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Overview

How various regions of the braln contribute to
thinking skills G

How brain injury can impact thinking skills
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How we evaluate thinking skills in
neuropsychology
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What is cognition?

Frontal |0b Parietal lobe

Visuospatial
SIS

Executive

Function

Occipital

lob
o°e Seeing
Memory & Language
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How does our brain produce
cognition?

Neurotransmitter Neurotransmitter
released into synapse attached 10 receptor

Neurotransmitter Enzyme that destroys

stored in vesicles neurotransmitter
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Cognition requires Neuronal Network
Activation
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The Brain as a Symphony
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What happens if we disrupt the
flow of information in the brain?

Coup inju Contrecou .
Py nuy  Disrupted neuronal
g —— communication
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Concussive injuries can damage
neurons

Primary damage to neurons
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Concussion as a network brain
Injury

Depressed .4
brain —#

brain |{

Brain
chemical

Brain
chemical
receptor
Normal brain chemical Change in brain chemical
movement between movement interferes Wltl’l
nerve cells nerve cell communication
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Concussion as a network brain
Injury

Analysis https://doi.org/10.1038/s44220-025-00503-6

Seed-based network map Coordinate-based network map

Right Left

Insula
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Concussions are multi-faceted

Sleep Mood swings
problems

Headaches
following
over-excertion

Concentration
difficulties

Lack of
initiative
Irritability

Diurnal

variation Long recovery

time

Mental fatigue

Sensitivity to
light and noise Slowness of

Unusually rapid thinking

drain on
mental energy

e Memory problems
Sensitivity

to stress
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ok OPEN.

Original Investigation | Physical Medicine and Rehabilitation

Factors Associated With Persisting Symptoms After Concussion
in Adults With Mild TBI

A Systematic Review and Meta-Analysis

Samantha 1. Mcintosh, BHSC: Melanie H. Vergesr, M5c; Jean-bMachel Galarmeau, PRD; Paul H. Ekxson, PhiD; Chamted T. Debert, MO, M52

Predictors of Persisting Symptoms After Concussion (illustrative)

MVC mechanism - : °
|
|
Loss of consciousness — : °
|
|
Female sex — : ]
|
|
High acute symptom burden — : .
|
|
Preinjury mental health : .
T T T T T
1.0 1.5 2.0 2.5 3.0

Adjusted Odds Ratio (AOR)
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Physical ==============-

Headaches
Dizziness
Nausea
Vomiting
Balance issues
Vision problems
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Post-Concussion Syndrome Symptoms

Persistent post-concussive syndrome occurs when symptoms
continue for three months or more after the injury.
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Cognitive **

Brain fog

Slow thinking
Concentration issues
Memory lapses
Easily confused
Slowed responses

** Emotional/
Psychological

Irritability

Apathy or malaise
Nervousness or anxiety
Depression

Mood swings
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Drowsiness

Sleeping too much

Sleeplessness

Difficulty falling asleep
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What type of thinking skills can be
impacted?

Sustaining attention
Slowed thinking speed

Reduced cognitive stamina

Frontal lobe

Learning new information

Multi-tasking

_ >/ occipital
lobe

Word finding

Mental flexibility
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Executive Function

Parietal lobe

Occipital
lobe
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How do we assess thinking skills?
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Reasoning and Problem Solving
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Reasoning and Problem Solving

If a train leaves at 7am from
Oshawa traveling at 90
km/hr for 110 km to
Mississauga, when will it

° arrive?
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Attention span

+ + +

CANADIAN
\\Q CONCUSSION
<}/ CENTRE




Attention Span
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Working memory

27... 33... 49... 17...
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Working memory
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Multi-tasking
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Inhibition

Clapping Test
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Processing Speed

Instructions:
Fast Reactions Test When you see GO!
press the SPACE BAR
as quickly as you can.
How fast can you react?
Use a finger on your writing hand.

Click here for instructions

» Click here to continue
- i

GOl
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Memory processes

Encoding Retrieval
Storage

CANADIAN
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piano
loafers
mud
plastic
trombone
sandals

A
o
2F

{ CANADIAN

CONCUSSIONN
CENTRE , ﬁw



Recall Memory Test
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Recognition Memory Test

1. Was grass on the list? Yes or no?

2. Was accordion on the list? Yes or no?
3. Was sandals on the list? Yes or no?
4. Was trumpet on the list? Yes or no?
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Visuospatial Learning

X
@

/ CANADIAN
5334 CONCUSSION
) CeNTRE.




