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RESUME

Malgré l'attention grandissante que regoit le phénomeéne du traumatisme cranio-cérébral léger
(TCL) au sein des champs médicaux et de la readaptation, une controverse persiste quant aux
conséquences laissées par ce type de traumatisme. Chez les enfants, des déficits moteurs et
psychosociaux potentiels associés au traumatisme pourraient avoir un impact sur leur
participation ultérieure aux activités physiques. L'objectif de ce projet était principalement
d'examiner les capacités d'équilibre et de temps de réponse d'un groupe d'enfant ayant subi un
TCL au cours d'une période de 12 semaines suivant le traumatisme et de les comparer a celles
d'enfants non-blessés pairés pour I'age, le sexe et le niveau pré-morbide de participation aux
activités physiques. Un objectif secondaire était de déterminer si les enfants ayant subi un TCL
maintenaient, 12 semaines post-trauma, un niveau d'activités physiques, une perception de leur
compétence athlétique et un niveau d'efficacité personnelle comparable a ceux de la période pré-
traumatique. Quarante enfants ayant subi un TCL et quarante enfants non-blessés, recrutés
parmi les amis des enfants TCL, furent recrutés pour ce projet. Les enfants avec TCL avaient été
hospitalisés pour une période d'observation d'une durée de quelques heures, avaient un score
moyen a l'échelle de coma de Glasgow de 14,8 et étaient considérés normaux lorsqu'évalués
selon une évaluation neurologique habituelle. Les évaluations de l'équilibre et des temps de
reponse étaient effectuées 1, 4 et 12 semaines post-TCL tandis que celles mesurant le niveau de
participation aux activités physiques, la perception de la compétence athlétique et l'efficacité
personnelle étaient faites le jour suivant le trauma et reprises 12 semaines post-TCL. Les
évaluations des enfants du groupe contréle prenaient place a des intervalles équivalents. Les
mesures utilisées incluaient des outils d'évaluation divers cherchant a illustrer les performances
globales dans les domaines de I'équilibre, des temps de réponse et de l'activite physique. Les
resultats principaux révélerent que les enfants ayant subi un TCL présentaient des performances
initiales moindres pour 'équilibre et les temps de réponse que les enfants contréles. Celles-ci
s'amélioraient au cours de la période de 12 semaines mais demeurait diminuées pour quelques
unes des mesures. Par ailleurs, a 12 semaines post-trauma, les enfants avec TCL avaient repris
un niveau de pratique des activités physiques similaire a celui avant le TCL et maintenu leur
perception de la compétence athlétique mais présentaient une diminution de leur efficacite

personnelle pour la pratique des activités physiques. Les résultats sont discutés en relation avec



les recherches récentes et des perspectives pour les avenues de recherche futures sont
suggerees.
Mots clés: traumatisme cranio-cérébral léger, enfants, équilibre, temps de réponse, activités

physiques, efficacité personnelle



SUMMARY

Despite the increased attention mild traumatic brain injuries (mTBI) have received in the
rehabilitation and medical fields, significant controversy remains as to the extent of the sequelae
resulting from such an injury. This is especially the case for children who sustain mTBI, for whom
the potential motor and psychosocial disabilities associated with the injury may have an impact on
their future participation in physical activities. The main purpose of this project was to examine
the balance and response time performances of a group of children who had sustained a mTBI
over the first 12 weeks following the injury and to compare the performances to those of a group
of non-injured children matched for age, sex and premorbid level of physical activity. A secondary
objective was to determine whether children who sustained a mTBI practiced their physical
activities 12 weeks after the injury with the same level of self-efficacy and of perceived athletic
competence as prior to the injury. Participants were 40 children who had sustained a mTBI and
40 non-injured children, recruited among the friends of the injured children. Children with mTBI
had been admitted to hospital for an observation period of several hours to an overnight stay, had
a mean GCS of 14.8, and were considered normal on a standard neurological assessment at
hospital discharge. Assessments of balance and response time were conducted at 1, 4, and 12
weeks post-mTBI while the administration of the questionnaires concerning the physical activity
level, perceived athletic competence and self-efficacy took place on the day after the injury and
again 12 weeks later. Assessments were conducted at corresponding time intervals for the
control children. Various measurement tools were used too provide a global portrait of the
children's performances in the balance, response time and physical activity domains. Results
revealed that the mTBI children presented with decreased performances in balance and response
time initially. Their performances improved over the following 12-week period but did not return to
levels comparable to those of the control group for some measures. As well, at 12 weeks post-
trauma, mTBI children had returned to their premorbid level of physical activity participation and
had maintained their perceived athletic competence but presented with decreased levels of self-
efficacy related to the practice of their physical activities. Results are discussed in relation to the
literature and directions for future research are suggested.

Key words: mild traumatic brain injury, children, balance, response time, physical activities, self-

efficacy
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CHAPITRE 1
INTRODUCTION

Les travaux rapportés dans cette thése ont pour principal objectif I'étude des conséquences
motrices d'un traumatisme cranio-cérébral léger (TCL) chez l'enfant et les relations du TCL avec
une habitude de vie, soit la participation aux activités physiques. De maniére plus particuliére,
nous avons voulu documenter ['évolution de capacités spécifiques: I'équilibre, les temps de
reponse visuo-motrice, l'efficacité personnelle reliées aux activités physiques et la compétence
athletique pergue aprés un TCL et, étudier le retour aux activités physiques habituelles suite a ce

traumatisme.

Deux constats principaux ont motivé l'entreprise de ces travaux et I'étude particuliére de ces
domaines. D'abord, certains enfants ayant subi un TCL expriment de maniére anecdotique des
insatisfactions lors de leur retour aux activités physiques habitueiles. Ces insatisfactions sont de
l'ordre de performances moindres qu'avant le traumatisme ou de sentiments que "quelque chose
ne va pas". L'intérét pour le retour aux activités physiques suite au TCL prend donc assise dans
ces evidences anecdotiques. Celui-ci sera abordé du point de vue de la participation aux activités
physiques en période post-traumatique mais aussi en examinant des capacités psychosociales
lites a la pratique des activités physiques soient l'efficacité personnelle et la compétence
athletique pergue. Dans un deuxiéme temps, une étude exploratoire auprés de cette clientéle
(Gagnon et coll., 1998) révélait la présence d'incapacités d'équilibre et de temps de réponse
visuo-motrice lors d'une évaluation unique au cours de la période post-traumatique immédiate
(deux semaines post-TCL). Une étude plus particuliere de I'évolution des performances des

enfants dans ces deux domaines méritait donc aussi une attention certaine.

L'entreprise de tels travaux et I'interprétation des résultats obtenus sont facilitées lorsque situées
dans un cadre conceptuel approprié. Le Processus de Production du Handicap (PPH)
(Fougeyrollas et coll., 1991, 1998), étudie les interactions entre les individus et leur
environnement pour évaluer leur degré de réalisation d'habitudes de vie socialement valorisées et
librement choisies compte tenu de I'age, du sexe et de lidentité socioculturelle d'un individu. Le

PPH définit les handicaps (limitations dans les habitudes de vie) en utilisant la définition du comité



[

québécois sur la classification internationale des déficiences, incapacités et handicaps (CQCIDIH)
selon laquelle |a réalisation ou non d'une habitude de vie résulte de linteraction entre les facteurs
personnels d'une part et les facteurs environnementaux d'autre part. La figure 1 schématise les
différentes dimensions de ce modéle conceptuel. Dans le cadre de ces travaux, une situation de
handicap quant a la participation aux activités physiques résulterait d'une interaction défavorable
entre des facteurs personnels (déficiences du systéme nerveux causées par un TCL et
incapacités motrices ou psychosociales), et des facteurs environnementaux reliés a la pratique

des activités physiques.

Facteurs de risque

Cause
Facteurs personnels Facteurs environnementaux
Systemes Aptitudes Facilitateurs
organiques  <q—p  Capacités Obstacles
Deéficience Incapacités

INTERACTION |}

Habitudes de vie

Situation de handicap

Figure 1: Cadre conceptuel du Processus de Production du Handicap.

La présente thése est divisée en quatre grandes parties. La premiére s'intéressera a la recension
des écrits structurée selon le modéle présenté ci-haut. Elle portera sur le TCL pédiatrique, sur
ses consequences au niveau des systémes organiques et des capacités. Il y aura une emphase
sur les capacités motrices d'équilibre et de temps de réponse et sur les capacités psychosociales

d'efficacite personnelle et de compétence athlétique percue. Le retour aux activités physiques



apres un TCL chez l'enfant sera ensuite revu en clarifiant les facteurs pouvant influencer la

participation et la performance a ce type d'activités.

La deuxieme partie rapportera la méthodologie utilisée pour les études expérimentales et la
troisieme présentera les résultats expérimentaux sous forme d'articles scientifiques publiés ou
soumis pour publication. Un premier article (article 1), ayant servi d'assise pour les travaux,
consiste en une histoire de cas unique documentant I'évolution des capacités d'équilibre d'une
enfant avant et aprés avoir subi un TCL dans le cadre d'une activité sportive récréative. La
documentation des capacités pré-traumatiques chez des individus issus de la population générale
plutét que de groupes d'athlétes d'élite est rare, voire inexistante dans les écrits. C'est ce qui

définit le caractére novateur de cette histoire de cas et justifie son inclusion au sein de la thése.

Les trois articles qui suivent (articles 2, 3 et 4) forment le cceur de la thése et sont composes des
résultats de l'étude principale de ces travaux. Le premier de cette série (article 2) traite des
resultats concernant I'equilibre des enfants aprés un TCL. Viennent ensuite les résultats
concernant les temps de réponse au cours de la période de suivi (article 3). Nous terminons cette
section par l'article se penchant sur les activités physiques (article 4). Nous avons aussi exploré
les liens existant entre les incapacités identifiées dans les deux premiers articles (2 et 3) et leur
impact sur le retour aux activités physiques chez le groupe d'enfants étudiés (article 4). Ces
résultats ne sont pas partie intégrante des articles scientifiques mais seront repris au sein de la

discussion plus générale dans le dernier chapitre de cette thése.

Enfin, un dernier article (article 5) rapporte les résultats d'une étude connexe chez un échantillon
d'enfants sains, cherchant a explorer les liens entre deux outils d'évaluation de l'interaction
sensorielle au service du maintien de I'équilibre en station debout. Ces deux outils sont utilisés en
milieu clinique et fun dentre eux fait partie des mesures d'équilibre utilisées pour I'étude
principale de cette these. L'hypothése que ces deux outils sont équivalents a été évaluée et les
résultats, présentant peu de liens avec ceux traitant des déficits post-TCL, ne seront pas repris

dans la discussion générale de la thése.



Finalement, la quatrieme partie consistera en une discussion générale de I'impact des résultats
obtenus au cours de ces travaux. Celle-ci est articulée autour de trois grands thémes soient: 1)
les constats généraux pouvant étre dégagés de nos résultats, 2) les liens significatifs entre les
performances des enfants dans les divers domaines étudiés et finalement 3) les impacts réels de

nos résultats sur la vie des enfants et les perspectives futures découlant de ceux-ci.



CHAPITRE 2

RECENSION DES ECRITS

L

Le cadre conceptuel du PPH structurera cette premiére partie de la thése. La recension des

écrits sera articulée, selon le modéle, en quatre grandes sections a savoir; 1) le traumatisme

cranio-cérébral léger (TCL), 2) les systémes organiques lésés suite au TCL, 3) les capacités ou

incapacités rapportées suite au TCL avec emphase sur les incapacités motrices et

psychosociales reliées a la pratique des activités physiques, et 4) I'habitude de vie d'intérét pour

ces travaux: le retour aux activités physiques aprés un TCL. La figure 2 situe les domaines a

I'etude dans le cadre conceptuel du PPH.

Cause
Traumatisme cranio-
cérébral léger

Facteurs personnels

Systémes Capacités
organiques lésés Incapacités

Déficiences motrices et

présentes psychosociales

Facteurs environnementaux

Facilitateurs
Obstacles

INTERACTION

Habitudes de vie

Participation aux activités physiques

habituelles

Figure 2: Cadre conceptuel du PPH adapté aux domaines dintéréts de nos travaux.

représentent les domaines a I'étude et revus dans la recension des écrits

Les items surlignes



2.1 Le traumatisme cranio-cérébral léger: causes, incidence et sévérité

On entend par traumatisme cranio-cérébral (TCC) une perturbation physiologique du
fonctionnement cérébral provoquée par un impact impliquant soit un contact a la téte, soit un
changement abrupt des forces d'accélération-décélération, associé a une altération de la
conscience ou a de l'amnésie post-traumatique ou a des signes et symptémes reconnus (ACRM,
1993). Les causes des TCC varient en relation avec I'age mais sont, chez I'enfant, surtout liées
aux chutes, aux accidents de la route, et aux agressions diverses incluant les blessures par balles
(Levin et coll.,, 1992a). Des questions demeurent quant a l'incidence réelle des TCC. Ceci esten
partie d0 a une certaine confusion face a la définition et & un recensement incomplet souvent
limité aux cas nécessitant une hospitalisation (Kraus et coll., 1994). Les écrits rapportent des
taux allant de 91/100 000 a 322/100 000 (Kraus et coll., 1984; Vasquez-Barquero et coll., 1992;
Charron, 1992; Hillier et coll., 1997) pour la population générale. Ces taux semblent étre

sensiblement les mémes pour la population pédiatrique (Kraus et coll., 1987; 1990).

Il 'est utile de separer les TCC en degrés de sévérité a l'aide de systemes de classification
regroupant les sujets par signes cliniques et radiologiques. On distingue alors trois degrés de
sévérité: sévére, modéré et léger. Le TCC sévere est caractérisé par la présence de lésions
significatives a I'encéphale, par un score a |'échelle de Glasgow entre 3 et 8 et par une période de
perte de conscience d'une durée de plus de 6 heures tandis que le TCC modéré est caractérisé
par des lésions variables mais surtout par un score a I'échelle de Glasgow entre 9 et 12 et par
une période de perte de conscience comprise entre 30 minutes et 6 heures (Stein, 1996). Les
critéres d'appartenance au TCC léger (TCL) sont probablement les plus variables de toutes les
catégories mais, en général, on reconnait que la présence d'au moins un des critéres suivants
mene & la classification de TCL: un score & I'échelle de coma de Glasgow entre 13 et 15, une
perte de conscience ne dépassant pas une durée de 30 minutes, une amnésie post-traumatique

de moins de 24 heures et une absence de signes neurologiques anormaux (ACRM, 1993).

Reconnu de nos jours comme une entité distincte, le TCL fut longtemps I'objet d'une controverse
quant a son existence et a I'étendue des déficits qui y sont associés (Strauss & Savitsky, 1934;
Miller, 1961; Miller, 1996). Une confusion demeure quant aux termes a utiliser pour le nommer

(leger, mineur, trés léger, commotion) mais il est généralement reconnu qu'il représente entre 75



et 80% de tous les TCC chez I'adulte et I'enfant (Kraus, et coll., 1994 Miller & Jones, 1990). Pour
certains, surtout au sein de la communauté sportive et athlétique, |la catégorie "TCL" demeure trop
large et une division en sous-groupes est utilisée (Alexander, 1995). On reclasse donc les TCL
en trois sous-groupes ou grades en se basant sur des critéres variant légérement selon les
auteurs mais tous liés & la présence et durée de la perte de conscience (Cantu,1986; CMS,1991;
AAN, 1997). Lorsqu'utilisés au sein de ces travaux et présentés dans les articles scientifiques, les

grades de TCL se référeront a la classification élaborée par 'AAN (1997) présentée au tableau 1.

TABLEAU 1: Classification du traumatisme cranio-cérebral léger selon I'American Academy of Neurology.

Critéres Perte de conscience Présence de symptomes
Grade 1 Aucune Moins de 15 minutes
Grade 2 Aucune Plus de 15 minutes

Grade 3 Présence de perte de conscience peu

importe la durée

2.2 Les systémes organiques lésés suite au TCL

Du point de vue neuropathologique, les dommages les plus caractéristiques du TCL sans

fracture, hémorragie ou contusion spécifique sont les |ésions axonales diffuses (LAD). Celles-Ci

resultent de la torsion générée au sein de 'encéphale par des mécanismes d'accélération-
décelération soudaines (Oppenheimer, 1968; Adams et coll., 1982; Polivshock et coll., 1986; Mittl
et coll,, 1994; Graham, 1996). Ces forces de torsions endommagent les structures fragiles qui
voyagent dans |'axe long du cerveau, principalement des vaisseaux sanguins et des axones
(Alexander, 1995). Lorsque des cellules nerveuses sont irréversiblement endommageées par les
LAD (i.e. mort cellulaire primaire) des processus sont enclenchés qui ménent a des pertes
neuronales supplementaires par nécrose cellulaire antérograde ou rétrograde, par dégénération
transynaptique ou transneuronale (i.e. mort cellulaire secondaire). Le role spécifique des
neurotransmetteurs demeure incertain comme cause de perte et de mort cellulaire. Les
dommages vasculaires quant a eux seraient responsables de la destruction de petits vaisseaux

menant a des hémorragies focales ou de l'cedeme localisé. La distribution primaire de ces



dommages semble se situer au sein de la matiére blanche parasagittale profonde s'étendant du

cortex au tronc cérébral.

Ces dommages structurels généraux furent mis en évidence lors d'études expérimentales a I'aide
de tests neurodiagnostiques d'imagerie médicale (e.g. radiographie cranienne, computerized
tomography (CT), résonance magnétique (IRM et SRM)), d'imagerie fonctionnelle (e.g. résonance
magnetique fonctionnelle (IMRYf), single photon emission tomography (SPECT), positron emission
tomography (PET)), ou d'enregistrement de I'activité électrique du systéme nerveux central soit
spontanée (électroencéphalographie (EEG)) ou évoquée (potentiels évoqués visuels (PEV),
auditifs (PEA)) (Sullivan et coll., 1994). Il existe cependant une variabilité considérable dans
I'utilisation clinique de ces tests chez la population de personnes ayant subi un TCL (Stiell et coll.,
1997).

La radiographie cranienne a longtemps été, et demeure probablement, l'outil diagnostique le plus
disponible et le plus utilisé avec la clientéle se présentant & I'urgence avec une histoire de TCL
(Burkinshaw, 1960; Vollmer et coll., 1991). Trés utile dans la classification de fractures du crane,
elle demeure peu utile pour lidentification de Iésions corticales (Servadei et coll., 1995; Vollmer et
coll., 1991; Murshid, 1994;). Le CT scan de routine regoit la cote dans plusieurs centres. Ce test
arrive en effet a identifier les hématomes sous-duraux et certaines Iésions axonales diffuses, mais
surtout a séparer les quelques candidats qui requerront une chirurgie corrective de ceux qui
peuvent recevoir un congé sans risque de complications (Dietrich et coll., 1993; Jeret et coll.,
1993; Davis et coll., 1995; Miller, 1996; Ingebritsen & Romer, 1996). Cependant il reste peu
sensible aux lésions a la matiére blanche qui pourraient aider a identifier les TCL risquant de
développer des incapacités tels les symptomes post-commotionnels, par exemple (Orrison et
coll.,1994). L'IRM est plus sensible aux lésions post-traumatiques que le CT, surtout pour la
détection de contusions non-hémorragiques et de Iésions axonales diffuses (Mittl et coll., 1994;
Hofman et coll, 2001). Les indices quant aux altérations fonctionnelles du métabolisme de
I'encéphale suite au TCL sont fournis par les études de SPECT et de PET par leur capacité a
identifier les troubles de perfusion cérébrale et de métabolisme dans des régions endommagées,
et ce, méme pour des TCC plus légers (Roper et coll., 1991; Ichise et coll., 1994; Jacobs et coll.,
1996; Kant et coll., 1997; Ashwal et coll., 2000; Garnett et coll., 2000). Les études d'EEG et de



potentiels évoqués peuvent aussi fournir des indices quant a I'état encéphalique mais s'avere
d'une utilité discutable chez la population de TCL pour identifier les individus qui développeront

des incapacités significatives suite au traumatisme (Ruijs et coll., 1994; Wallace et coll., 2001).

Aucun consensus international n'existe donc concernant les critéres d'administration de ces tests
colteux et non disponibles dans tous les centres recevant la clientéle des TCL. D'autant plus que
les liens entre les anomalies cérébrales retrouvées chez certains patients, et les performances
neuro-cognitives ou neuropsychologiques aprés le TCL, demeurent difficiles & établir avec
certitude (Overgoard et coll., 1981; Levin et coll., 1987; 1992b; Sullivan et coll., 1994; Multi-
Society Task Force on PVS, 1994; Marion, 1996; Umile et coll., 1998; Hofman et coll., 2001). Vu
les difficultés relevées ci-haut, un guide de bonne pratique clinique publié récemment au sujet de
la prise en charge des enfants suite @ un TCL suggere l'utilisation initiale de tests neuro-
diagnostiques, autres que les rayons-X pour éliminer la présence de fractures, seulement lors de
TCL impliquant une perte de conscience supérieure a une minute, ou en cas de détérioration
ultérieure de I'état de I'enfant. Pour les cas les plus légers, une surveillance adequate de

I'évolution des symptdmes est recommandée et considérée comme suffisante (AAP, 1999).

2.3 Capacités affectées aprés un TCL

Au cours des 50 derniéres années, la grande majorité des écrits sur les TCC se sont concentrés
sur la population adulte et sur les cas les plus sévéres chez qui les conséquences sont sans
équivoques. Ce n'est qu'au cours de la derniére décennie que l'intérét des chercheurs s'est porte
sur les cas les plus légers, car bien que considérés comme mineurs, les problemes reliés a
certains TCL méritent une attention évidente (Boll & Barth, 1983). Par ailleurs, les TCC chez les
enfants étant distincts tant par leurs causes que par leurs conséquences potentielles sur un
systéme nerveux en développement, il est essentiel de reconnaitre que les études traitant de
populations adultes peuvent mener & des conclusions incomplétes a propos de la population

pédiatrique.

Kraus et coll. (1987) et Levin et coll. (1988) décrivent des différences étiologiques et

pathophysiologiques concernant les TCC pédiatriques lorsque comparés a ceux subis par les
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adultes. Ceux-ci sont plus souvent le résultat de chutes lors d'activités (basse vélocité)
contrairement aux accidents de la route (plus haute vélocité) qui sont la cause la plus fréquente
chez les adolescents plus vieux et les adultes et ménent a des forces de torsions (responsables
des LAD) de plus grande envergure. L'état de développement inachevé des systémes
organiques des enfants les rendent potentiellement plus vulnérables aux effets du TCC pendant
I'enfance et le début de l'adolescence. Cependant, la grande variabilité dans le rythme de
maturation de tous les domaines chez les enfants rend difficile d'attribuer un ralentissement des
fonctions ou de la maturation a des variations naturelles ou au TCC lui-méme (Fletcher et coll.,
1987; Levin et coll., 1988; Segalowitz & Brown, 1991). De plus, méme au sein des études faites
chez les enfants, comme chez celles traitant d'individus adultes, des problémes méthodologiques
existent tels I'hétérogénéité de la population en termes de sévérité, d'age, I'absence de groupe de
référence, ou de mesures de déficits non spécifiques (Chaplin et coll.,, 1993). Il est donc clair que
pour enfin arriver & établir la présence ou l'absence de déficits chez les enfants et plus
particulierement apres un TCL, des critéres précis doivent étre établis quant a la définition de Ia
sévérité du traumatisme, aux domaines de capacités évaluées, a la période de suivi, au choix

judicieux d'un groupe de comparaison et au contrdle de données pré-traumatiques.

Suite aux études menées chez les clientéles adulte et pédiatrique, quelques constats généraux
peuvent étre relevés concernant les incapacités présentes post-TCL. En général, la période de
récupération des incapacités et des symptomes post-commotionnels semble s'échelonner en
grande partie au cours des trois premiers mois (Alves et coll., 1986; Levin et coll., 1987a; Evans,
1992) mais continue jusqu'a un an chez certains patients (Middleboe et coll., 1992). Dans ces
études, lorsque des troubles sont détectés chez des groupes de sujets TCL, ils sont
principalement d'ordre cognitif tels des problemes de mémoire ou de traitement de l'information
(Levin et coll., 1987a), et d'attention (Parasuraman et coll., 1991; Cicerone, 1997). Peu de
problemes moteurs sont identifiés bien que récemment, des problémes de performance avec
contrainte de temps pour des taches motrices simples (Haaland et coll., 1994) ou encore des
problémes d'équilibre aient été identifiés dans les premiers jours post-trauma (Guskiewicz et coll.,
1997; Gagnon et coll., 1998). Ces troubles de I'équilibre pourraient perdurer pendant plusieurs
mois (Geurts, 1996), méme en I'absence de déficits neuropsychologiques (Geurts et coll., 1999).

Les sections suivantes discuteront de ces incapacités diverses en se concentrant sur la clientéle



pédiatrique. Cependant, comme les écrits provenant d'études menées avec des populations
adultes peuvent parfois éclairer la discussion, ils seront discutés au besoin pour clarifier ou
illustrer certains points lorsque leurs résultats sont particuliérement novateurs. Les prochaines
sections seront donc consacrées a la revue des incapacités recensées suite a un TCL en
commengant par les symptomes considérés comme caractéristique du TCL, les symptomes post-
commotionnels. Suivront les incapacités reliées aux domaines cognitif, comportemental et

moteur avec emphase sur 'équilibre et les temps de réponse pour cette derniére section.

2.3.1 Les symptomes post-commotionnels

Les symptdmes post-commotionnels (SPC), parfois regroupés en syndrome post-commotionnel,
représentent la complication la plus reconnue du TCL. Comme aucune étude rapportant de
maniére standardisée la présence et la sévérité de SPC chez enfants ne put étre recensee, la
section rapportera surtout des résultats provenant de travaux effectués auprés d'adultes. Depuis
son introduction dans la littérature, le syndrome est au centre d'une controverse quant a l'origine,
organique ou psychologique, des symptémes qui le composent. Strauss et Savitsky (1934)
introduisent le terme "post-concussion syndrome" dans un article ol ils reconnaissent la
présence, suite a un traumatisme a la téte pouvant étre considéré comme mineur, de symptomes
pouvant nuire au fonctionnement de lindividu. En général, de nos jours, on convient de son
existence malgré une controverse persistante quant a la durée et la portée des symptémes (Alves
et coll., 1993). On reconnait donc la présence du SPC dans prés de 50% des cas de TCL
(Mandel, 1989; Szymanski & Linn, 1992) dans les semaines ou méme les mois qui suivent le
traumatisme initial, méme chez les patients n'ayant eu aucune perte de conscience et considérés
comme des cas tres légers. Ces symptémes peuvent subsister de maniére chronique six mois
aprés le traumatisme dans 15-29% des cas (Hofman et coll., 2001) et méme jusqu'a un an chez
certains (Evans, 1996). Une liste des symptomes est présentée au tableau 2, mais les
symptdmes les pius fréqguemment rapportés peuvent étre classés en symptémes d'ordre physique
(maux de téte, étourdissements, fatigue), en difficultés cognitives (concentration, mémoire) et en
symptémes d'ordre plus comportemental (irritabilité, colére, dépression) (Kay et coll., 1992;
Bernstein , 1999).



TABLEAU 2: Symptdmes post-commotionnels les plus fréquemment rapportés

Categories ' Symptdmes
Physique Maux de téte
Nausées

Sensations d'étourdissements
Sensibilité a la lumiére
Sensibilité aux bruit, troubles auditifs
Fatigue
Vision trouble
Vision double
Cognitif Troubles de la mémoire
Mangque de concentration
Ralentissement de la pensée
Changements comportementaux, de la personnalité Sensation de tristesse, état dépressif
Irritabilité
Sensation de frustration ou d'impatience
Trouble du sommeil

Agitation

Il existe une disparité et méme une controverse concernant la pathogénése du SPC au sein des
écrits (Bohnen & Jolles, 1992). En effet, plusieurs symptdmes communs du SPC sont aussi
retrouvés chez des individus présentant des conditions psychologiques ou psychiatriques. D'un
coté, des facteurs psychologiques et motivationnels (e.g. litigation) sont cités comme causes du
SPC persistant (Mackay, 1960, Miller, 1961; Lishman, 1988). Cependant, plusieurs auteurs ont
déemontre une absence de résolution du SPC méme aprés la fin de procédures légales visant une
compensation financiére suite au TCL (Merskey & Woodforde, 1972; Guthkelch, 1980; Alves et
coll., 1986; Lemmon et coll., 1995). De l'autre coté, les hypothéses de l'origine organique du SPC
sont présentées par d'autres groupes. |l suffit de dire ici qu'aucune étude n'a pu démontrer des
relations claires entre les SPC et les changements organiques. L'hypothése la plus probable
quant a la pathogénése du SPC consiste probablement en une approche tenant compte de
linteraction entre des facteurs psychogénes et organiques (Rutherford et coll., 1979; Lishman,

1988; Alexander, 1992; Bohnen et coll., 1993). L'identification de variables personnelles ou
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emotionnelles pouvant prédire I'apparition des symptomes et leur durée chez certains individus
genére un intérét certain. En effet, l'identification des individus "a risque" faciliterait le
developpement de programmes de prévention et d'intervention consistant généralement en
interventions psychosociales (éducation, monitoring des symptomes, counselling et réassurance
quant a la résolution des symptdmes) (King et coll., 1997; 1999). Des essais randomisés de ces
interventions déemontrent d'ailleurs leur efficacité (King et coll., 1997; Paniak et coll., 1998; Wade
et coll., 1998).

2.3.2 Capacités cognitives

Dans une revue générale s'intéressant aux conséquences cognitives du TCL chez I'enfant,
souvent révélées par des épreuves neuropsychologiques, Satz et coll. (1997) recensérent 40
études ayant pris place au cours d'une période de 25 ans et dont prés de la moitié dataient des
cing années précédant la publication. Parmi les études recensées, 13 identifiaient des déficits
d'ordre cognitif ou académique associés au TCL, 18 concluaient a 'absence de probléme suite a
un tel traumatisme, tandis que neuf ne permettaient pas d'arréter une conclusion définitive. Ainsi,
parmi les travaux relevant la présence de déficits post-trauma, six études rapportant des
difficultés au niveau académique sont identifiées mais qualifiées de faibles du point de vue
methodologique. Les problémes rapportés sont d'ordre de I'absentéisme excessif, de manque de
progres académiques et de troubles comportementaux lors de situations d'apprentissage. Du
point de vue neuropsychologique, en utilisant des mesures diverses de capacités cognitives (tests
neuropsychologiques standardisés telles le Weschler ou la batterie Halstead-Reitan), de langage
et de traitement de I'information, huit études démontrent la présence de troubles au cours de la
période de suivi post-traumatique, cette période pouvant s'étendre de 1 a 18 mois selon I'étude.
Les épreuves les plus sensibles a l'effet du TCL semblent étre celles reliées & des taches
motrices avec composante de performance rapide ou de traitement de l'information (Gulbrandsen,
1984; Mattson et coll., 1990; Knights et coll., 1991; Butterbaugh et coll., 1993), celles avec une
composante de mémoire non-verbale (Ewing-Cobbs et coll., 1990) et celles se penchant sur les
aptitudes visuo-spatiales des enfants (Levin & Eisenberg, 1979). Malgré ces résultats, plusieurs
études recensées dans le cadre de cette revue utilisant les mémes épreuves

neuropsychologiques que les précédentes mais présentant une meilleure méthodologie ne
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temoignent, quant a elles, d'aucun effet suite au TCL. Pour cette raison, Satz et coll. concluent a

I'absence d'évidences probantes quant & la présence de déficits suite a un TCL chez I'enfant.

D'autres études d'intérét doivent étre rapportées ici pour illustrer les effets du TCL et les patrons
de récupération présents suite au trauma. Levin et coll. (1987) releverent des déficits de
I'attention, de la memoire et de vitesse de traitement de linformation dans les jours suivant le
TCL, déficits résolus lors d'une réévaluation trois mois post-trauma. Wrightson et ses collegues
(1995) soulignent que les TCL peuvent laisser des changements subtils mais significatifs au
niveau de facultés cognitives pouvant potentiellement affecter la performance scolaire des enfants
d'age préscolaire ayant subi un TCL ne nécessitant pas d'hospitalisation (trés léger). A l'aide de
tests cognitifs et du comportement administrés pendant le premier mois, a 6 et 12 mois post-
trauma et finalement a I'age de 6,5 ans, ces enfants sont comparés a des enfants ayant subi des
blessures ailleurs au corps. A 6 et 12 mois post-TCL, la performance & un des tests cognitifs
concernant la perception visuelle était diminuée et le risque d'avoir contracté un second TCL était
légérement augmenté. De plus, a 6,5 ans, ces enfants avaient plus de chance d'avoir requis de
I'aide dans I'apprentissage de la lecture, démontrant des effets potentiels sur I'apprentissage qui
semblent perdurer. Finalement, Nolin (2000) identifie des problémes de flexibilité mentale et de
vitesse de traitement de linformation a I'aide de tests d'attention chez un groupe de 15 enfants

ageés de 8-15 ans testés entre trois mois et trois ans post-TCL.

La présence de troubles cognitifs suite au TCL ne fait cependant toujours pas 'unanimité au sein
de la communauté scientifique. En utilisant des épreuves neuropsychologiques standardisées
(incluant des taches motrices effectuées sous la contrainte du temps) des évaluations d'ordre
académique de méme que des questionnaires aux parents et éducateurs sondant le
fonctionnement social des enfants, Fay et coll. (1993) démontrérent qu'a six semaines et un an
post-trauma les enfants se situaient dans les limites normales au niveau de toutes les mesures
d'intérét. De méme, Bijur et coll. (1990) arrivent aussi a la conclusion qu'un TCL subi par des
enfants d'age scolaire ne mene a aucun effet négatif sur le comportement et le fonctionnement
cognitif lorsqu'évalués un et cing ans post-trauma. Le contréle de variables pré-traumatiques
telles l'intelligence, I'agressivité etc. était optimal dans cette étude, le devis étant longitudinal et la

cohorte, trés nombreuse (n=13 000). Finalement, Ponsford et coll. (1999, 2001) rapportent qu'a



une semaine post-TCL, un groupe d'enfants présentent plus de symptomes post-commotionnels
qu'un groupe denfants controles mais aucune différence au point de vue des mesures
neuropsychologiques s'intéressant a I'attention, a la mémoire et a la vitesse de traitement de

l'information.

Vu le manque de constance des conclusions des études recensées ci-haut, il demeure difficile de
statuer définitivement quant a la présence de problémes cognitifs ou académiques suite au TCL.
Des déficits au niveau de I'attention globale, du traitement de I'information, de la mémoire et de la
concentration semblent étre ceux les plus fréquemment rapportés chez les enfants, bien que

l'impact de ces incapacités soit peu clair.

2.3.3 Capacités liées au comportement et a la personnalité

La question des changements au niveau du comportement et de la personnalité suite au TCL
souleve aussi beaucoup de controverse au sein des écrits. Des troubles au niveau de ces
domaines sont identifiés et rapportés chez les adultes (Brooks & McKinlay, 1983). Cependant, vu
la parcimonie des études bien contrlées menées sur le sujet avec les enfants, les conclusions

sont tout aussi difficiles a interpréter que lorsqu'on traite de la question des troubles cognitifs.

Certains des symptoémes considérés comme faisant partie intégrante du syndrome post-
commotionnel ont trait @ des changements au niveau du comportement tels [irritabilité, la colére,
la dépression et ceux-ci sont bien documentés suite au TCL, méme chez I'enfant (Ponsford et
coll., 1999). Quelques études d'intérét, approchant la question du comportement et de la
personnalité spécifiquement, sont cependant recensées et abordées ici. D'abord Black et coll.
(1969) suivirent un groupe d'enfants post-TCC (prépondérance de TCL) de maniere prospective
(sur cing ans) et rapportérent des troubles variés post-trauma incluant la colére, lirritabilité, les
troubles du sommeil, le manque du discipline et 'hyperkinésie. Cette étude n'incluait aucun
groupe de comparaison mais les auteurs soulignaient que bien que certains de ces troubles
étaient apparus pour la premiére fois suite au TCL, beaucoup existaient aussi chez les enfants de
la population générale. Quelques études entreprises dans les années 1980, étudiant les

changements du comportement par entrevue avec les parents apportent peu d'éclaircissements &



cette question par leurs conclusions contradictoires et par leur méthodologie (Brown et coll,,
1981). Plus récemment, les auteurs tendent & utiliser des échelles standardisées pour
'évaluation du comportement et de la personnalité et apportent un peu de lumiére sur la question.
Par exemple, Asarmow et coll. (1991) rapportent des taux plus élevés de troubles du
comportement mais non de I'anxiété suite au TCL chez 10 enfants évalués un an post-trauma.
L'absence d'un groupe contréle et la petite taille de I'échantillon limite cependant l'interprétation
de ces résultats. Par ailleurs, Fletcher et coll. (1990) ne démontrérent aucun changement de
performance suite @ un TCL (en contraste a un TCC sévére ou modéré) lorsque les enfants
étaient evalués a l'aide d'échelles reconnues du comportement et de I'anxiété au cours de la
premiére année post-trauma. De méme, Bijur et coll. (1990) et Fay et coll. (1993), dans le cadre
d'études prospectives décrites a la section sur les capacités cognitives, arrivent aussi a la
conclusion qu'un TCL subi par des enfants d'age scolaire ne méne a aucun effet négatif sur le
comportement un an post-trauma, lorsque celui-ci est évalué a l'aide d'échelles standardisées et

comparé a un groupe d'enfants controles.

2.3.4 Capacités motrices

En général, les capacités motrices sont largement négligées dans les études d'adultes ayant subi
des TCL sauf dans le cadre de tests neuropsychologiques contenant certains items moteurs ou
de tests de temps de réaction. Cette négligence est la conséquence d'observations cliniques qui
assument en général que comparativement aux capacités cognitives, les habiletés motrices sont
moins sensibles aux dommages du TCL et que si elles sont affectées, elles récupérent plus
rapidement ou laissent des séquelles beaucoup moins importantes que les premiéres (Haaland et
coll., 1994). Chez les enfants ayant subi un TCL, les écrits sont encore plus rares et les
conclusions concernant les capacités motrices de ces enfants sont souvent arrétées sur la base
des tests neuropsychologiques cités plus hauts. Les prochaines sections seront d'abord
consacrées a la discussion des travaux ayant étudié les capacités motrices générales des enfants
post-TCL. Ensuite, 'emphase sera mise sur les deux capacités motrices centrales a ces travaux:

les temps de réponse et 'équilibre.



2.3.4.1 Capacités motrices générales

Evaluant la performance motrice de leur cohorte d'enfants ayant subi un TCL a l'aide de
questionnaires aux parents, Fay et coll. (1993) concluent & I'absence de déficit d'ordre moteur
suite au TCL. Le choix de ce type d'évaluation est justifiable dans le cadre d'études multivariées
sinteressant & plusieurs domaines a la fois, mais la nature globale du test de performance
motrice utilisé ici peut limiter les conclusions au niveau de ce domaine. Klonoff et coll. (1993),
quant & lui, publia les résultats d'un suivi a trés long terme d'un groupe d'enfants ayant subi un
TCC de tout type de sévérité, dont environ 85% étaient légers. Aprés recensement des plaintes
subjectives éprouvées par les sujets, les résultats démontrent que 23 ans aprés le traumatisme,
37,7% des membres de I'échantillon se plaignaient de problémes physiques tels le manque de
coordination, la présence d'étourdissements ou de douleurs musculosquelettiques diverses.
L'impossibilité d'identifier quels symptdmes provenaient spécifiquement des sujets ayant subi un
TCL et l'absence de conclusion quant & limpact de ces problémes sur la vie quotidienne des
enfants maintenant devenus adultes limite la portée de ces résultats. Ces mémes enfants avaient
éte évalués pendant les cing premiéres années post-trauma. Au cours de cette période, leur
performance & des tests neuropsychologiques, incluant quelques aspects moteurs, ne permettait
pas de conclure & la présence de déficits (Klonoff et coll., 1977). Finalement, Ewing-Cobbs et
coll. (1989) évalua un groupe d'enfants d'age préscolaire ayant subi soit un TCC sévére ou un
TCL et trouva que dans ce dernier groupe, la performance des enfants aux épreuves cognitives,
motrices et de langage immédiatement post-trauma était réduite comparée & leur propre
performance huit mois plus tard. Ici encore, l'absence d'un groupe d'enfants contrdles limite

l'interprétation des résultats.

La seule étude connue, ol des enfants ayant subi un TCL furent évalués de maniére
standardisée spécifiquement au niveau du domaine moteur est celle de notre groupe (Gagnon et
coll., 1998). Dans cette étude, vingt-huit enfants furent évalués a I'aide d'un test de performance
motrice, le Bruininks-Oseretsky test of Motor Proficiency (BOTMP) et comparés aux normes
publiees pour ce test. Des déficits au sous-tests d'équilibre et de temps de réponse du BOTMP

furent relevés chez plus de 40% des enfants deux semaines post-trauma. Comme dans plusieurs
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etudes citées précédemment, I'absence d'un groupe d'enfants controles limite les interprétations

et généralisations pouvant étre tirées de cette étude.

En se basant sur les écrits cités précédemment, nous avons choisi de nous pencher plus
spécifiquement sur les temps de réponse et sur 'equilibre, deux capacités ayant été identifiées
comme potentiellement problématiques chez la population pédiatrique ayant subi un TCL et ayant
un effet probable sur la participation aux activités physiques. La prochaine section s'attardera a la
question du controle des temps de réponse et de I'équilibre de méme qu'a une analyse plus

poussee de l'impact d'un TCL sur ces deux capacités.

2.3.4.2 Les temps de réponse

2.3.4.2.1 Définition et contrdle des temps de réponse

Le temps de réponse peut-étre défini, de maniére large, comme le temps requis par un individu
pour identifier, réagir et répondre de fagon appropriée a un stimulus spécifique. |l représente
donc le temps total entre la présentation d'un stimulus et la réponse complétée. Plusieurs
systémes sont impliqués dans la production de ce que l'on mesure comme un temps de réponse,
notamment la capacité attentionnelle qui favorisera la perception du stimulus, les systémes
sensoriels qui localiseront, transmettront et interpréteront I'information provenant du stimulus, les
régions cognitives qui traiteront cette information et sélectionneront la réponse voulue en activant
les commandes motrices appropriées et le systéme neuro-musculo-squelettique qui sera en
charge de la réponse motrice. Lorsque le stimulus attendu demande une réponse motrice
determinée a l'avance, donc sans choix, I'étape de sélection de la réponse n'existe pas et le
temps de réponse est qualifié de simple. Cependant, lorsque des choix existent quant a I'activité
motrice @ exécuter en réponse au stimulus, le temps de réponse est appelé au_choix et pergu

comme une fenétre ouverte sur le traitement d'information.

Le temps de réponse visuo-moteur se divise en deux entités distinctes; le temps de réaction (TR)
et le temps de mouvement (TM). Le TR correspond & l'intervalle entre la présentation du stimulus
et linitiation du mouvement. Quant au TM, il débute quand le TR prend fin et correspond &

lintervalle entre le début et la fin du mouvement. Selon un cadre conceptuel de traitement de



linformation, tiré du "additive factor model" (Sternberg, 1969, Van Zomeren & Brouwer, 1994) le
TR comprend quatre stades: 1) extraction des composantes du stimulus, 2) identification du
stimulus, 3) sélection de la réponse, et 4) ajustement moteur. Le TM est quant a lui une
cinquiéme étape, indépendante, dans ce modele, et est appelé "exécution de la réponse”. Les
étapes d'identification du stimulus telles I'abstraction, l'identification de ses caractéristiques et
I'encodage du stimulus sont en général plus connues que les étapes ultérieures ou les individus

doivent sélectionner et programmer la réponse appropriée (Schmidt, 1988).

Le role de I'attention comme déterminant des temps de réponse demeure a clarifier mais il est
probablement déterminant dans les deux premiers stades du modéle de traitement de
l'information cité plus haut. En général, I'éveil et I'attention peuvent étre vus comme des substrats
de la performance de toutes les taches conscientes. Il n'y a donc pas de test unique de I'attention
fonctionnelle. Tous les tests doivent s'en remettre a la détection de performance au sein de
taches motrices, perceptuelles ou cognitives. La capacité attentionnelle est une entité limitée
pouvant étre allouée avec flexibilitt a une ou plusieurs taches. Le controle stratégique de
I'attention permet I'allocation de I'attention en accord avec un plan d'action et la complétion de

taches spécifiques.

