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Cognitive impairment in older adults has been associated with altered pain
processing and potentially increased pain vulnerability, although findings are
inconsistent. We hypothesized that cognitive impairment has a stronger
impact on movement-related pain in everyday contexts than on pain
sensitivity assessed in passive laboratory settings. Thirty-eight cognitively
healthy and 38 cognitively impaired older adults (50% women; groups age-
and sex-matched), classified using the CERAD scale (Consortium to Establish
a Registry for Alzheimer’s Disease), completed standardized motor tasks
(walking, bed mobility, lifting tasks) and experimental pressure and heat pain
assessments. Pain intensity (NRS) was recorded for all tasks. Perceived
exertion was assessed during motor tasks, and clinical pain status was
determined via a structured interview. Groups did not differ in baseline clinical
pain or experimental pain sensitivity. However, cognitively impaired
participants reported significantly higher movement-related pain during motor
tasks. In a blockwise regression model, movement-related pain was
significantly predicted by clinical pain and experimental pain sensitivity;
however cognitive status (CERAD) explained additional variance to a similar
amount. In conclusion, reduced cognitive functioning significantly predicted
increased pain during active, everyday motor tasks. This may reflect
diminished capacities for recall, planning, and execution of pain-minimizing
movement strategies. These findings underscore the importance of assessing
pain in behaviorally relevant contexts where movement provokes pain, to
better understand pain mechanisms in cognitively impaired older adults.

KEYWORDS
dementia, experimental pain, impaired cognition, living lab, movement-related pain,
movement planning

1 Introduction

Pain in older adults is influenced not only by structural pathology of somatic tissues and
neural pathways but also by individual pain vulnerability (1, 2). A central component of pain
vulnerability is pain sensitivity (3), which is typically assessed under controlled laboratory
conditions using standardized noxious stimuli while participants remain passive. Such
paradigms allow precise regulation of stimulus intensity, duration, and timing and are
considered the gold standard for quantifying nociceptive processing. Commonly used
outcome measures include pain thresholds and ratings of sensory pain intensity (4, 40).

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fpain.2026.1849507&domain=pdf&date_stamp=2020-03-12
mailto:miriam.kunz@uni-a.de
https://doi.org/10.3389/fpain.2026.1849507
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpain.2026.1849507/full
https://www.frontiersin.org/articles/10.3389/fpain.2026.1849507/full
https://www.frontiersin.org/articles/10.3389/fpain.2026.1849507/full
https://www.frontiersin.org/journals/pain-research
https://doi.org/10.3389/fpain.2026.1849507
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Lautenbacher et al.

In everyday life, however, individuals rarely remain passive
when exposed to potentially painful stimuli. Instead, they
actively anticipate, modulate, and respond to noxious input
through behaviors that may mitigate or exacerbate pain (6).
These pain-related actions can be systematically examined in
living-lab settings, which maintain experimental control while
enabling ecologically valid, naturalistic behavior (7).

Cognitive capacities are likely to play a crucial role in shaping
these pain-related actions (8). Memory enables individuals to draw
on previous pain experiences and apply effective coping strategies,
while motor planning supports the anticipation and execution of
protective movements that minimize mechanical strain or noxious
stimulation (9). Both memory and motor planning functions are
frequently compromised in individuals with cognitive impairment
and have the potential to modulate pain experiences during
everyday activities. These functions rely on distributed prefrontal,
medial temporal, and fronto-striatal networks, including the
dorsolateral prefrontal cortex, hippocampus, and basal ganglia,
than primarily supporting nociceptive processing.
Importantly, these regions are among the structures affected early

rather

in different types of dementia, including Alzheimer’s disease and
frontotemporal dementia (10, 11).

Based on these conciderations, we investigated older adults with
and without cognitive impairment in a living-lab paradigm involving
potentially painful everyday motor tasks (e.g., walking, bed mobility,
lifting). We hypothesized that the pain experienced during these
motor tasks is influenced not only by participants’ clinical pain and
experimental pain sensitivity, but also by their cognitive status. To
test this hypothesis, we conducted group comparisons between
cognitively healthy and cognitively impaired older adults and
performed regression analyses examining clinical pain,
experimental pain sensitivity as well as cognitive functioning as
predictors of movement-related pain intensity.

2 Methods
2.1 Participants

Our sample is comprised of 38 cognitively healthy older
individuals as well as 38 cognitively impaired older individuals
(>65 years). Participants were recruited via advertisements and
flyers by inviting individuals to participate in memory testing,
and in collaboration with the Sozialstiftung Bamberg hospital.
Participants were excluded if they had a history of a major
neurological or psychological disorder other than dementia and
participants did not take analgesic medication, alcohol or CNS-
active drugs on the day of testing.

Group allocation was determined based on performance on the
CERAD (Consortium to Establish a Registry for Alzheimer’s
Disease; Morris, 1989) neuropsychological battery, a widely used
international assessment tool for cognitive functioning. The
CERAD battery comprises several subtests, including a semantic
fluency task, a picture naming task, a word-list learning task with
delayed recall and recognition, and a visual construction task,
each designed to assess different cognitive domains. To provide a
single measure of overall cognitive performance, Chandler et al.
(12) proposed a total CERAD score by summing the raw scores of
the subtests. This total score has been shown to have good
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psychometric properties, including reliability and validity; also, in
German populations (13). Following the recommendation by
Chandler et al. (12), a cut-off score of 77 was used to classify
participants as either cognitively healthy or cognitively impaired
(possibly early-stage dementia), providing a standardized
criterion for group assignment. After this group classification,
participants in the cognitively healthy and cognitively impaired
groups (from an initial total sample of 108 recruited participants),
were then matched by age and sex using R (pairwise matching),
yielding 38 participants per group and a total sample of 76
participants. Post hoc power analyses performed with GPower
(14) indicated a power of 0.70 (group comparisons) and 0.95
(regression model) for our sample size, suggesting that the study
had a sufficient probability of detecting true effects.

