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Advances in TBI Science:   
Acute Effects & Recovery 

TRUE NATURAL HISTORY OF INJURY & RECOVERY 

What Factors Predict Recovery and Outcome? 

Clinical Recovery:   
How long does it take for signs & 

symptoms to recover? 

Physiological Recovery:   
How long does it take for  

the brain to recover? 

+ 
Giza & Hovda, 2010 

Understanding Acute mTBI: 
It Starts at the Beginning 

“mTBI is about what happened to the patient at 
the time of the injury event…and defined by the 
characteristics and course of clinical signs and 
symptoms during the acute period” 
  

James P. Kelly, MD 
Former Director, National Intrepid Center for TBI 

Methods Matter: 
Selection Bias & The Denominator Problem 

All Occurrences of mTBI/Concussion 

Hospital ED Visits/Admissions 

Neuroscience Specialists 

Neuropsychologists 

PCS 

Ongoing Follow-up 

Research Challenges Asc
er
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m
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t B
ias

 

Significant Impact on Epidemiology and Clinical Science of mTBI 

Prospective, Population-Based 

Clinic 
Samples, 

Retrospective 
Studies 
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Sports Laboratory Assessment Model (SLAM) 

Alternative Paradigms for mTBI Research	
  

8 

Evidence-based Injury Assessment,  
Management and Return to Play 

Science Driving Best Practice! 
New Frontiers in the Assessment and Management 

 of Sport-Related Concussion 

“Translational Research”  

Advancing the Science to Benefit all Populations at Risk of mTBI 

Sport 
Concussion 

Civilian 
mTBI 

Military 
mTBI 
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Sports, Civilian and Military mTBI 

Are They Fair Comparisons? 

What Does the Science Tell Us  
About the Natural History of 
Recovery after Concussion?  

Clinical Translation 
1.  Wealth of data on acute 

clinical effects and recovery 
after SRC & mTBI. 

2.  Emerging research on acute 
physiological effects and 
recovery after SRC & mTBI.  

3.  Movement toward an 
integrated, evidence-based 
neurobiopsychosocial model 
of mTBI recovery. 

New Evidence Base to Drive Best  
Clinical Practice & Improve Outcome After MTBI 
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JAMA 2003; 290:2556-2563 

Over 25,000 Athlete Seasons, 2,500+ Concussions Studied 

Symptom 
Recovery 

After 
mTBI 

Not tonight, honey, I have a concussion. 

Symptom Recovery

0

5

10

15

20

25

30

BL CC PG D1 D2 D3 D5 D7 D90
Assessment Point

G
S

C
 T

o
ta

l 
S

c
o

r
e

NCAA Control
NCAA Concussion

Higher score indicates more severe symptoms; error bars represent 95% CI 
McCrea et al., JAMA 2003 

Symptom Recovery
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Symptom Recovery after Sport-Related Concussion 
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How Long Does it Take to Recover? 

Rapid, Uncomplicated Recovery is the Norm 

Rate of Postinjury Recovery  
in HS and College Athletes (n=790) 

Total (%) Cumulative 
Total (%) 

Rapid (< 1 day) 21.1 21.1 

Gradual (> 1 day, < 7 days) 64.3 85.4 

Prolonged (1 week – 1 month) 11.9 97.3 

Persistent (> 1 month) 2.7 100.0 

Rutherford et al., 1979 
•  145 consecutive mild TBI cases admitted to 

hospital in Belfast. 
•  131 followed up at one year, 19 still reporting 

symptoms (14.5%) 
•  8/19 involved in lawsuits, 6/19 suspected of 

malingering at 6 weeks post-injury (overlap of 5) 
•  10/19 pts reporting at least one new symptom not 

endorsed 6 weeks post-injury 
•  No controls (e.g., ortho injuries) 

McLean et al., 1983 
•  11 pts with mild TBI (GCS 13-15) 
•  8 pts with mod TBI (GCS 9-12) 
•  1 pt with severe TBI (GCS=8) 
•  Controls N=52, friends of pts (non-injured) 
•  Groups compared on neurocognitive scores and 

symptom checklist at 3 days & 1 month post-
injury. 

•  No difference in neurocognitive scores, but more 
symptoms in pt group at 1 month. 

15% of mTBI patients still have 
disabling symptoms 1 year after injury 

•  Prospective study of 123 mTBI 
patients, 100 TC’s 

•  Evaluated in ED, follow-up at 7 
days, 3 mos 

•  PCS scale and cognitive testing, 
SF-36, MINI Psychiatric 
screening, HADS, PTSD CL 

•  Elevated PCS scores in mTBI 
group at Day 7, not different from 
TCs at 3 mos 

•  PCS at 3 mos predicted by 
preinjury physical problems and 
concurrent psychosocial factors, 
not by mTBI 

•  Cognitive measures not predictive 
of PCS at 7 days or 3 mos 

Civilian Symptom Recovery 
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Symptoms after 
Military mTBI 

•  298 blast, 92 non-blast mTBI 
patients 

•  NSI and PCL administered 
•  Symptoms higher in mTBI < 1 

mo ago vs. > 1 mo ago, and with 
higher PTSD sx’s 

•  PCS not predicted by 
mechanism or acute 
characteristics of mTBI 

•  Symptom reporting most 
strongly associated with 
emotional distress 

Population-Based 
Studies 

•  Nationally, estimated 
732,805 concussions 

•  0.6% of new concussions 
took > 1 month for 
symptoms to resolve 
(99.4% full recovery) 

•  6.5% of recurrent 
concussions took > 1 
month to resolve 
(93.% full recovery) 

Is Symptom Recovery Really Recovery? 
Performance-Based mTBI Assessment 

It must be a 
concussion.  He 
didn’t get even 1 
question right. 

