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Abstract
Background: The purpose of this 6-week, single-blinded, randomized clinical
trial was to determine if the use of an interproximal brush, with or without a
tracking device, is more effective than an oral irrigator in improving interprox-
imal probing depth (PD), clinical attachment level (CAL), plaque index (PI),
gingival index (GI), bleeding on probing (BOP), and inflammatory markers.
Methods: Seventy-six patients with Stages III–IV, Grade B periodontitis and a
5–7 mm posterior interproximal PD with BOP were randomized: (1) interproxi-
mal brush alone (IB; n = 26), (2) interproximal brush with tracking device (TD;
n = 23), (3) oral irrigator (OI; n = 27). Participants used devices once daily for
6 weeks. Clinical measurements (PD, CAL, PI, BOP, GI) and gingival crevicular
fluid (GCF) samples were collected at baseline and 6 weeks.
Results: All groups showed a significant reduction in PD and CAL (≥1.1 mm,
p< 0.0001) and improvement inBOP (≥56%, p< 0.0001) andGI (≥82%, p< 0.001)
at the experimental site with no differences among groups. The IB and IB+TD
groups showed a significant reduction in PI (≥0.9, p ≤ 0.01). Interleukin (IL)-1β
was reduced in all groups (p = 0.006), but IB+TB more than OI (p ≤ 0.05). IL-10
was reduced among all groups (p = 0.01), while interferon-gamma significantly
increased (p = 0.01) in all groups.
Conclusions: IB and OI improved clinical parameters of PD and CAL and
reduced inflammatory markers (BOP, GI, GCF IL-1β). IB had better interproxi-
mal plaque reduction. Tracking did not significantly improve clinical parameters
comparedwith the IB andOI groups, suggesting futuremodifications are needed.
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1 INTRODUCTION

Periodontal maintenance therapy (PMT) is the key to
managing periodontitis over the long-term. This is particu-
larly true in posterior interproximal areas where disease is
more prevalent and oral hygiene is more difficult.1 Treat-
ment is typically provided by a hygienist, whether in a
specialty periodontal practice or general practice, and is
focused on oral hygiene instruction with or without adju-
vants and clinical interventions.2,3 Studies have shown
that adjuvants can be instrumental in maintaining home
care stability3,4 and can perform better than toothbrushing
alone. However, with multiple adjuvants on the market,
it can be difficult to ascertain which modality is the most
effective for these patients.
The clinical measurements used to determine the peri-

odontal stability during maintenance are probing depth
(PD) and bleeding on probing (BOP) as well as clinical
attachment level (CAL). Deepening pockets and persis-
tent BOP usually alert the hygienist that home care
methods need improvement and/or additional therapy is
warranted. Adjuncts to home oral hygiene programs have
not been studied extensively in patients on PMT. A well-
executed prospective PMT cohort study4 using full-mouth
measurements found that both interdental brushes and
oral irrigators reduced recurrent periodontitis over a 6-
year period. Additional information exploring individual
vulnerable sites would be valuable in dissecting how site-
specific interventions might work. The hypothesis of the
current study was that interproximal brushes are more
effective than oral irrigators at reducing clinical mea-
surements and biochemical markers of inflammation in
posterior interproximal pockets in patients receiving peri-
odontal maintenance. Additionally, we hypothesized that
the use of a compliance tracking device would further
reduce these parameters compared with an interproximal
brush alone.

2 MATERIALS ANDMETHODS

2.1 Survey

To identify hygienist preferences, a survey was conducted
using various clinical scenarios that may present during
PMT. Anonymous responses were solicited from periodon-
tal practices around the country and in general practices in
matching states. Hygienists in periodontal practice (DHPP,
n = 62) consistently recommended interproximal brushes
while hygienists in general practice (DHGP,n= 74) favored
oral irrigators, showing statistical significance between the
recommendations (Figure 1). As a result of this survey, a
randomized clinical trial was developed to test home oral

hygiene outcomes between interproximal brushes (DHPP)
and oral irrigation (DHGP) for inflamedmoderate pockets.

