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Abstract 
Objectives: We evaluated the efficacy of Zinc-carbonate hydroxyapatite nanocrystals (ZCH) mouthwash (Biorepair® Mouthwash) in 

controlling plaque and gingivitis comparing with chlorhexidine mouthwashes. 

Design: Single center double blind parallel randomized clinical trial. 

Setting: Qassim University, College of Dentistry clinics. 

Participants: 88 patients with plaque induced gingivitis. 52 patients fulfilled the study requirements. 

Intervention: Use of mouthwash twice a day for 60s for 2 weeks. Test group used Zinc-carbonate hydroxyapatite nanocrystals (ZCH) 

mouthwash (Biorepair® Mouthwash) while control group used chlorhexidine mouthwashes. Follow-up 2 weeks. 

Main outcome measures: Gingival index and Plaque index. 

Results: 52 patients (control n=26; test n=26) were randomized. One subject in each group were lost to follow up, leaving 50 patients 

(control n=25; test n=25) for analysis. Mean Gingival and Plaque Index score at 2nd week after the use of test and control mouthwash was 

statically not significant, p< 0.006 and p< 0.503 respectively however, there is marked reduction percentage wise in the Gingival and 

Plaque Index score in both groups. 

Conclusions: Zinc-carbonate hydroxyapatite nanocrystals (ZCH) and Chlorhexidine Mouthwash (CHX) both were effective in controlling 

Dental Plaque and Gingivitis. 
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Introduction 
Now days oral hygiene products play an important role in 

dental practice for maintaining good oral health. For 

prescribing these products requires scientifically 

documented clinical efficacy of the products. Dentifrices 

and mouth-rinse need more study in terms of their anti-

plaque and anti-gingivitis properties. 

Mouthwashes are extensively used as an adjunct means 

for maintaining oral hygiene. These mouthwashes play an 

important role in controlling dental plaque by inhibiting 

growth of microorganisms and blocking enzymatic activity 

(Saad, Greenman, & Shaw, 2011).  

It is principally agreed that dental plaque biofilm is the 

key etiologic factor initiating “Gingivitis” and justify the 

use of antimicrobial mouthwashes (Löe, Theilade, & Jensen, 

1965) Willoughby D. Miller (1880) was the first “Dentist” 

to propose the use of phenolic compounds in mouthwash to 

control “Gingivitis”.7 (Jackson, 1997).  

Patients are comfortable/easy to use these 

mouthwashes, because of their properties of controlling 

dental plaque biofilm and fresh breath effects (Diane 

Cummins, 1997; D Cummins & Creeth, 1992; Moran, 

1997). Dental biofilm is the main cause for dental Caries, 

Gingivitis, and Periodontitis” (Kuboniwa & Lamont, 2010; 

Noiri, Li, & Ebisu, 2001; Page, Offenbacher, Schroeder, 

Seymour, & Kornman, 1997; Pitts et al., 2017; Takahashi & 

Nyvad, 2011).               

Dental biofilm can be control by mechanical means like 

tooth brushing and flossing (Socransky & Haffajee, 2002). 

In order to provide extra effects for these mechanical tools 

of controlling plaque, antimicrobial substances are used in 

“Oral Care Products” as mouthwash or dentifrices (Brading 

& Marsh, 2003; Marsh, 2010, 2012). In reviews, it is to be 

proved that mouthwash have role in improving gingival 

inflammation and plaque control without effect on  any 

microbial resistance and changes to “Microbial Flora” 

(Sreenivasan & Gaffar, 2002). Dental Biofilm contains 

pathogens responsible periodontal disease and dental caries 

are for most widespread microbial, therefore plaque control 

very important for oral health (Seymour, Ford, Cullinan, 

Leishman, & Yamazaki, 2007). 

Organization of the dental plaque film with the help of 

tooth brushing/flossing is not the way to obtain objectively, 

some adjuncts are required to for remineralization (M. 

Hannig & Hannig, 2010; Hassanein & El-Brolossy, 2006; 

Marsh, 2004). Hydroxyapatite nanocrystals were 

industrialized due to current revolution in nanotechnology, 

and responsible to form a layer, which protects enamel 

structure (Roveri et al., 2008). 

