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Abstract
Aim: To identify the best available evidence for the effect of toothbrushing on
the initiation and progression of gingival recession and non-carious cervical
lesions (NCCLs).
Methods: A protocol was developed for the questions: Does traumatic toothbrush-
ing, compared to normal toothbrushing, lead to an increased prevalence of non-
inflammatory gingival recession? [FQ1] and NCCLs? [FQ2]. The search covered four
electronic databases. Bibliographies of review articles, relevant texts, World and
European Workshops were screened. Hand searches were performed of the Journals
of Clinical Periodontology, Periodontology, Periodontal Research and IADR
abstracts.
Results: A meta-analysis included 159 subjects and showed that subjects who
used MTBs (manual toothbrush) had greater gingival recession after 12 months
when compared with those using PTBs (powered toothbrush). Thirteen cross-
sectional studies identified the most frequent toothbrushing factors associated
with gingival recession as being toothbrushing frequency, a horizontal or scrub
toothbrushing method, bristle hardness, toothbrushing duration and the fre-
quency of changing a toothbrush. The principal toothbrushing factors associated
with NCCLs were toothbrushing method and frequency.
Conclusion: The data to support or refute the association between toothbrushing
and gingival recession and NCCLs remain largely inconclusive.
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Gingival recession, exposure of the
root surface due to apical migration
of the gingival margin, affects a sig-
nificant proportion of the adult pop-

ulation. The prevalence of gingival
recession increases with age (Kitchen
1941, Sangnes & Gjermo 1976, L€oe
et al. 1978, 1992, Serino et al. 1994,

Brown et al. 1996) but should not be
seen as a consequence of ageing
(Khocht et al. 1993). The presence
of gingival recession amongst sub-
jects with a good standard of oral
hygiene suggests that the aetiology is
complex and multifactorial (Joshipu-
ra et al. 1994) and involves anatomi-
cal and iatrogenic factors as well as
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being associated with pathology such
as gingivitis and periodontitis (Baker
& Spedding 2002, Litonjua et al.
2003).

The possibility that ‘improper
toothbrushing’ or toothbrush trauma
may be a contributing factor towards
this multifactorial condition has been
recognized for many years (Boyle
1950, Miller 1950, Gorman 1967)
although much of the clinical evi-
dence for such an observation
appears to be circumstantial or
anecdotal (for review see Addy &
Hunter 2003). Short-term, longitudi-
nal studies of manual and powered
toothbrushes have observed and
reported the development of gingival
abrasions following toothbrushing
(Baab & Johnson 1989, Walsh et al.
1989, Johnson & McInnes 1994,
Terezhalmy et al. 1994, Van der
Weijden et al. 1994, Heasman et al.
1999) although the association and
indeed clinical relevance of localized
abrasions to the later development of
frank gingival recession remains
unclear and unsubstantiated (Addy &
Hunter 2003, Rosema et al. 2014).

Non-carious cervical lesions
(NCCLs) are areas of notched
enamel and/or dentine that occur
predominantly on the buccal and
labial surfaces of teeth (Khan et al.
1999). Toothbrushing has been sug-
gested as an aetiological or aggravat-
ing factor in their development
which seems to be enhanced by the
presence of an acidic environment
(Sneed 2011). In vitro studies suggest
that these defects are not produced
by toothbrushing alone (Mannerberg
1960, Dzakovich & Oslak 2008) and
they have also been identified in
non-toothbrushing populations
(Babacar et al. 2006, Ritter et al.
2009). The concept of abfraction has
been proposed for the development
of NCCLs: lateral forces that create
tensile stress in the cervical areas of
teeth and which disrupt the enamel
microstructure (Lee & Eakle 1984,
Braem et al. 1992). The prevalence
of NCCLs on the facial surfaces of
teeth, however, has implicated the
potential role of toothbrushing in
their aetiology (Khan et al. 1999).

Our group has previously system-
atically reviewed the evidence for
toothbrushing as a causative factor
in the development and progression
of non-inflammatory gingival reces-
sion and concluded that there were

insufficient, good quality data to
support or refute the association
(Rajapakse et al. 2007). The aim of
this project was to broaden our pre-
vious review and to include the
potential role of toothbrushing in
the development of NCCLs.

Materials and Methods

When preparing this review, the
authors adopted the PRISMA State-
ment (checklist) and flow diagram.
A protocol was developed a priori
following initial discussion between
all members of the research team.
The focussed questions for the
review were:

• In dentate participants, does trau-
matic toothbrushing, compared
to normal toothbrushing, lead to
an increased prevalence of non-
inflammatory gingival recession?
[FQ1]

• In dentate participants, does trau-
matic toothbrushing, compared
to normal toothbrushing, lead to
an increased prevalence of non-
carious cervical lesions? [FQ2]

These questions were constructed
according to the PICO system with
separate and specific terms for gingi-
val recession and NCCLs (Table 1).

