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Abstract
Background: Post-stroke inpatients are at risk of poor oral health for a number of reasons. The aim of this study was
to assess the oral health status of post-stroke patients and also to explore the factors that may influence it.
Methods: This cross-sectional study was organised at National Institute for Medical Rehabilitation in Hungary. Altogether 410 post-stroke patients were enrolled in the survey. Personal medical history and functional assessment was
obtained from the final medical reports of the patients. The clinical examination and data collection were conducted
according to the World Health Organization (2013) criteria. Socio-demographic background and behaviours related to
oral health were assessed using a questionnaire. The dental status was explained by the number of Decayed, Missing and Filled Teeth (DMFT). The association of socio-demographic factors, stroke and functional assessment with
oral health status and behaviour was evaluated. Chi-square test, Fisher’s exact test, Welch test, Mann–Whitney U test,
Kruskal–Wallis test, ANOVA model and correlation analysis were used to analyse our data. The level of significance was
set at p < 0.05.
Results: Mean age of stroke patients was 59.21(Standard Deviation [SD] 14.74) years. Mean DMFT score was 20.13
(8.08), including 3.28 (4.24) decayed teeth, 15.02 (10.29) missing teeth and 1.83 (2.94) filled teeth score. Factors that
influenced the oral health status were gender, age, occupational status, level of education, type and risk factors for
stroke. Significant correlation was found between the Functional Independence Measure and oral health-related
behaviours with patients brushing their teeth once a month showing the lowest value.
Conclusion: According to the results, low socio-demographic and economic status, low level of education and
the Functional Independence Measure score, unemployment, the combination of risk factors for stroke and residual
dysfunctions are associated with poor oral health status. The data indicate that a series of changes are needed, for
special attention and care in oral health for patients who have had a stroke. Based on the findings of this research, a
new model of prevention and care can be developed, with an interdisciplinary collaboration, to promote the quality
of life of these individuals.
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Background
Stroke is a serious cerebrovascular disease and the third
most common cause of death in the world after coronary
heart diseases and cancer [1]. Nearly 15 million people
suffer a stroke worldwide each year, of those 5 million
die and 5 million continue to live with a disability [1]. In
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Hungary, the data from the Hungarian Central Statistical
Office report an increasing number of cases from year to
year, e.g. in 2019 more than 760 cases were reported per
10,000 people [2].
The major modifiable risk factors for stroke are hypertension, diabetes mellitus, hyperlipidemia, tobacco
smoking and alcohol consumption [3]. Higher age, male
gender and low educational level increase the risk of
stroke as from predisposing comorbidities [4]. In addition, age, gender, education level, occupational status,
diabetes, smoking, alcohol consumption are some of the
common risk factors with poor oral health status.
In many countries around the world, several studies have examined the cause and effect relationship
between oral health and stroke [5–7]. Systemic diseases
may have oral manifestations and on the other hand poor
oral hygiene may affect the general condition and quality of life. Previous studies have reported that post-stroke
patients had worse oral health status across a range of
parameters (tooth loss, dental caries, periodontal status,
prosthetic index) compared with the healthy group [8–
10]. However, Hungarian research reports about the oral
health status of post-stroke patients are limited. There is
just one Hungarian study in the literature reporting on
the oral health status of post-stroke patients [8].
Post-stroke patients undergoing rehabilitation are
at risk of poor oral health for a number of reasons. The
long-term effects of cerebral damage such as restricted
physical abilities, cognitive deficits, lack of coordination,
neuropsychological sequels, plus mental health problems
make it difficult to maintain good oral health. Post-stroke
symptoms like hemiparesis (one-sided weakness), hemiplegia (one-sided paralysis), lack of sensation, apraxia
(inability to perform a skilled motor activity), dysarthria
(motor speech disorder), swallowing dysfunction, and
ataxia (lack of muscle control or coordination of voluntary movements) constitute a substantial challenge in the
daily oral care routine and dental visits [11]. Aphasia and
agnosia can cause considerable problems in communication between patient and dentist [8]. Stroke can cause
impairment of the masticatory muscles, lips, tongue,
soft palate and pharynx, which may impact speaking,
food intake and oral clearance. The trapped food debris
will result in tooth decay, halitosis and an increased risk
of other microbial infections [12]. Moreover, poor oral
health contributes to an increased number of bacteria in
the saliva, which when aspirated can lead to pneumonia
[13]. These complications interfere with the progress of
the rehabilitation treatment [14].
Oral hygiene is often neglected due to a patients’ physical or cognitive difficulties. In this way, patients are reliant on nursing staff and caregivers to maintain their good
oral hygiene [15]. Oral care could be improved with more
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training opportunities for nursing staff and caregivers,
assessing patients’ remaining abilities on admission, and
using protocols to guide proper oral care [16].
Post-stroke patients require special oral care. Oral
health care and dental rehabilitation have to be a part of
the general rehabilitation for post-stroke inpatients [17].
In 2015, the Department of Community Dentistry of
Semmelweis University and The National Institute for
Medical Rehabilitation (NIMR) began to collaborate and
opened a dental practice to gain comprehensive information on patients’ oral health and oral hygiene practices
undergoing rehabilitation [18, 19].
The aim of this study was to assess the oral health status
and behaviours of patients who are undergoing rehabilitive treatment after stroke and to assess the association
with socio-demographic factors, stroke-related factors,
functional status and oral health-related behaviours.

