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Abstract
Background Orthodontic treatment presents challenges with plaque accumulation around brackets, archwires, 
and elastics, leading to retained plaque and gingival inflammation. Conventional toothbrushing may not be enough, 
requiring additional oral hygiene aids like interproximal brushes, dental flosses, and water flossers. Limited research 
exists on comparing water flossing and interdental flossing in orthodontic patients. Therefore, this study aims to 
assess their effectiveness in maintaining oral hygiene during active orthodontic treatment.

Methods A single-blind, randomized, parallel clinical study recruited orthodontic patients with full-mouth brackets 
and archwires. Thirty participants were randomly assigned to either water jet flossing or interdental flossing groups. 
All participants were instructed to brush twice daily with a provided toothbrush and toothpaste and use the assigned 
intervention once daily at night. Clinical measures, including the Gingival Bleeding Index (BI), Plaque Index (PI), and 
Gingival Index (GI), were recorded at baseline and day 14. Descriptive statistics and statistical tests were performed 
using SPSS software.

Results The water jet flossing group demonstrated a slightly higher, albeit non-significant, benefit in plaque removal 
(median difference of 6.79%%, P = 0.279) and bleeding reduction (median difference of 5.21%%, P = 0.172) compared 
to the interdental flossing group after two weeks. Both groups showed significant reductions in gingival bleeding 
index and plaque index from baseline to the 2-week follow-up. The interdental flossing group had median mean 
percentage differences of 16.13%% (plaque index) and 23.57% (gingival bleeding index), while the water jet flossing 
group had median percentage differences of 21.87% (plaque index) and 32.29% (gingival bleeding index). No 
significant changes in gingival index grades were observed in either group.

Conclusion Both water jet flossing and interdental flossing were effective in reducing plaque accumulation and 
gingival bleeding among orthodontic patients. While no significant differences were found between the two 
methods, water jet flossing showed a potential advantage. Further research is needed to validate its effectiveness, 
assess long-term impact, and understand its benefits for orthodontic patients.
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Introduction
Plaque accumulation poses a significant challenge for 
orthodontic patients, as the presence of brackets, arch-
wires, and elastics can make it difficult to clean all tooth 
surfaces effectively [1]. This can result in the retention of 
plaque and subsequent gingival inflammation [2]. Mul-
tiple studies have reported that the use of multibracket 
appliances can exacerbate both plaque and bleeding 
indexes in orthodontic patients along with the presence 
of active biofilm leading to the formation of white spots 
on the enamel [3–5, 6, 7, 8, 9, 10, 11]. Additionally, the 
literature has documented various adverse effects asso-
ciated with orthodontic treatment, such as gingival 
enlargement, tooth decalcification, and soft tissue reces-
sion [3, 12–14, 7]. Along with changes in the distribution 
of dental biofilm, characterized by change in the location 
of plaque and an Increase of supragingival plaque in the 
interdental area and on the vestibular surface of the teeth, 
and quantitative changes in plaque are observed after just 
one week after starting the orthodontic treatment and 
become more consistent three months later [15, 16].

Effective mechanical plaque removal is essential for 
maintaining good oral hygiene in patients with fixed 
orthodontic appliances [17, 18–20, 21, 22, 23, 24, 25, 26]. 
However, conventional toothbrushing alone may not be 
sufficient for orthodontic patients due to an increase in 
plaque retention and limited accessibility [27]. To address 
this issue, several oral hygiene aids have been developed 
to help facilitate oral hygiene maintenance in orthodon-
tic patients in addition to manual toothbrushing without 
affecting the orthodontic appliance negatively [28, 19]. 
These aids include interproximal brushes, dental flosses, 
and water flossers [27–29]. Previous studies have sug-
gested that approximately 20-40% of patients with fixed 
orthodontic appliances may have suboptimal plaque con-
trol when using manual toothbrushes alone [30, 31].

The use of a water flosser has been reported to aid in 
the reduction of gingival inflammation and pathogenic 
bacteria in patients with implants, crowns, bridges, and 
diabetes [1, 32, 33, 34]. Water flossers are particularly 
useful for eliminating debris from inaccessible areas 
around orthodontic appliances [35]. Furthermore, stud-
ies have shown that using a water flosser as an adjunct to 
manual tooth brushing can lead to superior improvement 
in periodontal health compared to using only one device 
[36]. On the other hand, other studies have documented 
that daily interdental flossing alone can decrease bleed-
ing, plaque, and inflammation indexes [37–39]. A study 
by Barnes et al. [40, 41] on non-orthodontic adults dem-
onstrated that both water flossing and interdental floss-
ing can equally reduce gingivitis and gingival bleeding 

over the same period. Furthermore, water flossers have 
been recommended to help orthodontic patients [42, 43] 
along with regular visits to the dental hygienist [44].

