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ABSTRACT 

Cerebral paisy is a non-progressive disorder associated with 

brain in jury, detect, or dlsease, of early onset. Emphasis IS placed on 

the more easily observable motor deficits, with any underlying 
sensory deficits often being overlooked. Existing sensory 

assessments have either been standardized on an adult population or 
for a paediatric population without significant neuromotor 

impalrment. Thus, there is a need to formulate a standardized 

sensory assessment battery that may be used to evaluate physically 
handicapped children. A review of the literature hlghlights the 

necessity to evaluate the presence and extent of sensory dysfunction 

in school-age hemipleglc children, us mg a standardlzed clinical 
sensory assessment battery, as weil as somatosensory evoked 

potentials. 

A relJable sensory battery, which asses ses 5 sensory modalltl8s, 

was formulated and normative data for school-age chlldren was 

derived. Sensory function was evaluated in 9 hemiplegic children (4-

19 years) and 18 healthy age-matched controls. Significant bilateral 

sensory deficits were documented in hemiplegic childr9n. Thus a 
sensory assessment should be an integral part of the evaluation of a 
child with hemiplegia . 



1 SOMMAIRE 

La paralysie cérébrale est un désordre non-progressif causé par 

un accident cérébral qUI se produit assez tôt dans le développement 

L'emphase est placée sur les déficits moteurs qui sont plus 

facilement observables que les déficits sensitifs, bien que ces 

derniers existent et sont souvent mis de côté. Des données relatives 

aux troubles sensitifs ont été accumulées SOit pour les adultes, SOit 
pour les enfants sans problèmes moteurs importants Il serait 

cependant important de formulE.\r une évaluation sensitive 

standardisée utilisable dans l'evaluatlon d'enfants handicapés 

physiquement. En revisant la littérature, on s'aperçoit de la 

nécessité d'évaluer la p"ésence et l'éntendue des dysfonctions 

sensitives chez les enfants hémiplégiques d'âge scolaire en utilisant 

un mode d'évaluation standard comprenant différents test ainsI que 

les potentiels évoqués somesthésiques 

Différents tests sensitifs fiabies fu rent exécutés; ceux-cI 

évaluaient 5 modalités sensitives et les valeur normales furent 

obtenues chez des enfants d'age scolaire L'évaluation sensitive de 9 

e"fants hémiplégiques (4-19 and) et 18 enfants sains fut obtenue De 

sérieux déficits sensitifs bilatéraux furent documentés chez les 

enfants hémiplégiques. Donc, l'évaluation sensitive devrait toujours 

faire partie integrante de l'evaluatlon globale d'enfants 

hémiplégiques. 
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PREFACE 
Cerebral Paisy (CP) IS deflned as a non-progressive motor 

disorder due to bram in jury, defeet, or dlsease, of early onsbt (Clark 

and Allen, 1985). Emphasls has been placed on the more easlly 

observable moior deflclts wlth any underlYlng sensory deficlts often 
belng overlooked. Several studie3 in the 1950's and 1960's suggested 

that the incidence of sensory deflclts in cr children was quite hlgh 

(Hohman et al, 1958, Kenn9y, 1963; TachdJiar. and Minear, 1958; 

Tlzard et al, 1954) At least 40% and up ta 73% of spastic 

hemipleglc chlldren were found to have sensory Impairment (Jones, 
1976; Kenney, 1963, Monfraix et al, 1961; Tachdjlan and Minear, 

1958) The most commonly identlfled sensory deficits were 

astereognosls, Impalred two-point dlscrrmlnation and Impaired 

proprroceptlon However these results need to be verifled due to the 

many methodological and statlstlcal errors whlch eXlst ln these 

studles Thus, it can be seen that effective evaluation and treatment 

of chlldren with CP should mclude sensory assessment due to the 

hlgh prevalenc€ of sensory deficlts ln th,s population 
The eXlstmg sensory assessments have either been standardlzed 

on an adult population or on a paediatrrc population with the 

necessary motor skilis to perform the test (Dannenbaum and Dykes, 

1988). Revlew of the Iiteratu re th u s hlg h Iights the n eed to 

formulate a standardlzed sensory assessrnent battery that can be 

used for chlldren wlth neuromotor deflclts. 

Somatosensory Evoked Potentlals (SEP) are electrical 

manifestations of the braln's reception of and response to the 

stimulation of the somatosensory system (Chlappa, 1990). SEP are a 

non-noxious, non-Invasive method of evaluating the integrity of the 

dorsal column-medlal lemnlscal system. They have been shown ta 

have a hlgh sorrelatlon with the seventy of n8urologica\ 

impalrment, magnitude of sensory deflcits present and level of 

functlonal disabllity in an adult stroke population (Karnaze et al, 

1987; Larson et al, 1966 Llberson, 1966; Zeman and Yiannikas. 
1989). 

The dorsal column-medial lemnlscal system and parietal cortex 

medlate sensations of proprioception, two-point discrimination, 



1 point localization, stereognosis, position sense, klnesthesia and 

directionality (Carlson, 1981; Dykes. 1982; Roland. 1987; Seal. 

1989). Thus it would be of interest to test these sensations 

clinically and compare the results obtained to SEP fmdlngs ln 

children sustaining brain in jury. It is as yet unclear whether SEP 

measure the integrity of specifie sensory modalltles 

Hence this study will formulate a rellable sensory-motor battery 

which can be applied to a paedlatnc population wlth neuromotor 

impairment. This battery will be used to evaluate the presence of 

sensory impairments ln children wlth hemlpleglc CP The 

relationship between sensory deficits and SEP findmgs ln these 

children will be explored. The correlation between the extent of 

sensory loss and the level of motor dlsabtilty will be evaluated 

within subjects as weil. 

ln Chapter 1, the Iiterature on the somatosensory system. 

existing sensory tests, and sensory involvement ln CP, as measured 

by clinical and electrophyslologic methods. IS revlewed After 

careful survey of the !iterature objectives of th\5 study are 

outlined. The following chapter summarizes the methodology used ln 

my study. The selection criteria for SUbJ8CtS and contrais, the 

experimental design, and the assessments used for the examlnatlon 

of sensory and motor function are dellneated. The thlrd chapter 

diseloses the fmdings of thls study. The fourth chapter dlscusses 

the relatlonsh ip between my study with previously performed 

research. Results of thls study and thelr relevance ta cllnlcal 

practice are hlghlighted, and original contributions are emphaslzed 

ln this study a standardized sensory assessment battery for 

school-aged children was formulated, which can be applred to 

patients with neuromotor Injuries. The extent and nature of sensory 

deficits in hemipleglc ehildren was also illustrated The 

significance of these findings among health professionals, who treat 

children with CP IS emphaslzed. 

1 1 
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1 1. LITERATURE REVIEW 

1.1 DEFINITION AND CLASSIFICATION OF CEREBRAL PALSY 

The first step is to have an understanding of the phenomenon 
called Cerebral Paisy (CP). CP is a global diagnostic category 
encompassing a group of disorders with multiple etiologies, 
neuropathologies and symptomatologies, grouped together for 
convenient management (800ne, 1978; Brown, 1984). Though 
emphasis has always been placed on aberrant motor control and 
posture which are its primary characteristics, sensory deficits are 
often thought to be present (Hohman et al, 1958; Tizard et al, 1954). 

To date, CP remains a therapeutlc challenge. Its uncertain 
l' tiology frustrates attempts at prevention, and therapeutic efficacy 
had not been easily determined because of its poorly deflned 
prognosis (Lord, 1984). 

ln the U.S.A., CP occurs in every 1 to 5/1000 live blrths It IS 

estimated that approximately 400,000 living children ln the U.S.A. 
have CP (Lord, 1984). It is one of the most common, chronic 
childhood handicapping conditions. 

ln 1956, Minear developed a classification for the Amencan 
Academy of Cerebral Paisy based on motor symptoms corresponding 
to the suspected site of lesion. For example, the spastlc form of CP 
could be due to a lesion of the cerebral motor cortex and/or a les ion 
of the internai capsule (Chapman and Wiesendanger, 1982) There 
have been some criticisms of this system of classifwation It was 
considered to be a very rigid form of classification for the very 
young infant, whose central nervous system is still developlng, and 

in whom there may be changes in symptomatology as the central 

nervous system matures (Clark and Allen, 1985). 
Minear's cla~sification can be expanded to include the severity, 

clinical presentation and anatomical distribution of the InJury. Thus 

CP can be of the mild, moderate or severe types. It can be cllnlca"y 
classified as spastic, athetoid, ataxic, flaccid or mixed (Appendlx 
A). It may be classified according to the number of Iimbs involved. 
These clinical manifestations would include diplegia, monoplegla, 

hemiplegia, and quadriplegia. 

1 



The possible etiologies and the associated neuropathology, and 
clinical features in static encephalopathy will now be described. 
Hypoxic-ischemic brain injury is 1 of the major causes of static 
encephalopathy (Volpe, 1987). There are 2 mechanisms by which the 
perinatal brain can face oxygen deprivation. These include 
hypoxemia, in which the oxygen in the blood suppl Y is decreased, and 
ischemia, where the blood supply to the bram is diminished. Both 
hypoxemia and ischemia can occur as a result of asphyxia or 
impaired exchange of gases (i.e. oxygen and carbon dioxide). The 
maturity of the brain at time of the in jury, and the seve rit y and 
duration of the in jury, will influence the nature of the hypoxic
ischemic lesion (Hill, 1991). Hypoxic-ischemic encephalopathy 
presents with 5 major patterns of brain in jury. They are selective 
neuronal necrosis, status marmoratus, parasag ittal 1 nJury, 
periventricular leukomalacia and focal/multifocal ischemic brain 
necrosis. 1 shall briefly review them ail. 

Selective neuronal necrosis is felt to be the most common type of 
hypoxic-ischemic in jury in the neonatal brain. It often presents 
itself with the other varieties of hypoxic-ischemic in jury. Neurons 
of the cerebral cortex, hippocampus, cerebellum, thalamus, reticular 
formation and brain stem nuclei are selectively vulnerable to brief 
periods of anoxia and result in neuronal necrosis. Increasing 
evidence is being obtained regardmg the close relationship of these 
areas selectively vulnerable to neuronal necrosis and the anatomie 
distribution of glutamatergic nerve terminais (Hill, 1991). Following 
asphyxia the concentration of excitatory glutamate is high, which is 
felt to be destructive to the brain. Long-term clinical features 
exhibited include mental retardation, spastic motor deficits (i.e. 
mainly spastic quadriparesis), seizures, bulbar and pseudobulbar 
paisy, ataxia and attention disorders (Volpe, 1987). 

Status marmoratus has been noted to be the least common of 
hypoxic-ischemic manifestations. It is most commonly seen in full 
term neonates and involves in jury to the thalamus and basal gang lia 
following partial prolonged hypoxia. Clinically, extrapyramidal 
involvement is manifested by bilateral choreoathetosis, dystonia 
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1 and resting tremor. Mental retardation of varying degrees and 
spastic quadriparesis rnay also be seen. 

Parasagittal cerebral in jury refers ta involvernent of the cortex 

and adjacent white matter parasagittally or in the superiomedial 
aspects of the cerebral convexities following ischernia (Volpe, 

1987). The areas of in jury are the end zones or watershed areas of 
the anterior, rniddle and posterior cerebral arteries, which are most 

susceptible ta in jury due ta a diminished cerebral blood flow. In the 

fetal brain rnany anastomoses are present between the cerebral 
arteries. However these anastomoses regress as the fetus 
approaches term. Thus parasagittal cerebral in jury has been most 

often noted in full term infants. The term 'watershed infarct' has 
often been used ta describe parasagittal in jury , which usually 
affects the posterior regions of the parieto-occlpital lobes. ThIS 
in jury is usually perceived as bilaterai wlth greater degree of 

involvement of 1 hemisphere. Clinical features Include spastlc 

quadriparesis (upper limbs tend to be more involved) and intellectual 

and perceptual disturbances (site of lesion contributtng to VISUO

motor and auditory deficits) (Volpe, 1987). 

Periventricular leukomalacia refers ta the IOvolvement of white 

matter adjacent ta the anterior and posterior ends of the lateral 

ventricles, the centrum semiovale and the optlC and acoustlc 
radiations. The cerebral arterial borders and end zones (I.e. 

watershed regions), are the most susceptible ta dimlnlshed cerebral 
perfusion in the full term infant. The development of periventncular 

leukomalacia is primarily in the immature brain, as the blood supply 

is shunted primarily ta the periventricular region which is therefore 

vulnerable to hypoxic-ischemic insult. Intraventricular hemorrhage 

has been described as a large contributing factor to periventricular 
leukomalacia. Clinically infants with periventricular leukomalacla 
exhibit spastic diplegia and mental retardation (Volpe, 1987). 

Focal and multifocal ischernic necrosls include large, focal 

regions of necrosis, within the distribution of the 3 major cerebral 

arteries. Hill (1991) states the prevalence of neonates with 
asphyxia who exhibit this type of necrosis as Î 5-20%. Incidence is 

greatest between 37-40 weeks of gestation, with the mlddle 
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cerebral artery being implicated in almost 50% of the cases. Cavity 
formation frequently occurs along with focal and multifocal 
ischemic necrosis. High wnter content along with a lesser degree of 
myelinated fibres and deereased astroglial response eontribute to a 
tendency for the immature brain to undergo cavitation. Thus 
porencephaly (single unilateral cavity), hydranencephaly (large 
bilateral cavities filled with cerebrospinal fluid) and multicystic 
eneephalomalaeia (mainly bilateral multiple eavities) may ensue. 
Long-term neurological sequelae include hemiparesis or 
quadriparesis depending on the extent of the lesion. Fifty to sixt Y 
percent of cases with congenital hemiplegia have focal necrosis 
involving the middle cerebral artery. Porencephaly is usually 
associated with Impaired intellect. Bilateral cerebral involvement 
is often thought to oeeur with porencephaly, with greater degree of 
in jury to 1 hemisphere. Seizure disorders are also commonly seen in 
children with focal and multifocal lesions (Volpe, 1987). 

Metabolic factors such as faulty glucose, bilirubin and amino acid 

metabolism, play an important role in statie encephalopathy. Glucose 
is the primary metabolic fuel needed for the brain to function. 
Hypoglycemia makes the brain more vulnerable to ischemic injuries. 
Thus hypoglycemia concomittant with hypoxemia or asphyxia 
increases the risk and degree of brain insult, when compared to 
brain inJury possible with hypoxemia or asphyxia alone (Volpe, 
1987). The incidence of hyperbilirubinemia sufficient to cause 
kernicterus has been significantly decreased with the development 

of new therapeutic measures. However disruption of bilirubin 
metabolism is still present and should be monitored carefully. 
Bilirubin encephalopathy is usually associated with extrapyramidal 
features of athetosis or dystonia. 

Aside from hypoxic or ischemic insults, intracranial infection, 
perinatal trauma and maternai exposure to teratogens could also 
cause static encephalopathy. Thus a variety of neuropathological 
factors could be responsible for giving rise ta static encephalopathy. 
This can be manifested in a multitude of symptoms, which when 
grouped together for clinical convenience contribute to the 
phenomenon of CP. 

4 



1 ln order to increase our appreciation of the range and character of 
sensory deficits probable in CP, and their effect on movement 
according to the site and extent of lesion, a background of the 

various components of the somatosensory system and the effect of 
lesions at various levels will be reviewed. 

1.2 SOMATOSENSORV SYSTEM 

This section will summarize the somatosensory system and the 
sensory impairments that are eVldent followlng lesions at varymg 
levels. 

Sensation is a general term that refers to the receptlon of 
sensory information (Guyton, 1991). Sensory receptors can be 
classified according to the nature and type of stimulation they 

receive and their location in or on the body. Thus, there are 5 types 
of receptors which include: mechanical, thermal, pain, chemlcal and 

electromagnetic. These somesthetlc receptors collect sensory 
information from the body. For example, mechanoreceptors collect 
tactile (touch, pressure and vibration) and kinesthetlc Inputs 

Mechanoreceptors can be further divided into the rapldly adaptmg 

(resporlse occurs at onset and removal of the stimulus), and slowly 
adapting (respond with sustained discharge). Factors such as 

temperature, force, velocity and sharpness of the stimulus will 

characterize the sensory experience (Martin and Jessel, 1991) 
The somatosensory system consists of pathways that transmit 

peripheral cutaneous inputs along ascending pathways via tbe spinal 
cord, brainstem and thalamus to the cerebral cortex (Norsell, 1980). 
The 2 important ascending central pathways are the dorsal column
medial lemniscal system and the anterolateral spmothalamlc 

system. The dorsal column-medlal lemniscal system relays 
information via the ventroposteriolateral (VPL) nucleus of the 
thalamus to the anterior parietal lobe (Martin and Jessel, 1991). The 

peripheral input received by the VPL nucleus of the thalamus is also 

relayed to the motor cortex (Asanuma and Arissian, 1982; & 1984). 
Fibres of the spinothalamic pathway synapse on the neurons of 3 

thalamic regions i.e. the VPL which proJects to the primary 

somatosensory areas of the cortex, the intralaminar nuclei whlch 
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project to areas of the cortex and basal ganglla, and the posterior 

nuclei which project to areas of the parietal lobe excluding the 

primary somatic cortex (Martin and Jessel, , 991). 

The dorsal column-medial lemniscal system mediates tactile 

localization and fine discrimination, as weil as phasie sensations 

such as vibration, kinesthetic awareness and pressure. It is also 

important for the performance of skills that require spatial 

resolution and precise timing of somatosensory feedback (Martin and 

Jessel, 1991). The spinothalamic system mediates pain, thermal 

input, protopathic touch and pressure, tickle, itch and sexual 

sensations (Guyton, 1991). 
The primary sensory impulses are transmitted to the somesthetic 

cortex. This cortical region is divided into Somatic Sensory Area 1 (S 

1) and Somatic Sensory Area Il (8 Il). The Posterior Parietal Lobule 

is also involved in sensory mediation. 

8tudies of the somatosensory cortex have been crucial in 

developing a better understanding of the underlying cortical 

mechanisms_ 8 J includes the post-central gyrus and depths of the 

central sulcus (Dykes, 1978). S 1 had been divided into 

cytoarchitectonic areas 3,1 and 2 by Broadmann, and Vogts had 

fu .. ther subdivided area 3 into 3a and 3b (Kaas, 1983; Semmes and 

Turner, 1977). Each area appears to respond preferentially to 

specifie receptors. Thus, the majority of the neurons in 3a are 

activated by subcutaneous muscle spindle afferents, area 3b by 

cutaneous inputs, area 1 by a mixture of cutaneous and deep 

afferents, and area 2 neurons are excited by deep receptors. Area 1 

can be differentiated from area 3b as it has been shown ta receive 

Pacinian corpuscle inputs (Dykes, 1982; Paul et al, 1972). Recent 

studies have shown the existence of many homunculi in the 8 1 of 

higher primates. 80th area 3b and 1 carry a detailed map of the body 

surface (Dykes, 1978; Kaas et al, 1979). 

Lateral and somewhat posterior ta S 1 lies 8 Il, which is located 

in the upper bank of the lateral sulcus (Kandel and Jessel, 1991). 

Sensory inputs to 8 1 originate from the contralateral body surface, 

whereas S Il receives inputs from both the ipsilateral and the 

contralateral side of the body (Dykes, 1982; Kandel and Jessel, 
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1991). Afferent inputs are also relayed to the posterior panetal 

lobule consisting of Broadmann area 5 and portions of area 7. Seal 

(1989) propounds that some selective area 5 neurons play a raie in 

transformation of sensory activity into motor activity. 

Lesions at different levels of the somatosensory system cause a 

variety of sensory deficits. For example, permanent Impalrment of 

pressure discrimination, loss of sensation of direction and form for 

stimuli moving across the skin, loss of graphesthesla, as weil as 

decreased distal limb dexterity are seen in primates wlth 

ipsilateral dorsal column lesions. Asanuma and Ansslan ln 1984 

studied the effect of seve ring the dorsal columns and S 1 both 

individually and simultaneously. Elimination of both Inputs produced 

severe motor deficits, whereas temporary motor Impairment was 

documented when only one of the sel1sory areas was excised. 

Complete lemnlscal lesions cause permanent deflcits of 

graphesthesia, vibration, two-point diSCrimination (2pd), tactile 

discrimination, tactile locallzation, loss of direction sensltlvlty and 

proprioception. Unilateral lesions of the thalamus InvolvinQ the VPL 

complex may cause defects on the contralateral slde of the body 

involv:ng the modalities of pressure, temperalure and kmesthesla 

(Norsell, 1980). Removal of the S 1 in primates may result ln sensory 

deficits such as decreased 2pd, point locallzatlon, stereognosls, 

position sense, kinesthesia and tactual discrimination on the 

contralateral side (Carlson, 1981; Corkm et al, 1970; Darlan-Smith 

et al, 1982; Roland, 1987; Semmes and Turner, 1977) 

Severe impairments in tactile learning and memory may result 

from bilateral excision of S 1/ with relative sparmg of tactile 

sensitivity, or welgtlt discrimination (Dykes, 1982; Rldley and 

Ettlinger, 1976; Sem mes and Porter, 1972). Thus S Il probably has a 

greater bearing on sensory-motor integration than on dlscrim!natory 

uses (Roland, 1987). 
Posterior parietal lobule lesions or excision leads to complex 

moter and sensory deficits (Hyvarian and Poranen, 1974; Seal, 1989). 

Spatial disorientation and stereognosis of the contralateral body 

surface (Roland, 1987) and severe disturbance in manipulation of 

objects (Deuel and Regan, 1985; Pause and Freund, 1989) are seen 
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with posterior parietal cortex lesions. Human studies have also 

shown that unilateral lesions of the cerebral hemisphere result in 

bilateral sensory deficits (Carmon, 1971; Corkin et al, 1973). 

While considering evaluation dnd treatmer.t of a central nervous 

system injured patient, one mU5l keep in mind the plasticity of the 

brain (Bach-y-Rita, 1981; Kaplan, 1988; Moore, 1986). Factors 

responsible for long term recovery are mainly collateral sprouting 

and unmasking of functionally depressed pathways (Bach-y-Rita, 

1981). This may cause changes in the mapping and thus affect the 

recovery of a patient with a central nervous system in jury. 

