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Cognitive dysfunction in corticobasal 
degeneration
Disfunção cognitiva na degeneração corticobasal
Laís Machado de Oliveira1, Igor Barcellos2, Hélio A.G. Teive3, Renato Puppi Munhoz1

Corticobasal degeneration (CBD) is a rare and progressive 
neurodegenerative disease. It was originally described as a dis-
tinct clinicopathological entity in 19671 and later recognized 
as a polymorphous disease due to its complexity. In fact, the 
classical set of symptoms – namely asymmetric motor fea-
tures associated with higher cortical function – were found 
to be associated with multiple histological presentations. 
Furthermore, the distinctive histopathological findings of cor-
tical and striatal neuronal deposition of tau, and glial inclu-
sions, were also linked to a wide variety of clinical phenotypes2. 
Hence, recent literature refers to corticobasal syndrome (CBS) 

as the constellation of symptoms described originally, limiting 
CBD to the distinctive histopathological findings3.

The different terminology with a seemingly paradoxical 
intrinsic overlap between these conditions makes diagno-
sis challenging. For instance, only 25% to 56.25% of patients 
with pathologically-confirmed CBD had previously presented 
with symptoms of CBS4,5,6. On the other hand, the propor-
tion of patients diagnosed with CBS presenting with the 
histologic hallmarks of CBD is highly variable, ranging from 
23.8% to 100%4,5,6,7. Considering the enormous difficulty in 
accurately diagnosing CBD during life, it is clear that current 
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ABSTRACT
Corticobasal degeneration (CBD) was originally described as a distinct clinicopathological entity in 1967. Since then, different phenotypic 
presentations have emerged as possible manifestations of CBD histopathological findings. In addition, pathophysiological findings and the 
molecular basis have been delineated and several aspects of its cognitive manifestations have been clarified. Thus, not only the spectrum 
of what is currently designated as CBD has expanded, but overlap with other degenerative and even secondary disorders has made clinical 
diagnostic certainty even more challenging in the absence of specific and readily-available markers. Cognitive deficits in CBD are now 
recognized as a frequent initial presentation and may appear up to eight years before the motor symptoms, depending on the phenotypic 
variant. Characteristic cognitive features of CBD involve language deficits, visuospatial and executive dysfunctions, apraxia, and behavioral 
disorders. Semantic and episodic memories are usually preserved, while language is often impaired in the early stages. 
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RESUMO
A degeneração corticobasal (DCB) foi originalmente descrita como uma entidade clínico-patológica distinta em 1967. Desde então, 
nossa compreensão sobre DCB evoluiu substancialmente. Diferentes apresentações fenotípicas emergiram refletindo possíveis 
manifestações das anormalidades histopatológicos da DCB. Adicionalmente, dados fisiopatológicos e moleculares foram delineados e 
aspectos das manifestações cognitivas foram explorados. Assim, não só o espectro do que é atualmente designado DCB foi expandido, 
mas a sobreposição com outras doenças degenerativas e até mesmo secundárias tornaram o diagnóstico clínico ainda mais desafiador 
na ausência de marcadores específicos e prontamente disponíveis. Déficits cognitivos na DCB são agora reconhecidos frequentemente 
como apresentações iniciais e podem surgir até 8 anos antes dos sintomas motores, dependendo da variante fenotípica. O quadro 
cognitivo envolve característicamente déficits de linguagem, disfunção visuoespacial e executiva, apraxia, e distúrbios comportamentais. 
Anormalidades da linguagem são frequentemente descritas nos estágios iniciais da DCB.
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epidemiological estimates hold substantial uncertainty. 
As a matter of fact, there are no estimates for CBD. Regarding 
CBS, a community-based Japanese study found an age-
adjusted prevalence rate of 6 per 100,0008, while a Russian 
study in a large district of Moscow showed an age-stan-
dardized incidence of CBS of 0.02 per 100,000 person-years9. 
Aiming at improving an antemortem diagnosis, new clinical 
criteria were developed for CBD diagnosis, but await valida-
tion10. These new criteria have expanded the recognized clini-
cal phenotypes, reflecting current knowledge. Still, it seems 
to lack specificity for the clinical diagnosis11 and sensitivity 
within the first two years of disease onset7.

The disease typically manifests in the sixth to seventh 
decades. Mean age of onset is 63.7 (ranging from 45 to 77.2) 
years and mean duration of disease is six to seven years12, 
with shorter survival in those patients who initially pres-
ent with dementia13. There is no strong evidence for gender 
propensity and no established environmental risk factors13. 
Finally, there is also no effective specific therapy for CDB12,14.

The aim of this review was to provide a comprehensive 
review of the clinical features of CBD, focusing on the cogni-
tive aspects of the disease. We will also try to correlate these 
findings, and explore the mechanisms, particularly the distri-
bution of tau pathology in the central nervous system (CNS).

