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Abstract

Background: oral frailty (OFr) may be called a syndrome lacking a consensus on its definition.
Objective: the aim was to prove the relationship between OFr to the phenotype of frailty, general health and nutrition in
long-term care.
Design: the FINnish ORAL Health Study in Long-Term Care study is a cross-sectional clinical research comprising findings
on oral and general health and nutrition.
Setting: participants were divided into groups according to the number of OFr signs: Group 1 (0–1 sign), Group 2 (2–4
signs) and Group 3 (5–6 signs).
Subjects: the study includes data on 349 older residents of long-term care facilities in Helsinki, Finland.
Methods: frailty status was defined according to Fried’s frailty phenotype. OFr was evaluated with six signs: dry mouth, diet
of pureed or soft food, residue of food on oral surfaces, unclear speech, inability to keep mouth open during the clinical oral
examination and pain expression during the examination.
Results: a significant linear relationship across the OFr groups with Fried’s frailty phenotype was found (P for linearity =
0.008, adjusted by gender and age). A linear trend existed between OFr groups and general health; prevalence of dementia
and malnutrition increased from Group 1 to Group 3. The need for help with eating and oral hygiene procedures increased
from Group 1 to Group 3. Moreover, OFr had a linear relationship with chewing and swallowing difficulties.
Conclusions: OFr is related to Fried’s frailty phenotype, general health, nutrition and need for help with daily activities.
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Key Points

• Oral frailty (OFr) was evaluated with six signs.
• We may conclude that selected signs can be used to describe OFr and its severity.
• OFr is related to Fried’s frailty phenotype, general health, nutrition and need for help with daily activities.
• OFr can be considered as a syndrome
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Introduction

The geriatric syndrome of frailty is characterised by decreased
physiological reserves and increased vulnerability, and it has
been associated with an increased risk for disability, falls,
hospitalisation and death [1]. It is also associated with mal-
nutrition, impaired health-related quality of life and poor
oral health among older adults [2–4]. However, no consensus
exists on whether frailty should be defined as a physical
phenotype or as an accumulation of deficits (Frailty Index)
[5, 6]. These two explanations partly overlap but share a
similarly poor prognosis [7].

The definition of oral frailty (OFr) has been extensively
discussed worldwide, but consensus has not been reached.
OFr has been considered poor oral health or oral hypofunc-
tion, with the signs, symptoms and methods of diagnosis
undergoing debate [8–11]. To reflect physical frailty [5] OFr
should present weakness/poor function of muscles, fatigue
and/or risk of weight loss. Various researchers have proposed
the following as potential signs of OFr: (i) a dietary change
to more pureed or soft foods, (ii) residue of food in the oral
cavity (oral clearance), (iii) unclear speech, (iv) inability to
keep mouth open, (v) hypersensitivity to oral procedure and
(vi) dry mouth [8, 10, 12–14]. In addition, such symptoms
as chewing and swallowing problems, difficulties in jaw or
tongue movements, difficulties in speaking or pronunciation
and difficulties in facial expression have been considered.
Attempts have been made to form a diagnostic tool for OFr
based on these various signs or symptoms [10, 15, 16].

Frailty and oral health may be linked through several
pathways such as losing teeth or their occlusal area, dete-
rioration of oral musculature or their kinetics [8–10, 16–
19]. Losing teeth is independently associated with the risk
of malnutrition as well as with weakening and deteriorating
of oral muscles [20]. Currently, we do not have a commonly
accepted definition of the signs of OFr or whether the sever-
ity can be determined by the number of signs/symptoms.
Moreover, we do not know how OFr signs are related to
frailty or to overall health and functioning of older residents
of long-term care facilities. The main aim of this study was
to explore the relationship between selected OFr signs and
Fried’s frailty phenotype. Furthermore, we examined how
OFr signs are associated with general health, nutrition and
functioning in the older people living in long-term care
facilities.

We hypothesised that OFr and its severity can be deter-
mined based on the signs presented in this study, and OFr
is associated with frailty phenotype, overall health and nutri-
tion.