Effective evaluation and rehabilitation of patients with central 

n~HVOUS system lesions depend on our understanding of the 

underlying neurophysiologie and pathologie features (Twitchell, 

1958). Several studies have described the impact that sensory 

deficits may have on hand functlon (Bolanos et al, 1989; Curry and 

Exner, 1988; Green and Banks, 1962; Van Buskirk and Webster, 1955; 

Westling and Johansson, 1984). Curry and Exner (1988) state that 

sensory experience (Iike tactile and proprioceptive eues), is based 

on active movement. Thus, a child with motor limitations will have 

less sensory input. The authors observed that it is not movement 

that is learnt, but the 'sensations of movement'. Therefore, a lack of 

sensory information perceived may lead to impairment of hand 

function. 

The prehensile ability of the hand is one of its most important and 

unique features. For example, a precision grip is used to manipulate 

small objects bemg held. There is a close relationship between 

sensory feedback, and the explorative movements of the fingers over 

the envlronment, and the corresponding fine adjustment of grip force 

during performance of tasks of daily living (Dannenbaum and Dykes, 

1988). Studies have reported that lesions of the pyramidal tract and 

dorsal columns in primates lead to severe impairment of precision 

grip (Westling and Johansson, 1984). The hand is used less 

functionally when severe sensory deficits are present even in the 

presence of good motor control (Curry and Exner, 1988; Green and 

Banks, 1962; Van Buskirk and Webster, 1955). In their study of 96 CP 

children, Tachdjian and Minear (1958) found that in the presence of a 
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1 sensory deficit hand function was no better than fair. Thus hand 
function can be signiflcantly limited because of poor sensory 
function. Bolanos et al (1989) recommended that sensory testing 
should be an integral part of therapy, as tactile 
sensations/stereognosis are closely linked to the performance of 

tasks requiring finger dexterity and tactile gnosis. Therefore, 
sensory testing is critically impoltant when consldenng 
rehabilitation options to improve hand function ln subJects wlth 
central nervous system dysfunction. 

The next section de ais with the methods used to evaluate the 
various sensory modalities, as weil as the clinical and 

electrophysiologic tools currently available to assess sensory 
fu nction. 

1.3 SENSORY TESTS 
Many studles in the literature report on the debilltatmg effects 

sensory deficits may have on motor functlon ln patients wlth 
peripheral nerve lesions. Not only does thls have a profound 

influence on the independence and vocation of the Indlvidual 
concerned, but may also compromise his/her famlly (Dellon, 1983) 
At present, there is a need for better IdentificatIOn and 
characterization of sensory deficits in central nervous system 

disorders in paediatric age groups (Curry and Exner, 1988). 
Accurate sensibility testing aids physicians and theraplsts ln 

identifying hand pathology and dysfunctlon, and ln evaluatmg the 
efficacy of ongoing treatment. Many tests that measure cutaneous 

sensibility have been developed. However, a simple yet thorough, 
objective and reliable test is still needed, particularly for the 

paediatric population (Bell, 1984). 

1.3.1 Sensibility Tests 
Sensibility is defined as the ability to feel or perceive (Callahan, 

1984). There are various sensibilitles which can be tested using 
different methods. Pressure sensitivity can be tested with non

graded or graded instruments. The reliability of the testmg IS 

improved by using an instrument that can grade the amount of 
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pressure applied to the skin from light to deep. Currently th(~ most 
widely used measuring instrument is the Semmes-Weinstein 
Aesthesiometer (Bell, 1984). This is a variation of the amount of 
hairs developed by Von Frey in 1895. The Semmes-Weinstein 

Aesthesiometer was developed to Identify somatosensory changes in 
brain-injured adults (Semmes et al, 1960). The kit consists of 20 
probes, each probe having a nylon monofilament attached to aLucite 

rod. They are numbered from 1.65 to 6.65 according to the logarithm 
of 10 tlmes the force required to buckle the monofilament. It had 
been shown to have a very high test-retest reliabillty and its force 
of application can be controlled. However, slippage of the filament 
on application and improper st()rage can decrease its rellability 
(Callahan, 1984; Jones, 1989; Levin, 1978). 

Two-point discrimination (2pd) is the ability to distinguish 
between 2 non-noxious light-touch stimuli which are applled 

simultaneously to the skin (Nolan, 1983). It can be tested with paper 

clips, or calipers with blunt ends such as the B"ley gauge. However 

the reliability of these instruments is questionable because of the 
variability ln the amount of force applied and the angle of 
application of the force (Callahan, 1984; Jones, 1989). The 2 point 

aestheslometer consisting of 2 parallel filaments has been 

suggested as being the most reliable instrument for measuring 2pd. 
However, the amount of pressure used is arbltrarily selected. 

Furthermore, a precise measurement of the distance between the 2 

tips of the aesthesiometer is required to establish reliability. The 
width of the tips may vary and thus cause a poor inter-rater 
reliability (Jones, 1989). Dellon et al (1987) showed that moving 
2pd measured with a Disk-criminator has a very high reliability. 

Statlc two-point discrimination (s2pd) is mediated by the slowly 
adaptmg receptor system and is an important factor in precision 
grip (Dellon, 1984). Moving two-point discrimination (m2pd) on the 

other hand is medlated by the rapidly adapting receptor system and 

is an important component of object manipulation and hand function. 

M2pd was found to be a better predictor of hand function when 

compared to s2pd in subjects with peripheral nerve dysfunction 

(Dellon and Kallman, 1983). 
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Somesthetic information about the environment is primanly 

obtained by primates by the movement of their hands over an object 

(Essick and Whitsel, 1985). Mechanoreceptors detect the objects 

shape and te~:ture, as weil as the speed and direction of the object's 

movement across the sktn. This input is mainly transmltted by the 

dorsal column-medial lemnlscal system (Essick and Whitsel, 1985) 

Direction sensitivity has been shown to be an Important component 

of graphesthesia and stereognosls. Thus, evaluatlon of direction 

sensitivity should facilitate study of cutaneous dysfunctlon (Essick 

and Whitsel, 1985). To my knowledge none of the studles ln the 

literature have tested dl rectionality, but it would be an Important 

test to assess. 
Proprioception IS the position of different parts of the body ln 

relation ta each other and in space. EXCision of S 1 ln pnmates has 

been shown to result ln a loss of propnoceptlon (Corkln et al, 1970, 

Darian-Smlth et al, 1982; Roland, 1987). Thus, CP could result ln an 

impairment of proprioceptlon. Studles done by Hohmdn et al (1958), 

Tachdjian and Minear (1958) and Tizard et al (1954) showed that 

proprioceptlon was often affected ln children with CP Therefore, 

this would be an important somesthetic sense to evaluate Many 

studies have evaluated position sense in CP However the method of 

testing proprioception IS often not specified. Proprioceptlon was 

usually tested at the shoulder, elbow and JOtnts of the hand, by 

asking the subject ta identify the direction ln whlch the jOint was 

moved with VISion occluded (Hohman et al, 1958; Jones, 1976, 

Kenney, 1963, Tachdjian and Minear, 1958; Tlzard et al, 1954, 

Twitchell, 1958). 

Stereognosis IS the perception and Identification of the form and 

nature of abjects by palpati~'1 with vision occluded (Waylett

Rendall, 1988). It can be measured by various tests. Dellon's 

modification of the Moberg pick-up test (tlmed abject recognition 

test) are often used. Here, 1 ~ fixed obJects are placed ln a box 

Within a given time frame the subject is asked ta Identlfy each 

object placed in his hand, with vision occluded. This test relies on 

intact motor function (Callahan, 1984). 
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1 1.3.2 Adult Sensory Tests 
The functional level of the hand is dependent on its sensory 

ability. Therefore a valld and reliable tool is required for the 
effective management of patients with brain damage. 

Although many methods for evaluation of motor function have 
been validated with high inter-rater as weil as test re-test 
reliability, sensory assessment batteries for central nervous 
system disorders remain controversial and are in need of 

standardization (Dannenbaum and Dykes, 1988). 
Currently, tests which are used to assess sensory function 

following central nervous system lesions have been adapted from 
tests designed to evaluate sensory loss of a peripheral nerve injured 
populé:!ion (Dannenbaum and Dykes, 1988). For example, the tests of 
vibration (256 and 30 cycles per second), m2pd and s2pd were 
combined by Dellon to assess sensory function of the hand after 
nerve repair (Dellon, 1984). Gelberman et al (1983) examined s2pd, 

m2pd (caliper), pressure sensitivity (using Semmes-Weinstein 
monofllaments), and vibration (tuning fork at 256 cycles per second) 

in 12 adults (19-41 years), with experimentally simulated median 
nerve compression. The authors found that the monofilaments and 

vibration were more sensitive measures of detecting decrease in 
sensory function. 

1.3.3 Paediatric Sensory Tests 
Paediatnc test batteries, as compared to adult assessments, 

should have minimum expressive and receptive language 

requirements. The testing environ ment and the mate rials utilized 

should be modified to suit a paediatric population. The sensory tests 

which have been standardized for a paediatric population are 
generally not suited for neurologically handicapped children due to a 
greater degree of receptive (understanding complicated 
instructions) and expressive (complex answers requlred) language 

skills and moter abilities (e.g. graphesthesia needs sophisticated 

finger mobility), as weil as good attention span required to complete 
the sub-tests (Hacker and Porter, 1987). Furthermore most of the 

eXlsting paediatric assessments are not standardized on a school-
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l age population. Thus, these assessments may not reliably assess 

sensory function in CP children of school age. 

Few standardized paediatric test batteries that assess sensory 

function are available. Sensory components of the Quick Neurologlcal 

Screening Test (QNST) (Mutti et al, 1978), Miller Assessment for 

preschoolers (MAP) (Miller, 1982), and Sensory Integration Test 

(SCSIT) (Ayres, 1980) are briefly described. These are the only 

standardized tests available which include aspects of tactile 

sensory testing appropriate for a paediatric population. 

-The QNST consists of 15 observed tasks administered to children 

who are suspected of being learning disabled. The sensory Items 

include graphesthesia, and double simultaneous stimulation The 

examiner needs to be weil practised in admmlstenng the QNST 

Graphesthesia is assessed by asking the chlld to Identlfy 4 numbers 

drawn on each palm. Graphesthesla evaluates the sensory, as weil 

as, perceptual capacity of the child. The numbers are traced on the 

palm by the examiner, with a fingertip or the blunt end of a pencll 

Thus the amount of pressure being placed on the palm is vanable 

Administration of double slmultaneous stimulation of the hand and 

cheek requires precise coordination on the part of the examiner. The 

test examiner must a/so be skilled in making qualitative 

observations required in this assessment, therefore scoring m thls 

battery is subjective. It has been standardized on healthy and 

/earning disabled children under 6 years to over 17 years However 

the 6-12 years cohort of learning disabled chlldren IS very small 

Test-retest reliability is good (r=0 81), and Inter-observer 

reliability is fair (r=O. 71). 

-The MAP IS a sensory-motor evaluation that is used clinlcally for 

preschool children (2 1/2 - 5 1/2 years) with mild developmental 

deficits. It tests stereognosis, finger locallzation and kmesthesia 

Stereognosis was evaluated by askiny the chlld to identlty a penny, 

safety pin, rubber band, eight point star, key, moon, circle, trapezold 

a scallop shape and a triangle, by tactile matching. For a test ta be 

used with children, the objects used for stereognosls should be 

appropriate for a paediatric population. Therefore the need for a 

modified stereognosis test which is more geared towards chlldren IS 
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l apparent - it should be able to hold their interest, the objects used 
should be easily recognizable and be small enough to fit in their 

hand. Finger localization is tested on the proximal phalanx of 2 

fingers of the hand. This test is difficult to administer in a 

standardized manner (Miller, 1982). The distal phalanx as compared 

to the proximal phalanx is a more functional area to test, because 

the environment is explored with il. Kinesthesia is tested by asking 

the child to imitate a posture (Simon says game). This requires a 

combination of sensory, motor and cognitive abilities (Stowers and 

Huber, 1987). Although the MAP has been standardized in 
preschoolers, these subtest items may not be good at reliably 

evaluating sensory function in this age group, as neurophysiological 

and psychological maturation is not complete. The MAP consists of a 

weil organized test kit and has normative data based on the scores 

of 1200 healthy children. However it is not readily useable for a 

physically disabled population (CP). 

-The SCSIT has been designed for school-age children (4.8 - 8.9 

years) with learning difflculties. It tests kinesthesia, manual form 

perception, finger identification, graphesthesia, tactile localization 

and double tactile stimulation. Kinesthesia of the shoulder and 

elbow are tested by asking the child to place a finger on a spot 

previously toucned by the tester with vision occluded. Graphesthesia 

is tested by asking the child to identify the line drawing done on the 

back of their hand, and then to duplicate it with the other hand on 

the same place. Tactile localization is assessed by asking the child 

to localize touch on hands and forearms with vision occluded. These 

tests assess the sensory ability of the arm, forearm and dorsum of 

the hand. However, emphasis should be placed on the volar surface of 

tile hand since fine skillful activity is mainly a function of the hand. 

Furthermore, these are not very objective and reliable measures of 

sensory function [e.g. tactile localization could be more reliably 

assessed using a filament (Jones, 1989)]. The sensory tests 

performed in the SCSIT not only evaluate sensory function, but also 

require perceptual ski Ils. The SCSIT has been criticized by many 

authors (DeGangi, 1987) for inadequate standardization procedures 

used (particularly regarding interpretation of standard scores and 
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1 poorly described demographic information), poor reliability on most 
of the tests (only test-retest reliability has been reported with no 
information on the time difference between 2 assessments 
performed) and inadequate information regarding validity studies 
performed. Overall, the SCSIT is considered inappropnate to 
evaluate children with motor disabilities. 

ThLAs, though ail these tests do cover some aspects of sensory 
testing, none of these tests have been designed for clinical use in a 
paediatric population with significant central nervous system 
involvement and specifically with neuromotor impairment. Objective 
instruments (i.e. filaments, Disk-criminator), and standardized 
methods that yield more accurate sensory input are not always used. 
Therefore, accuracy of the results of these assessments could be 
confounded by the subjective nature of the testing and scoring. 

1.3.4 Somatosensory Evoked Potentials (SEP) 
An evoked potential (EP) is an electrical manifestation of the 

brain's reception of and response to an external stimulus (Chiappa, 
1990). By stimulating a special sense organ or sensory nerve fibres 
such as the median nerve (a mixed nerve containing both sensory and 
motor fibres), a response is collected from the surface of the scalp 
using surface electrodes. An SEP can be generated by physiologlc or 
electrical stimuli, however the latter is preferred because It is 
more easily control/ed and yields more reliable responses. The 
action potential volley passes through the brachial plexus dorsal 
root entry zone, posterior columns, nucleus cuneatus, medial 
lemniscus, thalamus, thalamocortical radiations and cortex 
respectively. Electrodes are placed at the Erb's point (EP), over the 
second cervical vertebra (C Il), and along the skull over the 
contralateral parietal lobe (Cc) using bony landmarks and the 10-20 
International System of electrode placement. A series of waveforms 
are generated that reflect functional activity along the ascending 
pathway. The direction of trace movement is dependent on the way 
the amplitude and display unit electronics have been programmed to 
respond to a potential difference between Grid 1 and Gnd 2 (the 2 
input electrodes). EEG convention states that Grid 1 is negatlve with 
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respect to Grid 2, thus yielding an upward deflection (Chiappa, 
1990). There is no universally recognized convention in evoked 
potential studies. Three methods exist for SEP nomenclature. 
Components can be numbered in sequence by polarity; for example 
N1, N2, N3 etc (N = negative). Waveforms can also be labelled 
according to their polarity and mean latency in healthy subjects; for 
example N20, P100 etc. Lastly the name of the generator site of the 
waveform could be used; for example EP - erb's point (Chiappa, 

1990) . 
The utility of the SEP stems from the close relatlonship between 

the evoked potential waveforms and specific structures (Chiappa, 
1990). Changes in SEP such as an increase in central conduction time 
(Iatency difference between 2 central peaks) or the absence of peaks 
may reflect central nervous system dysfunction due to a lesion or a 
pathologie process such as demyelination (Wang et al, 1982). 

SEP are a non-noxious, non-invasive method of evaluating the 
integrity of the dorsal column-Iemniscal pathways. However its 

utilîty and reliabilîty may depend upon a varîety of factors such as 
available norms, effects of developmental changes due to maturity 
of the somatosensory system, varying height, ease of measurement 

and effect of sleep. Furthermore, controversy exists surrounding the 
interpretation of the SEP waveform. However, they are weil 
tolerated by children and the waveforms obtained are easily 
reproduceable due to minimal artifact present (Fagan et al, 1987, 
Laureau et al, 1988). 

Useful information regarding the maturation and functional 
integrity of the nervous system can be obtained through SEP findings 

in the paediatric population. SEP are a valuable tool in the evaluation 
of children with both peripheral and central neurological 
impairments (Cracco, 1989). 

Thus it would be of interest to study the extent of sensory 
dysfunction in CP children using a clinical sensory assessment as 

weil as SEP. To facilitate this process, the next section will briefly 
review studies which have assessed sensory function in static 

encephalopathy using both clinical and electrophysiologic 
procedures. 
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1.4 SENSORY TESTING IN STATIC ENCEPHALOPATHY 
ln the U.S.A. 0.1-0.5% of children have Cerebral Paisy (C.P). Thu& 

CP is a chronic, highly prevalent childhood handicapping condition 
(Lord, 1984). To date CP remains a therapeutic challenge. Though 
motor deficits have been emphasized, sensory dysfunction may exist 
and may contribute to diminished use of the affected hand (Hohman 
et al,1958; Tizard et al,1954). 

1.4.1 Clinical Sensory Testing ln Cerebral Paisy 
The clinical description of CP emphasizes motor dysfunction, 

obscuring other important symptoms (800ne,1978; Curry and 
Exner,1988). Studies evaluating the performance of CP children 
reveal the existence of sensory deficits of various types in 40-73% 
of the patient population (Hohman et al,1958; Jones and Ogg,1966; 
Kenney,1963; Tachdjian and Minear,1958; Tizard et al,1954). Form 
and tactual discrimination, light touch, temperature, two-pOint 
discrimination (2pd), point localization and weight perception have 
been evaluated. In ail of these studies, stereognosis, 2pd and 
position sense were the sensory modalities chiefly impaired. 

Tizard et al (1954) studied the sensory status of 106 children 
with congenital and acquired hemiplegia. Fifty percent of the 
children were found to have sensory deficits. Interestingly, they 
found that sensory impairment did not depend on the age at whlch 
the injury occurred. Children with both congenital and acqulred 
hemiplegia had deficits in stereognosis and 2pd. In addition, the 
children with acquired hemiplegia also had deficlts in their 
discrimination of joint position, touch, pain and temperature The 
sensations were tested in the conventional manner, however, the 
measurement techniques and materials used were only briefly 
outlined. Two-point discrimination was measured by the two ends of 
a paper clip. This method has been found ta be unreliable due to 
variation in both the width of the ends of the paper clip and in the 
adjustment of the distance between the two ends (Jones,1989). No 

mention of a control group is made and one is left to presu me that 
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the unaffected side was used as a control. Also, how cut-offs were 
made to determine sensory impairment was not delineated. 

Hohman et al (1958) examined 47 CP children ranging in age from 
6 to 16 years. Ail children had either hemiplegia or spastic 
quadriplegia with more involvement of one side of the body. Thirteen 
sensory tests were performed and 34 of the children (72%) were 
found to have sensory involvement. The most common modalities 
impaired were stereognosis, 2pd, and position sense. Interestingly, 
in some cases, small areas of the hand were affected with the rest 
of the hand having good sensation. Unfortunately, not ail sensory 
tests were done reliably. The site of testing was mentioned in very 
general terms. Hot and cold differentiation was done using metal 
nutpicks. With the use of hot and cold differentiation one has to 
ascertain whether the subject is actually differentiating cold from 
hot, or rather cold from not cold (Callahan,1984). 2pd was measured 
by a divider which could be unreliable due to slight variation in 
adjusting the distance between the two ends (Jones, 1989). 
Furthermore the pointed ends of the divider may be assessing pain 
perception rather than touch (Bolanos et al, 1989). Scoring criteria 
were not clarified and the cut-offs used for scoring sensory 
impairment were not described. Thus, in spite of unreliable methods 
of sensory assessment and errors in statistical evaluation, this 
study demonstrates that children with CP have sensory deficits. 

Monfraix et al (1961) stated that examination of various agnosias 
such as tactile gnosis, and body image are an- integral part of 
evaluating a CP child's function. In a preliminary study, the authors 
have established stereognosis norms on 218 controls evaluating 
their ability to recognize 5 objects and 12 shapes. The degree of 
tactile gnosis could be measured depending on the gnosie age as 
compared to the mental age of the chîld. The authors then studied 
the tactile gnosic ability of 92 CP chîldren (Monfraix and Tardieu, 
1961). Fourteen of the 22 hemiplegic children had tactile agnosia. 
Five of these hemiplegic children had bilateral agnosia showing that 
the non-affected side of hemiplegics is not functioning normally. 
Twenty-seven of the 52 children with bilateral motor disorders 
demonstrated tactile agnosia as weil. The investigators state that 
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1 re-education of tactile gnosis could be done, however success would 
depend on whether the tactile gnosis was caused by a cortical lesion 
or was due to disuse of the hand (Monfraix and Tardieu, 1961). 

Curry and Exner (1988) used 5 pairs of objects with different 
textures, to determine the nature of textures consistently preferred 
by 15 preschool controls and 15 CP children. They found that CP 
children chose hard objects significantly more often than they chose 
soft objects, which may be due to decreased tactile sensitivity and 
the need for greater magnitude of proprioceptive cues. 

Lesny (1971) recognized that sensory input is necessary for any 
complex motor action. He measured 2-point discrimination (2pd) 
thresholds with Weber's scissors, and compared results in 143 CP 
children to scores in 30 controls (6-15 years of age). It was found 
that the CP children, especially those with hemiplegia and diplegla, 
had significantly increased 2pd thresholds. The most signlficant 
deficit was on the distal part of the third flnger. 