Methods
Study design

This cross-sectional study was organised at NIMR in
Hungary. Examination and data collection were performed from August 2016 to September 2020. This
research has been approved by the Medical Research
Council, Scientific and Research Committee of Hungary
(No: ETT-TUKEB IV/1433–1/2020/EKU), and was performed according to the Declaration of Helsinki [20].
All patients provided written consent for participation.
The study followed the recommendations of STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology).
Study size

The sample size was determined based on the results of
previous cross-sectional study in this subject area using
the G*Power 3.1 software (v.3.1.9.3, 2017, Institut für
Experimentelle Psychologie, Heinrich-Heine-Universität,
Düsseldorf, Germany). Our calculation was based on the
results of Orsós et al. [21] according to which if α (false
positive rate) was set at 0.05, to reach a power of 95%
with a 1:1 distribution ratio between study groups the
minimal sample size should be at least 97 (association
between smoking and dental status) and 132 (association between alcohol consumption and dental status) per
study group.
Patients

410 post-stroke patients (174 female, 236 male), whose
primary diagnosis was subarachnoid hemorrhage, intracerebral hemorrhage or cerebral infarction (International
Classification of Diseases, 10 th revision (ICD-10): I60x,
I61x, I63x, I67x) were included in this study. In processing the data, the two main types of hemorrhagic stroke
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(intracerebral and subarachnoid) were examined separately according to the International Classification of Diseases recommended by the World Health Organization
(WHO) [22]. All of the stroke patients were recruited
while receiving rehabilitative care at NIMR. Inclusion
criteria were medical stability and confirmed stroke diagnosis. Inpatients were excluded if they had had nasogastric tube placement or if they indicated communication
difficulties (unable to follow a 1-step command) or if they
had recurrent stroke.

Location type (permanent address) was categorised into
three groups: capital, periurban area and rural.

Personal medical history and functional assessment

The oral examination was carried out by two calibrated
dentists using a plane mouth mirror, a dental probe and
an artificial light. The examiners were trained and calibrated by an experienced dental epidemiologist. The
calibrator examined 25 subjects who were also examined
by two dentists. The diagnosis found by reference examiner was compared to those of the calibrated dentists.
To assess the consistency of each individual examiner
and the variations between examiners, each examiner
first practised the examination on a group of 10 subjects.
Every examiner then independently was examined the
same group of 20 subjects and compared the findings
with the other examiner. The kappa value of intra-examiner reproducibility was 0.85, while for inter-examiner
reproducibility was 0.87. Diagnostical criteria and codes
of dentition status were recorded according to the criteria
of WHO [29]. Accordingly, a tooth was coded as sound if
it shows no evidence of treated or untreated clinical caries. A tooth was diagnosed as decayed (code:1), if there
was a lesion in a pit or fissure, or if on a smooth tooth
surface had an unmistakable cavity, undermined enamel,
or a detectably softened floor or wall. A tooth was
recorded as filled with decay (code:2) when the crown
had one or more restorations and one or more areas that
were decayed. A crown was filled with no decay (code:3)
when one or more restorations were present without caries. A missing tooth as a result of decay (code:4) or any
other reasons (code:5) was used for teeth that have been
extracted. The prevalence of caries was assessed based on
Decayed, Missing and Filled Teeth Index (DMFT), which
could be derived directly from the codes before. The D
component (D-T) includes all teeth with codes 1 or 2.
The M component (M-T) contains teeth coded 4 and 5.
The F component (F-T) comprises teeth only with code 3.
The wisdom teeth were included in the calculation, so the
highest score was 32.
The type of prosthetic appliances (fixed prosthetic
appliances, removable prosthetic appliances) and the
number of prosthetically replaced teeth were also
recorded. The number of prosthetically replaced teeth per
person was evaluated using the Prosthetic Index, which
was expressed in a percentage [30]. The level of dental

On admission, the medical reports of the patients were
collected, the history, the initial diagnosis, the type of
stroke (subarachnoid or intracerebral and cerebral infarction), time since diagnosis, presence of risk factors for
stroke (diabetes, hypertension, hyperlipidemia, atrial
fibrillation, ischemic heart disease, heart failure), poststroke sequelae [hemiplegia/hemiparesis, tetraplegia
(paralysis in the upper and lower body), dysphagia (swallowing problems), dysarthria/anarthria (complete loss of
speech motor ability), ataxia and depression], Functional
Independence Measure (FIM) scores [23] and Barthel
Index scores [24]. The FIM and the Barthel index are
widely used outcome measures in neurological rehabilitation that assess the level of independence in activities
of daily living [25]. The FIM is an 18-item tool that estimates function in 6 areas (self-care, including sphincter
control, tranfers, mobility, communication, cognition)
and measures functional disability of inpatients in terms
of their need for assistance. Each item is scored from 1 to
7 and total FIM score range from 18 to 126 [26]. The Barthel index define the grade of the self-sufficiency inlcuding 10 personal activities. The total score for the Barthel
index is a value between 0 and 100 [27].
Socio‑demographic factors

