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Most clinical studies of pain in dementia have focused on
assessment procedures that are sensitive to pain in
“demented” or “cognitively impaired” elderly patients. The
neuropathology of dementia has not played a major part in
pain assessment. In this review, the neuropathological
effects of dementia on the medial and the lateral pain
systems are discussed. We focus on Alzheimer’s disease
(AD), vascular dementia, and frontotemporal dementia.
Lewy-body disease and Creutzfeldt-Jakob disease are
briefly reviewed. The results of the studies reviewed show
that, although the subtypes of dementia show common
neuropathological features (such as atrophy and white-
matter lesions), the degree by which they occur and affect
pain-related areas determine the pattern of changes in pain
experience. More specifically, in AD and even more so in
frontotemporal dementia, a decrease in the motivational and
affective components of pain is generally present whereas
vascular dementia might be characterised by an increase in
affective pain experience. Future studies should combine
data from experimental pain studies and neuropathological
information for pain assessment in dementia.
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One of the main findings of clinical studies on pain in
dementia is that all demented patients are able to complete
at least one of the available pain scales.1–3 The reliability of
these scales decreases with progressive decline in cognitive
function.2,3 Observation scales4 and autonomic responses to
pain5 can provide valuable information on patients with
poor communicative ability who have an advanced stage of
dementia.

Research on pain and dementia has hardly gone beyond
the development of new assessment procedures. An
exception is the study by Benedetti and colleagues,6 who
applied experimental pain stimuli to patients with
Alzheimer’s disease (AD) and then related neuropathology
to affective (pain tolerance) and discriminative (pain
threshold) features of pain. The many components of pain
include: sensory–discriminative, motivational–affective,
cognitive–evaluative (such as memory for pain), and
autonomic–neuroendocrine.7–9 Importantly, most pain
scales have focused on sensory–discriminative and
motivational–affective components,1 whereas hardly any of
the other domains have been studied. Little has been done to
relate these domains to the neuropathological characteristics
of specific subtypes of dementia.

The importance of relating neuropathology to pain in
dementia has been emphasised in previous reviews.2,10–12

Although a decrease in pain in AD is a consistent finding,6,13

an increase in pain may occur in vascular dementia10 and
variant Creutzfeldt-Jakob disease (vCJD).14 It is an
unfortunate misunderstanding, therefore, that the changes
in pain processing in AD may be generalised to other types
of dementia. However, most clinical studies on pain include
both the “demented elderly” and the “cognitively impaired
elderly” patients without more detailed information on the
causes of their disorders.2,11 Information about the cause of
the dementia is important, because it is related to
neuropathology and, consequently, to possible changes in
the patients’ pain. Our objectives in this review are: to
extend our knowledge on the relation between
neuropathology underlying the various subtypes of
dementia and the components of pain processing; and to
emphasise that, apart from the diagnosis of the type of
dementia, insight into the functioning of pain-related areas
and pathways is crucial for clinical practice. Within the
nursing home environment, this insight can be gained by
neuropsychological and neurological examination.

The medial and lateral pain systems
This review focuses on subcortical and cortical brain areas
related to the medial and lateral pain system. For the sake of
clarity, we have decided to mention only a few important
areas at the level of the reticular formation and the
mesencephalon. An extensive review of areas to which the
spinoreticular tract and the spinomesencephalic tract
project has been made before.15

The medial pain system (figure 1) includes the
spinothalamic tract that projects directly to the intralaminar
thalamic nuclei, the spinoreticular tract that projects to the
reticular formation (eg, the parabrachial nucleus and the
locus coeruleus), and the spinomesencephalic tract that
projects to the mesencephalon (eg, the periaqueductal grey
matter).15 There are many connections between the
mesencephalon and reticular formation on one side and the
intralaminar and medial thalamic nuclei on the other.15

