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Neuropsychology Neuropsychology andand intellectualintellectual
disabilitiesdisabilities

ObjectiveObjective:: ToTo discussdiscuss issuesissues onon neuropsychology & neuropsychology & 
behavioralbehavioral neurologyneurology in in thethe fieldfield ofof NDD & IDNDD & ID

DevelopmentDevelopment::
–– FromFrom moleculesmolecules toto behaviorbehavior......
–– NeuropsychologicalNeuropsychological studiesstudies... ... 
–– CognitiveCognitive perspectivesperspectives... ... 
–– OntogenesisOntogenesis & Retrogenesis... & Retrogenesis... 

Discussion:Discussion: Future directions. Future directions. ProjectsProjects..



Ontogenesis – Development

ETIOLOGIES

DevelopmentDevelopment ofof a normal a normal adultadult
structurestructure ((speciesspecies))
DevelopmentDevelopment ofof a normal a normal adultadult
functionalfunctional capacitycapacity
–– IntegrationIntegration ofof externalexternal influencesinfluences

((learninglearning))
MaintaingMaintaing healthhealth

Pulsifer 1996
Five major causes of mental retardation

1. Fetal alcohol syndrome
2. Down’s syndrome

3. Fragile X syndrome
4. Prader Willy syndrome
5. Angelman syndrome

Mental retardation 
/intellectual disability

Behavioral disturbances
“focal impairments”



NIH NIH PubMedPubMed
Date: 6 Date: 6 octoct 2005 (Limit: from 1990 to 2005)2005 (Limit: from 1990 to 2005)

SyndromeSyndrome PapersPapers ReviewReview CogCog CogCog
ReviewReview

NeuropsNeurops NeuropsNeurops
ReviewReview

DownDown 65806580 756756 210210 2424 55 11

FragileFragile XX 18681868 344344 9898 2222 77 22

TurnerTurner 16341634 232232 4747 1111 22 11

PraderPrader WilliWilli 10451045 180180 2323 44 11 11

WilliamsWilliams 605605 8484 9292 1818 44 22

AngelmanAngelman 534534 111111 88 22 11 11

SotosSotos 122122 1515 44 11 00 00



(2003)(2003) uniqueunique opportunityopportunity toto investigateinvestigate thethe
neuromolecularneuromolecular basisbasis ofof complexcomplex cognitivecognitive
behaviourbehaviour, , andand developdevelop integratedintegrated approachesapproaches toto
studystudy gene gene functionfunction andand genotypegenotype--phenotypephenotype
correlationscorrelations. . TassabehjiTassabehji. . HumHum MolMol GenetGenet. 2003. 2003

(2002)(2002) MutatedMutated genes genes -- syndromessyndromes ofof mental mental 
retardationretardation oror cognitivecognitive defectsdefects -- placingplacing gene gene 
productsproducts withinwithin signalingsignaling networksnetworks -- how how learninglearning
occursoccurs andand how how memoriesmemories are are formedformed andand sustainedsustained. . 
WeeberWeeber, , LevensonLevenson, , SweattSweatt. . MolMol IntervInterv. 2002, 2:376. 2002, 2:376--391391

Genetic disordersGenetic disorders



Williams syndromeWilliams syndrome

Characteristic cardiac defectCharacteristic cardiac defect
Typical facial appearanceTypical facial appearance
Cognitive profileCognitive profile
–– Severe Severe visuospatialvisuospatial cognitive deficitscognitive deficits

»» Deficient Deficient visuoconstructivevisuoconstructive abilitiesabilities

–– Relative sparing of language, face recognitionRelative sparing of language, face recognition
–– Emotional affinity for musicEmotional affinity for music
–– AttentionalAttentional deficits and hyperactivitydeficits and hyperactivity

Deletion on chromosome 7



Williams syndrome. Neuropsychology, 1Williams syndrome. Neuropsychology, 1

Cognitive heterogeneityCognitive heterogeneity
–– Porter et al 2005Porter et al 2005:: Not all individuals show the profile of strength in Not all individuals show the profile of strength in 

verbal abilities and weakness in spatial functionsverbal abilities and weakness in spatial functions
EvolutionEvolution
–– VicariVicari et al, 2004et al, 2004: The profile of younger children is different in : The profile of younger children is different in 

respect to those of the older children respect to those of the older children (Lexical, grammatical, semantic, (Lexical, grammatical, semantic, 
phonologic, phonologic, visuospatialvisuospatial..)..)

