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Abstract

Aim: To estimate association between the use of interdental cleaning aids (IDAs) and
type on 7-year follow-up levels of interdental plaque, interdental gingival inflamma-
tion, interdental periodontitis severity, the number of interdental sound surfaces and
the number of missing teeth in a population-based cohort study.

Materials and Methods: We used 7-year follow-up data of 2224 participants from
the Study of Health in Pomerania (SHIP-TREND). We applied generalized linear and
ordinal logistic models, adjusting for confounding and selection bias using inverse
probability treatment weighting and multiple imputation.

Results: Flossers were 32% less likely to have higher interdental plaque (iPlaque)
levels than non-users of IDAs (odds ratio [OR] = 0.68; 95% confidence interval [Cl]:
0.50-0.94); flossing resulted in 5% lower means of iPlaque. Effects on interdental
bleeding on probing (iBOP), mean interdental probing depths and mean interdental
clinical attachment levels were direction-consistent but statistically non-significant.
Interdental brushing was associated with lower follow-up levels for interdental pla-
que (OR = 0.73; 95% Cl: 0.57-0.93) and iBOP (OR = 0.69; 95% Cl: 0.53-0.89). IDAs
were more effective in reducing iPlaque in participants with periodontitis, whereas
iBOP reduction was more pronounced in participants with no or mild periodontitis.
The analyses did not suggest that the use of IDAs affected caries. Finally, applying
change score analyses, flossing reduced tooth loss incidence (incidence rate ratio
[IRR] = 0.71) compared with non-users of IDAs.

Conclusions: Recommending flossing and interdental brushing in dental practices repre-

sents an approach to the prevention of gingivitis and consequently periodontitis.

KEYWORDS
dental flossing, interdental brushing, periodontitis, prospective cohort study, Tooth loss

Clinical Relevance
Scientific rationale for study: Limited data are available on the effectiveness of interdental clean-

ing aids (IDAs) on dental outcomes in longitudinal population-based settings.
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odontitis cases.

1 | INTRODUCTION

Oral health is an important part of general health and refers to the
unrestricted functionality and freedom from inflammation and symp-
toms of all organs of the oral cavity. Coronal caries and periodontitis
are still among the most common infectious diseases worldwide
(Kassebaum et al., 2014, 2015). However, in Germany the prevalence
of caries in children and adults has decreased over the past decades
(Jordan & Micheelis, 2016). In parallel, probing depth severity has
remained unchanged, while attachment levels have decreased across
all ages (Schutzhold et al., 2015). These downward trends are likely
the result of the use of fluorides and improved mechanical plaque
control (Figuero et al., 2017) such as the increased use of powered
tooth brushes and interdental cleaning aids (IDAs) (Pitchika
et al., 2021). Early prevention of caries and periodontitis, as well as its
precursor gingivitis, is therefore an important pillar of comprehensive
dental treatment.

Supra-gingival plague control constitutes a major target in the
prevention and treatment of caries, gingivitis and periodontitis. To
prevent and reduce (interdental) plaque formation and gingival inflam-
mation, professional plaque removal combined with reinforcement of
home oral hygiene (including the use of powered tooth brushes and
IDAs), is strongly recommended in addition to regular toothbrushing
with a fluoridated toothpaste (Chapple et al., 2015). Starting in 2015,
there was a fierce debate about whether flossing has any benefit for
oral health. In August 2016, the Associated Press released information
that the ‘medical benefits of dental floss are unproven’ (Donn, 2016).
In the following years, meta-analyses summarized evidence from ran-
domized clinical trials (Salzer et al., 2015; Worthington et al., 2019),
showing that use of IDAs in addition to regular toothbrushing may
reduce plaque and gingival inflammation more than toothbrushing
alone. However, there was weak evidence of unclear or low magni-
tude (Salzer et al., 2015; Worthington et al., 2019). Furthermore, only
short-term effects of IDA use were evaluated and most of the partici-
pants had a low level of gingival inflammation at baseline. Thus, there
was ‘limited evidence supporting efficacy to prevent advanced oral
disease endpoints’ (Chaffee et al., 2020) such as (interproximal) caries
and periodontitis (Worthington et al., 2019).

In contrast to randomized clinical trials, cross-sectional (Cepeda
et al,, 2017; Kim & Han, 2021; S. J. Kim, Lee, et al., 2022; Y. J. Kim, Gil,
et al., 2022; Lang et al., 1995; Lee et al., 2018; Marchesan et al., 2018)
and cohort studies (Chaffee et al., 2020; Kressin et al., 2003; Marchesan
et al., 2020) predominantly reported that both flossing and interdental
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Principal findings: Using 7-year follow-up data from the population-based Study of Health in
Pomerania (SHIP-TREND), daily dental flossing and interdental brushing were associated with
lower 7-year follow-up levels of interdental plaque, interdental bleeding on probing and mean

interdental probing depth. The effects were somewhat more pronounced with no or mild peri-

Practical implications: There is evidence that recommending IDAs in dental practice may have
positive effects on gingival inflammation and pocket formation among the general population.

brushing in addition to toothbrushing were associated with lower levels
of periodontitis, caries and tooth loss among different populations with a
predominantly wide age range (19+/30+ years). In three repeated cross-
sectional studies, IDA use explained a significant portion of explainable
changes in the mean probing depth (PD), the number of caries-free
healthy surfaces and the number of teeth (Pitchika et al., 2021).
Obviously, there is a great need for well-designed randomized clinical
trials and population-based cohort studies to strengthen the evidence in
this regard, with special consideration of the IDA type.

