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Elderly patients often find it challenging to remove plaque accumulated on the attachments of implant overdentures (IODs) using

conventional cleaning instruments. Further, excessive plaque accumulation can lead to peri-implant diseases and occasionally to

respiratory diseases. Therefore, here, we aimed to compare the effectiveness of waist-shaped interdental brushes (WIBs) with that of

straight-shaped interdental brushes (SIBs) in plaque removal from the locator attachments of IODs. Twenty participants with 2 locator

attachments retaining mandibular IODs participated in this study. After the baseline cleaning, the participants refrained from oral hygiene

maintenance for 3 days. A dentist cleaned 1 of the attachments using the WIB and the other attachment using the SIB. The pre- and post-

cleaning modified plaque index (mPLI) scores were recorded. After another 3 days free from oral hygiene maintenance, the trained

participants repeated the same cleaning procedure using the WIB and SIB. Pre- and post-cleaning mPLI scores were recorded. Regardless

of the type of brush used, the post-cleaning mPLI scores were lower than the pre-cleaning scores. After the cleaning procedure, the overall

mean mPLI score was lower in the WIB group than in the SIB group. The post-cleaning mPLI scores at the line angles and on the axial

surfaces of the attachments were also lower in the WIB group than in the SIB group. There was no difference in the cleaning effectiveness

between the dentist and participants when they used the same type of interdental brush. The WIB was significantly more efficient in

plaque removal than the SIB, especially at the line-angle sites.

Key Words: interdental brush, implant overdentures, locator attachment, cleaning effectiveness, plaque removal, waist-shaped,
straight-shaped

INTRODUCTION

M
andibular edentulous patients often suffer from

severe alveolar bone loss and are not always

satisfied with using their conventional complete

dentures. Compared with conventional complete

dentures, implant overdentures (IODs) can improve denture

retention, stability, and chewing efficiency. They can also result

in greater patient satisfaction.1–6 According to the McGill

consensus and York consensus statements, the use of 2-

implant–retained mandibular overdentures is recommended as

the standard of care for edentulous patients.7,8

However, accumulation of a plaque biofilm is a risk factor

for peri-implant mucositis and peri-implantitis.9–11 Further, it

has been found to be challenging for edentulous patients, most

of whom are elderly, to control plaque accumulation on the

IOD attachments owing to decreased hand dexterity. It is

common to find that the implant attachments of elderly

patients with IODs are often covered with abundant debris and,

in some cases, calculus. Plaque that forms a biofilm on the

attachments and neck of implants not only causes peri-implant

disease but also results in the accumulation of pathogenic

organisms, which may lead to the development of respiratory

diseases from the perspective of systemic health.12,13 It is of the

utmost importance for patients with IODs to remove plaque

biofilm from around the attachments and to maintain the

health status of the tissue surrounding their implants.14

Generally, aged individuals often have poor oral health, and

most exhibit compromised capabilities in maintaining oral

hygiene.15 Additionally, owing to the cognitive impairment and

memory deficit that occur with age, elderly individuals may be

unable to implement measures required to maintain oral

hygiene in spite of receiving verbal instructions from doc-

tors.15,16 Some geriatric diseases, such as arthritis and visual

Department of Prosthodontics, Peking University School and Hospital of
Stomatology, National Clinical Research Center for Oral Diseases, National
Engineering Laboratory for Digital and Material Technology of Stoma-
tology, Beijing Key Laboratory of Digital Stomatology, Beijing, China.

* Corresponding author, e-mail: panshaoxia@vip.163.com

� These authors contributed equally as first authors.

` These authors contributed equally as corresponding authors.

https://doi.org/10.1563/aaid-joi-D-19-00149

594 Vol. XLVI / No. Six / 2020

CLINICAL
D

ow
nloaded from

 http://m
eridian.allenpress.com

/joi/article-pdf/46/6/594/2715151/i0160-6972-46-6-594.pdf by Peking U
niversity, Shaoxia Pan on 01 M

arch 2021



deterioration, can also increase the difficulty associated with

maintaining oral health in the elderly population.17,18 Therefore,

clinicians are constantly searching for new instruments with

better cleaning efficacy.

