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Introduction

It is widely accepted that it is more difficult to maintain 
good oral hygiene when wearing orthodontic appliances 
(Anuwongnukroh et al., 2017). Most patients will develop 
some degree of gingival inflammation during their fixed 
appliance treatment (Verrusio et al., 2018). Inflamed gingi-
vae can be uncomfortable and lead to gingival hypertrophy 
(Pinto et al., 2017). Although the hypertrophy usually 
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Abstract

Objective: To establish whether the use of a WaterPik® alongside a manual toothbrush (WaterPik® + MTB) is more 
effective for maintaining oral hygiene compared to the use of a manual toothbrush alone (MTB) in patients wearing fixed 
orthodontic appliances.

Design: A single-centre, two-arm, parallel-group, single-blind, randomised controlled clinical trial with a 1:1 allocation 
ratio.

Setting: Orthodontic department at York Hospital, York Teaching Hospitals NHS Foundation Trust, UK.

Participants: A total of 40 fit and well participants aged 10–20 years being treated with upper and lower fixed orth-
odontic appliances.

Methods: Participants were randomly allocated, using stratified block randomisation, to the control group (MTB)  
or intervention group ‘(Waterpik® + MTB)’. Plaque, gingival and interdental bleeding indices were recorded at  
baseline, 8 weeks, 32 weeks and 56 weeks. A generalised linear mixed model was used to assess differences between 
groups.

Results: An interim analysis of results was performed with 40 patients recruited and 85% of data collected. The overall 
mean differences between the groups were as follows: plaque index = 0.199 (P = 0.88, 95% confidence interval [CI] 
−0.24 to 0.27); gingival index = −0.008 (P = 0.94, 95% CI −0.22 to 0.20); and interdental bleeding index = 5.60 (P = 
0.563, 95% CI −13.22 to 24.42). No statistical difference between the two groups was found for any variable. The trial 
was stopped at this point.

Conclusions: In terms of oral hygiene, our study did not find evidence to support the claim of benefit of using a Water-
pik® in addition to a manual toothbrush for patients wearing fixed orthodontic appliances.
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resolves after appliances have been removed (Zachrisson 
and Zachrisson, 1972), this can make the appliance and teeth 
more difficult to clean around. There is also a change in the 
microbiome of the mouth during fixed appliance therapy 
with an increase in periodontopathic (Naranjo et al., 2006) 
and cariogenic (Marda et al., 2018) bacteria. The oral micro-
biome has been shown to remain ‘abnormal’ even 2 years 
after removal of the appliance (Ghijselings et al., 2014).

As well as the effect on the periodontium, stagnating 
plaque around orthodontic appliances predisposes to decal-
cification. This can leave permanent, unsightly white or 
brown marks on the teeth that can progress to cavitation. 
The incidence of decalcification varies depending on the 
diagnostic techniques and criteria used, but a meta-analysis 
reported an incidence of 68.4% (Sundararaj et al., 2015).

Plaque removal using a toothbrush is widely recom-
mended for oral hygiene when wearing fixed orthodontic 
appliances (ElShehaby et al., 2020). Adjunctive aids such 
as specific orthodontic brushes (Marçal et al., 2022), inter-
dental brushes (Berglund and Small, 1990; Bock et al., 
2010), dental floss (Zanatta et al., 2011) or Siwak (Al-Teen 
et al., 2006) have been described in the literature with gen-
erally unimpressive results.

The WaterPik® is an oral hygiene aid that uses a pulsing 
jet of water to remove debris. The WaterPik® has been on 
the market since the 1960s, with the tip as a small tube. In 
recent years, an orthodontic tip has entered the market, fea-
turing a tapered brush through which the ejected water is 
delivered. If used appropriately, the orthodontic tip could 
mechanically remove plaque alongside the cleaning action 
of the pulsing water (Gorur et al., 2009). Existing evidence 
suggested that over 4 weeks, using a WaterPik® with an 
orthodontic tip improves the plaque control of patients 
wearing fixed orthodontic appliances (Sharma et al., 2008). 
However, a course of fixed orthodontic treatment takes on 
average 24.9 months (Papageorgiou et al., 2017). A suitably 
designed randomised controlled trial (RCT) that assesses 
orthodontic patients for a longer period using a WaterPik® 
with the orthodontic tip would be a valuable addition to the 
current knowledge base.

Specific objectives and null hypotheses

The aim of the present study was to establish whether the 
use of a WaterPik® alongside a manual toothbrush 
(WaterPik® + MTB) is more effective for maintaining oral 
hygiene compared to the use of a manual toothbrush alone 
(MTB) in patients wearing fixed orthodontic appliances.

Null hypotheses: the use of a WaterPik® + MTB com-
pared to using MTB alone does not lead to a statistically 
significant difference in the following: plaque levels; gingi-
val health; the incidence of oral hygiene-related trauma; 
adherence with an oral hygiene regime; and satisfaction 
with an oral hygiene regime.