The clinical spectrum associated with corticobasal 
degeneration

CBD has typically been associated with different combi-
nations of asymmetric motor symptoms (parkinsonism, dys-
tonia and myoclonus), and higher cortical dysfunction (ideo-
motor apraxia, alien-limb phenomena and cortical sensory 
loss). However, a wide range of clinical presentations beyond 
the archetypal CBS-related phenotype have emerged as pos-
sible manifestations of CBD pathology, including the non-
fluent/agrammatic variant of primary progressive aphasia, 
frontal behavioral-spatial syndrome, and progressive supra-
nuclear palsy (PSP-CBD)15. Less common manifestations 
include posterior cortical atrophy and dementia with fea-
tures of Alzheimer’s disease (AD)13.

In a recent review of pathologically-proven CBD, limb 
rigidity (85%) and bradykinesia (76%) were the most com-
mon motor findings, usually associated with absent or tran-
sient levodopa responsiveness16. Limb rigidity might reflect 
a combination of parkinsonism, dystonia and paratonia. 
Postural instability, falls and abnormal gait were reported in 
78%, 75% and 73% of patients respectively16.

Limb dystonia was frequently reported in CBS and mixed 
CBS/CBD series17,18, but was present in only 38% of CBD 
patients during the disease course. Another study of patho-
logically-proven CBD reviewed the presence of dystonia in 
196 cases and showed similar results (37.5%)19. Unilateral 
upper limb dystonia is the most common distribution and 
may progress to hemidystonia or affect the contralateral side. 
Blepharospasm and axial dystonia may occur (usually not 

in isolation) and are more frequent in the PSP-CBD pheno-
type2. Patients with CBD who present with prominent cogni-
tive features — typically frontotemporal dementia-CBD and 
AD-CBD phenotypes — might also develop dystonia, typi-
cally later in the course of the disease when compared to the 
CBS-CBD phenotype19. 

Myoclonus is a frequent finding in mixed CBS-CBD 
series18,20 but was only present in 27% of the patients with 
CBD. It predominantly affects the upper extremities13 and 
can be movement and/or stimulus sensitive. Due to its focal 
and stimulus-sensitive presentation, a cortical origin was 
suggested. Interestingly, electrophysiological findings in CBS 
patients with myoclonus seem to differ from the known cor-
tical reflex myoclonus: shorter latency is observed and there 
is no enlargement of the secondary component of the cor-
tical somatosensory evoked potential, nor association with 
cortical spikes on back-averaging21. It is unknown whether 
CBD presents with the same electrophysiological features. 

Tremor occurs in 39% of the patients and may manifest 
with rest, postural and action components. Distinction from 
low-amplitude myoclonus can be challenging21. Abnormal 
eye movements were reported in 60% of CDB patients, but 
insufficient details were provided. Increased saccadic latency 
has been described in CBS22,23, but analysis of CBD patients 
failed to demonstrate this24. 

Cognitive impairment during the course of the disease 
occurs in 70% of cases and 52% had this symptom at presen-
tation25. Cognitive dysfunctions in CBD will be discussed in 
detail, further in this review.

Neuropathology and pathogenic mechanisms
Tau protein binds to microtubules and promotes polym-

erization. This protein is encoded by the microtubule asso-
ciated tau protein (MAPT) gene, of which alternative splic-
ing results in six different isoforms. The MAPT is highly 
expressed in neuronal cells, and at lower levels in glial cells. 
Tau is essential for microtubule stability, axonal transport, 
synaptic health and neuronal integrity, among other roles. 
Hyperphosphorylation of tau is a post-translational change 
that has important functional roles in the binding affinity to 
microtubules. Furthermore, dissociated tau is prone to mul-
timerization, accumulating in the cytoplasm in the form of 
intracellular inclusions26. The processes that induce tau phos-
phorylation are currently unknown but might involve microg-
lia signaling triggered by neuroinflammation27. Additionally, 
neurodegeneration mechanisms elicited by tauopathies are 
still unclear and might be related to synaptic dysfunctions28. 
Morphological analysis with characterization of the cell types 
and anatomical areas involved, along with evaluation of differ-
ent tau isoforms (reflecting biochemical heterogeneity) are key 
steps to distinguishing among different tauopathies.

Macroscopic examination of CBD shows asymmetrical 
cortical atrophy, predominantly in the perirolandic area, pos-
terior-frontal to the parietal area, anterior frontal, or in the 
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perisylvian area. Severe depigmentation of the substantia nigra 
is also a frequent gross finding26,29,30. The characteristic micro-
scopic features of CBD are cortical and striatal tau-related neu-
ronal inclusions, accompanied by astrocytic plaques. Ancillary 
histologic techniques, such as the Gallyas silver staining and 
tau immunohistochemistry, help in identifying the plaques 
and neuronal inclusions. Thread-like lesions are also generally 
present. Achromatic or ballooned cortical neurons, described 
by Rebelz, are relevant but not specific for CBD diagnosis28,29,30. 

