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Abstract
Objective: To evaluate the effectiveness of professionally applied fluoride varnish 
on the incidence of dental caries amongst older adults resident in LTCFs in Northern 
Ireland.
Background: The oral health status of older adults within Long- Term Care Facilities 
(LTCFs) is significantly worse than their community living peers. Whilst evidence sug-
gests an important role for fluoride varnish in preventing caries in this population, 
very few studies have evaluated this intervention.
Materials and Methods: A quality improvement project was undertaken with dentate 
residents (n = 190) in nine LTCFs who had fluoride varnish applied by Dental Care 
Professionals on two separate occasions during a 12- month period (intervention 
group). Nine LTCFs were chosen as matched controls (control group) with comparable 
numbers of residents of similar medical status (n = 217). For the intervention group, 
oral hygiene training was also provided for the care home staff.
Results: A total of 407 patients (n = 271 female) were included in the analyses (mean 
age [SD]: 84.1 [6.6] years). After 12 months, the intervention group recorded a sig-
nificant reduction in mean number of carious teeth (mean [95% CI]: −0.85 [−1.12, 
−0.58]; P < .001). Patients in the control group had significant increases in the mean 
number of carious teeth (mean [95% CI]: 0.21 [0.05, 0.37]; P = .012), mean plaque 
score (mean [95% CI]: 1.16 [0.28, 2.04]; P = .010) and mean DMFT score (mean [95% 
CI]: 0.13 [0.04, 0.22]; P = .004).
Conclusions: This study demonstrates the potential role of fluoride varnish in com-
bination with oral hygiene training for staff in the prevention and arrest of carious 
lesions among older adults in LTCFs.
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1  | INTRODUC TION

The World Health Organisation (WHO) has projected a rapid world-
wide increase in the number of older people, defined as those aged 
65 years and over, from approximately 5.24 million in 2010 to almost 
1.5 million by 2050.1

These changing population demographics are accompanied by 
concurrent trends of increased retention of natural teeth among 
older adults.2,3 In 1979, 33% of the Northern Irish adult population 
were edentulous, compared to an estimated 4% in the most recent 
UK Adult Dental Health Survey.3 Edentulism among adults aged 
seventy- five and over has fallen from 74% to around 40% within the 
same period.3 Increases in the number of natural teeth retained and 
the number of sound, untreated teeth have also been noted, with 
more pronounced improvements identified among older age groups. 
While these developments enable a greater proportion of adults to 
preserve a lifetime functional dentition, significant challenges exist 
in maintaining this dentition against the background of chronic den-
tal diseases.4

This holds true, in particular, for older adults residing in Long- 
Term Care Facilities (LTCFs). The annual dental caries increment 
among LTCF residents is more than double that of equivalent 
community- dwelling older adults, whilst for those suffering from de-
mentia, it is more than twice the rate again.5 In the United Kingdom, 
it is reported that more than half of older adults who live in LTCFs 
experience dental caries, in comparison to 40% of over 75s who live 
independently.6 There is now acknowledgement of the inequalities 
in oral health provision experienced by LTCF residents, accompanied 
by calls for immediate action by relevant stakeholders to address 
these disparities.7

Within the United Kingdom, the National Institute for Health 
and Care Excellence (NICE) publishes evidence- based guidelines 
on all aspects of health care. In 2016, NICE published “Oral health 
for adults in care homes (NG48)” which included a series of recom-
mendations for LTCFs including improving access to dental services 
for LTCF residents, improving the oral health knowledge and skills 
of care home staff and the implementation of oral health assess-
ments, mouth care plans and daily oral care for all residents.6 Whilst 
the guideline development committee reviewed all available evi-
dence on oral health of LTCF residents, they acknowledged a lack of 
good quality data on the effectiveness of oral health interventions 
for LTCF residents and identified this as a priority area for future 
research.