At the outset of this review, no
attempt was made to separate spe-
cific variables associated with tooth-
brushing such as pressure, time
spent brushing, and bristle type
(stiffness and end-shape) or filament
characteristics. The effect of denti-
frices was not included in the
review.

Criteria for Considering Studies for

the Review

Types of studies

Studies to be included in the review
would follow the hierarchical struc-
ture: randomized clinical trials

(RCTs) [Level I]; experimental studies
without randomization (CTs) [Level
II]; observational studies with control
groups (cohort studies, case–control
studies) [Level II]; observational stud-
ies without control groups (cross-
sectional studies, before-and-after
studies, case series) [Level III] and
case reports/expert opinion [Level
IV]. The threshold for inclusion for
soundness of design was Level III.
Inclusion criteria for the studies were
as follows: recruitment of human sub-
jects or patients; clinical examination
to determine the extent of gingival
recession, clinical examination to
determine the extent of NCCLs, an
evaluation of factors that might be
associated with the development and,
or progression of gingival recession
or NCCLs. The following were
excluded from the review: animal
studies; for FQ1, studies looking at
gingival abrasion or erosion (rather
than gingival recession); commer-
cially sponsored investigations with
the primary aim of comparing the
efficacy of different toothbrushes with
respect to plaque removal and gingi-
vitis resolution; studies involving
patients with periodontal diseases
and histological studies including
scanning electron microscopy.

Types of participants

Subjects of any age but with no
reported disability that might affect
toothbrushing practice were included
in the review.

Types of interventions

There was no restriction of the types
of toothbrushes being studied.

Search Strategy

The search strategies were developed
by the research team and in accor-
dance with basic search criteria for
systematic reviews (Khan et al.
2001). The searches were restricted

Table 1. Terms used to generate the PICO questions for gingival recession and non-carious
cervical lesions

PICO term Gingival recession Non-carious cervical lesions

Population/ patient Dentate participants Dentate participants
Intervention/ indicator Traumatic toothbrushing Traumatic toothbrushing
Comparator/ control Normal toothbrushing Normal toothbrushing
Outcome Gingival recession Non-carious cervical lesions
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to titles, abstracts and papers in
English. The searches covered four
principal databases: Medline, Em-
base, Web of Knowledge/ Science
(including current contents connect)
and the Cochrane Oral Health
Group Trials Register. Searches were
performed for articles which were
published between January 1966 and
30th April 2014. Bibliographies of
review articles, relevant texts, World
and European Workshops were also
screened. In addition, manual hand
searches were performed of the Jour-
nal of Clinical Periodontology, the
Journal of Periodontology, the Jour-
nal of Periodontal Research and
IADR abstracts. The editors of the
Journals of Clinical Periodontology,
Periodontology and Periodontal
Research were contacted to identify
whether any papers specific to this
review had been ‘accepted for publi-
cation’ and the respective online da-
tabases of these journals (Accepted
Articles, Ahead of Print and Early
View) were also searched for relevant
publications that might be “in press”
for paper versions.

The principal root term of the
search for FQ1 (gingival recession)
was toothbrushing$ and the search
terms [with adjacency functions
where relevant] were as follows:
toothbrushing; dental devices; oral
hygiene; toothbrush$.mp; toothbrush
$ [adj3] pressure; toothbrush$ [adj3]
force; toothbrush$ [adj3] techniques;
toothbrush$ [adj3] toothpaste; tooth-
brush$ [adj3] frequency; toothbrush$
[adj3] design; toothbrush$ [adj3] tex-
ture; toothbrush$ [adj3] bristle; gin-
gival recession; gingival [adj3]
recession hand; gingival [adj3] abra-
sion; gingival [adj3] trauma; gingival
[adj3] lesions together with combina-
tions of the above.

The principal root term of the
search for FQ2 (NCCL) was tooth-
brushing$ and the search terms [with
adjacency functions where relevant]
were as follows: toothbrushing; den-
tal devices; oral hygiene; tooth
abrasion; tooth wear; toothbrush
$.mp; toothbrush$ [adj3] pressure;
toothbrush$ [adj3] force; toothbrush
$ [adj3] techniques; toothbrush$
[adj3] toothpaste; toothbrush$ [adj3]
frequency; toothbrush$ [adj3] design;
toothbrush$ [adj3] texture; tooth-
brush [adj3] bristle; toothbrush$
[adj3] non-carious [adj3]cervical
lesion; toothbrush$ [adj3] cervical

lesion; toothbrush$ [adj3] abfraction;
toothbrush$ [adj3] Class V; tooth-
brush$ [adj3] NCCL; toothbrush$
[adj3] abrasion; toothbrush$ [adj3]
non-carious [adj3] tooth [adj3] sur-
face loss together with combinations
of the above.

Data Extraction

Data extraction was performed
independently by two reviewers
(PAH, RH) using separate data
extraction forms created for FQ1
and FQ2. The final data extraction
form collected the following infor-
mation: Bibliographic details of the
study; design of the study; funding;
hierarchal level of evidence; aims of
the research; demographic details of
the study cohort; any reported stan-
dardization of toothbrushing
method; relevant baseline clinical
measurements and final outcome
measures (in RCTs or longitudinal
trials); the measuring method for
gingival recession or NCCLs; obser-
vations and a summary of out-
comes.

