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1  | INTRODUC TION

Hematopoietic stem cell transplantation (HSCT) is a treatment used 
mainly for blood malignancies, such as leukaemia, lymphomas and 

multiple myeloma. The procedure usually involves high-intensity 
chemotherapy as the conditioning therapy, just before the stem 
cells are returned to the patient. As a result of this myeloabla-
tive conditioning regimen, virtually every HSCT recipient suffers 
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Abstract
Aim: To compare manual and powered tooth brushing (MT and PT) with respect to 
patient compliance to brushing frequency advice, plaque removal and severity of 
oral mucositis (OM) in patients undergoing hematopoietic stem cell transplantation 
(HSCT) after high-dose chemotherapy.
Materials & methods: A randomized controlled trial was conducted. Forty-six pa-
tients scheduled to receive myeloablative conditioning regimen before autologous 
HSCT were included and randomly assigned to control (MT, n = 23) or test (PT, n = 23) 
groups. Starting at day 1 (day of hospital admission for HSCT), brushing frequency 
(patient recorded diary), plaque scores (Plaque Control Index) and oral mucositis (Oral 
Mucositis Nursing Index) were recorded daily. Data for days 1 to 17 were analysed 
using regression analysis and general linear models.
Results: Few patients maintained 4 times per day brushing, but most brushed at least 
2 times per day throughout the study. In PT, overall plaque scores were lower by 
6.98% (p =  .006) as compared to MT. No differences were seen in OM scores be-
tween the groups (p =  .968). A small but significant positive correlation was found 
between plaque scores and OM severity: R2=0.15 (p < .01).
Conclusions: Powered tooth brushing resulted in lower plaque scores, but was not 
associated with reduced OM severity. Individual plaque scores were positively re-
lated to OM severity.
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from oral mucositis (Curra et al., 2018; Vera-Llonch et al., 2007). 
Oral mucositis presents as a generalized inflammation of the oral 
mucosal tissues. In its most severe form, it involves widespread 
ulceration and is very painful, requiring opioid analgesics and im-
pairing nutritional intake and quality of life (Harris (2006); McGuire 
et al., 1993).

In the international literature and guidelines, the most commonly 
recommended intervention for managing oral mucositis is basic oral 
care (Djuric et  al.,  2005; McGuire et  al.,  2013; Potting et  al.,  2008; 
Raber-Durlacher et  al.,  2004), which in a healthy population is nor-
mally understood to consist of tooth brushing two or sometimes three 
times per day. However, the MASCC guideline 2014 (Multinational 
Association for Supportive Care in Cancer) specified brushing four 
times per day with a soft toothbrush and with regular replacement of 
the toothbrush (Lalla et al., 2014). In a pilot study at our Haematology 
ward, we observed that patient compliance with the oral care proto-
col was moderate, and that especially the number of times teeth were 
brushed was lower or quickly dropped during hospitalization (not pub-
lished). This may be related to fact that the general condition of the 
patients deteriorates during this period, because of neutropenia and 
oral mucositis, possibly making tooth brushing uncomfortable, but may 
also simply reflect the return to habitual behaviour.

Increasing number of people use a powered toothbrush. As this 
requires less effort, it may be easier to continue powered brushing 
during a period of illness than manual brushing. Systematic literature 
review has shown that powered tooth brushing results in less plaque 
and gingivitis in healthy patients, compared with manual tooth 
brushing (Yaacob et al., 2014). As it has been shown that oral hygiene 
levels and OM are related, such a reduction might, in HSCT recipi-
ents, also translate into a reduced incidence and/or severity of oral 
mucositis (Coracin et al., 2013; Kashiwazaki et al., 2012). However, 
the intensive action of a powered toothbrush might also increase 
discomfort during brushing, thereby reducing compliance with the 
brushing frequency guideline and reducing plaque removal.

Patient acceptance of the use of powered toothbrushes during 
intensive chemotherapy is unclear, as is their effect on hygiene levels 
and/or mucositis severity. The MASCC guideline makes no mention 
of powered toothbrushes, but in clinical practice, nursing staff often 
discourage powered tooth brushing, fearing it might cause muco-
sal damage leading to bacteraemia. No well-designed studies so far 
have examined their use in patients with oral mucositis. Therefore, 
the objective of this study was to compare manual and powered 
tooth brushing with respect to a) brushing frequency, b) plaque re-
moval and c) severity of oral mucositis in patients undergoing high-
dose chemotherapy and HSCT. A secondary aim was to assess the 
relationship between plaque scores and oral mucositis.