The available literature on the comparison of water 
flossing and interdental flossing in patients with fixed 
orthodontic appliances is limited, with only a few pub-
lished randomised clinical trials [1, 29]. As a result, there 
is insufficient evidence to determine the effectiveness of 
dental water flossers compared to interdental flossing for 
maintaining oral hygiene in orthodontic patients [45]. 
This study aims to compare the effectiveness of water 
jet flossing with interdental flossing in maintaining oral 
hygiene in patients currently undergoing active orth-
odontic treatment with fixed appliances.

Methodology
The IRB is registered with the Office for Human Research 
Protection (OHRP) with OHRP Institution Registration 
No.: IORG0006829 and the trial was approved by TCTR 
Committee on 26/9/2023. The TCTR identification num-
ber is TCTR20230926005.

Study design
This was a single-blind, randomised, parallel clinical 
study that involved patients currently undergoing active 
orthodontic treatment with full-mouth brackets and 
archwires. Participants were randomly assigned to one of 
two groups based on the method of intervention:

(1) Water jet flossing in conjunction with a manual 
toothbrush and fluoridated toothpaste.

(2) Interdental flossing in conjunction with a manual 
toothbrush and fluoridated toothpaste.

The blinding in this study was implemented at the cli-
nician level, meaning that the clinician who assessed the 
outcomes and recorded the data was unaware of which 
intervention each participant received.

Target population and sample size
Participants were recruited from the Orthodontic Clin-
ics at King Saud University in Riyadh, Saudi Arabia. Prior 
to the commencement of the study, all participants will-
ingly provided informed consent. The sample size for the 
study was determined using the formula n = [(Zα/2 + Zβ)2 
× {2(Sd)2}]/ (∆)2, where ∆ is the mean difference between 
two groups and Sd is the standard deviation( Mean 
bleeding index difference of 25 and standard deviation of 
22.79), with 80% power, at 5% alpha level Based on this 
calculation, a sample size of 15 subjects in each group 
and total of 30 participants was determined.
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Eligibility criteria for participant selection
Inclusion criteria
Participants were included in the study if they met all of 
the following criteria:

(1) Physically healthy without any medical conditions.
(2) Aged 18 years or older.
(3) Have natural dentition with at least 24 teeth in the 

mouth, excluding the third molars.
(4) Have less than 5 mm of anterior crowding or spac-

ing, with adequate overjet and overbite.
(5) Have the physical and mental ability to maintain 

adequate oral hygiene.
(6) Have good periodontal health without an immedi-

ate need for any dental procedure.

Exclusion criteria
Participants were excluded from the study if they had any 
of the following:

(1) A medical history of immunologic and inflamma-
tory diseases, liver diseases, diabetes mellitus, current 
pregnancy, or any medical condition that limits manual 
dexterity.

(2) A recent history of medications that may alter 
gingival health, such as anti-sialagogues, steroids, and 
antibiotics.

(3) Active periodontal disease.
(4) Removable orthodontic appliances.
(5) Not using any type of mouthwash.

Study procedure
The trial was conducted followed the (CONSORT) guide-
lines (Fig.  1). At the beginning of the study, all partici-
pants were provided with a soft manual toothbrush and 
fluoridated toothpaste. Participants were then assigned 
to either a water flosser group or an interdental flossing 
group using simple randomization. They were instructed 
to use only the assigned product and not to use any other 
aids, such as mouth rinses or toothpicks. Verbal, visual, 
and written instructions were given to all participants 
regarding the proper use of their assigned intervention 
at the baseline visit and again on day 14. Additionally, 
participants were instructed to brush with the provided 
toothpaste and manual brush for two minutes twice daily 
(in the morning and at night) and to use the assigned 
intervention once a day at night (either the water flosser 
or interdental floss). It was ensured that the participants 
used the water flosser or interdental floss in a manner 
that did not affect the integrity of the fixed orthodon-
tic devices and did not harm the oral tissues. Detailed 
instructions were provided to participants on the proper 
technique of using the assigned intervention, emphasiz-
ing the importance of gentle and careful application to 
avoid any adverse effects on the orthodontic appliances 
or oral tissues.

