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Dental Plaque Removal with Two Special Needs Toothbrushes 

in Patients with Down Syndrome: A Parallel-Group Randomised 

Clinical Trial of Efficacy 

Hytham N. Fageeha / Manawar A. Mansourb / Hammam I. Fageehc / Abdulkareem Hummadid / 
Turki Khurayzid / Khalil Marrand / Naif Alqunfuthid / Shankargouda Patile 

Purpose: To compare the effectiveness of two varieties of special needs toothbrushes in terms of dental plaque re-
moval and bacterial contamination vs a conventional toothbrush in patients with Down syndrome. 

Materials and Methods: This single-blinded, two-group, randomised clinical trial included 16 patients diagnosed 
with Down syndrome (age 6–15 years) from various special needs centers located in the Jazan Province of Saudi 
Arabia. The patients were randomly allocated to two groups based on the type of special needs toothbrush pro-
vided (Collis Curve or superfine nano). The plaque and bleeding indices of the patients in both groups were mea-
sured at baseline (T0) and both groups were initially given a conventional toothbrush to use for four weeks. After 
this period, the plaque and bleeding indices were re-evaluated (T1). The patients were instructed to use the special 
needs toothbrush for 4 weeks, after which the periodontal indices were re-evaluated (T2). Microbial contamination 
on the bristles of the special needs brushes was evaluated at T2. 

Results: No notable changes in the mean plaque and bleeding indices were observed between the two groups at 
each visit; however, statistically significant reductions were noted between visits in both groups (p < 0.05). The 
CFU scores in cultures from the Collis Curve toothbrush bristles (1411.5 ± 541.1) were higher than those obtained 
from the superfine nano-toothbrush bristles (1118.3 ± 423.9), but without statistically significant differences. 

Conclusion: The findings indicate that the use of special needs toothbrushes can statistically significantly improve 
the gingival health status in individuals with Down syndrome in terms of both resolution of periodontal inflamma-
tion and reduction of plaque accumulation.

Key words: bleeding index, customised brush, Down syndrome, microbial contamination, plaque index, special 
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Oral Health Prev Dent 2022; 20: 501–508.  Submitted for publication: 20.05.22; accepted for publication: 08.11.22 
doi: 10.3290/j.ohpd.b3630331

a Associate Professor, Department of Preventive Dental Science, College of Den-
tistry, Jazan University, Jazan, Saudi Arabia. Conceptualisation, original draft 
preparation, project administration, supervision, formal analysis.

b Assistant Professor, Department of Prosthetic Dental Sciences, College of 
Dentistry, Jazan University, Jazan, Saudi Arabia. Methodology, data curation, 
statistical analysis, resources, wrote, reviewed and edited the manuscript.

c Assistant Professor, Department of Preventive Dental Science, College of Den-
tistry, Jazan University, Jazan, Saudi Arabia. Conceptualisation, original draft 
preparation, project administration, supervision, formal analysis.

d Dentist, General Dentistry, College of Dentistry, Jazan University, Jazan, Saudi 
Arabia. Clinical examination and data collection.

e Adjunct Faculty, College of Dental Medicine, Roseman University of Health Sci-
ences, South Jordan, Utah, USA. Study design, drafted and reviewed the manu-
script.

Correspondence: Shankargouda Patil, College of Dental Medicine, Roseman 
University of Health Sciences, 10920 S. River Front Parkway, South Jordan, UT 
84095, USA. Tel: +1-801-302-2600; e-mail: spatil@roseman.edu

Down syndrome is a genetic condition that causes intel-
lectual disability as a result of abnormal disjunction of 

chromosomes at the time of cell division, leading to a tri-
somy (an extra chromosome number 21).12,28 Each year, 
one out of every thousand children born worldwide is be-
lieved to have Down syndrome. In Saudi Arabia, its inci-
dence is estimated to be 1 in every 554 live births.35 Con-

sanguineous marriages, a prevalent practice in Saudi 
Arabia, are a predisposing risk factor.14

