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Abstract

Background: As the need for care increases with higher age, so does the need for assistance with oral hygiene. A
recent study analyzed the clinical effectiveness of oral hygiene assistance provided by caregivers. The current second-
ary analysis of this study aimed to assess pleasant and unpleasant perceptions of patients while being brushed and to
investigate whether these perceptions depend on the qualification of the person brushing and the type of tooth-
brush used (manual vs. powered).

Methods: First, a qualitative study was conducted. This aimed at developing the questionnaire. [tems were extracted
on the basis of qualitative interviews with a sample of 6. A delphi process ensured the content validity of the final
instrument. The main study comprised 39 periodontitis patients with reduced oral hygiene capability randomized to
one of four groups: brushing carried out by trained laypeople or dental professionals, each using a manual or pow-
ered toothbrush at three different time points during anti-infective periodontal therapy. Patient perceptions of the
third-party toothbrushing were assessed immediately after brushing.

Results: Patients reported mainly positive feelings regarding being brushed by a third person and the interaction
with this person during brushing. Neither the professional background of the brushing person nor the type of brush
had a significant influence on pleasant and unpleasant perceptions (all F < 3.30, all p>0.07, all n?<0.10).
Conclusions: Patient perceptions of third-party toothbrushing are mainly positive regarding wellbeing and interac-
tions with the toothbrushing person, and do not depend on the qualification of the brushing person or the tooth-
brush used (manual versus powered).

Trial registration https.//www.germanctrde, No. DRKS00018779 (04/11/2019).

Keywords: Oral hygiene, Dental prophylaxis, Toothbrushing, Caregivers, Oral health, Dental care for elderly,
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Background

As the average life expectancy increases in Western
countries, so does the number of older people with
comorbidities and cognitive impairment that are associ-
ated with higher care needs and oral health problems. In
particular, the prevalence of periodontitis and root caries
“Correspondence: gretabarbe@uk-koeln.de requiring treatment and prosthetic care is high, requiring
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Several factors contribute to the increased need for oral
care in older people. The progressive loss of oral hygiene
capability is associated with an increasing number of
comorbidities, manual restrictions, and cognitive decline
with age, but also with oral neglect as patients pay less
attention to their oral hygiene and the progressive oral
health problems that can occur [6, 7]. Older people need
to be aware that their daily oral hygiene routine, which
might once have been satisfactory when they were
younger, may become less efficient and effective as they
age. The resulting decline in oral care which also results
in increasing oral health problems is a chronic process.
In most cases it begins at home and may emerge before
other aspects of self-care warrant external assistance.
This process of gradual decline of the quality and capa-
bility of oral health care has formerly been called “oral
transition phase of aging” [8]. From an oral health point
of view it is important to intervene early in this phase in
order to prevent those predictable oral health problems
like increased plaque levels followed by gingivitis and
periodontitis and daily assistance from trained staff may
be required, such as third-party toothbrushing or den-
ture cleaning. Such assistance could help to ensure stable
oral health and could help to postpone (or even prevent)
the deterioration of oral health with increasingly wors-
ening oral hygiene skills with increasing age. This assis-
tance in form of regular toothbrushing by third parties in
addition to the own daily oral hygiene has been shown to
be equally effective in terms of reduction of plaque and
inflammation when provided by dental professionals
or trained laypersons [9]. This opens new perspectives
how to implement early dental care in the oral transi-
tion phase of aging. However, little is known about how
patients would perceive such a service or who they would
prefer to provide it.