 Zinc-carbonate hydroxyapatite nanocrystals (ZCH) 

mouthwash (Biorepair® Mouthwash, Coswell, Italy) is a 

products claim with a successful market history on the basis 

of multipurpose uses. However, there are few publications 

on the clinical efficacy of this product is available.  An 

online search of the relevant scientific literature (PubMed, 

up to April 2017) found only one article on clinical efficacy 

of Zinc-carbonate hydroxyapatite nanocrystals (ZCH) 

mouthwash (Biorepair® Mouthwash)(C. Hannig, Basche, 

Burghardt, Al-Ahmad, & Hannig, 2013). This study was 

published in 2013 and concerned new preparation in dental 

prophylaxis containing zinc-carbonate hydroxyapatite 

microclusters (Biorepair) for oral biofilm management. One 
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study found on Google Scholar in which researcher compare 

the effectiveness of Biorepair, fluoride and chlorhexidine 

mouthwashes in controlling plaque accumulation and 

gingivitis (Hegazy & Salama, 2016).  

Biorepair mouthwash contains “Aqua, Sorbitol, 

Glycerin, Xylitol, Cellulose Gum, Zinc PCA, Zinc 

Hydroxyapatite, Aroma, Sodium Lauryl Sulfate, Silica, 

Ricinus Communis Seed Oli, Ammonium 

Acryloyldimethyltaurate/VP Copolymer, Mentha Arvensis 

Leaf Oil, Sodium Myristoyl Sarcosinate, Sodium Methyl 

Cocoyl Taurate, Sodium Saccharin, Tromethamine, Sodium 

Benzoate, Benzyl Alcohol, Phenoxyethanol, Limonene. 

microRepair”. Zinc Hydroxyapatite is an effective 

compound for biofilm management in the oral cavity due to 

antiadherent and antibacterial effects (C. Hannig et al., 

2013). 

Due to limited research studies on this product in vivo, 

suggest the need for clinical documentation of the anti-

plaque and anti-gingivitis efficacy of Zinc-carbonate 

hydroxyapatite nanocrystals (ZCH) mouthwash. The 

purpose of the proposed clinical trial is to rapidly screen for 

the efficacy of Zinc-carbonate hydroxyapatite nanocrystals 

(ZCH) mouthwash (Biorepair® Mouthwash) in controlling 

plaque and gingivitis comparing with chlorhexidine 

mouthwashes.   

 

Materials and Methods   
This study was a 2-week single center; double blind 

randomize control clinical trial. After complete screening 

patients of “Plaque Induced Gingivitis” fulfill all inclusion 

criteria were included in the study. The Ethical Committee 

at the College of Dentistry Qassim University approved this 

study.  

Sample size calculations were made for a single group 

(paired t-test), using the following assumptions: mean (± 

SD) baseline GI level of 1.2 (± 0.35) and a post-treatment 

GI of 0.91 (± 0.40), considered clinically relevant, with a 

level of significance of α=0.05 and a power of 80%, at least 

40 subjects need to be included in the study. Assuming a 

dropout rate of up to 25%, the total need to enroll 52 

subjects for study. At the end of two subject failed to 

complete the study, data will analysis on 50 subjects 

(control n=25, test n=25) who complete the study as per 

protocol. 

Inclusion criteria 

Male and female subjects were 30 to 60 years of age in good 

health, and must have 20 teeth were included (Table 1). Full 

mouth Gingival Index (GI) score ≥ 1.0 and willing to sign 

approved informed consent.   

Exclusion criteria 

Third molars, grossly carious, fully crowned/restored, and 

abutment teeth are excluded from count. Current user of 

Biorepair mouthwash or any other mouthrinse not include in 

the study. Patients with any removable appliance (e.g., 

removable partial denture, orthodontic appliance), fixed 

orthodontic appliances (including permanent orthodontic 

retainers) and Probing Depth (PD) > 4 mm at any site were 

also not include in the study. Patients should not be included 

if allergy to any ingredients of the products, use of antibiotic 

in the last 3 months, anticoagulant medication (Heparin, 

aspirin), anti-inflammatory medication (aspirin, ibuprofen, 

naproxen), and medications known to have effects on the 

gingiva (phenytoin, calcium channel blockers, cyclosporine)  

  

Study design 

The study will consist of the following appointments for 

clinical examinations:   

1.  Baseline examination: 1- 2 weeks following screening 

appointment. 

2. Final examination: 2 weeks following baseline 

appointment subject to use of experimental material as 

per instructions. 

Two trained and calibrated examiners (Kappa score 

0.88) performed all clinical examinations and record clinical 

parameters at dental clinics in College of Dentistry, Qassim 

university. The clinical oral examination assessed whether 

the subject has fulfilled the inclusion criteria.  

At baseline, clinical oral examination of the all subjects 

of the study was performed and allocate study materials 

(New Toothbrush, Test or Control product) with study 

instructions. Study material was kept in a sealed envelope 

with coding, for distributing to the participating subjects 

randomly. After baseline examination, examiner's hand over 

the data form to the material distributing person, with 

instruction to write the code of envelope on the recording 

form.  