Individuals with Down syndrome are specifically predis-
posed to orofacial maladies such as periodontitis and oc-
clusal disharmony, with a large tongue in a small oral cav-
ity.8,16 Young patients (<35 years) with Down syndrome 
have an increased prevalence (58%–96%) of gingival and 
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periodontal inflammation.32,34 The deterioration of periodon-
tal health due to difficulty in oral hygiene maintenance by 
affected patients is a result of physical impairment and re-
stricted manual dexterity due to the underlying neurological 
deficits.20,29 The suboptimal periodontal status in Down 
syndrome individuals is believed to be due to the immune 
system being compromised (decline in the level of T-lympho-
cytes), poor hygienic practices, delicate periodontal ligament 
tissue, premature aging, and improperly functioning masti-
catory apparatus.19,22 The other reported orofacial features 
in the syndrome that deserve mention include hypoplastic 
and supernumerary teeth, abnormal eruption orientations, 
clenching, ectopically erupted teeth, enlarged tongue, pala-
tal vault, prognathic mandible, apertognathia, tongue with 
multiple fissures, angular cheilitis, small permanent teeth 
and large deciduous teeth.21,46 Additionally, the tooth phe-
notype affected results in discoidal frontal teeth, absent/
shortened crestal margins, and furrowed occlusal tops in 
the posterior teeth. The prevalence of caries was reported 
to be high in these syndromic patients in Saudi Arabia.4 

Oral hygiene is affected in patients with Down syndrome 
owing to the difficulty in hand-eye coordination, inadequate 
incentive, and difficulties in maintaining good dental hygiene 
practices using classical toothbrushes.5 Their lack of dexter-
ity and fine motor coordination profoundly affect their oral 
health. However, caries and periodontal disease can be pre-
vented by controlling the growth of the supragingival biofilm 
through mechanical plaque control measures such as tooth-
brushing.45 The etiological factors responsible for the rela-
tive lack of success of mechanical supra-gingival plaque con-
trol – along with adjunctive procedures such as scaling and 
root planing (SRP) to avoid periodontal disease in Down syn-
drome – may include a compromised immune system, char-
acterised by low immune cell count and reduced vascular 
responses. A recent study outlined a treatment strategy for 
Down syndrome individuals through a monthly dental care 
and prevention program, including supra and sub-gingival 
SRP. This was effective in improving deteriorated periodontal 
conditions.40 This technique may be effective in compliant 
Down syndrome subjects, but would be challenging for most 
patients in the absence of general anesthesia/sedation. 

Oral and dental hygiene promotional campaigns for spe-

cial-need individuals are effective.17 Caregivers are given 
directives regarding dental hygiene to improve the oral 
health of their charges, which can lead to a decline in biofilm 
production and more conscientious manual brushing. The 
oral and periodontal condition of patients with intellectual 
disabilities is jeopardised to a greater degree than that of 
their age- and gender-matched contemporaries without intel-
lectual disabilities. It is laborious, cumbersome, and difficult 
to control the growth of the biofilm mechanically, particularly 
in individuals with special needs.1,7,11,23,24,41 The use of 
different types of special needs toothbrushes might aid in 
preventing the occurrence of periodontal disease.15,26,30

Contaminated toothbrushes may cause recurrent infec-
tions in the oral cavity.9 Brushes can harbour microorgan-
isms such as Streptococcus mutans that initiate dental car-
ies, Lactobacillus bacteria which are responsible for the 
progression of dental caries, and Candida albicans responsi-
ble for oral thrush.27 Microbes can contact the bristles of a 
toothbrush via the mouth or through aerosols generated from 
flushing the toilet, from fingers and hands touching contami-
nated surfaces, and from microbes residing in damp sur-
roundings.6 According to Osho et al36 and Harun et al,18 the 
most common microbes found in toothbrushes used two 
times a day for thirty days were enterococci (10%), S. aureus, 
S. saprophyticus (20%) and Pseudomonas aeruginosa (40%). 
Similarly, in another study,37 S. mutans, Klebsiella, Candida, 
Pseudomonas, lactobacilli, and E. coli were observed. S. mu-
tans was the most frequent of all these microorganisms in 
toothbrushes used 2x/day every day after 1 month.37

The present study aimed to compare the efficacies of 
two unique special needs toothbrushes in plaque removal 
in Down syndrome patients vs conventional toothbrushes. 
Additionally, we assessed microbial contamination levels of 
the two types of toothbrushes after use.

