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 Introduction 
• Traumatic brain injury (TBI) is a leading cause of death and disability in the 

pediatric age group (“the silent epidemic”) 

• Incidence 

• The worldwide incidence of pediatric TBI ranges broadly and varies greatly by country, 

with most reporting a range between 12 and 489 per 100,000 children (overall rate: 235 per 

100,000) 

• Approximately 475,000 children under 14 years of age sustain a TBI yearly in US 

• More than 7,000 deaths, 60,000 hospitalizations, and 600,000 ED visits annually in US 

• After the age of 3, male children suffered higher rates of TBI than females 

• A bimodal age distribution : very young children (0 ~ 5 years) and adolescents (15 ~ 20 

years) more commonly injured 

• Mild (GCS 13-15) - 70~80%, moderate (GCS 9-12) - ~10%, severe (GCS 3-8) - ~10% 
                                                                                  

 

Keenan HT et al 2006, Shen J et al 2018, Dewan MC et al 2016, Lucht ML et al 2021  



 Introduction 
• Age-related factors and risk  

• Mechanisms of injury vary widely by child 

developmental age 

• Falls (39%) > motor vehicle crashes (11%) > unknown 

causes (5%) > assault (4%) 

• Infants: assault > motor vehicle crashes, falls from 

parents’ arms 

• Toddlers : falls (stairs, furniture, playground 

equipment) > motor vehicle crashes 

• Young school-aged children : transportation-related 

injuries (motor vehicle, pedestrian, bike) > falls 

• Older school-aged children & adolescents : injuries due 

to automobile crashes > unintentional sporting injuries, 

assaults 
                                                                                  

 

Keenan HT et al 2006, Dewan MC et al 2016, Kim HB et al 
2012 



Pathophysiology 
• Children have a relatively large head, weak neck musculature, higher brain 

water content, and lack of myelination 

• Primary injury  

• Impact (contusion, usually focal gray matter injury), deceleration and rotational forces 

(shearing-type injury, usually diffuse white matter injury or at gray-white interfaces) 

• Forces could be more easily transmitted to deeper brain structures as a result of lack of 

myelination and higher brain water content 

• Secondary injury 

• Complications or other events after the initial trauma 

• Hypotension, hypoxia, vasospasm, infarction, prolonged seizure activity, diffuse edema  

resulting in increased intracranial pressure & decrease in cerebral perfusion pressure 

• The amount of damage, rather than its location, is predictive of outcome in 

children of pre-school and school age 

 

 

 

 

Alexander MA et al 2014, Keenan HT et al 2006, Ashton 
R 2010 



 Developing brain 
 

 

 

 

 

Keenan HT et al 2006, Ashton R 
2010 

• During the prolonged period from infancy to late adolescence, brain maturation, in terms of synaptogenesis, synaptic 

pruning and myelination, takes place at different rates in different regions 

• Immature (nonmyelinated) or rapidly maturing brain regions are thought to be more vulnerable to the effects of brain 

injury, thus more at-risk of long-term impairment than those already established at the time of injury 

 The relatively high plasticity of the developing brain could actually have a negative impact on the overall outcome after 

diffuse TBI, especially at a very young age 



 Common motor deficits 
• Although considerable attention has been given to the cognitive and behavioral 

consequences of the injury, less attention has been paid to the ensuing motor 

deficits 

• A wide spectrum of motor deficits : variable nature of the injury + the 

combination of focal and diffuse damage 

• Focal damage 

• Occur from a variety of causes, including gunshot wounds, other foreign-body penetrations 

• Motor deficits may vary according to brain injury loci 

• Unilateral penetrating or focal injury involving motor area hemiparesis 

• Long-term outcomes may be better in focal injuries versus diffuse injuries  

 

 

 

 

 

Alexander MA et al 2014, Kuhtz-Buschbeck JP et al 2003, Rossi C et al 1996, Abdul Rahman RA 
et al 2021 



 Common motor deficits 
• Diffuse damage 

• A constellation of motor impairments  difficulties with balance, coordination, and speed of 

response 

• Despite these impairments, a significant number of children achieve functional mobility 