Table 1 summarizes demographic characteristics, total CERAD
scores, and clinical pain baseline measures according to interview.
The groups were comparable with respect to clinical pain, with
76% of participants in each group reporting pain in the preceding
seven days and demonstrating similar pain intensity levels. In
addition to the CERAD total score, participants completed the
Mini-Mental State Examination [MMSE; (15)]. The cognitively
impaired group (mean =27.4, SD = 2.2) scored significantly lower
than the cognitively healthy group (mean=28.4, SD=1.6)
(p =.012), indicating impairment of possible early-stage or mild
dementia in the cognitively impaired group.

The study was conducted in accordance with the Declaration of
Helsinki and approved by the ethics committee of the University of
Bamberg (2021-04/18). All participants still had legal capacity. After
being informed about the study in a way adjusted to the individual
intellectual capacities, a written informed consent was obtained
from all participants. We monitored the patients continuously for
any signs of disproportionate discomfort (verbally or non-verbally),
in which case we stopped testing immediately. Participants received
a minor monetary compensation for their participation.

TABLE 1 Sample characteristics stratified by cognitive status of the participants.

Cognitively Cognitively  p (group
healthy impaired difference)

N 38 38
male/female 19/ 19 19/19 n.a.
Age (mean, SD) 80.2 (5.4) 80.1 (5.3) 475
MMSE (mean, SD) 28.4 (1.6) 274 (2.2) .012*
CERAD (total 85.0 (5.0) 69.1 (7.3) <001
score)®
Clinical pain
Painful sites 2.9 (2.0) 3.5(2.9) 304
(number)
Pain in the last 7 10/28 10/28 n.a.
days: no/yes
Pain in the last 7 2.7 (1.3) 2.9 (1.2) .658

days: intensity
(mean, SD; 1-5)
“The cut-off score distinguishing cognitively healthy from cognitively impaired individuals

(dementia) is 77.0 [based on (12)].
*p <0.05, **p < 001,
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2.2 Procedures and materials

The study comprised two testing sessions. During Session 1
(approximately  1h),
functioning (CERAD), and clinical pain were assessed using a

demographic  information,  cognitive
structured geriatric pain interview [GPI, (16)]. Session 2 was the
pain testing session and took place 2-14 days later and lasted
approximately 1.5h. During this session, experimental pain
sensitivity was measured using applied pressure and heat stimuli,
and participants performed everyday whole-body motor tasks, such
as lifting a box and walking. Participants provided self-report of
pain intensity and exertion during session (physiological responses
were also recorded but are not included in the present article.) All
testing took place in a living-lab environment with controlled
lighting (simulated daylight, 5,500 K) and temperature (21 °C).

2.2.1 Session 1

2.2.1.1 Cognitive functioning

The Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) provided a neuropsychological battery (17, 41) assessing
multiple cognitive domains, including episodic memory (e.g., word
list learning and delayed recall), language, visuoconstructional
abilities (constructional praxis), and executive functioning (e.g.,
verbal  fluency), across seven standardized  subtests.
Administration typically takes 30—45 min. The battery is widely
used in both clinical and research settings for the assessment of
cognitive decline and has demonstrated good reliability and
validity, particularly for the detection of Alzheimer’s disease and
mild cognitive impairment (18). In this study, a composite
CERAD total score was used as an index of global cognitive
performance, with higher scores indicating better cognitive
functioning. As described above, a cut-off score of 77 was applied
to classify participants as either cognitively healthy or cognitively

impaired, following the recommendation by Chandler et al. (12).

2.2.1.2 Clinical pain at baseline
The
geriatrische Patienten; (16)] is a structured instrument designed

Geriatric  Pain Interview [Schmerzinterview fir
to assess clinical pain in elderly populations. It evaluates
multiple dimensions of pain, including location, intensity,
frequency and duration, using both categorical and numerical
scales. Administration typically takes 10-20 min. The interview
has been incorporated into expert recommendations and
German geriatric pain guidelines, including those addressing
pain assessment in patients with mild to moderate cognitive
impairment (19). For the present analyses, we focus particularly

on the clinical pain intensity item (Item 5).
2.2.2 Session 2

2.2.2.1 Experimental heat and pressure stimuli (pain
sensitivity)

When assessing pain sensitivity, we followed common
experimental pain protocols (20, 21) and applied pressure as
well as heat stimuli.