MATERIALS AND METHODS

Study Design and Population 

This study was a single-center, randomised, parallel-group 
study conducted in the Kingdom of Saudi Arabia. The study 
population comprised sixteen Down syndrome patients (age 

Fig 1  The Collis Curve (a) and  
superfine nano (b) special needs 
toothbrushes.
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6–15 years) randomly chosen from special needs centers 
located in the Jazan Province of Saudi Arabia and treated at 
the College of Dentistry, Jazan University. The eligibility cri-
teria were: no history of professional prophylaxis over the 
past three months; every patient had a caregiver who 
brushed their teeth two times a day; and no orthodontic 
banding or removable prosthesis was present. The exclu-
sion criteria were as follows: uncooperative patients; chil-
dren under medications that affected the gingival/periodon-
tal health; and dental treatment within the past 3 months. 

Informed Consent and Ethical Clearance 

The primary objective of this study was briefly described to 
the subjects (both the children with Down syndrome and 
their parents/caregivers), and written informed consent was 

obtained from the patient’s caregivers before the start of 
the trial. The study was conducted in accordance with the 
Helsinki Declaration guidelines, and ethical approval was 
given by the Standing Committee for Scientific Research 
Ethics at Jazan University (Ref: REC42/1/095). 

Study Protocol 

At baseline (T0), two principal investigators, calibrated and 
tested for intra- and inter-examiner reliability, carried out the 
examination (with a kappa value of 80%). The plaque index 
and gingival bleeding index (Silness and Löe plaque index; 
Ainamo and Bay gingival bleeding index)2,31 of six teeth (16, 
21, 24, 36, 41, and 44) were measured at the initial visit. 
At the initial visit (T0), the parents of the Down syndrome 
children, who were also the caregivers, were given a conven-

Enrollment Assessed for eligibility (n = 16) 

Excluded (n = 0) 
•  Not meeting inclusion criteria (n = 0)
•  Declined to participate (n = 0)
•  Other reasons (n = 0)

T0 (Baseline) 
Plaque index and gingival bleeding 
index measured 
Conventional toothbrush given with 
instructions for use (Fone’s method) 

Randomised (n = 16) 

Allocation

Allocated to Curved Brush group (n = 8) 
T1 – 4 weeks later 

Plaque index and gingival bleeding index  
re-evaluated after using conventional toothbrush 

Allocated to Curved Brush group (n = 8) 
• Received allocated intervention (n = 8)
• Did not receive allocated intervention (n = 0)

Allocated to Superfine Nano Brush group (n = 8) 
T1 – 4 weeks later 

Plaque index and gingival bleeding index  
re-evaluated after using conventional toothbrush 

Allocated to Superfine Nano Brush (n = 8) 
• Received allocated intervention (n = 8)
• Did not receive allocated intervention (n = 0)

T2 – 4 weeks later
Lost to follow-up (n = O);  

Discontinued (n = O)

T2 – 4 weeks later
Lost to follow-up (n = O);  

Discontinued (n = O)

Follow-up

Analysed (n = 8) 
• Excluded from analysis (n = O)

Analysed (n = 8) 
• Excluded from analysis (n = O)

Analysis

Fig 2  CONSORT flow  
diagram.
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cial-needs toothbrush (Foxvine; Glendale, NY, USA) (Fig 1). 
Both groups were re-evaluated after four weeks (T2). The 
plaque index and gingival bleeding index were compared be-
tween the initial visit (T0), second visit (T1), and third visit (T2).

Evaluation of Microbial Contamination 

Four used special-needs brushes from each group were ran-
domly collected at the T2 visit. The brushes were washed in 
regular tap water and transported to the lab in a sterilised 
bag. Two-thirds of the bristles from the used toothbrushes 
were cut using a sterile razor and placed in a test tube 
loaded with 1-ml Tris-EDTA buffer using sterile forceps. The 
tube was vortexed for 1 min to break up the bacteria ad-
hered to the surface, and the resultant mixture was cultured 
in a plate containing Mueller Hinton agar medium. Sterile 
agar plates were chosen to prepare the agar medium and 
culture microorganisms with accurate proportions of water 
and agar powder. Prepared agar medium was poured into 

tional toothbrush and instructed to use the correct tooth-
brushing technique (Fones brushing technique) while brush-
ing their child’s teeth. 