En ce qui a trait & la réponse motrice composant le temps de réponse, il semble y avoir un certain
consensus a l'effet que ces réponses sont controlées par des programmes moteurs (Schmidt,
1988). Cependant le mode de contréle de ces programmes moteurs n'est pas clair. Longtemps,
on a cru & l'existence d'un programme moteur pour chacun des mouvements a exécuter, que tout
était décidé avant le début de l'exécution des mouvements par des programmes internes qui
devaient étre activés (Henry & Rodgers, 1960). Une réinterprétation plus récente de certaines de
ces données semblerait indiquer que le temps de programmation est affecté par les effets
cumulatifs des contraintes placées sur le systéme moteur. Par exemple, une demande de
précision plus grande fera augmenter le temps de programmation et ce, parce qu'il y aura une
demande supplémentaire d'organisation neuronale et d'inhibition d'activité motrice non désirable
(Sidaway et coll., 1988). De plus, lorsqu'étudiée pour des mouvements de complexité croissante
(impliquant plus de deux ou trois segments corporels), la relation directe décrite par Henry (1960)

ne se retrouve pas aussi clairement (Christina et coll., 1985). Ceci semblerait suggérer qu'une
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certaine partie de la programmation pourrait prendre place aprés lnitiation du mouvement (Norril,
1974, Anson, 1982; Klapp & Wyatt, 1976; Eason & Surburg, 1993). Plus récemment, Rosenbaum
(1988) proposait un modele de programmation rendant compte du potentiel de programmation

"en-ligne" soit aprés ['initiation du mouvement lui-méme, le modéle du "hierarchical editor".

En général, le TR peut étre diminué si on permet a l'individu un temps ou stimulus de préparation,
et peut étre augmenté par des stimuli d'interférence, la fatigue ou potentiellement des dommages
cérébraux. Le TM est quant a lui déterminé par la capacité de I'individu a accélérer les segments
du corps impliqués dans la réponse motrice. Il peut étre amélioré par la pratique répétitive du
mouvement. Globalement, les temps de réponse peuvent donc étre compromis par un dommage
a n'importe lesquelles des structures impliquées dans leur production tant au niveau de Ia
perception sensorielle de linformation qu'au niveau de la programmation ou de l'exécution
motrice. C'est pourquoi des lésions cérébrales engendrées par un TCL ont le potentiel d'affecter
les temps de réponse. La section qui suit se penche précisément sur ces études s'étant

intéressées a examiner les temps de réponse suite a ce type de traumatisme.

2.3.4.2.2 Les temps de réponse et le TCL

Les tests neuropsychologiques qui sont administrés aux patients suite & un TCC comprennent
habituellement des items traitant de la vitesse de réaction mais dans un contexte plus global de
detection de lenteur du traitement de [information ou de troubles attentionnels. Il est
genéralement reconnu que les individus, tant enfants qu'adultes, ayant subi des TCC modérés ou
séveres presentent un ralentissement général des TR avec une préservation relative des TM
lorsque testés & l'aide de différents paradigmes. De plus, les sujets post-TCC séveres semblent
présenter des difficultés en situation ol la performance doit s'effectuer lors de contraintes de
temps (Cicerone, 1997). Une controverse demeure cependant quant a un stade particulier de
traitement de linformation qui serait affecté de maniére spécifique par le TCC (Shum et coll.,
1990; Murray et coll., 1992; Stablum et coll., 1994). Un déficit non spécifique de traitement de
linformation serait cependant en accord avec la nature diffuse des dommages (e.g. 1ésions
axonales diffuses) lors de TCC séveres (Stokx & Gaillard, 1986; Ponsford & Kinsella, 1992; Van
Zomeren, 1994; Hetherington et coll., 1996; Zahn & Mirsky, 1999).



En ce qui a trait au TCL, ou les individus présentent peu de déficits lors de I'administration de
tests neuropsychologiques standardisés (incluant des épreuves de traitement de l'information) tel
que discutée antérieurement dans la section des capacités cognitives, l'existence du
ralentissement global des processus cognitifs identifié chez les TCC sévéres n'est pas relevé de
maniére aussi concluante. Chez les individus adultes, Montgomery et coll. (1991) identifient une
augmentation des TR moyens d'environ 300ms (utilisant un TR & quatre choix) chez un groupe de
26 adultes post-TCL 24 heures aprés le traumatisme lorsque comparés a ceux des controles.
Les sujets TCL s'améliorent au cours des semaines qui suivent mais conservent des TR
prolonges (100ms) lorsque comparés aux contrdles, six semaines post-trauma. Shum et coll.
(1990) par contre, comparérent un groupe de sept adultes avec TCL et des contrdles sains
environ un mois post-trauma, utilisant divers paradigmes de temps de réponse au choix et ne
trouverent aucune différence significative entre les deux groupes malgré des TR légerement

supérieurs chez le groupe TCL.

Les études s'étant penchées sur les temps de réponses visuo-motrices chez les enfants suite a
un TCL sont encore plus éparses. Murray et coll. (1992) prolongeant les travaux de Shum et coll.
(1990) et utilisant les mémes taches que Shum, trouvérent qu'un groupe de 10 enfants post-TCL
présentaient des TR augmentés lorsque comparés a des enfants controles mais que ces
augmentations n'atteignaient pas un niveau statistiquement significatif. I est intéressant de noter
cependant que les évaluations faites dans le cadre de cette étude (Murray et coll., 1992) prirent
place un an aprés le TCL, dépassant ainsi la période aigué ol les problémes sont les plus
susceptibles de se présenter. Des travaux plus récents faits par notre groupe dans le cadre de
'tude exploratoire décrite dans la section des capacités motrices générales révélérent que des
enfants TCL évalués deux semaines aprés le TCL présentaient des ralentissements de temps de
reponse sur une tache visuo-motrice faisant partie du Bruininks-Oseretsky Test of Motor

Proficiency, lorsque comparés aux normes publiées pour ce test standardisé.

Dans les travaux cités jusqu'a maintenant, les enfants, tout comme les adultes, sont
genéralement testés dans une position stable ol on leur demande de répondre a des stimuli
visuels ou auditifs a l'aide de réponses motrices de faible amplitude exécutées par les membres

supérieurs et ne requérant que peu de segments corporels. Ces situations de test, bien
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qu'appropriées pour linvestigation de processus de ralentissement cognitif, sont loin de
reproduire les situations auxquelles les enfants font face dans leur vie de tous les jours, ou dans
la pratique de leurs activités physiques. En effet, les activités physiques regorgent de situations
ou les enfants doivent non seulement réagir rapidement mais avec des mouvements impliquant
des déplacements de leur centre de gravité, donc de plus large amplitude (Chamberlin & Magill,
1989). Une méthode pour tester les temps de réponse prenant en considération ces
caractéristiques est donc essentielle pour tirer des conclusions pouvant s'appliquer aux temps de

réponse nécessaires a la pratique des activités physiques (Harbin et coll., 1989).

Johnson et coll. (2002) se pencha sur la mesure de I'agilité d'athletes collégiaux ayant subi un
TCL & exécuter des mouvements dynamiques tels ceux requis dans la pratique des activités
physiques. Dans cette étude, les individus devaient réagir de maniére appropriée a des stimuli
visuels en sautant (mouvements du corps tout entier) sur un tapis composé de 14 cibles. Le
temps moyen pour compléter 25 déplacements consécutifs sur les cibles fut enregistré. Les
athletes exécutaient cette tache en période pré-saison et une nouvelle fois aprés un TCL, si un tel
traumatisme était subi pendant la saison. Aucune différence significative ne fut trouvée entre les
athletes blessés et ceux composant un groupe controle recruté parmi les athlétes non blessés.
Aucune étude impliquant de telles taches effectuées avec des enfants ayant subi un TCL n'a pu
étre recensee dans les écrits méme si les enfants d'age scolaire sont le segment le plus actif de la
population et qu'il serait important d'avoir de telles données. Notre étude pilote suggérant la
présence de troubles de temps de réponse et d'équilibre aprés un TCL, ceci pourrait avoir un
impact sur leur capacité a répondre rapidement et adéquatement avec des mouvements de
déplacement impliquant le corps en entier. De plus, il est démontré que les enfants ayant subi un
TCL sont généralement plus a risque de subir un TCC subséquent que des enfants avec
blessures orthopédiques et ce, jusqu'a un an post-trauma (Swaine & Marosi, 2002). Les
difficultés d'équilibre combinées a des temps de réponse augmentés pourraient peut-étre rendre
les enfants pius & risque de se blesser a nouveau. Dans ce contexte il est justifié d'examiner les

temps de réponse des enfants post-TCL.



2.3.4.3 L'équilibre

2.3.4.3.1 Définition et controle de I'équilibre

Le contrble de I'équilibre est un préalable a la réussite de plusieurs activités de la vie quotidienne
et un facteur déterminant pour l'indépendance d'un individu (Bohannon et coll., 1984). Dans le
contexte de taches spécifiques et pour le maintien de postures, I'équilibre peut étre défini comme
la condition ol toutes les forces et les moments agissant sur le corps se contrebalancent. Ceci
fait en sorte que le centre de masse d'un individu se maintient dans les limites de sa stabilité
(sommairement définies par son polygone de sustentation) (Horak, 1987; Woollacott & Shumway-
Cook, 1996; Horak et coll., 1997). Le controle postural peut quant & lui étre défini comme le
processus par lequel le systeme nerveux génére les chaines d'activité musculaire requis pour

ajuster le centre de masse par rapport a la base de support (Maki & Mcllroy, 1996).

Pour maintenir une posture ou assurer des transitions appropriées entre différentes positions, le
systeme nerveux doit gérer rapidement des informations sensorielles provenant d'une variété de
sources (e.g. visuelles, vestibulaires, proprioceptives, tactiles). Il doit ensuite utiliser ces
informations de maniére sélective pour générer des réponses motrices complexes ajustées dans
leur séquence, direction et amplitude, aux caractéristiques d'une situation et aux contraintes de
I'environnement. |l s'agit donc de produire les ajustements nécessaires lors de mouvements
volontaires ou de perturbations externes (Horak et coll., 1997). Le contrdle postural peut
s'effectuer de maniére proactive (i.e. feedforward), permettant d'anticiper ces perturbations, de
maniére réactive (i.e. feedback), en réponse a ces perturbations mais le plus souvent, par la
combinaison de ces deux modes de contrdle (Horak et coll., 1997). Dans tous les cas, il
appartient au systéme nerveux de prédire ou de détecter les instabilités et de produire les
mouvements appropriés pour les contrebalancer (Maki & Mcliroy, 1996). Les mouvements
produits pour y arriver furent identifiés dans le cadre d'études sur le contréle de I'équilibre et sont
regroupés en deux classes principales: les synergies musculaires et les stratégies de mouvement
(Nashner, 1977; Horak & Nashner, 1986; Macpherson, 1991).

Nashner & McCollum (1985) décrivent les synergies musculaires comme des patrons stéréotypés

d'activité musculaire en réponse a une translation ou une rotation de la surface de support d'un



individu. Ces synergies seraient organisées au niveau central et répondraient aux conditions
initiales dans lesquelles se trouve l'individu, & la perturbation elle-méme, a I'apprentissage et a
I'attention. Les stratégies de mouvement sont quant & elles des solutions sensori-motrices plus
genérales au contrble de la posture. On classe ces stratégies en trois catégories: |a stratégie de
cheville, de hanche et de "stepping". La stratégie de cheville a pour but de maintenir le tronc
érigé et serait particuliérement sensible aux informations somatosensorielles (bien que les
informations vestibulaires et visuelles ne puissent étre exclues). En effet, des sujets privés de ce
type d'information sensorielle soit par bloc ischémique, soit suite a une neuropathie périphérique,
seraient incapables d'initier une stratégie de cheville efficace et auraient tendance & utiliser une
stratégie autre (Horak et coll. 1990; Inglis et coll., 1994; Horak et coll.1997). La stratégie de
hanche a, quant a elle, pour objectif comportemental de contrer les déplacements rapides du
centre de masse de l'individu. On estime que les informations vestibulaires ont un réle important
a jouer lors de linitiation de cette stratégie car les individus ayant une absence d'information
vestibulaire sont incapables d'utiliser cette stratégie méme en condition de base de support trés
restreinte (Horak et coll., 1990). La stratégie de "stepping” qui répond a des perturbations plus
grandes ou sans contrainte de surface de support rend possible la création d'une nouvelle base
de support afin de prévenir une chute (Nashner & McCollum, 1985; Horak & Nashner, 1986). Ces
stratégies ne seraient pas des réflexes avec connections bien définies, mais plutot des habiletés
apprises. Horak et coll. (1992; 1996). En effet, Horak et Macpherson (1996) les définissent
comme un continuum de processus qui fournissent un plan d'action global, basé sur des buts
précis, ancré dans un environnement spécifique, adapté a une tache particuliére et utilisant les

informations sensorielles disponibles.

On reconnait aujourd'hui la contribution de trois systémes sensoriels principaux au maintien de
[‘équilibre. D'abord le systéme visuel qui fournit de l'information sur la position et le mouvement
du corps d'un individu dans I'environnement et de l'information sur I'environnement extracorporel a
savoir la position et les mouvements des objets dans ['espace autour de [lindividu
(Stoffregen,1985; Wade & Jones, 1997). Ensuite le systeme vestibulaire qui, a 'aide des otolithes
et des canaux semi-circulaires, fournit des informations sur la position de la téte en relation avec
la gravite, sur la verticalité du corps, et sur ses mouvements d'accélération et de décélération

(Black et coll., 1983). Ce systéme apparait comme une référence interne du corps et serait celui



ayant un role prépondérant dans la résolution de conflits sensoriels. |l est le dernier a atteindre sa
maturité et celui qui répond a des mouvements de plus hautes fréquences. Ce n'est que vers
I'age de 7 a 10 ans que I'enfant apprend a utiliser le systéme vestibulaire de maniére appropriée
dans la résolution de conflits sensoriels. Finalement, le systéme somatosensoriel (tactile,
proprioception des muscles et tendons, récepteurs des articulations) procure des informations au
sujet de la pression présente sur la surface plantaire, de la longueur et de la tension des muscles,
et sur la position des articulations du corps. Ce systéme est probablement la source dominante
d'informations sensorielles dans des conditions de surface de support stable (Woollacott et coll.,
1989; Forssberg & Nashner, 1982; Shumway-Cook & Woollacott, 1985; Burton & Davies, 1992).

Les informations provenant des systémes sensoriels sont d'une importance capitale dans le
controle postural. Comme les individus normaux maintiennent un équilibre adéquat sous une
grande diversité de conditions en supprimant rapidement, l'influence des systémes sensoriels
fournissant de linformation erronée, les mécanismes d'interaction ou d'intégration des
informations multimodales utilisées pour le controle postural ont aussi fait I'objet de plusieurs
travaux. Méme si l'information d'un systéme sensoriel est inappropriée, le probléme crucial en
controle de posture est de réussir a moduler ou a peser linformation existante de maniere
appropriée en présence de conflits entre les systémes sensoriels. En général les adultes sans
incapacités sont capables de faire cet ajustement (Nashner, 1976; Nashner & Berthoz, 1978;
Nashner et coll., 1982; Shumway-Cook & Woollacott, 1985). Plusieurs hypothéses telles la
redondance (Berthoz, 1978; Diener & Dichgans, 1988), le poids sensoriel de chaque modalité
(Horak et coll., 1994; 1996; Zacharias & Young, 1981), ou encore la sommation vectorielle sont

posees pour expliquer le processus d'intégration et d'interaction sensorielle.

L'age d'un individu joue un rdle important au niveau du contréle postural. Les nouveau-nés,
enfants, adultes et personnes agées ne démontrent pas les mémes stratégies quant au maintien
de leur équilibre. Par exemple, les changements dus & la maturation (myélinisation du systéme
nerveux, développement des récepteurs proprioceptifs, etc.) présents aux cours des premiéres
années de la vie affecteront I'équilibre de maniére a optimiser l'utilisation des systemes
disponibles a chaque étape du développement. Le systéme visuel occupe une place

particuliérement importante dans le contrdle postural chez I'enfant entre quatre mois et deux ans
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(Riach & Hayes, 1990). Ce n'est qu'entre I'age de trois et six ans que les enfants arriveront &
utiliser les informations somatosensorielles et vers 7 a 10 ans, qu'ils se référeront a leur systeme
vestibulaire pour la résolution de conflits sensoriels en démontrant les mémes stratégies de
mouvement que les adultes (Woollacott et coll., 1989; Forssberg & Nashner, 1982; Shumway-
Cook & Woollacott, 1985; Burton & Davies, 1992).

Vu la complexité du phénoméne du maintien de I'équilibre, des problemes d'équilibre peuvent étre
causés par une lésion ou une dysfonction a n'importe laquelle des composantes discutées ici. i
n'est donc pas surprenant que l'équilibre se démarque de plus en plus comme domaine d'intérét

chez les individus ayant subi un TCC, méme léger.

2.3.4.3.2 L'équilibre et le TCL

En général, on reconnait la présence de troubles de f'équilibre chez les individus ayant subi un
TCC de plus grande sévérité. Ce type de traumatisme, de par sa nature, produit des déficits a
plusieurs systemes résultant en une variété de désordres cognitifs, comportementaux et du
mouvement affectant l'équilibre (Shumway-Cook & Olmscheid, 1990, Hillier et coll., 1997,
Cecchini, 1998; Tolfts & Stiller, 1997; Wade & Jones, 1997). Les écrits sont trés épars sur le sujet
de I'équilibre chez les personnes ayant subi un TCL, adultes et enfants. Comme souligné dans
une section antérieure, le TCL est généralement considéré comme ne laissant que peu de
problemes moteurs. Pour cette raison, I'évaluation spécifique et standardisée de I'équilibre ne fait

I'objet que de peu d'études.

Chez les adultes, on recense trois groupes s'étant penchés sur le sujet de I'équilibre suite au TCL.
Geurts et coll. (1996; 1999) entreprirent de d'évaluer 'équilibre de 20 sujets TCC, dont 13 légers,
a l'aide de mesures des variations du centre de pression en position debout sur des plate-forme
de force en les comparant a 20 sujets sains. Comparés aux sujets controles, les sujets TCC
présentaient une augmentation de plus de 50% d'oscillations dans les plans antéro-postérieurs et
latéraux, et la perte d'informations visuelles (yeux fermés) étaient la condition les affectant le plus.
Ces déficits étaient présents sans problémes neurologiques spécifiques ni de problémes
détectables a l'aide de tests neuropsychologiques (Geurts et coll., 1999). Les hypotheses quant

aux bases neurologiques de ces déficits posturaux méme chez les cas de TCL, sont a I'effet que



les patients peuvent avoir besoin de plus de temps pour traiter I'information dd & une lenteur de
Vactivite sous-corticale. Ceci pourrait mener & des oscillations posturales excessives et une
utilisation accrue des informations visuelles pour le maintien de la posture. De plus, la vision
voulant que les lésions axiales diffuses (LAD) présentes aprés un TCC le soient dans un
continuum & travers les divers degrés de sévérité pourrait expliquer que ces problémes de
posture soient reliés a des LAD plus mineures mais diffuses au niveau, par exemple, du tronc
cérebral ou du cervelet. Finalement, les auteurs terminent en soulignant que bien que ces
problémes mineurs ne soient pas responsables d'incapacités sérieuses en elles-mémes, elles
peuvent interagir avec d'autres, mineures elles aussi, pour expliquer les effets a long terme des
TCL.

Guskiewicz et coll. (1997) s'intéressérent aussi au controle postural aprés le TCL et évaluérent
une population d'athletes 1, 3, 5 et 10 jours post-trauma au niveau cognitif (tests
neuropsychologiques reconnus) et de I'equilibre a l'aide d'un test appareillé soit l'oscillation du
centre de masse lors de I'exposition a des stimulations sensorielles visuelles, proprioceptives et
vestibulaires (Sensory Organization Test du Neurocom Smart Balance Master) (Guskiewicz et
coll., 1997). Les athlétes testés démontraient en moyenne, une performance en dega de celle
d'un groupe controle jusqu'au troisiéme jour post-trauma avec un retour & la normale par la suite.
De par la présence de déficits lors de conflits sensoriels, les auteurs conclurent & un probléme
potentiel d'organisation sensorielle. Encore une fois, les résultats des tests cognitifs quant a eux
ne démontraient aucun déficit au cours de la méme période, soulignant ici la présence de
problémes d'équilibre chez des sujets ne présentant aucun des symptomes plus communément

reconnus.

Finalement, Mrazik et coll. (2000), relevérent des différences significatives entre quatre athiétes
ayant subi des TCL de grades différents au niveau de leur performance au méme test utilisé par
Guskiewicz et coll. (i.e.SOT) et une série de tests neuropsychologiques. L'individu ayant subi une
commotion de grade 3 (la plus sévére) ainsi que celui dont le TCL n'était pas le premier
présentaient des symptdmes post-commotionnels persistants sur une période de deux semaines.

Pour ce qui était des résultats aux tests neuropsychologiques et au test d'équilibre, les deux



mémes individus présentaient aussi des déficits bien que ceux-ci aient atteint leur niveau pré-

traumatique au cours de la premiére semaine.

Chez la population pédiatrique, I'tude exploratoire effectuée par notre groupe (Gagnon et coll.,
1998), décrite dans la section des capacités motrices générales, est la seule recensée évaluant
de maniére spécifique et standardisée la performance motrice, comprenant une section sur
I'équilibre. Rappelons que plus de 40% des enfants présentaient une performance diminuée au
niveau de |'équilibre lorsque comparée aux normes disponibles pour leur groupe d'age deux

semaines aprés le TCL.

En conclusion, bien que la question des incapacités motrices suite au TCL pédiatrique demeure
non élucidée, suffisamment d'évidences existent pour justifier 'étude spécifique des troubles
potentiels d'equilibre et de temps de réponses chez cette clientéle. De plus, ces capacités sont
des pré-requis a la performance d'activités physiques de toutes sortes, habitude de vie centrale
chez les enfants. Leur étude est justifiée dans le contexte du retour sécuritaire et satisfaisant des

enfants a leurs activités physiques post-TCL.

2.4 Retour aux activités physiques aprés un TCL

La question du retour aux activités physiques aprés un TCL est habituellement traitée du point de
vue du temps de guérison optimal suite au traumatisme. La plupart des recommandations
concernant un moment de retour considéré comme sécuritaire émanent des études faites avec
les athlétes d'élite, pour qui le moment du retour revét une importance particuliére de par la nature
de leur implication sportive (CIS, 2002; Johnston et coll., 2001). Les consignes varient tant en
terme de temps ol les activités devraient étre restreintes qu'en termes des critéres permettant le
retour au jeu mais sont toutes ajustées selon le niveau de sévéritt du TCL (grade). Les
recommandations provenant des paramétres de pratique de I'AAN (1997) sont inclus & titre

d'exemple au tableau 3.



TABLEAU 3: Recommandations de prise en charge et de retour au jeu apres un traumatisme cranio-

cérébral leger chez une clientéle athlétique selon I'American Academy of Neurology (AAN, 1997).

Grade du TCL Evaluation au site  Evaluation

Retour au jeu le

Consignes de

de l'activité neurologique méme jour retour au jeu (i.e.
temps d'arrét)*
Grade 1 Oui Non-requise, peut-  Oui si I'évaluation, Retour le méme jour
étre demandée incluant un examen  si 1¢" TCL de grade
selon l'état clinique  de I'état cognitif, est 1, sinon 1 semaine
normale au repos et
al'activité
Grade 2 Oui Oui Non 1 semaine si 1&'TCL
de grade 2, sinon 2
semaines
Grade 3 Qui Oui Non 1 semaine si période

de perte de
conscience était de
quelques secondes;
2 semaines si la
période de perte de
conscience
dépassait 1 minute;
1 mois ou plus si
plus d'un TCL de
grade 3 dans la
saison

* Seulement si f'individu ne présente aucun symptdme et un examen neurologique normal au repos et aprés un essai
d'exercice.

On recense une publication de telles consignes de retour aux activités physiques pour la clientéle
pédiatrique dans le cadre de recommandations plus générales concernant tous les domaines de
la vie de l'enfant (e.g. académique, loisirs) (Swaine & Friedman, 2001) et basées sur celles
développées pour la clientéle athlétique. Ces recommandations sont largement utilisées mais
aucune étude ne prouve leur efficacité. En général, on y retrouve des restrictions d'activités
physiques d'une durée de deux a quatre semaines selon le grade de sévérité du TCL et celles-ci
ont la particularité de ne pas se limiter aux enfants impliqués dans des activités sportives de haut
niveau, mais bien de s'adresser a la population pédiatrique en général, tenant compte du fait que
les enfants participent généralement a une multitude d'activités. La sécurité semble donc étre un

facteur préoccupant pour les intervenants. Le détail de ces recommandations, développées et
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utilisées au sein de I'établissement hospitalier d'ou provenaient les sujets recrutés pour la

présente étude est présenté en annexe A.

Une fois passée la période de restriction, les enfants retournent a leurs activités physiques car
celles-ci sont un phénoméne social important chez les enfants et représentent probablement une
des habitudes de vie ol la majorité des enfants passent le plus de temps, outre les activités
academiques (Kino-Québec, 2000). Par contre, selon les cliniciens impliqués dans le programme
de neurotraumatologie de I'Hopital de Montréal pour Enfants, quelques enfants semblent eux-
mémes identifier des insatisfactions face a la qualité de leur performance une fois les activités
reprises suite au traumatisme, bien que celui-ci soit qualifié¢ de mineur par la plupart des
intervenants et des gens de leur entourage. Cette question de la performance dans les activites
physiques chez les enfants, ou méme chez les adultes, post-TCL genére peu d'intérét dans les
écrits. Avant de discuter spécifiquement de la pratique des activités physiques post-TCL, il
apparait essentiel de s'arréter sur les déterminants de la participation et de la performance

susceptibles d'étre sensibles au TCL.

2.4.1 Déterminants de la participation et de la performance

Au cours des deux derniéres décennies, on retrouve un intérét soutenu pour les questions
touchant la participation aux activites sportives, spécifiquement en regard des facteurs poussant
les individus a initier, poursuivre ou cesser la pratique de celles-ci et ce, méme chez la population
pédiatrique (Gould, 1982; Horn, 1992). Cependant, comme chez les adultes, les études publiées
dans ce domaine sont surtout limitées aux activitts sportives structurées (organisées)
comprenant souvent une composante compétitive, et ces études ne s'intéressent que peu au
large éventail d'activités récréatives auxquelles les enfants participent sans structure ou
surveillance particuliére (Horn, 1992). Malgré ces limites, il est généralement reconnu que le
choix de participer ou non aux activités physiques ainsi que le niveau de performance atteint lors
de la pratique de ces activités sont des concepts influencés par plusieurs déterminants, incluant
des déterminants physiques tels la force, la souplesse, I'équilibre ou les habiletés athletiques
comme telles, mais aussi des déterminants plus psychosociaux incluant la motivation, la

compétence ou l'efficacité personnelle dans le contexte de situations spécifiques. Ces capacités,



31

tant motrices que psychosociales pourraient étre affectées suite a une blessure telle un TCL et
constituer une raison pour laquelle les enfants sembleraient moins confiants ou performants suite
au trauma. Deux des déterminants physiques ayant été discutés au sein des sections
anterieures, la suite de cette partie s'attardera surtout & deux déterminants psychosociaux
influengant la pratique et la performance des activités physiques: d'abord la perception de la

compeétence athlétique, ensuite l'efficacité personnelle en regard des activités physiques.

2.4.2 La perception de la compétence athlétique

La perception de fa compétence telle que définie par Harter (1982; 1984) dans le cadre de sa
théorie de la compétence et de la motivation référe a une perception globale des habiletés
particulieres & plusieurs sous-domaines (physique, social, académique, etc.) menant a une
appreciation globale de fa compétence d'un individu. Les jugements concernant ces sous-
domaines de compétence seraient obtenus grace a limplication d'un individu au sein d'une
activité. Si couronnée de succes, cette participation résulterait en des sentiments positifs qui
renforceraient la motivation de I'individu a poursuivre 'activité. Pour la compétence athlétique,
par exemple, les individus possédant un niveau de compétence athlétique élevé exerceront plus
d'effort et persisteront plus longtemps au sein d'activités physiques que ceux démontrant un
niveau moins élevé de compétence (McKiddie & Maynard, 1997). La perception de la
compétence athlétique est un construit central dans la recherche sur la participation aux activités
physiques méme chez les enfants. En effet, Butcher et coll. (2001) démontrérent que des enfants
de 8 & 10 ans qui participaient a des sports et activités physiques de maniére réguliére
possedaient une perception de compétence athlétique plus élevée que leurs pairs non

participants.

2.4.3 L'efficacité personnelle

Comme la théorie de Harter sur la perception de la compétence, la théorie de l'efficacité
personnelle de Bandura (1986) s'intéresse aussi au concept de motivation, mais plutot centrée
sur la maitrise et la réalisation d'activités spécifiques. L'efficacité personnelle est parfois utilisée

pour faire référence au sens général de compétence d'un individu (Smith et coll., 1990; Cowen et



coll., 1991), se rapprochant ainsi des notions comprises dans le modéle de compétence
personnelle de Harter. Cependant, lefficacité personnelle est plus utile lorsque définie,
opérationnalisée, et mesurée dans l'optique d'une situation particuliére (Bandura, 1986). En
d'autres mots, il s'agirait moins d'un trait de la personnalité concernant un domaine global
(académique, physique, social) mais bien d'un jugement individuel de sa capacité & réussir une
thche spécifique dans un contexte spécifique, par exemple réussir a atteindre des cibles lors de
lancers de balle au cours d'éducation physique. Au cceur de cette théorie repose la notion que
linitiation et la persistance de la participation aux activités diverses sont déterminées d'abord par
les jugements et attentes a propos des habiletés et capacités comportementales d'un individu de
méme que par les chances de répondre avec succés aux demandes et défis de I'environnement
specifique (Bandura, 1986). La théorie de l'efficacité personnelle se centre donc sur les aspects
cognitifs de la maitrise et de la performance (Bandura, 1986; Horn, 1992). Les croyances
d'efficacité personnelle sont le produit d'informations provenant de quatre sources principales: 1)
les experiences vécues, 2) les expériences observées et imaginées, 3) la persuasion verbale ou
I'encouragement et 4) les états psychologiques et émotionnels d'un individu au moment

d'entreprendre I'activité en question.

L'efficacité personnelle est donc d'emblée, une mesure de perception des capacités plutét qu'une
mesure reelle de la performance (Bandura, 1986, 1990). Les individus ont tendance & éviter les
activités et les situations spécifiques qui, selon eux, excéderont leurs capacités a les gérer, mais
s'engageront volontiers au sein d'activités qu'ils croient pouvoir réussir (Schunk, 1984; Betz &
Hackett, 1986; Bandura, 1989). Ils auront tendance a interpréter les demandes et les obstacles
rencontrés comme des défis plutét que comme une menace ou des événements subjectivement
incontrlables (Bandura, 1990). L'anxiété face aux obstacles et difficultés est aussi largement
dépendante des croyances a pouvoir controler les situations et environnements. En effet,
I'obstacle n'est pas une propriété propre a un événement ou a une situation. i s'agit plut6t d'une
propriéte relationnelle a propos du pairage entre les aspects menagants de l'environnement et la
perception des capacités a les affronter. Bandura est donc partisan d'une approche a la mesure
de l'efficacité personnelle spécifique a une situation ou d'un comportement, soutenant qu'une
mesure plus générale ne pourrait pas étre adéquate pour capter le niveau d'efficacité requis pour

répondre & des situations trés spécifiques telles une maladie ou les sports particuliers.



Cet état de fait poussa plusieurs a se pencher sur l'efficacité personnelie d'individus atteints de
conditions médicales diverses, présentant des défis particuliers. Dans le cas de la sclérose en
plaques, par exemple, les études suggerent que les gens ayant les plus hauts niveaux d'efficacité
personnelle face a la gestion de leur condition sont les mieux ajustés et présentent moins de
comorbidité psychologique (Schwartz et coll., 1996). Il en est de méme chez les individus atteints
d'épilepsie, ot un plus haut niveau d'efficacité personnelle face a la gestion de leur condition
semblerait lié & une meilleure capacité a gérer la condition en elle-méme (Dilorio et coll., 1992).
Des données recentes concernant la participation sociale post-TCC sévére semblent aussi
indiquer que des facteurs dit de résilience tels I'efficacité personnelle générale auraient aussi un
role essentiel dans le succés de la participation sociale de ces individus post-trauma (Dumont,
2003).

Malgré le fait que I'efficacité personnelle des individus post-TCL n'ait jamais fait I'objet d'études
spécifiques ni dans le cadre de |a participation sociale ni dans le cadre de la pratique des activités
physiques, il est possible qu'elle soit affectée suite au fraumatisme. Cette hypothése est basée
sur les travaux de Bandura qui constate que les athlétes possédent tous des habiletés de base
mais que leur perception d'efficacité personnelle affectera leurs performances lors de conditions
de pression elevées, et par conséquent, leur succes. Les athiétes qui ont la capacité d'ignorer les
facteurs émotionnels et stressants réussiront mieux que leurs pairs possédant des habiletés
motrices équivalentes (Bandura, 1990). Vu cette association entre l'efficacité personnelle et la
performance véritable, Bandura soutient que les blessures importantes pourraient affecter
l'efficacité personnelle et ultérieurement affecter la performance de maniére négative et ce, méme
aprés la résolution de la blessure initiale. Cette hypothése fut supportée dans le cadre des
blessures séveres ayant un effet permanent sur les capacités d'un individu mais pas dans le
cadre de blessures musculo-squelettiques plus mineures ayant des répercussions limitées dans
le temps (Weiss & Troxel, 1986; Kilgore 1998). Spécifiquement, Kilgore (1998) ne trouva aucun
effet sur I'efficacité personnelle de blessures telles les étirements ligamentaires et blessures
musculaires parmi les athlétes féminines de gymnastique lorsqu'évaluées avant chaque

compétition au cours de la saison.



Somme toute, le manque de finalité des conclusions quant a la présence d'incapacités suite au
TCL chez l'enfant et I'absence compléte d'études en ce qui a trait 4 la participation et a la
performance aux activités physiques post-trauma justifient 'entreprise de nos travaux. Ceux-ci se
situent dans le cadre de I'examen du retour aux activités physiques aprés un TCL. Plus
particulierement, il s'agit d'étudier I'évolution de deux capacités motrices post-TCL: I'équilibre et
les temps de réponse, et de deux capacités psychosociales ayant un role probable dans la
pratique des activités physiques; l'efficacité personnelle reliée aux activités physiques et la
perception de compétence athlétique. De plus, il sera intéressant d'examiner si des relations
existent entre les différentes variables que nous aurons documentées. Ces questions de
recherche sont formulées en tant qu'objectifs dans la prochaine partie, laquelle s'intéressera a la

methodologie générale des travaux expérimentaux.
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CHAPITRE 3
METHODOLOGIE DES TRAVAUX EXPERIMENTAUX

Cette partie sera consacrée a une description des méthodes utilisées au cours des travaux. |I
s'agira d'abord de décrire les objectifs, méthodes (sujets, mesures et procédures d'acquisition des
données) de I'étude principale et de présenter les articles scientifiques (articles 1-4) s'y rapportant
en decrivant la problématique et les hypotheses propres a chacun. Suivra ensuite la
methodologie et la présentation de I'article (article 5) se rapportant a I'étude de comparaison des

deux outils d'évaluation de I'équilibre.

3.1 Méthodologie générale de I'étude principale

3.1.1 Objectifs

Rappelons que l'objectif principal de cette étude était:

de décrire, au cours des 12 premiéres semaines suivant un TCL, les capacités d'équilibre et de
temps de réponse, d'efficacité personnelle et de compétence athlétique d'un groupe d'enfants et
de les comparer a celles d'un groupe d'enfants référence, non blessés, appariés pour I'age, le

sexe et le niveau d'activité physique pré-traumatique.

Les objectifs secondaires étaient:

1) d'examiner l'impact du TCL sur leur niveau de participation aux activités physiques telles les
sports ou les jeux 12 semaines apres le traumatisme et 2) d'examiner les relations entre les divers
domaines étudiés soient: les caractéristiques socio-démographiques des enfants (e.g. age, sexe),
les caractéristiques du TCL (e.g. cause, grade de TCL), les capacités motrices (i.e. équilibre,
temps de réponse) et psychosociales (i.e. compétence athlétique, efficacité personnelle) et le

niveau de participation aux activités physiques.



3.1.2 Méthodes

Cette étude de cohorte consistait en deux groupes d'enfants et utilisait un devis prospectif pour
I'evaluation de I'équilibre, des temps de réponse de I'efficacité personnelle, de la perception de la
compétence athlétique et du niveau d'activité physique chez les enfants ayant subi un TCL. Pour
assurer un contréle de la maturation, des variations naturelles a la performance et des variables
potentiellement confondantes (pré-traumatiques inconnues et non mesurées), les résultats étaient
compares a ceux d'un groupe d'enfants contrles appariés pour I'age, le sexe et le niveau

d'activité physique pré-traumatique et recrutés, si possible, parmi les amis des enfants TCL.

3.1.2.1 Sujets

Un échantillon de 40 enfants ayant subi un TCL et un nombre égal d'enfants sans TCL, agés
entre 7 et 16 ans furent recrutés pour cette recherche. La taille de I'échantillon fut calculée en
utilisant un niveau de signification alpha (a) de 0.05 et une puissance (1-B) de 0.80. L'outil de
mesure principal était le sous-test d'équilibre du Bruininks-Oseretsky Test of MotorProficiency,
utilisé dans le cadre de I'¢tude pilote (Gagnon et coll., 1998). Pour la détection d'une différence
considérée comme significative entre les deux groupes, un échantillon de 38 sujets fut considéré
comme necessaire, selon la formule suivante ol z = écart-type obtenu dans I'étude pilote; p1-p2 =
différence significative entre les performances; a = niveau de signification fixé et 1-g = puissance
fixée (Kelsey et coll., 1986).

N1 =nz=20a?(zqy - 2g?

(u1 - p2)2

Afin de permettre une marge d'erreur raisonnable et la possibilité de données incomplétes, un

échantillon de 40 enfants par groupe fut recruté.

Les critéres d'inclusion pour le groupe TCL étaient:
e Un diagnostic de TCC léger, tel que défini par I'American Congress of Rehabilitation Medicine
(ARCM, 1993)

e Laconnaissance fonctionnelle du frangais ou de l'anglais



e Lacapacité a marcher de maniére indépendante et sécuritaire

Les enfants furent exclus de I'étude s'ils présentaient:

e Un condition pré-traumatique affectant la performance motrice, telle une condition neuro-
musculaire, musculosquelettique ou cardio-vasculaire, limitant I'évaluation.

e Un diagnostic médical pré-traumatique documenté de troubles d'apprentissage ou de déficit
de l'attention avec ou sans hyperkinésie, ainsi que ['utilisation réguliére de Ritalin.

e Laprésence a une école spéciale pour troubles d'apprentissage et/ou de comportement.

e Une fracture ou une comorbidité (Iésion nerveuse, lacérations, etc...) limitant 'évaluation de
la performance motrice.

Les criteres d'inclusion et d'exclusion (excepté le diagnostic de TCL) étaient les mémes pour le

groupe d'enfants contréles.

Les sujets du groupe TCL furent recrutés au cours de leur admission au programme de
Neurotraumatologie de I'hdpital de Montréal pour enfants du Centre de Santé de ['Université
McGill. La coordonatrice du programme rencontrait les familles et leur fournissait des explications
au sujet du projet (annexe B.1). Apres qu'ils eurent signifié leur intérét a 'étude, la coordonatrice
de l'étude rencontrait les parents et I'enfant dans le but d'expliquer les procédures, d'obtenir le
consentement éclairé des parents et de I'enfant (annexe C.1), et de débuter I'acquisition des
donnees telle que décrite a la figure 3. Le recrutement du groupe controle se faisait, si possible,

parmi les amis du sujet TCL pour ainsi controler encore mieux des variables pré-traumatiques.
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3.1.2.2 Mesures

Un certain nombre de mesures de I'quilibre, de temps de réponse et d'activité physique ont été
utilisées dans le cadre de cette étude. Les outils quantifiant les performances d'équilibre sont
decrits dans les deux premiers articles. Le troisiéme article se concentre sur les résultats des
temps de réponse et le quatriéme sur les résultats concernant les données relatives aux activités
physiques. Les outils utilisés pour évaluer les différents aspects de nos travaux sont les suivants:
Equilibre e Bruininks-Oseretsky Test of Motor Proficiency-Balance
(Bruininks, 1978)
o Postural Stress Test (Wolfson et coll., 1986)
e Pediatric Clinical Test of Sensory Integration for Balance (Crowe
et coll., 1990; Westcott et coll., 1994)
Temps de réponse e Bruininks-Oseretsky Test of Motor Proficiency-Response Speed
(Bruininks, 1978)

o Tapis d'interrupteurs pour évaluer le temps de réponse

Activités physiques e Activity Rating Scale (Sallis et coll., 1988) (mesure d'appariement

pour le niveau d'activités physiques)

e Physical Activity Questionnaire for children or adolescents
(Crocker et coll., 1997)

o Athletic Competence subscale of the Self-Perception Profile for
Children or Adolescents (Harter, 1985; 1988)

o Questionnaire d'efficacité personnelle développé pour cette

étude
Symptémes post- e Rivermead Post-Concussion Symptoms Questionnaire (King et
commotionnels coll., 1995)

Prises ensemble, ces mesures fournissent une évaluation globale des concepts d'intérét. Un
resumé des mesures ainsi que leurs qualités psychométriques sont fournies au tableau 4. Le

détail de chacune de ces mesures est incluse au sein des articles.
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Les variables suivantes furent aussi documentées pour leur apport aux connaissances des
caractéristiques du TCL et de I'enfant lui-méme: l'information sur le type de traumatisme, les
symptomes présents initialement et leur évolution dans le temps & I'hopital, prises & partir du
dossier medical et les informations socio-démographiques de I'enfant obtenues lors de la

rencontre initiale.

3.1.2.3 Procédures générales

Les trois séances d'évaluation prirent place au domicile de I'enfant pour réduire les déplacements
et les absences a I'école. Les choix des temps d'évaluation furent basés sur leur importance
dans le processus de récupération (4 semaines marque la fin de la période de restriction
d'activites et 12 semaines est rapporté comme le moment ol la plupart des déficits sont résolus).

Ces procedures sont aussi décrites en détails dans chacun des articles.

3.1.3 Présentation des articles relatifs a I'étude principale

3.1.3.1 Problématique de I'article 1: Etude d'un cas d'évaluation de I'équilibre pré et post-TCL

La présence de controverse quant & I'existence ou non d'incapacités suite a un TCL est alimentée
en partie par le manque de données probantes sur I'état pré-traumatique des enfants tant au
niveau psychologique que physique. Obtenir des informations sur I'état pré-traumatique des
enfants ayant subi un TCL est une préoccupation constante pour les cliniciens et chercheurs
impliqués auprés de cette clientéle. Au cours de la période de rodage des outils et des
procédures de I'étude principale (rapportée dans les articles 2, 3 et 4), une des enfants évaluée
subit un TCL dans le cadre d'une activit¢ sportive de loisir. L'opportunité de décrire les
performances a des tests d'équilibre avant et aprés le traumatisme s'est donc présentée. L'article
1 documente donc I'évolution des capacités d'équilibre de cette enfant au cours des 12 semaines

suivant son TCL, en les comparant aux données pré-traumatiques disponibles.



3.1.3.2 Problématique de I'article 2: Evaluation de I'équilibre post-TCL

Le peu d'études disponibles concernant les capacités d'équilibre suite @ un TCL rapportent des
difficultés d'ordre dynamique et d'interaction sensorielle variant de quelques jours a plusieurs
mois suivant fe TCL tant chez les adultes (Geurts et coll., 1996; 1999; Guskiewicz et coll., 1997;
Mrazic et coll., 2000) que chez les enfants (Gagnon et coll., 1998; 2001). L'objectif de cette partie
de I'étude principale, présenté dans l'article 2, était de déterminer si les capacités d'équilibre des
enfants étaient affectées au cours des trois premiers mois suivant le TCL lorsque comparées a
celles d'un groupe d'enfants contréles au cours de la méme période. Afin d'obtenir le plus
d'indices possibles quant aux aspects spécifiques de I'équilibre pouvant subir les effets du
traumatisme, trois outils d'évaluation furent utilisés, chacun cernant un aspect particulier du
contrble postural. Le sous-test d'équilibre du BOTMP pour I'équilibre statique et dynamique sans
perturbations externes, le PCTSIB pour linteraction sensorielle en condition statique et le PST
pour les réponses aux perturbations externes standardisées. L'hypothése principale de cette
partie était a l'effet que si des déficits d'équilibre étaient identifiés, ils seraient d'ordre plus
dynamique que statique et plus complexes en termes d'interactions sensorielles que simples, tels

qu'identifies dans les études exploratoires antérieures.