Corticobasal degeneration and PSP share similar mor-
phological features, including diffuse neuronal cytoplasmic 
tau-immunoreactivity, threads in the cortex, white and gray 
matter, and oligodendroglial coiled bodies. Furthermore, iso-
form-specific monoclonal antibodies reveal that both condi-
tions are predominantly 4R tauopathies. However, differential 
diagnosis can be achieved based on other histological find-
ings and their anatomical distribution. For instance, the main 
microscopic features of PSP involve neurofibrillary tangles and 
threads, particularly in the subthalamic nucleus, basal ganglia 
and brainstem, and the glial lesions are mainly characterized 
by tufted astrocytes. The distinct astroglial tau-pathology and 
the predominant involvement of the forebrain in CBD and the 
hindbrain in PSP help to distinguish these two conditions31.

Immunoblotting may also help to differentiate between 
these disorders. Although the patterns of insoluble tau 
observed in CBD and PSP are bands at 64 and 68 kDa, the 
cleaved tau fragments from patients with CBD migrate as 
two bands (a doublet of around 37 kDa), whereas those from 
patients with PSP migrate as a single band of 33 kDa28. 

Finally, along with morphological and biochemical studies, 
the genetic basis of tauopathies is also relevant. The H1 haplo-
type and the H1c sub-haplotype of the MAPT gene are overrep-
resented in CBD and PSP, and are thus considered possible risk 
factors32. In addition, genome-wide studies have looked at other 
potential susceptibility loci, such as 3p22 myelin-associated oli-
godendrocyte basic protein31. Despite some evidence for genetic 
predisposition, CBD is largely a sporadic disorder, although 
there are rare familial cases involving mutations in the MAPT 
gene and possibly MRS2 and ZHX2 genes33. 

New approaches and potential biomarkers
As postmortem examination remains the gold standard 

for CBD diagnosis, patients and clinicians face growing anxi-
ety and uncertainty. Therefore, reliable biomarkers would be 
valuable tools15. In addition, as studies on tau-directed thera-
pies advance, there will be an increasing need for surrogate 
markers that can monitor the effect of such therapeutic inter-
ventions34. From both perspectives, improvement in imaging 
techniques and cerebrospinal fluid protein analysis is critical.

Currently, there is no effective imaging method to confi-
dently differentiate CBS-CBD from other tauopathies, par-
ticularly PSP. In a voxel-based morphometry study comparing 
atrophy patterns in CBD and PSP, the former displayed higher 
cortical gray matter atrophy affecting the posterior frontal and 

parietal regions, moderate subcortical gray matter atrophy and 
substantial basal ganglia atrophy, with relatively-spared brain-
stem35. A volumetric study using three-dimensional magnetic 
resonance showed significant reductions in average brain, 
brainstem, midbrain, and frontal gray matter volumes in PSP, 
while CBD patients presented with parietal cortex and corpus 
callosum atrophy. Moreover, the authors stated that the model 
using the combination of midbrain, parietal white matter, tem-
poral gray matter, brainstem, frontal white matter and pons vol-
umes had a high degree of accuracy in differentiating PSP, CBD 
and healthy control patients36. Another longitudinal MRI study 
in five CBD patients found that this disorder had the largest 
rate of whole brain atrophy compared to PSP and other neuro-
degenerative disorders37. Finally, diffusion tensor imaging (DTI) 
studies in CBS patients consistently showed diffuse white mat-
ter abnormalities38,39, and a more recent longitudinal DTI study 
comparing CBS and PSP patients at baseline and six-month fol-
low-up showed that CBS patients had higher DTI changes in the 
pre- and post-central, superior parieto-occipital and temporal 
white matter during the study period than PSP patients34.

The assessment of metabolic changes using FDG-PET 
scanning may also be helpful. Although asymmetric meta-
bolic reductions involving frontal and parietal cortex, thala-
mus, and caudate nucleus are not specific for CBD diagno-
sis40, one study hypothesized that parietal hypometabolism 
may be a distinctive feature41. Additionally, targeted meth-
ods such as SPECT and PET assessing striatal dopaminergic 
activity, and techniques focused on specific markers, such 
as tau protein, are of growing interest. A study using [123I] 
IBZM SPECT showed variable findings regarding striatal D2 
receptor binding in autopsy-proven CBD cases42, but a subse-
quent study from the same group stressed the importance of 
follow-up imaging in suspected cases43. Imaging pathological 
tau using PET is desirable, but the development of an appro-
priate tracer is challenging, as it should be able to cross the 
cell membrane and bind to phosphorylated tau in neuronal 
and glial cells. In one study, the [11C]-PBB3 ligand was able 
to detect intracellular tau in AD and non-AD tauopathies in 
transgenic mouse models and in humans, including patho-
logical tau within neurons and astrocytic plaques in CBD44. 
A single-patient study assessing [18F]AV-1451 PET uptake 
correlated the tracer uptake with underlying tau burden at 
autopsy45. These results are promising, but further and larger 
studies are needed to better validate their findings. 