Pressure pain: Pressure stimuli were administered using a
pressure algometer (Algometer Type II, SOMEDIC Electronics,
Horby, Sweden) with a probe area of 1 cm?, following the protocol
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described by Bunk et al. (20). Four pressure intensities (50, 200,
400, and 500 kPa) were applied in ascending order to the left and
right shoulder (above the trapezius muscle, midway between the
neck and shoulder line) and to the left and right inner forearm
(midway between the wrist and elbow flexion). This resulted in a
total of 16 pressure stimuli (4 intensitiesx2 body sidesx 2
stimulation sites). At each stimulation site, pressure was steadily
increased over 2 s until the target intensity was reached and then
maintained for 5 s. The decision for only applying ascending series
of stimuli was primarily based on ethical considerations when
working with cognitively impaired individuals, namely to (i)
minimize anxiety and (ii) allow immediate termination of the
procedure if participants showed signs of severe distress.

Heat pain: Similarly, as for pressure stimulation we chose a
procedure resembling everyday experiences by using hot water
immersion rather than technically more demanding thermode
stimulation. Heat pain sensitivity was assessed by asking
participants to immerse their right hand, approximately 2 cm
above the wrist, into a water-filled sink maintained at a constant
temperature of 46.5 °C using a thermostatically controlled sous-
cooker (SV 100 Steba),
Lautenbacher et al. (21). Each immersion lasted 3 s and was

vide Professional, following
repeated three times, followed by a 10-second pause. This
sequence was repeated three times, resulting in a total of nine
immersions (3-3-3). Because immersion depth and duration
could not be perfectly standardized, we refrained from

introducing further intensity variations in the protocol.

2.2.2.2 Everyday motor challenges

We asked participants to perform a variety of everyday motor
tasks that have the potential to elicit pain in older individuals (see
photos depicting all challenges in Figure 1).

Structured bed-based movements: Following the MOBID-2
Pain Scale protocol (22), participants were guided through a
series of standardized bed-based movements to elicit pain-
related risk behaviors. These movements included opening and
closing the hands, lifting each arm individually, flexing and
extending the ankles and knees, lifting the legs (see Figure 1i),
turning to both sides, sitting up in bed, and standing from the bed.

Walking: Participants were instructed to walk six-meter
straight line twice (see Figure 1ii), followed by six repetitions of
a figure-eight course marked on the floor, alternating clockwise
and counterclockwise, as described by Belluscio et al. (23).

Lifting kettlebell: Participants stood in front of a shelf and
lifted two 2-kg kettlebells from the middle board (86 cm) to
shoulder height (see Figure liii) and the top edge of the shelf
(160 cm), holding each position for 5s before returning the
weights to the middle board [adapted from Thibault et al. (24)].
They then lifted the kettlebells from the bottom board (9 cm) to
the middle board following a 5-second pause. Each sequence
was performed twice, once at a closer distance (28 cm) and once
at a farther distance (60 cm) from the shelf. This task was
designed to simulate everyday activities, such as handling or
reorganizing objects on a kitchen shelf.

Putting on shoes and jacket: Participants were provided with
shoes and a jacket to perform everyday dressing tasks (see
Figure 1iv). While seated in a height-adjusted chair with feet flat
on the floor, they put on and removed the provided shoes
sequentially, starting with the right foot, using both hands to
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FIGURE 1

A paricipant performing the various everyday motor tasks. (i) Structured bed-based movements, (ii) walking, (iii) lifting kettlebell, (iv) putting on shoes
and jacket, (v) lifting box. The participant provided informed consent for the use of their image in this figure.

pull the foot toward them without crossing their legs. For the
jacket, participants stood upright, inserted their dominant arm
followed by the other arm, and closed the zipper.

Lifting box: Following (25), participants lifted a weighted box
(40 cm x 30 cm x 22 cm; maximum 4 kg) from the floor on one
side, held it upright for 1s, and placed it on the opposite side,
alternating sides (see Figure 1v). Each participant performed a total
of 10 trunk rotation movements. This task was designed to simulate
everyday activities such as lifting and moving a crate of drinks.

2.2.3 Outcome variables

Self-report of pain: After each experimental stimulus and upon
completing each motor challenge, participants were asked to
indicate the maximum pain they experienced using an 11-point
Numerical Rating Scale (NRS), with 0 representing “no pain”
and 10 representing “worst pain imaginable.” For subsequent
analyses, pain ratings were averaged separately across (i) all
experimental heat and pressure stimuli to quantify experimental
pain sensitivity, and (ii) all motor challenges to quantify pain
elicited by everyday motor tasks.

Self-report of physical exertion: Participants also rated their
maximum physical exertion during each motor task using an
11-point Numerical Rating Scale (0 =no exertion, 10 = maximal
exertion) to control for potential differences in exertion that
could influence pain responses. Exertion was not assessed
following pressure or heat stimuli, as these tasks did not involve
significant motor activity. Again, ratings were averaged across all
motor challenges.

2.3 Statistical analysis

Group differences between cognitively healthy and cognitively
impaired participants in pain ratings of the experimental stimuli

Frontiers in Pain Research

and following everyday motor challenges were analyzed using one-
tailed independent-samples -tests, based on the a priori hypothesis
that cognitively impaired participants would report higher pain
levels. Although evidence on the impact of cognitive impairment
on pain is mixed, there is more evidence for increased pain
responses in cognitively impaired individuals compared with
cognitively unimpaired individuals [for reviews see (26, 27)]; thus,
supporting our directional hypothesis. In contrast, exertion ratings
were compared between groups using two-tailed independent-
samples t-tests, as no directional hypothesis was specified.
Depending on the results of the group comparisons additional
analyses were conducted to examine in more detail the
contribution of cognitive status to pain experienced during
motor tasks. Specifically, blockwise regression analyses were
performed to determine the extent to which cognitive status
(CERAD) explained additional variance in movement-related
pain beyond that accounted for by clinical pain at baseline
(GPI) and pain sensitivity (pain ratings of experimental stimuli).
This
incremental variance explained by cognitive status relative to the

approach allowed for a direct comparison of the
two established pain-related predictors.