3.1.3.3 Problématique de I'article 3: Evaluation du temps de réponse post-TCL

La vitesse de traitement de linformation étant directement lige & lintégrité des connections
intracérébrales, plusieurs chercheurs ont voulu démontrer les effets cognitifs d'un TCL a l'aide de
la mesure des temps de réponse. Les résultats s'avérent cependant souvent peu concluants et
lorsque des augmentations des temps de réponse sont identifiées, les effets potentiels de telles
augmentations sur les activités quotidiennes des enfants ne sont pas explorés. L'objectif de ce
troisieme article était de déterminer si les capacités de temps de réponse des enfants étaient
affectées au cours des trois premiers mois suivant le TCL lorsque comparées 4 celles d'un groupe
d'enfants contréles au cours de la méme période. Deux outils d'évaluation furent utilisés dans le
but d'obtenir des informations plus complétes sur les temps de réponse: 1) le sous-test de vitesse
de réponse du BOTMP pour un temps de réponse simple avec composante motrice limitée au

membre supérieur et 2) un appareil développé pour notre étude évaluant le temps de réponse
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simple, au choix et au choix inversé avec réponse motrice soit limitée au membre supérieur, soit
impliquant un déplacement du centre de gravité dans un mouvement global de tout le corps.
L'hypothése principale de cette partie était que des augmentations des temps de réponse seraient
identifiées lors des épreuves plus complexes impliquant une réponse motrice de tout le corps,
donc des composantes posturales et d'équilibre, plutdt que lors des épreuves plus simples

limitées aux membres supérieurs.

3.1.3.4 Problématique de I'article 4: Evaluation du niveau de participation et de Ia perception de la
performance aux activités physiques post-TCL.

Les études traitant du retour aux activités physiques suite a un TCL, tant chez les adultes que
chez les enfants, s'intéressent surtout a la détermination d'un moment sécuritaire pour effectuer
ce retour. La question de la participation et de la perception de la performance lors de la pratique
des activités suite au TCL demeure non élucidée et constitue I'intérét de ce quatriéme article. En
effet, les enfants eux-mémes soulevant des inquiétudes face a leurs performances ou a la
satisfaction qu'ils retirent de celle-ci post-TCL, il semblait d'un intérét certain d'explorer certains
aspects reliés a la participation et a la pratique des activités physiques. L'objectif de cet article
était donc de déterminer si les enfants ayant subi un TCL maintenaient, 12 semaines post-trauma,
un niveau d'activité physique, une perception de leur compétence athlétique et un niveau
d'efficacité personnelle face a la pratique des activités physiques comparables & ceux de la
période pré-traumatique et a ceux d'un groupe d'enfants controles. Bien que des évaluations
directes de la performance des enfants lors de la pratique de leurs activités physiques n'aient pas
ete faisables dans le cadre de cette étude, les résultats pouvaient nous fournir des indices quant
a celle-ci. Bien qu'il ne s'agissait que d'une étude exploratoire, en se basant sur les rapports des
enfants, 'hypothése de travail principale de cet article était a l'effet que la perception de la

performance aux activités physiques allait &tre altérée suite au TCL.



3.2 Méthodologie de la derniére étude comparant deux outils d'évaluation de l'interaction

sensorielle pour I'équilibre chez les enfants sains

3.1.1 Objectifs

L'objectif (article 5) de cette étude était de comparer la performance d'enfants sans pathologie &
Faide de deux tests évaluant I'organisation sensorielle pour le maintien de I'équilibre; le Sensory
Organisation Test (SOT) du Smart Balance Master™ (Forssberg & Nashner, 1982), et le Pediatric
Clinical Test of Sensory Interaction for Balance (PCTSIB) (Crowe et coll., 1990). Comme il est
genéralement accepté que le PCTSIB est une alternative clinique au SOT, notre hypothése était
que les enfants devraient démontrer des performances fortement corrélées pour ces deux tests.
De plus, si les deux outils prétendent évaluer des niveaux variables de complexité de l'interaction
sensorielle a |'aide des six mémes conditions sensorielles, il était attendu que les performances
des enfants seraient classées dans le méme ordre dans chacun des deux tests. Un objectif
secondaire de I'étude était d'examiner les relations entre 'age des enfants et leurs performances

aux deux tests.

3.1.2 Méthodes

Il s"agit d'une étude exploratoire de type transverse évaluant la performance d'un groupe d'enfants

sains aux deux tests d'équilibre.

3.1.2.1 Sujets

Un échantillon de convenance de seize sujets volontaires sains ont participé a cette étude. Les
enfants étaient 4gés entre 6 et 16 ans et étaient recrutés parmi les enfants du personnel du
centre de recherche de IRM, de I'HOpital de Montréal pour Enfants, et parmi les amis des
chercheurs. Ce groupe d'age fut choisi en particulier pour assurer une plus grande variabilité de
performances, attendue de par une maturité différente du développement dans le domaine de
I'équilibre. Les critéres d'inclusion étaient:1) étre agé entre 6 et 16 ans, 2) étre en bonne santé et

3) pouvoir se déplacer au Centre de Recherche Interdisciplinaire en Réadaptation, site de I'institut
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de réadaptation de Montréal. Les enfants étaient exclus s'ils présentaient: 1) des antécédents
medicaux tels une condition neurologique ou orthopédique pouvant influencer le maintien de
I'equilibre 2) un diagnostic de trouble de l'attention empéchant la participation au protocole
d'évaluation, 3) la fréquentation d'une classe scolaire autre que celle prévue pour son groupe
d'age ou 4) des difficultés rapportées par les parents lors de la participation a des activités

sportives.

Les parents des enfants éligibles a I'étude et intéressés & participer, recevaient une lettre
d'information (annexe B.2). Aprés avoir signifié leur intérét & participer, une séance d'évaluation
était planifiée ol les parents et les enfants étaient rencontrés pour répondre a leurs questions et

obtenir leur consentement (annexe C.2) avant de procéder a I'acquisition des données.

3.1.2.2 Mesures

Deux instruments de mesure de ['‘équilibre étaient utilisés pour cette étude; le Sensory
Organization Test (SOT) du Smart Balance Master™ et le Pediatric Clinical Test of Sensory
Interaction for Balance (PCTSIB). Les conditions sensorielles évaluées & l'aide des deux tests

étaient les mémes et sont présentées au tableau 5.

3.1.2.3 Procédures générales

La procédure d'acquisition des données est incluse & la figure 4. Les sessions d'évaluation
eurent lieu au département de physiothérapie de I'Institut de réadaptation de Montréal, lieu ol se
trouvait I'équipement du SOT. Chacun des enfants était évalué en une seule session d'une durée
de 45 minutes. Pour éviter le biais d'expérimentateur, les enfants débutaient toujours par le test
clinique (PCTSIB) avant [l'évaluation instrumentée (SOT). Toutes les évaluations étaient
effectuées par la chercheure principale qui connaissait les deux outils. La procédure est décrite

en détail au sein de 'article 5.
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Arrivée de l'enfant
Explications
Obtention du consentement
des parents et de I'enfant

'

PCTSIB
12 conditions
30 secondes

chacune

'

SOT
6 conditions
20 secondes
chacune

FIGURE 4: Procédure d'acquisition des données pour l'étude de comparaison entre le Sensory

Organization Test (SOT) et le Pediatric Clinical Test of Sensory Interaction Test for Balance (PCTSIB)

3.1.3 Présentation de ['article relatif & 'étude de comparaison entre deux outils d'évaluation de

l'interaction sensorielle pour I'équilibre

3.1.3.1 Problématique de I'article 5

Les outils d'évaluation des capacités d'interactions sensorielles dans le maintien de l'équilibre
sont souvent utilisés dans le cadre d'évaluations cliniques et expérimentales. Les colts élevés
reliés a I'acquisition d'équipements commerciaux instrumentés (tels le Smart Balance Master™)
destinés a cette évaluation ont contribué au développement d'un outil plus clinique visant les
mémes objectifs (Pediatric Clinical Test of Sensory Interaction for Balance). La question de
l'équivalence réelle entre ces versions instrumentée et clinique n'a jamais été abordée. L'objectif
principal de ce cinquiéme article était donc de comparer la performance d'enfants sans pathologie

a l'aide de deux tests évaluant l'organisation sensorielle pour le maintien de 'équilibre; le Sensory
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Organisation Test (SOT) du Smart Balance Master™, et le Pediatric Clinical Test of Sensory
Interaction for Balance (PCTSIB) afin d'explorer la notion que l'outil clinique représentait une
alternative a celui requérant de I'équipement plus sophistiqué et colteux. L'hypothése principale
était que si le PCTSIB était une alternative clinique au SOT, les enfants devraient

vraisemblablement y démontrer des performances fortement corrélées.



CHAPITRE 4
RESULTATS EXPERIMENTAUX

4.1 Resultats concernant les capacités d'équilibre suite au TCL

4.1.1 Article 1: Balance findings in a child before and after a mild head injury

Gagnon |, Friedman D, Swaine B, Forget R.. Journal of Head Trauma Rehabilitation; 2001; 16(6):
595-602.

This research was supported in the form of grants by:

Fondation Marie Robert pour la recherche sur les traumatisés craniens, Réseau provincial de
recherche en adaptation-réadaptation (REPAR), Ordre professionnel des physiothérapeutes du
Québec and the Physiotherapy Foundation of Canada.

Gagnon |, Swaine B and Forget R receive bursaries and fellowships from the Fonds de la

recherche en santé du Québec.
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ABSTRACT

This case study reviewed the pre and post-injury balance performance of a child who had
sustained a mild traumatic brain injury. A prospective design was used to document balance 5
days pre-injury, 1, 4 and 12 weeks post-injury. The assessments used were the balance subtest
of the Bruininks-Oseretsky Test of Motor Proficiency, the Pediatric Clinical Test of Sensory
Interaction for Balance and the Postural Stress Test. One week after the trauma, balance deficits
were observed in the three tests, improved 4 weeks after the injury and that performance
remained stable over the following 2 months for two of the evaluations but that the Postural Stress
Test performance failed to improve in the 3 month period following trauma. The good recovery of
balance skills observed over the first month after injury seems to validate the current activity
restrictions imposed on children after a mild traumatic brain injury. However, the persistence of
poor performance in the area of reactions to external perturbations indicates that some deficits

may persist beyond what is expected with this population. Keywords: Mild head injuries, balance

We wish to thank the child and her family for participation in the study.



Introduction

Mild head injuries (MHI) or concussions in children have been the subject of much interest in the
last decade. However, researchers have been faced with many issues concerning the elaboration
of studies concerned with the outcome of children after these injuries. The difficulties in
establishing a clear diagnosis for the less severe cases, selection biases, the variability in medical
management of the cases and the controversy regarding the presence and the duration of

possible deficits are but a few of these concerns!

One cause for the difficulty in establishing the presence or absence of deficits is certainly the lack
of adequate control of premorbid characteristics of these children, thus clouding the process of
establishing the exact post-traumatic status. Pre-season evaluations are sometimes available for
groups of elite athletes who will go on to be injured during the course of the season2. However,
those do not reflect the substantial proportion of children who will sustain their injury during free
play or less structured sport participation and for whom pre-injury data is impossible to obtain. As
well, concerns have been raised about the predisposition of certain children to sustain mild head

injuries, bringing on the importance of identifying and controliing for pre-injury characteristics3+4.

This has lead to the persistence of a controversy regarding the presence of deficits as well as to
many assumptions and possible misconceptions regarding the nature of the post-traumatic
complaints especially those involved with subjective symptoms. The purpose of this case review
is therefore to describe the pre-traumatic balance performance of an 11 year old girl who later
sustained a MHI, and to describe her post-traumatic balance performance over the following 3

months.

Literature Review

Although head injuries vary in severity and recovery pattern, the majority of them are classified as
mild. Mild head injury (MHI) is defined by the American Congress of Rehabilitation Medicine as a
"traumatically induced physiological disruption of brain function manifested by at least one of the

following: (1) any period of loss of consciousness (LOC), (2) any loss of memory for events



immediately before or after the accident (post traumatic amnesia PTA), (3) any alteration in
mental state at the time of the accident, and (4) focal neurological deficits that may or may not be
transientS. A wide range of severity exists within the mild head injury category and this has lead to
the development of a variety of classification systems generally identifying 3 grades of severity

based on the duration of unconsciousness and post traumatic amnesiat-’.

Various residual deficits related to MHI have been described, ranging from medical problems8-,
including post-concussion syndrome and post-traumatic reaction!*13, to cognitive and
psychosocial deficits#-19. However, several studies report conflicting evidence as to the existence
of these deficits, especially of motor deficits mostly due to methodological concerns that have
been raised with many of these studies. Balance difficulties have been described by 2 groups in
the adult population. Geurts et al.20-2! measured balance using force platform posturography in 20
head injured subjects and compared them to 20 adults without injury. They found that after an
average of 16 months post trauma, even though no subject presented with specific neurological
deficits, the head injured subjects demonstrated a 50% increase in antero-posterior and lateral
sway in quiet standing and that the loss of visual cues (eyes closed) affected them the most.
Guskiewicz et al.22 studied a sample of 22 head injured athletes and compared them to 11 non
injured subjects using the Sensory Organization Test23. They found a postural instability present
only in the initial 3 days post-trauma with a recuperation after that period. In both studies,

neuropsychological testing revealed no deficits in the head injured individuals.

The only report focussing on the balance of children after a recent MHI is an exploratory study
done by our group? where 28 children where assessed 2 weeks after a MHI using a
standardized, norm referenced motor performance assessment, the Bruininks-Oseretsky Test of
Motor Performance?®. For the balance subtest, more than 40% of children presented with a

decreased performance when compared to norms.

Unusual circumstances have made it possible to obtain pre-injury balance characteristics of one
subject and the purpose of the present paper is to report on the pre and post traumatic balance
skills of this 11 year old girl, in an attempt to provide evidence as to the existence of balance

problems in some children after a very mild head injury.
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Case Report

Subject

S.F.is an 11 year old girl who was initially seen before the injury as part of the testing on normal
children in a protocol designed to study MTBI children prospectively. She is an above average
student attending a bilingual school program and she participates in physical activities of various
sorts on a regular basis. She sustained a MTBI while snowboarding 5 days after initial testing.
After having given informed consent, she was recruited as a subject for the prospective study

(ongoing) and was assessed 1, 4 and 12 weeks post injury according to the study protocol.

The MTBI she sustained was considered as a grade 1 concussion according to a standard
classification system. She did not lose consciousness and had no documented PTA. She,
however, had drowsiness, nausea and vomiting as well as headaches for a few hours post injury.
She sought medical attention in the emergency department, and was subsequently admitted for
overnight observation in the Pediatric and Adolescent Neurotrauma Program of the Montreal
Children Hospital of the McGill University Health Center. She had a neurological screening
evaluation prior to her release from the hospital and was considered not requiring any specific
intervention from any rehabilitation services. She was given the usual discharge information
including specific recommendations developed within the Pediatric and Adolescent Neurotrauma
Program (annex 1) and was told to refrain from physical activities for a period of 4 weeks with
subsequent gradual return to regular activities if completely symptom free for the last full week of
this period of time. These guidelines were developed in the last 5 years to provide concrete
information aimed at reducing post-concussion syndrome and the risk for a repeat head injury
during the recovery period, potentially leading to more dramatic consequences (second impact
syndrome).



Method

S.F. was assessed 5 days pre-injury, 1, 4 and 12 weeks post injury with 3 recognized and well
established measures of balance for which psychometric properties are available: the balance
subtest of the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP), the Pediatric Clinical Test
of Sensory Interaction for Balance (PCSITB)% and the Postural Stress Test (PST)?7. The three

measures assess different components of balance namely, dynamic balance in various

conditions, interaction of the various sensory systems required for maintenance of balance and
the ability to respond to backward perturbations when standing quietly. All assessment sessions
were performed in her home and lasted approximately 45 minutes each. She did not require rest
periods in the pre or post injury assessments. She had returned to school by the third day
following her trauma and the only remarkable symptom persisting was a sense of fatigue and rare
headaches. There was no reported obvious attention or concentration difficulties within the school

setting.

Measures

The balance subtest of the Bruininks-Oseretsky Test of Motor Proficiency is a measure of static

and dynamic balance without external perturbations. It is part of a norm referenced test of global
motor proficiency designed to discriminate between typically developing children and atypical
development. The balance portion of this test comprises 8 items such as standing on one foot on

the floor and on a balance beam and walking tandem in on a line or a balance beam.

The Pediatric clinical test of sensory interaction for balance evaluates a child's ability to use visual,

somatosensory, and vestibular input for maintenance of standing balance. It was developed
initially for adults by Shumway-Cook® to provide an inexpensive alternative to platform
posturography. It assessed the duration of stance in 6 sensory conditions. In the P-CTSIB,
tandem standing has been added and this version includes 12 conditions. Duration of standing is
recorded until the child has maintained the position for 30 seconds or makes a postural

adjustment defined by removing hands from hips, moving feet from the original position or falling
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requiring the examiner's help. The advantages of such a test reside in its ability to reflect the

child's integration and use of diverse information in various conditions of static balance.

The Postural Stress test consists of a standard pulley system providing reproducible backward

perturbations in a standardized manner, a factor that is often ignored or unstandardized in many
measures of balance. It is used to test motor responses to external perturbations during "normal
stance”. The test evaluates the ability of the child to react and sustain upright posture in response
to an increasing amount of weight dropped to produce a backward pull on a waist belt. The
percentage of the child’s body weight required to cause a stepping postural adjustment is

recorded.
Results

The results of the 4 testing sessions are presented in table 1. The pre-injury assessment session
took place 5 days prior to the injury and provides a baseline assessment for all evaluations. The
balance subtest of the BOTMP, which has normative data, was well above the expected
performance for her age group. The other tests were along the expected performance for a child
her age.

At one week post injury, the three tests' performances were below the baséline. For the BOTMP,
both raw score and and standard score performance were decreased (25-58%). Poor
performance was observed for items concerned with the absence of visual input and stepping
over an obstacle. With the PCSITB, some sensory conditions appear sensitive to the MHI effects.
All reductions in performance occur in the reduced base of support condition (feet tandem), and
when visual input is absent or conflicting (eyes closed or dome on head). Conditions when visual
information is normal do not appear to pose difficulties. Finally, performance on the PST s
decreased by 33% one week post trauma. The age equivalent performance, that was 29 months
above her chronological age pre-injury, was reduced to 59 months below her chronological age

one week post-injury.



Four and twelve weeks after trauma, the same tests were administered and globally found to have
improved at 4 weeks and remained stable at 12 weeks. Performance on the BOTMP was back to
age appropriate performance although remained around 7-21% below pre-injury performance, the
only problem persisting being found with the eyes closed item. The PCSITB had returned to pre-
injury values for all conditions but the PST's performance had remained as per the one week
assessment, decreased by 33%. As for her age equivalent performance, it had improved to 14
and 17 months below her chronological age for the 4 and 12 week assessments respectively, a

level considered within normal limits.

Discussion

The subject's pre-injury performance being above that expected for her age, we can safely
assume that pre-injury balance problems were not present. Furthermore, her parents reported
that she took gymnastics when she was younger and her performance was well above average,
particularly on activities performed on the balance beam. She was tested with no knowledge that
she would be a MTBI subject, thus eliminating possible biases on her performance. As well, no
learning effect is observed in her performance as she would have been expected to perform better
with time instead of demonstrating decreased performance on the tests. This allows for the

guarded assumption that any post traumatic changes would be secondary to the MTBI.

The MTBI itself was considered to be at the very mild end of the MTBI spectrum. The absence of
loss of consciousness and of post traumatic amnesia justifies its classification as a grade 1
concussion. Children who sustain such an injury receive attention or are brought to the
emergency rooms only if post-concussion symptoms develop in the hours or days following the
injury. They are generally considered not having any residual deficits after the resolution of the
early symptoms, although significant controversy exists concerning this. The Pediatric and
Adolescent Neurotrauma Program direction has felt very differently for the last decade having
seen a variety of significant psychological and academic problems in children who sustained a

MTBI and have not yet achieved their complete development.
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Guidelines, based on arbitrary waiting periods post resolution of symptoms (such as headaches
and nausea) or cognitive difficulties (such as confusion or memory problems), have been
published concerning the return to sports for athletes having sustained a MHI267. These are
aimed at providing an appropriate healing period for the injured brain, thus reducing the risk of re-
injury and its possible dramatic consequences (Second Impact Syndrome). In the
recommendations by the American Academy of Neurology (AAN), a child sustaining a grade 1
concussion can be allowed to return to physical activities after being asymptomatic for one week,
illustrating the general consensus that no significant residual deficits are present. The
neurological screening of S.F. was normal on release from the Hospital Neurotrauma Program

and despite this, 7 days after the event, significant balance problems can be identified.

One could question whether the identified balance problems would in fact be attributed to
distractibility or attention difficulties that have been reported in children post mild TBI. With high
distractibility or attention difficulties, the child would have been expected to have some decreased
balance in items where vision was allowed as this would have provided even more elements of
distractions. On the contrary, S.F.'s difficulties were emphasized by the absence of vision, the
variability of supporting surfaces or by the unexpected backward perturbations, further supporting
the origin of her decreased performance arising from balance difficulties rather than attentional

problems.

The significant resolution of deficits by the 4t week post-trauma is encouraging. This time marks
the end of the strict restriction period in our institution regarding physical and strenuous activities
(regardless of the grade attributed to the concussion) and the time at which children are allowed

to gradually return to their regular activities, as tolerated and remaining symptom free (annex 1).

The fact that 2 out of 3 tests are back to or within 10% of the baseline performance could lead to
the assumption that this return would be a safe one. As well it seems to support the length of time
that these restrictions last. However, one has to question this in the light of the results of the 31
test, the Postural Stress Test, where the child has to respond to quantified and standardized
backward external perturbations while standing quietly and where the ability to sustain the

perturbation without stepping backwards is measured. Many physical activities and sports involve
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external perturbations of all sorts and it is justified to question the functional significance and
meaning of a reduced performance on that evaluation. A deficit could affect the'ability to react
appropriately, without excessive reliance on stepping reactions, and impair performance or be a
risk for re-injury. Finally, performance at the 12 week assessment has remained stable when
compared to the 4 weeks status. This lack of recovery to her pre-injury performance may be
suggestive of residual and persisting balance problems requiring more than 3 months to resolve

themselves.

In conclusion, this is one of the very few occurrence where quantitative pre-injury data has been
available and standardized to use as a baseline to compare post injury performance of a child
after a MTBI. The subject's performance on 3 balance measures was used to demonstrate the
presence of early balance deficits post-injury as well as the evolution of the performance after one
and three month. These findings could be viewed as support for the implementation of stricter or
longer restriction periods for some children even after a very "minor" injury to allow for additional
healing or adaptation to take place without placing the child at risk for re-injury, and thus support
the orientation of the Pediatric and Adolescent Neurotrauma Program regarding
recommendations.  The assessment tools used also stress the fact that in order to identify
balance problems, items such as single leg stance with eyes open or walking on lines may not be
sufficient to identify deficits. Clinicians may have to include more specific assessments to ensure
the completeness of their assessments and the validity of their judgements on the presence of
deficits.
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Table 1: Balance scores

Test Pre- 1 week post injury 4 weeks post-injury 12 weeks post injury
injury
Score  Score A%* Score A %" Score A%
BOTMP RS 28 21 -25% 26 1% 26 -7%
SS 19 8 -58% 16 -16% 15 -21%
PCSITB FTo
Eofi  30s 30s 0 30s 0 30s 0
Eofo 30s 30s 0 30s 0 30s 0
Ecfl  30s 30s 0 30s 0 30s 0
Ecfo 30s 30s 0 30s 0 30s 0
Dofl 30s 30s 0 30s 0 30s 0
Dofo 30s 30s 0 30s 0 30s 0
FTa
Eofl  30s 30s 0 30s 0 30s 0
Eofo 30s 30s 0 30s 0 30s 0
Ecfl  30s 6.2s -79% 30s 0 30s 0
Ecfo 30s 10.1s -66% 30s 0 30s 0
Dofl 30s 30s 0 30s 0 30s 0
Dofo 30s 15.1s -50% 30s 0 30s 0
PST %BW 6 4 -33% 4 -33% 4 -33%

BOTMP: Bruininks-Oseretsky Test of Motor Proficiency, PST: Postural Stress Test, PCSITB: Pediatric
Clinical Sensory Interaction Test for Balance, RS: raw score, SS: standard score, AP: deviation in months
of performance away from chronological age, Fto: feet together, Fta: feet tandem Eo: eyes open, Ec: eyes
closed, Do: dome (sway referenced vision), fi: floor (standing on the floor), fo: foam (standing on foam),
%BW: % body weight required to elicit a backward step in response to the perturbation.

*: (A %) % difference from between pre and post-injury score
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Annex 1
The Montreal Children’s Hospital

Pediatric & Adolescent Neurotrauma Program
Recommendations for activity restrictions

O 1 week O 2 weeks 0 4 weeks O__ weeks

The following restrictions are important to allow for an adequate healing period, and reduce the chance of
having another head injury during this time. The restrictions should help in reducing persistent post head
injury headache, dizziness, visual disturbances, poor attention span, excessive fatigue, and in some cases
seizures.

For children of all ages

Inform the teachers, and coaches of the head injury & restrictions

No gym, contact sports, and other strenuous activities

Adequate rest and breaks are encouraged

A gradual return to school (half days for the 15t week) or short term modification of the workload may
be indicated if symptoms persist

Supervision in the classroom and on the playground at recess & lunch
e Limit time spent on video games, computers, and television as these

activities may provoke increased headaches
e Avoid movies in large screen theatres as the lights & sounds may be
overwhelming

Supervised swimming is permitted but no diving or jumping into the water

When returning to sports & recreational activities REMEMBER to wear appropriate protective head
gear and equipment at all times!

Following the period of restriction the return to physical activity should be done gradually

You should be completely free of symptoms for the entire last week of the restricted period before
returning to all activities.

Additional recommendations for adolescents

Absolutely no drugs or alcohol
Avoid frequenting bars/pubs due to the excessive amount of noise, lights, smoke, etc. which again
may provoke headaches

Other specific restrictions include
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4.1.2 Article 2: Children demonstrate decreased dynamic balance following a mild traumatic brain

injury

Gagnon |, Swaine B, Friedman D, Forget R. Archives of Physical Medicine and Rehabilitation .
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Abstract

Objective: Compare the balance skills of children after a mild traumatic brain injury (mTBI) with
that of non-injured children matched for age, sex, and pre-morbid level of physical activity.
Design: Cohort study. Setting: Pediatric trauma center Participants: 38 children aged 7 to 16 yrs
(12.2£2.8) were recruited in each group. Children with mTBI had a mean Glasgow Coma Scale
score (GCS) of 14.8, and were considered normal on a neurological assessment at hospital
discharge. Non-injured children were friends of those with mTBI. Intervention: Assessments of
balance were conducted at 1, 4, and 12 weeks post-mTBI and at corresponding time intervals for
the controls. Main Outcome Measures: The Balance subtest of the Bruininks-Oseretsky Test of
Motor Proficiency (BOTMP), the Pediatric Clinical Test of Sensory Interaction for Balance
(PCTSIB), and the Postural Stress Test (PST) were used. Results: Over the time interval of the
study, ANOVAs revealed that children with mTBI performed significantly worse than the non-
injured group on the balance subtest of the BOTMP (p<0.001) and on the PST (p=0.031), as well
as on the eyes closed conditions in the tandem position of the PCTSIB (p=0.05). Conclusion:
Children with a mTBI still demonstrated balance deficits at 12 weeks post-injury. As such, these
deficits should be taken into consideration when planning a return to physical activities,

particularly to those requiring subtle balance skills.

Keywords:

Brain injuries, pediatrics, equilibrium
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Introduction

Balance is frequently reported as affected after a moderate or severe traumatic brain injury (TBI)".
In contrast, information about the balance of individuals who sustain a mild TBI (mTBI) is scarce,
especially in children. Recent reports, however, have shown that balance problems can occur
among children following a mTBI24. This suggests that it may be important to assess children's
balance following mTBI to ensure a safe return to sports and other demanding activities.

Balance can be defined as a condition where all forces and torques acting on the body are in
equilibrium so that the individual's centre of mass is within the individual's limits of stability5-$.
Postural control is the means by which balance is achieved with the purpose of controlling the
relation between the center of mass and the individual's base of support. To maintain a position or
to ensure appropriate transitions between positions, the nervous system must integrate rapidly
incoming sensory information from various sources (visual, vestibular, proprioceptive), and use
this information to generate complex motor responses. Thus, individuals exert their postural
control using specific, but highly adaptable, sequences of muscle activation that are described as
ankle, hip, and stepping strategies. These responses can be accomplished in a predictive mode
(anticipatory control) or in a reactive mode (feedback control) or by a combination of both of these
elements® and are adjusted in their sequence, direction, and amplitude to the context of the
situation or perturbation. Perturbations that threaten balance may be internal when associated
with voluntary movements and produced by one's own body, or external if induced by a changing
environment.. Maintaining one's balance is a complex task, subject to the maturation and
development of the systems involvedS®. Good balance is necessary for many activities of daily
living and becomes even more essential when performing demanding physical activities where the

relation of the center of mass to the limits of stability is constantly being challenged.

Up to 80% of individuals sustaining severe TBI present with some balance deficits in the standing
position®*¢-11. Focal primary brain damage can lead to specific motor deficits hindering balance
(e.g. abnormal muscle tone) or affect single sensory systems!214. However, it is the extensive and
diffuse nature of the axonal injury that is regarded as responsible for the balance deficits observed

following severe TBI'S. Diffuse damage is thought to contribute to the disruption of mechanisms
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responsible for the appropriate sensory-motor integration required for the maintenance of balance.
Work by Shumway-Cook'2 suggests that individuals with severe TBI have sensory integration
problems. These are demonstrated by an increase in postural sway in conditions of reduced or

conflictual sensory inputs.

Because individuals with mTBI do not typically present with the detectable neurological deficits
seen following severe TBI, the investigation of balance following a mTBI had, until recently, been
largely neglected in the literature. Individuals who have sustained a mTBI are thought to suffer
mostly from cognitive as opposed to motor problems'e-18, In the last decade however, interest in
persons sustaining @ mTBI has increased, and a number of research teams have identified

balance problems even after mTBlI.

Guskiewicz and colleagues'®-20 examined the balance and the cognitive performance of 11
collegiate athletes one, three, five and ten days after they had sustained a mTBI. They found that
mTBlI athletes did not differ from a matched control group of non-injured athletes on the cognitive
performance assessments, but performed significantly poorer than the control group on the
Sensory Organization Test of the Neurocom Smart Balance Master System™ up until the third
day. These latter findings were attributed to sensory interaction problems, because the individuals
"fail(ed) to use their visual system effectively" and were unable to resolve sensory conflicts.
Geurts and colleagues?! reported a significant increase in postural sway in quiet standing and
decreased weight shifting speed during a dynamic balance task in a group of individuals with TBI
(most of whom had sustained a mTBI) as compared to healthy controls at six months post-trauma.
The addition of an arithmetic task did not alter the balance performance of the mTBI group any
more than it did for the control group. These findings were instrumental in the recognition that
balance problems can be present even after a mTB! and as long as six months post-injury, in the
absence of documented neurological deficits. More recently, Geurts et al.22 found that static and
dynamic instability in mTBI subjects was moderately associated to cognitive performance
assessed using the Symbol-Digit Substitution Test of the Weschsler Adult Intelligence Scale
(testing attention and mental speed). However, no association between the postural probiems and
emotional well-being as measured by the Symptom checklist-90 was found. Because both the

cognitive performance and the balance problems were found to be related to an increased
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information processing time, the authors suggested the existence of an organic cause for these
difficulties, as opposed to one of a more functional emotional nature. Despite the substantial
contribution of Geurts's work, it is important to note that the subjects investigated had motor
complaints such as "gross motor clumsiness” months after the mTBI and therefore the results
therefore cannot be generalized to the whole mTBI population. In conclusion, the work of the last
two research groups demonstrated varying degrees of balance difficulties following mTBI in adult
populations. To our knowledge, similar work has never been reported among pediatric and

adolescent populations.

Very few reports exist on the assessment of balance in children after a mTBI. Moreover, reports
have rarely focused specifically on balance, choosing instead to address motor performance as a
whole. For example, work by Fay et al.23 concluded that motor problems did not exist following
mTBI based on data collected using questionnaires administered to parents of 53 children with
mTBI and 53 matched healthy controls at three weeks and one year post-trauma. Although this
type of questionnaire to assess motor performance is justifiable in the context of studies
examining multiple domains (motor, cognitive, social, academic), it lacks the specificity of direct
observation of motor performance that is essential to the identification of subtle motor deficits
such as balance problems. Our group documented motor performance (including balance) in
children after a mTBI using a clinical standardized test, the Bruininks-Oseretsky Test of Motor
Proficiency and found that up to 40% of the injured children had decreased balance performance
when compared to published norms2. The absence of a control group and the lack of clarification
as to which aspects of balance were affected limit somewhat the interpretation of the findings. A
recent case study reporting on the balance performance of a 11 year old girl before and after a
mTBI, using three clinical assessments, revealed that some aspects of balance, including
responses to external perturbations, persisted even three months after the injury3. Finally,
preliminary results from the present study revealed that the children did in fact present balance
deficits when compared to a control group at 1 and 4 weeks post-injury4. In conclusion, it remains
unclear whether children present with balance problems following mTBI and if so, how long the
problems persist. Clearly these questions are clinically important in the context of developing
intervention strategies and of safely returning children to physical activities where balance could

be challenged following mTB.
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In order to address the limitations of the previously reviewed research regarding balance in
children after a mTBI, the purposes of the present study were to 1) determine whether children
having sustained a mTBI present with balance deficits when compared to a group of non-injured
children matched for age, sex and premorbid level of physical activity and 2) describe the

evolution of recovery of different aspects of balance during the first three months following the

injury.

Methods

Subjects

Forty children, aged 7 to 16 years, having sustained a mTBI agreed to participate in this study. A
mTBl is defined by the American Congress of Rehabilitation Medicine?4 as including at least one
of the following criteria; any period of loss of consciousness of 30 minutes or less, any loss of
memory for events immediately before or after the accident lasting less than 24 hours, or a
Glasgow Coma Score of 13-15, 30 minutes after the injury. The children were recruited from
consecutive admissions to the Pediatric and Adolescent Trauma Program of the Montreal
Children's Hospital, McGill University Health Center in Montreal, Canada. Criteria for such
admissions include nausea, vomiting, drowsiness, headaches or any loss of consciousness. All
children were considered normal on a standard neurological exam performed just prior to
discharge from the hospital (usual stay of a few hours to an overnight stay). Children were
excluded if they presented a pre-traumatic condition affecting the evaluation of balance (e.g.
vestibular problems), a documented medical diagnosis of leaming or attention deficit disorder as
well as regular use of Ritalin, attendance to a special school for learning or behavioral problems,
and fractures or co-morbidities limiting the assessment of balance. Similar exclusion criteria were
applied to a sample of 40 control children recruited among the friends of the mTBI children and
matched for age, sex, and pre-morbid level of physical activity. By choosing friends of the injured
children, were able to control for potential and unidentifiable confounders. Pre-morbid level of
physical activity was established using the Activity Rating Scale, a single 5-level question

designed to establish level of participation in physical activities in large epidemiological surveys2®.



Two children in the mTBI group only completed the initial evaluation; one moved out of the region
and the other decided not to continue to participate for personal reasons. Their matched control

child was therefore removed from the data analysis to ensure similarity between the groups.

The characteristics of the mTBI group, presented in table 1, are consistent with those reported in
the literature with boys representing 2/3 of the sample, falls being the most frequent etiology and
headaches and nausea-vomiting being the most frequent initial symptoms present. The high
average admission GCS illustrates the very mild nature of the TBI that was sustained by the
children. Sixty-five percent of the children sustained a mTBI that could be classified as a grade 2
concussion and 35 percent sustained a grade 3 concussion as per the American Academy of
Neurology practice parameters®. On a clinical note, forty two percent of the sample presented
with a posterior site of impact as documented in the child's medical chart. This information is
rarely documented in research studies, but thought to be of some significance by many clinicians
due to the anatomical location of a certain number of structures involved in postural control such
as the visual cortex. The mTBI children described themselves as slightly more active than children
of their own age and sex (Activity Rating Scale 3.5£0.9) and the control children were matched
accordingly (Activity Rating Scale 3.5+0.8).

Measures

Three assessment tools were administered to both mTBI and non-injured children; the Balance
subtest of the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP)?7, the Pediatric Clinical
Test of Sensory Interaction for Balance (PCTSIB)28-29 and the Postural Stress Test (PST)%. These
measures were chosen because they purport to assess different components of balance namely,
static and dynamic balance in various conditions, interaction of the various sensory systems
required for maintenance of balance, and the ability to respond to backward perturbations in quiet

standing. The three measures including their psychometric properties are presented in table 2.

The balance subtest of the BOTMP is a functional measure of static and dynamic balance without
external perturbations. It therefore focuses primarily on the assessment of the child's anticipatory

postural control. It is part of a norm-referenced test of global motor proficiency designed to



discriminate between typically developing children and those presenting with atypical
development. The balance portion of this test comprises eight items such as standing on one foot
on the floor or on a balance beam and walking in tandem on a line or a balance beam.

The PCTSIB evaluates a child's ability to use visual, somatosensory, and vestibular input for
maintenance of standing balance. It was developed initially for adults by Shumway-Cook3! to
provide an inexpensive alternative to platform posturography and assess the duration of stance in
six sensory conditions. In the adapted pediatric version?¢, tandem standing has been added to
include 12 conditions. In the present study, single leg stance was added to ensure enough
variability between the children. Duration of standing is recorded until the child has maintained the
position for a maximum of 30 seconds or alternately until the child makes a postural adjustment
defined by removing hands from hips, moving feet from the original position, or falling requiring
the examiner's help. This test reflects the child's ability to integrate and use diverse information to
react to various perturbing conditions in static balance.

The PST consists of a standard pulley system providing reproducible external perturbations in a
standardized manner. Specifically, the test evaluates the ability of the child to react and sustain
upright posture in response to an increasing amount of weight dropped to produce a backward
pull on a waist belt. The amount of weight required to cause a stepping postural adjustment is

recorded in terms of its percentage of the child's body weight.

In addition to the balance measures, information regarding the injury was obtained from the child's
medical file. The Rivermead Post-Concussion Symptoms Questionnaire3233 was also
administered at every assessment in order to document the presence and severity of 16

commonly experienced symptoms following mTBI such as nausea and headaches.

Procedure

Children who met inclusion criteria and their parents were met to explain the study on the day of
their admission to the trauma program. Those interested in participating were met on the same
day by the study coordinator and initial questionnaires, concerning the pre-morbid physical activity
level and sociodemographic information, were completed. Children were then assessed at three

different times: during the first week, and then again at four and twelve weeks post-injury. Children



in the control group were assessed at corresponding time intervals. The assessment times were
chosen because of their importance in the child's recovery. For example, the fourth week marks
the end of an activity restriction period imposed on the child3 and 12 weeks is the time when most
post-concussion symptoms are typically resolved. The evaluations were completed by an
experienced pediatric physical therapist who, to the best of our ability and for most of the children,
was blind to group status. The evaluator had been trained in the standardized administration of all
the measures and her performance was verified several times over the data collection period.
Moreover she used two of the three tools in her practice making her very proficient in their
administration. All evaluations took place in the children's homes to minimize travelling
inconvenience and school absenteeism. Tests were first explained to the child and a practice trial
was permitted to allow familiarization with the procedure. The study received both scientific and
ethical approval from the institutional review board of the Montreal Children's Hospital, McGill
University Health Center. All children and their parents signed informed consent forms prior to

data collection.

Data Analysis

The following scores were computed for each child: the BOTMP-balance raw score (computed
from individual performance on eight items for a maximum of 32 points), balance subtest age
equivalent scores (derived from sub-test raw scores and expressed as number of months above
or below chronological age), the duration (seconds) of stance in each PCTSIB condition, and the
percentage of body weight required to cause a stepping postural adjustment in the PST. Group

descriptive statistics were compiled.

To address the study objectives, the test performances of the mTBI children were compared to
those of the children in the control group using two-way ANOVAs (group and time) with repeated
measures on the time factor. Greenhouse Geiser corrections were used for all ANOVA resuits
when the distribution of the variables departed from normality. Differences between groups at
each assessment time were determined using independent t-tests with Bonferroni correction and
the time effect for each group was determined using one-way ANOVA for repeated measures with

Bonferroni correction for contrasts. When some assumptions for the use of parametric tests were
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violated, non-parametric tests were also performed to verify the validity of the results. As statistical
results were similar, only those obtained with the parametric statistical tests are presented here. In
an attempt to identify subgroups of children presenting with the most significant deficits, the
relations between the injury variables (GCS, site of impact, concussion grade, age at injury, initial
symptoms) and the injured children's performances on each of the balance tests were examined
using chi-square analysis or Spearman rank order correlations when appropriate. As well, at each
assessment time, the relation between the post-concussion symptoms and the children's
performances on each of the balance tests was explored using Spearman rank order correlations.
Finally, to verify the stability of the tests over time, intra-class correlation coefficients (ICC) were
obtained for the control group between the first and second testing times (3-week interval) for all
variables. These ICCs varied between 0.50 (PCTSIB in single leg stance on the foam with eyes
open) and 0.95 (BOTMP age equivalent score), showing that the tests have acceptable test-retest
reliability. The SPSS statistical package, version 10.0, was used for all statistical analyses3.

Results

The descriptive statistics for both groups and for all tests are presented in table 3. The results of
the BOTMP raw scores and BOTMP age equivalent scores are presented in figures 1 and 2. The
ANOVA performed on the BOTMP raw score revealed that there were significant differences
between the groups across all testing sessions (F=16.92; p<0.001). There was a main effect for
the time factor (repeated measure) (F=13.12; p<0.001). A group x time interaction was found for
the performances of the injured and non-injured children (F=3.25; p=0.043). This interaction
reflects how the groups' performances changed differently over time as described below. The mHI
children performed worse than those non-injured at 1 week (t=-4.72, p=0.001), 4 weeks (t=-3.29;
p=0.002) and 12 weeks post-injury (t=-2.33; p=0.02). When the groups were taken separately, the
time effect was present for the mHI group (F=9.37; p<0.001) and for the non-injured group
(F=4.54, p=0.024). The injured children presented with lower scores in the first week when
compared to those of the 12 week (p=0.009), while the non-injured children improved their

performance between the 4% and 12t weeks (p=0.031).



For the BOTMP age equivalent scores, there was a between group effect (mHI vs controls)
(F=15.89; p<0.001). There was a main effect for the time factor (repeated measure) (F=8.42;
p<0.001), but there was no group x time interaction for the performances of the injured and non-
injured children (F=2.33; p=0.104). Specifically, the mHI children performed worse than the control
group at week 1 (t=-4.36; p<0.001), week 4 (t=-3.34; p=0.001) and week 12 (t=-2.76; p=0.007).
Only the performances of the mHI group were found to change over time (F=6.51; p=0.003) where
the children had a better performance at week 12 compared to week 1 (p=0.003). The
performance of the children on some individual items of the BOTMP balance subtest was also
found to be different between the two groups. These include item 3, single leg stance on the beam
with eyes closed (F=6.90; p=0.011), item 7, heel-toe gait on the beam (F=10.84; p=0.002) and
item 8, stepping over an obstacle on the beam (F=11.48; p=0.001).

For the PCTSIB, descriptive statistics showed that for both groups, single leg stance was more
difficult and resulted in more variability than tandem stance. Children with mTBI performed worse
than children in the control group only in the eyes closed conditions in tandem position when
standing on the floor (F=4.12; p=0.046) and when standing on the foam (F=3.99; p=0.049).
Children in both groups performed in a similar manner for all other conditions of the PCTSIB (p
varied between 0.114 and 0.740) (not shown).