Besides imaging techniques, cerebrospinal fluid protein 
analyses are expected to effectively improve antemortem 
diagnoses of tauopathies. The assessment of tau and phos-
phorylated tau are useful biomarkers in recently-established 
AD, but have yielded varied results in CBD13. Moreover, 
a study analyzing tau fragments (N-terminal and C-terminal) 
concentrations found lower levels in PSP patients than in AD 
and healthy controls46, but these preliminary results need to 
be confirmed in pathologically-proven PSP. Additional stud-
ies in CBD are needed. 
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Main cognitive features of corticobasal 
degeneration 

Recent studies have revisited the role of dementia in CBD 
diagnosis criteria2,47. Past criteria had excluded early demen-
tia from the CBD clinical picture, but advances in our under-
standing of the phenotypic presentations of CBD have con-
tributed to include dementia back in the core of the CBD 
criteria discussion2. 

Data on the proportion of higher cortical features in CBD 
patients were defined (a) at presentation and (b) during the 
disease course2: 

1) Cognitive impairment – 52% (a) and 70% (b)
2) Behavioral changes – 46% (a) and 55% (b)
3) Limb apraxia – 45% (a) and 81% (b)
4) Aphasia – 40% (a) and 52% (b)
5) Depression 26% (a) and 51% (b)
6) Cortical sensory loss – 25% (a) and 27% (b)
7) Alien limb phenomena – 22% (a) and 30% (b). 
Previous studies have already highlighted the importance 

and burden of cognitive symptoms in CBD5. Furthermore, 
in addition to the classic asymmetrical movement disorder 
with lateralized higher cortical features, CBD patients display 
a distinctive cognitive profile pattern that must be faced as a 
core feature of the clinical entity. 

The CBD cognitive deficits are related to the predomi-
nantly-affected cerebral hemisphere and include apraxia, 
visuospatial dysfunction, language impairment, executive 
dysfunction and behavioral changes with relatively preserved 
episodic and semantic memories that will be discussed in 
detail below2,47.

Apraxia
Classically, apraxia can be the most-recognizable and exu-

berant cognitive deficit in CBD. Ideomotor apraxia is the most-
commonly described (57%), followed by limb-kinetic apraxia. 
Both are related to the action production system2,48, while 
ideational apraxia is related to the conceptual motor system. 
The observation that left hemispheric lesions tend to result 
in bilateral upper limb apraxia has suggested that movement 
memory is stored in the left parietal cortex as a “space-time 
picture” that may be accessed by both frontal lobes, where the 
motor engrams are located. For instance, if voluntary move-
ment is performed with the left upper limb, the information 
about what to do must first pass throughout the corpus callo-
sum to access the contralateral hemisphere48,49.

Apraxia is often asymmetrical. When presenting primar-
ily in the dominant hand, it usually manifests as an ideomo-
tor disorder for meaningful movements. Alternatively, the 
presentation in the nondominant hand often includes spatial 
errors during reproduction of a gesture relating to different 
body parts2.

As an action production system deficit, ideomotor apraxia 
causes difficulties using tools or mimicking tool use. Also, 
patients commit errors in scaling, timing and orientation of 

movements48. Here, the idea of movement is intact but there 
is a difficulty in mapping motor memory traced in the fron-
tal lobes48. Patients tend to improve performance when pos-
sessing the real object that was part of the action they were 
asked to pantomime48. As the recognition of an action goal is 
usually preserved, ideomotor apraxia is usually less disabling 
than ideational apraxia. 

Limb-kinetic apraxia is characterized by impairment in 
the production of fine motor movements due to disruption 
in the final stage of motor engrams in the prefrontal cortex48. 
Previously, this type of apraxia was mistakenly considered a 
pure dexterity problem, but this concept has been reviewed 
due its high prevalence in CBD48. Limb-kinetic apraxia can 
be assessed with finger-tap maneuvers as well as asking the 
patient to oppose their thumb to their index, middle, ring 
and little fingers quickly back and forth48. It can also coexist 
with ideational and ideomotor apraxia in CBD. 

Ideational apraxia consists of a deficit in the conceptu-
alization of an action and the idea of movement itself48,49. 
Patients usually cannot understand how and why to use 
a tool although they can name it correctly. Also, they are 
unable to describe how to perform an action and pantomime 
it. Ideational apraxia is less common than ideomotor and 
limb-kinetic apraxia in CBD patients. 

