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Abstract
Objective. Poor oral hygiene and dental health are very common among the institutionalized elderly. The purpose of this study
was to evaluate the association of apraxia with oral hygiene and/or health. Materials and methods. Ninety-two residents of
13 long-term care homes in southwest Germany participated in the study. For each participant, ideomotor apraxia scoring (AS)
was conducted and demographic variables were collected. Participants underwent a comprehensive dental examination to
assess the oral health indices gingival bleeding index (GBI), community periodontal index of treatment needs (CPITN) and
denture hygiene index (DHI). Statistical comparison of dental indices among apraxic and non-apraxic individuals (cut-
off < 45) was performed by use of t-tests. In addition, linear regression models were constructed with the dental indices as
dependent variables. Each model was fitted with the dichotomized variable AS (pathologic or healthy) and adjusted for age and
sex. Results. Mean (SD) GBI of 48.5 (25.9), CPITN of 2.9 (0.7) and DHI of 82.6 (14.6) were observed among the
participants. Statistical analysis revealed AS was significantly associated with all oral health indicators (p < 0.05). Linear
regression models showed apraxia is a predictor of GBI (p = 0.002) and CPITN (p = 0.027), but not of denture hygiene
(p = 0.916). Conclusions. Although this pilot investigation has limitations, the results suggest the presence of apraxia should
be considered when planning oral healthcare strategies. Further research with larger samples is encouraged to confirm these
relationships.
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Introduction

All western countries are experiencing a demographic
shift to a larger proportion of elderly [1]. With aging,
the likelihood of decreasing physical, motor and
cognitive capacity increases [2]. There comes a
time when some elderly can no longer be cared for
in the community and require stationary long-term
care. Poor oral hygiene and health are very common
among this vulnerable population. The literature
reports, among other shortcomings, substantial
plaque accumulation on teeth and dentures, high
prevalence of periodontal diseases, root caries and
misfitting dentures [3–6]. Research on the causes of
deterioration of oral conditions has mainly focused on
psychiatric end-points, for example dementia [7–9]

and depression [10], which have been identified as
risk factors for poor oral health. Dementia includes a
variety of characteristics however, for example cogni-
tive deficits and behavioural and psychological symp-
toms [11]. In addition, disorders of higher motor
cognition, for example ideomotor apraxia, also appar-
ent among patients after stroke or with Parkinson’s
disease, are frequently observed among the demented
elderly [12–14]. The onset of apraxia initially affects
learned and skilled movements. Patients suffering
from apraxia face difficulties in handling tools,
for example using a spoon during mealtimes or brush-
ing teeth [14–17]. Cognitive deficits and motor
impairment reduce the ability to perform daily activ-
ities and reduce independence. Apraxia combined
with resistance to care prevent caregivers from
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providing sufficient daily care for oral hygiene [18].
Consequently, oral health of the demented elderly
diminishes over time. This is of direct significance
with regard to nutrition but also leads predisposition
to systemic diseases. It has been consistently reported
that poor oral and denture hygiene are associated
with a higher risk of pneumonia and other febrile
illnesses [19,20]. Periodontal disease is closely linked
with cardiovascular disease [21], for example stroke
[22]. As far as we are aware, however, the literature
lacks investigations on relationships between idiomo-
tor apraxia and oral health. The purpose of this study
was, therefore, to evaluate the association of apraxia
with oral hygiene and/or health.

Materials and methods

Study population

This prospective study was approved by the local
ethics committee of the University of Heidelberg
(no. S-002/2012). Participants were recruited from
13 long-term care homes in southwest Germany as
part of a study initiated by the Federal Ministry of
Social Affairs (Sozialministerium Baden-Württem-
berg). All residents were invited, by letter, to attend
an information meeting. For those who did not attend
this meeting, details of the study were also provided
by letter. The only inclusion criteria were that parti-
cipants signed an informed consent form, did not
intend changing long-term care home and had at least
one remaining tooth and/or removable dentures. No
advanced exclusion criteria were stated. For partici-
pants who were unable to give informed consent, the
legal guardian was asked whether the resident should
participate in the study. Of 350 possible participants,
82 refused to participate in the dental examinations,
another 10 had neither teeth nor dentures and 166
refused to participate in all the psychiatric assess-
ments. Thus, complete target data were available
for 92 participants (68.5% female).

Assessment of dental variables

All dental examinations were performed by one
trained dentist.