What is an isosceles triangle?  In 
what year was the Great Wall of 

China built?   
Who invented dental floss? 

Hot Pursuit of Better Signal Detection 
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Cognitive Recovery
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Lower score indicates more severe cognitive impairment; error bars = 95% CI 
McCrea et al., JAMA 2003 

Cognitive Recovery
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p < .001 

Neuropsychological Test Battery:   
No differences beyond Day 7 postinjury 

Cognitive Recovery after Sport-Related Concussion 

• Meta-analysis:  21 studies, 790 
concussions, 2014 controls 

• Acute effects (w/n 24 hrs) 
greatest for delayed memory 
(d=1.00), memory acquisition 
(d=1.03), and global cognitive 
functioning (d=1.42) 

• Overall ES (d=0.49) 
comparable to non-sports 
(d=0.54) 

• No residual neuropsych 
impairment > 7 days postinjury   

SRC: Cognitive Recovery 
2004 

ACUTE (24 HR) 
COGNITIVE 

EFFECT SIZES: 
 

-0.81 (LARGE) 
SYMPTOMS:  

-3.31 
BALANCE: 

-2.56 

Broglio et al., 2008 

2008 
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SUBACUTE  
(14 DAYS) 

COGNITIVE 
EFFECT SIZES: 

 
-0.26 (SMALL) 

SYMPTOMS:  
-1.09 

BALANCE: 
-1.16 

Broglio et al., 2008 

2008 

•   Meta-analysis:  39 studies, 1463 
MTBI cases, 1191 controls 

•   Overall effect of MTBI on 
neuropsychological functioning 
moderate (d=.54) 

•   Acute:  greatest affect on memory 
(d=1.03), fluency (d =.89) 

•   Unselected or prospective 
samples:  No residual NP effects by 
3 mos. (d=.04) 

•   Clinic samples (.74) & litigants (.
78) at 3 mos. 

• Litigation associated with stable or 
worsening cognition   

Cognitive Recovery After mTBI 

Effect Sizes:  0.2 Small, 0.5 Medium, 0.8 Large 
< 0.3 Difficult to detect in individual patients;  
large overlap b/n patients and control group 

Effect	
  
Sizes	
  
(d)	
  

Neurocognitive Effects of mTBI 
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Meta-Analytic Studies and Reviews: 

Frencham, 2004; Belanger et al., 2005; Schretlin & Shapiro, 2005; Broglio et al 2008; Iverson, 2011; Rohling et al 2011 

SYMPTOMS: -3.31   
BALANCE:  -2.56 

Adapted from Iverson, 2011 
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Non-specificity of Neurocognitive Performance 
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Effect Sizes:  0.2 Small, 0.5 Medium, 0.8 Large 

< 0.3 Difficult to Detect in Individual Patients; large overlap b/n patients and control group 

Iverson, 2005 

Truisms in Neurocognitive  
Recovery after mTBI? 

Need to Build  
Better Mouse Traps? 

Trust the Science on 
Recovery? 

•  Neurophysiological basis for 
sx’s & dysfunction acutely 
after MTBI 

•  Maximal sx’s first 72 hrs, rapid 
improvement over 1st week 

•  Lower true incidence of PCS   

•  Persistent symptoms (e.g., 
PCS) often largely related to 
comorbidities or non-injury 
factors  

•  PCS symptoms highly 
nonspecific 

•  Multi-factorial model of PCS 

mTBI Outcome 

“Clearly, the estimate of  
10-20% of patients with 
MTBIs not recoverying  

by 6-12 months  
is much too high” 
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New Frontiers in Brain Injury Science 

How	
  Long	
  Does	
  it	
  Take	
  for	
  the	
  Brain	
  to	
  Recover?	
  

Shenton et al, 2013 

Shenton et al, 2013 

mTBI Clinical Recovery & Outcome 
World Health Organization (2004): 
•  120 “best evidence” studies on mTBI 

prognosis 
•  Symptoms temporary after MTBI, with full 

recovery in days to weeks in overwhelming 
majority of kids and adults  

•  Sound evidence for favorable prognosis 
•  Little evidence of residual cognitive, 

behavioral or academic deficits 
•  Persistent symptoms (i.e., PCS) may be 

attributable to non-injury factors 
(demographic, psychosocial, medical, 
situational factors) (Carrol et al., 2004) 

More overlap 
than 

discrepancy in 
evidence on 
acute effects 
and recovery 

after SRC, 
Civilian and 

Military mTBI 


