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Abstract

:

Periodontitis is one of the most common immune-mediated inflammatory conditions resulting in progressive destruction of periodontium. Metalloproteinase-9 (MMP-9), an enzyme that is involved in the degradation of gelatin and collagen and present in the gingival crevicular fluid, is markedly increased in periodontitis. The aim of the study is to evaluate the effects of periodontal treatment either alone or in combination with orthodontic treatment on MMP-9 levels. In this study, 60 individuals were subjected to periodontal treatment (PD) or periodontal treatment combined with orthodontic treatment (POD). Both periodontal and periodontal plus orthodontic treatments significantly improved clinical parameters and lowered MMP-9 levels compared to control group. However, the combination of periodontal with orthodontic treatment further improved clinical parameters and enhanced the lowering effect on MMP-9 levels compared to periodontal or control groups alone. Finally, the degree of malocclusion significantly affected the effect of the treatment on MPP-9 levels with PD treatment having the most pronounced effect. We concluded that salivary MMP-9 can serve to accurately predict the level of inflammation in affected periodontal tissues during orthodontic treatment that is also associated with the type of malocclusion, making it a viable diagnosis tool in monitoring the progression of the periodontium during orthodontic treatment.
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1. Introduction


Periodontitis represents one of the most prevalent chronic inflammatory oral diseases. It is characterized by an inflammatory destruction of periodontal attachment complex leading to irreversible loss of bone and tooth-supporting tissue [1,2]. Among the components of periodontium lost is type I collagen, found primarily in periodontal ligament and alveolar organic matrix [3,4]. The destruction of periodontium is mediated by the plasminogen-dependent, phagocytic, osteoclastic, and matrix metalloproteinase (MMP) pathways [5,6]. The MMPs, a family of zinc and calcium-dependent proteolytic enzymes, which are secreted by immune cells in response to inflammatory stimuli, are considered the most important in mediating the degradation of the extracellular matrix [7,8] and have been recognized as important biomarkers in the early detection of several diseases [9].



Normally, these enzymes are tightly regulated and play a critical role in bone morphogenesis and tissue repair [10,11]. However, in pathological conditions such as periodontitis, these enzymes are involved in the destruction of extracellular matrix components such as collagen, elastin, fibronectin, laminin, and entactin [12,13]. This results in oral pathological processes such as the destruction of the periodontal tissue, tumor invasion, and dysfunctions of the temporomandibular joint (TMJ) [14,15]. Among these several groups of proteinases, the zinc-metalloproteinases such as matrix metallopeptidases 9 (MMP-9) contain a Zn ion in the catalytic domain. Moreover, MMP-2 and MMP-9 may have a binding domain for gelatin, inserted between the catalytic and the active domain, and this is the reason of why MMP-9 is also called gelatinase B [9]. MMP-9 or gelatinase B is primarily found in saliva and gingival crevicular fluid; it is present in dental tissues with numerous active forms, weighing 82–132 kD, and is involved in inflammation, wound healing, and tumor growth [16]. The involvement of MMP-9 both in periodontal disease and in the orthodontic periodontal reshaping has already been demonstrated by several studies [17,18,19,20]. Both in vivo and in vitro evidence show that orthodontic dental movement causes mechanical stress [21,22], which, in turn, generates biochemical and structural responses in a diversity of cell types [18,23,24]. As such, the early stage of orthodontic dental movements involves an acute inflammatory response featuring local tissular ischemia, periodontal vasodilatation, and the migration of leucocytes through the capillaries of the periodontal ligament [25]. Elevated MMPs have been associated with increased inflammation and loss of tooth-supporting tissue present in periodontal disease, while periodontal treatment decreases inflammation and lowers MMP-9 levels [23,26,27,28]. To determine whether MMP-9 levels can reliably predict the chronic inflammatory oral diseases, in this study, we examine the effects of periodontal treatment on salivary MMP-9 levels in patients with stabilized pre-existing periodontal history, where treatment is done either without or coupled with orthodontic treatment.




