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Abstract

Background: Oral frailty is an emerging determinant of late-life disability. While objective
functional measures have been proposed as key indicators, their combined role in predicting
frailty among physically active older adults remains unclear. Therefore, this study aimed
to investigate the association between the presence of oral frailty and lip pressure, bite
force, and denture use. Methods: This cross-sectional study included 192 participants
aged 60 years or older from Brazil (n = 131) and Portugal (n = 61), all physically active and
with >20 natural or rehabilitated teeth. Data were collected through a questionnaire on
sociodemographic data and the Oral Frailty Index-8. The clinical assessment included lip
pressure, bite force, and denture use. Multiple logistic regression identified independent
predictors; model fit and discrimination were examined using the Hosmer-Lemeshow test
and ROC curve. Results: Participants were mainly female (83.3%), mean age ~72 years;
76% used dentures and frailty prevalence was ~49%. Higher lip pressure (OR = 0.986,
95% CI = [0.973-0.999]) and higher bite force (OR = 0.925, 95% CI = [0.885-0.967) were
independently protective, whereas denture use (OR = 6.898, 95% CI = [2.994-15.895])
markedly increased oral frailty odds. The model showed good discrimination (AUC 0.779).
Conclusions: Even small increases in lip pressure and bite force reduced the likelihood of
frailty, while denture use identified individuals at substantially higher risk. These findings
highlight orofacial muscle strength and masticatory capacity as core components of oral
frailty and support incorporating lip pressure and bite force testing into multidimensional
frailty assessment and targeted rehabilitation.

Keywords: oral frailty; aging; older adults; geriatric assessment

1. Introduction

Global population ageing is increasing, with the number of people aged 60 years or
over rising from about 258 million in 1980 to 771 million in 2022 and projected to reach
1.6 billion by 2050, representing roughly one quarter of humanity [1-3].
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Population ageing has led to a growing prevalence of frailty, a multidimensional
geriatric syndrome characterized by diminished physiological reserve and increased vul-
nerability to stressors that predispose older adults to disability, hospitalization and even
mortality [4-6]. Frailty is now recognized as a key target for the need for prevention
and early intervention in geriatric care as timely identification of at-risk individuals can
mitigate functional decline and adverse outcomes. Recent consensus and literature reviews
emphasize that frailty is a dynamic construct shaped not only by comorbidities, nutrition
and physical activity, but also by cognitive, social and oral health domains [6-11].

Within this broader framework, oral frailty has emerged as a conceptual bridge linking
deterioration of oral function with systemic frailty and late-life disability [6,8,10]. In 2020,
the Japan Dental Association described oral frailty as a mild decline in oral function,
accompanied by declines in physical and mental function, occurring in the reversible
stage and the early stage of frailty [12]. Recent reviews report that oral frailty is common
among community-dwelling older adults and is associated with functional limitations
and care dependence, supporting its role as an early warning sign of broader health
deterioration [6,8,11,13].

Several epidemiological evidence indicates that poor oral health and impaired oral
function are consistently associated with frailty and physical performance decline in later
life [11]. Recent literature has identified robust associations between frailty status and
indicators such as number of teeth, chewing ability, denture characteristics and clini-
cal oral disease, across different frailty instruments and settings. More recent analyses
strengthen the link between compromised oral function and higher odds of physical frailty,
reinforcing recommendations to integrate oral assessment into comprehensive geriatric
evaluation [8,14-16].

Specific oral functional parameters, including occlusal (bite) force, tongue or lip pres-
sure and masticatory performance, have attracted attention as objective and quantifiable
markers within the construct of oral frailty [11]. Cross-sectional and longitudinal studies
suggest that reduced occlusal force and decreased tongue or lip pressure are associated
with prevalent and incident frailty, as well as with related conditions such as sarcopenia,
dysphagia and functional dependency [17]. Recent work further proposes bite force as a
potential frailty biomarker alongside handgrip strength, reflecting neuromuscular integrity
while being less influenced by overall body size and composition [7,14,18,19].

In parallel, research on masticatory performance, denture rehabilitation and nutrition
shows that impaired chewing is linked to suboptimal dietary intake, sarcopenia and frailty,
and that denture treatment can partly restore function [8,12]. Observational studies indicate
that reduced masticatory performance predicts frailty even after adjustment for nutritional
variables, suggesting that mastication may influence frailty through both nutritional and
non-nutritional pathways such as sensory feedback and social participation. Literature also
reported that denture characteristics and perceived chewing difficulty are associated with
frailty status, although improvements in denture fit do not invariably translate into better
nutritional or functional outcomes [15,17,18,20-22]. In addition, relatively few analyses
have jointly examined parameters such as bite force, lip or tongue pressure and denture
use within the same multivariable model, even though these variables may capture distinct
facets of oral frailty and potentially interact [6,8,14-16].

This evidence gap limits the integration of oral functional assessment into frailty
screening algorithms and clinical decision-making, as clinicians still lack clear data on
which oral measures add unique prognostic value beyond established frailty determinants.
Without robust multivariable evidence, it remains uncertain whether routine measurement
of bite force or lip pressure, or documentation of denture use, should be prioritized in
geriatric practice focused on frailty identification and management. It also constrains
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the development of targeted, interdisciplinary interventions that position oral function
as a modifiable lever within comprehensive frailty prevention and rehabilitation strate-
gies [6,8,14,15,23].

Therefore, this study seeks to investigate the association between the presence of
oral frailty and qualitative factors, such as bite force, lip pressure, and the denture use, in
physically active older adults living in Brazil and Portugal.

