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INTRODUCTION 

Gingival crevicular fluid (GCF) is a biological exudate 

and quantification of its constituents is a current method 

to identify specific biomarkers with reasonable 

sensitivity for several biological events. Studies are 

being performed to evaluate whether the GCF 

biomarkers in growing subjects reflect both the stages of 

individual skeletal maturation and the local tissue 

remodeling triggered by orthodontic force. Present 

evidence is still little regarding whether and which GCF 

biomarkers are correlated with the growth phase (mainly 

pubertal growth spurt), while huge investigations have 

been reported on several GCF biomarkers (for 

inflammation, tissue damage, bone deposition and 

resorption, and other biological processes) in relation to 

the orthodontic tooth movement. In spite of these 

investigations, the clinical applicability of the method is 

still limited with further data needed to reach a full 

diagnostic utility of specific GCF biomarkers in 

orthodontics. Future studies are warranted to elucidate 

the role of main GCF biomarkers and how they can be 

used to enhance functional treatment, optimize 

orthodontic force intensity, or prevent major tissue 

damage consequent to orthodontic treatment.
[1]

 

 

The existence of gingival crevicular fluid (GCF), a fluid 

that emerges between the tooth surface and epithelial 

integument, has been recognized for over 100 years but 

even today the exact nature of the fluid, its origin and 

composition is the subject of controversy. This may be 

due to variations in the amount and nature of the fluid 

produced under different clinical conditions and also by 

the use of a wide variety of sampling methods. 

Orthodontic tooth movement produces remodeling 

changes in paradental structures leading to variations in 

the level biochemicals like cytokines, neurotransmitters, 

arachidonic acid metabolites etc which are in turn 

reflected in the GCF of moving teeth. Assessment of 

these GCF biomarkers is clinically significant because it 

may lead to better understanding of mechanical stress 

resulting in expression of some chemical biomarkers 

which are essential for some desirable effects like 

controlled tooth movement, so as to plan for shorter 

treatment time with minimal side effects. The early phase 

of orthodontic tooth movement always involves an acute 
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ABSTRACT 

Introduction: Orthodontic tooth movement causes sequential release of numerous biomarkers from the 

periodontal tissues, this study helps us to better understand the biological processes involved. Objectives: This 

study was designed to detect and assess the Gingival Crevicular Fluid (GCF) levels of lysosomal protease, 

Cathepsin K during human orthodontic tooth movement. Materials and Methods: Sixteen bimaxillary protrusion 

patients undergoing orthodontic treatment with four first bicuspid extractions were selected. Retraction of the 

canine was initiated by giving lace back on maxillary left canine which was used as Test Tooth (TT) and maxillary 

right canine used as Control Tooth (CT) with no lace back. From each patient 4 GCF samples were collected 1 

hour before, on 1st day (24 hours), on 7th day (168 hours), and after 1 month(30 days). The dynamics of 

mechanically stimulated Cathepsin K levels in GCF was assessed using enzymatic immunoassay (ELISA). 

Results: Results show significant differences between the control and treated teeth for Cathepsin K, with mean 

values significantly higher for treated site than control sites. On 7th day, at the test side, the levels of Cathepsin K 

were higher than the corresponding control sides. Another important finding was seen on the 30th day, where 

Cathepsin K levels were significantly higher on the control side when compared to the test side. Conclusion: 

These results conclude that the amount of Cathepsin K in GCF that increased during the early period of 

orthodontic tooth movement may indicate a significant role during initial tooth movement. 
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inflammatory response, characterized by periodontal 

vasodilatation and migration of leucocytes out of the 

capillaries.
[2-4]

  

 

These leucocytes produce cytokines that interact directly 

or indirectly with the adjacent paradental cells. After 

acute inflammatory response, chronic inflammation 

prevails until the next clinical activation, thereby starting 

another period of acute inflammation, which is 

superimposed on the ongoing chronic inflammation. 

Cathepsins are potent proteases found in Lysosomes and 

get activated in low pH, thus the activation of the 

Cathepsin family lies within the organelles. Interestingly, 

exceptions such as Cathepsin K, work extracelluarly 

after being secreted by osteoclasts as seen during bone 

resorption.
[5]

 

 

Cathepsin K is the one of the most potent mammalian 

collagenase and plays a key role in bone remodeling and 

cartilage breakdown and is used as a wellknown marker 

of osteoclast activity. There are studies which show 

increased level of Cathepsin K in GCF of patients with 

periodontitis. Early induction of Cathepsin K mRNA 

may cause an imbalance in the relative resorption 

activities on the pressure and tension side.
[6]

 

 

The role of Cathepsin K in orthodontic tooth movement 

and its mechanism of action could be made further clear 

by controlled experimental studies. However, no study 

has been done to show the expression of Cathepsin K in 

GCF during human orthodontic tooth movement. The 

purpose of this study was to find out the presence and to 

assess the level of Cathepsin K during orthodontic tooth 

movement. 