Oral hygiene. The gingival bleeding index (GBI) was
used for assessment of oral hygiene [23]. GBI was
determined by gently sliding a periodontal WHO
probe (CPC11.5; Hu Friedy, Tutlingen, Germany)
across the distal, palatal/lingual, mesial and buccal
gingival sulcus of each tooth. The sites of the teeth
that bled after probing were counted and divided by
the total number of sites. Consequently the quotient
could range from 0–100%.

Oral health. The community periodontal index of
treatment needs (CPITN) was used to assess the
prevalence of gingivitis and periodontitis. CPITN
was determined by use of a standard WHO probe
(CPC11.5; Hu Friedy), by inserting the probe into the
gingival sulcus of each tooth. Clinical findings are five
codes indicative of periodontal status. Code 0 reflects
healthy conditions, codes 1 and 2 the presence of
gingivitis and codes 3 and 4 imply moderate and
severe periodontitis, respectively [24].

Denture hygiene. Denture hygiene was assessed by use
of the denture hygiene index (DHI). Ten sites per
removable denture were evaluated. Prostheses were
rinsed with water, dried and dyed by use of a plaque
indicator (Plaque Test; Ivoclar Vivadent, Schaan,
Liechtenstein). Plaque-positive areas were counted
and divided by the total number of sites [25] to
give a score from 0–100%.

Psychiatric assessments

Ideomotor apraxia. Participants were screened for
apraxia by use of the pantomime test in accordance
with Goldenberg et al. [26]. The participants had to
perform 20 exercises, for example simulating use of a
tooth brush, a key or a screwdriver. For each item,
both correct grip and correct movement were evalu-
ated. Correctly performed tasks were each scored with
one point with regard to grip and one to three point(s)
with regard to the correct movement. The maximum
apraxia score (AS) is 55. Scores <45 are regarded as
indicative of pathologic apraxia. This method has
been proved valid for detection of apraxia [26].

Cognitive state. Cognitive impairment of the partici-
pants was evaluated by use of the mini mental state
examination (MMSE). The MMSE has been
reported to enable objective evaluation of cognitive
impairment and is part of dementia screening [27].
The MMSE comprises 30 exercises to be solved by
participants. According to Mungas et al. [28], scores
higher than or equal to 26 are indicative of normal
cognitive function and vice versa.

Functional capacity

The Barthel index (BI) was used for assessment of
activities of daily living (ADL) [29]. Use of the BI
entails estimation of a participants’ ability to perform
such ADLs as bathing, using a toilet and dressing.
With regard to functional capacity, participants could
score from 0–100. A score of 0 implies total depen-
dence on care, whereas 100 is indicative of total
independence. Scores ‡71 have been reported to be
indicative of no or only mild dependence [30]. The BI
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was determined by caregivers of the long-term care
homes, as recommended elsewhere [31].

Statistical evaluation

Statistical analysis was conducted with SPSS
Ver. 19.0 (IBM Corporation, New York, NY).
Normal distribution of the dental target variables
GBI, CPITN and DHI was assessed by use of the
Kolmogorov–Smirnoff test (p > 0.5). To evaluate
participants’ characteristics, means (SD), medians
(25/75% quartiles) and frequencies (%) were plotted
for the target variables, as appropriate (normally/non-
normally distributed variables). In addition to bivar-
iate testing, linear regression models were compiled
with GBI, CPITN (dentate participants only) and
DHI (participants with any kind of removable denture
only) as dependent variables. Each model was fitted
with the dichotomized psychiatric variables ‘cognitive
impairment’, ‘dependency’ and ‘apraxia’ according to
accredited cut-off values in the respective assessments
(see above) and adjusted for age and sex. To discover
possible correlations between the psychiatric vari-
ables, regression models were calculated by using
stepwise backward elimination of each highest
non-significant confounder. Level of local statistical
significance was set to p < 0.05.

Results

None of the 92 of 350 eligible participants finally
included in the study was lost to statistical evaluation
(drop-out = 73.7%). Mean age (SD) was 83.7 (8.6),

range = 62–102. Participants had a median (25/75%
quartiles) of 3.0 (2.0/5.0) diseases and frequently
took a mean number of 7.0 (3.3) drugs. Most of
the participants suffered from apraxia (53; 58%).
The median (25/75% quartiles) number of remaining
teeth was 3.0 (0.0/12.8). Of the participants 33.7%
were edentulous. Sixty-one participants had at least
one remaining tooth (66%); 68 participants wore
removable dentures of any kind (74%). A mean
(SD) GBI of 48.5 (25.9), a CPITN of 2.9 (0.7)
and a DHI of 82.6 (14.6) were observed among the
participants. Participants’ characteristics are listed in
Table I.