2. Materials and Methods
2.1. Study Design and Participants

This observational cross-sectional and multicenter study included a convenience
sample of 192 patients (n = 192), with 131 Brazilians (1 = 131) from CASI project (Center for
Support and Health of the Elderly, Batatais/SP) and 61 Portuguese (1 = 61) from the project
“Sempre a Mexer” (Sesimbra, Settibal), between April and September 2024. Inclusion
criteria included age of 60 years or older, being able to read, write, speak and understand
Portuguese, being able to comply with the study protocol, not having disabilities such as
blindness, deafness or dementia, with at least 20 natural or functionally rehabilitated teeth
(with fixed or removable denture) and perform 150 or more minutes of physical activity per
week, according to the International Physical Activity Questionnaire (IPAQ) [24,25]. All
individuals who did not meet the inclusion criteria and those who refused to participate
and sign informed consent were excluded. The reporting of data followed the STROBE
checklist [26].

2.2. Ethical Aspects

The project was approved by the Research Ethics Committee of Egas Moniz School
of Health & Science (No. 6.787.851, CAAE: 79222024.8.0000.5419, on 30 June 2022) and
conducted according to the tenets of the Declaration of Helsinki, as revised in 2013. All
participants were informed about the objectives of the study and signed an Informed
Consent Form. Participation was voluntary, with a guarantee of confidentiality and freedom
to withdraw at any time, without losses or costs. The data were collected anonymously by
coding and were only intended for statistical processing and/or publication, maintaining
the anonymity and confidentiality of the participants.

2.3. Data Collection

Data were collected through a questionnaire and a clinical assessment always by the
same trained examiner (L.M.A.E.). The self-reported questionnaire collected information
on sociodemographic information (age, biological sex and country) and oral frailty. The
clinical assessment included lip pressure, bite force, body Mass Index (BMI) and the use of
removable or fixed partial denture.

2.3.1. Oral Frailty (Dependent Variable)

Oral frailty was measured based on the OFI-8, an eight-item screening tool that
evaluates oral health-related behaviors and frailty constructs, developed through expert
consultation. The OFI-8 assigns double weighting to the three highest-priority items repre-
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senting the core components of oral frailty: “tooth loss,” “subjective chewing difficulties,”
and “subjective swallowing difficulties”. The OFI-8 total score ranges from 0 to 11 points,
where higher values denote oral frailty [27]. In this study, the translated and validated

Portuguese version of the OFI-8 was used (OFI-8/PT) [28].
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2.3.2. Sociodemographic Data

Sociodemographic data included biological country (Brazil or Portugal), sex (male/
female) and age (years).

2.3.3. Lip Pressure Measurement

The PLL Pré-Fono is a portable instrument designed to measure lip and tongue
pressure using an air-filled bulb connected to a pressure sensor by a flexible plastic tube.
Changes in bulb air pressure are detected by the sensor and converted into pressure
values expressed in kilopascals (kPa). To evaluate lip pressure, the methodology was used
according to a study by Ramos et al. (2023) [29], where the bulb was placed between the lips
so that the labial muscles compressed it during the task. Each participant was instructed to
maintain the maximal pressure for 3 s in three separate attempts, with 30 s rest intervals,
controlled with a digital stopwatch. After the procedure, the device software automatically
provided a report including the individual pressure values for each attempt and the mean
value calculated across the three trials.

2.3.4. Bite Force Measurement

Bite force was measured using a mandibular force electric dynamometer from EMG
System do Brasil® (Sao José dos Campos, Sao Paulo, Brazil), which consists of a bite force
transducer (bite plate) connected to a computer that acquires signals in kilograms of force
(Kgf). The dynamometer was enclosed in a disposable barrier, and its mechanical compo-
nents were decontaminated and calibrated in strict accordance with the manufacturer’s
specifications. Participants received standardized instructions on how to perform the test,
which was first demonstrated by the examiner. Each participant was then allowed for a
single familiarization trial with the device before the actual testing procedure commenced.
The procedure was performed three times with a 60 s interval between each measurement
to allow the muscles to rest. Participants remained seated with their back gently leaning
against the back of the chair, their feet flat on the floor, their arms resting on their legs, and
their head in a natural position. Upon request, they bit down on the plate with maximum
force for 10 s. Participants were instructed to stop immediately if they experienced any
unusual pain or discomfort during the test. The evaluator provided verbal cues to ensure
the participant maintained the same intensity throughout the evaluation. Signal analysis
was performed using software from the same manufacturer based on the period of greatest
bite stability. This verified the average graph value in Kgf. The data analysis considered
the average of three bite records [7].

2.3.5. Body Composition Measurement

Body composition was assessed by bioelectrical impedance analysis (BIA) with the
ACCUNIQ BC310 model (Daejeon, Republic of Korea). Participant identification, age, and
sex were entered into the device software, height was obtained using a stadiometer, and
weight was measured by the scale, which subsequently generated an automatic report
containing the body mass index (BMI), expressed in kilograms per square meter (kg/m?).
Participants were evaluated in a fasting state and were instructed to refrain from physical
exercise and from consuming beverages with stimulant effects (such as coffee or energy
drinks) during the 24 h preceding the measurement. Participants were required to remove
all metallic accessories (earrings, rings, belts) and to remain in minimal clothing, barefoot
and without socks. Each participant stood on the scale with feet placed parallel over the
plantar electrodes, while the arms rested alongside the trunk holding the hand electrodes.
The measurement was initiated by pressing the start button simultaneously with both
thumbs for approximately 10s, according to the factory settings [30]. For the purposes of
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this study, BIA was used solely to estimate BMI, while the additional parameters generated
by the device will be reserved for analysis in future investigations.

2.3.6. Use of Removable or Fixed Partial Denture

Denture use was recorded if the participant could show or wear removal or fixed
denture (“yes”) or not (“no”

2.4. Statistical Analysis

The statistical analysis program IBM SPSS Statistics version 30.0 (IBM, Armonk, NY,
USA) was used to analyze all data obtained in this research, using descriptive and inferential
statistical analysis methodologies. For descriptive analysis, categorical data were presented
as frequency and percentage distributions, and numerical data as mean and standard
deviation (SD).