2. Materials and Methods


2.1. Subjects


The study was performed under the Institutional Review Board protocol no. 5329/2018 approved by the ethics committee of the Grigore T. Popa University of Medicine and Pharmacy, and signed informed consent was obtained from each participant in the study. The sample population included in the current research consists of consecutive patients that were selected in a 12-month interval. Sixty individuals of which 32 males and 28 females in good general health from 21 to 38-year-old were enrolled in the study. The following inclusion criteria were used: a minimum of 20 teeth in functional dentition, moderate or severe periodontitis and without periodontal treatment at the time of enrolment. Periodontal exam included the recording of periodontal pocket depths (PPD) from six sites of each tooth. The six probing sites were distributed as follows: three sites on the buccal surfaces (mesial, central, and distal) and three sites on the lingual surfaces of the teeth (mesial, central, and distal). Bleeding on probing was recorded and the sulcus bleeding index (SBI) was determined. A complete periodontal probing was performed using an electronic probe (PaOn®, Orange Dental, Biberach a. d. Riss, Baden-Würtemberg State, Germany), and data were transferred using additional software. The following exclusion criteria were applied: smoking, heavy drinkers, immunocompromised, use of anti-inflammatory drugs or other medication affecting the periodontium, use of antibiotics and steroids, and a history of systemic and infectious diseases.



The sixty patients included in the study were randomly divided in three groups as follows: group 1, a control group that included 16 (7 men, 9 women) subjects without periodontal disease and/or clinical gingival modifications; group 2, which included 22 subjects (10 men, 12 women) with periodontal disease (chronic periodontitis localized in minimum 3 teeth) who received periodontal treatment (PD); and group 3, which included 22 (11 men, 11 women) subjects with periodontal disease (chronic periodontitis localized in minimum 3 teeth), who received both periodontal and orthodontic treatment (POD). All individuals received periodontal examination and were diagnosed based on the clinical criteria established by the American Academy of Periodontology [29]. All patients underwent treatment including oral hygiene instructions. Periodontal treatment was identical for both PD and POD groups and consisted of supra- and subgingival scaling and root planning over a maximum 4-week period. The subgingival scaling was performed using the same ultrasonic device (Acteon Satelec®, Mérignac, Gironde, France), and the same type of subgingival inserts while for root planning area specific curettes (Hu-Friedy®, Chicago, IL, USA) were used. Therapeutic treatments were performed every 8 weeks starting 10 days after study commencement. For orthodontic treatment, we used metallic fixed appliances that were bonded after the periodontal status stabilized. No dropouts occurred prior or during the treatment.




2.2. Saliva Sample Collection and Analysis


Saliva was collected at two time points from patients included in PD and POD groups as follows: for the PD group, one initial baseline collection and a second collection 6 months following completion of periodontal treatment; for the POD group, one initial baseline collection and a second collection 6 months after completion of periodontal treatment and stabilization of the orthodontic treatment. The timing for the second saliva collection in the POD group was delayed compared to the PD group to allow for an evaluation of the effects of the orthodontic treatment on the inflammatory markers level once the treatment has stabilized. One baseline saliva collection was performed in the control group at the beginning of the study. All samples were collected by one investigator to ensure consistency in the protocol. Saliva was collected without stimulating its secretion from the salivary glands (i.e., paraffin gum or citric acid) in order to avoid any interference of the stimulating agent on marker release. Collection was carried out using Eppendorf tubes placed on ice; particular attention was given to contamination with blood, since MPP is also present in blood and its levels were shown to be different (i.e., higher) in blood compared to those present in the salivary fluid. Samples suspected of blood contamination were discarded. Samples were stored at −20 °C pending analysis. The levels of MMP-9 in collected saliva samples were measured via ELISA immunoassay following the manufacturer’s instructions (R&D Systems Inc., Minneapolis, MN, USA) [19].




2.3. Statistical Analyses


Statistical analyses were performed using SPSS 24.0 for Windows (IBM Corporation, North Castle Drive, Armonk, NY, USA). The Kruskal–Wallis test was applied to determine the differences in MMP concentrations between groups of patients according to treatment and clinical parameters. The Newman–Keuls post hoc test was also applied for the pair analysis of two groups of patients. MMP-9 values were reported as mean values and standard deviation. The evolution of MMP-9 values was also presented in %, with the proportion being represented by the decrease of the MMP-9 value related to the value registered before the treatment. The univariate correlational analysis was performed based on the Spearman rank order correlations test. To better highlight the effect of the treatment and the degree of malocclusion, the graphs were generated using STATA 16.1 (StataCorp LLC., College Station, TX, USA). A p-value of less than 0.05 was considered statistically significant.