Other areas that belong to the medial pain system are the
thalamic ventral caudal parvocellular nucleus (VCPC) and
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the ventral caudal portae nucleus (VCPOR), the insula,
parietal operculum, the secondary somatosensory cortex
(S2), the anterior cingulate cortex (ACC), the amygdala, the
hippocampus, and the hypothalamus.8,16,17 The insula, S2,
and parietal operculum belong to the parasylvian area, and
lesions in this area produce a change in pain perception.7

The lateral pain system consists of spinothalamic tract
neurons that, through the lateral thalamus, project to the
primary somatosensory area (S1), S2, parietal operculum,
and the insula (figure 1).7

There are few connections between the lateral and
medial pain system,16 except between the lateral and medial
thalamic nuclei (see dotted line in figure 1). Disconnection
of this link might be a cause of “central post-stroke pain”.18

The many components of pain
The medial and lateral pain systems are involved in different
features of pain. The medial pain system plays a crucial part
in the motivational–affective and cognitive–evaluative
features, the memory for pain, and the
autonomic–neuroendocrine responses evoked by pain,

whereas the lateral pain system is particularly involved in the
sensory–discriminative features of pain.8,16

Sensory–discriminative
Through the spinothalamic tract, which originates in the
dorsal horn, nociceptive stimuli are mediated to the lateral
thalamus,15 and subsequently activate S2 and S1, either
simultaneously or in a sequence with S2 as the primary
target.7 Nociceptive stimuli also activate the parietal
operculum and the insula through the lateral thalamus.7,19 A
normal pain threshold might be dependent on the parietal
operculum being intact.7 Furthermore, the parietal
operculum is important for the recognition of location,
intensity, and nature of nociceptive stimuli.7 The location
and coding of nociceptive stimuli is done in a projection of
the medial and intralaminar thalamic nuclei into
the insula.8

Motivational–affective
Through inputs from the spinothalamic tract that originate
from the dorsal and ventral horns, and through the
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Figure 1. Subcortical and cortical areas and pathways of the medial and lateral pain systems. Most of the brain areas contribute to more than one pain
pathway. PO=parietal operculum; TMN=tuberomamillary nucleus; PVN=paraventricular nucleus; ILN=intralaminar thalamic nuclei; MTN=medial
thalamic nuclei; SMT=spinomesencephalic tract; PAG=periaqueductal grey; SRT=spinoreticular tract; PBN=parabrachial nucleus; STT=spinothalamic
tract; LC=locus coeruleus. S–D=sensory–discriminative; M–A=motivational–affective; C–E=cognitive–evaluative systems.
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spinoreticular and spinomesencephalic tracts,15 the
intralaminar and medial thalamic nuclei and the connected
ACC, are involved in the motivational–affective features of
pain.8,16,19 The thalamic VCPOR and VCPC have a strong
affective pain component.20 The VCPOR projects to the
parietal operculum and S2 whereas the VCPC sends
nociceptive information to the insula.7–9,16,20 Connections
between the insula and the ACC have been found.8 In
addition, the hypothalamus and the prefrontal cortex are
involved in the motivational–affective components of
pain.20,21 Specifically, the prefrontal cortex plays a part in
the anticipation of affective painful stimuli.21

Cognitive–evaluative
The locus coeruleus mediates nociceptive information to the
cortex thereby enabling attention to be given to pain.15 S2,
and to a lesser extent the ACC, responds less to painful
stimuli while doing a cognitive task.22 By receiving input
from multiple pain pathways, originating from areas such as
the spinal cord and the posterior parietal cortical areas where
somatosensory input and cognitive processes, such as
memory are integrated, the ACC has a crucial role in the
processing of cognitive–evaluative features of pain.23