Clinical measures
Each participant was assigned to the same clinician at 
both the baseline and day 14 assessments. The following 
clinical measures were recorded for the assessment of 
periodontal health status in six selected teeth (16, 12, 24, 
36, 32, and 44) using the FDI teeth numbering system:

1. Gingival Bleeding Index (BI) [29]: This index assesses 
all four surfaces of teeth to determine if probing with 
a probe will result in bleeding or not. The presence 
of bleeding was recorded as (+), and the absence of 
bleeding was recorded as (−).

2. Plaque Index (PI) [46]: This index records the 
presence or absence of spuragingival plaque on all 
four tooth surfaces. The presence of plaque was 
recorded as (+), and the absence of plaque was 
recorded as (−).

3. Gingival Index (GI) [47]: This index grades gingival 
inflammation. Grade (0) indicates normal gingiva 
with no inflammation or bleeding, Grade (1) 
indicates mild inflammation and erythema with no 
bleeding, Grade (2) indicates bleeding on probing 
and erythema, and Grade (3) indicates severe 
inflammation with swelling, erythema, and tendency 
to spontaneous bleeding.

These examinations were conducted using a periodontal 
examination kit and plaque disclosing agent. Each partic-
ipant was provided with a consent form that included a 
description of the study, its objective, and their role in it.

Statistical analysis
The statistical analysis was conducted using SPSS 
(Statistical Package for Social Sciences) version 26.0 
software. Descriptive statistics, such as median, inter-
quartile range(IQR), frequencies, and percentages, 
were employed to provide a comprehensive overview of 
the skewed quantitative and categorical outcome vari-
ables. To examine the differences between the initial 
and follow-up stages of the study, as well as between the 
interdental and water jet flossing groups, appropriate 
statistical tests were employed. As the gingival bleeding 
index and plaque index values are not following normal 
distribution, the non-parametric tests (Mann-Whitney 
U-test and Wilcoxon sign rank test) were used to com-
pare the mean ranks of percentage values between two 
groups and between initial & follow up stages in each 
of the two groups. Furthermore, Fisher’s exact test was 
used to compare the distribution of the gingival index 
between the two study group and between initial and fol-
low up stages in each of the two groups. The statistical 
significance of the results was determined using a p-value 
threshold of ≤ 0.05.
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Results
A total of 30 participants were randomly assigned to 
two study groups: (1) conventional interdental flossing 
(12 participants) and (2) water jet flossing (18 partici-
pants). At baseline, the plaque index scores were similar 
between the interdental floss and water jet groups, with 
median percentages of 37.50% and 36.50%respectively. 
However, the water jet flossing group had a slightly 
higher gingival bleeding mean score than the interden-
tal flossing group, with a mean difference of 5.61%, but 
the difference was not statistically significant (P = 0.518). 

Table 1 summarises the differences between both groups 
in terms of plaque and gingival bleeding indexes at base-
line and after two weeks. The water jet flossing group 
provided a non-significantly higher plaque removal 
and bleeding reduction benefit compared to the inter-
dental flossing group at two weeks, with between treat-
ment mean differences of 3.12% and 8.39%, respectively 
(P = 0.279, P = 0.172, respectively).

Both interdental flossing and water jet flossing groups 
did not show significant changes in gingival index 
grades at baseline versus at two weeks. At baseline, the 

Fig. 1 CONSORT flow diagram
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interdental flossing group had 83.3% grade 2 and 16.7% 
grade 3, while after two weeks, 91.7% had grade 2 and 
8.3% had grade 3. In the water jet flossing group, ini-
tially, 94.4% had grade 2 and 5.6% had grade 3, and after 
two weeks, all participants had grade 2 gingival index 
(Table 1).

Table 2 shows a statistically significant difference in the 
median percentage values of plaque and gingival bleeding 
indexes between the initial and follow-up stages in both 
study groups. Specifically, the median percentage values 
of gingival bleeding index and plaque index were signifi-
cantly decreased from baseline to the 2-week follow-up 
in both the conventional interdental and water jet floss-
ing groups. The median percentage difference of plaque 
index and gingival bleeding index values of the interden-
tal group were 16.13% and 23.57%%, respectively, while 
for the water jet flossing group, they were 21.87%and 
32.29%, respectively, which were higher than the values 
of the interdental flossing group.