2  | METHODS

A randomized controlled trial with two arms, comparing manual and 
powered tooth brushing, was carried out at the Haematology ward 
of the Radboud University Medical Center between 2007 and 2012. 

The study was approved by the regional ethical commission (num-
ber NL1538_091_06) and was conducted in accordance with the 
Declaration of Helsinki.

2.1 | Patients

Patients scheduled to undergo autologous HSCT receiving as con-
ditioning regimen either HDM (high-dose melphalan: 200 mg/m2) or 
BEAM (carmustine 300  mg/m2; cytarabine 100  mg/m2; etoposide 
100 mg/m2; plus melphalan 140 mg/m2) were eligible for inclusion. 
These myeloablative conditioning regimens are associated with a 
high risk of OM. Edentulous patients, and those not able to under-
stand the Dutch language, were excluded.

Consecutive patients not included in other clinical studies were 
approached by nursing staff and received written study informa-
tion. They were included by research assistants only after obtaining 
written informed consent. Patients were randomly assigned to the 
test or control group by means of a block randomization (random 
block size of 4), using closed envelopes prepared by an independent 
researcher.

2.2 | Baseline recording

At baseline (day of admission, day 1), patients were interviewed and 
received a dental clinical examination. The structured interview 
included questions about the patients’ regular oral hygiene behav-
iour. Dental screening included recording the number of teeth pre-
sent and recording the Dutch Periodontal Screenings Index (DPSI) 
(Kashiwazaki et al., 2012). The DPSI is measured using complete per-
iodontal probing and is determined by the maximum score of each 
of 6 sextants of the dentition. Scores are based on the presence of 
bleeding (1), combined with retention factors such as calculus (2), 
presence of pockets of 4–5  mm without (3-) or with (3+) gingival 
recession, or presence of pockets of ≥6 mm (4). The baseline assess-
ment also included a plaque measurement using the Plaque Control 
Index (PCI) (O'Leary et al., 1972). A disclosing solution was applied 
to all tooth surfaces, leaving dental plaque coloured red/blue after 
rinsing. The presence of dental plaque was recorded (4 locations per 
tooth), and the PCI plaque score (%) was calculated by dividing the 
total number of surfaces with plaque by the total number of tooth 
surfaces.

2.3 | Intervention

The powered toothbrush used in this study was the Oral-B Triumph™ 
with an Oral-B Sensitive brush head (Procter & Gamble Netherlands 
BV, Rotterdam, NL). This is a rechargeable oscillating/rotating tooth-
brush. The manual toothbrush was a conventional Lactona® adult 
toothbrush with a soft brush head (Lactona Europe BV, Bergen 
op Zoom, NL). Soft brushes were selected, as recommended for 
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sensitive teeth and gums, with a view to the likelihood of oral mu-
cositis development with related mucosal sensitivity. The brush(-
head) was replaced every week.

At baseline, all patients received oral and written instruction for 
the use of their assigned toothbrush. Patients in the test group were 
instructed to place the powered toothbrush on each individual tooth 
for a few seconds, moving along the dental arches until all accessible 
tooth surfaces had been brushed. Patients in the control group were 
instructed to use the Bass method (Bass, 1954), with the toothbrush 
placed at the gum margin at an angle of 45° and making small, vibra-
tory movements, also moving along the dental arches until all acces-
sible tooth surfaces had been brushed.

According to the basic oral care protocol in the haematology de-
partment, patients were instructed to brush their teeth 4 times a day 
and to rinse with water or NaCl 0.9% as preferred. No other mouth 
rinses or interdental cleaning were advised, and oral hygiene instruc-
tions were not repeated or reinforced during the study.

2.4 | Outcome measures

Starting at baseline (day 1), patients were seen every day during their 
hospital stay for the HSCT procedure, which lasted between 17 and 
21 days. In order to report on the complete groups, only data up to 
day 17 were included in the analysis. To determine patient compli-
ance with brushing frequency instructions, patients were asked to 
fill out a daily report of the times they brushed. PCI was measured 
every day as described for the baseline screening, and the plaque 
score was recorded. As patients kept their toothbrush in the hospital 
room, the observers were not blinded to the brushing method. The 
observer did not mention the plaque score to the patient or make 
any comments on the level of oral cleanliness. The Oral Mucositis 
Nursing Instrument (OMNI) was used to assess OM on a daily basis 
(Potting et al., 2006). The OMNI scores 6 items: erythema, oedema, 
lesions, pain, oral dryness and saliva viscosity. The overall oral as-
sessment score is the sum of the six scores, with a maximum of 16 
points.