All statistical analyses were conducted using SPSS (Version
31). Statistical significance was set at a <.05. Effect sizes are
reported as Cohen’s d.

3 Results

3.1 Group differences in pain sensitivity
(ratings of the experimental heat and
pressure stimuli)

We found no significant differences in experimental pain
sensitivity between cognitively healthy and cognitively impaired
individuals [T(74) =0.71; p=.240]. As can be seen in Figure 2,
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both groups rated the experimental heat and pressure stimuli as
comparably painful.

3.2 Group differences in pain ratings of the
everyday motor challenges

We found significant differences in pain ratings of the
everyday motor tasks
cognitively impaired individuals [T(74)=-1.83, p=.036]. As
shown in Figure 3, the cognitively impaired group gave higher

between cognitively healthy and

pain ratings during the motor challenges. Cohen’s d indicated a
moderate effect size. Follow-up comparisons of pain ratings for
each motor challenge using Mann—Whitney U tests revealed that
cognitively impaired participants particularly rated structured
bed-based movements (p =.015) and walking (p =.004) as more
than other
comparisons did not reach significance (p >.05).

painful cognitively healthy participants; all

3.3 Group differences in exertion ratings of
the everyday motor challenges

We found no significant differences in exertion ratings between
cognitively healthy and cognitively impaired individuals [T(74)=
—0.97; p=.337]. As can be seen in Figure 4, both groups reported
comparable levels of exertion during the motor challenges.

3.4 Regression analysis to investigate what
role cognitive status plays to explain
variance in pain responses to everyday
motor challenges

Given that significant group differences were observed only in
pain responses to everyday motor challenges, we further
investigated factors contributing to variations in pain responses to
the motor challenges. It seems likely that pain responses during
motor challenges might be influenced by the individual’s clinical
pain at baseline as well as by his/her general pain sensitivity
assessed via experimental stimuli. More importantly for the present
study was the question to what extent does the cognitive
functioning explain additional variance in pain responses to
everyday motor challenges beyond that of pain-variables. To
address this, we conducted a blockwise regression analysis across
the whole sample (outcome variable “pain responses to everyday
motor tasks”). In the first block, clinical pain at baseline, assessed
via the GPI [item, 5 (16), see Table 1], was entered as predictor. In
the second block, experimental pain sensitivity (experimental heat
and pressure pain ratings) was included as predictor. In the final
step, the CERAD total score was added to examine the unique
contribution of cognitive functioning to the variance in pain
responses to everyday motor challenges.

We found that considering clinical pain at baseline (13.2%
explained variance) and experimental pain sensitivity (additional
12.2%), i.e., the pain variables, significantly explained 25% of
variance of the pain ratings in the motor tasks (see Table 2 and
Figure 5). Despite of the considerable level of variance already
explained, inclusion of cognitive functioning (CERAD total
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score) in a next block significantly accounted for an additional
9.1% of variance [AR*=0.091, R*>=0.345, adjusted R*=0.318, F
change (1,72) =10.03, p =.002]; resulting in an impressive 35%
of explained variance for the whole model (see Figure 5 and
Table 2). These results indicate that, beyond clinical pain and
experimental pain sensitivity, cognitive functioning contributes
differences

significantly to explaining individual

responses to everyday motor challenges.

in pain

4 Discussion

The present study investigated whether individuals with
differ
participants in pain outcomes during everyday motor tasks, and

cognitive  impairments from cognitively healthy
whether pain at baseline, pain sensitivity and cognitive status
contribute to these outcomes. Our findings indicate that
cognitively impaired individuals rated everyday motor tasks as
more painful than cognitively healthy individuals, despite
reporting similar levels of exertion. In contrast, the groups did
not differ in experimentally assessed pain sensitivity to heat and
pressure stimuli, nor in clinical pain at baseline.

The findings on pain sensitivity are consistent with previous
research showing that individuals with mild to moderate dementia
do not reliably differ from cognitively healthy individuals in ratings
of experimentally induced pain (20, 28, 29). The present results
suggest a complementary perspective: group differences in pain
ratings emerged only in active conditions involving motor tasks,
whereas no differences were observed in the passive condition with
externally applied stimuli, as typically used in experimental pain
research. However, we need to mention that there appears to be
contradictory evidence to our findings: Horgas et al. (30) also used
active movement tasks (sitting, standing, and walking) but reported
lower pain ratings in cognitively impaired individuals. Their
memory load, however, was substantially higher, as they collected a
single rating after a 10-min series of several motor tasks, whereas
we obtained ratings immediately after each individual motor task.
Therefore, the results are difficult to compare.