At baseline record the Gingival Inflammation, using the 

Gingival Index (GI) Löe and Silness (Loe & Silness, 1963) 

modified by Talbott et al (Talbott, Mandel, & Chilton, 

1977). Also record Plaque index (PI), using the Turesky 

modification (Turesky, Gilmore, & Glickman, 1970) of the 

Quigley-Hein Index (Quigley & Hein, 1962). Subject 

included in the study provides new toothbrush and one of 

the two study products (Test or control) randomly. All 

participants were asked to abstain from all mechanical 

plaque-control measures but to rinse twice a day with 10 ml 

of the assigned solution (test: ZCH, (Biorepair® 

Mouthwash, Coswell, Italy) mouthwash, control: 0.1% 

chlorhexidine (CHX)) for 60s.   

After 2 weeks following the baseline examination 

subject to use of experimental material as per instructions, 

study subjects will present for the final clinical oral 

examination. In this examination, record the same clinical 

parameters GI and PI by a blinded examiner.    

Statistical analysis 

Data were calculated statistical software SPSS version 22, 

results were presented for each of the following outcomes: 

“Gingivitis, and Dental Plaque”. As the data was 

distributed, normal, Independent t-test was applied on 

comparison of mean in both groups for each variable.  

 

Results 
The mean age of patients in control and test group was 

41.04 ± 6.91 years and 39.52 ± 5.58 years with no 

significant difference, p-value > 0.05 (Table 1). In control 

group, there were 16 (64%) male and 9 (36%) female cases 
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while test group there were 17 (68%) male and 8 (32%) 

female cases with significant difference, p-value > 0.05 

(Table 2). The mean gingival index at base line in controls 

and test group was 2.36 ± 0.39 and 2.28 ± 0.40, p-value > 

0.477 while mean gingival index at 2nd week in control and 

test group was .62 ± 0.18 and 0.46 ± 0.20 with no 

significant difference, p-value <0.006 (Table 3). Mean 

percentage change in gingival index in control and test 

group were 72.95 ± 9.67 % and 79.54 ± 8.68 %, with higher 

percentage change in test group p-value < 0.015 (Fig. 1). 

The mean plaque index at base line in controls and test 

group was 2.67 ± 0.23 and 2.70 ± 0.25, p-value > 0.624 

while mean plaque index at 2nd week in control and test 

group was .62 ± 0.17 and .59 ± 0.17 with no significant 

difference, p-value < 0.053 (Table 3). Mean percentage 

change in plaque index in control and test group were 76.41 

± 7.28 % and 78.04 ± 6.89 %, with higher percentage 

change in test group p-value < 0.422 (Fig. 2). In this study 

statistically no significant difference between both groups, 

however, there is marked reduction percentage wise in the 

Gingival and Plaque Index score (Fig. 1-2). Regarding side 

effects, clinically no significant local side effects were 

noticed in both groups. 

 

 
Fig. 1: Comparison mean percentage change in Gingival 

index in both groups 

 

 
Fig. 2: Comparison mean percentage change in plaque 

index in both groups 

 

 

 

 

Discussion 
Many adverse effects were observed during the use of 

mouthwashes, as staining is one of the complication 

specially use of Chlorhexidine Mouthwash (MW). The 

staining increase in tea, coffee, wine, and cigarettes users 

when using Chlorhexidine mouthwashes (Van Maanen‐
Schakel, Slot, Bakker, & Van der Weijden, 2012). In users 

of Chlorhexidine mouthwashes also noted the side effect of 

bitter taste  (Frank, Gent, & Hettinger, 2001). 

Van Strydonck (2012) in a systemic review concluded 

that long term use of “Chlorhexidine Mouthwashes” are 

contraindicated because of change in taste, formation of 

calculus and extrinsic tooth stinging as daily oral home care 

measures. (Van Strydonck, Slot, Van der Velden, & Van der 

Weijden, 2012). 

Gunsolley (2006) in a meta-analysis found that CHX 

mouthwash used extensively and evaluated that decrease in 

Gingival Inflammation at 6 months was 28.7 % (Gunsolley, 

2006), while James et al. (2017) established that use of 

CHX mouthwash for 04 weeks or more leading to the tooth 

staining. In addition to some other side effects like calculus 

formation change in taste and  effects on the oral mucosa 

were observed in the studies include in the review (James et 

al., 2017). 

Strydonck et al. (2012) did a systematic review found 

that teeth staining was the record more in 19, calculus 

formation in 06 and change of taste feeling 07 articles out of 

30. (Van Strydonck et al., 2012)  (Van Maanen‐Schakel et 

al., 2012). Adverse effects of prescribing mouthwash should 

be considered for the patient’s safety point of view. 

Therefore, studies on the use of Biorepair mouthwash found 

to be safe considering the all these side effects of CHX. 