The Review Process

Titles and abstracts from the elec-
tronic searches were managed by
downloading to EndNote software.
Endnote X7 was used to search
remote databases, to import the ref-
erence data and to manage the
imported references. The titles and
abstracts were all in English and
were screened independently by two
reviewers (PAH and RH). Disagree-
ment following the review of titles
was resolved by consensus following
reading by a third reviewer (PMP);
disagreement following the review of
abstracts was also resolved by dis-
cussion with a third reviewer (PMP)
to moderate if necessary. The full
texts of all studies reported in Eng-
lish that potentially might have been
included were also reviewed by the
same two reviewers against the sta-
ted inclusion criteria. Data extrac-
tion was completed before a decision
was made regarding whether the
article should be included in the
review. If any missing data or infor-
mation were identified, an attempt
was made to contact the author(s) of
the publication.

It was decided a priori that meth-
odological quality of included stud-

ies would be assessed with a
predetermined appraisal form which
would focus on seven specific criteria
for cross-sectional studies as well as
method of randomization, allocation
concealment, blinding, completeness
of follow-up and intention-to-treat
analysis for RCTs.

Assessment of Methodological
Quality

Methodological quality of the papers
was assessed using separate criteria
for the Level I and Level III studies.
Components of quality were assessed
using summary scores and no
attempt was made to blind the
reviewers to names of authors, insti-
tutions and journals whilst making
the assessments. The assessment cri-
teria were formulated into two
checklists for Level I and III studies,
respectively, and based on the qual-
ity criteria for experimental and
observational studies reported by
Khan et al. (2001). The checklists
were completed independently by
two authors (PAH, RH) and dis-
agreement was resolved by discus-
sion. It was not necessary to contact
any authors of the observational
studies to obtain missing or addi-
tional data or for clarification of
data that may have appeared to be
unclear.

Level I assessment of quality was
based on five specific criteria with
the overall aim of assessing method-
ological quality and bias, as well as
the seven additional criteria used for
the level III assessment.

Method of randomization

Randomization was considered to be
adequate if it was determined using
a method of chance such as tossing
a coin, a table of random numbers
or a computer-generated sequence.
Any other method, such as alternate
assignment, was considered inade-
quate, as was failure of the authors
to refer to a method of randomiza-
tion in the text.

Allocation concealment

This was considered to be adequate
when it was clearly stated that the
randomization sequence was con-
cealed entirely from the examiners.
Partial concealment or attempted
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concealment of an inadequately ran-
domized assignment was considered
to be inadequate and an assessment
of unclear was made if there was no
mention of concealment.

Blinding

Blinding of examiners and partici-
pants (to protect against both perfor-
mance and measurement bias) was
assessed, although it is recognized
that blinding participants to interven-
tions such as toothbrushing is unli-
kely and, depending on the design of
the trial, is often impossible.

Completeness of follow-up

Completeness of follow-up was con-
sidered to be adequate if the num-
bers of participants were reported
both at baseline/entry and at
completion of the trial, and any
drop-outs were accounted for and
the reasons reported. Failure to
report these data and information
led to an assignment of inadequate.

Intention-to-treat analysis

To protect against attrition bias,
intention-to-treat was assessed as
being adequate when specifically sta-
ted or, if it was clear from the data
analysis presented in the paper. An
assessment was made as to whether
the analysis accounted for drop-outs
and participants who were lost to
follow-up.

Level III assessment of quality for
the cross-sectional and case–control
studies was made independently by
two reviewers (PAH, RH) according
to fulfilment of seven criteria (in
each instance the assessment was
made using the dichotomous
response adequate/inadequate or
yes/no and a score of one made for
each criterion fulfilled thus giving a
maximum score of 7):

• Was the cohort(s) considered to
be a valid and adequate represen-
tation of the wider, relevant pop-
ulation?

• Was the population under obser-
vation explicitly and adequately
defined?

• Were explicit inclusion and exclu-
sion criteria adequately defined?

• Was there evidence of training
and calibration of the examiners

and reproducibility testing during
the observational period?

• Were appropriate statistical
methods used?

• Was a practical, in vivo assess-
ment (rather than questionnaires)
made of toothbrushing practice
and, or factors or variables asso-
ciated with toothbrushing?

• Was a method for measuring or
assessing gingival recession or
NCCLs reported?

Results

There was no need to modify the
a priori protocol during the conduct
of the review.

Gingival Recession [FQ1]

Search results

The flow of articles for FQ1 is pre-
sented in Fig. 1. The electronic and
manual search strategies revealed
1057 titles from which 106 abstracts
were screened after 951 articles were
excluded by title. The full or avail-
able texts of 34 papers were
obtained and read and 19 articles
were considered to be eligible for
inclusion in the review. The reasons
for excluding 15 articles are given in
the relevant section of the bibliogra-
phy to this review. All 19 included
texts were written in the English lan-
guage: 17 articles were published
and two were available only as
abstracts but were considered to
contain sufficient information to be
included.