3. Results


3.1. Clinical Parameters


Analysis showed a significant difference before treatment between PD and control groups for PPD (4.18 ± 0.21 vs. 1.65 ± 0.14, p < 0.0001) and SBI (2.9 ± 0.11, vs. 0.31 ± 0.11, p < 0.0001) as well as between POD and control groups for the same parameters: PPD = 4.54 ± 0.17, p < 0.0001; SBI = 3.45 ± 0.12, p < 0.001. Periodontitis treatment significantly improved PPD (3.23 ± 0.19, p < 0.01) and SBI (2.04 ± 0.12, p < 0.01) while periodontitis combined with orthodontic treatment had a greater effect compared to the control group and the PD group’s treatment for both clinical parameters, i.e., PPD = 2.4 ± 0.1, SBI = 2.04 ± 0.12, p < 0.0001 for both.




3.2. Effects of Periodontal and Combined Periodontal with Orthodontic Treatment on MMP-9 Levels


Patients with untreated periodontal disease had significantly higher levels of salivary MMP-9 compared to controls (control group: 155.6 ± 38.63 ng/mL; PD: 582.27 ± 48.2 ng/mL; POD group: 602.55 ± 64.55 ng/mL; p < 0.0001 for both, Figure 1). However, following intervention, periodontal treatment alone lowered MMP-9 significantly compared to the levels before treatment (17.3% reduction; p = 0.0046). A combination of periodontal with orthodontic treatment drastically decreased MMP-9 levels by 42.3% compared to pre-treatment levels (p < 0.0001). Although MMP-9 levels dropped significantly after treatment in both PD and POD groups, there was a significant difference (p = 0.00012) in MMP-9 levels following each of the two treatments, with the treatment for the POD group having the most significant effect in lowering MMP-9 levels compared to the PD and control groups (p = 0.0005) (Figure 1).




3.3. The Effect of Malocclusion on MMP-9 Levels


The degree of malocclusion significantly affected salivary MMP-9 levels. Because of this, prior to treatment, patients with periodontal disease had MMP-9 values that differed significantly depending on the angle class (PD group: p = 0.005; POD group: p = 0.003); this effect was more pronounced in patients with angle class II/1 and II/2 (Figure 2). Following the PD group’s treatment, MMP-9 decreased significantly compared as a function of the angle class (p = 0.03). The treatment in the POD group significantly lowered MMP-9 levels compared to those of the PD and control groups (p < 0.0001); however, there were no significant differences between the angle classes (p = 0.176) (Figure 2).




3.4. Correlation Between Clinical Parameters and MMP-9 Levels


Before treatment, the Spearman rank analyses showed a significant positive association between the probing pocket depth (PPD) and MMP-9 levels in POD patients (r = 0.47, p = 0.03) with no difference in the PD group (r = 0.033, p = 0.88). Following intervention, MMP-9 levels were significantly correlated with PPD in the PD group (r = 0.33, p = 0.029) but not in the POD group (r = 0.678, p = 0.764). Similarly, there was a significant correlation between SBI and MMP-9 levels before treatment in the POD group (r = 0.47, p = 0.032) but not the PD group (r = 0.08, p = 0.71). After treatment in the PD group, MMP-9 levels in the PD group were significantly correlated with SBI (r = 0.46, p = 0.034) while the treatment in POD group abrogated the correlation between SBI and MMP-9.





4. Discussion


The results of this study show that both periodontal and the combination of periodontal and orthodontic treatments were effective in significantly lowering MMP-9 levels compared to patients who did not receive the treatment. However, it was the combination of periodontal with orthodontic treatment that had the greatest effect on MMP-9 levels compared to periodontal or control groups alone. Furthermore, while the treatment in both the PD and POD groups significantly improved clinical parameters, the POD group treatment had the greatest effect. This improvement of clinical parameters following intervention in the PD and POD groups was positively associated with MMP-9 levels. Finally, the degree of malocclusion significantly affected the effect of the treatment on MPP-9 levels with PD treatment having the most pronounced effect.



Periodontitis is one of the most prevalent inflammatory pathology affecting nearly half of people over 30 years old [3]. It is characterized by an immune inflammatory process ultimately leading to the destruction of periodontal attachment and supporting tissue and bone resorption. Several periodontal bacteria together with microbial proteases such as metalloproteases including host-derived MMPs, all participate in the process leading to progression of periodontitis, tissue, and ligament degradation. Among them are Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia; together with the host’s genetics and other environmental factors, these bacteria are active contributors in the infections and inflammatory processes that result in the production of metalloproteases, including host MMPs [16,30,31]. MMP-9 is among the best studied proteinases when it comes to its role in periodontitis and its activation in infections.