Object perception and namingObject perception and naming
–– Landau et al, 2005Landau et al, 2005: Selective sparing of basic mechanisms of : Selective sparing of basic mechanisms of 

object recognition. Delay or arrest in recognition of objects frobject recognition. Delay or arrest in recognition of objects from om 
unusual views (selective impairment of parietal areas)unusual views (selective impairment of parietal areas)

Neural basis of Neural basis of visuospatialvisuospatial construction deficitsconstruction deficits
–– MeyerMeyer--LindenbergLindenberg et al, 2004et al, 2004: : HipoactivationHipoactivation in the parietal in the parietal 

portion of the dorsal stream. Parietal gray matter volume reductportion of the dorsal stream. Parietal gray matter volume reductionion
Interaction between domains (spatial Interaction between domains (spatial –– language)language)
–– Phillips et al, 2004Phillips et al, 2004: Comprehension of spatial language terms: Comprehension of spatial language terms



Williams syndrome. Neuropsychology, 2Williams syndrome. Neuropsychology, 2

Characterization of the musical phenotypesCharacterization of the musical phenotypes
–– LevitinLevitin et al 2004et al 2004: Great emotional responses to music, interest in : Great emotional responses to music, interest in 

music at an earlier age, more hours per week listening musicmusic at an earlier age, more hours per week listening music
–– DerouelleDerouelle et al 2005et al 2005: Global and local music perception: Global and local music perception

Emotion and face processing. Emotion and face processing. HipersocialityHipersociality……
–– Reis et al 2004Reis et al 2004: Volumetric analysis: disproportionate increases in : Volumetric analysis: disproportionate increases in 

volume & density in several areas known to participate in emotiovolume & density in several areas known to participate in emotion n 
& face procession: & face procession: amigdalaamigdala, anterior , anterior cingulatecingulate, orbital, orbital--medial medial 
prefrontalprefrontal……

–– MeyerMeyer--LinderbergerLinderberger et al 2005et al 2005: : HipersocialityHipersociality combined with combined with 
increased nonincreased non--social anxiety. Reduced amygdale activation for social anxiety. Reduced amygdale activation for 
threatening faces threatening faces vsvs increased activation for threatening scenesincreased activation for threatening scenes

Suggest a genetically controlled neural circuitry regulating Suggest a genetically controlled neural circuitry regulating 
human social human social beahviorbeahvior..



1.1. SelectiveSelective lossloss ofof specificspecific populationspopulations ofof neuronesneurones
2.2. TheThe neuronal neuronal lossloss involvesinvolves nucleinuclei thatthat are are 

anatomicallyanatomically relatedrelated toto functionalfunctional systemssystems suchsuch as... as... 
ExtrapyramidalExtrapyramidal, , pyramidalpyramidal, , limbiclimbic, , cognitivecognitive

3.3. TheThe particular particular population/spopulation/s ofof neuronesneurones thatthat are are 
vulnerable in vulnerable in eacheach disorderdisorder determines determines thethe clinicalclinical
presentationpresentation..

4.4. TheThe distributiondistribution ofof thethe pathologypathology isis more more 
predicativepredicative ofof thethe clinicalclinical presentationpresentation thanthan thethe
molecular molecular naturenature ofof thethe pathologypathology

Basic neurobiological principles
Neurodevelopmental Disorders = Neurodegenerative Disorders

From: Dickson (ed). Neurodegeneration. ISN neuropath Press. Basel, 2003



ClassificationClassification ofof neurodevelopmental & neurodevelopmental & 
neurodegenerativeneurodegenerative diseasesdiseases

