decide 

it is important for you to understand why the research/study is being done and 

what it will involve. Please take time to read the following information 

carefully and discuss it with friends, relatives and your treating 

physician/family doctor if you wish. Ask us if there is anything that is not clear 

or if you would like more information. Take time to decide whether or not you 

wish to take part. 

 

3. What is the purpose of the study? 

To evaluate and Compare the level of biomarker ( RANKL and IL6) in GCF collected 

from anterior and posterior segment during enmasse retraction of anterior teeth using 

sliding mechanics at different time intervals. 

 

 

4. Why have I been chosen? 

As you fulfill the criteria needed for this study . 

 

5. Do I have to take part? 

Taking part in the research is entirely voluntary. States: 
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―It is up to you to decide whether or not to take part. If you do decide to take 

part you will be given this information sheet to keep and be asked to sign a 

consent form. If you decide to take part you are still are free to withdraw 

at any time and without giving a reason. 

 

6. What will happen to me if I take part? 

   You will not be harmed. For fixed orthodontic treatment you have to    come for every 

month during that period the study will be completed. 

 

7. What do I have to do? 

You have to come to the given appointment and follow your course of orthodontic 

treatment. 

What is the procedure that is being tested? 

 GCF Sample collected from you will be analysed in lab for level of biomarker 

during orthodontic tooth movement 

 

8. What are the interventions for the study? 

Not an intervention study. 

 

9. What are the side effects of taking part? 

      NO side effects of the research procedure,as we are following normal 

orthodontic   treatment procedure. 

 

10. What are the possible disadvantages and risks of taking part? 

No Risk . 

 

11. What are the possible benefits of taking part? 

There is no intended clinical benefit to the patient/volunteer from taking part in 

the study, this will be stated clearly. 

 

12. What if new information becomes available? 

―Sometimes during the course of a research project, new information 

becomes available about the research being studied. If this happens, your 

researcher will tell you about it and discuss with you whether you want to 



ANNEXURES  

103 

 

continue in the study. If you decide to withdraw, your researcher/investigator 

will make arrangements for your w i t h d r a w a l .  If you decide to continue 

in the study, you may be asked to sign an updated consent form 

. 

13. What happens when the research study stops? 

If the research study finishes/stops nothing will happen to your course of 

orthodontic treatment. 

14. What if something goes wrong? 

As it is non invasive procedure where GCF is only collected from you ,nothing 

can go wrong,however in case of any issue Contact institution or IEC. 

 

15. Will my taking part in this study be kept confidential? 

―Yes 

 

16. What will happen to the results of the research study? 

The results will be used to compare the rate of tooth movement of both anterior 

and posterior tooth. 

 

17. Who is organizing the research? 

This research study is organized by the academic institution (BBDCODS) 

 

18. Will the results of the study be made available after study is over? 

yes 

 

19. Who has reviewed the study? 

You may/should mention that HOD /IRC/IEC of the institution has 

reviewed and approved the study (you should not however list the members 

of the Committee). 

 

20. Contact for further information 

You should give the patient a contact address for further information. This 

can be your name or that of another scientist/investigator involved in the 

study. 
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Dr Nidhi Tiwari 

Department of Orthodontics and Dentofacial Orthopaedics Babu Banarasi 

College of Dental Sciences. 

Lucknow-227105 Mob- 

9514621351 

Dr. Shantanu Khattri (HOD) 

Department of Orthodontics and Dentofacial Orthopaedics Babu Banarasi 

College of Dental Sciences. 

Lucknow-227105 Mob-

9936424084 

 

 

Dr. Sneh lata Verma(Reader) 

Department of Orthodontics and Dentofacial Orthopaedics Babu Banarasi 

College of Dental Sciences. 

Lucknow-227105 Mob-

8960943326 
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Name of the PI, Address, e-mail address, Telephone Numbers and 

name, Member Secretary of Ethics Committee of the institution (D r . 

L ak s h m i B al a, Member Secretary, bbdcods.iec@gmail.com, ethics 

@bbdu.ac.in) with address, e- mail address with telephone 

numbers05226191091 (ext. no. 1291). 

 

Remember to thank your patient for 

taking part in thestudy! 

 

 

The patient information sheet should be dated 

The Participant Information document should state that the participant will 

be given a copy of the information sheet and the signed consent form. 

 

Signature of PI……………………………… 

Name………………………………………….. 

Date………………………………………….. 

