
 



 



 الصفحة فهرس البحوث  ت

1 
Impact of Vitamin D3 Deficiency on Liver and Adipose Tissue in Pregnant Mice 

Amenah Salman Mohammed 
1 – 12  

2 

Diagnostic potential of salivary MMP-9 to differentiate between periodontal 

health and disease in smokers and non-smokers 

Tamarah Adil Mohammed Hussein       Omar Husham Ali 

13 – 23  

3 

Salivary IL-10 and TNF-α levels in Dental Caries Detection in Pediatric β-

Thalassemia Major Patients 

Zainab Abduljabbar Athab           Ban Hazem Hassan 

24 – 35  

4 

Compare Robust Wilk’s statistics Based on MM-estimator for the Multivariate 

Multiple Linear Regression 

Abdullah A. Ameen     Thamer Warda Hussein  

36 - 46  

5 
Curvature Inheritance Symmetry of manifolds 

  Attwani -Humam T. S. Al   Mohammed Y. Abass  47 – 58  

6 

The issues of cultural expressions untranslatability from Iraqi Arabic into 

English language  

Ahmed Mohamed Fahid 

59 - 67  

7 

Hematological and biochemical parameters changes associated with Coronavirus 

Disease (COVID-19) for some patients in Missan Province         

Anas, S. Abuali  

68 - 80  

8 

Evaluation of the diagnostic efficacy of salivary malondialdehyde among 

smokers and nonsmokers with periodontal disease: A case-control study 

Maha Sh. Mahmood        Haneen Fahim Abdulqader 

81 - 89  

9 

Mapping the Slopes' Geomorphological Classification Using Geomatics 

Techniques: A Case Study of Zawita, Iraq 

Elaf Amer Majeed Alyasiri              humairi-Mohammed Abbas Jaber Al 

90 - 104  

10 

Enhancement methods of intrusion detection systems using artificial intelligence 

methods (TLBO)Algorithm. 

Mohammed Saeed Hashim Al-Hammash          Haitham Maarouf 

105 - 112  

11 

In Silico Interaction of Select Cardiovascular Drugs with the Developmental 

Signal Pathway Pax3 

Sarah T. Al-Saray  

311 - 124  

12 

 Influence of gingivitis in preterm delivery on serum biomarkers COX-2 and 

PGE-2 

Shaden Husham Maddah        Ghada Ibrahim Taha 

125 - 135  

13 
Detection and Identification of Chlamydia causing Ear infection by PCR. 

Rabab Saleh Al.sajedy         Ghaida'a . J. AL.Ghizzawi  
136 - 143  

14 
Metric areas and results of best periodic points 

Maytham zaki oudah Al Behadili 
144 - 152  

15 

Structural and Optical Properties of Co doped CdS Nanoparticles Synthesised 

by Chemical Method 

Hadeel Salih Mahdi         Jarah -Uday Ali Sabeeh Al 

153 - 157  

16 

The occurrence of Lactobacillus and Candida albicans in patients with thyroid 

disorders 

Maha Adel Mahmood              Riam Hassoun Harbi 

158 - 166  



   

 

17 
An overview of the loquat's (Eriobotrya japonica) active components 

Shahad Basheer Bahedh            Dina Yousif Mohammed 
167 - 173  

18 

Study the mineralogy of Al-Faw soil in southern Iraq and determine swelling 

properties by indirect methods 
Huda.A.Daham                  Haneen.N. Abdalamer 

174 - 183  

19 

The Role of pknF and fbpA as a virulence genes with Interleukin -4 and 6, in the 

Pathogenesis of Tuberculosis 

Samih Riyadh Faisal 

184 - 192  

20 
 لغة الانفعال في النص الشعري التسعيني

203 - 193 أحمد عبد الكريم ياسين العزاوي   

21 
 )دراسة مقارنة( الحماية الدستورية لحقوق الأطفال عديمي الجنسية في التعليم في التشريعات العراقية 