Figure 3 illustrates the results of the PST. The ANOVA performed on the PST results detected
differences between injured and non-injured children (F=4.83; p=.031) for the testing period.
However, when the assessment times were examined individually, only a trend could be observed
for the assessments at 1 week (t=-2.26; p=0.027) and 12 weeks (t=-2.31; p=0.024) where the
injured children performed worse than the non-injured children. There was a main effect for the
time factor (repeated measure) (F=20.11; p<0.001), but there was no group x time interaction for
the performances of the injured and non-injured children (F=1.14; p=0.32). When the groups were
taken separately, the time effect was present for the mHI group (F=17.88; p<0.001) and for the
non-injured group (F=12.95; p<0.001). The injured children presented with lower scores in the 1t
week when compared to those of the 4t week (p<0.001) and to those of the 12t week (p<0.001).
The non-injured children also improved their performance between the 1st and 4t weeks

(p=0.043) and 4% and 12t weeks (p<0.001), perhaps indicating a learning effect for this test.
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As for post-concussion symptoms (figure 4), there was a strong between group effect across all
testing sessions (F=20.11; p<0.001) with the mH! children reporting a significantly greater number
of symptoms than the control group at all testing times. There was a main effect for the time factor
(F=23.41; p<0.001) (repeated measure) and there was a group x time interaction (F=10.79;
p<0.001) for the performances of both groups. Specifically, the time effect was strong for the mHI
group (F=20.59; p<0.001) and children improved between weeks 1 and 4 (p=0.002) and between
weeks 4 and 12 (p=0.002). On the other hand, the time effect just reached significance for the
control group (F=3.35; p=0.04).

There was no significant relation between the number of post-concussion symptoms and the
balance test scores except for the BOTMP age equivalent score (r2=-0.40; p=0.01) at the 1 week
assessment. Analysis of mTBI subgroups revealed that only the grade of the concussion (2 vs 3)
was able to differentiate among the performances of the injured children, and this was only for the
BOTMP age equivalent age score (cut off score of 24 months below chronological age) at 1 week
(X2=4.06; p=0.04) and 4 weeks (X2=4.87; p=0.027) post-injury.

Discussion

The overall findings of this study suggest that, despite a normal neurological examination and a
lack of apparent motor problems at the time of hospital discharge, a significant number of children
having sustained a mTBI present with some form of postural instability during the first three
months following the injury. Though the deficits attenuated over the three-month period, they
remained present at the end of the assessment period. The nature of the deficits identified
contribute useful information for developing hypotheses regarding the mode of postural control

(anticipatory vs reactive) or systems that may be affected following a mTBI.

Children with mTBI did not perform as well as their non-injured friends on the balance subtest of
the BOTMP, confirming the results obtained in an earlier exploratory study2. Three items are
responsible for the differences in performance found between the groups. Although all involve

activities performed on the balance beam, it appears that the combination of the narrow base of



support with an absence of vision (one item) or with tasks involving higher levels of motor
coordination (two items) is likely responsible for these deficits. The hypothesis regarding the
former combination (narrow base of support + absence of vision) is supported by the findings that
simply narrowing the base of support, while allowing the use of vision (as tested in another item of
the BOTMP), was unable to differentiate between the two groups. Similarly, the task of standing
on one foot with eyes closed on the floor (one item of the PCTSIB and the Romberg Test?) did
not differentiate between the groups. The idea behind the latter combination (narrow base of
support + high level motor coordination) is supported by the findings that the performance on
other BOTMP items assessing the components in isolation (walking freely on balance beam, or

walking heel-toe on the floor) were found not to differentiate between the groups.

The performance of mTBI children was poorer than that of control children on the BOTMP tasks
demanding more refined postural control and higher levels of anticipatory postural control.
Anticipatory postural adjustments have been postulated as being programs executed
independently from feedback control¥-49, Sensory feedback would, however, be necessary to
learn new anticipatory postural adjustments#!. The deficits observed in mTB! children could
indicate that they have problems with the anticipatory control involved in preparing for and
organizing challenging balance tasks. It is difficult to know from our results, however, whether the
impairments reside in retrieving appropriate anticipatory control programs or if they are related to
an inability to adapt the program to a new situation. Future studies, where EMG activity would be
recorded while children performed these tasks, could help determine whether the timing and
choice of muscle activity prior to movement execution are in fact different in children after a mTBI
as compared to a control group. Moreover, a systematic EMG recording during several trials

would help determine if learning occurs and if adaptation strategies are developed.

The children were also assessed with two tests examining their responses to various
perturbations. In the PCTSIB, only the tandem stance eyes closed on the floor (theoretically
providing a greater chailenge to the proprioceptive system) and on the foam (challenging the
vestibular system) were able to detect difficulties after the mTBI. These findings provide some
support for the existence of problems in the integration of available sensory information in the

control of balance following mTBI and indicate an inability to efficiently use proprioceptive and
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vestibular information in the absence of vision. This evidence is reinforced by the results of the
static balance task of the BOTMP (eyes closed on balance beam), also sensitive to the absence
of visual information and to inappropriate use of proprioceptive and vestibular sensory information.
We were unable to replicate the findings reported by Guskiewicz and this may be explained by the
fact that the instrument used in our study (e.g. the PCTSIB) differed from the one used by
Guskiewicz (e.g. the Smart Balance Master™). Indeed, these two tests probably measure
different aspects of balance as suggested in a pilot study comparing a group of normal children on

these two tests (Gagnon et al. unpublished results).

The Postural Stress Test, on the other hand, is analogous to the pushing and pulling motions
involved in many sports and physical activities. Surprisingly, reports on children's ability to react to
these perturbations could not be found in the literature, even after severe TBI. Children in the
control group, like young healthy adults?2, were able to sustain 5% of their body weight before
making a stepping postural adjustment. The mTBI children in our sample were found to sustain
less than 5% of their body weight at the initial evaluation, replicating a similar trend observed with
adults post-CVA®. Both groups improved over the three-month assessment period and a learning
effect is most likely present for this test. Nevertheless, the performance of mTBI children tended to
remain poorer than that of the non-injured children and difficulties related to feedback control
cannot be ruled out. However, even if feedback sensory control is crucial when responding to
external perturbations, anticipatory control deficits could affect the PST results. Indeed, externally
controlled perturbations likely involve some anticipatory control to prepare for the perturbation
itself especially if, as was the case in our study, the children are familiar with the activity (practice
trial).

Based on these findings, it may be appropriate to evaluate a child's balance after a mTBI
particularly if combinations of the following components of dynamic and static balance are
included in the assessment. First, complex dynamic balance tasks (such as avoiding obstacles),
performed on a narrow base of support (such as a balance beam) should be included. Moreover
the test should also address the ability to maintain static standing balance on narrow or unstable
bases of support in the absence of vision, or while reacting to standardized externally controlied

perturbations. Evidence from our study supports the notion that these components should not be
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evaluated in isolation as this may result in an inability to detect the subtle but important changes

present after the mTBI.

Finally, the observed deficits may also point to problems with the visuo-motor control required in
the specific motor tasks themselves (placing the feet heel to toe or stepping over an obstacle).
This, however, is unlikely since earlier work? revealed better than expected skills in the visuo-
motor control subtest of the BOTMP for more than 60% of the children tested. Attentional or
information processing difficulties have been reported in individuals following a mTBI 174446 and
the balance problems identified in our study could be related to specific problems of attention
rather than to actual balance. In fact, attention and mental speed have been shown to be related
to balance in adults after a mTBI22. The presence of decreased attention among children with
mTBl remains controversial, as shown in a review of 40 studies (1970-1995) of the
neuropsychological outcome of children after a mTBI8. In this review, studies found to be the
most methodologically sound failed to demonstrate any cognitive problems, including attention or
information processing problems, subsequent to a mTBI. In addition, Geurts?! and Guskiewicz's®
research teams, who both administered neuropsychological assessments and postural stability
assessments, did not find specific attentional problems in individuals presenting with postural

instability when compared to controls.

Attempts to find relationships between subgroups of mTBI children and balance performance
failed for most variables. The degree of severity of the mTBI in terms of concussion grades was
the only criteria by which the performance on the BOTMP age equivalent at one and four weeks
was different. Children having sustained a grade 3 concussion performed significantly worse than
those having sustained a grade 2 concussion, where the main difference between grades is the
presence of any type of loss of consciousness at the time of injury. Concussion grade might
therefore be a useful indicator of balance outcome following mTBI among children of this age

group.

Although the present study sheds some light on the early balance outcome of children following a
mTBI, a longer follow-up period would be necessary to document the resolution or persistence of

balance difficulties following the injury. As well, increasing the sample size may have improved
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the power of the statistical analysis to detect differences between groups on certain measures.
The use of assessment tools that had, up until now, been used exclusively with adults (PST,
Rivermead PCS questionnaire) may be an additional limit to our study. However, our study also
demonstrates the feasibility of using these measures with a pediatric population. Their use could

contribute to the standardization of clinical evaluations with children after a mTBI.

In conclusion, postural instability was found up to three months following mTBI in children, despite
normal neurological examinations. This deficit was particularly evident during the performance of
tasks requiring 1) control over a narrow base of support, 2) use of proprioceptive and vestibular
information and 3) responses to perturbations. These results have implications with regards to
when and whether these children can safely resume their previous activities. Children with mTB!
are typically permitted to return to their regular physical activities during the initial month following
the injury (depending on the grade of the concussion they sustain34) providing the post-
concussion symptoms have resolved. Such protocols are designed to diminish the risk for re-
injury. Because the recovery of postural instability was shown to take longer than four weeks for
some children, it is possible that these children may have been at risk of re-injury. We did not
assess the children's performance during their physical activities and therefore are unable to
confirm this hypothesis. At the very least, identification of the deficits would allow families to be
forewarned about possible balance problems. Although children may return to their activities once
symptoms have resolved, the results suggest that more demanding activities requiring subtle

balance skills should be avoided during the first three months post-injury.
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Figure 1: BOTMP Balance Subtest raw scores.

Raw score mean and standard error of the mean at one, four and twelve weeks for both groups on the
Bruininks-Oseretsky Test of Motor Proficiency Balance Subtest. ~:children with mTBI, B:control children,
** p<0.001; **: p<0.01; *: p<0.05.
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Figure 2: BOTMP Balance Subtest age equivalent scores.

Age equivalent scores (expressed in months to chronological age) mean and standard error of the mean at
one, four and twelve weeks for both groups on the Bruininks-Oseretsky Test of Motor Proficiency Balance
Subtest. :children with mTBI, B:control children, ***: p<0.001; **: p<0.01; *: p<0.05.
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Figure 3: Postural Stress Test scores.

Percentage of the body weight required to induce a stepping postural reaction. Mean and standard error of
the mean at one, four and twelve weeks for both groups. ~:children with mTBI, B:control children, ***:
p<0.001; *: p<0.01; *: p<0.05.
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Figure 4: Rivermead Post-Concussion Symptoms Questionnaire scores.

Mean and standard error of the mean at one, four and twelve weeks for both groups on the Rivermead
Post-Concussion Symptoms Questionnaire. — :children with mTBI, B:control children, ***: p<0.001; **:
p<0.01; *: p<0.05.



Table 1: Characteristics of the mTBI children

Characteristics Frequency Percentage
Gender Male 26 68
Female 12 32
Cause of injury Falls 16 42
Bicycle falls 8 21
Mva-bicycle 2 5
MVA-ped 1 3
MVA 1 3.
Other (hits,etc...) 7 18
missing 3 8
Site of impact Posterior 16 42
Left 9 24
Anterior 8 21
Right 4 10
Missing 1 3
Admission GCS 13 1 3
14 6 16
15 31 81
Duration of LOC No LOC 25 66
0-10 minutes 11 29
>10 minutes 2 5
Duration PTA 0-60 minutes 37 97
>60 minutes 1 3
Concussion grade 1 0 0
2 25 65
3 13 35
Initial symptoms Headache 32 84
Nausea-vomitting 23 61
Dizziness 16 42
Visual problems 8 21
Drowsiness 12 32
Auditory problems 1 3

MVA: motor vehicle accident; GCS: Glasgow Coma Scale; LOC: loss of consciousness; PTA:

post-traumatic amnesia
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Table 3: Mean performances for the mTBI and control groups on the three balance tests and the

Rivermead Post-Concussion Symptoms Questionnaire

1 week 4 weeks 12 weeks
Mean + SD Mean + SD Mean + SD
BOTMP balance Raw score mTBI 249+29 25731 27128
Control 27724 27.7+21 284 +23
Age equivalent mTBI -359+% 39.6 -249 1434 -145+429
score control 42 +36.4 51+334 11.1 £ 353
PCTSIB (duration of stance
in seconds)
Tandem
Floor Eyes open mTBI 29.8+0.8 291+3.2 29.3+£27
control 294 +21 3000 3000
Eyes closed mTBI 221+10.8 19.6+£10.8 22.0+10.3
control 23.5+10.2 24695 256+80
Dome mTBI 229+ 101 22.1+10.1 224 +10.2
control 236105 23.3+10.2 224+ 91
Foam Eyes open mTBl 28.8+5.1 27.8+6.5 294 +37
control 284 +5.1 29.3+43 295+17
Eyes closed mTBI 13.1£10.2 154+ 111 155+ 121
control 18.2+10.2 184+11.4 18.3+11.1
Dome mTBI 13.5+10.8 170+ 11.2 183+ 115
control 156+ 11.5 19.7+113 196+ 116
PCTSIB
Single leg stance
Floor Eyes open mTBlI 27.7+56 26.7+6.7 278+53
control 28147 284+49 27653
Eyes closed mTBI 13.2+97 13.8+10.5 143+94
control 13.0+10.2 149+96 16.7+ 104
Dome mTBlI 93+95 2212101 145+ 100
control 13.0£10.5 23.3+10.2 13.2+£ 107
Foam Eyes open mTBI 256+8.2 25079 25479
control 236+9.5 26.8+6.2 28752
Eyes closed mTBI 86+7.8 6.7+6.6 9.3+8.1
control 7.7+71 104+84 11.6+£10.3
Dome mTBlI 43+38 59+58 78176
control 58+6.1 9.0+97 83179
Postural stress test mTBI 43+1.2 53+1.5 55+17
(percentage of body weight) control 5017 5716 6314
Rivermead mTBI 11.7+£10.2 89+96 48+57
questionnaire control 29+34 23131 1.5+21

BOTMP: Bruininks-Oseretsky Test of Motor Proficiency; PCTSIB: Pediatric Clinical Test of Sensory
Interaction for Balance; mTBI: mild traumatic brain injury
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4.2 Résultats concernant les capacités de temps de réponse suite au TCL

4.2.1 Article 3: Transient increase in response time after a mild head injury in children

Gagnon |, Swaine B, Friedman D, Forget R.. Archives of Physical Medicine and Rehabilitation
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ABSTRACT

OBJECTIVE: Compare the visuo-motor response times of children after a mild head injury (mHI)
with that of non-injured children matched for age, sex and pre-morbid level of physical activity.
DESIGN: Prospective cohort study. SETTING: Pediatric trauma center. PARTICIPANTS: 38
children aged 7 to 16 years were assessed in each group. Children with mH!| had a mean GCS of
14.8, and were considered normal on a neurological assessment at hospital discharge. Non-
injured children were friends of those with mHI. INTERVENTIONS: Assessments of response time
were conducted at 1, 4, and 12 weeks post-mH| and at corresponding time intervals for the control
children. MAIN OUTCOME MEASURES: The response speed subtest of the Bruininks-Oseretsky
Test of Motor Proficiency (BOTMP) and, reaction and movement time for upper and lower
extremity, for simple, choice, and reversed choice response time paradigms. RESULTS: Over the
assessment period, children with mHI performed worse than the control group only on the
response speed subtest of the BOTMP (p<0.05). The mHI children however tended to have
slower movement times 1 week post-injury (p=0.026) for the reversed choice response time
paradigm for the lower extremities. CONCLUSIONS: Our results suggest that some children with
mHI may have some problems in response time persisting until 12 weeks post-injury. Further
research is required to better identify and understand the severity of these problems and

determine their impact, if any, on participation in physical activities.

Keywords: Head injuries, pediatrics, response time



INTRODUCTION

The measurement of response time to various stimuli has been used to study concepts such as
information processing following head injury (HI). Response times are non-specific markers of
cognitive processes, as well as of the selection and execution of appropriate motor responses.
According to an information processing framework based on the additive factor model'3, a
response time can be divided into a reaction time and a movement time. A reaction time includes
four stages, namely 1) feature extraction, 2) stimulus identification, 3) response selection, and 4)
motor adjustment. Reaction time can be reduced if the individual is forewarned about stimulus
presentation, and increased by interfering stimuli, other distractions, fatigue or cerebral damage
following an injury4. Different paradigms exist to study reaction time. When the motor response is
pre-determined and the response selection stage is omitted, the reaction time is designated as
simple. When a choice of motor responses exists depending on the stimulus presented, it is
designated as choice reaction time. In this model, the fifth stage consists of a movement time,
referred to as response execution. It is usually unaffected by the manipulation of the stimulus and
determined by the individual's ability to accelerate the body segments involved in the response
and can be improved by practice.

A general slowing of reaction times with a relative preservation of movement times in different
paradigms has been a consistent finding following severe HI among children and adults.
Controversy remains however, concerning the stages of information processing that could be
specifically affected after severe HI4$, A deficit in information processing of non specific origin is in
accordance with the diffuse nature of severe HI7®. In the case of mild head injury (mHl), or
cerebral concussion, where individuals usually perform within the normal limits on standard
neuropsychological testing, the existence of a global slowing of cognitive processes is not
consistently reported. Montgomery® identified an increase in mean reaction time of 300ms (using
a visual four-choice paradigm) in a group of 26 adults with a mHI 24 hours post-injury when
compared to a group of non-injured controls. The mHI subjects improved over the following
weeks, but maintained significantly prolonged mean reaction times (100ms) when compared to
the control group 6 weeks post-injury. Shum et al*, on the other hand, compared a group of 7

adults with mHI and non-injured controls approximately 1 month post-injury, using various reaction
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time paradigms (visual four-choice reaction time task), and did not to find significantly increased
reaction times following the injury despite the slightly increased reaction times found in the mHI
group. Even fewer studies have investigated response time in children following mHI. Murray®
extended Shum's work* and, using the same tasks as Shum, found that a group of 10 children
with a mHI presented increased reaction time when compared to controls, but the difference did
not reach statistical significance. It is however interesting to note that in Murray's study, reaction
time was assessed at least 1 year post-injury as opposed to during the acute stage after mHl
when difficulties may be more likely to be detected. More recent work'0 revealed, that children 2
weeks after a mHI, presented with a slowing of response time when compared to published norms
for the Bruininks-Oseretsky Test of Motor Proficiency!'. In the previously cited studies, children,
like adults, are generally tested in a well stabilized sitting position and are asked to respond to
visual or auditory stimuli by performing low amplitude movement of the upper extremities only
requiring few body segments. These testing situations, although appropriate to investigate
cognitive processes, are far from simulating the "real life" conditions children face when they are
required to respond rapidly with appropriate postural and movement responses to environmental

demands such as those included in physical activities.

Johnson'2 however, measured the ability of college athletes who had sustained a mHI to perform
dynamic movements typically required in athletics. Here, individuals had to respond appropriately
to visual stimuli by jumping (whole body displacement) on a mat consisting of 14 target sensors
and the mean time required to complete 25 consecutive moves around the targets was recorded.
The athletes performed this agility task pre-season and after a mH|, if they sustained one during
the sports season. No significant differences were however found between the injured athletes'
scores and those of the controls selected from the uninjured group. No reports on response time
using whole body displacements could be found with children after a mHI despite the fact that
school aged children represent the most active segment of the population'3. Recent reports
suggest the presence of balance deficits following a mHI in children'4-15 and this could have an
impact on their ability to respond quickly when whole body displacements movements are
involved. In fact, children with HI have been reported to be more at risk of subsequent HI than

children with an orthopedic injury up to 12 months post-injury6. Balance difficulties combined with



a slowing of response times could perhaps put children who have sustained even a mH! at risk for

a subsequent injury. In this context, the investigation of response time in children is warranted.

The purposes of the present study were to 1) determine if children who sustained a mHl
demonstrate visuo-motor response time deficits when compared to a group of non-injured children
(matched for age, sex and premorbid level of physical activity); and 2) to describe the evolution of
visuo-motor response time in the first three months following the injury. Both low amplitude upper
extremity and whole body displacement motor responses were assessed using simple, choice and
reverse choice paradigms. We hypothesized that children in the mHI group would present with
increased response times compared to the control group, particularly for those activities
demanding whole body displacements (involving balance) and in more complex situations

involving more information processing (choice or reversed choice paradigms).

MATERIALS AND METHODS

Subjects

Forty children aged 7 to 16 years having sustained a mHI agreed to participate in this study. A
mHI is defined by the American Congress of Rehabilitation Medicine!” as including at least one of
the following criteria; any period of loss of consciousness of 30 minutes or less, any loss of
memory for events immediately before or after the accident lasting less than 24 hours, or a
Glasgow Coma Score of 13-15 within 30 minutes of the injury. The children were recruited from
consecutive hospital admissions to the Pediatric and Adolescent Trauma Program of the Montreal
Children's Hospital, McGill University Health Center in Montreal, Canada. Criteria for such
admissions include nausea, vomiting, headaches or any loss of consciousness. All children were
considered normal on a standard neurological examination done prior to discharge from the
hospital (usual stay of a few hours to overnight). Children were excluded if they presented with a
documented medical diagnosis of learning or attention deficit disorder as well as regular use of
Ritalin, attended a special school for learning or behavioral problems and, presented pre or post-
injury co-morbidities limiting the assessment of upper extremity (UE) and lower extremity (LE)

response time. As pre-morbid visuo-motor response times could not be obtained, the use of a
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control group of comparable non-injured children (friends) was essential to control for potential
unidentifiable confounders. Similar exclusion criteria were used for a sample of 40 control children
recruited among the friends of the mHI children and matched for age, sex, and pre-morbid level of
physical activity. Pre-morbid level of physical activity was established using the Activity Rating
Scale, a single 5-level question designed to assess the level of participation in physical activities
in large epidemiological surveys'8. Two children in the mHI group withdrew from the study after
the initial evaluation for the following reasons: one moved out of the region and the other child's
family decided not to continue to participate for personal reasons. Their matched control child was

therefore removed from the data analysis to ensure similarity between the groups.

Measures

Response times were assessed among mHI and non-injured children using the response speed
subtest of the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP), and an apparatus
developed specifically for this study to measure reaction time and movement time, for simple,

choice and reversed choice paradigms for both upper and lower extremities (see below).

The response speed subtest of the BOTMP is part of a norm referenced test of global motor
proficiency designed to discriminate between typically and atypically developing children. |t
assesses in the sitting position simple response time by having the child stop, as quickly as
possible, a ruler from falling along a wall (moving visual stimulus). Before letting go of the ruler,
the examiner offers an auditory warning ("ready") signaling the beginning of a preparatory interval
(11to 3s). As per the standardized test protocol, a score is recorded based on the displacement of
the graduated ruler before the child can stop it with his thumb. Scores can range from 0 (ruler has
fallen to the floor) to 17 (minimal displacement of the ruler). The median score of 7 consecutive
trials at stopping the falling ruler is recorded as the subtest score. This BOTMP subtest has been
used previously with this population in an exploratory study and was found to be able to identify
problems in response speed among mHI children when compared to published test norms®0. The
BOTMP test battery has demonstrated good test-retest reliability (ICC varied between 0.56 and
0.86 for different subtests, 0.60 for response speed subtest) with two samples of typically

developing children of different ages, and good internal consistency (alpha coefficient of 0.81).
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Content and construct validity were also established for children of different age groups, and for

children with varying levels of disability'1.

The apparatus developed for this study was adapted from a response time setup developed by
Harbin'® which was shown to discriminate between amateur and professional athletes. Our setup
is described in figure 1. It consists of a mat (1.5m x1.5m) with an arrangement of 5 on/off pressure
activated switches (30cm x 30cm) linked to a personal computer monitor that displays the same
target arrangement as the switch plates. While the child stands on the center switch plate, the
targets on the computer monitor light up in a random sequence and the child must respond by first
jumping feet together to the plate corresponding to the lit up target, then, jumping back to the
center plate as quickly as possible. This completes the sequence and initiates the delay for the
presentation of the next "go" stimulus. This sequence is repeated for 16 trials and includes 4
random target directions and 4 different delays to the stimulus presentation (1 to 4 s.). The
computer is programmed to record reaction and movement times in milliseconds. A similar mat
was built on a smaller scale (mat size: 30cm x30cm; target size: 3cm x 3cm) to assess response
times for the UE in the same manner. Here, in a stable sitting position, the child was required to

use the index finger of his or her dominant hand to perform the motor response.

For both the UE and LE setups, three distinct response time paradigms were used: simple, choice
and reversed choice response times. Simple response time was tested with a visual warning
consisting of the target lighting up in a different color than that of the "go" stimulus, indicating the
target to which the child had to respond. The visual warning was thought to help the children
better direct their attention to the target and to control for possible vigilance problems. In the
choice response time paradigm, any one of the 4 targets could light up without prior warning, thus
testing the stimulus identification, the response selection and the motor adjustment stages of the
information processing model. The reversed choice paradigm, where the child had to jump to or
touch the plate opposite to that of the stimulus, was added to increase the complexity of the
response selection stage. Specifically, the addition of stimulus-response direction incompatibility
forced the child to move in the direction opposite to that of the stimulus. For all the tasks, the
reaction time was defined as the time between the "go" stimulus and the time when the child left

the center plate. Movement time was subdivided into two parts: 1) the “initial movement time" of
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jumping to the target plate and 2) the time it took to initiate the return to the middle plate (i.e

leaving the target plate), referred to as "change of direction time" (see figure 1).

In addition to the response time measures, information regarding the injury (Glasgow Come Scale
score, concussion grade, duration of post-traumatic amnesia, duration of loss of consciousness,
cause of injury, site of impact, initial symptoms) was obtained from the child's medical file. The
Rivermead Post-Concussion Symptoms Questionnaire?02! was also administered at every
assessment in order to document the presence and severity of 16 commonly experienced

symptoms following mHI such as nausea and dizziness.

Procedure

Children meeting the study criteria and their parents were told about the research on the day of
the admission to the trauma program. Those interested in participating were met on the same day
by the study coordinator. Initial questionnaires, concerning the pre-morbid physical activity and
sociodemographic information were then completed. Children were assessed at three different
times: during the first week, and at four and twelve weeks post-injury. Children in the control group
were assessed at corresponding time intervals. The assessment times were chosen because of
their importance in the child's recovery. For example, the fourth week marks the end of an activity
restriction period imposed on the child??2 and 12 weeks is the time when most post-concussion
symptoms are generally reported as resolved?3. All evaluations took place in the children's homes
to minimize travelling inconvenience and school absenteeism. The evaluations, lasting
approximately 1 hour, were performed by an experienced pediatric physical therapist who, to the
best of our ability and for most of the children, was blind to group status. Tests were first
explained to the child and a practice trial was permitted to allow familiarization with the procedure.
The study received scientific and ethical approval from the Institutional Review Board of the
Montreal Children's Hospital, McGill University Health Center. All children and their parents signed

informed consent forms prior to data collection.
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Data analysis

To verify the stability of all described outcome measures over time, intra-class correlation
coefficients (ICC) were obtained for the control group between the first and second testing times
(3-week interval) for all variables. The ICCs ranged between 0.39-0.84 with a mean of 0.69

showing that overall, the tests have adequate test-retest reliability.

For the BOTMP-response speed subtest, the raw score (computed from the median of the 7
trials), and age equivalent scores (derived from sub-test raw scores and expressed as the number
of months above or below chronological age of published test norms) were computed for each
child. For the response time apparatus, the reaction, initial movement and change of direction
times were calculated for the simple, choice and reversed choice paradigms for both the UE and
LE. These data are expressed in milliseconds and represent the mean of 16 trials (4 targets x 4
delays) since performances did not differ according to target direction nor to length of delay to

stimulus presentation.

To address the study objectives, the test performances of the mHI children were compared to
those of the children in the control group using two-way ANOVAs (group and time) with repeated
measures on the time factor. Greenhouse Geiser corrections were used for all ANOVA results
when the distribution of the variables departed from normality. Differences between groups at
each assessment time were determined using independent t-tests with Bonferroni correction. The
specific time effect for each group was determined using one-way ANOVA for repeated measures
using Bonferroni correction for contrasts. in an attempt to identify subgroups of children
presenting with the most significant deficits, relations between the injury variables and the injured
children's performances on the each of the response speed tests were examined using chi-square
analysis or Spearman rank order correlations when appropriate. As well, at each assessment
time, the relation between the number of post-concussion symptoms and the children's
performances on the response speed tests was explored using Spearman rank order correlations.

The SPSS statistical package, version 10.0, was used for all analyses?4.
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RESULTS

The characteristics of the mH| children, presented in table 1, are consistent with that found in the
literature with boys representing 68% of the sample, falls being the most frequent etiology and
headaches and nausea being the most frequent initial symptoms present. The average admission
GCS was 14.8, illustrating the very mild nature of the HI sustained by the children. Sixty-six
percent of children sustained a mHI that can be classified as a grade 2 concussion as per the
American Academy of Neurology practice parameters?® and 34 percent sustained a grade 3
concussion. The mHI children described themselves as slightly more active than children their
own age and sex (Activity Rating Scale 3.5+0.9) and the control children were matched
accordingly. The mHI children had a mean age of 12.2 + years while the controls had a mean age
of 12.0 + years. The descriptive statistics for both groups and for all tests are presented in table

2. The results of the BOTMP response speed subtest raw score, and age equivalent score, are

presented in figures 2a and 2b, respectively.

The ANOVA performed on the BOTMP raw score revealed that there were no statistically
significant differences between the groups across all testing sessions although a strong tendency
could be observed. (F=3.71; p=0.06). There was a main effect for the time factor (repeated
measure) (F=3.41; p=0.04). A group x time interaction was found for the performances of the
injured and non-injured children (F=4.51; p=0.013). The mHI children performed worse (t=-3.39;
p<0.001) than those non-injured only at 1 week post-injury. When the groups were taken
separately, the time effect was only present for the mHI group (F=5.69; p=0.005). The injured
children presented with lower scores in the first week when compared to those of the fourth
(p=0.03) and of the 12t (p=0.009) week.

For the BOTMP age equivalent scores, there was a strong between group effect (mH!I vs controls)
(F=19.60; p<0.001). There was no main effect for the time factor (repeated measure) (F=0.172;
p=0.842), however there was a group x time interaction for the performances of the injured and
non-injured children (F=6.02; p=0.003). Specifically, the mH! children performed worse than the
control group at week 1 (t=-5.18; p<0.001) and week 12 (t=-3.99; p<0.001). The performances of
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the control group were found to change over time (F=3.34; p=0.04); the children had a slightly

better performance at week one compared to week four (p=0.05).

The results obtained with the response time apparatus revealed that for the UE and LE, reaction
times for the reversed choice paradigm were significantly greater (approximately 100 ms) than
those found for the simple and choice paradigms (see table 2). Clearly this reflects that the

reversed choice paradigm was the most complex task.

The ANOVAs performed on the response time apparatus results revealed that there was no
between group effect (mHI vs control) for reaction, movement and change of direction times for all
paradigms of the UE and LE. However, the children with mHI tended to perform worse than
children in the control group for initial movement (F=3.46; p=0.06) and change of direction time
(F=1.96; p=0.16) of the reversed choice paradigm, the most complex task for the lower
extremities. This trend appeared to be primarily present at week one when the mHI| children
performed worse than the control subjects when moving (t=1.38; p=0.173) and changing direction
(t=2.26; p=0.026) (figure 3a and b respectively).

For the UE test, there was a main effect for the time factor for 2 conditions namely: initial
movement time (F=5.13; p=0.01) and change of direction time (F=7.53; p=0.003) of the simple
response time paradigm. The time effect for both groups was found between the initial and the
four week evaluations for initial movement time (F=11.19; p=0.001) and change of direction time

(F=6.66; p=0.01) as there was a significant improvement in performances over that period.

For the LE testing there was a main effect for the time factor for 3 conditions namely: reaction time
(F=4.11; p=0.03) and initial movement time (F=3.81; p=0.03) of the choice response time
paradigm for the LE, and change of direction time (F=4.60; p=0.01) of the reversed choice
response time paradigm. The time effect for both groups was found between the initial and the
four week evaluations for the reaction time (F=12.52; p=0.001) of the choice response time
paradigm where the children's performance deteriorated slightly. For the other conditions, initial
movement time (F=5.93; p=0.02) of the choice response time paradigm for the LE, and change of

direction time (F=4.03; p=0.05) of the reversed choice response time paradigm for the LE, the
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time effect was found between the fourth and twelfth week evaluations. For the former condition,
children demonstrated a slight deterioration in their performances and for the latter, they improved
over that period. There was no group x time interaction for any of the testing conditions for the

upper or lower extremities.

As for post-concussion symptoms (figure 4), there was a strong between group effect across all
testing sessions (F=20.11; p<0.001) with the mHI children reporting a significantly greater number
of symptoms than the control group at all testing times. There was a main effect for the time factor
(F=23.41; p<0.001) (repeated measure) and there was a group x time interaction (F=10.79;
p<0.001) for the performances of both groups. Specifically, the time effect was strong for the mH|
group (F=20.59; p<0.001) and children improved between weeks 1 and 4 (p=0.002) and weeks 4
and 12 (p=0.002). On the other hand, the time effect was weaker for the control group (F=3.35;
p=0.04). There was no significant relation between the number of post-concussion symptoms and
response speed scores. Subgroup analyses revealed that no injury related variable was able to

differentiate among the performances of the injured children.

DISCUSSION

The findings of this study suggest that children with mHI demonstrate similar response times as
compared to a control group of non-injured children on the majority of the tests used. Significant
differences between the groups were noted only on the BOTMP response speed subtest, a
seemingly simple test. It is important to note that it is the second time that this test was able to
detect response time problems after a mHI0. Perhaps the multiple modalities (auditory warning,
visual stimulus) involved in this simple task may be a factor explaining the increase in response
time shown by the mHI group. In previous work with adults after severe HI, Zahn? reported that
the presence of multiple modalities was related to an increase in reaction time. This was
suggested to relate to difficulties in shifting attention from one modality to another or to an inability
in preparing optimally to two modalities within the same task. In the present study, sensory
modalities that were different for the warning signal and actual stimulus could have added a

degree of difficulty to the task and thus been a greater strain on information processing.



Beyond the presence of the multiple sensory modalities, the nature of the visual stimulus may
have played a role in the test's ability to detect differences between the two groups. The
perception of visual stimuli is generally achieved through the attributes of the stimuli themselves.
When objects are defined by attributes such as luminance and color, they are said to possess
"first order" properties. On the other hand, when objects can only be perceived by their motion,
texture, or depth they are said to have "second order" properties and additional information
processing is required to perceive the image?’-28. In the BOTMP response speed subtest, it is the
movement of the ruler that is the stimulus for the task and the difficulties experienced by the mHI
children could have been related to the visual detection of the movement itself. Motion detection
difficulties following HI have not been examined specifically, however, processes such as aging
and some brain injuries have been shown to affect the ability to detect complex stimuli such as
motion and texture (second order) more than the ability to perceive less complex (first order)

visual stimuli2s-31,

Surprisingly, the apparatus used to test the dynamic movements (e.g. whole body displacement)
did not detect significant differences between the performances of the injured and non-injured
children. Johnson'2 using a similar test, was not able to differentiate between the performances of
injured and non-injured athletes. One might argue that the children with mHI may simply not have
had problems with dynamic movements or that this type of apparatus or the chosen paradigms
may not have been sensitive enough to detect differences between the groups if in fact they did

exist.

The observed trend that the mHI children had prolonged movement and change of direction times
in the reversed choice paradigm for the LE warrants some discussion. In the information
processing model described earlier, movement time is a separate stage of information
processing’? and has been found by some to be unimpaired after mHI4. In the present study,
movement times were also found to be unimpaired for all but one paradigm (reversed choice and
only for the LE). The fact that the reversed choice paradigm was similar for both groups for the UE
but tended to be different among the groups for the LE suggests that the problems may not simply
be attributed to slowed information processing but could be related in some way to balance

difficulties. In fact, we recently found that the same group of children presented with balance
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difficulties as measured with clinical tools including the Postural Stress Test's. On the other hand,
balance difficulties may not be solely responsible for the trend in increased movement times since
the other LE performances were not affected on the other paradigms. This trend is thus more
likely to be due to the complexity arising from the combination of balance and information
processing that could have stressed the child's functioning to the point of perturbing their

responses.

Finally, children in the mHI group reported significantly more post-concussion symptoms at all
testing times than did those in the control group. The persisting differences between the groups
could possibly indicate the incomplete resolution of the functional disruption of the CNS following
a mHI even three months post-injury. There is however, no proof that this disruption is associated
with the observed information processing problems due to the lack of relationship between post-
concussion symptoms and response speed scores. Although the Rivermead Post-Concussion
Symptoms Questionnaire used in this study had previously been used only with adults after mHl,
this scale may prove useful in standardizing the self-reporting of the subjective symptoms

encountered in post-concussion syndrome among children.

Conclusion

Children with mHI do not present with response time deficits when assessed using classical
response time paradigms. Only in particular situations, such as when assessed with simple tasks
involving moving visual stimuli or with tasks involving balance and more complex information
processing, can deficits be found initially and, in some cases, up to the twelfth week post-injury.
Further research is required to better identify and understand the severity of these problems and
determine their impact, if any, on participation in physical activities and perhaps on the risk for
subsequent injury. Our results suggest that some children with mHI may still have problems in
response time persisting beyond the period of restricted activities, that could affect their
performance in physical activities. Given that some of these children may have problems in
response time and balance, the guidelines should perhaps be used with caution when returning

children to demanding physical activities.
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Table 1: Characteristics of the children with mild head injury

Characteristics Frequency Percentage
Gender Male 26 68
Female 12 32
Cause of injury Falls 16 42
Bicycle falls 8 21
MVA-bicycle 2
MVA-pedestrian 1 3
MVA 1 3.
Other (hits,efc...) 7 18
missing 3 8
Site of impact posterior 16 42
left 9 24
anterior 8 21
right 4 10
missing 1 3
Admission GCS 13 1 3
14 6 16
15 31 81
Duration of LOC No LOC 25 66
0-10 minutes 1 29
>10 minutes 2 5
Duration PTA 0-60 minutes 37 97
>60 minutes 1 3
Concussion grade 1 0 0
25 66
3 13 34
Initial symptoms Headache 32 84
Nausea-vomitting 23 61
Dizziness 16 42
Visual problems 8 21
Drowsiness 12 32
Auditory problems 1 3

GCS: Glasgow Coma Scale; LOC: Loss of consciousness; PTA: Post-traumatic amnesia; MVA: Motor
vehicle accident;
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Table 2: Mean performances for the mild head injury and control groups on response time tests

1 week 4 weeks 12 weeks

Mean + SD Mean + SD Mean + SD

BOTMP response Raw score MHI 91+29 10.3+23.0 10.3+£3.0
speed control 11.1+£25 108+29 112+22
Age equi MHI -18.8+37.0 -5.3+36.0 -108 £325

control 205+2838 97+285 16.4 +26.4

Response time apparatus (scores in milliseconds)

Upper extremity
Simple Reaction time MHI 962 + 205 923 £175 920 + 131
Control 914 + 280 887 + 231 856 + 197
Initial movement time MHI 476 + 460 327 +213 362 + 342
Control 457 + 320 356 + 269 409 + 249
Change of direction ~ MHI 150 + 75 126 + 56 121+ 58
time Control 138 +73 118 +40 108 + 37
Choice Reaction time MHI 892 + 211 999 + 595 907 £ 150
Control 856 + 232 853 + 258 896 + 228
Initial movement time MHI 371+ 268 378 +£239 364 + 226
Control 477 +405 422 + 298 389 + 308
Change of direction ~ MHI 124 + 47 113+ 41 122 + 68
time Control 127 £ 79 126 + 66 121+79
Reversed choice Reaction time MHI 1079 + 188 1063 + 181 991 + 191
Control 1042 + 262 1001 + 250 1016 + 224
Initial movement time MHI 421 + 238 400 + 280 475 + 342
Control 488 + 342 439 + 363 403 + 276
Change of direction ~ MHI 131+ 57 117 £ 52 117 £55
time Control 134 £49 125 + 64 122 +78
Lower extremities
Simple Reaction time MHI 1343 + 182 1346 + 193 1360 + 202
Control 1344 + 180 1354 + 151 1330+ 174
Initial movement time  MHI 185 + 101 180 + 83 212 +£97
Control 204 + 167 193 +127 201 +77
Change of direction ~ MHI 337 +132 330 +127 305 +£103
time Control 306 +£120 297 + 84 294 +77
Choice Reaction time MHI 1326 + 176 1382 + 160 1370 + 196
Control 1297 + 146 1345 + 143 1343 + 258
Initial movement time MHI 189 + 81 177+ 71 208 + 97
Control 178 +55 179+ 71 202 +73
Change of direction ~ MHI 320 + 146 315139 278 £103

time Control 282 + 96 289 + 88 286 + 67
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Reversed choice Reaction time

MHI
Control

Initial movement time  MHI

Change of direction
time

Control
MHI
Control

1 week

Mean + SD
1509 + 248
1482 + 193
282 + 302
206 +72
332 + 145
279 + 88

4 weeks

Mean + SD
1521 + 280
1493 + 186
292 + 245
211+ 11
308 +122
279 + 83

12 weeks

Mean + SD
1472 + 293
1461 + 161
215+ 103

219 + 92
282 + 110

271 +65
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Figure 2: Bruininks-Oseretsky Test of Motor Proficiency-Response Speed Subtest. Mean raw scores (A)
and age equivalent scores (B) for children with MHI () and control children () at 1, 4 and 12 weeks. The
maximal raw score is 17 and the age equivalent score is expressed in months deviating from the child's
chronological age. Error bars are 1 standard error of the mean. ***: p < 0.001.
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Figure 3: Response Time Apparatus. Mean performance of children with MHI (CJ) and control children (Il)
at 1, 4 and 12 weeks for the lower extremity reversed choice paradigm. initial movement time (A) and
change of direction time (B) are expressed in milliseconds. Error bars are 1 standard error of the mean. *:
p< 0.05.
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Figure 4: Rivermead Post-Concussion Symptoms Questionnaire scores. Mean scores of children with MHI
(O) and control children (M) at 1, 4 and 12 weeks. ***: p<0.001; **: p<0.01.
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4.3 Résultats concernant le retour aux activités physiques suite au TCL

4.3.1 Article 4: Mild traumatic brain injury affects children's self-efficacy related to their physical

activity performance
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ABSTRACT

OBJECTIVE: Little is known about how a mild traumatic brain injury (mTBI) might affect childrén's
return to physical activities. The primary purpose of this study was to determine whether children
who had sustained a mTBI practiced their physical activities 12 weeks after the injury with the
same level of self-efficacy as prior to the injury, and to compare these levels of self-efficacy with
that of a group of non-injured children matched for age, sex and premorbid level of physical
activity. METHODS: 34 children (mean:12 + 3yr.) were recruited in each group. Children with
mTBI had been admitted to hospital for an observation period of several hours to an overnight
stay, had a mean GCS of 14.8, were considered normal on a standard neurological assessment
at hospital discharge, and were all allowed to resume physical activities 4 weeks after the injury.
Children with mTBI were assessed 1 day post-injury, to document pre-injury status, and at 12
weeks post-mTBI using a self-efficacy questionnaire developed for this study, the Physical Activity
Questionnaire (level of physical activity), the Athletic Competence subscale of the Self-Perception
Profile for Children or Adolescents (athletic competence) and the Rivermead Post-Concussion
Symptoms Questionnaire.  Non injured children underwent the same assessments at a
corresponding time interval. RESULTS: MTBI children scored significantly worse than those non-
injured the self-efficacy questionnaire at 12 weeks post-injury, while they maintained similar levels
of physical activity participation and athletic competence CONCLUSION: Although mTBlI children
had returned to their pre-injury level of physical activity and had maintained their athletic
competence, they did not feel as confident in their ability to perform their physical activities at 12

weeks post-injury as compared to how they felt before the injury.
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Introduction

A mild traumatic brain injury (mTBI) or cerebral concussion is an injury that is generally thought to
have little consequences past the immediate resolution of initial symptoms. Consequently, most
children are instructed to gradually resume their physical activities post-injury as suggested in
current management protocols (1). Little is known, however, about how a mTBI might impact
children's performance in physical activities. Anecdotal evidence from clinicians suggests that
some children may have problems in performance when returning to both structured and
unstructured physical activities. Children have reported, up to three and four months following the
injury, that they do not feel "quite like before" or feel they are not able to perform as well as they
did before the injury. In other words, they appear to lack confidence in their performance in
physical activities following even a mTBI. These reported difficulties could be due to a number of
factors because performance in physical activities is a multifactorial concept, related to both
physical and non-physical factors. In terms of physical factors, recent reports have identified
impairments in balance and visuo-motor response times following pediatric mTBI (2-5), although
no empirical evidence exists to support that these are the cause of the performance difficulties.
Non-physical factors, such as motivation or self-efficacy, if affected post-injury could also have an

influence on children's performance.

