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implants 
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ABSTRACT 
Background: Recently with improvement of dental implantology science, osseointegrated implants show a 
considerable durability, however; failures are not completely avoidable. Matrix metalloproteinase-2 (MMP-2) 
expression is disturbed in many pathological conditions such as peri-implantitis and periodontitis. This study was 
carried out to investigate the tissue expression of MMP-2 in the extracellular matrix of osseointegrated and diseased 
implants. 
Subjects and methods:  Gingival biopsies were collected from six patients having osseointegrated or working 
implants and twenty with diseased or non osseointegrated implants and (6) controls having no implants. In situ 
hybridization technique was used to analyze the changes in immunoreactivity of ECM-controlling MMP-2. 
Results: The findings of the present study indicate that the expression of MMP2 was significantly elevated in failed 
implants versus healthy implants (P<0.01). In addition, MMP-2 was detected in peri-implant sites with ongoing bone 
loss, cavitations and inflammatory reaction.  
Conclusion: The in situ hybridization technique, showed clear evidence that MMP-2, which is involved in the process 
of osseointegration and bone remodeling, increase greatly in the presence of bone destruction, cavitations, severe 
inflammation and fibrous tissue formation. The data link titanium- induced bone remodeling to changes in expression 
and distribution of MMP-2. 
Keywords: Dental implant; Osseointegration; Matrix metalloproteinase-2 (MMP2). (J Bagh Coll Dentistry 2013; 
25(3):176-182). 
 

INTRODUCTION 
Although implant-supported oral rehabilitation 

has gained worldwide popularity throughout the 
last decades due to its efficient clinical success 
rate and substantiated improvement of individual's 
quality of life [1,2]. Recent reports on the long-term 
success of implant therapy have presented 
surprisingly high prevalence rates of periimplant 
diseases; perimucositis and peri-implantitis [3] 
which has been  reported  to occur in 6–10% of 
the installed implants and eventually can lead to 
implant mobility and loss [4,5]. In the initial stage, 
plaque accumulation can cause perimucositis, a 
reversible inflammation of the soft tissues 
surrounding functional implants [6]. Peri-
implantitis is defined as an inflammatory process, 
with microorganisms associated in patterns known 
from the chronic periodontitis of natural teeth, 
affecting soft and hard tissues surrounding an 
osseointegrated implant associated with 
breakdown of the peri-implant epithelial seal, 
pocket formation, purulence, and progressive 
bone loss [7,8]  

It is well known that periodontal bacteria are 
the main causative agents inducing the initiation 
of periodontitis and peri implantitis. Although 
dental implant therapy has been considered to 
have an excellent prognosis, peri-implantitis, 
subsequent progression and disease severity are 
also determined by the host immune response [9] 
 
(1)Lecturer. Department of Basic Sciences. College of Dentistry, 
University of Baghdad. 

The degradation of peri-implant and 
periodontal tissues can be mainly mediated by 
matrix metalloproteinases (MMPs). Bone matrix 
turnover is regulated by the extracellular zinc-
dependent endopeptidase, family of matrix 
metalloproteinases (MMPs) comprising 
collagenases, gelatinases, stromelysins and 
membrane-type MMPs [10]. Bone development 
and remodeling requires activity of MMPs for 
matrix maintenance and repair, bone resorption 
and the coupling to bone formation [11] 

 Fibrillar collagens are the major components 
of periodontal extracellular matrix, during 
periodontal homeostasis and pathologic 
conditions they are cleaved into smaller fragments 
by collagenases (MMPs -1, -8, and -13) and 
further degraded by active gelatinases (MMPs -2 
and -9) and other non specific tissue proteinases 
[12]. Furthermore both MMP-2 and MMP-9 
(gelatinase A&B) have been implicated in bone 
resorption that results in the loosening of 
prostheses [13] 

Matrix metalloproteinase-2 (also known as 
gelatinase A or type IV collagenase) is a 72 kDa 
enzyme in humans encoded by the MMP2 gene 
[14]. MMP-2 is responsible for the breakdown of 
type IV collagen of the extracellular matrix, 
which is a major structural component of a typical 
basement membrane [15]. In addition, MMP-2 is 
also able to cleave native type I collagen, which is 
the abundant component of gingival connective 
tissue matrix, this protein is widely expressed by a 
number of normal and transformed cells 
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[16].MMP-2 plays a critical role in invasion, 
metastasis, angiogenesis and tissue 
remodelling [17].  