Study characteristics

The characteristics of the 19 studies
included in the review are shown in
Table 2. Two studies were published
during the 1980s (Paloheimo et al.
1987, Vehkalahti 1989), five during
the 1990s (Andlin-Sobocki et al.
1991, Khocht et al. 1993, Wilson
et al. 1993, Goutoudi et al. 1997,
Checchi et al. 1999), seven between
2000 and 2009 (Tezel et al. 2001,
Dentino et al. 2002, Daprile et al.
2007, Dorfer et al. 2009, Lafzi et al.
2009, McCracken et al. 2009, Mum-
ghamba et al. 2009) and five since
2010 (Rosetti et al. 2010, Chrysan-
thakopoulos 2011, 2013, Matas et al.
2011, Graetz et al. 2013).

Three studies were undertaken in
Greece (Goutoudi et al. 1997, Chry-
santhakopoulos 2011, Chrysanthako-
poulos 2013), three in the USA
(Khocht et al. 1993, Wilson et al.
1993, Dentino et al. 2002), two in
Italy (Checchi et al. 1999, Daprile
et al. 2007), two in Finland (Paloheimo
et al. 1987, Vehkalahti 1989), 2 in
Germany (Dorfer et al. 2009, Graetz
et al. 2013) and one study in each of
Iran (Lafzi et al. 2009), Spain
(Matas et al. 2011), Sweden (Andlin-
Sobocki et al. 1991), Tanzania
(Mumghamba et al. 2009), Turkey
(Tezel et al. 2001) and the UK
(McCracken et al. 2009). Five of the
studies were classified as randomized
controlled trials (RCTs) (Wilson
et al. 1993, Dentino et al. 2002,
Dorfer et al. 2009, McCracken et al.
2009, Graetz et al. 2013), one a
case–control study (Lafzi et al. 2009)
and the remaining 13 classified as
cross-sectional studies (Paloheimo
et al. 1987, Vehkalahti 1989, Andlin-
Sobocki et al. 1991, Khocht et al.
1993, Goutoudi et al. 1997, Checchi
et al. 1999, Tezel et al. 2001, Daprile
et al. 2007, Mumghamba et al. 2009,
Rosetti et al. 2010, Chrysanthakopo-
ulos 2011, Matas et al. 2011, Chry-
santhakopoulos 2014). One study
assessed a population of 40 dental
students in 1994 and then made a
reassessment 10 years later in 2004.
There was no intervention as such
and the study was classified as a
cross-sectional study rather than a
before-and-after trial (Matas et al.
2011).

The 5 RCTs recruited 483 sub-
jects and the 14 cross-sectional stud-
ies recruited 3744 subjects.

Methodological quality

Level I assessment

McCracken et al. (2009) fulfilled 12
methodological quality criteria but
failed to account for drop-outs in an
intention-to-treat analysis. The evi-
dence provided by Graetz et al.
(2013) was extracted from an unpub-
lished abstract and some elements
assessed by the quality of the study
were unreported: it was only possible
to determine that the statistical
methods were appropriate, the exam-
iners were blinded and that there
was completeness of follow-up
(Graetz et al. 2013). Wilson et al.
(1993) failed to explicitly define the
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population, provide evidence for
training and calibration of examin-
ers, use an appropriate method of
randomization, report allocation
concealment or undertake an analy-
sis that accounted for drop-outs
(Wilson et al. 1993). Dentino et al.
(2002) did not provide evidence for
training and calibration of examin-
ers, use an appropriate method for
randomization, report allocation
concealment or undertake an analy-
sis that accounted for drop-outs
(Dentino et al. 2002). Dorfer et al.

(2009) did not provide evidence of
training and calibration of examin-
ers, the method of randomization,
allocation concealment or an inten-
tion-to-treat analysis.

Level III assessment

No study fulfilled all seven methodo-
logical criteria: three studies scored 6
(Goutoudi et al. 1997, Mumghamba
et al. 2009, Chrysanthakopoulos
2013), two studies scored 5 (Khocht
et al. 1993, Daprile et al. 2007), four
studies scored 4 (Vehkalahti 1989,

Andlin-Sobocki et al. 1991, Tezel
et al. 2001, Matas et al. 2011), four
studies scored 3 (Paloheimo et al.
1987, Lafzi et al. 2009, Rosetti et al.
2010, Chrysanthakopoulos 2011) and
one study scored 2 points (Checchi
et al. 1999).