Materials and methods

The Ethics Committee of the Hospital District of Helsinki
and Uusimaa approved the protocols for the nutritional
status and oral healthcare studies and the merging of the
data, including patient medical records. The project adhered

to the guidelines set forth in the Declaration of Helsinki and
the Belmont Accord to ensure the safety of human research
subjects.

This research was originally a developmental project
to improve the nutritional care of older long-term care
residents in the capital area of Helsinki, Finland [21]. Older
residents (N = 550) participated in detailed frailty, health
and nutrition assessments [22], and a random sample of
these residents or their legal guardians gave consent for
further participation in the detailed clinical oral health
study (FINORAL, FINnish ORAL Health Study in Long-
Term Care). Individuals needing prophylactic antibiotics
were excluded from the study (N = 47). In addition, 75
participants died before the start of the oral health study and
a further 35 residents were excluded due to refusals or for
logistic reasons. Between September 2017 and January 2019,
we conducted a comprehensive clinical oral examination
(N = 393).

The nursing staff was thoroughly trained to collect
background information. They filled out a structured
questionnaire that included residents’ demographics and
diagnoses. The number of continuously used medications
was retrieved from medical records. Charlson comorbidity
index was calculated as described elsewhere [23]. Partic-
ipant’s height and weight were measured and body mass
index (BMI) was calculated (weight in kilogrammes/squared
height in metres). The mini-mental state examination
(MMSE) was used to measure cognitive impairment
[24]. Of the maximum score of 30 points, 24 points or
more indicate normal cognition, whereas 19–23 points
indicate mild, 10–18 points moderate, and ≤9 points severe
cognitive impairment. Residents’ nutritional status was
assessed with the Mini Nutritional Assessment (MNA) and
categorised as good nutrition (24–30 points), being at risk of
malnutrition (17–23.5 points) or being malnourished (<17
points) [25]. The nurses most familiar with the resident
disclosed whether the resident had difficulty in chewing and
swallowing, whether he/she needed help in oral hygiene,
and whether he/she was able to eat independently (all
yes/no).

The study assistants evaluated frailty according to Fried’s
phenotype criteria: (i) Unintentional weight loss >5% dur-
ing the preceding 3 years (yes/no), (2) Exhaustion—based
on nurse-reported or self-reported low energy level most or
all the time in the last 4 weeks, (iii) Low physical activ-
ity—the question inquired whether the residents exercised
regularly weekly (yes/no)—‘no’ was taken to denote low
physical activity, (iv). Slowness—based on walking speed in
the Short Physical Performance Battery test (<0.85 m/s)
and (v) Physical weakness—based on self-reported difficulty
(not at all = 0) carrying or lifting a grocery bag. Residents
who met one or two of the above criteria were classified
into the prefrail groups, and residents meeting three or more
criteria were classified into the frailty groups [5]. None of the
residents was classified into the robust group (fulfilling none
of the above criteria).
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Two qualified, and according to study protocol, calibrated
dentists conducted the oral clinical examinations of residents
in long-term care facilities. They were equipped with loupes
(Merident Optergo MO Ultralight Flip-up), an attached
headlamp (Merident Optergo DeLight LED) and normal
sets of sterile dental instrumentation. Participants of the oral
health study were lying in bed or sat in a chair during the
oral examination.

Apart from the clinical oral examination variables in
the FINORAL study, we further determined the number
of teeth, number of occlusal contacts, edentulousness and
removable dentures and need for their repair between the
OFr groups.

Of the previously suggested various OFr signs [8, 10, 12,
14, 15, 26], we used the following: (i) salivation as normal or
dry mouth (mirror sticks to buccal mucosa or tongue, frothy
saliva, glassy appearance of oral palate lobulated/fissured
tongue) [27], (ii) presence of food residues (on surface of
teeth, on surface of oral mucosa or on surface or under
removable dentures), (iii). inability to keep mouth open dur-
ing the examination (opens when persuaded but then closes
during examination, opposes or refuses the examination in
its entirety), (iv) unclear speech (not understandable, does
not speak), (v) pureed or soft food diet and (vi) painfulness
(expression of pain during oral examination: general pain,
palpation pain and periodontal probing pain with dentate
subjects). For OFr categorisation, all of the forementioned
signs were dichotomized as yes/no. The sum of the OFr signs
determined study group allocation. Participants with none or
one OFr sign were assigned to Group 1 (N = 52), participants
with 2–4 OFr signs to Group 2 (moderate OFr) (N = 235)
and participants with 5–6 signs to Group 3 (severe OFr)
(N = 62).

