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The neurological examination is designed to establish the location of dysfunction in the nervous 
system. Owing to the local nature of many pathological and functional processes affecting the 
nervous system, an understanding of functional anatomy forms the foundation for diagnosis and, 
to an extent, management. In the neurological examination of the pediatric patient, at least two 
questions need to be answered:

• Is there and evidence to suggest a focal lesion?
• Has maturation and development appropriate for the child’s age occurred?

This seminar will concentrate predominantly on the fi rst 5 years of life, during which maturation of 
the nervous system is one of the major clinical issues. In conjunction with the phenomenon of 
lesion localization, maturational testing is a critical factor. As the child grows older, the 
maturational factors quickly become less signifi cant and the examination of the nervous system 
more adult like.

In the examination of very young children one needs to keep in mind that while there responses 
are chiefl y refl ex in nature, they are closely dependent upon both maturity and current physical 
condition. The state of alertness, drowsiness, hunger or satiation at the time of examination will 
have marked effects upon the results. A child that has been recently fed is a poor candidate for 
neurological examination.

The neurological examination in the neonate and small child is, by necessity, based heavily on 
historical data provided by the parents, keen observation of the child and the normal symmetrical 
responses to specifi c tests. As such, the parents or caregiver accompanying the child should be 
carefully evaluated as to their reliability as historians before defi nite conclusions are drawn from 
historical data about neurological maturation.

The pediatric neurological examination
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The clinical history and neurological 
examination of the neonate, infant and toddler

The neurological examination of the newborn can be considered under three main headings:

• tonus
• primary or automatic reactions
• aspects common to older subjects, such as sensation and muscle refl exes

The examination of the nervous system which should be performed by a chiropractor during the 
fi rst year of a child’s life is essentially a gross screening exercise, and is reliable for detecting 
extensive CNS disease. The examination is of little use, however, in pinpointing minute lesions or 
specifi c functional defi cits because much of the nervous system is not yet functionally effective.

The central nervous system at birth lacks maturation and functions at 
subcortical levels. Cortical function develops slowly after birth and cannot be 
tested in its entirety until early childhood. Thus, in the newborn period and 
early infancy, fi ndings of normal brainstem and spinal cord function do not 
ensure an intact cortical system. Abnormalities of the brainstem and 
spinal cord may exist without concomitant cortical abnormalities. There are 
a number of specifi c refl ex activities (infantile automatisms) found in normal 
newborns that disappear in early infancy.

Important aspects of the clinical history
Prenatal
Details of the pregnancy should be obtained. Maternal history of alcohol use should be 
established, since measurable effects in refl exive behaviour, delays in maturation of the motor 
system, muscle tone, the need for stimulation and tremulousness have been demonstrated in 
infants born to mothers who drink (Coles et al 1985). Tobacco, marijuana and drug abuse during 
pregnancy should also be noted, along with any history of trauma or excessive maternal stress. 
Neuromuscular signs such as convulsions, hypotonia, hypertonia, absence of the Moro refl ex and 
tremor seen in the perinatal period are associated with serious neurological disease which may not 
become evident until neurological maturation begins to occur (Saito et al 1983).

Dietary history, medication schedule, gestational diabetes and any eclamptic symptoms or actual 
events should also be recorded.
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Perinatal
The perinatal history should include length of gestation, length of labour, labour room 
medications, foetal presentation, induction and extraction techniques, Caesarian section, Apgar 
scores and foetal anthropometry.

Neonatal
The neonatal history should take note of how well bonded the baby and mother are, the success 
or otherwise of breast feeding, the baby’s sleep characteristics, bowel function (including timing of 
meconium), cry frequency and characteristics, any seizure activity, jaundice, spontaneous 
movements, muscle tone and tremors.

Family history
A child who comes from a family that has any history at all of genetically transmitted 
neuromuscular disease should be carefully watched over a prolonged period for any abnormal 
signs or aberrations in developmental pattern, as they will not usually be apparent till further 
maturation of the nervous system occurs.

Medication schedule
If the patient is medicated at the time of presentation, a complete drug regimen is necessary. 
Some drugs may produce side affects involving the neuromuscular system.

Developmental history
A general understanding of the child’s development should be established and, in particular, 
language development may represent an early sign of mental retardation or depressed brain 
development.

Coordination
The parents should be questioned regarding the nature of the infant’s movements. Are they 
spastic and/or jerky? Are they unilaterally depressed? Does the child assume a fi xed posture? Even 
thought the doctor will observe the child for these signs, the parents may have noticed something 
that will not occur during the course of the consultation.

Birthweight
Children with a very low birth weight have a high incidence of delayed motor development and 
persistent primitive refl exes (Marquis et al 1984).

Behavioural issues
Previously identifi ed issues such as hyperkinesis, short attention span, impulsivity and depression 
should be noted and may need to be explored further.
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Observation

Posture
The normal child will not maintain a fi xed posture. The following fi xed postures should be 
considered to have clinical signifi cance.

Accurate detection of neurological pathology in young children frequently depends upon the 
observation of patterns of signs seen during history taking and examination. The following 
observations are among the most common and important.

Fisting with thumb adduction 
For the fi rst 2 months of life the hands are shut most of the time with the thumb adducted across 
the palm. By the end of the second month, persistent ‘fi sting’ (i.e. hand shut with the thumb 
adducted across the palm) may indicate a delay in motor development, and if one sided may 
suggest hemiplegia. Children demonstrating persistent ‘fi sting’ into and beyond the third month 
of life, especially if there are other signs of developmental delay or neurological defi cit, should be 
referred for specialist investigation.

Scissoring of the legs
This is an early sign of hypertonicity (spasticity) and should be monitored for improvement as the 
infant receives chiropractic care. If this sign persists after successful management of the 
subluxation complex, the patient should be referred for specialist evaluation.

The “frogleg” position
This is a position in which the infant holds the arms in abduction, the hips in 
adduction and fl exion and the knees in fl exion. This is a characteristic posture 
adopted by the hypotonic infant (Weiner et al 1981). It is important to assess 
whether the hypotonic baby is ‘fl oppy and weak’ or ‘fl oppy and strong’. The infant 
who is both fl oppy and weak usually has a lower motor problem while the infant 
who is fl oppy but retains normal strength usually has an upper motor neuron cause 
or non neurological cause such as Marfan’s syndrome (Harris et al 1992). The 
majority of children (75%) presenting with hypotonia between the ages of 6 months 

and 21 years have either perinatal encephalopathy (cerebral palsy) or idiopathic mental and motor 
retardation (Weiner et al 1981). Collective chiropractic experience with idiopathic hypotonia has 
shown encouraging results, with some children having spontaneous remission with as little as one 
adjustment. There are many causes for hypotonia, however, and these are discussed later in this 
chapter.

Pilonidal sinus
Sacral pits are frequently seen in the midline of the upper half of the sacral in infants. 
Some however have a patent sinus duct which may communicate as deeply as the 
cauda equina. When this is the case it is referred to as a pilonidal sinus. They have the 
potential to become infected throughout the course of ones lifetime and under those 
circumstances may need to be surgically closed. 
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The baby’s cry characteristics
A baby that has a high pitched piercing type of cry may have raised intracranial 
pressure and should be carefully assessed by fundoscopic inspection, measuring 
the head circumference and comparing the value to previous measurements on a 
standard centile chart, checking the eyes for a setting sun sign, assessing the skull 
with transillumination and for Macewen’s cracked pot sign in children with a closed 
anterior fontanel (Barness 1981). Raised intracranial pressure is discussed more 
fully later on in this chapter. A high pitched cry has also been linked to maternal 
alcohol consumption and cigarette smoking (Nugent et al 1996). 

A baby with a very hoarse type of cry may have cretinism, laryngeal abnormality referred to as a 
fl oppy larynx or glottal instability (Golub & Corwin 1982). If this infant has respiratory diffi culty, 
sleeps excessively, is a poor sleeper and is generally sluggish, it should be immediately referred to 
a paediatrician for thyroid evaluation.

A ‘fl oppy baby’ with a feeble type of cry, physical evidence of hypotonia (frog like posture when 
supine), dyspnea and feeding diffi culties may reasonably be suspected of having Werdnig – 
Hoffmann disease (infantile spinal muscular atrophy) (Weiner et al 1981). The mother may 
suspect something was wrong during her pregnancy because of poor fetal movements late in the 
third  trimester. This is a serious, inherited disease involving degeneration of the anterior horn 
cells which results in spinal muscular atrophy (the face is usually spared). This infant would also 
be arefl exive, but fasciculations are not visible owing to the subcutaneous fat. Werdnig Hoffmann 
disease (spinal muscular atrophy) has a very poor prognosis, usually resulting in death within the 
fi rst year of life because of respiratory muscle paralysis.

Changes in the nature and duration of crying may be infl uenced by maternal substance abuse and 
drug addiction. In particular, babies of cocaine and marijuana abusers have been shown to have 
fewer cry utterances, shorter periods of crying and less crying in the hyperphonation mode 
(Corwin et al 1992, Lester & Dreher 1989).

Ankle clonus
Brief ankle clonus may be normal in the fi rst few weeks of life, but it exhausts itself  after a few 
seconds. Sustained ankle clonus at any age is abnormal, and indicates corticospinal tract damage. 
Sustained ankle clonus, brought on by sharp dorsifl exion of the foot, may be indicative of a child 
who could suffer in the future from epileptic type seizures. The child should be given chiropractic 
care and monitored for satisfactory change. Experience indicates that the upper cervical 
subluxation complex is capable of producing this clonic response. The patient should be 
thoroughly evaluated for any other signs of an upper motor neuron lesion (spasticity, 
hyperrefl exia, Babinski response) which is found indicates the need for referral.
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Rapid tremors
Rapid tremors may be caused by changes in blood calcium and glucose levels. Tetany and 
hypoglycaemia are among the more common causes. However, rapid tremors may also occur  
without obvious cause (DeMyer 1994), making a short trial of chiropractic care an appropriate 
management strategy.

Asymmetrical spontaneous movement
The clinician should be aware that this may represent a focal lesion in the central or peripheral 
nervous system; but also be aware at the same time that it may be the result of an upper 
cervical subluxation complex, or if only one limb is involved, a local motion segment subluxation at 
the appropriate spinal level.

Facial ptosis
If the sign is associated with physical evidence of generalized hypotonia, the 
patient should be referred for specialist evaluation, as these are primary early signs 
of myasthenia gravis. This child would need pharmacological assessment 
(Tensilon test). If the ptosis exists as a single fi nding, VIIth cranial nerve 
infl ammation (Bell’s palsy) is the most likely diagnosis and the child should be given 
chiropractic care. Some facial neuralgias improve substantially within hours to days 
after the implementation of chiropractic care.

Sustained opisthotonus
Sustained opisthotonos (hyperextension of the cervical, thoracic and lumbar 
spines with fl exion of the knees and elbows) is frequently seen in toxoplasmosis 
and meningitis, although not in the early stages of the infection. It is also seen 
in meningeal irritation, intracranial hemorrhage, kernicterus, tumors of the 
posterior fossa or cervical spine, decerebrate rigidity, tetanus and strychnine 
intoxication. A diagnosis of toxoplasmosis would be strengthened by the presence 
of urine smelling of maple syrup, persistent icterus neonatorum, poor feeding habits, 
microcephaly, microphthalmia, hydrocephalus, lymphadenopathy, fever or a manculopapular rash. 
This patient should be referred for specialist investigation and management.
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Examination of the motor system
Tonus (active & passive)
Active tonus determines posture at rest, spontaneous and provoked movement.
Passive or permanent tonus has three aspects:

• consistency of muscles on palpation
• extensibility, which is the lengthing capacity of limb muscles when passively moved
• passivity, which is the degree of lack of reaction to passive stretching

Traction response
In pulling the patient from a supine to a sitting position, the absence of response from the patient 
in maintaining head position relative to the trunk would indicate generalized hypotonia.

Range of motion
The joint ranges of motion should be evaluated, checking for muscular tone. This should be 
correlated with observations made of the patient’s spontaneous movements.

The Babinski (extensor) response to the plantar refl ex
The plantar surface of the foot is stimulated from the heel, forward along the lateral border, 
crossing over the distal ends of the metatarsals toward the base of the great toe with an 
instrument such as a key, tongue depressor or the examiner’s thumbnail (Fig. 1). The normal 
response in the infant is the Babinski response, consisting of extension of the great toe and fl aring 
of the other four (Fig. 2). In children who cannot tolerate the pressure on their sole, stimulation of 
the outer side of the foot is less objectionable , and the response the same. This sign is 
considered normal in the fi rst 12 months of life and of equivocal clinical signifi cance until age 18 
months (when the child is walking and the corticospinal tract myelination is complete). Failure to 
elicit this sign before 12 months and persistence beyond 18 months is possibly abnormal (may be 
normal in some children up to 2 years of age). Asymmetry at any age is abnormal. If corticospinal 
tract pathology is suspected, then other signs such as sustained clonus, spasticity and 
hyper-refl exia are evaluated.

Fig. 1 Fig. 2



PEDIATRIC 
NEUROLOGY

9Copyright © 2009 Dr Neil J. Davies. All rights reserved.