Socio-demographic background (age, gender, level of
education, occupational status, location type) were
obtained from a validated questionnaire and patient
documentation. The patients’ age was classified as
17–24, 25–49, 50–64, 65–79, and 80–89 years. Gender was recorded as male or female. Level of education
was categorised into seven groups: no formal schooling,
less than primary school, primary school completed,
secondary school completed, high school completed,
college/university completed, postgraduate degree.
Occupational status was recorded according to patients’
responses based on local opportunities, which were classified into three main groups according to the Hungarian
Central Statistical Office [28], as active (employed, selfemployed), inactive (student, housewife, stay at home
parent, pensioner, altered work ability) and unemployed.

Behavioural factors

Dental health practices (last dental visit, tooth-brushing
habits), frequency of smoking and alcohol consumption
were assessed using a validated questionnaire that was
based on the Oral health surveys: basic methods, 5th edition by WHO [29].
Oral examination
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care (restorative index) was expressed as [(F/D + F)*100]
at tooth level, as in a previous study [18, 19]. The restorative index described the proportion of the decayed and
filled teeth that had been treated restoratively.
Data collection

All data was recorded on tablets based on an Android
operating system. The data collection and analysis software were created in a collaboration with scientists from
the Wigner Research Centre for Physics, located in Budapest. All the collected information was uploaded directly
to the Hungarian Academy of Science’s cloud-based data
storage. For statistical analysis, data could be retrieved
from the cloud and converted to Microsoft Office Excel,
version 2019.
Statistical analysis

The analysis of data was performed using the statistical
software R, version 4.0.2 (R Core Team, 2020, Vienna,
Austria) using the coin (Hothorn, Hornik, van de Wiel
and Zeileis, 2008), tidyverse (Wickham et al., 2019),
knitr (Xie, 2021), RcmdrMisc (Fox, 2020), summarytools
(Comtois, 2021), ggpubr (Kassambara, 2020) packages.
For the descriptive analysis of categorical variables, case
number and percentage were computed, while in the case
of continuous variables, patient number, mean, Standard
Deviation (SD), median, 25% and 75% quartiles (IQR)
were calculated. The socio-demographic factors, strokerelated factors, functional assessment and oral healthrelated behaviour were examined for their association
with the number of decayed, missing and filled teeth. The
correlation between FIM and frequency of tooth cleaning
was also investigated. To identify the association between
dental status and various factors, we used the Chi-square
test and Fisher’s exact test in case of categorical data,
the Welch test for normally distributed variables, and
the Mann–Whitney U test and Kruskal–Wallis test for
non-normally distributed variables. Analysis of Variance
technique by Blocks (ANOVA) was used to detect the
statistical differences between three or more independent
groups. Correlation analysis was used to measure linear
relationships between FIM, Barthel index and D-T, M-T,
F-T, DMFT score. The level of significance was set at
p < 0.05. The total sample size for the study was 410, however, data was missing in 8 cases in FIM scores and 13
cases in Barthel Index scores. Patients with these missing data (8 patients) were excluded from the statistical
calculations where association between functional status
and dental status or frequency of tooth cleaning was calculated, however, they were included in all other calculations because patients weren’t treated as individual data
but as groups.
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Results
Study population

During the study period, 410 (174 female, 236 male) out
of 554 eligible patients were enrolled (Fig. 1). All of the
post-stroke patients were Hungarian.
Patient characteristics

Table 1 shows the patients’ socio-demographic and clinical characteristics at the time of admission.
The mean age was 59.21 (Standard Deviation [SD]
14.74) years for female patients, and 58.36 (12.77) years
for male patients. According to the distribution by residence, more than half of inpatients had a rural address
(52.9%). More than half of the participants in the research
were actively employed (52.9%), with most patients having graduated from college or university. In more than
three-quarters of the cases, the stroke type was cerebral
infarction (78.3%). The most common post-stroke symptom in patients that may have been infered with dental
care was hemiplegia/hemiparesis. There were only 17
patients in whom none of the listed risk factors were
found (4.1%).
Oral health status

The mean DMFT score of the patients was 20.13 (Standard Deviation [SD] 8.08), including 3.28 (4.24) D-T, 15.02
(10.29) M-T and 1.83 (2.94) F-T score. Of the stroke
patients, 49.5% had more than 20 teeth, while 13.4%
had no remaining teeth. 116 patients wore some type of
removable denture. Mandibular removable partial dentures were worn by 40 patients, and 31 patients had a
maxillary removable partial dentures. The number of
complete dentures was 121. The prosthetic index (the
percentage of restored missing teeth) per person was
39.5%. The restorative index was 35.9%. Mucosal lesions
were detected in 47 cases during the dental examination
(11.5%). 103 patients (25.1%) had reported dental pain
in the past 12 months. Necessity for any type of dental
treatment was recognised in 271 patients (66.1%). 183 of
patients (44.6%) had experiences self-reported xerostomia in the past 12 months.
Dental status and socio‑demographic factors