Therefore, we aimed to investigate the effects of self-performed
IDAs, distinguishing between three different types of IDA, in addition to
regular toothbrushing on 7-year follow-up levels of a wide range of oral-
health-related variables, including interdental plaque (iPlaque), gingival
inflammation (interdental bleeding on probing [iBOP]), periodontitis
severity (mean interdental PD [iPD]; mean interdental clinical attachment
levels [iICAL], percentage of sites with iPD 24 mm [iPD4mm], Centers for
Disease Control and Prevention [CDC]/American Academy of Periodon-
tology [AAP] case definitions), coronal caries experience (number of
interdental caries-free sound surfaces [iSS]) and the number of missing
teeth using 7-year follow-up data of the prospective population-based
Study of Health in Pomerania (SHIP-TREND).

2 | MATERIALS AND METHODS

2.1 | Study design
SHIP-TREND is a population-based observational study conducted in
the northeast of Germany (Volzke et al., 2022). A stratified random
sample of 10,000 adults aged 20-79 years was drawn from popula-
tion registries. Stratification variables were age, sex and city/county
of residence. Migrated (N = 851) and deceased (N = 323) persons
were excluded from the random sample of 10,000 adults, leaving
8826 persons in the net sample. Of those, 4420 subjects were finally
recruited in the study (response 50.1%). Baseline examinations were
conducted from 2008 to 2012 (SHIP-TREND-O). After 7 years, a first
follow-up examination was performed (SHIP-TREND-1, 2014-2018),
in which 2507 participants took part. Follow-up times varied between
4.9 and 10.3 years (mean 7.4 years). Exact information on sample
derivation is shown in Figure 1.

The AppendixAl gives detailed information about covariates
and calibration data. The recommendations of the Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE)

85UB017 SUOWIWOD SA[ea1D 3(dedl dde 8Ly A peusenob a1e sajolie VO ‘85N JO Sa|n. 10y ARl 8UIIUO AB|IA LD (SUOIPUOD-PUR-SLLIBY/WIOD A8 | 1M ARe.d1jBull[UO//SdLf) SUORIPUOD Pue SWie | 8u18eS * [1202/20/92] U0 AkeidiTauljuo A(IM ‘PEAS)RID SUI0lqIGSIRNSRAIUN AQ 9E6ET 8d0l/TTTT'OT/I0p/WO0 A8 1M Ake.d 1 jBuluoy/:Sdny WOy papeo|umod ‘€ 720z XTS0009T



HOLTFRETER ET AL.

AL eroconoiogy

Baseline
(SHIP-TREND-O, N = 4420)

|

7-year follow up
(SHIP-TREND-1, N = 2507)

FIGURE 1 Flowchart of the study
population. AAP, American Academy of
Periodontology; BOP, bleeding on
probing; CAL, clinical attachment level;
CDC, Centers for Disease Control and
Prevention; H-S, number of healthy
caries-free surfaces; N, number; NoMT,

Edentulous at baseline: N =78

(N = 2429)

l

Plaque BOP PD CAL

’ Dentate participants ‘

Baseline or follow-up outcome value missing, N 213 251 248 360
Resulting sample size 2216 2178 2181 2069
Baseline confounders missing, N 95 92 92 83
Final sample size 2121 2086 2089 1986

guidelines for observational studies were applied for reporting
(von Elm et al., 2014).

2.2 | Exposure

Based on the dental interview, the use of IDAs was defined as the self-
reported daily use of wooden sticks (toothpicks and wooden tooth
sticks), dental floss or interdental brushes (IDBs). For multi-users, the
most effective method (assuming that wooden sticks are less effective

than floss, and floss is less effective than IDBs) was recorded.

2.3 | Caries examinations
All examinations were conducted in an illuminated dental chair and
with the option to use aspiration or an air jet. Magnification glasses
were not allowed. Coronal caries was diagnosed visually using a peri-
odontal probe (PCPUNC 15, Hu-Friedy, Chicago, IL, USA) to touch
the tooth surface softly. Coronal caries was examined excluding third
molars on a surface level (occlusal, distal, buccal, mesial, palatinal/lin-
gual) in order to determine the number of sound (excluding persisting
teeth of the first dentition), carious (including dentine caries only and
excluding enamel defects), missing (excluding front teeth extracted
after trauma, symmetric extractions of premolars due to orthodontic
treatments) and filled surfaces (excluding crowned front teeth after
trauma) in a half-mouth design (randomly chosen left or right side).
The iSS was determined based on a maximum of 14 permanent
teeth (excluding third molars) with two surfaces each (distal and

mesial), resulting in 28 interdental surfaces being assessed in total.

24 | Periodontal examination

PD and CAL were measured at disto-buccal, mid-buccal, mesio-buccal

and mid-lingual/mid-palatinal sites according to the half-mouth

number of missing teeth; PD, probing
depth.

CDC/AAP  H-S NoMT

399 200 33
2030 2229 2396
77 86 172
1953 2143 2224

method excluding third molars (left or right side randomly selected)
using a manual periodontal probe (PCPUNC 15, Hu-Friedy, Chicago,
IL, USA). Measurements were mathematically rounded to the next
whole millimetre. PD was measured as the distance between the free
gingival margin (FGM) and pocket base. If the cemento-enamel junc-
tion (CEJ) was located sub-gingivally, CAL was calculated as PD minus
the distance between FGM and CEJ. If recession was present at the
examined site, CAL was directly measured as the distance between
CEJ and the pocket base. Where the determination of the CEJ was
indistinct (wedge-shaped defects, fillings and crown margins), CAL
was not recorded.