If the use of trained laypeople or dental professionals
to brush teeth is to be transferred to a daily care model in
patients with reduced oral hygiene capability, it is essen-
tial whether the procedure is perceived as acceptable
or instead triggers alienation and negative feelings such
as shame or fear. Furthermore, it is important to deter-
mine whether the professional background of the tooth
brusher or the kind of toothbrush used (powered vs.
manual toothbrush) would influence patient perceptions
of third-party toothbrushing. The present study thus
aimed to assess, whether patient perceptions and sensa-
tions when toothbrushing was performed by a third party
differed according to the qualifications and competence
of the toothbrusher, as well as the type of toothbrush
used. The null hypothesis is that perceptions of patients
would not differ between assistance provided by laypeo-
ple versus dental professionals or the type of toothbrush
used (manual vs. powered).
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Methods

Ethics and study registration

The University of Cologne local ethics review board
approved the study (19-1407, date 08-19-2019), which
was registered in the German Clinical Trials register
(https://www.germanctr.de; number DRKS00018779;
date of registration 04/11/2019). All methods were per-
formed in accordance with the relevant guidelines and
regulations (Declaration of Helsinki). The clinical data
assessed within this study have already been published
[9]. The current analysis focuses the positive and negative
patient perceptions of wellbeing during the third-party
toothbrushing, as well as pleasant and unpleasant sen-
sations regarding the interaction with the tooth brusher
and the quality of their cleaning.

Pilot study: development of a questionnaire

for the assessment of patients’ perceptions and sensations
with regard of being brushed by a third person

No questionnaires were available in the literature to
assess patient perceptions with respect to their experi-
ence when having their teeth brushed by a third party.
Thus, a pilot study was conducted to develop a question-
naire. First, AGB and RD identified topics that might be
important for patients when being brushed by a third
party. AGB then interviewed six people who had expe-
rience of brushing the teeth of other people. These con-
sisted of dental professionals who brushed teeth on a
regular basis during instructions for oral hygiene, espe-
cially in older patients, as well as parents who brushed
their children’s teeth and adult children who regularly
brushed the teeth of older parents in need of care. AGB
was careful to ask open-ended questions such as “how
do you think the other person perceived this situation?”
She then transcribed the interviews and AGB and RD
independently extracted any information regarding
the patients’ perception of the situation. RD then con-
structed a set of items to cover the aspects named in
the interviews (see Table 1). The items were presented
in German, along with a verbally-anchored scale with
five levels that represent equidistant answer alternatives
(strongly disagree/disagree/neither agree nor disagree/
agree/strongly agree) [10]. RD and AGB discussed the
final questionnaire with their respective team in order
to identify any topics that might have been missed. As
a final step, UW, RD, and another psychologist from the
department of RD independently gathered the items into
scales and discussed their results in a Delphi procedure.
This led to four scales referring to positive and negative
aspects of wellbeing, as well as pleasant and unpleasant
sensations regarding the experience of being brushed
(Additional file 1). The questionnaire was presented in a
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Table 1 Scales of the questionnaire and internal consistencies
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Scale (Crohnbach’s a)

Items (translated from German)

Positive aspects of wellbeing (0.89)

Negative aspects of wellbeing (0.87)

Pleasant sensations regarding the experience of being brushed (0.87)

Unpleasant sensations with regard to the experience of being brushed (0.91)

That someone else brushed my teeth...

...was fun for me

...gave me joy
..l found normal
..made me feel good
..l found helpful
..l found pleasant
..I found motivating
..I found reassuring
..l found disgusting
..I found shameful
..I found uncomfortable
..I found distressing
..I found disconcerting
..I'found too intimate
..I found embarrassing

...l found invasive

When the other person brushed my teeth...

... I was confident that the person could do this well
..l had the impression that the person was well prepared
..he/ she was skilful in handling the toothbrush
.| felt respected

...the cleaning person enjoyed it
..l was looking forward to the result

...the cleaning person was proud of it
..he/ she enjoyed it
..I'was grateful that he/she was doing it
..he/ she took great care to make me feel comfortable
..l was afraid during the cleaning that the person would hurt me
..he/ she hurt me
..I' was unsure how to behave
..l was worried that the person would hurt me
.. felt that it was taking too long
..it was difficult to find a comfortable position for me

...the cleaning person caused me pain

... felt helpless
.| felt like a kid
..I felt embarrassed that | do need it

.| felt uncomfortable
..I'was unsure how to behave

..I'was afraid of contact

.| felt patronized

..I'had the feeling that he/she was getting too close to me
..I'had the feeling that he/she felt uncomfortable

.. felt that he/she was exceeding my limits
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computer-assisted cloud-based format (SoSci survey, ver-
sion 3.1.06; Leiner, 2019) via a tablet computer, the origi-
nal version (German) is presented in Additional file 2.