A key distinction between the active and passive condition in
our study is that, in the active condition, participants generated the
noxious event through their own movements, making the pain
somewhat self-generated, whereas in the passive condition the
noxious stimulus was externally applied according to a
standardized protocol. It is plausible that knowledge of effective
coping strategies, as well as the ability to plan and regulate
movements, plays a major role in the active condition but is less
relevant in the passive condition. Individuals with cognitive
impairment (indicative of early-stage dementia) may gradually lose
such knowledge and planning abilities, potentially leading to
impairments in goal-directed movement, including early forms of
apraxia observed in neurodegenerative conditions such as
Alzheimer’s disease (31, 32). This may also affect anticipatory
control and movement success (33), thereby reducing the capacity
to manage potentially painful motor situations. Additionally, self-
elicitation of pain requires awareness that one’s own actions will
produce discomfort, which may be diminished in dementia (34). In
cognitively healthy individuals, however, self-elicited pain is

typically perceived as less intense (35).
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FIGURE 2

Experimental pain sensitivity. Mean and standard deviation of the pain ratings averaged over the two experimental pain tests (heat, pressure); p-values

of the one-sided t-test and Cohen’s d are given.
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FIGURE 3
Evserday motor challenges
one-sided t-test and Cohen’s d are given

pian ratings. Mean and standard deviation of the pain ratings averaged across the five tasks (see Figure 1); p-values of the

Opverall, these remain plausible speculations that require further

empirical evidence, particularly regarding whether actively
movement-induced and self-elicited pain assessment protocols are
more sensitive in detecting increased pain perception in cognitively
impaired individuals. Accumulated evidence on the impact of
dementia-related cognitive impairment on experimental pain
responses is still mixed. Studies relying on non-verbal indicators,
such as facial expressions (5, 20, 36, 37) and nociceptive flexion
reflexes (28), predominantly suggest increased responsiveness to
noxious stimulation. In contrast, measures such as pain detection
and tolerance thresholds tend to indicate no change or even
reduced sensitivity in individuals with dementia (38, 39).

A further aim of the study was to identify factors influencing

pain during everyday motor tasks. As expected, participants
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reporting higher clinical pain during the geriatric pain
1), also reported greater pain during
tasks Moreover, higher
experimental pain sensitivity was associated with higher pain
Most interestingly,

interview (session
everyday motor (session  2).
ratings during everyday motor tasks.
cognitive functioning also significantly contributed to the
prediction of movement-related pain. Despite the very mild
and limited range of cognitive impairment in our sample,
cognitive functioning explained a comparable proportion of
variance in pain responses to everyday motor tasks as clinical
pain and experimental pain sensitivity. This finding is
particularly surprising, as cognitive status was assessed using a
battery.

neuropsychological functions that are especially relevant in this

broader  dementia  assessment Consequently,
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10 -

[ Cognitively healthy
g - | == Cognitively impared

p=.168
Cohen's d=0.222

Exertion Rating (NRS, 0 - 10)

FIGURE 4
Evserday motor challenges—exertion ratings. Mean and standard deviation of the exertion ratings across the five motor tasks (see Figure 1); p-values
of the two-sided t-test and Cohen’s d are given.

TABLE 2 Blockwise linear regression with (1) clinical pain, (2) experimental pain sensitivity, and (3) cognitive functioning predicting pain responses during everyday motor tasks.

Predictor Total r?
1 Clinical pain intensity (GPI, item 5) 227 2.22 132 132 .001
2 Experimental pain sensitivity (pressure/heat) 402 3.92 254 122 <.001
3 Cognitive functioning (CERAD) —0.303 -3.17 345 .091 .002
0,4
e=@== cumulative R? 0.345

mmm A in R?

Predicting Pain Ratings to
Everyday Motor Tasks (R?)

predictor 1: predictor 2: predictor 3:
clinical pain experimental coghnitive functioning
intensity pain sensitivity (CERAD)

FIGURE 5
Predicting pain during active, everyday motor challenges. Linear regression analysis (blockwise) showing the predictive power of (1) “clinical pain” (2)
“experimental pain sensitivity” and (3) “cognitive functioning” to explain variance in pain responses to everyday motor challenges.

context, namely motor action planning and monitoring, as well 4.2 Limitations

as memory for successful motor maneuvers, were not

specifically evaluated, which may represent an important One limitation of the study is the restricted variability in
objective for future studies. cognitive status, as measured by CERAD, which allowed
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comparisons only between cognitively healthy individuals and
those with cognitive impairments indicative of early-stage
dementia. It therefore remains unclear whether the observed
increase in pain during motor tasks would further intensify in
individuals with more advanced cognitive impairment.
A notable strength, however, is the advanced age of the sample,
enhancing the study’s relevance for geriatric pain research.
However, our patients were not frail; frailty may still lead to
different interactions between cognitive status, motor abilities,
and pain experience. It should also be noted that the
movement-related pain induced in this study was relatively mild,

and the findings may not generalize to moderate or severe pain.