Memory
Nociceptive information might be retained through input
from the parabrachial nucleus to the amygdala.15 By
stimulation of the VCPC and VCPOR, and consequently the
insula and parietal operculum, respectively, people
remember and experience affective pain that occurred earlier
in life (eg, angina pectoris and labour pain).20 The
hippocampus and amygdala (medial-temporal lobe) are
involved in the memory for pain through projections from
S2 to the insula.20 As described in the former section, by
coordination of the cognitive–evaluative and somatosensory
features of pain, the ACC, together with the prefrontal
cortex, is involved in the assessment of future consequences
of pain.23

Autonomic response
At a mesencephalic level, the periaqueductal grey matter
is involved in various autonomic processes.24 At a
higher level, through the hypothalamic–pituitary–adrenal
axis, the hypothalamus plays a central part in
aversive, autonomic–neuroendocrine responses to pain.9

Areas from the reticular formation (eg, the
parabrachial nucleus and locus coeruleus) project to
the hypothalamus.15 The hypothalamus has extensive
reciprocal connections with the prefrontal cortex,
the amygdala, and the hippocampus.9,25 Since the
hypothalamus is a heterogenous structure,26 we will discuss
the tuberomammillary nucleus and the paraventricular
nucleus which are both particularly relevant for pain. The
tuberomammillary nucleus contains histamine,27 and the
paraventricular nucleus is where oxytocin and arginine-
vasopressin—which is partly colocalised with corticotropin-
releasing hormone—are produced.28,29 Most pain-related
areas contribute to more than one pain feature of pain
(figure 1).

The medial and lateral pain system and
neuropathology in dementia
The neuropathology of AD, vascular dementia, and
frontotemporal dementia will be discussed exclusively with
respect to areas of the lateral and medial pain system. The
reason for focusing on these three types of dementia is, as
far as we know, that one or more clinical studies with
experimental data on changes in pain processing
are available only for these subtypes of dementia.
The combination of neuropathology and experimental
data invites us to propose some cautious theoretical
considerations concerning changes in the processing
of pain.

Within the scope of the present review, it is worthwhile
to discuss briefly other subtypes of dementia (ie, Lewy body
disease), and sporadic CJD (sCJD) and vCJD. Although
experimental data on pain are lacking, some clinical
symptoms of these subtypes point to a change in pain
processing, and emphasise the importance of the inclusion
of neuropathology in studies of pain in dementia. 

Alzheimer’s disease
Neuropathology related to the medial and lateral pain system
Although the characteristic neuropathological hallmarks
of AD are plaques, tangles,30 and low neuronal metabolism,31

evidence suggests that the brains of many patients
with AD contain vascular lesions,32 such as white-matter
lesions.33

In the medial pain system, neuronal loss has been found
in the locus coeruleus.34 Rüb and colleagues35 observed
cytoskeletal pathology in nuclei of the parabrachial region in
a preclinical stage of AD and confirmed earlier findings by
Parvizi and co-workers, who had made the same observation
in the brains of people with Alzheimer’s disease.36 At a
mesencephalic level, pathological changes were seen in the
periaqueductal grey matter.24 Furthermore, severe atrophy
has been found in the thalamic medial and intralaminal
nuclei, ACC, insula, amygdala, and hippocampus.35,37–39 In the
hypothalamus, the histaminergic neurons of the
tuberomammillary nucleus are affected (figure 2; table).26

The paraventricular nucleus itself shows no degeneration;
however, the corticotropin-releasing-hormone neurons are
hyperactivated40 resulting in hyperactivity of the
hypothalamic–pituitary–adrenal axis and increased cortisol
concentrationss.26,41 Taken together, most of the areas of the
medial pain system have been examined in AD and seem to
be affected (figure 2; table).