At the participant level, mean iPD (disto-buccal and mesio-buccal
sites), iPD4mm, and mean interdental CAL (iCAL) were calculated.
Also, participants were classified according to the CDC/AAP case def-
inition of periodontitis (Page & Eke, 2007). BOP and plaque were
recorded at four identical sites on the first incisor, the canine and the
first molar in each probed quadrant. If teeth were missing, the next
distally located tooth was assessed. The percentage of iBOP and iPla-
que were determined. Finally, the number of missing teeth was calcu-
lated (excluding third molars).

2.5 | Statistical analyses

Medians with 25% and 75% quantiles were reported for continuous
variables. Relative frequency distributions were computed for cate-
gorical variables.

Total effects of baseline IDA use on 7-year follow-up levels of den-
tal outcomes were modelled using generalized linear models (for the
iSS) or ordinal logistic regression models (periodontal variables) with
adjustment for the baseline outcome status. Ordinal logistic models are
recommended for skewed continuous responses (Harrell, 2015); vari-
ous links were evaluated and the logit link was selected for all variables.
Confounder-adjusted linear regression coefficients (5) or odds ratios
(OR) with 95% confidence intervals (Cls) contrasting users of different

IDA types with IDA non-users were reported. ORs from ordinal logistic
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models correspond to changes in odds of a higher outcome value for a
specific IDA type compared with IDA non-users. Since for tooth loss it
can be assumed that baseline exposure status precedes change in
outcome status, tooth loss was modelled using change scores
(Glymour, 2022). Accordingly, negative binomial regression models
were fit and incidence rate ratios (IRRs) with 95% Cls were additionally
reported. Analyses were repeated including only participants with iden-
tical self-reported information on IDA use and type at baseline and at
7-year follow-up (see Table A2 for cross-tabulations of IDA use and
type at baseline and at 7-year follow-up).

Additionally, generalized linear models with gamma distribution
and log link (iPD, iCAL) and fractional response models (iPlaque, iBOP,
iPD4mm) were examined to retrieve marginal predictions for interpre-
tation of effect sizes (see Table A1, supporting information). Effect esti-
mates were presented as exp(B) with corresponding 95% Cls and
interpreted as a percent change of the outcome (Manning et al., 2005).
Confounders were chosen according to the modified disjunctive cause
criterion (VanderWeele, 2019). Accordingly, we performed inverse
probability treatment weighting (IPTW) using baseline levels of the out-
come (except for change score analyses), age, sex, school education,
equivalence household income, smoking, known diabetes mellitus, hae-
moglobin Alc, body mass index, dental visit within the last 12 months,
toothbrushing frequency, powered tooth brush use, self-reported peri-
odontal treatment within the last 5 years (except for iSS) and physical
activity (except for iSS). We estimated a generalized propensity score
using a convex Super Learner and adjusted for confounding using IPTW
(Kreif et al., 2015). Super learning has been shown to provide optimal
bias-variance trade-off by weighting a combination of several predic-
tion algorithms (Benkeser et al., 2020). We assessed balance using
weighted correlations between each covariate and the continuous
exposure (Figure A1, supporting information), where standardized mean
differences (SMDs) <0.10 and <0.25 indicate good and adequate bal-
ance, respectively. Variance ratios were additionally checked (good:
0.8-1.2; adequate: 0.5-2.0). Models were additionally adjusted for
unbalanced covariates (Chesnaye et al., 2022).

We also assessed moderation effects using the CDC/AAP case
definition (no or mild vs. moderate or severe; p for interaction <.10
indicates effect modification) for periodontal outcome variables. IPTW
models were separately determined and evaluated within levels of the
effect moderator. Weights were combined and weighted models
including interaction terms were estimated. For all combinations of
IDA use and type with the effect moderator, predicted means with
95% Cls were reported. p-Values for average marginal effects versus
IDA non-users (ref.) were calculated.

To address the possibility of selection bias due to attrition, we
multiply imputed missing values (Groenwold et al., 2012) using (i) non-
linear additive transformation and imputation functions (‘areglmpute’)
and (ii) chained equations (‘mice’ in R; ‘mi impute chained’ in Stata),
generating 20 datasets each. We did not impute missing teeth at
7-year follow-up and at baseline interview items if participants
refused examinations. Using imputed data, regression adjustment was
performed, including the same covariates as for IPTW, modelling con-

tinuous variables as restricted cubic splines with three knots to allow
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for non-linearity. Robust sandwich variance estimates were incorpo-
rated into Rubin's rule.

A two-sided p < .05 was considered statistically significant. All ana-
lyses were performed using Stata/SE Version 17.0 (StataCorp, 2021), R
4.1.2 (R Core Team, 2021) and the rms, Weightlt, survey, cobalt, mice,
MatchThem and predictions packages.

3 | RESULTS

3.1 | Characteristics of study participants

Table 1 shows the baseline characteristics of SHIP-TREND-O partici-
pants stratified by IDA use and type. Risk factor profiles differed sig-
nificantly across the four groups. Wooden stick users and interdental
brushers were older and less often current smokers than IDA non-
users and flossers. In contrast, flossers and interdental brushers were
less often male and showed better oral hygiene and care patterns
compared with IDA non-users and wooden stick users. Notably,
percentages of powered tooth brush usage were about 8% higher in
flossers and interdental brushers.