 It has been immunolocalized in fibroblasts 
and macrophages, as well as in epithelial cells of 
gingival tissues in periodontitis affected patients 
[18]. Elevated levels of matrix metalloproteinase-2 
have also been detected in gingival crevicular 
fluid [19], peri-implant sulcular fluid [20] and 
gingival tissues of periodontititis / peri-implantitis 
patients [21]. Therefore, the present study was 
performed to investigate the tissue expression of 
MMP-2 in the extracellular matrix of 
osseointegrated and diseased implants. 
 
SUBJECTS AND METHODS 

A total number of 32 subjects were enrolled in 
this study. Patients were attending the department 
of maxillofacial surgery- specialization surgical 
hospital, Alwasity hospital, Alkarkh hospital, and 
Al-Mamoon dental center.  

Partially edentulous patients of age range (40-
60) were grouped in to three groups, (6) with 
working osseo-integrated implants (2 male and4 
female), (20) patients with at least one failed or 
diseased implants (7 male and 13 female), beside 
(6) randomly taken healthy control subjects (3 of 
each sex). Identifying socio demographic 
information's together with radiographic and 
clinical evaluation including pain, mobility, bone 
loss, suppuration, peri-implantitis were recorded 
for each subject. Nevertheless criteria of failing 
implants were judged by the maxillofacial 
surgeon. Flap surgery was performed where 
gingival biopsy taken, fixed with formaldehyde 
and paraffin sections performed for in situ 
hybridization technique as recommended in leaflet 
with the kit [Maxim biotech. USA Cat No. IH-
60001 (IHD-0050).  
Statistical analysis: SPSS statistical analysis was 
used. Semirnov- kolmogorov test was used to find 
the frequency distribution for selected variables. 
Non- parametric tests were used to assess the 
statistical significance for these variables. Mann- 
Whitney test was used to assess the statistical 
significance of difference in median of 
quantitative variable between two groups. 
Kruskall- Wallis test was used to assess the 
statistical significance of difference in median of 
quantitative variable between more than two 
groups Bonferonni t- test was used to assess 
further exploration of statistical significance of 
difference in mean between each pair of groups. 
 
RESULTS  

In this study ISH was attempted in order to 
identify the cellular types expressing   MMP-2 

cDNA and the changes in distribution of this 
endoproteinase in gingival tissue biopsies taken 
from patients post dental implantation. The result 
reported the changes in MMP2 levels among 
those patients relative to controls. The histological 
analysis of titanium bone interface following 8 
wks of implant surgery indicates successful 
osseointegration with minimal inflammatory 
reaction and minimum expression of MMP2, 
while the ECM of the implant bone interface 
showed an increase expression of MMP2 in 
diseased implants. Figure (1 and 2) show clear 
evidence of increase in expression of MMP2 in 
failed implants versus healthy implants  

An increase expression of MMP2 was 
associated with the presence of bone destruction , 
cavitations , inflammation , granulation tissue  in 
addition to fibrous tissue formation table(3,4,5,6 
and7) 

The differences in MMP-2 score and intensity 
among the three study groups is glanced in table 1 
figure 1&2.The marker score was clearly but not 
significantly higher among failure group 10(50%), 
6(30%) and 4(20%) at low, intermediate and high 
grades respectively, compared to osseointegrated 
group (P-value=0.34), while significant higher 
scores were seen in failure group compared to 
controls (P-value=0.04) table 1, Fig 1. 
Furthermore higher but not significant marker 
intensities was observed in failure group12 (60%), 
4(20%) (x2) at low, intermediate and high grades 
respectively, compared to osseointegrated group 
(P-value=1.0) table 1, fig 2. 