Brown et al (1987) evaluated 25 hemiplegic children, aged 5-15 
years. They conducted clinical neurological tests (range of motion, 
muscle tone and power, speed of movement, féltiguability and 
sensory function), tests of hand function and neurophysiological 
tests (muscle power, speed of movement, fatiguabillty and tremor). 
Position sense, tactile localization, weight discrimination, 
graphesthesia, finger agnosia and pain were the sensations 
measured. Particulars regarding the method of assessment, areas 
assessed or the scoring procedures were not elaborated on. They 
found that these tests did not differentiate between the 'normal' and 
affected hands. However, they found a large developmental variation 
in subject scores. As a result of these findings, the authors 
concluded that there was a need for more detailed assessment with 
the comparison of sensory function in hemipleglc chlldren to that of 
an age-matched control group. 

Several studies have claimed that children with athetosis have 
fewer sensory deficits than children with spastic CP (Kenney, 1963: 
Monfraix et al,1961; Tachdjian and Minear,1958). This may be due to 
differing lesion sites (Kenney 1963). In the study by Monfraix et al 
(1961), only tactile gnosis was tested in 92 CP children. Tactile 
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agnosia was found to exist in ail forms of CP, with the most 
significant deficits occurring in spastic CP. Kenney (1963) tested 19 
children with CP; 6 had athetosis and 13 were spastic. The authors 
did not disclose whether the disabilities were unilateral or 
bilateral. He compared their performance on various sensory tests to 
27 controls (aged 5-14 y\3ars). Kenney reported that the athetoid CP 
children showed sensory defects only in size differentiation, 

whereas the spastic children had multiple deficits. In this study 
there were many methodological weaknesses. The objects used to 
test stereognosis could be identified using ether sensory cues such 
as temperature and texture e.g. a metal key as compared to a rubber 
bail, and cotton as compared to a wooden cube. Position sense 
appeared to be randomly measured either on a finger or toe without 
specifying whether there were differences between the two sites 
and the number of test trials. Temperature was tested using cold and 
hot water which is often an unreliable test (Callahan,1984). 

Opila-Lehman et al (1985) showed that spastic CP children had a 
greater impairment in kinesthetic recall, when compared to athetoid 
CP children. It was suggested that spastic children normally have a 
decrease in mevement experiences and therefore diminished 
kinesthetic input. This may contribute to the number of errors in 
kinesthetic recall. 

Conversely Jones (1976) found that athetoid children had poor 

kinesthetlc awareness and suggested that this may be due to the 
continuous barrage of random proprioceptive input that an athetoid 
child recelves. 

Tachdjian and Minear (1958) performed 13 sensibility tests in 96 

CP children, 88 of whom had spastic hemiplegia. Not only were 
sensory deficits present in 41.7% of the children tested, but a high 
correlation was found between the functional ability of the hand and 
the seve rit y of sensory deficits. Therefore mederate to severe m:>tor 
disability correlated with maximal sensory dysfunction. The authors 
found that those children with moderate to severe sensory disability 
did not improve even after orthopaedic surgery to decrease motor 
disability. In this study, the contralateral side of the body was used 
as a control. Hewever in many children the contralateral side may 
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The likelihood of CP children having motor impairment due to 
insufficient sensory experience is significant (Curry and 
Exner, 1988). The effect of Iimited sensory input on movement in 
babies with unilateral cerebral les ions has been studied. It was 
observed that babies tended to ignore the affected body part due to 
decreased sensory experience and failed to integrate the involved 
extremity into their body scheme. Hence a 1 year old hemiplegic 
infant would use his involved extremity far less than one would 
expect given the extent of physical involvement (Curry and 
Exner, 1988). This study emphasizes the correlation between sensory 
input and motor function. Hence a child with a significant sensory 
deficit would likely have an impairment in hand function. 

ln summary few studies have examined the sensory function in CP 
children and methodological problems undermine the strength of 
these studies. The majority of them were done in the 1950's and 
1960's. Traditional, subjective methods of test administration were 
used. These tests have not been standardized on children, have not 
been proven to be reliable, and have no normative data. Statistical 
procedures used in these studies were also inadequate. In spite of 
these methodological problems, these studies' clearly indicate that 
health professionals working with CP children should consider that 
sensory deficits may be present, and that they may influence motor 
performance. Limitations in functional skills may reflect, in part, 
the type and magnitude of sensory loss (Curry and Exner,1988). In a 
clinical setting, effective management of a patient wlth CP should 
include evaluation of sensory deficits, with subsequent remediation 
(sensory retraining, for example) to maximize sensory awareness 
and functional performance. 

Hence, it would be of interest to assess sensory function in one 
sub-group of CP, such as in hemiplegic children. 1 propose to assess 
sensory function, using a standardized paediatric sensory battery on 
both the so-called 'affected' and 'non-affected' side. In addition, it 
would be useful to evaluate the integrity of the somatosensory 
system not only by clinical tests, but also with a reliable 
neurophysiological tool. 
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1 1.4.2 Neurophysiological Testing (SEP) ln Static 
Encephalopathy 

Not only are Somatosensory Evoked Potentials (SEP) a useful 
diagnostic tool in adult neurology, they have been shown to yield 
valuable information in the paediatric population (Cracco,1989). In 
infants and children, SEP reliably evaluate the maturation of 
afferent pathways in the central and peripheral nervous system 
(Cracco,1989; Zhu et al, 1987). However, the clinical utillty of SEP 

is dependent on careful interpretation of the waveforms because of 
the complexity of maturational changes of the central nervous 
system as weil as changes due ta increase in body stature (Bartel et 
al,1987; Gilmore,1989; Taylor and Fagan,1988; Zhu et al,1987). 

Studies have shown that short latency SEP strongly correlate wlth 
seve rit y of neurological impairment, magnitude of sensory deflclts 
and level of functional disabillty in an adult stroke population 
(Karnaze et al,1987; Larson et al,1966; Liberson,1966; Mauglere et 
al, 1983; Zeman and Yiannikas.1989). 

Karnaze et al (198'1) studied 49 hemlplegic subjects. (mean age. 
54.6 years), who had suffered cerebral ischemia using SEP. Aesults 
obtained were compared ta those of 48 healthy adults Ali subjects 
underwent neurological examination. Degree of neurologlcal 

impairment was based on degree of weakness and sensory loss noted 
Sensations of pain. temperature. position sense, vibration and touch 
were evaluated. SEP abnormalities correlated with sensory deflcits 

as weil as seve rit y of neurological impairment. However several 
methodological problems existed in this study. Time between onset 
of stroke and SEP evaluation was not specified. Controls were 
divided into two groups. a group of 36 contrais wlth mean age of 31 
years and the other of 12 healthy adults with mean age of 66 years, 
without justification. The methodology for the evaluatlon of 
sensation was not specified. The parietal SEP component IS not 
linked to pain and temperature (Maugiere et al, 1983), and therefore 
should not have been included in the sensations evaluated. 

Stroke may cause neurological impairment with a resultant 

functional loss or disability. Zeman and Yiannikas (1989) assessed 
functional outcome using the Barthel Index as weil as length of stay, 
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t and evaluated the integrity of sensory pathways using SEP and 
sensory assessments on 39 acute stroke patients (mean age: 56.4 
years) and 26 controls (mean age: 50.65 years). Specific information 
regarding the evaluatlon of light touch, stereognosis and pinprick 
was not provided. SEP waveforms and functional outcome were 
significantly correlated. Thus normal SEP correlated significantly 
with good functional outeome as measured by the Barthel Index and 
length of hospitalization. Abnormal SEP correlated significantly 
with a lower and more variable Barthel Index and longer length of 
hospitalization. Statistlcal correlation was also documented 
between SEP results and sensory evaluation. This study shows the 
prognostie value of sensory impairment, as measured by SEP and 
clinicaJ evaJuation, on the functional ability of a hemiplegic adult 
post stroke. When both sensory deficits and SEP abnormalities were 
combined, there was a greater correlation to poor functional 
outeome, than either factor individually. 

Cerebral lesions may cause changes in the cortical eomponent of 
SEP (N20). This is dependent on many factors: the structures 
involved (location of lesion), the extent and type of lesion, and the 
time interval between onset of in jury and SEP recordmg (Wong et al, 
1982). Several authors have studied the reJationship between SEP 
abnormalities as weil as functionaJ outcome. Liberson (1966) 
studied SEP waveforms in 15 males with aphasia (ail right 
hemlpJeglcs). The SEP was fiat or had a markedly lowered amplitude 
in 10/15 aphasics. The degree of involvement eorrelated weil with 
the seve rit y of aphasia. Deficits in somatie sensation were not 
described ln 1976, Laget et al examined 21 patients with parietal 
lobe Jesions They found a good correlation between clinical 
neurological findings (motor disability, mental retardation, 
seizures, astereognosis etc.) and SEP abnormalities. 

Maugiere et al (1983) studied the relationship between motor and 
sensory deficits to specific SEP abnormalities in 22 subjects. Eight 
sensory modalities and 2 apraxias were assessed. Insufficient 
methodological details regarding testing and scoring procedures 
were given. The authors found parietal SEP eomponents to be closely 
associated to pure astereognosis and were not linked to pain and 
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temperature sensations due to different pathways of transmission. 
Thus SEP were thought to be of great diagnostic use. 

However, despite several reports of a positive correlation 
between SEP and clinical sensory findings, each study described a 
few cases where this did not apply. Giblm (1964) found a correlation 
in sensory deficits and SEP alteration in 34/42 patients wlth 
unilateral cerebral lesions. However, he r:oted normal SEP recordmgs 
in 7 patients with moderate to severe sensory deflcits (2pd, Joint 
position sense and stereognosis). Furthermore, 1 patient with no 
sensory deficit had abnormal SEP. Testing procedures used for 
detecting sensory deficlts and for grading degrees of Impalrment 
were not described. 

Correlations betwéen clinical sensory findings and SEP recordmgs 
was reported by Williamson et al (1970). Twenty cooperative 
subjects with unilateral lesions at or above the thalamlc level were 
assessed. Age of sLJbjects was not speclfied. Flfteen of the 20 
subjects were found to have clrnical sensory loss of varying degrees 
The authors did not specify which sensations were measured or what 
their criteria was for sensory loss. SEP were performed on ail the 
subjects. Recording parameters were weil described, however for 
each patient, 3 trials of only 64 responses were done. ThiS number 
may be too low to be sure that the SEP waveform is reproduceable 
Sensory deficit was determined by the degree of impalred Jomt 
position sense (since that was the modality chlefly Impalred ln 

subjects). SEP abnormalitles were found to correlate weil wlth 
moderate to severe impalrment of joint position sense (sensory 
deflcit) in 15 patients. Thus good correlation of sensory loss wlth 
SEP abnormality was stated as a basis for future clinrcal use of SEP 
in determining sensory loss. However, 2 patients with mlld
moderate impairment of position sense had normal SEP. These taise 
negative assessments could result in misldentifying sorne patients 
who are minimally affected. 

Larson et al (1966) reported a correlation between SEP 
abnormalities and clinical sensory deficits in hemiplegics in the 
acute phase, but not during the recovery period. Wong et al (1982) 
found that SEP generally correlate weil with sensory loss, although 
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there are exceptions. In hemiplegic patients with mild involvement 

(the most common group), SEP recordings did not always reflect 

generétl neurological deficit and therefore SEP could not be used as 

an independent means of diagnosis of sensory dysfunction. Zeman and 

Yiannikas (1989) found a signiflcant correlation between SEP and 

functlonal outcome in their study. They concluded that SEP 

correlated with sensory deficits, however only 68% of subjects with 

SEP abnormalities had sensory 1055, and 81 % of subjects with 

normal SEP had abnorma! sensation. Thus, even though SEP generally 

correlate weil with sensory function, exceptions exist. Hence if SEP 

were used as the sole means of determining sensory fu nction, 

reliable Identification of children with sensory deficits would not 

be possible. Hence clinical sensory testing is of great importance in 

accurately determining the nature and extent of sensory impairment. 

Review of the literature suggests that sensory abnormallties 

exist in children with CP, yet delineation of the type and extent of 

sensory 1055 is needed. Reports on SEP by Laget et al (1976), 

Williamson et al (1970), Wong et al (1982) and Zeman and Yiannikas 

(1989) allude to the fact that SEP abnormalities correlate to 

different degrees of sensory and n'Iotor dysfunction in subjects with 

static encephalopathy. However important details regarding the 

methodoiogy used to clinically evaluate sensation are often not 

reported. Thus there is a need ta further examine the relationship 

between SEP and specific sensory modalities. 

Wang et al (1982) retrospectively studied 35 CP patients. Twelve 

of the 35 children were found to have sensory deficlts. A new 

objective method using signal to noise ratio to study SEP 

objectively was used. The degree of variability of SEP on the non

affected and affected sides was assessed. Thirty out of 35 SEP had 

greater variabilit J . (as determined by component analysis of 

measurements of pt ak latencies and amplitudes of N20, P100, N140 

and P220) on the affected side. Predictive accuracy was greatest in 

severe cases and least in children with minimal involvement. 

However, for this study long latency SEP were analyzed which are 

not as clinically useful as short latency SEP, due to their greater 

26 



inter- and intra-subject variability (Cracco et al, 1979), and are 

more affected by state of consciousness (Laureau et al, 1988). 
ln summary, many studies have shown SEP to be strongly 

correlated with sensory deficits (Giblin, 1964; Karnaze et al, 1987; 

Larson et al, 1966; Libersan, 1966; Maugiere et al. 1983; Williamson 

et al, 1970; Wang et al, 1982; Zeman and Yiannikas, 1989) However 
several of these studies have inadequate descriptions of the 
methodology used and statistical analysis are not always ngldly 

applied. Several studies have noted several exceptions in whlch SEP 
findings do not correlate with sensory function (Giblin, 1964; Larson 
et al, 1966; Williamson et al, 1970; Wong et al, 1982; Zeman and 

Yiannikas, 1989). Therefore evaluation of sensory function using SEP 
alone could be misleading wh en attempting to identify sensory 

deficits in CP children. 

Majnemer et al (1987) evaluated the prognostic utillty of SEP ln a 
group of 34 high-risk newborns. Abnormal SEP (10/34) performed in 

the neonatal period predicted motor disturbances at 1 year of age 
(e.g. children with persistently fiat SEP bilaterally developed 

spastic quadriplegia, and neonates with increased latencles had 
developmental delays). Therefore an abnormality ln a sensory test 

(SEP) correlated with later motor dysfunction. This suggests that 

both motor and sensory dysfunction may co-exist ln children wlth 

static encephalapathy. Majnemer et al (1988) also evaluated brain 

stem auditory evoked potentials (BAEP) in a second cohort of 34 

high-risk neonates. BAEP abnormalities predicted mator outcome. 

However, those children with normal BAEP did not always have 
normal outcome. This may relate to the site of BAEP generatlon, 
which is at the level of the brain stem. Therefore lesions rostral to 

the brainstem may be missed. SEP were found to be a more sensitive 

prognostic tool of functional outcome. 
These results were further supported by tindings reported by 

Logan et al (1991). Eighteen CP children wlth motor detlclts were 

studied. SEP and BAEP were performed on ail 18 subJects. Visual 
evoked potentials (VEP) were also performed on 17 chrldren. 

Fourteen out of 18 children showed SEP abnormalitres. Ot these, 11 

had severe motor deficits and 3 had moderate motor dysfunctlOn. 
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t Flve out of 18 had an abnormal BAEP, and 4/5 had severe motor 
deficits. Eight of 17 subjects had abnormal VEP (7/8 with severe 
motor deficit). The BAEP and VEP probably detected injuries which 
were multifocal in their origin and thus had severe motor deficits. 
ln conclusion the SEP, BAEP and VEP correlated weil with motor 
deficits, however the SEP were found to be the most sensitive tool 
in detecting moderate-severe motor abnormalities. 

Thus SEP have been found to correlate weil to clinical sensory 
function (Karnaze et al,1987' Maugiere et al, 1983; Zeman et 
Yiannikas, 1989). However, 1 nethod of sensory assessment was 
poorly described in many of these studies, and several false positive 
and false negative findings have also been reported. Thus, SEP alone 
are not a sensitive tool in determining sensory dysfunction 
especially in those children with mild sensory impairment. However 
they would lend useful information to that obtained by a clinical 
sensory cvaluation. SEP have also been found to correlate weil to 
motor function in high risk newborns and CP children (Logan et al, 
1991; Majnemer et al, 1987). Thus it would be of interest to further 
study the relationship between SEP recordings, and the level of 
~ensory and motor disability in CP children. 
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1.5 SUMMARY OF LlTERATURE REVIEW 
CP is a term that is used to broadly define a multitude of 

disorders which have been classified according to the anatomical 
distribution of the lesion and the clinical symptoms exhibited. 
Clinical symptomatology of CP consists of prominent motor 
impairments and possible underlying sensory deficits (Boone, 1978; 
Curry and Exner, 1988). Hand function may be impaired in splte of 
good motor function, if important sensory deficits exist (Bolanos et 
al, 1989; Curry and Exner, 1988; Green and Banks, 1962; Van 
Burskirk and Webster, 1955; Westling and Johansson, 1984) 
Therefore sensory dysfunction may be linked to poor functional 
outcome. Thus sf3nsation is an important part of the overall 
assessment of a child with central nervous system dysfunctlon. 

Sensory tests adapted for a paediatric population need special 
considerations. The test should be of a short duration and be able ta 
hold a child's interest. The state of the art of reliable standardlzed 
sensory tests for a peripheral nerve injured population has been weil 
documented. However, there is a need for standardized sensory 
assessment batteries for children with neuromotor dysfunction due 
to a central lesion (Dannenbaum and Dykes, 1988). Currently, some 
developmental assessments include some aspects of sensory 
evaluation, however they have either been designed for a preschool 
population or the methods of administration of sensory input are 
often inprecise and therefore not reliable. Thus, there is a need ta 
develop a standardized, reliable clinical sensory battery for a 
school-age paediatric population with neuromotor impalrment. SEP 
are a valuable non-invasive elctrophysiologic tool for measuring 
sensory function in children, transmitted via the dorsal column
medial lemniscal pathways in children (Fagan et al, 1987). It would 
be interesting to correlate sensory function as measured by a 
reliable clinical battery with SEP. 

Studies reported in the literature have concluded that sensory 
deficits are present in CP children (Hohman et al, 1958; Jones and 
Ogg, 1968; Kenney, 1963; Tachdjian and Minear, 1958; Tizard et al, 
1954). However, the nature and severity of these sensory deficits 
and their relationship to functional outcome have not been 
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adequately described. Further investigation is required to verify the 
presence and extent of sensory deficits in children with static 
encephalopathy using a reliable assessment. 

A need for the formulation of a standardized sensory assessment 
battery for a school-age population is clear. This battery can then be 
used to delineate the extent of sensory deficits in hemiplegic CP 
children. It would be of clinical interest to correlate the degree of 
sensory deficits (measured clinically and electrophysiologically) to 
the motor impairments noted in this population. 
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2. OBJ ECTIVES 

1. To formulate a sensory test battery that can be easily 
administered to children of school-age with neuromotor deficits and 
develop norms from scores of controls. 

2. To evaluate the presence and extent of sensory dysfunction in 
hemiplegic children of school-age using clinical and 
electrophysiologic techniques. 

3. To examine the relationship between the degree of sensory 
deficits and hand dysfunction in hemiplegic children. 
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3. METHODOLOGY 

3.1 SUBJECTS 
Sehool-aged hemiplegic children were selected. The CP children 

were referred by neurologists at the Montreal Children's Hospital 
and through the diagnostic data bank at the Shriner's Hospital. 
Pertinent charts were reviewed and a questionnaire was filled out 
by myself (hereafter referred to as Therapist A) to ensure that the 
inclusion criteria were met (Appendix B). 

3.1.1 Inclusion Criteria 
-the ehild should have a primary diagnosis of hemiplegic CP, defined 
as the paralysis of one side of the body (Ryerson, 1990), with no 
other major medieal illnesses (i.e. diabetes, myopathy, neuropathy, 
or other peripheral/central nervous system disorders). 
-the minimum requirements for language abilities should be met and 
are as follows: 

Expressive eomponents - at least 24-27 months * 
Receptive components - at least 30-33 months * 

(*Bzoeh-League Receptive-Expressive Emergent Language Scale, 
Appendix C). 
-there should be at least 45 degrees of range of motion in the wrist 
and the fingers. 
-the ehild's age should be between 5-18 years. 

Therefore hemiplegic children with severe language deficits or 
signifieant limitations in range were not asked to participate in this 
study. Subjeets who met ail the inclusion criteria were enrolled in 
the study once written consent was obtained from the 
parent(s).(Appendix D). 

3.2 CONTROLS 
Healthy age-matched controls were recruited from schools or 

personal contacts. A questionnaire was filled out by the parent(s) to 
ensure that the child had no known neurologie impairments that may 
influence performance on the sensory-motor battery (Appendix E). 
Consent was obtained from the parents prior to testing (Appendix 0). 
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1 3.3 EXPERIMENTAL DESIGN 

Sensory-motor investigation was carried out on a convenience 
sample of hemiplepic children and on 18 healthy age-matched 
controls, in the Neurodevelopmental Laboratory. SEP were performed 
in the Evoked Potential Laboratory. Both laboratories are located at 
the Montreal Children's Hospital. In this cross-sectional, 
comparative study, assessments were carried out over 2 sessions 
lasting approximately 2 hours each. The sensory-motor assessment 
was performed on each chi Id 3 times - twice by Therapist A (A1, A2) 
on 2 separate occasions, and once by Therapist B. The sensory-motor 
assessment lasted approximately 45 minutes. SEP were performed 
on both upper limbs, taking about 30 minutes. Neurological 
examination was carried out by a neurologist in a blind fashion ln 

about 20 minutes. Handedness was established via a questionnaire 
drawn from a combination of the Crovitz-Zener and Oldfield 
Questionnaires (Bryden, 1977) (Appendix F). 

3.3.1 Procedures Followed 

SENSORY-MOTOR BATTERY SENSORY-MOTOR BATTERY 

THERAPIST A {A 11 THERAPIST B 

SENSORY-MOTOR BATTERY 

THERAPIST A (A2) 

NEUROLOGICAL 
EXAMINATION 

SEP 1 
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3.4 SENSORV-MOTOR ASSESSMENTS 

3.4.1 Stand ardization/ Reliab i lit y/Va lidity 
A 'good' assessment is one that is easy to administer and 

interpret, reliable and valid (Rogers, 1987). Standardized 
instructions and procedures were used to perform the sensory-motor 
assessment. The instruments used in the battery were always 
constant and should not be changed, e.g. using a hairbrush instead of 
a toothbrush for testing stereognosis. Cut-offs were determined 
based upon control values. Motor and sensory function of subjects 
was scored depending upon these cut-offs. 

