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ABSTRACT 

 

Background 

 

A salivary biomarker that maybe used as an additional tool to manage and evaluate 

orthodontic treatment in a better way can be beneficial when assessing tooth movement.  

Matrix Metalloproteinases and Tissue Inhibitor Metalloproteinases have been implicated 

in orthodontic tooth movement as they play an important role in the remodeling of the 

extracellular matrix.  

 

Aim  

To evaluate the utility of the salivary levels of MMP-9 and TIMP-1 during the different 

phases of orthodontic tooth movement. 

 

Method 

The study was carried out on 17 healthy individuals who required orthodontic treatment. 

The patients were bonded with 0.022” MBT slot brackets and saliva samples were 

collected from each individual before the appliance was placed (T0), 24 hours after the 

placement of a 0.014” NiTi wire (T1), 2 weeks after the wire was placed (T2), 5 weeks 

after the wire was placed (T3) and 8 weeks after the wire was placed (T4). The saliva 

samples were analyzed to estimate the MMP-9 and TIMP-1 levels using ELISA. The 

results were then statistically analyzed.  
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Results 

The results indicated a statistically significant change in the MMP-9 levels during the 

various phases of tooth movement and no significant changes were observed with the 

TIMP-1 levels during the different phases of orthodontic tooth movement. The MMP-9 

levels correlated with an increase in TIMP-1 levels at T2; however this correlation was 

not statistically significant.  

 

Conclusion 

There is a significant change in the salivary MMP-9 levels during the different phases of 

tooth movement however TIMP-1 levels remained constant throughout the different 

phases of tooth  movement. 

 

 

Keywords 
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Metalloproteinase/MMP-9; Tissue inhibitor of metalloproteinase-1/ human;  
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INTRODUCTION 

 

The earliest description of malocclusion was published by Hippocrates in 400 B.C. 

However the first documented treatment protocol was by A.C Celsus who used finger 

pressure to push erupting permanent teeth into a new position after the extraction of 

deciduous teeth.  

 

“Esthetics” is the idea that led to the origin of orthodontics but it was the concept of 

occlusion that led to the scientific foundation of orthodontia. However, long before the 

word orthodontia was coined; it was known that teeth move in response to pressure. In 

the 1700’s, Pierre Fauchard, the father of orthodontia, was the first to conceive the idea 

that in order to exert a mechanical pressure on to move teeth, there is a need for sufficient 

resistance to the force exerted, and thus the first known modern orthodontic appliance 

was introduced. 

 

Orthodontic tooth movement is characterized by remodeling changes that occur in the 

dental and paradental tissues.
1
 This is a well-balanced process involving the remodeling 

of the extra-cellular matrix, allowing tooth movement while maintaining the functional 

integrity of the periodontium.
2
 Burstone in 1962 suggested three phases of tooth 

movement, although studies conducted on Beagles in 1990’s divided the curve of  tooth 

movement into four phases, initial phase, lag phase, acceleration phase and the linear 

phase.
1 
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A collection of fibrous proteins embedded in a hydrated polysaccharide gel constitutes 

the extracellular matrix .The remodeling of the extracellular matrix plays an integral part 

in orthodontic tooth movement.
1
 The application of mechanical stress leads to changes in 

the vascularity and blood flow in the periodontal ligament. These changes are induced by 

signaling molecules like arachadonic acid metabolites, neurotransmitter and second 

messengers, which stimulates the release of cytokines, growth factors and colony 

stimulating factors which in turn affect bone turnover and tissue modulating species like 

osteoprotegrin (OPG), receptor activator of nuclear factor kappa-B ligand (RANKL), 

matrix metalloproteinases (MMPs) and tissue inhibitor metalloproteinases (TIMPs).
4
 

 

Recent studies on MMPs and TIMPs and their relation to orthodontic tooth movement 

suggests that they play a major role in the remodeling of the extracellular matrix. MMPs 

are a family of zinc dependent endoproteinases with multiple roles in tissue remodeling 

and degradation in the extracellular matrix.
5
 Based on their substrates and their structural 

organization MMPs can be classified as, collagenases, gelatinases, stromelysin, 

matrilysin, membrane type and others. Gelatinases such as MMP-9 are known to degrade 

denaturated collagen and catabolizes the tissue extracellular matrix.
4
 MMP-9 is secreted 

by varied cell types that include fibroblasts, neutrophils and macrophages.
6 

TIMPs are the 

physiological inhibitors of the activity of MMPs. TIMP-1 is expressed by osteoblasts 

during the bone formation and is thought to serve as a protection to the newly formed 

bone from metalloproteinases.
7
 TIMP-1 is released by various cells of the periodontium 

such as fibroblasts, keratinocytes, and by inflammatory cells like monocytes and 

macrophages as a regulator of normal connective tissue remodeling.
8
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A site specific relationship has been established between MMPs and TIMPs, with regard 

to orthodontic tooth movement (OTM), by evaluating its levels in the gingival crevicular 

fluid. However no attempts have been made to establish a reference range of the levels of 

MMPs and TIMPs present in saliva during orthodontic tooth movement.  

 

Saliva serves as an easy to collect, non-invasive source of information that can be used to 

evaluate the effectiveness or adverse consequences of orthodontic treatment.
9
 Identifying 

a salivary biomarker can be advantageous as the sample is easy to collect, sufficient 

volumes can be obtained for analyzing and collection of the sample is less invasive 

compared to the other bodily fluids.
10

 Saliva is also thought to represent a pooled sample 

from all periodontal sites.
11 

 

In theory, tooth movement can have a measurable biochemical outcome, through proteins 

and metabolites that may appear before clinical meaures.
9
 No biomarker has been 

universally accepted as an aid in assessing treatment timings and the efficiency of 

orthodontic treatment. A salivary biomarker that maybe used as an additional tool to 

manage and evaluate orthodontic treatment in a better way can be beneficial when 

assessing tooth movement. The analysis of MMPs and TIMPs in orthodontic tooth 

movement may not only contribute to more predictable treatment regimens but it may 

also aid in the prediction of the rate of tooth movement at various phases of  OTM.
7 
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Thus, this research evaluates the salivary MMP-9 and TIMP-1 levels in patients 

undergoing orthodontic treatment. 



Aims and Objectives 

 

5  

AIMS AND OBJECTIVES 

 

The aim of the study was  

 

1. To evaluate the utility of the salivary levels of Matrix Metalloproteinase 9 and 

Tissue Inhibitor Metalloproteinase 1 during the different phases of orthodontic 

tooth movement. 

 

The objectives of the study are as follows: 

 

1. To estimate and compare the salivary levels of Matrix Metalloproteinase 9 

during the four phases of orthodontic tooth movement. 

 

2. To estimate and compare the salivary levels of Tissue Inhibitor 

Metalloproteinase 1 during the four phases of orthodontic tooth movement. 

 

3. To correlate the salivary levels of Matrix Metalloproteinase 9 and Tissue 

Inhibitor Metalloproteinase 1 in the different phases of orthodontic tooth 

movement. 
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REVIEW OF LITERATURE 

 

 
The literature is reviewed under the following headings: 

 

1. Studies related to changes in the tissues during orthodontic tooth movement 

 

2. Studies regarding saliva as a diagnostic tool for identifying biomarkers 

 

3. Studies related to the changes of matrix metalloprotenase 9 (MMP-9) and tissue 

inhibitor metalloproteinase 1 (TIMP-1) during orthodontic tooth movement 
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1. Studies Related To Changes In The Tissues During Orthodontic Tooth 

Movement 

 
A number of studies have been done on the tissue changes occurring during orthodontic 

tooth movement. One of the earliest studies involved experiments on baboons. The 

baboon closely resembles humans in terms of the anatomy of the bony pattern within the 

jaws, hence it was chosen as a test subject. The experiment was carried out in firm 

primary teeth as it was difficult to obtain adult animals with well erupted permanent 

dentition. The study was a split mouth study that was carried out over 40 days and the 

forces were applied, to one half of the jaw, to bring about 5 types of tooth movement, 

namely, labial, intrusion, extrusion, lingual and rotation. The other half of the jaw was 

used as a control. After the study period, the teeth were histologically prepared for 

sectioning. The results indicated that, irrespective of the type of bone, cancellous or 

compact, bone transforms via resorption and deposition. It was also noted that the 

transformation occurs only when the teeth are subjected to light forces.
12 

 

Schwarz A.M, in 1932, experimented on the mandible of dogs. The experiment was 

designed to use springs of diameter 0.5mm and length of 25mm, in relation to the 

premolars. The amount of force applied to the premolar varied at different positions of 

the spring. At the free end, the spring exerted a force of 3-5 grams, in the middle, a force 

of 17 grams and at the knee, 67grams. The results of the study indicated that the forces 

produced by the middle portion of the spring were gentle and thus didn’t cause resorption 

or necrosis of the periodontium. The tooth near the knee of the spring received the 

greatest force and there was no resorption seen. The periodontium of the tooth was 
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compressed, due to the high force, and the blood supply was interrupted causing 

suffocation of the tissues. There was a resorption cavity extending to the dentin of the 

tooth. The non- vitality of the tissues delayed the resorption process and the tooth did not 

move until the hyalinized tissue was removed by the neighboring vital tissue via active 

resorption. It was noted that the forces most suitable for biologic tooth movement are 

those that do not exceed the blood capillary pressure. The capillary pressure in the 

periodontium of human beings is around 15 to 20 mmHg. Hence the study concluded that 

the ideal forces for orthodontic tooth movement range between 20 to 26 g/cm
2
 of the root 

surface.
13

 

 

The behavior of periodontal tissues while orthodontic tooth movement occurred was 

researched by Reitan. This experiment studied three types of tooth movement, namely, 

tipping movement, bodily movement and rotations. The tipping movement was carried 

out using resilient springs. In tipping movement, a hyaline cell free area was observed in 

the marginal region of the root. The compression of the tissue and the gradual 

disappearance of cells in a restricted area was attributed to the narrow periodontal 

membrane. Due to the hyaline tissue, movement was delayed by three weeks. During the 

initial stages of tipping, there is a steady compression of the fibers of the periodontium 

which occurs irrespective of the amount of force applied. Once the pressure is relieved, 

new cells and capillaries occur in the cell free areas. With the use of light forces, 

hyalinization was found only during the initial stages of tipping. The stretching and 

displacement of fibrous tissue also contributed to the delay in initial tooth movement. An 

experiment was carried out on the incisors of dogs to study the effect of the contraction of 
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the fibrous system. Forces of 100 to 200 grams were applied for forty days, subsequently, 

it was noticed that relapse occurred within two hours of the removal of force, which was 

seen to increase over the following days. The fibrous system rearranges when stretched. 

