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Abstract 

Background/Objectives: Cognitive impairment can compromise toothbrushing and other 
oral self-care functions, increasing the risk of oral diseases and related complications. 
However, how toothbrushing ability declines across stages of cognitive impairment re-
mains unclear. This study aimed to describe functional deficits in toothbrushing among 
older adults with different levels of cognitive function. Method: Sixty-five older adults (14 
cognitively healthy and 51 with documented cognitive impairment) were classified into 
five cognitive levels based on Standardized Mini-Mental State Examination scores. Partic-
ipants completed a toothbrushing task as they normally would at home. Performance was 
videotaped, coded, and evaluated across four domains (task initiation, completion, thor-
oughness, and quality) with total scores reflecting overall toothbrushing ability. Overall 
performance, functional deficits, and assistance needs were analyzed in relation to cogni-
tive levels. Results: Participants averaged 76.5 years of age. Toothbrushing ability de-
clined gradually with worsening cognitive impairment, followed by a sharp deterioration 
at the profound stage (e.g., SMMSE ≤ 5). Compared with cognitively healthy participants 
(n = 14), those with mild cognitive impairment (MCI, n = 20) or mild (n = 10), moderate (n 
= 10), or severe dementia (n = 11) lost an average of 3%, 8%, 12%, and 37% of overall tooth-
brushing ability, respectively. Brushing efficiency declined earlier and more rapidly, de-
creasing by 13% in MCI and up to 46% in severe dementia (p < 0.001). All participants with 
MCI or mild dementia completed the task independently, whereas 20% with moderate 
dementia and 80% with severe dementia required assistance to initiate or complete the 
task. Conclusions: Overall toothbrushing ability remains relatively preserved until the 
later stages of cognitive impairment, but brushing quality deteriorates much earlier and 
quicker. These findings highlight the importance of early caregiver–patient partnerships, 
functionally tailored oral self-care rehabilitation, and personalized caregiver training to 
support oral hygiene among older adults with cognitive impairment. 
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1. Introduction 
Toothbrushing is an important activity of daily living (ADL) and is essential for 

maintaining oral health. Individuals typically begin learning and practicing toothbrush-
ing in early childhood and gradually master their skills around the age of eight [1]. Proper 
toothbrushing helps remove food debris and dental plaque, a sticky bacterial film that 
plays a critical role in the development of caries and periodontal disease [2,3], from the 
teeth, the gum line and the surface of the tongue. When used with toothpaste, toothbrush-
ing can also help reduce oral odors and keep breath smelling fresh. Therefore, toothbrush-
ing plays a fundamental role in the prevention of dental caries, periodontal disease, and 
other oral diseases, supporting self-esteem and promoting social interaction [4–8]. 

Conceptual Framework: Similar to many other ADLs, toothbrushing requires the in-
tegration of cognitive, motor, and sensory functions (Figure 1) [9,10]. For most people, 
toothbrushing is tied to specific daily events or routines (e.g., after breakfast and/or before 
bed), which act as cues to initiate the behavior. This process relies on event-based pro-
spective memory, the ability to remember to perform an intended action when a specific 
event occurs (e.g., remembering to brush one’s teeth after eating) [11]. Meanwhile, several 
other cognitive domains are also involved [9–11]. Procedural memory, a type of long-term 
memory, enables retrieval of the learned motor routine necessary for toothbrushing. Sus-
tained attention helps individuals remain focused throughout the task to ensure all teeth 
and surfaces are adequately brushed. Spatial and body awareness, as well as sensory-mo-
tor and perceptual-motor skills, support appropriate positioning and movement of the 
toothbrush, including adjusting angles to clean different surfaces effectively [12]. Further-
more, executive function is responsible for initiating, planning, and sequencing the tooth-
brushing task and ensuring that the task is performed in the planned order. Working 
memory, the ability to hold spatial and other information across multiple sensory chan-
nels in consciousness, helps individuals keep track of which areas have already been 
brushed and what steps remain. In addition, effective toothbrushing also requires fine 
motor skills, range of motion, eye–hand coordination, visual–motor and visual–percep-
tual abilities, as well as other physical and sensory functions, all of which contribute to 
the proper handling and maneuvering of the toothbrush [10,12]. Another key component 
is praxis, the neurological process by which cognition directs motor action. Praxis helps 
translate cognitive processes involved in toothbrushing into coordinated motor actions 
[13–15]. Specifically, it (1) conceives the idea, which is often triggered by a routine cue 
(e.g., eating breakfast); (2) plans the motor action, which depends on spatial and body 
awareness (e.g., the positions of the jaw, teeth and tongue and their relationships with the 
toothbrush); (3) executes the movements using coordinated action of the hand, jaw, 
tongue, and facial muscles; and (4) monitors and adapts the behavior based on sensory 
feedback (e.g., avoiding a sensitive area) [12–15]. Several components of executive func-
tioning, including planning, initiation, impulse control, and self-monitoring, also are in-
volved in implementing this multi-step process. For most people, it operates subcon-
sciously as a result of repeated practice and reinforcement during early childhood [16,17]. 

Impairment in any of these domains can lead to altered toothbrushing patterns and 
decline in oral self-care function [9–14, 18, 19]. However, functional changes vary across 
levels of cognitive impairment. In mild cognitive impairment (MCI) or early-stage demen-
tia, impairments in prospective memory, short-term memory and attention may emerge 
first, while procedural memory and motor routines are often preserved. Impaired pro-
spective memory can weaken the link between a cueing event (e.g., eating breakfast) and 
the lifelong brushing habit. Consequently, the cueing event is less likely to trigger a tooth-
brushing activity as usual, leading to altered oral self-care patterns [11]. This, together 
with short-term memory loss and other neuropsychiatric symptoms (e.g., apathy or de-
pression), can further disrupt oral hygiene routines [20,21]. As a result, individuals with 
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cognitive impairment may forget to brush their teeth or forget that they have already done 
so, leading them to brush less or more frequently than cognitively healthy counterparts 
[22–24]. Meanwhile, attention deficits may impair their ability to remain focused on the 
goal of toothbrushing, resulting in premature termination of brushing, skipping steps or 
areas and reduced brushing quality. As cognitive impairment progresses, individuals 
may demonstrate more functional deficits. For instance, individuals with moderate cog-
nitive impairment may lose track of the brushing process due to impaired working 
memory, leading to repetitive, fragmented, or incomplete brushing behaviors [25]. In-
creased attention deficits can lead to task interruptions or distractibility, making it difficult 
to maintain focus on the goal of cleaning all tooth surfaces. These further compromise the 
quality and thoroughness of toothbrushing. Individuals with severe cognitive impairment 
can struggle to initiate toothbrushing due to impaired executive functioning and impaired 
long-term motor memory [9–11]. As a result, these individuals are not only less likely to 
brush their teeth daily [26], but they also tend to lose independence in performing oral 
self-care [27] and often require various prompts to initiate and/or complete this task [9–
11]. Apraxia (impaired praxis), which typically emerges in the middle to later stages of 
dementia, impairs the ability to carry out purposeful, coordinated movements despite 
having the desire and the physical ability to do so. This can result in difficulty initiating 
toothbrushing, halting the toothbrush in between movements, and completing the activity 
efficiently or in a timely manner [14,28,29]. All of these functional deficits can occur re-
gardless of an individual’s physical or sensory capabilities and may be compensated for 
through environmental cues (e.g., a toothbrushing sequencing chart or leaving oral care 
supplies out in plain sight near the sink) and caregiver support. 

 

Figure 1. Conceptual framework of the cognitive mechanisms underlying toothbrushing in older 
adults with cognitive impairment. This model illustrates the sequential steps involved in tooth-
brushing and the underlying cognitive (blue and green), praxic (purple), sensory (brown), and phys-
ical (dark blue) domains that support performance. Time- or event-based cues (e.g., breakfast) trig-
ger prospective memory, prompting task initiation. Executive functions, including planning, initia-
tion, and sequencing, help structure the multi-step task. Attention, working memory, and visuospa-
tial function enable monitoring and adaptive control. Praxic skills direct motor planning, while sen-
sory and motor abilities support accurate execution. Disruption in any of these domains—common 
in dementia—can impair oral hygiene performance. 
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As a result of impaired toothbrushing ability and altered daily routine, oral hygiene 
is often poor in older adults with cognitive impairment, especially those with moderate 
or severe cognitive impairment [27,30,31]. Increased plaque buildup elevates the risk of 
dental caries and periodontal infection in these individuals [32–35]. Older adults with cog-
nitive impairment experience more caries (mean number of decayed coronal and root sur-
faces, 7.0 vs. 2.7) [36], periodontal disease (Relative Risk = 2.5, 95% CI 1.5–4.1) [35], loss of 
all natural teeth (63.3–72.7% vs. 42.6%) [35], and denture-related issues (24% vs. 7%) [37] 
than their healthy counterparts. Meanwhile, poor oral health can in turn accelerate cogni-
tive decline [38–41] and increase agitation and other behavioral symptoms in people with 
dementia [42]. It can also lead to malnutrition, aspiration pneumonia, cardiovascular dis-
ease, or death [43–49]. 