Four weeks after the initial visit (T1), the plaque index (PI) 
and gingival bleeding index (BI) of the patients were re-eval-
uated. Subsequently, the patients were randomly assigned 
to one of two groups (two different kinds of special needs 
toothbrushes) via an envelope containing their group num-
ber. The envelopes were prepared by a biostatistician using 
random computer-generated number sequences to conceal 
the sequence generation and allocation. The envelopes 
were randomly distributed to the patients by a nurse uncon-
nected to the study who was not aware of its contents. The 
examiners were blinded to the allocation. 

The subjects were assigned into the two groups with an 
allocation ratio of 1:1 (n = 8, each): one group was given a 
curved special-needs toothbrush (Collis Curve; Brownsville, 
TX, USA) and the other group received a superfine nano spe-

Table 1  Plaque index at visits T0, T1 and T2 for Collis Curve and superfine nano toothbrushes

Visit

Collis Curve

p-value

Superfine Nano

p-value p-valueMean ± SD Mean ± SD

First visit (T0) 82.0 ± 19.4 94.8 ± 12.5 0.141

Second visit (T1) 40.0 ± 18.3 46.3 ± 25.1 0.578

Third visit (T2) 28.6 ± 12.3 30.4 ± 14.5 0.799

T0 – T01 42.0 ± 21.7 0.001* 48.5 ± 24.1 0.001* 0.580

T0 – T2 53.4 ± 22.6 <0.001** 64.4 ± 15.6 <0.001* 0.277

T1 – T2 11.4 ± 8.9 0.008* 15.9 ± 11.8 0.007* 0.404

*p < 0.05, ** p < 0.001

Table 2  Bleeding indices at visits T0, T1 and T2 for Collis Curve and superfine nano toothbrushes

Visit

Collis Curve

p-value

Superfine Nano

p-value p-value#Mean ± SD Mean ± SD

First visit (T0) 69.7 ± 17.5 71.1 ± 25.4 0.900

Second visit (T01) 38.8 ± 23.6 36.8 ± 24.0 0.867

Third visit (T2) 21.1 ± 17.1 21.8 ± 16.1 0.935

T0 – T1 31.0 ± 19.8 0.003* 34.4 ± 31.8 0.018* 0.799

T0 – T2 48.6 ± 19.1 <0.001** 49.3 ± 30.0 0.002* 0.956

T1 – T2 17.7 ± 12.2 0.005* 14.9 ± 9.6 0.003* 0.630

*p < 0.05, ** p < 0.001.
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the agar plates, which were then stored in the refrigerator 
to let them cool and prevent contamination. One ml of each 
of the dilution factors was collected via a sterilized pipette 
and plated on the plate-count agar. After inoculation, the 
agar plates were incubated overnight in an incubator at 
37°C. After 48 h, the colony-forming units (CFU) on each 
plate were counted. Universal standardisation of the mater-
ials, instruments, methodologies and calibration methods 
used for the microbial analysis was ensured.

Statistical Analysis

Data analysis was carried out using SPSS v 20 (SPSS; Chi-
cago, IL, USA). Unpaired Student’s t-tests were used to 
analyse the results between the Collis Curve and superfine 
nano special-needs toothbrushes. Paired Student t-tests 
were used for intra-group comparisons. The statistical sig-
nificance level was set at 5%. 

RESULTS

A total of 16 individuals between 6 and 15 years of age 
were enrolled in the study. Figure 2 depicts the CONSORT 
flowchart. Table 1 shows the mean plaque index at the ini-
tial visit (T0, baseline). After using the conventional tooth-
brush for four weeks, the mean plaque index had de-
creased in both groups by the second visit (T1). These 
scores showed further improvement with the use of the 
specially designed toothbrushes after four weeks of use 
(T2). No notable changes in mean plaque index were ob-
served between the two groups at each visit (p > 0.05), but 
statistically significant reductions were noted between visits 
in both groups (p < 0.05) (Table 1). 

The mean bleeding index at T0 was 69.7 ± 17.5 in the Col-
lis Curve group and 71.1 ± 25.4 in the superfine nano group; 
this decreased to 38.8 ± 23.6 and 36.8 ± 24.0, respectively, 
at T1 and dropped further to 21.1 ± 17.2 and 21.8 ± 16.1 at 
T2 (Table 2). No statistically significant changes in the bleed-
ing index were seen between the two groups at each visit 
(p > 0.05); however, statistically significant reductions were 

noted between visits in both groups (p < 0.05) (Table 2). 
Overall, both indices showed statistically significant improve-
ment with the use of special needs toothbrushes at T2 com-
pared to the regular brushes at T1 (p < 0.05).