Self-efficacy is defined as "people's beliefs in their capabilities to organize and execute courses of
action required to perform a given behavior" (6). These beliefs are derived from four major
sources of information; 1) previous performance of the behavior, 2) physical and emotional state
when enacting the behavior, 3) observations of others and 4) encouragement from others.
Previous performance is the most significant source of information that influences seif-efficacy
beliefs and failures encountered during previous attempts can alter the feelings of efficacy for
future participation in physical activities (7-9). A strong association exists between self-efficacy
and actual performance. Bandura (6) has postulated that, in the context of physical activities,
significant injuries can negatively affect self-efficacy and subsequently negatively affect
performance even after the resolution of the initial injury. This hypothesis has been supported in
the case of severe injury with significant life-changing consequences but not in the case of more

minor musculoskeletal injuries having limited long term physical repercussions (10). Specifically,



119

Kilgore (10) found no decrease in self-efficacy among college women gymnasts after ligament
sprains and muscle injuries when assessed prior to competitive meets throughout the season.
Self-efficacy differs from perceived athletic competence that is a personality trait that is more
related to participation in physical activities rather than to the performance itself (11-12).
Perceived athletic competence is a determining factor when choosing whether or not to engage
and persist in physical activities, while self-efficacy is a situation-specific form of self-confidence

that can influence performance in the activities in which individuals choose to participate.

To our knowledge, self-efficacy related to physical activities has never been explored in children
post-mTBI. This is important to examine since the goal of rehabilitation is to ensure optimal
recovery after the injury, including participation in physical activites and satisfaction with
performance. The examination of self-efficacy beliefs with respect to performance in physical
activities is an important step towards a better understanding of the causes of reported feelings of
decreased performance following a mTBI. If children do not feel as confident in their ability to
perform their regular physical activities as before their injury, they might be at risk of re-injury.
The purpose of this exploratory study was therefore to determine whether children who sustained
a mTBlI practiced their activities at 12 weeks after the injury with the same level of self-efficacy as
prior to the injury, and to compare these levels of self-efficacy with that of a group of non-injured
children matched for age, sex and premorbid level of physical activity. The secondary objective
was to explore the relationships between the injured children's self-efficacy levels and their level
of participation in physical activities, their level of perceived athletic competence and their post-

concussion symptoms reported during the recovery period.

Methods

Sample

Thirty-four children aged 8 to 16 years (mean:12 + 3yr.), having sustained a mTBlI, as defined by
the American Congress of Rehabilitation Medicine (13), agreed to participate in this study. The
children were recruited from consecutive admissions to the Pediatric and Adolescent Trauma

Program of the Montreal Children's Hospital, McGill University Health Center in Montreal. Criteria
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for such admission include nausea, vomiting, drowsiness, headaches or any loss of
consciousness. All children were considered normal on a standard neurological exam done just
prior to discharge from the hospital (usual stay of a few hours to overnight). Children were
excluded if they presented a documented medical diagnosis of learning or attention deficit
disorder as well as regular use of Ritalin, attended a special school for learning or behavioral
problems and, presented pre or post-injury co-morbidities limiting the assessment of balance and
response times. Similar exclusion criteria were used for a sample of 34 control children recruited,
whenever possible, among the friends of the mTBI children and matched for age, sex, and pre-
morbid level of physical activity. With this method of “friend sampling", we attempted to control for
socioeconomic level and other potential confounders. For the eight children who could not
provide the name of a friend interested in participating, control children were recruited among the
authors' colleagues and friends using the same matching criteria. Pre-morbid level of physical
activity was established using the Activity Rating Scale, a single 5-level question designed to

assess the level of participation in physical activities in large epidemiological surveys (14-15).

Measures

Four measures were administered to all the children. To our knowledge, this is the first time they
have been used with children after a mild TBI. The first one of these measures was a
questionnaire developed to assess children's level of self-efficacy. In the context of this study, we
used Bandura's conceptualization of self-efficacy (6) and defined self-efficacy in physical activities
as an individual's belief and confidence in his ability to participate and succeed in a satisfactory
manner in physical activities appropriate for this individual. Because self-efficacy is situation- or
disease-specific, a new tool must be developed for its measurement every time it is investigated in
a new context. For example, tools to measure self-efficacy have been developed to study the
management of diseases such as arthritis, epilepsy or multiple sclerosis (8, 16-17). The self-
administered questionnaire developed for this study was constructed using a standardized
method (18). First, two dimensions of self-efficacy were identified as important to include in the
tool. In order to address the specificity of mTBI as a condition, the first dimension was concerned
with the child's confidence in overcoming potential problems after mTBI such as fatigue, pain,

balance or slowness while practicing his or her physical activities. Because we also wanted to



121

examine self-efficacy from a physical activity point of view without reference to the mTBI, the
second dimension addressed the general athletic skills required to practice physical activities.
The choice of items for these dimensions was based on an extensive review of the related
literature and discussions with experienced clinicians working with this clientele. The literature
was reviewed using the Sportsdiscus, Psychinfo, CINHAL and Medline databases between 1990
and 2000 and using textwords such as self-efficacy, physical activitiy performance, mild traumatic
brain injury and concussion. Second, the questionnaire was submitted to an expert in the
measurement of self-efficacy to verify the pertinence and clarity of each item and to ensure face
and content validity. Changes were subsequently made to the content and wording of certain
items and some items were removed. The final version of the questionnaire consisted of 18 items
covering the two dimensions: eight items related to mTBI problems and ten items related to
athletic skills (annex 1). When making confidence judgements about the items, children were
asked to refer to the list of activities recalled in the Physical Activity Questionnaire (see below) to
anchor the items to activities that the children had actually practiced during the testing period.
The items were scored on a 10-point scale with confidence ratings ranging from 10% to 100%
where higher scores represented higher self-efficacy. For example, a score of 80% on an item
would mean that the child felt 80% confident with respect to that item. A total score for each

dimension was obtained.

Three other assessment tools were used in order to address the secondary objective of the study.
The Physical Activity Questionnaire (PAQ) (19-20) documented the level of participation in regular
physical activities, the Athletic Competence (AC) subscale of the Self-Perception Profile for
children or adolescents (21-22) addressed perceived competence in physical activities and the
Rivermead Post-Concussion Symptoms Questionnaire (RPCSQ) (23) documented the presence
and severity of commonly experienced symptoms following mTBl. The PAQ and the AC subscale

both have two versions, one designed for children and one designed for use with adolescents.

The Physical Activity Questionnaire for Older Children (PAQ-C) and the Physical Activity
Questionnaire for Adolescents (PAQ-A) (19-20) are self-administered 7-day recall questionnaires
ascertaining the amount of habitual moderate to vigorous physical activity practiced in the seven

days preceding the evaluation. Both are quick to administer, inexpensive and easy to understand.



Nine items for the PAQ-C and eight items for the PAQ-A, scored on a 5-point scale, provide a total
activity score (mean of the 8 or 9 items). The tools also include a non-exhaustive list of activities
and reference guides such as the day of the week and the time of day to reduce recall bias. For
example, children are asked to rate how active they have been during their recess time at school
over the last 7 days. A score of 1 is used when children recall that they "sat around for most of
the time" and a score of 5 indicates that children "ran and played hard most of the time". Test-
retest reliability of the PAQ-C is reported as very good with ICCs of 0.75 for boys and 0.82 for girls
aged 8 to 13 years tested at one week intervals (19). Convergent validity with other measures
such as the Seven-Day Recall Interview (24) or the Activity Rating Scale (14) was found to be
acceptable (20,25). Evidence for construct validity was provided by examining the relationship
with the athletic competence and behavioral conduct subscales of the Self-Perception Profile for
children (21), where a positive correlation with the athletic competence subscale (r=0.48) and no

significant relation with the behavioral subscale (r=0.16) were found (20-25).

Perceived athletic competence was assessed using the Athletic Competence (AC) subscale of the
Self-Perception Profile for Children and for Adolescents (21-22). The Self-Perception Profile is a
self-administered questionnaire consisting of five subscales covering domains from social
competence to global self-worth. Each of the subscales can be used separately and only the AC
subscale was used for this study. The internal consistency of the AC subscale was reported as
ranging from 0.80 to 0.86 (Cronbach's alpha) (21). The AC subscale contains 6 items scored with
a 4-point scale, where 1 represents a low level and 4 a high level of perceived competence.
Children are asked to choose the statement that best applies to them: "some kids do very well at
all kinds of sports" or "other kids don't feel that they are very good when it comes to sports”. They
then decide if the statement they have chosen is "sort of true” or "really true" for them. The mean
of the scores on the 6 items is calculated to obtain a total score.

The Rivermead Post-Concussion Symptoms Questionnaire (RPCSQ) (23) was also administered
in order to document the presence and more importantly the severity of 16 commonly experienced
symptoms following mTBI. Their presence and severity are rated as compared to "usual levels"
since the symptoms can be reported by non-injured individuals. The questionnaire is self-

administered and the children are asked to rate the severity of the symptoms using values from 0
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(to indicate the absence of the symptom) to 4 (referring to a severe problem). The scores for
each of the 16 symptoms are combined to provide a total score. Apart from this study, the
questionnaire has not been used with children but test-retest reliability of the RPCSQ was
reported as high (Rs=0.91) (23) for a group of mTBI adults tested at a 24 hour interval. This result
should, however, be interpreted with caution as no ICC values are available for this group.

In addition to the main outcome measures, the following information regarding the injury was
obtained from the child's medical file: Glasgow Coma Scale score upon admission, concussion
grade, duration of post-traumatic amnesia, duration of loss of consciousness, cause of injury, site

of impact and initial symptoms.

Procedure

Children meeting the study criteria and their parents were told about the research on the day of
admission to the trauma program. Those interested in participating were met on the same day by
the study coordinator and premorbid measures of self-efficacy, physical activity level, perceived
athletic competence were documented. It is unlikely that the presence of post-traumatic amnesia
could have affected recall with regards to these measures since, as shown in table 1, only one
child had post-traumatic amnesia lasting more than 60 minutes and even for him, it was resolved
before the administration of the questionnaires. Children completed the same questionnaires a
second time 12 weeks post-injury. As part of a larger study, the same sample of children were
also assessed at 1, 4 and 12 weeks post-injury to document post-concussion symptoms as well
as to evaluate their performance on various balance and visuo-motor response time tools. These
results are presented elsewhere (4-5). The control group children were assessed at
corresponding time intervals. All evaluations took place at the bedside or in the children's homes
to minimize travelling inconvenience and school absenteeism. The assessment times were
chosen because of their importance to children's recovery. For example, the initial assessment
was meant to capture the child's pre-morbid status and was done as early as possible after the
injury. At the second assessment, 12 weeks later, the children had been active in their physical
activities for at least eight weeks given that the activity restriction period imposed on the child

usually ends four weeks after the injury (1). As well, 12 weeks is the time when most post-
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concussion symptoms are resolved (26). The 12-week evaluations were done by an experienced
pediatric physical therapist who, to the best of our ability and for most of the children, was biind to
group status. The study received scientific and ethical approval from the Institutional Review
Board of the Montreal Children's Hospital, McGill University Health Center. All children and their
parents signed informed consent forms prior to data collection.

Data analysis

Scores were computed for each child on the following tools: the Self-efficacy questionnaire for the
"'mTBI related problems" dimension (possible scores ranging from 80-800) and "athletic skills"
dimension (100-1000), the Physical Activity Questionnaire (1-5), the Athletic Competence
subscale (1-4) and the Rivermead Post-Concussion Symptoms Questionnaire (0-64).

To address the study objectives, the test performances of the mTBI children were compared to
those of the children in the control group using two-way ANOVAs (group and time) with repeated
measures on the time factor. Greenhouse Geiser corrections were used for all ANOVA results
when the distribution of the variables departed from normality. Differences between groups at
each time were determined using independent t-tests and the specific time effect for each group
was determined using paired t-tests. At each assessment time, relations between the injured
children's performances on the tests were explored using Pearson correlations. The SPSS

statistical package, version 10.0, was used for all analysis (27).

Results

Subjects

The characteristics of the mTBI group, presented in table 1, are consistent with those reported in
the literature with boys representing 2/3 of the sample, falls being the most frequent etiology and
headaches and nausea-vomiting being the most frequent initial symptoms present. The high
average admission GCS as well as the presence of post-traumatic amnesia of more than 60

minutes in only one child illustrate the very mild nature of the TBI sustained by the children. Fifty-



nine percent of children sustained a mTBI that could be classified as a grade 2 concussion and 41
percent sustained a grade 3 concussion as per American Academy of Neurology practice
parameters (28). The mTBI children described themselves as slightly more active than children
their own age and sex (Activity Rating Scale 3.6 £ 0.9) and the control children were matched
accordingly (Activity Rating Scale 3.7 + 0.8). The children with mTBI had a mean age of 12.0 +

2.9 years, while the controls had a mean age of 11.8 + 2.9 years.

Both the level of participation in physical activities and the level of perceived athletic competence
were similar between the groups initially and at the 12-week evaluation, and both groups
essentially did not change over time. This was confirmed by the ANOVA performed on data for
the PAQ (figure 1a) and for the AC subscale (figure 1b). Specifically, there were no differences
found between the two groups, there was no time effect nor any interaction. Moreover, initial and
12 weeks PAQ scores were moderately correlated with each other (r=0.60; p<0.001 for mTBI;
r=0.57; p=0.002 for the control group) as were the initial and 12 weeks AC subscale scores
(r=0.73; p<0.001 for mTBI; r=0.56; p=0.002 for control group). Correlations between initial PAQ
and initial AC subscale scores approached significance (r=0.33; p=0.07), but correlations between
the 12-week PAQ and the 12-week AC subscale scores were not significant. No significant
correlations were found between the PAQ and post-concussion scores (measured with the

RPCSQ) nor between the AC subscale and post-concussion scores.

The results for the self-efficacy questionnaire for both dimensions are presented in figures 2a and
2b, respectively. Both groups of children had similar self-efficacy levels at the initial evaluation
and only the injured children demonstrated decreased self-efficacy at 12 weeks. Specifically, the
ANOVA performed on the "mTBlI related problems" dimension (figure 2a) revealed no significant
differences between the groups across testing sessions. However, there was a main effect for the
time factor (repeated measure) (F=16.32; p<0.001), and a group x time interaction was found for
the performances of the injured and non-injured children (F=28.80; p<0.001). The mTBI children
demonstrated decreased self-efficacy compared to the control group at 12 weeks (t=-3.34;
p=0.001) but not at the initial assessment (t=1.09; p=0.281). When the groups were taken
separately, the time effect was only present for the mTBI group (t=4.96; p<0.001) as the injured
children presented with lower scores in the 12t week when compared to the initial assessment.
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The ANOVA performed on the “athletic skills" dimension (figure 2b) revealed no significant
differences between the groups across testing sessions. Although, there was no main effect for
the time factor (repeated measure), a group x time interaction was found for the performances of
the injured and non-injured children (F=7.17;p=0.009). The mTBI children performed worse than
those non-injured at 12 weeks post-injury (t=-2.26; p=0.03) but not at the initial assessment (t=-
0.22; p=0.825). When the groups were taken separately, the time effect was present only for the
mTBlI group where children presented with lower scores in the 12t week when compared to the
initial assessment (t=2.08; p=0.04). In summary, children with mTBI who felt as confident as their
control friends at the initial assessment demonstrated a decrease in their level of confidence as

identified in both dimensions of the self-efficacy questionnaire.

As for post-concussion symptoms (figure 3), there was a strong between group effect across all
testing sessions (F=20.46; p<0.001). The mTBI children reported a significantly greater number
of symptoms than the control group at all testing times (1, 4 and 12 weeks) with as many as 13%
and 16% of children at 12 weeks reporting problems of fatigue and headaches respectively. There
was a main effect for the time factor (F=11.14; p<0.001) (repeated measure) and there was a
group x time interaction (F=25.40; p<0.001) for the performances of both groups. Specifically,
there was a strong time effect (F=20.59; p<0.001) where the mTBI children improved between
weeks 1 and 12 (p<0.001), between weeks 1 and 4 (p=0.002) and between weeks 4 and 12
(p=0.002). On the other hand, there was a time effect for the control group that just reached
significance (F=3.35; p=0.04) with children reporting slightly lower post-concussion scores at 4
weeks than at 1 week (p=0.01).

Pearson correlations were performed with the data of the injured children to explore the relations
between their self-efficacy levels and their level of participation in physical activities, their level of
perceived athletic competence and reported post-concussion symptoms at all assessment times
(table 2). The initial scores of both dimensions of the self-efficacy questionnaire were moderately
correlated to the corresponding scores of the same dimension at 12 weeks (r=0.56 for the "'mTBI
related problems”; r=0.58 for the "athletic skills"). The scores for these two dimensions were

moderately correlated with each other at 12 weeks (r=0.51) but not initially, showing some effect



of the injury on both dimensions. Moreover the initial scores of the "athletic skills" dimension were
weakly correlated to the scores of the "mTBI related problems" dimension at 12 weeks (r=0.47).
Weak to moderate negative correlations were found between the 12-week scores on both self-
efficacy dimensions and post-concussion scores (RPCSQ) at 4 and 12 weeks post-injury (r
ranging from —0.43 to -0.65). In addition, the "athietic skills" dimension scores at 12 weeks were
negatively related to the RPCSQ scores at 1 week post-injury. The 12-week scores of the
"athletic skills" dimension were weakly correlated to the PAQ (r=0.37; p=0.03) and AC subscale

(=0.47; p=0.005) scores at 12 weeks, but not to scores from the initial assessment.

Discussion

The overall findings of this study are that children, three months following a mTBI, return to their
premorbid level of physical activities and continue to perceive themselves as competent in their
athletic abilities. However, despite having returned to their regular physical activities, a
substantial number of children experience decreased self-efficacy with regards to their
performance in these activities, 12 weeks after the injury.

Children with mTBI demonstrated similar levels of pre and post-injury participation in physical
activities (PAQ scores) and perceived athletic competence (AC subscale) as those of the control
group. The comparability of the two groups at the initial assessment in terms of participation level
reflects the success of the matching procedure. The fact that both groups maintained their
physical activity level three months later is an illustration of the stability of the measure of physical
activity participation. Clearly, having sustained a mTBI does not appear to affect the level of

participation in physical activities nor perceived athletic competence.

Children with mTBI had decreased levels of self-efficacy in both dimensions (“mTBI related
problems" and "athletic skills") 12 weeks after the injury as compared to premorbid levels and as
compared to the control group. One plausible explanation for these findings relates to the theory
of self-efficacy. Self-efficacy is a concept that is situation-specific and related to one's confidence
in the ability to produce expected results. Past performances, emotional and physical state when

practicing physical activities as well as the observation of others and encouragement from others



are information sources used to construct one's judgements of self-efficacy. Only the first two

sources can however be addressed in the context of our study.

First, the children assessed 12 weeks post-injury had been involved in physical activities for the
last 8 weeks (return to physical activities allowed at 4 weeks) and may have used the information
generated by their performances throughout that period to influence their feelings of self-efficacy.
If their performances were less optimal than prior to the injury, the judgements of self-efficacy
derived from these performances could have been affected. The same sample of children did in
fact present with balance deficits lasting up to 12 weeks post-injury (4) and perhaps the balance
difficulties may have hindered their performances in their physical activities. As well, the presence
of post-concussion symptoms such as fatigue and headaches in a substantial number of injured
children (fig 3) may have impaired the children's emotional and physical state when engaging in
physical activities, consequently affecting their self-efficacy. Indeed, the scores on both
dimensions of the self-efficacy questionnaire were moderately correlated to PCS scores at 4 and

12 weeks post-injury, when children returned to physical activities.

At 12 weeks, weak but significant correlations were found between the scores of the "athletic
skills" dimension of the self-efficacy questionnaire and the PAQ scores, and between the “athletic
skills" dimension scores and the AC subscale scores while initially, these relations were not found
to be significant. Interestingly, no such relations could be observed for the "'mTBI related
problems" dimension of the self-efficacy questionnaire with the PAQ or with the AC subscale
initially or at 12 weeks post-injury. The "athletic skills" dimension, by referring to notions such as
"being happy with one's performance" or "being confident to be picked first when making up
teams” is somewhat more linked to the participation and athletic competence concepts than the
"mTBI related problems" dimension that refers to specific problems encountered after a mTBI.
The correlations observed after the injury between the "athletic skills" dimension and the PAQ and
the AC subscale would appear to support the choice of separating the self-efficacy questionnaire

into two dimensions.

The decision to separate the self-efficacy questionnaire into two separate dimensions is further

supported by the moderate correlation found between the two dimensions at 12 weeks post-injury.
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This indicates an association between the two dimensions in terms of the construct measured
(self-efficacy related to physical activities post-mTBI) but enough distinctness related to each
dimension to prevent a very high correlation between the two. The absence of correlation
between the two dimensions at the initial assessment (reflecting the pre-morbid status of the
children) could be attributed to the fact that the children all presented with very high self-efficacy
scores. One could argue that the ceiling effect of the measure at the initial assessment may have
limited the correlation analysis. However, this absence of correlation could also be attributed by
the questionable validity of measuring the "mTBlI related problems" dimension of self-efficacy prior
to the actual injury. In fact, at 12 weeks, when the measure of this dimension becomes relevant, a

clear relation between the dimensions exists.

The results concerning a decrease in self-efficacy following a mTBI should be considered with
some caution. Firsf, although the self-efficacy questionnaire was developed according to
standard procedures, it was used here for the first time before formally assessing its psychometric
properties. This new tool however appears promising in that it demonstrated stability over time for
the control group and was able to detect differences between groups at 12 weeks. Second, the
decrease in self-efficacy levels in the mTBI group could not only be attributed strictly to the fact
that these children had sustained an injury but perhaps also to the fact that they had been
restricted from their physical activities restrictions for four weeks. Ideally, to control for this bias,
the control group should also have consisted of injured children (without a mTBI) with similar
activity restrictions. This, however, was not possible since these results were obtained in the
context of a larger study also examining balance and visuo-motor response times at 1, 4 and 12
weeks post-injury. Clearly, orthopedic injuries may have affected the balance and response time
evaluations of the controi group thus limiting our interpretations about possible balance and
response time deficits following mTBI. Finally, one cannot conclude that a decrease in self-
efficacy directly affects performance since we did not evaluate the actual performance of the

children during their various physical activities.

In conclusion, although the mTBI children had returned to their pre-injury level of PA and had
maintained their athletic competence trait, they did not feel as confident in their ability to perform

their activities at 12 weeks post-injury as compared to how they felt before their injury. Because
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of the chosen study design and assessment times, it remains unclear as to how the children's self-
efficacy level evolved during the 12-week period. As well, it is unclear what happens to the levels
of self-efficacy beyond this time. Hopefully, the self-efficacy levels return to pre-morbid levels
gradually over the months that follow as children rebuild their confidence. Nevertheless, these
remain important preliminary findings that warrant further investigation. This is especially true with
regards to possible interventions strategies targeting children and their parents that could
potentially minimize the impact of the mTBI on children's confidence in their performance in

physical activities.
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Table 1: Characteristics of the mTBI children

Characteristics Frequency Percentage
Gender Male 24 71
Female 10 29
Cause of injury Falls 16 47
Bicycle falls 7 20
MVA-ped 1 3
MVA 1 3
Other (hitsefc...) 6 18
missing 3 9
Site of impact Posterior 14 41
Left 9 26
Anterior 6 18
Right 4 12
Missing 1 3
Admission GCS 13 1 3
14 6 18
15 27 79
Duration of LOC No LOC 20 59
0-10 minutes 12 35
>10 minutes 2 6
Duration PTA 0-60 minutes 33 97
>60 minutes 1 3
Concussion grade 1 0 0
2 20 59
3 14 41
Initial symptoms Headache 28 82
Nausea-vomitting 22 65
Dizziness 14 41
Visual problems 6 18
Drowsiness 1 32
Auditory problems 1 3

GCS: Glasgow Coma Scale; LOC: loss of consciousness; MVA: motor vehicle accident; PTA:
post-traumatic amnesia
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Figure 1: Level of participation in physical activities as measured by the Physical Activity Questionnaire (A)
and perceived athletic competence as measured by the Athletic Competence subscale of the Self-
Perception Profile (B) for both groups of children. Represented are the mean and standard error of the
mean at the initial (M) and 12-week () assessments
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Figure 2: Self-efficacy related to physical activities as measured by the "mTBI related problems" dimension
(A) and the "athletic skills" dimension (B) of the self-efficacy questionnaire for both groups of children.
Represented are the mean and standard error of the mean at the initial () and 12-week () assessments
*** p<0.001; *; p<0.05.
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Figure 3: Presence and severity of the post-concussion symptoms as measured by the
Rivermead Post-Concussion Symptoms Questionnaire for both groups of children. Represented
are the mean and standard error of the mean at the. 1-week assessment, & :4-week
assessment, U :12-week assessment, *** p<0.001; **: p<0.01; *: p<0.05.
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ABSTRACT

BACKGROUND AND PURPOSE: The Sensory Organization Test (SOT) and the Pediatric Clinical
Test of Sensory Interaction for Balance (PCTSIB) quantify the ability to maintain balance in the
presence of sensory conflicts. The purposes were to compare the performance of healthy children
on these two assessments and examine the relationship between age and assessment
performances. SUBJECTS: Sixteen healthy children (9.8 + 3.5yr.). METHODS: Children were
assessed with both tools during a single session. RESULTS: Only three conditions of the SOT
were related to the corresponding PCTSIB conditions: eyes closed in tandem and single leg
stance (SLS), and altered vision in SLS. None of the conditions involving altered support surfaces
were related. All SOT conditions and four PCTSIB conditions only in SLS, were significantly
related to age. DISCUSSION AND CONCLUSION: Although both tests are associated with age,
they do not measure sensory organization abilities in the same manner. As such, they each
provide different and complementary information about healthy children's ability to maintain

balance.
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Introduction

Balance is an essential prerequisite of most activities of daily living in children. It can be broadly
defined as a condition where all forces and torques acting on the body are in equilibrium so that
the individual's centre of mass is within the individual's limits of stability'4. Postural control is the
means by which balance is achieved with the purpose of controlling the relation between the
center of mass and the individual's base of support. To maintain a position or ensure appropriate
transitions between positions, the nervous system must rapidly integrate incoming sensory
information from various sources, then use this information to generate complex motor responses,
adapted in their timing sequence and amplitude to the characteristics of the situation, to particular

environmental constraints and to external and internal perturbations of the body.

It is generally recognized that three main sources of sensory information contribute to effective
postural control: visual, proprioceptive and vestibular. The eyes register the movements of
objects in the environment as well as the individual's movements within this environment. The
proprioceptive input from the muscle spindles, tendon organs, joint and tactile receptors provides
information about the movement speed and muscle forces generated, the position of the body
segments in relation to one another and the individual's support surface. Finally, the vestibular
system is the body's internal reference that provides information about the individual's head
position and movements in relation to gravity. In the context of balance, sensory organization is
usually defined as an individual's ability to integrate sensory input and identify, among redundant
sensory information, the most accurate and appropriate input for the maintenance of balance. In
children, this ability is dependent on the integrity of the sensory systems and of the CNS, and
varies as a function of a child's age and developmental level5. For example, among children
between 4 months and 2 years old, the visual system is usually predominant in providing input to
maintain balance. Between the ages of 3 to 6 years, subsequent maturation of the CNS allows
children to use somatosensory information. Finally, between the ages of 7 to 10 years a child's

vestibular system has the capacity for conflict resolutions-7.

In reaction to external perturbations or in anticipation of voluntary movements, children, like

adults, exert postural control using specific sequences of muscle activation (i.e. ankle, hip,
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stepping strategies). These strategies are also subject to the maturation and development of the
systems involved. Numerous studies have demonstrated that they are present as early as the
age of 18 months and evolve in terms of timing and amplitude over the next several years89. A
transitional stage, where responses are less coordinated in terms of amplitude and timing, takes
place between the ages of 4 to 6 years and the strategies appear to reach a mature stage, or

become adult-like, by the ages of 7 to 10 years.

The assessment of balance is a core component of the pediatric rehabilitation specialist's
evaluation. When the goal of the balance assessment in children is to address specifically the
contribution and interaction of sensory systems to postural control and the ability to adapt to
modified or conflicting sensory inputs, tools assessing the amplitude of postural sway or the ability
to maintain balance in the presence of sensory conflicts are useful. Instrumented and
standardized clinical assessment tools have been developed for this purpose. These include the
Sensory Organization Test (SOT) of the Neurocom Smart Balance Master™10 and the Clinical
Test of Sensory Interaction for Balance (CTSIB)'.

The SOT of the Neurocom Smart Balance Master™ is a platform posturography tool that was
designed to study, among adults and children, the contribution of visual, proprioceptive and
vestibular inputs in an individual's ability to maintain balance. In this test, sensory information is
manipulated to reduce the amount of, or provide conflicting sensory information. The Clinical Test
of Sensory Interaction for Balance was developed as an inexpensive clinical alternative to the
SOT to address the same concepts and has been adapted for the pediatric population'2. Both the
SOT and the Pediatric-CTSIB (PCTSIB) were designed based on the same conceptual framework
of balance control. The premise of this framework is that there is no single dominant source of
sensory input, that sensory information is redundant, and that some form of dynamic weighing of
sensory inputs may be necessary to optimize the control of postural stability?. Both assessment
tools test sensory interaction by focussing on the child's ability to maintain standing positions while
receiving various sensory perturbations in six sensory conditions that should theoretically
correspond to one another. Being portable, affordable and easy to administer, the PCTSIB has
gained popularity in the clinical settings unable to afford platform posturography. However, it is

unclear whether the SOT and the PCTSIB measure the same or different aspects of balance due



to the differences in equipment and modalities assessed. In fact, the relationship between the two
tools has not yet been established in children. The purpose of this study was therefore to
compare the performances of healthy children on these two assessment tools of standing
balance; that obtained using the SOT and that obtained using the PCTSIB. Based on the
assumption that the PCTSIB is a clinical alternative to the SOT, we hypothesized that the
children's performances on corresponding conditions of both tests should be strongly correlated.
In addition, if the six sensory conditions purport to test varying levels of complexity of sensory
interaction, one would expect that the performances across conditions within both tests should be
ranked in the same order. A secondary objective of the study was to examine the relationship

between age and performance on the two assessment tools.

Methods

Subjects

A convenience sample of 16 healthy children aged between 5 and 16 years (9.75 yr. + 3.47 yr)
was recruited for this study. The subjects were the children of the first author's colleagues and
friends. Children were excluded if they had a neurological or orthopedic condition affecting
balance, if they were not in the school grade expected for their age or if their parents reported
general problems in physical activities such as having been flagged by the physical education
teacher as having difficulties or as not performing as well as expected in sports. All children and
their parents signed an informed consent form prior to data collection and the study received

scientific and ethical approval.

Measures

The Sensory Organization Test (SOT) of the Neurocom smart Balance Master™* and the

Pediatric Clinical Test of Sensory Interaction for Balance (PCTSIB) are described below.

* NeuroCom International Inc., Clackamas, OR 97015
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The SOT is a tool designed to study visual, proprioceptive and vestibular inputs, and their specific
role in an individual's ability to maintain balance. The test requires the individual to stand quietly
on two force plates that are computer controlled to allow movement of the support surface in
phase with the amplitude of postural sway. The support surface is surrounded by a three-sided
movable wall that similarly allows movement in phase with postural sway. The amplitude of the
child's postural sway is measured while standing in bilateral stance for 20 seconds in six different
sensory conditions that are described in table 1. As determined by the test procedure, sway is
calculated from the maximum anterior and-posterior center of gravity displacements over the
testing period. To obtain a "stability score”, the calculated sway is compared to the subject's
theoretical limits of stability. These limits of stability are assumed to be a range of 6.25° anteriorly,
4.45° posteriorly and 8.00° to both sides of the center of the feet support and represent the area in
which the individual can move without changing the base of support. The stability score is
expressed as a percentage, with 100% representing perfect stability and 0% indicating sway
exceeding the limits of stability. Several of the psychometric properties of the SOT have been
well established. Test-retest reliability has been established as good (Cronbach's alpha = 0.58)
with healthy children ranging in age groups from 5 to 15 years'#'5. The SOT is able to
differentiate between the stability scores of children of different age groups (developmental
progression)'®-16 and between children with and without pathologies such as learning disabilities!”-
18, hearing impariments*®, cerebral palsy202!, Down syndrome?2 or prematurity23 in terms of their
use of strategies in response to sensory organization challenges. Indeed, the SOT provides a
stable and useful measure of children's ability to use their sensory systems and how this ability

relates to the maturation of the CNS.

The Pediatric Clinical Test of Sensory Interaction for Balance (PCTSIB) is a version of the Clinical
Test of Sensory Interaction for Balance adapted for children. Both versions use the same
equipment consisting of a medium density foam support surface, believed to alter the nature of
the proprioceptive input, and a visual conflict dome made from a Chinese lantern. The child is
asked to stand quietly in bilateral and tandem stance and is tested in six different sensory
conditions corresponding to those found in the SOT (table 1). Measures for each condition include
the time spent in position without postural adjustments, up to a maximum of 30 seconds (holding

time), and the measurement of antero-postural or lateral sway, using the child's nose as a
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reference. A summary score ranging from 0 to 5 is also calculated, combining both holding time

and amplitude of sway for each condition (see below).
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Child cannot assume the position

Child maintains stance 3 seconds or less

Child maintains stance 4 through 10 seconds

Child maintains stance 11 through 29 seconds, or 30 seconds with >15 degrees of sway

Child maintains stance 30 seconds with 6 through 15 degrees of sway

g W NN -~ O

Child maintains stance 30 seconds with less than 6 degrees of sway

The psychometric properties of this assessment tool have been studied over the last decade.
Interrater and test-retest reliability were tested with a group of 24 children, aged 4 to 9 years and
without developmental problems, and reported to vary between 0.69 to 0.92 (Spearman rho)* and
between 0.44 to 0.83 (Spearman rho)?, respectively. No ICC's are however reported for the test.
The PCTSIB has been used successfully to assess sensory organization in children with learning
disabilities and cerebral palsy? differentiating them from children without pathologies.
Richardson? reported preliminary norms for 40 children aged 4 and 5 and 82 children aged 6 to 9,
and found no gender differences but an overall developmental progression in the test scores.
Although more research needs to be done to further establish the psychometric properties of this
tool, its affordability and ease of use allows clinicians to standardize their assessment of sensory

interaction in balance.

Procedure

Data were collected during a single session at the Montreal Rehabilitation Institute where the
instrumented tool (SOT) was available. Assessment sessions lasted around 30 minutes and rest
periods were allowed if requested. The first author, an experienced pediatric physical therapist,

performed all of the evaluations.

For the PCTSIB, children were asked to remove their shoes and stand quietly with hands on the
waist for as long as possible, up to 30 seconds. To maximize the potential for variability among
the subjects evaluated in the present study, children were assessed in tandem and single leg

stance (SLS), but not in bilateral stance. A trial was terminated when the subject's arms or feet
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position changed indicating a postural adjustment or after the child had maintained the position for
the maximum of 30 seconds. The PCTSIB assessment was always performed first and was
videotaped for later reviewing to score antero-posterior sway amplitude. After the testing, a
transparency with lines radiating in 1 degree increments was placed over the screen of the video
monitor and allowed for the measurement of peak to peak sway. For the SOT, subjects were
instructed to remove their shoes and to step onto the force plates at a position predetermined by
the test protocol. The visual display monitor was adjusted to the child's eye level. Children were
instructed not to move their feet and were asked to stand still with their arms at their sides
throughout the testing procedure. Postural sway was measured over a 20-second period in the

six different sensory conditions described in table 1.

Data Analysis

The following performance scores were obtained for each child: holding time and summary score
categories for each condition and for both feet positions as part of the PCTSIB and percentage of
the child's limits of stability in the SOT. The degree of difficulty of the foot positions within the
PCTSIB was examined using paired t-tests between holding times for the conditions in tandem
and SLS. In order to establish the level of sensory interaction complexity across conditions within
each test, one way ANOVAs with repeated measures on the factor Condition were performed.
Post-hoc differences across particular conditions were examined. The children's performances on
the PCTSIB (holding time and summary score categories) were compared to those obtained on
corresponding conditions of the SOT (stability score) using Spearman rank correlation
coefficients. Spearman rank correlation coefficients were also calculated to examine the
relationship between age and the children's performances on each assessment tool. The SPSS

statistical package, version 10.0, was used for all statistical analyses.

Results

Descriptive statistics for the performances on the PCTSIB and SOT are presented in table 2. All

children were able to assume the starting positions for all conditions on both assessment tools,

" SPSS Inc., 233 South Wacker Drive, 11% Floor, Chicago, IL, 60606-6307
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although some conditions were maintained but only briefly. For the PCTSIB, mean holding times
varied from 3.9 s. for condition 6 in single leg stance (SLS) to 29.4 s. for condition 1 in tandem.
Most of the children maintained condition 1 for the maximum amount of time required (30s.) in
both tandem and SLS. For the remaining conditions, the SLS position was more difficult than the
tandem position (p < 0.02). However, for both foot positions, the level of sensory integration
complexity across conditions was similar, as evident by the decreasing amount of time children
could maintain a particular position. Only the performances during conditions involving absent or
altered vision (condition 3, 5 and 6), were different from those in condition 1 (p < 0.01). Standing
with eyes open on the foam (condition 4) was not different from standing on the floor (condition 1)
(p>0.2).

For the SOT, the best performances were observed for the conditions where the support surface
was stable (e.g. conditions 1 to 3). The increasing level of sensory interaction complexity across
conditions reflected by the decreasing stability across conditions (1 through 6) was however
different from that found for the PCTSIB. For the SOT, conditions 4, 5 and 6 differed from
condition 1 (p < 0.001) and all three involved the perturbation of the support surface with or

without altering visual input.

Spearman rank correlations between the PCTSIB holding times and the SOT stability scores of
the corresponding conditions are presented in table 3. Only three pairs of conditions were
significantly related: condition 2 (eyes closed) in both tandem and SLS, and condition 3 (vision
altered) in SLS, all of which involve standing on a stable support surface. No correlations were
found between corresponding test performances for conditions 4 to 6, where the support surface
was perturbed. Spearman rank order correlations between the PCTSIB summary score
categories and the SOT stability scores are presented in table 4. These summary score
categories reflect holding time and amplitude of sway while maintaining a position. Only condition
6 (vision altered-perturbed support surface) in tandem and condition 2 (eyes closed) in SLS were

found to be significantly related between the two tools.

Correlations between the children's age and performance on the tests are presented in table 5.
The performances for all SOT conditions were found to be significantly related to the child's age.
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For the PCTSIB, holding time performances on only one tandem condition and on four of six SLS

conditions were found to be significantly related to the child's age.

Discussion

The purpose of this study was to examine the relationship between children's performance on two
measures of sensory organization for balance, one instrumented and one clinical, developed as
an alternative to the former. We chose to first focus on healthy children because both tools are
often used as screening tools with children who are considered healthy or present with only subtle
balance problems. Our first hypothesis was that if both assessment tools purport to measure the
same aspects of sensory interaction in balance, the performance of children on corresponding
conditions of both tests and across conditions within each test would be closely related. Our
results however revealed that performances across and within both tools are not consistently

related.

Examination of mean performances for the PCTSIB revealed that SLS was more difficult than
tandem for both holding times and summary scores in all conditions. This was especially evident
in condition 2 where there is an absence of vision. Nevertheless, there was an increasing level of
complexity of sensory interaction that was similar for holding time and summary score categories
in these positions. In tandem and SLS, the easiest task was condition 1 followed by conditions 4,
2,3,5and 6. The order of complexity was different for the SOT where the increasing difficulty

was observed from conditions 1 through 6.

A relationship between corresponding conditions of the two assessment tools could not be found
consistently across conditions. For PCTSIB holding times, only the conditions with eyes closed
(condition 2) in both tandem and SLS, and those with vision altered (condition 3) in SLS were
related to the corresponding conditions on the SOT. The related conditions involve standing on a
firm surface of a similar nature, while manipulating visual input. On the other hand, the conditions
involving the perturbed support surface were generally not correlated in the two assessment tools

particularly with regards to holding time in the PCTSIB.
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The nature of the proprioceptive perturbation imposed in both tools warrants some discussion.
The perturbation of the support surface in the SOT appears to provide more disturbance than that
of the foam surface in the PCTSIB. For the PCTSIB, when children are allowed to use vision,
they are still able to maintain positions for almost the maximum time (30s.) whether on a stable
(floor) or perturbed (foam) surface (condition 1 and 4, respectively). In other words, the foam
does not appear to affect the children's performances in a significant manner when vision is
present and unaltered. On the other hand, even in the presence of vision, stability is significantly
decreased by perturbing the surface in the SOT (conditions 4 and 1). Clearly the alteration
imposed by the foam surface used in the PCTSIB and the tilting surface of the SOT are
intrinsically different. The support surface in the SOT is tilted as to maintain the subject's ankle at
a 90° angle by matching real time ankle antero-posterior postural responses, potentially altering
the proprioceptive information to a point of near elimination. The medium density foam used in
the PCTSIB to achieve the alteration of the support surface does not appear to eliminate
proprioceptive information but rather provides a constant alteration on the system in all planes,
and thus provides altered or increased but not absent or decreased proprioceptive information.
As such, the equipment used could explain the observed absence of refationship between the two

tools for these conditions.

The introduction of altered visual input, achieved in the PCTSIB by using a dome and in the SOT
by standing in a three-sided moveable enclosure, could also affect the comparability between the
two tests. For both foot positions in the PCTSIB, the alteration of visual input achieved by the
introduction of the dome significantly affects children's performance even when standing on a
stable surface (condition 3 vs 1), which is not the case when altering vision using the visual
enclosure in the SOT. Nevertheless, both the holding time and the summary score categories of
the PCTSIB vision altered conditions (condition 3) were related to the corresponding condition of
the SOT in SLS and a trend could be observed in tandem. While the dome is more perturbing
than the visual enclosure, the relationship between the measures indicates that the two tests

possibly address the same visual integration ability.

The nature of the variables measured may also in part explain the lack of correlation between the

tests. The PCTSIB primarily measures time spent holding a position (holding time). The SOT
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stability scores are expressed exclusively in terms of percentage of limits of stability derived from
sway measurements. An appreciation of sway is included only in the summary score of the
PCTSIB and it combines the results for holding time and sway for each condition. Differences in
the nature of these measurements likely introduce some discrepancy between the two tests,
especially when the holding time scores of the PCTSIB are compared to the SOT stability scores.
In fact, correlations involving summary score categories, because they take into account
amplitude of sway, appear to be improved for some conditions and even became significant for
condition 6 in tandem. Ideally it would have been better to compare two pure measures of sway if
such data had been available, but a measure of sway could often not be recorded in the PCTSIB

because children did not maintain positions long enough (> 3 seconds).

Finally, the different foot positions assumed by the children in each test could also be responsible
for the lack of relationship between the two tools. This is however unlikely since one would expect
to find absent or weak correlations in many conditions, which was not the case here. Although the
SOT standard protocol requires the child to assume bilateral stance for the duration of testing, we
tested the PCTSIB in tandem and SLS. Bilateral stance was not used in the PCTSIB for this
study because research with younger children?2’; and with children of similar age as our
sample?® revealed a ceiling effect for both holding time (almost all children easily maintain 30
seconds in all conditions) and for the summary score categories. In other words it was too easy

and the lack of variability would have prevented correlation analysis between the tools.

Our sample ranged in age from 5 to 16 years, providing variability to study the relationship
between performance and age. All of the conditions of the SOT were related to the children's age,
demonstrating its ability to identify the developmental progression associated with the acquisition
of balance skills. In contrast, there was insufficient variability for some conditions of the PCTSIB
to allow for an adequate analysis between performance and age for this test. For example, ceiling
effects were observed for condition 1 in both tandem and SLS. On the other hand, a floor effect
was observed for condition 6 in SLS since most children found it difficult to maintain this position.
The PCTSIB was related to age for all other conditions in SLS. However, in tandem, only the
vision altered-perturbed support surface condition which was the most difficult condition in this

position was found to be related to age. Because of the inability of the tandem position of the
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PCTSIB to ascertain the developmental progression of balance skills, the sensory conditions
tested in this position probably are not useful with children without pathology except in the most
difficult condition.

Testing in our study was done only with a small group of healthy subjects and thus the results
may have limited generalizability. The observed performances on the PCTSIB are however
comparable to that of a group of 38 healthy children of similar age tested as part of an earlier
study?. Furthermore, as would be expected with the maturing of the neural structures involved in
the maintenance of balance, our sample (mean age of 9.8 years) demonstrated longer holding
times for the PCTSIB as compared to those previously published for the PCTSIB tandem position
with young children (4-5 years old)%. The observed performances on the stability scores for all
conditions of the SOT are also comparable to those children of similar ages's-6. The comparability
of the present results with those of others lends support to the generalizability of our results

despite the relatively small sample size.