A multiple logistic model has been fit to the data to predict the probability of oral
frailty, as defined by the dichotomous variable OFI-8/PT (fragile or nonfragile), using a
set of predictors including Country (0 = Brazil; 1 = Portugal), Sex (0 = Female; 1 = Male),
Age (years), Lip Pressure (KPa), Bite Force (Kgf), and the Denture use (1 = yes; 0 = no).
The overall significance of the model was tested using the “—2 log Likelihood function”,
whereas the significance of the predictors included in the model was tested using the Wald
statistics. Odds Ratio (OR) and 95% confidence intervals (95% CI) were calculated. A
significance level of 5% (p < 0.05) was established in all inferential analyses.

Following recommendations in the literature [31], each variable was screened one at
the time in order to see which ones are associated with oral frailty, using independence tests
for nominal predictors (country, sex and denture use) and t-tests for continuous predictors,
using a large significance level (p = 0.15). Only variables for which p values did not exceed
0.15 were included for further analysis, as was the case of predictors Lip Pressure, Bite
Force and Denture use.

The Hosmer-Lemeshow test was used to assess model calibration, while the Receiver
Operating Characteristic (ROC) curve and Area Under the Curve (AUC) were used to
evaluate model discrimination.

3. Results

Descriptive data of the study participants is presented in Table 1. The sample included
192 participants (1 = 192), with the mean age of 72.3 (SD = 6.9) years; range 55-92, mostly
female (83.3%) and predominantly from Brazil (68.2%). The mean BMI was 28.2 kg/m?
(SD =5.2). Functional measurements showed substantial variability. Mean lip pressure was
58.7 kPa (SD = 22.9), and bite force was 18.8 Kgf (SD = 5.0). Most participants (76%) used
denture. Oral frailty was present in 48.9% of the sample.

Descriptive data for study participants according to the country are presented in
Table 2. The sample included 131 participants from Brazil, with a mean age of 72.3 years
(SD = 6.6). Most of the participants were women (82.4%) and the mean BMI was 28.6 kg/ m?
(SD = 5.4). Functional measurements showed that the mean lip pressure was 56.3 kPa
(SD = 26.7) and the mean bite force was 17.8 Kgf (SD = 7.7). Most participants (68.7%)
wore denture, and oral frailty was present in 49.6% of the sample. The Portuguese sample
included 61 participants (n = 61), with a mean age of 72.1 years (SD = 7.5). Most partic-
ipants were women (85.2%), and the mean BMI was 27.4 kg/ m? (SD = 4.5). Functional
measurements showed that the mean lip pressure was 60.7 kPa (SD = 27.5), and the mean
bite force was 18.4 Kgf (SD = 8.4). Most participants (80.3%) wore dentures, and oral frailty
was present in 47.5% of the sample.
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Table 1. Descriptive data on sociodemographic, oral frailty, lip pressure, bite force, BMI and denture use.

Variable n % Mean + SD
Brazil 131 68.2%
Country
Portugal 61 31.8%
F 160 16.7%
Sex M 32 83.3%
Age (years) 723 +69
Fragile 94 48.9%
Oral Frailty -
Nonfragile 98 51.1%
Lip pressure (KPa) 58.7 229
Bite force (Kgf) 18.8 £5.0
BMI (kg/m?) 282 +5.2
Yes 139 76%
Denture use No 5 4%

Table 2. Descriptive data according to country.

Country Variable n % Mean + SD
F 108 82.4%
Sex 23 17.6%
Age (years) 723 £6.6
Fragile 65 49.6%
Brazil OFI-8/PT Nonfragile 66 50.4%
Lip pressure (KPa) 56.3 £ 26.7
Bite force (Kgf) 178+ 7.7
BMI (kg/m?) 28.6 £ 5.4
Yes 90 68.7%
Denture use No i1 31.3%
F 52 85.2%
Sex 9 14.8%
Age (years) 721+75
Fragile 29 47.5%
OFI-8/PT .
Portugal Nonfragile 32 52.5%
Lip pressure (KPa) 60.7 & 27.5
Bite force (Kgf) 184 +84
BMI (kg/m?) 27.4 4+ 45
Yes 49 80.3%
Denture use No 1 19.7%

Country, sex, and age were not significantly associated with oral frailty in the univari-
ate screening analysis (p > 0.15) and were therefore not included in the final multivariable
logistic regression model. When the full model was fitted to the data, its overall significance
was observed (p < 0.001), while Lip Pressure (p = 0.029), Bite Force (p = 0.002) and the
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Denture use (p < 0.001) were significant predictors of oral frailty. Table 3 describes the
logistic model obtained from the data.

Table 3. Logistic model obtained from the data.

95% CI for Exp(B)

B S.E. Wald df Sig. Exp(B)
Lower Upper
Lip Pressure (kPa)  —0.014 0.006 4.792 1 0.029 0.986 0.974 0.999
Bite Force (Kgf) —0.068 0.022 9.841 1 0.002 0.935 0.896 0.975
Use of Denture 1.685 0.397 18.016 1 <0.001 5.392 2477 11.739
Constant 0.718 0.599 1.435 1 0.231 2.050

From Table 3, it can be concluded that the chances of oral frailty decrease by 1.4%
with each 1 Kpa increase in Lip Pressure, whereas those chances decrease by 6.5% with
each 1 Kgf increase in Bite Force. In addition, the chances of oral frailty of subjects using
dentures are approximately 5.4 times those of subjects who do not use denture.