Profiles of dental variables stratified by IDA use and type are
given in Table 2. Change in periodontal variables differed across IDA
types. For example, mean iPD reduced in all IDA subgroups. While
mean iCAL remained unchanged in IDA non-users, a decrease was
observed in wooden stick users (from 2.63 to 2.46 mm), flossers (from
1.77 to 1.65 mm) and interdental brushers (from 2.37 to 2.26 mm).
The iSS decreased by 2 and the number of missing teeth increased by

1 tooth (medians) in all subgroups.

3.2 | Effects contrasting wooden stick users,
dental flossers and interdental brushers with IDA
non-users

In ANCOVA and change score analyses, we compared wooden stick
users, flossers and interdental brushers with IDA non-users (top part
of Table 3). The odds of having higher iPlaque levels was 32%
(OR = 0.68) lower for flossers than for IDA non-users. Furthermore,
in terms of similar trend (but without statistical significance), flossing
had positive effects on follow-up levels of iBOP (OR = 0.79), mean
iPD (OR = 0.78) and mean iCAL (OR = 0.77). Beneficial effects of
interdental brushing in terms of reduced 7-year follow-up levels were
found for iPlaque (OR = 0.73), iBOP (OR = 0.69) and mean iPD
(OR = 0.81). Wood stick users showed negative effects on iPlaque,
iBOP and the CDC/AAP case definition. All IDA types were non-
significantly associated with the iSS and the number of missing teeth.
Finally, applying change score analyses, flossing reduced tooth loss
incidence (IRR = 0.71) compared with IDA non-users.

Including only participants with identical self-reported informa-
tion of IDA use and type at baseline and at 7-year follow-up (bottom
part of Table 3), results were overall confirmative, showing smaller

ORs for effects of flossing and interdental brushing on iPlague, iBOP
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TABLE 1
stratified by interdental cleaning aids usage and type.

Baseline characteristics (SHIP-TREND-O) for participants present in the final model for the number of missing teeth in total and

IDA non-user Wooden stick user Dental flosser Interdental brusher  p-Value®

N 1576 156 230 262
Age, years 47 (37; 58) 57 (47; 64) 47 (37; 56) 56 (45; 64) <.001
Male sex, yes 833 (52.9%) 83 (53.2%) 72 (31.3%) 95 (36.3%) <.001
School education

<10 years 186 (11.8%) 26 (16.7%) 16 (7.0%) 43 (16.4%)

10 years 880 (55.8%) 90 (57.7%) 126 (54.8%) 142 (54.2%)

>10 years 510 (32.4%) 40 (25.6%) 88 (38.3%) 77 (29.4%) .008
Household equivalence income, € f 1450 (1096; 1803) 1184 (836; 1761) 1450 (1096; 2050) 1450 (1096; 1803) .006
Smoking status

Never smoker 585 (37.1%) 60 (38.5%) 92 (40.0%) 114 (43.5%)

Former smoker 600 (38.1%) 61 (39.1%) 90 (39.1%) 111 (42.4%)

Current smoker 391 (24.8%) 35 (22.4%) 48 (20.9%) 37 (14.1%) 017

Brushing 22 times/day, yes 1338 (84.9%) 133 (85.3%) 215 (93.5%) 249 (95.0%) <.001
Toothbrush usage

Manual toothbrush 1135 (72.0%) 113 (72.4%) 148 (64.4%) 169 (64.5%)

Powered toothbrush 435 (27.6%) 41 (26.3%) 82 (35.6%) 91 (34.7%)

None 6 (0.4%) 2 (1.3%) 0 (0%) 2 (0.8%) .019

Dental visit within the last 12 months, yes 1426 (90.5%) 138 (88.5%) 220 (95.7%) 258 (98.5%) <.001

Gum treatment within last 5 years, yes 278 (17.6%) 33 (21.2%) 50 (21.7%) 94 (35.9%) <0.001

Known diabetes mellitus, yes 86 (5.5%) 4 (1.7%) 18 (6.9%) .003

Haemoglobin Alc, % 5.2(4.8;5.5) 5.3 (4.9;5.6) 5.1(4.8;5.4) 5.3(4.9; 5.6) .005

Body mass index, kg/m? 27.1(24.2;30.1) 27.8(25.8; 31.6) 25.7 (23.4; 28.8%) 26.9 (23.9;29.7) <.001

Physical activity, yes 1100 (69.8%) 110 (70.5%) 188 (81.7%) 205 (78.2%) <.001
Last time consulting a doctor (except for a dentist)?

Within the last 4 weeks 597 (37.9%) 63 (40.4%) 92 (40.0%) 97 (37.0%)

Within the last 2-12 months 775 (49.2%) 80 (51.3%) 105 (45.7%) 149 (56.9%)

More than a year ago 204 (12.9%) 13 (8.3%) 33 (14.3%) 16 (6.1%) .015

Participation in cancer screening, yes 922 (%) 114 (%) 161 (%) 205 (%) <.001

Note: Data are presented as median (25%; 75% quantiles) or as number (percentage).

Abbreviation: IDA, interdental cleaning aid.

@Kruskal-Wallis test or Chi-squared test, testing for distributional differences across all four groups.

and mean iPD; effects were slightly (but non-significantly) more pro-
nounced for interdental brushing than for flossing. Effects of flossing
on tooth loss were more pronounced (IRR = 0.56). Also, harmful effects
of wooden stick and IDB use on tooth loss seen in the main analysis
(IRR 1.45 and 1.44, respectively, top panel of Table 3) diminished.