218 - 204 الباحث كامــل خالــد فهــد          هـند علــي محمـــد  

22 
 التنبؤ بالطلب على الخزين باستعمال الشبكات العصبية الاصطناعية مع تطبيق عملي

 لمياء محمد علي حميد           أيمن خليل اسماعيل
219 – 230  

23 
 بعض التقديرات المعلمية واللامعلمية لأنموذج الانحدار الدائري بالمحاكاة 

 رنا صادق نزر    عمر عبد المحسن علي 
231 - 240  

24 
 القتل في القران والسنة )دراسة في الاسباب والاثار والوقاية(

258 - 241 جاسب غازي رشك  

25 
 الطريقة الصوفية البكتاشية دراسة تحليلية

271 - 259 جبار ناصر يوسف  

26 
 السياسات التعليمية في الفكر الإسلامي مدخل لتعزيز البناء الاجتماعي

 272 - 286 حامد هادي بدن 

 دراسة سندية لحديث: )أهل بيتي أمان لأمتي...( وفق المنهج الحديثي عند أهل السنّة 27
 حكمت جارح صبر 

306 -287 

28 
 القياس والافصاح المحاسبي عن الانتاج المرئي وفق معايير المحاسبة الدولية

 307 - 321 رائد حازم جودة           خوله حسين حمدان  

29 
 تطبيق فن الايكيبانا في دروس الإشغال الفنية بقسم التربية الفنية اسس

 322 - 332 سهاد جواد فرج الساكني

30 
 تنبؤ العلاقات العامة بالأزمات عبر تطبيقات الذكاء الاصطناعي

 333 - 353 ليث صبار جابر

31 
 روايات أهل البيت )ع( في مدح وذم أهل الكوفة دراسة تحليلية

 354 - 374 محمد جبار جاسم

32 
 تجليات الصراع الوجودي في لامية اوس بن حجر

 375 - 385 مشتاق طالب منعم 

33 
 ازدواجية الهوية الدينية وفهم الذات في رواية )عازف الغيوم( لعلي بدر أنموذجا

 386 - 392 نور خليل علي 

34 
 )دراسة تحليلية في الوثائق الامريكية(  مشروع الحلف الاسلامي السعودي وموقف الكيان الصهيوني

 393 - 402 سعد مهدي جعفر  



  

 13 

 

Diagnostic potential of salivary MMP-9 to differentiate between 

periodontal health and disease in smokers and non-smokers 

Tamarah Adil Mohammed Hussein1, Omar Husham Ali1 
1 Department of Periodontics, College of Dentistry, University of 

Baghdad, Baghdad, Iraq. 

Corresponding author email: 

omar.husham@codental.uobaghdad.edu.iq 

ORCID ID: https://orcid.org/0000-0002-0651-8367 

Abstract : 

The drawbacks of the traditional methods for detecting and 

managing periodontal disease motivated researchers to look for new 

ways to predict, diagnose, and monitor this condition. Using the 

biomarkers present in oral fluids could be a groundbreaking 

alternative to the manual probing/radiographic diagnosis. Several 

salivary biomarkers can accurately distinguish between periodontal 

health and disease. The aim of this study was to evaluate the 

diagnostic accuracy of salivary Matrix Metalloproteinase-9 (MMP-

9) for differentiating healthy and diseased periodontal tissues in 

smokers and non-smokers. The study involved 175 participants who 

were classified into five equal groups: 1) healthy controls, 2) non-

smoker gingivitis, 3) smoker gingivitis, 4) non-smoker periodontitis 

and 5) smoker periodontitis patients. Periodontal parameters 

including plaque index (PI), bleeding on probing (BOP), probing 

pocket depth (PPD), and clinical attachment level (CAL) were 

recorded for each patient. The salivary MMP-9 concentration was 

ascertained using an ELISA test. The diagnostic capabilities of 

MMP-9 were evaluated using the Receiver Operating Characteristic 

(ROC) curve and the Area Under the Curve (AUC). Salivary MMP-

9 was significantly higher in patients with gingivitis and 

periodontitis compared to healthy individuals. The ROC analysis 

revealed that salivary MMP-9 had a high sensitivity and specificity 

to distinguish between periodontal health and both gingivitis and 

periodontitis regardless of whether the patient smoked or not. 
salivary MMP-9 demonstrated high sensitivity and specificity in 

distinguishing between healthy and diseased periodontal conditions. 