• Boyer and Edwards et al reported that 79% had independent mobility (46% independent 

walker w/o assistive device, 27% walker with orthosis or assistive device) 

• However, disrupted balance performance and walking ability may persist after TBI in the 

majority of children 

• Tremor 

• Mostly occur after damage to the cerebellum or its pathways 

• More pronounced proximally, increase with effort and movement 

 

 

 

Alexander MA et al 2014, Kuhtz-Buschbeck JP et al 2003, Rossi C et al 1996, Abdul Rahman RA 
et al 2021 



 Common motor deficits 
• Tone abnormalities 

• Muscle tone abnormalities, including spasticity(m/c), dystonia, rigidity, is common  

• Vary depending on the time since injury, the severity of injury, the cause of injury  

• Spasticity (38%), combined spasticity and ataxia (39%) of children and adolescents 1 year 

after injury 

• Rigidity or dystonia : especially common in secondary injury to hypoxia or ischemia 

• Lead to long-term impairments of motor proficiency 

• Persisting impairments of upper-limb function and visuomotor control in 

children after severe TBI have been noted 

 

 
Alexander MA et al 2014, Kuhtz-Buschbeck JP et al 2003, Rossi C et al 1996, Abdul Rahman RA 
et al 2021 
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Motor outcome in very young children 
 

 

 

 

Keenan HT et al 
2019 

• Prospective cohort study of 123 children injured before 31 months old with TBI vs 45 orthopaedic injury (OI, control) 

• Mild (n = 48), complicated-mild or moderate (n = 54), and severe (n = 21) TBI groups 

• Children with mild or complicated-mild/moderate TBI generally remained on developmental track 

• Compared to OI, children with severe TBI tended to have a negative developmental trajectory with decrements in gross motor (-
15.2; 95% CI, -21.1, -9.19) domains 12 months post-injury 

 



Motor outcome in children 
 

 

 

 

Beretta E et al 2018 

• Retrospective data from 496 patients (aged 0–18 years) with severe ABI admitted for rehabilitation during a 5 
year follow-up 

• Admitted for rehabilitation 59 days after the ABI event on average 

• Mean length of stay during the first admission : 120 days 

 



Motor outcome in children 
 

 

 

 

Beretta E et al 2018 



Motor outcome in children 
 

 

 

 

Beretta E et al 2018 



Motor outcome in children 
 

 

 

 

Beretta E et al 2018 



Gait outcome 
 

 

 

 

Beretta E et al 2009 

• Fourteen children with hemiplegia after severe TBI ((range: 4–12 years) were evaluated at independent gait recovery (S0; range: 

0.7–2.8 months) and 5.5 months later (S1) by clinical assessment (GOS, DRS, WeeFIM and GMFM) and 3D GA (spatio-temporal 

parameters, kinematics and kinetics) 



Gait outcome 
 

 

 

 

Beretta E et al 2009 

• Patients with TBI at first evaluation (S0) were characterized by normal duration of stance phase, shorter anterior step 

length, lower velocity of progression, wider step width and reduced cadence 

• At S1 evaluation, velocity and step length improved 



Gait outcome 
 

 

 

 

Beretta E et al 2009 

• In S1, an unchanged condition appeared at pelvis and hip in sagittal plane with a worsening of hip rotation which increased its internal rotation in respect 

of S0 

• In S0, the patients generally exhibited excessive plantarflexion at initial contact and reduced ability in dorsiflexion during stance and swing phase, 

• In S1, a significant improvement in the ankle position at initial contact and in terms of ability in dorsiflexion in the stance & swing phases 

• In S1, the maximum of generated ankle power improved significantly, exhibiting better propulsion ability at the end of the stance phase 



Gross & fine motor outcome 
 

 

 

 

Kuhtz-Buschbeck JP et al 2003 

• Twenty-three children (range: 4–15 years) with 

moderate to severe TBI over five months of inpatient 

rehabilitation 

• Brain injury had been severe (initial Glasgow Coma 

Scale GCS<8) in 17 children and moderate (GCS 8–10) 

in 6 children 

• In most cases the muscle power was reduced, but active 

movements against gravity and slight resistance were 

possible 

• General muscle tone was increased in three and 

decreased in four children 

• Coordination deficits, reduced movement quality (e.g. 