Talking about the correlation between  
subjects expressing bone destruction in 
histopathology compared to those having no 
evidence of bone loss, higher intermediate scores 
4(36%) and intensity 3(2.3%) were seen in the 
failure group than those in osseointegrated 
implant group ,although these differences did not 
reach the statistical significance (P-value=0.2 and 
0.19) respectively. (Table 2) 

As clearly shown in table 3 the marker values 
reach the statistical significance, they were 
increased  with increasing severity of cavitations 
41.2% and 17.6% at intermediate and high grades 
respectively compared to negative ones(P-
value=0.014)and (23.5%) or both intermediate 
and high intensities (P-value=0.003). Although 
gingival tissues reflects different grades of 
inflammatory reaction, heavy inflammation of 
6(46.2%), 4(30.8%), 3(23.1%) were associated 
with low, intermediate and high scores 
respectively (P value=0.2 NS)(r=0.34NS), the 
heaviest inflammatory reaction 9(69.2%) was 
seen in tissues expressing low marker intensity (P 
value=0.19 NS) Table 4. 
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Similar association was seen in table 5 
regarding the presence of granulation tissue in 
which 8(47.1%), 6(35.3%), 3(17.6%) positive 
values were seen in the three marker scores 
respectively (P value=0.07) and 11(64.7%), 
3(17.6%), 3(17.6%) positivity related to 
intensities (P value=0.16). 
 
DISCUSSION 

Integration of external titanium fixtures into 
living bone (osseointegration) occurs through 
active bone remodeling [22], resulting in sensory 
neuronal changes, these changes were associated 
with permanent pure titanium implants rather than 
bone surgery alone [23]. 

It is well known that the peri-implant diseases 
are characterized by implant loosening, 
destruction of collagen fibers and other 
extracellular matrix components in periodontal 
tissues that is likely to be mediated, to a 
significant extent, by the host cells derived MMPs 
and many studies have establish the relationship 
between these endoproteinases and periodontal / 
peri-implant diseases. 

Tissue degradation by the matrix 
metalloproteinase-2 (gelatinase A) is pivotal to 
inflammation and metastases, however, both 
MMP-2 and MMP-9 have been implicated in bone 
resorption that results in the loosening of 
prostheses [12]. This suggests that matrix 
metalloproteinases are both effectors and 
regulators of the inflammatory response [24]. 

In the present study, ISH was assessed to 
quantify and localize the expression of MMP-2 in 
gingival tissues of controls, versus healthy and 
diseased implant biopsies which showed that the 
number (score) and intensity of MMP2 signals 
positive cells varied between the three study 
groups.  

Gelatinase A (MMP-2) cDNA was most 
frequently found in diseased implants and less in 
osseointegrated ones. Although this level was not 
significantly different between the two groups, the 
observation pointed out that MMP2 signals found 
mainly in fibroblast cell sites in biopsies of 
diseased implants specially when there is bone 
destruction , cavitations and inflammation more 
extensive than healthy ones and controls, this 
might explain the process of remodeling which 
occur during the osseointegration process, 
however, the presence of bacterial infection in 
diseased implants might participate in the process 
of degradation of ECM and activation of 
fibroblast to produce MMPS.  

Dahan et al [25] use ISH and RT-PCR to 
quantify and localize the expression of mRNA for 
MMP-1, MMP-2 and MT1-MMP and stated that 

the mRNA encoding those MMPs are most 
frequently found in periodontitis affected and 
healthy patients, and they were expressed in 
fibroblastic spindle-shaped cells at sites of 
connective tissue remodeling or chronic 
inflammation. 

Meikle et al [18] stated that the number and 
distribution of MMP-1,MMP-2 and MT1-MP 
positive cells varied considerably not only 
between individual biopsy specimens but also 
from section to section within the same specimen, 
and their observation pointed out that fibroblasts 
are the major cell origin for MMP-2 and MT1-
MMP production.  