The level of accuracy of MMP-9 was also sufficient regardless of 

smoking status. 
Keywords: biomarkers, periodontal diseases, MMP-9, smoking, 

saliva. 

1 | INTRODUCTION: 

A biomarker is a feature that can be measured to indicate the 

normal or abnormal functioning of biological systems, or their 

reactions to external factors or treatments (Group, 2016) Biomarkers 

have shown great potential in diagnosing and tracking different 

diseases.(Maher Abdulazeez Nsaif, 2023, Yosuf, 2019, Abdul-Mounther et al., 

2017) . 
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Periodontitis is mainly caused by an imbalance in the dental plaque biofilm that favors harmful 

bacteria.(Papapanou et al., 2018) In the body, the immune system reacts to infection by delivering 

immune cells to the nearby periodontal tissues.(Tsukasaki, 2021) These cells release various substances 

that cause inflammation, tissue damage and bone loss.(Hienz et al., 2015) Researchers have found that 

these substances are much higher in oral fluids during periodontal disease than in health, which 

makes them useful as biomarkers for predicting, diagnosing, and monitoring the condition.(Gul et al., 

2020, Salim and Diajil, 2022, Mohammed et al., 2022) . 
Matrix Metalloproteinase-9 (MMP-9) which is also called gelatinase B, is one of the key 

gelatinases that functions as a proteolytic enzyme degrading collagen and gelatin and the extracellular 

matrix proteins during periodontal disease associated inflammation.(Kim et al., 2014, Chen et al., 2013) 

This enzyme is responsible for degrading type (IV) collagen, a central constituent of the basal 

membrane structure. The MMP-9 is secreted as a latent form until its activation by other collagenases 

(stromelysin-1, Matrix Metalloproteinase-8).(Jotwani et al., 2010) Other activities of MMP-9 besides 

collagen lysis are angiogenesis, bone and connective tissue formation.(Amălinei et al., 2007) The MMP-9 

also plays a vital part in osteoclastogenesis process by helping the movement of osteoclasts and their 

stem cells to the site of bone destruction.(Xie et al., 2009) 

High expression of MMP-9 has been detected in the gingival tissue of periodontitis cases.(Şurlin 

et al., 2014) Also, MMP-9 was believed to be the key proteinase responsible for bone destructive 

process because osteoclasts expression of this proteinase was exceedingly high.(Somerville et al., 2003, 

Delaissé et al., 2003) Smoking has been identified as a risk factor that can trigger an inflammatory 

response, which in turn can lead to periodontal disease.(Al-Taweel et al., 2019) Consequently, it's 

important to consider the disruptions smoking can cause when interpreting the results of potential 

salivary diagnostic tests. It has been reported that salivary MMP-9 levels are primarily impacted in 

individuals who are currently smoking or have quit smoking within the past year.(Lahdentausta et al., 

2019) 

The purpose of this research was to find out how accurate and reliable salivary MMP-9 was in 

distinguishing between healthy and diseased periodontium in people who smoke and who do not 

smoke. 

2 | MATERIALS AND METHODS: 

2.1 | Study design: 

an observational (case-control) study, which was carried out at the department of periodontics, 

Collage of Dentistry, University of Baghdad. This study's methods were all in accordance with the 

Helsinki Declaration and any later revisions made to it for human research. The protocol has received 

approval from the Ethics committee in College of Dentistry, University of Baghdad. Before 

participating in the study, each patient was required to sign an informed consent form that fully 

explained the nature and goals of the study. 