Conclusion

This study has shown that although the two sensory integration assessment tools both investigate
children's ability to maintain postural stability in the presence of sensory conditions of various
nature and complexity, they do not appear to assess sensory information integration in the same
manner. First, with regards to how the vision altered condition is achieved, the dome in the
PCTSIB appears to impose more perturbation on the visual system than the visual enclosure in
the SOT. Moreover, the perturbation of the proprioceptive input is achieved to a higher degree by
the moving platform of the SOT when compared to the foam surface used in the PCTSIB. In fact,
it is only when vision is removed or altered that the foam is found to significantly alter stability in
our group of children. The children's performance in the conditions involving the perturbation of
the support surface is not related between the two tools. Finally, since the tandem position of the
PCTSIB is not related to the child's age for most conditions, we recommend that testing be
conducted in SLS with the PCTSIB or in bilateral stance using the SOT when screening for

sensory interaction difficulties as a function of age. To summarize, clinicians should be aware that



the PCTSIB does not appear to be a "clinical alternative" to the SOT but that it nevertheless

provides an easy and inexpensive way of addressing sensory interaction in children.



154

REFERENCES

1. Horak FB. Clinical measurement of postural control in adults. Phys Ther 1987; 67: 1881-1884.

2. Reed ES. Changing theories of postural development. In Woollacott, M.H., Shumway-Cook, A.
(eds). Development of posture and gait across the fife span, Columbia SC: University of South
Carolina Press, 1989.

3. Woollacott MH, Shumway-Cook A. Concepts and methods for assessing postural instability. J
Aging Phys Activity 1996; 4: 214-233.

4. Horak FB, Henry SM, Shumway-Cook A. Postural perturbation, new insights for the treatment
of balance disorders. Phys Ther 1997; 77: 517-533

5. Westcott SL, Lowes LP, Richardson PK. Evaluation of postural stability in children: current
theories and assessment tools. Phys Ther 1997, 77: 629-645.

6. Shumway-Cook, A., Woollacott, M.. Dynamics of Postural Control in the child with Down
Syndrome. Phys Ther 65:1315-1321, 1985.

7. Woollacott MH, Shumway-Cook A, Williams HG. The development of posture and balance
controt in children. In: Woollacott MH, Shumway-Cook A, eds. Development of posture and gait
across the life span. Columbia, SC: University of South Carolina Press: 1989: 77-96.

8. Horak FB, Nashner LM. Central programming of postural movements: adaptation to altered
support surface configurations. J Neurophys 1986; 55: 1369-1381.

9. Horak FB. Clinical measurement of postural control in adults. Phys Ther 1987; 67: 1881-84.

10. Forssberg H, Nashner LM. Ontogenic development of postural control in man: adaptation to
altered support and visual conditions during stance. J Neurosci 1982; 2: 545-552.

11. Shumway-Cook A, Horak FB: Assessing the influence of sensory Interaction on balance:
suggestion from the field. Phys Ther 1986; 66: 1548-1550.

12. Crowe TK, Deitz JC, Richardson PK, Atwater SW. Interrater reliability of the Pediatric clinical
test of Sensory Interaction for Balance. Phys and Occ Ther Ped 1990; 10: 1-27.

13. Horak FB, Macpherson JM. Postural orientation and equilibrium. In: L. Rowell, J Shepherd
(eds). Handbook of physiology. Section 12: Exercise: regulation and integration of multiple
sensory systems. Oxford University Press, New-York, p. 255-292.

14. Di Fabio RP, Foudriat BA. Responsiveness and reliability of a pediatric strategy score for
balance. Physiother Res Int 1996; 1: 180-94.



15. Rine RM, Rubish K, Feeney C. Measurement of sensory system effectiveness and
maturational changes in postural control in young children. Pediatr Phys Ther 1998; 10: 16-22.

16. Hirabayashi S, Iwasaki Y. Developmental perpective of sensory organization on postural
control. Brain Development 1995; 17: 111-3.

17. Shumway-Cook A, Horak FB, Black O. A critical examination of vestibular function in motor
impaired learning disabled children. Int J Pediatr Otorhinolaryngol. 1987: 14: 21-30.

18. Horak FB, Shumway-Cook A, Black O. Are vestibular deficits responsible fro developmental
disorders in children? Insights in Otorhinolaryngology. 1988; 3: 1-5.

19. Casselbrant ML, Furman JM, Mandel EM et al. Past history of otitis media and balance in four-
year-old children. The Laryngoscope 2000; 110: 773-8.

20. Nashner LM, Shumway-Cook A, Marin O. Stance posture control in selected groups of
children with cerebral palsy: deficits in sensory organization and muscular coordination. Exp Brain
Res 1983; 197: 393-409.

21. Chenrg RJ, Su FC, Chen JJ, Kuan TS. Performance of static standing balance in children with
spastic diplegic cerebral palsy under altered sensory environments. Am J Phys Med Rehab 1999;
78: 336-343.

22. Shumway-Cook A, Woollacott M. Dynamics of postural control in the child with Down
Syndrome. Phys Ther 1985; 65: 1315-21.

23.Forslund M. Growth and motor performance in preterm children at 8 years of age. Acta Pediatr
1992; 81: 840-42.

24. Westcott, S.L., Crowe, T.K., Deitz, J.C., Richardson, P.: Test-retest reliability of the pediatric
clinical test of sensory interaction for balance. Phys and Occ Ther Ped 14: 1-22, 1994.

25. Deitz JC, Richardson P, Crowe TK, Westcott SL. Performance of children with learning
disabilities and motor delays on the Pediatric Clinical Test of Sensory Interaction for Balance.
Phys and Occ Ther Ped 1996; 16: 1-21.

26. Richardson, P K., Atwater, S.W., Crowe, T .K., Deitz, J.C.: Performance of preschoolers on the
pediatric Clinical test of Sensory Interaction for Balance. Am J Occ Ther 46: 793-800, 1992.

27. Deitz JC, Richardson PK, Atwater SW, Crowe, TK. Performance of normal children on the
pediatric clinical test of sensory interaction for balance. Occ Ther J Res 1991; 11: 336-356.

28. Gagnon |, Forget R, Swaine B, Friedman D. Balance findings after a mild head injury in
children. Neurorehabilitation and Neural Repair. 2002; 16: 22-23.



w1 BISBN 90uB|eg Hews au} Jo }sa] uoneziuebi Alosuag 11 S ‘eoueleq Jo} uonoriajul AI0SUSS J0 1S8] [BaIUY) JUEIPad (gISLOd

Kems Apog yym aseyd ul Buinows 80euns weoj uo buipueys poddns paginuad
aoens Hoddns pue ainsojoua fensip  a|iym uado sake yym awop Buueap JOIjJUOD [BNSIA YIM Je|nqnsap pals)je UOISIA ‘9
ems Apoq yjm aseyd ul Buinow aoeuns aoBpNsS uoddns paginuad
}Hoddns uo Buipuess sjiym pesop sak3  weoy uo Buipue)s ajiym pasojo sak3 le|nqusap pasojo s843 g
ems Apog yym aseyd ui Buinow aoepns aoeyns Joddns paginpad
poddns uo Buipuejs ajym uado sah3 weoy uo Buipue)s ajym uado sek3 JenqIisan + UOISIA uado sahg 'y
wJoyejd
paxj uo Buipueys ajiym Aems Apoq Jooy} uo Buipuejs JOIJJU0D [BNSIA
Uyim aseyd ul Buinow ainsopous [ensip  3jiym uado saka yym swop Buleapy Yim Jejngisan + aandsooudold pala)je UOISIA '€
wJoyjed
paxj uo Bupuels ajiym paso|d sak3 Jooy} uo Buipue)s ajiym pasod sakg le|ngnsen + aandasoldold pasol0 $943 7
wiojeld
paxi) uo Buipue)s sjiym uado sak3 Jooyy uo Buipuess ajiym uado sah3 swajsAs a|qe|ieae ||y uado seA3 |
ainpasoud Buysay | 0S ainpasoud Bunysa) giS10d  palebie) wayshAs Alosuas Aewild suojjipuo)

(LOS) 1s8 uoneziuebig Aiosuas sy ul pue (g]S10d) 3oueleq o} uonoriau| AIOSUSS 10 1S3 [BIUIID) JUJBIPSJ 8U) Ul Pasn SUonIpuos A1osuas ;| ajqeL



w1 19]JSE|\ 9oue|eg HEeWS 8y} jo 18 uoljeziuebiQ Aiosuas ] OS ‘aoueleq Joj uojoeiaju| AIoSuaS J0 1S8) [ealullD JueIpad ‘gISLOd

uoddns paginuag
}'6¢ 8ty i 4 (¥4 6¢ Gl 4 £6 96 palaje UoISIA 9
voddns paginpad
60¢ G0s €l [ 1A 09 ol 4 el 6vl pasojo sak3 'g
voddns paginyad
6¢l A ¢ 4 68 €T 5-€ S Gy 98¢ uado sa3 'y
£l 6¢€8 €l [4 69 vl G¢ € 0Ll 98l paisjje UOISIA ¢
*h4 G'68 Gl [4 69 V6 G¢ 14 £6 0¢c pasojd sak3 g
6. 006 G¢ g 97 69 Gt G ve v'6¢ uado saf3 °|
as uespy abuey uelpapy as uespy abuey uelpapy as ueap uonIpuo)
(%) sa100s Aypgels (G-0) a100s Alewwng (s) awn BuipjoH (g-0) 21098 Alewwng (s) awn BuipjoH
3oUES [EIjelig - 30UEJS Daj 9jbuIg 30UE}S Wapue | )
108 g1S10d

153 uoNezjuebip AlosuaS ayj uj pue aoueleg Joj uonoesaju| KIosuag J01sa] [B2IUID) OLIBIPad 8U} UC UBIp|iyd 8y} JO SeoUeUlIopad g a|qeL



aoue)s Ba) ajbuis 'SS 'w, 18)SEN BoUBlEg HBWS BUY) JO IS8 UoneziueBiQ Alosusg 1| OS ‘eoueleg 10} uoloelaju Aosuas Jo 1sa) [ealulD) Slelpad ‘giS10d

yoddns pagnpad
9€'0 A 610 Ge'0 palgjje UOISIA 9
poddns paqunpag
810 9¢'0 g0 L20 pasojo sah3 'g
poddns paqinuag
150 810 250 L0 uado saf3 'y
200 850 600 N4l palajje UOISIA ¢
€00 €50 600 0S50 pasojo sak3 g
G0 LE0 6.0 80°0 uado saf3 '}
anjea-d oYy anjea-d oYy
108/$15-81S12d 10S/wapuel-g|S10d uopipuo)

2109s Ayjige)s 1sa |
uoneziuebiQ Aiosuag sy} pue awn Buipjoy-asueleg Joj uonoeRju| AIOSUSS JO 1S3 |BILNY JUJBIPaY BU) USSM)B] S)USIOLYA0D OIS0 YUBI UBLLEadS :¢ a|qe]



aoue)s Baj ajbuls :gS 1w, JoSE) SouUBlRg HEWS AU} J0 Jsa] uoleziueBi] Al0suas ;1 OS ‘8oueleg Joj uoioelaju| AI0SUaS J0 IS8 [ealulD) JuleIpad (gIS10d

yoddns paginpad
160 €00 600 150 palajje UCISIA 9
poddns paginyag
600 G0 8C°0 00 pasofd sakg 'g
poddns paqnuag
L0 0Z0 £€°0 820 uado saf3 'y
200 650 900 6v'0 paliaje UOISIA ¢
600 Gv'0 60°0 90 pasojo sak3 g
€10 o 280 90°0 uado sak3 '}
anjea-d oyy anjea-d oyy
10S/S15-81S10d 10S/wapuel-g|S10d uoijipuog

2102s Ayjigels 1sa] uoneziuebip
A10suss ay; pue sauoBsjes 2109s Alewwns-aoueleg Joj uoijoriaju| AJOSUSS JO 1S8] [BOIUND JUIBIPAY 8U) Usam}aq SJUSIdILS0I LONE[LI0I YUBl UBwIeadS ¢ 3|qe ]



w1 9)SB 8ouejeqg Lews 8y} Jo)sa] uopeziuebig Alosuag ;1 OS ‘eoueeg Joj Uonoelsju| AIOSUSS JO 1S [edlulj) oueIpad (gIS10d

900°0

c0'0

00
1000
1000

2000

anjea-d

890

960

960

180

€L0

¢l

oYy
a102s Ajijiqels

égo

€0°0

e0'0
900
8L0

ve0

anjea-d

900
.50
650
050
€0

AN

oYy
8109s Alewwng

820

c0'0

€00
€00
¥0°0

9e’0

anjea-d

6¢°0
€450
€650
660
9150

Sv¢0

oYy
awi BuipioH

200 090
050 610
¥0°0 950
L£0 6zo
L0 600
v.0 60°0
anjea-d oyy
8102s Alewwng

€0°0

90

142Y
(320
690

89°0

anfea-d

¥S0
00
8t0
¢¢0
Lo

Lo

oy
aw Buipjoy

30UEIS [elgjeig

EREELEES

3UE}S WapUe]

poddns paginuad
paiaje UoIsIA 9

poddns paqinpyag
paso|d saA3 '

poddns paginpad
uado sak3 ¢

paisje UOISIA ¢
pasojo sek3 g

uado sakg '}

uolpuoY

10S

g1S.10d

158 uoneziuebiQ Aiosuss ay)
10} pue adue|eg Joj uoijoesu| AJosuaS Jo 1s8] [BaIUIID dUleIpad By} Joj souewiopad pue abe suaipiyo usamiaq SjUaIolYa0d UONE|SLI0D Yuel UBWIRadS G ajqe



161

CHAPITRE 5
DISCUSSION GENERALE DES RESULTATS

Considérant I'ensemble de nos résultats, dont la plupart ont fait I'objet de discussion au sein des
articles scientifiques présentés, nous désirons reprendre ici quelques points importants a
souligner dans le cadre de cette discussion générale. Ces points s'articuleront autour des
grandes lignes conceptuelles du modéle du processus de production du handicap décrit dans |a

section introduction de cet ouvrage et repris a la figure 5.

@ Caractéristiques pré-
traumatiques des enfants

Cause
TCC LEGER
Facteurs trsonnels -
Facteurs environnementaux
Sy_stémes Capacités
organiques —— Incapgcités Demandes spécifiques des activites
Deéficiences motrices physiques
présentes Socio-coanitives
Z

@ Capacités Liens significatifs &
motrices et INTERACTION entre les
psychosociales > performgnces
. dans divers .

o

Habitudes de vie
Participation aux activités physiques
habituelles

® Participation aux
activités physiques

FIGURE &: Cadre conceptuel du Processus de Production du Handicap adapté pour la discussion générale. Les
constats généraux dégagés des résultats a divers niveaux sont identifiés a I'aide des fleches pleines et les liens entre

les performances des entants aux différents domaines se situent au niveau de la case de l'interaction.
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Il 's'agit donc de revenir sur les contributions originales de nos travaux aux connaissances
relatives au traumatisme cranio-cérébral léger chez l'enfant. Celles-ci seront organisées autour
de trois grandes thématiques. D'abord des constats généraux seront dégagés de nos résultats a
trois niveaux du modéle PPH soit concernant: @ les caractéristiques pré-traumatiques des sujets
de l'étude, @ les capacités motrices et psychosociales des enfants suite au TCL et @ la pratique
des activités physiques des enfants suite au TCL. Ensuite, suivra une discussion des liens
significatifs entre les performances des enfants dans les divers domaines étudiés (représentés
dans le modele PPH par la bulle d'interaction). Finalement, les impacts de nos résultats sur la vie
des enfants et leurs implications cliniques seront abordés et les perspectives futures découlant de

ceux-ci seront présentées.

5.1 Constats généraux tirés des résultats

5.1.1 Constats généraux concernant les caractéristiques pré-traumatiques des sujets

Un des premiers constats pouvant étre tiré de ces travaux se situe au niveau de la disponibilité de
certaines données pré-traumatiques obtenues soit dans le cadre de I'histoire de cas unique
decrite a |'article 1 ou soit grace au devis et a la méthodologie utilisée pour I'étude principale. La
documentation de telles caractéristiques pré-traumatiques demeure un souci constant dans les
études entreprises auprés des individus aprés un TCL. Cependant, il est habituellement difficile
d'obtenir des indices réels de I'état pré-traumatique de ces individus sauf dans le cas d'études
épidémiologiques de cohortes d'individus au sein desquelles un sous-groupe de sujets subissent
un TCL ou encore dans le cas de groupes d'athlétes évalués en période de pré-saison et pouvant
étre comparés a eux-mémes dans I'éventualité ou ils subiraient un TCL. Or, I'enfant faisant I'objet
de ['histoire de cas rapportée dans le premier article fait partie de la population d'enfants pour qui
des données pré-traumatiques sont habituellement si difficiles a obtenir. Les circonstances ayant
permis une collecte de données pré-traumatiques pour les capacités d'équilibre de cette enfant, il
est possible de dégager des constats concernant 'évolution de ses capacités avant et apres le
TCL. Il est utile de constater que la performance du sujet aux tests d'équilibre (BOTMP, PCTSIB
et PST) mesurée cinq jours avant le traumatisme était comparable et méme supérieure aux

normes disponibles pour le BOTMP. Ce résultat réfute ainsi la croyance issue des premieres



études entreprises aupres des individus apres un TCL a l'effet que certains déficits attribués au
TCL aient été présents antérieurement a celui-ci (Bijur et coll., 1988). La possibilité d'identifier ici
la présence et I'évolution d'incapacités d'équilibre post-trauma représente la richesse de cette

contribution aux connaissances, bien qu'il ne s'agisse que du cas particulier d'une enfant.

Par ailleurs, le devis (&tude prospective) et la méthodologie de I'¢tude principale permettait aussi
d'obtenir des informations pré-traumatiques quant aux variables concernant la pratique des
activités physiques. Par exemple, I'administration du Physical Activity Questionnaire au premier
jour suivant le traumatisme permettait d'établir le niveau de pratique des activités physiques des
enfants TCL au cours de la semaine précédant le trauma. Ceci permettait aussi la comparaison
de ces caractéristiques avec celles des enfants controles non blessés. |l est d'intérét de noter
que les capacités psychosociales reliées a la pratique des activités physiques (perception de la
compétence athlétique et efficacité personnelle) étaient comparables a celles des enfants du
groupe contrble en période pré-traumatique. Ceci peut appuyer lidée que les incapacités
d'efficacité personnelle identifiées post-TCL puissent étre attribuées au TCL plutdt qu'a des

particularités pré-traumatiques de ces enfants.

9.1.2 Constats généraux concernant les symptomes et capacités suite au TCL

Comme les résultats traitant des incapacités étaient organisés en deux grandes catégories, soit
celles du domaine moteur et celles du domaine psychosocial, nous respecterons cette
organisation pour la section suivante. Il sera cependant pertinent de débuter en discutant plus
particulierement des symptdmes post-commotionnels (SPC) étudiés et rapportés dans chacun

des articles en relation avec l'incapacité spécifique d'intérét.

5.1.2.1 Symptdémes post-commotionnels

La faisabilité d'utiliser une échelle standardisée et validée, avec une population pédiatrique, bien
qu'elle ait &té développée pour les adultes, représente le premier apport de ces travaux au niveau
des SPC. En effet, contrairement aux listes habituelles recensant |a présence des symptomes, le

Rivermead Post Concussion Symptoms Questionnaire permet la documentation de la présence et
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de la sévérité des symptdbmes post-commotionnels et ce, en relation avec leur présence pré-
traumatique. Obtenir un indice de la sévérité des symptomes plutét que de documenter leur
simple présence ou absence peut potentiellement guider les intervenants vers les enfants aux
prises avec de réels problemes. En effet, des maux de téte ou de la fatigue représentant un
probléme "sévére" pour I'enfant (tel que coté dans I'échelle) mériteront certainement une attention
plus particuliére ou des services plus spécifiques qu'un probléme "léger" ayant moins d'impact sur

le fonctionnement de I'enfant.

Prés de 58% des enfants TCL se plaignaient d'une plus grande fatigue qu'en période pré-
traumatique et 42% se plaignaient de maux de téte lors de I'évaluation 1 semaine post-trauma.
Ces pourcentages baissaient a 16% et 13% respectivement lors de I'évaluation de 12 semaines. |l
est intéressant de noter que ces résultats sont similaires a ceux retrouvés chez la population
adulte post-TCL. Les enfants du groupe controle, quant & eux ne rapportaient que des niveaux

négligeables de symptomes a toutes les évaluations.

5.1.2.2 Capacités motrices

S'agissant des capacités motrices étudiées dans le cadre de ces travaux, soit 'équilibre et le
temps de réponse, permettons nous trois constats principaux. Premiérement, il est intéressant de
noter que concernant spécifiquement les incapacités d'équilibre, les résultats obtenus auprés du
cas unique (article 1), sont similaires a ceux retrouvés pour l'échantillon d'enfants de l'étude

principale évalué et suivi dans le temps.

Deuxiemement, et représentant un constat de plus grande importance, les taches dans lesquelles
les incapacités d'équilibre et de temps de réponse sont identifiées méritent quelques
commentaires. Les taches dans lesquelles les enfants TCL démontrent une performance
moindre que les contrbles sont généralement les plus complexes et celles ou les composantes de
chacune sont testées en combinaison. Par exemple, les items du BOTMP identifiés comme
problématiques en temps que tache d'équilibre étaient ceux ou I'enfant devait maintenir la station
debout sur une surface de support restreinte (i.e. étroite) en combinaison soit avec I'absence de

reperes visuels (i.e. yeux fermés), soit lorsque I'enfant devait aussi exécuter des taches requérant
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un haut niveau de coordination. Le constat est le méme pour les situations ol les temps de
reponse se sont montrés augmentés pour le groupe d'enfants TCL. Encore une fois, les
incapacités sont identifiées en situations complexes non seulement du point de vue du traitement
de linformation ou de la réponse motrice mais lorsque ces composantes sont présentes en
combinaison I'une avec l'autre. Il n'est donc pas surprenant que ces déficits passent inapergus
lors d'évaluations simples ne s'attardant qu'a un aspect & la fois ou lors de ['évaluation

neurologique de dépistage que subissent ces enfants au moment de leur congé de I'hdpital.

Troisiemement, un dernier point conceme la qualité du stimulus visuel utilisé dans la tache de
vitesse de reponse du BOTMP qui, a premiére vue, pouvait paraitre comme une épreuve de
temps de réponse simple et ne pas corroborer le constat du paragraphe précédent. Cependant,
tel que discuté dans le troisiéme article, ce stimulus était caractérisé par le mouvement plutdt que
par la luminance, ce qui représente un niveau de complexité accru requérant un niveau supérieur
de traitement de l'information. Cette maniére de tester les temps de réponse visuo-motrices, soit
a l'aide de stimuli visuels dynamiques représente potentiellement une avenue novatrice dans
l'évaluation des individus post-TCL pouvant contribuer & clarifier la nature des incapacités de

temps de réponse identifiées.

5.1.2.3 Capacités psychosociales

Le caractére novateur de nos travaux dans le domaine du TCL réside ici dans deux points
principaux. Le premier concerne I'étude des concepts d'efficacité personnelle dans les activités
physiques et de perception de compétence athlétique chez les enfants post-TCL. Il s'agit de la
premiere étude s'intéressant a ces questions et cherchant & examiner le retour aux activités
physiques en termes autres que la détermination du moment ol celui-ci serait sécuritaire. Le
developpement préliminaire d'un outil s'intéressant & l'efficacité personnelle dans les activités
physiques post-TCL constitue un apport significatif pour la poursuite des travaux dans ce
domaine. Bien décrit dans le quatriéme article de cette thése, l'outil s'avére prometteur de par sa
stabilité pendant la période de 12 semaines auprés du groupe contréle chez qui des variations
importantes de l'efficacité personnelle n'étaient pas attendues, et de par sa capacité a identifier

les différences entre les groupes 12 semaines apres le TCL.
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Le deuxieme point réside dans le fait que lincapacité psychosociale identifiée concerne l'efficacité
personnelle pour la pratique des activités physiques et non la perception de la compétence
athlétique. Comme les assises de ces travaux se trouvaient dans les commentaires d'enfants
ayant subi un TCL a l'effet quiils ne se sentaient pas comme avant le traumatisme dans la
pratique de leurs activités physiques, il est particuliérement novateur d'avoir pu traduire ces
sentiments en incapacités mesurables. 1l ne s'agit bien entendu que d'un suivi de courte durée
(i.e. 12 semaines), et les informations au sujet de ce qui se passe aprés cette période ne sont pas
disponibles. Cependant, comme les enfants se révélent trés actifs dans la pratique de leurs
activites physiques, tel que mesuré par le Physical Acticity Questionnaire a I'évaluation de 12
semaines, la pertinence de se soucier d'une diminution de I'efficacité personnelle & ce moment
demeure pertinente. Pour conclure, I'efficacité personnelle est un concept complexe et, en accord
avec les constats sur la nature des incapacités motrices présentés a la section précédente, cet
aspect de complexité caractérise peut-étre I'ensemble des déficits identifies suite & un TCL chez

l'enfant.

9.1.3 Constats généraux concernant la participation aux activités physiques

It apparait essentiel de revenir sur le fait que le niveau de participation aux activités physiques est
maintenu 12 semaines post-TCL, lorsque comparé a la période immédiatement pré-traumatique.
Il faut donc se rendre a I'évidence que les incapacités identifiées dans les domaines de I'équilibre,
des temps de réaction et de I'efficacité personnelle n'affectent pas le choix ou la décision de
participer aux activités physiques habituelles et donc que le TCL chez les enfants de notre
echantillon n'affectent pas leur niveau de participation. |l s'agit maintenant de se demander si
d'autres aspects reliés & la pratique des activités physiques, comme la performance, méritent

d'étre examinés suite a un TCL.



5.2 Relations d'intéréts entre les performances des enfants dans les domaines étudiés

L'évaluation de plusieurs domaines au sein d'une méme étude avec des enfants ayant eu un TCL
permettait, pour la premiere fois, d'explorer les relations potentielles entre ces divers domaines.
Certains de ces liens ont déja été discutés au sein des articles inclus dans cette thése et nous les
rappellerons briévement dans la premiére partie de cette section. Dans un deuxieéme temps, de

nouveaux liens d'intéréts seront présentés pour la premiére fois.

5.2.1 Relations déja établies au sein des articles

En explorant les relations entre les capacités et certaines caractéristiques du TCL, nous désirions
non seulement explorer les pistes d'interprétation des résultats mais aussi établir la possibilité de
pouvoir identifier un sous-groupe d'enfants particuliérement susceptibles de développer des
problemes. Il convient donc de résumer briévement les liens déja identifiés et présentés au sein

des articles scientifiques de la section résultats.

Ainsi, pour ce qui est de I'équilibre (article 2), la performance aux épreuves du BOTMP &
lévaluation 1 semaine post-trauma était corrélée avec la sévérité du TCL (i.e. grade de
commotion) subi par les enfants et avec les SPC mesurés lors de la méme évaluation. La

performance aux épreuves de temps de réponse (article 3) ne présentait quant a elle aucune

relation avec les caractéristiques du TCL ou avec les SPC. Pour les variables d'activités
physiques (article 4), le niveau d'efficacité personnelle 12 semaines aprés le TCL était
négativement corrélé avec les SPC présents a 4 et 12 semaines post-trauma. Ainsi, nous ne
pouvons pas conclure que des caractéristiques particuliéres arrivent a prédire des incapacités
dans tous les domaines. Cependant, les incapacités d'équilibre sont liées a la sévérité du TCL et

les SPC semblent liés aux incapacités d'équilibre et d'efficacité personnelle.
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5.2.2 Relations supplémentaires d'intérét

En plus des liens déja présentés dans les articles, trois relations supplémentaires et intéressantes
furent observées lorsque les domaines de capacité étaient mis en interrelations. Ces analyses,

non présentées dans les articles, seront discutées ici.

Premierement, les performances des enfants ayant subi un TCL aux épreuves d'équilibre du
BOTMP sont corrélées a celles de I'épreuve de temps de réponse du méme test pour les
évaluations de la premiere et de la quatriéme semaine (Spearman r=0.374-0.538). Cette relation
peut étre interprétée comme illustrant un effet général du TCL sur la performance motrice telle
qu'évaluée par le BOTMP. Il peut étre intéressant cependant, d'explorer une autre interprétation

de cette relation entre les performances a I'équilibre et au temps de réponse du BOTMP.

En effet, 'examen des relations existant entre les performances d'équilibre au BOTMP et celles
au temps de réponse obtenues avec le "tapis" d'interrupteurs pour I'évaluation des temps de
réeponse peuvent ainsi fournir des pistes intéressantes pour linterprétation de relations
potentielles entre I'équilibre (mesuré avec le test BOTMP) et le temps de réponse en général.
D'abord, bien gu'une relation existe entre les performances a I'équilibre du BOTMP et celles a
I'epreuve du temps de réponse du BOTMP, qui est une épreuve de temps de réaction simple pour
le membre supérieur, il n'existe pas de telles relations significatives entre les performance aux
épreuves de I'équilibre du BOTMP et celles des temps de réponse simples au membre supérieur
du "tapis". Ceci supporterait que la performance a I'épreuve de vitesse de réponse du BOTMP
n'est pas simplement une tache de temps de réaction simple. Par ailleurs, des relations entre les
performances a |'équilibre du BOTMP et celles aux épreuves de temps de réponse du “tapis” ne
deviennent évidentes que lorsque I'épreuve de temps de réponse est au choix (r=0.376) ou au
choix inversé (r=0.418) pour le membre supérieur. La notion de complexité de la tache de temps
de réponse soit en termes de stimuli (i.e. stimulus de mouvement dans le BOTMP) ou de réponse
(i.e. au choix ou inversé dans le "tapis") serait donc nécessaire a I'émergence de relations entre
I'équilibre et les temps de réponse dans le cas des membres supérieurs. Au contraire, dans le
cas des épreuves du "tapis” pour les membres inférieurs, les TR de celles-ci sont tous corrélés

avec les performances d'équilibre du BOTMP. Les réponses motfrices des épreuves aux
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membres inférieurs sont naturellement plus complexes que celles des membres supérieurs a
cause, entre autres, des ajustements posturaux et du niveau de coordination entre les segments
corporels. Ceci supporte, encore une fois, la notion de complexité nécessaire aux taches pour

qu'elles arrivent & identifier les troubles présents suite & un TCL.

Le deuxieme lien d'intérét se retrouve au niveau d'une faible corrélation existant entre la
performance des enfants post-TCL au sous-test d'équilibre du BOTMP & 12 semaines et leur
niveau de participation aux activités physiques (performance au Physical Activity Questionnaire
(PAQ)) au méme moment (r=0,392; p=0,02). Cette corrélation pourrait illustrer I'influence de
facteurs moteurs sur la décision de participer aux activités physiques et ce, pour tous les enfants,
blessés ou non. Cependant, ce n'est pas le cas car parmi les enfants contrdles de notre
echantillon nous ne pouvons retrouver ce lien. Nous suggérons donc qu'un effet TCL est
nécessaire pour faire apparaitre cette relation et que parmi les enfants ayant subi un TCL, ceux
qui auront retrouvé un équilibre suffisant auront plus de chance d'avoir choisi de reprendre un

niveau élevé de participation aux activités physiques tel que mesuré par le PAQ 12 semaines.

Finalement, le dernier lien que nous désirons exposer ici présente un intérét non négligeable. ||
s'agit d'une relation existant entre le niveau d'efficacité personnelle des enfants post-TCL a la
dimension "mTBlI related problems" du questionnaire lors de I'évaluation de 12 semaines et leur
performance au Postural Stress Test (PST), une des épreuves d'équilibre, & 4 semaines post-
trauma (r=0.386). Les incapacités d'équilibre identifiées 4 semaines post-TCL revétent une
importance particuliére car il s'agit du moment ot les enfants ont la permission de reprendre leurs
activités physiques et commencent ainsi a construire leur jugement d'efficacité personnelle.
L'epreuve d'équilibre du PST est celle impliquant I'évaluation de I'intégrité des réactions aux
perturbations externes. Des perturbations externes risquent d'étre treés présentes dans la pratique
des activités physiques. Des difficultés a réagir correctement lorsqu'elles surviennent contribuent
a altérer les performances initiales des enfants pendant ces activités. Ces performances sont
utilisées dans la construction d'un jugement d'efficacité personnelle ultérieure et contribuent

certainement a la diminution de celle-ci observée 12 semaines post-TCL.



5.3 Impacts des résultats sur la vie des enfants et implications cliniques

La troisieme et derniére partie de cette discussion sera dédiée aux impacts des résultats des
travaux expérimentaux sur la vie des enfants dans le contexte de la pratique des activités
physiques post-TCL et sur leurs implications pour la clinique. Certaines de ces implications ont
été soulevées dans les sections précédentes mais nous nous permettrons ici d'élargir cette

discussion.

D'abord, concernant les capacités motrices, la présence de problemes d'équilibre et de temps de
reponse persistant pour certains enfants jusqu'a au moins 12 semaines post-trauma souléve des
questions du point du vue de la sécurité dans |a pratique des activités physiques. Les enfants
retournent a la pratique de ces activités dés la 4® semaine post-trauma. Cependant, il est
démontré que les enfants post-TCL sont plus & risque de subir un second TCC au cours de la
premiere année suivant celui-ci que des enfants ayant subi des blessures orthopédiques. Ces
problemes d'équilibre et de temps de réponse pourraient-ils étre la cause ou étre reliés a ce
risque plus élevé? Le suivi des enfants a plus long terme permettrait d'évaluer s'il y a corrélation
entre ces incapacités et la présence d'un second TCC. Pour linstant, un retour plus sécuritaire
aux activites physiques pourrait étre assuré si les enfants et leurs parents étaient au moins avisés
des risques potentiels associés a la pratique d'activités incluant des composantes d'équilibre et de

temps de réponse.

Ensuite, nous ne pouvons nous satisfaire que les enfants soient retournés & un niveau pre-
traumatique de participation aux activités physiques 12 semaines post-TCL sans se préoccuper
d'autres aspects liés a la participation tels le niveau de performance ou la satisfaction des enfants
pendant leur participation. |l s'agit de savoir si ces aspects sont influencés par un TCL
particulierement parce que ceci semble préoccuper les enfants eux-mémes. Bien entendu nous
n'avons pas de données a ce sujet, mais le lien postulé par Bandura entre les niveaux d'efficacité
personnelle dans les activités physiques et la performance ultérieure a ces activités souléve cette
question. It est difficile d'obtenir des mesures objectives évaluant la performance dans un cadre
non structuré de participation aux activités physiques tel celui de notre population cible. La

problématique étant que seul I'enfant peut comparer la qualité de sa performance avant et aprés
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le traumatisme. Cependant des études pilotes de nature qualitative auprés de groupes restreints
d'enfants pourraient étre entreprises afin d'arriver a élucider si des aspects autres que Ia
participation reliés a la pratique des activités physiques sont affectés suite au TCL. D'autre part et
possiblement en parallele, il nous apparait que la question de comparaison de la performance
avant et apres le traumatisme doit étre faite par une tierce partie (e.g. instructeur, entraineur,
parent) dans le cadre d'une activité physique structurée, telle un sport requérant une participation

active et soutenue incluant des compétitions.

Finalement, ldentification dans le cadre des travaux expérimentaux de nouvelles incapacités
suite a un TCL souléve trois questions importantes du point de vue clinique: 1) devrait-on inclure
des évaluations de ces capacités dans la pratique clinique auprés de ces enfants? 2) quels outils
semblent les plus aptes & identifier les incapacités significatives sans alourdir le processus
d'évaluation? et 3) doit-on intervenir auprés de ces enfants afin de minimiser !'impact de ces
incapacites et permettre un retour plus harmonieux aux activités physiques de la vie quotidienne
suite @ un TCL?. |l est entendu que la poursuite des travaux permettra une réponse plus
complete & ces questions mais certaines recommandations peuvent étre faites dés maintenant.
Nous croyons que lintroduction d'évaluations de routine de certains aspects touchant I'équilibre,
les temps de réponse et l'efficacité personnelle serait justifiée particulierement au moment du
retour aux activites physiques (2 a 4 semaines post-TCL) afin d'identifier les enfants devant étre
soumis a une surveillance plus particuliére suite au TCL. Concernant I'¢quilibre et les temps de
reponse, des taches complexes telles celles des sous-tests d'équilibre et de vitesse de réponse
du BOTMP sembleraient avoir une sensibilité suffisante pour pouvoir fournir des indices certains
quant a la presence de difficultés dans ces domaines. Pour ce qui est de I'efficacité personnelle,
le questionnaire développé dans le cadre de ces travaux étant le seul disponible, nous suggérons
la poursuite des travaux de validation de l'outil, mais en paralléle, son utifisation de routine tant
pour établir le niveau pré-traumatique de l'efficacité personnelle que pour documenter son

évolution post-trauma.

Enfin, la question de l'intervention & préconiser pour fraiter des incapacités nouvellement
identifiées chez cette clientéle ne peut étre passée sous silence. Dans un premier temps, la

nature spécifique et probablement transitoire des incapacités a la fois motrices et psychosociales



relevées dans le cadre de nos études, ainsi que leur amélioration dans le temps, sembleraient
commander une approche d'intervention visant & reconnaitre I'existence des problémes et a
rassurer les enfants quant a leur résolution dans les prochaines semaines. Les études
d'interventions au niveau des SPC utilisant une telle approche démontrent son efficacité (King et
coll., 1997, Wade et coll., 1998). Comme la pratique actuelle au sein du programme de
neurotraumatologie de I'Hopital de Montréal pour Enfants auprés de ces enfants implique déja un
contact teléphonique quatre semaines post-TCL ayant pour but de s'assurer d'une évolution
générale favorable, il serait faisable d'ajouter ce type d'intervention pour les enfants présentant
des difficultés d'ordre plus spécifique dans les domaines étudiés. Enfin, I'attitude des intervenants
lorsqu'impliqués auprés des enfants revét aussi une importance certaine. En effet, minimiser
l'importance des effets du TCL ne peut que contribuer au sentiment d'incompréhension des
enfants lorsque les choses ne rentrent pas dans l'ordre immédiatement. Si une démarche de
réassurance s'avérait infructueuse, des interventions spécifiques au niveau moteur, ou

psychologiques seraient & explorer sans toutefois leur accorder une importance démesurée.

5.4 Perspectives et avenues de recherche a poursuivre

La poursuite des travaux entrepris dans le cadre de cette thése s'effectuera en suivant deux axes
principaux soient 1) la poursuite de I'tude des facteurs du Processus de Production du Handicap
non abordés dans le contexte de la pratique des activités physiques soit les facteurs
environnementaux incluant la famille, I'entourage des enfants et les services requs suite au TCL
(i.e. séance d'information au congé et contact téléphonique quatre semaines post-TCL) et 2) Ia

poursuite du développement de l'outil d'efficacité personnelle utilisée dans notre étude.

Premierement, en se rapportant au PPH ayant servi de cadre conceptuel pour ces travaux,
I'absence de mesures s'adressant aux facteurs environnementaux en cause présente une avenue
incontournable pour la poursuite de la démarche de recherche. Nous pouvons situer ceux-ci a
plusieurs niveaux mais il semblerait important de s'attarder dans un premier temps aux facteurs
reliés a la famille et a 'environnement social immédiat de I'enfant. En effet, une relation proche et
satisfaisante de I'enfant avec sa cellule familiale de méme que la disponibilité d'un réseau de

support extra-familial sont deux des trois facteurs (le troisiéme étant les facteurs de protection de



l'enfant) constituant une triade protectrice associée a la résilience d'un enfant en situation de
stress ou de crise (Cowen et coll.,, 1991). L'exploration de I'anxiété parentale, de la présence de
support parental, de la présence de support extra-familial, et de la qualité des relations parents-
enfants, professeurs-enfants, pourraient ajouter & la compréhension des facteurs pouvant
influencer la récupération suite au TCL. Dans un deuxiéme temps, I'examen des politiques plus
globales de prise en charge des TCL et la présence d'une attitude de minimisation des problémes
au niveau des organismes finangant les programmes de prise en charge des individus (e.g.
SAAQ, CSST) peut aussi influencer les choix organisationnels de suivi de ces enfants et méritent

une certaine attention.

La poursuite du processus de validation du questionnaire d'efficacité personnelle face a la
pratique des activités physiques représente un deuxiéme axe de recherche émanant de nos
travaux. Cet outil fut développé selon une procédure reconnue et il s'avére prometteur dans
lidentification d'incapacités d'efficacité personnelle. Cependant, ses qualités psychométriques
demeurent & établir formellement. Ceci devrait étre entrepris dans le cadre d'un suivi
systematique des enfants admis suite a un TCL et les résultats serviront & compléter la démarche
de développement de cet outil.

5.5 Limites de nos travaux

Les limites inhérentes a tout projet de recherche clinique sont inévitablement retrouvées ici et nos
resultats doivent étre considérés dans le contexte de ces limites. D'abord, certains outils
développés pour les adultes n'avaient jamais été utilisés avec une population d'enfants. Bien que
nous ayons montré la faisabilité de leur utilisation avec cette clientéle et que la sensibilité a
identifier certains déficits semble valider leur utilisation, il n'en demeure pas moins que 'absence
de normes et de qualités psychométriques particuliéres aux enfants ou au TCL représente une
limite quant a l'interprétation de nos résultats. Ensuite, le recrutement des enfants se limitait
exclusivement & une population hospitaliére avec les biais potentiels y étant associés (e.g. région
geographique spécifique, symptomes plus sévéres). Comme il est reconnu que jusqu'a 25% de
tous les TCL ne sont jamais rapportés, notre méthode de recrutement contribue certainement a

limiter la généralisation des résultats a tous les cas d'enfants ayant subi un TCL. La taille de
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l'echantillon pourrait aussi étre soulevée comme limite a la généralisation des résultats.
Cependant, le calcul du nombre nécessaire de sujets pour s'assurer d'une puissance raisonnable
dans la détection de différences entre les groupes ayant été fait a priori, nous pouvons assumer
que les différences identifiées entre les groupes sont réelles, au moins pour l'outil principal de
mesure soit le BOTMP. Concluons en soulignant que la durée restreinte de la période de suivi
des enfants représente une derniére limite. En effet, la présence persistante de certaines
incapacités & la fin de la période de 12 semaines nous force a nous questionner sur I'évolution
ulterieure de celles-ci. Un suivi d'une durée minimale de 6 a 12 mois serait fortement

recommandé dans le cadre d'études futures traitant du méme type d'incapacités suite a un TCL.



CHAPITRE 6
CONCLUSION

Au terme de ce travail, de nombreuses questions demeurent quant au devenir des enfants suite
a un traumatisme cranio-cérébral léger, mais quelques conclusions peuvent tout de méme étre
tirées de nos résultats D'abord, les incapacités d'équilibre identifiées chez un nombre important
d'enfants, semblant persister trois mois aprés le TCL et reliées a sa sévérité, doivent étre
considérées lors de la prise en charge de ces enfants au moins du point de vue de leur sécurité.
Ensuite, les difficultés liées au temps de réaction semblent quant a elles de nature plus
transitoire mais les indices quant a la spécificité des stimuli et réponses nécessaires a leur
identification fournissent des pistes intéressantes pour la poursuite des travaux dans ce domaine
et particulierement dans le cadre d'un questionnement sur I'atteinte de fonctionnement de haut
niveau au point de vue de lintégration perceptivo-motrice. Finalement, l'identification d'une
diminution du sentiment d'efficacité personnelle face a la pratique des activités physiques chez
les enfants post-TCL, allant dans le sens des inquiétudes exprimées par les enfants de maniére
anecdotique, est peut-étre un des éléments les plus intéressants et novateurs de ces travaux. |l
impliquent que les conséquences d'un TCL pourraient aussi avoir un impact psychosocial et non
seulement biomédical. Cette premiére étude devrait cependant encourager la poursuite de
travaux au niveau de l'identification des incapacités et des facteurs environnementaux en cause,
particuliérement au niveau des interventions possibles et de I'amélioration des services offerts a
ces enfants. Ces orientations futures représentent certainement les avenues de recherche les

plus susceptibles d'améliorer la qualité de vie des enfants suite a un TCL.
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ANNEXE A

Recommandations pour la reprise des activités suite au TCL chez I'enfant



The Montreal Children’s Hospital

Pediatric & Adolescent Neurotrauma Program
Recommendations for activity restrictions

0 1 week 0 2 weeks O 4 weeks O__ weeks

The following restrictions are important to allow for an adequate healing period, and reduce the chance of
having another head injury during this time. The restrictions should help in reducing persistent post head
injury headache, dizziness, visual disturbances, poor attention span, excessive fatigue, and in some cases
seizures.