The neuropathology of the lateral pain system in AD
shows a somewhat different picture (figure 2).
Neuropathology in the lateral thalamic nuclei in AD has
hardly been examined. Braak and Braak30 observed
moderate numbers of neurofibrillary tangles and neuropil
threads in the reticular nucleus, only in the final stage of
AD. S1 is preserved in AD (figure 2; table).42 The high
density of myelinated axons may protect S1 against the
formation of neurofibrillary tangles.43 This is also
reflected in the preservation of connections between
S1 and S2. S2 itself is more vulnerable to neurofibrillary
tangles.43
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Clinical studies
Patients with AD have fewer of the affective components of
pain than non-demented elderly people.44,45 Similar results
were obtained after minimising the influence of a possible
decline in the memory for pain.13 The provocation of pain
by electrical stimulation and ischaemia of the arm showed
that, compared with the non-demented elderly, the pain
threshold of patients with AD did not change (concurring
with a relative sparing of S1). However, pain tolerance
(pain affect) was significantly higher in patients with
AD than in healthy control individuals.6 Autonomic
responses were blunted by mild noxious stimulation,
but seemed to be normal with pain at a high intensity.5

Measuring autonomic responses to pain in AD may,
therefore, be helpful in the assessment of pain in non-
communicative patients. As far we know, however, the
cognitive–evaluative features of pain processing have not
been examined in AD.

Theoretical considerations
In contrast to the discriminative–sensory features of pain
(lateral pain system), one might expect a decline in
motivational–affective and cognitive–evaluative features of
pain, memory for pain, and autonomic responses to pain
given the degeneration of the areas belonging to the medial
pain system (figure 1, table). The normal autonomic
reaction to extreme painful stimuli5 might be mediated by
the unaffected hypothalamic paraventricular nucleus. In
addition, both arginine-vasopressin and oxytocin have an
antinociceptive effect46,47 and the number of arginine-
vasopressin and oxytocin expressing neurons in the
paraventricular nucleus remains unchanged in AD.29

Moreover, the corticotropin-releasing-hormone neurons
that produce analgesia48 are hyperactive in AD.40

Although neuropathology largely explains the clinically
observed decline in the experience of motivational–affective
aspects of pain in AD, the effect on the tuberomammillary
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Figure 2. Subcortical and cortical areas and pathways of the medial and lateral pain systems in AD. Most of the areas belonging to the medial pain
system are affected in AD PO=parietal operculum; TMN=tuberomamillary nucleus; PVN=paraventricular nucleus; RN=reticular nucleus;
ILN=intralaminar thalamic nuclei; MTN=medial thalamic nuclei; SMT=spinomesencephalic tract; PAG=periaqueductal grey; SRT=spinoreticular tract;
PBN=parabrachial nucleus; STT=spinothalamic tract; LC=locus coeruleus. S–D=sensory–discriminative; M–A=motivational–affective;
C–E=cognitive–evaluative systems. Later stages/partly affected=information about pathology exists only for the thalamic reticular nucleus which is
affected in the later stages of AD;30 AD<FTD=affected less in AD than in frontotemporal dementia; AD>FTD=affected more in AD than in
frontotemporal dementia.
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nucleus-histaminergic system26 and the presence of white-
matter lesions may increase the experience of pain. In other
words, although a decrease in motivational–affective pain
might be characteristic for AD, an increase in the affective
features of pain cannot be excluded.

Vascular dementia
Neuropathology related to the medial and lateral pain system
Vascular dementia is a highly heterogenous disorder.32 In
contrast to AD, frontotemporal dementia, and Lewy-body
dementia, vascular dementia is primarily characterised by
white-matter lesions49,50 and, to a lesser extent, by brain
atrophy.33,51 Consequently, cognitive impairment may result
from disruption of corticosubcortical circuits
(deafferentiation), specifically frontosubcortical circuits,52

caused by small cortical infarcts or white-matter lesions.53 A
large infarct causes dementia when hypoperfusion and
oxygen hypometabolism are present, particularly in the
frontal lobe.54

In the medial pain system, only a few pain-related areas
have been described in vascular dementia (table). From
caudal to rostral, Yang and colleagues55 observed no
significant neuronal loss in the locus coeruleus. Notably, a
disconnection between the hippocampus and
hypothalamus (figure 3) may cause overactivity in the
hypothalamus–pituitary–adrenal axis,25 which results in
disturbed autonomic feedback,56 and increased
concentrations of corticotropin-releasing hormone.25 There
are no studies of the influence of vascular dementia on areas
belonging to the lateral pain system.