Some degree of contraction does occur after tooth movement, although this is seen to 

reduce during retention. In bodily movement, the experiments involved the premolars and 

upper lateral incisors. Initial stages showed areas of semi-hyalinization with temporarily 

compressed fiber bundles next to protruding bony spicules. On the pressure side, bone 

resorption was noted while on the traction side, there appeared to be bone deposition with 

stretched fiber bundles. In the case of rotation, cell- free areas can form during the initial 

phase. The fiber bundles are stretched during rotations. Experiments on dogs indicated 

the even after 15 days of retention no rearrangement of the fibers are seen, leading to the 

relapse of rotations. After 28 days, the fibrous tissue showed some arrangement in the 

middle and apical areas but no rearrangement in the marginal areas. Partial rearrangement 

was seen on the proximal sides after 57 days. However after 147 and 232 days of 

retention, there was complete rearrangement of the middle and apical areas. Age played a 

role in relapse; roots that were not fully developed showed fewer tendencies for relapse.
14

 

 

A histologic study was carried out to examine the behavior of the periodontium of the 

maxillary and mandibular teeth to the same force. The osteogenic events and the 

dynamics of the structures in the periodontium were studied to note any histologic 

differences. The experiment was carried out on young domestic cats, in which the right 

maxillary and mandibular canine were banded. The third molars were prepared and a 

closed coil spring was attached to the canines with a 0.010 inch ligature wire, to apply 
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150 grams of force. The animals were killed after 1, 3 and 5 days, following which the 

jaws were prepared for histological examination. The results indicated compression and 

hyalinisation of the maxillary and mandibular canines after 24 hours. The compression 

side and tension side, of both canines, showed an increase and decrease in the periodontal 

ligament width, respectively. There was greater extension, hyalinisation and compression 

of the periodontal ligament after 72 hours. After 124 hours, there were signs of bone 

remodelling and osteoclastic activity with mild reduction in the intensity of compression 

and hyalinisation. The maxillary teeth were seen to move faster and further than 

mandibular teeth due to the greater resiliency of bone attributed by the maxillary 

spongiosa leading to reduced periodontal ligament compression. The mandibular 

periodontal ligament had greater compression than the maxillary counterpart due to the 

rigid alveolar bone confining the periodontal ligament.
15

 

 

One study was conducted to research on electrophoretic profiles of glycosaminoglycans 

(GAG) in GCF samples collected, during orthodontic treatment, from control subjects 

and patients in the retention stage of orthodontic treatment. The permanent bicuspid or 

cuspid of either maxillary or mandibular arch was selected from 30 patients. There was 

no significant difference of the levels of hyaluronic acid (HA) between the groups of 

active treatment, retention and control. Sulphated GAG components did show differences 

quantitatively and qualitatively in the group undergoing active treatment. In comparison 

to the control group, the mean levels of chondroitin-4-sulphate (C4S) showed were 

significantly higher in the active movement group. Higher levels of C4S were seen in the 

compressed side of the active movement which may be caused by changes in the deeper 
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portions of the periodontium. This may have been due the teeth moving into extraction 

sites where bone remodelling was going on. In the retention group, the C4S levels were 

higher than control groups which could be due to the occlusal forces acting on the 

periodontium. The forces from neighbouring muscles and occlusal contacts may have 

caused minor tooth position changes. Collagenous fibres that were stretched tend to 

revert to original direction of tooth movement. The deeper periodontal tissues may 

undergo these changes leading to raised C4S levels. The GCF flow rates were higher in 

females and in the treated and active treatment groups which could be attributed to 

orthodontic treatment tissue changes and gender.
16

 

 

Another study was conducted to find out and quantify transforming growth factor-β1 

(TGF- β1) in GCF of humans. The study also had been carried out to look into changes 

that occurred during orthodontic tooth movement. The GCF samples were collected from 

12 orthodontic patients. The experimental tooth was a cuspid that was undergoing distal 

movement and the opposing and antagonistic side cuspids acted as control teeth. The 

canines were distalised using an elastic chain on an archwire and the initial force was 2.0 

to 2.5N. The GCF was collected from the distal aspect of both experimental and control 

teeth. Collection of the samples was done before force activation, 1 hour, 24 hours and 

168 hours after the start of tooth movement. The samples were investigated using 

enzyme-linked immunosorbent assay (ELISA), micro two-dimensional electrophoresis 

and Western blotting analysis. The average levels of TGF- β1 for the experimental teeth 

was significantly higher than the control teeth on the contralateral side. The values were 

also higher after 24 hours in the experimental teeth than the baseline value. TGF- β1 was 
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also detected in the experimental teeth after 24 and 168 hours in the Western blotting. 

The results had shown that TGF- β1 was present during tooth movement in the GCF and 

can be detected non-invasively. The increase in the levels of TGF- β1 also indicate that 

cells of the periodontium produce TGF- β1 when orthodontic force is applied. There was 

a rapid increase in the levels of TGF- β1 in stressed sites after 24 hours compared to the 

control group indicating the existence of cytokine involvement during tooth movement. 

This increase was statistically significant. TGF- β1 plays a role in bone remodeling via 

inhibition of osteoclast precursor formation and resorption of bone. It also has a role in 

remodeling the connective tissue by inducing production of collagen, fibronectin and 

proteinase inhibitors and reducing the production of metalloproteinases.  It was 

concluded that TGF- β1 plays a role in connective tissue and bone remodeling during 

tooth movement.
17

 

 

There was a research conducted to investigate the role of nitric oxide (NO) in the tooth 

movement in rats. L-arginine was used in the study since it was a precursor of NO while 

inhibition of nitric oxide synthase (NOS) was carried out by N
G
-nitro-L-arginine methyl 

ester (L-NAME). 49 Sprague-Dawley male rats were used in this study in which 1 served 

as a model and the remaining 48 were divided into 4 groups. The 4 groups were a control 

group which received no injections, a saline group which received saline injections, an L-

arginine which received this NO precursor injections, and an L-NAME group which 

received L-NAME injections. This was a split-mouth study where the buccal mucosa of 

upper right first molar was given local subperiosteal injections while the opposite side 

served as control. Injections were given on the first day of appliance insertion up to the 
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13
th

 day at 48-hour intervals. A closed coil spring was given from the right upper first 

molar to the incisor with a force of 60g. The tooth movement was measured at day 1, 3, 

5, 7, 9 and 11. Scanning electron microscope examination was used for studying 

resorptive changes on the root. Histological examination was also carried out to identify 

the changes of the bone and surrounding tissues. The results shown root resorption was 

lesser in the L-arginine group than control group and L-NAME group had root resorption 

close to the control group. Bone resorption, inflammation, osteoclasts and inflammatory 

cells were more in the L-arginine group and less in the L-NAME group compared to 

control and saline group. Tooth movement was increased in the L-arginine group but 

reduced in the L-NAME group compared to the control group. The L-arginine group had 

more osteoclasts compared to saline and L-NAME group. These differences were due to 

the type of injection given especially the NO precursor and NOS inhibitor injections 

which affect the NO production. It was concluded that the increase in NO had increased 

bone remodeling and tooth movement and a decrease in NO production reduced the tooth 

movement. No had also reduced the root resorption due to the role of NO in both 

resorption and formation of bone. The number of osteoclasts increases with NO while its 

inhibition causes a reduction in osteoclast numbers.
18

 

 

A longitudinal study was carried out to investigate the alkaline phosphatase (ALP) in the 

human GCF while orthodontic treatment was being carried out. The study consisted of 16 

patients where by one of the upper first molars were moved distally while the 

contralateral side was not. The control teeth were the antagonist first molar. The teeth 

other than the molar to be distalised were consolidated. An open coil spring with a force 
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of 250g was used to distalize the molar on one side. The GCF was collected before the 

appliance was placed and activated, 1 hour, 1, 2, 3 and 4 weeks after the activation. The 

amount of displacement was measured on stone models. The ALP levels were studied 

spectrophotometrically. The results found that the distalised molar had significantly 

increased enzymatic activity in both proximal sides from day 7 until the end of the 

experiment when compared to baseline levels. This was explained by a sudden activation 

phase which led to osteoclastic resorption for 10 to 21 days. This was then followed by 

osteoblastic activity detected by ALP which was earlier due to the possibility of the 

magnitude of the force. The ALP activity was increased in the mesial side which was the 

area of tension compared to the compressed distal side. This concurs with the remodeling 

that takes place in the orthodontic tooth movement. The increase in the ALP levels in 

contralateral molars than the antagonistic molars were due to the fact that subclinical 

displacements of the molars had occurred.  This study concludes with the ALP levels 

were greater in areas of tension than compression and its activity was affected by 

orthodontic forces.
19

 

 

Another study had been carried out to investigate the GCF levels of RANKL and OPG in 

orthodontic tooth movement. It was also aimed in studying the compression force on 

PDL cells and its’ effect on the production of RANKL and OPG. The study used 10 

patients who had upper first premolars extracted were chosen in which the upper canines 

were retracted on one side with an elastomeric chain while the opposing canines served 

as controls. An initial force of 250g was delivered by the elastomeric chain. Impression 

for study models and GCF collection was done at 0, 1, 24, and 168 hours after initiation 
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of tooth movement. The PDL tissues on the roots of extracted first premolar were 

cultured and a 30mm diameter cell disk had given compressive forces of 0.5, 1.0, 2.0, or 

3.0g/cm for 48 hours. The results of the study had shown in the experimental teeth the 

mean RANKL levels were significantly increased than that of control sites after 24 hours. 