Visuospatial Recall
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Visuospatial Recognition
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What do you call it?
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Nuts and Bolts of a
Neuropsychological Assessment

* Clinical Interview: understanding your perspective

-

* Neuropsychological Testing: across cognitive domains

* Feedback: communication of strengths and weakness,
implications for referral question, and strategies
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Comparing individuals to themselves
& the population...

Standard Scores

Average

High
Average

Lonar
Average

Very
Loy
Extremely

Exitreanely
/ High

Lo

Index I T T 1 T T T T
Scores 40 S0 6 T B0 Ol 101 10 120 130 T 150 160

T | T | T
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UH

Profile of Cognitive Strengths
and Weaknesses

Executive

Memory

Speed

Attention

Visual

Canada’s
Hospital
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# Impaired

Below Average

Average

Above Average
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# Superior
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The Neuropsychological Approach

- Comprehensive intervievi Larey

* Hypothesis-driven tests, comprehensively assess domams

Attention Span JR— Learning Test
A = = 6ze37M5a
+ 4+ 4 P04 R2Y9 h banjo trumpet
(|+| X 6zc 3 M5a s
P IO l* R 2 i LJ ,9 h piano milkshake
10 6zec 3 M5 a gori civs
P |O [} R o ‘J 9 h dog monkey

» Cognitive profile integrated with medical investigations to
inform diagnosis + prnnnnecic

Profile of Cognitive Strengths and Weaknesses
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Common challenges

e Cultu re/LangUaé.

- High Baseli CN 3

* The Testing Environment/One Test Challenge

,Q“

w/

* Serial screening t% =1 = ===
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How do we handle the challenges?

+ Culture/Languac

» High Baseli ‘& 3

* The Testing Environment/One Test Challenge

Q_\

w/

* Serial screening t% =1 = ===
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Furpose or neuropsycnoiogy
assessment in persistent symptoms
of post-concussiop. ...

u u ; CCIpita
* Diagnosis , ne %=

» Does pattern of cognitive strengths and weaknesses fit with
other information (e.g., MRI, EEG, medical history)?

» Are secondary factors impacting thinking skills?
* e.g., mood, sleep disruption, fatigue, pain

* |dentifying modifiable targets

* Prognosis

ity to return to work/activity, track recovery,

aaaaaaaa
Hospital
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Persistent Post Concussion
Symptoms

« Up to 30% of individuals will experience persisting
symptoms

* Why is a clinical interview and detailed history so
important?
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Imaging variables

Structural abnormalities

Quantitative volumetrics

Diffusion imaging

Cercbral blood flow/ Cercbrovascular activity
Task based functional MRI

Magnetic resonance spectroscopy
Positron emission tomography
Functional near infrared spectroscopy
Multimodal MRI

Non-imaging variables
Neurophysiological

Fluid biomarkers

Vestibular/balance measures
Visual/ocular measures

Motor control measures
Respiratory/vascular measures
Cognitive tests

Rating scales

6 B 10
Number of studies

=
[ )
F-9

Acceptable m Unacceptable

Figure 2 Risk of bias rating by outcome category. Studies could report outcomes in several categories. None of the included studies were assessed
to be ‘high quality’.
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Imaging variables

Structural abnormalities (n=1; 0/10)
Quantitative volumetrics (n=26; 12/88)
Diffusion imaging (n=27; 14/43)

Cerebral blood flow/ Cerebrovascular activity (n=23; 6/27)
Task based functional MRI (n=39; 21/135)
Magnetic resonance spectroscopy (n=20; 4/20)
Positron emission tomography (n=9; 3/18)
Functional near infrared spectroscopy (n=8; 1/8)
Multimodal MRI (n=54; 13/54)

Non-imaging variables

Neurophysiological (n=11; 9/19)

Fluid biomarkers (n=16; 14/62)
Vestibular/balance measures (n=41; 15/84)
Visual/ocular measures (n=16; 17/52)

Motor control measures (n=26; 4/52)
Respiratory/vascular measures (n=6; 4/6)
Cognitive tests (n=26; 20/91)

Rating scales (n=24; 37/82)

UHN &55°
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10%

m Difference

20%  30%

® No Difference

40%

50%

60%

70%

Yeates KO, et al. Br J Sports Med 2023;57.780—-/88
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Conclusions
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Systematic review

Examining later-in-life health risks associated with
sport-related concussion and repetitive head impacts:
a systematic review of case-control and

A cohort studies

Grant L Iverson @ ,"**%> Rudolph J Castellani,® J David Cassidy,” Geoff M Schneider®
Kathryn J Schneider ,g Ruben J Echemendia ,m'” Julian E Bailes,
K Alix Hayden,'* Inga K Koerte @ ,"'®17 Geoffrey T Manley @,
Michael McNamee,®?° Jon S Patricios @ ,%' Charles H Tator @ 2%
Robert C C:—mtu,”"25 Jiri Dvorak ® %8