In the present study, salivary MMP-9 levels were associated significantly with periodontal and orthodontic treatment and differentiated from the control group. Therefore, MMP-9 can be used with high fidelity not only as a marker of periodontal inflammation but also as a tool for assessing the effectiveness of the nonsurgical periodontal and orthodontic therapy. The increased MMPs, whether in saliva or serum samples in periodontitis, were well documented. For example, salivary as well as circulating MMP-8 and MMP-9 levels were significantly elevated in periodontitis patients [32] and reduced after periodontal treatment [19,33,34].



The use of MMPs as salivary markers for local or systemic pathologies such as CVDs, diabetes, dyslipidemia has been of interest for sometimes, but not without challenges, given their vulnerability against local inhibitors in periodontitis condition that can limit their use in systemic diseases [35]. In addition to the periodontitis group that was associated with increased MMP-9, patients who received both periodontal as well as orthodontic treatment displayed an augmentation in the inhibition of MMP-9 levels, compared with either treatment alone. To our knowledge, this is the first report demonstrating that combination of periodontal and orthodontic treatment is associated with a reduction in MMP-9 levels.



Previous work has shown increased salivary biomarkers in orthodontic treatment involving alignment with fixed appliances, which have been associated with tooth movement [36,37]. This is not surprising since there is increased osteoclast activity when orthodontic forces are applied, and MMP-9 is expressed in osteoclasts where it controls proteolysis in bone resorption. Therefore, inflammatory markers such as MMP-9 are associated with osteoclasts activity, a phenomenon present in response to orthodontic applied forces [17,38]. In vitro studies showed an increase in MMP-9 following application of orthodontic forces, an effect that is dependent on the degree of tension and compression [39]. In our study, however, we measured MMP-9 levels after orthodontic treatment was completed and patients stabilized. This resulted in a further decrease in the MMP-9 levels in patients who received orthodontic treatment after periodontitis was improved or resolved. These results are also in line with findings demonstrating that MMP-9 levels decreased significantly in patients with periodontitis with orthodontic restorations [40] and that MMP-9 levels oscillated during application of orthodontic forces and decreased as early as 24h after appliance activation [41].



Another important aspect of the study is highlighted by the findings that the MMP-9 values following the combined treatment dropped significantly more for all angle classes, with no significant differences between groups, whereas in the case of periodontal treatment MMP-9 values remain elevated in the patients who had angle classes II and III malocclusions. A comparative analysis of MMP-9 values in relation to the type of treatment and to the angle class shows that after combined periodontal and orthodontic treatment, the values of MMP-9 lowered significantly more, despite the fact that they were significantly higher before treatment.



Therefore, although at the start of the treatment patients with periodontal problems who were about to begin periodontal treatment combined with orthodontic treatment had higher values of MMP-9 (although not significant), these values dropped significantly more compared to those of patients who had only periodontal treatment. The persistence of high values of MMP-9 in patients who received only periodontal treatment, particularly in the case of those with angle classes II/2 and II/1 malocclusions, as well as those with angle class III malocclusions, is convincing and clearly demonstrates that orthodontic treatment combined with periodontal treatment significantly reduces inflammation in the affected periodontal tissues.



A complex analysis to assess changes in MMP-9 values in chronic inflammatory oral diseases could be performed using both MMP-9 levels and the type of treatment, in a clustered form. This method could lead to a significant increase in the prediction of the evolution of periodontal disease [42].



Existing literature shows that both the saliva tests and the tests performed on crevicular fluid provide valuable diagnosis information concerning the stage of the inflammation in periodontal disease. Several authors have shown that metalloproteinase-8 (MMP-8), an enzyme responsible for tissue destruction, was positively associated with periodontal disease [43,44,45]. Because of this, an immunochromatography assay was developed and is commercially available for assessing MMP-8 in crevicular fluid. This test can be carried out in clinical practice and has the same accuracy as a laboratory test. This facilitates testing of this particular metalloproteinase and opens new perspectives in terms of the predictability of the chosen treatment plan [46]. Currently, no similar test/assay exists for determining MMP-9 in saliva or in the crevicular fluid.