The mean number of CFU per plate was 1411.50 in the 
Collis Curve group and 1118.25 in the superfine nano group 
(Fig 3). No statistically significant difference was observed 
between the two special needs toothbrushes with regard to 
CFU counts (p > 0.05), indicating that both brushes had 
similar levels of bacterial contamination after use. 

DISCUSSION

Regular dental care and maintenance of oral hygiene are 
important determinants of oral health in individuals with 
special needs. Motor impairments can result in limited 
manual dexterity, making conventional brushing techniques 
challenging and resulting in ineffective plaque removal.25,48 
Individuals with developmental and intellectual disorders 
may require assistance from a caregiver to brush their 
teeth.13,33 Antimicrobials such as chlorhexidine may help in 
reducing supragingival plaque and control the development 
of a biofilm.42 However, mouthwashes cannot be universally 
recommended and have limited application in subgingival 
plaque removal. They are not recommended in young pa-
tients or those with poor muscle tone because of their lack 
of ability to frequently rinse their mouths.25,48 Mechanical 
plaque control through regular brushing and periodic scaling 
and root planing remain the cornerstone of periodontal ther-
apy. Mechanical disruption of the biofilm is pivotal in pre-
venting the progression of periodontal disease. 

The design of a conventional toothbrush especially with 
regard to its size and contour should be such that it aids in 
mechanical removal of plaque. ADA specifications for an ac-
ceptable toothbrush are with brushing surface length 
1–1.25 inches and width 5/16–3/8 inches; surface area: 
2.54–3.2 cm2; number of bristle rows: 2–4; number of tufts: 
5–12 tufts per row; and number of bristles: 80–85 bristles 
per tuft. For adults, large or medium sized heads would be 

Fig 3  Image showing the  
bacterial colony forming units 
(CFU) from the Collis Curve (a)  
and superfine nano (b) special 
needs toothbrushes.

a b
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sufficient. Small brush-heads are recommended for children, 
as their teeth and mouths are generally smaller.39

Research has established the need for customised 
toothbrushes directed toward special needs children and 
adults.49 This study aimed to clinically evaluate the oral 
hygiene and gingival health status of patients with Down 
syndrome using two unique special needs toothbrushes 
compared to a conventional toothbrush. 

We observed that the use of a conventional toothbrush 
for four weeks resulted in a marked decrease in the mean 
plaque index (PI) and bleeding index (BI) in both groups. 
These findings are similar to that reported by Sakellari et 
al,38 wherein marked positive effects of professional scal-
ing and closely monitored dental hygiene practices were 
observed on the plaque and bleeding on probing indices. 
The prevalence and the severity of periodontal infection 
(measured clinically as well as radiographically) in patients 
with Down syndrome were reduced after proper hygiene 
measures had been instituted.38

In terms of plaque removal, the plaque index scores of 
both groups improved after using the special needs tooth-
brushes for four weeks. The results showed that the use of 
the two different special needs toothbrushes improved the 
oral hygiene status in terms of plaque and bleeding indices. 
These toothbrushes have been shown to assist subjects 
with restricted manual dexterity and are preferred by care-
givers who help these patients with toothbrushing. The im-
provement may be due to the unique design of the brushes. 
The head of the Collis Curve brush increases the circulation 
in the gingival area due to its light massaging action, which 
is suitable for caregivers and individuals with a restricted 
range of motion (Fig 2). The bristle is curved and flexible and 
can reach the undercut areas, particularly in malpositioned 
teeth. The compact head and efficient triple-fit bristles pre-
vent gagging while brushing the posterior teeth and elimi-
nate any harsh poking actions that can occur with a regular 
straight-bristled brush. It hence appears that brush design 
per se is more important in dictating the efficiency of plaque 
removal, and in this regard, both brushes used here were 
found effective enough in reducing plaque scores. Overall, 
there is evidence that using customised special-needs tooth-
brushes can benefit and improve the oral and periodontal 
health status of individuals with Down syndrome.