The role of fluoride in the prevention of dental caries and the 
mechanisms through which this preventative effect is achieved have 
been well described; however, the vast majority of studies investi-
gating the effects of fluoride interventions have been carried out in 
children.8,9 Studies including adults have shown that fluoride is an 
effective caries preventative measure across all age groups, whilst 
a review of fluoride interventions to prevent root caries in adults 
found that the regular application of topical fluoride was effec-
tive in achieving this.10 Older people residing in LTCFs represent a 
group with distinct characteristics including multiple comorbidities, 

xerostomia, polypharmacy and limited self- care abilities.11 Given the 
obvious differences between the groups involved, difficulties exist 
in simply extrapolating the results of previous studies on fluoride 
efficacy to older adults residing LTCFs.

Therefore, the aim of this study was to evaluate the effective-
ness of fluoride varnish application in the prevention of dental car-
ies, for older people in LTCFs in Northern Ireland. This study was 
undertaken as a Quality Improvement (QI) Project which is a sys-
tematic, formal approach to improve the ways that care is delivered 
to patients. Within the National Health Service (NHS) in the United 
Kingdom, there is an expectation that all clinicians engage in QI ac-
tivity. In this project, an extended preventative programme, includ-
ing the application of fluoride varnish to the teeth of eligible patients 
by Dental Care Professionals (DCPs) and education for care home 
staff, was evaluated.

2  | METHODOLOGY

The Community Dental Service (CDS) provides dental services to pa-
tients unable to access treatment within primary dental care as a re-
sult of disability, complex medical conditions, mental illness, anxiety, 
behavioural problems or a physical inability to access services. These 
services include the provision of dental care to patients' resident 
within LTCFs throughout Northern Ireland. Beginning in 2017, the 
CDS was allocated additional funding by the Department of Health, 
Northern Ireland, to pilot an Oral Health Prevention Programme for 
dentate adults in LTCFs as part of a QI programme. LTCFs within 
the geographical area served by the Western Health and Social 
Care Trust in Northern Ireland were invited to participate in this QI 
programme.

2.1 | Inclusion and exclusion criteria

Nine LCTFs agreed to be part of the QI project. All residents within 
these LTCFs were patients who were already receiving oral health 
care from the CDS. All dentate residents within the nine LTCFs 
who provided verbal consent for oral examination and the applica-
tion of fluoride varnish were included (n = 190). Edentulous resi-
dents (n = 121), those unable to co- operate or provide consent for 
examination or fluoride varnish application, were excluded (n = 44). 
Residents who were unable to consent and had no registered power 
of attorney were deemed to have not consented and were therefore 
excluded. Residents with a medical history which precluded the ap-
plication of fluoride products or those with facial or oral infections 
were also excluded (n = 1).

2.2 | Delivery of the intervention

Oral health assessments of the residents within the nine LTCFs re-
cruited to the QI project were carried out by three calibrated senior 
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dentists (Senior Dental Officers) from the CDS between January and 
February 2017 (CMG, JMG, GQ). This was a baseline assessment of 
oral health status with data collected including a plaque score and 
hard tissue charting to generate a Decayed, Missing, Filled Teeth 
(DMFT) Score.12 Assessments were carried out within the LTCFs 
with residents sitting in an upright chair and illumination provided 
by a mobile light. Data were collected on specifically designed data 
collection sheets, and all examinations were undertaken within the 
LTCFs. Treatment was provided for patients by the Senior Dental 
Officers to render the patients dentally fit at baseline.

The application of fluoride varnish to all remaining natural teeth 
(Duraphat Fluoride Varnish (22 600 ppm Sodium Fluoride), Colgate, 
New York, USA) for LTCF residents was carried out on two occa-
sions by trained Dental Care Professions (DCPs) in March 2017 and 
September 2017. At each application, the teeth were professionally 
cleaned and dried prior to varnish application. The varnish applica-
tion was provided within the LTCFs.

Training on oral hygiene, as well as basic screening of the oral tis-
sues for potential abnormalities, was provided for the LTCF staff as 
part of the QI project by the DCPs at the same visit as they provided 
the first application of fluoride varnish in each LTCF. The training 
involved the delivery of a visual presentation, including intra- oral 
photographs, as well as practical training on assisted tooth brushing 
using models. A resource folder containing oral healthcare plans, ad-
vice sheets for carers and additional information on oral healthcare 
products was provided to the nine LTCFs at the time of the training 
to act as a reference guide for oral health provision.