Previous studies suggest that impaired oral self-care function (e.g., inability to brush 
teeth independently and/or effectively) plays a critical role in the decline of oral health in 
older adults with dementia. Oral self-care function mediates the association between cog-
nitive impairment and oral health decline in older adults with cognitive impairment 
[19,22,50]. However, how oral self-care function varies across different levels of cognitive 
function remains unclear. This information is essential for individualizing oral hygiene 
intervention and providing functionally tailored support for older adults with cognitive 
impairment and their caregivers. To address this gap, we conducted a pilot study to pre-
liminarily describe toothbrushing ability and functional deficits among older adults with 
varying levels of cognitive function. 

2. Materials and Methods 
2.1. Study Design and Hypothesis 

A cross-sectional study design was employed to describe oral self-care function in 
older adults with different levels of cognitive function. Based on the conceptual frame-
work, we hypothesized that toothbrushing ability, a key aspect of oral self-care, declines 
with increasing cognitive impairment. The study protocol was approved by the Univer-
sity of Iowa Institutional Review Board. 

2.2. Subject Recruitment, Sample Size and Inclusion Criteria 

A convenience sample of 81 participants with varying levels of cognitive function 
was recruited from local communities, assisted living facilities, and nursing homes in cen-
tral and eastern Iowa, USA between August 2018 and January 2021. Recruitment was con-
ducted through university-wide emails, hospital newsletters, physician referrals, dental 
record searches, recruitment flyers, and caregiver support groups. As this is the first study 
of its kind, no prior data were available to support a formal sample size estimation. There-
fore, this sample size was determined pragmatically, taking into account available re-
sources and staff support. Among the candidate participants, 13 were excluded for not 
meeting one or more of the following inclusion criteria: (1) age 50 years or older; (2) for 
participants with cognitive impairment, a documented diagnosis of mild cognitive im-
pairment (MCI) or Alzheimer’s disease and related dementias established by a physician; 
or, for cognitively healthy participants, no known cognitive impairment and a perfect 
score (score = 5) on the Mini-Cog cognitive screening [51]; (3) ability to provide informed 
consent or to obtain consent through a legally authorized representative or power of at-
torney (POA); (4) presence of at least one natural tooth; and (5) ability to speak English. 
Two withdrew from the study and did not complete the data collection. The final study 
sample consisted of 14 cognitively healthy older adults recruited from local communities 
and 51 participants with documented cognitive impairment recruited from community 
settings, memory care clinics, assisted living facilities, and nursing homes. 
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2.3. Data Collection 

2.3.1. Cognitive and functional screening 

Before informed consent and data collection, individuals meeting the above inclusion 
criteria first underwent a cognitive screening using the Mini-Cog to confirm their cogni-
tive status. For those with documented cognitive impairment, a cutoff score of <4 [52] was 
used to increase sensitivity (i.e., individuals scoring <4 were considered eligible). Individ-
uals without known cognitive impairment were required to achieve a perfect score (i.e., 
score = 5) to be included in the healthy comparison group, in order to improve the speci-
ficity of group classification and minimize inclusion of individuals with subtle or unde-
tected cognitive impairment. Individuals with severe sensory deficits (e.g., deafness, 
blindness), disruptive behaviors or physical disabilities that prevent them from perform-
ing toothbrushing independently, and those who required antibiotic prophylaxis before 
dental appointments were also excluded from the study. 

2.3.2. Sociodemographics, medical history and medications 

After informed consent, community-dwelling participants and their family caregiv-
ers completed an interview that queried participants’ age, gender, race and ethnicity, ed-
ucation, and living arrangement (e.g., living independently or with others). Health history 
(e.g., type of dementia, depression, anxiety and other comorbidities) and prescription 
medication use were also collected during the interview. For institutionalized partici-
pants, these data were collected through a review of facility records. Using the Anticho-
linergic Drug Scale, each prescribed medication was assigned a score based on its anticho-
linergic properties [53]. Scores were summed to estimate the total anticholinergic burden 
for each participant, with higher scores indicating greater burden. The total number of 
medications was also calculated for each participant. 

2.3.3. Assessment of cognitive function and overall dental-related function 

Consented participants completed a cognitive assessment using the Standardized 
Mini-Mental State Examination (SMMSE) [53]. Based on their performance, participants 
were classified into five groups: healthy comparison (SMMSE = 25–30), mild cognitive im-
pairment (MCI, SMMSE = 25–30), mild dementia (SMMSE = 20–24), moderate dementia 
(SMMSE = 13–19) and severe dementia (SMMSE = 0–12). SMMSE scores overlapped be-
tween the healthy comparison and MCI groups, consistent with the known limited sensi-
tivity of the SMMSE for detecting mild cognitive impairment [54,55]. To reduce potential 
misclassification, Mini-Cog scores were additionally used to differentiate cognitively 
healthy participants (Mini-Cog = 5) from those with MCI (Mini-Cog < 5). Participants’ 
ability to perform oral health-related activities was also assessed using the Dental Activity 
Test (DAT) [56], a performance-based measure in which structured tasks are scored di-
chotomously (pass/fail) and summed to yield a total score. Based on the total score, par-
ticipants were classified into different functional levels, with lower scores indicating 
greater impairment. 

2.3.4. Assessment of oral health 

Prior to the assessment of toothbrushing ability, all participants underwent a brief 
oral examination conducted by a calibrated geriatric dentist in a research office, partici-
pant’s home, adult day center, or long-term care facility, using a headlamp, dental mirror, 
periodontal probe, and dental explorer. Standardized clinical criteria for caries diagnosis 
(e.g., the International Caries Detection and Assessment System, ICDAS) [57] could not 
be fully applied due to the field-based setting, limited participant cooperation, or non-
standard positioning (e.g., wheelchair seating). For this reason, we used a validated 



Geriatrics 2026, 11, 75 6 of 19 
 

https://doi.org/10.3390/geriatrics11040075 

protocol designed specifically for assessing the oral health status of older adults with spe-
cial needs, including those with dementia, in non-dental environments (e.g., homes, nurs-
ing homes and medical clinics) [56,58,59]. Oral exams assessed oral hygiene (i.e., Debris 
Index score [60] and Gingival Index score [61]), number of remaining teeth and number 
of decayed/broken teeth. Decayed/broken teeth were combined because it was not always 
feasible to reliably distinguish between advanced carious lesions and severely broken-
down teeth or retained roots under the aforementioned constraints. Therefore, a combined 
category was used to enhance consistency in assessment across participants. 

2.3.5. Assessment of toothbrushing ability 

A previously designed and pilot-tested protocol was used to assess participants’ abil-
ity to perform toothbrushing. This protocol was developed based on the conceptual model 
and a widely used functional assessment tool for patients with Alzheimer’s disease [62]. 

After the oral exam, a trained research assistant placed a toothbrush, toothpaste, a 
paper cup, and a paper towel in front of the participant and asked them to brush their 
teeth as they normally would. During the assessment, verbal, visual, and tactile cues, 
alone or in combination, were provided when participants were unable to initiate or com-
plete the task independently. These cues were used to evaluate how participants re-
sponded and whether they were able to complete the task with assistance. For example, if 
a participant failed to initiate toothbrushing, the research assistant repeated the instruc-
tion while handing them the toothbrush (verbal and visual cues). If the participant still 
did not begin brushing, the assistant provided a tactile cue by holding the participant’s 
hand, placing the toothbrush in their mouth, and guiding the motion to initiate brushing. 
If the participant continually brushed one area and failed to move the toothbrush to other 
areas, a verbal cue was given to encourage brushing of all tooth surfaces. Participants’ oral 
hygiene was assessed pre- and post-toothbrushing using the protocol described above to 
evaluate brushing effectiveness. 