Methods

Trial design and any changes after trial 
commencement

This study was a single-centre, single-operator, two-arm, 
parallel-group, stratified, single-blind RCT trial with a 1:1 
allocation ratio, conducted in the Department of 
Orthodontics at York Hospital, UK.

Changes after the commencement of the trial are as 
follows:

1. Due to the COVID-19 pandemic, there was a reduced 
pool of potential participants. For the first 33 partici-
pants, stratified block randomisation was carried out 
based on age, gender and baseline interdental bleed-
ing index. It is standard practice using stratified 
block randomisation that once enough participants 
in an individual block have been recruited, recruit-
ment to this block would cease. However, the deci-
sion was made to continue recruiting patients who 
met the inclusion criteria, even if their block was 
full, and randomise them by a single coin toss, to 
ensure that the sample size was achieved (see 
‘Sample size calculation’ below).

2. An interim analysis of results was carried out due to 
issues with recruitment during the COVID-19 pan-
demic, and the ethical challenges associated with 
carrying out research in the already overstretched 
NHS. Following the analysis, the decision was made 
to stop the trial as there had been fewer dropouts 
than expected and the sample size had been reached. 
The decision was discussed with the trial sponsor 
and ethics committee. Any data collected between 
the initial interim analysis and the decision being 
made to stop the trial were included in this final 
analysis.

Participants, eligibility criteria and setting

Potential participants for the trial were consecutive patients 
treated by a single Specialty Registrar in Orthodontics at 
York Hospital, UK. Patients treated were non–fee-paying 
patients who were treated under the UK National Health 
Service (NHS). The eligibility criteria are shown in Table 1. 
Patients who did not meet the eligibility criteria or were 
unwilling to provide consent to take part in the trial were 
excluded.

Interventions

The interventions provided for each group are shown in 
Table 2. The intervention group received a manual tooth-
brush together with a WaterPik®, whereas the control group 
received a manual toothbrush alone.
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Outcomes

Participants were seen at baseline (T0), 8 weeks (T1), 32 
weeks (T2) and 56 weeks (T3). At these time points, clini-
cal indices to assess oral hygiene and gingival health were 
completed. The trial indices were performed by the same 
clinician.

The primary outcome was plaque level, measured using 
the Orthodontic Modification of Plaque Index (OMPI) 
(Williams et al., 1991) and Plaque Index (PI) (Silness and 
Loe, 1964). PI was scored at baseline, before fitting the 
appliances, and OMPI scored at follow-up visits. The low-
est possible score for these indices is 0, where no plaque is 
present, and the highest possible score is 3.

Table 1. Eligibility criteria for participants.

Patient factors Age 10–20 years

Good general health

Normal manual dexterity

Normal periodontal health

Not currently using prescription toothpaste

Currently brushing teeth at least twice a day

Not already using a WaterPik®

Orthodontic factors Full upper and lower arch fixed orthodontic treatment

Pre-adjusted edgewise appliances with American 
Orthodontics® MBT prescription brackets (American 
Orthodontics Corporation, Sheboygan, WI, USA)

Brackets as opposed to bands on all teeth apart from
molars, which could be bonded or banded

Bonded with Transbond® XT (3M Company, Maplewood, MN, 
USA).

Table 2. The interventions provided to both groups.

Intervention Same as the control group (below)
Waterpik® Water Flosser Model WP-560 (Water Pik, Inc, Fort Collins, CO, USA) 
with four spare orthodontic tips, to change every 3 months.
Demonstrated to use with orthodontic tip around the brackets and between 
the teeth systematically, starting at a low pressure and increasing if they felt 
comfortable. Once a day at night for approximately 1 minute. Standard script used 
to give instructions which was provided to take home as an aide memoire.

Control 30-min OHE appointment with a qualified DN with further training in OHE, before 
appliances being placed. Diet advice, demonstration of toothbrushing around fixed 
appliances.
Immediately after placement of fixed appliances, further oral hygiene instruction on 
models using a standard script. Script provided to take home as an aide memoire.

Oral hygiene aids provided for duration 
of trial. Participant instructed to only 
use these.

Toothbrush: Oral-B® 1-2-3 Classic Care 
Manual Medium (Gillette Company LLC, 
Boston, MA, USA)

Toothpaste: Colgate Triple Action® 
(Colgate-Palmolive Company, New 
York, NY, USA) 1450 ppm fluoride.

Mouthwash: Wisdom® Fresh Effect 
Coolmint Mouthwash (Wisdom 
Toothbrushes Limited, Haverhill, UK) 
225 ppm fluoride.

DN, dental nurse; OHE, oral health education.