The research staff consisted of dental hygiene students, well 
trained in plaque recording. For OM scoring, they were trained by an 
experienced researcher (C.P.) and who supervised scoring for at least 
a week for every observer. Inter-observer consistency for OMNI 
scoring has been shown to be acceptable (Potting et al., 2006).

2.5 | Sample size calculation and data analysis

A sample size calculation was performed using a 40% difference in 
reduction in compliance as a meaningful difference to be observed, 
with a power of 80% and a significance level of 5%, yielding a group 
size of 20. Allowing for a 10% drop-out, 23 patients per group were 
included.

Descriptive statistics were used to summarize sample character-
istics and baseline dental measurements. A regression analysis was 

performed to analyse the effect of PT versus MT on patient compli-
ance, plaque score and oral mucositis. To analyse the effect of type of 
toothbrush on plaque, a general linear model was applied with an au-
toregressive correlation structure, to model the correlation between 
plaque measurements over time within a patient. Independent vari-
ables were the percentage of plaque at day 1 and the type of tooth-
brush. For the dependent variable oral mucositis, the analysis had to 
incorporate the clear time pattern of oral mucositis in these patients. 
This was done by first fitting a polynomial curve through the OMNI 
scores over time. The values for OM as fitted were subtracted from 
the actual OMNI score, to eliminate the time effect. Next to these 
reduced OMNI scores, which can be interpreted as the deviation from 
the mean level of OM for this patient group at a certain point in time, 
the same analysis was performed as with the previous outcome, but 
without inclusion of the measurement at day 1.

The relation between percentage of plaque and total OMNI 
score was analysed using the correlation between the two variables. 
This was done first per patient, and subsequently, the overall cor-
relation was calculated using a meta-analysis approach (inverse vari-
ance weighting of the individual correlations).

3  | RESULTS

In total, 72 consecutive patients admitted to undergo an autologous 
HSCT for multiple myeloma (MM), non-Hodgkin or Hodgkin lym-
phoma (NHL and HL) were approached for participation in the study. 
After screening, 13 patients were found to be edentulous and were 
excluded. Five patients refused to participate, because they used a 
powered toothbrush and did not want to take the risk of being rand-
omized into the control group. Ten patients were not willing to par-
ticipate for various other reasons. Finally, 46 patients were entered 
into the study. No participants were lost during the study, and all 
analyses were performed on all included patients.

Patient characteristics and baseline plaque scores are summa-
rized in Table 1. Overall mean age was 54.2 years (range 21–66), and 
30 (65%) were male. At baseline, both groups were similar for num-
ber of teeth, DPSI, plaque score and habitual brushing frequency and 
type of toothbrush used.

Figure 1 presents the results for brushing frequency. Both Figures 1 
and 2 include (as a shaded area) the overall mean OMNI scores, provid-
ing a visual reference for OM development during the study period. A 
typical curve of increasing severity up to a peak at day 9–11 after the 
start of chemotherapy can be observed, followed by a gradual resolu-
tion of the mucositis. Tooth brushing frequencies showed similar pat-
terns for both toothbrushes, with the proportion of patients brushing 
4 times a day or more dropping from about 40% at day 1, to about 5% 
at day 10. After peak oral mucositis, this proportion did not increase 
again. The PT group showed a slightly higher percentage of patients 
brushing 4 times per day (12.9%), but this was not significant (p = .151; 
95% Cl:[4.8, 30.6]). In the period of peak oral mucositis, only 2 patients 
completely stopped brushing. More than 50% of patients maintained 
a brushing frequency of 2 or 3 times per day.
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Results for plaque scores are visualized in Figure 2. Both groups 
again demonstrated a similar pattern. The mean plaque score during 
the hospitalization period was 34.2% for the PT group and 35.1% 
for the MT group. The regression analysis of the effect of the use 
of different toothbrushes on plaque scores during the hospital stay 
showed a small but significant difference in favour of PT of 6,98% as 
compared to MT (p = .006; 95%Cl −11.89 to-2.06).