Participants’ toothbrushing performance was videotaped, reviewed, and coded. 
Based on the conceptual framework (Figure 1), performances were scored across four do-
mains—task initiation, task completion, thoroughness, and quality of brushing—with the 
need for and response to cues incorporated into the scoring system. Task initiation was 
rated as initiating brushing without a cue (score = 4), with a cue (score = 2), or not initiating 
despite cues (score = 0). Task completion reflected whether all steps were carried out in-
dependently (score = 4), with a cue (score = 2), or not completed despite cues (score = 0). 
Thoroughness was based on whether all teeth and surfaces were brushed without a cue 
(score = 4), with a cue (score = 2), or whether some areas were missed (score = 0). Quality 
of brushing was assessed using the Debris Index (range 0–6), recorded before and after 
brushing, with ratings of 0 = poor, 1 = fair, 2 = good, and 3 = excellent [63]. The total brush-
ing score reflected overall oral self-care ability, with higher scores indicating better func-
tion. 

2.3.6. Staff training and calibration 

Before data collection, research staff received training in cognitive assessment (led by 
ND, a neuropsychologist), performance-based functional assessment and cueing strate-
gies (led by LJ, an occupational therapist specializing in dementia care), and the data col-
lection protocol (led by XC and JML). This training was followed by 3–5 supervised sim-
ulated assessments with real-time feedback until staff demonstrated mastery. Inter-rater 
(Kappa = 0.84) and test–retest (Kappa = 0.88) reliability were established. The oral exam-
iner (JML, a geriatric dentist) was also trained and calibrated following the same protocol 
(Kappa > 0.9). 
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The coder (JML) received additional training (by LJ and XC) prior to coding and scor-
ing participants’ performance, followed by supervised coding with real-time feedback for 
several participants until mastery was achieved. 

2.4. Statistical Analysis 

Descriptive statistics were first used to depict general characteristics of the partici-
pants. Performance scores were calculated for each participant. The total score was the 
sum of the numeric scores of each domain described above, reflecting the overall tooth-
brushing ability. The percent score (i.e., preserved ability) is the individual score divided 
by the total possible score for this task. This decimal score ranged from 0 to 1, correspond-
ing to the proportion/percent of points out of total possible points earned across the tooth-
brushing tasks. We primarily used this score in our modeling and plotting. Bivariate anal-
yses were performed to explore the factors associated with the five participant groups. 
Fisher’s exact and Chi-square tests were used for categorical variables, while Kruskal–
Wallis (overall) and Wilcoxon rank-sum (pairwise) non-parametric tests were used. Pair-
wise p-values between SMMSE groups were corrected for multiple comparisons within 
the table via the Holm method. 

We plotted preserved ability vs. SMMSE score, both with and without splines in the 
fitted line. Both the spline and no-spline plots showed overall oral self-care ability de-
clined slowly with the advancement of cognitive impairment. While the no-spline plots 
matched our regression approach closely, the spline plot was presented here since it al-
lowed more curvature and fit the data more closely. 

The multivariable analyses consisted of two parts: oral self-care function versus 
SMMSE, and oral self-care function versus oral health measures. Two multivariable mod-
els were conducted to examine the association between cognitive impairment and tooth-
brushing performance. In the first model, Poisson regression was used to model tooth-
brushing performance as a rate of correct performance relative to the total possible score 
(using the total score as an offset). The model adjusted for age, sex, and total anticholiner-
gic burden (ACB) of medications, with cognitive status (Standardized Mini-Mental State 
Examination groups) included as a categorical predictor. The cognitively healthy group 
served as the reference category. In the second model, linear regression was performed 
with SMMSE score treated as a continuous variable, using the same covariates. Both mod-
els demonstrated a consistent pattern of declining toothbrushing performance with wors-
ening cognitive function, supporting the robustness of the findings across model specifi-
cations. To explore the association between self-care function and oral health outcomes, 
we used linear regression (for Debris Index, Gingival Index and number of remaining 
teeth) and negative binomial regression (for number of decayed/broken), adjusting for 
age, gender, ACB and oral self-care function. SMMSE was not adjusted for in this analysis 
since it was highly correlated with the overall functional score. We also ran another set of 
the multivariable analyses by replacing the covariate ACB with the presence of depression 
(Yes/No). The results of both models were very similar. Therefore, only the results of the 
first set of models are presented here. 

 All tests utilized a significance level of 0.05, and Holm correction was used to adjust 
for multiple comparisons. Statistical analysis was performed using the statistical software 
R version 3.6.1. 

3. Results 
3.1. Characteristics of the Study Participants 

Participants averaged 76.5 years old (Table 1); most were female (61.5%) and had 
completed high school or higher education (98.5%). Participants with moderate or severe 
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dementia were older than those in the healthy comparison group and those with MCI (p 
= 0.002) and were more likely to reside in a long-term care facility (p < 0.001). Depression 
or other mental health conditions were commonly seen in the participants with cognitive 
impairment, especially those with mild dementia. Compared to the healthy comparison 
group, participants with cognitive impairment were on average taking more medications 
and had a higher anticholinergic burden, indicating a higher risk of xerostomia. This was 
particularly true in those with moderate dementia. As expected, cognitive function (p < 
0.001) and dental-related function (p < 0.001) were significantly different between groups 
and worsened in those with moderate or severe dementia. Participants with poorer cog-
nitive function also had poorer oral hygiene (i.e., a higher debris index score, p < 0.001), 
more severe gingival inflammation (i.e., a higher gingival index score, p < 0.001) and more 
decayed/broken teeth (p = 0.02). 

Table 1. Characteristics of the study participants. 

Characteristic Overall 
(n = 65) 

Healthy Compar-
ison **  
(n = 14) 

MCI **  
(n = 20) 

Mild Demen-
tia **  

(n = 10) 

Moderate De-
mentia **  

(n = 10) 

Severe Demen-
tia **  

(n = 11) 
p Value 

Sociodemographics 
Age (Mean, SD) 76.5 (12.1) 68.9 (10.1) 73.2 (10.8) 76.8 (14.8) 82.9 (6.6) 86.8 (9.5) 0.00 
Female (%) 61.5 71.4 55.0 60.0 40.0 81.8 0.30 
High school or higher (%) 98.5 100 100 90.0 100 100 0.40 
Living condition        
Live alone at home (%) 39.1 100 50.0 10.0 0 0 

<0.01 
Live at home with others (%) 31.1 0 45.0 50.0 44.4 18.2 
Assisted living or nursing homes 
(%) 

30.0 0 5.0 40.0 55.6 81.8 

Medical history and medication 
Depression (Yes, %) 22.3 14.3 10.5 50.0 33.3 22.2 0.14 
Bipolar (Yes, %) 3.3 0  10.5 0 0 0 0.80 
Number of mental health condi-
tions (Mean, SD) 

4.1 (4.0) 0 6.4 (4.5) 5.3 (3.4) 4.4 (3.4) 3.6 (2.8) <0.01 

Number of medications (Mean, 
SD) 

5.4 (3.5) 2.6 (2.2) 5.4 (3.4) 7.1 (3.1) 8.0 (4.5) 5.6 (1.7) 0.00 

Anticholinergic burden (Mean, 
SD) 

1.4 (2.2) 0.4 (1.2) 1.5 (2.7) 1.7 (1.4) 2.9 (3.0) 0.9 (1.1) 0.04 

Cognitive and dental related function 
SMMSE (Mean, SD) * 21.1 (9.2) 29.5 (0.7) 26.9 (1.6) 21.7 (1.5) 15.7 (2.3) 4.2 (3.6) <0.01 
Dental Activity Test score (Mean, 
SD) 

6.9 (2.7) 8.9 (0.4) 8.2 (1.0) 7.8 (1.2) 6.1 (1.2) 1.8 (2.0) <0.01 

Oral health measures 
Debris Index score before brush-
ing (Mean, SD) 

0.9 (0.5) 0.3 (0.2) 0.7 (0.4) 1.1 (0.4) 1.1 (0.3) 1.5 (0.6) <0.01 

Gingival Index score (Mean, SD) 1.2 (0.5) 0.7 (0.3) 1.1 (0.4) 1.3 (0.2) 1.4 (0.3) 1.5 (0.6) <0.01 
Number of remaining teeth 
(Mean, SD) 

19.8 (6.2) 22.7 (2.4) 18.3 (7.4) 19.5 (5.0) 18.6 (7.2) 20.1 (6.8) 0.15 

Number of decayed/broken teeth 
(Mean, SD) 

1.3 (2.7) 0.4 (1.6) 0.6 (0.8) 1.0 (2.0) 1.4 (1.5) 3.6 (5.2) 0.02 

Use of removable dental prosthe-
ses (Yes, %) 

15.0 0 29.4 12.5 20.0 9.1 0.20 

Note: Total may not be 100% due to missing data. * SMMSE—Standardized Mini-Mental State Ex-
amination; ** Healthy comparison SMMSE = 25–30, mild cognitive impairment (MCI) SMMSE = 25–
30, mild impairment SMMSE = 20–24, moderate impairment SMMSE = 13–19, severe impairment 
SMMSE = 0–12. 
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3.2. Toothbrushing Ability, Efficiency and Cognitive Function 

As shown in Figure 2, toothbrushing ability, as measured by the total brushing score, 
gradually declined alongside cognitive function until participants reached the profound 
stage (e.g., SMMSE ≤ 5), during which their toothbrushing ability dropped substantially 
and rapidly. After adjusting for age, sex, and anticholinergic burden, the MCI, mild de-
mentia, moderate dementia, and severe dementia groups lost, on average, 3% (p = 0.8), 8% 
(p = 0.5), 12% (p = 0.3), and 37% (p < 0.001) of their toothbrushing ability, respectively, 
compared to the healthy comparison group (Table 2). 