2.2 Study participants

Approval for this randomized clinical trial was obtained
from the University of Nebraska Medical Center (UNMC)
Institutional Review Board (NCT #04546295) and was in
accordance with the Declaration of Helsinki of 1975, as
revised in 2013. Patients with generalized periodontitis
Stage III or IV, Grade B5 from the UNMC College of
Dentistry were screened for this study.
Patients receiving periodontal maintenance with a 5–

7 mm interproximal PD and a history of BOP and enough
space for interproximal brusheswere eligible for this study.
All study participants had been previously diagnosed with
Stage III, Grade B periodontitis before initial therapy. Fol-
lowing initial therapy, all participants had been enrolled
in a periodontal maintenance program at UNMC and had
been receiving PMT. The most recent periodontal main-
tenance visit was within a month of the experimental
baseline visit, thus minimal calculus was noted in the test
teeth at the initiation of the study and patients did not elect
more active therapy. Exclusion criteria included the follow-
ing: (i) porcelain crown at the test site; (ii) surgical therapy
at the test site within the last year; (iii) medications that
significantly affect inflammation (i.e., rheumatoid arthritis
drugs, daily use of nonsteroidal anti-inflammatory drugs);
and (iv) a mobile phone not supportive of the compli-
ance tracking device application. Those who qualified
(Figure 2) were presented with a study protocol and con-
sented. Seventy-six participants were enrolled (between
July and December 2021) in the 6-week study and provided
baseline plaque index (PI),6 PDs, recession, BOP, gingival
index (GI),7 and gingival crevicular fluid (GCF) samples
from a single posterior interproximal test site.

2.3 Data collection and treatment
protocol

Sociodemographic data were collected which included
age, sex, and smoking status. Baseline data collection was
completed by a calibrated and blinded examiner (R.R. or
A.K.) in the following order: GCF samples at the facial and
lingual interproximal areas, PD, BOP within 30 s, reces-
sion (REC) from cemento-enamel junction, CAL (PD +

REC), GI, and PI. Examiners (R.R., A.K.) were calibrated
by sequential analysis of 20 posterior interproximal sites,
resulting in 94% accuracy within 1 mm for PD and REC,
respectively, 95% accuracy within one unit for GI and PI,
and 85% for presence or absence of BOP. Examiners were
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F IGURE 1 Survey results of home hygiene preferences of general office hygienists and periodontal office hygienists. IB, interproximal
brush only; WI, water (oral) irrigator. TP, toothpick; FL, floss; EB, electric toothbrush; LR, Listerine rinse; CHX, chlorhexidine rinse; T,
tracking daily performance
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F IGURE 2 Study flow including group allocation. BOP,
bleeding on probing; GCF, gingival crevicular fluid; GI, gingival
index.

calibrated for GCF sampling by observing each other in
paper strip application.
For GCF sampling, the test tooth was isolated using a

cotton roll and gently air dried. Samples were then col-
lected by inserting gingival fluid collection strips* into the
sulcus toward the midinterproximal until slight resistance
was felt, for 30 s. This was completed at both the facial
and lingual aspects of the test site. The two GCF sam-
ples were placed into a single microcentrifuge tube and
frozen at –80◦C immediately following collection.8 Clin-
ical measurements, BOP, and GI were measured at both
the facial and lingual of the test site. PI was measured
using the Quigley-Hein PI with the Turesky modifica-
tion with a score from 0 to 5 being assigned to each

* PerioPaper; Oraflow, Smithtown, NY

site. Following baseline data collection, sites were scaled
supragingivally with no subgingival instrumentation by
one of two clinicians (K.S. or G.M.) not involved with
clinical data collection.
Participants were then randomized by arch, sex, and

smoking status (current smoker or nonsmoker) into one
of three treatment groups: interproximal brush alone (IB),
interproximal brush with tracking device (IB+TD), or
oral irrigator (OI). Randomization was completed via a
randomization table. Participants were given standard-
ized verbal and written instructions for their allocated
treatment group by nonblinded clinicians (K.S. or G.M.).
Instructions are specified as follows: In the IB group, an
interproximal brush handle and six interproximal brush
refills† were dispensed. Brush head sizes, including either
tight, moderate, or wide, were selected based on the abil-
ity to provide mild resistance when inserted into the
space without causing tissue trauma or patient discom-
fort. Demonstration at the test site was provided, partic-
ipants handled the device, and then were given written
instructions for interproximal use; application of brushes
horizontally through the interproximal space or irrigator
angled through the space for 5 s from each side once daily.
A diagram of the interproximal test site was given with
directions labeled. It was recommended to change brush
heads weekly.
In the IB+TD group, in addition to the above instruc-

tions, participants in this group received a Bluetooth-
linked tracking device with smartphone application‡
whichwasmanually attached to the proxabrush handle via
a rubber strap provided by the manufacturer. The applica-
tion was downloaded to the participant’s device and set-up
was completed by the resident. Participants were familiar-
ized with the application and shown how to ensure record
of use. Participants demonstrated understanding of the