5. Conclusions


In conclusion, our results point to salivary MMP-9 as a strong candidate for quantifying inflammation in affected periodontal tissues during orthodontic treatment. It further indicates that MMP-9 can be used to accurately predict the level of inflammation associated with the type of malocclusion, which makes it a real and viable diagnosis instrument in monitoring the evolution of the periodontium during orthodontic treatment. Larger scale studies conducted on patients with various degrees of periodontitis and orthodontic treatments are needed to further establish the use of salivary MMP-9 as a predictor of inflammation following orthodontic treatment.
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Figure 1. The means value of MMP-9 [ng/mL] in patients with periodontal disease prior and after periodontal treatment (PD) and periodontal and orthodontic treatment (POD) treatment; (*) indicates that marked effects are significant at p < 0.05. 
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Figure 2. The means value of MMP-9 in patients with periodontal disease, in relation to angle class; (*) indicates that marked effects are significant at p < 0.05. 






Figure 2. The means value of MMP-9 in patients with periodontal disease, in relation to angle class; (*) indicates that marked effects are significant at p < 0.05.



[image: Jcm 10 00379 g002]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
Values MMP-9 (ng/ml)

Plot of Means and Conf. Intervals (95.00%)

BEFORE (p = 0.0821):

periodontal treatment: KW-H =

4.6593, p = 0.0055%

AFTER (p < 0.001):
KW-H = 10.5321, p = 0.0323*;

periodontal and orthodontal treatment: KW-H = 2.7409, p = 0.0035%; KW-H = 1.8357, p = 0.1768;

(wa Kuska\ Wa|||stes

700 T T T T T
650 T T\Jj 635.6 Iszw 2 |
600 | i F\T s | |
558.8 623.7
544.0 I 176206 g
550 — L ]
553.0 519.8
500 | J L 485.4 T/l\ 482.9 ] Ve
450 r 4412 T/J l |
400 L J
I 357.4 T
350 L | T/l 368.8
300 | | 334 21 1329.7 ]
20r I Bl group control 4
200 r i periodontal treatment
150 I 155.6 | E periodontal and orthodontic treatment 1
100 . : L - . . L L . L
Angle: | Iwith 111 12 1l | lwith 111 2 M
crowding crowding

before treatment

after treatment

)





nav.xhtml


  jcm-10-00379


  
    		
      jcm-10-00379
    


  




  





media/file0.png





media/file2.png
Values MMP-9 (ng/ml)

600

500

400

300

200

100

Plot of Means and Conf. Intervals (95.00%)
AFTER: Kruskal-Wallis-H = 35.6099, p < 0.001*
BEFORE: Kruskal-Wallis-H = 41.5249, p < 0.001*

602.55

582.27 I_
=

T
L 481.63
Newman-Keulstest: |
p =0.00012
<
S[-1347.50
~=~ control group

== periodontal treatment
= periodontal and orthodontic treatment

155. I
55.6 B8

before after






media/file3.jpg
Values MMP-9 (ng/mi)

Plot of Means and Con. Inevals (95.00%)

BEFORE (p = 0.0821)
perodonal eament KW = 14 6593, p = 00055"

Berodontl and ohodontaleatment. KW-H = 27409, p = 0.0035"

AFTER (0 <0001)
KW= 105321, p = 0.0325"
KW= 18357, = 01768

00 0 Rty
i s ez
650 6447
——
0 It F\,vw
P [0 | 7 i |
ssof 40| 2
T sios
=00: l 1 54 /l\T‘ 29 [ s
450 - [ 1
o 1
s
=0 = \1/1 s
300 334, l lunv
250 =
—
20 pem—
ol T ZE pudodona nd ohodonic vmsimant
100
g |_wn w1z W T e o we W
crowding arowding
betore treatment ator reatment





media/file1.jpg
Values MMP-9 (ng/mi)

700

g

H

H

3

8

Plot of Means and Cont. Intenls (95.00%)
AFTER:  Kruskal-Walls-H = 35,6099, p < 0.001"
BEFORE:  Kruskal-Walls-H = 41.5249, p < 0.001"

(60255

T

Newman-Keulstest
b=000012"

347,

= = control grow
L] == perodontal treatment
== periodontal and orthodontic treatment

before. after