Using imputed data (Table 4), beneficial effects of flossing for
iPlaque, iBOP, mean iPD and mean iCAL in terms of reduced 7-year
follow-up levels were consistently confirmed. Also, positive effects
of interdental brushing on iPlaque and iBOP were confirmed. In con-
trast, interdental brushing was associated with higher odds of higher
levels of the CDC/AAP case definition (OR=1.42 and 1.52).
However, effects of flossing on incident tooth loss (change score
analyses) diminished completely.

Use of alternative modelling strategies yielded confirmative

results (Table A1, supporting information). Flossing was marginally

associated with a 25% decrease in iPlaque levels, while interdental
brushing was significantly associated with a 28% decrease in iPlaque

levels and a 23% decrease in iBOP levels.

3.3 | Moderation of effects by the CDC/AAP case
definition

The baseline CDC/AAP case definition status did not moderate any
effects of IDA use and type on periodontal variables (p for interaction
>.10; Table 5). Nevertheless, we have tabulated predicted means of
periodontal variables for all combinations of IDA use and type with the
baseline CDC/AAP case definition status. Flossing and interdental
brushing were more effective in reducing iPlaque in participants with

moderate or severe periodontitis (by 11.6% and 9.4%, respectively),
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TABLE 4 Confounder-adjusted associations between different types of interdental cleaning aids users with non-users of interdental cleaning
aids (reference) and oral health variables in ANCOVA and change score models (N = 4080) using multiply imputed data of the Study of Health in

Pomerania.

IDA non-user

Wooden stick user

Dental flosser Interdental brusher

Outcome variable OR, g or IRR

OR, g or IRR (95% ClI)

OR, g or IRR (95% ClI) OR, g or IRR (95% ClI)

Using non-linear additive transformation and imputation function

iPlaque, % 1.00 (ref.)
iBOP, % 1.00 (ref.)
Mean iPD, mm 1.00 (ref.)
% sites with iPD 24 mm, % 1.00 (ref.)
Mean iCAL, mm 1.00 (ref.)
CDC/AAP case definition 1.00 (ref.)
Number of interdental sound surfaces 0.00 (ref.)
Number of missing teeth 1.00 (ref.)

Using multivariate imputation by chained equations

iPlaque, % 1.00 (ref.)
iBOP, % 1.00 (ref.)
Mean iPD, mm 1.00 (ref.)
% sites with iPD 24 mm, % 1.00 (ref.)
Mean iCAL, mm 1.00 (ref.)
CDC/AAP case definition 1.00 (ref.)
Number of interdental sound surfaces 0.00 (ref.)
Number of missing teeth 1.00 (ref.)
Change score analysis (N = 4129)

Tooth loss 1.00 (ref.)

1.27(0.94; 1.71)
1.06 (0.81; 1.39)
1.03 (0.75; 1.40)
1.15(0.86; 1.53)
0.88(0.66; 1.16)
1.17 (0.82; 1.68)

—0.36 (—0.52; —0.02)

1.23(0.91; 1.66)

1.16 (0.88; 1.54)
1.06 (0.79; 1.43)
0.98 (0.75; 1.28)
1.09 (0.82; 1.44)
0.84(0.63; 1.11)
1.14 (0.83; 1.55)

—0.41 (—0.46; 0.07)

1.28 (0.96; 1.70)

1.10(0.84; 1.43)

0.70(0.53; 0.92)
0.72(0.57; 0.90)
0.75(0.59; 0.95)
0.81(0.63; 1.03)
0.69 (0.55; 0.87)
0.88 (0.65; 1.19)

0.06 (-0.09; 0.37)
1.06 (0.88; 1.29)

0.68 (0.54; 0.86)
0.75(0.62; 0.92)
0.83 (0.65; 1.05)
0.91(0.70; 1.17)
0.76 (0.59; 0.98)
1.00 (0.74; 1.35)

0.08 (—0.14; 0.30)
1.07 (0.88; 1.30)

0.91(0.71; 1.16)

0.71(0.55; 0.91)
0.75(0.58; 0.95)
0.89(0.71; 1.12)
1.05(0.85; 1.29)
1.17 (0.93; 1.47)
1.42 (1.06; 1.90)

0.13(—0.20; 0.21)
1.24(0.99; 1.55)

0.71 (0.56; 0.92)
0.75 (0.60; 0.93)
0.96 (0.75; 1.24)
1.14(0.92; 1.42)
1.25(1.01; 1.55)
1.52(1.17; 1.96)

—0.11(-0.28; 0.12)

1.37(1.08; 1.73)

1.32 (1.06; 1.64)

Note: Confounder-adjustment using regression. Models: iPlaque, iBOP, % sites with iPD 24 mm, mean iPD, mean iCAL, CDC/AAP case definition, number
of missing teeth: ordinal logistic model; number of interdental sound surfaces: linear model; tooth loss: negative binomial model. Adjusted for baseline
values of the outcome (except for change score analysis), age, sex, education, household equivalence income, smoking, body mass index, known diabetes
mellitus, haemoglobin Alc, toothbrushing frequency, dental visits in the last 12 months and powered tooth brush usage; models for periodontal variables
were additionally adjusted for physical activity and gum treatment within the last 5 years. Continuous variables were modelled via restricted cubic splines

with three knots.