The superfine nano toothbrush contains more than 
20,000 superfine bristles, which can gently flex and rotate 
around undercuts and malpositioned teeth. The literature 
contains only limited data on the effectiveness of custom-
ised toothbrushes in Down syndrome patients. A few stud-
ies have examined the effectiveness of using a “Digital 
Brush” in controlling the plaque in healthy subjects.43,44 A 
systematic review by Kalf-Scholte et al24 indicated that 
there was no difference between another type of special 
needs triple-headed toothbrush compared to one-headed 
brushes, with a few studies favouring the three-headed 
toothbrush in the removal of the plaque. 

In terms of bacterial contamination, both brushes 
showed similar amounts of microbial contamination after 
four weeks of use. Although these differences were not sta-

tistically significant, they point to the dangers of storage en-
vironments acting as microbial reservoirs. Data from studies 
using antimicrobially coated toothbrushes also demonstrate 
significant bacterial contamination rates, as observed in the 
present study. A study at the University of Alabama stated 
that toothbrushes stored in the bathroom are extremely 
likely to have fecal content lingering in their bristles; toilet 
flushing was shown to produce an aerosol spray of bacteria-
tainted water, which could lead to further contamination.10 
Turner et al47 examined the efficacy of chlorhexidine-coated 
brushes on the reduction of bacterial counts, and found no 
notable change in the quantities of bacteria between the 
experimental and the control groups. Al-Ahmad et al3 exam-
ined the antibacterial impact in-vitro of a toothbrush with 
silver-coated heads and reported no statistically significant 
reductions in the number of CFU formed by S. oralis, S. mu-
tans, S. sanguis, A. viscosus, L. casei, and C. albicans.3

One limitation of the present study was the lack of a con-
trol group for the conventional manual toothbrush. Moreover, 
the contamination of the conventional toothbrushes was not 
assessed. The reason was due to the limited access to 
Down syndrome patients during the COVID-19 pandemic. 

People with disabilities may benefit from regular targeted 
dental care to improve dental health. The assistance of a 
caregiver may be invaluable in this regard. However, every 
effort must be made to ensure that patients are able to 
self-sufficiently achieve mechanical plaque control through 
toothbrushing and optimise dental health. 

CONCLUSIONS

This study aimed to evaluate the effectiveness of two spe-
cial needs toothbrushes in plaque control and improving 
gingival health in patients with Down syndrome. The use of 
a Collis Curve and superfine nano special-needs toothbrush 
was found to statistically significantly reduce the plaque 
index and bleeding index over a period of four weeks. Cus-
tomised toothbrushes tailored to the requirements of spe-
cial needs individuals can significantly reduce plaque and 
bleeding levels compared to conventional toothbrushes.

REFERENCES 

1. Abusleme L, Hoare A, Hong B, Diaz PI. Microbial signatures of health, gin-
givitis, and periodontitis. Periodontol 2000 2021;86:57–78. 

2. Ainamo J, Bay I. [Periodontal indexes for and in practice]. Tandlaege-
bladet 1976;80:149–52.

3. Al-Ahmad A, Wiedmann-Al-Ahmad M, Deimling D, Jaser C, Pelz K, Wittmer 
A, et al. An antimicrobial effect from silver-coated toothbrush heads. Am J 
Dent 2010;23:251.

4. Al-Khadra TA, Pedo C, Ortho C. Prevalence of dental caries and oral hy-
giene status among Down’s syndrome patients in Riyadh-Saudi Arabia. 
Pakistan Oral Dent J 2011;31:169–173.

5. Amano A, Kishima T, Akiyama S, Nakagawa I, Hamada S, Morisaki I. Rela-
tionship of Periodontopathic Bacteria With Early-Onset Periodontitis in 
Down’s Syndrome. J Periodontol 2001;72:368–373. 

6. Blaustein RA, Michelitsch L, Glawe AJ, Lee H, Huttelmaier S, Hellgeth N, 
Maamar S Ben, Hartmann EM. Toothbrush microbiomes feature a meet-
ing ground for human oral and environmental microbiota. 2021;31:1–14.

7. Borisy GG, Valm AM. Spatial scale in analysis of the dental plaque micro-
biome. Periodontol 2000 2021;86:97–112. 



doi: 10.3290/j.ohpd.b3630331 507

Fageeh et al

8. Buxton R, Hunter J. Understanding Down’s syndrome: a review. J Dent 
Hyg 1999;73:99–101.

9. Cobb CM. The tooth brush as a cause of repeated infections of the 
mouth. Boston Med Surg J 1920;183:263–264.

10. Cream PFFF CP. FILPOST restoration retention system–better by design. 
Brit Dent J 2016;1:221.

11. Darveau RP, Curtis MA. Oral biofilms revisited: A novel host tissue of bac-
teriological origin. Periodontol 2000 2021;86(1):8–13. 