Constructional apraxia and handwriting impairment 
also are common in CBD. They are evident in drawing tests, 
copying figures or even writing. Difficulties defining shape 
and letters can also be present. This finding can be an early 
sign of cognitive impairment in CBD50. Spelling impairment 
is uncommon. 

Apraxia of speech is the disruption between neural repre-
sentation of a grammatical sentence and orofacial muscular 
activity48. Slowness and effortful speech, as well as difficulties in 
ordering and timing syllables, are characteristic. Changes in the 
prosody of speech and intonation are also common. Buccofacial 
apraxia is the inability to perform non-speech-related move-
ments involving the face and tongue muscles. Apraxia of eye-
lid opening is a transient difficulty opening the eyes usually due 
to impairment of the supranuclear control of eyelid elevation. 
Oculomotor apraxia is an inability to make voluntary saccades 
to a certain visual target48. Agraphesthesia and astereognosis 
may also be associated with apraxia. 

Language and speech
Aphasia is an early cognitive symptom present in 40% of 

CBD patients at the first assessment2. The spectrum of language 
impairment can range from slight dysphonia to severe aphasia50. 
Agrammatic or nonfluent aphasia is the most common language 
presentation of CBS, especially in the nonfluent/agrammatic 
primary progressive aphasia-CBD phenotype2. 

Cognitive-onset CBD patients present with aphasia ear-
lier than motor-onset CBD patients, although most of them 
develop some degree of language impairment during disease 
progression50. Initially, phonologic handwriting and spelling 
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impairment tend to be more common. Naming is usually 
unaffected or mildly impaired in the early stages. In addition, 
most of the patients exhibit poor performances in category 
and letter fluency tests50. 

Progressive nonfluent aphasia is characterized by dis-
turbances in the motor component of language, sparing the 
semantic component, as are apraxia of speech and agramma-
tism51. This cognitive syndrome can be present in a bunch of 
tauopathies, classically in fronto-temporal dementia, but also in 
AD52. Beyond nonfluent aphasia, patients may also experience 
marked reduction of speed fluency and grammar deficits52.

Language evaluation comprises naming, comprehen-
sion, repetition, reading and writing. Single-word process-
ing can be assessed with confrontation naming and is usually 
impaired in the nonfluent/agrammatic variant of primary 
progressive aphasia. Comprehension can be assessed by pro-
viding written and verbal command, asking the patient to 
write a sentence and repeat words and sentences and, finally, 
asking the patient to read some words or a sentence53.

Of note, a more generalized pattern of atrophy involving 
the inferior frontal and temporal lobes was related to CBS 
patients presenting with marked dementia and aphasia50. 

Visuospatial abilities 
It is well established that CBD patients have a marked 

visuospatial dysfunction52,54. Like language dysfunction, 
visuospatial deficits also present as a spectrum of symptoms, 
including Balint’s syndrome. The rate of impairment in this 
cognitive domain ranged from 28% to 52% in CBD patients, 
depending on the test used54.

Visuospatial abilities can be assessed by asking the 
patient to draw two interlocking pentagons (or other geo-
metric figures like a cube, a circle, two overlapping rect-
angles) or performing the clock face-drawing test. The 
Rey-Osterreith Complex Figure test can also be used53,54. 
In fact, CBD patients may present with other cognitive and 
motor deficits, such as apraxia, executive dysfunction and 
dystonia, which may negatively affect the neuropsychologi-
cal exam of visuospatial abilities. 

As CBD pathology involves dorsal occipitoparietal cortex, 
patients often perform worse on spatial location tasks, prob-
ably due to parietal atrophy affecting the dorsal stream of 
visuospatial processing11. The planning component of visual 
construction also can be impaired, overlapping with execu-
tive dysfunction due to frontal pathology. 

Executive function 
Executive function refers to the ability of planning, judg-

ing, reasoning, problem solving, and to organization, abstrac-
tion, and mental flexibility55. Executive dysfunction in CBD 
patients has been reported consistently in the literature2. 

In a study of 50 CBS patients and 51 fronto-temporal 
dementia patients, using the Delis-Kaplan Executive Function 
System55, executive function was better preserved in patients 

with CBS than in fronto-temporal dementia patients, except 
for tests that required visuospatial and motor abilities55. 
Both groups showed poorer executive function performance 
than memory. Impaired planning, limited mental search and 
poor inhibitory control were documented in CBS patients, 
although caregivers rarely complained of executive difficul-
ties. Early verbal fluency impairment has been reported in 
previous studies2,55. 

No studies had correlated executive function and pathol-
ogy in CBD. In one CBS study, executive dysfunction was 
associated with dorsal frontal and temporal-parietal cortex 
volume loss in voxel-based morphometry55.