Clinical studies
One study on pain included patients with “possible” vascular
dementia.57 These patients reported pain of a significantly
higher intensity than non-demented elderly people and
people with pain from chronic painful diseases, such as
arthrosis. However, one of the limitations of that study was
that the diagnosis of vascular dementia was not confirmed
by autopsy, and CT scans were unavailable. In short, of the
five pain components, only preliminary information exists
on how vascular dementia influences affective components
of pain.

Theoretical considerations
Because infarctions of the brain can occur at many
locations, they influence all five dimensions of pain (ie, the
lateral and medial pain system). Disruption of connection
in the cortex and between the cortex and subcortex by
white-matter lesions53 may increase the experience of pain
in vascular dementia.10 This can occur, for instance, when
white-matter lesions disrupt connections between S2 and
the intralaminar thalamic nuclei (figure 3),58 or when a
lesion of the lateral spinothalamic cortical pathway to the
parietoinsular system disinhibits the medial spinothalamic
cortical pathway to the ACC (figure 3).59 In both cases,
deafferentiation by white-matter lesions produces “central
post-stroke pain”, which can occur 6 months or more after
the event.18 This pain may be underreported owing to
developing dementia. Headaches is another type of
longterm post-stroke pain,18 which also occurs in patients
who have not had stroke but who have deep white-matter
lesions.60

Although the neuropathology points to an increase,
rather than a decrease, in the motivational–affective
components of pain, a decrease in this part of pain can not
be excluded given the hyperactivity in the
hypothalamus–pituitary–adrenal axis and the resulting
increased production of corticotropin releasing hormone.25,41

The pain pattern of vascular dementia is opposite to that of
AD, implying that, although a decrease in affective pain
experience is possible, an increase in suffering from pain
occurs in vascular dementia.

Frontotemporal dementia
Neuropathology related to medial and lateral pain systems
Frontotemporal dementia is linked to chromosome 17 and
is characterised by dementia, parkinsonism, and inclusion
bodies that stain for phosphorylated neurofilaments.
Several tau mutations are linked to frontotemporal
dementia.61 In contrast to those with AD and vascular
dementia, patients with frontotemporal dementia have the
most severe atrophy in the frontal, lateral temporal, and
parietal regions.62 White-matter lesions have been seen in
frontotemporal dementia, although they are much less
noticeable than in vascular dementia.50
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More specifically, in the medial pain system, brain
atrophy was observed in the middle frontal gyrus, the insula,
and the ACC.63 Compared with patients with AD, patients
with frontotemporal dementia had a more severe reduction
in regional cerebral blood flow (rCBF) in the right medial
prefrontal cortex, orbitoprefrontal cortex, and ACC
(figure 4; table).64 The rCBF in the anterior temporal cortex,
which is located near the sylvian cortex, and, therefore,
important for the processing of pain, is more reduced in
frontotemporal dementia than it is in AD.64 Varrone and
colleagues64 stated that the affected areas are strongly related
to emotional states and motivation. By contrast, the
amygdala and the hippocampus are more severely affected in
AD than in frontotemporal dementia (figure 4; table).65,66

The highly fragmented and phase-advanced rest-activity
rhythm67 and the frequent occurrence of thyroid hormone
abnormalities,68 indicate involvement of the hypothalamus.
The hypothalamus has not been studied systematically in
frontotemporal dementia. Only one study was found in

which the locus coeruleus seemed to be spared in this
disorder.69 The relation between frontotemporal dementia
and areas related to the lateral pain system has not been
extensively studied.