5 Conclusion

In summary, cognitively impaired individuals did not differ
from cognitively healthy individuals in experimentally induced
pain sensitivity but reported greater pain during everyday motor
activities. This suggests that cognitive processes such as
movement planning, knowledge of coping strategies, and
behavioral control might influence pain perception in contexts
requiring motor activities. Moreover, alongside clinical pain and
experimental pain sensitivity, cognitive functioning emerged as
an important factor in explaining movement-related pain. These
findings highlight the importance of considering cognitive
adults and
demonstrate the feasibility of studying pain during everyday
motor tasks in individuals with early-stage dementia.

functioning when assessing pain in older

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
committee University of Bamberg. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent
was obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

SL: Project administration, Writing — original draft, Funding
acquisition, Conceptualization, Writing — review & editing. VS:

References

1. Leveille SG. Musculoskeletal aging. Curr Opin Rheumatol. (2004) 16(2):114-8.
doi: 10.1097/00002281-200403000-00007

Frontiers in Pain Research

10.3389/fpain.2026.1849507

Project administration, Investigation, Writing — review &
editing. CG: Resources, Writing — review & editing. C-CC:
Writing — review & editing, Project administration, Resources.
HK: Resources, Writing — review & editing, Data curation. MK:
Funding acquisition, Writing — review & editing, Writing —
original draft, Supervision, Conceptualization, Formal analysis.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This study was supported by two
grants: one from the Deutsche Forschungsgemeinschaft (DFG;
grant no. KU2294/11) awarded to Prof. Miriam Kunz, and one
from the Oberfrankenstiftung (OFS; grant no. FP00482) awarded
to Prof. Stefan Lautenbacher. Infrastructure was provided by the
University of Bamberg through the establishment of the
Forschungsstelle “Bamberger Living Lab Demenz (BamLiD)”.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author C-CC declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

2. Tinnirello A, Mazzoleni S, Santi C. Chronic pain in the elderly: mechanisms and
distinctive features. Biomolecules. (2021) 11(8):1256—67. doi: 10.3390/biom11081256

frontiersin.org


https://doi.org/10.1097/00002281-200403000-00007
https://doi.org/10.3390/biom11081256
https://doi.org/10.3389/fpain.2026.1849507
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Lautenbacher et al.

3. Knox PJ, Simon CB, Hicks GE. Experimental pain sensitivity is associated with
clinical pain and functional outcomes in older adults with chronic low back pain.
] Pain. (2024) 25(4):42. doi: 10.1016/j.jpain.2024.01.196

4. El Tumi H, Johnson MI, Dantas PBF, Maynard MJ, Tashani OA. Age-related
changes in pain sensitivity in healthy humans: a systematic review with meta-
analysis. Eur J Pain. (2017) 21(6):955-64. doi: 10.1002/ejp.1011

5. Lautenbacher S, Kunz M. Facial pain expression in dementia: a review of the
experimental and clinical evidence. Curr Alzheimer Res. (2017) 14(5):501-5.
doi: 10.2174/1567205013666160603010455

6. Koh LH, Hagger MS, Goh VHH, Hart WG, Gucciardi DF. Effects of a brief action
and coping planning intervention on completion of preventive exercises prescribed
by a physiotherapist among people with knee pain. J Sci Med Sport. (2017)
20(8):723-8. doi: 10.1016/j.jsams.2017.02.008

7. Schreiber V, Kunz M, Achterberg W, van der Steen JT, Lobbezoo F, Langner B, et al.
Development and validation of a short version (PAIC6) of the pain assessment in
impaired cognition scale. Eur ] Pain. (2025) 29(3):e4795. doi: 10.1002/ejp.4795

8. Lautenbacher S, Hoos A, Hajak G, Trapp W, Kunz M. Pain processing in cognitive
impairment and its association with executive function and memory: which
neurocognitive factor takes the lead? Brain Sci. (2021) 11(10):1319. doi: 10.3390/
brainscil1101319

9. Khera T, Rangasamy V. Cognition and pain: a review. Front Psychol. (2021)
12:673962. doi: 10.3389/fpsyg.2021.673962

10. Gonzalez-Hermosillo DC, Gonzalez-Hermosillo LM, Villasefior-Almaraz M,
Ballesteros-Herrera D, Moreno-Jimenez S, Corona-Cedillo R, et al. Current
concepts of pain pathways: a brief review of anatomy, physiology, and medical
imaging. Current Medical Imaging. (2024) 20(1):e190523217114. doi: 10.2174/
1573405620666230519144112

11. Chouliaras L, O’Brien JT. The use of neuroimaging techniques in the early and
differential diagnosis of dementia. Mol Psychiatry. (2023) 28:4084-97. doi: 10.1038/
541380-023-02215-8

12. Chandler MJ, Lacritz LH, Hynan LS, Barnard HD, Allen G, Deschner M, et al. A
total score for the CERAD neuropsychological battery. Neurology. (2005) 65(1):102—6.
doi: 10.1212/01.wnl.0000167607.63000.38

13. Ehrensperger MM, Berres M, Taylor KI, Monsch AU. Early detection of
Alzheimer’s disease with a total score of the German CERAD. ] Int Neuropsychol
Soc. (2010) 16(5):910-20. doi: 10.1017/S1355617710000822

14. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods. (2007) 39:175-91. doi: 10.3758/BF03193146

15. Folstein MF, Folstein SE, McHugh PR. Mini-mental state: a practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res. (1975)
12:189-98. doi: 10.1016/0022-3956(75)90026-6

16. Basler HD, Bloem R, Casser HR, Gerbershagen HU, Grielinger N, Hankemeier
U, et al. Ein strukturiertes Schmerzinterview fiir geriatrische Patienten. Schmerz.
(2001) 15(3):164-71. doi: 10.1007/s004820170018

17. Mirra S, Heyman A, McKeel D, Sumi SM, Crain BJ, Brownlee LM, et al. The
consortium to establish a registry for Alzheimer’s disease (CERAD). Part IL
Standardization of the neuropathologic assessment of Alzheimer’s disease.
Neurology. (1991) 41:479-86. doi: 10.1212/WNL.41.4.479

18. Fillenbaum GG, van Belle G, Morris JC, Mohs RC, Mirra SS, Davis PC, et al.
Consortium to establish a registry for Alzheimer’s disease (CERAD): the first
twenty years. Alzheimers Dement. (2008) 4(2):96-109. doi: 10.1016/j.jalz.2007.08.005

19. AWMF (Arbeitsgemeinschaft der Wissenschaftlichen —Medizinischen
Fachgesellschaften). S3 Guideline: Pain Management in Geriatric Patients Across All
Care Settings (GeriPAIN). Berlin: Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften (AWMF) (2025). AWMF Register Number
145-005. valid until February 23, 2030.