On the other hand, brushing efficiency, which was defined as 1 minus the sum of the 
plaque scores before and after brushing, divided by the total possible plaque score [6], 
declined early and rapidly in participants with cognitive impairment. Brushing efficiency 
declined by approximately 13% (p = 0.03) in the MCI group, 20% (p < 0.001) in the mild 
dementia group, 29% (p < 0.001) in the moderate dementia group, and 46% (p < 0.001) in 
the severe dementia group compared to the healthy comparison group (brushing effi-
ciency score = 0.94). 

 

Figure 2. Toothbrushing ability and efficiency in participants with different levels of cognitive func-
tion. Note: SMMSE scores overlapped between the healthy comparison and MCI groups due to the 
limited sensitivity of the SMMSE for detecting mild cognitive impairment. The dashed and solid 
lines illustrate the trends in overall toothbrushing ability and toothbrushing efficacy, respectively, 
across different levels of cognitive function. Shaded areas represent 95% confidence intervals.   

Table 2. Overall toothbrushing ability across cognitive levels estimated using Poisson regression. 

Variable 
Unadjusted IRR (SE, 95% 
CI) 

p-Value 
Adjusted IRR (SE, 95% 
CI) 

p-Value 

Healthy comparison Ref - Ref - 

MCI 
1.00 (0.09) 
(0.84 to 1.18) 1.0 

0.97 (0.09) 
(0.81–1.17) 0.8 

Mild dementia 
0.96 (0.10) 
(0.78–1.17) 

0.7 
0.92 (0.12) 
(0.73–1.15) 

0.5 

Moderate dementia 
0.93 (0.11) 
(0.76–1.14) 

0.5 
0.88 (0.13) 
(0.68–1.14) 

0.3 

Severe dementia  
0.63 (0.12) 
(0.50–0.78) 

<0.001 
0.63 (0.14) 
(0.48–0.82) 

<0.001 
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Variable 
Unadjusted IRR (SE, 95% 
CI) 

p-Value 
Adjusted IRR (SE, 95% 
CI) 

p-Value 

Age - - 
1.00 (0.00) 
(1.00–1.01) 0.6 

Gender: Male - - 
1.07 (0.08) 
(0.92–1.24) 0.4 

Anticholinergic burden 
score 

- - 
1.01 (0.02) 
(0.97–1.04) 

0.6 

3.3. Toothbrushing Quality, Cue Requirements and Cognitive Function 

Table 3 shows that participants in the healthy comparison and MCI groups predom-
inantly demonstrated excellent or good brushing quality, with all completing the task in-
dependently without any cues. The mild dementia group exhibited slightly reduced per-
formance, with 80% rated as having good brushing quality and 20% as fair; however, all 
participants in this group also completed the task without assistance. In the moderate de-
mentia group, brushing quality further declined, and a notable proportion required var-
ying levels of assistance to complete the task. Most notably, 80% of participants in the 
severe dementia group required various cues to initiate and/or complete brushing, and 
20% were unable to complete the task even with assistance. Brushing quality was signifi-
cantly reduced in this group as well. 

Table 3. Toothbrushing quality and cue requirements across cognitive groups. 

Groups Brushing 
Quality * 

Completed the 
Task Without Any 

Cue 

Completed the Task 
with Verbal Cue 

Only or Verbal and 
Visual Cues 

Completed the Task 
with Tactile and 

Verbal Cues 

Unable to Com-
plete the Task 

with Cue(s) 
p Value 

Healthy compari-
son 
(n = 14) 

Excellent 3 (21.4%) 0 0 0 

<0.001 

Good 11 (78.6%) 0 0 0 
Fair 0 0 0 0 
Poor 0 0 0 0 

MCI (n = 20) 

Excellent 4 (20%) 0 0 0 
Good 16 (80%) 0 0 0 
Fair 0 0 0 0 
Poor 0 0 0 0 

Mild dementia (n 
= 10) 

Excellent 0 0 0 0 
Good 8 (80%) 0 0 0 
Fair 2 (20%) 0 0 0 
Poor 0 0 0 0 

Moderate demen-
tia (n = 10) 

Excellent 0 0 0 0 
Good 5 (50%) 1 (10%) 1 (10%) 0 
Fair 3 (30%) 0 0 0 
Poor 0 0 0 0 

Severe dementia 
(n = 10) ** 

Excellent 0 0 0 0 
Good 0 1 (10%) 1 (10%) 1 (10%) 
Fair 2 (20%) 1 (10%) 2 (20%) 0 
Poor 0 1 (10%) 0 1 (10%) 

* Quality of brushing was assessed using the Debris Index (range 0–6), recorded before and after 
brushing, with ratings of 0 = poor, 1 = fair, 2 = good, and 3 = excellent [62]. ** Excluded one participant 
who refused oral examination and did not perform brushing task. 

3.4. Main Functional Deficits Across Cognitive Levels 

Main functional deficits and assistance needed to complete the brushing task are 
summarized in Table 4. Compared to the healthy comparison group, participants with 
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MCI demonstrated reduced brushing time and efficiency, reflecting mild deficits in atten-
tion, executive function, and self-monitoring. In the mild dementia group, deficits were 
more pronounced than in the MCI group, with more frequent omission of surfaces, par-
ticularly lingual areas, suggesting early difficulties with sustained attention, working 
memory and visuospatial function. However, participants in both groups were able to 
complete the task independently. 

In the moderate dementia group, participants exhibited greater deficits in attention, 
working memory, and executive function, resulting in both very brief and prolonged 
brushing, greater numbers of missed areas, and reduced overall efficiency. Loss of task 
sequence, random movement between quadrants, and other non-goal-directed brushing 
behaviors started to emerge in some participants. Although most participants were able 
to complete brushing independently, about 20% required cueing. Verbal (e.g., repeated 
instructions), visual (e.g., handing over the toothbrush), or tactile cues (e.g., hand-over-
hand support) were often effective in helping participants initiate and re-engage with the 
task, after which they were generally able to proceed. 

Participants with severe dementia presented with profound deficits across multiple 
cognitive domains, resulting in marked declines in toothbrushing ability. Due to severe 
executive dysfunction and impaired motor planning and sequencing function, task initi-
ation was often absent or severely impaired. Fragmented, repetitive, and other non-goal-
directed movements were frequently observed. When brushing occurred, it was usually 
brief, with many missed areas, leading to substantially reduced overall quality. At this 
stage, verbal or visual cues alone were often ineffective; combined verbal and visual or 
verbal and tactile cues were typically required to initiate toothbrushing. Even with such 
support, a considerable proportion of participants did not respond and had effectively 
lost the ability to brush their teeth independently. 

Table 4. Main functional deficits and assistance requirements across cognitive levels. 