Main study: influence of the professional background

of the third party brushing the teeth and the type

of the tooth-brush used

Study design and experimental variables This is a sin-
gle-blinded randomized 2 x 2 factor study with the fac-
tors professional background of the third party brushing
the teeth (laypeople vs. dental professionals) and the type
of tooth-brush being used (manual vs. powered). Results
regarding the primary outcome of this study i.e. plaque
removal have already been published. The current analy-
sis focuses on the secondary outcome, patient perceptions
[9].

Laypeople vs. dental professionals Laypeople had to
meet certain requirements and receive brushing train-
ing for inclusion in the study. The cleaners were recruited
through an advertisement at the dental department of
the Cologne University Hospital and could volunteer to
participate in the study. In accordance with the core com-
petencies and skills described for dental professionals in
Germany, criteria were determined to reflect a minimum
level of competence of brushing and interdental cleaning.
Dental personnel trained in cleaning had to have at least
level “ZMP” (dental assistant) to be included in the den-
tal professional brushing pool, comprising dental nurses
from the department of Operative Dentistry and Peri-
odontology. Details of the specific training content have
previously been described [9].

Manual vs. powered toothbrush Patients were brushed
either with a manual toothbrush (Cross Action, Oral-B,
Procter & Gamble, Schwalbach, Germany) or a powered
toothbrush (Oral B Professional Care, Oral-B, Procter &
Gamble, Schwalbach, Germany).

Study population

The study population comprised patients treated by den-
tal students at the Department of Operative Dentistry
and Periodontology, University Hospital Cologne, who
had a periodontitis diagnosis and reduced domestic oral
hygiene. The population is described regarding their clin-
ical characterization in the recent study protocol [9]. This
study population was selected because it was considered
representative of older people with early onset of inad-
equate oral hygiene.
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Procedure

Baseline (BL)

On the first study appointment (BL), oral hygiene indices
were recorded before patients brushed their own teeth
(using their own toothbrush brought from home to the
appointment) and immediately afterwards. Oral hygiene
instructions and motivation were provided to the patient,
followed by professional tooth cleaning. Subsequently,
patients were randomized equally to one of the four
study groups (layperson-+manual toothbrush, layper-
son + powered toothbrush, dental professional + manual
toothbrush, dental professional + powered toothbrush).
Randomization was performed on the basis of pull-
ing sealed opaque envelopes by a person otherwise not
involved in the study.

Follow-up 1 (FU-1)

At the second appointment 1 week after baseline (FU-
1), oral hygiene indices were initially collected, followed
by external cleaning performed according to the study
group. A second measurement of oral hygiene indices
was then performed, along with patient motivation and
instruction, and a short professional tooth cleaning.
Finally, patients’ perception of the brushing procedure
was assessed.

Follow-Up 2 (FU-2)

On the third appointment 1 week after FU-1 (FU-2),
after collection of oral hygiene indices, patients cleaned
their own teeth in accordance with BL (i.e., using their
toothbrush brought from home) and oral hygiene indi-
ces were again measured. This was followed by exter-
nal cleaning performed according to study group, as
per FU-1. Oral hygiene indices were measured again,
followed by the last short professional tooth clean-
ing. Finally, patients’ perception of the procedure was
assessed once more.