Abbreviations: AAP, American Academy of Periodontology; CDC, Centers for Disease Control and Prevention; Cl, confidence interval; iBOP, percentage of
interdental sites with bleeding on probing; iCAL, interdental clinical attachment level; iPD; interdental probing depth; iPlaque, percentage of interdental
sites with plague; IRR, incidence rate ratio; N, number; OR, odds ratio; p, beta regression coefficient.

though effects were also significant in participants with no or mild
periodontitis (by 6.4% and 5.0%, respectively). Effects of interdental
brushing on iBOP were slightly more pronounced in participants with
no or mild periodontitis (by 10.2%). With regard to mean iPD, effects of
flossing and interdental brushing were comparable in participants with

no or mild or with moderate or severe periodontitis (0.11-0.13 mm).

4 | DISCUSSION

4.1 | Mainresults

Using data from a large-scale prospective cohort study with on aver-
age 7.4 years of follow-up, the effects of IDA use and IDA type on
the 7-year follow-up levels of a wide range of oral-health-related

variables, namely plaque, gingival inflammation, periodontitis

severity, coronal caries experience and tooth loss, were examined,
making an important contribution to current knowledge. Flossing
was associated with significantly reduced odds of higher 7-year
follow-up levels of iPlaque by a factor of 32%. Marginal, but
direction-consistent effects were observed for iBOP, mean iPD and
mean iCAL. Beneficial effects of IDBs in terms of reduced odds for
higher 7-year follow-up levels were found for iPlaque (by 27%) and
iBOP (by 31%). Converted to predicted margins (Table A1, support-
ing information), flossing and interdental brushing resulted in
5%-6% lower means of iPlaque, 3%-5% lower means of iBOP and
0.05 mm lower means of mean iPD (for flossing) compared with IDA
non-users. In change score analyses, flossing reduced the rate of
tooth extractions by 29% compared with IDA non-users. None of
the different IDA types was associated with coronal caries (iSS).
Using imputed data, beneficial effects of dental flossing and inter-

dental brushing were confirmed.
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TABLE 5

HOLTFRETER ET AL.

Effect moderation by CDC/AAP case definition status (no/mild vs. moderate/severe periodontitis): Predicted means of oral health

variables for combinations of the CDC/AAP case definition with interdental cleaning aids use and type using complete case data of the Study of

Health in Pomerania.

Outcome
variable Nobs. CDC/AAP category IDA non-user
iPlaque, % 1038 No/mild 19.7 (17.8; 21.5)
983 Moderate/severe 33.2(31.0; 35.3)
iBOP, % 1031 No/mild 20.2 (18.6; 21.9)
966 Moderate/severe 24.0(22.3; 25.8)
Mean iPD, mm 1030 No/mild 2.54 (2.50; 2.58)
967 Moderate/severe 2.95(2.90; 2.99)
% sites with iPD 1030 No/mild .3(6.3;8.3)
it 967  Moderate/severe  22.9 (21.2; 24.7)
Mean iCAL, mm 1023 No/mild 1.82(1.76; 1.87)
948 Moderate/severe 2.75(2.67; 2.84)

Interdental p for effect
Wooden stick user  Dental floss user  brush user moderation
24.1(17.0; 31.3) 13.3(9.8; 16.7)° 14.7 (10.0; 19.4)°
37.1(31.7; 42.4) 21.6(16.4;26.8)0 23.8(20.0;27.6)° .910
22.7 (16.9; 28.4) 17.2(13.7;20.7)  10.0(6.7; 13.3)*
24.2 (20.0; 28.5) 18.7(14.4;23.0) 21.6(18.3;249) .196
2.62(2.48; 2.76) 243(2.35;2.52 2.42(2.31;2.52)
2.84(2.72; 2.96) 2.82(2.70;2.95)  2.82(2.73;2.91 .340
10.3 (6.3; 14.5) 5.8(3.8;7.9) 6.6 (3.9; 9.3)
21.1(16.9; 25.4) 17.5(13.3;21.8)  19.1(15.8;22.3) .438
1.79 (1.58; 1.99) 1.69 (1.58; 1.81)*  1.75(1.59; 1.91)
2.72 (2.48; 2.95) 2.58(2.34;2.81) 2.82(2.64;3.00) .826

Note: Confounder-adjustment using inverse probability treatment weighting performed within strata of the effect moderator. Models: iPlaque, iBOP, %
sites with iPD 24 mm: Fractional response model; Mean iPD, mean iCAL: GLM with gamma distribution and log link. Adjusted for baseline values of the
outcome, age, sex, education, household equivalence income, smoking, body mass index, known diabetes mellitus, haemoglobin Alc, toothbrushing
frequency, dental visits in the last 12 months, and powered tooth brush usage; models for periodontal variables were additionally adjusted for physical

activity and gum treatment within the last 5 years.

Abbreviations: AAP, American Academy of Periodontology; CDC, Centers for Disease Control and Prevention; Cl, confidence interval; iBOP, percentage of
interdental sites with bleeding on probing; iCAL, interdental clinical attachment level; iPD; interdental probing depth; iPlaque, percentage of interdental
sites with plaque; IRR, incidence rate ratio; N, number; OR, odds ratio; f, beta regression coefficient.

ap < .05 for average marginal effects versus IDA non-users.