The data sets from nutritional study, medical records and
oral health studies were combined. At this point, because of
incorrect or misinterpreted entries, the data of 46 subjects
had to be rejected. After the aggregation of the data sets, we
had cross-sectional data containing oral health, frailty status,
general health status, nutrition and functioning of 349 older
participants.

Statistical analysis

The descriptive statistics were presented as means with
standard deviation (SD) or counts with percentages. The
linearity across the three groups of signs of OFr was
evaluated using the Cochran–Armitage test, ordered logistic
regression and analysis of variance with an appropriate
contrast (orthogonal). The bootstrap method was used
when the theoretical distribution of the test statistics was
unknown or in the case of violation of assumptions (e.g.
non-normality). The normality of variables was evaluated
graphically and using the Shapiro–Wilk test. All reported
P values are two-sided, and statistical significance (α level)
was set at 0.05 for all tests. All analyses were performed
using STATA software, version 16.1 (StataCorp LP, College
Station, TX, USA).

Results

Characteristics of study participants are shown in Table 1.
Of the participants, 52 had 0–1 OFr signs (Group 1), 235
had 2–4 signs (Group 2) and 62 had 5–6 signs (Group
3). Participants’ mean age (82 years) did not differ between
the OFr groups, but the proportion of females increased
from Group 1 to Group 3. The BMI decreased linearly and
the proportion of malnourished residents according to the
MNA increased across OFr Groups 1–3. The proportion of
those suffering from dementia increased and MMSE points
deceased linearly from OFr Groups 1 to Group 3, whereas
the mean number of medications decreased. Need for help
with oral hygiene procedures increased and being able to eat
independently decreased across Groups 1–3.

Of all participants, 166 (48%) were frail according to
Fried’s frail phenotype criteria; the proportion increased
significantly from Group 1 to Group 3 (31% and 60%,
respectively). After adjustment for age and sex, a significant
linear relationship remained between the number of OFr
signs and Fried’s frailty phenotype (P for linearity <0.001)
(Figure 1). We further grouped the participants into six
groups according to the number of signs. There was a similar
linear relationship between the accumulation of signs and
frailty phenotype (P for linearity 0.006).

Table 2 shows the oral examination findings according
to OFr groups. The clinical oral examination revealed that
the number of teeth or contact units between the opposing
jaws did not differ between the groups. Nor was there a
significant difference in edentulousness or need for denture
repair between the groups. The use of removable dentures
decreased linearly from OFr Group 1 to Group 3. There
was also a linear relationship in increasing chewing and
swallowing problems from OFr Group 1 to Group 3.

Of the signs of OFr, unclear speech, food residue in the
oral cavity or on denture surfaces, and dry mouth were the
most common (Table 2).

Discussion

A significant linear relationship emerged between OFr
according to six selected signs and Fried’s frailty phenotype.
Furthermore, participants with more signs of OFr had more
often dementia, malnutrition, lower BMI and swallowing
and chewing difficulties, and they needed more often help
with eating and managing oral hygiene. Our hypothesis was
confirmed; OFr and its severity may be determined by the
number of specific oral signs, which are also related to Fried’s
frailty phenotype, overall health, functioning and nutritional
status.

Our study supports a strong link between Fried’s phe-
notype criteria and signs of OFr. Our goal was to find
simple signs which could be used both at the dentist’s office
and in clinical settings. The results showed that frailty was
significantly associated with selected signs of OFr, which
indicates a close association between these two syndromes
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Table 1. Characteristics of older residents of long-term care facilities in Helsinki, Finland according to the number of signs
of Oral Frailty

Group 1
0–1 sign
N = 52

Group 2
2–4 signs
N = 235

Group 3
5–6 signs
N = 62

P for linearity

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Demographics

Mean age, years, mean (SD) 82 (9) 82 (8) 82 (9) 0.92
Females, n (%) 32 (62) 169 (73) 51 (82) 0.014
Education <8 years, n (%) 27 (57) 99 (47) 27 (47) 0.34