Outcome parameters

The present analysis focuses on patient perceptions
regarding being brushed by a third party as assessed by
the questionnaire. This data was considered a secondary
endpoint in the study design. Information on primary
outcomes (i.e. oral hygiene) and further clinical data (the
total number of teeth, the decayed, missing, and filled
teeth (DMFT) Index, prosthetic situation, periodontal
status, and oral hygiene habits and inflammation indices)
have previously been presented [9].
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Sample size

The primary endpoint of the overall study [9] was the
clinical outcome parameter Quigley-Hein-Index [11-—
13]. To detect an effect size of d=1 with a=5% and
power =80% between two unpaired groups and account-
ing for 15% dropouts resulted in a sample size of n=40,
to be divided equally between the four study groups (lay-
people using a manual (n=10) or powered toothbrush
(n=10) or dental professionals using a manual (n=10)
or powered toothbrush (n=10)).

Statistical analysis

To ensure the quality of the questionnaire data reliability
analyses were run with the data of FU 1 to identify and
exclude items with insufficient item characteristics (item
scale correlations r;, <0.25). Data were analyzed descrip-
tively, and absolute and relative frequencies are presented
for qualitative variables, and mean (standard deviation,
SD) for quantitative variables. To test the hypothesis that
the qualification of the person and the type of toothbrush
would affect the patients’ wellbeing and sensation regard-
ing the pleasantness of the experience, a two-way analy-
sis of variance (ANOVA) with two between factors was
computed for each of the scales at FU 1 and FU 2, respec-
tively. Factor 1 was the qualification of the brushing per-
son (laypeople vs. dental professionals) and factor 2 was
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the type of tooth brush (manual vs. powered toothbrush).
The significance level was set at 5%; no a-error correc-
tion was applied due to the pilot character of the study
and the low number of patients. Statistics were calculated
using SPSS Statistics 27 (IBM Corp., Armonk, NY, USA).

Results

Patient and clinical characteristics

Overall, 39 patients with periodontitis before anti-
infective periodontal therapy participated in the study,
and 35 completed the questionnaire (n=35 at FU-1
and FU-2; Fig. 1). Numbers between reported clini-
cal parameters and questionnaires differ because some
participants underwent the clinical examination but did
not participate in the subsequent questionnaire. Par-
ticipants were included from October 2019 until March
2020. There were three dropouts before follow-up 2 due
to the COVID19 close-down of the study center. There-
fore, clinical results were recorded for nine patients in
each study group. Patient characteristics have already
been published [9]. Briefly, according to the data from
the recent publication, 23 (59.0%) patients were female
with a mean age of 56 (SD 13) years. They presented
with a mean number of teeth of 24.3 (SD 5.8). At home,
patients mainly used manual toothbrushes (77%). The
mean Quigley-Hein plaque index was 1.5 (SD 0.5) at

Third-party tooth brushing Third-party tooth brushing
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oy laypeopie
marvsal toothbrush
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v L 4

Third-parnty tooth brushing
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Third-party tooth brushing
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Fig. 1 Study flow chart with the numbers of participants of the clinical trial and the number of completed questionnaires in each group (total of 70
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Table 2 Intercorrelations (Spearman’s rho) between scales at
Follow-up 1and 2

Scale Wellbeing/ Wellbeing/ Pleasant  Negative
positive negative sensations sensations

Wellbeing/posi- —042 0.77 —0.18

tive

Wellbeing/nega-  —040 —052 0.73

tive

Pleasant sensa- 0.68 —045 —045

tions

Negative sensa- —-0.31 0.76 —0.50

tions

Lower triangle: intercorrelations at follow-up 1; upper triangle: intercorrelations
at follow-up 2. Wellbeing/positive: positive aspects of wellbeing; wellbeing/
negative: negative aspects of wellbeing; pleasant sensations: pleasant
experience of being brushed by a third party; negative sensations: negative
experience of being brushed by a third party

baseline and the mean marginal plaque index was 0.7
(SD 0.2). Periodontal inflammation showed a mean PBI
value of 0.8 (SD 0.8) and according to the new clas-
sification of periodontal disease, most patients were
classified as stage 2 and 3 and Grade B and C. Patients
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suffered from 1.4 (SD 0.37) comorbidities on average,
with a mean medication intake of 1.9 (SD 2.8) medi-
cations. None of those comorbidities was cognitive
decline or dementia, none of the patients reported
manual impairment at the upper extremities.