Observations

A summary of the principal outcomes
from each of the studies included in
the review is presented in Table 2.
Each of the 5 RCTs randomized sub-

Number of titles identified 
through database searching 

Gingival recession 1057 

NCCL   1642 

Number of abstracts 
screened 

Gingival recession 106 

NCCL 61 

Number of full-text articles 
(including abstracts) 

assessed for eligibility 

Gingival recession 34 (2) 

NCCL 16 

Number of studies 
included in the 

quantitative synthesis 

Gingival recession 2 

NCCL 0 

Number of titles and 
abstracts excluded 

Gingival recession 72 

NCCL 45 

Number of full-text 
articles excluded, with 

reasons 

Gingival recession 15 

NCCL 3

Number of studies 
included in the 

qualitative synthesis 

Gingival recession 17 

NCCL 13

Number excluded 
by title (including 

duplicates) 
Gingival recession 951 (61)
NCCL  1581 (71) 

Fig. 1. Flow of articles through the search (based on the PRISMA checklist).
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jects to use either a manual (MTB) or
a power toothbrush (PTB). In the 12-
month study reported by Wilson
et al. (1993), the baseline data for gin-
gival recession were unreported and it
was not possible to make any mean-
ingful conclusions. The study of
Dentino et al. (2002) concluded that
there was no significant increase in
gingival recession adjacent to either
canine or non-canine teeth after
6 months of brushing with either a
MTB or PTB. The study of Dorfer
et al. (2009) concluded that both
PTBs and MTBs significantly reduced
pre-existing gingival recession after
6 months of brushing. The absence of
relevant data and, or the 6-month
timeframes of these studies meant
that they could not be included in a
meta-analysis.

Two further studies, however,
reported RCTs of identical designs:
prospective, 12-month, parallel
group, single-blind studies investigat-
ing the effect of manual and PTBs
on sites of pre-existing gingival
recession (McCracken et al. 2009,
Graetz et al. 2013). The Graetz
study was reported as an abstract
but included sufficient data to use in
a meta-analysis. They reported stan-
dard errors which we converted to
standard deviations and the mean
(SD) gingival recession (mm) for
each brush is shown at 12 months
for each study in Fig. 2. The meta-
analysis included 159 subjects in a ran-
dom effects model that showed that
subjects who used MTBs had greater
gingival recession after 12 months
when compared to those using PTBs
(mean difference 0.20 mm; CI 0.05–
0.34 mm) and the percentage of the
variability in effect estimates that was
due to heterogeneity rather than
chance was unimportant (I2 = 0%).
Individually, Graetz et al. (2013) con-
cluded that subjects using either brush
type showed a reduction in gingival

recession over 12 months and McC-
racken et al. (2009) reported no dete-
rioration of gingival recession for
either brush type over the same per-
iod. Neither study, however, reported
means and standard deviations of
change scores between baseline and
12 months so it was not possible to
undertake a meta-analysis to assess
the change in recession over this per-
iod. Both lead authors were contacted
to request the additional data sets:
McCracken et al. (2009) provided
mean (SD) change scores between
baseline and 12 months as PTB
0.27 mm (0.37 mm) and MTB
0.06 mm (0.45 mm) reflecting small
reductions in gingival recession for
each group; Graetz et al. (2013)
acknowledged the request but did not
provide any further data.

A summary of the principal obser-
vations made in each of the included
studies is given in Table 2. Further-
more, the profile of toothbrushing
factors that were investigated as
potentially being associated with gin-
gival recession in 12 of these studies is
shown in Table 3. One additional
study reported the severity and siting
of gingival recession in association
with handedness of the subjects (Ro-
setti et al. 2010) whilst Matas et al.
(2011) reported a mean increase in
gingival recession in a population of
dentists with a ‘high standard of oral
hygiene’ over 10 years (p = 0.004).

The single case–control study
recruited 123 subjects with gingival
recession and 123 controls with no
evidence of gingival recession and
the horizontal scrub method of
brushing was associated with gingi-
val recession (p < 0.05) (Lafzi et al.
2009). If this observation is included
in the principal findings of the 13
cross-sectional studies, the most fre-
quent toothbrushing factors associ-
ated with gingival recession are
toothbrushing frequency (Paloheimo

et al. 1987, Vehkalahti 1989, Khocht
et al. 1993, Checchi et al. 1999, Te-
zel et al. 2001, Daprile et al. 2007,
Chrysanthakopoulos 2011, Chrysan-
thakopoulos 2013), a horizontal or
scrub toothbrushing method (Tezel
et al. 2001, Daprile et al. 2007, Lafzi
et al. 2009, Chrysanthakopoulos
2011) bristle hardness (Khocht et al.
1993, Chrysanthakopoulos 2011),
toothbrushing duration (Tezel et al.
2001) and the frequency of changing
a toothbrush (Paloheimo et al.
1987).

NCCLs [FQ2]

Search results

The flow of articles for FQ2 is pre-
sented in Fig. 1. The electronic and
manual search strategies revealed
1642 titles from which 61 abstracts
were screened after 1581 articles
were excluded by title. The full or
available texts of 16 papers were
obtained and read and 13 articles
were considered to be eligible for
inclusion in the review. The reasons
for excluding the three articles are
given in the relevant section of the
bibliography to this review. All texts
were written in the English language
with 12 being available as full texts
and 1 as an abstract.