Examination of the cranial nerves
As cranial nerve function is well advanced at birth, this examination is important and valuable. 
Owing to the inability of the patient to respond to verbal commands, the technique of the 
examination varies from that for an older child, adolescent or adult. Some cranial nerve functions 
can not readily be tested in infancy. Cranial nerves can be assessed singularly or in groups 
according to the nature of the stimulus used. The following procedures are used to assess cranial 
nerve function in young children.

Cranial nerve I
The sense of smell, mediated by the fi rst cranial nerve, is not functional in 
the newborn and as such never tested (Barness 1981), but is present by 5 - 7 
months. Newborns will respond to irritating substances such as ammonia or 
vinegar but this is due to the irritation of the trigeminal (V) receptors in the nose 
and not cranial nerve I.

Cranial nerves II & VII
Flashing a bright light in the child’s eye produces a response mediated by both cranial nerves II 
and VII. The newborn infant will respond by blinking the eyelids and / or grimacing. This 
reaction indicates patency of cranial nerve II and that portion of cranial nerve VII involved in the 
response.

Cranial nerves II & III
A light shone into the infant eye will normally result in pupillary constriction. This indicates 
intactness of cranial nerves II and III. In addition to loss of pupillary response to direct light 
stimulation, a signifi cant III defi cit may result in ptosis (Barness 1981).

Examination of the sensory system
Only pain and touch can be evaluated in the newborn and infant (Gamstrop 1985). Nerve root and 
peripheral nerve cutaneous distributions are the same as adults.

Evaluation of pain and touch is done by observing the infant’s facial (grimacing, crying) and motor 
responses (withdrawal of the body part) to stimuli. Any of the above responses by the child 
indicates intactness of the pain and touch pathways. Withdrawal from a vibratory tuning fork 
placed on a bony prominence indicates at least touch perception, and suggests intactness of the 
posterior columns. An infant with a lesion of the sensory nerves and / or the spinal cord will 
consistently fail to show a response to the stimulus.

Abnormalities in skin temperature or the extent to which the infant perspires will indicate the level 
of a sensory defi cit. This may be determined by slowly sliding the ulnar side of the palmar surface 
of the examiner’s hand up the child’s body.





PEDIATRIC 
NEUROLOGY

10Copyright © 2009 Dr Neil J. Davies. All rights reserved.

Cranial nerve II
When one realizes the enormous territory needed for intact visual fi elds (from the eye, below the 
frontal lobes, through the temporal and parietal lobes, into the occipital lobes) it is obvious why 
visual fi eld examination is a mandatory part of every neurological examination.

When held upright in a darkened room with a single source of light, the 
newborn will tend to turn the head so  as to look towards the light. As the 
examiner moves the child’s trunk away from the light, the child will tend to 
turn the head towards it. This reaction depends on the normal functioning 
of the visual cortex (this differs from most of the primitive reactions to be 
described later in this chapter which are mediated at a subcortical level).

The blink response (closure of the eyelids when an object is suddenly moved toward the eyes) 
is used to determine functional vision is small infants (Barness 1981). The refl ex is absent in the 
newborn, does not appear until 3 – 4 months, is present in about half of all 5 month olds, and 
should be present in all 1 year old infants.

In the infant, the visual fi elds can be tested by introducing objects (such as a favourite toy) from 
behind, above and below into the fi eld of vision. Eye deviation in the direction of the object 
indicates that the child has seen it. In older children, ask them to look at your tongue, then wiggle 
a fi nger in the superior or inferior lateral fi eld. If they see your fi nger move, they will automatically 
look at it.

Visual acuity can be assessed in toddlers by observing them at play, or by 
offering objects of varying sizes. In older children, acuity can be tested by 
special eye charts, with sharp objects commonly known to children. The 
ophthalmoscopic examination has been described in detail in chapter 3. The 
examiner should carefully check for the presence of the red light refl ex which 
implies and intact retina. Any other colour, especially white or yellow implies 
pathology of the retina and demands immediate referral. 

Cranial nerves II, III, IV & VI
Note the position of the eyes at rest (III lesion causes eye abduction, VI lesion causes eye 
adduction, IV lesion is not usually noticeable at rest).

By 3 months, infants will follow an object (use a favourite toy) reasonably well with their eyes 
(Gamstrop 1985). The toy is moved through the six positions of gaze.
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Alternative method
The examiner’s face is placed about 25cm from the patient’s face and the baby’s face is observed. 
The patient’s head is taken into full rotation to both sides as well as fl exion / extension. As the 
head is moved, the patient’s gaze will usually remain, at least temporarily, fi xed on the examiner 
and thus extrinsic eye muscles can be assessed.

Some parents will bring their children in for assessment because they are concerned that the child 
is ‘cross eyed’. The child usually has no deviation from normal, but one is apparent because 
infants and young children have canthus dystopia, where the medial canthus is displaced laterally 
(thereby covering more of the medial conjunctiva than in adults), giving the appearance of inward 
deviation of the eyes, even though they are perfectly aligned. In children who can follow 
commands, focus on and follow a light source, the corneal light refl ection or Hirschberg’s test is 
useful. The practitioner positions a light source in the midline of the patients head (i.e. in front 
of the nose), sits in front of the child and shines the light into the child’s eyes while asking them 
to look at the light. The practitioner notes the position of the corneal refl ections, which should be 
symmetrical, and just medial to the centre of the pupil, and the child should state that he only 
sees one light. The examiner can then move the patients head with the light source, through the 
six positions of gaze; or the examiner can move the child’s head from side to side, and up and 
down. The refl ection should remain in exactly the same position on the pupil in all positions, and 
the child should see only one light in all positions. Ocular malalignment can be estimated by the 
location of the light refl ection in relation to the centre of the pupil. “Deviation is approximately 15° 
if the refl ection appears at the edge of the pupil, 30° if the refl ection is half way between the edge 
of the pupil and the limbus (outer edge of the cornea) and 45° if the refl ection is at the edge of 
the limbus’ (Barness 1981).

A lesion of the medial longitudinal fasciculus (MLF) will produce an internuclear ophthalmoplegia 
(INO). On examination of conjugate gaze (moving the eyes to the right and left), this will produce 
nystagmus of the leading eye, and failure to adduction of the following eye. Evidence that the 
medial rectus muscle, supplied by cranial nerve III, is not paralysed, is easily determined, because 
the eyes will adduct on accommodation. Lesions of the superior colliculus (tectum of the 
mesencephalon) will produce diffi culty with upward gaze which may be produced by lesions in the 
posterior fossa such as a pinealoma (Parinaud’s syndrome).





PEDIATRIC 
NEUROLOGY

12Copyright © 2009 Dr Neil J. Davies. All rights reserved.

Cranial nerves V(1) & VII
Observe the child for spontaneous blinking (Barness 1981). Is spontaneous blinking slower or less 
complete than would normally be expected? The cornal refl ex is always present at birth and is 
readily tested by touching the cornea with a wisp of cotton (innervated by V), which should result 
in eyelid closure (innervated by VII).

Cranial nerves V(3), VII & upper cervical nerve roots
The rooting refl ex is elicited by stimulating the cheek lateral to the mouth (V), which results in 
the child moving the head toward the stimulus (upper cervical nerve roots) while making sucking 
movements with the lips (VII). 

Cranial nerves V, VII & XII
The sucking refl ex is elicited by stroking the lips (V) of an infant which results in them making 
sucking movements with the lips (VII) and tongue (XII).

Cranial nerve III & sympathetics
Note the size and symmetry of the pupils and their response to light. Observe for eyelid ptosis, 
which may be due to a cranial nerve III lesion (supplies levator palpebrae, which may be seen 
with pupil dilatation), a sympathetic lesion (supplies the superior tarsal, which will be seen with an 
ipsilateral pupil constriction), or local disease.

Cranial nerve V
Observe and palpate the action of the temporalis and masseter muscles, and watch the jaw for 
any deviation on opening (unilateral v lesions result in jaw deviation to the side of the lesion).
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Cranial nerve VII
Observe for any facial asymmetry, such as normal wrinkling of the forehead, eye closure, depth of 
the nasolabial folds, etc. Any facial asymmetry is accentuated when the child laughs or cries. 
The infant may respond to sugar or salt solutions applied to a previously dried and protruded 
tongue by a cotton tipped applicator (VII supplies the anterior tongue) from the fi rst day of life, 
reacting by smiling, grimacing or crying (the symmetry of the facial expression tests cranial nerve 
VII and the palatal elevation during crying cranial nerve X).

Cranial nerve VIII
Hearing is present from birth, but it may not be possible to elicit responses 
until the child is 7 weeks old. The aural palpebral refl ex, in which the examiner 
makes a loud clapping noise with the hands outside the child’s fi eld of vision, 
may result in turning the eyes (by 7-8 weeks) or the head and eyes (by 12-16 
weeks) in the direction of the sound (also tests cranial nerves III, IV, VI and 
the upper cervical nerves), blinking (VII), a Moro response (brachial and sacral 
plexuses), and/or crying (V, VII, IX and X). Any of the above responses indicates 
perception of sound (in at least one ear), but absence of a response is not 

       diagnostic of deafness.

A child of 8 months or older should respond by turning the head (upper cervical nerves) to the 
sound of a bell, rattle, cellophane paper being crinkled or a soft voice. The preschool age child is 
tested by asking him to repeat a very quietly spoken word or number.

In school-age children, hearing tests may be performed by using Rinne’s and 
Weber’s tests in the usual fashion as that which applies to the adult. Wherever 
there is doubt about the patency of hearing at any age level it is imperative to 
arrange for an audiometric examination. 

Cranial nerves IX & X
The ability to swallow is suffi cient evidence of  IX and X being intact. The gag refl ex is present 
from birth. Symmetry of the uvula and soft palate at rest should be observed as well as motility 
during crying.

Cranial nerve XI
Direct evaluation is diffi cult in the infant, but a measure of its functioning can 
be gained by eliciting the rooting, Landau and neck righting refl exes. Patency 
may also be estimated by the response of the baby to having its head held 
in full forced rotation. In the older child, rotation of the head or shrugging 
the shoulders against resistance provides an adequate assessment of cranial 
nerve XI.
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The infantile automatisms
The normal newborn shows a repertoire of primary or automatic reactions, which normally exist 
for several months after birth. Most are mediated at a subcortical level (some are obtainable even 
in anencephalics). Their assessment is mandatory as it gives information related to not only the 
integrity of the brainstem and spinal cord, but also its degree of maturity. They also offer the 
opportunity for comparing one side of the body with the other, as most are bilateral reactions 
(Brett 1983). The evaluation of various primitive refl exes is an integral part of the neurological 
examination of the infant. Absence or asymmetry of these refl exes before certain ages, or 
persistence after certain ages, may indicate general developmental lag, because these refl exes, 
which develop during intrauterine life, are gradually suppressed as the higher cortical centres 
mature and become functional (Levine et al 1983). In very low birthweight infants, a clear 
relationship has been demonstrated between the strength of the primitive refl exes and early motor 
development as well as retention of primitive refl exes and delayed motor development (Marquis 
et al 1984). Alterations in retention time of primitive refl exes in neurologically high risk infants has 
also been shown to be useful in the diagnostic identifi cation of cerebral palsy, motor and mental 
retardation (Blasco 1994, Capute 1979, Futagi et al 1992, Zafeiriou et al 1995).

There are many primitive refl exes that may be evaluated in the fi rst 2 years of a child’s life. From 
the descriptions of tests which have been identifi ed as important in the current literature 
(McMillan et al 1977), those which lend themselves readily to successful performance in the 
chiropractic clinic environment have been selected for presentation here and have been classifi ed 
as either being present at birth or appearing later, usually sometime during the fi rst year of life. 
The technique for eliciting these refl exes, the expected response from the child and the clinical 
signifi cance of variation in the age of disappearance are described in the following discussion.
Primitive refl exes which should form an integral part of the neurological examination in the 
neonate, infant and toddler are either present at birth or appear in the infancy / toddler period.



Cranial nerve XII
Note the position of the tongue at rest. In the infant, the tongue is examined for signs of atrophy 
and fasciculations (seen as small depressions that appear and disappear quickly at irregular 
intervals more visibly on the under surface of the tongue).

The tongue retrusion refl ex is usually present from the fi rst few weeks of life. It is tested by 
placing a fi rm object in the child’s mouth, the response of the infant being to expel the object with 
the tongue.
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Refl exes that are present at birth and disappear
The Moro refl ex
Technique
The Moro response is probably the most familiar of the neonatal primitive refl exes (Brett 1983) 
and is named after Dr Ernst Moro 1874-1951 (Ignatius 1993). To obtain the Moro response, the 
infant is placed supine on an examination table or the examiner’s forearm with the head 
supported by the examiner’s hand. The supporting hand is suddenly lowered to allow the head to 
fall backward 20-30°. The Moro response can be obtained in other ways including a loud noise to 
the child or a sudden blow to the surface on which the child is lying (Brett 1983, Gamstorp 1985).

Response
Extension of the trunk, symmetrical extension and abduction of the arms with extension of the 
fi ngers followed by fl exion and abduction of the arms.

Age of disappearance
The response begins to fade by 4-8 weeks, and disappears by 1-5 months (but cannot be 
reinforced by pressure on the knees, and then obtained at later ages) (Brett 1983, McMillan et al 
1977).

Signifi cance
It is extremely informative in children under 5 months of age. Its absence during the fi rst few 
weeks of life or its persistence beyond 5 months indicates neurological dysfunction.