4 Journal of Orthodontics 

Secondary outcome measures were gingival health, inci-
dence of oral hygiene-related trauma, adherence with an 
oral hygiene regime and satisfaction with an oral hygiene 
regime. Gingival health was measured using the Gingival 
Index (GI) (Loe and Silness, 1963) and Interdental Bleeding 
Index (IBI) (Caton and Polson, 1985). The lowest possible 
score for the GI is 0, where no inflammation exists, and the 
highest possible score is 3. The lowest possible score for 
the IBI is 0%, where no bleeding exists, and the highest 
possible score is 100%.

The outcomes and the outcome measures used are shown 
in detail in Table 3.

Sample size calculation

To establish sample size, a power calculation was per-
formed by the trial statistician (JK) based on the primary 
outcome OMPI. The significance level of the study was set 
at 5% (α = 0.05). The clinically significant effect size was 
set as 0.5 based on previous studies (Sreenivasan and 
Prasad, 2017). The standard deviation of OMPI found in 
similar studies is around 0.3 (Clerehugh et al., 1998); there-
fore, this figure was used. The intended power of the test is 
0.9 (90%, β = 0.10).

The Power Analysis and Sample Size software (PASS, 
https://www.ncss.com/software/pass/) was used to calcu-
late the required sample size. The minimum sample size for 
each group was calculated to be 7, so 14 participants in total 
are required. To account for dropouts over time, as well as 
balancing the sample size in the stratified blocks (eight 
blocks based on age, gender and baseline IBI, Supplement 
3), we planned to recruit 20 patients into each group, 40 
patients in total.

Randomisation: Sequence generation, 
allocation concealment and implementation

Sequence generation. Participants were allocated using 
stratified block randomisation. The participants were strati-
fied based on three prognostic characteristics: gender, age 
and IBI at baseline. It has been shown that female orth-
odontic patients report cleaning their teeth more often than 
male patients (Kudirkaite et al., 2016). Furthermore, female 
patients have been shown to have lower levels of plaque 
and have a greater level of knowledge of oral health (Furuta 
et al., 2011). Age was chosen as it has been shown that 
older orthodontic patients report cleaning their teeth more 
often than younger patients (Kudirkaite et al., 2016). As the 
inclusion criteria allowed for patients aged 10–20 years, 
participants were split in to ages <15 years and ⩾15 years. 
To attempt to evenly distribute the participants based on 
their baseline oral hygiene, participants were split into 
⩽20% IBI or >20% IBI.

Using three prognostic characteristics resulted in eight 
blocks into which patients could be placed. These eight 

blocks are shown in Supplement 3. As the trial aimed to 
recruit 40 participants, it was planned that up to six partici-
pants in each block could be recruited. Once this number of 
participants had been reached, recruitment into that block 
would cease. However, after participant 33 was recruited, 
this was changed to a single coin toss due to the COVID-19 
pandemic and a reduced pool of potential participants being 
available.

For each block, six sealed opaque envelopes were pro-
duced by the author DT. Inside each envelope was a paper 
slip which read either ‘Intervention’ or ‘Control’. There 
were three intervention and three control envelopes pro-
duced for each block. A folder was produced for each block 
and labelled with the block number and description. The six 
envelopes were placed inside each of the eight block fold-
ers. These were kept separately and thus concealed the allo-
cation sequence from DT.

Concealment. For allocation of the participants, sealed enve-
lopes containing either intervention or control were used.

Implementation. Patients were enrolled into the trial at the 
start of their visit by DT. At the end of the appointment to 
place the fixed appliances, DT then allocated the partici-
pant into one of the eight blocks and informed the dental 
nurse of which block they were in. DT then left the clinic 
and the dental nurse took out the relevant block folder. The 
patient was then asked to choose an envelope from the 
folder, and this was opened by the nurse, allocating them 
into intervention or control.

Blinding

This was a single blind trial. The operator carrying out the 
indices (DT) was blinded to the patient allocation. The par-
ticipants could not be blinded to their allocation. The par-
ticipants were told that they must not tell DT whether they 
had a WaterPik® or not, and this was also included on the 
oral health education information given to the patients.

Statistical analysis

Statistical analysis was performed using IBM SPSS version 
27 software (IBM Corp., Armonk, NY, USA). Summary 
descriptive statistics were produced to report demographic 
features and for each oral health variable.

A generalised linear mixed model was used to assess 
whether there was a difference between the intervention 
and control groups in terms of all outcomes (OMPI, GI and 
IBI), over time. A generalised linear mixed model is the 
ideal statistical model as it allows comparison of groups 
over time with non-normally distributed data and missing 
data (Ibrahim and Molenberghs, 2009).

An intraclass correlation coefficient (ICC) was gener-
ated, using a ‘two-way mixed’ model to assess intra-rater 

https://www.ncss.com/software/pass/
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Table 3. The outcomes and the outcome measures used in the trial.