Table 2 shows the association between socio-demographic factors and dental status in patients after a
stroke. The significance level was set at p < 0.05. However,
the data obtained were even more significant and it was
adopted (p < 0.0001).
Significant relationships were found between gender
and D-T (p < 0.0001), M-T (p = 0.0085) values, while
no connection was found between F-T (p = 0.6298)
and DMFT (p = 0.3834) scores. Females had significantly fewer decayed teeth compared to males, while
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Fig. 1 Flow diagram

they had significantly more missing teeth. D-T, M-T,
F-T and DMFT were related by age distribution. Significant differences were found between age groups and
D-T, M-T, F-T and DMFT scores. The most decayed
and filled teeth were in the groups of 25–49-year-olds,
while the most missing teeth and the highest DMFT
score were in 80–89-year-old patients. No significant
correlation was found between D-T (p = 0.0829), M-T
(p = 0.8643), F-T (p = 0.199) and DMFT (p = 0.8667)
scores and location type (urban, periurban area, rural),
but it was observed among the data that most people
with carious teeth had a rural address. Significant differences were observed between occupational status
and D-T, M-T, F-T, DMFT scores. Post-stroke patients,
who were inactive, had the highest D-T (stay at home
parent), M-T (pensioner), DMFT values (stay at home
parent), while the highest F-T values were seen in the
active group (self-employed). D-T, M-T, F-T and DMFT
values showed significant relationships with level of
education (p = 0.007, p = 0.0046, p = 0.0008, p < 0.0001,
respectively). The highest D-T, M-T and DMFT scores
were found among those with lower education (primary school completed, less than primary school) while
those with the highest values for filled teeth had graduated from high school, college, or university. A detailed
table of socio-demographic factors associated with
dental status can be found in our Additional file 1.

Dental status and stroke‑related factors

The proportion of subarachnoid hemorrhage, intracerebral hemorrhage and cerebral infarction cases were 3.9%,
17.8% and 78.3%. The association of stroke types with
dental status are summarized in Table 3.
Significant relationships were found between DMFT
value (p = 0.0025), M-T component (p = 0.0259) and
stroke type, while no differences were observed D-T
(p = 0.3148) and F-T (p = 0.5588) components. The highest DMFT and M-T score were recorded in cerebral
infarction type. The lowest DMFT score were seen for
the subarachnoid subtype. A detailed table of stroke type
associated with dental status can be found in our Additional file 2. No significant differences were observed
betweeen post-stroke symptoms (hemiplegia/hemiparesis, tetraplegia, dysphagia, dysarthria/anarthria, ataxia
and depression) and DMFT scores. A detailed table of
post-stroke symptoms associated with DMFT score can
be found in our Additional file 3.
Among the risk factors for stroke (Table 4), significant
differences were observed between hypertension and
M-T score (p = 0.0106), alcohol consumption and M-T
score (p = 0.02362), smoking and D-T score (p = 0.008).
A detailed table of risk factors for stroke associated with
dental status can be found in our Additional file 4.
Figure 2 shows the association between frequency of
smoking and dental status in patients after a stroke. The
frequency of smoking was significantly associated with
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Table 1 Patient characteristics
Characteristics

Table 1 (continued)
Overall
n = 410

Gender, n (%)
Male

236 (57.6)

Female

174 (42.4)

Age, years mean (SD)

58.72 (13.63)

Age, years, n (%)

FIM Functional Independence Measure, SD Standard Deviation

M-T (p = 0.0175) and F-T score (p = 0.0282). The highest mean M-T value was 15.89 (9.82) in the patient group
where they smoked every day, while the highest mean
F-T value was 6.33 (5.51) in the group where they smoked
several times a month.

17–24 years

6 (1.5)

25–49 years

104 (25.4)

50–64 years

146 (35.6)

Dental status and functional assessment

65–79 years

134 (32.7)

≥ 80 years

20 (4.9)

No significant correlation was found between FIM, Barthel index and D-T, M-T, F-T, DMFT scores. Figure 3
shows the association between dental status and FIM.
A weak positive correlation was detected the FIM value
and D-T scores (correlation coefficient [R] = 0.082), and
a weak negative correlation for the M-T, F-T and DMFT
values (R = − 0.048, R = − 0.026, R = − 0.01, respectively), both insignificant. Figure 4 shows the association
between dental status and Barthel index. A weak positive correlation was detected for the D-T and F-T scores
(R = 0.072, R = 0.0077, respectively) and a weak negative
correlation for the M-T and DMFT values (R = − 0.058,
R = − 0.0084, respectively), both insignificant.