 

MATERIALS AND METHODS 
 

16 patients were selected for the study between 12 to 24 

years needing orthodontic treatment for Angle’s Class I 

bimaxillary protrusion requiring four first premolar 

extractions as a treatment plan, inclusion criteria good 

general health status, clinically and radiologically 

healthy periodontal tissues, probing depth less than 3mm, 

no radiographic evidence of periodontal bone loss and 

nonsmoking individuals. 

 

 They were bonded with fixed orthodontic appliance 

0.022" (Preadjusted Edgewise Appliance) bracket slot, 

MBT prescription. Maxillary right canine was used as 

control tooth (CT) and maxillary left canine used as test 

tooth (TT).  After banding and bonding was completed 

0.016" NiTi wire was placed and lace back were given 

using 0.010 SS ligature wire only on test tooth side with 

approximate force values of 200cN as measured on a 

Dontrix gauge.  

 

GCF samples were collected 1 hour before (baseline), 

and at 1st day (24 hours), 7th day (168 hours), and 1 

month (30 days) after the placement of the orthodontic 

appliance on maxillary left canines (TT) for test side and 

maxillary right canines (CT) control side in all 

individuals. 

 

GCF collection: GCF of approximately 2 microliter was 

collected from the distal sulcus of the canine by 

extracrevicular method using a graduated micro capillary 

pipette. The GCF samples were retrieved from the 

pipettes using a blower and the entire volume of 

collected GCF was transferred directly to the prepared 

microplate wells. 

 

Biochemical Analysis: Principle of The Assay the GCF 

level of Cathepsin K was assessed using enzymatic 

immunoassay. ELISA kit which uses the solid phase 

enzyme immunoassay technique was used for the 

quantification of Cathepsin K values. A biotin-

conjugated antibody specifically made for Cathepsin K is 

pipetted into the wells. A wash buffer is used to flush the 

well and Avidin conjugated Horseradish Peroxidase 

(HRP) is dispensed into the well. Flushing of the well to 

remove any unbound Avidin-enzyme reagent was 

followed by addition of a substrate solution for color to 

develop. A microplate reader was used to measure the 

intensity of the color density developed. 

 

Statistical Analysis :The results were tabulated to 

measure the mean and Standard Deviations (SD) which 

were calculated for all the parameters for all individuals 

of the study and control groups. The comparison of 

Cathepsin K at different time intervals within the control 

group and test group was done by ANOVA test. P-value 

less than 0.05 was considered as statistically significant. 

(Table 1). 

 

Table 1: Comparison of control and test sides with 

amount of Cathepsin k at different time intervals by 

ANOVA test. 

Time Side Mean+ SD 
p- 

Value 

Baseline 
Test 156.46+10.26 

0.76 
Control 149.34+12.06 

24 hrs 
Test 55.61+2.05 

0.68 
Control 128.61+3.16 

7
th

 Day 
Test 408.88+11.26 

0.04* 
Control 196.88+9.8 

30
th

 Day 
Test 162.26+ 7.05 

0.19 
Control 103.01+8.04 

 

RESULT 
 

The results derived from the test side (TT) showed a 

reduction of GCF levels of Cathepsin K from 24 hour 

after the application of retraction force, followed by a 

significant increased level of Cathepsin K at 7th day (168 

hrs)as compared with the control tooth GCF Cthepsin K 

levels and again decreased GCF levels of Cathepsin K at 

30th day. In the control side (CT), the results showed 

insignificant changes in the levels of Cathepsin K values 

in GCF after 24 hours and one week of application of 

retraction force. Control tooth side on 30th day was not 
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changed  and was similar to the GCF levels of Cathepsin 

K in Test tooth side which were near to the base line 

level.  