Reliability refers to the consistency or reproduceability of the 
results obtained by this test. Test-retest reliability, defined as 
stability of test scores over time, was established by having the 
assessor (Therapist A-A 1 ,A2) perform the sensory-motor battery on 
2 occasions on ail subjects and controls. Inter-observer reliability 
refers to the extent to which results of a test may vary due to the 
differer.ces in scoring and testing procedures utilized by different 
examiners (Rogers, 1987). This was established by having 2 trained 
occupational therapists perform the sensory-motor battery on each 
chi Id (Therapist A-A 1, Therapist B). 

Validity refers to the extent to which a test measures what its 
supposed to measure. Validity has 3 components- construct, 
criterion and content validity. Construct validity is defined as the 
appraisal of the underlying structure of the trait measured. 
Criterion validity can be defined as the use of test results to 
estimate performance on behaviour other than that assessed in the 
tests itself. Both construct and criterion validity could not be 
demonstrated because a 'gold-standard' to compare this sensory test 
to does not exist. Content validity refers to the extent that the test 
items reflect an accurate sampling of the domain being measured. 
This assessment is expected to have adequate content validity 
because items were selected from existing standardized procedures 
in adult sensory batteries with good validity (Jones, 1989) . 
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3.4.2 Motor Assessment 
Bange of motjon: Complete passive range of motion of the elbow, 

forearm, wrist, thumb and the index and Iitt/e finger of both upper 
extremities was assessed (Appendix G). A goniometer was used to 
measure the elbow, forearm and wrist. A finger goniometer was used 
to measure the range of motion at the metacarpophalangeal jOints of 
the fingers. 

Muscle tone: Upper extremity tone was evaluated using the ordinal 
scale for tone in the Einstein Neonatal Neurobehavioural Assessment 
Scale (Appendix H) (Kurtzberg et al, 1979). 

Grasp pattern test: The Functional Evaluation of the Congenitally 
Anomalous Hand was used to evaluate grips and grasps (Appendlx 1). 
Basic hand function can be defined by link grip, prehensile and non
prehensile grip, and precision handling (Skerik et al, 1971). The 

prehensile non-manipulative grip can be divided into power and hook 
grips. The lateral pinch is a link grip and the non-prehensile handlmg 
grips include the palmar and the tip pinch. The hook gnp was 

evaluated by having the subjects hold a briefcase containing the 
Jamar dynamometer and pinch gauge. The children were asked to 
hammer pegs into a pegboard to observe the power gnp. Lateral 
pinch was observed by asking the subjects to hold a key as if the y 

were going to open a door. Palmar pinch was observed by asking them 
to string a bead. Scoring follows a scale of 0 to 2, where 2 15 normal 
grip, 1 is object manipulation present with inappropriate grasp, 0 IS 

no handling of object at ail (Appendix G). 
Grjp and pjnch strength: Hand gnp strength can be used to test 

gross motor power (Jones, 1989). Grip and plnch strength were 
measured using a Jamar dynamometer and pinch gauge. Norms have 
been established for children, with an inter·rater and test ~ e-test 
reliability of 0.98 and 0.88 respectively (Ager et a l ,1984, 
Mathiowetz et al, 1986). 

3.4.3 Neurologie Examination 
A paediatric neurologist performed an examination of ail subjects 

and controls in a blind fashion. Abnormalities in tone, deep tendon 
reflexes (DTRs), quality of movements and side of hemiplegia were 
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noted (Appendix J). The neurologist scored the examination as 
normal, or abnormal (mild, moderate or severe), depending on the 
extent of hand disability present. The nature of lesion in subjects 
with CP was also noted on the basis of past medical history as 
obtained from charts and the careful taking of medical history when 
parent(s) accompanied the child. The most recent computed 
tomography (CT) scan and magnetic resonance imaging (MRI) of 

subjects were also reviewed by the neurologist to determine site 
and extent of in jury. 

3.4.4 Somatosensory Evoked Potentials 
Becordjng: The subjects and controls were placed in a comfortable 

supine position. The Grass Model 10 ERS system was used with G2 
negativity producing an upward deflection. Both median nerves were 
electrically stimulated individually, via a sensory stimulator, by 
electrical square wave pulses delivered at 0.2 msec duration and a 
rate of 4/sec, with an intensity sufficient to obtain a thumb twitch. 
A stimulus isolation unit was used to minimize stimulus artifact. 
The electrode-patient interface was carefully cleaned with 
Omniprep, a mild abrasive cleaning agent. Gold cup electrodes were 
applied to Erb's Point (EP), over the second cervical vertebra (Cil), 
and over the contralateral parietal scalp (Cc), using bony landmarks 
and the 10-20 International system of measurement. EP, Cil and Cc 

were referenced to Fz, placed in the midline of the upper forehead. 
The ground was attached with a strap to the proximal pc~tion of the 
upper limb. Arm length was measured from the point of stimulation 
to Erb's point. Input was amplified 100,000 X. The filters used were 
set at 30-3,000 Hz. The averager was set for a sweep duration of 50 

msec. Automatic sweep repetitions were set to 512. Two trials 
were performed and superimposed to test reproducibility of the 
waveform. Written records of evoked potentials were obtained on a 
X-Y piotter. 

Analysjs of the sep wayeform: Analysis of the SEP waveform was 
done by a neurologist. The absolute latencies (EP=N9, CII=N13, 
Cc=N20. P22) were measured from the onset of stimulation to the 
appearance of each peak. Inter-peak latency (N 13-N20) was also 
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calculated. Cut-offs based on healthy control absolute and inter
wave latencies will be established. In this study subJects with 
latencies greater than the cut-offs (2.5 standard deviations greater 
than the mean) established, or those with fiat recordings will be 
graded as having an abnormal SEP. 

3.4.5 Sensory Assessment 
pressure sens;t;v;ty: This was measured using the Semmes

Weinstein monofilaments (Semmes et al, 1960). The psychophysical 
method of limits was used to determine threshold. The filaments 
were applied in an ascending and a descending order. The filament 
first perceived in the ascending order and the filament last 
perceived in the descending order were noted. Three areas were 
tested; the volar surface of the distal phalanx of the thumb, the 
index and the little finger of each hand. There were 3 tnals for each 
finger and the highest threshold obtained was used for the purpose 
of calculation. The hand was occluded from sight by a screen and 
supported in a putt Y (Callahan, 1984). (Appendix G). 

Two-point discrimination (2pd): This was measured by a Olsk
criminator. The distance between the 2 prongs vary from 1 mm to 
12mm. Only moving 2pd (m2pd) was measured since It has been found 
to relate more closely to hand function. Wlth vision occluded by a 
screen, the testing ends were moved along the ftngers ln a 
proximal-tc-distal direction. One or 2 points were randomly applled 
to the skin surface. The subjects were asked to identify whether 
they felt 1 or 2 points. The smallest distance between 2 pornts that 
the subject identified without an error was taken as thelr m2pd 
threshold. Areas tested were the volar surfaces of the distal phalanx 
of the thumb, index and Iittie finger. (Appendix G). 

Stereog nosis; It was tested via the method of visuai matchrng 
Five shapes (circle, triangle, square, diamond and octagon) and 5 
objects of daily use (toothbrush, tennis bail, comb 4 Inches long, 
large cup and candy in wrapper) were presented to the subjects ln 

random order with vision occluded. The subject was then asked to 
point to the object from a selection of drawings contarning ail 
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objects. The total number of objects correctly matched out of 10 
was taken as their stereognosis score. (Appendix G). 

proprjoceptjon: The child's hand was supported by the examiner's 
hand. With eyes occluded, the metacarpophalangeal joints of the 
thumb, index and liUle fingers were moved, holding the proximal 
phalanx laterally, either up or down. The subject was asked to 
identify the direction of movement. The number of correct responses 
out of 5 was scored. (Appendix G). 

pirectjooal;ty: A Semmes-Weinstein monofilament 4 degrees 
higher than the pressure threshold obtained was selected and moved 
along the volar aspect of the distal phalanx of the thumb, index and 
little finger. Order of application of the moving stimulus was 
random. Direction of movement of the monofilament (Le. towards or 
away from the body) was required to be identified by the subject. 
The number of correct responses out of 5 was scored. (Appendix G). 

3.5 STATISTICS 
Independent t-tests were performed to determine if the subjects 

and controls were matched for age. One-way analysis of variance 
(ANOVA) and mdependent t-tests were used to examine whether age 
and sex had any effect on sensory function in controls, respectively. 
Independent t-tests were also performed on scores obtained by 
subjects and controls on ail the sensory modalities tested by 
Therapist A in the first testing session (A1). 

Cut-offs were set at mean values +/- 2.5 standard deviation (s.d.) 
for the controls. Performanc:e (i.e. normal vs. abnormal) on the 
sensory-motor test in subjects was compared with data obtained in 
controls. Sensory function of the dominant hand in heaithy controls 
was compared to that of the non-dominant hand by independent t
tests. If dominance was found to be a factor affecting sensory 
performance, then cut-offs would be assigned separately for the 
non-dominant and dominant hand, for each sensory modality. The 
results were based on the results obtained by Therapist A in the 
first testing session (A1). 

Sensory fLmction of the hemiplegic (non-dominant) hand of 
subjects was compared to the non-dominant hand of controls. 
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1 Correlation of sensory function of the 'non-affected' (dominant) hand 
of hemiplegics and dominant hand of the healthy children was also 
determined. Independent t-tests were also done compa~ing sensory 
function of the 'non-affected' ta that of the affected hand in 
hemiplegic chlldren. 

The total number of sensory modalities impaired in subjects ln 

the affected and non-affected hand were collated. Since SEP are 
normally distributed cut-offs were set at me2n + 2.5 s.d. Therefore 
values greater than the eut-off values would be considered as 
abnormal. Subject results on the SEP recordings, neurologlcal 
examination and grasp pattern scores were correlated ta sensory 
function. Chi square analysis was performed to determine If any 
particular sensory modality was significantly correlated to SEP 
findings, neurological examination and grasp pattern scores. 

Reliability was tested using the Kappa coefficient to determme 
the consistency of seo ring children in the study as normal or 
abnormal during separate testing occasions (Therapist A 1/ A2 & 

Therapist A 1/8). Kappa >0.60 was consldered to be slgnlflcant 
Intra-class correlation coefficients (ICC) were obtalned to 
determine inter-rater and test-retest rellability on the raw scores 
obtained by the contrais and subjects. ICC >0.65 were thought to be 
significant. 
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4. RESULTS 

4.1 DESCRIPTIVE STATISTICS 

4.1.1 Controls 
Eighteen healthy children (9 boys and 9 girls) were evaluated. 

Thelr ages varied from 5.25 to 16.00 years with a mean of 10.54 (s.d. 
2.96) years. Fourteen children were right-handed and 4 were left
hand9d (Table 1). Ali children were seen twice. The time difference 
between the two evaluations varied from 4 da ys to 388 days. Ali 18 
controls were seen twice by Therapist A (A 1, A2) to establish test
retest reliability and 11 controls were also seen in a blind fashion 
by Therapist B in order to establish inter-rater reliability. 
Somatosensory E:voked Potentials (SEP) were performed on 17/18 
controls, and a neurologist blindly evaluated ail 18 controls (Table 
2). 

4.1.2 Subjects 
Nme children with hemiplegia (7 boys and 2 girls) were evaluated 

for the study. Subjects ranged in age from 4.33 to 18.08 years with a 
mean of 11.25 (s.d. 5.36) years. Subjects and controls were age
matched. T-tests performed on the age of controls and subjects 
showed no signlficant difference (p::-~0.66). Five subjects were left

handed (rlght hemiplegics) and 4 were nght-handed (Ieft 
hemipleglcs) (Table 1). The time between two sensory-motor 
evaluatlons varied from 7 to 76 days. Eight out of nine subjects 
were seen once by both Therapists A and B. One subject was seen by 
Theraplst A (A 1) only once. Therapist A (A2) saw 7 subjects for a 

second evaluation. SEP were performed on ail 9 subjects and 
neurologlcal examinations were also do ne on ail 9 subjects (Table 
2). 

4.2 NORMATIVE DATA 
Criteria for motor impairment and sensory deficits were 

determined based upon the results obtained from healthy controls, 
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1 when evaluated by Therapist A during the tirst testing session (A 1). 
(n=18). 

4.2.1 Motor Assessment Battery ln The Control Group 
Range of motjon: Ali controls had range within the normal limits 

as established by Scott and Trambly (1989). 
Muscle tone: Ali of the contrais obtained a score of 2 on the 

Einstein Neonatal Neurabehavioural Assessment Scale, Le. normal 
tone. 

Grasp pattern test: Ail 18 contrais scored 8/8 on the grips and 
grasps function test (therefore a score less than 8 on this test was 
considered to be abnormal) in both hands (Table 3). In other words 
these children were able ta use power grip as weil as hook, lateral 
and palmar grasps in a correct manner. 

Grjp stre ngth: Grip strength, as measured by a Jamar 
Dynamometer, was not&d ta increase significantly in the controls as 
a function of age, particularly so ln the dominant hand. (non
dominant hand: p=0.008, slope=4.0, r=0.34 ; dominant hand: p=0.002, 
slope=5.28, r=0.46) (Figures 1/2). 

4.2.2 Neurologieal Examination ln The Control Group 
Neurologie examination was performed on ail 18 contrais by a 

paediatric neurologist who was blind to the group assignment. Ali of 
the contrais were found to have normal neurologie examlnat/ons Ali 

were able ta use their hands in an independent manner, had no 
history of delayed milestones, and had normal tone, tendon jerks and 
retlexes. 

4.2.3 Somatosensory Evoked PotentÎals ln The Control Group 
Seventeen out of 18 contrais had SEP recordings done. N9 ranged 

fram 7.00-10.00 msecs (mean 8.34 s.d. 0.91 msees ln the non
dominant extremity and 8.40 s.d. 0.95 msecs in the dominant 11mb) 
for bath upper limbs. N13 ranged tram 9.00-13.50 msecs in the non
dominant upper limb (mean of 11.04 s.d. 1.23 rosecs) and trom 9.50-
13.50 msecs in the dominant upper limb (mean of 11.24 s.d. 1 17 
msecs). N20 had latencies of 15.00-19.40 msecs in the non-dominant 
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extremity (mean of 16.85 s.d. 1.39 msecs) and of 15.00-19.00 msecs 
in the dominant upper limb (mean of 16.78 s.d. 1.33 msecs). 
Interwave latencies (N13-N20) were 5.00-7.00 msecs on the non
dominant side (mean of 5.81 s.d. 0.52 msecs) and 4.50-6.10 msecs in 
the dominant upper extremity (mean of 5.54 s.d. 0.35 msecs). Si nce 
SEP latency values are normally distributed, cut-offs were set at 
2.5 s.d. greater than the mean for absolute and interwave latencies. 

Therefore values greater than the mean + 2.5 s.d. would be 
considered as ab normal. For this study, the values of interest 
inchJded N20 values (eut-off of 20.33 msecs in the non-dominant 
limb and 20.11 msecs in the dominant upper limb) and N13-N20 
values (cut-offs of 7.11 msecs and 6.42 msecs for the non-dominant 
and dominant upper limbs respectively). (Table 3). Greater 
variability documented in N20 values (s.d for non-dominant=1.39, 
dominant=1.33) as compared to N13-N20 (s.d. for non-dominant=0.52, 
dominant=0.35) may be attributed to increasing arm length/body 
stature (thereby increasing absolute latency) as weil as increasing 
myelination (thereby decreasing absolute latency). To assess the 
effect of age on SEP components, N13-N20 latencies (whose 
transmission site extends from brainstem to sensory cortex, and 
therefore would not be affected by increasing arm length) were 
evaluated as a function of age. No trend was seen (slope= -0.05, 
r=0.05). The slight negative slope could be due to a faster rate of 
conduction with increasing age due to maturation of sensory system 
pathways, although this was not significant. (Figure 3). 

4.2.4 Sensory Assessment Battery ln The Control Group 
It was discerned that the sensory assessment battery could be 

easily and reliably administered in about 20 minutes. Evaluation of 
the effect of age and sex on ail the control sensory test scores was 
performed by 1-way ANOVA and independent t-tests respectively. 
Neither of these variables were found to affect sensory 
performance. Independent t-tests were also done to determine if 
control scores on ail sensory modalities, for ail fingers tested, 
differed significantly between the dominant and non-dominant 
hands. Dominance was ascertained to be a significant factor in 
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!ltc< determining m2pd thresholds of the thumb (TH) (p<O.05). Differences 
<~ in m2pd thresholds and proprioception scores of the index finger 

(IF), directionality scores of the TH and stereognosis scores also 
approached significance (between p=O.1 a.and p=O.15). In arder ta 

make the sensory assessment battery a more sensitive tool ln 

measuring sensory function, a more conservative approach was 
taken. Separate cut-offs for the dominant and non-dommant hand 
were used as a criteria for measuring sensory impairment in 
hemiplegic children. 

Pressure sensjtjvjty: Controls were assessed for pressure 

sensitivity using Semmes-Weinstein monofilaments, whlch ranged 

from 1.65-6.65 (Iogarithm of 10 times the force ln milligrams 
required to bend the monofilament). Minimum threshold was 1.65 ln 

the non-dominant IF and 2.36 in ail the other fingers tested Among 

controls, maximum threshold was 3.22 in ail fingers except for the 
dominant TH (2.83) and non-dominant little finger (LF) (3.61). 

The distribution of scores for ail sensory modalities tested were 

skewed, therefore cut-offs could not be simply set by uSlng mean 
s.d. 2.5 s.d. Given the small sample size (N=18), the Blenayme

Chebyshev (B-C} Inequahty was used to establish cut-offs. The B-C 

Inequality states, 
Il in any population or sample, no more than (1/z) squared of the 
observations differ from the mean by z or more fimes the s.d. 
(for z> 1); that is, the maximum proportion of observations ln 

the tails of the distribution is (1/z) squared Il (Oison, 1987) 

Using this statistical approach we gain a greater understandlng of 

the relationship of s.d. to the spread of a set of observations ln a 

small data set. The size of the s.d. will imply certain limits on how 

many data points can be at specifie distances from the mean. The B
C Inequality enables us to conservatively use s.d as a measure of 

variability. (Oison, 1987). 

Using the B-C Inequality, cut-offs were set at 2.83 ln the TH,IF 

and LF of dominant and non-dominant hand and TH of non-dominant 

hand. IF and LF of non-dominant hand had cut-offs of 3.22. [e.g. 

1/(2.5x2.5)=O.16 > 1/18=0.06, where 2.5=2.5 s.d. and 18=number of 

controls]. (Table 4). Therefore scores of and above 3.22 were 
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considered abnormal in the three digits tested of the dominant hand 
and the TH of the non-dominant hand. Scores of and over 3.61 were 

considered to be abnormal in the IF and LF of the non-dominant hand. 
Moyjng two-point discrimination (m2pd); M2pd thresholds were 

assessed using the Disk-criminator. Minimum threshold was found to 
be 2mm in ail fingers tested and maximum threshold ranged from 
3mm (in both TH and dominant IF) to 4mm (in non-dominant IF and LF 

and dominant LF). Cut-offs using the B-C Inequality were set at 3mm 
for TH, IF and LF of the dominant hand and TH of the non-dominant 
hand. IF and LF of the non-dominant hand had m2pd thresholds of 
4mm. (Table 5). Thus a score ~ 4mm for both TH, and the IF and LF of 
the dominant hand was considered abnormal. For the IF and LF of the 
non-dominant hand a score of 5mm and above was abnormal. 

Stereognosjs: Stereognosis was graded depending on the number of 

shapes and objects (N=10) correctly identified by visual matching. 
Scores ranged from 8-10/10 in the nOIl-dominant hand and 9-10/10 
in the dominant hand. Cut-offs were once again established using the 
B-C Inequality at 9. (Table 6). Therefore a child with a score of 8 or 
less out of 10 was considered to have poor stereognosis. 

Proprjoceptjon: Proprioception was scored depending on the 
number of correct responses out of five that the child gave upon 
movement of the child's metacarpophalangeal joint up or down. 
Except for the dominant IF where proprioception scores varied from 
4-5/5, ail children scored 5/5 in proprioception on ail the other 
fingers tested. Using the B-C inequality proprioception cut-offs 
were established at 5 for TH, IF and LF of both hands. (Table 7). Thus 

a proprioception score of 4 or less out of 5 was taken to be 
ab normal. 

Directjonality: Directionality thresholds were measured by 
moving a monofilament randornly up or down along the palmar aspect 
of the distal phalanx, and asking the child to identify the direction 
of movement. The monofilament was four degrees higher than 
pressure threshold established for that finger. Five trials were 
performed for each finger. Scores ranged from 3-5/5 for the 
dominant hand and from 4-5/5 for the non-dominant hand. Thus cut
offs were established at 4 for the TH,IF and LF of the non-dominant 
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1 hand and at 3 for the TH, IF, and LF of the dominant hand using the B

e Inequality. (Table 8). Therefore a score ~ 3 would be considered 
abnormal in fingers tested in the non-dominant hand and a score ~ 2 
for fingers tested in the dominant hand. 

4.3 SUBJECT DATA 

Subject performance on the sensory-motor tests was rated as 

either normal or abnormal by comparing their scores with data 

obtained in controls. The results that follow were derived from the 
findings obtained by Therapist A in the first testing session (A 1). 

(n=9). 

4.3.1 Motor Assessment Battery ln The Experimental Group 
Range of motion; Three of the 9 subjects had elbow flexion 

contractures of 10-15°, on the affeeted side. 