For children of all ages

Inform the teachers, and coaches of the head injury & restrictions
No gym, contact sports, and other strenuous activities
Adequate rest and breaks are encouraged
A gradual return to school (half days for the 15 week) or short term modification of the workload may
be indicated if symptoms persist
Supervision in the classroom and on the playground at recess & lunch
Limit time spent on video games, computers, and television as these
activities may provoke increased headaches
e  Avoid movies in large screen theatres as the lights & sounds may be
overwhelming
Supervised swimming is permitted but no diving or jumping into the water
When returning to sports & recreational activities REMEMBER to wear appropriate protective head
gear and equipment at all times!
Following the period of restriction the return to physical activity should be done gradually
You should be completely free of symptoms for the entire iast week of the restricted period before
returning to all activities.

Additional recommendations for adolescents

Absolutely no drugs or alcohol
Avoid frequenting bars/pubs due to the excessive amount of noise, lights, smoke, etc. which again
may provoke headaches

Other specific restrictions include
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ANNEXE B

Lettres d'explication des études aux parents et enfants



B.1 Projet de recherche principal
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Centre universitaire de santé McGill
McGill University Health Centre

Le Centre umiversitaire de sante McGili (CUSM) comprend I'Hopital de Montréal pour Enfants, I'Hpital général de Montréal,

I'Hopital neurologique de Montreal et I'Hopital Royal Victoria Le CUSM est affilie d la Faculté de medecine de I'Unversite McGill

The McGil Umiversity Health Centre (MUHC) consists of The Montreal Children's Hospital, The Montreal General Hospital

The Montreal Neurological Hospitol, and The Royal Victorio Hospital. The MUHC 1s affiliated with the McGii University Faculty of Medicine.

Motor abilities in children after a mild head injury
Information sheet for parents

Reasons why this study is being done

Your child has sustained a mild head injury, or concussion, in the last few hours. The
injury has been called mild because your child did not lose consciousness for a long time
and the symptoms are fewer than the ones present in a more severe injury.

In a previous pilot study, we found that some of the children who sustained such an
injury present with some deficits related to their motor function up to a few weeks after
the injury. We are interested in studying the presence and nature of these deficits with a
larger number of children and during a longer period of time.

Your required participation

We would like to evaluate your child 3 times over the next 3 months. We will assess
your child's balance, response speed and level of physical activity. Each evaluation will
take place in your home so you do not have to travel back and forth from the hospital.
The activities are not painful or very demanding.

Your participation will help us learn more about the type of injury your child has
sustained. We are at your service to answer any questions that you might have regarding
the purpose of the study or the nature of the participation that will be required from you
and your child should you choose to participate.

Thank you for taking the time to think about this study.

Isabelle Gagnon M.Sc.Pht
Physiotherapist

L'HOPITAL DE MONTREAL POUR ENFANTS « THE MONTREAL CHILDREN'S HOSPITAL -
2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.: (514) 934-4400 -
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Capacités motrices chez les enfants ayant subi un TCE léger
Informations aux parents

Raisons de l'étude

Aux cours des derniéres heures, votre enfant a subi un traumatisme cranio-
encéphalique léger ou commotion cérébrale. Le traumatisme a été classé comme léger
car la perte de conscience a été de courte durée et les symptomes qu'il démontre sont de
gravité moindre que ceux présents lors d'un traumatisme plus sévére.

Lors d'une étude pilote, nous avons trouvé que certains des enfants ayant subi un tel
traumatisme présentent des déficits moteurs quelques semaines aprés le traumatisme.
Nous voulons étudier plus en profondeur la présence et la nature de ces déficits et nous
voulons aussi documenter si ces déficits persistent, avec un plus grand nombre d'enfants,

Participation requise

Nous aimerions évaluer votre enfant a 3 reprises au cours des 3 prochains mois. Nous
évaluerons son équilibre et sa vitesse de réponse motrice 4 1'aide de divers tests et le
questionnerons sur son niveau d'activité physique. Toutes les évaluations auront lieu a
votre domicile afin de minimiser vos déplacements. Les activités ne seront pas
douloureuses ni trés exigeantes.

Nous vous proposons de participer & cette recherche qui servira 4 établir de nouvelles
connaissances sur le type de blessure qu'a subi votre enfant. Nous sommes disponibles a
répondre a toutes vos questions sur les raisons de 1'étude, et sur la nature de votre
participation.

Merci de I'attention que vous porterez & cette proposition,

Isabelle Gagnon M.Sc.pht
P physiothérapeute
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Le Centre universitaire de santé McGill (CUSM) comprend I'Mopital de Montréal pour Enfants, I'Hépital genéral de Montréal,

I"Hopital neurologique de Montreal et I'Hdpital Royal Victorio. Le CUSM est offilié a la Faculte de médecmne de I'Université McGill.

The McGill Unmiversity Health Centre (MUHC) consists of The Montreal Children’s Hospital, The Montreal General Hospital,

The Montreal Neurologrcal Hospitol, and The Royal Victonia Hospital. The MUHC is affiliated with the McGill University Facuity of Medicine.
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Motor abilities in children after a mild head injury
Information sheet for parents of the control child

Reasons why this study is being done

Your child's friend , has sustained a mild head injury,
or concussion, a few hours ago. The injury has been called mild because the child did not
lose consciousness for a long time and the symptoms are fewer than the ones present in a
more Severe injury.

In a previous pilot study, we found that some of the children who sustained such an
injury present with some deficits related to their motor function up to a few weeks after
the injury. We are interested in studying the presence and nature of these deficits with a
larger number of children and during a longer period of time and to compare the motor
function with that of uninjured children.

Your required participation

We would like to evaluate your child 3 times over the next 3 months. We will assess
your child's balance, response speed and level of physical activity. Each evaluation will
take place in your home so you do not have to travel back and forth from the hospital.
The activities are not painful or very demanding.

Your participation will help us learn more about the type of injury your child's friend
has sustained. We are at your service to answer any questions that you might have
regarding the purpose of the study or the nature of the participation that will be required
from you and your child should you choose to participate.

Thank you for taking the time to think about this study.

[

Isabelle Gagnon M.Sc.Pht o _ e
Physiotherapist o ‘z Ba% e ez

< el s

éé[@.,,..

L'HOPITAL DE MONTREAL POUR ENFANTS « THE MONTREAL CHILDREN'S HOSPITAL
2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.: (514) 934-4400
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Centre universitaire de santé McGill ]
McGill University Health Centre LV

Le Centre umiversitaire de santé McGill (CUSM) comprend I'Hépital de Montréal pour Enfants, I'Hopital general de Montreal,

I'Hépital neurologique de Montreal et I'Hépital Royal Victoria, Le CUSM est affilié o lo Faculté de médecine de I'Universite McGill,

The McGill University Health Centre (MUHC) consists of The Montreal Children’s Hospital, The Montreal Generol Hospitc!

The Montreal Neurological Hospital, and The Royal Victoria Hospital. The MUHC is olfilated with the McGill University Foculty of Medicine.

Capacités motrices chez les enfants ayant subi un TCE léger
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Informations aux parents de 1'enfant controle

Raisons de 1'étude

Aux cours des derniéres heures, 1'ami de votre enfant a subi un traumatisme cranio-
encéphalique léger ou commotion cérébrale. Le traumatisme a été classé comme léger
car la perte de conscience a été de courte durée et les symptomes qu'il démontre sont de
gravité moindre que ceux présents lors d'un traumatisme plus sévére.

Lors d'une étude pilote, nous avons trouvé que certains des enfants ayant subi un tel
traumatisme présentent des déficits moteurs quelques semaines aprés le traumatisme.
Nous voulons étudier plus en profondeur la présence et la nature de ces déficits et nous
voulons aussi documenter si ces déficits persistent, avec un plus grand nombre d'enfants,
et comparer la performance avec celle des enfants n'ayant pas subi un tel traumatisme.

Participation requise

Nous aimerions évaluer votre enfant a 3 reprises au cours des 3 prochains mois. Nous
évaluerons son équilibre et sa vitesse de réponse motrice a 1'aide de divers tests et le
questionnerons sur son niveau d'activité physique. Toutes les évaluations auront lieu a
votre domicile afin de minimiser vos déplacements. Les activités ne seront pas
douloureuses ni trés exigeantes.

Nous vous proposons de participer a cette recherche qui servira a établir de nouvelles
connaissances sur le type de blessure qu'a subi I'ami de votre enfant. Nous sommes
disponibles a répondre a toutes vos questions sur les raisons de 1'étude, et sur la nature de
votre participation.

Merci de 1'attention que vous porterez a cette proposition,
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Isabelle Gagnon M.Sc.pht
physiothérapeute
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INFORMATION AUX PARENTS

Comparaison de la performance aux tests d'équilibre Balance Master et Pediatric Clinical Test
of Sensory Interaction for Balance

Responsables:

Isabelle Gagnon pht M.Sc. Robert Forget pht, PhD
Etudiante au doctorat Directeur scientifique
CRIR CRIR

340-2085 poste 2058 340-7050

Bonnie Swaine pht, PhD
Professeur adjoint

Ecole de réadaptation
Université de Montréal
343-7361

Chers parents,

Nous aimerions vous proposer un projet de recherche pour lequel nous aurions besoin de la
participation de votre enfant.

Il s'agit d'une étude visant a comparer la performance de votre enfant & deux tests d'équilibre, le
Balance Master et le Pediatric Clinical Test of Sensory Interaction for Balance. Ce sont deux tests qui
évaluent le maintien de I'équilibre sous différentes conditions telles debout les yeux fermés ou encore
se tenir sur une jambe.

Les deux outils sont déja utilisés par les cliniciens dans les hépitaux ou les centres de réadaptation
mais nous aimerions vérifier si les résultats aux deux tests sont comparables et équivalents.

Si vous et votre enfant acceptez de participer a cette étude, nous vous demanderons de vous
déplacer a l'Institut de Réadaptation de Montréal pour une seule session d'évaluation d'une durée
d'environ 45 minutes. L'horaire exact sera déterminé selon vos disponibilités.

Nous vous remercions a l'avance de l'attention que vous porterez a cette demande et sommes
disponibles pour répondre a toutes vos questions.
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Formulaires de consentement
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C.1 Projet de recherche principal



Centre universitaire de santé McGill
McGill University Health Centre

Le Centre universitaire de santé McGill (CUSM) comprend I'Hopital de Montréal pour Enfants, I'Hopital général de Montréal,

I"Hépital neurologique de Montréal et I'Hopital Royal Victoria. Le CUSM est affilié 6 lo Foculté de médecine de I'Universite McGill.

The McGill University Health Centre (MUHC) consists of The Montreal Children’s Hospital, The Montrea! General Hospitol,

The Montreal Neurological Hospital, and The Royol Victoria Hospital. The MUHC 1s offilioted with the McGill Umiversity Faculty of Medicine.

IInformed Consent Form: Child with Head Injury}

Motor Abilities of Children Having Sustained a Mild Head Injury

Neurotrauma Program, Montreal Children's Hospital, McGill University Health Center

Investigators:

Isabelle Gagnon M.Sc.pht

Staff physiotherapist

Montreal Children's Hospital, McGill

514-934-4407
PhD student
Université de Montréal

Robert Forget PhD
Associate Professor
Physiotherapy program
School of rehabilitation
Université de Montréal
514-343-5935

Bonnje Swaine PhD
Assistant Professor
Physiotherapy program
School of rehabilitation
Université de Montréal
514-343-7361

Deborah Friedman B.Sc.PT

Program Head, Neurotrauma Program
Montreal Children's Hospital

McGill University Health Center
514-934-4400

PARENT CONSENT

3=
Sl
o s
ooLl8s

I, , allow my child, , to
participate in this study

Your child has sustained a mild head injury, or concussion, in the last few hours. The injury
has been called mild because your child did not lose consciousness for a long time (no more than
30 minutes) and the symptoms are fewer than the ones present in a moderate or severe injury. In
a previous pilot study, we have found that some of the children who sustained such an injury
present with some deficits related to their motor function up to a few weeks after the injury. We
are interested in studying the presence and nature of these deficits with a larger number of
children and during a longer period of time.

The purpose of the study proposed is to evaluate the motor abilities of your child using
various measures of balance, response speed, and physical activity level. The tests will include
activities such as standing on one foot, touching pressure switches in response to light signals
and answering questions regarding level of physical activity. This study will include 3
evaluations (at 1, 4 and 12 weeks after the trauma). Each evaluation will last around 90 minutes.
These will be held in your home to minimize your travelling. The results of this study will help us
learn more about the type of injury that your child sustained.

I was informed in an appropriate manner of the nature of my child's participation in this study.

L'HOPITAL DE MONTREAL POUR ENFANTS ¢ THE MONTREAL CHILDREN'S HOSPITAL
2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.: (514) 934-4400
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Centre universitaire de santé McGill
McGill University Health Centre XXX

Le Centre umiversitaire de santé McGill (CUSM) comprend I'Hpital de Montréal pour Enfants, I’Hépftal général de Montréal,

I"'Hopttol neurologique de Montréal et I'Hépital Royal Victonia. Le CUSM est affilié & lo Faculté de médecine de I'Université McGill

The McGill University Health Centre (MUHC) consists of The Montreal Children’s Hospital, The Montreal General Hospital,

The Montreal Neurological Hospital, and The Royal Victonia Hospital. The MUHC is affiliated with the McGill Unwversity Faculty of Medicine

I am aware that no medication is to be given, or invasive procedures performed, and that the tests
administered are to evaluate motor abilities. I understand that the tests are simple and will not be
painful in any way.

I am aware that the testing will consist of 3 sessions of 90 minutes each to be held at our home.

I allow the investigator access to my child's medical record for scientific and professional
purposes. I also allow the investigators to contact my child's physical education teacher in order
to investigate physical performance.

I allow the balance testing to be videotaped. The videotape will only be used for data analysis,

and unless you provide separate consent for its use for educational purposes, it will be destroyed

after data analysis is completed, in June 2001.

I understand that confidentiality will be respected. The results of this research project may be
communicated to the scientific community, but the identity of my child will not be revealed.

I understand that my child is free to discontinue his/her participation in the study at any tlme and
this will not affect his/her follow-up or eventual treatment in any way.

The investigator will be available after the evaluation to discuss the results obtained if 1 wish to

do so.

Parent's signature: Date:
Investigator's signature: -+ date;
Witness' signature: date:
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Centre universitaire de santé McGill
McGill University Health Centre

Le Centre unwversitaire de sante McGill (CUSM) comprend I'Hdpital de Montreéol pour Enfants, I'Hopital général de Montréal,

I"Hdpital neurologique de Montréal et I'Hopital Royal Victoria Le CUSM est affilie o ia Faculté de medecine de I'Universite McGill

The McGill University Healtn Centre (MUHC) consists of The Montreal Children's Hospital, The Montreal General Hospital,

The Montreal Neurologicol Hospital, and The Royal Victorio Hospital The MUHC 1s affiiated with the McGill University Faculty of Medicine

B CHILD CONSENT FORM

I, , agree to participate in the study:

Motor abilities of children having sustained a mild head injury

I'understand what my participation will be and I am aware that I can discontinue my participation
at any time.

I understand that the tests I am going to take will not be painful and only involve evaluation of
my motor skills.

Child's signature: date:
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Centre universitaire de santé McGill
McGill University Health Centre

Le Centre umiversitaire de santé McGill (CUSM) comprend I'Hopital de Montréal pour Enfants, I'Hopital general de Montreal,

I'Hépital neurologique de Montréal et I'Hopital Royal Victoria. Le CUSM est affilié 6 la Faculté de médecine de I'Université McGill

The McGill University Health Centre (MUHC) consists of The Montreal Children’s Hospital, The Montreal General Hospital,

The Montreal Neurological Hospital, and The Royal Victoria Hospital. The MUHC 1s affiliated with the McGill University Faculty of Medicine,
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L Formulaire de consentement éclairé: enfant avec traumatisme —|
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Neurotraumatologie, Hopital de Montréal pour Enfants, Centre de santé de I'université McGill

CHERCHEURS RESPONSABLES:

Isabelle Gagnon M.Sc.pht Robert Forget PhD Bonnie Swaine PhD
Physiothérapeute Professeur associé Assistant Professeur
Hopital de Montréal pour enfants, Physiothérapie Physiothérapie

Centre de Santé de 1'Université McGill Ecole de réadaptation Ecole de réadaptation
514-934-4407 Université de Montréal Université de Montréal
PhD student 514-343-5935 514-343-7361

Université de Montréal

Deborah Friedman B.Sc.PT

Chef de programme, programme de Neurotraumatologie
Hépital de Montréal pour enfants,

Centre de Santé de 1'Université McGill

514-934-4400

[ I ' CONSENTEMENT DES PARENTS I

Je , autorise mon enfant,
participer au projet de recherche intitulé:

.

Habiletés motrices des enfants ayant subi un traumatisme cranio-cérébral léger

Aux cours des derniéres heures, votre enfant a subi un traumatisme cranio-encéphalique
léger ou commotion cérébrale. Le traumatisme a été classé comme léger car la perte de
conscience a été de courte durée (moins de 30 minutes) et les symptémes qu'il démontre sont de
gravité moindre que ceux présents lors d'un traumatisme plus sévére. Lors d'une étude pilote,
nous avons trouvé que certains des enfants ayant subi un tel traumatisme présentent des déficits
moteurs quelques semaines aprés le traumatisme. Nous voulons étudier plus en profondeur la
présence et la nature de ces déficits et nous voulons aussi documenter si ces déficits persistent,
avec un plus grand nombre d'enfants.

Le but de cette étude est d'évaluer la performance motrice de votre enfant en utilisant
diverses mesures d'équilibre, de vitesse de réponse motrice et de niveau d'activité physique. Les
tests incluront des activités telles se tenir sur un pied, toucher des plaques de pression en réponse
a des stimuli lumineux, et répondre & des questions en regard des activités physiques. Cette étude
comprendra 3 sessions d'évaluation (a 1, 4 et 12 semaines post-trauma). Chacune des sessions
durera environ 90 minutes et se tiendra a votre domicile pour minimiser vos déplacements. Les
résultats seront ensuite utilisés pour établir de nouvelles connaissances sur le type de
traumatisme qu'a subi votre enfant.

L'HOPITAL DE MONTREAL POUR ENFANTS ¢ THE MONTREAL CHILDREN'S HOSPITA
- 2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.: (514) 934-4400 -
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Q Centre universitaire de santé McGill
p {f) McGill University Health Centre

Le Centre universitaire de santé McGill (CUSM) comprend I'Mdpital de Montréal pour Enfants, I'Hopital générol de Momr_éal,

I'Hépitol neurologique de Montréal et I'Hépital Royal Victoria. Le CUSM est affilié & la Faculte de médecine de I'Université McGill

The McGill University Health Centre (MUHC) consists of The Montreal Children's Hospilal, The Montreal Generol H pital,

The Montreal Neurological Hospital, and The Royal Victoria Hospital. The MUHC is affiliated with the McGill University Faculty of Medicine

xxxiii

Je reconnais avoir été informé de fagon satisfaisante sur la nature de la participation de mon
enfant d cette étude

Je suis informé qu’aucun médicament ou technique invasive ne seront utilisés et que le test a pour
but d’évaluer la performance motrice. J'ai pris connaissance des procédures d’administration du
test et je comprend que le tout sera fait sans douleur.

Je reconnais que la participation de mon enfant sera de 3 sessions de 90 minutes chacune se
tenant a notre domicile.

J'accepte que les personnes responsables de 1’étude aient un accés au dossier de mon enfant et
que les informations recueillies soient utilisées & des fins scientifiques et professionnelles.
J'autorise les chercheurs a contacter le professeur d'éducation physique de mon enfant afin
d'investiguer la performance de mon enfant.

J'accepte que la partie équilibre des tests sera filmée. La cassette ne sera utilisée que pour des
fins d'analyse & moins d'un consentement séparé 2 son utilisation pour des sessions d'éducation.
Elle sera détruite aprés la fin des analyses, en juin 2001.

Je comprend que I'anonymat sera respecté a I’égard de mon enfant. Les résultats de cette étude
pourront étre communiqués a la communauté scientifique mais que I'identité de mon enfant ne
sera pas révélée.

Il est aussi entendu que mon enfant peut se retirer du projet en tout temps et que la qualité de son
suivi et de ses traitements éventuels n’en sera pas affectée.

La responsable de I'étude sera disponible, si je le désire, pour discuter des résultats apreés

I’évaluation.
Signature du parent: date:
Signature de la responsable: date:
Signature d’un témoin: date:
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Centre universitaire de santé McGill
McGill University Health Centre

Le Centre uruversitaire de sonté McGill (CUSM) comprend I'Hdpital de Montréal pour Enfants, I'Hépital général de Montréal,
I'Hépital neurologique de Montreal et I'Mopital Royal Victoria. Le CUSM est atfiié & la Faculté de médecine de I'Université McGill.
The McGill University Health Centre (MUHC) consists of The Montreal Chiidren’s Hospital, The Montreol General Hospital,

Xxxiv

The A ! Neurological Hospital, and The Royal Victoria Hospital. The MUHC 1s affiliated with the McGill University Faculty of Medicine.
S CONSENTEMENT DE L’ENFANT . ;
Je, (nom de I'enfant), suis d’accord pour participer a I'étude
intitulée:

Habiletés motrices des enfants ayant subi un traumatisme cranio-cérébral léger

Je comprend ce que je devrai faire et que je peux décider de ne plus participer & n’importe quel
moment.

Je comprend que le test auquel je devrai participer se fera sans douleur et comprendra seulement
des évaluations de mes habiletés motrices

Signature de I’enfant: date:

L'HOPITAL DE MONTREAL POUR ENFANTS » THE MONTREAL CHILDREN'S HOSPITAL
2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.: (514) 934-4400 ] =
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Centre universitaire de santé McGill
McGill University Health Centre

Le Centre umiversitawre de santé McGill (CUSM) comprend I'Hopital de Montréal pour Enfants, I'HOpital général de Montreal,

I'Hopital neurologique de Montréal et I'Hépital Royal Victona. Le CUSM est affilié a la Faculte de médecine de I'Universite McGili

The McGul Umiversity Health Centre (MUHC) consists ol The Montreal Children's Hospital, The Montreal General Hospital,

The Montrea! Neurological Hospital, and The Royal Victoria Hospital The MUHC is affihated with the McGill Umiversity Faculty of Medicine.

Informed Consent Form: control child J

Motor Abilities of Children Having Sustained a Mild Head Injury ]

Neurotrauma Program, Montreal Children's Hospital, McGill University Health Center

INVESTIGATORS:

Isabelle Gagnon M.Sc.pht Robert Forget PhD Bonnie Swaine PhD
Staff physiotherapist Associate Professor Assistant Professor
Montreal Children's Hospital, McGill Physiotherapy program Physiotherapy program
514-934-4407 School of rehabilitation School of rehabilitation
PhD student Université de Montréal Université de Montréal
Université de Montréal 514-343-5935 514-343-7361

Deborah Friedman B.Sc.PT

Program Head, Neurotrauma Program
Montreal Children's Hospital

McGill University Health Center

Q ‘?b g;(}

514-934-4400
PARENT CONSENT
1, , allow my child, , to
participate in this study
Your child's friend, has sustained a mild head injury, or

concussion, in the last few hours. The injury has been called mild because the child did not lose
consciousness for a long time (no more than 30 minutes) and the symptoms are fewer than the
ones present in a moderate or severe injury. In a previous pilot study, we have found that some of
the children who sustained such an injury present with some deficits related to their motor
Junction up to a few weeks after the injury. We are interested in studying the presence and nature
of these deficits with a larger number of children and during a longer period of time and to
compare it to that of children who have not sustained this injury.

The purpose of the study proposed is to evaluate the motor abilities of your child using
various measures of balance, response speed, and physical activity level. The tests will include
activities such as standing on one foot, touching pressure switches in response to light signals
and answering questions regarding level of physical activity. This study will include 3
evaluations” (at 1, 4 and 12 weeks after the trauma). Each evaluation will last around 90 minutes.
These will be held in your home to minimize your travelling. The results of thzs study will help us
learn more about the type of injury that the child sustained.

I was informed in an appropriate manner of the nature of my child's participation in this study.

L'HOPITAL DE MONTREAL POUR ENFANTS * THE MONTREAL CHILDREN'S HOSPITAL
2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.: (514) 934-4400



Q Centre universitaire de santé McGill

{p McGill University Health Centre —

Le Centre universitaire de sonté McGill (CUSM) comprend I'Hépital de Montréal pour Enfants, I'Hopital général de Montreal,

I"Hdpital neurologique de Montréal et I'Hopital Royal Victoria. Le CUSM est offilie a la Faculté de médecine de I'Universite McGill

The McGill University Health Centre (MUHC) consists of The Montreal Children’s Hospital, The Montreal General Hospital,

The Montreal Neurological Haspital, ond The Royal Victoria Hospital, The MUHC is affiliated with the McGill University Faculty of Medicine.

I am aware that no medication is to be given, or invasive procedures performed, and that the tests
administered are to evaluate motor abilities. I understand that the tests are simple and will not be
painful in any way.

I am aware that the testing will consist of 3 sessions of 90 minutes each to be held at our home.

I allow the investigator access to my child's medical record for scientific and professional
purposes. I also allow the investigators to contact my child's physical education teacher in order
to investigate physical performance.

I allow the balance testing to be videotaped. The videotape will only be used for data analysis,
and unless you provide separate consent for its use for educational purposes, it will be destroyed

after data analysis is completed, in June 2001.

I understand that confidentiality will be respected. The results of this research project may be
communicated to the scientific community, but the identity of my child will not be revealed.

I understand that my child is free to discontinue his/her participation in the study at any time.

The investigator will be available after the evaluation to discuss the results obtained if I wish to

do so.

Parent's signature: Date:
Investigator's signature: date:
Witness' signature: date:
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Centre universitaire de santé McGill
McGill University Health Centre

Le Centre universitaire de santé McGill (CUSM) comprend I'Hépital de Montréal pour Enfants, I'Hopital général de Montreal,

I'Hépital neurologique de Montréal et I'Hbpital Royal Victoria. Le CUSM est affilie & la Faculté de médecine de I'Unversite McCal

The McGill University Health Centre (MUHC) consists of The Montreal Children's Hospital, The Montreol General Hospital,

The Montreal Neurological Hospital, and The Royal Victorio Hospitol. The MUHC 1s affiliated with the McGill University Faculty of Medicmne
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CHILD CONSENT FORM

I, , agree to participate in the study:

Motor abilities of children having sustained a mild head injury

I understand what my participation will be and I am aware that I can discontinue my participation
at any time.

I understand that the tests I am going to take will not be painful and only involve evaluation of
my motor skills.

Child's signature: date:

N =4/
a8 | <% - i '
g g L'HOPITAL DE MONTREAL POUR ENFANTS * THE MONTREAL CHILDREN'S HOSPITAL
eg gg 2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.: (514) 934-4400
S & — -



Centre universitaire de santé McGill
McGill University Health Centre

Le Centre universitare de sonté McGull (CUSM) comprend I'Hopital de Montréal pour Enfants, I'Hdpital général de Montréal,

I'HépHtal neurologique de Montreal et I'Hopital Royal Victonia. Le CUSM est affilié a la Faculté de médecine de 'Université McGill.

The McGill University Health Centre (MUHC) consists of The Montreal Children’s Hospital, The Montreal Generol Hospital,

The Montreal Neurological Hospital, and The Royal Victoria Hospital. The MUHC s affiiated with the McGill University Facuity of Medicine.
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iFormulaire de conseniement éclairé: enfant control¢

BHAbiETesunoic e dcs AN VARt b T ST AT LA occer abralll gEeE

LIEU: Neurotraumatologie, Hopital de Montréal pour Enfants,
Centre de santé de 1'université McGill

CHERCHEURS RESPONSABLES:

Isabelle Gagnon M. Sc.pht Robert Forget PhD Bonnie Swaine PhD
Physiothérapeute Professeur associé Assistant Professeur
Hopital de Montréal pour enfants, Physiothérapie Physiothérapie

Centre de Santé de I'Université McGill Ecole de réadaptation Ecole de réadaptation
514-934-4407 Université de Montréal Université de Montréal
PhD student 514-343-5935 514-343-7361

Université de Montréal

Deborah Friedman B.Sc.PT

Chef de programme, programme de Neurotraumatologie
Hopital de Montréal pour enfants,

Centre de Santé de I'Université McGill

514-934-4400

CONSENTEMENT DES PARENTS

o

Je , autorise mon enfant,
participer au projet de recherche intitulé:
Habiletés motrices des enfants ayant subi un traumatisme cranio-cérébral léger

Aux cours des derniéres heures, I'ami de votre enfant, a subi
un traumatisme cranio-encéphalique léger ou commotion cérébrale. Le traumatisme a été classé
comme léger car la perte de conscience a été de courte durée (moins de 30 minutes) et les
symptomes qu'il démontre sont de gravité moindre que ceux présents lors d'un traumatisme plus
sévére. Lors d'une étude pilote, nous avons trouvé que certains des enfants ayant subi un tel
traumatisme présentent des déficits moteurs quelques semaines aprés le traumatisme. Nous
voulons éwudier plus en profondeur la présence et la nature de ces déficits et nous voulons aussi
documenter si ces déficits persistent, avec un plus grand nombre d'enfants et comparer celle-ci
avec des enfants qui n'ont pas subi de tels traumatismes.

Le but de cette étude est d’évaluer la performance motrice de votre enfant en uwrilisant
diverses mesures d'équilibre, de vitesse de réponse motrice et de niveau d'activité physique. Les
tests incluront des activités telles se tenir sur un pied, toucher des plaques de pression en réponse
a des stimuli lumineux, et répondre a des questions en regard des activités physiques. Cette étude
comprendra 3 sessions d'évaluation (@ 1, 4 et 12 semaines post-trauma). Chacune des sessions
durera environ 90 minutes et se tiendra a votre domicile pour minimiser vos déplacements. Les
résultats seront ensuite utilisés pour établir de nouvelles connaissances sur le rype de
traumatisme qu'a subi l'ami de votre enfant.

L'HOPITAL DE MONTREAL POUR ENFANTS * THE MONTREAL CHILDREN'S HOSPITAL
2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.: (514) 934-4400
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Centre universitaire de santé McGill
McGill University Health Centre

Le Centre universitaire de santé McGill (CUSM) comprend I'Hépital de Montréal pour Enfants, I'Hépttol genéral de Montreol,

I'Hépital neurologique de Montréal et I'Hépital Royal Victoria. Le CUSM est affilié d lo Faculte' de médecine de Il Umvmue McCill

The McGill University Heaith Centre (MUHC) consists of The Montreai Children‘s Hospital, The M { General Hi

The Montreal Neurological Hospital, and The Royal Victoria Hospital. The MUHC 1s affiliated with the McGill University Facully of Medicine.

Je reconnais avoir ét¢ informé de fagon satisfaisante sur la nature de la participation de mon
enfant a cette étude

Je suis informé qu’aucun médicament ou technique invasive ne seront utilisés et que le test a pour
but d’évaluer la performance motrice. J’ai pris connaissance des procédures d’administration du
test et je comprend que le tout sera fait sans douleur.

Je reconnais que la participation de mon enfant sera de 3 sessions de 90 minutes chacune se
tenant a notre domicile.

J’accepte que les personnes responsables de 1'étude aient un accés au dossier de mon enfant et
que les informations recueillies soient utilisées & des fins scientifiques et professionnelles.
J'autorise les chercheurs a contacter le professeur d'éducation physique de mon enfant afin
d'investiguer la performance de mon enfant.

J'accepte que la partie équilibre des tests sera filmée. La cassette ne sera utilisée que pour des
fins d'analyse & moins d'un consentement séparé a son utilisation pour des sessions d'éducation.
Elle sera détruite aprés la fin des analyses, en juin 2001.

Je comprend que I’anonymat sera respecté a I’égard de mon enfant. Les résultats de cette étude
pourront €tre communiqués a la communauté scientifique mais que 1’identité de mon enfant ne
sera pas révélée.

Il est aussi entendu que mon enfant peut se retirer du projet en tout.

La responsable de I’étude sera disponible, si je le désire, pour discuter des résultats aprés
I’évaluation.

Signature du parent: date:
Signature de la responsable: date:
Signature d’un témoin: date:

— A,
- LU'HOPITAL DE MONTREAL POUR ENFANTS » THE MONTREAL CHILDREN'S HOSPITAL
2300 rue Tupper, Montréal (Québec) H3H 1P3 Tél.:_ (514) 934-4400 E
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Centre universitaire de santé McGill
McGill University Health Centre

Le Centre universitaire de santé McGill (CUSM) comprend I'Hpital de Montréal pour Enfants, I'Hépital géneral de Montréal,

I'Hépital neurologique de Montréal et I'Hépital Royol Victoria. Le CUSM est affilié & la Faculté de médecine de I'Université McGill

The McGill Uruversity Heaith Centre (MUHC) consists of The Mi I Children’s Hospital, The Montreal General Hospital,

The M | Neurological Hospital, and The Royal Victoria Hospital. The MUHC is affilioted with the McGill University Facuity of Medicine
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Formulaire de consentement

Nom du participant:
Date de naissance:

Comparaison de la performance aux tests d'équilibre Balance Master et Pediatric Clinical
Sensory Interaction Test for Balance

Responsables:

Isabelle Gagnon pht, M.Sc.

Etudiante au doctorat

Centre de Recherche Interdisciplinaire en Réadaptation
340-2085 poste 2058

Robert Forget pht, PhD

Directeur scientifique

Centre de Recherche Interdisciplinaire en Réadaptation
340-7050

Description du projet

Le projet de recherche proposé aujourd'hui vise a comparer la performance de votre enfant a deux
tests d'équilibre afin de comparer sa performance aux deux tests. Les deux outils se nomment le

Balance Master (BM) et le Pediatric Clinical Test of Sensory Interaction for Balance (PCTSIB). Les

2

deux testent I'équilibre en plagant I'enfant dans différentes situations telles les yeux fermés ou encore
se tenir sur une jambe.

Nature de la participation

Il n'y aura qu'une seule séance d'évaluation. Lors de cette évaluation, nous demanderons a votre
enfant de maintenir des positions différentes telles debout les yeux ouverts et fermés ou encore
debout sur une plate-forme mobile pendant 20 a 30 secondes et la session d'évaluation aura une
durée totale d'environ 45 minutes. Il n'y aura pas d'autres évaluations ce qui veut dire que vous
n'aurez a vous déplacer qu'une seule fois. Les évaluations seront filmées afin de pouvoir aussi
évaluer la qualité de la performance de votre enfant. Les cassettes seront détruites aprés la période
d’'analyse des données.

Avantages ou inconvénients personnels découlant de la participation de votre enfant

Votre enfant ne retirera aucun avantage spécifique pour sa participation a cette étude ni ne subira
d'inconveénients autres que ceux causés par le déplacement au site d'évaluation. L'évaluation se fera
sans douleur et ne présente aucun risque pour votre enfant puisqu'il sera retenu par un harnais style
parachute dans le BM en cas de chute et que deux personnes se tiendront de chaque c6té lors de
I'évaluation clinique (PCTSIB).

o7,
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H L'HOPITAL DE MONTREAL POUR ENFANTS » THE MONTREAL CHILDREN'S HOSPITAL
o318 2300 rue Tupper, Montréal (Québec) H3H 1P3 Téi.: (514) 934-4400



Centre universitaire de santé McGill
McGill University Health Centre

Le Centre universitaire de sonté McGill (CUSM) comprend I'Hépital de Montréal pour Enfants, I'Hépital général de Montréal,

I"Hépital neurologique de Montréal et I'Hépital Royal Victona. Le CUSM est affilié & la Faculté de médecine de I'Université McGill

The McGill University Health Centre (MUHC) consists of The Montreal Children's Hospital, The Montreal General Hospital,

The Montreal Neurologicol Hospital, and The Royal Victoria Hospital, The MUHC 1s offiliated with the McGill University Faculty of Medicine
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Il est entendu que votre enfant peut se retirer de I'étude ou cesser I'évaluation & n'importe quel
moment sans aucun préjudice.

Confidentialité

Tous les renseignements obtenus au sujet de votre enfant demeureront strictement confidentiels.
L'utilisation de certaines données a des fins scientifiques ou d'enseignement sera faite dans
I'anonymat le plus complet.

Consentement

La nature de l'étude, les procédés utilisés, les risques et les bénéfices que comportent ma
participation a cette étude ainsi que le caractére confidentiel des informations recueillies au cours de
I'étude m'ont été expliqués.

J'ai eu l'occasion de poser toutes les questions concernant les différents aspects de I'étude et de
recevoir des réponses a ma satisfaction.

J'accepte volontairement de participer a cette étude. Je peux me retirer en tout temps sans préjudice
d'aucune sorte.

Nom du parent Signature
Nom de I'enfant Signature
Nom du chercheur Signature
Nom du témoin Signature
Fait a ' le , 2000
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D.1 Projet de recherche principal



0 Centre universitaire de santé McGill
) W McGill University Health Centre v

; "Hépi 7 , I'Hoputol général de Montréal,
tre universitaire de santé McCill (CUSM) comprend I'Hépito! de Mon(rzal.pour Enfants 1ol ¢ de Mon ]
IL';g;;al neurologique de Montréol et I'Hopital Royol Victoria. Le CUSM est affilié & la Faculté de médecine de | Umverx'né McGill.
The McGill University Health Centre (MUHC) consists of The Montreal Children's Hospital, The _Monueal ngeml_ Hos_p:lal, -
The Montreo! Neurological Hospital, and The Royol Victorio Hospital The MUHC is affilioted with the McGill University Facuity of Medicine.

JTHE INSTITUTIONAL REVIEW BOARD

A Montreal Children's Hospital Committee consisting of:

Jane McDonald, M.D., Chairperson Microbiology
Gordon Watters, Co-chairperson Neurology

Carol Schopfiocher, M.A Psychology
Hema Patel, M.D. Pediatrics
Kathleen Glass, DCL Ethicist/Lawyer
Sharon Abish, M.D. Hematology
Janet Rennick, M.Sc.N. Nursing

Donald Meloche, LTh Pastoral Services

reviewed on June 21st, 1999 the clinical research project entitled:

Motor Abilities of Children Having Sustained a Mild Head Injury

submitted by: Isabelle Gagnon

and consider it to be within acceptable limits of clinical investigation solely from the point of view of
medical ethics. The following conditions apply to the ethical approval of the above-named study:

1. Receipt of scientific approval by the McGill University/Montreal Children's Hospita! Research
Institute. Final approval of the IRB, i.e. the dated and signed IRB stamp on the French and
English versions of the consent form will confirm scientific approval from the Research

Institute.

2. The study is approved for a period of one year from the date shown below.

3. Prior to the end of the one-year period, the investigator(s) must advise the Institutional Review
Board of the number and status of patients enroled in the study. We wish to be advised
promptly of any significant adverse outcomes.

4. The investigator(s) must inform the Institutional Review Board should any changes be made to
the study protocol and/or consent form.

5. The Montreal Children’s Hospital Institutional Review Board has been designated by the

Minister of Health and Social Services to be responsible for the approval of research projects
involving incompetent minors or adults in virtue of Article 21 of the Civil Code of Quebec.
Although investigator(s) must still notify the IRB of the starting date of the protoco! and the
date the study is completed. The IRB reserves the right to examine your study data, including

J)u\ud a7 1999

Date

angavivouniaid, wi.U., r.0.C.P(U)
hagperson
Institutional Review Board

cc: Ms. Alison Burch, MCH Research Institute

L'HOPITAL DE MONTREAL POUR ENFANTS « THE MONTREAL CHILDREN'S HOSPITAL
2300 rue Tupper, Montréat (Québec) H3H 1P3 Tél.: (514) 934-4400
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Centre universitaire de santé McGill
McGill University Health Centre

THE INSTITUTIONAL REVIEW BOARD

xlvii

The Research Ethics Boards (REBs) of the McGill University Health Centre are registered REBs
working under the published guidelines of the Tri-Council Policy Statement, the “Plan d'action
ministériel en éthique de la recherche et en intégrité scientifique” (Ministére de la Santé et des
Services sociaux, Gouvernement du Québec), and in compliance with standards set forth in the
(US) Code of Federal Regulations governing human subjects research, and act in conformity with

Good Clinical Practice: Consolidated Guideline (GCP E6).

A Montreal Children's Hospital Committee consisting of:
Jane McDonald, M.D., Chairperson
Kathleen Glass, DCL, Co-chairperson
Michael Sheveli, M.D.

Saleem Razack, M.D.
Saleem Al-Tamimen
Laurel Kimoff, M.D.
Janet Rennick, Ph.D,
Anne Usher, R.N.
Sharon Vance

Robert Barnes, M.D.
Andrée Prendergast, R.N.
Colombe Blais

reviewed on November 27", 2000 the research project entitled:

Microbiology
Ethicist/Lawyer
Neurology
PICU
Pediatrics
Pediatrics
Nursing
Community
Community
Endocrinology
Nonaffiliated
Pharmacy

Comparaison de la performance aux tests d'équilibre Balance Master et Pediatric Clinical Test of

Sensory Interaction for Balance

submitted by: Ms. Isabelle Gagnon

and consider it to be within acceptable limits of clinical investigation solely from the point of view of
medical ethics. The following conditions apply to the ethical approval of the above-named study:

1. Receipt of scientific approval by the McGill University/Montreal Children's Hospital Research
Institute.

2. Final approval of the IRB, i.e. the dated and signed IRB stamp on the French and English
versions of the consent form will confirm scientific approval from the Research Institute.

3. If applicable, the contractual agreement must be signed by the appropriate authorities before

the study can proceed.

4. The study is approved for a period of one year from the date shown below.
5 Prior to the end of the one-year period, the investigator(s) must advise the Institutional
Review Board of the number and status of participants enroled in the study. We wish to be

advised promptly of any significant adverse outcomes.

6. The investigator(s) must inform the Institutional Review Board should any changes be made

to the study protocol and/or consent form.

7. Investigator(s) must notify the IRB of the starting date 6f the protocol and the date the
study is completed. The IRB reserves the right to examine your study data, including signed

Chairgerson
Instjtutional Review Board

cc: Ms. Alison Burch, MCH Research Institute

B

9,

)39 2/

Date

K1

2300, rue Tupper, Montréal (Québec) H3H 1P3, Tél.: (514) 934-4400
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E.1
Mild traumatic brain injury affects children's confidence in their physical activity
performance
Swaine B, Gagnon |, Forget R.
7* annual conference of the Euroacademia Multidisciplinaria Neurotrumatologica
Newcastle-upon-Tyne, UK, 26-29 Juin 2002
Acta Neurochirurgica, 2002; 144(7): A35



A. D. Mendelow et al.: Euroacademy of Multidisciplinary Neurotraumatoiogy

References:

1. Swaine B, Yang H, Pless I, Platt R (1999) Proceedings of the
Third World Congress on Brain Injury. Quebec City, Quebec,
Canada, p 230

. Salcido R, Costich J (1992) Brain Injury 6: 293-298
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Mild Traumatic Brain Injury Affects Children’s Confi-
dence in their Physical Activity Performance

B. Swaine'*?, 1. Gagnon'+?*, R. Forget'+

' Centre de recherche interdisciplinaire en réadapta-
tion du Montréal métropolitain, (CRIR), Quebec,
Canada

2Ecole de réadaptation Université de Montréal, Que-
bec, Canada

*Montreal Children’s Hospital-McGill University
Health Center, Quebec, Canada

Introduction: Discharge management protocols similar to those
for returning athletes to sports have been proposed for returning
children to sports and leisure activities following a traumatic brain
injury (TBI). Little is known, however, about how a TBI might af-
fect children’s physical activity (PA) level, competence and self effi-
cacy in physical activity upon their return to such activities.

The purpose of this study was to document the PA level, compe-
tence and self-efficacy in PA among children who had sustained a
mild TBI (mTBI) before and after injury and to compare these data
to those of a non-injured control group matched for age, sex and PA
level.

Methods: Thirty-two children aged 8 to 16 years (mean:
12.2 + 2,9) were recruited in each group. Children with mTBI had
been admitted to hospital for an observation period of several hours
or an overnight stay, had a mean GCS score of 14.8, were considered
normal on a standard neurological assessment at hospital discharge,
and were all allowed to resume regular physical activity 4 weeks after
the injury. Children with mTBI were assessed one day post injury to
document pre-injury status, and at 12 weeks post-TBI. Non-injured
children underwent the same assessments at a corresponding time
interval. The following assessment tools were used: the Physical
Activity Questionnaire (level of PA) [1], the Athletic Competence
subscale of the Self-Perception Profile for Children or Adolescents
(competence in PA) [2] and a Self-Efficacy scale adapted for children
with TBI (confidence in PA).