The waist-shaped interdental brush (WIB) (Circum dental

brush, Top Caredent AG, Zurich, Switzerland) was designed to

clean the interproximal spaces around periodontal-compro-

mised dentition with improved efficacy.19 The main feature of

the WIB is more volume at the base and tip of its brush.

Compared with the use of the straight designed interdental

brush (TePe Munhygienprodukter AB, Malmo, Sweden), appli-

cation of the WIB was reported to result in significantly lower

plaque index scores20 resulting from the effective cleaning of

the interproximal surfaces of the posterior teeth and implants,

with a predominantly higher cleaning effect potentially

achieved along the buccal and lingual line angles.19

However, few studies have addressed the efficiency of

instruments in cleaning IOD attachments. Therefore, the

purpose of this prospective randomized controlled clinical trial

was to evaluate the cleaning effectiveness of the WIB and

straight-shaped interdental brush (SIB) in removing plaque

biofilm on IOD attachments, with the aim of collecting evidence

to help provide appropriate instructions on hygiene mainte-

nance to patients with IODs. The null hypothesis of this study

was that there is no difference in cleaning effectiveness

between the WIB and SIB.

MATERIALS AND METHODS

The study protocol was approved by the Institutional Review

Board of Peking University School and Hospital of Stomatology.

This study was undertaken with the understanding and written

informed consent of each participant and was conducted in

accordance with the 2013 World Medical Association’s Decla-

ration of Helsinki; further, the Ethical Principles for Medical

Research Involving Human Subjects were implemented from

the beginning to the end of this study. The clinical trial registry

number is ChiCTR-INR-16008403.

Participant recruitment

Patients who received 2-implant–retained mandibular over-

denture treatment from January to December 2016 were

randomly selected and contacted to inquire whether they

would like to participate in this study. Each participant had

undergone a procedure involving the insertion of 2 implants in

the interforaminal area, and all participants had received a

mandibular IOD supported by 2 locator attachments 3 months

after the surgery.

Inclusion and exclusion criteria

Patients were included in the study if all of the following

conditions were met:

� All the surfaces of the implant abutments were intact and

accessible to dental cleaning tools.
� The peri-implant tissue was in a healthy and stable condition

with no bleeding on probing, and the probing depth was �3

mm.

� The participant was willing and able to accept the protocol

and provide informed consent.

Patients were excluded from the study if they met any of the

following criteria at baseline:

� Presence of peri-implant tissue swelling or suppuration

around the implant
� Presence of uncontrolled general physical diseases related to

peri-implant diseases (uncontrolled diabetes, nephropathy,

general immunity defects)
� Presence of oral diseases other than peri-implantitis (oral

candidiasis, xerostomia)
� Excessive cigarette consumption: heavy smokers (10 or more

per day)
� Presence of other conditions that might influence the

condition of the peri-implant soft tissue

Study procedures

This clinical trial was designed as a prospective randomized

self-controlled split-mouth study.

The performance efficacy of the WIB (Circum Dental Brush

No. 7, Top Caredent AG; [ 8-5-8 mm) and SIB (Interdental Brush

Pink, Top Caredent AG; [ ¼ 5 mm) were compared. During

application, 2 interdental brushes of the same type were fixed

onto a brush holder (CombiHalter Fingermodell, Top Caredent

AG; Figure 1). Each participant was asked to attend 4 dental

appointments. The workflow involved in each appointment is

described in the following paragraphs, and the flow chart is

presented in Figure 2.

During the first appointment, each participant received

baseline peri-implant/abutment plaque, debris, and calculus

cleaning treatment. Subsequently, the participants were asked

to refrain from oral hygiene maintenance on the attachments

for 3 days.

The second appointment was arranged 3 days later when

biofilm had accumulated on the attachment. During this

appointment, a trained dentist cleaned the attachments using

the interdental brushes. Before the brushes were applied, an

examiner registered the plaque scores21 at 8 sites around each

attachment (mesiobuccal [MB], buccal [B], distobuccal [DB],

distal [D], distolingual [DL], lingual [L], mesiolingual [ML], mesial

[M]) as shown in Figure 3. This examiner was previously trained

to record the modified plaque index (mPLI), and his mPLI

recordings were calibrated by a professional periodontist in the

case of 5 participants (25%) included in this study. Subse-

quently, he registered the mPLI scores for all the other

participants.