Analysis of plots of squared studentized residuals versus predicted probabilities has
shown the existence of two residuals between 2 and 3, suggesting moderate influence
from those observations. The removal of those cases did not change the significance of the
overall model, nor the significance of predictors. Of the predictors, only denture use had
an effect on the dependent variable, with the magnitude of the effect on the likelihood of
frailty changing from 5.4 to 6.9.

Since there was also an increase in the significance of the Hosmer-Lemeshow test
(from 0.080 to 0.352) suggesting model fit improvement with the removal of those observa-
tions, we chose to interpret the final model under those conditions, although the overall
conclusions on the effects of predictors are the same. Table 4 shows the model structure
after removal of the two observations.

For this model, a Receiver Operating Characteristic curve (ROC curve) was plotted
(Figure 1) based on a range of sensitivities and specificities over possible cut-off values in
predicted probabilities of frailty and the area under the curve (AUC) was estimated to be
AUC =0.779 (p < 0.001, against the null hypothesis that the true area is 0.5).

ROC CURVE

1.0

0.9

0.8

0.7

—Reference line

Sensitivity
o
o

=== Predicted probability

0.3
0.2
0.1
0.0

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 1. ROC Curve for the predictive model of oral frailty.
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Table 4. Variables in the Equation after removal of the two observations.

95% CI for Exp(B)

B S.E. Wald df Sig. Exp(B)
Lower Upper
Lip Pressure (kPa)  —0.014 0.007 4.648 1 0.031 0.986 0.973 0.999
Bite Force (Kgf) —0.078 0.022 12.067 1 <0.001 0.925 0.885 0.967
Use of Denture 1.931 0.426 20.561 1 <0.001 6.898 2.994 15.895
Constant 0.664 0.618 1.154 1 0.283 1.943

4. Discussion

To the best of our knowledge, few studies have specifically examined lip pressure, bite
force decline, and denture use in relation to oral frailty among physically active older adults,
and available evidence remains limited in this population. The results of this study indicate
a high prevalence of oral frailty, with around half of the participants in both countries being
classified as frail by the OFI-8/PT, suggesting a substantial impact of this condition on
community-dwelling older adults.

Our results revealed that the likelihood of being frail decreases with both increased
lip pressure and bite force. Conversely, denture use was found to be associated with a
roughly increase in the probability of frailty. These findings reinforce the idea that oral
function plays a central role in determining frailty, which is in line with reviews describing
oral frailty as the result of the interaction between masticatory capacity, orofacial muscle
strength and dental condition throughout life [8,32,33].

The inverse association between lip pressure and frailty is particularly relevant in
the context of oral frailty, a concept which includes the hypofunction of perioral and
lingual muscles as an early component of functional decline [32]. Reduced lip pressure
compromises lip sealing, favoring the leakage of food and liquids from the front of the
mouth, increasing the time taken for food to be transported in the mouth, and consequently
leading to compensatory strategies such as choosing softer and less varied textures. These
dietary adjustments tend to reduce protein and fiber intake, contributing to sarcopenia,
malnutrition, and worsening systemic frailty [34,35]. Studies have demonstrated that
interventions involving orofacial exercises can lead to notable improvements in lip and
tongue strength, as well as enhancements in swallowing parameters. In certain studies,
these interventions have also been shown to reduce indicators of oral frailty. [36,37]. This
suggests that the orofacial musculature is a promising therapeutic target.

Similarly, the relationship between greater bite force and a lower probability of frailty
supports the evidence linking masticatory function to overall health. Bite force is an
indicator of overall masticatory capacity. It depends on the number and distribution of
teeth, muscle integrity, and neuromuscular coordination [7]. Reduced bite force has been
associated with difficulty chewing hard foods, limited food choices, and poorer nutritional
status. Longitudinal studies show that older adults with lower bite force are at greater risk
of developing physical frailty and functional decline, even when controlling for age and
comorbidities [38]. This reinforces the idea that effective chewing is an important reserve
for healthy aging.

The most consequential outcome of the model, nevertheless, is the effect of denture
use: the risk of frailty is approximately 5.4 times higher among users than non-users. This
finding may seem paradoxical since denture rehabilitation is designed to restore function.
However, several studies report that removable denture use, especially conventional com-
plete dentures, is often associated with poor chewing ability, limited food intake, and a
lower quality of life, particularly when the dentures are unstable or poorly fitted. Addi-
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tionally, denture use is an indirect marker of edentulism, or severe tooth loss. This reflects
the accumulation of oral disease throughout life and often indicates reduced access to
care [39,40]. Population studies have shown that edentulous elderly individuals and den-
ture wearers exhibit greater overall frailty, higher mortality rates, and poorer self-perceived
health, suggesting that dentures, particularly when dysfunctional, may indicate a state of
accumulated vulnerability rather than serving as a rehabilitative solution [41,42].

In the present study, sociodemographic status was not found to be a major risk
indicator for oral frailty, which may be related to the fact that all participants were of a
similar age. The participants were on average around 70 years old, showing a homogeneous
distribution and a moderate standard deviation (SD), which is consistent with advanced
age and community dwelling. The literature confirms that frailty and oral frailty prevalence
rise sharply after the age of 70, which explains the high rates observed [12,13,43]. However,
age was non-significant in the final regression model, indicating that within this age range,
oral function, muscle strength, and denture status exert greater influence.

The sample shows a clear female majority in both Brazil and Portugal, reflecting global
trends of greater female longevity, chronic disease survival, and higher participation in
health screenings and research assessments [7,12,44-46]. This overrepresentation may over-
estimate overall frailty prevalence, as women are generally more vulnerable [7,12,44,46].