Similarly, Corroti et al [26] and Paula-Silva et 
al [27] observed the critical role of MMP-2 and 
MMP-9 in the development of inflammatory peri 
apical lesions and ECM degradation during the 
initiation and progression of apical periodontitis   

Dale [28] suggests that the host response to 
microbial infection in periodontal tissues may 
lead to the altered production of human MMPs 
and that the human, rather than bacterial 
proteinases are predominantly responsible for 
cleavage of the Ln-332 molecule and for 
pathological changes in the junctional epithelium. 

An immunohistochemical examination done 
by Yokohama  et al [29] revealed that expression of 
MMP-2 and TIMP-1 mRNA in the multinucleated 
giant cells that are present in fibrous granulation 
tissue of the membranes obtained from the loose 
bone-implant interface, was demonstrated by in 
situ hybridization, where MMP-2 was 
immunolocalized mainly in the fibroblasts while 
TIMP-1 was localized in the endothelial cells of 
the blood vessels and weakly in fibroblasts 

Other investigators as Di Nezza et al [30] 
studied the actions of many extracellular-matrix 
degrading enzymes, matrix metalloproteinases 
(MMPs) in tumorigenesis using ISH and in situ 
zymography and found that MMP-9 and MMP-2 
mRNAs were predominantly observed in tumor 
epithelial cells as well as in the stroma to varying 
degrees.  

 As far as many investigators focus on the 
increased expression and activity of MMP-2 and -
9 in tumors which leads to the degradation of 
basement membranes, an essential step in tumor 
invasion. In this respect, a correlation between a 
high expression of MMP-2 and reduced survival 
in breast cancer patients has been proved by 
Andrea Köhrmann et al [31]   

Vasaturo et al [32] observed a significant and 
direct correlation between the concentrations of 
MMPs 2 and 9 and tumor histological grade of 
breast cancer, and suggests that the quantification 
of plasma MMP 2 and MMP 9 levels may provide 
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additional clinical information of the tumor and it 
is, therefore, a possible prognostic index for breast 
cancer. 

As a conclusion, MMP-2 (gelatinaseA) is an 
important enzyme envolved in the process of 
remodeling of ECM of bone tissue interface but 
there is an imbalance increase in MMP2 in 
diseased and failed implants. 

Furthermore the results of this study suggested 
the gingival fibroblasts as a major source for 
MMP-2 and evidenced the fact that the host 
endoproteinases plays an important role in the 
degradation of the extra-cellular matrix 
components. Quantification by in situ 
hybridization of the DNA-encoding MMP-2 
levels, and other degradative enzymes, will help 
in understanding the molecular mechanisms 
underlying peri-implant diseases and confirm the 
possible role of the matrix metaloproteinases as 
predictors of active periods of peri-implantitis and 
alveolar bone loss. 
 
REFERENCES 
1. Arakawa H,  Uehara J, Hara ES,  Sonoyama W, 

Kimura A,  Kanyama M,  Matsuka Y, Kuboki T. 
Matrix metalloproteinase-8 is the major potential 
collagenase in active peri-implantitis. J Prosth Res 
2012; 56(4): 249-55. (IVSL). 

2. Strassburger C, Heydecke G, Kerschbaum T. 
Influence of prosthetic and implant therapy on 
satisfaction and quality of life: a systematic literature 
review. Part 1. Characteristics of the studies. Int J 
Prosthodont 2004; 17: 83–93. (IVSL). 

3. Roos-Jansaker A-M, Lindahl C, Renvert H, Renvert S. 
Nine- to fourteen-year follow-up of implant treatment. 
Part II: presence of peri-implant lesions. J Clin 
Periodontol 2006; 33: 290-5. (IVSL). 

4. Ferreira SD, Silva GL, Cortelli JR, Costa JE, Costa 
FO. Prevalence and risk variables for peri-implant 
disease in Brazilian subjects. J Clin Periodontol 2006; 
33: 929–35. (IVSL). 