Nutritional status
BMI, mean (SD) 28.6 (5.4) 25.8 (5.1) 24.3 (4.5) <0.001
MNA n (%) <0.001
24–30 (well nourished) 19 (39) 44 (21) 2 (4)
17–23 (at risk of malnutrition) 29 (59) 138 (66) 39 (68)
<17 (malnutrition) 1 (2) 26 (13) 16 (28)

Health status
Charlson morbidity index, mean (SD) 2.2 (1.3) 2.0 (1.2) 1.8 (1.2) 0.15
Diabetes, n (%) 17 (33) 40 (17) 5 (8) <0.001
Coronary heart disease, n (%) 4 (8) 44 (19) 5 (8) 0.89
Dementia, n (%) 35 (67) 171 (73) 55 (89) 0.007
Number of regular medications, mean (SD) 10.0 (3.5) 9.1 (3.6) 7.3 (3.6) <0.001
MMSE, mean (SD) 16.5 (6.5) 13.7 (7.2) 8.7 (6.7) <0.001

Physical functioning
Eats independently, n (%) 45 (90) 115 (51) 10 (16) <0.001
Manages oral hygiene independently, n (%) 23 (46) 34 (16) 1 (2) <0.001

Frailty
Frailty phenotype (fulfilling 3–5 Fried’s criteria), n (%) 16 (31) 113 (48) 37 (60) 0.002

SD standard deviation, BMI body mass index, MNA Mini Nutritional Assessment, MMSE Mini Mental State Examination.

Table 2. Findings of oral clinical examination according to number of signs of Oral Frailty among older adults living in
long-term care facilities in Helsinki, Finland

Group 1
0–1 sign
N = 52

Group 2
2–4 signs
N = 235

Group 3
5–6 signs
N = 62

P for linearity

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oral findings

Number of teeth, mean (SD) 9.7 (9.4) 9.2 (9.3) 11.0 (8.9) 0.40
Number of occlusal contact units, mean (SD) 3.6 (4.7) 3.6 (4.6) 4.0 (4.6) 0.68
Edentulousness, n (%) 13 (28) 72 (32) 9 (15) 0.080
Removable denture, n (%) 19 (61) 64 (38) 7 (16) <0.001
Denture in need of repair, n (%) 4 (22) 33 (46) 1 (17) 0.45

Signs of OFr
Dry mouth, n (%) 18 (35) 175 (75) 58 (94) <0.001
Diet of pureed or soft food, n (%) 0 (0) 94 (43) 54 (89) <0.001
Residue of food on oral surfaces, n (%) 13 (28) 114 (52) 43 (73) <0.001
Unclear speech, n (%) 0 (0) 174 (74) 62 (100) <0.001
Inability to keep mouth open, n (%) 4 (9) 53 (23) 50 (81) <0.001
Painfulness, n (%) 0 (0) 10 (5) 5 (9) 0.037

Masticatory functiona

Chewing problems, n (%) 5 (11) 60 (28) 23 (38) 0.002
Swallowing difficulties, n (%) 1 (2) 47 (22) 17 (29) 0.001

aInformation from the structured nursing staff questionnaire, SD standard deviation.

[1, 5, 14, 16]. Considering our findings, we agree with the
earlier statement that OFr should be included as a geriatric
syndrome [14]. In addition, our findings verified a signifi-
cant increase in chewing difficulties, dysphagia and malnu-
trition with increasing severity of OFr. Healthcare staff, who
knew the older residents well, observed that swallowing and
chewing problems were most common among participants
with severe OFr.

The purpose of this study was to test previously proposed
signs of OFr. OFr is a multifactorial syndrome with several
signs for which international research has not yet reached a
consensus [8, 14, 16, 28–30]. Masticatory muscle weakness
and associated signs are related to muscle size, accuracy of
function and maintaining muscle strength for the intended
function activity [31–34]. In our study protocol, measure-
ments for occlusal force, muscle thickness or kinetics were
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Figure 1. Proportion (%) of frail participants according to
Fried’s frailty phenotype criteria (5) in each study group. Group
1: signs of OFr 0–1, Group 2: signs of OFr 2–4, Group 3: signs
of OFr 5–6. Adjusted by gender and age, P for linearity <0.001.