The study divided the participants into five groups based on their periodontal health and 

smoking status: healthy periodontium (controls), non-smokers with gingivitis, smokers with 

gingivitis, non-smokers with periodontitis, and smokers with periodontitis. In details, the case 

definitions were; Gingival health (control group) was  <10% bleeding sites, probing depths ≤3 mm 

with no clinical attachment loss.(Chapple et al., 2018) Gingivitis was ≥10% bleeding sites, with probing 

depths ≤3 mm with no clinical attachment loss.(Chapple et al., 2018) All cases of gingivitis were 

generalized gingivitis in which ≥30% bleeding sites.(Chapple et al., 2018) Periodontitis cases were 

diagnosed when there was detectable interdental clinical attachment loss (CAL) at two or more non-

adjacent teeth, or when a buccal or oral CAL of 3 mm or more, along with pocketing greater than 3 

mm, is observable at two or more teeth.(Tonetti et al., 2018) periodontitis cases were unstable (PPD ≥ 

5mm or PPD at ≥ 4mm and BOP), generalized (more than 30% of teeth included in attachment 
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loss).(Tonetti et al., 2018)  For the smoking status, as defined by The Centers for Disease Control and 

Prevention (CDC); non-smokers were subjects who had never smoked, or not currently smoke but 

may had smoked fewer than 100 cigarettes throughout their life. While, People who have smoked 100 

cigarettes or more in their lifetime and at the time of their participation in the study were considered 

current smokers. All smoker subjects regularly smoke a minimum of 10 cigarettes per day for more 

than 5 years.  

2.2 | Inclusion and exclusion criteria : 

Participants in this study had to be systemically healthy, have at least 20 teeth, and have not 

taken any drugs within the last three month. Patient with systemic diseases, patient who had previous 

or were receiving periodontal treatment at time of participating in the study, patient who had received 

antibiotics or immunosuppressants within the previous three months of their participation in the 

study, patient presented with necrotizing ulcerative gingivitis, aphthous ulcer or any lesion not related 

to the disease, alcoholic patient, patients had received orthodontic, dental implant, crown and bridge 

or partial dentures, pregnant or lactating mothers and women taking contraceptive pills were 

excluded. 

2.3 | Periodontal parameters and clinical examination: 

Full mouth plaque index (PI), bleeding on probing (BOP), probing pocket depth (PPD), and 

clinical attachment loss (CAL) were measured for all of the existing dentition. Examination of full 

mouth was done using a periodontal probe (Michigan O probe) with marking at (1,2,3,5,7,8,9 and 10) 

mm at six sites for each tooth (mesiobuccal, buccal, distobuccal, mesiolingual, lingual, distolingual), 

except for plaque scores where four surfaces were examined (mesial, buccal, distal, lingual). The 

clinical examination did not include wisdom teeth. 

2.4 | Collection of saliva samples : 

Before salivary sample collection, the participants were instructed to fast for one hour. All 

participants were instructed to properly rinse their mouths thoroughly with water in order to eliminate 

any remnants or polluted substances prior to the collection of samples. The whole-unstimulated saliva 

was then collected and placed in sterile tubes. To separate the salivary supernatants from the cellular 

debris, the collected samples were centrifuged for 15 minutes at 1000 rpm using an 80-1 Electronic 

Centrifuge. Using a micropipette, 500 μL of the clear salivary supernatants were transferred into a 

plastic Eppendorf tube that included 50 μL of a protease inhibitor enzyme solution. In order to 

preserve it for analysis, the Eppendorf tube was marked and frozen at -20°C.  

2.5 | Enzyme‐linked immunosorbent assays (ELISA): 

All samples were defrosted and given some time to reach to room temperature. Protein levels in 

salivary MMP-9 were assessed Using commercially available enzyme-linked immunosorbent assay 

(ELISA) kits (SunLong Biotech Co., China). The analysis was carried out in accordance with each 

kit's manufacturer's instructions. Optical density (OD) was measured with a Microtiter plate reader. 