Study characteristics

The characteristics of the 13 studies
included in the review are shown in
Table 4. Two studies were published
during the 1970s (Radentz et al.
1976, Bergstr€om & Lavstedt 1979),
one during the 1980s (Bergstr€om &
Eliasson 1988), one during the 1990s
(Bader et al. 1996), six between 2000
and 2009 (Piotrowski et al. 2001,
Akg€ul et al. 2003, Bernhardt et al.
2006, Dorfer et al. 2007, Chan et al.
2006, Ahmed et al. 2009) and three

Fig. 2. Meta-analysis of two RCTs (McCracken et al. 2009, Graetz et al. 2013) including 159 subjects. The % variability in effect
estimates that is due to heterogeneity rather than chance is considered to be unimportant (I2 = 0%).
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since 2010 (€Ozg€oz et al. 2010, Bran-
dini et al. 2011, Que et al. 2013).

Four of the studies were under-
taken in the USA (Radentz et al.
1976, Bader et al. 1996, Piotrowski
et al. 2001, Chan et al. 2006), two in
Sweden (Bergstr€om & Lavstedt 1979,
Bergstr€om & Eliasson 1988), two in
Turkey (Akg€ul et al. 2003, €Ozg€oz
et al. 2010), two in Germany (Bern-
hardt et al. 2006, Dorfer et al. 2007)
and one in each of Brazil (Brandini
et al. 2011) and Pakistan (Ahmed
et al. 2009).

One study was an RCT (Dorfer
et al. 2007), one was classified as a
case–control study (Bader et al. 1996)
and the remaining 11 were classified
as cross-sectional studies (Radentz
et al. 1976, Bergstr€om & Lavstedt
1979, Bergstr€om & Eliasson 1988,
Piotrowski et al. 2001, Akg€ul et al.
2003, Bernhardt et al. 2006, Ahmed
et al. 2009, Chan et al. 2006, €Ozg€oz
et al. 2010, Brandini et al. 2011, Que
et al. 2013).

The RCT recruited 109 subjects
(Dorfer et al. 2007), the case-control
study recruited 264 subjects and the
11 cross-sectional studies recruited
6684 subjects. There was large varia-
tion in the number of subjects with

the smallest study recruiting 32 sub-
jects (Piotrowski et al. 2001) and the
largest recruiting 2707 subjects
(Bernhardt et al. 2006).

The profile of toothbrushing fac-
tors that were investigated as poten-
tially being associated with NCCLs
in these studies is also shown in
Table 3.

Methodological quality

Level I assessment

Of the 12 methodological criteria,
the abstract of Dorfer et al. (2007)
only fulfilled three criteria: blinding
of examiners, use of appropriate sta-
tistical methods and reporting a
method for measuring depth of
NCCLs.

Level III assessment

No study fulfilled all seven methodo-
logical criteria: three studies achieved
a methodological quality score of 6
(Bader et al. 1996, Bernhardt et al.
2006, €Ozg€oz et al. 2010), one study
scored 5 (Bergstr€om & Lavstedt
1979), 6 studies scored 4 (Radentz
et al. 1976, Bergstr€om and Eliasson
1988, Piotrowski et al. 2001, Akg€ul
et al. 2003, Brandini et al. 2011, Que

et al. 2013) and one study each
scored 3 (Ahmed et al. 2009) and 2
points (Chan et al. 2006).

Observations

A summary of the principal out-
comes from each of the studies
included in the review is presented
in Table 4. Three studies reported
no statistically significant relation-
ship between toothbrushing fre-
quency and NCCLs (Radentz et al.
1976, Akg€ul et al. 2003, Brandini
et al. 2011) whereas four studies
(Bergstr€om & Lavstedt 1979, Bader
et al. 1996, Bernhardt et al. 2006,
€Ozg€oz et al. 2010) reported a statis-
tically significant positive relation-
ship. Que et al. (2013) suggested
that toothbrushing frequency was an
important factor but only analysed
it in association with a horizontal or
vertical brushing method.

Four studies reported no statisti-
cally significant relationship between
toothbrushing technique and NCCLs
(Radentz et al. 1976, Chan et al.
2006, €Ozg€oz et al. 2010, Brandini
et al. 2011) whereas four studies
reported both positive and negative
statistically significant relationships

Table 3. Studies investigating the profile of toothbrushing factors as potentially being associated with gingival recession and non-carious
cervical lesions

Toothbrushing frequency Toothbrushing technique Bristle hardness Duration of
toothbrushing

Frequency of changing
toothbrush

Gingival recession
Paloheimo et al. (1987) Paloheimo et al. (1987) Chrysanthakopoulos (2011) Tezel et al. (2001) Paloheimo et al. (1987)
Vehkalahti (1989) Goutoudi et al. (1997) Khocht et al. (1993) Dentino et al. (2002)
Khocht et al. (1993) Checchi et al. (1999) Goutoudi et al. (1997)
Checchi et al. (1999) Tezel et al. (2001) Checchi et al. (1999)
Tezel et al. (2001) Daprile (2007) Daprile (2007)
Daprile et al. (2007) Lafzi et al. (2009)
Mumghamba et al.
(2009)