The verbal fluency (letter and category), sorting test, tower 
test, and trail making test are effective ways to assess executive 
dysfunction. The Wisconsin Card Sorting Test, as well as the 
Delis-Kaplan Executive Function System, are also used. 

Memory 
Both semantic and episodic memory seem to be mildly 

impaired or relatively preserved in CBD50. Although CBD 
patients’ performance in memory tests were variable in differ-
ent studies, they tended to perform better than AD patients. 
Furthermore, atrophy is concentrated mainly in the frontal 
cortex rather than the hippocampus in CBD. In one study, 
15 CBS patients had performed better on story recall and list 
recall tests than a group of AD patients55. It is believed that 
episodic memory impairment in CBD is due to frontal lobe 
dysfunction, reflecting a poor use of encoding and retrieval 
strategic processes55. Over and above, findings regarding 
episodic memory in CBD are inconsistent. The few studies 
that evaluated semantic memory suggest that this cognitive 
domain is relatively preserved in CBD patients. 

Behavioral dysfunction
Social behavior is occasionally impaired in CBD patients, 

especially in the frontal behavioral-spatial syndrome variant2. 
Relatives and caregivers usually report disinhibition, aggressive-
ness, perseveration, hypersexuality, bizarre behavior, hyperoral-
ity, and unmotivated laughter2. Insight is often absent or dramat-
ically impaired in these patients56. On the other hand, apathy is 
frequently part of the CBD clinical picture. Depression may be a 
symptom of CBD, although its frequency was not different from 
the control group in a cohort study2.

Cognitive assessment in corticobasal degeneration
Previous studies and reviews have approached cognitive 

symptoms in CBD, proposing a wide variety of cognitive tests 
(Table), but none of them in a systematic and objective way57.

Recently, two studies proposed the Addenbrooke’s 
Cognitive Examination Revised (ACE-R) for both objective 
screening and cognitive diagnosis of CBD and other parkin-
sonian syndromes51,52. This test combines the agility of the 
Mini-Mental State Examination, with a better evaluation of 
memory, language, visuospatial cognition and verbal fluency. 
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Additionally, the ACE-R was able to detect early stages of 
dementia. In one study, the ACE-R detected cognitive dys-
function in 90% of CBS patients with 91% sensitivity and 98% 
specificity using a cutoff of 88 to 89. In comparison with pro-
gressive nonfluent aphasia, CBS showed a similar cognitive 
impairment profile, except for poorer visuospatial function 
in CBS52. Another study evaluating the ACE-R in 135 patients 
with parkinsonian syndromes (86 PD; 30 PSP; 19 CBD)51 
proposed that the verbal fluency subscore was an objective 
contributor to differentiate parkinsonian syndromes. Data 
analysis suggested that the ACE-R can be useful for tracking 
cognitive CBD progression over the time51.

Apraxia can be assessed with a sequence of commands and 
gestures as proposed first by Greene57 and then improved by 

Cassidy48. Examination starts with asking the patient to mimic 
a certain hand gesture as well as asking how to use a tool to 
perform a trivial action. Buccofacial apraxia is assessed by ask-
ing the patient to lick their lips or cough. Luria’s three-step task 
is commonly used, as well as hand gestures such as the “okay 
sign” to verify ideomotor apraxia48 (Figure).

Thus, the ACE-R and apraxia sequence evaluation 
together could provide an accurate and quick cognition 
assessment in CBD patients. 

Relationship between motor and cognitive 
abnormalities

Trying to define a chronological correlation between the 
onset of motor and cognitive symptoms in CBD patients is 

Table. Main cognitive and behavioral signs and symptoms in corticobasal degeneration patients.

Cognitive domain Characteristics and presentation Assessment

Apraxia*

Ideomotor apraxia Luria’s three-step task

Limb-kinetic apraxia Pantomiming actions

Ideational apraxia Meaningful and meaningless hand gestures

Constructional apraxia “Lick your lips / Cough”

Buccofacial apraxia “Open your eyes“

Apraxia of eyelid opening Ocular movements examination 

Oculomotor apraxia  

Visuospatial ability

Poor spatial localization sense
Copying: two interlocking pentagons; Rey-
Osterreith Complex Figure test; a cube; a circle; 
two overlapping rectangles; a lozenge. 