dysdiadochokinesia, dysmetria), and impaired balance 

were typical neurological soft signs, found in 18 of 23 

children 



Gross & fine motor outcome 
 

 

 

 

Kuhtz-Buschbeck JP et al 2003 

• Compared with healthy control children of the same age and sex, repeated gait analyses in ambulatory children with brain 

injury showed significant reductions of velocity, stride length, and impaired balance 

 



Gross & fine motor outcome 
 

 

 

 

• Velocity, stride length, and cadence improved 

significantly, whereas the decrease of the step width 

was non-significant   

• Most changes took place during the first two months of 

follow-up 

• The step cycle duration was longer in children with 

brain injuries than in controls (p<0.05), with a 

lengthened absolute and relative (percent of step cycle) 

time of double limb support 
Kuhtz-Buschbeck JP et al 2003 



Gross & fine motor outcome 
 

 

 

 

Kuhtz-Buschbeck JP et al 2003 

• Children with brain injuries inserted less pegs in the Purdue Pegboard test and needed more time to complete the 

Developmental Hand Function Test than the matched controls 



Gross & fine motor outcome 
 

 

 

 

Kuhtz-Buschbeck JP et al 
2003 

• Despite significant recovery, 

considerable deficits in fine 

motor performance persisted at 

the end of the follow-up period 

 Despite significant 

improvements, differences in gait 

velocity, stride length, and hand 

function of children with brain 

injuries and controls were still 

present about 8 months after TBI.  

 Hand motor skills improved less 

than gait 



Gait & fine motor outcome 
 

 

 

 

Kuhtz-Buschbeck JP et al 
2003 

• Twenty  children (range: 6-13 years) with moderate to severe TBI were examined 1±1.2 years postinjury 

• Gait velocity and step and stride lengths were significantly smaller in children after TBI than in control subjects 

• The intraindividual variability of the asymmetry index was higher in the TBI children than in the control subjects, indicating 

a less stable symmetry of the left and right step lengths  

• The step length tended to be more variable, and foot rotation angles were somewhat increased 



Gait & fine motor outcome 
 

 

 

 

Kuhtz-Buschbeck JP et al 2003 

• Reaction time and movement duration were prolonged, hand velocity was reduced, 

and the intraindividual variability of the movement time was higher in children with 

TBI than control subjects 

• Furthermore, the patients opened their hands wider while reaching out for the object 

• The TBI children needed more time to complete a bimanual fine-motor task than did 

the control subjects 

• Kinematic profiles (fig 3) were used to assess the coordination between reaching and 

shaping of the grip. Irregular patterns, indicating coordination deficits, were found in 

7 TBI children  

 



Gross & fine motor outcome 
 

 

 

 

Chaplin D et al 1993 

• Fourteen traumatically brain-injured children (5-15 years old) at least 16 

months after injury 

• Highly significant differences were found between groups on the Gross Motor 

Composite. Although no significant differences were found on the Fine Motor 

Composite 

• On all subtests in the gross motor area, the normal group performed 

significantly better than the TBI group. In addition, a highly significant 

difference was found between the two groups on one fine motor subtest, 

Upper-Limb Speed and Dexterity 

• This is consistent with previous research in neuropsychology, which has 

demonstrated problems in speeded motor performance of children with brain 

injuries. 

 



 Motor outcome  
• Children with moderate to severe TBI have a wide range of motor deficits, rep

orting high incidence of spasticity, ataxia, abnormal gross and fine motor funct

ion, and delayed motor milestones 

• Delayed motor milestones appear to greater in infants and young children than 

other developmental ages 

• In general, children show fewer functional deficits (inability to walk or perform 

self-care) than neurologic or motor impairment, suggesting somewhat favorab

le motor recovery 

• Children show long-lasting deficits in the areas of motor performance abilities, 

especially those related to speed and precision of performance 



 Case 
• M/4세 2개월 

• 2016.6.6 오후 9시 30분경 3층 높이에서 떨어진 채 발견되어 119통해 응급실 내원

하였고 내원 당시 환아 의식 drowsy한 상태로  GCS 5 체크되었음 

• Rt. ear bleeding 동반되었으며, brain CT상 traumatic ICH, SDH, IVH in Rt. 