12. Davidovich E, Aframian DJ, Shapira J, Peretz B. A comparison of the sialo-
chemistry, oral pH, and oral health status of Down syndrome children to 
healthy children. Int J Paediatr Dent 2010;20:235–241.

13. Desai SS. Down syndrome. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endodontol 1997;84:279–285. 

14. El Mouzan MI, Al Salloum AA, Al Herbish AS, Qurachi MM, Al Omar AA. 
Consanguinity and major genetic disorders in Saudi children: a commu-
nity-based cross-sectional study. Ann Saudi Med 2008;28:169–173.

15. Ferraz NKL, Tataounoff J, Nogueira LC, Ramos-Jorge J, Ramos-Jorge ML, Pi-
menta Pinheiro ML. Mechanical control of biofilm in children with cerebral 
palsy: a randomized clinical trial. Int J Paediatr Dent 2015;25:213–220.

16. Frydman A, Nowzari H. Down syndrome-associated periodontitis: a critical 
review of the literature. Compendium 2012;33(5).

17. Goyal S, Thomas B, Bhat K, Bhat G. Manual toothbrushing reinforced with 
audiovisual instruction versus powered toothbrushing among institution-
alized mentally challenged subjects – A randomized cross-over clinical 
trial. Medicina Oral Patología Oral y Cirugia Bucal 2011:e359–e364. 
doi:10.4317/medoral.16.e359

18. Harun WHAW, Dzulkeffli RNSR, S.H M. Isolation and antibiotic resistance 
of microorganisms from toothbrush. Ress J Biol Sci 2007;2:54–6.

19. Hashemi Z, Hajizamani A, Bozorgmehr E, Omrani F. Oral health status of a 
sample of disabled population in Iran. J Oral Health Oral Epidemiol 
2012;1:23–28.

20. Hennequin M, Allison PJ, Veyrune JL. Prevalence of oral health problems 
in a group of individuals with Down syndrome in France. Develop Med 
Child Neurol 2000;42:691–698.

21. Hennequin M, Faulks D, Veyrune JL, Bourdiol P. Significance of oral health 
in persons with Down syndrome: a literature review. Develop Med Child 
Neurol 1999;41:275–283.

22.  Jaber M. Oral health condition and treatment needs of a group of UAE 
children with down syndrome. Ibnosina J Med Biomed Sci 2010;2:62–71. 

23.  Joseph S, Curtis MA. Microbial transitions from health to disease. Peri-
odonto 2000 2021;86:201–209. 

24. Kaan AM (Marije), Kahharova D, Zaura E. Acquisition and establishment 
of the oral microbiota. Periodontol 2000 2021;86:123–141. https://doi.
org/10.1111/prd.12366. 

25. Kalaga A, Addy M, Hunter B. The use of 0.2% chlorhexidine spray as an 
adjunct to oral hygiene and gingival health in physically and mentally 
handicapped adults. J Periodontol 1989;60:381–385.

26. Kalf-Scholte S, Van der Weijden G, Bakker E, Slot D. Plaque removal with 
triple-headed vs single-headed manual toothbrushes – a systematic re-
view. Int J Dent Hyg 2018;16:13–23. 

27. Karibasappa G, Nagesh L, Sujatha B. Assessment of microbial contami-
nation of toothbrush head: An in vitro study. Indian J Dent Res 2011; 
22:2. 

28. Khocht A, Janal M, Turner B. Periodontal health in Down syndrome: contri-
butions of mental disability, personal, and professional dental care. Spec 
Care Dent 2010;30:118–123.

29. Krishnan C, Archana A. Evaluation of oral hygiene status and periodontal 
health in mentally retarded subjects with or without Down’s syndrome in 
comparison with normal healthy individuals. J Oral Health Commun Dent 
2014;8:91–94. 

30. Levin L, Marom Y, Ashkenazi M. Brushing skills and plaque reduction 
using single- and triple-headed toothbrushes. Quintessence Int 
2012;43:525–531.