 MCI Mild Dementia Moderate Dementia Severe Dementia 

Key func-
tional deficits 

• Reduced 
brushing time 

• Decreased 
brushing effi-
ciency 

• Reduced 
brushing time 

• Decreased 
brushing effi-
ciency 

• Missed tooth 
surfaces or 
quadrants 

• Brushing time was either brief 
or prolonged in some cases 

• Increased missed areas 
• Fragmented, non-goal-directed 

brushing behaviors in some 
participants 

• Decreased brushing efficiency 

• Severely impaired or absent task 
initiation  

• Brushing, if it occurred, was usu-
ally brief, with some prolonged 
episodes  

• Fragmented, non-goal-directed 
brushing behaviors 

• Increased missed areas 
• Poor overall brushing quality 

Assistance 
needed 

• Not observed • Not observed 

• Verbal, visual, or tactile cues 
might be needed to initiate 
brushing 

• Participants typically re-
sponded well to cues and com-
pleted the task 

• Most required assistance to initiate 
toothbrushing 

• Combined verbal + visual or ver-
bal + tactile cues are often neces-
sary 

• Participants with profound im-
pairment were unable to initiate 
brushing despite cues 

3.5. Brushing Time and Cognitive Function 

Brushing time tended to decrease with increasing cognitive impairment, except in 
the moderate dementia group, where a slight rebound in mean brushing time was ob-
served (Table 5). On average, the estimated brushing time was 66.4 s in the healthy com-
parison group, 53.6 s in the MCI group, 31.9 s in the mild dementia group, 44.1 s in the 
moderate dementia group and 26.5 s in the severe dementia group (p = 0.10). The overall 
downward trend likely results from progressive declines in attention, working memory, 
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and executive function, which lead to failure to maintain focus on the task goal, premature 
task termination, or incomplete brushing. The modest rebound observed in the moderate 
dementia group may result from disorganized or repetitive behaviors due to executive 
dysfunction and impaired working memory self-monitoring. 

Further analysis showed that brushing time was significantly associated with overall 
toothbrushing ability (p = 0.02), brushing efficiency (p = 0.07), plaque score before brushing 
(p = 0.01) and gingival score (p = 0.07). 

Table 5. Brushing time and cognitive function. 

Cognitive Level 
Unadjusted Mean 

(SE) 
95% Confidence In-

terval 
Adjusted Mean 

(SE) 
95% Confidence In-

terval 
p Value 

Healthy comparison 
(SMMSE = 25–30) 

65.9 (9.7) 46.6–85.2 66.39 (10.85) 44.62–88.15 

0.10 

MCI 
(SMMSE = 25–30) 

60.5 (8.1) 44.3–76.6 53.57 (8.62) 36.28–70.87 

Mild dementia (SMMSE = 20–
24) 

29.5 (11.4) 6.7–52.4 31.93 (11.43) 8.99–54.86 

Moderate dementia (SMMSE 
= 13–19) 

42.1 (11.4) 19.3–64.9 44.08 (11.74) 20.53–67.63 

Severe dementia 
(SMMSE = 0–12) 

27.8 (10.9) 6.0–49.6 26.50 (12.92) 0.58–52.42 

3.6. Toothbrushing Ability and Oral Health Measures 

To examine the association between toothbrushing function and oral health 
measures, we categorized participants into high-, middle-, and low-function groups based 
on their total brushing scores. After adjusting for age, gender, and anticholinergic burden, 
participants with lower brushing ability had significantly poorer oral hygiene upon arri-
val. Specifically, the estimated debris index score before brushing increased progressively 
across groups: 0.34 (95% CI: 0.03–0.64) in the high-function group, 0.57 (95% CI: 0.42–0.73) 
in the middle group, and 1.22 (95% CI: 1.05–1.39) in the low-function group (p < 0.001). A 
similar trend was observed for estimated gingival index scores: 0.79 (95% CI: 0.43–1.15) in 
the high-function group, 1.03 (95% CI: 0.85–1.21) in the middle group, and 1.33 (95% CI: 
1.13–1.53) in the low-function group (p = 0.02). On the other hand, the number of remain-
ing teeth (p = 0.4) and the number of decayed or broken teeth (p = 0.9) did not differ sig-
nificantly across groups. 

4. Discussion 
To our knowledge, this is the first study to detail toothbrushing ability and functional 

deficits among older adults across different levels of cognitive function. The findings re-
vealed distinct patterns of oral self-care ability and functional impairment across cognitive 
levels. These results not only support our hypothesis and theoretical framework but also 
offer valuable insights to guide clinical interventions aimed at improving oral health in 
older adults with cognitive impairment. 

 First, this study revealed that the overall ability to perform toothbrushing tasks was 
relatively preserved through the earlier and moderate stages of impairment, but once in-
dividuals reached the profound stage, their oral self-care function deteriorated dramati-
cally (Figure 2). This pattern is similar to the decline commonly observed in basic activities 
of daily living (ADLs), which also tend to decline slowly until the later stages of cognitive 
impairment [64]. However, when examining brushing efficiency, another key criterion for 
evaluating oral self-care function, a different pattern emerged. Impairments in brushing 
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efficiency occurred early in the disease process and were more pronounced with the in-
creasing severity of cognitive impairment. This pattern more closely resembles the trajec-
tory of instrumental activities of daily living (IADLs), which usually begin to deteriorate 
in the earlier stages of cognitive impairment [64,65]. These findings suggest that beyond 
changes in toothbrushing patterns [22–24], diminished brushing quality can also serve as 
an early marker of functional deterioration in oral self-care. They further emphasize the 
need to distinguish between the ability to perform an oral self-care task, often overesti-
mated by patients and caregivers, and the actual efficiency or quality of task performance, 
which is frequently overlooked [66,67]. Given the substantial local and systemic conse-
quences of declining oral hygiene [68,69], brushing quality should be incorporated into 
clinical assessments of oral self-care function in older adults with cognitive impairment, 
rather than focusing solely on task performance. 

The early decline in brushing quality also highlights the importance of establishing a 
caregiver–care recipient partnership in the early stage of the disease. This collaborative, 
reciprocal partnership is essential for maintaining oral health in older adults with cogni-
tive impairment and would benefit patients as well as their family caregivers. First, it can 
help reestablish daily oral care routines for individuals whose oral self-care patterns are 
disrupted by memory loss, withdrawal, apathy/reduced motivation, or functional impair-
ment that may occur in the early stages of disease [22–24]. This partnership also provides 
an opportunity for caregivers to monitor and ensure care quality for individuals with re-
duced brushing efficiency. For individuals with impaired functional independence, this 
partnership enables caregivers to provide essential support (e.g., prompting patients to 
initiate oral care, preparing oral hygiene supplies, or assisting with toothbrushing) on a 
regular basis, which is critical for preventing oral diseases and related systemic complica-
tions. Our study demonstrated that, when roles and expectations are clearly defined and 
mutually agreed upon, this partnership can also help care recipients maintain a sense of 
autonomy while alleviating caregivers’ concerns about overstepping boundaries, thereby 
enhancing caregiver–care recipient relationships (unpublished data). 

In addition, the distinct functional deficits observed across cognitive levels suggest 
that the assistance needed to maintain oral hygiene varies among older adults at different 
stages of impairment. Accordingly, the level of caregiver support required may also differ 
across stages of cognitive impairment. Therefore, a personalized, family-centered ap-
proach is needed to provide functionally tailored oral care rehabilitation to help patients 
retain, regain, or improve self-care abilities, along with needs-based training and support 
to enhance caregiver efficiency. Specifically, for individuals with MCI or mild dementia, 
oral self-care functions are largely preserved. However, impaired sustained attention and 
working memory may result in reduced brushing quality. Therefore, oral health interven-
tions (e.g., hands-on, interactive training on toothbrushing and interdental brushing) 
should primarily target patients, aiming to help them maintain or restore self-care func-
tion and improve care quality. At the same time, behavioral strategies and technology-
assisted approaches to reestablish oral care routines (e.g., AI-based electronic reminder 
systems for dementia care [70] or pairing toothbrushing with a preferred daily activity) 
and strategies to monitor care quality (e.g., using plaque-disclosing solutions or recogniz-
ing signs of poor oral hygiene) can be provided to family caregivers. When tolerated, 
smart toothbrushes equipped with built-in sensors and artificial intelligence can be used 
to monitor brushing behavior and provide real-time, personalized feedback, thereby im-
proving the quality of care [71]. Additionally, prompting techniques and strategies to en-
hance communication and cooperation can be provided as needed to better support care-
givers [72–74]. 