Mumghamba et al.
(2009)

Chrysanthakopoulos (2011) Chrysanthakopoulos (2011)
Chrysanthakopoulos (2013)
NCCL
Radentz et al. (1976) Radentz et al. (1976) Radentz et al. (1976) Bader et al. (1996) Bader et al. (1996)
Bergstr€om & Lavstedt
(1979)

Bergstr€om & Lavstedt (1979) Bergstr€om & Lavstedt (1979) €Ozg€oz et al. (2010)

Bergstr€om & Eliasson
(1988)

Bergstr€om & Eliasson (1988) Bergstr€om & Eliasson (1988) Que et al. (2013)

Bader et al. (1996) Bader et al. (1996) Piotrowski et al. (2001)
Akg€ul et al. (2003) Piotrowski et al. (2001) Chan et al. (2006)
Bernhardt et al. (2006) Akg€ul et al. (2003) Ahmed et al. (2009)
€Ozg€oz et al. (2010) Chan et al. (2006) Brandini et al. (2011)
Brandini et al. (2011) Ahmed et al. (2009) Que et al. (2013)
Que et al. (2013) €Ozg€oz et al. (2010)

Brandini et al. (2011)
Que et al. (2013)
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with NCCLs (Bergstr€om & Lavstedt
1979, Bergstr€om & Eliasson 1988,
Bader et al. 1996, Que et al. 2013):
for example, use of a horizontal
technique gave odds ratios of 0.11
(Bader et al. 1996) and 1.59 (Que
et al. 2013). Que et al. (2013) also
reported large statistically significant
odds ratios when combining tooth-
brushing frequency/ technique and
toothbrushing frequency/ brush
change.

Toothbrush or bristle firmness
was reported as being non-significant
in four studies (Radentz et al. 1976,
Piotrowski et al. 2001, Ahmed et al.
2009, Chan et al. 2006) whereas
Brandini et al. (2011) reported that
medium or hard brushes were associ-
ated with NCCLs (p = 0.01).

Discussion

This systematic review has further
explored the association between
toothbrushing, gingival recession
(FQ1) and NCCLs (FQ2). We previ-
ously published a systematic review
on the association between tooth-
brushing factors and gingival reces-
sion (Rajapakse et al. 2007) but the
length of time since that review was
undertaken and the additional need
to consider the role of toothbrushing
in the development of NCCLs led us
to undertake this review de novo
rather than perform an update of
our previous publication. It is also
noted that we did not assess effects
of toothpastes on gingival recession
or NCCLs in this review.

The literature search identified 2
RCTs both of which have been
published since the last review
(McCracken et al. 2009, Graetz
et al. 2013). The studies were of vir-
tually identical design and the test
for overall effect of heterogeneity
revealed that the populations were
also very similar. Subjects in both
cohorts had pre-existing sites of
gingival recession and the subjects
were randomized to receive either a
manual or a powered toothbrush
with the aim of comparing the rela-
tive effects of both brushes on the
pre-existing lesions. Independently,
the data confirm that sites of reces-
sion either remained stable or
reduced over the 12-month period
(McCracken et al. 2009, Graetz
et al. 2013). Neither article provided
suggestions as to why this might beT
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although McCracken and colleagues
noted that the inclusion criterion of
having at least 1 mm of recession at
baseline might mean that some of
these lesions may have already stabi-
lized before the 12-month trial per-
iod (McCracken et al. 2009). Indeed,
recruitment to a trial using tooth-
brush interventions with careful
instructions for the participants may
suggest that the improved standard
of plaque control would lead to
improved tissue health and consis-
tency and a reduction in the maxi-
mum height of gingival recession
over such a period of time. The
meta-analysis incorporated baseline
and 12-month cohort means and
standard deviations and showed that
the resolution of the recession was
greater for those using the powered
toothbrush. Nevertheless, with a
mean difference of around 0.2 mm
this cannot be regarded as being clin-
ically significant. Unfortunately, the
lack of longitudinal data reporting
the means and the standard devia-
tions of the changes between baseline
and 12 months meant that we were
unable to construct a meta-analysis
to look at longitudinal effects.

The observations, data and conclu-
sions from the cross-sectional, qualita-
tive studies for FQ1 demonstrate
variable outcomes with the most fre-
quent toothbrushing factors associ-
ated with gingival recession being
toothbrushing frequency (Paloheimo
et al. 1987 [3], Vehkalahti 1989 [4],
Khocht et al. 1993 [5], Checchi et al.
1999 [2], Tezel et al. 2001 [4], Daprile
et al. 2007 [5], Chrysanthakopoulos
2011, [3] Chrysanthakopoulos 2013
[6]) and a horizontal or scrub tooth-
brushing method (Tezel et al. 2001
[4], Daprile et al. 2007 [5], Lafzi et al.
2009, Chrysanthakopoulos 2011 [3])
(methodological quality scores given
in square brackets.) Conversely, no
association was identified between
brushing method and recession, and
brushing prevalence and recession in 3
(Khocht et al. 1993 [5], Goutoudi
et al. 1997 [6], Mumghamba et al.
2009 [6]) and two studies (Khocht
et al. 1993, Mumghamba et al. 2009),
respectively, with these latter studies
having the highest methodological
quality scores. The weight of evi-
dence, however, implicates tooth-
brushing frequency and method as
being implicated in causing gingival