Visual construction impairment (planning component) Clock face drawing test

Balint’s syndrome  

Language

Dysphonia Verbal Fluency Tests (letter and category)

Phonologic handwriting and spelling impairment Confrontation naming

Naming difficulties Boston Naming test

Nonfluent aphasia (motor component of language, speech 
apraxia and agrammatism) Repetition

  Comprehension (multistep tasks)

  Reading 

  Writing (dictation and spontaneous sentences)

Executive function

Working memory, inhibition and set shifting impairment Verbal Fluency Tests

Difficulties in planning, judging, reasoning, problem solving, 
abstraction and mental flexibility Sorting Test

  Tower Test

  Trail Making Test

  Wisconsin Card Sorting Test

  D-KEFSa

Behavior

Disinhibition, aggressiveness, perseveration, hypersexuality, 
bizarre behavior, hyperorality, and unmotivated laughter History referred by patient’s relatives 

Impaired or absent insight BDI-IIb; HAM-Dc; MADRSd;

Apathy Raskin Depression Rating Scale; IDSe; GDSf

Depression (less common)  
*Classically asymmetrical signs and symptoms. aDelis-Kaplan Executive Function System (D-KEFS); bBeck Depression Inventory-II (BDI-II); cHamilton 
Depression Rating Scale (HAM-D); dMontgomery-Asberg Depression Rating Scale (MADRS); eInventory of Depressive Symptoms (IDS); fGeriatric 
Depression Scale (GDS).
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difficult. The great variability of clinical features and different 
variants and phenotypes make this task even more challenging. 

The first cohort study to assess the natural history in 
CBD found an average disease duration of 7.9 years2. Few 
patients presented at first evaluation with early cogni-
tive symptoms such as memory loss, aphasia, ideomotor 
apraxia and frontal lobe behavior. The most common initial 
manifestations were limb clumsiness (50%), gait disorder 
(36%), falls (21%), unilateral painful paresthesia (29%), fron-
tal lobe symptoms (21%) and dysarthria (14%). At initial 
assessment, on average three years after onset, the patients 
presented mainly with unilateral or asymmetric limb brady-
kinesia or rigidity (78%) as well as ideomotor apraxia (64%). 
In fact, early CBD descriptions considered dementia a late, 
or even nonexistent, feature2. 

However, later studies consistently suggested that 
dementia is an early symptom of CBD, sometimes pre-
senting even before the onset of movement disorders2. 
A cohort followed 15 patients with pathological confir-
mation of CBD, evaluating motor and cognitive symp-
toms during the disease progression. The rate of cognitive 
decline in these patients was 3 points per year in the Mini-
Mental State Examination2. At presentation, gait distur-
bance was the most frequent motor complaint with uni-
lateral rigidity or axial rigidity on examination. Involuntary 
movements such as myoclonus, dystonia and alien hand 
phenomena were observed at presentation in 20% of the 
patients and any of these signs were present in one-third of 
the cohort at death2.

Apraxia and visuospatial deficits were evidenced at 
examination in almost half of the patients at some point 

of disease, and may occur any time during disease course. 
Language dysfunction was the most common complaint in 
early CBD, even before motor symptoms. Patients experi-
enced difficulties in word finding, handwriting, and effort-
ful speech at this stage. With disease progression, naming, 
language output and even mutism were noted at examina-
tion. Language comprehension was initially preserved and 
was impaired only at the final stage of disease. Although 
it is not an early cognitive sign, all patients of the cohort 
had developed some level of executive dysfunction at some 
point prior to death2. 

Another cohort study with 18 patients evaluated cogni-
tive and motor symptoms throughout the study period, con-
sidering four clinical syndromes associated with CBD: five 
patients with progressive nonfluent aphasia, five with behav-
ioral variant frontotemporal dementia, seven with executive-
motor, and only one patient with posterior cortical atrophy58. 
Fifteen of the 18 patients had behavioral or cognitive impair-
ment as the initial symptom, while less than half presented 
with motor findings58.

The first symptoms for CBD-progressive nonfluent apha-
sia were speech or language difficulties followed by motor 
symptoms one to five years later. Social withdrawal was 
the most common first behavioral symptom in behavioral 
variant-fronto-temporal lobar dementia-CBD, progress-
ing to motor symptoms, mainly gait impairment, only after 
two to eight years. In the executive-motor-CBD group, three 
patients presented with early cognitive or behavioral and 
motor symptoms coincidently. The only patient with pos-
terior cortical atrophy-CBD presented with reading com-
plaints, and developed right hand apraxia two years later. 

Figure. Gestures that can be used in apraxia assessment. The patient is asked to mimic gestures performed by the examiner.
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At the last visit, all groups had higher rates of motor signs, 
especially the executive-motor-CBD group58. 

Uncommon variants of corticobasal degeneration
Recently, the diagnostic criteria of CBD were redefined2. 

Five different phenotypes were identified: probable and pos-
sible CBS, frontal behavioral-spatial syndrome variant, pro-
gressive nonfluent aphasia variant, and PSP syndrome2. 
Although 55% of CBD patients present with the classic clini-
cal picture, identification of the three other phenotypes are 
also of major importance12. 