Bivariate analysis

In assessment of oral hygiene, mean GBI (SD) was
57.3 (22.9) for participants with apraxia, whereas
subjects without apraxia scored 36.6 (25.3). Mean
(SD) CPITN was 3.0 (0.7) and 2.6 (0.7) for those
with and without apraxia, respectively. Detailed
results are presented in Table I. Statistical analysis
revealed GBI was significantly worse among indivi-
duals with ideomotor apraxia than among non-
apraxic participants (t-test; p = 0.002). The same
was true for comparison of CPITN among apraxic
and non-apraxic participants (t-test; p = 0.014) but
not for DHI (t-test; p = 0.367). No statistically sig-
nificant differences could be found for GBI, CPITN
or DHI between cognitively impaired participants and
those with normal cognitive function or for partici-
pants with different degrees of dependency (t-tests;
p > 0.05).

Table I. Characteristics of participants with and without apraxia (n = 92).

Variable Total sample Apraxia (AS < 45) No apraxia (AS ‡ 45)

Age (years)a 83.7 (8.6) 84.1 (8.5) 83.0 (8.8)

Sexb

Female 63 (68.5%) 36 (67.9%) 27 (69.2%)

Male 29 (31.5%) 17 (32.1%) 12 (30.8%)

Number of diseasesc 3.0 (2.0/5.0) 3.0 (2.5/5.0) 3.0 (1.0/5.0)

Number of drugsa 7.0 (3.3) 6.6 (3.1) 7.5 (3.5)

ASc 41.0 (3.3/49.0) 12 (0.0/38.0) 51.0 (48.0/53.0)

MMSEa 16.6 (7.7) 12.6 (6.7) 22.1 (5.1)

BIa 50.4 (30.7) 38.1 (26.1) 67.1 (28.7)

GBI* (n = 61)a 48.5 (25.9) 57.3 (22.9) 36.6 (25.3)

CPITN* (n = 61)a 2.9 (0.7) 3.0 (0.7) 2.6 (0.7)

DHI* (n = 68)a 82.6 (14.6) 84.1 (15.2) 80.8 (13.8)

Number of teethc 3.0 (0.0/12.8) 3.0 (0.0/14.5) 3.0 (0.0/8.0)

*GBI and CPITNwere assessed for dentate participants only (at least one remaining tooth); DHI was assessed for participants with any kind of
removable denture.
aMean (SD); bFrequency (percentage); cMedian (25/75% quartiles).
AS, idiomotor apraxia scoring; MMSE, mini mental state examination; BI, Barthel index; GBI, gingiva bleeding index; CPITN, community
periodontal index of treatment needs; DHI, denture hygiene index.
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Regression models

Linear regression models for the dependent variables
GBI (Table II) and CPITN (Table III) each identified
apraxia as a factor affecting poor oral hygiene and
health (p < 0.05). The linear regression model for the
dependent variable DHI revealed no significant effect
(Table IV).

Discussion

Our purpose was to analyze relationships between
ideomotor apraxia and oral and/or denture hygiene
and oral health. The results of this study suggest that
apraxia is significantly negatively associated with oral
health and hygiene. Previous studies that focused on
relationships between cognitive impairment and oral
health condition showed that, among other shortcom-
ings, periodontal disease is more likely to be present
among the elderly with cognitive impairment than
among those without [4,7,9]. Greater accumulation
of plaque has also been reported for aged people with
cognitive impairment [7,9]. Cognitive deficits also
lead to loss of ability to perform normal daily activ-
ities, including taking care of oral hygiene. Conse-
quently, individuals need support from caregivers;
many refuse this care, however [18]. It should also
be mentioned that caregivers have to perform many
duties and oral hygiene does not often have priority.

In this investigation, apraxic individuals with poor
oral health were limited in their ability to execute
purpose-directed movements, even though their
physical ability and cognitive function would allow
this [14]. Moreover, their intellect and physical capac-
ity may initially project a more independent image to
caregivers, which can lead to under-estimation of the
level of care needed, especially at an early stage.
Another explanation might also be lack of communi-
cation by apraxic elderly, which hinders them in
asking for caregivers’ support.
The study participants usually had poor oral and/or

denture hygiene. This, however, is not unexpected.
First, these findings are consistent with other reports
dealing with oral health among the institutionalized
elderly [3–6,10]. Second, the participants in this study
reflect an even more compromised community with
substantially diminished cognitive and physical capac-
ity compared with other studies. With regard to the
method of estimation of participants’ oral hygiene, it
should be noted that the GBI was used and no
qualitative or quantitative plaque test. This must be
regarded as a limitation. Determination of plaque
indices, however, provides information about current
oral hygiene status only, which is frequently biased by
care routines (i.e. cleaning of teeth because of the
dentists’ visit) within a long-term care setting.
According to literature recommendations, however,
bleeding of marginal gingiva can be interpreted as an

Table II. Linear regression model with GBI as dependent variable; dichotomized psychiatric variables as factors adjusted for age and sex
(n = 61)*.