Randomization was performed using the coin-tossing

technique. One of the 2 attachments was randomly selected

by the dentist and brushed with the SIB (SIB group), and the

other attachment was brushed with the WIB (WIB group). Each

interdental brush was applied 3 times in both the buccal-

lingual direction and mesial-distal direction. After this, the

examiner, who was blinded to the cleaning procedure,

recorded the post-brushing mPLI scores.

At the end of this appointment, each participant was

instructed on how to use the interdental brushes. The

participants then returned home and cleaned the attachments
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using both the SIB and WIB by themselves for 2 weeks. They

also performed their oral hygiene maintenance during this

period.

The third appointment was scheduled 2 weeks after the

second appointment, during which the basal areas of the

attachments were cleaned by the dentist. Additionally, the

dentist observed the participants while they used the

interdental brushes and gave them additional instructions if

necessary. Subsequently, the participants were again asked to

refrain from oral hygiene maintenance of the attachments for 3

days.

The participants returned for the fourth appointment 3

days later. Plaque biofilm could be seen on the attachments.

During this appointment, the examiner recorded the pre-

cleaning mPLI scores. After this, under the supervision of the

dentist, 1 of the locator attachments in each participant’s

mouth was randomly selected and was brushed by the

participant with the SIB while the other was brushed with the

WIB following the same protocol outlined during the second

FIGURE 2. Study flow chart. IOD indicates implant overdentures;
mPLI, modified plaque index; SIB, straight-shaped interdental
brush; WIB, waist-shaped interdental brush.

FIGURE 1. (a) Straight-shaped interdental brush with holder cleaning the locator. (b) Waist-shaped interdental brush with holder.

FIGURE 3. The 8 sites around the attachment, including the 4 line
angles (distobuccal [DB], distolingual [DL], mesiobuccal [MB],
mesiolingual [ML]) and 4 axial sites (buccal [B], distal [D], lingual
[L], mesial [M]).

596 Vol. XLVI / No. Six / 2020

Effectiveness of Interdental Brush on IOD Attachment
D

ow
nloaded from

 http://m
eridian.allenpress.com

/joi/article-pdf/46/6/594/2715151/i0160-6972-46-6-594.pdf by Peking U
niversity, Shaoxia Pan on 01 M

arch 2021



appointment. The examiner, who was blinded to the assign-

ment of the cleaning tools and cleaning procedures, registered

the post-brushing mPLI scores.

Clinical parameters

The mPLI scores were recorded at 8 sites (MB, B, DB, D, DL, L,

ML, M; Figure 3) around the attachment based on the following

scale21:

0: No plaque detected

1: Plaque could be detected by running a probe across the

smooth marginal surface of the abutment and implant

2: Plaque observable to the naked eye

3: An abundant amount of plaque

Statistical analysis

A power analysis was performed to estimate the number of

participants required to detect a difference of 0.2 in the mPLI

score. The SD was estimated at 0.33,19 and a paired Student t

test was performed owing to the split-mouth design of the

study. Per the results, it was estimated that an ideal sample size

of 14 individuals would be required to achieve 90% power at a

5% significance level. Six extra participants were included to

compensate for possible dropouts.

Data were coded in Excel (Microsoft Excel for Mac v16.42,

Redmond, Wash), and the statistical analyses were performed

using the statistical SPSS software application (SPSS Statistics

v20, IBM, Armonk, NY). A Student t test for paired samples was

performed to compare the pre- and post-brushing mPLI scores.

The level of statistical significance was set at P , .01. The

frequency analysis results of individual mPLI scores of 0 and 1

versus 2 and 3 were compared before and after brushing. The

statistical methodology was reviewed by an independent

statistician.

RESULTS

Twenty participants were recruited for the study. The average

age was 62.5 6 9.58 years, with the participants ranging from

42 to 80 years old. Ten patients were men, and 10 were women.

Each participant received 2-implant–retained IOD treatment in

the lower jaw (Straumann AG, Basel, Switzerland or Bego,

Bremen, Germany). All of the attachments used were locator

attachments. Forty locator attachments were included in this

study, and mPLI scores were recorded at 320 sites around the

attachments during each registration procedure.