The OPG values were significantly lower in the experimental teeth than the control teeth 

after 24 hours. In the cell culture, there was significant increase in RANKL levels at 

compressed areas than control sites. The OPG secretions however were significantly 

decreased in areas of compression than control sites. These results indicate that RANKL 

and OPG are involved in the remodelling of bone during the orthodontic movement of 

tooth. The increase of RANKL and decrease in OPG when compressive forces were 

given also concurred in the GCF findings.
20

 

 

In another research related to orthodontic tooth movement where the investigation of the 

pattern of transforming growth factor-β (TGF-β), interleukin-10 (IL-10), and tumour 

necrosis factor-α (TNF-α) expression using polymerase chain reaction (PCR) was done. 

This was then correlated with the profiles of bone remodelling markers like osteocalcin 

(OCN), RANKL and OPG and extracellular matrix remodelling markers such as type I 

collagen (COL-1), tissue inhibitor of metalloproteinase-1 (TIMP-1) and matrix 

metalloproteinase-1 (MMP-1). The study consisted of 7 patients who were undergoing 

orthodontic treatment and the teeth were given a force of 7N for 7 days using Hyrax 

appliance. The first premolars were then extracted after appliance removal and the PDL 

samples were collected from labially compressed areas and palatally tensed areas. 5 

patients who were to undergo orthodontic treatment and had extractions done were used 
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as controls. These control teeth had the PDL samples taken as well. PCR reactions were 

then carried out on all samples. In both compressed and tensed areas, the levels of TNF-

α, IL-10, TGF-β were significantly higher than the control sites. There were increased IL-

10 levels in the areas of tension than compressed areas while TNF-α was higher in the 

compressed areas than the tensed areas. The bone remodelling markers which were OCN, 

RANKL and OPG were significantly increased than the control sites. When the 

compressed areas and areas of tension were compared, the RANKL expression was 

higher in the compressed areas while the OCN and OPG expressions were higher in the 

areas of tension. In terms of the extracellular matrix remodelling markers, the MMP-1 

expression in both areas of compression and tension were higher than control sites while 

the TIMP-1 and COL-1 were higher only in areas of tension than control sites. A 

comparison of compressed and tensed areas had shown MMP-1 was expressed more in 

the compressed areas while the COL-1 and TIMP-1 expression were higher in the tensed 

areas. TNF-α was expressed higher in areas of compression where bone resorption occurs 

and the RANKL levels were higher. TNF-α behaved catabolically on the extracellular 

matrix in which the PDL cells stimulated the MMP-1 expression. This concurs with the 

increased levels of MMP-1 in the compression areas. The increase in IL-10 levels in 

areas of tension indicates that tensile strain causes IL-10 synthesis which inhibits bone 

resorption via stimulation of OPG and inhibition of RANKL. The IL-10 values correlated 

with the OCN in causing bone formation. IL-10 also blocks COL-1 production and 

preserves extracellular matrix maintenance by upregulating the TIMP and inhibiting the 

MMP-1. These were backed by the results that correlated positively. TGF-β levels were 

high in both compressed and tensed areas but having a predominant anabolic effect on the 
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bone and extracellular matrix formation.
21

 

 

2. Studies regarding saliva as a diagnostic tool for identifying biomarkers 

 

A study was done in the early phase of orthodontic tooth movement to look into the time-

dependent changes of myeloperoxidase (MPO) in GCF and whole saliva. The study 

consisted of fourteen orthodontic patients of which the samples were collected before 

fixed appliance placement, 2 hours, 7 days, and 14 days after the appliance was activated. 

GCF samples were taken from the mesiobuccal or distobuccal sites of a single-rooted 

tooth that had been subjected to active force and whole saliva collected at the same time 

point. The samples were assayed spectrophotometrically. The results had shown that in 

both GCF and whole saliva, MPO levels were increased at 2 hours when compared to 

baseline and at 14 days. These results suggest that MPO levels can be detected in the both 

saliva and GCF samples and reflect as a marker for the number of polymorphonuclear 

neutrophil granules. The study concludes that MPO levels can be detected in the GCF 

and saliva and MPO is a biomarker for assessing the inflammation following orthodontic 

force application.
22 

 

A proteomic study was carried out to identify salivary proteins that varied in expression 

during orthodontic tooth movement. Three patients were selected in who were 

undergoing orthodontic treatment with a fixed appliance. Unstimulated whole saliva was 

taken prior to force application with 0.014-inch nickel titanium wire and 14 days after 

wire insertion. The salivary proteins were resolved using a two-dimensional 

electrophoresis and the proteomic profiles were then compared. Matrix-assisted laser 
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desorption/ionization-time-of-flight/time-of-flight (MALDI-TOF/TOF) mass 

spectrometry was used to identify the differentially expressed protein spots. Among the 

proteins that were identified by MALDI-TOF/TOF was protein S100-A9. S-100A9 

protein was downregulated by day 14 which may suggest that it is involved in 

inflammation during orthodontic tooth movement. Immunoglobulin J chain (IgJ) and Ig 

alpha-1 chain C region (IgAC) were also identified and had been downregulated by day 

14. Both these components play a role in the immune response. This downregulation 

suggested that no inflammation occurred after this point. Cysteine-rich secretory protein 

3 precursor (CRISP-3) was another substance identified and appeared on the 14th day. 

This substance is present in the secretory granules of neutrophils. Its’ function in tooth 

movement is unknown. Serum albumin precursor (ALB), haemoglobin subunit beta 

(HBB) and stratafin were also found and their roles were unknown.  The study concluded 

that S100-A9 protein, IgJ, IgAC and CRISP-3 and their change in expression could be 

used to monitor tooth movement.
23 

 

Another study was done using saliva in which the levels of deoxypyridinoline (DPD) and 

bone-specific alkaline phosphatase (BAP) were studied with consecutive visits with 

different phases of orthodontic tooth movement. 22 patients were selected for the study in 

which they required orthodontic treatment. Unstimulated whole saliva was collected from 

each patient prior to placement of the fixed appliance. The fixed appliance was then 

bonded in which an 0.014-inch nickel titanium wire was placed for levelling and 

aligning. The samples were taken in the initial phase which was at 24 to 48 hours, the lag 

phase which was at 2 weeks, and a post-lag phase which was at 5 weeks. The DPD and 



Review of Literature 

 

19  

BAP levels were measured using ELISA. The results showed that BAP levels decreased 

non-significantly between time intervals and DPD levels had significant increase at each 

time interval. The increasing values of DPD could be caused by the collagen breakdown 

that results from mechanical loading, hypoxia and ischemia that are seen as soon as 

application of force is given and last right through most of the initial and lag phase of 

orthodontic tooth movement. The levels were low at 24 to 48 hours and it may be 

associated with the teeth shifting initially within the PDL space and early resorption of 

bone. The lag phase showed significant increase of salivary DPD levels and correlation 

between the levels of DPD and BAP were seen. This relates to the intense activity of 

fibroblasts, osteoclasts, macrophages, osteoblasts, and cell and fibre function restoration. 

The DPD salivary levels that were raised in the 5th week relates to the increase of tooth 

movement in the post-lag phase. This can be represented as a raise in the osteoblast and 

osteoclast number. Bone resorption occurs faster than deposition which leads to a 

negative bone balance and the BAP and DPD levels may act as markers for remodeling. 

It was concluded that DPD plays a role in these phases of tooth movement and BAP 

might serve as a marker for bone deposition once movement of teeth stops.
24 

 

One study had investigated the levels of lactate dehydrogenase (LDH) and tooth 

movement distance and its’ correlation with interrupted force application during 

orthodontic treatment. The study involved twenty patients who were to undergo 

orthodontic treatment and the upper first bicuspids were extracted. The canines were 

retracted using module chain that delivered 100g of force and the distance of tooth 

movement was measured. The saliva was collected at the same time as well. The 
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measurement and saliva collection were done prior to retraction, 1 day, 7 days, 14 days, 

21 days, and 28 days after retraction of canine. The LDH activity was detected with a 

spectrophotometer. The results of the study indicated LDH and tooth movement was 

maximum at day 21. There was a correlation between duration of force with tooth 

movement distance and the activity of LDH as well as a correlation between LDH 

activity and tooth movement distance. Significant differences of LDH activity before and 

after bracket bonding could have been caused by gingival inflammation. The peak of 

LDH activity at day 21 could have correlated with the fact that LDH was released due to 

cell death during the pressure and inflammation by the pressure from canine retraction. 