Muscle tone: Ali 9 hemiplegic children had increased tone of the 

aftected upper extremity (i.e. a score of 3-moderately hypertonie, on 

the Einstein Neonatal Neurobehavioural Assessment Scale). 
Grasp pattern test: The grips and grasps hand functlon evaluatlon 

showed that 3 hemiplegic chlldren (3/9) had normal grasp patterns 

Ali 3 were right hemiplegics (RH). Of the 6 hemiplegic children wlth 

abnormal grasp patterns, 1 child showed mild-moderate impairment 

(i .e. a score of 5-7/8) and 5 subJects had moderate-severe 
involvernent (score of 0-4/8). In summary, 6/9 hemipleglc chlldren 

had abnormal scores on the test of hand function of whlch 4 were LH 

and 2 had RH (Table 9). 
Grjp strength; Ali subjects had decreased gnp strength on the 

affected hand when compared to the non-affected hand. In 3/8 

subjects grip strength was decreased by 80%-100% on the affected 

side. In 3 other children the affected limb had a decreased strength 
of 50%-80% when cornpared to the non-affeeted hand. The remaming 

two children had minimal differences (approximately 20%) ln the 

grip strength of the affected vs. the non-affected hand. In one child, 

this sub-test eould not be performed due to lack of cooperation. 
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4.3.2 Neurological Examination ln The Experimental Group 
Neurological evaluation was performed by a neurologist who was 

blind to the neurological status of the 9 subjects The extent of 
independent hand and finger function was rated as normal, mild, 
moderate or severe. Mild involvement was present if some 
independent finger movement was possible, moderate impairment 
was present if voluntary grasp was present without individual 
finger movements, and severe deficits were present if no voluntary 
grasp was possible. The neurologist rated 3/9 subjects as having 
mild hemiplegia, 1 had a rating of moderate hand involvement, and 4 
with severe hemiplegia. Ali 4 LH were found to have severe 
involvement of the affected side (hand) whereas the 5 RH had 
varying degrees of hemiplegia (Table 10). 

The nature of the brain lesion of ail subjects was explored by the 
neurologist by carefully examining the medical charts and taking a 
history wh en parent(s) accompanied the child. The most recent CT 
scans of 8/9 hemiplegic children and the MRI in 3 subjects were also 
evaluated by the neurologist to determine the extent and location of 
the lesion. The neurologist concluded that 3 hemiplegics suffered 
anoxic-ischemic insults, 2 of which occurred in the prenatal period, 
to deep structures as weil as the frontal and parietal lobes of the 
affected hemisphere. Another 3 subjects had porencephaly, 1 of 
prenatal ongin (fronto-central area involved), while in the other 2, 
it appeared to occur in the neonatal period (only deep structures 
involved ln 1 and diffuse frontal, parietal and occipital involvement 
in the other child). In the remaining 3 subjects, 1 had cerebral 
atrophy (suggesting a watershed infarct), another pachygyria 
(sylvain and calcarine fissures involved), and the last subject 
showed evidence of cerebral atrophy (deep structures as weil as 
frontal and parietal lobe lesions) (Table 11). 

4.3.3 Somatosensory Evoked Potentials ln The Experimental 
Group 

Three out of the 9 hemiplegic children assessed had fiat N20 
waveforms on the affected side. Two had increased N20 latencies 
with delayed conduction times (N13-N20) and diminished amplitudes 
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1 on the affected side (Figure 4). Four subjects had normal SEP 
bilaterally. Ail 4 LH had abnormal SEP recordings. Three had fiat N20 
waveforms and 1 had an increased N20 latency along with an 
increased N13-N20 interwave latency. Four of the 5 RH had normal 

SEP and 1 had an abnormal SEP, with an increased latency and a 
delay in conduction time (Table 12). 

4.3.4 Sensory Assessment Battery ln The Experimental 
Group 

Sensory function on the affected side; Independent t-tests 
demonstrated that significant sensory deficits are present on the 
aftected side of hemiplegic children across ail modalities, as 
compared to the non-dominant hand of controls. Pressure sensitivity 
of the TH and IF, directionality of LF, m2pd of IF and LF, 
proprioception of ail fingers (ail slgnificant at p<O.05) and 
stereognosis (p<0.001) were significantly Impaired (Table 13), 

(Figures 6-10). 
ln the affected hand, 1 hemiplegic child had no sensory deflcit on 

modalities tested, whereas ail the other children demonstrated 
deficits of 1 or more sensory modalities. There were 3 mdivlduals 
who had 1, 2, and 3 modalities affected respectlvely. Three subJects 
had impairment of ail 5 sensory modalities of the affected hand. Due 
to short attention span and lack of ..;ooperation, 2 hemlplegic 
subjects were unable to complete the 5 sub-tests but had 2/3 and 

2/2 sensory modalities impaired. (Table 16). 
Pressure Sensitivity was measured by the Semmes-Weinstem 

monofilaments. Using the cut-offs as established on control data, It 

was found that 3 of the 7 hemlplegic children assessed had 
increased pressure sensitivity thresholds on the affected side 
(Table 18). Dellon's Disk-criminator was used to assess m2pd. Four 
out of 7 subjects (2/9 were un-cooperative) had increased m2pd 

thresholds on the affected side (Table 18). Accurate identification 
of shapes and objects was used to test stereognosis. ThiS modallty 
showed maximal impairment in these children. Seven of the 9 

hemiplegic children had astereognosis of the affected hand (Table 
18). Proprioception was tested by evaluatlng the subject's 
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t awareness of joint position in space. This modality was frequently 
impaired as weil. Six of 9 hemiplegics had impaired proprioception 
on the affected side (Table 18). The subject's ability to correctly 
distinguish the direction in which a monofilament was moved was 
used to test directionality. Five of 8 hemiplegic children had 
impaired directionality (Table 18). 

Sensory functjon on the 'noo-affected' sjde: Significant sensory 
deficits were also present on the so ca lied "non-affected' side of 
hemiplegic children, as illustrated by independent t-test results, 
when compared to sensory test scores obtained in the dominant hand 
of the controls. Pressure sensitivity (p<O.05) (Figure 5), m2pd 
threshold (p<O.01), proprioception (p<O.05) and stereognosis (p<O.01) 
on the 'non-affected' hand showed significant sensory deficits in the 
hemiplegic children (Table 14). 

ln the so called 'non-affected' haod, 1 LH had 4 sensory modalities 
impaired, and 3 children had involvement of 1 seosory modality. Due 
to short attention span, 2 hemiplegic children were unable to 
complete their sessions, but had 1/2 sensory modalities tested 
impaired. The remaining 3 had no seosory involvement present. 
(Table 17). Thus 6/9 (66%) hemiplegic children had 1 or more 
sensory modalities impaired on the 'non-affected' side. 

Two children were not evaluated completely due to poor 
cooperation .. On the 'non-affected' side, 2 children (both LH) had 
increased pressure sensitivity, therefore demonstrating bilateral 
impairment in pressure sensitivity. None of the hemiplegic children 
showed impaired m2pd threshold on the 'non-affected' side. Three 
out of 9 subjects had impaired stereognosis, as weil as a deficit in 
propnoception. Only 1 child (LH) had a deficit in directionality on 
the 'non-affected' side. (Table 19). 

Comparison of sensory function on the affected and 'non-affected' 
haods in the expenmental group by t-tests, displayed no significant 
differences between the 2 sides (Table 15). 

Sensory ys, SEP fjndjngs: Scores obtained on ail sensory 
modalities were correlated to SEP findings using chi-square 
analysis. SEP recordings were graded as 0 for a fiat N20 wave, 1 if 
the N20 waveform was of increased latency and 2 if the SEP 
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waveform latency was within normal limits. Children in the study 

were scored on ail sensory modalities tested. Using eut-off values 

as determined by control data, children were scored as 1 if thelr 

scores were within normal limits for that sensory modality, and 2 

for an abnormal score in 1 or more of the fingers tested, for that 

sensory modality. Chi-square analysis showed that SEP were 

significantly correlated with pressure sensitivlty of the IF ln both 

dominant and non-dominant hands, as weil as the LF of the non

dominant hand (p<O.OS). M2pd of the TH, IF and LF of the non

dominant (affected) hand were found ta signiflcantly correlate to 

SEP on the sa me side (p<O.OS). Finally, directionality of the non

dominant LF was also determined to have a signiflcant correlation to 
SEP recordings. 

Sensory findings across the 3 fingers tested were collated for the 

dominant and non-dominant hand, for ail 5 sensory modalltles. Thus, 

sensory impairment on even 1 site would correspond to a score of 2 

(abnormal sensory function) for that particular sensory modality in 

the same hand, whereas a score of 1 implied normal sensory function 

in ail 3 fingers tested. This sensory modahty score was correlated 

with SEP findings. Once again SEP (on the affected side) were found 

ta be significantly correlated to pressure sensltivity and m2pd 

thresholds of the non-dominant hand (p<O.OS) 

Sensory function was assessed clinically by the Sensory 

Assessment Battery as weil as uSlng an electrophyslologlc 

technique (SEP). Interestingly, this study shows that SEP do not 

always correlate positively with cllnlcal sensory findings Four 

hemiplegic children with SEP abnormalities (fiat N20 or delayed 

conduction time) had severe sensory deficits. However one chlld 

with an increased N20 latency had no sensory deflclts Conversely, 

the 4 children with normal SEP had mild (1/4) or moderate (3/4) 

sensory impairment (Table 20). 

Sensory ys. motor assessment results: Motor functlon was 

assessed by neurological examination and grasp patterns. 

Neurological examination was scored as 0 for a severe hemlplegia 

(no voluntary grasp), 1 for moderate impairment (voluntary grasp 

present, but no individual finger movements) 1 2 for mild hemiplegla 

49 



(some individual finger movements), and 3 for a normal neurologie 

evaluation. Grasp patterns (hand function sub-test) were graded as 0 
for a moderate-severe impairment (score of 0-4/8), 1 for a mild

moderate Impairment (5-7/8), and 2 for normal grasp patterns (8/8). 

80th methods of assessing motor function (neurological 

examination and grasp patterns) corresponded 100% using 2 

independent examiners. Therefore ail 3 of the children classified as 

mlld hemiplegia by the neurologist had normal grasp patterns (as 

detsrmined by Therapist A 1). The child with moderate hemiplegia 

demonstrated mild-moderate impairment of grasp patterns, and the 

remaining 5 subjects with severe hemiplegia displayed moderate

severe grasp pattern involvement (Table 20). 

Chi-square analysis was performed to determine if scores on ail 

sensory modalities were significantly correlated to motor function, 

as assessed by neurological examination and grasp pattern scores. 

Neurological examination and grasp patterns were not ascertained to 

be signlficantly correlated to scores on any sensory modality tested. 

Collated sensory modality scores for the dominant and non-dominant 

hand was also correlated to neurological examination and grasp 

pattern scores, using chi-square analysis. Once again, no significant 

relationship was determined between any sensory modality and 
motor function. 

When sensory ability of the hand was correlated to its motor 

functlon, 2 interesting findings were observed Firstly, sensory 

function as determined by performance on the Sensory Assessment 

Battery did not correlate with motor function. For example, in Table 

20, child #4 had severe hemiplegia with normal sensory functlon. 

Conversely, child #9 had mild hemiplegia with moderate sensory 

impairment. Thus sensory function scores did not correlate to motor 

function in 3/9 hemiplegic children. In contrast, SEP correlated weil 

with findings on the motor ability of the hand. Ali 5 hemiplegic 

children with SEP abnormalities (fiat or increased conduction time) 

were 9 raded by the neurologist as having severe impairment of their 

affected upper extremity. Furthermore they ail had a rating of 

moderate to severe impairment in grasp patterns, as determined by 

Therapist A (A 1). The other 4 subjects had normal SEP. One of these 
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4 children was graded as moderately impaired and had a mild to 
moderate deficit in grasp patten. The other 3 with normal SEP had 
mild hemiplegia and normal grasp patterns (Table 20). 

4.4 R ELiABILITY 
Both test-retest and inter-rater rellabillty of subjects and 

controls were assessed. Therapist A tested the controls and 
subjects with the sensory-motor assessment battery on two 
separate occasions (A1, A2). Time between A1 and A2 varied 
between 4-388 days (mean of 202.72 s.d. 160.72 days) for controls 
and between 7-76 days (mean of 26.43 s.d. 25.61 days) for subJects 
Test results in this battery, as obtained by A 1 were also compared 
to results obtained by Therapist B, thereby establishing mter
observer reliability. 

The kappa coefficient was performed on scores obtalned by 
controls and subjects in the non-dominant and dominant hand A 
Kappa Coefficient >0.60 was considered significant. Pressure 
sensitivity scores in the IF showed K=1.00 for Therapist A and B; and 
K=0.78 for Therapist A (A1,A2). M2pd scores in the TH and IF of the 
non-dominant hand reported a K= 1.00 for both test-retest and Inter
rater reliability. Test-retest rellabil:ty as determlned for 
stereognosis was K=0.88 for the non-dominant hand and K=O 64 for 
the dominant hand. Proprioceptlon scores showed a test-retest 
reliability of K=0.78 and K=0.64 for the non-dominant and dominant 
TH respectively. Inter-rater reliability measured for propnoceptlOn 
showed K=1.00 and K=0.63 for the TH in the non-dominant and 
dominant hands respectively. Directionality scores when measured 
for test-retest reliability showed K=1.00 for the TH and LF of the 
dominant hand, and K=0.67 for the TH and LF of the non-dominant 
hand (Tables 21 & 22) Percentage agreement on sensory battery 
scores between raters and A 1 and A2 assessments vaned fram 81 0

/ 0 -

100% for the non-dominantlaffected hand and 75-100% for the 

dominantl'non-affected' hand (Tables 21 &22). 
Intraclass Correlation Coefficients (ICC) were performed on the 

raw scores obtained by the children in the study on tests of sensory 
function on their dominant and non-dominant hands An ICC > 0.65 
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was regarded as significant. Pressure sensitivity scores showed 
significant inter-rater reliability for ail fingers tested in both the 
dominant and non-dominant hands. Significant test-retest reliability 
of pressure sensitivity of the non-dominant hand and the TH of the 
dominant hand was also determined. M2pd thresholds of non
dominant showed significant reliability between Therapist A and B, 
and IF and LF also showed significant test-retest reliability. M2pd 
of the LF of the dominant hand was ascertained to have an ICC=O.66 
for Therapist A (A1,A2). Both test-retest and inter-rater reliabillty 
as determined for stereognosis in the non-dominant hand had 
ICC=O.87 and 0.74 respectively. ICC for proprioception scores of the 
TH of the non-dominant hand was 0.89. ICC for proprioception values 
on ail the other flngers tested could not be computed due to no 
variation ln proprioception scores obtained, however the scores 
indicate excellent reliability. In the non-dominant hand, 
directionality scores showed signiflcant test-retest reliability for 
the TH and good inter-rater reliability for the IF (Tables 23 &24). 

Therefore overall, test-retest and inter-rater reliability was 

determined to be excellent across ail modalities. 
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5. DISCUSSION 

5.1 Formulation Of A Reliable Paediatric Test Battery For 
Children With NeurolTlotor Deficits 

The standardized sensory battery formulated in this study 
assesses 5 sensory modéllities in school-age children. Only chlldren 
with a certain level of language function (expressive component of 

24-27 months and receptive component of 30-33 months) can be 
reliably assessed using thls test. This ensures that mstructions are 
understood. Only non-verbal cues or simple responses are reqUired 
(e.g. stereognosis was executed by visual matching), ln order to 
minimize the expreSSiVE! language reqUirement for test 
administration. Ail subjects were expected to answer elther yes or 
no (pressure sensitivity testln~~), 1 or 2 (m2pd evaluatlon) and up or 
down (proprioception and dlrectionallty assessments) 

No provisions were made for behavioural factors which could 
influence the reliability of the test scores. Two hemlpleglc chlldren 
in the study exhiblted short attention spans and a high level of 
distractibility. These 2 chlldren had difficulty completmg the test 
battery. Both of them were able to perform the sub-tests 

stereognosls and proprioceptlon, whlch are of short duratlon and 
therefore require a shorter attention span They had great dlfflculty 
concentrating on and COmpl€ltrng the other sensory tests; m 
particular, pressure sensitivity wlth the Semmes-Wemsteln 
monofilaments. Thus behavloural difficultles (poor attention span, 
distractibility) in children to be assessed is an important factor to 
be considered in the clinical application of thls assessment. The 

time required for sensory evaluation was approxlmately 20 minutes 
in the controls. The hemlpleglc chlldren requlred about 35-40 
minutes to complete the same test. About an hour was needed to 
assess each of the 2 children with attention deficits. 

When comparing the sensory thresholds of the dominant and non

dominant hand in controls, important (signrficant or approachmg 
significance) differences were found for some modalltles. Thus a 

more conservative approach was adopted; cut-offs for each sensory 
modality were derived separately for the domrnant and non-dominant 
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hand. Interestingly, cut-offs in the dominant hand were lower 
(higher sensitivity) for pressure sensitivity and m2pd. This could 
possibly be explained by both the nature or nurture theories. 
Propounders of the 'nature' theory postulate that an individual's 
genetic make-up is chiefly responsible for their traits and abilities. 
Based on this, theorists presume that the dominant hemisphere 
would mature earlier (i.e. may be more myelinated), thus sensory 
input would be more rapidly projected rostrally on the dominant 
side. Conversely, developmentalists supporting the 'nurtu re' theory 
propose that the environment and an individual's experience are the 
chief trait building factors. These nurture theorists would advocate 
that the greater sensitivity of the dominant hand may be due to its 
greater degree of sensory experience. Stereognosis and 
proprioception had the same cut-offs for both hands. However for 
stereognosls, the mean was higher (greater sensitivity) with less 
vanability (s.d.=0.38) in the dominant hand as compared to the non
dominant hand (s.d.=0.62). Thus even though there was no difference 
between stereognosis values obtained for both hands overall, 
dominance did show sorne effect in individual cases. On the other 
hand directionality scores of the dominant hand were lower 
(decreased sensitivity) as compared to the non-dommant hand. One 
may speculate that thls could be due to habituation, since the 
dominant hand is used more often. In summary, this study shows that 
there are Important differences between the sensitivity ()f the 
dominant and non-dominant hand. Therefore, when performing thls 
sensory assessment, hand dominance should be taken into 
conSideration, as eut-off values could vary. 

Age and sex were found to have no effect on the control values 
obtatned for ail sensory modalities. Thus it was not necessar.v to 
compute eut-off values for different age groups (within 5-16 years) 
or bas~j on the sex of the child. 

Ali sensory modalities were found to be reliable in identifyin!;} a 
child with sensory abnormality when assessed by chance-corrp-cted 

Kappa (0.00-1.00). M2pd had the highest test-retest (K= 1.00 for ail 
fingers), and inter-rater reliability (K=1.00 for the TH and IF, and 
K=0.65 for the LF) for the dominantlaffected hand. Directlonality had 
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the lowest test-retest reliability (K=O.OO for the 1 F and K=O.67 for 

the TH and LF), as weil as the lowest Kappa scores for inter-rater 

reliability (K=O.OO for ail fingers), for the dominantlaffected hand. 

A reason for low directionality scores could be the slippage of the 

filament, while applying it on the digit. Another factor to be 

considered could be the mathematical layout of the Kappa test. This 
can be seen on considering the degree of percentage agreements 

between assessors (inter-rater reliability), and the 2 assessments 

performed by Therapist A (A 1 ,A2) (test-retest reliabllity). It was 

observed ta be ;;:: 75%. Ali sensory modalities were found to have a 

good overall reliability between the actual scores obtained (ICC > 

0.65) in bath the non-dominant vs. the affected and dominant vs. 

'non-affected' hands. Several of the proprioception ICC scores were 

0.00. This can be accounted for by the absence of any varrabillty ln 

the raw scores Thus this sensory battery VJas found to be a rellable 

tool for assessing sensory function. 

The battery formulated for this study Includes 5 sensory 

modalities which convey varying types of somesthetic Information 

regarding the shape, size and texture of the surface that IS berng 

explored. These sensory cu es are crucial for optimal hand 

performance. We selected m2pd because it has been found to be a 

good predlctor of hand function (Dellon, 1984). Movement of our 

hands over an object is the primary means of obtamlng somesthetlc 

information about the object (Essick and Whltsel, 1985) Thus, 

directionality, pressure sensitlvity, stereognosis and propnoceptlOn 

are important components of hand function. Hence these sensory 

modal ities have important d iag nostic uti lit Y , partlc U larly ln 

children with motor impairment and therefore should be Included ln 

a sensory assessment battery. 
Though paedlatric test batteries whlch evaluate components of 

sensory fur.!::tion exist, several problems wlth thelr use are eVldent. 

These assessments are not applicable to children wlth neuromotor 

deficits, due to the high degree of language ability and motor 

function required to complete the assessment. Furthermore, some of 

these assessments do not have norms for a school-age population 

(e.g. MAP, SCSIT) (DeGangi, 1987; Stowers and Huber, 1987). Scoring 
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the ONST is subjective due to the qualitative nature of the 
observations that have to be made. The SCSIT requires that the 
examiners be specially trained in administering and scoring the 
assessment, and therefore is not widely available for clinical use. 
This test has also been found to have poor reliability. Modalities 
which are not objective and precise measures of sensation were 
assessed in these assessments (i.e. graphesthesia and kinesthesia). 
None of these test batteries assess m2pd, pressure sensitivity or 
directionality of touch, whieh are important components of hand 
function. Ali of these problems have been addressed in my study. 

ln a paediatric population the sensory system may still be 
immature, therefore norms may differ as eompared to adult norms. 
We chose to develop specifie norms, whieh would be applicable to a 
sehool-aged population. In this study it was determined that grip 
strength increases as a function of age and sex. This observation has 
been previously documented in several studies which have assessed 
and provided norms for grip strength for adults as weil as children 
(Mathiowetz et al, 1984; Mathiowetz et al, 1985; Mathiowetz et al, 
1986) . 

This study is unique ln providing eut-off paediatrie values for 
pressure sensitivity, m2pd and stereognosis. However a larger 
sample size would be necessary to generalize the results. 

