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Abstract

:

Pregnancy causes physiological changes in the woman’s body, which can also affect oral health. Therefore, pregnant women may manifest gingival inflammation that is favored by their hormonal increase. This clinical trial (ClinicalTrials.gov Identifier: NCT04140643) evaluated the variation in the plaque index (PI) or bleeding index (BOP) in pregnant women after daily use of an ozonated water irrigator and proper home oral hygiene, compared to a control group who only performed home oral hygiene. The inclusion criteria were the gestation period from the 14th week to the 30th week, a diagnosis of gingivitis, and a minimum number of teeth equal to 20. The PI and BOP index were evaluated at T0, fifteen days after T0 (T1), and two months after T1 (T2). The PI values systematically decreased over time (F (1.19) = 41.82) in both groups, with a systematic difference in PI values between the two groups (F (1.19) = 6.28, p = 0.021). A statistically significant difference was assessed in the BOP index at T2 between the two groups, with the control group suffering a higher BOP index. The results show that the patients in the study group showed a decrease in the BOP index over the three time points, in contrast to the control group, due to the beneficial properties of ozonated water.
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1. Introduction


Pregnancy is characterized by complex physiological changes in the woman’s body, which can also affect oral health. As numerous physiological and pathological conditions, including obesity and metabolic syndrome, are related to microbial changes, called dysbiosis, it is therefore not surprising that there are also significant changes in the microbiota during pregnancy, when dramatic weight gains and metabolic and immunological changes occur [1]. During pregnancy, the composition of the subgingival microbiome is shifted toward complexes associated with periodontal disease [2]. In addition, changes in the microbial composition during pregnancy affect a variety of sites in the body, including the intestines, the vagina, the oral cavity, and the placenta, and are vital for a healthy pregnancy [3]. Microbial changes are likely coordinated with immune, endocrine, and metabolic states [1]. Hormonal, vascular, and immunological modifications can generate an exaggerated inflammatory response in the gingival tissues against pathogenic microbes of the oral biofilm. Therefore, the pregnant woman may manifest gingival inflammation favored by the hormonal increase that causes an increase in vascularization and capillary permeability, and a decrease in immune defenses, predisposing the gingival tissues to the development of inflammation. Moreover, periodontal tissue inflammation, due to biofilm formation, increases dramatically in size and severity during a normal pregnancy, even without changes in the amount of biofilm present. From a clinical point of view, intraoral disorders, which occur most often during the gestation period, are favored by hormonal changes, often combined with a lack of routine intraoral examinations and delays in the treatment of oral diseases [4]. Among the most frequently cited diseases in the literature are pyogenic granuloma, gingivitis, and periodontitis. In addition, a decrease in salivary pH is observed in pregnant women which can lead to a higher incidence of dental caries in this period [1]. Finally, changes in diet and oral hygiene, morning hyperemesis gravidarum, and gastroesophageal reflux disease can cause the demineralization of the dental tissues with erosion of the enamel and an increased risk of caries. Periodontal pathogenic bacteria represent a possible source of infection in pregnant women by the fact that they can enter the bloodstream, leading to some unfavorable outcomes such as an underweight birth or a pre-term birth [2]. Changes in the oral microbiome of pregnant women and possible oral consequences were also registered in patients with COVID-19, mostly concerning those bacteria that use progesterone as a source of nutrition and are implicated in the development of periodontal disease [5].



Improving oral hygiene practices has been demonstrated to have the potential to maintain the oral micro-ecological balance [6]. The pregnant woman is therefore considered a special-needs patient, as she needs special and personalized attention to the oral problems that may arise during the gestational period. In the dental field, anti-inflammatory drugs are administered to treat typical gingival inflammation. As reported by the Italian Ministry of Health, the safe use of substances and drugs during pregnancy is related to various factors including the time of administration in pregnant patients, which is considered a factor that should be kept under control to reduce the risk of complications for the fetus and the mother [7]. Chlorhexidine or alcohol-free mouthwash should therefore be used during pregnancy only when the clinical need has been clearly highlighted by the dentist [8,9].