The decrease in the LDH level after that was due to tissue repair and force decay of the 

module chain. It was confirmed that LDH could be detected in saliva and help in studying 

tooth movement activity.
25 

  

A longitudinal research was carried out to find out for variations in the salivary 

concentrations of soluble receptor activator of nuclear factor kappa B ligand (sRANKL) 

and OPG and their ratios as well as their link to different orthodontic tooth movement 

phases. 20 patients were involved in this study in which the baseline levels of saliva were 

taken prior to placement of fixed appliance. A 0.014-inch nickel titanium archwire was 

given for initial alignment. Samples of saliva were taken at 24 to 48 hours representing 

initial phase, at 2 weeks representing lag phase, at 5 weeks representing phase of 

acceleration and at 8 weeks representing a linear phase. The saliva samples were then 

investigated for levels of sRANKL and OPG by ELISA. After force application at 24 to 

48 hours, the sRANKL and OPG levels had dropped below the baseline values. After the 
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loading, the periodontal tissues and alveolar bone became hypoxic and OPG synthesis 

was down-regulated. The OPG values had decreased substantially such that the ratio of 

sRANKL/OPG had increased compared to baseline values. After 2 weeks, there was a 

rise in OPG levels leading to a decrease in the sRANKL/OPG ratio compared to baseline 

levels. This was due to the cellular function being regained and repair of tooth attachment 

after the deformation initially. After 5 weeks, the amount of sRANKL reduced to 

baseline values. However, the OPG levels had reduced more than this value causing an 

increased sRANKL/OPG ratio. By the 8th week, sRANKL values were greater than OPG 

causing the ratio to increase. In both the 5th and 8th week results, the values concur with 

increased tooth movement, bone remodeling and periodontal ligament remodeling and 

activation of osteoclasts.  The results show that these osteotropic factors fluctuated in 

during orthodontic tooth movement and their ratios can serve as an indicator of a rise in 

bone remodeling and the different phases of tooth movement in orthodontics.
26 

 

In another study, the MPO activity and its’ changes were in saliva and GCF were 

examined in patients who had different amounts of crowding after the first activation 

with the same orthodontic archwire. The study consisted of 20 patients who have minimal 

and severe crowding and were segregated into groups accordingly. The GCF was 

collected using absorbent paper strips while the saliva was collected with a sterile 

syringe. The samples were collected prior to fixed appliance placement, 2 hours, 7 days 

and 14 days after initial activation with a 0.012-inch nickel titanium archwire. In the 

minimal crowding group, the MPO activity was increased at 2 hours and 7 days 

compared to baseline and 14 days values in both saliva and GCF. In the severe dental 
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crowding group, the MPO activity was also increased in at 2 hours and 7 days compared 

to the 14 days and baseline values in both the saliva and GCF values. The pattern of MPO 

activity in both groups for saliva samples were similar where there was increase at 2 

hours and 7 days than baseline and 14 days. The mean values of the severe crowding in 

saliva were higher at 2 hours and 7 days than minimum crowding which may be due to 

acute inflammation. This pattern was similar in the GCF samples as well. However, the 

GCF MPO values were increased at 2 hours but a decrease began at 7 days. The GCF 

reflected the MPO activity and inflammation more accurately than saliva. The MPO 

values of saliva samples were higher than in GCF since it was tested undiluted.
27 

  

One research was carried out to investigate the salivary ALP levels and correlate with 

stages of skeletal maturation using middle phalanx of third finger (MP3). The study also 

intended to assess the ALP levels in saliva if it could be used as a pubertal maturity 

indicator and identify the peak levels of ALP in saliva and its correlation with the MP3 

stages in both genders. The study was executed using 120 children who required 

orthodontic treatment and who were healthy and growing. The MP3 radiographs were 

taken the maturation stage was identified using the Hagg and Taranger method. Saliva 

samples were collected and analyzed with an enzymatic method and assessed with a 

colorimetric analyzer. The results showed that there was a strong correlation of the MP3 

stages and ALP levels in girls. There was a steady rise in ALP levels from F stage to FG 

stage. The ALP levels reached its peak with the G stage followed with a drop in the levels 

of ALP from the H stage to I stage in girls. In the boys’ group, the ALP levels rose from 

F stage to FG stage. The peak levels of ALP correlated with the G stage. There was a 
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gradual drop in the ALP levels from the H stage to the I stage. These results indicated 

that there is a good correlation of the ALP levels with the growth spurt in boys and girls 

as the levels had peaked during the G stage. This also suggests that salivary ALP levels 

can be used as a non-invasive and biochemical indicator for maturational stages.
28 

 

In another study, the salivary ALP activity during orthodontic tooth movement by using 

various force magnitudes that were continuous. Thirty orthodontic patients were chosen 

in which bilateral maxillary first premolar extraction were required in their treatment. 

The patients’ maxillary first premolars and maxillary first molars were bonded. A 

sectional arch wire of 50mm was used. The first part consisted of 0.018-inch stainless 

steel wire with a 35mm length, 30mm horizontal portion with a non-traumatic coil and a 

5mm apically directed portion. The second part consisted of 0.021x0.025-inch stainless 

steel wire with a length of 15mm, 10mm horizontal portion and an apically directed 5mm 

portion. These two parts were welded. The first part fitted into the premolar bracket while 

the second part was fitted into the molar tube. The archwire was bent in a labial direction 

and the force was measured accordingly. The patients were divided into 3 groups of 

which they received different force magnitudes. Group I received 40g, group II received 

60g and group III received 80g. Unstimulated saliva samples were collected prior to 

appliance placement, 1 hour, 1 day, 7 days, 14 days and 21 days after force application. 

The samples were analyzed spectrophotometrically. The results showed that there were 

significant differences with between groups I and III and between groups II and III after 7 

days. At 14 days and 21 days, there was significant differences between group I and II, 

between group II and III and between group I and III. There was a visible increase in the 
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ALP levels with increasing force levels as ALP is involved in bone formation during 

bone remodeling and are expressed by osteoblasts. The ALP levels had risen significantly 

after 7 to 21 days of force application which may be due to bone resorption and formation 

during remodeling. This is also attributed by the alveolar bone destruction and rupturing 

of cell membranes of fibroblasts and osteoblasts thereby releasing ALP into GCF and 

saliva. This study concludes that ALP levels and its expression in saliva can used to 

monitor bone turnover.
29

  

 

3. Studies related to the changes of Matrix Metalloproteinase 9 (MMP-9) and 

Tissue Inhibitor Metalloproteinase 1 (TIMP-1) during orthodontic tooth 

movement 

 

A study was conducted to test the hypothesis that matrix metalloproteinase (MMPs) and 

their specific tissue inhibitors act in a coordinated manner to regulate tissue remodeling 

in the periodontal ligament and that the expression of MMP-2, MMP-9 and TIMP-1-3 are 

increased transiently during orthodontic tooth movement. This animal study was done on 

fifty four, 16 week old, male Sprague Dawley rats. A Co-Cr alloy wire was used to bring 

about bilaterally buccal movement of the maxillary first molars with a force of 30gms for 

1, 2, 4, 7 and 14 days. After the experimental period the samples were dissected with the 

surrounding maxillary alveolar bone, treated and cut into 8 micrometer thick horizontal 

sections for insitu hybridization analysis. The results indicated a transient increase in the 

gene expression for MMP-2 and MMP-9 at both the compression and tension side and a 

concomitant increase in the up-regulation of TIMP genes during orthodontic tooth 
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movement. The study found the expression level of genes that encode the MMP-2, MMP-

9 and TIMP-1-3 to be differentially regulated at various regions of the periodontal 

ligament allowing for the combinatorial regulation of the rate and extent of periodontal 

ligament remodeling during orthodontic tooth movement.
30

 

 

Another animal study was carried out to test the hypothesis that orthodontic pressure is 

not an induction factor for gene transcription of IL-1β, MMP-9 and TIMP-1 in the 

pressure gingival soft tissue. This research was done on fourteen Wistar rats. On the 7
th

 

and 14
th

 day after orthodontic loading on the maxillary left molar, the gingiva from the 

pressures side of the right and left molars were dissected. The right molar was taken to be 

the control in this study. Real-time RT-PCR was done on the samples to measure the 

mRNA of IL-1β, MMP-9 and TIMP-1. The results showed a constant increase in the 

MMP-9 and TIMP-1 mRNA on the 7
th

 and the 14
th

 day while IL-1β mRNA from the 

pressure side increased on the 7
th

 day and decreased on the 14
th

 day. Hence, in conclusion 

the hypothesis was rejected, as the study proved that orthodontic loading led to the 

increase in IL-1β, MMP-9 and TIMP-1 mRNA on the pressure side gingiva of rats.
31

 

 

A study was done to investigate the difference in MMP and TIMP levels in the gingival 

cevicular fluid at the resorption and apposition sides of orthodontically moved teeth in 

comparison to control teeth.  GCF samples were collected from eight orthodontic 

patients, aged between 10-18 years, who were fitted with a fixed orthodontic appliance 

and super elastic nickel titanium coil springs giving a light continuous force of 150 cN. 

The GCF sample was collected from the apposition and resorption side of teeth that were 
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orthodontically moved and from around the control teeth. All the experimental teeth were 

moved for 4 weeks prior to sampling. The samples were analyzed by zymography. The 

results indicated an increase in the MMP-9 and TIMP-1 levels at the resorption side. 