Location type, n (%)
Capital

154 (37.6)

Periurban area

39 (9.5)

Rural

217 (52.9)

Occupational status, n (%)
Active

217 (52.9)

Inactive

183 (44.6)

Unemployed

10 (2.4)

Level of education, n (%)
No formal schooling

2 (0.5)

Less than primary school

5 (1.2)

Primary school completed

54 (13.2)

Secondary school completed

92 (22.4)

High school completed

126 (30.7)

College/university completed

130 (31.7)

Postgraduate degree

1 (0.2)

Stroke type, n (%)
Hemorrhagic stroke

89 (21.7)

Cerebral infarction

321 (78.3)

Post-stroke sequels, n (%)
Hemiplegia/hemiparesis

367 (89.5)

Tetraplegia/quadriplegia

11 (2.7)

Dysphagia

18 (4.4)

Dysphasia

61 (14.9)

Dysarthria/anarthria

33 (8.1)

Ataxia

39 (9.5)

Post-stroke depression

67 (16.3)

Risk factors for stroke, n (%)
Diabetes

88 (21.5)

Hypertension

310 (75.6)

Hyperlipidemia

121 (29.5)

Atrial fibrillation

37 (9.0)

Ischemic heart disease

52 (12.7)

Heart failure

11 (2.7)

Alcohol consumption

272 (66.3)

Smoking

117 (28.5)

FIM at admission, mean (SD)

76.47 (29.5)

Barthel Index at admission, mean (SD)

49.55 (34.49)

Time since diagnosis of stroke (months), mean (SD)

10.07 (26.4)

Oral health behavioural factors

Table 5 shows the oral health behavioural characteristics
of post-stroke patients. Only 69 patients (16.8%) reported
attending to dental visit within six months. More than
one fifth of patients (21.7%) had not undergone dental
screening for more than 5 years. As for the frequency of
tooth cleaning, 44.6% of the patients reported brushing
their teeth twice or more a day. 172 (42%) post-stroke
patients reported using a mouthwash and only 7 (1.7%)
reported flossing. Out of 116 patients, who were wearing some form of removable denture, 70 of them (60.3%)
responded that they use a denture cleaner. As for brushing frequency, Fig. 5 shows the association between
tooth cleaning frequency and the FIM. Significant differences were found (p = 0.0402) in relation to the FIM
value. Patients with the lowest mean FIM score (mean
49.80 (17.38)) were those who reported brushing their
teeth once a month, while those who brushed their teeth
two or more times a day had a mean FIM score of 80.39
(29.92).

Discussion
Post-stroke patients undergoing rehabilitation are at risk
of poor oral health for a number of reasons. The longterm effects of cerebral damage makes it difficult to maintain good oral health. This group of patients have worse
oral health status across a range of parameters (tooth
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Table 2 Socio-demographic factors associated with dental status

Factor

D-T

M-T

F-T

DMFT

n

mean (SD)

mean (SD)

mean (SD)

mean (SD)

236

4.06 (4.38)*a

13.92 (10.17)*a

1.84 (2.97)

19.83 (7.99)

174

*a

2.22 (3.81)

16.50 (10.29)*a

1.82 (2.91)

20.53 (8.22)

6

1.17 (1.33)*b

0.67 (1.63)*b

0.33 (0.82)*b

2.17 (1.33)*b

*b

*b

*b

15.77 (6.57)*b

*b

20.16 (7.64)*b

*b

23.19 (7.20)*b

*b

27.40 (5.92)*b

Gender
Male
Female
Age groups (years)
17–24
25–49
50–64
65–79
80–89

104

5.20 (4.72)

*b

146

3.78 (4.23)

*b

134

1.77 (3.38)

*b

20

0.35 (0.93)

7.40 (6.50)

3.16 (3.58)

*b

14.53 (9.46)

1.84 (2.92)

*b

20.46 (9.03)

0.97 (1.95)

*b

26.00 (8.68)

1.05 (2.98)

Location type
Capital

154

2.67 (3.57)

15.12 (9.75)

2.07 (3.12)

19.86 (7.55)

Periurban area

39

3.13 (4.31)

15.23 (10.89)

1.79 (2.66)

20.15 (8.66)

Rural

217

3.74 (4.61)

14.91 (10.60)

1.67 (2.86)

20.31 (8.37)

10

6.70 (4.06)*b

12.40 (6.52)*b

1.10 (1.85)*b

20.20 (6.44)*c

*b

*b

*b

18.42 (7.68)*c

*b

Occupational status
Unemployed
Employed

158

3.87 (4.40)

*b

12.40 (9.51)

2.16 (3.10)

*b

Self-employed

59

3.36 (3.42)

10.66 (9.01)

3.34 (3.72)

17.36 (6.94)*c

Housewife

4

7.75 (3.10)*b

9.00 (4.40)*b

0.50 (0.58)*b

17.25 (6.08)*c

Student

5

1.40 (1.34)*b

0.80 (1.79)*b

0.00 (0.00)*b

2.20 (1.48)*c

Stay at home parent

2

8.50 (12.02)*b

17.50 (3.54)*b

0.00 (0.00)*b

26.00 (8.49)*c

Pensioner

147

1.83 (3.36)*b

20.74 (9.70)*b

1.05 (2.14)*b

23.63 (7.40)*c

Altered work ability

25

5.76 (6.01)*b

12.84 (8.70)*b

1.80 (3.21)*b

20.40 (8.35)*c

2

3.50 (4.95)*b

20.50 (16.26)*b

0.00 (0.00)*b

24.00 (11.31)*c

5

0.60 (0.89)*b

21.80 (10.47)*b

1.40 (2.07)*b

23.80 (7.95)*c

*b

*b

*b

23.85 (7.58)*c

*b

21.66 (8.09)*c

*b

19.31 (7.83)*c

*b

18.19 (7.81)*c

Level of education
No formal schooling
  < Primary school
Primary school
Secondary school
High school
College/University
Postgraduate degree