The oral health assessments by the same three senior dentists 
from the CDS were repeated 12 months following the initial assess-
ment. The assessment was undertaken according to the same clinical 
procedure described for the baseline assessment, and all examina-
tions were undertaken within the LTCFs.

2.3 | Control homes

In order to evaluate the intervention provided as part of the QI 
programme, the oral health of residents within the programme was 
compared to those in matched control LTCFs where the intervention 
was not delivered. This was made possible as the CDS was already 
routinely providing oral health assessments and oral health care in 
other LTCFs within the geographical area served by the Western 
Health and Social Care Trust in Northern Ireland. Nine LTCFs were 
statistically matched as controls where the intervention was not 
being delivered. Variables used to create the matched controls in-
cluded the number of care home residents, geographical location ac-
cording to postcode and medical status (including dementia status) 
of the residents.

In the matched LTCFs, oral health assessments of the residents 
were also carried out by the same three calibrated senior dentists 
(Senior Dental Officers) from the CDS between February and March 
2017 (CMG, JMG, GQ). This was a baseline assessment of oral health 
status with data collected including a plaque score and hard tissue 

charting to generate a DMFT Score.12 Assessments were carried out 
within the LTCFs with residents sitting in an upright chair and illumi-
nation provided by a mobile light. Data were collected on specifically 
designed data collection sheets, and all examinations were under-
taken within the LTCFs. Treatment was provided for patients by the 
Senior Dental Officers to render the patients dentally fit at base-
line. All dentate residents within the matched LTCFs were included 
(n = 217) with only edentate residents (n = 151) and those unable to 
co- operate or provide consent for examination (n = 58) excluded.

None of the activities of the extended preventative QI pro-
gramme were delivered within the control LTCFs as they continued 
to operate under usual practices during the 12- month period. The 
oral health assessments by the same two senior dentists from the 
CDS were repeated twelve months following the initial assessment. 
The assessment was undertaken according to the same clinical pro-
cedure described for the baseline assessment, and all examinations 
were undertaken within the LTCFs.

2.4 | Data analysis

The data collected for each resident were anonymised, cleaned 
and entered into an electronic database in preparation for statis-
tical analysis. All analyses were performed using SPSS version 25 
(IBM). For continuous variables, independent samples t- tests were 
used to compare baseline characteristics (age, number of remaining 
teeth, plaque score, DMFT score and number of carious teeth). Chi- 
squared tests were used to compare categorical variables (gender). 
Paired samples t- tests were used to analyse within- group (interven-
tion and control group) changes in oral health measurements (DMFT 
score, plaque score and number of carious teeth) from baseline to 
the 12- month follow- up visit. Between- group (intervention and con-
trol groups) differences in oral health measurements (DMFT score, 
plaque score and number of carious teeth) from baseline to the 12- 
month follow- up visit were investigated using Analysis of Covariance 
(ANCOVA). In each model, change in the oral health measurement 
from baseline to 12 months was the dependent variable. All mod-
els were adjusted for baseline measurement, baseline DMFT score, 
gender, age and number of remaining teeth at baseline. All analyses 
were undertaken using complete case and last observation carried 
forward (LOCF) (to deal with missing data) approaches.

Logistic regression was undertaken to determine the impact of 
fluoride varnish application on change in oral health measurements 
over 12 months. For each oral health measure (plaque score and 
number of carious teeth), participants were categorised into one of 
two groups: (a) improvement in oral health measure over 12 months 
and (b) oral health measure remained the same or deteriorated over 
12 months. In each model, the oral health measure (with the two 
categories aforementioned) was the dependent variable and the 
study group (intervention and control groups) was the independent 
variable. Models were adjusted for age, gender, baseline number of 
remaining teeth and baseline DMFT score. Odd ratios and 95% CIs 
were calculated. None of the participants in either the intervention 
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or control group improved their DMFT score over the 12 months; 
therefore, logistic regression analysis was not untaken with this 
variable.