 

DISCUSSION  

GCF contains a rich array of cellular and biochemical 

factors indicating the metabolic status of the 

periodontium. Previous studies have demonstrated that 

there was difference in permeability when comparing 

oral epithelia and gingival pocket epithelium. The 

exchange of fluid across the gingival crevice epithelium 

was debated as a physiological or pathological process.
[7]

 

Many studies have shown that the volume of GCF 

increased markedly following mechanical stimulation of 

the gingiva, pathological inflammation or even after 

systemic introduction of histamine.
[8,9]

  

 

Thus it was concluded that any irritation, either chemical 

or mechanical, leads to the synthesis of GCF. Brill 

postulated the beneficial effects and the protective 

mechanism of GCF in the crevicular region.
[10]

 

Cathepsins (Ancient Greek kata- "down" and hepsein - 

"boil") are proteases recognized in all organisms and 

approximately twelve different Cathepsins have been 

identified based on their composition and the proteins 

they cleave. Cathepsins have an important role in bone 

resorption controlling cellular turnover.
[11]

  

 

In the present study GCF was examined by ELISA 

method to measure the level of Cathepsin K. Another 

method of detecting and assessing the activity of 

Cathepsin K is by using a fluoro-substrate, but is 

unreliable in specificity and sensitivity unlike ELISA 

which has high sensitivity. Western blot technique was 

used by Mogi M. et al. to detect RANKL and/or 

Cathepsin K in GCF but were unable to detect 

biomarkers from the GCF. Therefore, the ELISA has the 

ability to detect as well as assess Cathepsin K levels with 

both specificity and sensitivity.
12

 Results of this study 

show significant differences when comparing the control 

and the treated teeth for Cathepsin K, wherein the 

average values for the test side significantly greater than 

the control side. Cathepsin K was increased in the GCF 

at 7th day after tooth movement on Friedman’s test. At 

the test side, where laceback was used to retract the 

canine, the values of secreted Cathepsin K were greater 

than the control sides at 7th day. The interpretation of 

this study indicated that Cathepsin K is involved in very 

complex cascading chain of events that regulate aseptic 

inflammation as induced by orthodontic forces. 

Cathepsin K is a proteolytic enzyme found in the acute 

phase of inflammatory condition produced by paradental 

cells and gives as a reasonable explanation about the 

rapid increase of Cathepsin K in GCF at 7th day.
[13]

  

 

Another important finding seen was, on the 30th day, 

where Cathepsin K levels were significantly higher on 

the control side when compared to the test side. 

Cathepsin K is expressed and secreted by osteoclasts, 

and hence it was derived that increase in Cathepsin K 

levels in the GCF indirectly reflects the formation of 

osteoclasts which exhibits proteolytic properties 

primarily of Type 1 collagen present in bone. The 

expression of Cathepsin K could be in response to 

inflammatory mediators such as prostaglandins and 

interleukins. Study done by Saftig et al. on rats suggested 

that Cathepsin K was secreted only in odontoclasts and 

osteoclasts.
[13]

 Another experimental study showed that 

Cathepsin K levels significantly increased in irradiated 

group compared with non-irradiated group in the initial 

phase of treatment.
[14] 

Bonafe et al. did a study and found 

that novel cysteine protease is highly resorption process 

during orthodontic tooth movement, despite the 

magnitude of force remaining constant.
[15]

 According to 

all the above mentioned studies, the level of Cathepsin K 

can be reliably measured during the acute phase of 

treatment and beyond that the values are unreliable. 

Hence, the increase in the Cathepsin K levels on control 

side measured on 30th day in our study can be 

considered as unreliable since it has been measured after 

the acute phase of treatment.  

 

These findings suggest that Cathepsin K is an important 

component in orthodontically mediated Osteoclastic 

bone resorption induced by mechanical stimulation of 

periodontal tissues which can be detected noninvasively 

in the GCF. However, well designed experimental 

studies are essential to evaluate their clinical efficiency. 

Future studies are required further clarify the exact role 

of Cathepsin K in this cascading complex interaction of 

the molecules in the GCF during orthodontic 

treatment.
[16,17] 

 

CONCLUSION 
 

Orthodontic tooth movement is achieved by the 

remodeling of periodontal ligament and alveolar bone in 

response to the mechanical loading and is believed to be 

mediated by several proinflammatory mediaters, such as 

cytokines and protease like enzymes. These mediators 

are known to trigger the process by a cascade of cellular 

events for initiating bone remodeling and subsequent 

tooth movement. The result of this study suggest that the 

amount of Cathepsin K in the GCF increased during 

initial phase of teeth retraction which may be involved in 

degradation of extracellular matrix of bone and thus 

playing a regulatory role in orthodontic force induced 

alveolar bone remodeling. The periodontium soon 

stabilizes at a new physiological homeostatsis with the 

downregulation of early phase proinflammatory 

cytokines. 
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