54

4.04 (4.52)

92

16.37 (10.31)

*b

*b

3.98 (4.74)

126

3.64 (4.42)

*b

130

2.24 (3.39)
*b

1

18.98 (10.25)

*b

0.00

0.83 (2.14)

*b

1.32 (2.43)

13.84 (9.81)

1.83 (2.83)

*b

13.28 (10.17)

2.67 (3.49)

*b

*b

5.00

1.00

6.00*c

SD Standard Deviation, D-T Number of decayed teeth, M-T Number of missing teeth; F-T Number of filled teeth, DMFT Sum of the number of decayed, missing and
filled teeth
*

p < 0.05 (aMann-Whitney U test, bKruskal-Wallis test, cANOVA model)

Table 3 Association between stroke type and dental status
D-T

M-T

F-T

DMFT

Stroke type

N

mean (SD)

mean (SD)

mean (SD)

mean (SD)

Subarachnoid hemorrhage

16

2.62 (3.48)

12.19 (8.63)*

2.19 (3.12)

17.00 (7.57)*

3.48 (3.77)

*

1.99 (2.84)

17.78 (7.41)*

1.78 (2.96)

20.82 (8.14)*

Intracerebral hemorrhage
Cerebral infarction

73
321

3.26 (4.38)

12.32 (9.37)

15.77 (10.46)

*

SD Standard Deviation, D-T Number of decayed teeth, M-T Number of missing teeth, F-T Number of filled teeth, DMFT Sum of the number of decayed, missing and
filled teeth;
*

p < 0.05 (Kruskal–Wallis test)

loss, dental caries, periodontal status, prosthetic index)
compared to people who did not have a stroke [8–11].

In the present study, we assessed the oral health status
of stroke patients undergoing rehabilitation treatment
and explored the factors associated with dental status.
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Table 4 Risk factors for stroke associated with dental status in post-stroke patients
D-T

M-T

F-T

DMFT

Risk factor

Yes/No

n

mean (SD)

mean (SD)

mean (SD)

mean (SD)

Diabetes mellitus

Yes

88

3.51 (4.20)

16.24 (10.13)

1.53 (2.48)

21.28 (7.84)

No

322

3.21 (4.25)

14.68 (10.32)

1.91 (3.06)

19.81 (8.13)

Hypertension

Yes

310

3.25 (4.16)

15.61 (9.98)*

1.58 (2.71)

20.43 (7.72)

No

100

3.37 (4.51)

13.19 (11.06)*

2.62 (3.47)

19.18 (9.10)

Yes

121

3.55 (4.43)

15.90 (10.34)

1.69 (2.97)

21.14 (7.72)

No

289

3.16 (4.16)

14.65 (10.26)

1.89 (2.93)

19.70 (8.21)

Yes

138

3.31 (4.28)

16.38 (9.72)*

1.46 (2.51)

21.15 (7.77)

No

272

3.26 (4.23)

14.33 (10.51)*

2.02 (3.13)

19.61 (8.21)

Yes

293

2.83 (3.83)*

15.03 (10.44)

1.96 (3.07)

19.82 (8.11)

No

117

4.41 (4.96)*

14.98 (9.94)

1.50 (2.57)

20.90 (8.01)

Hyperlipidemia
Alcohol consumptiona
Smokingb

SD Standard deviation, D-T Number of decayed teeth, M-T Number of missing teeth, F-T Number of filled teeth, DMFT Sum of the number of decayed, missing and
filled teeth; *p < 0.05 (Mann–Whitney U test)
a

Subcategories of alcohol consumption are created by aggregating the number of patients who reported to consume alcohol in the past 30 days

b

Subcategories of smoking are defined by aggregating the number of patients who reported either the permanent or occasional of any tobacco product (cigarettes,
cigars, pipe, snuff )

Fig. 2 Frequency of smoking associated with dental status in post-stroke patients. D-T score: number of decayed teeth; M-T score: number of
missing teeth; F-T score: number of filled teeth; DMFT score: sum of the number of decayed, missing and filled teeth

Dental health can be defined and measured by the
score of dental caries intensity index (DMFT) and their
components (D-T, M-T, F-T). The present research
revealed high mean DMFT (20.13), D-T (3.28), M-T
(15.02) scores, and low mean F-T (1.83) score. This result
was worse compared with healthy Hungarian population [31]. Only one Hungarian study was examined
the oral health status of post-stroke patients and was

received lower mean D-T value (2.3 (3)) and higher F-T
score (3.6 (4.7)) [8]. The prosthetic index (the percentage
of restored missing teeth) was 39.5%, which is also very
bad [8]. The restorative index was 35.9%, which means
that many caries is unattended [8]. These results may be
related to the fact that poor socio-demographic situation,
physical disfunctions and difficulties in accessing dental
facilities do not allow adequate restorative and prosthetic
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Fig. 3 Association between dental status and Functional Independence Measure. R: correlation coefficient; p: p-value. FIM score: Functional
Independence Measure score. D-T score: number of decayed teeth; M-T score: number of missing teeth; F-T score: number of filled teeth; DMFT
score: sum of the number of decayed, missing and filled teeth.