Item characteristics and internal consistency

of the questionnaire scales

Reliability analyses revealed 4 items that had to be
excluded due to insufficient item characteristics (see
Additional file 1). The scales formed by the remain-
ing items (Table 1) showed good internal consistencies
(Cronbach’s alpha: 0.87-0.91) and moderate to high
intercorrelations (Table 2) and were used for the final
analyses.

Psychological endpoints

FU-1

Regarding the psychological endpoints, neither the tooth-
brushing device (all F<0.55, all p>0.46, all n?<0.02), the
qualification of the cleaning person (all F <1.03, all p >0.30,
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Fig. 2 Patient perceptions when teeth were brushed the first time by a third party (follow-up 1) described by the means and standard error of the
means (SEM) of the four scales. ANOVAs revealed no significant group differences (all p >.05)
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all n?<0.04), nor the interaction between the toothbrush-
ing device and cleaning person (all F <2.20, all p>0.14, all
n?<0.07) had any significant effects at FU-1. Means and
standard errors of the mean (SEM) of the respective scales
assessed at FU-1 are shown in Fig. 2, which illustrates
the perceptions of participants when they got their teeth
brushed for the first time by a third party.

FU-2
Similar results were found regarding the psychological
endpoints at FU-2. Neither the selection of the tooth-
brush (all F<3.30, all p>0.07, all n><0.10), the qualifica-
tion of the cleaner (all F<0.84, all p>0.35, all n><0.03),
nor the interaction between the toothbrushing device
and cleaning person (all F <4.00, all p>0.05, all n?<0.12)
had a significant influence. Means and SEM of the
respective scales assessed at FU-2 are shown in Fig. 3,
which illustrates the perceptions of patients when their
teeth were brushed for the second time by a third party
after brushing themselves at this appointment.

A retrospective power analysis based on the observed
effect sizes, the actual ample size and the significance
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level at 5% reveals probabilities between 5 and 53% to
reject the null hypothesis.

Discussion

Results of the present study have demonstrated that
patients perceived being toothbrushed by a third person
to be a positive experience. Neither the type of tooth-
brush nor the qualification of the toothbrusher (dental
professional vs. trained layperson) had an influence of the
patients’ subjective wellbeing or the pleasantness of the
interpersonal interactions and the brushing experience.
Previously it has already been demonstrated that these
factors would not affect clinical outcomes (i.e., plaque
and gingivitis parameters) [9]. The current analyses now
demonstrate that the psychological experience is not
affected as well. Thus, results of the present study indi-
cate that toothbrushing by an appropriately trained third
party is a realistic measure from a patient perspective to
support daily oral hygiene early and can help to redress
inadequate oral hygiene capabilities. Of course, the long-
term success of such a measure is dependent on various
factors, including appropriate training, the low-threshold
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availability of such a measure, and long-term acceptance
by the people who need such teeth brushing.

To our knowledge, there has been no other research on
patient perceptions of daily brushing of teeth by third par-
ties. However, one study did use qualitative surveys to
describe how daily oral care by nursing staft worked for peo-
ple in need of care from different perspectives [14]. These
authors recommended that the dimensions "psychological,"
"environmental,” and "functional” should be included in
the planning and investigation. Our results fill part of this
requirement, namely including the patient’s perspective.

Working on the long-term acceptance of oral hygiene
interventions is described and required often in the field
of periodontology, where the cooperation and motivation
of the patient make a significant contribution to long-
term therapy adherence and the expected success of the
therapy [15-17]. Acceptance of third-party toothbrush-
ing has to overcome the important issue that the admis-
sion of another person (e.g., a spouse or relative) past the
intimate barrier of the mouth is necessary. In our study,
the patients were basically able to carry out oral hygiene
themselves. Future studies should investigate how such
an approach is evaluated in long term care patients and
what are the possible barriers and facilitators there.