The country variable distinguished participants from Brazil and Portugal. Compar-
ative studies show that oral health indicators such as tooth loss and denture use mainly
reflect biological aging and accumulated socioeconomic conditions, with health system
differences becoming less relevant once advanced tooth loss thresholds are reached. There-
fore, the limited contribution of the country to our model suggests that oral frailty risk in
this age group is primarily driven by effective oral function, rather than broader contextual
factors [8,47].

Limitations

This study has some limitations that should be acknowledged. In interpreting these
findings, it is important to recognize that the cross-sectional design precludes robust
inference about temporal or causal relationships between the variables examined. Future
research employing longitudinal cohorts or intervention trials that follow participants over
time could deepen understanding of this phenomenon and allow the inclusion of additional
explanatory factors. Particularly regarding sociodemographic and the characterization of
oral variables, the sample is predominantly female, consistent with women'’s longer life
expectancy and greater propensity to participate in health studies. However, this may
bias estimates of frailty prevalence. Ideally, future studies would recruit gender-balanced
samples and perform stratified analyses. The sample size adopted was a convenience
sample for the period of the study, so representativeness may be limited. Whenever sample
size allows, these analyses should consider interactions between sex and oral variables.
Some studies suggest that the relationship between tooth loss, masticatory capacity, food
intake, and nutritional status may differ between men and women.

Another limitation relates to how the variable use of denture was defined. In this
study, the variable was only treated in a dichotomous manner (yes/no), and no distinction
was made based on the type of denture (e.g., partial or total; conventional or implant-
supported), degree of stability and retention, or level of user satisfaction. These parameters
are identified in the literature as determinants of masticatory function and the impact of
rehabilitation on quality of life. This methodological choice stems from the main objective
of exploring oral frailty using the OFI-8/PT. This instrument already includes an item on
denture to use and serve as the basis for selecting the variables of interest. This choice favors
comparability with other studies based on the same index. However, this simplification
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limits the ability to distinguish between functional and nonfunctional denture, as well as
the ability to isolate the effect of underlying tooth loss. Therefore, the strong association
found between denture use and frailty should be interpreted with caution and investigated
further in future studies with a more detailed denture characterization.

Despite the limitations, the study contributes to the emerging evidence that specific
oral functional parameters and denture status are key components of the oral frailty
construct and that they are closely associated with the probability of being classified as
frail in later life. The consistent results between Brazil and Portugal indicate that these
relationships may be robust across different cultural and health-care contexts, reinforcing
the universal relevance of oral function for healthy ageing. Future research should aim to
validate similar predictive models in larger, more diverse cohorts, to test the sensitivity
and specificity of different cut-off points for lip pressure and bite force, and to explore the
incremental value of oral frailty assessment when added to existing geriatric screening
tools. Interventional trials are particularly needed to examine whether strategies such as
intensive prosthodontic rehabilitation, implant-supported denture, structured orofacial
exercise programs and comprehensive dietary counselling can effectively improve oral
function, reverse or attenuate oral frailty and ultimately translate into better general health
outcomes for older adults.

5. Conclusions

This study identified a high prevalence of oral frailty among community-dwelling
older adults in Brazil and Portugal, with bite force, lip pressure, and denture use emerging
as the strongest predictors. Small increases in lip pressure and bite force substantially
reduced frailty likelihood, while denture use identified individuals at significantly higher
risk. These findings highlight orofacial muscle strength and masticatory capacity as core
components of oral frailty, supporting the integration of lip pressure and bite force testing
into multidimensional frailty assessments and targeted rehabilitation strategies to preserve
functional oral health in aging populations.

Author Contributions: Conceptualization, L. M.A.F. and C.C.; methodology, L M.A.F. and S.C.H.R,;
software, V.M. and A.L.; validation, S.S.; formal analysis, J.B.; investigation, C.C., I.C.-S. and LM.A.F,;
resources, J.J.M.; data curation, J.B.; writing—preparation of the original draft, C.C., I.C.-S. and
L.M.A F; writing—revision and editing, L. M.A.F; visualization, ].B.; supervision, 5.S.; project man-
agement, S.C.H.R; securing funding, J.J.M. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported by FCT—Fundagao para a Ciéncia e Tecnologia, I.P. by project
reference UID/4585/2025 and DOI identifier https://doi.org/10.54499 /UID /04585 /2025.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Egas Moniz School of Health & Science Ethics Committee (No.
6.787.851, CAAE: 79222024.8.0000.5419, on 30 June 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy and ethical reasons.

Conflicts of Interest: The authors declare no conflicts of interest.

https://doi.org/10.3390/dj14030152


https://doi.org/10.3390/dj14030152

Dent. |. 2026, 14,152 11 0f 13

References

1.  United Nations Population Fund (UNFPA); HelpAge International. Ageing in the Twenty-First Century: A Celebration and A
Challenge; United Nations Population Fund (UNFPA): New York, NY, USA; HelpAge International: Washington, DC, USA, 2012.

2. UN DESA. World Population Prospects 2024: Summary of Results; United Nations Department of Economic and Social Affairs (UN
DESA), Population Division: New York, NY, USA, 2024; Volume 9, ISBN 978-92-1-003169-1.

3. UN DESA. World Population Prospects 2022: Summary of Results; United Nations Department of Economic and Social Affairs (UN
DESA), Population Division: New York, NY, USA, 2022; Volume 3.