  

mailto:bbdcods.iec@gmail.com
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ANNEXURE-V 

Babu Banarasi Das College of Dental Sciences 

(Babu Banarasi Das University, Lucknow) 

BBD City, Faizabad Road, Lucknow – 227105 (INDIA) 

प्रतिभागी के तिए सूचना पत्र 

 

1.अध्ययन शीर्षक  

 अंदर की ओर आगे की ओर रखे गए द ंतों की गतत के दौर न जीसीएफ में 
ब योम कक र की स दं्रत  
 

2. तनमंत्रण अनुचे्छद  

 

आपको एक शोध अध्ययन में भाग िेने के तिए आमंतत्रि तकया जा रहा है। तनणषय िेने से पहिे 

आपके तिए यह समझना महत्वपूणष है तक शोध/अध्ययन क्ो ंतकया जा रहा है और इसमें क्ा 

शातमि होगा। कृपया तनम्नतिखिि जानकारी को ध्यान से पढ़ने के तिए समय तनकािें और यतद 

आप चाहें िो दोस्ो,ं ररशे्तदारो ंऔर अपने इिाज करने वािे तचतकत्सक/पाररवाररक तचतकत्सक 

के साथ इस पर चचाष करें। हमसे पूछें  तक क्ा कुछ ऐसा है जो स्पष्ट नही ंहै या यतद आप अतधक 

जानकारी चाहिे हैं। यह िय करने के तिए समय तनकािें तक आप भाग िेना चाहिे हैं या नही।ं 

 

3. अध्ययन का उदे्दश्य क्ा है ? 

  अलग-अलग समय अंतर ल पर स्ल इड गं य ंत्रिकी क  उपयोग करके पूर्कक ल के 
द ंतों के स मूहिक प्रत्य र्तकन के दौर न परू्कक ल और पीछे के खं  से एकि ककए गए 
जीसीएफ में ब योम कक र (आरएएनसीएल और आईएल 6) के स्तर क  मूलय ंकन और 
तुलन  करन । 

 

4. मुझे इस अध्ययन के तिए क्ो ंचुना गया है? 

  जैस  कक आप इस अध्ययन के ललए आर्श्यक म नदं ों को परू  करते िैं । 
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5. क्ा इसमें मुझे भाग िेना चातहए ?  

अध्ययन क  वर्र्रण ज नने के ब द यि आपक  तनणकय िोग । 

इसमें भाग िेना है या नही ंयह तनणषय िेना आपके ऊपर है। यतद आप भाग िेने का तनणषय िेिे 

हैं िो आपको यह सूचना पत्रक रिने के तिए तदया जाएगा और एक सहमति प्रपत्र पर हस्ाक्षर 

करने के तिए कहा जाएगा। यतद आप भाग िेने का तनणषय िेिे हैं िो आप तकसी भी समय तिना 

कोई कारण ििाए वापस िेने के तिए स्विंत्र हैं। 

 

6. मुझे क्ा होगा यतद मैं इस अध्ययन में भाग िेिा हं।  

   आपको नुकसान नही ंहोगा। तनतिि ओथोडोतंिक उपचार के तिए आपको हर महीने आना 

होगा उस अवतध   के दौरान अध्ययन पूरा हो जाएगा । 

 

7. मुझे क्ा करना है? 

आपको दी गई तनयुखि पर आना होगा और ऑथोडॉखिक उपचार के अपने पाठ्यक्रम का पािन 

करना होगा। 

 

 8. तकस प्रतक्रया का अध्ययन तकया जा रहा है?  

ऑथोडॉखिक दांि मूवमेंि के दौरान िायोमाकष र के स्र के तिए आपसे एकत्र तकए गए 

जीसीएफ नमूने का प्रयोगशािा में तवशे्लर्ण तकया जाएगा। 

9. इस शोध में कौन से हस्के्षप तदए जाएंगे?  

   हस्के्षप अध्ययन नही.ं 
 

10. इस अध्ययन में भाग िेने के क्ा दुष्प्रभाव हैं ?  

शोध प्रतक्रया का कोई दुष्प्रभाव नही ंहै, क्ोतंक हम सामान्य ऑथोडॉखिक उपचार प्रतक्रया का 

पािन कर रहे हैं 

11. इस अध्ययन में भाग िेने के संभातवि जोखिम और नुकसान क्ा है? 

कोई जोखिम नही ंहोगा । 
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  12. अध्ययन में भाग िेने के संभातवि िाभ क्ा है?  

     अध्ययन में भाग िेने से रोगी/स्वयंसेवक को कोई तचतकत्सीय िाभ नही ंहोगा, यह स्पष्ट रूप 

से ििाया जाएगा। 
 

13. क्ा होगा यतद कोई नई जानकारी उपिब्ध हो जािी है ?  