Earlier studies have demonstrated that attitudes of
healthcare workers in general fluctuate between mod-
erately positive and negative [18-21], with a negative
approach often resulting in a lower quality of treatment.
Furthermore, the attitude of dental professionals has
been found to influence their willingness to provide den-
tal services to older populations [22]. In the current study
special emphasis was placed on training those who pro-
vided the care an empathetic approach to the patients.
The current data indicate that this led to beneficial results
both in terms of clinical data and patient acceptance.
These findings should be considered when planning to
involve different groups people in such brushing meas-
ures. It is important to ensure consistent professional-
ism, regardless of personal attitudes, and future research
and clinical training must deal with how standards can be
developed and conveyed for people who brush third par-
ties. Also, services such as third-party toothbrushing cost
money. Again, besides the apparent clinical benefit, the
measure should be perceived as helpful and pleasant by
patients for the willingness to pay for such offers in the
long term, especially if such a service is not yet part of
a statutory health insurance management. Additionally,
the cost-effectiveness of such measures needs to be care-
fully analysed in the future. Such measures must never
have the intention of substituting professional dental
intervention. Measures such as tooth brushing by a third
party can only be understood as a supplement and should
always be combined with regular dental care.
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The current study has its strength in that it addresses a
yet neglected topic: The psychological experience of peo-
ple who get their teeth brushed by a third party. It also
analyses whether dental professionals must provide this
service or whether laypeople could be similar effective in
terms of patient satisfaction. Despite these strengths the
study also has some limitations.

The main limitation of our study is that the included
group of participants received oral hygiene training due
to their affiliation to an anti-infective periodontitis pro-
gramme at the department. Therefore, presumably they
were most likely to be able to maintain after this instruc-
tion and increased plaque levels at baseline depended on
their insufficient cleaning habits at home. Also, none of
the participants reported cognitive impairment, manual
impairments and it was a middle-aged population. With
regard to the external validity, the results of this study
can therefore only be evaluated without restrictions for
this relatively healthy patient population. Future stud-
ies that address the population of people with care need
who do not have adequate oral hygiene due to manual
impairment, comorbidities or cognitive decline are
needed. Nevertheless, external toothbrushing by lay-
people—when combined with a patient’s personal oral
hygiene regime, regular dentist visits, and regular pro-
fessional tooth cleaning sessions—could be one way to
increase oral hygiene among populations with reduced
oral hygiene capability. Another limitation refers to the
questionnaire in use and its development. According to
the pilot character of the present study no group of expe-
rienced patients who already get their teeth brushed by
a third person was available for interviews or a formal
validation of the questionnaire. Nonetheless, the authors
and their teams approved the content validity of the
items and the analyses of internal consistency indicate a
very good reliability of the scales. Yet, future studies are
needed to further validate this instrument. Furthermore,
one might consider the retrospectively calculated power
as a limitation. The a priori conducted power analysis
resulted in a sample size of n=40 in order to detect large
effects. The observed effect sizes are rather small and in
order to find such effects to be statistically significant, the
study is underpowered. However, from a clinical perspec-
tive such small effects are probably not relevant either.

Conclusions

Third-party brushing was associated with positive patient
perceptions regarding wellbeing and interactions with
the tooth brushers, with no difference between trained
laypeople and dental professionals or the type of tooth-
brush used (manual versus powered toothbrush). Since
the positive perception of such measures, in addition to
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their long-term clinical effectiveness, is a decisive factor
in determining whether they will also work in everyday
clinical practice, this is an important aspect when plan-
ning such oral hygiene measures.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-022-02296-x.

Additional file 1. English questionnaire in the order they were presented
by the tablet computer (translated from German; for German original, see
Additional file 2).

Additional file 2. German questionnaire in the order they were presented
by the tablet computer.
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