4.2 | Interdental cleaning potentially reduces
plaque, gingival inflammation and periodontal
inflammation

In SHIP-TREND, dental flossing and interdental brushing noticeably
reduced 7-year follow-up levels of iPlaque and iBOP, while marginal
effects were observed for mean iPD, thereby reflecting the aetiology
from plaque accumulation to gingival inflammation to periodontitis sever-
ity. Our study contributes to the evidence stemming from clinical
(Amarasena et al., 2019; Berchier et al., 2008; Hoenderdos et al., 2008;
Kotsakis et al, 2018; Poklepovic et al., 2013; Salzer et al., 2015;
Sambunjak et al., 2019; Slot et al., 2008; Worthington et al., 2019) and
large-scale epidemiological studies (Cepeda et al, 2017; Chaffee
et al., 2020; Kim & Han, 2021; Lang et al., 1995; Marchesan et al., 2018,
2020; Pitchika et al., 2021), confirming that regular effective flossing
and interdental brushing can promote gingival and periodontal health.
Nevertheless, limited, and partly low-quality, evidence from clinical and

epidemiological studies warrants further research.

4.3 | Effects of dental flossing and interdental
brushing on attachment loss

In this study, we observed positive effects of flossing on mean iCAL,
which were even more pronounced in participants with no or mild
periodontitis (predicted means of 1.69 vs. 1.82 mm in IDA non-users;
Table 5). This is in line with a previous study which showed that

subjects who exhibited acceptable flossing had less attachment loss

1995). Also, analyses of the 654 Piedmont Study
(Marchesan et al., 2020) showed that elderly flossers had a lower
percentage of iCAL =3 mm (38.2% vs. 48.8%) compared with

non-flossers. Furthermore, frequent flossing (4-7 times/week) was

(Lang et al,

associated with lower extents compared with less frequent flossing.
Interestingly, some models indicated an opposite effect on iCAL
for interdental brushing (Tables 4 and A1, supporting information).
Furthermore, in participants with moderate or severe periodontitis,
predicted mean iCAL at follow-up was higher in IDB users than in IDA
non-users (2.82 vs. 2.75 mm; Table 5). The reasons for this can be
seen in the following facts. First, we did not have data on whether our
participants were instructed in interdental cleaning by prophylaxis
assistants or dental hygienists. The recommendation to floss the inter-
proximal area when the mouth is primarily healthy is widespread
because there must be enough space to allow the passage of an IDB
without traumatizing the gingiva (Poklepovic et al., 2013). It is more
likely that participants with periodontal problems generally have
larger interdental spaces and have previously been instructed by
prophylaxis assistants or dental hygienists to use IDBs instead of
floss, regardless of whether they received periodontal treatment. If
the conditions are met, IDBs are more effective than dental floss,
especially on the concave tooth surfaces (Chapple et al., 2015;
Schiffner et al., 2007). A study on the patient's compliance for inter-
dental care reported that subjects were more than twice as likely to
use IDBs compared with floss. They were also willing to use IDBs on
a daily basis (Imai & Hatzimanolakis, 2010), whereas daily flossing
showed low adherence among patients (Asadoorian & Locker, 2006).

However, if IDBs are not used adequately, they can be harmful to
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the soft tissue. Similarly, for wood stick users, a review also reported
potential soft-tissue trauma (Sambunjak et al., 2011). Taken
together, results potentially indicate incorrect application of floss
and IDBs and thus a need for general training for the use of inter-

dental care products in dental practices.

4.4 | Interdental cleaning might be beneficial for
coronal caries

The generally observed increase in caries-free surfaces was assumed
to be mainly attributed to fluoridated toothpastes (Walsh et al., 2019),
while the use of IDAs was so far regarded as a mainstay for prevent-
ing periodontitis. However, as the caries demineralization process is
closely linked to plaque accumulation and biofilm development, and
as in adults approximal surfaces are most affected, we assumed that
we might detect beneficial long-term effects of plaque-control
through interdental care on caries experience (Pitchika et al., 2021).
However, while in SHIP-TREND, effect estimates for the iSS were
non-significant, allowing no further conclusions, previously published
studies suggest that, when performed effectively, flossing might
potentially be an efficacious approach to prevent dental (proximal)
caries (S. J. Kim, Lee, et al., 2022). Specifically, IDA use and flossing
were cross-sectionally associated with lower levels of coronal
(Marchesan et al., 2018, 2020) and proximal caries (S. J. Kim, Lee,
et al., 2022). Furthermore, changes in IDA use explained a sizeable
portion of changes in the number of sound surfaces in different age
cohorts (Pitchika et al., 2021, 2022).

4.5 | Evidence for the endpoint tooth loss is
inconsistent

SHIP-TREND results were mixed: flossing reduced tooth loss inci-
dence by 29% compared with IDA non-users, while ANCOVA
models indicated non-significant associations of IDAs with the num-
ber of missing teeth. Unfortunately, there is limited epidemiological
data regarding the effects of IDA use on tooth loss. One of the few
observational studies that served long-term data reported that
baseline and long-term flossing in combination with brushing
(and prophylaxis) was associated with increased baseline tooth
counts and less tooth loss (Kressin et al., 2003). Later IDA use was
cross-sectionally associated with fewer missing teeth (Marchesan
et al., 2018), and flossing was associated with less 5-year tooth loss
(Marchesan et al., 2020). Furthermore, changes in IDA use signifi-
cantly contributed to observed changes in the number of teeth over
the study period (Pitchika et al., 2021, 2022). In contrast, no preven-
tion of tooth extractions by interdental cleaning in the following
12 months could be demonstrated using data from the Population
Assessment of Tobacco and Health Study (adults aged 18+ years)
(Chaffee et al., 2020), which is probably due to the short follow-up
period. Thus, evidence for tooth loss is inconsistent, and further