In the moderate stage of cognitive impairment, most individuals can still perform 
oral self-care independently, though some require assistance to initiate the task due to 
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executive dysfunction [75]. Attention and working memory deficits can lead to frag-
mented, repetitive or other non-goal-directed brushing behaviors in some individuals 
[75,76], resulting in increased missed areas and reduced effectiveness. As a result, tooth-
brushing can be brief or prolonged, yet brushing quality is often poor. These findings 
highlight the need for greater caregiver support for these individuals. Interventions 
should, therefore, shift focus from patients to family caregivers, with the aim of preserving 
patients’ remaining oral care abilities and enhancing caregivers’ efficiency in providing 
support. For patients, due to impaired learning ability, oral self-care training and rehabil-
itation should prioritize maintaining existing skills and ensuring care quality (e.g., tooth-
brushing training described above), rather than introducing new, unfamiliar tasks (e.g., 
flossing or interdental brushing for those with no prior experience). Caregiver training 
should equip families with practical strategies. Useful techniques include visual cues (e.g., 
a sequencing chart, handing the toothbrush to facilitate task initiation), verbal cues (e.g., 
instructing the individual to brush longer in specific areas), and tactile guidance (e.g., 
hand-over-hand assistance) [32,72,77]. Brushing together at bedtime is a good strategy to 
reinforce daily oral hygiene and provide needed support to improve care quality [63]. For 
individuals with behavioral symptoms, strategies to improve communication and coop-
eration should be introduced to caregivers [72–74]]. Where appropriate, caregiver training 
can extend to include assistance with toothbrushing, interdental cleaning, and denture 
care. 

Individuals with advanced cognitive impairment typically require substantial care-
giver support or complete dependence due to severe functional decline (Figure 2; Tables 
2 and 3). In addition to the strategies discussed above, task-prompting techniques 
[32,72,77] and training caregivers to perform toothbrushing and other oral care for their 
care recipients are essential. As disease awareness and language abilities deteriorate, pa-
tients may lose the capacity to perceive, recognize, or communicate their dental needs [78–
80]. Families should therefore be educated to recognize behavioral changes and other in-
dicators of odontogenic pain or infection [80,81], enabling timely access to professional 
dental care. 

While this study provides valuable insights into the functional deficits across differ-
ent stages of cognitive impairment and informs clinical practice and oral health interven-
tions for older adults and their caregivers, several limitations may affect the generaliza-
bility of the findings. First, one of the major limitations of this study is the relatively small 
and uneven sample size across cognitive subgroups, which was mainly due to recruitment 
challenges during the COVID-19 pandemic, limited funding and staff support and the 
lengthy cognitive, functional, and oral assessments required of study participants. The 
small sample size may have reduced statistical power and contributed to considerable 
variability in the estimation of functional ability among participants with differing cogni-
tive levels. It may also affect the generalizability of the results to broader populations of 
older adults with cognitive impairment. Therefore, the findings should be considered pre-
liminary and interpreted with caution. Second, this study included participants residing 
in different living conditions. Variations in living environments and available support 
(e.g., informal caregiver support for community-dwelling individuals versus professional 
care in long-term care settings) may influence oral self-care performance. These contextual 
factors, including caregiving routines and levels of assistance, could affect real-life tooth-
brushing performance and may not be fully captured in the study setting. Third, the cross-
sectional design provides only a single time-point view and does not allow conclusions 
about causality or changes over time. Therefore, all findings should be interpreted as as-
sociations rather than evidence of progression in oral self-care function across cognitive 
decline. Large-scale longitudinal studies are needed to establish temporal and causal re-
lationships between cognitive impairment and functional deficits in oral self-care among 
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older adults with dementia. Additionally, the non-significant associations observed be-
tween oral self-care function and dental caries may be attributed to two factors. First, some 
participants were recruited during their dental treatment at the University of Iowa Col-
lege of Dentistry and Clinics. Dental caries may have been restored prior to the baseline 
oral examination. This could partially explain the lack of observed association between 
oral self-care function and this outcome. Second, given the field-based setting, several con-
straints, including limited participant cooperation, non-standard positioning (e.g., wheel-
chair seating), and the absence of compressed air and radiographic imaging, prevented 
full application of standardized diagnostic criteria for dental caries (e.g., ICDAS). As a 
result, non-cavitated lesions (ICDAS codes 1–2) were not systematically assessed. This 
limitation may have led to an underestimation of dental caries prevalence among partici-
pants with cognitive impairment, especially those with behavioral challenges. Finally, 
longitudinal studies are needed to further examine the impact of impaired oral self-care 
function on oral health, systemic health, and quality of life in older adults with cognitive 
impairment. 

In conclusion, oral self-care and care quality vary widely with cognitive function, 
underscoring the need for early care partnerships, tailored oral self-care rehabilitation, 
and targeted caregiver training to better support older adults with cognitive impairment 
and their families. 

Author Contributions: Conceptualization, X.C.; methodology, X.C. and J.M.-L.; formal analysis, 
C.C., X.C. and J.M.-L.; investigation, J.M.-L.; resources, X.C., D.T., L.J. and N.D.; data curation, J.M.-
L.; writing—original draft preparation, X.C.; writing—review and editing, X.C., J.M.-L., C.C., D.T., 
L.J. and N.D.; visualization, X.C. and C.C.; supervision, X.C.; project administration, J.M.-L.; funding 
acquisition, X.C. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was partially funded by the National Institute of Dental and Craniofacial 
Research, grant number T90DE023520. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board of the University of Iowa (IRB# 
201803835). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study or from their legally authorized representatives. 

Data Availability Statement: The datasets presented in this article are not available because they 
are owned by the University of Iowa. Requests to access the datasets should be directed to Dr. Xi 
Chen. 

Acknowledgments: The authors also thank Ronald Ettinger, Leonardo Marchini and Xianjin Xie for 
their feedback on the study design. 

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-
script; or in the decision to publish the results. 

Abbreviations 
The following abbreviations are used in this manuscript: 

SMMSE Standardized Mini-Mental State Examination 
MCI Mild cognitive impairment 
ACB Anticholinergic burden 
DAT Dental Activities Test 
ICDAS International Caries Detection and Assessment System 



Geriatrics 2026, 11, 75 16 of 19 
 

https://doi.org/10.3390/geriatrics11040075 

References 
1. Dentistry AAoP. Healthy Smile: A Family Guide. Available online: https://www.aapd.org/assets/1/7/HealthySmilesGuide-

book.pdf (accessed on 20 January 2026). 
2. Valm, A.M. The Structure of Dental Plaque Microbial Communities in the Transition from Health to Dental Caries and Perio-

dontal Disease. J. Mol. Biol. 2019, 431, 2957–2969. 
3. Marsh, P.D. Microbiology of dental plaque biofilms and their role in oral health and caries. Dent. Clin. N. Am. 2010, 54, 441–454. 
4. Davies, R.M.; Davies, G.M.; Ellwood, R.P. Prevention. Part 4: Toothbrushing: What advice should be given to patients? Br. Dent. 

J. 2003, 195, 135–141. 
5. Löe, H. Oral hygiene in the prevention of caries and periodontal disease. Int. Dent. J. 2000, 50, 129–139. 
6. Jepsen, S.; Blanco, J.; Buchalla, W.; Carvalho, J.C.; Dietrich, T.; Dörfer, C.; Eaton, K.A.; Figuero, E.; Frencken, J.E.; Graziani, F.; et 

al. Prevention and control of dental caries and periodontal diseases at individual and population level: Consensus report of 
group 3 of joint EFP/ORCA workshop on the boundaries between caries and periodontal diseases. J. Clin. Periodontol. 2017, 44, 
S85–S93. 

7. Shaghaghian, S.; Bahmani, M.; Amin, M. Impact of oral hygiene on oral health-related quality of life of preschool children. Int. 
J. Dent. Hyg. 2015, 13, 192–198. 

8. Degirmenci, K.; Kalaycioglu, O. Evaluation of quality of life and oral hygiene attitudes of individuals using dental prostheses 
during the COVID-19 pandemic. J. Prosthet. Dent. 2021, 126, 51.e1–51.e7. 

9. Groome, D. An Introduction to Cognitive Psychology: Processes and Disorders; Psychology Press: New York, NY, USA, 2013. 
10. Marcotte, T.; Schmitter-Edgecombe, M.; Grant, I. Neuropsychology of Everyday Functioning, 2nd ed.; The Guilford Press: New 

York, NY, USA, 2022. 
11. Harvey, P.D. Domains of cognition and their assessment. Dialogues Clin. Neurosci. 2019, 21, 227–237. 
12. Zemková, E. Cognition and motion: sensory processing and motor skill performance in athletic training and rehabilitation. 

Appl. Sci. 2022, 12, 10345. 
13. Ayres, A.J. Developmental Dyspraxia and Adult-Onset Apraxia; Sensory Integration International: Torrance, CA, USA, 1985. 
14. Goldenberg, G. Apraxia—The cognitive side of motor control. Cortex 2014, 57, 270–274. 
15. Powers, K.M. Praxis. Encyclopedia of Autism Spectrum Disorders; Volkmar, F.R., Ed.; Springer: New York, NY, USA, 2013; pp. 