कभी-कभी एक शोध पररयोजना के दौरान, अध्ययन तकए जा रहे शोध के िारे में नई जानकारी 

उपिब्ध हो जािी है। यतद ऐसा होिा है, िो आपका शोधकिाष आपको इसके िारे में ििाएगा 

और आपसे चचाष करेगा तक क्ा आप अध्ययन जारी रिना चाहिे हैं। यतद आप वापस िेने 

का तनणषय िेिे हैं, िो आपका शोधकिाष/अने्वर्क आपकी तनकासी की व्यवस्था करेगा। यतद 

आप अध्ययन जारी रिने का तनणषय िेिे हैं, िो आपको एक अद्यिन सहमति फॉमष पर 

हस्ाक्षर करने के तिए कहा जा सकिा है। 

 

14. क्ा होिा है जि अध्ययन / शोध परीक्षण िंद हो जािा है।  

यतद शोध अध्ययन समाप्त/िंद हो जािा है िो आपके ऑथोडॉखिक उपचार के पाठ्यक्रम 

पर कुछ भी असर नही ंपडेगा।। 

 

15. क्ा होगा अगर कुछ गिि हो जािा है?  

चंूतक यह गैर-आक्रामक प्रतक्रया है जहां जीसीएफ केवि आपसे एकत्र तकया जािा है, इसतिए 

कुछ भी गिि नही ंहो सकिा है, हािांतक तकसी भी समस्या के मामिे में संस्थान या आईईसी 

से संपकष  करें। 

 

16. क्ा इस अध्ययन में मेरा तहस्सा गोपनीय रिा जाएगा? 

   ि ं । 
 

17. अध्ययन / शोध परीक्षण के पररमाण का क्ा होगा? 

    पररणाम आएंगे इसका उपयोग आगे और पीछे दोनो ंदांिो ंकी गति की दर की िुिना करने के 

तिए तकया जा सकिा है 

    

18. इस अध्ययन को कौन आयोतजि कर रहा है और इस परीक्षण के तिए धन कहां से आएगा। 
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    यह शोध अध्ययन शैक्षतणक संस्थान (िीिीडीसीओडीएस) द्वारा आयोतजि तकया जािा है। 

 

19.क्ा सेवाएं शोध ित्म  हो जाने के िाद उपिब्ध रहेगी या नही?ं 

      हां। 

 

20.अध्ययन की समीक्षा तकसने की है? 

   अध्ययन की समीक्षा की गई है और तवभाग के प्रमुि, और आईईसी/आईआरसी के द्वारा 

अनुमोतदि तकया गया है।    तनम्न िोगो ंसे संपकष  करें   

 

21.अतधक जानकारी के तिए संपकष  करें  ।  

 

   ॉ तनधि ततर् री 
  ऑर्थो ोंहिक्स और  ेंिोफेलियल ऑर्थोपेड क्स वर्भ ग 

  ब बू बन रसी कॉलजे ऑफ  ेंिल स इंसेज। 

  लखनऊ-226028 

 

    मोब- 9514621351 

 
   एचओ ी 
    ऑर्थो ोंहिक्स और  ेंिोफेलियल ऑर्थोपेड क्स वर्भ ग 
  ब बू बन रसी कॉलजे ऑफ  ेंिल स इंसेज। 
  लखनऊ-226028 
  मोब-9936424084 

 
   ॉ स्नेि लत  र्म क (प ठक) 
  ऑर्थो ोंहिक्स और  ेंिोफेलियल ऑर्थोपेड क्स वर्भ ग 

     ब बू बन रसी कॉलजे ऑफ  ेंिल स इंसेज। 
  लखनऊ-226028 
   मोब-8960943326 
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    bbdcods.iec@gmail.com 

पीआईकाहस्ाक्षर ........................................... 

नाम ........................................................................ 

तदनांक……………………………… 

पीआई का नाम, पिा, ई-मेि पिा, िेिीफोन नंिर और नाम, संस्था की आचार सतमति के 

सदस्य सतचव (डॉ. एि. ए.के. एसएचएम आई िी एि ए, सदस्य सतचव, िीिीडीकोड्स। 

iec@gmail.com, नैतिकिा @bbdu.ac.in) पिे के साथ, ई-मेि पिा िेिीफोन नंिर 

05226191091 (एक्सिेंशन नंिर 1291) के साथ। अध्ययन में भाग िेने के तिए अपने मरीज 

को धन्यवाद देना याद रिें! मरीज की सूचना पत्रक होना चातहए तदनांकप्रतिभागी सूचना 

दस्ावेज़ में कहा जाना चातहए तक प्रतिभागी को सूचना पत्र और हस्ाक्षररि सहमति प्रपत्र 

की एक प्रति दी जाएगी। पीआई के 

हस्ाक्षर………………………………नाम………………………… 

………………..िारीि………     
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