2.6 | Statistical analysis: 

For categorical variables, frequency and percentage were utilized, while descriptive statistics for 

continuous data included mean, standard deviation, and median. Using the Shapiro-Wilk test, the 

distribution of the data was examined. An analysis of variance test was employed for continuous 

parametric variables, followed by post hoc analysis. To find out how the levels of salivary biomarkers 

were related, the Pearson’s correlation test was applied. Using the receiver operating characteristic 

(ROC) curve and area under the curve (AUC), the biomarkers' sensitivity and specificity were 

examined. GraphPad Prism software (version 9.0) was used for all analyses. To determine if there 

were significant differences between groups, a p-value of less than 0.05 was required. 
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3 | RESULTS : 

The study included 175 participants who were assigned to five groups based on their 

periodontal status and smoking habits. These groups were healthy periodontium (control, n = 35), 

gingivitis without smoking (n = 35), gingivitis with smoking (n = 35), periodontitis without smoking 

(n = 35), and periodontitis with smoking (n = 35). The sex and mean age distribution of the 

participants are shown in figure (1), and the clinical periodontal parameters for each group are shown 

in figure (2). 

 
FIGURE 1: Demographic data of the study groups. 

 
FIGURE : Clinical periodontal parameters of the study groups. 
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The results of the biochemical tests showed that salivary MMP-9 was significantly higher in the 

groups with gingivitis and periodontitis than in the control group. Smokers with periodontitis had 

significantly higher MMP-9 in their saliva than non-smokers with the same condition (Figure 3). 

 
FIGURE 3: Salivary concentrations of Matrix Metalloproteinase-9 (MMP-9). 

The diagnostic accuracy of the chosen salivary biomarker was assessed by ROC curve and AUC 

(Figure 4). MMP-9 and its ratio had high sensitivity and specificity to distinguish healthy periodontal 

tissues from those with gingivitis and periodontitis. The same was true for separating healthy 

periodontal tissues from smokers with gingivitis and periodontitis, as shown in Table 1. 

Correlation analyses showed a positive and significant relation between periodontal parameters 

(PL, BOP and CAL) and MMP-9. (Table 2). 

TABLE 1 Area under the curve (AUC), sensitivity, specificity, and cut‐off values for all groups. 

 AUC P value Optimal cut % Sensitivity % Specificity 

Control vs Non-Smoker 

Gingivitis  

1.000 > 0.001 1.915 100 97.1 

Control vs Smoker 

Gingivitis  

0.980 > 0.001 2.372 100 94.3 

Control vs Non-Smoker 

Periodontitis  

0.803 > 0.001 2.599 91.4 85.7 

Control vs Smoker 

Periodontitis  

1.000 > 0.001 1.915 100 97.1 
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FIGURE 4: Receiver operating characteristic (ROC) of salivary MMP-9. (A) Control vs non-smoker 

gingivitis, (B) Control vs smoker gingivitis, (C) Control vs non-smoker periodontitis and (D) Control 

vs smoker periodontitis. 

Table 2: Correlation between periodontal parameters and MMP-9. 

 MMP-9 

r p 

PI 0.443 > 0.001 

BOP 0.486 > 0.001 

PPD 0.167 0.168 

CAL 0.313 0.008 

 r: Correlation coefficient. Significant difference at p <0.05 by Pearson’s correlation assay. 
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4 | DISCUSSION: 

Salivary MMP-9 showed high sensitivity and specificity in identifying healthy and diseased 

periodontal tissues. A similar pattern was observed in discriminating healthy periodontium from 

smokers with gingivitis or periodontitis cases. 

Manual probing is a technique that measures periodontal parameters, but it can have errors such 

as causing bleeding by applying too much force or recording deeper pocket depth than the actual one. 