Outcome Outcome measure Description

Plaque Orthodontic Modification 
of Plaque Index (OMPI) 
(Williams et al., 1991) or 
Plaque Index (PI) (Silness 
and Loe, 1964)

Adaptation of the PI (Silness and Loe, 1964) for patients wearing fixed 
appliances. All teeth from first molar to first molar in both arches 
were painted with disclosing solution (TePe PlaqSearch™ Advanced 
Disclosing Solution; TePe Munhygienprodukter AB, Malmö, Sweden) 
the and patient rinsed with water. Clinical photographs were taken for 
assessment of intra-rater reliability. Four sites on each tooth (mesial, 
distal, gingival and incisal to the bracket) were scored 0–3. Scoring 
criteria are the taken from the PI and shown in Supplement 1. Mean 
score for mouth was calculated.
At T0, PI (Silness and Loe, 1964) was used to measure the plaque 
coverage on six index teeth, one in each sextant of the mouth. The 
index teeth are the UR6, UR2, UL4, LL6, LL2 and LR4. This was used 
instead of OMPI because OMPI requires brackets to be in situ. If a UL4 
or LR4 had been extracted, UL5 or LR5 was used instead. Mean score 
for mouth was calculated.

Gingival health Gingival index (GI) (Loe 
and Silness, 1963)

All upper and lower permanent teeth from first molar to first molar. 
Periodontal probe gently inserted into the gingival crevice of four 
sites on each tooth (mesial, distal, buccal and lingual), and a score 
of 0–3 allocated to each surface. The scoring criterion are shown in 
Supplement 2. Mean score for mouth was calculated.

Interdental Bleeding Index 
(IBI) (Caton and Polson, 
1985)

Wooden interdental stick was used to depress each of the interdental 
papillae from first molar to first molar. The interdental stick was 
inserted buccally and the papillae depressed 1–2 mm four times. The 
presence, or lack, of bleeding within 15 Seconds was recorded and a 
percentage bleeding score calculated. Where a tooth was missing, or 
significantly displaced so much that an obvious papilla was not present 
(such as in the case of a palatally ectopic canine), the sites mesial and 
distal to the tooth were not recorded.

Trauma Soft-tissue examination Soft-tissue examination was performed at each appointment to assess 
for soft-tissue trauma secondary to oral hygiene regime.

Adherence to oral 
hygiene regime

Frequency of oral hygiene 
practices

Participants were given oral hygiene diaries to take home and complete 
for the duration of the trial. They were asked to complete the diary 
every time they cleaned their teeth, estimating in minutes for how long 
their teeth were cleaned, and state whether the WaterPik® was used. 
These data were to be used to assess frequency of toothbrushing, time 
spent toothbrushing and frequency of WaterPik® use.

Satisfaction with oral 
hygiene regime

Participant satisfaction 
measured with 
questionnaire

Participants were asked to complete a satisfaction questionnaire 
following their appointment at 8 weeks and 56 weeks. Two separate 
questionnaires were completed to avoid the control group being 
asked questions about using the WaterPik®. The intervention group 
answered all the questions on the control questionnaire, with 
additional questions regarding the WaterPik®. The questionnaires were 
adapted from those used a similar trial (Saini, 2016).

reliability in the measurement of the OMPI. The compari-
son was made between the clinical score and a repeated 
measurement calculated from the clinical photographs at a 
separate time. Reliability testing was not carried out on the 
GI or IBI because reliability studies for invasive gingival 
indices have shown that there is a trend for scores to worsen, 
possibly because the first examination increases the ten-
dency for the gingiva to bleed the second time around 
(Poulsen, 1981). The GI has been shown to have a high 

level of intra- and inter-rater reliability after 4–6 hours (Shaw 
and Murray, 1977), but we did not feel it would be ethical to 
see school-age patients twice in the same school day for this 
purpose. Non-invasive alternatives are available, but have 
been found to be less reliable (Marks et al., 1993).

The incidence of trauma secondary to oral hygiene prac-
tice, adherence with an oral hygiene regime and satisfac-
tion with an oral hygiene regime were analysed by a 
comparison of frequency between the two groups.
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Ethical considerations

Ethical approval was sought for the trial through the 
Integrated Research Application System (IRAS). This was 
approved by the Health Research Authority and Health and 
Care Research Wales (HRA & HCRW) on 23 August 2019. 
The IRAS project ID was 266235. The trial was registered 
with York Teaching Hospital NHS Foundation Trust who 
acted as the sponsor. The trial was registered with 
ClinicalTrials.gov Protocol Registration and Results sys-
tem. The Protocol ID is NCT04604262.

Results

Participant flow

A flow chart of participants through the trial is shown in 
Figure 1.

A single patient in the intervention group withdrew from 
the study after the 32-week indices, as he wished to start 
using an electric toothbrush.

Recruitment for the trial began on 15 November 2019. 
The first patient to be recruited started the trial on 6 January 

2020. The trial was stopped early after the interim analysis 
of results on 2 November 2021. At the point of stopping the 
trial, 85% of data had been collected. A total of 40 partici-
pants had been recruited; all 40 participants had indices at 8 
weeks (n = 20 intervention, n = 20 control); 32 partici-
pants had indices at 32 weeks (n = 17 intervention, n = 15 
control); and 19 participants had indices at 56 weeks (n = 
9 intervention, n = 10 control).