ClinicalClinical syndromessyndromes oror anatomicalanatomical distributiondistribution ofof
pathologypathology
–– CLINICAL PATTERNCLINICAL PATTERN = = ClinicalClinical TermsTerms

Basic Basic mechanismsmechanisms ofof neuronal neuronal lossloss & & thethe basisbasis forfor
thethe selectiveselective vulnerabilityvulnerability..
–– MOLECULAR PATTERNMOLECULAR PATTERN = Molecular = Molecular termsterms

»» Molecular Molecular geneticsgenetics
»» BiochemicalBiochemical andand immunochemicalimmunochemical studiesstudies
»» MajorMajor moleculesmolecules



NeuropsychologicalNeuropsychological AssessmentAssessment
ToolsTools... (... (normsnorms))

Ontogenesis – Development
Neurodevelopmental disorders

Adult: focal lesions
Degenerative disorders

Neuropsychological Assessment
Children

Adult
Neuropsychological Assessment

Down Syndrome
Chromosome 21

Development
Aging / Deterioration

Alzheimer’s Disease Methods
ADAS

example



““......neurocognitiveneurocognitive architecturearchitecture followsfollows thethe samesame principlesprinciples in in 
typicaltypical andand atypicalatypical developmentdevelopment”” TagerTager--FlusbergFlusberg. . NeuronNeuron, 2004; 43:595, 2004; 43:595--6.6.

“…“…//…… challenges the use of adult neuropsychological models challenges the use of adult neuropsychological models 
for explaining developmental disorders of genetic originfor explaining developmental disorders of genetic origin””
Paterson et al. Science 1999,286: 2283Paterson et al. Science 1999,286: 2283--44

–– NumerosityNumerosity judgmentesjudgmentes: well in infancy but poorly in adulthood: well in infancy but poorly in adulthood
–– Language: poorly in infancy but well in adulthoodLanguage: poorly in infancy but well in adulthood

Molecular Molecular GeneticsGenetics: : ““GeneticGenetic disordersdisorders provideprovide cluesclues toto thethe
constraintsconstraints onon plasticityplasticity thatthat shapeshape thethe outcomeoutcome ofof
developmendevelopmen”” ““CognitiveCognitive modules are modules are thethe outcomeoutcome ofof
developmentdevelopment, , notnot itsits startingstarting pointpoint”” ((ChallengeChallenge toto thethe viewview ofof cognitivecognitive
modules modules specifiedspecified in in thethe infantinfant brainbrain) ) KarniloffKarniloff--SmithSmith, Thomas. , Thomas. DevDev PsychopatolPsychopatol. 2003, . 2003, 
14:96914:969--90.90.

Genetic disordersGenetic disorders…… modularitymodularity



NeurospsychologicalNeurospsychological issues, 4issues, 4

Ontogenesis Ontogenesis versusversus RetrogenesisRetrogenesis
AD as a modelAD as a model

The case of the MMSEThe case of the MMSE



DevelopmentalDevelopmental agesages
CapacitiesCapacities DevelopmentalDevelopmental agesages

No No deficitdeficit AdultAdult
DemandingDemanding settingssettings 1313 -- 1919 yearsyears: : AdolescenceAdolescence

ComplexComplex taskstasks 8 8 –– 12  12  yearsyears

ChoosingChoosing properproper attireattire 5 5 –– 7 7 yearsyears
a.a. DressingDressing
b.b. BathingBathing
c.c. ToilettingToiletting
d.d. UrinaryUrinary incontinenceincontinence
e.e. Fecal Fecal incontinenceincontinence

a.a. 5 5 yearsyears
b.b. 4 4 yearsyears
c.c. 4 4 yearsyears
d.d. 3 3 -- 44½½ yearsyears
e.e. 2 2 –– 3 3 yearsyears

a a –– f.f. SpeechSpeech -- HoldHold headhead upup a a –– f.f. 15 15 –– 1 1 monthsmonths



DementiaDementia stagesstages –– DevelopmentalDevelopmental agesages

DementiaDementia StagesStages DeficitsDeficits / / CapacitiesCapacities DevelopmentalDevelopmental agesages
1 & 2: Normal1 & 2: Normal No No deficitdeficit AdultAdult
3: MCI3: MCI DemandingDemanding settingssettings 1313 -- 1919 yearsyears: : AdolescenceAdolescence