Coefficient 95% CI p-value

AS: Apraxia (n = 35) vs no apraxia (n = 26) 25.2 9.7, 40.7 0.002

MMSE: Cognitive impairment (n = 51) vs no cognitive impairment (n = 10) �11.2 �31.1, 8.6 0.262

BI: Moderate or severe dependency (n = 44) vs no or mild dependency (n = 17) 0.7 �14.9, 16.3 0.930

Age 0.3 �1.1, 0.5 0.272

Sex 7.6 �21.3, 6.1 0.452

*The start model is displayed; after step-wise backwards elimination of non-significant variables (order: dependency, age, cognitive impairment
and sex); only apraxia remained in the model (95% CI = 8.2, 33,0; p = 0.002).
AS, idiomotor apraxia scoring; MMSE, mini mental state examination; BI, Barthel index.

Table III. Linear regression model with CPITN as dependent variable; dichotomized psychiatric variables as factors adjusted for age and sex
(n = 61)*.

Coefficient 95 % CI p-value

AS: Apraxia (n = 35) vs no apraxia (n = 26) 0.5 0.1, 0.9 0.027

MMSE: Cognitive impairment (n = 51) vs no cognitive impairment (n = 10) �0.4 �1.0, 0.1 0.142

BI: Moderate or severe dependency (n = 44) vs no or mild dependency (n = 17) �0.2 �0.6, 0.3 0.467

Age 0.0 0.0, 0.0 0.283

Sex �0.2 �0.6, 0.1 0.217

*The start model is displayed; after step-wise backwards elimination of non-significant variables (order: dependency, age, sex and cognitive
impairment) only apraxia remained in the model (95% CI = 0.1, 0.8; p = 0.014).
AS, idiomotor apraxia scoring; MMSE, mini mental state examination; BI, Barthel index.
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inflammatory reaction of supragingival plaque accu-
mulation during the preceding few days; it is, there-
fore, a correlate of oral hygiene [23]. Nevertheless, no
conclusion can be reached on sub-gingival infections
and inflammation, even though GBI might be more
highly correlated with CPITN than is plaque index
(Pearson correlation GBI/CPITN: r = 0.202;
p = 0.119).
With regard to denture hygiene, no associations

with apraxia were found. This could be related to the
very high proportion of dentures with high plaque
levels (dentures of almost all participants).

Study limitations

In general, the results may be limited because of the
small sample size, even though the literature acknowl-
edges that comparable, poor response is typical of
German long-term care studies dealing with psychi-
atric assessments [32]. It would, however, have been
desirable to achieve a better response, but one should
also take into account that this study included a vast
number of tests which may have overtaxed and,
hence, deterred, potential subjects and their legal
guardians from participation, even though breaks
were offered. The sample size also decreased as a
result of withdrawal of consent for single examina-
tions, for example the dental examination, by those
who initially agreed to participate. In this context one
should mention that some potential participants had
psychological problems and were unco-operative.
Nevertheless, the vast majority of the participants
included was cognitively and functionally compro-
mised, which resulted in rather unbalanced statistical
groups, probably leading to statistical bias. Interest-
ingly, the sample seems to be representative of the
background distribution of cognitively impaired
elderly people in previous studies [33]. One could
also speculate that the low response led to positive
selection. This, however, would lead to under-
estimation of possible effects of apraxia on oral health
and, therefore, to statistical bias also. With this in
mind, the results should be interpreted with caution.

One strength of this study is that participants were not
pre-selected and, therefore, a broad range of more or
less compromised participants was investigated. One
should also recognize that this study is—as far as we
are aware—the first to examine the association of
apraxia with oral health; the data presented will enable
power analysis to be performed in future studies.
To summarize, within the limitations of this study,

oral hygiene and health are poor among long-term
residents of care homes. The presence of ideomotor
apraxia should be considered when planning adequate
oral healthcare strategies. More extensive research
with larger sample sizes is encouraged to confirm
relationships between apraxia and oral health.
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