dental treatment. Unfortunately, in many cases, due to
communication problems, mental health problems, lack
of compliance dentist might choose treatment options
that are simple and quick. Dental professionals are not
trained to care for the special need population. In Hungary, there is no available guideline for the management
of complex dental care for stroke patients. [21, 32]
The necessity of dental treatment was recognised in our
study in 271 patients (66.1%), which could be due to the
neglected oral health care of patients after stroke. Oral
health care plays an important role in preventing oral
disorders and serious complications such as pneumonia,
plus increased length of hospital stay [14].
In the current study, the most important socio-demographic factors that influenced DMFT and their components were gender, age, occupational status and level of
education. The majority of the participants in this study
were male. It has been recognised long ago that stroke
incidence is higher in males than in females globally
[33]. Females after stroke had significantly fewer decayed
teeth, compared to males, while they had significantly
more missing teeth. Similar results in the Hungarian
adult population were reported by Madléna et al. [31].

The most decayed and filled teeth were in the group
25–49-year-olds, while the most missing teeth and the
highest DMFT score were in 80–89-year-olds patients.
Low occupational status and low level of education was
associated with poorer dental status (more decayed teeth,
more missing teeth, highest DMFT score), while people
with an active occupational status and with tertiary-level
education reported the highest F-T (filled teeth) score.
These results from a previous report confirmed that
lower level occupational and educational status may have
a negative effect on dental status [34, 35].
There are two main types of stroke ‒ ischemic, including transient ischemic, and hemorrhagic, including
intracerebral and subarachnoid [36]. In the present
study, subarachnoid, intracerebral and ischemic (cerebral infarction) stroke types were examined. Transient
ischemic attack was not found in the study population
under rehabilitation treatment, these patients do not
require long-term rehabilitation treatment. More than
three quarters of strokes were of the cerebral infarction
type, which is even the most common cause of stroke
[33]. Many researchers suggested an association between
poor oral health and ischemic stroke [5, 37, 38]. And in
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Fig. 4 Association between dental status and Barthel index. R: correlation coefficient; p: p-value. D-T score: number of decayed teeth; M-T score:
number of missing teeth; F-T score: number of filled teeth; DMFT score: sum of the number of decayed, missing and filled teeth

Table 5 Oral health behavioural characteristics
Behavioural variables

Overall
n = 410

Last dental visit, n (%)
< 6 months

69 (16.8)

6–12 months

75 (18.3)

1–2 years

78 (19.0)

2–5 years

78 (19.0)

> 5 years

89 (21.7)

Never

3 (0.7)

Self-reported frequency of tooth cleaning, n (%)
Twice or more a day

183 (44.6)

Once a day

164 (40.0)

2–6 times a week

10 (0.2)

Once a week

22 (5.4)

2–3 times a month

6 (1.5)

Once a month

6 (1.5)

Never

19 (4.6)

Device used for tooth cleaning, n (%)
Manual toothbrush

303 (73.9)

Electric toothbrush

24 (5.9)

Electric and manual toothbrush

50 (12.2)

Does not use a toothbrush

33 (8.1)

fact, significant relationships were found between DMFT
scores, M-T scores and this type of stroke. Patients with
cerebral infarction had the highest number of missing
teeth and DMFT score, while the lowest DMFT value
was seen in the subarachnoid subtype. Similar results
were found between the association of missing teeth
and cerebral infarction by Alhadainy et al. [7] and Lee
et al. [39]. The better DMFT value of the subarachnoid
type can be explained by the fact that this type is mostly
present in young adults [40]. The worst DMFT value for
cerebral infarction may be due to the fact that oral health
diseases and ischemic stroke have many factors in common, including old age, diabetes mellitus, tobacco smoking, alcohol consumption and low socio-economic status
[41].
Post-stroke sequels constitute a substantial challenge in
the daily oral health care routine and dental visits [11].
In the present study, the leading residual sequel was
hemiplegia, that is a paralysis of half of the body, which
can cause an inability to use the affected side. Mobility impairment makes it difficult to carry out optimal
tooth brushing. Insufficient oral care leads to increased
oral infections and dental caries [13]. Impairment in
swallowing (dysphagia) is also a significant problem for
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Fig. 5 Frequency of tooth cleaning association with Functional Independence Measure. FIM score: Functional Independence Measure score