†GUM, Sunstar Americas, Inc, Schaumburg, IL
‡ Brushlink, Menlo Park, CA
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MOORE et al. 851

protocol and how to use the device. The device tracks day
and duration of use; however, it does not indicate the exact
interproximal location at time of use.
In the OI group, an oral irrigating device§ was dis-

tributed to participants. Demonstration of irrigator set-up
and use was provided via product brochure and verbal
instruction. Recommendation for use of the universal tip
at an intensity level of 5 was made. Instructions were
given to clean the test site interproximally for 5 s via both
facial and lingual entry, once daily. Written instructions
with a diagram of the interproximal site of interest were
dispensed.
Participants returned after 6 weeks and the same pro-

tocol was performed as described for the baseline GCF
sample and data collection. All samples were collected by a
calibrated examiner (R.R. or A.K.). Data from the tracking
device application were retrieved to determine the num-
ber of days the patient did or did not use the interproximal
brush during the 6-week period.

2.4 Analysis of GCF samples

At the time of analysis, each pooled GCF sample was
eluted into 45 μL of 1× PBS by gently agitating the
samples on a rocker plate for 1 h at 4◦C. Cytokine con-
centrations were measured using a customized human
cytokinemagnetic bead panelǁ with aMAGPIX instrument
and software¶ per the manufacturers’ recommendations.
Three proinflammatory cytokines (interleukin (IL)-1β, IL-
6, and tumor necrosis factor alpha [TNF-α]), and two
anti-inflammatory cytokines (IL-10, and interferon gamma
[IFN-γ]) were reported. The cytokine quantities were
reported in picograms per milliliter.

2.5 Statistical analyses

A power analysis was completed showing that a sample
size of 22 per group was needed to achieve at least 80%
power to detect a difference of 1.0 mm in CAL between
groupswith a common estimated group standard deviation
of 1.1mmwith a significance level of 0.05 using a two-sided
independent samples t-test. This was determined based on
mean data from a previous study.9
For PD, CAL, BOP, and GI measurements, the deep-

est pocket was identified (i.e., interproximal facial or
palatal/lingual) at baseline (i.e., worst side) for each

§Waterpik, Philips Oral Healthcare, Snoqualmie, WA
ǁMilliplex MAP kit; Millipore, Billerica, MA
¶ Luminex Corp, Austin, TX

patient, and analysis was run on only measurements from
the worst side. If both sides had equally deep pockets at
baseline, then both measurements were averaged for each
measure of interest. PD and CAL were reported as mean
mm ± standard error (SE).
BOP was reported as present or not at baseline and 6-

week follow-up. For change in BOP from baseline to 6
weeks, if a participant improved or maintained having
no BOP, they were classified as “Improved/Maintained,”
otherwise they were classified as “Worsened/No Improve-
ment.” The GI variable was similarly dichotomized due to
limited variability in the measurement data. If a partici-
pant had improved GI, or a GI score of one or less at both
the baseline and final measurements, they were consid-
ered “Improved/Maintained.” If their GI score increased
(and the final GI score was greater than 1.0) or started
above 1 and did not improve, they were considered to be
“Worsened/No Improvement.”
Associations between categorical variables were

assessed using Chi-Square tests and Kruskal‒Wallis tests
were used to examine differences in distributions among
the three treatment conditions (e.g., OI, IB, IB+TD).
Significant Kruskal‒Wallis tests were followed up with
Wilcoxon Rank Sum tests for each pairwise comparison,
and p values were Bonferroni adjusted to account for
multiple comparisons. Means and SEs were calculated
for age and differences in baseline values among groups
were assessed using linear models with a main effect
for group. Significant main effects were followed with
Bonferroni-adjusted pairwise comparisons. Linear models
were used to assess the association between the outcome
change in measurement (final – baseline) and group,
while adjusting for the initial measurement, arch, and
side of worst pocket. For BOP and GI, logistic regression
models were used to assess the association between
the change outcome of “Improved/Maintained” versus
“Worsened/No Improvement” and group, while adjusting
for arch and worst side. In addition, a paired comparison
of presence of BOP at baseline and 6 weeks was made for
all groups combined using a McNemar test to assess if
overall BOP levels changed over the study period.
For cytokines, given the distribution of the data, descrip-