31. Löe H, Silness J. Periodontal disease in pregnancy I. Prevalence and se-
verity. Acta Odontol Scand 1963;21:533–551.

32. López-Pérez R, Borges-Yáñez SA, Jiménez-García G, Maupomé G. Oral hy-
giene, gingivitis, and periodontitis in persons with Down syndrome. Spec 
Care Dent 2002;22:214–220. 

33. Mann J, Wolnerman JS, Lavie G, Carlin Y, Garfunkel ADIA. Periodontal 
treatment needs and oral hygiene for institutionalized individuais with 
handicapping conditions. Spec Care Dent 1984;4:173–176.

34. Morgan J. Why is periodontal disease more prevalent and more severe in 
people with Down syndrome? Spec Care Dent 2007;27:196–201.

35. Niazi MA, Al-Mazyad AS, Al-Husain MA, Al-Mofadd SM, Al-Zamil FA, 
Khashoggi TY, Al-Eissa YA. Downs syndrome in Saudi Arabia: incidence 
and cytogenetics. Human Heredity 1995;45:65–69. 

36. Osho A, Thomas BT, Ak YA, Udor RD. Toothbrushes as fomites. J Dent 
Oral Hyg 2013;5:92–94.

37. Raiyani C, Arora R, Bhayya D, Dogra S, Katageri A, Singh V. Assessment of 
microbial contamination on twice a day used toothbrush head after 
1-month and 3 months: An in vitro study. J Natural Sci Bio Med 2015;6:44. 

38. Sakellari D, Belibasakis G, Chadjipadelis T, Arapostathis K, Konstantinidis 
A. Supragingival and subgingival microbiota of adult patients with Down’s 
syndrome. Changes after periodontal treatment. Oral Microbiol Immunol 
2001;16:376–382.

39. Samanthaloh. Ideal toothbrush and toothbrushing methods part 2. Avail-
able at http://www. intelligentdental. com/ 2010/02/09/ideal- tooth-
brushand-toothbrushing-methods-part.

40. Sasaki Y, Sumi Y, Miyazaki Y, Hamachi T, Nakata M. Periodontal manage-
ment of an adolescent with Down’s syndrome - a case report. Int J Paedi-
atr Dent 2004;14:127–135. 

41. Serrano-Fujarte I, López-Romero E, Reyna-López GE, Martínez-Gámez MA, Vega-
González A, Cuéllar-Cruz M. Influence of culture media on biofilm formation by 
Candida species and response of sessile cells to antifungals and oxidative 
stress. BioMed Res Int 2015;2015:783639. doi: 10.1155/2015/783639.

42. Shapira J, Sgan-Cohen HD, Stabholz A, Sela MN, Schurr D, Goultschin J. 
Clinical and microbiological effects of chlorhexidine and arginine sustained-
release varnishes in the mentally retarded. Spec Care Dent 1994;14: 
158–163.

43. Stefanini M, Sangiorgi M, Roncati M, D’Alessandro G, Piana G. Effect on 
plaque control in children patients with Down syndrome using Digital 
Brush with or without chlorhexidine: a randomized clinical trial. Spec Care 
Dent 2016;36:66–70.

44. Storti E, Roncati M, Danesi M V, Hehsani S, Sberna MT. Effectiveness of 
chlorhexidine on dental plaque: a new technique. Minerva Stomatol 
2012;61:449–456.

45. Swallow J N. Dental disease in children with Down’s syndrome. J Intellect 
Disabil Res 1964;8:102–19.

46. Trotsenburg ASP Van, Heymans HSA, Tijssen JGP, de Vijlder JJM, Vulsma T. 
Comorbidity, hospitalization, and medication use and their influence on 
mental and motor development of young infants with Down syndrome. Pe-
diatrics 2006;118:1633–1639.

47. Turner LA, McCombs GB, Hynes WL, Tolle SL. A novel approach to control-
ling bacterial contamination on toothbrushes: chlorhexidine coating. Int J 
Dent Hyg 2009;7:241–245.

48. Usher PJ. Oral hygiene in mentally handicapped children. A pilot study of 
the use of chlorhexidine gel. Br Dent J 1975;138:217–221.

49. Zhou N, Wong HM, McGrath C. Toothbrush deterioration and parents’ sug-
gestions to improve the design of toothbrushes used by children with 
special care needs. BMC Pediatrics 2020;20:443. 