12,13
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Table 2 Surmmnary of findings from stedies of former anatewr axhlotes
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Table 3 Sermary of findings hom studies of former profecsional American foahal plagers

Sgreticant.
Stacy Courry W Gy Age [T Tapie'Outcame gk
S A 200! cohartx3729 of Toctzad - Coecsmxrs Setewwen 2001 and NG W% wulreew
which NIk comglesnd  INPU rpories » chageas of degwusan
the zatvey 1044 Wk Crwater CONTLAMST Aatory BEAC Lated
corpiete decs 1 010 with gremer sk for depaesion (ng,
3.0% 2 Shour mtth no price corEUGIaT
and 20 0% = thow wh YW« pricx
concusssaw |
Bttt A Motz el focted  AgemI0OL: Whopormd  Oopewmoo cot gease tue grweal VeSrne
which 538 comgieted o  |MFL) MRS DR 1), oecssarn pepdaron. Fryseal Srctioneg tevd
wrwy 130 St resats Agmron. svermp s od ey wone fur grwrad popadeson arg
b X 0 2019487 paiopaon deciom 2 awaral ncioe succiewd
wth dpvnn Yrpoen of depremen
scciged Wi geaet CrOaken
hecovy, b oot pean of pertopatice
' Denednarwtaf'  1HA 194N ool Cohont twgesd3-T0 Szt ALS o comece n koome WL playm. Swlemes
JRALS covm ney ALY age of dmeoah paticpation than growrsl Joputoy e acsoosted
W14 Wella wth 2 langer caeme.
Erusk et o’ WA e footad  Age & ceetc Wi Fapetter Sead  Repenow Swad s (e, plapee e
JU3 deatmy ey WL apecty deved  povinon| snocasted weth greser ol
o saywsy camte mortd®y.
peatre avd
carmer Curster
WCJ" A NILLI41T, 51T deuth ootk Age # dewts Sorn forrer WL piayws had geste inew
ML 2708 417 seatin ey MLNLL D132 peticpeon rESTCOGEWINTY Olesw TIALY
MALE Mc8a (2.9% of forrwe WL gy 29640 ))
0122 and 3 7% of formee MLS plageny
BT Sencdde vas ot vgpahoasthy
Proader i barwwee NPL glayen {110517;
21N compewd with foower NLS
phapeny (431 1T%1
L LaA 3472, 138 deathn foctal  Alceatr M3 Sk e ™
ey Crge:27-81 peticpeon doonders and ascikde i foever NP wulue
phapen crvpased wrth man = e
prard podaece Ne dfinwrcs »
dewaum =f e revod wyrem arcd yerse
LT
Usshea™ HA BI7% 127 deatns foethal Ardesh M3 Soom lower ok of oy o memtel R0
ey Qrge 13-81 pasicpaon chorden: ane wackde nrvtee ML Yeullene
plapony’ Ko ¢%etwrce in Gumne ! tw
[P T 3422, 437 deathn fettad AR “om formee WL gheyers e kedp o e Sendlenee
Ny paticpeuon Ao @ e of Seath than e
Fa e goerers prpsieian
memersd™ HA MR Tetal WS4 sitesd | Spott 00 Meuskgeenow dasse motdty  Swlees
334 death L oY) PamCRLOn A NIM death, 4 Y5 pamardy \/\
demertas ard ALY, grvater bn barmee WL Q
s ae P T omrr TS o _ Peen e tegewdpondes. 5N
AL smvyrropes Lemeel sckeesea; W mea VIO e cogreswe srpurees W meches; VIS, Viagor Leagrae Santialt, KA, 7ot svadtsie: NI, Nasor s Poctbedl Laugue AR, rat Y77

v ed _—

CANADIAN
CONCUSSION
CENTRE

Research | Diagnosis | Solutions



: /i CANADIAN
Canada’s
UH Hospital SJ\_\}‘}‘ CONCUSSION
7)) CENTRE

Research | Diagnosis | Solutions



Risks Later in Life

lverson GL, Castellani RJ, Cassidy JD, et al
@ng later-in-life health risks associated with spori i ey,
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Treatment
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Inclusion Exclusion

History of ABI * Aphasia/dysarthria/communication
disorder that would affect participation in

>6 months post-injury. an online group.

Insight into diagnosis and symptoms. e Active psychosis or mania.

>17 years of age, fluent in English, basic
computer literacy.
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Treatment Description

Executive function treatment (reducing attentional slips, improving planning and

Goal Management Training ..
organization)

* A psychological intervention focused on developing skills and strategies to manage

Cognitive Behaviour Therapy .
emotions.