TIMP-1 levels were increased at the apposition side as well suggesting that TIMP-1 may 

have a dual role by which it causes the stimulation of bone resorption at lower levels and 

promotes bone apposition at higher levels.
7
 

 

In another study the GCF levels of MMP-9 were measured at different points of time 

during orthodontic tooth movement. This research was conducted on 14 subjects, aged 

between 12-18 years, requiring extractions of the maxillary first premolar as a part of 

their orthodontic treatment. Premolars were extracted 20 days prior to the retraction of 

the canines. 7 days prior to the application of force the subjects were given oral hygiene 

instructions and asked to rinse with 0.12% chlorhexidine gluconate, twice a day for 4 

weeks. The canines were retracted using 150 gms of force and the samples were collected 

from the mesial and distal side of the maxillary canine at seven intervals namely 7 days 

prior to force application, on the day of force application, one hour after, 24 hours after, 2 

weeks after, 3 weeks after and after 80 days. The samples were tested using multiplex 

bead assays. Fluctuations of MMP-9 levels were detected at the compression side 

showing an increase in one hour after force application followed by a sharp decrease over 

24 hours.
2
 

 

A controlled longitudinal intervention study was carried out to investigate the changes in 

tissue biomarker in the GCF of patients undergoing orthodontic treatment. The study was 
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carried out on 21 patients in good systemic health, aged between 12- 20 years. All the 

patients required the extraction of the upper first premolar and the presence of fully 

erupted canines. Patients with a history of smoking and poor periodontal health as well as 

those who had taken a course of anti-inflammatory or antimicrobial drugs one month 

prior to the study were excluded from the study. GCF samples were collected from the 

maxillary canines at the start of treatment and a periodontal assessment was done. 

Following which the upper first premolars were extracted and the patient was fitted with 

an MBT prescription appliance. Before the start of force application a baseline 

assessment was carried out and then a 9mm closed NiTi coil spring was placed from the 

canine to the first molar, to produce 100 gms of force. subsequent samples were collected 

at 4 hours, 7 days and 42 days. The samples were tested using Luminex multi-analyte 

technology. MMP-9, TIMP-1 and TIMP-2 protiens were measured to determine the level 

of tissue remodeling during orthodontic tooth movement. The study indicated a 

significant increase in the MMP-9 levels at the sites of tension and compression at 4 

hours and 7 days after force application and an increase in TIMP-1 at the site of 

compression at 4 hours. There was no correlation established between the plaque and 

bleeding indices for MMP-9 or TIMP-1. In conclusion, MMP-9 levels increase during 

orthodontic tooth movement at the site of compression and remain high from 4 hours to 7 

days, while TIMP-1 levels are elevated only 7 days after force application on the tension 

side.
4
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METHODOLOGY 

 

This was a prospective research study done on 17 healthy patients who reported to the 

Department of Orthodontics and Dentofacial Orthopedics, at SDM College of Dental 

Sciences and Hospital, for orthodontic treatment. The 17 patients ranged in the age group 

of 14 to 30 years of age. The Institutional Review Board provided ethical clearance and 

the patients’ consent was taken. The patients were asked to test for COVID antigens prior 

to sample collection. 

 

The following inclusion and exclusion criteria dictated the sample selection: 

Inclusion Criteria: Subjects with  

• A minimum of 20 teeth remaining, 

• Aged between 14 -30 years 

• A non-extraction, non-surgical treatment plan,  

• Crowding of Mild to Moderate degree evaluated using Little’s Irregularity Index 

• Good systemic health and  

• Good oral hygiene and absence of periodontal disease 
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Exclusion Criteria: Subjects with 

• Any systemic conditions that will affect the periodontal health and bone 

metabolism 

• Pregnant or Lactating women 

• Alcohol consumption or Tobacco use, during the course of the study  

• Use of antibiotics, corticosteroids or anti-inflammatory drug, 3 months prior to 

the study 

 

Armamentarium:  

 

1. For saliva collection and intraoral examination in subjects: 

a. Sterile mouth mirror 

b. Sterile 5ml plastic tubes 

 

2. For saliva storage 

a. Deep freezer with a temperature of -80⁰C 

 

3. For assessment of MMP-9 and TIMP-1 levels in samples: 

a. ELISA kit for MMP-9 (KINESISDX, UNITED STATES OF AMERICA) 

b. ELISA kit for TIMP-1 (KINESISDX, UNITED STATES OF AMERICA) 
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Sample Size Estimation 

 

By assuming that 27% of population (Non- extraction orthodontic cases), 1 study group, 

and the alpha value of 0.05 (significant value as per medical literature survey) with 85% 

of the study power. The sample size required is 14 patients with a non-extraction 

treatment plan. Anticipating study drop-outs, the study will be conducted on 

approximately 20 patients.  
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Procedure for data collection 

 

Non-stimulated whole saliva was collected from the selected patients during fixed 

orthodontic treatment and assessed for MMP-9 and TIMP-1 levels. The saliva was 

collected at time intervals of: 

T0 – Prior to fixed orthodontic appliance placement  

T1 – 24 hours after placement of the appliance with 0.014” nickel titanium archwire 

(ORTHO ORGANIZERS INC., UNITED STATES OF AMERICA) 

T2 – 2 weeks after the placement of the wire 

T3 – 5 weeks after the placement of the wire 

T4 – 8 weeks after the placement of the wire 

 

Collection of Saliva: (Figure 1) 

A passive drool method was used to obtain unstimulated whole saliva. The saliva was 

taken at 5 time periods giving at total of 85 samples from 17 patients for each biomarker. 

The saliva was collected in a 5ml sterile plastic tube. 
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Storage of Saliva Samples: 

 

The whole saliva was then clarified by centrifugation at 2100 rpm for 10 mins and the 

supernatant was aliquoted and frozen at -80ºC. 

 

MMP-9 Assay 

 

The salivary levels of MMP-9 were investigated using ELISA. 

 

Principle 

 

This is sandwich enzyme-linked immunosorbent assay (ELISA) to assay the level of 

Human (MMP-9) in samples. Addition of standard or sample to microtiter well which is 

pre-coated with Human (MMP-9) monoclonal antibody and addition of biotin labeled 

Human (MMP-9) antibodies, followed by addition of Streptavidin-HRP to form immune 

complex. Unbound Streptavidin-HRP will get removed by washing step after incubation. 

Then addition of Substrate A and B, develops blue color during incubation period and 

reaction will get stop after addition of stop solution with development of yellow color. 

The concentration of the Human (MMP-9) of sample is directly proportional to the 

yellow color developed in well and will positively correlated. 
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Materials Provided in the ELISA Kit: (Figure 2) 

 

  

1. 1 Microtiter Coated Plate (96 wells)  

2. 1 ml of (MMP-9)-Biotin Detection Antibody  

3. 0.5 ml of Standard, 640 ng/ml 

4. 6ml of Streptavidin:HRP Conjugate  

5. 20ml of Wash Buffer (30X)  

6. 3 ml of Standard Diluent 

7. 6ml of  Substrate A  

8. 6ml of Substrate B  

9. 6ml of Stop Solution  

The components of the kit were used once they reached room temperature. 

 

Reagent Preparation:  

 

1. All reagents were brought to room temperature prior to use.  

2. 290ml of de-ionized water was added to 10 ml of 30X wash buffer to make 1X 

wash solution.  

 

Assay Procedure:  

 

1. All the reagents were brought to room temperature prior to use. The standards and 

samples were run in duplicates. For each essay a standard curve was needed.  
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2. According to the table below which was given by the manufacturer, the 

preparation of standards dilution was done 

 

3. The number of strips required for the assay was removed.  

4. 50 μl of standards and 40 μl samples were pipetted into the respective wells as 

mentioned in the work list. (Figure 4) 

5. 10 μl of (MMP-9)-Biotin Detection Antibody was pipetted into each sample well.  

6. 50 μl of Streptavidin: HRP Conjugate was pipetted into each sample and 

standards well. (Figure 5) 

7. The plate was covered and incubated for 1 hour at 37°C in the incubator.  

(Figure 6) 

8. 1X Wash Buffer was used to wash the plate 4 times after the aspiration of the 

plate was done. (Figure 7) Using an absorbent paper, the plate was inverted and 

blotted to remove the residual buffer. The presence of fluids from the outer lower 

portion of the wells were wiped to prevent interference by residues during the 

reading. The washes were carried out in a similar fashion.  

320 ng/ml Standard No.5 120 μl Original Standard + 120 μl Standard diluent 

160 ng/ml Standard No.4 120 μl Standard No.5 + 120 μl Standard diluent 

80 ng/ml Standard No.3 120 μl Standard No.4 + 120 μl Standard diluent 

40 ng/ml Standard No.2 120 μl Standard No.3 + 120 μl Standard diluent 

20 ng/ml Standard No.1 120 μl Standard No.2 + 120 μl Standard diluent 
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9. Substrate A 50 μl, and Substrate B 50 μl were then added to each well including 

blank well and mixed gently.  

10. The plate was then gently mixed and kept in the dark for an incubation time of 10 

minutes at 37ºC.  

11. 50 μl of Stop solution was pipetted. The wells changed colour from blue to 

yellow. (Figure 8 and 9) 

12. On a spectrophotometer, the absorbance was measured at 450 nm within 15 

minutes after the stop solution was added. ( Figure 10) 

 

TIMP-1 Assay 

 

The salivary levels of TIMP-1 were investigated using ELISA. 

 

Principle 

 

This is sandwich enzyme-linked immunosorbent assay (ELISA) to assay the level of 

Human TIMP-1 in samples. Addition of standard or sample to microtiter well which is 

pre-coated with Human TIMP-1 monoclonal antibody and addition of biotin labeled 

Human TIMP-1 antibodies, followed by addition of HRP conjugate to form immune 

complex. Unbound HRP will get removed by washing step after incubation. Then 

addition of Substrate A and B, develops blue color during incubation period and reaction 

will get stop after addition of stop solution with development of yellow color. The 
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concentration of the Human TIMP-1 of sample is directly proportional to the yellow 

color developed in well and will be positively correlated. 