Clinical studies
Only one study compared behavioural disturbances in
frontotemporal dementia, AD, and vascular dementia, which
included pain as a dependent variable.70 The appreciation of
nociceptive stimuli in frontotemporal dementia was
significantly lower than in AD and vascular dementia, which
was evidenced by severe burns after contact with hot water.
This finding suggests that the disease process seriously
damages the ability to anticipate danger (cognitive–evaluative)
and to make timely withdrawal from hot water
(sensory–discriminative). More research into the influence of
frontotemporal dementia on the cognitive–evaluative and
sensory–discriminative components and other features of pain
is needed. 
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Figure 3. Subcortical and cortical areas and pathways of the medial and lateral pain systems in vascular dementia. Note the disconnections between
the various brain areas that cause disruptions to pathways. PO=parietal operculum; TMN=tuberomamillary nucleus; PVN=paraventricular nucleus;
ILN=intralaminar thalamic nuclei; MTN=medial thalamic nuclei; SMT=spinomesencephalic tract; PAG=periaqueductal grey; SRT=spinoreticular tract;
PBN=parabrachial nucleus; STT=spinothalamic tract; LC=locus coeruleus. S–D=sensory–discriminative; M–A=motivational–affective;
C–E=cognitive–evaluative systems; WMLs=white-matter lesions. 
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Theoretical considerations
Compared with AD, the degeneration of the ACC and the
insula is severe in frontotemporal dementia, whereas
atrophy of the amygdala and hippocampus is milder. One
could argue that the cognitive–evaluative and
motivational–affective aspects, as well as memory for pain,
and autonomic–neuroendocrine responses to pain are
especially prone to deterioration in frontotemporal
dementia. There is overlap between AD and frontotemporal
dementia in affected pain-related areas. However, the
prefrontal cortex (not included in figures 1–4) plays a
greater part in frontotemporal dementia than in AD, a
finding that might explain why patients with the former
experience fewer of the motivational–affective features of
pain than patients with AD.70

Pain assessment in the nursing home
In the nursing home, in addition to pain assessment tools,
assessment instruments can be used that provide insight

into the functioning of a pain-related area itself or
provide specific information about the processing
of sensory stimuli. Those instruments include
neuropsychological testing and a brief neurological
examination, respectively. 

Neuropsychological testing
Several brain areas of both the medial and lateral pain
systems have a role in pain processing and cognition. The
parietal operculum and S2 have a role in tactile object
recognition,7 and the ACC is involved in the response
interference task, the Stroop colour word test.71,72 The
results of a specific cognitive test may be indicative of an
area’s role in pain processing. Because factors other than
pain can cause poor test scores, only scores that meet the
normal age-related measures are informative, because they
reflect the integrity of all areas active during test
performance, including the pain-related area under
examination.
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Figure 4. Subcortical and cortical areas and pathways of the medial and lateral pain system in frontotemporal dementia (FTD). Note that the prefrontal
cortex which is more affected in FTD than in AD64 is not indicated in the figure. PO=parietal operculum; TMN=tuberomamillary nucleus;
PVN=paraventricular nucleus; ILN=intralaminar thalamic nuclei; MTN=medial thalamic nuclei; SMT=spinomesencephalic tract; PAG=periaqueductal
grey; SRT=spinoreticular tract; PBN=parabrachial nucleus; STT=spinothalamic tract; LC=locus coeruleus. S–D=sensory–discriminative;
M–A=motivational–affective; C–E=cognitive–evaluative system; FTD<AD=affected less in FTD than in AD; FTD>AD=affected more in FTD than in AD.
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Neuropsychology is valuable as part of the
comprehensive screening to provide a differential diagnosis
in dementia.73,74 However, the strength of individual test
scores in differential diagnosis is limited. For instance,
patients with frontotemporal dementia were more impaired
in verbal fluency than patients with AD in one study,75 but
not in another study.76 Therefore, neuropsychological tests
must include age and stage related dementia-specific
expected values to differentiate between the various types of
dementia. The final diagnosis, however, can only be made
with autopsy.