tive statistics for continuous data are given as medians and
interquartile ranges (IQRs) and only nonparametric statis-
tics were used. Kruskal‒Wallis tests were used to examine
differences in distributions of variables of interest among
the three experimental groups. Significant Kruskal‒Wallis
tests (p< 0.05)were followed by post-hoc pairwise compar-
isons using Wilcoxon Rank Sum tests, for which p values
were Bonferroni adjusted. To assess overall change, dif-
ference scores (final – baseline) from each group were
compared with a value of zero (i.e., no change) using

 19433670, 2023, 7, D
ow

nloaded from
 https://aap.onlinelibrary.w

iley.com
/doi/10.1002/JPE

R
.22-0631 by C

ochrane Saudi A
rabia, W

iley O
nline L

ibrary on [01/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



852 MOORE et al.

TABLE 1 Demographics of participants finishing study.

OI (n = 27) IB (n = 23)
IB+TD
(n = 21) p value

Age (mean years ± SE) 68.9 ± 1.5 66.8 ± 2.3 61.0 ± 2.6 0.03*
Sex, n (%) Women 14 (51.9) 9 (39.1) 12 (54.6) 0.53**

Men 13 (48.2) 14 (60.9) 10 (45.5)
Smoking status, n (%) Nonsmoker 23 (85.2) 19 (82.6) 19 (86.4) 1.00***

Smoker 4 (14.8) 4 (17.4) 3 (13.6)
Arch, n (%) Mandible 14 (51.9) 12 (52.2) 12 (54.6) 0.98**

Maxilla 13 (48.2) 11 (47.8) 10 (45.5)

Abbreviations: IB, interproximal brush alone; OI, oral irrigator; TD, tracking device.
*p value from linear model. The mean age for the OI group is significantly greater than the IB+TD group (adjusted p = 0.03).
**p values from Chi-square tests.
***p value from Fisher exact test.

signed-rank tests. All analyses were performed using SAS
software version 9.4.#

3 RESULTS

3.1 Patient characteristics

Following screening of 191 patients (Figure 2), 76 eligible
patients were enrolled and consented to the study. Inter-
vention was initiated on all 76 subjects and 72 completed
the 6-week follow-up (5% dropout rate). The reasons for
dropout were not believed to be related to the intervention
assigned in any of the four patients.
Characteristics of the participants who completed this

clinical trial are represented in Table 1. There were no
significant differences among groups at baseline for sex
(p = 0.53), smoking status (p = 1.00), or arch (p = 0.98).
However, the mean age for the OI group was significantly
greater than the IB+TD group (p = 0.03).

3.2 Clinical outcomes

The mean baseline and mean change results for respective
clinical outcomes among the three groups are displayed
in Table 2. There were no significant differences among
groups at baseline. All three groups showed a statistically
significant reduction in model adjusted mean PD at the
experimental site (OI: –1.1, IB: –1.5, IB+TD: –1.1) after
6weeks of device use (p< 0.001). Similarly, all three groups
also showed a statistically significant reduction in model
adjustedmean change in CAL at the experimental site (OI:
–1.1, IB: –1.6, IB+TD: –1.3), (p < 0.001). However, there
were no significant differences in the change observed

# SAS Institute, Cary, NC

among groups for PD (p = 0.19) or CAL (p = 0.37) at the
experimental site. From baseline to 6 weeks, the IB and
IB+TD groups showed a significant reduction in PI at the
experimental site (model adjusted mean change for IB: –
1.6, p < 0.001; IB+TD: –0.9, p = 0.01), while the OI group
did not show a significant reduction (OI: -0.6, p = 0.11).
Despite having a significant reduction in the IB and IB+TD
groups that was not observed in the OI group, there was no
significant difference between groups for change in PI at
the experimental site (p = 0.14).
BOPwas recorded for the buccal and lingual sides of test

interproximal surfaces. There were no significant differ-
ences among the groups regarding the number of siteswith
BOP at baseline and 6 weeks. When looking at all groups
combined, fewer participants had BOP at follow-up than at
baseline (p < 0.0001); however, there was no difference in
the change in BOP observed between the groups, p = 0.81.
Similarly, for GI, there was no significant difference

between groups in baseline (p = 0.25), 6-week (p = 0.53),
or improvement GI scores (p = 0.85). When looking at
all groups together, GI scores were significantly decreased
over the study period (p < 0.0001).