Cut-offs for pressure thresholds of most fingers were determined 
as 2.83 in this study. However, results obtained established non
dominant IF and LF eut-off pressure thresholds at 3.22. In the adult 
literature, pressure thresholds above 2.83 are considered to be 
abnormal (Bell, 1984). Thus some adult pressure threshold values 
were found to dlffer slightly, when eompared to my study's 
paediatrie values. This may be due to the physical immaturity of the 
developing sensory system in children. Therefore it is very 
important to have a separate set of criteria with which to gauge 
sensory function in children. 

ln this study, control m2pd values are presented, as weil as 
criteria or cut-offs to determine abnormal m2pd in the 5-16 year 
age group. Any 2pd values in the literature pertain to static 2pd, 
with a general agreement that m2pd thresholds are lower and more 
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1 closely related to hand function, than static 2pd thresholds (Dellon 
and Kallman, 1983; Dellon, 1984; Louis et al, 1984). Thus m2pd cut
offs obtained in my study may be a good predictor of hand function. 
Though many researchers have specified a normal range of 2pd 
values. no specifie cut-offs have been described which would help 
delineate a normal tram an abnormal 2pd threshold (Jones, 1989). 
Norms have been provided for 2pd for different reglons of the upper 
and lower limbs (Gellis and Pool, 1977; Louis et al, 1984; Nolan, 
1983). Studies by both Gellis and Pool (1977), and Louis et al (1984) 
evaluated 2pd in a wide age range of healthy contrais (7-86 years; 
4-92 years respectively). It was discovered that the lowest 

thresholds are obtained in the third decade. However no actual 2pd 
values were provided. 

The objects chosen in our battery to assess stereognosls were ail 

familiar to children, therefore differing from obJects used ln 

evaluations previously. Objects that may give other sensory eues to 
the children, enhancing their object identification (e.g. temperature 
eues - metal spoon and key). were not selected. Norms for 
stereognosis for a set of objects have been reported ln the 
literatu re. However, the set of objects used ln dlfferent studles 
have varied. thus norms available for a glven set of obJects are 

based on small samples (Jones, 1989) 
No norms/control values have been established ln the Ilt'arature 

for proprioception and dlrectlonality. Therefore th IS study has 
provided a set of eut-off values for 5 sensory modalltles, that can 
be used in a paedlatric assessment of sensory functlon 

The sensory assessment battery reliably assessed senso ry 

performance in hemipleglc children, ln splte of thelr motor 
involvement. This assessment battery could be applled to other 
children with central nervous system dysfunctlon, provlded that 
they me et the criteria for administration (I.e language and 

behavioural limits). 
Ali the children that partlclpated ln thls study enJoyed the 

sensory-motor assessment, especially the evaluation of 

stereognosis, proprioception and grasp patterns However 
assessment of pressure sensitivity and directionality uSlng the 
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Semmes-Weinstein monofilaments was found to be tedious and 
uninteresting by most of the children. Therefore to maximize the 
cooperation of the child, it is recommended that those sub-tests 
which are fun and interesting to children should be performed first, 
with the more tedious sub-tests being left to the end. A larger 

number of controls are required to establish norms. Therefore, 

results from this study should be generalized with caution because 

of the small sample size. 
ln summary, a reliable sensory-motor battery was established for 

use with a paediatric population of school-age. Furthermore, this 
battery requires minimal language and motor skills, and therefore 
can be easily administered to children with neuromotor deficits. For 
example, it would be of interest to study the type and extent of 

sensory deflcits that exist in other forms of static encephalopathy 
At present, it is being used to evaluate the effect of selective 

dorsal rhizotomy coupled with intensive post-operative therapeutic 
intervention, on sensory, as weil as, locomotor function in CP 

children wlth spastic diplegia. 

5.2 Evaluation of Sensory Function ln Hemiplegie Children 
Using Clinical And Electrophysiological Techniques 

ln my study, sensory function of the affected hand cf hemiplegic 
subjects was found to be significantly altered across ail modalities 
(P<O .05). A signlficant impairment of sensory function of the so 

called 'non-affected' hand was also determined (p<0.05). 

Interestingly, no signiflcant differences between a hemipleglc 
child's 2 hands were found. Based on these findings one can conclude 
that signiflcant sensory deficits are present on both the affected 

and 'non-affected' hand in hemlplegic children 

Descriptive statlstics were used to establish eut-off values for 

detecting normal/abnormal sensory function in our study sample. 

Results obtained suggest that 88% of hemiplegic children tested had 

involvement of one or more sensory modallties on their affected 

side. (Table 16) It was observed that 77.8% of children had 
impairment in stereognosis, 66.7% in proprioception, and 62.5% in 

directionallty (Table 18). M2pd and pressure sensitivity were also 
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impaired to a lesser extent (57.1 % and 42.9% respectively). These 

results are similar to the findings of studies by Hohman Elt al 

(1958), Monfraix et al (1961) and Tachdjian and Minear (1958), in 

which stereognosis and proprioception were 2 of the modallties 

found to be most often impaired in hemipleglcs. Many Ol, the 

hemiplegic children assessed in my study also had varying degrees 
of sensory involvement on the 'non-affected' side (6/9). The 'non

affected' side exhibited deficits of stereognosis (3:3.3%), 

proprioception (66.7%), pressure sensltivlty (28 6%) and 

directionality (14.3%). Interestingly no deficlts ln m2pd were 

detected on the non-affected side (Table 19). Few studles have 

reported similar findings. Brown et al (1989) found that hernipleglc 

children, aged 3-13 years may exhibit bilateral vlsuo-motor 

impairment, as tested by the accuracy, and reaction tlme taken ta 

point ta targets. Monfraix et al, (1961) reported the presence of 

sensory agnosia on the non-affected side. Brown et al (1987) 

concluded that their study results were based on the presurnptlon 

that the 'non-affected' hand in hemiplegics has normal functlon, even 

though they pointed out that this mlght not be so. The findmgs of my 

study provide evidence that sensory dysfunction IS present ln both 

hands ln hemiplegic chrldren Therefore, studles whose results were 

based upon the use of the 'non-affected' slde as a control are 

misleading (Tachdjian and Minear, 1958, Tlzard et al, 1954). 

Hence, clinicians dealmg with children wlth hemlplegla should 

always be aware of the possible presence of bllate, al sensory 

impairment. Diagnostic procedures ln this population should Include 

assessment of bllateral sensory functlon The hand that has so far 

been consldered as 'non-affected' is actually a less affected hand (1 

shall from now on refer to it as such). 

The CT scan and MAI have been found to be of great value ln 

defining the site and extent of focal and multifocal leslons of the 

cerebrum, intracranial hemorrhage and leslons of penventncular 

white matter (Volpe, 1987). It was therefore of Interest to 

correlate clinical sensory findings on the sensory-motor assessment 

battery, to the location and extent of the in jury as revealed by the 

CT scans and MRI impressions. 
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1 CT scan and MRI findings correlated weil to sensory function. 
Those children with severe sensory deficits were determined to 
have diffuse and multifocal involvement of the frontal and parietal 
areas of the cortex, and of the deep underlying structures (Table 11-
subjects #1,2,3,5). The diffuse bilateral nature of the lesions of 
these 4 children was also reflected in the varying degrees of 
sensory deficits (1/4-mild, 2/4 moderate and 1/4 had severe 
sensory deficits) that they manifest on the contralateral hand. 

The 3 children with moderate sensory impairment, demonstrated a 
lesser degree of cortical involvement on CT scan and MRI findings 
(Table 11-subjects #6,7,9). Interestingly the MRI findings of 1 of 
them showed a remote watershed infarct (i.e. a parasagittal in jury 
in the posterior parietal-temporal region). This probably 
encompasses the posterior parietal lobule. Studies have shown that 
excision of the posterior parietal lobule leads to astereognosis, 
spatial disorientation of the contralateral side of the body (Roland, 
1987) and an impairment in object manipulation (Pause and Freund, 
1989). This was reflected by subject test scores on the clinical 
sensory battery, ln which the subject showed a bilateral deficit of 
stereognosis with difficulty in object manipulation. Thus, this study 
reveals that clinlcal sensory filldings reflected the site and extent 
of cortical inJury, as evaluated by the CT scan and MRI. 

One chlld had a unilateral mild impairment of sensation on the 
affected side. These findings correlated to CT scan and MRI readings, 
which ascertamed a mild diffuse lesion involving the Sylvain fibsure 
and extendlng postenorly into the Calcarine fissure (Table 11-
subject #8). Thus, Sil which IS located in the upper bank of the 
lateral sulcus may have been involved. Sil has been implicated in 

sensory-motor integration of the ipsilateral and contralateral sides 
of the body (Roland, 1987). This finding is demonstrated in this child 
as a deficit of stereognosis, which is a sensory modality requiring 
exploratory movements of the fingers to help identify the object. 

Lastly, 1 child was determined to have normal bilateral sensory 
function. This child's CT scan revealed a porencephaly of only the 
deep central area with no cortical involvement (Table 11-subject 
#4). Therefore, radiological findings on the CT scan and MRI 
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1f correlated with the degree of sensory involvement as determined by 

the sensory assessment battery. However, information regarding the 

type of modalities affected obtained by the sensory-motor battery, 

is not provided by neurolmaging techniques. 

ln my study, the sensations maximally affected were stereognosls 

and proprioception. Stereognosis has been determlned to be a higher 

function, which is a composite of several Integrated pnmary' 

sensory inputs (Maugiere et al, 1983). Both proprioceptlon and 

tactile discrimination of shape and texture of an obJect play an 
important role in object identification (stereognosis) Studies have 

determined that S 1 modulates both proprioception and stereognosls 

on the contralateral side of the body (Carlson, 1981; Corkln et al, 

1970; Darian-Smith et al, 1982; Roland, 1987; Semmes and Turner, 

1977). The posterior parietal lobule IS also Involved ln the 

modulation of stereognosis (Roland, 1987). Both stereognosls and 

proprioception involve a motor component as part of thelr testlng 

procedure. (i.e. manipulation of objects for stereognoSls, JOint 

movement for proprioception) LeSions of S Il, whlch IS responslble 

for the sensory-motor integration of the Ipsllateral and 

contralateral sides of the body (Roland, 1987), could also result ln 

impaired proprioception and stereognoslS- InJu ry to any part of the 

somesthetic cortex would have a greater probabliity of leadlng to a 

deficit of stereognosis and propnoceptlon, than the other more 

passive sensory Inputs whlch are medlated only by SI (Pause and 

Freund, 1989) Thus, these 2 sensations are more prone ta be 

affected and this is clearly illustrated ln this study 

An interesting observation of thls study was that left 

hemipleglcs (LH) demonstrated an ove rail greater degree of btlateral 

sensory impairment, as compared ta nght hemlpleglcs (RH). The 

children with right hemiplegia had primanly bilateral Impalrment of 

stereognosis, with other modalitles betng Impalred ta a lesser 

degree on the affected side. This could also be Ilnked to the site and 
extent of in jury . The RH tended to have a mild diffuse Involvement 

and focal lesions as compared to the left hemipleglcs who had more 

diffuse lesions involving deep structures and large areas of the 

cortex (particularly the parietal and frontal lobes). Nass and Koch, 
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(1991) postulated that intrahemispheric reorganization cou Id also 
be the reason for most of the RH being reported as having a lesser 
degree of sensory deficits. In the case of congenital in jury, the right 
hemisphere IS more capable of taking over many of the functions of 
the left hemisphere. Therefore RH (children with lesions of the left 
hemisphere) would have a better chance of recovery. Another factor 
to be considered is that the uncrossed pyramidal tract is better 
developed on the right side. Therefore in the case of left cortical 
in jury, it would probably be able to exert greater control on the 
right hand, as compared to its control on the left hand after right 
hemisphere in jury (Brown et al, 1987). Thus left brain damaged 
chlldren (RH) may fare better functionally than children with right 
brain damage (LH) (Brown et al, 1987; Nass and Koch, 1991). 

ln my study sensory function was assessed by 2 methods-a 
clmical evaluation of sensory function using the sensory assessment 
battery, and through SEP findings. This is the first study that has 
examined the relationship between clinical and electrophyslological 
sensory evaluations, whereby the method of assessment is weil 
documented and the correlation between assessments is 
statistlcally analyzed. 

The dorsal column-medial lemniscal pathway mediates discrete 
touch. propnoception, pressure sensitivity, vibration, and regulates 
skillful activity (Martin and Jessel, 1991). SEP are a non-Invasive 
method of examinlng the integrity of the dorsal column-medial 
lemniscal system. SEP waveforms are an especially valuable tool in 
a paedlatnc population due to thelr high reliability (Cracco, 1989). 

Studles revlewed m the literature have evaluated the relationslllp 
between SEP and cllnical sensory function (Karnaze et al, 1987; 
Laget et al, 1976; Larson et al, 1966; Liberson, 1966; Maugiere et al, 
1983; Williamson et al, 1970; Wong et al, 1982; Zeman and 
Yiannikas, 1989) and concluded that SEP have a good relationship to 
neurologlcal impairment (muscle weakness and sensory loss), as 
weil as, functional outcome. These studies have not described the 
specifie methods by which the clinical sensory loss was measured 
and the degree of sensory deficits detected. Statistical 
computations of the relationship between SEP findings and sensory 
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function were also not clearly stated. Sorne of these studies have 
not specified which sensory modalities were assessed (Williamson 

et al, 1970; Wong et al, 1982). Studies by Laget et al (1976), 

Liberson (1966), Maugiere et al (1983) and Williamson et al (1970), 

gauged sensory loss on the integrity of only 1 sensory modality. Even 
though one sensory modality may correlate to SEP fmdmgs other 

sensory modalities rnay or may not be aftected. 

ln contrast to findmgs in the literature, this study demonstrated 
that SEP findings dld not correlate to results obtained on the 

sensory battery for 5/9 subjects. An abnormal SEP (fiat N20 wave or 

increased N13-N20 interwave latency) was found to be a better 

predictor of severe sensory deficlts (4/5 children), than a normal 

SEP in predicting normal sensory function (0/4 chlldren) (Table 20), 

there were many false negatlves. Children wlth a lesser degree of 

sensory impairment would be missed if SEP were the only tool being 

used for the evaluation of sensory functlon. This fmdlng IS supported 

by Giblin's (1964) investigations on 42 patients, wherem he noted 

that in splte of sensory defielts bemg correlated to SEP alterations 

in most of his subjects, 7 patients with moderate to severe sensory 

deficits had normal SEP recordmgs and 1 subJect wlth normal 

sensory function had an abnormal SEP. Therefore SEP by themselves 

should not be used as a diagnostic tool for predlctmg sensory 1055 

The standardized sensory assessment formulated in th,s study on 

the other hand has been shown to be a sensitive assessment that can 

detect even mlld sensory loss. Thus the sensory battery would be 

invaluable ln the diagnostic work-up of the chlld wlth hemlplegla 

The SEP could be used as an adjunct to the sensory assessment 

battery since it provldes us with addltional Information on the 

integrity of the dorsal column-medlal lemnlscal system 

The results descnbed above may be explamed by the generators of 

the SEP waveform. Though precise delmeatlOn of SEP generator sites 

is controversial, the N20 wave is thought to be generated, by most, 

from the posterior bank of the central suleus (Fagan et al, 1987) 

Thus, the SEP cortical generators are located antenor to the 

transmission sites (S l, S Il and posterior parietal lobule) of the 

sensory modalities tested. Therefore, one may speculate that the 
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SEP waveform would not necessarily determine sensory function. If 
a lesion is focal and situated posterior to the central sulcus the SEP 
findings would not reveal this cerebral in jury. This assumption is 
reinforced by the findings of this study. The 4 hemiplegic children 
with mild-moderate sensory involvement on the clinical sensory 
assessment and normal SEP recordings had les ions of the more 
posterior parieto-occipltal regions (Tables 11 & 20-subjects #6-9). 

A statistically significant correlation between the SEP 
recordings and the modalities of pressure sensitivity and m2pd was 
found on the affected hand of subjects (p<O.05). This could reflect 
the proximlty of the SEP N20 generator site to the area of 
transmission of the sensations of pressure and m2pd, the S I-post
central gyrus and depths of the central sulcus (Dykes, 1978). 

Hence, many interestmg and clinically relevant findings came to 
light in thls study. The need to assess sensory function as a part of a 
comprehensive evaluation of a CP child should once again be 
emphasized. Not only were sensory deficits present on the affected 
side, the so-called 'non-affected' hand was also determined to have 
sensory deficits. Thus no evaluation of a child wlth central nervous 
system disorder is complete without the assessment of sensory 
functlon bllaterally. Our findings suggest that the extent of sensory 
loss correlates with the site and extent of cortical in jury in the 
subjects, as demonstrated by CT/MRI findings. In contrast SEP 
findings dld not clearly relate to the extent of sensory loss ln the 

subJects, especially in those with mild-moderate sensory deficlts. 
The cllnlcal sensory battery was shown to be a more accu rate 
measure of the extent and nature of sensory fLJnction. 

5.3 Relationship between Motor and Sensory Function in 
Hemiplegie Children 

Sensory function was assessed in this study using the clinical 
sensory battery and SEP. Clinical sensory function was graded as 
normal, mlld, moderate or severe depending on the number of sensory 
modalities involved. SEP recl)rdings were either within the normal 
range, or the N13-N20 interwave latency was delayed, or the N20 
wave was fiat. 
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Motor function was assessed by a neurologist and by the 

performance of subjects on a grasp pattern test. The neurologist 

graded the subjects on thelr ability to voluntarily grasp and release. 

The children were either rated as normal, or as having mlld, 

moderate or severe hemiplegia. Four grasp patterns were evaluated 

Depending on their scores, subjects were graded as havmg normal 

grasp patterns, or as demonstrating a mild-moderate or moderate

severe grasp pattern impairment. 

80th tests of motor functlon correlate perfectly (1 e chlldren 

with severe hemiplegia had moderate-severe Impairment of grasp 

patterns, moderate hemiplegia corresponded to mlld-moderate grasp 

pattern dysfunction, children wlth mild hemlplegla had normal grasp 

patterns). This suggests that both the neurologlcal exammatlon and 

test of grasp pattern were valid tools for evaluatmg motor functlon 

When clinlcal sensory function was correlated ta each mdlvldual's 

motor abillty ln this study some Interestlng flndlngs were 

documented. Flrstly, there was no slgnlflcant correlation between 

the clinical sensory status and elther the neurologlcal exammatlon 

or the grasp pattern scores (Table 20). For example, subJect #4 had a 

severe degree of hemlplegia and moderate-severe Impalrment of 

grasp pattern but displayed no sensory loss Conversely subject #9 

had mild hemlplegia and normal grasp patterns, and demonstrated 

moderate sensory impairment on the sensory assessment battery 

Thus, the motor capability of a child does not appear to mlrror 

his/her sensory function Therefore, cllnicians whlle evaluatmg 

children with hemiplegia should bear ln mmd that a chlld 

demonstratmg a mild degree of hemlplegla mlght have slgnlflcant 

sensory loss. Conversely, a child with severe motor Involvement may 

not have significant sensory deficlts. 

Few studies performed in the past have studied the relatlonshlp 

between sensory deficlts and motor functlon ln CP chlldren 

(Kenney,1966; Twitche",1966). Methods of admlnlstering and 

scoring the sensory assessments in these studles were umeliable 

and often not clearly specified. Thus this IS the flrst study of its 

kind to analyze the relationship between clinlcal sensory and motor 

function. 
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f SEP have been reported to be a sensitive electrophysiological tool 
for predicting functional outcome in CP children and high-risk 
newborns (Logan et al, 1991; Majnemer et al, 1987). Laget et al 
(1976) reported that SE P were a better predictor of motor 
impairment than EEGs, in their study of 43 hemiplegic children. In 

the current study it was found that SEP findings correlated weil 
wlth motor impairment as determined by neurological examination 
and test of grasp patterns. Thus those children with abnormal SEP 
(fiat or increased latency of the N20 waveform) were rated as 
severely impaired on neurological examination, and obtained a rating 
of moderate-severe impairment of grasp pattern. Normal SEP 
waveforms also correlated to mild impairment or normal hand 

functlon on the neurologlcal evaluation and test of grasp patterns 

(Table 20). This supports the findings by Majnemer et al (1987) that 
SEP can be used as a predictor of motor outcome in newborns with 

static encephalopathy. The results of this study showed SEP to be a 
better predlctor of motor function than of sensory ability. This could 

be related again to the generator site of the cortical compone nt of 
the SEP waveform. Therefore the SEP findings would correspond 
wlth motor function due to the close proximity of its generator site 

to the motor strip. Those hemipleglc children with more diffuse, 
multifocal and frontal involvement as displayed by the CT/MRI 

fmdings (Table 11-subjects #1-5) had both SE P abnormalities and 

severe motor functlon impairment. The 4 children with normal SEP 

and mlld-moderate mvolvement of motor ability had brain insults to 
the more postenor parieto-occipital region (Table 11-subjects #6-
9). This study supports the vlew that SEP whose cortical components 
are generated close to the precentral gyrus reflect the degree of 
motor dysfunction and seve rit y of CP 

ln conclusion, study results demonstrated that both methods of 
motor fUflction assessment (neurological exammation and grasp 

pattern evaluation) correlated perfectly. Sensory evaluation using 

the standardlzed clinical sensory assessment battery displayed that 
sensory deficits did not correlate to motor function. However, SEP 
findings were posltlvely related to motor ability, whlch is likely to 
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1 be related to the N20 generator site and its close proximity to the 
motor strip. 

5.4 Conclusions 
Cerebral Paisy (CP) is one of the foremost childhood handlcappmg 

conditions. Though aberrant motor control and posture are Its 

primary characteristics, a review of the Iiterature suggests that 

sensory deflcits in CP children are present as weil. Though many 

valid and reliable motor assessments have been developed, the state 
of the art is quite lacking for sensory assessments for school-aged 
children. Thus, the need for a study to assess sensory functlon ln CP 

children using rigorous methodological and statistlcal procedures 
was evident. 

ln view of the findings m previously reported studles, thls study 

brings a new assessment to light A standardlzed sensory 

assessment battery for school-aged children was formulated This 
assessment evaluates 5 sensory modallties (pressu re sensltlvlty, 

m2pd, stereognosis, proprioception and directlonallty) m a reliable 

fashion. Though sorne of the sensory sub-tests used ln thls battery 
exist as separate entities, it is for the tirst tlme that they have 
been combined as components of a sensory battery A standardlzed 

set of simple instructions and method of administration were used 

dunng test performance. The assessment was short and mterestmg 

for the children, thus being ideal for a paedlatnc population Dunng 

performance of th 15 assessment the theraplst used obJective, 

quantitative measures e.g, Semmes-Wemsteln monofilaments anLi 

Disk-crimmator, whlch have been established to have a hlgh 

reliability Those modalitles which were closely Ilnked to effective 
hand manipulation were carefully selected. A minimum level of 
language ability was required. Provisions for measuring behaviour 

were not made, however this would be advisable ln the future 

This study determined paediatnc cut-off values for the 
modalitles of proprioception and dlrectlOnality for the flrst time 

Though other studies have described norms for pressure sensltlvity, 

m2pd and stereognosis, either the norms were for an adult 

population or the tests were not admlnistered in a standardized 
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fashion. Thus this study provides paedlatric cut-off values for 
pressure sensitivlty, m2pd and stereognosls, measured in a 
standardlzed manner. Whlle administering the sensory assessment, 
hand dominance was found to affect performance. Control data 
obtained demonstrated that eut-off values used to detect abnormal 
sensory functlon differed for the non-dominant and dominant hands. 