Overall mean mPLI scores

The overall mean mPLI scores are shown in the Table. During

the second appointment, the mean pre-brushing mPLI scores in

the WIB and SIB groups were 2.59 (SD: 0.68) and 2.62 (SD: 0.63),

respectively. After the dentist brushed the attachments, the

mean mPLI scores significantly decreased to 0.69 (SD: 0.72) in

the WIB group (P , .001) and 2.08 (SD: 0.86) in the SIB group (P

, .001; Figure 4). After the dentist’s intervention, the mean

mPLI score in the WIB group was significantly lower than that in

the SIB group (P , .001).

During the fourth appointment, the mean pre-brushing

mPLI scores in the WIB and SIB groups were 2.65 (SD: 0.60) and

2.73 (SD: 0.50), respectively. After the participant brushed the

attachments, the mean mPLI scores significantly decreased to

0.74 (SD: 0.70) in the WIB group (P , .001) and 2.18 (SD: 0.77) in

TABLE

Mean (SD) of the plaque scores for all the assessed sites before and after the cleaning procedure*

mPLI Score

Dentist Brushing Participant Brushing

Overall 4 Line Angles 4 Axial Surfaces Overall 4 Line Angles 4 Axial Surfaces

WIB Before 2.59 (0.68) 2.63 (0.66) 2.56 (0.71) 2.65 (0.60) 2.66 (0.59) 2.64 (0.60)

After 0.69 (0.72) 0.76 (0.73) 0.63 (0.70) 0.74 (0.70) 0.71 (0.62) 0.76 (0.77)

SIB Before 2.62 (0.63) 2.64 (0.58) 2.60 (0.69) 2.73 (0.50) 2.76 (0.48) 2.70 (0.51)

After 2.08 (0.86) 2.34 (0.81) 1.83 (0.84) 2.18 (0.77) 2.56 (0.57) 1.79 (0.74)

*mPLI indicates modified plaque index; SIB, straight-shaped interdental brush; WIB, waist-shaped interdental brush.

FIGURE 4. The plaque on the attachments before (a) and after (b)
brushing (dentist brushing). The attachment on the right side was
cleaned using the straight-shaped interdental brush, and the
attachment on the left was cleaned using the waist-shaped
interdental brush.
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the SIB group (P , .001). After the participant’s intervention,

the mean mPLI score in the WIB group was significantly lower

than that in the SIB group (P , .001).

There were no differences in the mean pre-brushing mPLI

scores between the WIB and SIB groups during the second and

fourth appointments. In both the WIB and SIB groups, when the

post-brushing mPLI scores recorded during the second and

fourth appointments were compared (dentist brushing versus

participants brushing), no differences were detected (Table).

Mean mPLI scores at the axial surface sites

The mean mPLI scores at the axial surface sites (B, L, M, D) are

shown in the Table. During the second appointment, the mean

pre-brushing mPLI scores at the 4 axial surface sites in the WIB

and SIB groups were 2.56 (SD: 0.71) and 2.60 (SD: 0.69),

respectively. After the dentist brushed the attachments, the

mean mPLI scores on the axial surfaces significantly decreased

to 0.63 (SD: 0.70) in the WIB group (P , .001) and 1.83 (SD: 0.84)

in the SIB group (P , .001). After the dentist’s intervention, the

mean mPLI score on the axial surfaces of the WIB group was

significantly lower than that of the SIB group (P , .001). The

results recorded during the fourth appointment (participant

brushing) were similar to those from the second appointment

(dentist brushing; Table).

The mean pre- and postintervention mPLI scores at the

axial surface sites are presented in the Table. The WIB resulted

in significantly higher plaque removal effectiveness on the axial

surface of the locator attachments than the SIB (P , .001).

Regardless of whether the dentist or participant cleaned the

attachment, no differences were observed in the findings.

Mean mPLI scores at the line-angle sites

The mean mPLI scores at the line-angle sites (MB, DB, ML) are

shown in the Table. During the second appointment, the mean

pre-brushing mPLI scores at the 4 line angles in the WIB and SIB

groups were 2.63 (SD: 0.66) and 2.64 (SD: 0.58), respectively.

After the dentist brushed the attachments, the mean mPLI

scores at the 4 line angles significantly decreased to 0.76 (SD:

0.73) in the WIB group (P , .001). However, in the SIB group,

there were no significant changes in the mPLI scores even

though the mean score decreased to 2.34 (SD: 0.81; P . .05).