3.3 Inflammatory biomarker outcomes

GCF samples from 72 patients were analyzed, and results
are shown inTable 3. For proinflammatory cytokines, there
were no significant differences among groups for IL-1β at
baseline (p = 0.36). While the IB+TD group was the only
group to show a significant decline in IL-1β between base-
line and 6 weeks (p < 0.001), there was no significant
difference in change in IL-1β between the treatment groups
(p = 0.11). Similarly, there also were no significant dif-
ferences between groups for IL-6 at baseline. The IB+TD
group was the only group that showed a significant reduc-
tion in IL-6 during the study period (p = 0.004), and while
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MOORE et al. 853

TABLE 2 Clinical measurements among groups

Measurement OI (n = 27) IB (n = 23)
IB+TD
(n = 21)

p value for
differences
between
groups

PD** (mean mm ± SE) Baseline 5.3 ± 0.2 5.5 ± 0.3 5.7 ± 0.2 0.42
6-week change*** –1.1 ± 0.2 –1.5 ± 0.2 –1.1 ± 0.2 0.19
p value for change over
time within group

<0.0001 <0.0001 <0.0001

CAL** (mean mm ± SE) Baseline 5.9 ± 0.3 5.9 ± 0.3 6.3 ± 0.3 0.48
6-week change*** –1.1 ± 0.2 –1.6 ± 0.3 –1.3 ± 0.3 0.37
p value for change over
time within group

<0.0001 <0.0001 <0.0001

PI (mean ± SE) Baseline 3.7 ± 0.3 4.0 ± 0.2 4.0 ± 0.3 0.74
6-week change*** –0.6 ± 0.4 –1.6 ± 0.4 –0.9 ± 0.4 0.14
p value for change over
time within group

0.11 <0.0001 0.01

BOP,** n (%) Baseline BOP 24 (88.9) 18 (78.3) 21 (95.5) 0.24*
6-week BOP 7 (25.9) 5 (21.7) 8 (36.4) 0.53
% Improved from
baseline or maintained
no BOP****

22 (81.5) 19 (82.6) 17 (77.3) 0.81

GI,** n (%) Baseline GI > 1 23 (85.2) 18 (78.3) 21 (95.5) 0.25*
6-week GI > 1 7 (25.9) 4 (17.4) 7 (31.8) 0.53
% Improved from
baseline or maintained
GI ≤ 1****

22 (81.5) 20 (87.0) 18 (81.8) 0.85

p values obtained from linear models for continuous variables or from Chi-Square tests for categorical variables, unless otherwise noted.
Abbreviations: BOP, bleeding on probing; CAL, clinical attachment level; GI, gingival index; IB, interproximal brush alone; OI, oral irrigator; PD, probing depth;
PI, plaque index; TD, tracking device.
*p value from Fisher exact test.
**Measured on the side with the deepest pocket at baseline.
***p values andmeans (which are model adjusted means) were derived frommodels with 6-week change (final – initial) as the outcome, which adjusted for initial
value, arch, and worst side (i.e., lingual, facial, or both).
****Descriptive statistics reported, but p values were derived from logistic regression models with improvement/maintenance (yes vs. no) as the outcome which
adjusted for arch and worst side (i.e., lingual, facial, or both).

there was a significant main effect of group for change
in IL-6 (p = 0.03), there were no Bonferroni-adjusted
differences between groups that were significant at the
0.05 alpha level (e.g., IB vs. IB+TD, p = 0.05). For TNF-
α levels, no significant differences among groups were
found at baseline or in change observed from baseline to
the 6-week follow-up. Additionally, no significant change
was seen in TNF-α levels within groups from baseline to
follow-up.
Anti-inflammatory IL-10 levels showed no significant

differences among the groups at baseline. There was a sig-
nificant reduction in IL-10 levels for the OI (p = 0.04) and
IB + TD (p = 0.01) groups; however, there were no signif-
icant differences in the change observed between groups
(p = 0.49). For IFN-γ, there was a significant main effect
of group for baseline measures (p = 0.049), however there
were no Bonferroni-adjusted differences between groups

that were significant at the 0.05 alpha level (e.g., OI vs.
IB+TD, p= 0.06). Unlike the other cytokines, a significant
increase in IFN-γ was observed, but only in the OI group
(p = 0.04), however the observed change in IFN-γ was not
significantly different between groups (p = 0.68).
From the 6-week follow up appointment to at least 3

months after, there were far fewer patients in the IB + TD
group (0%) who continued to use this interproximal clean-
ing protocol compared with the IB (68.2%) or OI (96.2%)
groups (p < 0.001).