Analysls of tost-retest and Inter-rater reliability revealed that ail 
the sensory modalitles tested had strong rellability, both in contrais 
and hemlplegic chlldren. Both age and sex had no effect on control 

values for any sensory modality. ThiS IS the first assessment of its 

kind that will enable the clinlcian to objectively assess sensory 
functlon ln school-age children with a variety of disabling 

condItIons, such as static encephalopathy. 

Assessment of sensory function in the hemiplenic child revealed 

several clinically relevant features. The affected hand of 8/9 
hemipleglc chlldren had sensory deficits Stereognosis (7/9), 

proprioceptlon (6/9) and directionality (5/8) were the primary 

modallties Impalred. Sensory deficits were not only observed on the 

affected slde but the so-called 'non-affected' side also showed 
slgniflcant sensory Impalrment (6/9). Proprioception and 

stereognosis were the modalities maximally affecterl in the 'Iess

affected' hand. Thus cllnlcians should bear in mind that when 

evaluating the functlonal integrity of a child wlth hemiplegia, a 

bilateral sensory assessment should be performed. 

ThiS study IS unique in that It is the flrst study to ascertain 

sensory function ln hemlplegic children using both il clinical sensory 

battery and SEP. It was observed that SEP did not correlate to 

sensory abllity as determined clinically. It was hypothesized that 
th,s could be due to the relatlonship between thE~ cortIcal site of 

SEP generation and the region of sensory transmission and 

modulation in the cortex. Findings on the CT scan correlated weil 
wlth clinical sensory findings. Hence, the clinical sensory test 

provldes more extenSIve and meanlngful information to clinicians 

regarding the extent (number of modalities impalred) and nature (the 

modalities impaired) of sensory involvement.as compared to SEP. 

This study relnforces the fact that SEP should not be used as a 
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1 indicator of sensory loss, and furthermore does not reflect the 
integrity of any 1 sensory modality. 

Finally, this was the first study that exammed the relationship 
between sensory and motor function in hemipleglc children using 
standardized methods of assessment. Sensory functlon was assessed 
clinically and by an electrophysiologic technique (SEP). Motor 

function was graded depending upon the child's performance on a 
standardized grasp pattern test and on neurologlcal examinatlon of 
motor ability. It was observed that both tests of motor function 
agree perfectly. Sensory function as assessed by the sensory 

assessment battery, did not correlate with motor Tunction. However 
SEP were found to be a good predictor of motor function. This could 

be due to the location of the N20 generator site of the SEP potentlal, 
which lies in close proximity to the motor strip, but IS somewhat 
more distant from the sensory transmission sites 

A standardized sensory battery which can be utillzed to assess 
school-age children was formulated. This assessment can be applied 

to chlldren enveloping a wide range of diagnostic categones (e g 
orthopaedic. neurologlc, and arthritic/rheumatlc} Includlng 
significant neuromotor impairment, and therefore has Important 
clinlcal utility. Normative data for the sensory assessment battery 

needs to be improved by increasing the number of children evaluated. 

so that it can be a~;:lied with confidence ln the cllnlcal settmg 
Norms on the lower extremity (Le. big toe) would have c1inlcal value 
as weil. This study has remforced the importance of carefully 

evaluating sensory function ln hemipleglc children, and therefore a 

sensory assessment should be an integral part of the comprehensive 

evaluation of a hemipleglc child. The sensory assessment battery 

could be applied to children wlth other patterns of brain InJury 
causing statlc encephalopathy i.e. periventrrcular leukomalacla wlth 

cllnical evidence of spastlc dlplegia, children wlth multlfocal, 

diffuse (selective neuronal necrosis) or parasaglttal celebrai InJury 
manifested clinically as spastic quadriplegia 

Not only does CP have an astounding effect on the functional 

ability of the individual, it also has a profound effect on the Iife of 

the immediate family. Therapeutlc intervention and prognosis depend 
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l upon accu rate appraisal of abilities and disabilities (Banus, 1979). 
CP is known to be a severely handicapping disorder. Currently, 
treatment is focused on the identified motor deficits, with the 
underlying sensory deficits often being overlooked. Sensory 
impairments, if present, could have a debilitating effect on the 
overall functional capabillties of the CP child. The importance of the 
intact sensory system on hand function has been repeatedly 
demonstrated by both experimental and clinical studies (Bolanos et 
al, 1989; Curry and Exner, 1962; Van Buskirk and Webster, 1955; 
Westling and Johansson, 1984). Thus, an objectIve and reliable 
sensory assessment battery may prove to be invaluable in the 
formulation of therapeutic goals, as weil as gauging the efficacy of 
ongoing treatment, ultimately maximizing the handicapped child's 
functional potential. 
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AGE (years) SEX 

5-8 8- 12 12-16 16-20 FE MALE MALE 

CONTROLS 4 1 0 4 0 
N=18 

SUBJECTS 3 2 2 2 
N=9 

Table 1: Descriptive statistlcs 

Time in da ys between Assess. A 1 
1 & 2 

0-100 10 1 - 201- 301-
200 300 400 

Controls 8 0 1 9 1 8 

Subjects 7 0 0 0 9 

Table 2: Descriptive statistlcs 

KEY: 
Assess. 
A 1 
A2 
B 

:Assessment 
:Therapist A- Assessment 1 
:Therapist A- Assessment 2 
:Therapist B 

9 

2 

A 2 

1 8 

7 

SEP 
Neure. Exam. 

:Somatosensory Evoked Potentials 
:Neurolegical Examination 

9 

7 

B 

1 1 

8 
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HANDEDNESS! 
1 

LEFT RIGHT 
1 

4 1 4 

J 
5 4 

1 

SEP Neuro. 
Exam. 

1 7 1 8 
1 

9 9 1 
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NON-DOMINANT UPPER LIMS DOMINANT UPPER LIMB 

N9 N13 N20 N 13- N9 N13 N20 N 13-
N20 N20 

RANGE: 7.00 9.00 15.00 5.00 7.00 9.50 15.00 4.50 
m in- to to ta ta ta to to ta 
max 10.00 13.50 19.40 7.00 10.00 13.50 19.00 6.10 
Mean 8.34 11 .04 16.85 5.81 8.40 11.24 16.78 5.54 

s,d, 091 1.23 1.39 0.52 0.95 1 17 1.33 o 35 

Mean + 10.62 14.12 20.33 7.11 10.78 14.17 20.11 6 42 
2.5 s.d. 

n=17. 

Table 3: Samatosensory evoked potential control values 

KEY: 
min-max :Mmimum and maximum values obtained 
s.d. :Standard devlatlon 



1 
NON-DOMINANT HAND DOMINANT HAND 

THUMB INDEX F. LITTLE F. THUMB 

RANGE: 2.36 1.65 2.36 2.36 
mi n- te to ta to 
max 3.22 3.22 3.61 2.83 
Mean 2.51 2.53 2.57 2.51 

s.d. 0.22 0.33 0.32 o 18 

Mean + 3.06 3.36 3.37 2.96 
2.5 s.d. 
Cut-off 2.83 3.22 3.22 2 83 

Table 4: Pressu re sensitivity control values 

KEY: 
INDEXF. 
LITTLE F. 
min-max 
s.d. 

:Index finger 
:Little finger 
:Minlmum and maximum values obtained 
:Standard deviation 

INDEX F. LITTLE 

2 36 2 36 
to to 

3 22 3 22 
2.58 2 61 

o 24 o 24 

3.18 3 21 

2 83 2 83 

The Semmes-Wemstein monofllaments are graded Instruments for 
detecting pressure sensltlvlty thresholds They range tram 1 65 to 
6.65. The monofllament whose value was closest ta the mean + 2 5 
s.d. numerical value without going ever was ehosen as the eut-off 
Therefore for the four fingers for whom the mean + 2 5 s d value 
was between 2.83 and 3 22 monofllaments the eut-off was set at 
2.83. Thus for those fmgers a pressure threshold of 2 83 and below 
ean be censidered normal. For the two fingers whose mean + 2 5 s d 
value lay between 3.22 and 3 61 eut-off was set at 3.22. 
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NON-DOMINANT HAND DOMINANT HAND 

THUMB INDEX F. L1TILE F. THUMB INDEX F. LITTLE F. 

RANGE: 2.00 2.00 2.00 3.00 2.00 2.00 
mir - te to to to to to 
max 3.00 4.00 4.00 3.00 3.00 4.00 
Mean 2.72 2.50 2.83 3.00 2.28 2,83 

s.d. 0.46 0.62 0.51 0.00 0.46 0.51 

Mean + 3.87 4.05 4.11 3.00 3.43 4 11 
2.5 s.d. 
Cut-off 3mm 4mm 4mm 3mm 3mm 3mm 

n-=-18 

Table 5: Movmg two-point discrimination control values 

NON-DOMINANT HAND 

RANGE: 800 
min-max to 

10.00 
Mean 9.56 

s.d. 0.62 

Mean - 2.5 s.d. 8.01 

Cut-off 9 

Table 6: Stereognosis control values 

KEY: 
INDEX F. 
LITTLE F. 
min-max 
s.d. 

:Index finger 
:Little finger 
:Minimum and maximum values obtained 
:Standard deviation 

DOMINANT HAND 

9.00 
to 

10.00 
9.83 

0.38 

8,88 

9 
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NON-DOMINANT HAND DOMINANT HAND 

THUMB INDEX F. LITTLE F. THUMB INDEX F. LITTLE F. 

RANGE: 5.00 5.00 5 00 5.00 4 00 5.00 
min- to to to to to to 
max 5.00 5.00 5.00 5.00 5.00 5.00 
s.d. 5.00 5.00 5.00 5.00 489 5.00 

Mean - 0.00 0.00 0.00 o 00 o 32 o 00 
2.5 s.d. 
Cut-off 5 5 5 5 5 5 

Table 7: Proprioceptlon control values 

NON-DOMINANT HAND DOMINANT HANO 

THUMB INDEX F. LITTLE F. THUMB INDEX F. LITTLE F. 

RANGE: 4.00 4.00 4.00 3 00 

min- to to to to 
5.00 5.00 5 00 5 00 

max 
Mean 4.67 4.56 4.67 4.39 

s.d. 0.49 0.51 0.49 o 70 

Mean - 3.45 4.05 3.45 2.64 

2.5 s.d. 
Cut-off 4 4 4 3 

Table 8: Directionality control values 

KEY: 
INDEX F. 
LITTLE F. 
min-max 
s.d. 

:Index finger 
:Little finger 
:Minimum and maximum values obtained 
:Standard deviation 

3 00 3 00 
to 10 

5 00 5 00 

4 44 4 50 

o 62 o 62 

2 89 2 95 

3 3 
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NORMAL MILO-MOO. IMPAIR. MOO.-SEV. IMPAIR. 
(8/8) (5-7/8) (0-4/8) 

3/9 1 /9 5/9 

LH RH LH RH LH RH 

0/4 3/5 0/9 1 /5 4/4 1/5 

Table 9: Grasp pattern scores of hemiplegie ehildren 

KEY: 
MILO-MOO. IMPAIR. 
funetion 
MOO.-SEV IMPAIR. 
funetion 
~ 

FH 

Mild to moderate impairment of hand 

Moderate to severe impairment of hand 

Left Hemiplegie 
Right Hemiplegie 

MILO MOOERATE SEVERE 
NORMAL INVOLVEMENT INVOLVEMENT INVOLVEMENT 

0/9 3/9 1 /9 5/9 

LH RH LH RH LH RH LH 

0/4 0/5 0/4 3/5 0/4 1 /5 4/4 

Table 10 Neurologleal examinatlon results of hemiplegic ehildren 

KEY: 
LH: Left Hemiplegie 
RH: Rlght Hemiplegie 

RH 

1/5 
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TYPE OF 
SUBJECTS LESION SITE AND EXTENT OF LESION 

ln nght MCA temtory Involv. of deep struct 

#1 (LH) anoxlc-ischemic + temporal. parietal & frontal lobes 

Right hemlsphere atrophy Involvlng parietal 

#2 (LH) cerebral atrophy & frontal lobes + deep struct mvolv 

Mlcrocran!a -t diffuse leslon mvolv Ironto 

#3 (LH) porencephaly central reglon 

Substance 1055 ln the deep central area -t 

#4 (LH) porencephaly enlargement of nght ventncle 

Diffuse leslon rnvolv frontal/central 

#5 (RH) anoxlC-lschemlC processmg dysfunctlOn 

Left panetal/occlpltal thrnn mg of bram 

#6 (RH) anOXIC-lschemlC mantle + enlargemenl of lateral venIr/cie 

Involv of rrght frontal lobe t left péHleto 

#7 (RH) porencephaly/abscess occipital reglon 

Involv of the sylvam fissure up to the 

#8 (RH) pachygyria calcanne fissure -+ mlld diffuse hemléltroplly 

Developmental srnallness of left hemlsphere i 

#9 (RH) cerebral atrophy remote left watershed InfarcI 

Table 11: CT scan and MRI flndmgs ln hemlpleglc subJects 

KEY: 
LH 
A1 
MCA 
Involv 
Str LJ ct 

.Left hemlplegla 
:Right hemiplegia 
:Middle cerebral artery 
:invo Ivement 
:structures 



NORMAL SEP DELAYED FLAT N20 WAVE 
CONDUCTION TIME 

4/9 2/9 3/9 

LH RH LH RH LH RH 

0/4 4/5 1/4 1/5 3/4 OIS 

Table 12: Somatosensory evoked potential recordings on the affected 
slde in hemiplegic children 

KEY: 
SEP Somatosensory Evoked Potentials 
LH Left hemipleglc Chlldren 
R-I Right Hemlpleglc Chlldren 
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1 PRESS. M2PD. STEREO. PROP. DIR. 
SENS. 

TH 0.024 0.095 0.003 0.069 
IF 0.036 0.015 0.001 0.020 0.362 
LF 0.139 0.028 0.020 0.031 

Table 13:P values based on sensory function of the affected side of 
subjects as compared to the non-dominant side of controls. 

PRESS. M2PD. STEREO. PROP. 
SENS. 

TH 0.050 0.009 0.017 
IF 0.082 0.605 0.008 o 380 
LF 0.371 o 500 o 110 

Table 14:P values based on sensory functlon of the 'non-affected' 
side of subjects as compared to the dominant slde of contrais 

PRESS. M2PD. STEREO. PROP. 
SENS. 

TH 0.227 o 296 o 200 
IF 0.212 0.080 0.122 o 182 
LF 0.521 0.121 o 321 

DIR. 

0.598 
o 487 
o 500 

DIR. 

o 809 
1 000 
o 490 

Table 15.P values based on sensory functlon of the aftected side of 
subjects as compared to their 'non-affected' side 

KEY: 
PRESS. SENS. :pressure sensltlvlty 
M2PD. :moving two-point dIscrimination 
STEREO. :stereognosls 
PROP. :proprioception 
DIA. :directionality 
TH. :thumb 
IF :index finger 
LF little finger 

T Significant p values (p<O.05) are represented ln italics 
j'o 
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# SENSORY MODALITIES # HEMIPLEGIC 
INVOLVED CHI LOREN 

0/5 1 17 
1 15 1/7 
2/5 1 /7 
3/5 1/7 
4/5 0/7 
5/5 3/7 

Table 16: Number of sensory modalities impaired on the affected 
hand of hemipleglc children 

# SENSORY MOOALITIES # HEMIPLEGIC 
INVOLVEO CHILOREN 

0/5 3/7 
1/5 3/7 
2/5 0/7 
3/5 0/7 
4/5 1/7 
5/5 0/7 

Table 17: Number of sensory modallties impaired on the 'non
affected' hand of hemipleglc chlldren 

FOOTNOTE: 
Two subjects had short attention span and were uncooperative and 
therefore could not be tested on the complete test battery. On the 
affected slde 1 child had Impairment in 2 modalities of the 3 tested 
(2/3) and the other child had deficits in both the sensory modalities 
tested (2/2). On the 'non-affected' side both of these 2 hemiplegic 
chlldren had 1 modality impaired of the 2 sensory modalities tested 
(1/2). 
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PRESS. M2PD. STEREO. PROP. DIR. 

3/7 4/7 7/9 6/9 5/8 

LH RH LH RH LH RH LH RH LH RH 
. 

2/3 1 /4 2/3 2/4 3/4 4/5 3/4 3/5 2/3 3/5 

Table 18: Sensory involvement on the affected hand of hemlpleglc 
children 

-PRESS. M2PD. STEREO. PROP. DIR. 

2/7 0/7 3/9 3/9 1 /7 

LH RH LH RH LH RH LH RH LH RH 

-
2.3 0.4 0.3 0.4 '1 4 2 5 2 4 1 5 1 3 o 4 

. 
Table 19: Sensory involvement on the 'non-affected' hand of 
hemipleglc children 

KEY: 
PRESS. 
M2PD. 
STEREO. 
PROP. 
DIR. 
LH 
R1 

Pressure Sensitlvity Threshold 
Movmg Two-Point Discrimination Threshold 
Slereognosis Threshold 
Proprioception Threshold 
Directionality Th reshold 
Left Hemiplegic 
Right Hemlplegic 
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SUBJECTS SEP NEURO. EXAM. MOTOR FN. SENSORY FN,! 
#1 (LH) Flat Severe Mod-severe 
#2 (LH) Flat Severe Mc)d-severe 
#3 (LH) Flat Severe MI:>d-severe 
#4 (LH) Ine. lateney Severe Mc)d-severe 
#5 (RH) Ine. lateney Severe Mod-severe 
#6 (RH) Normal Moderate Mild-mod 
#7 (RH) Normal Mild Normal -#8 (RH) Normal Mlld Normal -#9 (RH) Normal Mild Normai 

Table 20' Summary of results of the experimental group 

KEY: 
SEP 
NEURO.EXAM 
MOTORFN. 
SENSORYFN 
IJ-f 
A-f 
~ 

Somatosensory Evoked Potentlals 
Neurologleal Examinatlon 
Motor Funetlon 

: Sensory Funetion 
Left Hemiplegie 
Right Hemiplegie 
Moderate Involvement 
InereaslJd N13-N20 mterwave lateney 

Severe 
Severe 

Severe* 
Normal 
Severe 

Moderate 
Moderate* 

Mlld 
Moderate 

ING. LA TENCY 
MODERATE* Moderate involvement, however not ail sensory 

modalitles assessed due to short attention span 

Motor function was graded normal, or wlth mild, moderate or severe 
motor impairment dependmg on grasp pattern. 
Score of 8/8 :Normal 

5 .. 7/8 :Mild-Moderate deficlt 
0-4/8 :Moderate-Severe defielt 

Sensory Funetlon was graded normal, or 
severe sensory impairment dependmg on 
modalities involved. 

with mild, moderate or 
the number of sensory 

Modalities affected 0/5 
1/5 

2-3/5 
4-5/5 

:Normal defieit 
:Mild defieit 
:Moderate defieit 
:Severe defieit 

1 

l' 

, 
, , , 

~ 



1 

83 

KAPPA PRESS. M2PD STEREO. PROP. DIR. 
& CENS. THRESH. SCORES SCORES SCORES 
% 

AGREE. A1/A2 A 1/B A 1 IA2 A 1 lB A1/A2 A 1 lB A 1/A2 A 1 lB A1/A2 

0.47 0.82" 1 .00· 1 .00· 0.78 .. 1 .00" 0.67" 
TH 92% 94% 100% 100% 96% 100% 96% 

1 .00· 0.78· 1 .00· 1 .00· 0.88 " 0.32 1 .00" 0.63 " o 00 
IF 100% 94% 100% 100% 96% 88°1c, 100% 94% 88% 

1 

0.79· 0.78" 1 .00· 0.65" Ù 37 o 63" 067" 
LF 96% 94% 100% 94% 88% 94% 94% 

Table 21' Reliabtlity of the non-dominant/affected hand as measured 
by the Kappa coefficient 

KEY: 
Kappa 
* 
% agree. 

PRESS. SENS. 
M2PD THRESH. 
STEREO. SCORES 
PROP. SCORES 
DIR.SCORES 
A 1/ A2 

A 1 /B 

TH 
IF 

LF 

:Kappa coefficient. 
:significant Kappa correlation coeffiCient (20 60) 
:this is actual percentage agreement between the 2 
scores obtained on 2 separate testlng occasions 
:pressure sensltlvlty 
:moving two-point discrimination threshold 
:stereognosls scores 
:proprioception scores 
:directlonality scores 
:Test-retest reliability measured on scores 
obtained by Theraplst A on 2 separate testlng 
occasions (A 1, A2) 
:Inter rater reliability measured on scores obtailled 
by Theraplst A (A 1) and Therapist B 
:palmar aspect of the distal phalanx of the thumb 
:palmar aspect of the distal pha!anx of the mdex 
finger 
:palmar aspect of the distal phalanx of the Iittie 
finger 

A blank space signifies that both raters scored ail chlldren on that 
variable as normal 

A 1/8 

o 00 
81 % 

o 00 
88";0 

--a 00 
88% 
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KAPPA PRESS. M2PD STEREO. PROP. DIR. 
& SENS. THRI:SH. SCORES SCORES SCORES 
% 

AGREE. A1/A2 A 118 A1/A2 A 118 A1/A2 A 1 lB A1/A2 A 1/8 A 1/A2 

0.67· 0.48 - - 0.64· 0.63" 1 .00" 
TH 96% 88% 100% 100% 96% 94% 100% 

0.37 0.60· 0 - 0.64· 0.48 0.64" 0.63· -
1 F 88% 88% 100% 100% 96% 75% 96% 94% 100% 

0.37 0.46 0.00 0.65· 0.64 " 0.00 1 .00" 
LF 88% 88% 92% 94% 96% 94% 100% 

Table 22: Reliability of the dominantl'non-affect'3d' hand as 
measured by the Kappa coefficient 

KEY: 
Kappa 
• 
% agree. 