4. Doody, P; Lord, ].M.; Greig, C.A.; Whittaker, A.C. Frailty: Pathophysiology, Theoretical and Operational Definition(s), Impact,
Prevalence, Management and Prevention, in an Increasingly Economically Developed and Ageing World. Gerontology 2023, 69,
927-945. [CrossRef] [PubMed]

5. Kim, D.H.; Rockwood, K. Frailty in Older Adults. N. Engl. ]. Med. 2024, 391, 538-548. [CrossRef] [PubMed]

6. Foo, W.T,; K, S.K; Yap, A EFH.W. Oral Frailty and Outcomes: A Scoping Review. Proc. Singap. Healthc. 2025, 34, 20101058251355290.
[CrossRef]

7. Ferreira, LM.A,; Brito, J.; Silva, ].R.T,; Silva, M.L.; Andrade, M.M.F,; Judice, A.; Mendes, ].].; Machado, V.; Botelho, ].T.; Regalo,
S.C.H. Assessing Frailty in the Older: The Role of Bite Force as an Independent Indicator. Geriatrics 2025, 10, 40. [CrossRef]

8.  Dibello, V.; Zupo, R.; Lozupone, M.; Castellana, F; Dibello, A.; Daniele, A.; De Pergola, G.; Bortone, I.; Lampignano, L.; Giannelli,
G.; et al. Oral Frailty and Its Determinants in Older Age: A Systematic Review. Lancet Healthy Longev. 2021, 2, e507-e520.
[CrossRef]

9.  Sallam, A.; McCorry, N.K.; Harvey, M.; Heilmann, A.; Lappin, C.; McEvoy, C.; Mitchell, G.; Watson, S.; O’'Neill, C.; Tsakos, G.;
et al. The Impact of Dietary Intake and Nutritional Status on the Oral Health of Older Adults Living in Care Homes: A Scoping
Review. Gerodontology 2025, 42, 444—472. [CrossRef]

10. Wu, J,; Lin, D.; Chen, W.; Zhang, L.; Shen, X.; Fu, D.; Li, Y.; Ma, X.; Cai, Z. Research Status and Hotspots of Oral Frailty in Older
Adults: A Bibliometric Analysis from 2013 to 2024. Front. Oral Health 2025, 6, 1533159. [CrossRef]

11. Tanaka, T.; Hirano, H.; Ikebe, K.; Ueda, T.; Iwasaki, M.; Minakuchi, S.; Arai, H.; Akishita, M.; Kozaki, K ; Iijima, K. Consensus
Statement on “Oral Frailty” from the Japan Geriatrics Society, the Japanese Society of Gerodontology, and the Japanese Association
on Sarcopenia and Frailty. Geriatr. Gerontol. Int. 2024, 24, 1111-1119. [CrossRef]

12.  Watanabe, Y.; Okada, K.; Kondo, M.; Matsushita, T.; Nakazawa, S.; Yamazaki, Y. Oral Health for Achieving Longevity. Geriatr.
Gerontol. Int. 2020, 20, 526-538. [CrossRef]

13. Dou, J.; Liu, H.; Mei, Y,; Wang, S.; Zhang, Y.; Zhao, S.; Shi, X. Prevalence of Oral Frailty in Community-Dwelling Older Adults: A
Systematic Review and Meta-Analysis. Front. Public Health 2025, 13, 1423387. [CrossRef]

14. Huang, ].; Zhang, Y.; Xv, M,; Sun, L.; Wang, M. Association between Oral Health Status and Frailty in Older Adults: A Systematic
Review and Meta-Analysis. Front. Public Health 2025, 13, 1514623. [CrossRef] [PubMed]

15.  Slashcheva, L.D.; Karjalahti, E.; Hassett, L.C.; Smith, B.; Chamberlain, A.M. A Systematic Review and Gap Analysis of Frailty and
Oral Health Characteristics in Older Adults: A Call for Clinical Translation. Gerodontology 2021, 38, 338-350. [CrossRef] [PubMed]

16. Ko, M.J,; Seo, S.; So, ].S.; Jung, H.-I.; Kho, H.-S.; Kang, K.L.; Ha, S.-R.; Kim, N.-H.; Linton, J.L.; Kang, ].-H. Association between
Oral Health and Physical Frailty in Community-Dwelling Older Adults: A Systematic Review and Meta-Analysis. Arch. Gerontol.
Geriatr. 2026, 141, 106059. [CrossRef] [PubMed]

17. Sakai, K.; Nakayama, E.; Tohara, H.; Kodama, K.; Takehisa, T.; Takehisa, Y.; Ueda, K. Relationship between Tongue Strength, Lip
Strength, and Nutrition-Related Sarcopenia in Older Rehabilitation Inpatients: A Cross-Sectional Study. Clin. Interv. Aging 2017,
12,1207-1214. [CrossRef]

18. Akema, S.; Mameno, T.; Nakagawa, T.; Inagaki, H.; Hatta, K.; Murotani, Y.; Tsujioka, Y.; Hagino, H.; Higashi, K.; Takahashi, T.;
et al. Masticatory Performance Indicates the Development of Psychological Frailty: A 6-Year Prospective Cohort Study by the
SONIC Study Group. J. Prosthodont. Res. 2025, 69, 294-302. [CrossRef]

19. Sekundo, C.; Frese, C.; Alich, N.; Langowski, E.; Awounvo, S.; Wolff, D.; Zenthofer, A. Very Old Age Impacts Masticatory
Performance: A Study among Sexagenarians to Centenarians. Clin. Oral Investig. 2024, 28, 349. [CrossRef]

20. Asaad, W.A,; Abdu, S.A; Li, W,; Li, Y,; Lin, Y.; Yang, C.; Li, X. Associations between Oral Health Parameters and Nutritional
Status in Geriatric Populations: An Umbrella Review with Meta-Analysis. Jpn. Dent. Sci. Rev. 2025, 61, 264-279. [CrossRef]

21. Smit, M.].D.; Nijholt, W.; Bakker, M.H.; Visser, A. The Predictive Value of Masticatory Function for Adverse Health Outcomes in
Older Adults: A Systematic Review. J. Nutr. Health Aging 2024, 28, 100210. [CrossRef]

22. Okada, M.; Hama, Y.; Futatsuya, R.; Sasaki, Y.; Noritake, K.; Yamaguchi, K.; Matsuzaki, M.; Kubota, C.; Hosoda, A.; Minakuchi, S.
Association between Masticatory Performance, Nutritional Intake, and Frailty in Japanese Older Adults. Nutrients 2023, 15, 5075.
[CrossRef]

23. Lee, S.-Y;; Hsu, S.-F; Lin, Y.-P; Lee, W.-].; Tung, H.-H. Oral Frailty Interventions in Older Population: A Systematic Review Study.