The Moro response indicates symmetrical intactness of multiple levels of the nervous system 
(cerebral cortex, the corticospinal tracts, the brachial plexus and peripheral nerves). Response will 
be diminished or absent unilaterally in hemiparesis, plexus, nerve, muscle, clavicle, humerus or 
shoulder injuries. It may also be absent in the neonate affected by drugs, sedation, hypoxia, 
infection, or cerebral insult. It is possible that it may be affected by upper cervical subluxation 
complex. Persistence beyond the fi fth month of life suggests diffuse central nervous system defi cit.
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Signifi cance
Absence or asymmetry of the refl ux prior to 2-3 months is suggestive of underlying neurological 
disease. Persistence beyond this time, or reappearance, indicates the possibility of a nervous 
system disorder. Asymmetrical responses should be viewed with caution as they are sometimes 
seen as an early sign in hemiparesis.

The plantar grasp
Technique
The examiner applies pressure to the plantar surface of the foot close to the base of the toes.

Response
Flexion of the toes occurs to grasp the examiner’s fi nger.

Age of disappearance
The plantar grasp refl ex has usually disappeared by 8-15 months McMillan et al 1977).

Signifi cance
Absence or asymmetry of the refl ex prior to 2-3 months of age is suggestive of underlying 
neurological disease. Persistence beyond the normal time of disappearance or reappearance 
indicates the possibility of a nervous system disorder.

The palmar grasp
Technique
The examiner’s fi nger is placed in the palm of the infant’s hand.

Response
The infant’s fi ngers close on the examiner’s fi nger and hold 
even more tightly as the examiner attempts to withdraw the 
fi nger.

Age of disappearance
The response becomes weak by 2-3 months, at which time it 
will be covered by volitional action. It will have completely 
disappeared by 4 months ( McMillan et al 1977).
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The rooting and sucking refl exes
Technique
The examiner lightly strokes the face near the corner of the mouth. For the sucking refl ex, the 
examiner lightly strokes the infant’s lips.

Response
In the rooting refl ex, the child turns the head towards the stimulus and begins a sucking action. 
For the sucking refl ex, the child begins sucking when the lips are lightly stroked.

Age of disappearance
The age of disappearance of the rooting refl ex is related to the waking state. It can be expected 
to persist until 7-8 months of age in the sleeping child, but will have disappeared by 3-4 months in 
the child who is awake. The sucking refl ex is only seen in the wakeful child and can be expected 
to disappear by the end of the fi rst year of life McMillan et al 1977).

Signifi cance
The sensory limb of both responses is the trigeminal nerve. The sucking response of the lips tests 
the facial nerve (VII) and the tongue movement tests the hypoglossal nerve. The head turning in 
the rooting refl exes also tests the upper cervical nerve roots. Asymmetry in the sucking response 
suggests a lesion of cranial nerves V, VII or XII. The rooting response may persist in 
neurologically abnormal children or may reappear in those with progressive degenerative diseases.

The tonic neck refl ex
Technique
The patient is placed supine and the head is rapidly rotated to one side and held there while the 
chest is maintained in a fl at position.

Response
The expected response is for the child to extend the arm and leg on one side to which the head is 
turned and fl ex the arm and leg on the opposite side. This is referred to as the ‘fencing posture’.

Age of disappearance
It will normally disappear by 6 months of age ( McMillan et al 1977). 

Signifi cance
In a normal refl ex, the fencing posture will only be momentarily maintained. Persistence of the 
posture, that is, one in which the infants are unable to extricate themselves, is referred to as an 
‘obligate refl ex’. This infant will be unable to roll over. The obligate refl ex should always be 
considered abnormal and the child referred for specialist investigation. Asymmetrical refl ux may 
be an early sign of hemiparesis on the side of the increased response, but a subluxation complex 
at the upper cervical level should always be considered as a possible cause. Persistence beyond 
6 months of age in the awakened state is a serious sign suggestive of a central motor lesion and 
may indicate spastic cerebral palsy. This child should be referred for specialist investigation. The 
refl ex may persist as a momentary response during sleep up to 3 years of age.
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The placing refl ex
Technique
The patient is supported under the axillae while the dorsum of the foot is brought into contact 
with the edge of the examination table.

Response
The infant raises the stimulated foot as if to step up onto the table.

Age of disappearance
The refl ex becomes less vigorous by 6 months of age.

Signifi cance
The placing refl ex is valuable in detecting asymmetric responses of the two lower limbs. It serves 
as a good indicator of nervous system maturation when the expected response is present.

The walking refl ex
Technique
The walking or stepping refl ux is obtained by holding the infant upright over an examination table 
so that the soles of the feet are in contact with the surface.

Response
This technique initiates reciprocal fl exion and extension of the legs, simulating walking. Owing to 
the action of the adductor muscles, one leg often gets caught behind the other. This must not be 
confused with adductor spasm.

Age of disappearance
The stepping response can be expected to persist as voluntary standing (Weiner et al 1981).

Signifi cance
An intact response is a helpful indicator of nervous system maturation.
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Refl exes which appear after birth
The Landau refl ex

Technique
The child is held by the examiner in a horizontal position.

Response
The child will attempt to arch the back and hold the head above the horizontal plane.

Age of disappearance
The Landau response is generally not seen after the end of the second year of life (McMillan et al 
1977).

Signifi cance
The Landau refl ex is a general indication of maturing motor control, and infants with hypotonia, 
diplegia, tetraplegia or paraplegia will not exhibit the characteristic posture.

The Landau refl ex is also known as ‘posture in horizontal suspension’ and is a test of head control 
and motor function (Weiner et al 1981).

Age of appearance
The Landau response begins to been seen at 3 months and is consistently present by the end of 
the fi rst year of life ( McMillan et al 1977).
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The parachute reaction
Technique
The examiner holds the patient fi rmly in midair in the horizontal position. The examiner then 
quickly lowers the child towards the surface of the examination table or the fl oor.

Response
The child will extend the arms, hands and fi ngers to protect themselves from contact with the 
table or the fl oor.

Age of disappearance
There is no certain age at which this reaction will disappear.

Signifi cance
The parachute reaction is an excellent test for the development of visual and vestibular sensory 
input, upper extremity pyramidal and peripheral nerve function. The response appears to be 
proportional  to the size of any optic stimulus pattern on the examination table covering or the 
fl oor. An asymmetrical response suggests either an upper or lower motor neuron lesion.

Age of appearance
The parachute reaction will appear at 8-9 months (McMillan et al 1977).

The neck righting refl ex
Technique
The patient is placed supine on an examination table and the head is rotated 90° to one side and 
fi rmly held.

Response
The child tries to rotate the trunk and then the pelvis in order to bring the spine and pelvis into 
neutral alignment with the head and neck.

Age of disappearance
The expected age of disappearance is between 1 and 2 years (McMillan et al 1977).

Signifi cance
Persistence in older children may suggest spasticity or developmental retardation. It has, however, 
been seen in normal children as old as 9 years when the test is performed with the child on all 
fours (Brett 1983).

Age of appearance
The neck righting refl ex is fi rst noticed at 4-6 months of age ( McMillan et al 1977). 
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General developmental surveillance
As an integral part of all neurological examinations up to age 5, regular developmental screening 
assessments should be carried out. Developmental pediatrics and details of how to perform 
developmental screening assessments are covered in Chapter 8. In conjunction with the 
neurological examination and the developmental screening tests described earlier, it is useful to 
check the essential milestones of development shown in Table 1. It should be pointed out, 
however, that these informal tables should never be relied upon as the sole method of conducting 
developmental surveillance as they have been shown to miss about two thirds of all cases 
involving developmental delay (Brothers et al 2008). Indeed, even well validated developmental 
screening as a surveillance tool needs to be performed longitudinally as the child grows to reach 
acceptable standards of clinical accuracy (Rydz et al 2005).

Birth

4 – 6 weeks
6 weeks
12 – 16 weeks

12 – 20 weeks
20 weeks

26 weeks

Prone- pelvis high, knees under abdomen
Ventral suspension – elbows fl ex, hips partly extended
Smiles at mother. Vocalizes 1 – 2 weeks later
Prone – pelvis fl at
Turns head to sound
Hold object placed in hand
Hand regard
Goes for objects and gets them without the object
Being placed in the hand
Transfer objects, one hand to another
Chews
Sits, hands forward for support
Supine – lifts head up spontaneously
Feeds self with biscuit

Table 1
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Beyond infancy, once the automatisms have disappeared, the clinician should attempt to assess 
the neurological system using well validated developmental screening tests, drawing ability, play 
skills, etc. Specifi c neurological testing is carried out in much the same way as in the adult as the 
child approaches school age. The sensory system may be assessed using pinprick and vibration as 
well as light touch in responsive patients.

Examination of the older child

Examination of the motor system
Observation of gait and posture
The child’s posture can usually be discerned prior to the start of the examination. Walking and 
running gaits can be seen by playing with the patient, asking the patient to retrieve a ball, and to 
run outside the examining room.

It is important to observe a child rise from the supine position for evidence of neurological defi cits, 
muscular weakness and orthopaedic defects. The “Gower” pattern describes the way a hypotonic 
child pushes themselves up their thighs when arising from the supine position (Fig. 3).



Fig. 3
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Muscle strength
By 5 years of age the motor system examination can be done in the adult manner. 
Muscle strength is graded 0-5.

0  =  No evidence of muscle contraction
1  =  Evidence of slight contraction, no joint motion
2  =  Active movement, with gravity eliminated
3  =  Complete range of motion against gravity
4  =  Complete range of motion against gravity, with some resistance
5  =  Complete range of motion against gravity, with stronger resistance

Muscle tone
Muscle tone is examined by manipulating major joints for hypotonia; and for hypertonia (quickly 
for spasticity indicating corticospinal tract pathology, and slowly for rigidity indicating 
extrapyramidal pathology), and determining the degree of resistance. This can include elbow 
fl exion - extension, forearm supination - pronation, wrist fl exion – extension, and ankle 
dorsifl exion – plantar fl exion. A sensitive test for hypotonia in the upper limb is the pronator sign, 
where the patient is asked to raise the hands over the head, with the palms facing each other (but 
not touching), and the involved forearm pronates.

Coordination
Tests for ataxia and tremors can be made by having the patient reach for and manipulate toys. In 
the older child the standard cerebellar fi nger-to-nose, heel-to-shin, dysdiadochokinesia tests 
(pronation-supination in the upper limb, and rapid toe tapping in the lower limb) can be 
performed. These tests will be diffi cult with athetosis, choreiform or dystonic movements 
(extrapyramidal pathology).
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Examination of the sensory system
Nerve root and peripheral nerve cutaneous distributions are the same as in adults.

An infant with a lesion of the sensory nerves and / or the spinal cord will consistently ignore the 
stimulus.

Abnormalities in skin temperature or in the amount of perspiration will indicate the level of a 
sensory defi cit. This may be determined by slowly sliding the ulnar surface of the examiner’s hand 
up the child’s body. 

Object discrimination can be determined in young children by using items well known to them 
such as a coin, pen or toy.

Examination of the muscle stretch refl exes
The younger the child, the less informative are the muscle stretch refl exes. Refl ex inequalities are 
common and less reliable than inequalities of muscle tone in ascertaining the presence of an 
upper motor neuron lesion. The muscle stretch refl exes are assessed in the child beyond infancy 
as in the adult. The routine examination should include:

• biceps (C5)
• brachioradialis (C6)
• triceps (C7)
• abdominal (T8-12)
• patella (L4)
• achilles (S1)
• jaw jerk (motor portion of cranial nerve)

Examination of the cranial nerves
The diffi culties encountered in the cranial nerve examination in infancy are not so apparent in 
this older age group. The only difference from the adult examination is in the VIIIth nerve. In the 
younger child a rattle and cellophane paper are used, while in the preschool age child a selection 
of model farm animals are provided and they are asked to pick up the animal the examiner asks 
for. This simple test is referred to as the Kendall Toy Test (Bellman & Kennedy 2000). Techniques 
for assessment of hearing at different age levels have been presented in Chapter 3. Rinne’s and 
Weber’s tests, universally used in adult practice, are not usually able to be reliably performed until 
school age.
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There are many neurological conditions that affect children. This text intends to deal only with the 
more common conditions and those which, while less common, are serious and may possibly be 
encountered in general chiropractic practice. There is a wide range of known causes of headache 
in children and these are shown in Table 2.

Important neurological syndromes 
encountered in children

Headache
Headache in children is common but usually short lived. Most patients suffer from 
chronic or recurrent headache. It is the type of headache that causes much concern 
to parents, fearing their child may have a serious condition such as a tumor. Most 
recurrent headaches in older children and adolescents have a benign cause related 
to stress and tension (Gamstorp 1985). The probability of an organic cause in 

children with headache is very low. It is important to alleviate the 
parent’s fears, but only after a thorough history and examination 
of the child. Owing to the possibility of serious organic disease, in 
every child presenting with headache the clinician should take a careful clinical 
history and perform a full general and neurological examination, including 
ophthalmoscopy (Lindsay et al 1991). There is a wide range of causes of 
headache in children and these are summarised in Table 3.