20. Bunk S, Zuidema S, Koch K, Lautenbacher S, De Deyn PP, Kunz M. Pain
processing in older adults with dementia-related cognitive impairment is associated
with frontal neurodegeneration. Neurobiol Aging. (2021) 106:139-52. doi: 10.1016/j.
neurobiolaging.2021.06.009

21. Lautenbacher S, Roscher S, Strian F. Inhibitory effects do not depend on the
subjective experience of pain during heterotopic noxious conditioning stimulation
(HNCS): a contribution to the psychophysics of pain inhibition. Eur ] Pain. (2002)
6(5):365-74. doi: 10.1016/S1090-3801(02)00030-7

Frontiers in Pain Research

09

10.3389/fpain.2026.1849507

22. Husebo BS, Ostelo RWJG, Strand LI. The MOBID-2 pain scale: reliability and
responsiveness to pain in patients with dementia. Eur ] Pain. (2014)
18(10):1419-30. doi: 10.1002/ejp.507

23. Belluscio V, Bergamini E, Tramontano M, Formisano R, Buzzi MG, Vannozzi G.
Does curved walking sharpen the assessment of gait disorders? An instrumented
approach based on wearable inertial sensors. Sensors (Basel). (2020) 20(18):5244.
doi: 10.3390/s20185244

24. Thibault P, Loisel P, Durand MJ, Catchlove R, Sullivan M]J. Psychological
predictors of pain expression and activity intolerance in chronic pain patients.
Pain. (2008) 139(1):47-54. doi: 10.1016/j.pain.2008.02.029

25. de Lussanet MH, Behrendt F, Puta C, Weiss T, Lappe M, Schulte TL, et al. A
body-part-specific impairment in the visual recognition of actions in chronic pain
patients. PAIN®. (2012) 153(7):1459-66. doi: 10.1016/j.pain.2012.04.002

26. Binnekade TT, van Kooten ], Lobbezoo F, Rhebergen D, van der Wouden JC,
Smalbrugge M, et al. Pain experience in dementia subtypes: a systematic review.
Curr Alzheimer Res. (2017) 14(5):471-85. doi: 10.2174/1567205013666160602234109

27. Defrin R, Amanzio M, De Tommaso M, Dimova V, Filipovic S, Finn DP, et al.
Experimental pain processing in individuals with cognitive impairment: current
state of the science. Pain. (2015) 156(8):1396-408. doi: 10.1097/j.pain.
0000000000000195

28. Kunz M, Mylius V, Scharmann S, Schepelman K, Lautenbacher S. Influence of
dementia on multiple components of pain. Eur ] Pain. (2009) 13(3):317-25.
doi: 10.1016/j.ejpain.2008.05.001

29. Stubbs B, Thompson T, Solmi M, Vancampfort D, Sergi G, Luchini C, et al. Is
pain sensitivity altered in people with Alzheimer’s disease? A systematic review and
meta-analysis of experimental pain research. Exp Gerontol. (2016) 82:30-8. doi: 10.
1016/j.exger.2016.05.016

30. Horgas AL, Elliott AF, Marsiske M. Pain assessment in persons with dementia:
relationship between self-report and behavioral observation. ] Am Geriatr Soc.
(2009) 57(1):126-32. doi: 10.1111/j.1532-5415.2008.0207 1.

31. Benke T. Two forms of apraxia in Alzheimer’s disease. Cortex. (1993)
29(4):715-25. doi: 10.1016/S0010-9452(13)80292-4

32. Vakkila E, Jehkonen M. Apraxia and dementia severity in Alzheimer’s disease: a
systematic review. J Clin Exp Neuropsychol. (2023) 45(1):84-103. doi: 10.1080/
13803395.2023.2199971

33. de Nobile A, Borghi I, De Pasquale P, Berger DJ, Maselli A, Di Lorenzo F, et al.
Anticipatory reaching motor behavior characterizes patients within the Alzheimer’s
disease continuum in a virtual reality environment. Alzheimers Res Ther. (2025)
17(1):78. doi: 10.1186/s13195-025-01726-6

34. Stephen JM, Montafio R, Donahue CH, Adair JC, Knoefel J, Qualls C, et al.
Somatosensory responses in normal aging, mild cognitive impairment, and Alzheimer’s
disease. ] Neural Transm (Vienna). (2010) 117(2):217-25. doi: 10.1007/s00702-009-0343-5

35. Braid L, Cahusac PM. Decreased sensitivity to self-inflicted pain. Pain. (2006)
124(1-2):134-9. doi: 10.1016/j.pain.2006.04.006