post-stroke patients. Dysphagia and poor oral health
status are risk factors for aspiration pneumonia [42].
However, the present study shows that no significant differences were between post-stroke symptoms and the
DMFT score. This can be explained by the small number
of patients diagnosed with dysphagia. Further examinations are necessary to investigate the combined effect of
these symptoms on oral health.
The most important modifiable risk factors for stroke
are well-documented and include hypertension, diabetes mellitus, hyperlipidemia, tobacco smoking and alcohol consumption are well-documented [4]. High blood
pressure is the major risk factor for all stroke types [40].
And, in the current study, more than 75% of patients
had hypertension. The results showed a significant association between hypertension and number of missing
teeth. Patients with high blood pressure had higher M-T
scores, compared to those who did not have. Periodontitis, which can lead to tooth loss and hypertension, share
specific demographics and risk factors such as older age,
male gender, smoking, obesity, diabetes mellitus, low
socio-economic status, and poor education [43]. In light
of this, management of traditional cardiovascular risk
factors, including hypertension, is of great importance in
the management of periodontitis. Besides, treating periodontitis is essential in order to achieve risk-free general
health [44].
Although no significant difference was found between
the dental status of diabetic and non-diabetic patients in
the present study, the effect of diabetes on oral health is
unquestionable. Diabetes has a great number of complications in the oral cavity, including dryness of the mouth,
which may cause other problems, as increased caries
activity, increased oral fungal infections, dysphagia, glossodynia [45].

There was a significant difference in D-T values
between smoking (median D-T = 1) and non-smoking
(median D-T = 3) patients, which means that smoking
patients had fewer decayed teeth. The literature does
not show a clear relationship between tobacco smoking and dental caries. The recent study demonstrated an
decreased prevalence of caries in smokers. Similar results
have been presented by Hugosan et al. [46]. Examining
the frequency of smoking, it can be said that most of the
missing teeth were among those who smoked every day.
The destructive force of smoking against the periodontal
tissues clinically manifest in several forms, as bone loss,
attachment loss and finally tooth loss [47].
The role of alcohol consumption as a risk factor for
stroke has been widely studied [48]. Alcoholics have
higher risk of developing dental caries, gingival diseases
and oropharyngeal cancers. Enberg et al. [49] found that
the number of missing teeth were higher in alcoholics
than non-alcoholics.
In the current study, the FIM was represented as a
measure of disability and independence for self-care [23].
However no significant correlation was found between
FIM and dental status, but frequency of teeth cleaning was related to FIM scores. Patients with the lowest
FIM score (mean FIM = 49.80 (17.38)) were those who
reported brushing their teeth once a month, while those
who brushed twice or more a day had a mean FIM score
of 80.39 (29.92). According to evidence based on oral
health care, tooth brushing at least twice a day is one of
the most essential practices for good oral hygiene [50].
In this research, only 44.6% of the patients reported the
recommended brushing frequency. Oral hygiene routines
may be disrupted by physical disabilities that may make
oral self-care more difficult [51]. Patients with stroke
are less frequent dental attenders [10]. In this study only
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16.8% of post-stroke patients had received a full mouth
examination in the last half year. 21.7% of patients have
not undergone dental screening for more than 5 years.
Patients with physical disabilities have limited access to
dental care due to difficulty in finding barrier free dental
offices [52].

Strengths and limitations
The present study examined an important topic that is
receiving increasing attention in the international literature. The location of the study was The National Institute
for Medical Rehabilitation, which is a nation-wide rehabilitation centre. The sample size (n = 410), was enough
to validate most of the conclusions. However, some limitations of this study should be mentioned. First is the
lack of age- and sex-matched healthy control group. In
the current research, the main aim was to assess the oral
health status of stroke patients undergoing rehabilitation
treatment and to explore diverse set of factors that may
influence it. In a future study, we designed a case–control study to compare the oral health status between the
healthy and post-stroke groups. In addition to the control
group (people who did not have a stroke), there would
also be a third group of patients who had a stroke and
who are not undergoing rehabilitation. Second, the validity of the results for some subgroups can be limited due
to low number of patients. Third, the oral hygiene status
and the periodontal status were not assessed.

Page 12 of 14

with several aspects: socio-demographic, type of stroke,
risk and behavioural factors in oral health, combined
with physical or cognitive difficulties, even though
they are in the process of rehabilitation. According to
the data, low socio-demographic and economic status,
low level of education and FIM score, unemployment,
the combination of risk factors for stroke and residual
dysfunctions are associated with poor oral health status. Therefore, the findings point to structural changes
and the need for special attention and oral health care
for post-stroke individuals. A new model of prevention,
care and promotion can be developed, at an individual
and collective level, with an interdisciplinary partnership, in order to help adapt to new circumstances and
restore, as far as possible, the quality of life of people
after a stroke.
Abbreviations
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Interpretation

Considering the limitations of the study, the proposed
objectives were achieved. In summary, it can be stated
that post-stroke patients had worse oral health status in
a series of parameters (tooth loss, dental caries, restorative index and prosthetic index). Poor oral health was
associated with several socio-demographic aspects (sex,
age distribution, occupational status and education level),
type of stroke, known risk factors (hypertension, smoking
and alcohol consumption) and behavioural factors in oral
health (frequency of dental cleaning and access to dental
care). According to the data, a risk group, due to the high
number of decayed teeth, is composed of young men,
aged 25–49, unemployed, poor and smokers. Another
risk group, due to the high number of missing teeth, is
women over 80 years old, who have suffered ischemic
stroke, pensioners, the poor, but who had access to education, and hypertensive and alcoholic individuals.

Conclusion
Based on the results of this research, it can be said that
post-stroke patients had a worse oral health status in
a series of parameters. Poor oral health was correlated
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