Fewer dropouts occurred than expected. At the interim 
analysis of results, the power calculation had been met for 
both groups at 56 weeks. Due to the constraints caused by 
the COVID-19 pandemic and extra pressure on the NHS, it 
was unethical to continue with the trial.

Baseline data

Baseline data are shown in Table 4.
The groups were similar at baseline in terms of age. 

There were more female patients in the control group. The 
PI and GI were very similar at baseline between the two 
groups. The mean IBI was slightly higher in the control 
group. 

Figure 1. CONSORT participant flow chart. 

Adapted from Schulz et al. (2010).
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Numbers analysed for each outcome

The analysis was performed on an intention-to-treat basis. 
This means that all patients who were randomised to receive 
an intervention were included in the analysis, regardless of 
whether they completed the trial (Gupta, 2011).

The results for PI, GI and IBI are shown in Table 5.
The mean OMPI at each interval with 95% confidence 

interval (CI) error bars is shown in Figure 2. The estimated 
difference between the treatment and control groups from 

the mixed model for OMPI was 0.199 (P = 0.88, 95% CI 
−0.24 to 0.27, R2 = 0.41).

The mean GI at each interval with 95% CI error bars is 
shown in Figure 3. The estimated difference between treat-
ment and control groups from the mixed model for GI was 
−0.008 (P = 0.94, 95% CI −0.22 to 0.20, R2 = 0.33).

The mean IBI at each interval with 95% error bars is 
shown in Figure 4. The estimated difference between treat-
ment and control groups from the mixed model for IBI was 
5.6% (P = 0.563, 95% CI −13.22 to 24.42, R2 = 0.33).

Table 4. Baseline data.

Intervention Control

Mean age at T0 (years) 14.9 ± 1.7 14.8 ± 1.6

Gender (% female) 50 65

Plaque Index 0.95 ± 0.3 0.94 ± 0.3

Gingival Index 0.77 ± 0.3 0.74 ± 0.2

Interdental Bleeding Index (%) 27.1 ± 24.8 34.7 ± 24.9

Table 5. Difference of each outcome between control and treatment group using generalised linear mixed model.

OMPI GI IBI

 beta 95% CI beta 95% CI beta 95% CI

Difference 0.199 −0.24 to 0.27 −0.008 −0.22 to 0.20 5.6 −13.22 to 24.42

CI, confidence interval; GI, Gingival Index; IBI, Interdental Bleeding Index; OMPI, Orthodontic Modification of Plaque Index.

Figure 2. Mean OMPI at each time interval with 95% CI error bars. Baseline OMPI is not shown, as baseline indices were 
recorded before fitting appliances. The OMPI requires appliances to be in situ to be recorded. 

CI, confidence interval; OMPI, Orthodontic Modification of Plaque Index.
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The ICC for OMPI was 0.911 (95% CI 0.700–0.977), 
demonstrating good evidence for the repeatability of meas-
urements of OMPI.

No participant had trauma detected at any visit in either 
group.

Adherence with oral hygiene regime. In terms of adherence 
with an oral hygiene regime, <25% of the oral hygiene dia-
ries were returned, so it was not appropriate to analyse the 

data and draw any conclusions on adherence with pre-
scribed oral hygiene regime. As a research group, it was 
thought that the data from those participants who did return 
the diaries would be biased to such an extent, that to present 
the data would be misleading.

Satisfaction with oral hygiene regime. Questionnaire 
responses regarding satisfaction with an oral hygiene 
regime are shown in Supplement 4. As the questionnaire 

Figure 3. Mean GI at each time interval with 95% CI error bars. 

Figure 4. Mean IBI at each time interval with 95% CI error bars.

CI, confidence interval; GI, Gingival Index.
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was unvalidated, data are only presented for completeness. 
Due to journal word limits on reporting, data will not be 
analysed further.

Harms

No harms were reported or detected for any participant.

Discussion

Interpretation

Based on the results of this trial, there is no benefit, in terms 
of plaque control or gingival health, in using a WaterPik® 
for patients wearing fixed orthodontic appliances.

There is only one other published trial assessing ortho-
dontic patients with a WaterPik® with an orthodontic tip. 
Sharma et al. (2008) found a statistically significant differ-
ence in terms of plaque score over 28 days. However, 
plaque was measured using a different index in that trial: 
the Turesky modification of the Quigley and Hein plaque 
index (Turesky et al., 1970). This index scores from zero to 
five, assessing the facial and lingual surfaces of all teeth 
apart from third molars. Only participants with a score of at 
least 3.0 at baseline met the inclusion criteria. This means 
that only patients with sub-optimal oral hygiene at baseline 
were included, whereas participants with poor oral hygiene 
at baseline for this trial would have been excluded and 
unlikely to have been allowed to proceed with orthodontic 
treatment. The mean baseline plaque score was 3.73 out of 
a maximum score of 5 in the trial by Sharma et al., com-
pared to 0.92 out of a maximum of 3 in this trial. Although 
the scores cannot be statistically compared due to the dif-
ferent methodologies, it does appear that the participants in 
the trial by Sharma et al. had worse oral hygiene. This RCT 
had a selection bias for patients who already have good oral 
hygiene.