PRESS. SENS. 
M2PD THRESH. 
STEREO. SCORES 
PROP. SCORES 
DIR.SCORES 
A 1 /A2 

A 1 /B 

TH 
IF 

LF 

:Kappa coefficient. 
:significant Kappa correlation coefficient (~O .60) 
:this is actual percentage agreement between the 2 
scores obtained on 2 separate testing occasions 
:pressure sensitivity 
:moving two-point discrimination threshold 
:stereognosis scores 
:proprioception scores 
:directionality scores 
:Test-retest reliability measured on scores 
obtained by Therapist A on 2 separate testlng 
occasions (A 1, A2) 
:Inter rater reliability measured on scores obtained 
by Therapist A (A 1) and Therapist B 
:palmar aspect of the distal phalanx of the thumb 
:palmar aspect of the distal phalanx of the mdex 
finger 
:palmar aspect of the distal phalanx of the IIttie 
finger 

A blank space signifies that both raters scored ail chlldren on that 
variable as normal 

A 1 /B 

0.00 
100% 

-
100% 

0.00 
100% 
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PRESS. M2PD STEREO. PROP. DIR. 
I.C.C. SENS. THRESH. SCORES SCORES SCORES 

A1/A2 A 1/B A1/A2 A 1 lB A1/A2 A1/8 A1/A2 A1/B A1/A2 

TH 0.82- 0.88- 0.40 0.9S- 0.00 0.89* 0.S8-

IF 0.81 - 0.87* o .S9- 0.95- 0.87- 0.74 * 0.00 0.00 0.30 

LF O.SS- 0.88- 0.71- O.SS- 0.01 0.00 0.20 

Table 23: Reliability using the intraclass correlation coefficient on 
the non-dominantlaffected hand. 

A1/8 

0.22 

0.71 * 

0.13 

PRESS. M2PD STEREO. PROP. DIR. 
I.C.C. SENS. THRESH. SCORES SCORES SCORES 

A1/A2 A 1 lB A1/A2 A 1 /B A1/A2 A1/8 A1/A2 A1/B A1/A2 

TH 0.73- 0.83- 0.12 0.34 0.00 0.00 0.00 

IF 0.62 0.84* 0.40 0.31 0.12 0.33 0.01 0.00 0.22 

LF 0.43 0.78- 0.27 O.SS* 0.00 0.00 0.00 

Table 24: Reliability usmg the mtraclass 
the dominant/'non-affected' hand. 

correlation coefficient on 

KEY: 
I.C.C. 
,.. 

PRESS. SENS. 
M2pd THRESH. 
STEREO SCORES 
PROP. SCORES 
DIR.SCORES 
A 1 /A2 

A 1 /B 

TH 
IF 

LF 

: 1 ntraclass correlation coefficient. 
:significant ICC (~O.65) 
:pressure sensitivity threshold 
:moving two-point discrimination threshold 
:stereognosis scores 
:proprioception scores 
:directionality scores 
:Test-retest reliability measured on scores 
obtained by Therapist A on 2 separate testing 
occasions (A 1, A2) 
:Inter r~ter reliability measured on scores obtained 
by Therapist A (A 1) and Therapist 8 
:palmar aspect of the distal phalanx of the thumb 
:palmar aspect of the distal phalanx of the index 
finger 
:palmar aspect of the distal phalanx of the little 
finger 

A1/8 

0.00 

0.22 

0.10 
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Figure 1 :Scatter diagram of control values of the grip strength of 
the non-dominant hand plotted as a function of age. 
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Figure 2: Scatter diagram of control values of the grip strength of 
the dominant hand plotted as a function of age. 

86 



30 

20 

10 

8 BoBilee 
o 

8 ca on 

o ~--~--~----~--~--~ 
5.0 7.6 10.2 12.8 15.418.0 

Figure 3: Scatter diagram of control values of N13-N20 interwave 
latencies plotted as a function of age. 
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Figure 4: SEP waveform recordings of a child with left hemiplegia. 
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Figure 5: Mean pressure sensitivity thresholds of the thumb on the 
non-dominantlaffected hand. 
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Figure 6: Mean pressure sensitivity thresholds of the dommant/'non
affected' hand. 

KEY: 
J_DPRESX :Mean pressure sensitivity thresholds of the thumb of the 

dominantl'non-affected' hand 
J_DPRESY :Mean pressure sensitivity thresholds of the index fmger 

of the dominant hand 
J_.DPRESZ :Mean pressure sensitivity thresholds of the little fmger 

of the dominant hand 

90 



f 

U) 

C 
.J 
o 
:z: 
U) 
w 
CI: 
:z: ... 
c 
Q. 
N 
:E 

4.20 

3.48 

3.12 

2. " --"-"'V"--
2.40 L....--__ --L. ___ ...J..-__ ---' 

CONTROLS SUBJECTS 

GROUP 

Il J_ND2PDZ 

a J_ND2PDY 

• J_ND2PDX 

Figure 7: Mean m2pd thresholds of the non-dominantlaffected hand. 

KEY: 
J_ND2PDX :Mean moving 2-point discrimination (m2pd) thresholds 

of the thumb of the non-dominantlaffected hand 
J_ND2PDY :Mean m2pd thresholds of the index finger of the non

dominant hand 
J_ND2PDZ :Mean m2pd thresholds of the little finger of the non

dominant hand 
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Figure 8: Mean stereognosis scores of the non-dominant /affected 
and dominantl'non-affected' hands. 

KEY: 
J_DSTERE :Mean stereognosis scores of the dommantl'non-affected' 

hand 
JNDSTERE :Mean stereognosis score of the non-dommantlaffected 

hand 
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Figure 9: Mean proprioception scores of the non-dominantlaffected 
hand. 

KEY: 
JNDPROPX :Mean proprioception scores of the 

non-dominant/affected hand 
JNDPROPY :Mean proprioception scores of the non-dominant hand 
JNDPROPZ :Mean proprioception scores of the non-dominant hand 
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Figure 10: Mean directlonality scores of the non-dommantlaffected 
hand. 

KEY: 
J_NDDIRX :Mean dlrectlonality scores of the non-dommant/affected 

hand 
J_NDDIRY :Mcan directionality scores of the non-dominant hand 
J_NDDIRZ :Mean directlonality scores of the non-dominant hand 
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APPENDIX A 

CLiNICAL DESCRIPTION OF CEREBRAL PALSY (CP) 

1 . Spastic CP: Spasticity of the clasp knife type, persistent 

primitive reflexes, absent or reduced righting and equilibrium 

reactions, Increased tendon jerks and deformities such as kyphosis, 

10rdoslS, heel cord shortening and flexion contractures of the elbow, 

fingers, hlp and knee are some of the common clinical symptoms 

seen. Spastic CP occurs in 60% of the CP population. 

2. Athetoid CP: Here the muscle tone varies from low to high. There 

is rnability to co-contract the muscles around a joint and stabilize 
it. This leads to joint subluxation. Slow, writhing involuntary 

movements are present, more distally than proximally. Muscle 

twitches may also be present. Five percent of the CP population 

exhlblts athetosls. 
3. Ataxie CP: Low tor9 ie; charactenstic of this type of CP A stable 

base of support IS lackrng, and patients appear uncoordinated and 

clumsy. They have poorly timEJd motor patterns and also have 

difflculty ln maintaining balance. Fourteen percent of the CP 
population IS ataxlc. 

4. Flaccid CP: Decreased muscle tone is present. This may cause 

problems ln resplratory functlon. There is a lack of development of 

stabliity patterns for gross motor function. Mental retardatlon is 

often present ln this type of CP 
Very often a mixed presentation of CP is seen. These children 

present with symptoms fram more than 1 of the individual types 

described above (Boone, 1978). 
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1 APPENDIX B 

QUESTIONNAIRE TO BE FILLED OUT BY THERAPIST 'A' FOR 
,SJ.LBJ ECTS 

Name of child:, _________ _ Sex: '------
Age:. __ _ Birthdate' __ _ 
Diagnosis:, ___________________ _ 

PLEASE CHECK OFF OR FILL IN THE APPROPRIATE SPACE. 
1.) Dominance: 

Writing 
Throwing 
Drawing 

Using scissors 
Using a toothbrush 

Scoring: 

-Seo re 1 - 2 - 3 - 4 - 5 
-Score 1 - 2 - 3 - 4 - 5 
-Seo re 1 - 2 - 3 - 4 - 5 
-Score 1 - 2 - 3 - 4 - 5 
-Score 1 - 2 - 3 - 4 - 5 

1 - if the right hand is strongly preferred 
2 - if the right is preferred 
3 - if indifferent 
4 - if the left hand is preferred 
5 - if the left hand is strongly preferred 

2.) Any other major medical illness present (I.e 

diabetes,myopathies, neuropathies, peripheral nerve inJunes ... ) 

YES~ ___ _ NO ____ _ 
Comments. ___________________________________ _ 

3.) Does the child have the following Language skills? 
A. Expressive Component: (24-27 months). 

-Usually uses 2-word or 3-word sentences. 
-Often uses personal pronouns correctly (1, you, he, it, me etc.) 
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'f -Asks for help with some personal needs (such as washing 

'" hands, going to the toilet, etc.) 

YES NO, ________ _ 

B. Receptive Component: (30-36 months). 
-Demonstrates an understanding of ail common verbs. 
-Understands very long and complex sentences. 
-Demonstrates an understanding of most common adjectives 
(i.e. big, small, far, near, tall, short, etc.). 

YES"'-____ _ NO, ________ __ 

(Bzoch-League Receptive-Expressive Language Scale). 

Comments. ____________________ _ 

4.) Does the child have any known visual or hearing impairments? 

yES"'-____ _ NO~ ___ _ 

Comments, ____________________ _ 

5.) Is the child anglophone, __ _ francophone, ______ _ 
bilingual, ___ _ other ______ __ 

Comments. _____________________ __ 

6.) Are you aware of any specifie sensory deficits in this child? 
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l 
YES"'Co ____ _ NO. ____ _ 

Comments. ______________________________________ _ 



( APPENDIXC 

BZOCH-LEAGUE RECEPTIVE-EXPRESSIVE 
EMERGENT LANGUAGE SCALE 

(Bzoch and League, 1970). 

RECEPTIVE LANGUAGE (30-33 months): 

-demonstrates an understanding of ail common verbs 
-understands very long and cemplex sentences 
-demonstrates an understanding of mest common adjectives 

EXPRESSIVE LANGUAGE (24-27 months): 

-usually uses 2-word or 3-word sentences 
-often uses personal pronouns correctly (l, you, he, it, me, etc.) 

-asks for help with some personal meeds (such as washing 
hands, going te the toilet, etc.) 
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l APPENDIXD 

OEPARTMENTS OF NEUROLOGY & OCCUPATIONAL THERAPY 

THE MONTREAL CHllDREN'S HOSPITAL 

1. 
SCHOOl OF PHYSICAL & OCCUPATIONAL THERAPY 

McGlll UNIVERSITY .. 

THE IMPORTANCE OF SENSORY TESTING 

FOR THE MANAGEMENT OF CEREBRAL PALSY 

Informed Consent Form 

This is a research study being performed by JasmIne Cooper under 

the supervision of Prof. A. Majnemer (School of Physical and 

Occupational Therapy, McGill University) and Dr. B. Rosenblatt (Dept. 

of Neurology, Montreal Children's Hospital). 

Assessments of Cerebral Paisy focus on motor function and 

developmental abilities whereas sensory function is often less 

emphasized. However, sensory deficits will mfluence motor 

performance. It is hoped that this study will yield informatIon which 

will help determine the value of performing a standardized sensory 

assessment in children with cerebral paisy. 

The study will Ii1volve 2 types of testing procedures Each testlng 

procedures will last for approx. 30 minutes each. The first testing 

procedure involves performance on a test of hand function and 

sensation. The test will require manipulation and identIfIcatIon of 

objects and discrimination of various sensations. During the testing, 

the hand will sometimes be placed beh ind a screen and hldden fram 

view. This test will be repeated again on the same day and at a later 

date, so that the reliability of the test can be evaluated. 

The second testing procedure involves the recording of 

Somatosensory Evoked Potentials (SEP). The SEP evaluates the 

brain's response to stimulation at the wrist. These procedures are ln 

no way painful or dangerous to the child and no needles are used. 

Recording devices will be pasted to the head and neck. J\ sensory 
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stimulator is placed on the wrist for this test. The child will be 

examined by a paediatric neurologist as weil. 

Ali personal data will be kept confidential. Any pertinent findings 

will be given to the referring therapist/doctor. Participation in this 

research is strictly voluntary, and your child/ward may withdraw at 

any time without prejudice. 

Thanking you for your cooperation. If you have any questions, 

please feel free to contact Jasmine Cooper or Prof. Annette 

Majnemer at The Montreal Children's Hospital, Aoom 508, A Wing. 

Tel:934 4400/Ext. 2902 or 4453. 

Jasmine Cooper, B.Sc. 

Graduate Student 

Rehabilitation Science 

School of Physical & 

Occupational Therapy 

McGili University 

Annette Majnemer, Ph.D. 

Associate Professor 

School of Physical & 

Occupational Therapy 

McGili University. 

Bernard Aosenblatt, 

M.D.C.M., F.R.CP (C) 

Department of Neurology 

Montreal Children's Hospital 
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1 1 have been informed of the procedures to be used and understand 
them. 1 consent to the participation of my child/ward in the research 
study. 1 also understand that participation will not interfere ln any 
way with my child's ongoing care and that 1 am free to withdraw 
from the study at any time. 

Signature of the ParentiGuardian: ___________ _ 

Signature of patient: ________________ _ 

Signature of witness: _________________ _ 

Signature of Principal investigator:, __________ _ 
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APPENDIXE 

QUESTIONNAIRE TO BE FILLED OUT ev THERAPIST 'A' FOR 
CONTROLS 

Name of child: _________ _ Sex~: ________ _ 

Age: _____ _ Birthdate: ____ _ 
Name of school: ___________________ _ 

PLEASE CHECK OFF OR FILL IN THE APPROPRIATE SPACE. 
1.) Dominance: 

Writing 
Throwing 
Drawing 
Using scissors 
Using a toothbrush 

Scoring: 

-Score 1 - 2 - 3 - 4 - 5 
-Score 1 - 2 - 3 - 4 - 5 
-Score 1 - 2 - 3 - 4 - 5 
-Score 1 - 2 - 3 - 4 - 5 
-Score 1 - 2 - 3 - 4 - 5 

1 - if the right hand is strongly preferred 
2 - if the right is preferred 
3 - if indifferent 
4 - if the left hand is preferred 
5 - if the left hand is strongly preferred 

2.) Does the child have any known rnedical illness (i.e. diabetes, 
orthopaedic or nerve injuries of the hand)? 

y Ef, ..... ' ___ _ NO ____ _ 

Comments:, _________________________________ __ 

3.) Does the child have the following Language ski Ils? 
A. Expressive Component: (24-27 months). 

-Usually uses 2-word or 3-word sentences. 
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-Often uses personal pronouns correctly (l, you, he, it, me etc.) 

-Asks for help with sorne personal needs (such as washing 
hands, going to the toilet, etc.) 

YES""' ____ _ NO, ____ _ 

B. Receptive Component: (30-36 months). 
-Demonstrates an understanding of ail common verbs. 
-Understands very long and complex sentences. 
-Demonstrates an understanding of most common adjectives 

(Le. big, small, far, near, tall, short etc.). 

YES""-____ _ NO. ____ _ 

(Bzoch-League Receptive-Expressive Language Scale). 

Comments:. ____________________ _ 

4.) Ooes the child have any known visual or hearing impairments? 

YES"""-____ _ NQ. _____ _ 

Comments:, ____________________ _ 

5.) Is the child anglophone __ _ francophone. ___ _ 
bilingual ___ _ other ______ _ 

Comrnents: 



( 

APPENDIXF 

DOMINANCE OF THE HAND 
(adapted from th~ Crovitz-Zener and Oldfield Questionnaires) 

(Bryden, 1977). 

WRITING 

THROWING 

DRAWING 

CUTTING WITH SCISSORS 

USING A TOOTHBRUSH 

Scoring: 

1 - if the right hand is strongly preferred 

2 - if the right hand is preferred 
3 - indifferent 

4 - jf the left hand is preferred 

5 - If the left hand is strongly preferred 
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APPENDIXG 

SENSORY - MOTOR ASSESSMENT BATTERY 

NAM~~' ________________________ __ 

DATE OF BIRTH .... ~ _________ _ AGE_: __ 

SEX_: _____ _ 

DATE OF EVALUATION_: _______ _ 

EVALUATOR~; _______________ _ 

1. MOTOR ASSESSMENT. 

1. Passive Range of Motion: 

LEFT RIGHT 

ELBOW 
Extension to Flexion 0 -14 5 ° 

RADIOULNAR JOINTS 

Pronation 0-90° 
Supination 0-80° 

WRIST 

Flexion 0-80° 
Extension 0-70° 
lHUMB 

M P Extension to Flexion 0-50° 

INDEX FINGER 

MP Flexion 0-90° 
~ 

MP Hyperextension 0-45° 
-W> 



l 

1 

UTILE EINGER 
MP Flexion 0-90° 
MP Hyperextension 0-45° 

2. Muscle Tone of Upper Extremities: 

o - hypotonie 
1 - slightly tloppy 
2 - normal 
3 - moderately hypertonic 
4 - ophistotonÎc 
5 - mixed tonicity 

LEE! 

107 

LEET RIGHI 

RIGH! 

1 ~-------------'----~I------------------~ 

3. Functional Evaluation of the Congenitally Anomalous 
Hand: 

o - no grasp possible 

1 - inappropriate grasp present 
2 - normal grasp present 

Hook 
Lateral 

Power 
Palmar 

Score(8): 

LEFT RIGHI 



1 Grip strength{lbs.) 

Mean: 

Pinch Strength (lbs.) 

Mean: 

II. SENSORY ASSESSMENT. 

1. Light touch-deep pressure 
(Semmes-Weinstein monofilarr.ents): 

THUMB 
Distal phalanx 

INDEX EINGER 

Distal phalanx 

LITTLE EINGER 

Distal phalanx 

Ascending 
Descending 
Threshold. 

Ascending 
Descending 
Threshold. 

Ascending 
Descending 
Threshold. 

LEET 

LEET 

LEET 

2. Moving two-point discrimination (Disk-criminator): 

THUMB (mm) 
Distal phalanx 

LEET 
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RIGHT 

RIGHT 

RIGHI 

RIGHI 



( INDEX FINGER (mm) 

Distal phalanx 

LITTLE FINGER (mm) 

Distal phalanx 

3. Stereognosis: 

Circle 

Square 
Diamond 

Triangle 

Octagon 
Toothbrush 

Candy 

Comb 
Cup 

Bali 

4. Proprioception: 

ll-tUMB 
MP joint 

INDEX FINGER 

MP joint 

Score(10): 

Score (5): 

Score (5): 
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LEE! RIGHT 

LEE! RIGHT 

LEET RIGHI 



l 
f 
1 LITTLE FINGER 

MP joint 

Score (5): 

5. Directionality: 

THUMB 
Distal phalanx Score (5): 

INDEX FINGER 
Distal phalanx Score (5): 

LITTLE FINGER 
Distal phalanx Score (5): 
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APPENDIXH 

EINSTEIN NEONATAL NEUROBEHAVIOURAL ASSESSMENT SCALE 
(Kurtzberg et al, 1979). 

TONUS 

o - hypotonie (liUle or no resistance to manipulation) 
1 - slightly tloppy 
2 - normal 
3 - moderately hypertonic (exaggerated to extension of 

extremities, tendency for head extension to predominate) 

4 - ophistotonic 
5 - mixed tonicity aeross head, trunk, upper and lower extremities 
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1 APPENDIX 1 

FUNCTIONAL EVALUATION 9F THE CONGENITALLY ANOMALOUS 
HA ND 

(Weiss and Flatt, 1971). 

Hook Grip - hold a bag. 

Power Grip - hammer pegs into a pegboard. 

Lateral Pinch - hold a key. 

Palmar Pinch - String a bead. 

Scoring: 
o - no handling of the object present 
1 - object manipulation present with inappropriate grasp 
2 - normal grip/grasp present 
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APPENDIXJ 

NEU ROLOGIC EXAMINATION 
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.,,.. 

DATE: ____________________ _ 

AREA OF CONCERN: 

FAl1ILY HISTORY 

PRENATAL 

LABOUR 
DELlVERY 
liEONATAL 

DEVELOPMENT 
smile 
sat 
cra\oll 
stood 
cruise 
step 
word 
phrase 
toilet trained 
pedal trike 
tic shoe lace 

Referring Dr. ______________ _ 
No. _____ _ 

EDG 
GSTN 
B.WT. 
HOSPITAL 

PREVIOUS ADMISSIONS: 

Head injury 
Unconsc 
Scizures 

Faints 
Motic;"1 Sick 
RAP 
H/A 
Eatinq 
Sleeping 
N ight Terrors 
Enuresis 
Medications 
Allergies 
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:. 
.~ 

I!r:GH'l' 
\','I;lGHT 
IIEllD CllU'! 
GEl1I::jù\L 

CRj\NIAL HERVES l 
II VA 

MOTOR Bulk 
'l'one 
Power 

GAIT On 'l'oes 
On Heels 

RAM UE 
LE 

SENS ORY Touch 
pin 

DIAGNOSIS: 

PLAN: 

III, IV, VI 
V 
VII 
VIII 

F-N 
H-K 

SPEECH 

SPINE 

PIELDS 
IX, X 
XI 
XII 

JAW 
BJ 
TJ 
SJ 
Abd.Op 
Low 

TANDEM Forward 
BackWards 

STAND 

FINE MOTOR 

Jt.position 
Vibration 

BOP 
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FONDI 

R. 

2pt 
stereoqnosis 
Graphesthesia 
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