Vital signs Blood pressure, pulse rate, respiratory rate
Anthropometry

Head and neck

Thorax 

Abdomen

Musculoskeletal

Neurological

Developmental

Urinalysis

Head circumference, height, weight 

Sutural palpation, lymphatic assessment, ear and eye examination, nasal 
inspection, oral examination including a careful inspection of the teeth, sinus 
assessment including transillumination, thyroid palpation and auscultation of 
the carotid artery for bruits 
Respiratory and cardiovascular assessment 

General evaluation looking carefully for organomegaly, signs of constipation/
retained feces, lymphadenopathy or other masses and renal artery for bruits 

General assessment of muscle tone and strength, posture, gait and range of 
motion including the chiropractic spinal assessment. Particular attention should 
be paid to any neck tension/stiffness, especially in children with recent-onset 
headache accompanied by fever 

Myotomes, dermatomes, muscle stretch refl exes, cranial nerves, cerebellum 
tests, automatisms (at appropriate ages), Babinski response and assessment of 
posterior columns 

Age-appropriate assessment 

Chemical dipstick evaluation

Table 2
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Associated features which 
(if present) aid diagnosis

Recurrent 
attacks

Further investigations 
(if required)

Acute cause 
Sinusitis 

Migraine 

Cluster headache 

Post-traumatic 

Drugs/toxins 

Hemorrhage 

Infection (meningitis, 
encephalitis) 

Hydrocephalus 

Subluxation syndrome 

 

Subacute cause 
Infection (subacute, 
chronic meningitis, 
e.g. TB, cerebral 
abscess) 

Intracranial tumor
Chronic subdural 
hematoma 
Hydrocephalus

Preceding ‘cold’ 
Nasal discharge 

Visual/neurological aura, 
nausea, vomiting 

Lacrimation, rhinorrhea 

Preceding head injury 
Cervical spine whiplash 

On vasodilator drugs 

Instantaneous-onset vomiting, 
neck stiffness, impaired 
conscious level 

As above but more gradual 
onset with pyrexia 

Impaired conscious level, leg 
weakness, impaired upward 
gaze 

Headache in various locations 
according to affected spinal level 

Impaired conscious level, 
pyrexia, neck stiffness, focal 
neurological signs 

Vomiting, papilledema, impaired 
conscious level ± focal 
neurological signs 

+ 

+ 

+ 

- 

+ 
(if CSF 
fi stula) 

- 

++ 

- 

+ 

+ 

X-ray nasal sinuses 

Skull X-ray, CT scan 
X-ray, motion palpation 

CT scan 
Lumbar puncture 

CT scan 

X-ray, static and 
motion palpation, postural 
assessment, 
instrumentation 

CT scan 
Lumbar puncture 

CT scan 
 

CT scan 

Table 3
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Associated features which 
(if present) aid diagnosis

Recurrent 
attacks

Further investigations 
(if required)

Benign intracranial 
hypertension 
 

Subluxation syndrome 

Chronic causes 
Tension headache 

Ocular ‘eye strain’ 

Drugs/toxins 

Subluxation syndrome

Vomiting, papilledema 

Headache in various locations 
according to affected spinal level 

Anxiety, depression 

Impaired visual acuity 

On vasodilator drugs, neck, 
shoulder, arm pain 

Headache in various locations 
according to affected spinal level

+ 

++ 

+ 

+ 

+ 

++

CT scan 
CSF pressure monitoring 

X-ray, static and motion 
palpation, postural 
assessment,
instrumentation 

Refractive errors 

X-ray, static and motion 
palpation, postural 
assessment, 
instrumentation

Table 3 continued
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Vascular headache
Vascular headache, when associated with fever, may arise from infection causing headache from 
generalized dilatation of cranial arteries. In non-febrile cases vascular headache may be caused by 
migraine (with or without aura), toxic exposure, hypertension, epilepsy and rarely, intracerebral 
hemorrhage.

Infection
When fever is present, infection is the most likely cause of the child’s 
headache. A search for the site of infection should be conducted and 
appropriate management implemented. Infection is a common cause of 
headache in children and in one study of 643 cases of pediatric headache 
more than half the subjects had an infectious etiology with the respiratory 
tract the most dominant site (van der Wouden et al 1999). Other infectious 
diseases associated with headache are acute, subacute and chronic  
meningitis, leukemic infi ltration of the meninges, brain abscüös and sinusitis 
(Gamstorp 1985, Moe& Seay 1997).  

Patients with central nervous system infection, regardless of the organism, will present with 
similar symptom patterns. Neurological infections are usually bacterial or viral and structurally 
involve either the meninges or cerebral parenchyma. All patients, however, have some degree 
of involvement of both areas (Moe & Seay 1997). In infancy, the clinical features of meningitis 
are frequently non specifi c, involving irritability, fever, cyanosis, lethargy, poor feeding and a high 
pitched cry. There may also be bulging of the anterior fontanel and seizure activity that occurs 
approximately one third of all children with meningitis, principally those in whom Haemophilus 
infl uezae is the infecting organism. In children over 12 months of age, signs consistent with 
meningeal irritation occur, principally a stiff neck, headache and positive Kernig and Brudzinski 
signs (Weiner et al 1981). Such a presentation demands specialist referral for lumbar puncture.
While encephalitis and meningitis have very similar symptomatic presentations, brain abscess is 
more variable. ‘In a child with an encapsulated abscess, headache is prominent. There may be no 
signs of  infection; the child presents with a slowly evolving focal defi cit, seizures or raised 
intracranial pressure. Other children are very ill and mimic the child with meningitis’ (Weiner et al 
1981). Brain abscess is more likely to occur in children who have congenital heart disease, a 
recent history of otitis media, head trauma or pulmonary infection.





PEDIATRIC 
NEUROLOGY

29Copyright © 2009 Dr Neil J. Davies. All rights reserved.

Migraine
In children, migraine is a syndrome that may or may not involve headache. It is seen as early as 4 
years of age and accounts for approximately 5% of all headaches in children (Weiner et al 1981). 
In the preschool age child, migraine often presents as an episode of pallor and vomiting 
unassociated with recognizable illness (Weiner et al 1981), the so-called abdominal migraine 
syndrome, for which a complete diagnostic defi nition remains a little unclear. However, ‘the 
presence of a well defi ned syndrome comprising episodes of midline abdominal pain of suffi cient 
severity to interfere with normal activities and lasting for prolonged periods, frequently 
accompanied by pallor, headache anorexia, nausea and vomiting is adequate to qualify a child for 
the diagnosis of abdominal migraine’ (Symon & Russell 1986).

In children suffering from migraine in which headache is a feature, commonly referred to as 
“Children’s Migraine Syndrome” (Knezevic-Pogancev 2008), the migraine may be classifi ed as 
classic, common or complicated. In classic migraine, the child will describe an aura or visual 
prodrome preceding the onset of the headache which begins at the conclusion of the prodrome, 
whereas in common migraine there are no prodromal symptoms. The etiology of classic migraine 
is determined largely by genetic factors (Russell & Olesen 1995, Russell et al 1996), making the 
identifi cation of migrainous symptoms in at least one fi rst degree relative a critical part of the 
clinical history. The etiology of common migraine seems to be determined by a combination of 
genetic and environmental factors (Russell & Olesen 1995, Russell et al 1996). Complicated 
migraine is so named owing to the association of other symptoms with the headache, such as 
diffi culty talking, tingling of the face or extremities, hemiparesis or ophthalmoplegia (Weiner et al 
1981). 

The International Classifi cation of Headache Disorders classifi cation system which was brought by 
consensus in 1988 (ICHD-I), and last modifi ed in September 2003 (ICDH-II), defi nes the 
parameters of the migraine syndromes in children. The characteristic symptom patterns 
encountered in children with the various migraine syndromes are presented in Table 4.





PEDIATRIC 
NEUROLOGY

30Copyright © 2009 Dr Neil J. Davies. All rights reserved.

Type of migraine Characteristic symptom pattern
Classic migraine

Common migraine

Abdominal migraine

Usually preceded by prodromal symptoms (scotomata) 
Nausea and vomiting common 
Pain usually, but not always, strictly one-sided 
Frequently no headache at all, especially in younger patients 
Scalp tenderness 
Photophobia 
Vegetative symptoms such as perspiration, pallor and diarrhea 
Sometimes associated with the passage of a pale stool 
Occasional neurological symptoms such as hemianopsia, localized 
paresthesia, hemiplegia and aphasia 

Prodromal symptoms rare 
Sudden onset without warning 
Pain characteristics similar to classic migraine 
Frequently no headache at all, especially in younger patients 
Scalp tenderness 
Photophobia 
Sometimes associated with the passage of a pale stool 

Seen most commonly in younger children, but may persist in adult life 
Recurrent bouts of midline abdominal pain which is of suffi cient severity to 
disrupt normal daily activities 
Pallor 
Headache variable 
Nausea and vomiting 

Table 4
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Toxic exposure to carbon monoxide
The early symptoms experienced by the child are diffuse, diffi cult to localize 
headache and vertigo. Continued exposure produces a bounding pulse, fi xed 
dilatation of the pupils, vomiting a dusky discoloration of the skin and fi nally 
convulsions.

Hypertension
Benign intracranial hypertension presents as headache and vomiting which has developed over a 
period of 48-72 hours. It is usually a consequence of infection, particularly otitis media. 
Papilledema is usually seen on examination and sometimes bilateral sixth nerve palsy and ataxia. 
This condition must be differentiated from brain abscess and meningitis.

Postictal
In children with epilepsy, headache following an ictal is common and probably due to transient 
vascular dilatation.

Intracerebral hemorrhage
This condition is rare in childhood, but has a very high mortality rate. The most common causes of 
the hemorrhage are vascular malformation, bleeding into tumor and  coagulopathies (Livingstone 
& Brown 1986). Characteristic symptoms are usually quite non specifi c but may include altered 
states of consciousness, headache, vomiting and focal neurological signs.
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Muscular or tension-type headaches
In children, as in adults, tension type headache is the most common form of headache that will 
be encountered in clinical practice. Characteristically, children with tension type headache present 
with pain and tension in the suboccipital and neck muscles, which is usually accompanied by a 
feeling of heaviness or pressure. The pain tends to be worse during school hours when they are 
most active and ease again at the end of the day after they return home and have opportunity for 
food and rest. The tension type headache is absent in the early morning and does not wake the 
child from sleep. There is often a positive family history of similar headaches in at least one fi rst 

degree relative. The child may have a concomitant clinical history of recurrent, 
non specifi c abdominal pain and other gastrointestinal complaints.

Typically, there are no neurological signs present on examination and if 
electroencephalography has been performed it will invariably be negative. 
Refractive error is sometimes found on eye examination that will be normal in 
every other respect (Gamstorp 1985).

Non-organic headache
A thorough clinical history is the key to differentiating between an organic and a non organic 
problem.

Depression
Other symptoms that may accompany the headache will be apparent from the clinical 
history and observation of the patient. These typically include loss of appetite, 
diffi culty concentrating, sleep disturbances and reluctance to participate in play and 
other activities. Depression sometimes results from an ongoing abusive situation at 
home or school.

Anxiety
A common cause of non organic childhood headache is peer or social pressures experienced at 
school. The child may worry about schoolwork, diffi culties with a teacher, bullies in the 
playground, toilet phobias, etc. Careful and sensitive clinical history taking and sometimes 
consultation with the teacher will usually identify the anxious child. Anxiety may also be a result 
of an ongoing abusive situation at home. In one study of 634 children ranging in age from birth to 
14 years, the incidence of idiopathic headache was 7.3 per 1000 person years and the 
psychosocial factors most frequently identifi ed as causative were problems in either the home 
environment or school (van der Wouden et al 1999).

Attention seeking
Headache is sometimes complained of by children under a variety of stressful circumstances (e.g. 
a new baby in the house, relocation, new school, etc.) to attract comforting and sympathetic 
attention to themselves.
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Neurological causes of headache
There are a number of neurological causes of headache, principally the development of an 
intracranial tumor, neurological infection and raised intracranial pressure.

Intracranial tumors
Headache is a common presenting symptom in children with an intracranial tumor. Despite the 
proliferation of organ imaging technology, misdiagnosis of intracranial tumor as a cause of 
headache remains a clinical problem. In one study of 74 children with brain tumors it was 
discovered that they had a mean duration of clinical history of nearly 6 months and had been 
consulted between four and fi ve times each before the diagnosis was made, despite the fact that 
the presenting symptoms were typical of children with intracranial tumor. Vomiting (65%), 
headache (64%) and personality change (47%) were the most common presenting symptoms 
(Edgeworth et al 1996). In addition to these three common features, headache associated with 
intracranial tumors may also be characterized by being woken from sleep by the headache, gait 
changes, increased pain with coughing or sneezing, changing position or otherwise increasing 
the intracranial position, macrocephaly, excessive rate of head growth, blurred or double vision, 
paresis of cranial nerves III &/or IV and papilledema (Moe & Seay 1997 ). In adult practice, brain 
tumors should always be considered as a differential diagnosis after a fi rst seizure, since that 
relationship has an incidence of around 10%. In patients under the age of 20 years, however, the 
relationship between a fi rst epileptic seizure and brain tumor is 0.02% (Patten 1996).
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Hydrocephalus, which causes raised ICP, may result from obstructive conditions (non-
communicating) such as the Arnold-Chiari and Dandy-Walker malformations, acquired disease 
such as aqueductal stenosis, development of a supratentorial mass and other tumors, hematoma 
and cyst formation. Communicating conditions include thickening of the leptomeninges, increased 
CSF viscosity and excessive CSF production (Lindsay et al 1991).