 

Materials provided in the kit: (Figure 3) 

1. 1 Microtiter Coated Plate (96 wells 

2. 1ml of TIMP-1 Ab Biotin Conjugate 

3. 0.5ml of  Standard 640 ng/ml 

4. 6ml of HRP Conjugate 

5. 20ml of Wash Buffer (30X) 

6. 3ml of Standard Diluent 

7. 6ml of Substrate A  

8. 6ml of Substrate B 

9. 6ml of Stop Solution 

The components of the kit were used once they reached room temperature. 

 

Reagent Preparation:  

 

1. All reagents were brought to room temperature prior to use.  

2. 290ml of de-ionized water was added to 10 ml of 30X wash buffer to make 1X 

wash solution.  
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Assay Procedure:  

 

1. All the reagents were brought to room temperature prior to use. The standards and 

samples were run in duplicates. For each essay a standard curve was needed.  

2. According to the table below which was given by the manufacturer, the 

preparation of standards dilution was done.  

 

3. The number of strips required for the assay was removed.  

4. 50 μl of standards and 40 μl samples were pipetted into the respective wells as 

mentioned in the work list. (Figure 4) 

3. 10 μl of Biotin Conjugate was pipetted into each sample well.  

4. 50 μl of HRP Conjugate was pipetted into each sample and standards well. 

(Figure 5) 

5. The plate was covered and incubated for 1 hour at 37°C in the incubator.  

(Figure 6) 

6. 1X Wash Buffer was used to wash the plate 4 times after the aspiration of the 

plate was done. (Figure 7) Using an absorbent paper, the plate was inverted and 

320 ng/ml Standard No.5 120 μl Original Standard + 120 μl Standard diluent 

160 ng/ml Standard No.4 120 μl Standard No.5 + 120 μl Standard diluent 

80 ng/ml Standard No.3 120 μl Standard No.4 + 120 μl Standard diluent 

40 ng/ml Standard No.2 120 μl Standard No.3 + 120 μl Standard diluent 

20 ng/ml Standard No.1 120 μl Standard No.2 + 120 μl Standard diluent 
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blotted to remove the residual buffer. The presence of fluids from the outer lower 

portion of the wells were wiped to prevent interference by residues during the 

reading. The washes were carried out in a similar fashion.  

7. Substrate A 50 μl, and Substrate B 50 μl were then added to each well including 

blank well and mixed gently.  

8. The plate was then gently mixed and kept in the dark for an incubation time of 10 

minutes at 37ºC.  

9. 50 μl of Stop solution was pipetted. The wells changed colour from blue to 

yellow. ( Figure 8 and 9)  

10. On a spectrophotometer, the absorbance was measured at 450 nm within 15 

minutes after the stop solution was added. (Figure 10) 
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RESULTS 

 

 
Data was entered into Microsoft excel data sheet and was analyzed using SPSS for 

Windows (Statistical Presentation System Software, SPSS Inc.) version 17.0. 

Normality tests were done and data was found to be not normally distributed. Continuous 

data was represented as mean and standard deviation. Mann Whitney U test was done for 

two unpaired data. Friedmans test was done for more than two paired data and Wilcoxon 

signed rank test with Bonferroni correction was done as post hoc test. 

 

Graphical representation of data: MS Excel and MS word was used to obtain various 

types of graphs such as bar diagram and Pie diagram. p value (Probability that the result 

is true) of <0.05 was considered as statistically significant after assuming all the rules of 

statistical tests. 

 

Statistical software: MS Excel, SPSS version 17.0 was used to analyze data. 
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Table- I: Descriptive details of Salivary TIMP-1 levels at various time periods   

 

 N Minimum Maximum Mean 
Std. 

Deviation 

Age (in years) 17 14 23 18.47 3.04 

 T0 17 .37 147.19 46.94 42.46 

 T1 16 2.43 120.58 48.75 33.05 

T2 14 14.54 128.09 64.16 34.91 

T3 15 2.58 151.07 44.88 39.90 

T4 17 2.90 195.17 46.07 46.71 

 

The above values are expressed in ng/ml. 

N= number of samples, T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks,  

T4= 8weeks. 

 

  

Table- II: Descriptive details of Salivary MMP-9 levels at various time periods 

 

The above values are expressed in ng/ml. 

N= number of samples, T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks,  

T4= 8weeks. 

 

 

 

 

 N Minimum Maximum  Mean 
Std. 

Deviation 

Age (in years) 17 14 23 18.47 3.04 

T0 17 22.21 115.95 60.61 27.22 

T1 16 21.44 94.29 51.78 21.52 

T2 15 42.70 93.78 66.06 14.29 

T3 15 22.98 77.13 47.83 13.46 

T4 17 2.98 213.05 62.28 44.51 



Results 

 

41  

Table- III: Comparison between Salivary MMP-9 and TIMP-1 levels at various 

time periods 

 

 
 

 
N Mean Std. Deviation 

Std. Error 

Mean 
P-value 

T0 
TIMP-1 17 46.94 42.46 10.29 

0.272 
MMP-9 17 60.61 27.22 6.60 

T1 
TIMP-1 16 48.75 33.05 8.26 

0.761 
MMP-9 16 51.78 21.52 5.38 

T2 
TIMP-1 14 64.16 34.91 9.33 

0.847 
MMP-9 15 66.06 14.29 3.69 

T3 
TIMP-1 15 44.88 39.90 10.30 

0.788 
MMP-9 15 47.83 13.46 3.47 

T4 
TIMP-1 17 46.07 46.71 11.33 

0.602 
MMP-9 17 62.28 44.51 10.79 

*Significant at the 0.05 level using Mann Whitney U test. 

The above values are expressed in ng/ml. 

N= number of samples, T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks,  

T4= 8weeks. 
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Table-IV: Comparison of the Salivary TIMP-1 levels at various time periods 

 

Time period N Mean Std. Deviation P-value 

T0 11 49.03 49.13 

0.396 

T1 11 51.50 37.80 

T2 11 51.38 26.47 

T3 11 46.97 41.14 

T4 11 49.73 56.26 

*Significant at the 0.05 level using Friedmans test. 

The above values are expressed in ng/ml. 

N= number of samples, T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks,  

T4= 8weeks. 

 

 

Table-V: Comparison of the Salivary MMP-9 levels at different time periods 

*Significant at the 0.05 level using Friedmans test. 

The above values are expressed in ng/ml. 

N= number of samples, T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks,  

T4= 8weeks. 

 

 

 

 

 

Time period N Mean Std. Deviation P-value 

T0 12 62.14 29.16 

0.033* 

 

T1 12 49.07 24.14 

T2 12 67.00 14.23 

T3 12 48.02 15.11 

T4 12 59.070 52.25 
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Table –VI: Intra-group comparison of  Salivary MMP-9 level with various time 

periods 

 

 

  P value 

T0 

T1 1.000 

T2 1.000 

T3 1.000 

T4 1.000 

T1 

T2 0.256 

T3 0.765 

T4 0.121 

T2 
T3   0.028* 

T4 0.987 

T3 T4 0.765 

*Significant at the 0.05 level Wilcoxon signed rank test with Bonferroni correction. 

The above values are expressed in ng/ml. 

N= number of samples, T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks,  

T4= 8weeks. 

 

 

 

Graph- I: Mean values of Salivary TIMP-1 levels at various time periods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above values are expressed in ng/ml. 

T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks, T4= 8weeks. 
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Graph – II: Mean values of Salivary MMP-9 levels at various time periods 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above values are expressed in ng/ml. 

T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks, T4= 8weeks 

 

Graph –III: Comparison between Salivary MMP-9 and TIMP-1 levels at various time 

periods 

 

The above values are expressed in ng/ml. 

T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks, T4= 8weeks 
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Graph – IV: Comparison of the Salivary TIMP-1 levels at different time periods 

 

The above values are expressed in ng/ml. 

T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks, T4= 8weeks. 

 

Graph – V: Comparison of the Salivary MMP-9 levels at different time periods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above values are expressed in ng/ml. 

T0= Baseline, T1= 24hours, T2= 2weeks, T3= 5 weeks, T4= 8weeks. 
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DISCUSSION 

 

Matrix metalloproteinases (MMP), a family of zinc dependent endopeptidase, are 

commonly classified on the basis of their substrate and organization of their structure. 

MMP’s are known to play an important role in leukocyte infiltration and in inflammation 

of the tissues
5
. As tissue remodeling is a dynamic process the role of MMPs cannot be 

generalized to a particular region as the increase of one MMP in one region can lead to 

the decreased of an MMP in another region. MMP activity is regulated by the tissue 

inhibitor metalloproteinase (TIMP), an endogenous MMP inhibitors that bind to MMPs. 

Although TIMPs have very poor specificity for particular MMPs, they are the main 

regulators of the MMP activity
5
.  Physiologic remodeling as well as the response to 

mechanical stress during orthodontic tooth movement results from MMP and TIMP 

activity
7, 5

. 

MMPs and TIMPs have been implicated in orthodontic tooth movement as they play an 

important role in the remodeling of the extracellular matrix. MMP-9 is known to 

denaturate collagen and catabolizes the tissue extracellular matrix
4
. TIMP-1 is expressed 

by the osteoblasts during bone formation and is a protection for the newly formed bone 

against MMPs
7
. 
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STUDY DESIGN 

 

This was a prospective research study done on 17 healthy patients who reported to the 

Department of Orthodontics and Dentofacial Orthopedics, at SDM College of Dental 

Sciences and Hospital, for orthodontic treatment. The 17 patients ranged in the age group 

of 14 to 23 years of age, with a mean age of 18.47. The patients were asked to test for 

COVID antigens prior to sample collection, due to the ongoing pandemic, as a safety 

measure for the investigators involved.  