Besides motor symptoms, the diagnosis of frontal behav-
ioral-spatial syndrome-CBD requires at least two of these 
three cognitive features: executive dysfunction; behavioral or 
personality changes; or visuospatial deficits2. 

Language dysfunction is the core cognitive feature in pro-
gressive nonfluent aphasia-CBD. The diagnosis of the latter 
requires effortful and agrammatic speech plus at least one of 
these two features: impaired grammar or sentence compre-
hension with relative single word comprehension; or apraxia 
of speech2. In a recent study, these patients showed greater 
longitudinal changes in prefrontal anterior, medial, and lat-
eral gray and white matters50.

The diagnosis of PSP-CBD requires at least three of the 
five following features: axial or symmetric limb rigidity; pos-
tural instability or falls; urinary incontinence; behavioral 
changes; supranuclear vertical gaze palsy or decreased veloc-
ity of vertical saccades2.

Differential diagnosis
A wide variety of CBD differential diagnoses have been 

reported in the literature. These syndromes usually resemble 
CBS but have different underlying pathologies. The most fre-
quent pathologic substrates for clinical CBS are CBD (35%), 
AD (23%), PSP (13%), and fronto-temporal dementia with 
TDP-43 pathology (13%)56,58.

The overlap between PSP and CBD has become 
increasingly recognized, as both are unresponsive to 
levodopa and pathologically confirmed CBD has occa-
sionally been described with symmetrical clinical fea-
tures56. In addition, both also have overlapping charac-
teristics when variant phenotypes are considered57. For 
instance, the PSP-CBD variant of PSP typically does not 
present with early gait dysfunction and postural instabil-
ity. Asymmetrical dyspraxia, dystonia and alien limb phe-
nomena are also typical. Although both PSP and CBD can 
develop oculomotor abnormalities, the specific eye move-
ments usually are distinct: increased saccadic latencies 
with preserved velocity as well as equally impaired hori-
zontal and vertical plane saccades suggest CBD, while ver-
tical supranuclear gaze palsy preceded by slowness of ver-
tical saccades are more likely related to PSP56. Depression 
and irritability are more frequent in CBD while apathy is 
predominant in PSP59.

Corticobasal degeneration, PSP and fronto-tempo-
ral lobar degeneration also overlap when presented as a 
behavioral syndrome. The differential diagnosis is challeng-
ing, as some CBD patients present with exuberant behav-
ioral disturbances and only develop minimal CBS features 
late in the disease course56. Two genes were described as 
causes of fronto-temporal lobar degeneration presenting as 
CBD mimics. Mutations in PGRN most commonly present 
as a CBS phenotype but can also cause behavioral variant-
fronto-temporal lobar degeneration and progressive non-
fluent aphasia syndromes58. Mutation in C9ORF72 was also 
related to the CBS phenotype. The presence of hallucina-
tions and upper motor neuron syndrome may help to dif-
ferentiate fronto-temporal lobar degeneration from CBD in 
these cases. Another important differential diagnosis to be 
considered is primary progressive aphasia, particularly the 
nonfluent type, which is most frequently associated with 
tau-positive pathology56. Progressive nonfluent aphasia is 
part of the spectrum of tauopathies, such as fronto-temporal 
dementia, PSP and CBD, and manifests with difficulties in 
sentence comprehension, with equal impairment of apha-
sia and apraxia of speech when compared with progres-
sive nonfluent aphasia-PSP51. Executive dysfunction tests, 
such as the Delis-Kaplan Executive Function System may 
help to differentiate between CBS and fronto-temporal 
dementia patients55.

Corticobasal syndrome has also been described in AD 
autopsy- confirmed patients. Early age at onset and myoc-
lonus are suggestive of AD rather than CBD pathology. 
Presenilin 1 mutations may manifest as parkinsonism with 
relatively symmetric myoclonus, apraxia, dystonia, frontal 
subcortical dementia and, sometimes, seizures60. Balint’s 
syndrome, Gerstmann syndrome, visual agnosia or alexia are 
other possible presentations56.

Other gene mutation CBD mimics recently described in 
the literature were FUS, MAPT, DCTN1, LRRK2, CYP27A1, 
GBA and PRNP5.

FINAL REMARKS

After almost 50 years since its original description, our 
understanding of CBD has progressed quite substantially 
and continues to evolve. Over these five decades, its phe-
nomenology grew richer, several aspects of the non-motor 
manifestations were discovered and explored, pathologi-
cal findings were delineated, and several facets related to 
pathophysiology and molecular bases surfaced. The disease’s 
higher cortical features have also been better understood so 
that cognitive deficits are becoming increasingly important 
for its diagnosis, especially in the early stages of CBD. Despite 
these advances, the diagnosis is still challenging due to the 
overlapping of different tauopathies and the lack of specific 
biomarkers for each one of them.
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