5. Berglundh T, Persson L, Klinge B. A systematic 
review of the incidence of biological and technical 
complications in implant dentistry reported in 
prospective longitudinal studies of at least 5 years. J 
Clin Periodontol 2002; 29 (Suppl 3):197-212. (IVSL). 

6. Mombelli A, Lang NP. The diagnosis and treatment of 
peri-implantitis. Periodontol 2000 1998; 17: 63-76.  

7. Berglundh T, Zitzmann NU, Donati M. Are peri-
implantitis lesions different from periodontitis lesions? 
J Clin Periodontol 2011; 38(Supplement s11): 188–
202. 

8. Albouy JP, Abrahamsson I, Persson LG, Berglundh T. 
Spontaneous progression of ligatured induced peri-
implantitis at implants with different surface 
characteristics. An experimental study in dogs II: 
histological observations. Clin Oral Implants Res 
2009; 20(4): 366–71. 

9. Kornman KS, Knobelman C, Wang HY. Is 
periodontitis genetic? The answer may be Yes! J Mass 
Dent Soc 2000; 49: 26-30. 

10. Sternlicht MD, Werb Z. How matrix 
metalloproteinases regulate cell behavior. Annu Rev 
Cell Dev Biol 2001; 17: 463–16. 

11. Sela J, Gross UM, Kohavi D, Shani J, Dean DD, 
Boyan BD, Schwartz Z. Primary mineralization at the 
surfaces of implants. Crit Rev Oral Biol Med 2000; 
11(4):423–36. 

12. Dezerega A, Madrid S, Mundi V, Valenzuela MA, 
Garrido M, Paredes R, et al. Pro-oxidant status and 
matrix metalloproteinases in apical lesions and 
gingival crevicular fluid as potential biomarkers for 
asymptomatic apical periodontitis and endodontic 
treatment response. J Inflammation 2012; 9: 8. 

13. Engsig MT, Chen OJ, Vu TH, Pedersen AC, 
Therkidsen B, Lund LR, Henriksen K, Lenhard T, 
Foged NT, Werb Z, Delaisse JM. Matrix 
metalloproteinase 9 and vascular endothelial growth 
factor are essential for osteoclast recruitment into 
developing long bones. J Cell Biol 2000; 151(4):879–
89. 

14. Devarajan P, Johnston JJ, Ginsberg SS, Van Wart HE, 
Berliner N. Structure and expression of neutrophil 
gelatinase cDNA. Identity with type IV collagenase 
from HT1080 cells. J Biol Chem 1992; 267: 25228-32. 

15. Uitto VJ, Overall CM, McCulloch C. Proteolytic host 
cell enzymes in gingival crevice fluid.  Periodontol 
2000 2003; 31: 77-104 

16. Aimes RT, Quigley JP. Matrix Metalloproteinase-2 Is 
an Interstitial Collagenase. J Biol Chem 1995; 270: 
5872-6. 

17. Liao P, Loo WTY, Li G, Liang H, Wang M, Cheung 
MNB, Ziyuan. The effect of chronic periodontitis on 
serum levels of matrix metalloproteinase-2 (MMP-2), 
tissue inhibitor of metalloproteinase-1 (TIMP-1), 
interleukin-12 (IL-12) and granulocyte–macrophage 
colony-stimulating factor (GM-CSF). Afr J Biotechnol 
2011; 10(16): 3070-6. 

18. Meikle MC, Hembry RM, Holley J, Horton C, 
McFarlane CG, Reynolds JJ. Immunolocalization of 
matrix metalloproteinases and TIMP-1 (tissue 
inhibitor of metalloproteinases) in human gingival 
tissues from periodontitis patients. J Periodontal Res 
1994; 29: 118-26 

19. Soell M, Elkaim R, Tenenbaum H. Cathepsin C, 
Matrix Metalloproteinases, and their Tissue Inhibitors 
in Gingiva and Gingival Crevicular Fluid from 
Periodontitis-affected Patients. J Dent Res 2002; 81: 
174-8. 