For this purpose, given the lack of specific aids that can prevent and/or treat the state of gingival inflammation typical of the gestational period, without having negative effects on the fetus, our scientific institute, I.R.C.C.S. San Raffaele Hospital, proposed a monocentric study aimed to study an ozonated water irrigator called Aquolab© (Aquolab© EB2C, Milano, Italy) in the prevention/treatment of gingival inflammation.



Ozonated water and ozone have a disinfectant power, reduce the signs of inflammation, and inhibit the formation of bacteria that cause halitosis, as demonstrated by the various articles published in the literature on the use of ozone therapy in the dental field [10,11,12,13]. They were demonstrated to be efficacious in the management of chronic periodontitis [14,15] and oral lichen planus [16], without the toxic effects of dental pulp cells [17]. Overall, other recent data suggest that ozonated water suppresses C. albicans growth and biofilm formation on polymethyl methacrylate (a dental prosthetic material) without impairing surface properties [18]. It was also related to a beneficial role in the management of peri-implant mucositis sites [19]. Ozonated water does not create any problems either for the pregnant woman or the fetus, as reported in the toxicity report from the manufacturer; therefore, based on what was previously evaluated, it can be stated that the use of Aquolab© does not involve any health hazard with reference to the potential dispersion of ozone in the environment and consequent toxicity to exposed persons [20].



Thus, the aim of the present study was to evaluate any variation in the plaque index or bleeding index in pregnant women after daily use of Aquolab© and proper home oral hygiene, compared to a control group who used only home oral hygiene.




2. Materials and Methods


The present randomized clinical trial was performed on a total sample size of 30 women; after a simple randomization procedure performed using sealed envelopes, 18 subjects (mean age 37.6 ± 2.8) were included in the study group and 12 subjects (mean age 35.2 ± 4.8) in the control group.



The protocol was approved by the Ethics Committee of the San Raffaele Hospital with the EB2C document on 11 October 2018. Pregnant women who had the following inclusion criteria were recruited from the San Raffaele Hospital: gestation period from 14th week to 30th week, diagnosis of gingivitis, and minimum number of teeth equal to 20. Moreover, the following exclusion criteria were adopted: consumption of alcohol and/or smoking, systemic diseases, drugs, allergies, orthodontic appliances, and a positive periodontal screening and recording index (PSR) [21,22,23]. The recruitment was carried out with the support of the Gynecology and Obstetrics Operating Unit which gave the opportunity to organize a weekly meeting dedicated to the presentation of the project. At the end of the meeting, the pregnant women who were interested could schedule their first appointment of the project. Clinical procedures were conducted by two operators identified below as operator A and operator B who attended the visits of the patients during the study (at T0, T1, and T2). These operators are authors of the study (TDA and MM). As represented in Figure 1, the timeline of the study was as follows: at T0, each patient, after completing a proper medical history questionnaire and informed consent, underwent the first dental visit and a survey of clinical parameters, such as the plaque index (PI) and bleeding on probing index (BOP); then, a professional oral hygiene session was performed by operator A.



At the end of the session, operator B randomly placed each woman in one of the following groups: group 1 (the study group), which included subjects who received home oral hygiene instructions and an ozonated water irrigator device, with the appropriate instructions for its use; or group 2 (the control group), which included women who received only home oral hygiene instructions without the machine. The home oral hygiene instructions were as follows: (a) use a manual toothbrush with soft bristles or an electric brush with an ultrathin head twice a day for 4 min; (b) use interdental aids (dental floss or a brush, once a day); (c) use a fluorinated toothpaste as a remineralizer for the hard dental tissues; (d) use Aquolab© once a day according to the instructions provided by the manufacturer: ozone level 2, water level 1, with the 0.8 mm nozzle, air pump of 75% PWM with an irrigation time-out of 100 s, and tension of 12 V (these were given only to the women included in the study group).



At T1, 15 days after T0, a re-evaluation of the clinical parameters was performed by operator A. At T2, two months after T1, a new re-evaluation of the clinical parameters was performed by operator A. Operator A was blinded to the group of the patient.