In children, typical symptoms include an acceleration of the normal rate of head growth, tense 
anterior fontanel, positive Macewen’s ‘cracked-pot’ sign, lid retraction and impaired upward gaze 
referred to as the ‘setting-sun’ sign, thin scalp with dilated veins, mental retardation, failure to 
thrive and sometimes an impaired conscious level. Untreated, non-communicating hydrocephalus 
results in death in around 50% of patients and many who survive have mental retardation 
(Laurence & Coates 1972).

Children with hydrocephalus require urgent referral for neurological imaging studies and surgical 
treatment.

Raised intracranial pressure
Elevation of intracranial pressure (ICP) may result from the development of an expanding mass, 
increase in the brain water content, an increase in the cerebral blood volume as a result of 
vasodilatation or obstruction of the venous outfl ow, or an increase in the total cerebrospinal fl uid 
(CSF) volume. In addition to headache, raised ICP may produce nausea, vomiting and 
papilledema. Raised ICP, while it produces symptoms and signs, does not damage neuronal 
parenchyma provided that the cerebral blood  fl ow  is  maintained. Damage does occur, however, 
in cases where the pressure has caused either tentorial or cerebellar tonsillar herniation (Lindsay 
et al 1991). The clinical effects of brain shift are shown in Table 5.

Type of brain shift Clinical effects
Lateral tentorial herniation 

Central tentorial herniation 

Cerebellar tonsillar herniation

Ipsilateral limb weakness 
Deteriorated conscious level 
Pupillary dilatation and failure to react to light 

Loss of upward gaze followed by impaired eye movements 
Deteriorated conscious level 
Pupils begin small and become moderately dilated 
Pupils fail to react to light 
Diabetes insipidus may develop 

Neck stiffness and head tilt 
Changes in respiratory control 
Depression of conscious level

Table 5
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Extra-cranial disorders
There are a number of extra-cranial disorders that cause headache that must be considered. 
Principal among these are sinusitis, dental problems, ocular conditions, allergic reactions, 
hypoglycaemia, prescribed medications, basilar impression syndrome and ear disease.

Sinusitis
Obviously, aeration of the sinus cavities is necessary before congestive disease 
can develop. As such, headache from sinusitis is not seen much before school 
age. Sinus headache may be due to either allergy or infection. The usual 
presentation is a child with frontal or retro-orbital headache that is often 
present on awakening but disappears shortly after rising, fever in patients with 
infection, rhinorrhea and sometimes a positive family history of sinus disease.

Physical evidence that a child may have sinusitis includes increased local temperature and 
tenderness to palpation and percussion over the affected sinus. There may also be a failure of 
normal transillumination. Congestion will be clearly evident on X-ray. In children with sinus 
infection, resolution and prevention of recurrence is usually obtained by short-term antibiotic 
therapy used concurrently with chiropractic care and normal hygienic measures such as steam 
inhalation.

Dental problems
Unchecked dental caries or abscesses may cause headache. In some children, 
grinding of the teeth during sleep (bruxism) may also cause headache by 
increasing cranial muscle tension.

Disorders of the eye
Physical assessment of the child presenting with headache must include a careful evaluation of the 
eyes. Strabismus (squint), weakness of extraocular muscles, visual loss, poor papillary response, 

papilledema, optic atrophy (which may arise from untreated hydrocephalus) and 
refractive errors must be ruled out (Lindsay et al 1991, Moe & Seay 1997). Apart 
from strabismus, children with eye pathology should be referred for specialist
investigation. A trial of chiropractic care with strabismus is appropriate, but 
referral is still necessary if the child shows no sign of improvement in the short 
term, because uncorrected, strabismus may lead to suppression amblyopia. 
Children with strabismus due to a functional neurological problem usually have 
subluxation of the upper cervical complex and disturbance of the craniosacral 
primary respiratory mechanism.

Allergy and hypoglycemia
A detailed discussion of these topics is found in Chapter 18.

Prescribed medication
Headache may sometimes result from the use of certain medications. Some of the drugs used 
commonly for the children that have been shown to produce headache as a side-effect include 
antihistamine preparations, diazepam, phenytoin and the tetracyclines.



PEDIATRIC 
NEUROLOGY

36Copyright © 2009 Dr Neil J. Davies. All rights reserved.

Basilar impression syndrome
Basilar impression syndrome results from softening of the basal cranial bones so they are no 
longer able to support the weight of the skull. As a result, the base of the skull becomes displaced 
upward into the cranial vault. The result of this upward displacement is compression of the 
structures of the brainstem by the odontoid process, the rim of the invaginated foramen magnum 
and the upper cervical vertebrae (Tachdjian 1972). Symptoms often seen in children with basilar 
impression syndrome are those that are consistent with brainstem compression: primarily 
persistent occipital headache, cranial nerve defi cits, nystagmus, gait disturbance, spasticity, ocular 
disorders such as refractive errors and astigmatism. Basilar impression syndrome is sometimes 
seen in children with Klippel-Feil syndrome and an obviously short neck.

The condition is best demonstrated by constructing McGregor’s, Chamberlain’s and McRae’s lines 
on the lateral cervical radiograph. Affected children should be referred for corrective surgery.

Disorders of the ear
Acute otitis media, serous otitis media and mastoiditis can cause headache, 
but are likely to produce more local symptoms. The distribution of pain is 
typically from the suboccipital base, around the ear and as far forward as the 
lateral canthus of the eye. Diagnosis and management of ear related 
conditions are discussed in detail in Chapter 12.

Trauma induced headache
Traumatic injury to the head in children may occur for a number of  a number of 
reasons both accidental and non-accidental. In all cases where a child has 
suffered head trauma, a careful clinical history and full neurological examination 
are essential. The critical elements of history and examination are shown in Box 
1. Children who have suffered mild head trauma need to be monitored for 
immediate short-term and long-term problems.

Critical elements of clinical history and examination in a child presenting with headache after 
closed head injury
• Assessment of the child’s level of consciousness
• Evaluation of the child’s ability to carry out age-appropriate tasks
• Tympanic membrane inspection for blood or CSF indicating basilar skull fracture
• Scalp inspection for evidence of localized areas of trauma (i.e. lacerations, bruises, etc.)
• Evaluation of papillary size and reaction to light
• Determination of heart rate and blood pressure
• Assessment of respiratory pattern
• Muscle assessment to check for hemiparesis
• Gait evaluation
• Presence or absence of the Babinski response
• Measurement of head circumference

Box 1
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The most feared immediate problem following any head trauma in children is the development of 
a subdural or epidural hematoma with subsequent compression of the brainstem. Epidural 
hematoma is the result of venous bleeding, or arterial bleeding from a tear in the middle 
meningeal artery. The child with an epidural hematoma may slowly deteriorate after the injury 
or go through periods of improvement only to deteriorate again later. Subdural hematoma is the 
result of venous or arterial bleeding. Symptoms characteristic of epidural or subdural hematoma 
formation are headache, a decreased level of consciousness and fi xed dilation of the pupil on the 
same side as the hematoma, which is a late sign. When a subdural hematoma forms in the 
posterior fossa, disturbances of gait may be seen in older children (Weiner et al 1981).

Concussion is a common immediate effect of head trauma. The concussed patient will usually 
present with fi xed papillary dilatation, slowed refl exes, low blood pressure, a weak, thready pulse, 
eyes which appear glazed, and an inability to answer simple questions appropriate for age (i.e. 
What is your name? How old are you? When is your birthday? Where do you live?). Children 
showing signs of concussion should be sent immediately to hospital for observation and not 
adjusted until such time as all clinical evidence of concussion has resolved.

The short-term effects of mild to severe head trauma are well documented and commonly include 
symptoms such as headache, dizziness, fatigue and memory loss (Overweg-Plandsoen et al 1999). 
While it has been assumed that these symptoms have in the main arisen for cerebral edema, 
recent brain imaging studies have shown this not to be the case. Currently it is thought that the 
pathophysiological mechanisms for the short-term symptoms that follow mild head trauma include 
cortical spreading depression and trauma-triggered migraine. Research has demonstrated the 
involvement  of the trigeminovascular pathways in both these disorders and demonstrated that 
head trauma can be associated with non-congestive cerebral hyperemia (Sakas et al 1997).
The longer-term effect of mild head trauma in childhood has been the subject of much 
investigation recently. It has been found at 1-, 5- and 10 year old follow up developmental status 
is almost completely unaffected (Bijur et al 1990, Farmer et al 1987, Jordan et al 1992). What has 
become clear, however, is that symptoms referable to the original head trauma are in evidence at 
2 year follow-up; they include deterioration of school performance, development of hyperactive 
disorder, somatic complaints including headache, aggressiveness, problems socializing, thought 
and attention defi cits, delinquency, dizziness, fatigue and other behavioural problems (Asarnow 
et al 1991, Ong et al 1998, Overweg-Plandsoen et al 1999). Head trauma is discussed more fully 
later in this chapter.

Occasionally after injury, a child may present with occipital neuralgia which is head pain in the 
distribution of the second cervical dermatome arising from irritation of the greater occipital nerve. 
The  pain will sometimes refer to the frontal and eye region. The symptoms associated with 
occipital neuralgia are commonly a result of the upper cervical subluxation complex and tend to 
resolve quickly after subluxation correction.
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Diagnosis of headache
In children presenting with headache, diagnosis should only be made after carefully weighing the 
evidence from the history and physical examination. The diagnosis in headache cases is almost 
exclusively made clinically, investigations serving the purpose of confi rming what the history and 
examination has shown. Very many cases of headache in children (and adults as well) are directly 
attributable to the subluxation complex and generally occur in predictable patterns. The 
neuroanatomical basis of this apparent patterning of cervicogenic headache is convergence in the 
trigeminocervical nucleus between nociceptive afferents from the fi eld of the trigeminal nerve and 
the receptive fi elds of the fi rst three cervical nerves. Only structures innervated by C1-C3 have 
been shown to be capable of causing headache. These structures include muscles, joints and 
ligaments of the upper three spinal motion segments, dura mater of the spinal cord and posterior 
cranial fossa, and the vertebral artery (Bodguk 1992). The role of craniosacral therapy in the 
treatment of patients with headache arising from these structures is obvious. This 
neuroanatomical model does not apply, however, in patients who describe their ‘headache’ as 
being at the base of the occiput and in the posterior neck muscles. The pathomechanics in this 
case usually involve the lower cervical motion segments or the lumbosacral junction. The 
relationship between anatomical location of headaches and the spinal level commonly affected by 
the chiropractic subluxation is shown in Table 6.

Cranial location of headache Spinal level of subluxation complex
Frontal region 

Retro-orbital 

Temporosphenoidal 

Occipital (neuralgia) 

Suboccipital/neck

Primarily occipitoatlantal, but may be axis/C3 

Axis/C3 

Atlantoaxial 

Atlantoaxial 

Lower cervical, lumbosacral, thoracolumbar junction

Table 6

Management of headache
Chiropractic management is guided by diagnosis in children presenting with headache. Once it can 
be confi dently established that the child’s headache is caused by the subluxation complex and is 
not due to pathology, chiropractic care can be implemented. To assist in the estimation of 
clinical progress, pain assessment evaluations and headache logs should be kept on the affected 
child (see Chapter 20). Failure of any child with headache to respond to some degree in the short 
term should always force a diagnostic re-evaluation, and a careful consideration of triggering 
factors such as bullying at school, allergy, food intolerance, other illness, etc..
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Neurocutaneous syndromes

Neurofi bromatosis
Neurofi bromatosis (NF) is the most common of the neurocutaneous syndromes with an incidence 
of 1 in every 3000 people (Riccardi & Eichner 1986). Neurofi bromatosis is an autosomal dominant 
disorder, the clinical presentation of which is highly variable (Huson et al 1988, Riccardi & Lewis 
1988). There are the characteristic hyperpigmented skin lesions (café-au-lait spots) in addition to 
arterial and bony dysplastic lesions and tumors that primarily involve the nervous system (Blatt 
et al 1986, Yochum & Rowe 1996). The most common reason why a child with neurofi bromatosis 
will present for chiropractic care is school learning diffi culties. As many as 40% of children with NF 
have learning disabilities (Menkes 1995), making the diagnosis one which should be considered in 
all such children presenting for chiropractic care.

Neurofi bromatosis divides readily into two sub groups. NF1 accounts for 
approximately half of all cases of neurofi bromatosis (Carey et al 1979) and 
its characterized by multiple neurofi bromas, café-au-lait spots, Lisch nodules, 
arterial or bony dysplasia, an increased incidence of optic nerve and other 
tumors (Roach 1992) and freckling in the axillary fossae and inguinal areas. 
NF1 is referred to as von Recklinghausen’s disease. NF2, on the other hand, 
is characterized by bilateral acoustic neuromas and other intracranial and 
intraspinal tumors, but only infrequently are there café-au-lait spots or 
peripheral tumors (Eldridge 1981).