2333–2334. 
16. Case-Smith, J. Occupational Therapy for Children and Adolescents-e-Book; Elsevier Health Sciences: Amsterdam, The Netherlands 

2014. 
17. Parham, L.; Mailloux, Z. Sensory integration. Occup. Ther. Child. 2010, 5, 356–409. 
18. Chen, X.; Xie, X.J.; Yu, L. The pathway from cognitive impairment to caries in older adults: A conceptual model. J. Am. Dent. 

Assoc. 2018, 149, 967–975. 
19. Chen, X.; Clark, J.J.; Chen, H.; Naorungroj, S. Cognitive impairment, oral self-care function and dental caries severity in com-

munity-dwelling older adults. Gerodontology 2015, 32, 53–61. 
20. Oba, H.; Kobayashi, R.; Kawakatsu, S.; Suzuki, K.; Otani, K.; Ihara, K. Non-pharmacological Approaches to Apathy and De-

pression: A Scoping Review of Mild Cognitive Impairment and Dementia. Front Psychol. 2022, 13, 815913. 
21. Niesten, D.; van Mourik, K.; van der Sanden, W. The impact of frailty on oral care behavior of older people: A qualitative study. 

BMC Oral Health 2013, 13, 61. 
22. Lee, K.H.; Plassman, B.L.; Pan, W.; Wu, B. Mediation Effect of Oral Hygiene on the Relationship Between Cognitive Function 

and Oral Health in Older Adults. J. Gerontol. Nurs. 2016, 42, 30–37. 
23. Chu, C.H.; Ng, A.; Chau, A.M.; Lo, E.C. Oral health status of elderly chinese with dementia in Hong Kong. Oral Health Prev. 

Dent. 2015, 13, 51–57. 
24. Lopez-Jornet, P.; Zamora Lavella, C.; Pons-Fuster Lopez, E.; Tvarijonaviciute, A. Oral Health Status in Older People with De-

mentia: A Case-Control Study. J. Clin. Med. 2021, 10, 477. 
25. Chalmers, J.M.; Carter, K.D.; Spencer, A.J. Oral diseases and conditions in community-living older adults with and without 

dementia. Spec. Care Dent. 2003, 23, 7–17. 
26. Gil-Montoya, J.A.; Sanchez-Lara, I.; Carnero-Pardo, C.; Fornieles, F.; Montes, J.; Vilchez, R.; Burgos, J.S.; Gonzalez-Moles, M.A.; 

Barrios, R.; Bravo, M. Is periodontitis a risk factor for cognitive impairment and dementia? A case-control study. J. Periodontol. 
2015, 86, 244–253. 



Geriatrics 2026, 11, 75 17 of 19 
 

https://doi.org/10.3390/geriatrics11040075 

27. Shirobe, M.; Edahiro, A.; Motokawa, K.; Morishita, S.; Ohara, Y.; Motohashi, Y.; Iwasaki, M.; Watanabe, Y.; Hirano, H. Associ-
ation between Dementia Severity and Oral Hygiene Management Issues in Older Adults with Alzheimer’s Disease: A Cross-
Sectional Study. Int. J. Environ. Res. Public Health 2023, 20, 3841. 

28. Roy, E.A. Neuropsychological Studies of Apraxia and Related Disorders; Elsevier: Amsterdam, The Netherlands, 1985. 
29. Rothi, L.J.G.; Heilman, K.M. Apraxia: The Neuropsychology of Action; Psychology Press: New York, NY, USA, 2014. 
30. Chen, X.; Clark, J.J.J.; Naorungroj, S. Oral health in nursing home residents with different cognitive statuses. Gerodontology 2013, 

30, 49–60. 
31. Chen, X.; D’Souza, V.; Yu, L. The oral health status of residents with different cognitive and dental-related functions in three 

North Carolina assisted living facilities. Gerodontology 2019, 36, 142–148. 
32. Chalmers, J.; Pearson, A. Oral hygiene care for residents with dementia: A literature review. J. Adv. Nurs. 2005, 52, 410–419. 
33. Chalmers, J.M.; Hodge, C.; Fuss, J.M.; Spencer, A.J.; Carter, K.D. The prevalence and experience of oral diseases in Adelaide 

nursing home residents. Aust. Dent. J. 2002, 47, 123–130. 
34. Chalmers, J.M.; Carter, K.D.; Spencer, A.J. Caries incidence and increments in community-living older adults with and without 

dementia. Gerodontology 2002, 19, 80–94. 
35. Syrjälä, A.M.; Ylöstalo, P.; Ruoppi, P.; Komulainen, K.; Hartikainen, S.; Sulkava, R.; Knuuttila, M. Dementia and oral health 

among subjects aged 75 years or older. Gerodontology 2012, 29, 36–42. 
36. Ellefsen, B.; Holm-Pedersen, P.; Morse, D.E.; Schroll, M.; Andersen, B.B.; Waldemar, G. Caries prevalence in older persons with 

and without dementia. J. Am. Geriatr. Soc. 2008, 56, 59–67. 
37. Adam, H.; Preston, A.J. The oral health of individuals with dementia in nursing homes. Gerodontology 2006, 23, 99–105. 
38. Kaye, E.K.; Valencia, A.; Baba, N.; Spiro, A., 3rd; Dietrich, T.; Garcia, R.I. Tooth loss and periodontal disease predict poor cog-

nitive function in older men. J. Am. Geriatr. Soc. 2010, 58, 713–718. 
39. Kikutani, T.; Yoneyama, T.; Nishiwaki, K.; Tamura, F.; Yoshida, M.; Sasaki, H. Effect of oral care on cognitive function in patients 

with dementia. Geriatr. Gerontol. Int. 2010, 10, 327–328. 
40. Stein, P.S.; Kryscio, R.J.; Desrosiers, M.; Donegan, S.J.; Gibbs, M.B. Tooth loss, apolipoprotein E, and decline in delayed word 

recall. J. Dent. Res. 2010, 89, 473–477. 
41. Yoneyama, T.; Yoshida, M.; Ohrui, T.; Mukaiyama, H.; Okamoto, H.; Hoshiba, K.; Ihara, S.; Yanagisawa, S.; Ariumi, S.; Morita, 

T.; et al. Oral care reduces pneumonia in older patients in nursing homes. J. Am. Geriatr. Soc. 2002, 50, 430–433. 
42. Chalmers, J.M. Behavior management and communication strategies for dental professionals when caring for patients with 

dementia. Spec. Care Dent. 2000, 20, 147–154. 
43. Loesche, W.J.; Lopatin, D.E. Interactions between periodontal disease, medical diseases and immunity in the older individual. 

Periodontol. 2000 1998, 16, 80–105. 
44. Sadamori, S.; Hayashi, S.; Hamada, T. The relationships between oral status, physical and mental health, nutritional status and 

diet type in elderly Japanese women with dementia. Gerodontology 2008, 25, 205–209. 
45. Azarpazhooh, A.; Leake, J.L. Systematic review of the association between respiratory diseases and oral health. J. Periodontol. 

2006, 77, 1465–1482. 
46. Kandelman, D.; Petersen, P.E.; Ueda, H. Oral health, general health, and quality of life in older people. Spec. Care Dent. 2008, 28, 

224–236. 
47. Lee, K.H.; Wu, B.; Plassman, B.L. Cognitive function and oral health-related quality of life in older adults. J. Am. Geriatr. Soc. 

2013, 61, 1602–1607. 
48. Tu, Y.K.; Galobardes, B.; Smith, G.D.; McCarron, P.; Jeffreys, M.; Gilthorpe, M.S. Associations between tooth loss and mortality 

patterns in the Glasgow Alumni Cohort. Heart (Br. Card. Soc.) 2007, 93, 1098–1103. 
49. Yu, Y.H.; Chasman, D.I.; Buring, J.E.; Rose, L.; Ridker, P.M. Cardiovascular risks associated with incident and prevalent perio-

dontal disease. J. Clin. Periodontol. 2015, 42, 21–28. 
50. Borson, S.; Scanlan, J.; Brush, M.; Vitaliano, P.; Dokmak, A. The mini-cog: A cognitive ’vital signs’ measure for dementia screen-

ing in multi-lingual elderly. Int. J. Geriatr. Psychiatry 2000, 15, 1021–1027. 
51. Borson, S.; Scanlan, J.M.; Chen, P.; Ganguli, M. The Mini-Cog as a screen for dementia: Validation in a population-based sample. 