Patients were recruited for the trial by Sharma et al. 
(2008) once they were already wearing braces, rather than 
being recruited before bond up. Therefore, the participants 
in the two trials were quite different. These differences 
could account for those in the results. Another potential rea-
son for the differences found is the different lengths of fol-
low-up. Sharma et al. (2008) followed up patients for a 
much shorter period. It may be that if the patients in this 
trial were seen after 28 days that a difference would have 
been seen due to the novelty value of the WaterPik®. It may 
be that over time as the novelty of the WaterPik® wears off, 
patients use them less or less effectively. The novelty effect 
of the WaterPik® has been acknowledged in other studies 
(Rosema et al., 2011).

Limitations

There was a higher proportion of female participants in the 
control group (65%) compared to the intervention group 

(50%). As previously stated, female patients have been 
shown to have lower levels of plaque and have a greater 
level of knowledge of oral health (Furuta et al., 2011). 
Female teenagers have also been shown to be more likely to 
clean their teeth twice a day, compared to male teenagers 
(Currie et al., 2011). The presence of a higher proportion of 
female participants in the control group compared to the 
intervention group could have masked the effects of the 
WaterPik® in the intervention group; however, the differ-
ences are relatively small.

In terms of outcome measures, although the descriptors 
for scoring OMPI aim to be as objective as possible; it can 
be challenging to determine the subtle differences between 
whether a surface should be scored between a 1 and a 2 or 
a 2 and a 3. If a systematic error did indeed exist in the 
recording of the OMPI, this will likely have been applied to 
participants in both the intervention and control group. 
Therefore, it is unlikely to have affected the trial outcome.

Another issue with the OMPI is whether it is a valid sur-
rogate measure for plaque control. It could be argued that 
the OMPI in this trial only represents the quality of plaque 
control before an orthodontic examination. The Hawthorne 
effect has also been shown to reduce tooth surface area cov-
ered with plaque in orthodontic patients (Feil et al., 2002). 
It is plausible that the participants were cleaning their teeth 
to a higher standard, both as a result of taking part in a trial 
and because they knew that they had an orthodontic 
appointment that day. However, again, these factors apply 
to both the intervention and control groups.

Like GI, photographs to assess the intra-rater reliability 
of the IBI were not feasible. However, the intra-rater relia-
bility of this index has been found to be in the range of 
91.3%–93.1% (Blieden et al., 1992). Research has shown it 
to be a more reliable clinical indicator of interdental gingi-
val inflammation than other similar indices (Caton et al., 
1988). The index has also shown to be valid, with histologi-
cal investigation showing that bleeding sites are associated 
with histological changes associated with gingivitis com-
pared to those that do not bleed (Bouwsma et al., 1988). 
The IBI is a relatively objective index; however, authors 
have suggested that although dichotomous indices are use-
ful for patient education, for the purpose of research, quan-
titative measurements of bleeding are more appropriate 
(Panagakos, 2011). As with the GI, the possibility of false 
positives due to mechanical trauma also applies to the IBI, 
particularly due to the rigidity and shape of the wooden 
stick. However, it has been suggested that it may be more 
objective because there is less margin for variation in probe 
insertion depth, angulation or direction of movement 
(Hofer et al., 2011).

Generalisability

The trial was carried out in a single NHS district general 
hospital and treatment was carried out by a single clinician. 
Patients in this setting do not pay for their treatment because 
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it is funded by the NHS. It has been demonstrated that 
patients who self-fund orthodontic treatment have higher 
levels of compliance than those who receive state supported 
treatment (Wilson and Harris, 2015). Compliance was an 
important contributing factor to the outcomes of this study, 
and if the trial was carried out in a different setting different 
conclusions may have been drawn. Furthermore, the maloc-
clusions that are treated in secondary care settings are likely 
to be more complex than those treated in primary care 
(Jawad et al., 2015). Therefore, caution must be taken when 
generalising the results of this study to primary care or self-
paying orthodontic patients.

Conclusions

In the population studied, there was no benefit in terms of 
oral hygiene in the use of a WaterPik® in addition to a man-
ual toothbrush.

Acknowledgements

The authors thank Jay Kindelan, Jayne Harrison and Sophy Barber 
for help writing up the trial; trial nurses Amanda White, Katie 
Friend, Natalie Nickson and Sharon Kelly; and Carol Jahn and 
Deborah Lyle from Water Pik, Inc for coordinating generous 
sponsorship of the trial.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
work was supported by Water Pik, Inc. who funded the WaterPiks®, 
orthodontic tips, toothbrushes, toothpaste, mouthwash and paper 
bags in which the patients were given their trial consumables. The 
funders had no role in the study design, data collection and analy-
sis, decision to publish or preparation of the manuscript.