Café-au-lait spots are generally light brown and range in size from a few millimetres to several 
centimetres. They are usually present at birth and may increase in both size and number during 
the fi rst 10 years of life (Whitehouse 1966). While one to three café-au-lait spots may been seen 
in normal children, a total of six or more having one diameter of at least 5mm (pre-adolescent 
children) and 15mm (adolescents) is considered diagnostic of neurofi bromatosis (Behrman & 
Vaughan 1987, Moe & Seay 1997).

Neurofi bromas, which arise from the peripheral nerves, are not commonly seen prior to puberty. 
Beyond puberty they frequently increase in both size and number until eventually several hundred 
lesions may be counted (Roach 1992). Neurofi bromas are principally found on the trunk and, while 
they cause pain, progressive loss of function from nerve compression and disfi gurment, they 
seldom ever undergo malignant change. Tumors of the peripheral nerves may arise at any age 
and involve any of the major nerve trunks (Menkes 1995).

There are a number of congenital conditions that have been classifi ed as neurocutaneous 
syndromes (Gomez 1987). In this section, the three conditions most likely to be encountered in 
childhood will be discussed; neurofi bromatosis, tuberous sclerosis and Sturge-Weber syndrome. 
Neurocutaneous syndromes, as the name implies, have both cutaneous and neurological features.
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A small number of children with neurofi bromatosis (NF1) will develop vascular complications, most 
often stenosis of the renal and carotid arteries (Roach 1992). There is also an increased incidence 
of pheochromocytoma causing hypertension, although this is found with a much greater frequency 
in the adult patient than in the child (Kalff et al 1982). The usual clinical presentation of children 
with cerebral vasculopathy is headache, seizures and focal neurological defi cits (Levinsohn et al 
1978). Cerebrovascular accidents may occur. These cause an abrupt evolution of neurological 
signs (Menkes 1995). A wide range of skeletal disorders may accompany neurofi bromatosis, 
including sphenoid dysplasia, tibial pseudarthrosis  (Holt & Kuhns 1976), scalloping of the 
vertebral bodies (Casselman & Mandell 1979, Yochum & Rowe 1996), shortness of stature 
(Riccardi 1981) and macrocephaly (Weichart et al 1973).

On ophthalmoscopy, Lisch nodules may be seen as pigmented hamartomas in the iris. Their 
clinical signifi cance is akin to that of café-au-lait spots and some authors consider them 
pathognomonic of neurofi bromatosis type 1 (Lubs et al 1991). Retinal hamartomas are also 
sometimes seen in association with neurofi bromatosis. Whereas intraspinal tumors are rare in 
children, intracranial tumors may arise. These most commonly affect the optic nerve and produce 
generalized seizures in 7% of cases (Menkes 1995).

The diagnosis of neurofi bromatosis is readily made when the typical characteristic features are 
all present. However, in younger children, it is common for several features to be absent, making 
the confi rmation of the diagnosis diffi cult if not impossible. For the chiropractic clinician faced with 
a child who has some of the signs of neurofi bromatosis but not enough for diagnostic certainty, 
a referral to a pediatric specialist for evaluation is appropriate. Confi rmation of the diagnosis is 
based on the demonstration of the café-au-lait spots, two or more neurofi bromas, freckling in the 
axillary or inguinal areas, an optic glioma, two or more Lisch nodules, a dysplastic osseous lesion 
and a fi rst degree relative who meets the diagnostic criteria (Moe & Seay 1997).

Once the diagnosis is established, chiropractic management decisions revolve around safety 
issues. Before care is implemented, the chiropractor should be absolutely certain of the structural 
and histological integrity of the underlying tissues.
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Tuberous sclerosis
Tuberous sclerosis is an autosomal dominant disorder that, like neurofi bromatosis, may present 
with a wide range of symptoms (Moe & Seay 1997, Roach 1992). Tuberous sclerosis is an 
important cause of seizure activity and mental retardation. As many as 50% of all children with 
tuberous sclerosis are mentally retarded and 5 % of all children with infantile spasms (a serious 
form of epilepsy) have tuberous sclerosis (Moe & Seay 1997). Seizure activity occurs in as many 
as 90% of tuberous sclerosis patients and, when seen in infants, it represents a poor prognostic 
sign for mental retardation later in childhood. Other lesions may be found in the brain, skin, eyes, 
kidneys, heart, bones and lungs (Yochum & Rowe 1996).

The most likely early signs which would prompt parents to bring their child for chiropractic care 
are seizures which may have a ‘colic-like’ appearance. The typical hypopigmented skin lesions will 
be seen on careful inspection during the routine physical assessment. 

The characteristic appearance of the skin lesions is small, bright red or brownish 
nodules (ademona sebaceum) extending across the nose and down toward the 
nasolabial folds, hypomelanotic macules (ash leaf spots), ungual fi bromas (fl eshy 
lesions arising from around the nail bed), or shagreen patches. While discreet early 
in life, these are usually present from birth (Moe & Seay 1997, Roach 1992).

Adenoma sebaceum will be present in 70-83% of patients with tuberous sclerosis (Gomez 1988), 
but the condition is not usually present at birth. It tends to appear between the fourth and tenth 
year of life (Roach 1992) when seizures may have already developed. Shagreen patches, slightly 
raised legions with an irregular border and textured surface, are noted in 20-35% of post 
pubertal patients but are not particularly helpful in confi rming a diagnosis of tuberous sclerosis 
(Roach 1992). Café-au-lait spots are fairly common (Moe & Seay 1997), but there signifi cance is 
unknown, since it is rare to see more than one or two in tuberous sclerosis patients. Ungual and 
gingival fi bromas are present in only 15-20% of tuberous sclerosis patients and do not usually 
appear until adolescence (Roach 1992), making them of little value in the early diagnosis of this 
disorder.

White spots (leukoderma), rare in normal children, are seen in 78% of cases with tuberous 
sclerosis. These may be small white freckles measuring 2-3mm or large (7-8cm), but only 18% 
of white spots are the typical ash leaf shape. Parents of children with tuberous sclerosis uniformly 
comment that these white spots were present at birth. They neither increase in size or number as 
the child becomes older nor do they disappear. Their detection is facilitated by the use of a Wood’s 
lamp. The white spots of tuberous sclerosis need to be differentiated from vitiligo.

There are consistent ophthalmic features of tuberous sclerosis. In one case series, 87% of 
tuberous sclerosis patients had retinal abnormalities (Kiribuchi et al 1986). Abnormalities include 
the characteristic ‘mulberry lesion’ of retinal astrocytoma, plaque-like hamartomas and achromic 
areas (Roach 1992).

The fi rst sign of tuberous sclerosis in some children may be developmental delay, obviating the 
need to perform routine developmental screening on all pediatric patients.
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The diagnosis of tuberous sclerosis is based on the demonstration of facial angiofi bromas 
(adenoma sebaceum) or subungal fi bromas, hypomelanotic macules, gingival fi bromas, retinal 
hamartomas, cortical tubers or subependymal glial nodules and renal angiomyolipomas (Moe & 
Seay 1997). Radiological imaging procedures are essential to confi rm the diagnosis. Once the 
possibility of tuberous sclerosis is suspected, a pediatric referral in the fi rst instance is 
appropriate, to have organ imaging procedures performed in order to document the extent of the 
disease. After this is accomplished, there is no reason why chiropractic treatment cannot be 
provided for these children, provided the usual spinal indications are present and no 
contraindications are demonstrable.

While the prognosis is variable, a good number of these children grow to have a full and 
productive adult life within the constrains of their degree of mental retardation.

Sturge – Weber syndrome
The Sturge-Weber syndrome consists of a port wine nevus seen over the fi rst 
division of the Vth cranial nerve, a meningeal venous angioma and a 
choroidal angioma. The syndrome is sometimes seen without the facial nevus 
(Moe & Seay 1997). The only evidence of underlying neurological disease is 
often the facial nevus that may, on occasion, be more extensive than the fi rst 
division of the Vth cranial nerve. Neurological symptoms and signs which may 
accompany the Sturge-Weber syndrome are focal seizures, hemiparesis and 
hemiatrophy of the limbs on the opposite side, intellectual impairment and occasionally glaucoma.

Only about 10% of all children with a facial cutaneous angiomas actually have the typical brain 
lesion of Sturge-Weber syndrome (Roach 1992). Given that children with an intracranial angioma 
are initially normal, it is essential to arrange for a CT scan in all children who present with the 
typical facial nevus. Management of children with Sturge-Weber syndrome revolves around the 
need to control seizure activity. Chiropractic care is an integral part of the management of children 
with Sturge-Weber syndrome provided the usual clinical indications are present and no 
contraindications are demonstrated.
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Head trauma
Head trauma is a common occurrence in childhood, both accidental (road trauma, schoolyard) 
and intentional (in the bosom of the family), and can readily result in bleeding into the epidural or 
subdural spaces, or into the cerebral substance itself.

The history of trauma may be lacking, or purposely suppressed, but the associated change in 
consciousness caused by direct damage to the brain should suggest what has happened. A skull 
and/or facial fracture, and superfi cial signs of injury will strengthen the suspicion. Because of its 
fl exibility, the infant and child’s skull can sustain a greater degree of deformation than the adult 
skull before incurring a fracture.

Physical forces act on the head through acceleration, deceleration, or deformation. The brain is 
injured through compression, tearing and / or shearing. Because of its elasticity and ability to 
undergo a greater degree of deformation, the skull of an infant absorbs the energy of the physical 
impact and protects the brain better than it does in older people. When the stationary head 
receives a blow, it is accelerated and the skull becomes deformed. Deformation that is both 
general and localized at the site of impact may produce a skull fracture. However, even fatal 
intracranial injuries may occur without fracture.

The forces described cause the brain to move differentially with respect to the skull, so that at the 
site of impact a momentary increase in pressure (compression) occurs, while negative pressures 
occur contralaterally. Differential movements of the brain and pressure changes are responsible for 
the contrecoup injury that may occur when the resting head is suddenly accelerated, so that an 
occipital blow may result in major injury to the frontal and / or temporal lobes. Conversely, when 
the brain is injured by sudden deceleration (as in falls), cerebral damage is generally greatest near 
the point of impact (Menkes 1995).

The most common effect of head trauma is concussion (a transient state of neuronal dysfunction, 
induced by trauma, and of instantaneous onset), which may be followed by lasting amnesia. Boys 
are more commonly involved than girls. The exact mechanisms of the neuronal dysfunction are 
not well understood. When the injury is mild, initial unconsciousness is brief, followed by 
confusion, somnolence and listlessness. Vomiting, pallor and irritability are common.

More severe head injuries induce gross and microscopic hemorrhages of the brain substance. 
Contusions are petechial hemorrhages along the superfi cial aspects of the brain, occurring at the 
site of impact (coup injuries), or at contrecoup areas. As a rule, contusions are less common in 
infants and small children than in adults subjected to comparable trauma.
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An extradural hematoma is a localized accumulation of blood between the skull and the dura, 
which develops at the point of impact. In children, extradural bleeding can be the consequence 
of even mild injury that has produced a tear in the dural veins, or the meningeal arteries or veins. 
The severity of symptoms depends on the size of the hematoma, the speed of its evolution, and 
the development of transtentorial herniation. The child is usually stunned by the injury (or at 
worst has a brief period of unconsciousness), then after a period of minutes to days (in general 
the younger the child the longer the latency), develops a delayed progressive loss of 
consciousness, and neurological signs appear (unequal pupils, hemiparesis, papilledema, cranial 
nerve paresis). The secondary effects of brain trauma develop as the result of cerebral edema and 
circulatory disorders. Cerebral edema induces vascular stasis, anoxia and vasodilatation. If the 
edema is of suffi cient magnitude, and if the progression is not checked, a self perpetuating 
sequence of events may develop, which further increases cerebral swelling, causing brain 
herniations, resulting in occlusion of other vessels, further infarction and further herniation 
(Menkes 1995).

Cerebral lacerations are usually associated with penetrating or depressed skull fractures. These 
usually involve tears of the dura, and tears of major blood vessels (resulting in thrombosis, 
hemorrhages and focal brain ischemia).

Traumatic thrombosis of the extracranial  part of the carotid artery, from hyperextension and 
rotation injury to the neck, may cause hemiplega. There is usually a latent period of up to 24 
hours between the time of injury and onset of neurological signs. There may be emboli formed 
in the injured artery, which then enter the cerebral circulation. Another cause of internal carotid 
artery thrombosis is that of a child who has a pencil, a lollipop or a stick in the mouth, who falls 
forward, causing a non penetrating injury to the peritonsillar area. Because of the latent period of 
up to 24 hours between the injury and the onset of neurological signs, the trauma may have been 
forgotten, or its signifi cance overlooked. Symptoms include focal ischemia or a headache 
accompanied by an objective or subjective bruit and Horner’s syndrome (Menkes 1995).
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Neurological infection
THE CNS responds to injury in a limited number of ways. Regardless of the nature of the invading 
organism, infectious diseases share a number of clinical and pathological features, with various 
inique symptom complexes being caused by virulence of the particular invading organism and 
variable expression of the host defence mechanisms.

These infections are a formidable challenge to clinicians who must recognize the conditions in the 
earliest stages for optimum results of treatment. With few exceptions, the many types of 
meningitis and encephalitis are clinically indistinguishable. The diagnosis requires radiology and 
laboratory studies, including the isolation and propagation of the suspected organism (Aicardi 
1992, Brett 1983, Menkes 1995).