not possible; it was challenging for participants to cooperate
and understand the importance of such examinations [32,
35, 36]. Instead, we evaluated the weakness of masticatory
muscles (masseter, temporalis, medial pterygoid and lateral
pterygoid) or the tongue with four surrogate signs: degree of
food softness, inability to keep mouth open, unclear speech,
residue of food on surface of teeth, mucosa or dentures.
Our results suggest that these signs may be used as signs of
OFr (i.e. surrogates for oral muscle weakness). However, the
summary of OFr signs should also be tested in future studies
using other groups, such as home-dwelling or hospitalised
older people.

Furthermore, we used dry mouth as a potential sign of
OFr. The subjective sensation of dry mouth becomes increas-
ingly common in old age [37]. Dry mouth is considered
a sign of general fatigue, and it is associated with dehy-
dration, dementia, difficulty in chewing and swallowing,
and unclear speech [38, 39]. FINORAL findings are in line
with this. In addition, to the best of our knowledge only
subjective pain has earlier been tested as a sign of OFr [40–
42]. In this study, we used general pain, palpation pain
and periodontal probing pain (in dentate subjects) expressed
by participants [43]. We observed the pain expressions of

sounds, turning the head and partial or total refusal of
further examination that the ‘Orofacial Pain Scale for Non-
Verbal Individuals’ has recommended [44, 45]. According
to the results, pain expressions increased linearly towards
severe OFr.

Other signs of OFr have also been suggested in the
literature. In fact, most previous publications link OFr to oral
health and, in particular, to the number of remaining teeth
[8–11, 16, 18, 31, 46, 47]. Our results do not confirm the
latter. The mean numbers of remaining teeth and occlusal
contact units between opposite jaws were quite similar in
the study groups, suggesting that among our subjects the
number of teeth does not determine the severity of OFr.
Furthermore, several studies have suggested dysphagia as a
sign of OFr [16, 27, 30]. In accord with this, swallowing
difficulties showed a linear relationship with the severity of
OFr as defined in our sample.

Our findings for the three OFr groups are further
strengthened by the associations with dementia, malnutri-
tion and need for help with daily functioning. However,
the mean value of the Charlson morbidity index showed
no difference between the study groups [23]. According to
previous findings, age, dentition or morbidity alone does
not explain the change in the severity of OFr in long-term
care residents [16, 47]. We can assume that OFr is a more
complex entity, and it is also dependent on issues other than
dental or oral health. This contradicts the earlier consensus
that the number of teeth is a decisive factor in OFr [8–11,
18, 31].

This study is unique in analysing the relationships
between signs of OFr and frailty phenotype, overall health,
nutrition and functioning in long-term care facilities.
To our knowledge, such extensive and multidisciplinary
research is rare. In the FINORAL study, oral health was
comprehensively assessed, including the number of teeth
and the occlusal contact units between opposing jaws. In
addition, the use of dentures and their condition were
examined. The strength of the FINORAL study is the fairly
large sample size of long-term care residents, the data of
detailed nutrition and health and the comprehensive oral
health examination. The participants were older adults in
long-term care facilities and in need of constant care, which
inevitably affects the execution of the oral examination.

A limitation of the study is its cross-sectional nature,
which does not allow us to determine causal relationships
between signs of OFr, nutrition, morbidity and Fried’s frailty
phenotype criteria. Furthermore, the relationship between
this definition of OFr and frailty phenotype should be tested
in other populations. In addition, future studies should
explore the prognostic value of OFr.

Conclusions

Our results suggest that the selected six simple oral signs (diet
of pureed or soft food, residue of food on surface of teeth,
mucosa, or dentures, inability to keep mouth open, unclear
speech, dry mouth, painfulness) may be used to determine
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OFr syndrome, which in turn is significantly associated with
Fried’s frailty phenotype. OFr was confirmed to have an asso-
ciation with health, nutrition, functioning and chewing and
swallowing difficulties. Further studies are needed to explore
the relationship of OFr with oral biofilm-related diseases,
other geriatric syndromes and in other older populations.
Regular oral examinations are highly recommended for the
early diagnosis of OFr and its closely related syndromes in
long-term care facilities.
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