J. Am. Geriatr. Soc. 2003, 51, 1451–1454. 
52. Carnahan, R.M.; Lund, B.C.; Perry, P.J.; Pollock, B.G.; Culp, K.R. The Anticholinergic Drug Scale as a measure of drug-related 

anticholinergic burden: Associations with serum anticholinergic activity. J. Clin. Pharmacol. 2006, 46, 1481–1486. 
53. Molloy, D.W.; Standish, T.I. A guide to the standardized Mini-Mental State Examination. Int. Psychogeriatr. 1997, 9, 87–94; dis-

cussion 143–150. 



Geriatrics 2026, 11, 75 18 of 19 
 

https://doi.org/10.3390/geriatrics11040075 

54. Mitchell, A.J. A meta-analysis of the accuracy of the mini-mental state examination in the detection of dementia and mild cog-
nitive impairment. J. Psychiatr. Res. 2009, 43, 411–431. 

55. Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The 
Montreal Cognitive Assessment, MoCA: A Brief Screening Tool For Mild Cognitive Impairment. J. Am. Geriatr. Soc. 2005, 53, 
695–699. 

56. Chen, X.; Zimmerman, S.; Potter, G.G.; Sloane, P.D.; Cohen, L.W.; Reed, D. Assessment of Dentally Related Function in Indi-
viduals with Cognitive Impairment: The Dental Activities Test. J. Am. Geriatr. Soc. 2017, 65, 580–585. 

57. Ismail, A.I.; Sohn, W.; Tellez, M.; Amaya, A.; Sen, A.; Hasson, H.; Pitts, N.B. The International Caries Detection and Assessment 
System (ICDAS): An integrated system for measuring dental caries. Community Dent. Oral Epidemiol. 2007, 35, 170–178. 

58. Sloane, P.D.; Zimmerman, S.; Chen, X.; Barrick, A.L.; Poole, P.; Reed, D.; Mitchell, M.; Cohen, L.W. Effect of a person-centered 
mouth care intervention on care processes and outcomes in three nursing homes. J. Am. Geriatr. Soc. 2013, 61, 1158–1163. 

59. Weintraub, J.A.; Zimmerman, S.; Ward, K.; Wretman, C.J.; Sloane, P.D.; Stearns, S.C.; Poole, P.; Preisser, J.S. Improving Nursing 
Home Residents’ Oral Hygiene: Results of a Cluster Randomized Intervention Trial. J. Am. Med. Dir. Assoc. 2018, 19, 1086–1091. 

60. Greene, J.C.; Vermillion, J.R. The oral hygiene index: A method for classifying oral hygiene status. J. Am. Dent. Assoc. 1960, 61, 
172–179. 

61. Löe, H. The Gingival Index, the Plaque Index and the Retention Index Systems. J. Periodontol. 1967, 38, 610–616. 
62. Burns, T.; Mortimer, J.A.; Merchak, P. Cognitive Performance Test: A new approach to functional assessment in Alzheimer’s 

disease. J. Geriatr. Psychiatry Neurol. 1994, 7, 46–54. 
63. Silness, J.; Löe, H. Periodontal disease in pregnancy. 3. Response to local treatment. Acta Odontol. Scand. 1966, 24, 747–759. 
64. Suh, G.H.; Ju, Y.S.; Yeon, B.K.; Shah, A. A longitudinal study of Alzheimer’s disease: Rates of cognitive and functional decline. 

Int. J. Geriatr. Psychiatry 2004, 19, 817–824. 
65. Verlinden, V.J.A.; van der Geest, J.N.; de Bruijn, R.; Hofman, A.; Koudstaal, P.J.; Ikram, M.A. Trajectories of decline in cognition 

and daily functioning in preclinical dementia. Alzheimers Dement. 2016, 12, 144–153. 
66. Chen, X.; D’Souza, V.; Comnick, C.L.; Xie, X. How accurate is the assessment of certified nursing assistants on resident’s oral 

self-care function in three North Carolina assisted-living facilities? Spec. Care Dent. 2020, 40, 580–588. 
67. Krausch-Hofmann, S.; Tran, T.D.; Janssens, B.; Declerck, D.; Lesaffre, E.; de Almeida Mello, J.; Declercq, A.; De Lepeleire, J.; 

Duyck, J. Assessment of oral health in older adults by non-dental professional caregivers-development and validation of a 
photograph-supported oral health-related section for the interRAI suite of instruments. Clin. Oral Investig. 2021, 25, 3475–3486. 

68. Khadka, S.; Khan, S.; King, A.; Goldberg, L.R.; Crocombe, L.; Bettiol, S. Poor oral hygiene, oral microorganisms and aspiration 
pneumonia risk in older people in residential aged care: A systematic review. Age Ageing 2021, 50, 81–87. 

69. Yoo, J.E.; Huh, Y.; Park, S.H.; Han, K.; Park, H.S.; Cho, K.H.; Ahn, J.-S.; Jun, S.H.; Nam, G.E. Association between Dental Diseases 
and Oral Hygiene Care and the Risk of Dementia: A Retrospective Cohort Study. J. Am. Med. Dir. Assoc. 2023, 24, 1924–1930.e3. 

70. Lai, J.; Black, D.; Beaton, K.; Mihailidis, A.; Technology, I.A.; Lab, S. Enhancing Digital Reminder Systems for Dementia Care: 
Exploring Generative AI for Task Verification and Caregiver Support Through Co-Design. Alzheimer’s Dement. 2025, 21, e097021. 

71. Kim, J.; Choi, Y.; Song, Y.; Park, W. Smartphone-Based Telemonitoring for Better Oral Health with Toothbrushes: 6-Month 
Randomized Controlled Trial. J. Med. Internet Res. 2025, 27, e65128. 

72. Anderson, R.A.; Wang, J.; Plassman, B.L.; Nye, K.; Bunn, M.; Poole, P.A.; Drake, C.; Xu, H.; Ni, Z.; Wu, B. Working together to 
learn new oral hygiene techniques: Pilot of a carepartner-assisted intervention for persons with cognitive impairment. Geriatr. 
Nurs. 2019, 40, 269–276. 

73. Jablonski, R.A.; Therrien, B.; Mahoney, E.K.; Kolanowski, A.; Gabello, M.; Brock, A. An intervention to reduce care-resistant 
behavior in persons with dementia during oral hygiene: A pilot study. Spec. Care Dent. 2011, 31, 77–87. 

74. Smallfield, S.; Heckenlaible, C. Effectiveness of Occupational Therapy Interventions to Enhance Occupational Performance for 
Adults with Alzheimer’s Disease and Related Major Neurocognitive Disorders: A Systematic Review. Am. J. Occup. Ther. 2017, 
71, 7105180010p1–7105180010p9. 

75. Stopford, C.L.; Thompson, J.C.; Neary, D.; Richardson, A.M.; Snowden, J.S. Working memory, attention, and executive function 
in Alzheimer’s disease and frontotemporal dementia. Cortex 2012, 48, 429–446. 

76. Cerejeira, J.; Lagarto, L.; Mukaetova-Ladinska, E.B. Behavioral and psychological symptoms of dementia. Front Neurol. 2012, 3, 
73. 

77. Central, D.C. Grooming Tips for Dementia 2025. Available online: https://www.dementiacarecentral.com/video/groom-
ing/?utm_source=chatgpt.com (accessed on 6 February 2026). 

78. Wilson, R.S.; Sytsma, J.; Barnes, L.L.; Boyle, P.A. Anosognosia in Dementia. Curr. Neurol. Neurosci. Rep. 2016, 16, 77. 



Geriatrics 2026, 11, 75 19 of 19 
 

https://doi.org/10.3390/geriatrics11040075 

79. Achterberg, W.; Lautenbacher, S.; Husebo, B.; Erdal, A.; Herr, K. Pain in dementia. PAIN Rep. 2020, 5, e803. 
80. Lichtner, V.; Dowding, D.; Esterhuizen, P.; Closs, S.J.; Long, A.F.; Corbett, A.; Briggs, M. Pain assessment for people with de-

mentia: A systematic review of systematic reviews of pain assessment tools. BMC Geriatr. 2014, 14, 138. 
81. Kawalek, C.L.; Dening, K.H. Recognition and assessment of pain in people with advanced dementia. Br. J. Community Nurs. 

2024, 29, 588–595. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(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. 