Despite major medical advances, infections of the nervous system remain common life-threatening 
conditions with great potential for permanent damage in survivors (mental retardation, seizures, 
hemi or quadriparesis, deafness, vestibular disturbances, hydrocephalus, etc). It has been 
estimated that in the life of a cohort of 1000 newborns, bacterial meningitis will develop in at least 
six children, one of whom will die, and two will be left with serious permanent neurological defects 
(Brett 1983).

In the early phases of an acute infection of the brain and / or meninges the pathophysiological 
effects may undergo rapid changes and the clinician must be alert to recognize, and indeed should 
attempt to anticipate, these changes.

Signs and symptoms which should raise the suspicion of CNS infection (encephalitis, meningitis, 
abscess) are shown in Box 2.

Common symptoms associated with neurological infection
• Headache (often accompanied by photophobia) 
• Fever 
• Nausea 
• Vomiting 
• Lethargy 
• Disorientation/alterations of sensorium 
• Cranial nerve palsies (most commonly III, IV, VI, VII) 
• Pupillary changes 
• Hemiparesis (increased refl exes Babinski response) 
• Anorexia 
• Seizures/convulsions 
• Respiratory distress 
• Irritability 
• Jaundice 
• Bulging or full fontanel 
• Diarrhea
• Neck pain and stiffness 
• Ataxia 
• Papilledema

Box 2
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Abnormal growth of the head
The growth of the head of an infant depends on the growth of the mass inside the skull and the 
elasticity of the skull surrounding the mass. If the growth of the mass is abnormally slow or the 
skull does not yield in a normal way, the head will remain abnormally small for age. This condition 
is called microcephaly (Gamstorp 1985). If the growth of the mass is abnormally fast, the skull will 
usually yield and the head becomes large for age. This condition is called macrocephaly (Gamstorp 
1985).

The determination of head growth is a fundamentally important aspect of clinical practice for all 
health care professionals entrusted with the care of children. Establishing the pattern of growth is 
a simple clinical exercise easily performed in a chiropractic offi ce. The importance of making such 
measurements and plotting the values on standardized percentile charts is underscored by the fact 
that most conditions in which the growth of the head is affected are asymptomatic early in their 
course apart from the change they produce in the rate of growth of the head circumference.

Diagnosis of abnormal head growth
Abnormally large or small head circumferences cannot usually be determined by a single 
measurement, but requires serial measurements to be made over several weeks to months. This is 
usually done during periodic well baby check ups, a concept of health care which fi ts 
comfortably within the chiropractic paradigm of wellness maintenance. Normal head growth is 
determined when a child’s head circumference consistently follows a given percentile (Fig. 4). 
It may also be normal, in the case of one or both parents having large heads, for there to be a 
period of acceleration of the head circumference during the fi rst few months of life followed by 
consistent growth around a percentile (Fig. 5). Abnormal growth is determined when the head 
circumference measurements either accelerate (Figs. 6 & 7) or decelerate (Fig. 8) over time 
compared to the child’s length and weight measurements. The parent’s head size plays a 
signifi cant role in determining the size of the child’s head and should always be taken into 
account.
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Fig. 4

Fig. 5
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Fig. 7

Fig. 6
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Fig. 8
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Changes in the diameter of the anterior fontanel play a signifi cant role in physical diagnosis where 
the head is either rapidly enlarging or becoming microcephalic. In macrocephaly, the diameter 
of the fontanel enlarges as the skull expands. In addition, when the fontanel  bulges because of 
raised intracranial pressure, there is a feeling of tightness to the membrane to palpation. 
Conversely, in a state of dehydration, the fontanel becomes depressed and feels very soft and 
‘empty’ to palpate. In microcephaly, the fontanel tends to close early. Changes in the anterior 
fontanel are a clinically useful and frequently sensitive sign of developing neurological pathology 
and should form a part of the routine 
examinations of all infants.

Evaluation of the cranial sutures is essential in children manifesting changes in the rate of growth 
of the head. Ridging may be palpable at one or more of the sutures in children with microcephaly 
owing to stenosis, and widening may be seen on radiographic evaluation in macrocephaly, 
particularly when the cause is hydrocephalus. In hydrocephalic children, the sunset sign and 
Macewen’s cracked pot sign are sometimes seen.

Changes in head growth patterns are frequently asymptomatic, particularly early in the course of 
the underlying condition that may be congenital or acquired. Conditions which may be associated 
with microcephaly or abnormally shaped heads are shown in Table 7, while those which cause 
macrocephaly are shown in Table 8.

In addition to abnormalities in the velocity of head growth, it is common in the fi rst year of life for 
the head to develop asymmetrically. The most common of these is plagiocephaly. This condition is 
commonly associated with impaired cervical spine function arising from the birth experience (Miller 
& Clarren 2000). Typically, the infant refuses to turn the head to one 
side, which dictates a fi xed sleeping posture with subsequent 
asymmetric development of the skull. Plagiocephaly is uncommonly 
caused by early closure and stenosis of the coronary stuture on one side 
but it is usually functional and related to the birth process. In such 
non-stenotic, functional cases, surgical intervention is never required 
and early recognition and correction is essential if a satisfactory result 
is to be obtained in the short term by non-surgical means (Davies 2002, 
Kelly et al 1999, O’Broin et al 1999). Clinical experience in the Kiro Kids 
group of specialist paediatric clinics with a non-synostotic plagiocephaly 
diagnosed initially by a consultant paediatrician has shown that 
resolution with chiropractic care and parental counselling in relation to 
sleep posture usually occurs before the end of the fi rst year of life with 
only a minimal amount of care (Davies 2002). 

Other conditions which may change the shape of the developing head are scaphocephaly, which 
is the most common form of pathological plagiocephaly characterized by premature closure of the 
sagittal suture with subsequent lack of lateral development of the skull. Scaphocephaly is 
associated with neurocognitive defi cits irrespective of the age at diagnosis (Virtanen et al 1999). 
Brachycephaly, oxycephaly, trigonocephaly and Crouzon’s dysostosis craniofacialis are further rare 
causes of plagiocephaly (Gamstorp 1985).



PEDIATRIC 
NEUROLOGY

51Copyright © 2009 Dr Neil J. Davies. All rights reserved.

Condition Symptoms and signs
Craniosynostosis

Scaphocephaly 

Brachycephaly

Oxycephaly

Plagiocephaly

Trigonocephaly 

Crouzon’s dysostosis

Defective brain growth

Early closure of the sutures 
Sutural ridging 
Decelerating head growth 
Plagiocephaly 
Most common form of craniostenosis 
Premature closure of the sagittal suture 
Impaired growth in the width of the skull 
Normal head length 
Rarely, increased intracranial pressure 
Neurocognitive development frequently 
impaired 
Premature closure of the coronary suture 
Skull is longitudinally short, narrow and tall 
Increased intracranial pressure 
Bulging fontanel 
Failure to thrive and vomiting in infants 
Vomiting and headache in older children 
Mental retardation, convulsions and optic atrophy may occur in some 
children in whom the elevated intracranial pressure develops slowly 
Premature closure of the coronary suture and one other 
Presentation the same as brachycephaly 
Asymmetrical skull development 
Usually functional but may arise from asymmetrical 
Closure of several sutures 
Usually apparent at birth 
Decreased intercanthal distance 
Triangular-shaped skull when viewed from 
above 
Impaired frontal lobe development 
Mental retardation 
Oxycephaly 
Beaked nose 
Hypoplastic maxilla 
Exophthalmos 
Strabismus 
Mental retardation from an early age 
May be due to prenatal damage from radiation or rubella infection 
Sometimes associated with dwarfi sm

Table 7
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Condition Symptoms and signs
Physiological variants 

Abnormal increase in 
brain substance 

Subdural hygroma 

Hydrocephalus

Detected by serial head circumference measurement and 
comparison with parents 

Rare conditions which cause progressive mental, neurological 
and sometimes other system symptoms 

Failure to thrive 
Anorexia 
Vomiting 
Poor weight gain 
Delayed psychomotor development 
Convulsions 

Rapid increase in head circumference 
Bulging fontanel 
Widely separated sutures 
Engorged veins on the skull 
Positive sunset and Macewen’s signs 
May be acquired or due to congenital malformation

Table 8

Management
For the chiropractor, management revolves around diagnostic recognition of a changing head 
circumference that should always be referred for appropriate diagnostic evaluation. There is little 
role for the chiropractor to play in either microcephaly, which is commonly due to 
craniosynostosis, or macrocephaly. In particular, children with macrocephaly due to hydrocephalus 
should not be adjusted in the upper cervical area owing to the increased kinking of the
medullary-cord angle produced by the presence of the fl uid. There have been some cases of 
infarction reported in such cases (Gatterman 1995).

Non-stenotic, functional plagiocephaly, however, is readily managed with chiropractic care. Before 
care is given, however, the clinician must be sure that no sutural pathology exists, especially at the 
coronary suture (Gamstorp 1985). A number of studies have shown that when the ear on the fl at 
side of the head is located anterior to its opposite pair, the pathology is almost universally 
non-stenotic and therefore safe for the chiropractor to manage.
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Cerebral palsy
This term is really a description of the presentation rather than a defi nitive diagnosis. Cerebral 
palsy has been defi ned as ‘a fi xed, non-progressive neurologic defi cit acquired before, during or 
in the months after birth’ (Weiner et al 1981). In any way it is defi ned, and many defi nitions have 
been formulated, cerebral palsy is characterized by the presence of a localized, non-progressive 
brain lesion, a clinical picture which changes with age, interference with normal development of 
the brain and is dominated by disordered movement and posture. The diagnosis of cerebral palsy 
is frequently diffi cult to make in the fi rst few months of life, but by 8 months examination 
procedures become more consistently predictive of the diagnosis (Burns et al 1989). Other 
neurological symptoms and signs (Gamstorp 1985) may sometimes complicate cerebral palsy.

Etiology of cerebral palsy
Cerebral palsy is due to brain injury sustained during gestation, at birth or acquired after the 
perinatal period that may have a multitude of causes (Table 9). Cerebral palsy most commonly 
presents as either spastic diplegia or spastic hemiplegia. In spastic diplegia the typical 
presentation involves adduction, extension and internal rotation of the legs, tightened Achilles 
tendons, increased muscle tone, brisk refl exes in the lower extremities, sometimes with sustained 
ankle clonus and upgoing toes, clumsiness and abnormal posturing in the upper extremities. 
Spastic hemiplegia, by comparison is a result of a unilateral brain lesion and therefore involves an 
arm and a leg on the same side. Spastic hemiplegia is the most common form of cerebral palsy 
acquired after birth (Weiner et al 1981). The presenting symptoms and signs of spastic hemiplegia 
typically include hyporefl exia, fl accidity in the early months of life with delay in attaining 
developmental milestones and, later hypertonia and spasticity. Underdeveloped thumb and 
toenails on the affected side are common, as is strabismus. Some children with spastic hemiplegia 
develop seizure activity. Mental retardation has ben found to be more common in these children. 
Persistent primitive refl exes and abnormal truncal muscles tone are not a part of the clinical 
picture in spastic hemiplegia (Yokochi et al 1995).

A further category of cerebral palsy is that caused by damage to the extrapyramidal system. The 
typical presentation of children with this form of the disease is retarded motor development, 
inability to sit, and persistent primitive refl exes. The infant is hypotonic and in the older child 
choreoathetosis and dystonia may be seen (Weiner et al 1981).
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Age period Mechanism of brain injury
Prenatal

Perinatal

Postnatal

Infection 
Complications during pregnancy 
Autosomal recessive inheritance (rare) 

Anoxia 
Intracranial hemorrhage 
Birth at <36 weeks of gestation 
Light-for-date infant 
Jaundice 
Meningitis 
Hydrocephalus 

Trauma 
Infection 
Arteriovenous malformation

Table 9

Diagnosis of cerebral palsy
A child with cerebral palsy may be brought to 
the chiropractor for any number of 
reasons. The diagnosis may already be made 
or the child may be brought because of 
clumsiness, failure to achieve developmental 
milestones or hypotonia. The responsibility 
of the chiropractor is fi rst and foremost to 
recognize the symptoms and signs from the 
history and physical examination and refer 
for specialist investigation (i.e. EEG, CT scan, 
CSF, hearing and vision). The key fi ndings 
seen in the fi rst year of life in a child with 
cerebral palsy are shown in Box 3.
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Management of children with cerebral palsy
Once the diagnosis has been fi rmly established, the management of a child with cerebral palsy 
becomes a team effort. The basic principles of management are maintenance of motor abilities, 
prevention of contractures, achilles tendon lengthening and adductor myotomies (only in extreme 
cases of contracture), psychological intervention to bring about a compatible school placement; 
braces may be of assistance and maintenance of spinal and large joint mechanics, especially in the 
lower extremities; is critical if the child’s motor capabilities are to be optimized. Given the constant 
somatosomatic refl ex input into the spinal cord arising from incompetent muscular action, regular 
spinal assessment and subluxation correction forms an essential part of the total management of 
children with cerebral palsy.

Parental counselling and support also forms a helpful part of management. Parents should be 
shown how to apply muscle stretch techniques for use at home and advised to avoid baby walkers 
at all costs. These devices, apart from being dangerous, contribute to the development of 
common adverse sequelae of spastic cerebral palsy; heel cord contractures, dislocation of the hips 
and pronation contractures of the upper extremities (Holm et al 1983).