Neurological examination
To date, studies on pain in dementia have failed to include a
brief neurological examination assessing sensitivity to tactile
stimuli, temperature, and pain. Such an examination could
provide important additional information for the daily care
of patients with dementia. For example, an increased
reaction to an otherwise normal temperature or tactile
stimuli, in combination with a reduced or abolished reaction
to a pinprick, is indicative of allodynia, a type of pain
associated with central post-stroke pain18 or
mononeuropathy.77 Allodynia helps explain why, despite a
gentle approach, the patients react so aggressively when
helped to bathe.

The contribution of neuropsychological testing and
neurological examination to pain assessment in dementia is
restricted. However, both techniques might provide insight
into possible changes in an individual’s experience of pain.

Discussion
Results from the studies reviewed here show that—
although atrophy and white-matter lesions are
neuropathological features common to all three dementia
subtypes—the varying degree by which they occur and
affect the different areas of the medial and lateral pain
systems determines the pattern of changes in pain
processing.

Both the neuropathology and the experimental data
suggest the likelihood of a particular pain pattern for AD,
vascular dementia, and frontotemporal dementia.
Specifically, a decrease in the motivational–affective
components of pain might prevail in AD, and to a greater
degree in frontotemporal dementia, whereas patients with
vascular dementia can have quite the opposite pain pattern
(ie, an increase in affective pain experience).

However, generalisations regarding the dementia-
specific patterns of pain presented here are made with
caution. Some patients with AD or frontotemporal
dementia experience greater pain due to such factors as the
presence of white-matter lesions. Patients with vascular
dementia may experience less pain due to hyperactivity in
the hypothalamus–pituitary–adrenal axis and high
corticotropin-releasing-hormone production.25,41 This
point highlights the need for further development of pain
assessment instruments. Specifically, in a clinical setting,
where insight into the specific neuropathology is often
difficult, new instruments, such as neurological and
psychological tests can provide information about the

functioning of the pain-related brain area. Poor ability to
do episodic memory tasks, in which the hippocampus and
amygdala play a central part,78 should alert medical staff
that the patient may forget that they have pain.

Experimental data on pain in other subtypes of
dementia such as Lewy-body dementia and CJD are
currently lacking. However, it is interesting to present
briefly the pain-related neuropathology in those types of
dementia. This provides insight into the clinically observed
reduction in pain perception in Lewy-body dementia and
the occurrence of painful sensations in sCJD.

The extent of white-matter lesions in Lewy-body
dementia is similar to that in AD.49 More specifically related
to the medial pain system, grey-matter atrophy was found
in the parasylvian area79 but not in the hippocampus or
amygdala. High densities of Lewy bodies have been found
in the amygdala, parahippocampal region, the ACC, the
inferior temporal area, and the hypothalamus (not further
specified; table).80,81 Lewy bodies have been identified in the
locus coeruleus.82 With respect to measuring autonomic
responses to pain, orthostatic hypotension impairs
autonomic responses to pain in Lewy-body dementia.83

Although not specifically related to Lewy-body dementia,
Rüb and colleagues84 observed a high density of Lewy
bodies and Lewy neuritis in the medial thalamic nuclei of
patients with Parkinson’s disease. In the lateral pain
system, S1 is preserved in Lewy-body dementia.85 In
Parkinson’s disease, the primary sensory thalamic nuclei
are relatively free of Lewy bodies and Lewy neuritis.84

Atrophy and Lewy bodies particularly affect areas related to
the medial pain system suggesting that almost all facets of
pain, including its autonomic responses, may deteriorate in
Lewy-body dementia. The predicted change in pain
perception has been shown in only one case study thus
far.86 In that study, a patient with Parkinson’s disease and
Lewy-body dementia, who had an acute aortic dissection,
indicated no experience of pain. The patient did not have
diabetes. Typically, such a trauma coincides with the onset
of acute pain.86