large-scale long-term surveys are demanded.
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4.6 | Clinical relevance of interdental cleaning
Assessing the effects of IDA use on the progression of caries, gingivitis
and periodontitis is complex and difficult. However, all the oral diseases
mentioned here have one thing in common: they are caused by a path-
ogenic biofilm. And to prevent biofilm-induced oral diseases, patients
should be encouraged to improve their oral hygiene. This includes regu-
lar toothbrushing (preferably using powered tooth brushes) and inter-
dental care for mechanical plaque removal at home and (at least) yearly
dental check-ups with a professional dental cleaning. In this study, the
protective effect of dental floss and interdental brushes on iPlaque was
particularly evident in periodontitis cases (Table 5), while, surprisingly,
the effect of interdental brushing on iBOP was more pronounced in
non-periodontitis cases. Furthermore, flossing and interdental brushing
were equally effective in reducing mean iPD both in non-periodontitis
and periodontitis cases (0.11-0.13 mm), which roughly corresponds to
the natural 10-year increments of the mean PD in this cohort
(Schutzhold et al, 2015). Encouragingly, IDA use among adults
increased from 29.5% to 62.0% and among seniors from 7.8% to 49.7%
between 1997 and 2014 (Pitchika et al., 2021), pointing to a substan-
tially increased awareness of the German population for the need to
interdentally clean their teeth. Imfeld has shown, however, that there is
a big difference between the reported use of IDAs and their sales fig-
ures (Imfeld, 2010). Further, the reported frequencies of IDA use pro-
vide no information about regularity and correct use. Flossing, for
example, is very difficult and technically demanding (Wolffe, 1976) and
most people do not do it correctly (Lang et al., 1995). But even IDBs
and wooden sticks are not easy to use for every patient. Therefore, it is
very important that patients are motivated not only to use IDAs
but also to use them correctly. Besides instruction in right timing, fre-
quency, correct insertion and handling of IDAs (Carrouel et al., 2016),
the dental hygienists have to install a self-efficacy, planning and self-
regulatory mechanism in order to make interdental cleaning a daily
behaviour (Hamilton et al., 2017).

4.7 | Strengths and limitations

The study had several strengths. First, this is one of the very few
large-scale cohort studies evaluating the effects of IDA use on various
oral disease variables, ranging from plaque to gingival inflammation,
periodontitis severity, caries and tooth loss. Second, examinations
were conducted according to high standards, and examiners were
continuously trained and calibrated, ensuring high data quality. Third,
we conducted IPTW to control for confounding; while IPTW summa-
rizes all characteristics into a single covariate, it can be combined with
advanced regression methods.

Among the limitations, there could be a selection bias, as mainly
healthier subjects with better compliance and health awareness might
have been selected. To tackle this issue, we multiplied imputed
missing values, yielding confirmative results regarding direction and
strength of effect estimates. Second, caries and periodontal measure-

ments were recorded using a half-mouth protocol, which is known to
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underestimate disease severity (Heaton et al, 2018). For
measurements such as mean iPD/iCAL, the level of bias associated
with half-mouth partial recordings is nevertheless small. In general,
effect estimates are shifted towards the null effect (Akinkugbe
et al., 2015). Third, we do not know how long (prevalent user bias)
and with what regularity IDAs were used before the baseline.
Although participants reported using IDAs ‘daily’, detailed information
was not available. Such information would have been relevant, how-
ever, as frequent use of IDAs was associated with improved periodon-
tal health (Lang et al., 1995; Marchesan et al., 2018). Furthermore, as
the quantity and quality of interdental brushings is often overesti-
mated in self-reports (Imfeld, 2010), the effects of daily IDA use may
even have been underestimated in this study, assuming a dose-
response relationship. Fourth, methodological issues related to mea-
surements of periodontal variables, including measuring inaccuracies
and non-use of magnifying classes, might explain comparably low
levels of iPlaque in this study. Fifth, we modelled effects of baseline
IDA status and type on 7-year follow-up levels of oral health variables,
thereby ignoring potential changes in the type of IDA used. Indeed,
29.3% of IDA non-users turned into regular IDA users, while 26.6% of
regular IDA users turned into IDA non-users (Table A2). We thus
repeated the analysis by including only participants with identical self-
reported information on IDA use and type at baseline and at 7-year
follow-up (Table 3), revealing that effects of flossing and interdental
brushing were even more pronounced.

5 | CONCLUSIONS

We provide further evidence in favour of recommending IDAs, specif-
ically dental floss and IDBs, in combination with daily toothbrushing.
Using data from the population-based SHIP-TREND cohort, we found
beneficial effects of IDA use on plaque, gingival inflammation and
periodontitis severity at the 7-year follow-up. However, no conclu-
sions for hard endpoints like caries and the number of missing teeth
could be derived. Nevertheless, current evidence implies that self-
reported home use of IDAs, even if quality and quantity is unknown in
most cases, may prevent plague accumulation, which is a necessary
cause of caries, gingivitis and initially of periodontitis. Thus, recom-
mending IDAs in dental practice could be a promising approach to
prevent caries and periodontal diseases. Nevertheless, further large-
scale, long-term epidemiological studies, including also hard endpoints
like tooth loss, and well-designed long-term randomized clinical trials

are needed.
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