(Takenaka, Ohsumi, & Noiri, 2018) 

Saverio Cosola (2010) did a study on mouthwash 

having “nanohydroxyapatite (Zn-nHAp) and zinc L-

pyrrolidone carboxylate (Zn-PCA)” compare with 

“Chlorhexidine” (CHX), effect of microbial presence on 

surgical sutures. It was found in this study that similar 

antibacterial effectiveness to the mouthwash containing 

chlorhexidine but without consequences of CHX  (Cosola et 

al., 2017). The same observation was concluded in our 

study, that Zinc-carbonate hydroxyapatite nanocrystals 

(ZCH) mouthwash is safe to use comparing with 

“Chlorhexidine” 

Hannig, C (2013), did a study to evaluate the effect of 

mouthwash containing hydroxyapatite microclusters in 

reducing the bacterial establishment on enamel surfaces (C. 

Hannig et al., 2013).  

Claudio Palmieri (2013) did a study to examine the 

effect of zinc-carbonate hydroxyapatite (Zn-CHA) on dental 

biofilm formation, found Zn-CHA is effective against S. 

mutans biofilm (Palmieri, Magi, Orsini, Putignano, & 

Facinelli, 2013).  
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Table 1: Descriptive statistics of age (years) in both groups  

 Study groups Mean S.D p-value  

Age groups 

(years) 

Control (n=25) 41.04 6.91 
0.396 

Test (n=25) 39.52 5.58 

 

Table 2: Demographic characteristics in both groups 

Groups Characteristics Frequency Percent p-value 

 

Control 

Male 16 64 %  

 

0.05 
Female 9 36 % 

 

Test 

Male 17 68 % 

Female 8 32% 

 

Table 3: Comparison of Gingival index and plaque index at different follow-ups in both groups  

 Study groups Mean S.D p-value  

Gingival index at  

base line 

Control (n=25) 2.36 0.39 
0.482 

Test (n=25) 2.28 0.40 

Gingival index at  

week 2 

Control (n=25) 0.62 0.18 
0.001 

Test (n=25) 0.46 0.20 

Percentage change in  

Gingival index 

Control (n=25) 72.95 9.67 
0.001 

Test (n=25) 79.54 8.68 

Plaque index at  

base line 

Control (n=25) 2.67 0.23 
0.624 

Test (n=25) 2.70 0.25 

Plaque index at  

week 2 

Control (n=25) 0.62 0.14 
0.001 

Test (n=25) 0.58 0.17 

Percentage change in  

Plaque index 

Control (n=25) 76.41  7.28 
0.001 

Test (n=25) 78.04  6.89 

 

Salwa A. Hegazy (2016) did study to discover that 

Biorepair mouthwash decrease the plaque formation from 

baseline to the use of the 1st week and found significant 

after six weeks. Also Salwa revealed that gingival 

inflammation scores significant decrease from the baseline 

to fourth and sixth weeks along with remineralizing effect. 

(Salwa A. Hegazy (2016).). Results of the Salwa A. Hegazy 

study recommend that Biorepair mouthwash can be used as 

an substitute for both fluoride and chlorhexidine 

mouthwashes (Hegazy & Salama, 2016). 

After the use of certain mouthwashes, effects of 

roughness on the surfaces of dental appliances 

(implants/orthodontic brackets) in the oral cavity was 

observed.  On the other hand, in a vitro study done by Lelli 

M (2013) was found that a mouthwash containing zinc-

substituted carbonate–hydroxyapatite decrease the coarsest 

on the surfaces and prevent microbial growth on the 

“Implant-Supported" appliances. (Lelli et al., 2013) 

Consuelo Sanavia et al. (2017) concluded mouthwash 

containing zinc-substituted CHA prevents the corrosion of 

the dental implants and bacterial accumulation on the 

surfaces (Sanavia et al., 2017).  

The main limitation of our study is the short follow-up 

time (2 weeks), However, the long term study can be our 

next step to evaluate the safety of Zinc-carbonate  

 

 

hydroxyapatite nanocrystals (ZCH) mouthwash for long 

term use (>4 weeks).  

 

Conclusion 
In our study there is no strong significant difference found 

in control and test mouthwashes. Considering the side 

effects of chlorhexidine (CHX) and in the light of other 

researches, our study strongly advocates to efficacy of 

Biorepair mouthwash were effective in controlling Dental 

Plaque and Gingivitis when compared chlorhexidine (CHX). 

The finding of this study proposed that Biorepair 

mouthwash safely used as a substitute for chlorhexidine. 

This Biorepair mouthwash can be used as a multipurpose 

action mouthwash, because it has properties of 

remineralizing effects in caries prevention.  
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