Oral mucositis results for the two groups are presented in 
Figure 3. Again, patterns for PT and MT are comparable. The inci-
dence of severe OM (OMNI score 11—16) was 7/22 (32%) in the PT 
group versus 10/23 (39%) in the MT group. The regression analysis 
for OM showed no differences in OM scores between the groups 
(p =.968; 95% [CI −1.19 to 1.14]).

In order to explore whether the outcome was influenced by the 
fact whether patients continued to use their habitual tooth brushing 
technique, or were forced to change, Figure 4 shows the results for 
plaque score and OM-score for the relevant subgroups. Although 
the patients continuing their habitual manual tooth brushing appear 

TA B L E  1   General and dental characteristics of the study groups at baseline

Total (n = 46) Powered toothbrush (n = 23) Manual toothbrush (n = 23) p-value

Mean age (range) 54.2 (21–66) 52.8 (21–66) 55.6 (29–66) .36

Gender n male (%) 30 (65) 13 (57) 17 (74) .353

Diagnosis

Multiple myeloma n (%) 30 (65) 15 (65) 15 (65)

Non-Hodgkin lymphoma n (%) 7 (15) 3 (13) 4 (17)

Hodgkin lymphoma n (%) 8 (17) 5 (22) 3 (13)

Other n (%) 1 (2) 0 1 (4)

Conditioning

HDM n (%) 30 (65) 15 (65) 15 (65)

BEAM n (%) 16 (35) 8 (35) 8 (35)

Dental characteristics

Plaque score at day 1 (%) mean±SD 33.8 ± 19.2 34.7 ± 18.6 32.6 ± 20.0 .615

Number of teeth present mean±SD 25.2 ± 5.9 23.6 ± 7.2 26.6 ± 4.0

DPSI (n)

0 1 0 1

1 1 0 1

2 4 2 2

3 24 12 12

3− 11 5 6

4+ 4 3 1

Type of toothbrush used habitually n (%)

ET 19 (41) 10 (43) 9 (39)

MT 24 (52) 12 (52) 12 (52)

ET & MT 3 (7) 1 (4) 2 (9)

Habitual tooth brushing frequency (%)

<1x 0 (0) 0 (0) 0 (0) .151

1x 5 (11) 0 (0) 5 (22)

2x 29 (63) 16 (70) 13 (57)

>2x 12 (26) 7 (30) 5 (22)

F I G U R E  1   Results for brushing frequency compliance in manual 
(MT) and powered tooth brushing (PT) groups (either 4 times per 
day or less than 4 times per day) as a function of time. The shaded 
area indicates mean OMNI scores based on the total group (PT and 
MT)
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to leave most plaque, there is no clear indication that experience 
with the type of toothbrush before the trial influenced the plaque 
score.

Figure 5 shows the forest plot of the meta-analysis to explore 
a relationship between plaque score and oral mucositis. The cor-
relation per patient between percentage of plaque and OMNI score 
during the hospital stay is individually plotted. A significant positive 
correlation was found between plaque scores and OM severity: 
R2=.15, τ2 = 0.10 (p < .01, 95%Cl 0.04 to 0.27).

4  | DISCUSSION

The aim of this study was to assess the effect of powered tooth 
brushing as compared to manual brushing during HSCT hospitaliza-
tion, on compliance to brushing frequency advice, plaque scores and 
oral mucositis severity. No differences were found between manual 
or powered brushing for compliance and oral mucositis. A small sig-
nificant effect in favour of powered brushing was found for plaque 
score. Overall, a significant positive correlation was found between 
plaque score and severity of oral mucositis.

The study included more males than females. This can be 
explained by the higher prevalence of both NHL and MM in 
males than in females of about 1.5:1 (Howlader et  al.,  2017). 
In this study, most patients were classified as having mild peri-
odontitis, using the DPSI screening index with a score of 3-. This 
index gives a reliable screening estimate of the periodontal sta-
tus(Van der Velden, 2009). DPSI values in this study correspond 
well with recent epidemiological data for this age group in the 
Netherlands, where about 35% of patients had DPSI 3- (Schuller 
et al., 2014). Average plaque scores at baseline were about 35%; 
this corresponds with other studies using the O’leary index (Eckley 
et  al.,  2004). Although levels as low as 10%–20% have been 
suggested as a threshold for good oral hygiene levels(O'Leary 
et al., 1972), normal levels are more likely to be around 35%–50% 
(O'Leary et al., 1972; Toda et al., 2019).