2.5 | Ethical considerations

Ethical approval was sought from the School of Medicine, Dentistry 
and Biomedical Sciences Research Ethics Committee at Queen's 
University Belfast (QUB) in January 2017. The nature of this work, 
namely a QI project, was exempted from formal ethical approval. 
The project was registered as a QI project with the Western Health 
and Social Care Trust. Participation of residents in all LTCFs was 
voluntary, and informed consent was obtained from each resident. 
Residents who were unable to consent and had no registered power 
of attorney were deemed to have not consented. Information leaf-
lets detailing the purpose of and the interventions involved in the QI 
project were provided for residents and their families.

3  | RESULTS

A total of 407 older adults were included in the study (n = 217 in the 
control group; n = 190 in the intervention group). The entire patient 
sample was 71% (n = 291) female with a mean (SD) age of 84.1 (6.6) 
years. At 12 months, 43% of patients (n = 175) were lost to follow-
 up (intervention Group vs. control Group: 89 (46.8%) vs 86 (39.6%); 
P =.143). There were no substantial differences between those who 
attended the 12- month visit and those who were lost to follow-
 up in terms of age, gender and baseline plaque and DMFT scores. 
However, those who attended the 12- month visit had a higher 
number of remaining teeth (mean [SD]: 6.61 [1.50] vs 5.99 [1.34]; 
P < .001) and carious teeth (mean [SD]: 4.69 [1.38] vs 4.39 [1.23]; 
P = .026) at baseline compared to those who were lost to follow-
 up. There were no significant differences between the intervention 
and control groups at baseline in terms of age, gender and baseline 
plaque scores, DMFT scores or number of carious teeth (Table 1). 
However, the control group had a higher mean number of remaining 
teeth at baseline compared with the intervention group (mean [SD]: 
6.53 [1.47] vs 6.14 [1.43]; P = .008).

As shown in Table 2, at the 12- month follow- up visit, the inter-
vention group had a significant reduction in mean number of carious 
teeth (mean [95% CI]: −0.85 [−1.12, −0.58]; P < .001), but also had a 
significant increase in mean DMFT score (mean [95% CI]: 0.10 [0.03, 
0.17; P = .007). Although their mean plaque score did decrease from 
baseline, this change was not significant. The control group had sig-
nificant increases in the mean number of carious teeth (mean [95% 
CI]: 0.21 [0.05, 0.37]; P = .012), mean plaque score (mean [95% CI]: 
1.16 [0.28, 2.04]; P = .010) and mean DMFT score (mean [95% CI]: 
0.13 [0.04, 0.22]; P = .004) from baseline to 12- month follow- up.

After adjustment for baseline measurements, baseline DMFT 
score, baseline number of remaining teeth, gender and age, this re-
sulted in mean differences in plaque score reduction and the number 

of carious teeth between the groups (favouring the intervention 
group) of −1.80 (95% CI: −3.00, −0.60) and −0.93 (95% CI: −1.15, 
−0.71); respectively. No between- group differences were identified 
in DMFT scores. As also shown in Table 2, similar results were ob-
served using LOCF approach for dealing with missing data (only lost 
to follow- up participants had missing data at 12 months).

The impact of fluoride varnish application on change in oral 
health measurements over 12 months is shown in Table 3. The inter-
vention group was 14.74 times more likely to have a reduction in the 
number of carious teeth over 12 months than the control group (OR 
[95% CI]: 14.74 [5.89, 36.91]; P < .001) after adjusting for age, gen-
der, number of remaining teeth at baseline and baseline DMFT score.

4  | DISCUSSION

This analysis has demonstrated a statistically significant reduction 
(P < .001) in the incidence of carious lesions amongst dentate LTCF 
residents who received professionally applied fluoride varnish com-
pared to LTCF residents in matched controls where usual care was 
provided. Despite the provision of oral health training for LTCF staff 
as part of the QI project, significant improvements in oral cleanli-
ness as demonstrated by plaque scores were not observed after 
12 months. Unfortunately, for the residents in the control group, 
where usual care was delivered, significant increases in carious 
teeth, plaque score and DMFT score were observed over 12 months.