* Education and meditation practices that promote present-moment awareness and

Mindfulness Skills Training .
increased self-awareness.

Concussion Education and * Novel module (synthesis of current guidelines) for individuals with a mild traumatic
Symptom Management brain injury and persistent symptoms.

*  Education/psychotherapy for individuals with high tension, anxiety, and distress, and

Relaxation Skills . . . .
seeking strategies to help manage overwhelming emotions.

Group format (n=7 to 9 per group), facilitator-led;
patients connect from home via secure video-
conferencing; protocol adapted for remote delivery.
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Questions
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EXTRA SLIDES
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Memory processes

Encoding Retrieval
Storage

CANADIAN
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Memory Strategies

What do you do when you are
trying to remember something?
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Memory Strategies

1. Be strategic
2. Be creative
3. Be organized

Lovelace & Twohig (1990). ﬁgguggggrw

Bulletin of the Psychonomic e




Memory Strategies

Do an experiment with numbers.
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Memory processes

Encoding Retrieval
Storage
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Memory processes
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Memory Strategies

« Make new information meaningful!
» elaborate and rich

« Use all of your senses
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-banjo
-hamburger
-gorilla
-trumpet
-cat

-chips

Test Ourselves!

-soda
-piano
-dog
-guitar
-milkshake
-monkey
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Can we create our own memory
palace?
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Memory Strategies

« The role of attention (Gold & Park, 2009)

o

 Write information down

* Practice good habits!
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Retrieval Practice

« Powerful learning
strategy

el

Memory processes

Encoding Retrieval
Storage
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Memory Strategies

External memory aids

« (Calendar/ Lists / Notes

Internal strategies
« Attention “see it, and say it”

* Meaningful Encoding

» Elaboration, personalization, acronyms, mnemonics
(memory palaces), etc.
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Goals of Strategies

* Increase knowledge about practical and effective memory
strategies.

* Increase use of targeted strategies in everyday memory
situations.

» These strategies take time to learn. But with practice, they can
be incorporated into your life!
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Factors Affecting Memory

« Medical disorders & diseases
* Medications

« EXxercise

* Diet

« Stress and relaxation

« Thinking activities
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Neuroplasticity

* Neuro = brain
» Plasticity = able to be remolded

« MAY EXPLAIN WHY THESE THINKING ACTIVITIES HELP US
STAY SHARP AS WE AGE!!
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Holistic Approach to Aging — The
Mind & Body




Lifestyle - Exercise

 Acute effects:

» Immediately after exercising, learning and memory are
enhanced.

> This is a short-term effect.

* Long-term effects:
» Exercise lowers risk of heart disease and stroke.
» Neurogenesis, nerve health, reaction time, etc.
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Lifestyle - Diet

« Adequate nutrition and vitamins

« High fat and cholesterol
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Lifestyle - Stress

e Cortisol is released.
« This affects the brain and memory.
 This effect is reversible.
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» Relaxation techniques:

>

>
>
>

Lifestyle - Relaxation

Deep breathing
Visualization

Progressive muscle relaxation

Meditation http://www.busym

editator.com/blog
/
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Lifestyle — Thinking Activities
* Involvement in intellectually-demanding activities correlates
with:
»  better cognitive abilities
» lower rates of dementias such as Alzheimer’s disease
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Lifestyle - Thinking Activities

Working or volunteering
Playing bridge or chess

Doing crossword puzzles/
sudoku

Reading books
Learning a new language

Traveling
Playing a musical instrument
Singing in a choir

Attending theatre, symphony,
lectures

Visiting museums
Socializing
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Holistic Approach to Aging — The
Mind & Body




Key References (PPCS)

e McIntosh SJ et al. JAMA Netw Open. 2026 — adult risk factors for persisting
symptoms.
e Rose SC et al. Pediatrics. 2026 — early childhood persistence and predictors.

e Mollica A et al. Nature Mental Health. 2025 — network (salience/DMN) meta-
analysis.

e Cornfeld D et al. Neuroradiology. 2026 — dSIR “whiteout” sign in symptomatic
TBI.

e Sassani M et al. Brain Communications. 2025 — MRI roles and biomarkers in
mTBI.

e Smith A et al. Neuropsychological Rehabilitation. 2025 — psychological
interventions (CBT strongest).

e APA Clinical Neuropsychology (2024) — behavioral health interventions for PPCS.

e Rioux M et al. BMJ Neurology Open. 2024 — CBT for functional cognitive
disorder after concussion (feasibility RCT).
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