In CJD, a distinction should be made between sCJD
and vCJD, including the panencephalopathic type
(pCJD).14 In the medial pain system in sCJD (table),
neuronal loss has been observed in the ventral nuclear
group of the thalamus, the thalamic reticular nucleus,87

hypothalamus (not further specified)88 and hippocampus.54

In vCJD, the hippocampus and the medial thalamic nuclei
show neuropathological changes.89 Deep grey matter
degeneration involving the medial thalamic nuclei, as well
as severe white-matter changes, characterise pCJD,90

although subcortical white-matter degeneration has also
been observed in sCJD.91 Compared with sCJD, vCJD
produces the most severe spongiform changes in the
paraventricular nucleus of the hypothalamus.92 With
respect to the lateral pain system, S1 might be preserved in
sCJD.93

Results of clinical studies reveal an early prevalence of
affective pain in the limbs, trunk and face in vCJD,14,94,95

which distinguishes it from sCJD.14 Other sensory
symptoms included hypersensitivity, feelings of coldness,
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particularly in the feet, paraesthesia and numbness. These
findings can be explained by the severe white-matter
lesions that may provoke pain, for instance, by disrupting
thalamocortical pathways or by degeneration of the
paraventricular nucleus, which destroys its analgesic effect. 

We stress that for the dementia subtypes reviewed here
and for other subtypes of dementia (eg, semantic
dementia), experimental studies are needed to examine
possible change in one or more components of the medial
and lateral pain system. Neuropathology has not been
determined in many of pain-related areas (figures 2–4).
Note, however, that several studies that did examine the
neuropathology in pain-related areas used neuroimaging
techniques.37–39 These findings should be confirmed by
examination of the brain after death as has been done in
some other studies.17,30,35,41 Future research should therefore
include brain autopsy to relate the anatomical distribution
of the lesions to the functional changes in pain modalities
and to establish a final diagnosis of the type of dementia.

Currently, studies have focused on the assessment of
various features of pain in demented patients. However,
the double function of the pain-related area (ie, pain
processing and cognition), implies that an improvement in
cognition may coincide with an increase in pain. This may
explain in part the observation that cognitive improvement
by cholinesterase inhibitors, such as rivastigmine, coincides
with an increase in pain reported.96 The relation between
the many features of pain, neuropathology, and new
intervention strategies in dementia should become a goal
for research. 

Authors’ contributions
EJAS made the overall plan for the review, the relation between the
clinical and neuropathological features (including four figures and one
table), and the final version of the paper, incorporating the revisions
from the other coauthors. JAS helped write the sections on neuro-
psychology, neurological examination, and concluding remarks. DFS
wrote the sections on neuropathology and autonomic responses to pain.

Conflict of interest
We have no conflict of interest.

Role of the funding source
The work contributing to this review is supported by Fontis
Amsterdam (EJAS), and RIDE-NWO, ISAO, Hersenstichting
Nederland (DFS) which had no role in the preparation of the paper or
the decision to submit it for publication.

ReviewPain processing in dementia

Search strategy and selection criteria
Data for this review were selected from the personal files of the
authors and in searches in MEDLINE and Web of Science. The
search terms we used were “pain”, “medial pain system”,
“lateral pain system”, “pain assessment”, “nociceptive stimuli”,
“nociception”, “Alzheimer’s disease”, “vascular dementia”,
“frontotemporal dementia”, “Lewy-body disease”, “sporadic
Creutzfeldt-Jakob”, “variant Creutzfeldt-Jakob”, “atrophy”,
“white-matter lesions”, “neuropsychological assessment”, and
“cognition”. Moreover, we included all the areas belonging to
the medial and lateral pain system separately and searched for
studies in which these areas and adjacent pathways were
examined with respect to the neuropathology in the various
subtypes of dementia. We searched for studies in which the
neuropathology of two or more dementias could be compared.
Recent articles were preferentially selected.
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