20. Ma J, Kitti U, Hanemaaijer R, Teronen OP, Sorsa TA, 
Natah S, Tensing EK, Konttinen YT. Gelatinase B is 
associated with peri-implant bone loss. Clin Oral 
Implants Res 2003; 14: 709-13. 

21. Séguier S, Gogly B, Bodineau A, Godeau G, Brousse 
N. Is Collagen Breakdown During Periodontitis 
Linked to Inflammatory Cells and Expression of 
Matrix Metalloproteinases and Tissue Inhibitors of 
Metalloproteinases in Human Gingival Tissue? J 
Periodontol 2001; 72:1398-1406. 

22. Brånemark R, Brånemark PI, Rydevik B, Myers RR. 
Osseointegration in skeletal reconstruction and 
rehabilitation: a review. J Rehabil Res Dev 2001; 
38(2):175–81. 

23. Veronica I, Brånemark R, Steinauer J, Robert R. 
Titanium implants induce expression of matrix 
metalloproteinases in bone during osseointegration. J 
Rehabil Res Develop 2004; 41(6A):757–66. 



J Bagh College Dentistry                           Vol. 25(3), September 2013                            Expression of matrix  

Basic Sciences 180 

24. McQuibban GA, Gong JH, Tam EM, McCulloch 
CA, Clark-LewiI, Overall CM. Inflammation 
dampened by gelatinase A cleavage of monocyte 
chemoattractant protein-3. Science 2000; 
289(5482):1202-6. 

25. Dahan M, Nawtocki B, Elkaim R, Soell M, Bolcato-
Bellemin A-L, Birembaut P, Tenenbeum H. 
Expression of matrix metalloproteinases jn healthy 
and diseased human gingiva. J Clin Periodontal 2001; 
28:128-36. 

26. Corotti MV, Zambuzzi WF, Paiva KB, Menezes R, 
Pinto LC, Lara VS, Granjeiro JM: Immunolocalization 
of matrix metalloproteinases-2 and -9 during apical 
periodontitis development. Arch Oral Biol 2009; 54: 
764-71.  

27. Paula-Silva FW, da Silva LA, Kapila YL. Matrix 
metalloproteinase expression in teeth with apical 
periodontitis is differentially modulated by the 
modality of root canal treatment. J Endod 2011; 36: 
231-7. 

28. Dale BA. Periodontal epithelium: a newly recognized 
role in health and disease. Periodontol 2000 2002; 30: 
70-8. 

29. Yokohama Y, Matsumoto T, Hirakawa M, Kuroki Y, 
Fujimoto N, Imai K, Okada Y. Production of matrix 
metalloproteinases at the bone-implant interface in 
loose total hip replacements. Lab Invest 1995; 73(6): 
899–11. 

30. Di Nezza LA, Misajon A, Zhang J, Jobling T, Quinn 
MA, Ostör AG, Nie G, Lopata A, Salamonsen LA . 
Presence of active gelatinases in endometrial 
carcinoma and correlation of matrix metalloproteinase 
expression with increasing tumor grade and invasion. 
Cancer 2002; 94(5):1466-75. 

31. Köhrmann A, Kammerer U, Kapp M, Dietl J, Anacker 
J. Expression of matrix metalloproteinases (MMPs) in 
primary human breast cancer and breast cancer cell 
lines: New findings and review of the literature. BMC 
Cancer 2009; 9:188. (IVSL). 

32. Vasaturo F, Solai F, Malacrino C, Nardo T, Vincenzi 
B, Modesti M, Scarpa S. Plasma levels of matrix 
metalloproteinases 2 and 9 correlate with histological 
grade in breast cancer patients. Oncol Lett 2013; 5(1): 
316-320. (IVSL). 