ORCID iD

Daniel Tyler  https://orcid.org/0000-0002-7760-2937

Supplemental material

Supplemental material for this article is available online.

References
Al-Teen R, Said K and Abu Alhaija E (2006) Siwak as a oral hygiene aid 

in patients with fixed orthodontic appliances. International Journal of 
Dental Hygiene 4: 189–197.

Anuwongnukroh N, Dechkunakorn S and Kanpiputana R (2017) Oral 
hygiene behavior during fixed orthodontic treatment. Dentistry 7: 10.

Berglund L and Small C (1990) Effective oral hygiene for orthodontic 
patients. Journal of Clinical Orthodontics 24: 315–320.

Blieden TM, Caton JG, Proskin HM, Stein SH and Wagener CJ (1992) 
Examiner reliability for an invasive gingival bleeding index. Journal 
of Clinical Periodontology 19: 262–267.

Bock NC, Von Bremen J, Kraft M and Ruf S (2010) Plaque control effec-
tiveness and handling of interdental brushes during multibracket treat-
ment—a randomized clinical trial. European Journal of Orthodontics 
32: 408–413.

Bouwsma O, Caton J, Poison A and Espeland M (1988) Effect of per-
sonal oral hygiene on bleeding interdental gingiva. Journal of 
Periodontology 59: 80–86.

Caton J, Poison A, Bouwsma O, Blieden T, Frantz B and Espeland M 
(1988) Associations between bleeding and visual signs of interdental 
gingival inflammation. Journal of Periodontology 59: 722–727.

Caton JG and Polson AM (1985) The interdental bleeding index: A sim-
plified procedure for monitoring gingival health. Compendium of 
Continuing Education in Dentistry 6: 88, 90–82.

Clerehugh V, Williams P, Shaw WC, Worthington HV and Warren P 
(1998) A practice-based randomised controlled trial of the effi-
cacy of an electric and a manual toothbrush on gingival health in 
patients with fixed orthodontic appliances. Journal of Dentistry 26: 
633–639.

Currie C, Levin KA, Kirby JLM, Currie D, van der Sluijs W and Inchley J 
(2011) Health Behaviour in School-Aged Children. Edinburgh: Child 
and Adolescent Health Research Unit (CAHRU).

ElShehaby M, Mofti B, Montasser MA and Bearn D (2020) Powered 
vs manual tooth brushing in patients with fixed orthodontic appli-
ances: A systematic review and meta-analysis. American Journal of 
Orthodontics and Dentofacial Orthopaedics 158: 639–649.

Feil PH, Grauer JS, Gadbury-Amyot CC, Kula K and McCunniff MD 
(2002) Intentional use of the Hawthorne effect to improve oral hygiene 
compliance in orthodontic patients. Journal of Dental Education 66: 
1129–1135.

Furuta M, Ekuni D, Irie K, Azuma T, Tomofuji T, Ogura T, et al. (2011) 
Sex differences in gingivitis relate to interaction of oral health behav-
iors in young people. Journal of Periodontology 82: 558–565.

Ghijselings E, Coucke W, Verdonck A, Teughels W, Quirynen M, Pauwels M,  
et al. (2014) Long-term changes in microbiology and clinical peri-
odontal variables after completion of fixed orthodontic appliances. 
Orthodontics & Craniofacial Research 17: 49–59.

Gorur A, Lyle DM, Schaudinn C and Costerton JW (2009) Biofilm removal 
with a dental water jet. Compendium of Continuing Education in 
Dentistry 30: 1–6.

Gupta SK (2011) Intention-to-treat concept: A review. Perspecitives in 
Clinical Research 2: 109–112.

Hofer D, Sahrmann P, Attin T and Schmidlin PR (2011) Comparison of 
marginal bleeding using a periodontal probe or an interdental brush 
as indicators of gingivitis. International Journal of Dental Hygiene 
9: 211–215.

Ibrahim JG and Molenberghs G (2009) Missing data methods in longitu-
dinal studies: A review. Test 18: 1–43.

Jawad Z, Bates C and Hodge T (2015) Who needs orthodontic treatment? 
Who gets it? And who wants it? British Dental Journal 218: 99–103.

Kudirkaite I, Lopatiene K, Zubiene J and Saldunaite K (2016) Age and 
gender influence on oral hygiene among adolescents with fixed ortho-
dontic appliances. Stomatologija 18: 61–65.

Loe H and Silness J (1963) Periodontal disease in pregnancy. I. Prevalence 
and severity. Acta Odontologica Scandanavica 21: 533–551.