While these findings suggest a potential role for the applica-
tion of fluoride varnish as a caries preventative strategy for older 
adults in LTCFs, a number of limitations regarding the conduct 
of the study need to be acknowledged. The project was limited 
in scale to nine intervention LTCFs within one geographical area 
in Northern Ireland, plus matched controls, resulting in a small 
sample size and limited generalisability of the findings. Over- 
interpretation of the data collected should be avoided as relatively 

TA B L E  1   Characteristics of patients included within the study 
at baseline

Intervention 
group (n = 190)

Control group 
(n = 217)

Mean (SD) Mean (SD) P Values

Gender (Female)a  131 (68.9) 160 (55.0) .286b 

Age (Y) 83.77 (6.87) 84.41 (6.37) .330

Number of teeth 6.14 (1.43) 6.53 (1.47) .008

Plaque score 88.97 (13.97) 91.17 (10.78) .080

DMFT score 21.49 (3.62) 21.87 (3.04) .261

Number of 
carious teeth

4.65 (1.27) 4.48 (1.37) .215

Note: Data presented as mean (SD) or
afrequency (%). Differences between the intervention and control 
groups were analysed using independent samples t- test for continuous 
variables
bChi- squared test for categorical variables.
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small changes in outcome measures have resulted in statistically 
significant findings with wide confidence intervals due to the small 
number of participants. In addition, a high rate of attrition (43% 
lost to follow- up) was noted amongst participants both within the 
intervention and control groups, although this is not unexpected 
given the LTCF setting. It should also be noted that the data pre-
sented have been generated from the opportunity to evaluate a QI 
project and not as a result of a strictly controlled research project 
where data on a number of potentially important variables includ-
ing denture wearing and dietary intake may have been collected.

Although research on the effectiveness of fluoride varnish ap-
plication in caries prevention among older adults in LTCFs is lim-
ited, the results of this study correlate with a number of previously 
published findings, suggesting that this is an area worthy of further 
investigation on a more extensive scale.13,14 A similar project, under-
taken by Public Health England between 2014 and 2015, aimed to 
develop, pilot and evaluate a comprehensive oral health prevention 
programme to improve the oral health status of residents in three 

care homes in the Westminster area of London.15 In addition to a 
baseline oral care survey of the care homes involved, the programme 
involved the coproduction of a training package for care home staff 
and the implementation of a fluoride delivery programme for res-
idents assessed as at higher risk of dental diseases. Data collected 
from the fluoride delivery aspect of the programme showed that 48 
active carious lesions among 13 care home residents were recorded 
at baseline, comprising 17 coronal lesions and 31 root lesions. 
Twelve months following the initiation of a regime involving high- 
strength (2800 ppm) fluoride toothpaste and three- monthly appli-
cation of fluoride varnish, of the 17 active coronal lesions, 8(47.1%) 
had arrested, 5(29.4%) had been restored and 4(23.5%) had been 
extracted. Of the 31 active root lesions at baseline, 23(74.2%) had 
arrested and 8(25.8%) had been extracted. It was noted that no ac-
tive lesion at baseline remained active following implementation of 
the fluoride delivery programme.

A scoping review by Raghoonandan et al16 aimed to examine 
the literature on the use of fluoride varnish in elderly people living 

TA B L E  2   Oral health outcome differences between intervention and control groups

Oral health 
outcome Study group

Baseline
Mean (SD)

Mean change from baseline 
(95%CI)a 

Mean difference between 
groups (95% CI)b  P value

Complete case analysis

No. of carious teeth Intervention (n = 101) 4.65 (1.27) - 0.85 (−1.12, −0.58)*** - 0.93 (−1.15, −0.71)c  <.001

Control (n = 131) 4.48 (1.37) 0.21 (0.05, 0.37)*

Plaque Score Intervention (n = 101) 88.97 (13.97) - 0.06 (−1.13, 1.01) - 1.80 (−3.00, −0.60)c  .003

Control (n = 131) 91.17 (10.78) 1.16 (0.28, 2.04)*

DMFT Score Intervention (n = 101) 21.49 (3.62) 0.10 (0.03, 0.17)** - 0.06 (−0.18, 0.06) .318

Control (n = 131) 21.87 (3.04) 0.13 (0.04, 0.22)**

LOCF analysis

No. of carious teeth Intervention (n = 190) - - 0.45 (−0.61, −0.30)*** - 0.48 (−0.63, −0.32) <.001