4 DISCUSSION

The current study exhibited no significant differences in
sex, smoking status, or arch among groups at baseline.
However, mean age for the OI group was greater than the
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IB+TD group. This difference may have been a result of
an enrollment error where three patients were excluded
following randomization into the IB+TD group after dis-
covery that they did not own a smartphone device to
support the tracking application. Older patients may be
less likely to own a smartphone, resulting in a collectively
younger group making up the IB+TD group. Aging has
been associated with delayed cell proliferation and wound
healing, and increased systemic diseases, medications and
oral hygiene performance.10 Further, xerostomia, altered
bone physiology, and microbiome could impact the course
of PMT stability.11 However, the mean age in all groups
was >60 years considered elderly10 and the 6–8 year dif-
ference in the IB+TD group may be statistically, but not
clinically relevant.
It must be understood that a periodontium minimally

affected by periodontitis versus a reduced periodontium
present differing anatomic topography12 that require indi-
vidualized interproximal cleaning recommendations to be
effective.While research has been conducted on interprox-
imal cleaning aids, previous studies13–15 on interproximal
oral hygiene often included non-periodontitis sites or did
not report the periodontal status of the patient, making
direct comparisons with the current population of patients
receiving periodontal maintenance difficult. Additionally,
studies16,17 were either supported by the manufacturer of a
certain device, introducing possible bias, or did not include
direct comparisons between aids.
An independent study4 of full-mouth effects of IP and

OI indicate that both contribute to more stable CAL, PD,
BOP, andGI over 6 years, consistentwith the efficacy in the
current study. The current study demonstrated small but
statistically significant treatment improvements in CAL,
PD, PI, BOP, and GI at the experimental sites for all three
treatment modalities (except for PI for the OI group where
there was no significant change). To our knowledge, no
other study has compared interproximal clinical measures
among an interproximal brush, a tracking device mobile
application in conjunction with an interproximal brush,
and an oral irrigator in patients receiving periodontal
maintenance.
The reduction in PD for OI (1.1 ± 0.2 mm) in the current

study was greater than a study which showed a significant
reduction in PD of 0.4 mm in just 2 weeks of using an
oral irrigator.15 The greater PD reduction in this study may
relate to a longer time for anti-inflammatory tissue remod-
eling and focusing on the worst site in the area. The IB
group also showed a significant reduction of 1.5 ± 0.2 mm
at the experimental site, and the IB+TD group showed a
significant reduction of 1.1 ± 0.2 mm. These results are
in agreement with previous studies which have shown
that interproximal brushes are effective in improving PD if
used correctly in embrasure spaces that support interden-

tal brushes.18–20 The improvements seenwere not found to
be significantly different between groups.
CAL from baseline to 6 weeks showed statistically sig-

nificant improvement at the experimental site with a
reduction of 1.1± 0.2mm for theOI group, 1.6± 0.3mm for
the IB group, and 1.3 ± 0.3 mm for the IB+TD group. This
result is to be expected given the significant reduction in
PD among the three groups. There were no significant dif-
ferences in observed change in CAL between groups at the
conclusion of the study. Current systematic reviews show
no other studies that have reported on CAL comparing IB,
IB+TD, and OI groups. While the improvements in PD
and CAL are statistically significant, the clinical relevance
may be questioned. However, improvements >1.0 mm are
notable for a home oral hygiene intervention.21
For PI, from baseline to 6 weeks the IB and IB+TD