The ozonated water irrigator (Aquolab© EB2C, Milano, Italy) used for this study is shown in Figure 2. This water irrigator is different from common water jets: its effectiveness is not based on the power of the action of water, but rather on the action of ozone mixed with water. Oxygen–ozone therapy is a mild technique that exploits the potentials of ozone combined with oxygen to stimulate and increase the protection mechanisms against the production of free radicals, with a consequent reduction in substances that are toxic for the cells [17].



2.1. Sample Size


A sample size calculation was carried out on a preliminary sample of 20 subjects, showing that to achieve a minimum power of 80%, with an alpha error of 5%, a minimum number of 12 subjects per group was necessary. Thus, the enrollment of the subjects was carried out with the simple randomization procedure until a minimum of 12 subjects per group was obtained, after which another 6 women participated and were included in the study group.




2.2. Data Handling and Statistical Analyses


The statistical analysis of the data was carried out through the values of the PI and BOP index, at T0, T1, and T2. The descriptive statistics and inferential tests were calculated setting the p value at 0.05%. The descriptive statistics included the mean and the standard deviation. Between-group differences were calculated using Student’s t test for different samples. Intra-group differences over time were screened with the repeated measures analysis of variance.





3. Results


Table 1 shows data of the PI.



The patients belonging to the study group started at T0 with a lower PI than the patients belonging to the control group, who started with a higher PI. However, the repeated measures analysis of variance found (a) that the PI values systematically decreased over time (F (1.19) = 41.82) in both groups, and (b) that a systematic difference was observed in the PI values between the two groups (F (1.19) = 6.28, p = 0.021). Table 2 shows the BOP index over time in the two groups.



The repeated measures analysis of variance found that the BOP values systematically decreased over time in the study group. The trend of the BOP index suggests an improvement in the treated group, as a statistically significant difference was assessed at T2 between the two groups, with the control group suffering a higher BOP index.




4. Discussion


From the results obtained from the statistical analyses, it can be observed that the PI decreased over the three time points both in the treated group and in the control group. This result is justified by the fact that all the patients in the two groups were motivated through repeated home oral hygiene instructions given by dental hygienists. All the included subjects were instructed to use interdental aids and a toothbrush correctly and were foreseen at each visit for a personalized brushing technique, therefore being motivated to perform correct home oral hygiene. Therefore, the results suggest that pregnant women who have been re-motivated and educated to perform correct home oral hygiene show an improvement in their PI over time.



The analyses performed on the BOP index revealed that the subjects in the study group showed a decrease in their BOP values over the three time points, in contrast to the control group, which suffered a partial increase between T1 and T2. From the results obtained on the BOP index, it seems that subjects in the study group, compared to the patients in the control group, had a decrease in the BOP index over time, due to the beneficial properties of ozonated water.



Nearly 60 to 75% of pregnant women have gingivitis, an early stage of periodontal disease that occurs when the gums become red and swollen from inflammation that may be aggravated by changing hormones during pregnancy [24]. If gingivitis is not treated, periodontitis occurs. Periodontitis has also been associated with poor pregnancy outcomes, including pre-term birth and low birth weight [25], although how periodontitis may lead to adverse pregnancy outcomes is not yet fully understood. Pregnant women may also be at risk of cavities due to changes in behaviors such as eating habits [26]. In addition, it has also been shown that women who have a lot of cavity-causing bacteria during pregnancy and after delivery could transmit these bacteria from their mouth to the mouth of their baby [27].



In this scenario, ozonated water appears as a biocompatible agent with a good antiseptic and antimicrobial potential role, potentially being useful for periodontal therapy. Ozone has been recently advocated predominantly due to its antimicrobial action which results from oxidation of microbial cellular components, altering the subgingival homeostasis. When ozone dissolves in water, hydroxyl radicals are generated, which are highly unstable. Thus, the antimicrobial action is caused by direct reactions of molecular ozone and other free-radical-mediated reactions.