Results: Two-way ANOVAs (group, time) with repeated measures
on the factor time revealed that mTBI children performed sig-
nificantly worse than those non-injured only on the self-efficacy scale
at 12 weeks post-injury. Paired t tests performed within each group
revealed a decrease (p < .001) in self-efficacy for the mTBI, while the
non-injured group increased (p = .018) over the 12 week interval.
The difference between the initial and 12 week self efficacy level for
the mTBI group, was significantly correlated with the number of
post-concussion symptoms at 4 and 12 weeks, but not with age, ad-
mission GCS or other PA variables.

Conclusions: In conclusion, although mTBI children had returned
to their pre-injury level of PA and had maintained their competence
trait, they did not feel as confident in their ability to perform their
activities at 12 weeks post-injury as compared to how they felt before
their injury.

References:

I. Crocker PRE, Bailey DA, Faulkner RA, Kowalsky K, McGrath
R (1997) Med Sci Sports Exercise 29: 1344-1349

2. Harter S (1982) Child Develop 53: 87-97
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The NHS Information Authority Head Injury Group-
ings Programme

E. Taylor-Whilde

Clinical Researcher NHSIA, London, UK

The project has developed Head Injury groupings anchored in
evidence of effective practice, both Healthcare Resource Groups
(HRGs) and Health Benefit Groups (HBGs). These have been de-
signed to be used by both commissioners and providers.

The NHSIA’s “Healthcare Framework" provides the philosoph-
ical rationale underpinning the Groupings. It requires information to
be collected around patient needs, interventions and outcomes, and
is summed up in the questions “who are we treating?”; “what are we
doing with and for them?”; and “what’s the effect?”

This Healthcare Framework (HCF)maps healthcare needs and
interventions for people at risk of or with head injury. It identifies
standard Health benefit Groups (HBGS) for use by the NHS in its
analysis of healthcare needs.

The HBGs are groups of people with similar healthcare needs
who, given similar interventions, may be expected to have a similar
range of outcomes. They are related where available to Healthcare
Resource Groups (HRGs), which are groups of intervention epi-
sodes expected to consume similar amounts of healthcare resource
and are clinically homogeneous.

The component matrices are intended to be a description of head
injury existing in a population and the potential options for inter-
vention. They are designed to relate to a population of patients
rather than be used in the context of clinical guidelines applying to
an individual. However where clinical guidelines have been devel-
oped nationally these have been used.

The analytical strategy has been simple: to collect data from sources
in the three categories (patient needs, interventions and outcomes).
Some pilot work has been undertaken, identifying sources of data, and
testing the concepts of Healthcare Frameworks, Health Benefit
Groups and Healthcare Resource Groups. Over the past 12 months
the Healthcare Framework has been refined and validated by a Clini-
cal Working Group made up of experts from a broad range of Royal
College and Professional Bodies representatives as well as being
internally peer reviewed by Clinicians working within the NHS Infor-
mation Authority. The Groupings work is now at a stage where fur-
ther detailed piloting will be required by volunteers within the NHS.

Commissioners and Providers can use the matrices:

— as a means of identifying the current services delivered for groups
of people

- as a means of displaying possible option changes in services

- as a structure for recording the desired pattern of service delivery to
be commissioned, and then to monitor the actual delivery of service.

Improving Head Injury Outcome Prediction Using Se-
rum S-100B Levcl: Are Time-Adjusted Mecasurements
More Accurate?

W.J. Townend', C. Dibble', K. Abid?, M. A. Pani?,
D. W. Yates'

'Emergency Department, Hope University Hospital,
Salford, UK

?Medical School, Cambridge University, UK
3Department of Internal Medicine, University Hospi-
tal, Frankfurt am Main, Germany

Introduction: The incidence and extent of disability that may fol-
low apparently minor brain injury are now known to be higher than

1



E.2
Balance findings after a mild head injury in children
Gagnon |, Forget R, Swaine B, Friedman D
3rd World congress of Neurorehabilitation
Venise, ltalie, 2-6 avril 2002
Neurorehabilitation and Neural Repair. 2002; 16: 22-3



ABSTRACTS

been used to examine the attentional demands and _ | .

Forty five patients with mild to intermediate arm 1
their allocation during competing postural and sec- ~1t

impairment due to a single cortical ischemic stroke un-

derwent a rehabilitation program in a virtual environ-
ment in order to apply the “augmented feed-back.”
Subjects were forced to perform goal-directed skills in
numerous virtual scenarios, emulating the correct arm
trajectory prerecorded by a physical therapist. During
the execution of the task, patients could track on a wall
screen their arm trajectory correcting the deviations
from the right prerecorded movement. The program
consisted of 20 sessions, lasting 1 hour, for 5 days a
week.

To evaluate the learning of new motor abilities
rather than spontaneous recovery, we selected only
patients with a minimum interval of 10 months from
the stroke.

The autonomy of daily living activities and the de-
gree of motor impairment were assessed with the func-
tional independence measure scale (FIM) and the
Fugl-Meyer upper limb score, respectively.

Moreover, we analyzed the velocity and the mor-
phological characteristics of the end-effector trajectory
(patient’s hand) in a sequence of specific motor tasks
(mainly reaching movements) executed in the virtual
environment at the beginning and at the end of the
treatment.

Clinical scores improved in response to the ther-
apy: Fugl-Meyer upper limb score and FIM scale im-
proved by 13% and by 7%, respectively. After the
treatment, the velocity of end-effector increased 23 %,
and it was significantly correlated to the Fugl-Meyer
UE score (Spearman’s p). Likewise, the morphological
aspect of the hand trajectories changed from scattered
and curved to coherent and straight-line. These data
suggested the potential application of the artificially
“augmented feedback” in motor rehabilitation.

F22. Postural Control and Attention

1 Speight, A. Reichl*, F. Edelhiiuser, and H. Masur
Department of Neurology, Edith Stein Klinik, Bad
Bergzabern; *Center for Clinical Neuropsychology,
Wiirzburg, Germany

Previous research has shown that sensorimotor
processing essential to postural control requires
attentional resources. Either by injury or age these
attentional requirements associated with maintaining
stability are increased to compensate for deterioration
within the sensory system. Dual-task paradigms have

ondary cognitive tasks.

The purpose of this study was to determine the ef-
fects of impaired attentional capacity on postural sta-
bility in a dual-task situation.

Sixty-two subjects were tested: 15 young adults, 10
healthy older adults, and 37 older stroke patients of
the Department of Neurology at Edith Stein Klinik.
Exclusion criteria were major sensory or balance im-
pairments as well as cognitive deterioration, aphasia,
or neglect.

Subjects were asked to maintain steady stance dur-
ing a no-task or a dual-task condition (fast forward
digit counting task). Postural stability (amplitude,
anteroposterior, and lateral sway) was measured using
the center of pressure (COP) displacement of a dual-
plate static force platform. Stroke patients also per-
formed tests of alertness and selective attention.

In the no-task condition, the stroke patients, as ex-
pected, swayed significantly more than either of the 2
other groups. The addition of a concurrent cognitive
task significantly increased the amplitude and
ipsilateral direction of sway in the patient group but
had no effect on the young or older healthy adults.
Further analysis revealed that significant COP-
displacements only occurred in the attention-impaired
subgroup of the stroke patients. Results from this study
show that impaired attentional capacity in stroke pa-
tients affects their postural stability during perfor-
mance of a secondary cognitive task, while stroke
patients with overall attentional ability perform like
healthy older adults. Implications for neurological re-
habilitation are discussed

F23. Balance Findings after a Mild Head
Injury in Children

I Gagnon'*, R. Forge(*, B. Swaine", and

D. Fricdmar’®

'CRIR Montreal Rehab Institute, *Rehab Stchool,
Université de Montréal, * Montreal Children’s Hospital
McGill University Health Center, Montreal, Canada

Controversy remains as to the existence of motor
difficulties among children following a mild head in-
jury (HI), especially in the area of balance. The pur-
pose of this study was to compare the balance
performance of children who sustained armnild HI with
that of noninjured children matched for age, sex, and

22 NEUROREHABILITATION & NEURAL REPAIR, VOL. 16, NO. 1, 2002



level of premorbid physical activity. Thirty-two chil-
dren aged 8 to 16 years (mean: 11.9, SD: 2.9) were re-
cruited in each group. Children with HI had been
admitted to hospital for an observation period of sev-
eral hours or an overnight stay and had a mean GCS
score of 14.8. All HI children were considered normal
on a standard neurological assessment at hospital dis-
charge. Assessments of balance were conducted at 1
and 4 weeks post-HI and at a corresponding interval
for noninjured children. The following clinical stan-
dardized tools were used to assess different aspects of
balance: the balance subtest of the Bruininks-
Oseretsky Test of Motor Proficiency (BOTMP), the
Pediatric Clinical Test of Sensory Interaction for Bal-
ance (PCTSIB), and the Postural Stress Test (PST).
Two-way ANOV As (group, time) with repeated mea-
sures on the factor time revealed that HI children per-
formed significantly worse (P = 0.002) than those
noninjured only on the balance subtest of the
BOTMP, and this at both testing intervals. In fact, on
average, HI children performed 2.5 and 1.3 years be-
low aged-matched norms at 1 and 4 weeks respec-
tively, while those noninjured performed at 0.3 years
above test norms. These results suggest that, among
the tests investigated, only the BOTMP appears to be a
useful clinical tool to detect differences in balance be-
tween HI and noninjured children. BOTMP scores for
HI children improved over the testing intervals but
never reached the level of performance of those non-
injured. Although no group effect was found, a signifi-
cant time effect over the 4 weeks was found for
children in both groups on the PCTSIB (foam and
dome condition) and on the PST, indicating a possible
learning effect for these tests. Although considered to
have no observable neurological problems at hospital
discharge, children demonstrated initial static balance
deficits in conditions of restricted base of support with-
out visual input. These problems appear to improve
over time but persist until the 4th week post injury.
These results lend support to the use of activity restric-
tions during the initial recovery period, particularly
for those requiring subtle balance skills. The exact du-
ration of balance problems, as well as their impact on
physical activities remains to be determined in order
to develop more specific recommendations regarding
balance in children and returning to activities after a
mild HI.

ABSTRACTS

F24. Functional Reach: Experimental vs.
Clinical Measure of Balance in the
Elderly

E. Jonsson, M. Henriksson, and H, Hirschfeld

Motor Control and Physical Therapy Research Laboratory,
Department of Physical Therapy, Karolinska Institutet,
Stockholm, Sweden

Introduction: Functional Reach (FR) is a common
clinical balance test developed by Duncan et al.
(1990). FR measures the reach distance at shoulder
level between the length of the arm and maximal for-
ward reach in a standing position without altering the
base of support. FR is also used as an item in Berg's
Balance Scale. Previous reports suggest that FR is a
more functional measure of a subject’s margin of sta-
bility than a forward leaning task about the ankle. One
way to explore the stability limits is to investigate the
location and path of the ground reaction force vector
on the base of support (center of pressure, CoP) during
task performance.

Objective: The aim of the study was to investigate
changes in body angles and CoP displacement and to
correlate them to the clinical FR measure result.

Methods: Twenty-seven healthy elderly subjects
(mean age 71.3 years) recruited from elderly organiza-
tions in the vicinity of Huddinge participated. Subjects
were tested by means of whole body kinematics
(ELITE systems) and ground reaction forces (AMTTI)
from both feet parallel with clinjcal yardstick measure
when performing FR.

Results: The mean value for clinical reach distance
was 28 cm (range 18-38 cm). The mean trunk angle of
forward bending relative to the vertical axis was 32 de-
grees, while mean ankle extension was 6 degrees. A
low correlation was found between CoP displacement
and reach distance {r = 0.40). However, a moderate
correlation between reach distance and trunk angle
(r=0.68) was found. CoP displaced forward (66.3 %
mean) on the base of support (stability limits) disre-
garding reach distance and body movement.

Conclusions: The fact that our results show a low
correlation between CoP displacement and reach dis-
tance questions whether FR is a functional measure of
a subject’s stability margins and seems not to favor a
forward leaning task.
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Group 2: Traumatic Brain Injury Treatment
Mecthodology and Efficacy

Artide 6

Nonrundomized Studies of Rehubllitutin for Truumatic Bruin Injury: Cun They Determine
Effectivenex? Junet M. Powell, PhD (Univ Washington Schl Med, Seattle, WA), Nuncy R.
Temkin, PhD, Joun E. Muchamer, MA, Sureyyu 8. Dikmen, PhD.

Drsclostre: None declarcd

Ohjective: To the fecambibity of habu cffcctvencss for tramnatc
brmn snury (TBI) wath » nmnndmmzni design Dnlgn* Obscrvational cohort with confounder

control by reg: hodology Setting: Level 1 trauma conter, Purtidpunts: Consceutive
rencs d365 individuals with TBI discharged o habui or hoinc (7RE follow-up).
Inter Not appl Muin O Meusures: Giesgow Outcome Scalc (GOS), Sick-

ness Iinpact Prohic (SIP). Burden Inveniory, and Percaved Quahity of Life (PQOL). Predictors of
ntcrest included di e o henmve habai or hoinc and length of inpsucnt

hobnl sty R Drscharge to rchabil was d with poorer i g on
the GOS (P=.03) and SIP (P=.57). an incrcased Burden Inventory (P=14), and an ymproved
PQOL (P=.2()). Sumlar rexults were found for longer lengths of inpatent rehabilinbon. Cundu-
sinns: The results eppear 1o be duc 1o confounding mther than to rehabilitation. The atudy design
could not control for '3 lung trom d or ditficuit to mcasurc aspects of
clincal d for disch i and length. Furth typical severity
indices were inadequate 1o mmml for injury scventy and recovery. Matching designs WNTELgaung
TBI rchebilitation arc also at nsk for madcquate confounder control. Key Words: Bran njurics;
Rchabilitavon; Rescarch demgn.

Article 7

1481 1v

with loss 1o follow-up were causc of injury. blaod alcohol icvel, motor funcuon, hasptal paycr
cource, and face and cthmaty Condusions: TBI follow-up studics may cxpencace adective

attnoon of subjects who arc Ity dyrad ged, have a history of substance abuc,
and have wolent injury cool These ph arc '3 for those with more severe motor
dchats. Loxs 1o follow-up m.ny be inh o this popul h . the lpgh rate and 1=

relectve nawre are problcmanc for ovtcome swdics. Key Words: Brasn injuncs; Follow-up studics;
Rchabihwbon.

Article 10

Virtusl Environment Truining Luip: Functionul M in Putients With Acyuired
Bruin Injury. Muureen K. Holden, PhD, PT (MIT, Cumbridge, MA), Annegret Detiwiler,
EdD, PT, Thomus Dyur, MA, Duniel J. Keating, PhD, Geurge Niemunn, PhD, Emilio Bixd,
MD.

Duscl : S dbyB 1l NcuroHealth, The Dudu A [hnl Foundatson, and the National
Insuwyte of Child Health and Human Dy of Health (grant no.,
HD4ip59).

Objectives: To asscxs the teasibsbity of traimng a fi ) {pouning from a cup) uming
a virwal n sub with brain injuncs and to cvalustc motor learming and

gencralization to the real world tollowing rmming. Design: Singlc-subjcct ABABA demgn. Setting:
Nouprotit postaculc bramn injury facihity. Putients: 8 pancnts with prinanly hermparcne deficit (5
nght, 3 ictt) causcd by acqunred bran wjury (mcan age, 27.3=8 By; mcan duration posnpury,
9.5=9.5y: range. 2.5-19y) Interventions: 16 (n=18) or 32 (n=4) scsionx of vireal eaviromment
traming for ivolved upper y. Muin (h M Upper: y mator perfar-
mance was tested i Real World using: the Fugl-Meycer Test of Motar Recovery (FM), Wolf Motar
Test (WMT). and 3-duncnsional kancmatics dunng a pounng tost, Resudts: Pre- and postiretmng
companson uscd a paired ¢ test. Both Fugl-Meycr total per cxtremity (P=_(134) and WMT (P= {X®)
vnproved mgnificantly. Pugl-Mcyer motor subtest showed a trend (P 068). Prehimnary analysis of
the 3-d | trajectory data suggest gh her pour reduced hand and

Botulinum Toxin Type A us un Adjutunt Treutment for Severe Pusttr ic wnd P

trunk omes, and numbcer of velociry peaks toll g rannng. Condusi

Spusticity: A Rundomized, Dunble-Blind, Within-Suhject Plucebo-Controlled Admini

Nuncy Childs, MD (Texus NenruRehsh Center, Austin TX), Walt N, Mercer, PhD, Steve
Swnsiluy, PhurmbD.

Disclosure: Nonc declared.

Ohjective: To cvatuate the cfhcacy of botulimum toxin type A (Bowx) in severe spastaity. Design:
Swgle-center, double-bhnd, placebo llcd. Setti d, inp brmn inpry
prog! n a i d: hab | hosprtal. Pubenls' 9 mcn, 7 wamnen (Rancho Los Amigos
levels TT=TIT). Injury type mcludm trawma (81.3%) and anoxia (18.7%). Interventions: Treotments
included Botox and scnal castng tor 16 pairs of lunbs. Targeted muscles included the gasrocacimi
and postenor tbiahis. Muin Outcome Meusures: Costs of casting, Botox, occumence, and treatinent
of skin breakdown. Results: Although fower casts were required dunng scnal casang, using the
number of casts and mewdence of skm breakdown, the diffcrence berween Batox and the placcho
was not ily C Whilc chimcal impresmon sugpests that
Botox 15 cticacious, our resulis suggest there is no mgnificant diffcrence between Botox and placcho

The umprovements demonstrated by our chminic acq bram mjury
suggest that virtual environinent trning may be a usctul new method n nmmrchatnl:lanon Key
Words: Bran injuncs; Rehab User

Group 3: Traumatic Brain Injury
Quality of Life

Article 11

Wumen With TBl: A Pupulution ut Risk Befure Injury? Tunwrus Bushnik, PhD (Northern
Culiforniu Truumautic Bruin Injury Maodel System of Cure, Suntu Clury Med Cir, Sun Jine,
CA).

when given wath scnal casting. Key Wards: Botuhinum toxin type A; Bran s Py
vegetative state; Rehabilinbon

Article 8§

Writing un Informed Consent for R h ta Be Und d by Individuuls With T: i

Bruin Injury. Cynthiu L. Hurrison-Felix, MS (Cruig Hosp Res Dept, Englewind, CO).

Disclosure: None declarcd.

Objective: To develop an informed consent for for mdividuals with

bran mpry (TBI). Design: Ethical pnnaipics, local mstitutonal revicw board (TRB) cnitena, and

readability forimulas wiore used to demgn an nt coascit d Setting: A federally

demgmatcd Trawnatic Brain Injury Madcl Systems center. Purhupum.s. Adults with TBI recciving
h and par gn h Inter Not applicable. Muin On

D S by the N 1T on Disabity and R Ottice of
Special Educanon and Rehailitative Services, US Dept of Educaton (grant no. HI33AY70018).

Ohjective: To ch of woimen with trawnanc broin injury (TBD with
population norms and men with TBI. Devign: Longitodinal data collection. Setting: 17 Troutnatic
Brain Injury Model Sy (TBIMS). Purtid 331 worncn and 1052 men in the TBIMS
Ni | Databasc. imn i Not appl Muin O Meusures: Premorbrd deno-
graphuc and psych | ch Results: The national average for high school complction
for ages 18 1o 24 yeom 15 85%, compared with 67% (woinen) and S6% (ncn) in this samplc.
Natianal high school dropout rates for ages 16 to 24 years arc 12%, comparcd with 27% {woincn)
end 36% (ncn) in this sample. 35% of US women aged 25 to 34 years arc mamed, comparcd with
28% of the women in Uns sample. 9.8% of US adults arc divorced; the divoree rate w this samplc
was 12% (women) and 13% (mcn). Heavy dninking rates arc cstimated 1 10% of the populstion,

Meusures: S

length, word ditheulty, fe g. rcadabit Results: The pi
consent d long paragraphs with an avcrage of 24 scntcnces per
paragraph, 24.3 words per semtenee, and 4 & characters per word. The Flesch Reading Easc scorc
wax 45.6 and the Fiesch-Kineaid Grade Leve) was 12, The new inforined conscit document has a
question-answer tonnat with bullcted statemnents and contams an average of 1.1 scntences per
paragraph. 1014 words per sentence, and 4.2 characters per word. The Flesch Rcading Easc score 15
741 and thc Resch-Kincand Grade Level is 5.5. Conclisions: By uvsing somc mmple cthical

TRB guidel and rcadabilsty fi las, an coascat for h d can
be made casier to understand tor individuals wath TBI. It 1s also recominended o ask individuals
provicing conscnt to cxplan what lhcy arc bcmg asked to do to assurc that they vnderstand the

roscarch, Key Words: Braimn inj s Tnte : Rchabi
Artide 9
Sy ic Bius in Tr ic Bruin Injury Outcume Studies Due to Lass o Follow-Up, Juhn

D. Courrigun, PhD (Cruig Hosp Res Dept, Englewnad, CO), Cynthiu Harrison-Felix, MS,
Jennifer Bogner, PhD, Murcel Dijkers, PhD, Melissu Sendroy Terdill, BA, Gule Whiteneck,
PhD.

Drsclosure: Nonc declared

Ohjective: To idenbty potcinal sources of sclcction bias created by subycets lost to follow-up in
studics of travmate bramn wyery (TBD). Design: Domographic, promorbid, wgury-reiated, snd
hospriahizanon charactensocs were eonmpared between subjeets lost and found tor 1- and 2-ycar
pastnjury tollow-ups. using brvanatc tesis and logisnc onalyms. S

3 prospecove,

longnucinal datascis. Purticipunts: Adol and adulis h hized with a d of TBI
Inter i Not applicablc. Muin O Mrwsures: Subjcts were conmdered lost when no

intonnation was coliccted trom the person wath TBIL or only himied informanon could be obnned
trom 3 proxy Results: At year- | follow-up, SR.O% to 58.6% of subjccis were tound; 39 7% 10
4200% of subjeets were found et both ycars | and 2. Regression vanables most frequently associated

parcd with 31% (womnen) and SY% (incn) in this sample. 6.4% of adults report usag il
drugs, compared with 21% (woimcn) and 36% (incn) in this samplc. Litctine incarceration rates for
US womncn arc 1.1%: 2.7% of the sample womcen roported ancarcerabon pre-TBL. Conclusiuns:
Woincn with TBI had sub y worsc di tic and psych | ch d
with US population nonins, although nat to the degree that inen with TBI did Key Words: Bran
uyuncs; Rchabihtabon

Article 12

Trunsient Incresse in Respunse Tinwe After u Mild Heud Injury in Chddren. Lxuhelle ('ugmug
PT, MSc (CRIR Inst Rewduptution de Montrea); Ecole de Reud Univ M
Mauntreul Children's Hosp-MeGill Unsv Heutth Ctr, Montreal, Que, Cunudy), Robert Fnrud..
PT, PhD, Bonnie Swuine, PT, PhD, Drboruh Friednn, PT, BSc.

Dmclmum: Nonc declarced

Ohj To the tunc of childron stier amild head mpry wath that of nomajured
children matched m‘ age, sex, aud promorind lovel of physical activity. Design: Cohont study,
Setting: Pediatne travma center Purticipunts: 37 children aged 7 10 16 ycars (incan, 12,222 8y)
were reennted i cach group. Children with imld head injury had a incan Glasgow Coina Scale scorc
of 14 8, and were dered nonmal on o log at hospital drscharge. Nomnjured
children werc tnends of those with mild head nyury. Interventinn: Asscasicits of respanse tne
were conducted at |, 4, and 12 weeks atier imld head 1njury and ot comesponding inc uscrvals for
conwrols. Main Outcome Measures: Response speed subtest of the Brunnnks-Oscretsky Test of
Matar Prohciency (BOTMP) and results on on apparatus developed for tins study 0 measure
reachion Binc, movement tunc, and return to targel ame lm both upper and lower extremmitics, for
sunplc, chmcc and roversed chowce resp tme p R Children with inild head
mury d d lower po ¢ than thasc nmunjured (P= XM} on thc BOTMP only |
woek jury. They also d d slower return to larget tincs at | woek postingury
(P=_1126) for the reversed chmee responsc bine paradigm for the lower cxtrombses only. Conclu-
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siun: Children with a muld head injury dononstratcd response tine defiats | week postngury that
subscquently sinprove over tme. Key Waords: Brain injuncs; Rchatnhtaton.

Artide 13

Perceived Stress in Women Whh Phyxicul Dissbilities. Risemury B. Hughes, PhD (Baylor Cull
Med, Houstan, TX), Heuther B. Tuylor, PhD, Susun Robinwin-Wheisn, PhD, Murguret A.
Nusek, PhD.

Drsclosurc: Nonc declared.

cvalustors dunng the kame meal and 74 wore asseased by the same cvaluator dunng 2 meals.
Inter j Not applicabic. Muin O Meusures: An cvalustor bhinded 1o MISA results
perfonncd chart reviews and sdimmistered the Modificd Mini-Mental State Exarmination (Moditicd
MMSE). Numing stafl blinded to MISA results completed the Giobal Detenorabon Scale and
FIM™ Results: 1 1 | h wrre wed o determane relabohity.
Intcrrater rehability was .86 for the towl scarc (range, .67—.95 on 5 scales; 95% CL. .79~ 91)
Intrarater rechabibty was 88 (mnge. .63- .88 95% CI, .K2—-.92). Velidity was cvalusicd by
segression analyscs of MISA scores with FIM, Global Dy Scalc, and MMSE

Objective: To cxamnc the extent 1o which aocisl support, cumrent sbusc, pain, snd social 1solation scorcs. A priom hy baked an d d rod hip: feeding skalin, mental ststs,
contnbuic to perearved stross among women with dissbilioex beyond graphic and disabibity and of daily living were contirmed. Condusiuns: The MISA has adequate vahdity and
related factors. Design: Carrch | desgn umng pechive data Purtici 415 women rcliability for reacarch and for pabcnt asscasinct. Key Words: Dysphama: Rehatnhtabon

with phy thrabn Setti chmes Inter b Not hcablc. Mam Ou-

cume Mewsure: Perccived Sm:m Scalc. Results: In & P analyns, the comrclatcs
h a morc mall (rocial suppont, soctal wwolstion, pain, curcat abusc) contnbuted
mgnificant venation over and above demographic and disabihity blacks. Soqal support was inverscly
roiated o porcoived streas while curvent abuse and pain d p ly w po d siress
These vanables predicted streas over and above all of the other d: Icax matlcabl:
2 bl (ngn b hold incomc) and 2 disatality vanablcs (mobihity, nced for

J y to percaved stress. Conclusim: Woinen with physical
dlnbllmcs may be at risk for greater siress if they lack social support, expencnce high levels of pain,
and/or cxpenence abure Perceived stress appears to be greater tor woinen who arc younger, have
less ucome, have loss inobnhty, and have greater necd for porsonal asmstance. Key Words:
Rchabilitaton; Seress; Woimnen,

Artide 14

The A intim B Functionu] Lind und Reduced Life Purti Murguret G,

Stinemun, MD (Univ Pennsylvunis, Philidelphis, PA), Richurd N. Rins, MS, Greg Muiskin,
MS, MA.

Drsclosure: Nonc declared.

Ohjective: To explore how lumianans in phymcal, mental, and rocial funchomng reduce paric

pauon 1n hic. Design: A sample with hied data to obtain unbnased parametcr
oxtunates. The eficct of vanous types of 1 on fi bed dsys was csimated
thmugh logistic regrewion after controlling for age. gender, low tamily income, and loss than a high
school cdu:nuon Thc vanablc frequent hcd dlyx was used to approximatc restniction wn hic

e The Purtici I(I&(lSB o
the 1994 and 1995 Natonal H:nhh Inl::nncw Survcy. Inter i Not Muin
[¢] Meusures: Reduced d as g 30) days or morc i bed over

the last ycor. Results: People ‘nlh scvorc Iummums in physical l’unnxm wert 33.2 nimes morc
likely (95% Cl1. 23.8-46.1) w cxpenence frequent doctor visits than those without limations.
Thosc wath li in psychologic and social fi had odds ratios of 2.1 (95% CL 1.9-2.3)
and 1.9 (95% CL 1.6-2.2), rcspeeuvely. Clmdnsnn Whllc scvere physical limitations arc most
highly associaicd wath bed days, social and p ' g wore also p predic-
tors. Thix highhights the nced for phy

Inmﬁms ltiple d of functioning when

sttempling to cinpower people with disabilitsics 1n ways that cnhance life participation. Key Word:
Rchabilitation.

Article 15

The Muyo Portlund Aduptubility L y as un n M in Pediutric Acyuired
Bruin Injury Rehuhilitution. Peter Rwnney, MD, FRCPC (Blorview MucMitiun Children's
Cir, Torunta, Ont, Cunudu), Nuncy Thamus-Stonell, BSc, DSP-SLP(C)CCC, Brce Oddsnn,
PhD,

Disclosure: Nonc declared.

Ohjective; To dewermine whether the Mayo Portland Adaptabibty Inventory (MPAT) s & viable

m ped bramn wyury rchabal Desiggn: Review of a 9i-chicnt
cluncal dowbasc 1 which scores were entered prospechively. Setting: An d brawn inury
acute rchabl Purtid| Pcdmlnc paucnis with oderate to scvere acqinred

brawn ngury lnlzrvmum' MPAI as an oulcoine t0ol. Muin Outcume Meusures: MPAT at
adtmssion, discharge, and then at 6-nonth and 1-, 2-, 3-, 4-, and S-ycar follow-up. Resuhs: The
MPAT has been adopted to imcct the nceds of pediatnic acquired brain njury rchabehitotion and 15
rchable and statisically vakid in this sctng. Correlaton of outcomes wath carly onsct mdlcnm of

scverity show rehable trends with MPAT reores, but of carly p scan
results showed no L wath In add the | of a ymmgcr ape with a
poorer outcome was conhrmed vang the MPAI and through chmcal ohsmnuan over long-tenn
cvaluanon. Conclusiuns: The MPAT 1 usctul n for p d bran
wjury rchabal with some Y d Key Words: an mpuncs, Ouicoinc

Mcasurc; Pediatnes; Rehabilitanon,

Group 4: Measurement and Outcome

Article 16

Psychometric Properties of the McGill Ingestive Skills Avessment. Heather Lumbert, OT(C)
(MeGY) Univ Schl Phys Occup Ther, Muntreul, Que), Eriks Gised, PhD, OTR, Shuron
Waond-Duuphil PhD, PT, Michuel Gruher, PhD, CCC-SLP, Michuel Ahruhunowicz, PhD.
Drsclosure: Supported by Fonds de la Recherche en Santé du Québee, the Nobanal Health Rescarch
Program, and Canadian O« Therapy Found
Ohjective: To blish the peych props of the McGill Ingestive Sklls Asscssinent
(MISA) tor ciderly inchviduals with g dysphagia. Dexign: Prych teshng. masked
compansan. Setting: Public long-tenm carc and nummng facilines. Putients: Vahdity data were
obtained on a reterred sampic of 102 parbopants. Of thee, RS were by 2 indcpend

Artide 17

C Jizution wnd Psy ic E of the Purtidpution Meusure for Pistscute
Cure, Burharu Gundek, MS (Heulth Assexsment Lub, Bastion, MA), Sumusel J. Sinduir, MEd,
John E. Wure Jr, PhD.

Disclosurc: Nonc declared.

Ohjective: To cval the Particip N for Py Carc (PM-PAC). & parucipabon
mcasurc bescd on the Internatonal Classification of Functiomng, Duabduy and Health, Design:

C |, Setting: Ncw England rchabil conters. Purtiopunts: 395 pabents (mcan age,
6l); 59% fcmalc) wath logic (n=[55), | nervous sysiem traving (n=24), orthopedic
(n=105), or other medical (n=111) diag| Inter Not ) Muin (h

Meusures: The PM-PAC was d o I n 9d (mabihity, fole

lasurc and aivic hife, socal relatonships, inforimabon cx
change, home life, cconomc hic) from the pabent’s porspective. Higher scores reficet tewer
reportcd lumtauons. The PM-PAC also includ g the trog y of s
and other 8 iems. Resubts: locmal y rchability (Cronbach o) ranged
from 73 to 92 (mcdian=_81) for the 9 scalcs. As hypothcmzed, scale scores pencrally reficeted
clhimcal scventy (cg. arthopedic pabcnts wath a Renlan Scale of no/slight disabibity hod igher scores
[tewer himtabions] than moderate and scvare pabents [P<.05]). Days per weck spent sway trom
hoinc and cinployment status were y (P< (XX, hypoth d d w0
rclated to mobility (+). rolc functomng (+). and lasure end avic lifc (+) scores. However, ame

sway froin home was not rolated to the or zocisl rel hips scales. Concdi
‘The PM-PAC 15 a p g ol for g P p n | bl
settings. Key Words: Panent p : Prych Rch

Articie 18

Compurison of Munugement of Deduyed-Onset Musde Sorenes. Hyun Seok, MD (Dept
Rehubil Med, Coll Med, Saonchunhyung Univ, Chunun, Kored), Ki-Hyun Kim, MD, Jue-Ho
Moon, MD, Jun Rue Noh, MD.

Drrclosurc: None declarcd.

Ohjective: To investigate the cthcacy of physcal thempy or analgencs in the management of
dclayed-onsct muscic sorencss. Design: Double-blind, randoimzed tnal. Setting: Hospital labora-
tory. Purtidpunts: 52 hcalthy umiversily stodents (48 men, 4 womcn) with no nusculoskciclal
discasc parnoipated. Interventinn: Sub 1l dito | ot 5 groups: heat
therapy, cold therapy., aspinn (3g), acetaminophen (l950mg). and placcbo (n=11), tor cach group).
Subjects were asked to extend thewr d knee with hods and to try to hold
the knec wath cocentnic contraction at 3(0° angular velocity, They performed 10 repctinons and then
rosted for 30 scconds. This process was rop untl cxh Muin O Meusures:
Visual analog scalc (VAS), McGill Pat Quesbonnaire (MPQ), and Pan Rating Score (PRS). The
MPQ was waken on days | and 5; other mcasurcinents were aken on cach day of expenincnt
Results: The VAS and PRS showed changes ovar tinc, but a0 sigmticant diftcrence in peak scorcs
and relicf tune between groups (P>.0 5). The MPQ showed cremental change over nine, but o
sigmbicant ditference between groups (P> ()5) Conclusion: There was mo bencticis! cffect trom

cold or heat therapy or trom y p d medi n the of dclaycd-onsct
muscic Key Waords: A hen; Aspine; Cryoth : Heat; Rchatnl;

Artide 19

Mugnetic Field Therupy for Symp ic Diubetic N puthy. A Rund Duuble-Blind,

Pluceho-Contrulled Triul. Michuel L Weintruub, MD (New Yark Med Cull, Valhalle, NY), Gid
L Wulfe, MD, Steven P. Colege, PhD, fur the Diubetic Neuruputhy Mugnetic Reeurch € rup.
Drsclasure: None declared.
Ohjective: To o it oot 1soles (450G) can
reduce neuropathic pan and unprove quahity of hife (QOL) scorcs 1n sympiomanc diabctic penph
cral acuropathy (DPN). Design: Randomized, placcbo-control sidy Setting: 4% comters i 27
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Québec City, July 31, 2002

Subject . Your poster proposition « Decreased postural stability following a mild
traumatic brain injury in children »
For the International Conference on Post-Trauma Rehabilitation

Madam, Sir:

We have read with much interest your submission for the poster session and we
have the pleasure of informing you that we accept your proposal.

We would like to remind you a few technical points :

e Each poster should be 1 meter X 1 meter.

e Each panel can display two posters.

 Posters will be grouped by themes, for example : TBI, SCI, Ol, interventions,
research, etc.

» The posters will be displayed in the room where the « pauses-santé » will be
taken. On your arrival, you will be shown the place where the presentation
will be held.

There will not be any electrical outlets or special lighting available.

¢ People participating in all three days of the congress will have to install their
poster between 10 a.m. and noon on Wednesday, October 16" and take
them down from 10 :30 a.m. Friday, October 18"

» People presenting posters for a single day will have to install them in the
morning and take them down in the evening, before leaving.

e Velcro should be used to hand up posters.

Please note that to participate at the poster session you should first be
registered at the congress.

N.B. There will be one table and two chairs available at each information stand.
We thank you for your interest in presenting the results of your research or the

technical equipment necessary for rehabilitation in the field of traumatology and
we hope that you have a pleasant stay with us.

abanne, Chair
Scientific Committee



Abrege présenté au Congrés international de réadaptation en traumatologie. Québec,
16-18 octobre 2002.

Decreased postural stability following a mild traumatic brain injury in children

The existence of balance difficulties in children following a mild traumatic brain injury
(mTBI) remains controversial. The purpose of this study was to compare the balance of
children who sustained a mTBI with that of non-injured children matched for age, sex and
level of pre-morbid physical activity. Thirty seven children aged 7 to 16 yrs (12.2+2.8)
were recruited in each group. Children with mTBI had a mean GCS of 14.8 and were
considered normal on a neurological assessment at hospital discharge. Non-injured
children were friends of those with mTBI. Assessments were conducted at 1, 4 and 12
weeks post-MTBI and at corresponding time intervals for the controls. The following
clinical standardized tools were used to assess different aspects of balance: the balance
subtest of the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP), the Pediatric
Clinical Test of Sensory Interaction for Balance (PCTSIB) and the Postural Stress Test
(PST). MTBI children performed significantly worse than those non-injured on the
balance subtest of the BOTMP(p=.001) and on the PST (p=.03). These results suggest
that, among the tests investigated, the BOTMP and the PST appear to be useful clinical
tools to detect differences in balance between mTBI and non-injured children. A
significant time effect over the 12 weeks was found for both groups on some PCTSIB
items (p=.05-.001)and on the PST (p=.001), indicating a possible learning effect for these
tests. Although considered to have no observable neurological problems at hospital
discharge, children demonstrated difficulties in dynamic balance for conditions of
restricted base of support and in response to external perturbations. These problems
appeared to improve over time, but persisted until the 12t week post injury. As such,
they should be taken into consideration when planning a return to physical activities,
particularly to those requiring subtle balance skills.
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RETURN TO PHYSICAL ACTIVITIES AFTER A MILD HEAD INJURY IN
CHILDREN. Isabelle Gagnon (Robert Forget, Bonnie Swaine) Sciences
Biomédicales, Université de Montréal, Québec.

Objective: Little is known about how a TBI might affect children's return to
physical activities (PA). The purpose of this study was to document the PA
level, competence and self-efficacy in PA among children who had
sustained a mild TBI (mTBI) before and after injury and to compare these
data to those of a non-injured control group matched for age, sex and PA
level. Methods: 32 children (12.2yrs + 2,9yrs) were recruited in each group.
Children with mTBI had been admitted to hospital for an observation period
of several hours or an overnight stay, had a mean GCS score of 14.8, were
considered normal on a standard neurological assessment at hospital
discharge, and were all allowed to resume regular physical activity 4 weeks
after the injury. Children with mTBI were assessed 1 day post injury to
document pre-injury status, and at 12 weeks post-mTBI. Non-injured
children underwent the same assessments at a corresponding time interval.
The following assessment tools were used: the Physical Activity
Questionnaire (level of PA), the Athletic Competence subscale of the Self-
Perception Profile for Children or Adolescents (competence in PA) and a
Self-Efficacy scale adapted for children with TBI (confidence in PA).
Results: MTBI children performed significantly worse than those non-
injured only on the self-efficacy scale at 12 weeks post-injury. The
difference between the initial and 12 week self efficacy level for the mTB!
group, was significantly correfated with the number of post-concussion
symptoms at 4 and 12 weeks, but not with age, admission GCS or other PA
variables. Conclusions: In conclusion, although mTBI children had
returned to their pre-injury level of PA and had maintained their competence
trait, they did not feel as confident in their ability to perform their activities at
12 weeks post-injury as compared to how they felt before their injury.
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19 December 2002

Dear Colleague,
WCPT 14™ INTERNATIONAL CONGRESS

Thank you for submitting your abstract ref 1563 entitled:

THE SENSORY ORGANIZATION TEST AND THE PEDIATRIC CLINICAL TEST
OF SENSORY INTERACTION FOR BALANCE: DO THEY MEASURE THE
SAME CONCEPT IN HEALTHY CHILDREN?

for presentation at the 14" International Congress of WCPT.

We have pleasure in informing you that your abstract has been accepted as
a Research Report Poster.

Before we can place your abstract in the final programme we must receive
the following information. Please send this to us as soon as possible, but
absolutely no later than 15 FEBRUARY 2003 :-

1. Confirmation of your intention to present

Please email isc@wcpt.org, quoting your Abstract Ref No, advising whether
or not you intend to present this abstract (don’t forget to include items (2) &
(3) listed below)

2. Completed audio-visual requirements form

This form is attached to this letter.

Please check we haven't made any errors in your abstract title, contact
details etc. Please do not make any amendments on the form, details of
any corrections should be included in your email

3. Speakers biography

This should be no more than 100 words, and should contain any information
you would like to be included when the Chair of your session introduces you.
(Please remember to quote your Abstract Ref No, Name and Abstract Title)

4. Registration form & fee

You must register for the Congress if you intend to present your abstract.
You can register online at www.wcpt.org/congress by completing the online
registration form, or downloading a copy of the registration form and posting
or faxing it to the Congress office. When completing the registration form,
please enter your Abstract Ref No after your name. If you've already
registered without including the Ref. No, don't worry, this is not essential.

The World Confederation for Physical Therapy (WCPT)
represents the physical therapy profession worldwide

WCPT 1s registered 1n the UK as a chanty, no 234307
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THE SENSORY ORGANIZATION TEST AND THE PEDIATRIC CLINICAL TEST OF SENSORY INTERACTION FOR BALANCE: DO
THEY MEASURE THE SAME CONCEPT IN HEALTHY CHILDREN? Gagnon, |, Swaine, B, Forget, R; School of Rehabilitation, Faculty of
Medicine, University of Montreal, Montreal, Canada.

PURPOSE: As balance is a pre-requisite to many activities, its evaluation is a core component of the pediatric rehabilitation specialist's
assessment. Both the Sensory Organization Test (SOT) of the Neurocom Smart Balance Master™ and the Pediatric Clinical Test of Sensory
Interaction for Balance (PCTSIB), created as an inexpensive clinical aiternative to the former, have been developed to quantify the ability to
maintain balance in the presence of sensory conflicts and both have been used with children. The purpose of this study was to compare the
performance of healthy children on these two evaluations of standing balance. RELEVANCE: It is essential for physical therapists to know
whether the PCTSIB can in fact replace the SOT in the pediatric clinical setting. Therefore the relationship between the two measures needs
to be established. SUBJECTS: Sixteen healthy children aged 5 to 16 years (9.8? SD=3.5 yrs) participated in this exploratory study.
METHODS: Children were assessed at a rehabilitation center during a single 30 minute session, with the PCTSIB always performed first in
order to decrease the experimenter bias when administering the the clinical tool. For the SOT, computer controled movements of the standing
platform and of the visual background are used to produce sensory perturbations and six different sensory testing conditions were conducted.
For the PCTSIB, a foam and a dome are used to perturb proprioceptive and visual inputs respectively, in six sensory testing conditions. The
PCTSIB was conducted in tandem and unipodal standing. ANALYSIS: Spearman rank order correlation coefficients were calculated to
compare the performances on the PCTSIB to those obtained on the SOT. Coefficients were also calculated to examine the relationship
between age and test performances. RESULTS: Only 3 conditions of the SOT were significantly related to the corresponding PCTSIB
conditions: the eyes closed-stable surface conditions with both tandem (R2=0.501 )and unilateral stance (R2=0.534), and the sway
vision-stable surface condition with the unilateral stance position (R2=0.580). The lack of comparability between the two tests in terms of the
nature of the support surfaces and of the visual conflict imposed on the children couid explain part of the apparent lack of relation. On the
other hand, all SOT conditions, four of six PCTSIB unilateral stance conditions but no tandem conditions, were significantly related to age
(R2=0.516 - 0.810). CONCLUSION: Although the two tests are associated with age, they do not measure the same sensory organization
abilitiesb. As such, they each provide different and complementary information about children’s balance.
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Déclaration des coauteurs

A qui de droit :

Par la présente, nous les soussignés, donnons la permission de microfilmer le contenu de la
présente these.

Robert Forget, Ph.D.

Bonnie Swaine. Ph D

vebbie Frieaman, B.5C.

20 juin 2003
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