Aging Med. Healthc. 2025, 16, 72-78. [CrossRef]

https:/ /doi.org/10.3390/dj14030152


https://doi.org/10.1159/000528561
https://www.ncbi.nlm.nih.gov/pubmed/36476630
https://doi.org/10.1056/NEJMra2301292
https://www.ncbi.nlm.nih.gov/pubmed/39115063
https://doi.org/10.1177/20101058251355290
https://doi.org/10.3390/geriatrics10020040
https://doi.org/10.1016/S2666-7568(21)00143-4
https://doi.org/10.1111/ger.12821
https://doi.org/10.3389/froh.2025.1533159
https://doi.org/10.1111/ggi.14980
https://doi.org/10.1111/ggi.13921
https://doi.org/10.3389/fpubh.2025.1423387
https://doi.org/10.3389/fpubh.2025.1514623
https://www.ncbi.nlm.nih.gov/pubmed/40231179
https://doi.org/10.1111/ger.12577
https://www.ncbi.nlm.nih.gov/pubmed/34331353
https://doi.org/10.1016/j.archger.2025.106059
https://www.ncbi.nlm.nih.gov/pubmed/41175710
https://doi.org/10.2147/CIA.S141148
https://doi.org/10.2186/jpr.JPR_D_23_00282
https://doi.org/10.1007/s00784-024-05742-y
https://doi.org/10.1016/j.jdsr.2025.10.002
https://doi.org/10.1016/j.jnha.2024.100210
https://doi.org/10.3390/nu15245075
https://doi.org/10.33879/AMH.162.2023.09102
https://doi.org/10.3390/dj14030152

Dent. |. 2026, 14,152 12 0f 13

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Craig, C.L.; Marshall, A.L.; Sjostrém, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.L.; Yngve, A.; Sallis,
J.E; et al. International Physical Activity Questionnaire: 12-Country Reliability and Validity. Med. Sci. Sports Exerc. 2003, 35,
1381-1395. [CrossRef]

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P,; Cardon, G.; Carty, C.; Chaput, J.-P; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 Guidelines on Physical Activity and Sedentary Behaviour. Br. J. Sports Med. 2020, 54, 1451-1462.
[CrossRef] [PubMed]

Elm, E.V,; Altman, D.G.; Egger, M.; Pocock, S.].; Getzsche, P.C.; Vandenbroucke, J.P. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational Studies. BM] 2007, 335, 806-808.
[CrossRef] [PubMed]

Tanaka, T.; Hirano, H.; Ohara, Y.; Nishimoto, M.; [ijima, K. Oral Frailty Index-8 in the Risk Assessment of New-Onset Oral
Frailty and Functional Disability among Community-Dwelling Older Adults. Arch. Gerontol. Geriatr. 2021, 94, 104340. [CrossRef]
[PubMed]

Corréa, L.; Judice, A.; Scoz, R.; Machado, V.; Mendes, ].J.; Proenga, L.; Botelho, J.; Ferreira, L. Portuguese Version of the Oral
Frailty Index-8: Instrument Validation Study. Interact. |. Med. Res. 2024, 13, €49975. [CrossRef]

Ramos, V.E; Silva, A.E; Degan, V.V,; Celeste, L.C.; Picinato-Pirola, M. Lip and Tongue Pressure and the Functionality of Oro-facial
Structures in Healthy Individuals. J. Oral Rehabil. 2023, 50, 991-1001. [CrossRef]

Yang, S.-W.; Kim, T.-H.; Choi, H.-M. The Reproducibility and Validity Verification for Body Composition Measuring Devices
Using Bioelectrical Impedance Analysis in Korean Adults. J. Exerc. Rehabil. 2018, 14, 621-627. [CrossRef]

Afifi, A.A,; Clark, V.; May, S. Computer-Aided Multivariate Analysis, 4th ed.; Chapman & Hall/CRC Texts in Statistical Science
Series; Chapman & Hall/CRC: Boca Raton, FL, USA, 2004; ISBN 978-1-58488-308-1.

Zhao, H.; Wu, B,; Zhou, Y,; Yang, Z.; Zhao, H.; Tian, Z.; Jiang, M.; Huang, D. Oral Frailty: A Concept Analysis. BMC Oral Health
2024, 24, 594. [CrossRef]

Hakeem, EF.; Bernabé, E.; Sabbah, W. Association between Oral Health and Frailty: A Systematic Review of Longitudinal Studies.
Gerodontology 2019, 36, 205-215. [CrossRef]

Cichero, J.A.Y. Age-Related Changes to Eating and Swallowing Impact Frailty: Aspiration, Choking Risk, Modified Food Texture
and Autonomy of Choice. Geriatrics 2018, 3, 69. [CrossRef]

Azzolino, D.; Passarelli, P.C.; De Angelis, P; Piccirillo, G.B.; D’Addona, A.; Cesari, M. Poor Oral Health as a Determinant of
Malnutrition and Sarcopenia. Nutrients 2019, 11, 2898. [CrossRef] [PubMed]

Shirobe, M.; Watanabe, Y.; Tanaka, T.; Hirano, H.; Kikutani, T.; Nakajo, K.; Sato, T.; Furuya, J.; Minakuchi, S.; Iijima, K. Effect of an
Oral Frailty Measures Program on Community-Dwelling Elderly People: A Cluster-Randomized Controlled Trial. Gerontology
2022, 68, 377-386. [CrossRef] [PubMed]