Control (n = 217) - 0.12 (0.03, 0.22)*

Plaque Score Intervention (n = 190) - - 0.03 (−0.60, 0.53) - 1.03 (−1.75, −0.36) .005

Control (n = 217) - 0.70 (0.17, 0.12)*

DMFT Score Intervention (n = 190) - 0.05 (0.01, 0.09)** - 0.04 (−0.10, 0.03) .297

Control (n = 217) - 0.08 (0.03, 0.13)**

aWithin group differences analysed using paired samples t- test and only significant results are presented.
bDifferences between control and intervention groups were analysed using ANCOVA, adjusting for baseline measurements and gender, age and 
number of teeth at baseline.
cAdjusted for baseline DMFT score also. Abbreviations: DMFT, decayed, missing and filled teeth; LOCF, Last observation carried forward.
*P <.05; **P <.01; ***P <.001.

Study Group

Reduction in no. of carious teeth Reduction in plaque score

n (%) OR (95% CI) P n (%) OR (95% CI) P

Intervention 
(n = 101)

40 (40) 14.74 (5.89, 
36.91)

<.001 13 (13) 2.46 (0.94, 
6.45)

.067

Control (n = 131) 15 (12) Ref Ref 8 (6) Ref Ref

Note: Data analysed using logistic regression and presented as odds ratio and 95% CIs. Models 
adjusted for age, gender, number of remaining teeth at baseline and baseline DMFT score.

TA B L E  3   The impact of fluoride 
varnish application on change in oral 
health measurements over 12 months
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in long- term care facilities found that the application of fluoride 
varnish demonstrated effectiveness in controlling coronal and root 
caries, although it was less efficient in those with poor oral hy-
giene. The study concluded that further research on methods to 
improve the oral hygiene of older LTCF residents, as well as im-
proved collaboration between LTCF and oral health professionals 
was necessary to maximise the effectiveness of fluoride delivery 
as a caries preventative strategy. The statistically significant re-
duction in the incidence of carious teeth observed in this analysis 
occurred despite generally poor levels of oral hygiene. This would 
suggest that an even greater reduction could be achieved through 
the application of fluoride varnish, if effective oral hygiene prac-
tices were also implemented.

A recent report published in July 2019 by the Care Quality 
Commission “Smiling matters: oral health in care homes” reviewed 
100 care homes in England and concluded that the majority of peo-
ple living in care homes were not being adequately supported to 
maintain and improve their oral health.17 The report found that 73% 
of care plans did not or only partly addressed oral health, while 52% 
of care homes did not have an oral care plan for residents and 47% of 
care home staff had not received any oral health training. The find-
ings of this study identified poor levels of oral hygiene among LTCF 
residents in both intervention and control groups, with high plaque 
scores recorded for the majority of participants at both baseline and 
follow- up oral health assessments. This occurred despite the deliv-
ery of oral health training for care home staff among the interven-
tion group, as part of the wider QI project. While the oral healthcare 
training of care home staff has been rightly identified as a priority 
area, this finding suggests that careful consideration should be given 
to underlying factors that may prohibit the success of this approach, 
as an isolated measure. High staff turnover, in combination with staff 
shortages, a reluctance among care home staff to undertake oral hy-
giene practices for residents, and a lack of understanding regarding 
the importance of oral health and its impact on general health have 
been cited as barriers to the provision of effective oral care in care 
homes.18 In addition, the importance of high levels of dietary intakes 
of refined carbohydrates by dentate residents within LTCFs cannot 
be overstated.

5  | CONCLUSIONS

This study has provided encouraging evidence on the effectiveness 
of professionally applied fluoride varnish in combination with a staff 
training programme on caries incidence amongst LTCF residents. A 
statistically significant reduction in mean numbers of carious teeth 
was observed between baseline and 12- month follow- up for pa-
tients who received two applications of fluoride varnish compared 
with controls who did not (P < .001). The study outcomes should 
be interpreted with caution given the manner of data collection and 
the high rates of patients lost to follow- up. Further attention still 
needs to be drawn to providing effective training packages for LTCF 

staff as oral cleanliness did not improve for residents despite training 
being provided.
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