4: 4: MildMild ComplexComplex taskstasks 8 8 –– 12  12  yearsyears

5: 5: ModerateModerate ChoosingChoosing properproper attireattire 5 5 –– 7 7 yearsyears
6: 6: ModeratelyModerately SevereSevere a.a. DressingDressing

b.b. BathingBathing
c.c. ToilettingToiletting
d.d. UrinaryUrinary incontinenceincontinence
e.e. Fecal Fecal incontinenceincontinence

a.a. 5 5 yearsyears
b.b. 4 4 yearsyears
c.c. 4 4 yearsyears
d.d. 3 3 -- 44½½ yearsyears
e.e. 2 2 –– 3 3 yearsyears

7: 7: SevereSevere a a –– f.f. SpeechSpeech -- HoldHold headhead upup a a –– f.f. 15 15 –– 1 1 monthsmonths



Ontogenesis – Development
Neurodevelopmental disorders

Retrogenesis
Degenerative disorders

Mental retardation – intellectual disability

“focal impairments”

Dementia – intellectual deficits

“focal impairments”



Chronological Age (years) Years Post Onset AD

RetrogenesisRetrogenesis

Development Retrogenesis



MyelinationMyelination ((YakovlevYakovlev & Lecours, 1967)& Lecours, 1967)

4  5  6  7  8  9     1  2  3  4  5  6  7  8  9  10  11  12      4  5  6  7  8  9     1  2  3  4  5  6  7  8  9  10  11  12      2  3  4  5  6  7     8   9 10 12 152  3  4  5  6  7     8   9 10 12 15

FirstFirst yearyear ((monthsmonths)) yearsyears 2 2 -- 77Prenatal Prenatal (m)(m)

PrePre--thalamicthalamic
auditoryauditory pathwaypathway

PostPost--thalamicthalamic
auditoryauditory pathwaypathway

PrePre andand postpost--thalamicthalamic
visual visual pathwaypathway

PyramidalPyramidal pathwaypathway

Motor Motor 
cranialcranial nervesnerves IntraIntra--cortical cortical 

& subcortical & subcortical 
associationassociation
pathwayspathways

4567GDS:



NeuropsychologiaNeuropsychologia, 39 (2001) 1150, 39 (2001) 1150--11571157

Normative study of the Mini Mental Status Examination in Spanish
child population

S Rubial-Álvarez, MC Machado, E Sintas, S de Sola, 
P Böhm, J Peña-Casanova.

Normative study of the Mini Mental Status Examination in Spanish
child population

S Rubial-Álvarez, MC Machado, E Sintas, S de Sola, 
P Böhm, J Peña-Casanova.

Submitted



DiscussionDiscussion / / FutureFuture directionsdirections

Basic neuropsychological profilesBasic neuropsychological profiles
Barcelona testBarcelona test

From adults to neurodevelopmental From adults to neurodevelopmental 
disordersdisorders



BarcelonaBarcelona--test IItest II--IDID…… in contextin context

Need of Need of NpsychNpsych Test developed and validated for adults Test developed and validated for adults 
with ID with ID ((BellugiBellugi et al, 2000; et al, 2000; HaxbyHaxby et al 2004)et al 2004)
Current tools are IC based. HeterogeneityCurrent tools are IC based. Heterogeneity

MulticenterMulticenter projectproject
–– AsociacionAsociacion CatalanaCatalana PraderPrader WilliWilli
–– FundacioFundacio CatalanaCatalana per a la sper a la sííndromendrome de de DownDown
–– Servicio de EndocrinologServicio de Endocrinologíía. CH a. CH ParcParc TaulTaulíí
–– SecciSeccióó de de NeurologiaNeurologia de la Conducta. Hospital del Marde la Conducta. Hospital del Mar
–– AMPANSAMPANS
–– FUPARFUPAR
–– FundaciFundacióó RamRamóón Nogueran Noguera
–– ALTEMALTEM