Kim, S.-H.; Kim, M.-].; Lee, S.-H.; Choi, B.-W.; Heo, Y.-]J. The Effects of Orofacial Myofunctional Training on the Changes of Lip
and Tongue Strength in Elderly People. |. Dent. Hyg. Sci. 2019, 19, 279-287. [CrossRef]

Iwasaki, M.; Yoshihara, A.; Sato, N.; Sato, M.; Minagawa, K.; Shimada, M.; Nishimuta, M.; Ansai, T.; Yoshitake, Y.; Ono, T,; et al. A
5-year Longitudinal Study of Association of Maximum Bite Force with Development of Frailty in Community-dwelling Older
Adults. |. Oral Rehabil. 2018, 45, 17-24. [CrossRef]

Meyerhoefer, C.D.; Pepper, ].V.; Manski, R.J.; Moeller, ].F. Dental Care Use, Edentulism, and Systemic Health among Older Adults.
J. Dent. Res. 2021, 100, 1468-1474. [CrossRef]

Girundi, EM.D.S,; Girundi, A.L.G.; Ribeiro, M.C.D.O.; Machado, RM.M.; Gongalves, TM.S.V.; Del Bel Cury, A.A.; Da Silva, W.].
Influence of Denture-bearing Conditions on Masticatory Function and Patient-reported Outcomes Measures. J. Oral Rehabil. 2024,
51, 2316-2323. [CrossRef]

Komiyama, T.; Gallagher, J.E.; Hattori, Y. Relationship between Tooth Loss and Progression of Frailty: Findings from the English
Longitudinal Study of Aging. Arch. Gerontol. Geriatr. 2024, 127, 105572. [CrossRef]

Zhang, X.-M.; Cao, S.; Teng, L.; Xie, X.; Wu, X. The Association between the Number of Teeth and Frailty among Older Adults: A
Systematic Review and Meta-Analysis. Aging Clin. Exp. Res. 2025, 37, 156. [CrossRef]

Huang, P; Wu, L.; Zhang, R.; Chen, S.; Zhang, Y.; Chen, Y. Systematic Review and Meta-Analysis on the Prevalence and Risk
Factors of Oral Frailty among Older Adults. Front. Med. 2025, 12, 1512927. [CrossRef]

Cruz-Moreira, K.; Alvarez-Cordova, L.; Gonzdlez-Palacios Torres, C.; Chedraui, P.; Jouvin, ].; Jiménez-Moledn, ].J.; Barrios-
Rodriguez, R. Prevalence of Frailty and Its Association with Oral Hypofunction in Older Adults: A Gender Perspective. BMC
Oral Health 2023, 23, 140. [CrossRef]

Ostan, R.; Monti, D.; Gueresi, P.; Bussolotto, M.; Franceschi, C.; Baggio, G. Gender, Aging and Longevity in Humans: An Update
of an Intriguing /Neglected Scenario Paving the Way to a Gender-Specific Medicine. Clin. Sci. 2016, 130, 1711-1725. [CrossRef]

https:/ /doi.org/10.3390/dj14030152


https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1136/bjsports-2020-102955
https://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.1136/bmj.39335.541782.AD
https://www.ncbi.nlm.nih.gov/pubmed/17947786
https://doi.org/10.1016/j.archger.2021.104340
https://www.ncbi.nlm.nih.gov/pubmed/33529863
https://doi.org/10.2196/49975
https://doi.org/10.1111/joor.13531
https://doi.org/10.12965/jer.1836284.142
https://doi.org/10.1186/s12903-024-04376-6
https://doi.org/10.1111/ger.12406
https://doi.org/10.3390/geriatrics3040069
https://doi.org/10.3390/nu11122898
https://www.ncbi.nlm.nih.gov/pubmed/31795351
https://doi.org/10.1159/000516968
https://www.ncbi.nlm.nih.gov/pubmed/34247160
https://doi.org/10.17135/jdhs.2019.19.4.279
https://doi.org/10.1111/joor.12578
https://doi.org/10.1177/00220345211019018
https://doi.org/10.1111/joor.13815
https://doi.org/10.1016/j.archger.2024.105572
https://doi.org/10.1007/s40520-025-03053-0
https://doi.org/10.3389/fmed.2025.1512927
https://doi.org/10.1186/s12903-023-02824-3
https://doi.org/10.1042/CS20160004
https://doi.org/10.3390/dj14030152

Dent. |. 2026, 14,152 13 of 13

46. Patwardhan, V,; Gil, G.F; Arrieta, A.; Cagney, J.; DeGraw, E.; Herbert, M.E.; Khalil, M.; Mullany, E.C.; O’Connell, E.M.; Spencer,
C.N.; et al. Differences across the Lifespan between Females and Males in the Top 20 Causes of Disease Burden Globally: A
Systematic Analysis of the Global Burden of Disease Study 2021. Lancet Public Health 2024, 9, e282-e294. [CrossRef]

47. Guarnizo-Herrefio, C.C.; Tsakos, G.; Sheiham, A.; Watt, R.G. Oral Health and Welfare State Regimes: A Cross-national Analysis of
European Countries. Eur. J. Oral Sci. 2013, 121, 169-175. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/dj14030152


https://doi.org/10.1016/S2468-2667(24)00053-7
https://doi.org/10.1111/eos.12049
https://doi.org/10.3390/dj14030152

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Ethical Aspects 
	Data Collection 
	Oral Frailty (Dependent Variable) 
	Sociodemographic Data 
	Lip Pressure Measurement 
	Bite Force Measurement 
	Body Composition Measurement 
	Use of Removable or Fixed Partial Denture 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