After the dentist’s intervention, the mean mPLI score at the 4

line angles in the WIB group was significantly lower than that in

the SIB group (P , .001).

During the fourth appointment (participant brushing), the

results were similar to those recorded in the second

appointment (dentist brushing). The mean pre- and post-

intervention mPLI scores at the 4 line-angles are presented in

the Table. The WIB resulted in significantly higher plaque

removal efficiency at the 4 line angles of the locator attachment

than the SIB (P , .001).

Frequency analyses of sites with mPLI scores of 0 or 1 versus
2 or 3

When both the dentist and participants performed the

brushing procedure, a significant improvement was detected

in the plaque score categories at the 320 sites after the

application of both types of interdental brushes (P , .05).

However, it was indicated that the number of sites that

recorded mPLI category changes from 2 or 3 to 0 or 1 was

much higher when the WIB rather than the SIB was used. The

changes in plaque score distribution frequency after the

intervention by the dentist and participant are presented in

Figure 5.

When only the 4 line angles were considered, the

distribution of mPLI scores in the WIB and SIB groups was

comparable to that before the intervention. However, after the

application of the SIB, the distribution of mPLI scores (2 or 3

versus 0 or 1) did not significantly change, whereas after

application of the WIB, the number of sites with mPLI scores of

0 or 1 significantly increased (P , .01). The changes in plaque

score distribution frequency at the 4 line angles after the

dentist’s or participants’ intervention are presented in Figure 6.

DISCUSSION

This study evaluated the effectiveness of 2 types of interdental

brushes in plaque cleaning from the locator attachments of

patients with IODs. The results indicate that both types of

interdental brushes were effective in plaque removal from the

locator attachments. However, the plaque removal effective-

ness of the WIB from the mandibular IOD attachments (locator)

was significantly higher than that of the SIB.

Study design

This clinical trial was designed as a randomized controlled

single-blind split-mouth study. This design eliminated many

confounding factors that could potentially introduce bias into

the results.22 The examiner was blinded to the types of plaque

control devices that were used by the trained dentist and

participants. The split-mouth design warranted that the

comparison between the plaque cleaning effectiveness of the

2 tested interdental brushes could be performed in exactly the

same environment, thereby avoiding the effects of the

differences in the plaque index and hand dexterity among

the different participants. Thus, the noise associated with the

clinical trial could be reduced, which allowed us to conduct a

more powerful statistical test.22

Plaque removal effectiveness of the WIB and SIB

Interdental brushes have been proven to be more effective in

plaque removal within sufficiently exposed interproximal

spaces compared with dental floss and toothpicks.23 Rosing

and colleagues24 conducted a comparative study among 50

individuals and found that interdental toothbrushes, regardless

of their shape (conical or cylindrical), are more effective in

interdental supragingival plaque removal than dental floss.

In our study, both the WIB and SIB were effective in plaque

removal, and significant differences were found between the

pre- and post-brushing overall mean mPLI scores after the use

of both brushes. This is consistent with the findings of previous

studies on the effectiveness of interdental brushes in inter-

proximal cleaning.24–26 Moreover, our study also demonstrated

that the overall plaque removal effectiveness of the WIB was

significantly higher than that of the SIB, which is in accordance

with the findings of a previous study in which the plaque
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removal effectiveness of the same WIB was compared with that

of an SIB.19

When the 8 sites around the attachment were evaluated

separately, the effectiveness of plaque removal in the WIB

group was significantly superior to that in the SIB group at all 4

line angles. This was similar to the results of a previous study

conducted by Chongcharoen et al.19 In this previous study,

application of a WIB resulted in significantly lower plaque index

scores on natural teeth and implants than those recorded with

the use of an SIB, and this result was predominantly due to the

higher cleaning effect of the WIB at the buccal and lingual line

angles. The explanation behind this finding was that when the

WIB, characterized by a larger diameter at the base and tip, was

passed through the proximal contact, it resulted in more

friction being applied onto the teeth or prostheses at the line

angles. We could also justify this in our study by the fact that

the transverse sections of the attachments were usually round,

and the WIB had a waist-shaped design, with a larger diameter

at the base and tip as well as a narrower middle section. After

being fixed onto the holder, the brushes acted like 2 arms that

hugged the locator attachment, and hence, the contact area

between the bristles and attachment was larger compared with

the contact area when the SIB was used, thereby resulting in

more friction and in cleaning away more plaque at the line-

angle sites. In other words, the SIB was not as effective as the

WIB in cleaning the biofilm from the line-angle sites because a

much smaller contact area was produced with the attachment.