groups showed a statistically significant reduction in PI at
the experimental site of 1.6 ± 0.4 and 0.9 ± 0.4, respec-
tively. For the OI group, there was a reduction in PI of
0.6 ± 0.4 at the experimental site which was not statis-
tically significant. The lack of a significant difference in
change in PI between groups is in agreementwith a 2-week
study which showed no statistically significant reduction
in PI comparing OI to an interdental brush in patients
with 4–6mmpockets.22 This study disagreedwith a similar
study that showed single use of an OI removed signifi-
cantly more plaque than an interdental brush; however,
this study focused on whole mouth plaque removal.23 Two
systematic reviews have shown significant improvements
in plaque and bleeding scores along with PD with the use
of interdental brushes compared with brushing alone.20,24
A review by Sälzer et aler25 found interdental brushes to
be themost effective aid for interproximal plaque removal.
Themajority of evidence would suggest the function of the
OI is to flush away nonadherent plaque, remove bacteria,
and interfere with plaque maturation, rather than provide
any mechanical plaque debridement.26 Another influence
on the decrease in PI could be explained by the Hawthorne
effect, which describes a modification of behavior when
individuals are aware that they are being observed.27
With all groups combined, there was a significant

decrease in BOP, but there were no significant differences
in change of BOP between groups. Existing literature,
along with the present study, supports BOP reduction via
oral irrigators and interproximal brushes over short time
periods.3,4,28 In a meta-analysis of different oral hygiene
aids, oral irrigators, and interproximal brushes were found
to be the most effective at reducing gingival bleeding.29
However, these values included facial and lingual surfaces
andwere not limited to interproximal sites as in the present
study.
Although the present study found significantly

improved GI over the course of the study for all groups,
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there were no significant differences in the improvement
of GI between groups. However, a meta-analysis of 10
different interproximal oral hygiene aids found inter-
proximal brushes achieved the highest reduction in GI,
followed by oral irrigators.29
There are no existing studies investigating a compliance

tracking method, neither analog nor digital, in combina-
tion with an interproximal cleaning aid. However, studies
exploring the effectiveness of a smartphone device to track
daily compliance of manual toothbrushing showed dra-
matic improvements in oral hygiene including significant
reductions in plaque levels at 4 weeks.30 This study did
not use a diary to ensure compliance across the OI or IB
groups, however, the IB+TD group was able to show daily
compliance via the application at the 6-week appointment,
which was a variable in this study.
Analysis of GCF changes in response to interproxi-

mal cleaning is limited. Literature potentially biased by
manufacturer funding21 reported a reduction in proinflam-
matory IL-1β and an increase in anti-inflammatory IL-10
with the use of an oral irrigator in conjunction with rou-
tine oral hygiene over a period of 14 days. In our study,
the OI group had a significant reduction in IL-10 and a
significant increase in IFN-γ over the course of the study.
However, the IB+TDgrouphad significant decreases in IL-
1β, IL-6, and IL-10. The significant reduction observed in
anti-inflammatory IL-10 in the OI and IB+TD groups in
the present study could potentially be due to a decrease
in overall GCF volume in periodontally healthy sites.31 In
contrast, an increase in IFN-γ was observed for only the
OI group at 6 weeks. While excessive release of IFN-γ has
been associated with the pathogenesis of chronic inflam-
matory diseases such as periodontitis, the concept of a
dual role of IFN-γ in inflammation has support. Mühl and
Pfeilschifter32 described the anti-inflammatory aspects of
IFN-γ to include induction of anti-inflammatorymolecules
such as interleukin-1 receptor agonist (IL-1Ra), activa-
tion of apoptosis and modulation of proinflammatory
cytokine production. The IB+TD group showed short-
term anti-inflammatory GCF profiles; longer studies are
needed to show the tracking device’s true potential with
inflammation control.
Therewere several limitations in this study. TheCOVID-

19 pandemic forced some participants to reschedule their
6-week follow up appointment, which could have affected
the results. Smoking was not assessed beyond the deter-
mination of “smoker” or “nonsmoker” and amount of
smoking could have affected the results in terms of BOP
or GI. Software design of the TD application was a further
limitation of this study. Participants reported that TD soft-
ware gave negative feedback when used for a limited time
at a singular location. Software updates to allow for local

monitoring would likely improve patient acceptance and
clinical outcomes.

5 CONCLUSIONS

Focused interproximal cleaning with an interdental brush
or oral irrigator in inflamed, posterior periodontal pock-
ets during periodontal maintenance results in improved
clinical parameters of PD, and CALs, as well as signs of
inflammation in this 6-week study.
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