 
Table 1: The difference in MMP2 score and intensity between the 3 study groups 

 
Implant 
Failure 

Osteo-integrated 
implant 

Contro 
l subjects

N % N % N % 
MMP2 score       

Low 10 50 4 66.7 6 100 
Intermediate 6 30 2 33.3 0 0 

High  4 20 0 0 0 0 
P (Mann-Whitney) for difference between: 

Osteo-integrated implant X Control =0.14[NS] 
Osteo-integrated implant X Implant failure =0.34[NS] 

Implant failure X Control =0.04 
MMP2 intensity       

Low 12 60 6 100 6 100 
Intermediate 4 20 0 0 0 0 

High 4 20 0 0 0 0 
P (Mann-Whitney) for difference between: 
Osteo-integrated implant X Control =1[NS] 

Osteo-integrated implant X Implant failure =0.07[NS] 
Implant failure X Control =0.07[NS] 

Total 20 100 6 100 6 100 
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Table 2: The difference in MMP2 score and 
intensity by presence of bone destruction on 

histo-pathological examination 
 

 
Bone destruction 

 
 Negative Positive 
 N % N % P  
 MMP2 score      
 Low 5 55.6 5 45.5 

0.8 
[NS] Intermediate 2 22.2 4 36.4 

 High 2 22.2 2 18.2 
 MMP2 intensity      
 Low 7 77.8 5 45.5 

0.17 
[NS] Intermediate 1 11.1 3 27.3 

 High 1 11.1 3 27.3 
 Total 9 100 11 100  

Table 3: The difference in MMP2 score and 
intensity by presence of cavitations on histo-

pathological examination 
 

 
Cavitations  

 
 Negative Positive 
 N % N % P 
 MMP2 score      
 Low 13 86.7 7 41.2 

0.014 Intermediate 1 6.7 7 41.2 
 High 1 6.7 3 17.6 
 MMP2 intensity      
 Low 15 100 9 52.9 

0.003 Intermediate 0 0 4 23.5 
 High 0 0 4 23.5 
 Total 15 100 17  100  

 
 
 

 
Table 4: The difference in MMP2 score and 

intensity by severity of inflammatory 
reaction on histo-pathological examination 

 
 

Inflammatory reaction 
 

 Negative Mild ModerateHeavy 
 N % N % N % N % P 
 MMP2 score          
 Low 5 100 5 62.5 4 66.7 6 46.2

0.2 
[NS]  Intermediate 0 0 2 25 2 33.3 4 30.8

 High 0 0 1 12.5 0 0 3 23.1
 r = 0.34 [NS]          

 MMP2 
intensity 

         

 Low 5 100 7 87.5 3 50 9 69.2
0.19
[NS]  Intermediate 0 0 1 12.5 1 16.7 2 15.4

 High 0 0 0 0 2 33.3 2 15.4
 r = 0.26 [NS]          
 Total 5 100 8 100 6 100 13 100  

 
Table 5: The difference in MMP2 score and 

intensity by presence of granulation tissue on 
histo-pathological examination 

 
 

Granulation tissue   Negative Positive 
 N % N % P 
 MMP2 score      
 Low 12 80 8 47.1 0.07

[NS]  Intermediate 2 13.3 6 35.3 
 High 1 6.7 3 17.6 
 MMP2 intensity      
 Low 13 86.7 11 64.7 0.16

[NS]  Intermediate 1 6.7 3 17.6 
 High 1 6.7 3 17.6 
 Total  15  100 17  100  

 
 

Figure 1: Component bar chart showing the 
difference in MMP2 score between the 3 study 

groups 
 

Figure 2: Component bar chart showing the 
difference in MMP2 intensity between the 3 

study groups 
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Table 6: The difference in MMP2 score and intensity by type of fibrous tissue observed on histo-
pathological examination 

 
 

Fibrous tissue   Delicate bandsCoarse heavy collagen 
 N % N % P 
 MMP2 score      
 Low 14 77.8 6 42.9 

0.042 Intermediate 3 16.7 5 35.7 
 High 1 5.6 3 21.4 
 MMP2 intensity      
 Low 16 88.9 8 57.1 

0.045 Intermediate 1 5.6 3 21.4 
 High 1 5.6 3 21.4 
 Total 18 100 14 100  

 