BarcelonaBarcelona--test IItest II--IDID…… in contextin context

SubjectsSubjects
–– Age 18Age 18--65 y old65 y old
–– ID: discrete ID: discrete –– moderatemoderate
–– CaregiverCaregiver

DiagnosisDiagnosis
–– Down syndrome, Down syndrome, PraderPrader WilliWilli Syndrome, Fragile X Syndrome, Fragile X 

syndrome, (syndrome, (SturgeSturge Weber)Weber)
ToolsTools
–– BRIEF BRIEF (Behavior Rating Inventory of Executive Function). (Behavior Rating Inventory of Executive Function). IDDD, IDDD, 

MMSEMMSE…… ……//…… Barcelona Test II Barcelona Test II -- IDID



BTBT--IIII--ID developmentID development
((PePeññaa--Casanova, Esteba, Novell)Casanova, Esteba, Novell)

Critical ReviewCritical Review…… ID subject needsID subject needs
Pilot Pilot assesmentassesment of subjectsof subjects
Adaptation: modifications, additionsAdaptation: modifications, additions……
FIELD STUDY (Current task)FIELD STUDY (Current task)
–– Recruitment: October 2005: 63 subjectsRecruitment: October 2005: 63 subjects
((Susanna Susanna EstebaEsteba))

Adult version (BT-II): Current recruitment 198 subjects
(Coordinator: Sonia Quiñones)



BarcelonaBarcelona--test II test II –– IDID…… in contextin context

Recruitment: Current status Recruitment: Current status octoberoctober 20052005
Total subjects: 63Total subjects: 63
–– Down S: 30 Down S: 30 
–– PraderPrader WilliWilli S: 17S: 17
–– Fragile X S: 11Fragile X S: 11
–– ((SturgeSturge Weber: 5)Weber: 5)

Mean age: 28.1 years Mean age: 28.1 years (SD 7.7. Range 18(SD 7.7. Range 18--46)46)

ID: mild 57%, moderate: 43%ID: mild 57%, moderate: 43%



Practicality, suitabilityPracticality, suitability

Mean assessment tine (all test included in Mean assessment tine (all test included in 
the project): 5.30 hours (3.5 to 7)the project): 5.30 hours (3.5 to 7)
–– Different days (2 or 3)Different days (2 or 3)

Barcelona test IIBarcelona test II--ID: Mean Time 3 hours (!)ID: Mean Time 3 hours (!)
Practicality. Barcelona test IIPracticality. Barcelona test II--ID: 91.6%ID: 91.6%



Intellectual Disability Intellectual Disability 
ProfileProfile
ResearchResearch
ExperimentalExperimental
ProvisionalProvisional

Floating profile



ConclusionsConclusions, 1, 1

FromFrom moleculesmolecules toto behaviorbehavior: : DistributedDistributed networksnetworks
LesionsLesions: basic neurobiological principle: basic neurobiological principle

Clinical pattern vs. Molecular patternClinical pattern vs. Molecular pattern
Neurodevelopmental Neurodevelopmental vsvs NeurodegenerativeNeurodegenerative

Neuropsychology in contextNeuropsychology in context
Modular neuropsychological assessmentModular neuropsychological assessment

Normality & NormsNormality & Norms
Neuropsychological patterns: coNeuropsychological patterns: co--normingnorming



ConclusionsConclusions, 2, 2

Cognitive approachesCognitive approaches
ModulesModules…… the outcome of developmentthe outcome of development

The The mereologicalmereological fallacyfallacy
Retrogenesis as a modelRetrogenesis as a model

Neuropsychological profilesNeuropsychological profiles…… patterns (Barcelona II)patterns (Barcelona II)
‘‘FloatingFloating’’ norms based on patientsnorms based on patients

ConormingConorming: NEURONORMA.ES : NEURONORMA.ES (MOANS project)(MOANS project)

The Mental Retardation / Intellectual Disabilities projectThe Mental Retardation / Intellectual Disabilities project
(Barcelona II (Barcelona II –– ID)ID)
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