Discussion
Orthodontic patients often face challenges in maintain-
ing proper oral hygiene due to the presence of brackets 
and archwires, which create additional spaces for plaque 
accumulation and other periodontal problems. The cur-
rent study has evaluated two adjunctive methods to 
manual toothbrushes for maintaining oral hygiene in 
orthodontic patients undergoing treatment with fixed 
appliances: water jet flossing and conventional inter-
dental flossing. Our findings indicate that both inter-
dental cleaning methods demonstrate statistically 
significant differences in plaque and gingival bleeding 

Table 1 Comparison of median percentage values of plaque 
index, gingival bleeding index & gingival index grades between 
two study groups of initial and follow up stages
Outcome 
variables

Study groups- Median % ( IQR) Median% 
difference

p-
valueInterdental

(n = 12)
Water jet 
flossing
(n = 18)

Plaque 
Index
 Initial 
stage

37.50(18.3) 36.45(40.0) 0.932*

 Follow-
up stage

6.79

21.37(19.6) 14.58(11.5) 0.279*
Gingival 
bleeding 
Index

3.51

 Initial 
stage

47.91(47.7) 5.21 0.518*

 Follow- 
up stage

44.40(44.6)20.83(30.9) 15.62(13.5) 0.172*

0.83(30.9)
Gingival 
Index 
grades
 Initial 
stage
2 10(83.3) 17(94.4) 0.347**
3 2(16.7) 1(5.6) --
 Follow-
up stage
2 11(91.7) 18(100) 0.400**
3 1(8.3) 0 --
*By using Mann-Whitney U-test;** By using Fisher’s exact test

Table 2 Comparison of median percentage values between initial and follow-up stages in both study groups
Study group and outcome variables Stage – Mean % (Sd.,) Median% difference p-value*

Initial Follow-up
Interdental floss group 16.13

23.57
Plaque Index 37.50(18.3) 21.37(19.6) 0.010

44.40(44.6) 20.83(30.9) 0.002
Gingival Bleeding Index

10 (83.3) 11 (91.7) --
Gingival index grades 2 (16.7) 1 (8.3) --
2
3
Water jet flossing group
Plaque index 36.45(40.0) 14.58(11.5) 15.62(13.5) 21.87 < 0.0001

47.91(47.7) 15.62(13.5) 32.29
Gingival Bleeding index < 0.0001

17 (94.4) 18 (100) --
Gingival index grades 1 (5.6) -- -- --
2 -- --
3 --
* By using Wilcoxon Signed Rank test
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scores between the groups in the 2nd week compared to 
the baseline, with no statistical difference between both 
methods.

Several studies have demonstrated the efficacy of water 
flosser and regular floss in reducing plaque accumulation, 
gingival inflammation, and bleeding across diverse popu-
lations [29, 48, 49]. A split-mouth randomised controlled 
clinical trial by Abdellatif et al. 2021 brought to light the 
significant reduction in plaque scores with the use of 
both regular floss and water flossers in patients with fair 
to poor oral hygiene [29]. A subsequent randomised con-
trolled trial by Xu et al. (2023) found the additional use 
of water flossing alongside traditional tooth brushing to 
be more proficient in diminishing the gingival index and 
sulcus bleeding index among patients with gingivitis [48]. 
Corroborating these findings, Lyle et al.‘s (2020) study 
with 70 healthy participants noted a stronger reduction 
in plaque, gingival, and gingival bleeding indices when a 
water flosser was integrated with an electric toothbrush 
compared to using the toothbrush alone [49]. A synthe-
sis of two randomised controlled trials conveyed that the 
superiority of a combination of manual tooth brushing 
and water flossing over exclusive manual tooth brushing 
or manual brushing with regular floss [40, 50]. Consis-
tently, Goyal et al. (2018), in a comparative study between 
manual toothbrush plus water flosser to a manual tooth-
brush alone, demonstrated superior proficiency of the 
additive approach (manual toothbrush plus water flosser) 
in mitigating gingival bleeding and improving gingival 
health with a usage period of 4 weeks [36]. A systematic 
review by Worthington et al. (2019) further substantiated 
these claims, noting enhanced oral health outcomes in 
groups that supplemented tooth brushing with oral irri-
gation in contrast to those solely relying on tooth brush-
ing [51].

In interpreting the results of our study, the prominent 
efficiency of water jet flossing in comparison to tradi-
tional interdental flossing to reduce plaque and gingival 
bleeding cannot be overlooked. These methods, when 
used alongside manual brushing, proved to make sub-
stantial improvements in oral hygiene, particularly potent 
in reinforcing orthodontic treatments [29, 48]. Our study 
showed marginally better performances in the water jet 
flossing group, albeit non-significant, over the span of 
two weeks, resulting in a plaque index score and a gingi-
val index score of 21.87 and 32.29 respectively, compared 
to the conventional flossing group scores of 16.13 and 
23.57. This subtle incline towards water jet flossing yields 
an intriguing space for further exploration.