Marçal FF, Mota de Paulo JP, Barreto LG, de Carvalho Guerra LM and 
Silva PGB (2022) Effectiveness of orthodontic toothbrush versus 
conventional toothbrush on plaque and gingival index reduction: A 
systematic review and meta-analysis. International Journal of Dental 
Hygiene 20: 87–99.

Marda A, Elhamzaoui S, El Mansari A, Souly K, Farissi F, Zouhdi M, 
et al. (2018) Evaluation of changes in cariogenic bacteria in a young 
Moroccan population with fixed orthodontic appliances. International 
Journal of Dentistry 2018: 5939015.

Marks RG, Magnusson I, Taylor M, Clouser B, Maruniak J and Clark WB 
(1993) Evaluation of reliability and reproducibility of dental indices. 
Journal of Clinical Periodontology 20: 54–58.

https://orcid.org/0000-0002-7760-2937


Tyler et al. 11

Naranjo AA, Trivino ML, Jaramillo A, Betancourth M and Botero JE 
(2006) Changes in the subgingival microbiota and periodontal param-
eters before and 3 months after bracket placement. American Journal 
of Orthodontics and Dentofacial Orthopaedics 130: 17–22.

Panagakos F (2011) Gingival Diseases - Their Aetiology, Prevention and 
Treatment. Rijeka, Croatia: InTech Europe.

Papageorgiou SN, Höchli D and Eliades T (2017) Outcomes of compre-
hensive fixed appliance orthodontic treatment: A systematic review 
with meta-analysis and methodological overview. Korean Journal of 
Orthodontics 47: 401–413.

Pinto AS, Alves LS, Zenkner JEdA, Zanatta FB and Maltz M (2017) 
Gingival enlargement in orthodontic patients: Effect of treat-
ment duration. American Journal of Orthodontics and Dentofacial 
Orthopedics 152: 477–482.

Poulsen S (1981) Epidemiology and indices of gingival and periodontal 
disease. Pediatric Dentistry 3(Special Issue): 82–88.

Rosema NA, Hennequin-Hoenderdos NL, Berchier CE, Slot DE, Lyle DM 
and van der Weijden GA (2011) The effect of different interdental 
cleaning devices on gingival bleeding. Journal of the International 
Academy of Periodontology 13: 2–10.

Saini P (2016) Do inter-bracket toothbrushes improve the oral hygiene 
of patients with fixed braces? A randomised control trial. Doctoral 
Dissertation, Leeds University, Leeds.

Sharma NC, Lyle DM, Qaqish JG, Galustians J and Schuller R (2008) 
Effect of a dental water jet with orthodontic tip on plaque and bleed-
ing in adolescent patients with fixed orthodontic appliances. American 
Journal of Orthodontics and Dentofacial Orthopaedics 133: 565–571.

Shaw L and Murray JJ (1977) Diagnostic reproducibility of periodontal 
indices. Journal of Periodontal Research 12: 141–147.

Silness J and Loe H (1964) Periodontal disease in pregnancy. II. 
Correlation between oral hygiene and periodontal condition. Acta 
Odontologica Scandanavica 22: 121–135.

Sreenivasan PK and Prasad KVV (2017) Distribution of dental plaque and 
gingivitis within the dental arches. Journal of International Medical 
Research 45: 1585–1596.

Schulz KF, Altman DG, Moher D, for the CONSORT Group (2010). 
CONSORT 2010 Statement: updated guidelines for reporting parallel 
group randomised trials.

Sundararaj D, Venkatachalapathy S, Tandon A and Pereira A (2015) 
Critical evaluation of incidence and prevalence of white spot 
lesions during fixed orthodontic appliance treatment: A meta-anal-
ysis. Journal of International Society of Preventive and Community 
Dentistry 5: 433–439.

Turesky S, Gilmore ND and Glickman I (1970) Reduced plaque for-
mation by the chloromethyl analogue of victamine C. Journal of 
Periodontology 41: 41–43.

Verrusio C, Iorio-Siciliano V, Blasi A, Leuci S, Adamo D and Nicolo M  
(2018) The effect of orthodontic treatment on periodontal tissue 
inflammation: A systematic review. Quintessence International 49: 
69–77.

Williams P, Clerehugh V and Shaw WC (1991) A comparison of a pho-
tographic index with a modified clinical plaque index for use with 
orthodontic fixed appliance patients. Journal of Dental Research  
70: 703.

Wilson JJ and Harris EF (2015) Compliance by state-subsidized and 
self-pay orthodontic patients. American Journal of Orthodontics and 
Dentofacial Orthopaedics 148: 628–632.

Zachrisson S and Zachrisson BU (1972) Gingival condition asso-
ciated with orthodontic treatment. The Angle Orthodontist 42: 
26–34.

Zanatta FB, Moreira CHC and Rösing CK (2011) Association between 
dental floss use and gingival conditions in orthodontic patients. 
American Journal of Orthodontics and Dentofacial Orthopaedics 
140: 812–821.