36. Kunz M, Scharmann S, Hemmeter U, Schepelmann K, Lautenbacher S. The facial
expression of pain in patients with dementia. Pain. (2007) 133(1-3):221-8. doi: 10.
1016/j.pain.2007.09.007

37. Beach PA, Huck JT, Miranda MM, Foley KT, Bozoki AC. Effects of Alzheimer
disease on the facial expression of pain. Clin | Pain. (2016) 32(6):478-87. doi: 10.
1097/AJP.0000000000000302

38. Benedetti F, Vighetti S, Ricco C, Lagna E, Bergamasco B, Pinessi L, et al. Pain
threshold and tolerance in Alzheimer’s disease. Pain. (1999) 80(1-2):377-82.
doi: 10.1016/S0304-3959(98)00228-0

39. Cole LJ, Farrell MJ, Duff EP, Barber JB, Egan GF, Gibson SJ. Pain sensitivity and
fMRI pain-related brain activity in Alzheimer’s disease. Brain. (2006) 129(Pt
11):2957-65. doi: 10.1093/brain/awl228

40. Lautenbacher S, Peters JH, Heesen M, Scheel ], Kunz M. Age changes in pain
perception: a systematic-review and meta-analysis of age effects on pain and
tolerance thresholds. Neurosci Biobehav Rev. (2017) 75:104-13. doi: 10.1016/j.
neubiorev.2017.01.039

41. Mirra JC, Heyman A, Mohs RC, Hughes JP, van Belle G, Fillenbaum G, et al. The
consortium to establish a registry for Alzheimer’s disease (CERAD). Part I. Clinical
and neuropsychological assessment of Alzheimer’s disease. Neurology. (1989)
39(9):1159-65. doi: 10.1212/WNL.39.9.1159

frontiersin.org


https://doi.org/10.1016/j.jpain.2024.01.196
https://doi.org/10.1002/ejp.1011
https://doi.org/10.2174/1567205013666160603010455
https://doi.org/10.1016/j.jsams.2017.02.008
https://doi.org/10.1002/ejp.4795
https://doi.org/10.3390/brainsci11101319
https://doi.org/10.3390/brainsci11101319
https://doi.org/10.3389/fpsyg.2021.673962
https://doi.org/10.2174/1573405620666230519144112
https://doi.org/10.2174/1573405620666230519144112
https://doi.org/10.1038/s41380-023-02215-8
https://doi.org/10.1038/s41380-023-02215-8
https://doi.org/10.1212/01.wnl.0000167607.63000.38
https://doi.org/10.1017/S1355617710000822
https://doi.org/10.3758/BF03193146
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1007/s004820170018
https://doi.org/10.1212/WNL.41.4.479
https://doi.org/10.1016/j.jalz.2007.08.005
https://doi.org/10.1016/j.neurobiolaging.2021.06.009
https://doi.org/10.1016/j.neurobiolaging.2021.06.009
https://doi.org/10.1016/S1090-3801(02)00030-7
https://doi.org/10.1002/ejp.507
https://doi.org/10.3390/s20185244
https://doi.org/10.1016/j.pain.2008.02.029
https://doi.org/10.1016/j.pain.2012.04.002
https://doi.org/10.2174/1567205013666160602234109
https://doi.org/10.1097/j.pain.0000000000000195
https://doi.org/10.1097/j.pain.0000000000000195
https://doi.org/10.1016/j.ejpain.2008.05.001
https://doi.org/10.1016/j.exger.2016.05.016
https://doi.org/10.1016/j.exger.2016.05.016
https://doi.org/10.1111/j.1532-5415.2008.02071.x
https://doi.org/10.1016/S0010-9452(13)80292-4
https://doi.org/10.1080/13803395.2023.2199971
https://doi.org/10.1080/13803395.2023.2199971
https://doi.org/10.1186/s13195-025-01726-6
https://doi.org/10.1007/s00702-009-0343-5
https://doi.org/10.1016/j.pain.2006.04.006
https://doi.org/10.1016/j.pain.2007.09.007
https://doi.org/10.1016/j.pain.2007.09.007
https://doi.org/10.1097/AJP.0000000000000302
https://doi.org/10.1097/AJP.0000000000000302
https://doi.org/10.1016/S0304-3959(98)00228-0
https://doi.org/10.1093/brain/awl228
https://doi.org/10.1016/j.neubiorev.2017.01.039
https://doi.org/10.1016/j.neubiorev.2017.01.039
https://doi.org/10.1212/WNL.39.9.1159
https://doi.org/10.3389/fpain.2026.1849507
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Pain differences in cognitive impairment appear only during active motor tasks
	Stefan Lautenbacher, Vivien Schreiber, Clemens Grupp, Claus-Christian Carbon, Heiko Kellner, Miriam Kunz
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  

	Pain differences in cognitive impairment appear only during active motor tasks
	Introduction
	Methods
	Participants
	Procedures and materials
	Session 1
	Cognitive functioning
	Clinical pain at baseline

	Session 2
	Experimental heat and pressure stimuli (pain sensitivity)
	Everyday motor challenges

	Outcome variables

	Statistical analysis

	Results
	Group differences in pain sensitivity (ratings of the experimental heat and pressure stimuli)
	Group differences in pain ratings of the everyday motor challenges
	Group differences in exertion ratings of the everyday motor challenges
	Regression analysis to investigate what role cognitive status plays to explain variance in pain responses to everyday motor challenges

	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