Our findings harmoniously align with Sharma et al.‘s 
(2008) study, which illustrated a similar level of effective-
ness from both techniques in reducing bleeding among 
adolescent patients with fixed orthodontic appliances 
[29]. They further found that water flossers surpass 

regular flossing and manual tooth brushing alone in 
depleting whole-mouth and interproximal plaque at 
two and four-week periods [29]. Nevertheless, dissent-
ing from the trend, Mazzoleni et al. (2019) concluded in 
their randomised controlled trial that the dental water 
jet did not significantly enhance the home oral hygiene 
efficacy in orthodontic patients wearing a multi-bracket 
fixed appliance [1]. Taking a different approach, Sawan et 
al.‘s trial involving Saudi orthodontic patients compared 
super floss and water flosser, confirming that both meth-
ods engendered immediate amelioration in plaque index 
scores post-cleaning compared to pre-cleaning base-
line. Interestingly, the study revealed a more substantial 
impact of water flosser on plaque removal, especially on 
the distal, interproximal surface of the molar tooth [52]. 
Caccianiga et al. (2022) further corroborated the argu-
ment of water flosser’s efficacy; they suggested that an 
oral irrigator in conjunction with a sonic toothbrush may 
balance oral hygiene in individuals with pathogenic flora, 
which subsequently reduces the risk of caries and gingi-
vitis in orthodontic patients [53]. Observing these differ-
ent study endpoints along with our current findings, the 
argument leans towards a broader application for water 
jet flossing, implying its potential benefits extending 
beyond simply orthodontic patients and reaching out to 
individuals with diverse periodontal conditions.

The potential benefits of water jet flossing can be 
traced back to its unique mechanism that serves a pul-
sating water stream [54]. This pulsation generates a 
hydrodynamic effect that dislodges and extricates plaque, 
debris, and food particles from the challenging interden-
tal spaces and around orthodontic brackets [35, 55, 56]. 
Traditional flossing methods may struggle to navigate 
these intricate spaces, making the water jet flosser a par-
ticularly advantageous tool for orthodontic patients [54, 
56]. In addition to effective cleaning, the pulsating action 
from water jet flossing has a massaging effect on the 
gingival tissues [54]. This massage may enhance circula-
tion, diminish inflammation, and potentially contribute 
to the trend of lower gingival Index scores observed in 
the water jet flossing group [35, 55, 56]. On the contrary, 
interdental flossing relies on a mechanical process that 
scrapes the tooth surfaces to eradicate plaque [56]. While 
efficient, it lacks the intricate reach offered by water jet 
flossers. Apart from that, water jet flossing introduces 
a gentle, non-invasive cleaning approach, ideal for indi-
viduals wearing orthodontic appliances who might expe-
rience sensitivity or discomfort with traditional flossing 
[56]. The convenience, ease of use, and gentle touch of 
water jet flossers could better encourage orthodontic 
patients to comply with oral hygiene practices and there-
fore could foster improved periodontal health outcomes 
[56].
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Our findings, when applied to a broader orthodon-
tic population, are constrained by the limitation of a 
relatively small sample size. Furthermore, the two-week 
timeframe may have limited our ability to observe long-
term effects of both flossing techniques on the overall 
oral health of orthodontic patients. Similarly, variations 
in personal levels of oral hygiene adherence among the 
patients may have affected flossing efficacy and out-
comes. Despite certain limitations, our study followed 
a methodologically robust design, incorporating ran-
domised assignment of techniques, which should limit 
potential bias and largely enhance the validity of our find-
ings. However, expanding the research to longer follow-
up periods and including more diversified groups with 
larger sample sizes would likely provide more insights 
into potential long-term benefits and variations among 
different oral hygiene maintenance strategies. Addi-
tionally, combining these approaches with ongoing 
dental professional care and monitoring would deliver 
personalised patient care maximising their oral health 
outcomes.

Conclusion
Based on our findings, both water jet flossing and tradi-
tional interdental flossing serve as reliable and effective 
methods, significantly reducing plaque accumulation and 
gingival bleeding among orthodontic patients. Although 
the comparative analysis did not yield any statistically 
significant disparities in the effectiveness of the dental 
water jet and conventional dental floss, an observed mar-
ginal superiority of water jet flossing implies its potential 
to augment traditional flossing practices in orthodontic 
patient care. Future research is needed to further con-
firm the effectiveness of water jet flossing and to better 
understand its specific benefits for orthodontic patients, 
including its long-term impact on oral health, potential to 
enhance patient comfort during treatment, and its influ-
ence on patient compliance with oral hygiene practices.
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