Even at the start of their hospital period, only a minority of pa-
tients actually brushed 4 times a day, as was advised. Regardless of 

F I G U R E  2   Mean plaque scores in manual (MT) and powered 
tooth brushing (PT) groups as a function of time. The shaded area 
indicates mean OMNI scores based on the total group (PT and MT)

FIGURE 3 Mean OMNI score for manual and powered tooth 
brushing groups as a function of time

F I G U R E  4   Exploration of the effect of habitual toothbrush use before the trial on outcomes. Mean plaque score (a) and mean oral 
mucositis score (b) in for subgroups of habitual versus trial tooth brush use. Group indication: experimental/habitual brush type. Habitual 
brush type was unknown of three patients
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the tooth brushing technique used, the compliance dropped further 
to about 5%. The reduction occurred at the time of increasing se-
verity of oral mucositis, indicating a role of oral pain and ulcerations 
in this reduction. It may be concluded that powered tooth brushing 
neither helped nor hindered compliance. General advice to patients 
in the Netherlands is to brush two times a day (Kruis,  2011), and 
it may be hard to change this routine even during hospitalization. 
Also, the rationale and evidence for the advice of brushing four times 
a day may be questioned. Current guidelines no longer specify the 

frequency of brushing or mention 2–3 times per day as advisable 
(Elad et al., 2015).

A recent Cochrane systematic review concluded that powered 
tooth brushing was more effective in plaque removal than manual 
brushing, with an effect size of 11% (Yaacob et al., 2014). The stud-
ies on which this review was based were generally performed in 
healthy populations and using plaque scores distinguishing levels of 
plaque coverage per surface. Although our study used a more course 
outcome measure, looking only at the proportion of surfaces with 

F I G U R E  5   Forest plot for the meta-
analysis for the correlation between 
plaque scores and oral mucositis
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plaque, a significant effect of about 7% was still present. This indi-
cates that even in this challenging situation powered tooth brushing 
is more effective than manual brushing. Plaque scores directly after 
instruction were similar to baseline plaque scores and end of study 
plaque scores, showing no great effect of instruction or daily visits 
for plaque assessment on brushing quality. The fact that plaque lev-
els remained very stable throughout the study period, notwithstand-
ing changes in brushing frequency, indicates that brushing efficacy is 
more relevant for plaque levels than brushing frequency.

The clinical relevance of the difference between MT and PT of 
11% as reported in the systematic review has been questioned (16). 
Also, in our study, although a correlation between individual plaque 
scores and oral mucositis severity could be observed, this did not 
translate into a significant effect of powered tooth brushing on oral 
mucositis. Timing and severity of oral mucositis development in this 
study are in accordance with literature reports (Raber-Durlacher 
et al., 2010; Stiff et al., 2006). The observed relationship between 
plaque levels and oral mucositis is also in agreement with previous 
reports, either showing a relationship between pretransplantation 
plaque index and OM incidence (Coracin et  al.,  2013) or showing 
a reduced incidence of oral mucositis in patients receiving weekly 
professional oral prevention during hospitalization (Kashiwazaki 
et al., 2012). The importance of good oral hygiene is mentioned in 
different guidelines for OM, which was only based on expert opin-
ions (Lalla et al., 2014). This is the first study that showed a positive 
correlation between plaque and oral mucositis severity. Whether 
there is causation involved: either more plaque resulting in higher 
mucositis scores or the other way around, could not be established 
in this study. Moreover, the observed correlation was very small and, 
as mentioned above, an effect of powered brushing could not be 
observed in OM.

5  | CONCLUSION

Although this study had some weak points, in that it was not blinded, 
it was performed over the course of several years, due to a slow 
inclusion rate, and measurements had to be recorded in a hospital 
setting; with these limitations, we conclude that powered tooth 
brushing during HSCT resulted in lower plaque scores. Individual 
plaque scores were related to oral mucositis severity; however, pow-
ered tooth brushing did not result in reduced oral mucositis severity. 
Compliance with the advice to brush 4 times per day was extremely 
low, but almost all patients continued brushing during peak oral mu-
cositis, and most brushed at least 2 or 3 times per day for the whole 
period, independent of the toothbrush used. Continuing the use of 
a powered toothbrush during HSCT may be recommended, as it was 
well tolerated and slightly more effective.
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