As a result, when equal brush strokes were applied, more

plaque could be removed by the WIB, and therefore, the

effectiveness of the WIB was found to be greater.

In addition to the aforementioned findings, our study also

demonstrated that the plaque removal effectiveness on the 4

axial surfaces observed in the WIB group was significantly

better than that in the SIB group. This is different from the

findings of Chongcharoen et al,19 in which biofilm reduction

was not observed at the buccal sites after use of interdental

brushes. This difference was mainly due to the difference in

structure between locator attachments and natural dentition/

fixed implant prostheses; specifically, the interdental brush

could easily reach all the surfaces of the locator attachment of

the IOD-wearing patients with no limitations with respect to

stroke direction and, thus, could result in equal cleaning

effectiveness on all the surfaces of the attachment.

There was a significant difference in the frequency

distribution between the group with mPLI scores of 0 or 1

and those with mPLI scores of 2 or 3 before and after the use of

the interdental brushes. The mPLI scores recorded at a

significantly larger number of sites shifted from 2 or 3 to 0 or

1 in the WIB group compared with the SIB group (v2, P , .01),

thereby suggesting that the WIB was more efficient in biofilm

cleaning than the SIB.

Capability of elderly IOD users in performing peri-implant
plaque control practices and choice of cleaning instrument

No significant differences were detected between the mean

post-brushing mPLI scores obtained when the dentist or

participants carried out the brushing. This indicated that with

the help of professional instruction and training, the patients

were able to learn the skills required to use an interdental brush

to properly remove the biofilm from the locator. In the present

study, we prescribed strict adherence to the standard cleaning

procedure that involved using the brush holder (HC Combi-

Halter Fingermodell, Top Caredent A, Zurich, Switzerland) to

hold 2 interdental brushes and then brushing the attachments

3 times horizontally in both the buccal-lingual direction and

mesial-distal direction. Participants were asked to practice the

brushing movement under the guidance and supervision of the

dentist, and this strategy was proven to be successful. We

found that the participants were able to perform as effectively

as the dentist.

Studies that have investigated cleaning instruments and

their efficacy in plaque control on IOD attachments are scarce.

We found only 1 report that compared the clinical effectiveness

of a powered toothbrush with that of a manual soft toothbrush

in the control of supragingival plaque and soft tissue

inflammation around mandibular IODs.27 In this previous study,

after receiving a detailed video and written instructions, the

patients cleaned their 2 single-standing mandibular IOD

attachments twice daily for 6 weeks using the toothbrush

being tested, and the results revealed that only 15% of the sites

in the manual toothbrush group and 20% of the sites in the

FIGURES 5 AND 6. FIGURE 5. Plaque score distribution (modified plaque index [mPLI] ¼ 0 or 1 versus mPLI ¼ 2 or 3) before and after the
dentist’s or participants’ intervention with the waist-shaped interdental brush (WIB) and straight-shaped interdental brush (SIB). FIGURE 6.
Plaque score distribution (modified plaque index 0 or 1 versus 2 or 3) at the 4 line-angle sites before and after brushing using the waist-
shaped interdental brush (WIB) and straight-shaped interdental brush (SIB), respectively.
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powered toothbrush group exhibited improved plaque scores,

while the condition of the other sites remained the same or

even worsened. However, the 2 types of toothbrushes used in

the study were the same as those used for brushing natural

dentition; therefore, it is a strong possibility that when the

patients attempted to brush the attachments with these

toothbrushes, it was difficult to direct the tip of the bristles

to reach the gingival one-third of the attachment. On the

contrary, in our study, the interdental brushes were designed

such that the tip of every bristle could touch the surface of the

attachment from a perpendicular direction and, thus, could

produce adequate friction to efficiently remove the biofilm.

Even though edentulous elderly individuals were considered to

be compromised due to advanced age, impaired manual skills,

and reduced visual capacity,27 our study still managed to prove

that they could perform well in implant attachment plaque

control when user-friendly cleaning aids were available. A

deliberate choice of instrument is always important in

periodontal and peri-implant maintenance, especially for the

elderly population.