Samples were collected at: 

T0 – Prior to fixed orthodontic appliance placement, this was taken as the baseline value. 

T1 – 24 hours after placement of the appliance with 0.014” nickel titanium arch wire. 

This time period corresponds with the initial phase of tooth movement.  

T2 – 2 weeks after the placement of the wire, which corresponds with the lag phase of 

tooth movement. 

T3 – 5 weeks after the placement of the wire, corresponding with the acceleration phase 

of tooth movement, and  

T4 – 8 weeks after the placement of the wire, this corresponds with the linear phase of 

tooth movement 
3
. 

Unstimulated whole saliva was chosen over GCF to evaluate the levels of MMP-9 and 

TIMP-1.  Saliva serves as an easy to collect, non-invasive source of information that can 

be used to evaluate the effectiveness or adverse consequences of orthodontic treatment.
9
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Identifying a salivary biomarker can be advantageous as the sample is easy to collect, 

sufficient volumes can be obtained for analyzing and collection of the sample is less 

invasive compared to the other bodily fluids.
10

 Saliva is also thought to represent a 

pooled sample from all periodontal sites.
11 

 

INTERPRETATION OF RESULTS 

 

Table I shows the descriptive data analysis of the levels of TIMP-1. 17 subjects were 

studied aged between 14 to 23 years with a mean age of 18.47. 17 samples collected at T0 

showed a mean TIMP-1 level of 46.94 with a standard deviation of 42.46. At T1, 16 

samples were analyzed and a mean TIMP-1 level of 48.75 with a standard deviation of 

33.05 was obtained. At T2 and T3, 15 samples were analyzed and the mean values of 

64.16 and 44.88 were obtained with a standard deviation of 34.91 and 39.90 respectively. 

At T4, 17 samples were analyzed to obtain the mean TIMP-1 levels 46.07 with a standard 

deviation of 46.71. The large standard deviation can be attributed a number of factors 

which are (i) a small sample size, (ii) varying rates of periodontal breakdown, owing to 

the maintenance of oral hygiene, in different individuals as TIMP-1 levels are higher in 

individuals with a healthy periodontium
34 

and (iii) the variation the salivary flow of 

various individuals, as an increased or decreased salivary flow could lead to the dilution 

or concentration of TIMP-1 levels in the saliva. However a similar standard deviation 

was seen in a study done by Fenol et al
34 

to study the salivary TIMP-1 levels in 

periodontally compromised individuals. 

 



Discussion 

 

49  

Table II shows the descriptive data analysis of the levels of MMP-9. 17 subjects were 

studied aged between 14 to 23 years with a mean age of 18.47. 17 samples collected at T0 

showed a mean MMP-9 level of 60.61 with a standard deviation of 27.22. At T1, 16 

samples were analyzed and a mean MMP-9 level of 51.78 with a standard deviation of 

21.52 was obtained. At T2 and T3, 15 samples were analyzed and the mean values of 

66.06 and 47.83 were obtained with a standard deviation of 14.29 and 13.46 respectively. 

At T4, 17 samples were analyzed to obtain the mean MMP-9 levels 62.28 with a standard 

deviation of 44.51. The large standard deviation can be attributed a number of factors 

which are (i) a small sample size, (ii) varying rates of periodontal breakdown, owing to 

the maintenance of oral hygiene, in different individuals as periodontitis has also been 

associated increased levels of MMP-9
35

 and (iii) the variation the salivary flow of various 

individuals, as an increased or decreased salivary flow could lead to the dilution or 

concentration of MMP-9 levels in the saliva.   

 

Table III shows the comparison of MMP-9 and TIMP-1 levels using Mann Whitney U 

test. There is no significant difference between the MMP-9 and TIMP-1 levels at T0, T1, 

T2, T3, and T4, however at the baseline, T0, and at 24 hours, T1, the MMP-9 levels are 

higher than TIMP-1 levels, this can be explained by the increased osteoclastic activity 

due to the compression of the bone and the initiation of tooth movement. At T2 and T3, 

TIMP-1 and MMP-9 are equally expressed this may be attributed to the overlap of the 

catabolic and anabolic phase of tooth movement, as explained by the biphasic theory of 

tooth movement
36

. At T4, the MMP-9 and TIMP-1 levels are seen to return to baseline 

levels. The lower levels of TIMP-1 may be associated with bone resorption
7
. 
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Table IV shows the comparison of TIMP-1 levels at the different time periods using 

Friedmans test. There is no significant difference found between TIMP-1 levels of T0, T1, 

T2, T3, and T4.  The TIMP-1 levels do not show any changes during the different phases of 

tooth movement. 

 

Table V shows a significant difference in the MMP-9 levels at T0, T1, T2, T3, and T4, using 

Friedmans test. At T1 and T3, the MMP-9 concentration is decreases from the baseline 

level at T0, while at T2, the MMP-9 concentration increases above the baseline level. This 

indicates a decrease in the catabolic activity at T1 and T3 and an increase in the catabolic 

activity at T2. 

 

Table VI shows an intragroup comparison of the MMP-9 levels with the different time 

periods, using Wilcoxon signed rank test with Bonferroni correction. There is a 

significant difference between the MMP-9 levels at T2 and T3, indicating a significant 

decrease in the MMP-9 levels from T2 to T3.  

 

Graph I shows the mean levels of TIMP-1 from T0 to T4. There is a marked increase in 

the TIMP-1 levels at T2, which can be associated with increased osteoblastic activity after 

14 days of force application.  

 

Graph II shows the mean levels of MMP-9 from T0 to T4. There is an increase in the 

MMP-9 levels at T2, indicating an increased catabolic activity at 14 days after force 

application which corresponds with the periodontal fiber disruption in the lag phase of 
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tooth movement.  The decrease in the concentration in of MMP-9 at T3 can be associated 

with the decrease in catabolic activity and increased osteoblastic activity after 40 days of 

force application.  

 

Graph III shows the comparison of MMP-9 and TIMP-1 levels at different time periods. 

At the baseline, T0, and at 24 hours, T1, the MMP-9 levels are higher than TIMP-1 levels; 

this can be explained by the increased osteoclastic activity due to the compression of the 

bone and the initiation of tooth movement. At T2 and T3, TIMP-1 and MMP-9 are equally 

expressed this may be attributed to the overlap of the catabolic and anabolic phase of 

tooth movement, as explained by the biphasic theory of tooth movement
36

. At T4, the 

MMP-9 and TIMP-1 levels are seen to return to baseline levels. 

 

Graph IV shows the comparison of TIMP-1 levels at the different time periods. The 

TIMP-1 levels do not show any changes during the different phases of tooth movement.  

 

Graph V shows the changes in the MMP-9 levels at T0, T1, T2, T3, and T4. At T1 and T3, the 

MMP-9 concentration is decreases from the baseline level at T0, while at T2, the MMP-9 

concentration increases above the baseline level. This indicates a decrease in the 

catabolic activity at T1 and T3 and an increase in the catabolic activity at T2. 
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COMPARISON WITH OTHER STUDIES 

 

1. Takahashi et al
30

 studied the gene expression of MMP-9 and TIMP-1 and 

orthodontic tooth movement in Sprague Dawley rats. They found that MMP-9 

was expressed on the compression and tension sides. The study found a 

correlation between the expression of MMP-9 and the upregulation of TIMPs 

during orthodontic tooth movement. This may account for the increase in TIMP 

levels at 14 days in the current study. 

 

2. Bildt et al
7 

investigated the difference in MMP-9 and TIMP levels in the GCF at 

the apposition and resorption sides of orthodontically moved teeth. They found 

that after 4 weeks of force application, MMP-9 was increased at the resorption 

site. It was also suggested that TIMP-1 may have a dual role by which it 

stimulates bone resorption in low concentrations and promotes bone apposition at 

higher concentrations. In the current study, MMP-9 shows a significant increase 

in its levels at 2 weeks after force application, a time period associated with the 

breakdown of the PDL and hyalinization. The TIMP-1 levels do not show any 

significant changes and this may be explained by the dual role of TIMP-1. 

 

3. Capelli et al
2
 examined the GCF levels of MMP-9 at various points of tooth 

movement and noted fluctuations in the MMP-9 levels at the compression site. 

They found the MMP-9 levels increased 1 hour after force application which was 

followed by a decreased in the levels over 24 hours, which is similar to the result 

obtained in this study, decreased MMP-9 levels from the baseline at 24 hours. 
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4. Grant et al
4
 carried out a study to investigate the changes in tissue biomarkers in 

the GCF of patients undergoing orthodontic treatment. They found that MMP-9 

levels increased at 4 hours and 7 days after force application on the compression 

and tension sites and that TIMP-1 is elevated on the compression site 4 hours after 

force application and on the tension site 7 days after force application. Since the 

current study collected a pooled sample of saliva, the lack of change in the TIMP-

1 levels may be accounted for by the above study. 
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CLINICAL IMPLICATIONS 

 

1. Estimation of the salivary MMP-9 levels during the leveling and aligning phase 

can help assist in the evaluation of treatment progress. 

 

2. Variation in the MMP-9 levels can indicate periodontal breakdown which will 

enable a more customized patient care and treatment outlook.  