Cerebral hemisphere and cerebellum with multiple comminuted skull fracture 

소견 보여 신경외과 입원하여 craniotomy & SDH removal op 시행받았음 

• 2016.6.9 bedside PT 의뢰되었음  

• 2016.6.28 active PT 시행하였음 

• 2016.7.5 포괄적 재활치료 위해 재활의학과 전과되었음 

 



 Case  
• P/Ex> 

• M/S : drowsy 

• Obey command (-) 

• MMT: Rt upper & lower extremities generally F grade 이상  

             Lt upper & lower extremities generally P grade 

• Sensory: pain response (+) 

• Tone: normotonous on all extremities 

• DTR : BJ(++/++) TJ(++/++) KJ(++/+++) AJ(++/+++)  

• Functional level  

   - Side rolling : (+/+)  

   - Come to sit : maximal assist 

   - Sitting balance : static & dynamic poor 

   - Sit to stand : total dependent 

   - Standing balance : static & dynamic poor  

   - Gait : total dependent 

• ADL: total dependent  



• Progress> 

• 2016.7~ 2018.2 본원 재활의학과 입원 재활치료 시행하였음  

• 입원기간 동안, 

• 좌측 상지 근력은 G grade, 하지 근력은 F+ ~ G grade 정도로 호전되었으며, Lt. ankle MAS 1 소견 관찰되

었음 

• Gross motor: self gait 가능한 상태로 호전되었으나 Lt hemiparesis & ataxia로 인해 gait velocity 저하, 

step length 저하, step width 증가, step length 와 step width의 variability 증가 소견 보여 보행장애 및 균

형능력 저하 소견 지속적으로 관찰되었음 

• Fine motor: Lt. hemiparesis & dysmetria, Lt homonymous hemianopsia로 인해 과제 수행시 visuomotor 

coordination, speed, dexterity 저하 소견이 지속적으로 관찰되었음  

• 2018. 2 환아는 퇴원 후 통원 재활치료 (PT, OT, ST) 지속하면서 초등학교 병설 유치원 통합반 입학

하였음 

• 2019.3  환아는 통원 재활치료 지속하면서 일반 초등학교 통합반 입학하였음 

 Case  



 Case  
• Evaluation> 
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 Case  
• Evaluation> 

• Bayley scale III – developmental age 

 
2016.10.24 (5mo post-injury) 2017.1.26 (8mo post-injury) 

Cognitive 40-42 months Cognitive 40-42 months 

Language   
  - Receptive >42 months 
  - Expressive 35 months 

Language   
  - Receptive >42 months 
  - Expressive 40-42 months 

Motor   
 - Fine motor Lt. 24 months/ Rt. 37-39 months  
    (양측 수행능력을 따로 평가하였음) 
 - Gross motor 14 months 

Motor   
 - Fine motor >42 months  
    (양측 수행능력을 따로 평가하지 않았음) 
 - Gross motor 18 months 

• 9-hole pegboard test 

2016.7.6  
(1mo post-injury) 

2016.8.31  
(3mo post-injury) 

2017.9.29  
(16mo post-injury) 

2018.2.23  
(21mo post-injury) 

Dominant Rt. NT Dominant Rt. NT Dominant Rt. 48초 27 Dominant Rt. 57초 71 

Non-dominant Lt. NT Non-dominant Lt. NT Non-dominant Lt. 4분 41초 63 Non-dominant Lt. 2분 45초 20  



 Summary 

Wide range of 

motor deficits 

Persisting 

deficits on speed 

and precision of 

performance 

Assessment & 

rehabilitation strategies 

considering motor 

performance and age-

appropriate 

developmental motor skill  



경청해 주셔서 감사합니다. 