A person’s long-term maintenance of oral health is related

to the long-term biological stability of implants and promotes

the prevention of biological inflammation.28,29 It has been

reported that repetitive and visual hygiene instructions, such as

instructions outlined in brochures, are required to improve the

oral hygiene maintenance skills of the elderly.30 Providing

elderly patients with a more efficient instrument is another way

of improving the plaque removal effect. Therefore, the WIB is

obviously a more effective instrument that can help elderly IOD

wearers to efficiently maintain their oral hygiene.

However, we should also bear in mind that due to cognitive

impairment, memory decline, and arthritis, elderly patients may

not be able to completely execute the instructions provided via

oral hygiene maintenance guidance, even when dentists have

provided instructions visually and tautologically.15,16 Although

our study has demonstrated that the participants could use the

interdental brushes skillfully after receiving instructions and

training, we are still far from being able to draw conclusions

regarding the long-term self-maintenance of oral health among

elderly edentulous IOD wearers.

Plaque control among different attachment designs

Both splinted (bar) and single-standing attachments (locator,

telescopic crown) can be used to retain IOD. It has been

demonstrated that hygiene maintenance is more complicated

around bars than around locator and telescopic crowns,31,32

and annually higher plaque index and calculus index scores

have been observed in relation to the bar rather than to the

telescopic attachments.33 However, plaque-cleaning instru-

ments were not mentioned in these studies. On using the

WIB tested in the present study, limitations with respect to

accessing all the surfaces of the abutment of bar attachments

encountered with most cleaning aids can be overcome. The

plaque control efficacy of the WIB in cleaning IOD bar

attachments should be investigated in the future.

A triangular hole was designed on top of the Locator

abutment, inside which plaque gets easily accumulated. In this

study, the plaque removal in this undercut area was not

investigated. However, this area should be included in the

routine cleaning procedure. Even though the biofilm in this

area does not directly make contact with the peri-implant soft

tissue, the accumulation of plaque or formation of calculus

within it would still affect the proper sitting of the overdenture

and would deform the nylon cap.

Study limitations

This study has several limitations. First, the coin-flipping

method was used to randomly select a locator abutment to

be brushed with the SIB; the other was brushed with the WIB.

This method may not generate random results and, therefore,

may influence the solidity of the results. Second, a convenience

sampling technique was used to recruit participants for this

study; therefore, our results might be vulnerable to selection

bias and uncontrolled intervening variables. Patients who were

self-disciplined with regard to health issues would be more

prone to participate in the study. Consequently, the character-

istics of our study participants might not represent those of a

randomly selected sample from the general edentulous IOD-

wearing population. Moreover, the participants who completed

the clinical trial by attending all 4 appointments might have

been individuals who already practiced effective maintenance

techniques for their overdenture attachment, and this could

lead to acheiving better results than those that could have

been acheived in the general edentulous population. These

limitations need to be recognized, and the results and

conclusions should be carefully interpreted for use in clinical

situations. In a real-world clinical setting, patients may have

smoking habits and systemic diseases, such as diabetes, and

these are all risk factors that make it more difficult to maintain

peri-implant health.

This study was a self-controlled randomized clinical trial,

and a total of 20 participants were sufficient to provide enough

power for the analysis. Future studies should adopt a

randomization method, such as the random number table

technique, to eliminate bias that might be introduced by the

use of the coin-flipping method. For a more advanced

approach, a stratified randomization method could be used in

future studies to further investigate the influence of age.

Convenience sampling and other techniques that could result

in volunteer bias should be avoided in future studies.

CONCLUSIONS

Both the WIB and SIB were effective in plaque removal from

single standing attachments (Locator) retaining mandibular

IODs. However, the results of this study demonstrate that the

WIB was more effective in plaque removal from the locator

attachment, especially in the line-angle area, than the SIB.

ABBREVIATIONS

B: buccal

D: distal

DB: distobuccal

DL: distolingual

IOD: implant overdenture
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L: lingual

M: mesial

MB: mesiobuccal

ML: mesiolingual

mPLI: modified plaque index

SIB: straight-shaped interdental brush

WIB: waist-shaped interdental brush
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