 

 

3. Estimation of salivary TIMP-1 levels cannot be used as measure to evaluate 

treatment progress as TIMP-1 levels have a variation between individuals and 

remain constant through the four phases of tooth movement. 
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LIMITATIONS OF THE STUDY 

 

1.  The sample size in the study could have been larger to increase the accuracy of 

the results and reduce the margin of error. 

 

2. This study has evaluated only MMP-9 and TIMP-1, other MMPs and TIMPs 

could have been evaluated to obtain a more accurate overview of the role of 

MMPs and TIMPs in the various phases of tooth movement.  

 

 

3. Genetic variations of every individual is an influential component on the readings 

of the biomarkers studied 

 

4. MMPs and TIMPs have been associated with periodontal breakdown, some 

degree of periodontitis is to be expected with the use of a fixed appliance and this 

may attribute to the variation in the MMP-9 and TIMP-1 levels. 
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SCOPE FOR FUTURE STUDIES 

 

1. Studies that have a larger sample size should be carried out to obtain more 

accurate results. 

 

2. Further studies can be carried out on other MMPs and TIMPs, in saliva, and their 

relation to orthodontic tooth movement. 

 

 

 

3. Studies can be carried out to estimate the salivary MMP and TIMP levels in 

periodontally compromised individuals undergoing orthodontic treatment and a 

comparison can be drawn with periodontally healthy individuals undergoing 

orthodontic treatment. 

 

4. Other salivary biomarkers can be explored to find a correlation with the various 

phases of tooth movement.   
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CONCLUSION 

 

 

The following conclusions can be interpreted from the study 

 

1. The salivary levels of MMP-9 show significant changes during the various phases 

of orthodontic tooth movement 

 

2. The salivary levels of TIMP-1does not show any significant changes during 

orthodontic tooth movement and the standard deviation with respect to this value 

is high. From the results of this study it cannot be considered as a reliable marker 

for orthodontic tooth movement. 

 

3. There is a correlation between the levels of MMP-9 and TIMP-1 but the 

correlation is not statistically significant. 
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SUMMARY 

 

Orthodontic tooth movement occurs due to a well-balanced remodeling of the 

periodontium that allows tooth movement to occur while maintaining the functional 

integrity of the periodontium. Tooth movement can have a measurable biochemical 

outcome, through proteins and metabolites that may appear before clinical measures. A 

salivary biomarker that maybe used as an additional tool to manage and evaluate 

orthodontic treatment in a better way can be beneficial when assessing tooth movement.  

MMPs and TIMPs have been implicated in orthodontic tooth movement as they play an 

important role in the remodeling of the extracellular matrix. Hence this research aimed to 

evaluate the utility of the salivary levels of MMP-9 and TIMP-1 during the different 

phases of orthodontic tooth movement. 

 

The study was carried out on 17 healthy individuals who required orthodontic treatment. 

Saliva samples were taken from each individual before the appliance was placed (T0), 24 

hours after the placement of a 0.014” NiTi wire (T1), 2 weeks after the wire was placed 

(T2), 5 weeks after the wire was placed (T3) and 8 weeks after the wire was placed (T4). 

The saliva samples were analyzed to estimate the MMP-9 and TIMP-1 levels using 

ELISA. The results were then statistically analyzed. The results indicated a statistically 

significant change in the MMP-9 levels during the various phases of tooth movement and 

no significant changes were observed with the TIMP-1 levels during the different phases 

of orthodontic tooth movement. The MMP-9 levels correlated with an increase in TIMP-

1 levels at T2; however this correlation was not statistically significant.  
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This research concluded that there is a significant change in the salivary MMP-9 levels 

during the different phases of tooth movement however further studies need to be carried 

out to establish a more accurate correlation with orthodontic tooth movement. 
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    ANNEXURES 

ANNEXURE 1 

ETHICAL CLEARANCE CERTIFICATE 
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ANNEXURE 2 

INFORMED CONSENT TO PARTICIPATE IN A CLINICAL STUDY 
 

Study Title: DETECTION OF THE LEVELS OF SALIVARY MATRIX 

METALLOPROTEINASE 9 (MMP-9) AND TISSUE INHIBITOR 

METALLOPROTEINASE 1 (TIMP-1) DURING THE DIFFERENT 

PHASES OF ORTHODONTIC TOOTH MOVEMENT  

Study Number 

Subject’s Initials: __________________ 

Date of Birth/Age: _________________ 

 

i. I confirm that I have read and understood the information sheet dated for the 

above study and have had the opportunity to ask questions.                            [ ] 

ii. I understand that my participation in the study is voluntary and that I am free to 

withdraw at any time, without giving any reason, without my medical care or 

legal rights being affected.                                                                             [ ] 

iii. I understand that the Sponsor of the clinical study, others working on the 

Sponsor's behalf, the Ethics Committee and the regulatory authorities will not 

need my permission to look at my health records both in respect of the current 

study and any further research that may be conducted in relation to it, even if I 

withdraw from the clinical study. I agree to this access. However, I understand 

that my identity will not be revealed in any information released to third parties or 

published.                                                                                                         [ ] 

iv. I agree not to restrict the use of any data or results that arise from this study 

Subject’s Name: _         _________ 
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provided such a use is only for scientific purpose(s)                                       [ ] 

v. I agree to take part in the above study.                                 [ ] 

 

Signature (or Thumb impression) of the Subject/Legally Acceptable  

Representative        Date:            /               /  

Signatory's Name:   

 

Signature of the Investigator:                                  Date:            /               /  

Study Investigator's Name: Dr. Vaz Viana Angelica 

Signature of the Witness   

 Date:-  / /            

  Name of the Witness:______________________ 
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ANNEXURE 3: PROFORMA PROTOTYPE 

 

 

 

 

 

 

 

 

 

SALIVARY MMP-9 LEVELS 

Sr.No. Patient name Sample no Sex Age  T0  T1 T2 T3 T4 
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SALIVARY  TIMP-1 LEVELS 

Sr.No. Patient name Sample no Sex Age  T0  T1 T2 T3 T4 
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ANNEXURE 4: MASTERCHART 

 

SALIVARY MMP-9 LEVELS 

 

Sample no Sex 
Age 

(in years) 
T0 T1 T2 T3 T4 

01 F 14 106.314 39.808 43.051 77.129 213.045 

02 F 22 55.628 71.713 - 47.498 41.5 

03 F 14 59.414 - 71.27 50.265 70.169 

04 F 21 45.16 63.112 50.078 31.241 29.468 

05 F 21 22.205 57.407 - 43.399 68.859 

06 M 23 50.639 33.525 69.294 46.773 44.099 

07 M 22 72.379 34.459 71.491 54.457 61.044 

08 M 20 115.954 92.77 71.491 61.867 84.171 

09 M 21 85.857 94.285 93.779 63.738 59.01 

10 F 18 49.149 31.843 70.169 40.312 40.65 

11 F 19 23.373 34.302 66.062 47.498 48.045 

12 F 14 34.616 21.442 79.21 36.202 41.842 

13 F 15 38.15 31.541 60.839 22.981 34.146 

14 F 18 76.441 51.392 50.265 40.989 50.452 

15 F 17 47.68 60.431 78.282 53.106 2.98 

16 M 16 56.021 55.041 42.704 - 86.342 

17 M 19 91.516 55.432 73.049 - 82.976 

The above values are expressed as ng/ml 
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SALIVARY TIMP-1 LEVELS 

 

Sample no Sex 
Age 

(in years) 
T0 T1 T2 T3 T4 

01 F 14 147.191 45.779 28.43 151.068 195.17 

02 F 22 46.827 68.891  - 71.148 20.713 

03 F 14 63.305  - 99.779 2.583 44.734 

04 F 21 25.574 41.115 14.544 16.484 21.168 

05 F 21 12.858 29.877  - 78.861 34.793 

06 M 23 23.933 38.057 63.305 36.544 2.899 

07 M 22 40.858 60.544 65.808 13.908 16.484 

08 M 20 119.961 120.582 96.183 71.715 92.907 

09 M 21 97.978 110.399 79.438 67.486 87.005 

10 F 18 30.363 4.568 26.757 50.263 15.833 

11 F 19 3.385 2.427 35.791 45.779 20.713 

12 F 14 4.053 68.047 34.793 4.917 31.094 

13 F 15 0.373 58.352 Out of range  3.884 11.823 

14 F 18 26.52 23.933 41.371 13.067 23.005 

15 F 17 19.584 51.062 78.861 45.517 40.858 

16 M 16 57.261 40.858 128.087 -  80.305 

17 M 19 77.997 15.617 105.217 -  43.695 

The above values are expressed as ng/ml 
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ANNEXURE 5: LIST OF FIGURES 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1: SAMPLE COLLECTION BY PASSIVE DROOL METHOD 
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FIGURE 2: MATERIALS IN MMP-9 KIT 
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FIGURE 3: MATERIALS IN TIMP-1 KIT 
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FIGURE 4: ADDITION OF STANDARDS AND SAMPLES 

 

 

 

 

 

 

 

 

 

FIGURE 5: ADDITION OF STREPTAVIDIN HRP CONJUGATE 

 



Annexures 

 

78  

 

 

 

 

 

 

 

 

 

FIGURE 6: ELISA PLATE AFTER ONE HOUR OF INCUBATION 

 

 

 

 

 

 

 

 

 

FIGURE 7 : WASHING PROCEDURE WITH BUFFER SOLUTION 
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FIGURE 8: ADDITION OF STOP SOLUTION 

 

 

 

 

 

 

 

 

 

 

FIGURE 9 : COLOUR CHANGE AFTER ADDITION OF THE STOP SOLUTION  
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FIGURE 10: OBTAINING THE READINGS WITH THE SPECTROMETER 