These drawbacks can happen for various reasons.(Laugisch et al., 2021, Elashiry et al., 2019) Therefore, it is 

important to have an accurate diagnosis to design the right treatment plan. Using biomarkers in oral 

fluids has shown promising results in the last decades to tell apart healthy and diseased periodontal 

tissues.(Kc et al., 2020) 

Saliva was the oral fluid of choice because it is easy to collect without making the patient 

uncomfortable, it can be obtained in enough amounts, and it has many biomarkers that accurately 

reflect various local and systemic conditions.(Malamud, 2011, Bhattarai et al., 2018) However, salivary 

biomarkers are more suitable for screening purposes than for giving site‐specific information, which 

are better for monitoring disease activity and prognosis.(Wei and Wong, 2012, Farah et al., 2018)  

The MMP-9 is a biomarker that has been studied extensively. In the current study, MMP-9 was 

able to distinguish periodontal health from gingivitis and periodontitis with high sensitivity. The 

ability to distinguish between health and periodontitis was consistent with most of the published 

studies.(Bostanci et al., 2021, Kim et al., 2020a, Kim et al., 2020b) However, other authors have suggested that 

MMP-9 is able to distinguish only health from periodontitis but not rise to a significant level during 

gingivitis.(Bostanci et al., 2021, Lazăr et al., 2015) MMP-9 is more efficient in degrading collagen type IV, 

a major component of the basement membrane structure. In addition, MMP-9 is also responsible for 

degrading gelatins (hence the name gelatinase B); collagens that forms the structure of extracellular 

matrix proteins, type V, VII. X. X, plus elastin. MMP-9 causes tissue degradation physiologically as a 

part of the normal remodeling process or pathologically during the destructive phase of periodontal 

disease.(Reynolds, 1996) 

This enzyme is produced as a pro type by a variety of cells, mainly by Polymorphonuclear 

leukocytes (PMNs) and also by the connective soft tissue cells of the gingiva and osteoclasts, 

activated by the inflammatory process and would degrade extracellular collagen structure.(Vandooren et 

al., 2013) Subsequently causing both soft tissue and bone loss that has been associated to the 

destructive stage of periodontitis.(Escalona et al., 2016) As it was explained, MMP-9 level rises in 

subjects suffering from recurrent loss of attachment level and its concentration decreases after 

successful periodontal therapy. This explains why MMP-9 level rises during periodontitis which 

could be attributed to the breach of the basal membrane structure and the loss of the hard and soft 

tissues. This is reflected by the deepening of periodontal pockets, soft tissue damage, and bone loss 

that is caused by the imbalance in the execration of the host derived proteinases including MMP-9 

that happens during the active stage of periodontitis. MMP-9 is excreted in both health and disease 

process but the difference in the concentration during the inflammatory process with the activation of 

the pro type into active MMP-9.(Teng et al., 1992) 
The impact of smoking on salivary MMP-9 has been a topic of debate in various studies.(Nishida 

et al., 2008, Gupta et al., 2016, Mäntylä et al., 2006) This could be due to the fact that smoking has a direct 

and multifaceted influence on inflammatory pathways and, as a result, on biomarkers derived from 

the host.(Johannsen et al., 2014)  It has been observed that smoking is linked to an increased count of 

total white blood cells, with current smoking habits having a more pronounced effect than the number 

of pack years.(Smith et al., 2003) The most significant effect was seen in granulocytes, with current 

smokers having the highest count. A noticeable downward trend in granulocyte count was observed 

with time since quitting, with non-smokers having the lowest count. Smoking can also stimulate 
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lymphocytes and elevate CRP levels. These smoking-induced changes in inflammatory cells can 

further affect the production and secretion of MMPs.(Yanbaeva et al., 2007) 
The study suggests that measuring the salivary biomarkers in GCF and checking their levels 

after periodontal treatment could help overcome the study’s limitations. Although the salivary 

biomarkers were showed potential as diagnostic tools, more clinical studies are needed to confirm the 

recent findings. 

5 | CONCLUSION: 

Salivary MMP-9 is a potential candidate for differentiating periodontal health from both 

gingivitis and periodontitis regardless of smoking status. 
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