recession. Furthermore, whilst it is
worth noting that the data from the
quantitative and qualitative studies
appear to conflict, the more obvi-
ous conclusion might be that differ-
ent outcomes are seen in those
subjects given interventions and
instructions under RCT conditions
when compared to those made at
‘one-point-in-time’ in cross-sectional
studies.

The evidence for an association
between toothbrushing and the
development of NCCLs was all
derived from one RCT and 12 cross-
sectional studies of variable quality
(score range 2–6) although 12/13
studies scored 4 or more in their
quality assessment. The evidence was
again variable and conflicting yet the
four studies scoring 5 and 6 for
quality assessment concluded that
toothbrushing frequency (Bergstr€om
& Lavstedt 1979 [5], Bader et al.
1996 [6], Bernhardt et al. 2006 [6],
€Ozg€oz et al. 2010 [6]) and tooth-
brushing method (Bergstr€om &
Lavstedt 1979 [5], Bader et al. 1996
[6]) are important factors in the
development of NCCLs. There were
no studies incorporating a longitudi-
nal design that addressed FQ2.

In general, the absence of high
quality, randomized controlled clini-
cal trials does not necessarily com-
promise the overall quality of the
available data although making firm
conclusions about the effect of an
intervention (toothbrushing) is more
difficult when:

• variables associated with the
intervention are not controlled;

• confounding aetiological factors
are not controlled;

• there are no control groups in
the trial and with particular ref-
erence to gingival recession.

Nevertheless, having considered
carefully the evidence from this
review, the limited number of
included studies and the quality of
the data permit us to make the fol-
lowing four conclusions within the
limits of the protocol and the
focussed question.

Conclusions

Based on the studies included in this
review we conclude that:

• There is evidence from two ran-
domized, controlled, clinical trials
to suggest that in patients with
non-inflammatory gingival reces-
sion, the correct use of either a
powered or a manual toothbrush
may prevent the progression of
gingival recession;

• The principal toothbrushing fac-
tors that have been associated
with the development and pro-
gression of gingival recession are
frequency and method of brush-
ing although secondary factors
include frequency of changing
toothbrushes and hardness of the
bristles;

• Toothbrushing factors that have
been associated with the develop-
ment of NCCLs are frequency of
brushing, toothbrushing method
and hardness of the bristles;

• The data to support or refute the
association between toothbrush-
ing and gingival recession and
NCCLs are of variable quality.

Recommendations for Research

Further randomized, controlled clini-
cal trials that are designed specifi-
cally to evaluate the effect of one or
more toothbrushing factors in the
development and progression of gin-
gival recession and NCCLs, whilst
controlling for confounding factors
are indicated. Such studies would
need to be long-term projects to
determine with confidence whether
toothbrushing factors predispose to,
rather than are just associated with,
non-inflammatory gingival recession
and NCCLs.

Recommendations for Clinical
Practice

The duration, force and frequency of
toothbrushing are often associated
with gingival recession but the avail-
able evidence does not confirm
unequivocally that these are indeed
the most important aetiological fac-
tors. It remains important to assess
toothbrushing duration and fre-
quency on an individual patient
basis and a more complete profile of
toothbrushing should include an
assessment of toothbrushing tech-
nique, bristle hardness and frequency
of changing the toothbrush.
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Whilst there is some, albeit equiv-
ocal (Level III) evidence from cross-
sectional and case–control studies to
implicate toothbrushing factors with
NCCLs, patients should be advised
that an irregular toothbrushing
method, brushing too many times
per day and using a firm bristled
brush may contribute to tooth wear.

There is some evidence to suggest
that the introduction of effective
toothbrushing using either a manual
or a powered toothbrush may help
to reduce localized gingival reces-
sion. Clinicians must reassure
patients with established gingival
recession that these lesions may be
stabilized by modifying toothbrush-
ing behaviour and resolving any
inflammatory component.
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Clinical Relevance

Scientific rational for the study:
Case reports and reviews suggest
an association between toothbrush-
ing and the development of gingi-
val recession and NCCLs. A
systematic approach to review was
warranted.

Principal findings: A meta-analysis of
2 RCTs failed to show progression
of gingival recession over 12 months.
Cross-sectional and case–control
studies provide some evidence that
toothbrushing method and frequency
are implicated in the development of
gingival recession and NCCLs but

more research is needed to confirm
the relative importance of aetiolog-
ical factors.
Practical implications: Clinicians
must remain vigilant to the possi-
bility that toothbrushing factors
may contribute to gingival reces-
sion and NCCLs.
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