In the present study, the improvement observed in gingival inflammation may have been due to a reduction in inflammation that may be attributed to the antimicrobial properties of ozone, also considering that no toothpaste with active ingredients that can modulate the inflammatory response, such as hyaluronium acid or lactoferrin, was prescribed [28]. An improvement in gingival status after using ozonated water as a gingival irrigator was previously observed by other researchers, such as Dodwad et al. [29], Kshitish et al. [30], and Isaac et al. [31].



From these analyses, it can be observed how health care professionals such as dental hygienists have a fundamental role in promoting oral health in special-needs patients, such as pregnant women, to stimulate and motivate them in relation to the importance of oral health, and in promoting correct attitudes and a healthy lifestyle. In a recent survey of 385 pregnant women, gingival bleeding was the main symptom reported, followed by gingival redness and edema [32], and it was concluded that although pregnant women seem to be moderately informed about the importance of oral health during pregnancy, health care professionals do not seem to participate actively, as they need to inform pregnant patients more actively about the importance of preventive oral health measures and oral health care during pregnancy. In another recent survey, it was found that most dentists agreed about the timing of conducting various dental procedures, about the administration of anesthetics and other drugs during pregnancy, and that dental care should be part of prenatal care [33]. However, uncertainty was observed regarding the relationship between periodontal disease and adverse pregnancy outcomes, and about possible recommendations to give to pregnant women to preserve their gingival health. In this effort, an ozonated water irrigator could be considered a valid device to manage home oral hygiene in pregnant women, also considering the unclear results with the use of chlorhexidine regarding the small risk, or lack of difference in risk, of caries presence in primary teeth between antimicrobial (chlorhexidine) and placebo treatment in mothers’ dentition (according to the results from three clinical trials involving 479 participants with low-certainty evidence) [34].



In the present study, the patients belonging to the study group started at T0 with a lower PI than the patients belonging to the control group, who started with a higher PI. This finding suggests that the subjects in the control group had poor oral cleaning abilities at the beginning of the period. However, the repeated measures analysis of variance found that the PI values systematically decreased over time in both groups, confirming the fundamental role of promoting oral hygiene in special-needs patients, such as pregnant women, to stimulate and motivate them in relation to the importance of oral health.




5. Conclusions


From the results obtained on the PI, pregnant women who were re-motivated and educated on correct home oral hygiene by health care professionals showed an improvement in their PI over time. From the results obtained on the BOP index, it seemed that the pregnant women in the study group compared to the women in the control group had a decrease in the BOP index over time, due to the beneficial properties of ozonated water.
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Figure 1. CONSORT flow chart of the study. 
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Figure 2. The Aquolab© devices: (a) home device; (b) professional device. 
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Table 1. Plaque index in the two groups over time.
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T0

	
T1

	
T2




	

	
Mean ± Std Error

	
95% Confidence Interval

	
Mean ± Std Error

	
95% Confidence Interval

	
Mean ± Std Error

	
95% Confidence Interval




	

	
Lower Bound

	
Upper Bound

	
Lower Bound

	
Upper Bound

	
Lower Bound

	
Upper Bound






	
Study group

	
32.43 ± 6.01 ϕ

	
19.85

	
45.01

	
6.00 ± 1.54 ϕ

	
2.77

	
9.23

	
3.93 ± 1.70 ϕ

	
0.38

	
7.48




	
Control group

	
44.57 ± 8.5 ϕ,*

	
26.79

	
62.36

	
18.43 ± 2.18 ϕ,*

	
13.86

	
22.1

	
15.71 ± 2.18 ϕ,*

	
13.86

	
20.73








* Between-group differences (p < 0.05); ϕ intra-group significant differences. 
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Table 2. Bleeding on probing index (BOP) in the two groups over time.
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	Mean ± SD
	Mean ± SD
	Mean ± SD





	Study group
	12 ± 10.13
	4.07 ± 3.20
	3.0 ± 3.06



	Control group
	9.29 ± 11.38
	6.57 ± 3.36
	8.57 ± 10.34
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