Key fi ndings in clinical history and physical examination suggestive of a diagnosis of 
cerebral palsy
History 
• Prematurity 
• Light-for-date 
• Apgar score 
• Blood group incompatibility 
• Jaundice 
• Respirator or oxygen needed at birth 
• The child favors one hand 
• A history of neurological infection 
• The child has had a seizure 
• Any other major illness during the fi rst months of life 
Examination 
• Persistent automatisms 
• Spasticity (increased muscle tone, hyperactive refl exes, Babinski response) 
• Hypotonia (during fi rst year of life only) 
• Asymmetry of limb development, especially nails 
• Disordered movement 
• Congenital abnormalities 
• Strabismus
• Changes to normal head growth 
• Delayed developmental milestones

Box 3
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Generalized hypotonia (fl oppy infant)
An infant is considered ‘fl oppy’ when there is a diffuse, generalized decrease in the muscular tone. 
Hypotonia is a complex and diffi cult clinical problem. Weiner et al (1981) identify cerebral palsy 
and benign hypotonia (in which there is no pathology at all) as accounting for 75% of all cases. Of 
the remaining 25% the lesion may be found anywhere within the neuromuscular system from the 
cortex to the muscle fi bres and connective tissue surrounding the joints (McMillan et al 1977).
The clinical decision that a baby is hypotonic is aided by the following maneuvers:

• Note the head and leg position when the child is held in the prone horizontal position                 
 (Landau   response). The fl oppy infant will literally fold around the examiner’s hand, 
  while the healthy child will follow the usual response described earlier in this chapter.
• Pull the supine child by the hands to a sitting position. Note the resistance developed in the  
 arms, the strength of grasping with the fi ngers and the position of the head, which will 
 usually lag in a hypotonic child.
• With the infant supine, pick up each extremely individually, feel the muscular resistance as  
 you do so and then note how the limb falls to the examination table when it is released.
• Note the resistance of each of the joints of the extremities on range of motion assessment.
 
In particular, note the response of the infant to rapid abduction of the fl exed thighs as this is a 
common site for the fi rst evidence of developing spasticity McMillan et al 1977). The responsibility 
of the chiropractic clinician is to identify that the presenting child is demonstrating symptoms and 
signs of hypotonia, not to defi ne the cause.

Clinical history and physical examination are not decisively accurate when 
attempting to identify the cause of hypotonia and, in particular, the diagnostic 
conclusion of benign hypotonia can only be deduced from a lack of evidence 
of pathology on investigation. As such, all infants with generalized hypotonia 
require specialist referral for diagnostic investigation which may include any of 
the following: urine alaysis, electrolyte evaluation, thyroid studies, amino acid 
screen. X-ray of the long bones and CT scan of the brain, measurement of creatine phosphokinase 
level, lumbar puncture, electroencephalograph (EEG) examination , nerve conduction tests, muscle 
biopsy, urinary screen and white blood cell enzyme assays, Tensilon test for myasthenia gravis and 
stool culture for clostridia (Weiner et al 1981).

Once the diagnosis of benign hypotonia is established, the implementation of chiropractic care is 
appropriate. The natural history of hypotonia is for the infant to eventually regain normal tone and 
motor development. While it has been identifi ed that some of these children have subtle 
histological variants in their skeletal muscle structure and therefore take additional time to fully 
develop (Hull & Johnston 1987), others seem to fi t another category referred to by Weiner et al 
(1981) as idiopathic mental or motor retardation. Chiropractic care often provides this category of 
hypotonic children with a dramatically shortened natural history, some infants progressing from 
demonstrable weakness to normal motor function, graded on a standard developmental scale, in 
as little as a few weeks, suggesting a neurological effect caused by the subluxation complex.
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Seizures
A seizure (or epileptic attack) is the consequence of a paroxysmal, uncontrolled discharge of 
neurons within the central nervous system. The clinical manifestations range from a major motor 
convulsion to a brief period of lack of awareness (Lindsay et al 1991). Some of the terms used in 
defi ning clinical effects associated with epilepsy are shown in Table 10.

Term Defi nition
Prodrome 

Aura 

Ictus 

Postictal

Moods or behavior change which may precede the attack by several hours 

The symptom immediately preceding loss of consciousness 

Refers to the attack itself 

The time period immediately following an attack during which the patient may be 
confused, disoriented and dominated by ‘automatic’ behavior

Table 10

Epilepsy is predominantly a disease of childhood and adolescence, but onset can occur at any 
age. Some 5% of the population suffer a single seizure at some time and 0.5% of the population 
have recurrent seizures. After a fi rst non-febrile seizure, the chances of further seizure activity 
relate to the level of neurological impairment. In neuro developmentally normal children 40% will 
experience further seizures, in children with mild neurological problems the rate rises to 70% and 
in those with severe neurological problems such as cerebral palsy, 90% will have further epileptic 
attacks (Harris et al 1992). In approximately 50% of all seizures, diagnosis defi es description.
Some 90% of patients with recurrent seizures are ‘pharmacologically controlled’ and 6 years after 
diagnosis, 40% of patients will experience remission, while after 20 years the fi gure rises to 75% 
(Lindsay et al 1991).

Classifi cation of seizures
Seizures may be broadly classifi ed as either epileptic or febrile/non epileptic.
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Epileptic seizures
The modern classifi cation of seizures is based on the nature of the attack rather than the than the 
underlying cause. The classifi cation of seizures has been aided by the use of EEG 
examination, which provides specifi c localization of the source or point of origin of the attack. 
Attacks are generally identifi ed as focal, meaning they originate from a single location within one 
hemisphere, or generalized, meaning they originate in deeper midline structures and project 
simultaneously to both hemispheres.

Partial seizures may be simple motor, simple sensory or complex. Simple motor seizures arise from 
the frontal motor cortex and are seen as either tonic or clonic movement principally in the muscles 
of the face, trunk or limbs on the side opposite the point of origin. The affected muscles are often 
weak for a short period after the attack, a phenomenon referred to as Todd’s paralysis (Lindsay et 
al 1991). Simple sensory seizures involve weakness of a limb without involuntary movement, but 
with associated paresthesia and tingling. Motor and sensory seizures imply the presence of brain 
disease and require investigation. Complex partial seizures are attacks which originate in the 
temporal lobe. They may produce a wide range of symptoms including visceral disturbances 
(hallucinations of taste and smell, epigastric fullness, a choking sensation, nausea, pallor, 
papillary dilatation and tachycardia), memory disturbance (déjà vu, fl ashbacks, etc.), motor 
disturbance (fumbling movements, rubbing, chewing, semi-purposeful limb movements), and 
affective disturbance (displeasure, pleasure, depression, elation, fear) ( Gamstorp 1985, Lindsay et 
al 1991).

A characteristic feature of seizure discharge is the capacity to spread from the original source to 
deeper structures such as the thalamus and upper reticular formation which in turn discharges 
back to the whole cerebral cortex of both hemispheres. This progression can be seen on EEG 
examination and the patient subsequently experiences a tonic clonic attack. These are referred to 
as partial seizures evolving to tonic clonic convulsion. During the tonic phase there is loss of 
consciousness and the patient falls down with the eyes open, the elbows fl exed with the arms 
pronated, the legs extended, the teeth clenched and the pupils dilated. Bowel or bladder function 
may be lost during this phase of the attack. The clonic phase is characterized initially by tremor 
which quickly gives way to violent generalized shaking. The eyes roll back and forth, the tongue 
may be bitten and tachycardia develops. Tonic clonic seizures usually result in a sequelae which is 
characterized by a sense of confusion and headache (Gamstorp 1985, Lindsay et al 1991).
Generalized seizures arise from subcortical structures and involve discharge from the cerebral 
cortex of both hemispheres. Generalized seizures may be seen as absence attacks, myoclonic 
seizures, tonic seizures, tonic-clonic seizures and atonic seizures. Absence attacks occur in 
children between 4 and 12 years of age and there is a strong familial occurrence. The patient 
tends to stare vacantly and may experience myoclonic jerking. Absence attacks may occur several 
times per day and have an average duration of 5-15 seconds. They may be induced by 
hyperventilation. Absence attacks are rarely seen in adolescents as they tend to progress to tonic 
clonic seizure. Myoclonic seizures are characterized by sudden generalized muscle contraction of 
very short duration. Tonic seizures are seen as sudden onset muscular contraction with 
immediate loss of consciousness. Tonic seizures occur as frequently as tonic clonic 
seizures in childhood and may have an anoxic etiology. Atonic seizures, otherwise 
known as drop attacks, are characterized by a sudden loss of muscle tone which 
causes the patient to fall (Lindsay et al 1991). Tonic clonic seizures have been 
described above.
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Infantile spasms are an unclassifi ed form of epilepsy. They occur in the fi rst few months of life and 
are characterized by repetitive shock like fl exion of the neck and trunk with fl exion of the knees, a 
phenomenon referred to as ‘salaam attacks’. Some cases of infantile spasms are due to perinatal 
cerebral injury or a congenital abnormality. The remainder are of uncertain etiology and have a 
poor prognosis.

Febrile/non-epileptic seizures
These are termed benign febrile convulsions and are seen as a single lifetime 
entity in up to 3.5% of all children (Gamstorp 1985).

Fever decreases the threshold for fi ts in all children. Thus children who have 
afebrile fi ts may experience an increase in seizure frequency when they have 
febrile illness, a most important point to appreciate from the clinical history. The 
true benign febrile convulsion is provoked in an otherwise healthy child by the body temperature 
itself, not the underlying cause of the fever (i.e. infection). When conducting a clinical assessment 
of a child who has had a fi t, the conditions necessary to establish the diagnosis of benign febrile 
convulsion include the age of onset, body temperature at the time of the seizure, the type and 
duration of the seizure and lack of attendant neurological signs. Typically, the child will be 
between 6 months and 4 years of age, report concurrent fever, manifest a grand mal seizure type 
which may last around 2 minutes but never exceed 10 minutes and is not associated with any 
neurological signs, except in the immediate postictal period (Gamstorp 1985, McMillan et al 1977).
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Diagnosis of epileptic and febrile/non-epileptic seizures
Unless a child who has had a seizure can be confi dently fi tted into the febrile / non-epileptic 
category, then chiropractic care should be delayed until specialist investigation can be carried out. 
This would include haematology, biochemistry assays, chest X ray, CT scan in some cases and EEG 
examination. Skull X- rays are often performed but have a very low positive return rate and are 
therefore of questionable clinical value. In children with seizures, the EEG is a most useful 
diagnostic aid. EEG examples demonstrate a range of normal tracings and some abnormal tracings 
associated with seizure activity (Fig. 9).

Management of the child with 
epileptic and febrile/non-epileptic seizures

Once the diagnosis is established, it is appropriate for 
chiropractors to provide regular care to children with both epileptic 
and non epileptic seizures. Because of the nature of the muscular 
activity during a seizure, subluxation may be encountered 
anywhere in the axial skeleton. It is most commonly seen as 
craniosacral dysfunction and in the upper cervical and pelvic areas. 
Parents should be warned that some children may experience a 
temporary increase in their seizure frequency immediately following 
their adjustment, and informed consent should be obtained before 
proceeding with care. 

A close working relationship with the paediatrician managing the 
epileptic child is highly desirable. In the psychosocial area, the 
chiropractor is in a strong position to support the efforts of the 
paediatrician in counselling parents and patient about several 
common issues such as fear of brain damage, discomfort with the 
stigmata of the term epilepsy or convulsion, the false belief that 
the child’s condition is somehow related to them, the child’s fear of 
dying or being injured during an attack and over protection of the 
child with inappropriate restrictions (Harris et al 1992).

A working knowledge of the names, actions, and common side effects of anticonvulsive 
medication may also be helpful when managing an epileptic child. This information is readily 
available in any drug compendium or on the internet. 

Collective clinical experience in the Kiro Kids group of specialist pediatric clinics has demonstrated 
that when chiropractic care is given immediately after a tonic/clonic seizure, there is a 
considerable shortening of the confusion and headache normally associated with the sequelae to 
that type of seizure. There is also sporadic evidence both anecdotally from chiropractors involved 
in the care of children and in case studies reported in the literature that epileptic patients who 
receive chiropractic care may experience a decrease in the frequency of seizures (Alcantra et al 
1998).

Fig. 9
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School learning dysfunction syndrome
While screening of infants, toddlers and pre-school age children has been the subject of intense 
research and attempts at age-specifi c standardization, the same is not true for the school-age 
child. Developmental delay in school age children most commonly shows up as a learning defi cit 
or inability with or without attendant behavioural problems. These children are often labelled as 
‘dyslexic’,’ minimally brain damaged’ or ‘hyperactive’, unhelpful terms which are neither 
diagnostically descriptive nor particularly helpful in management planning.

For the chiropractor, school age screening and, in particular, school readiness testing should 
focus on neuromaturational status and the identifi cation of genuine attention defi cit and 
impulsivity problems that are discussed in Chapter 11. This current discussion will be limited to a 
presentation of how to identify and manage children with neuromaturational delay affecting their 
school performance.

That early identifi cation of neuromaturational delays with implementation of appropriate 
interventional measures based on the transactional model of development is a worthwhile 
management strategy is eloquently attested to in the scientifi c literature. Multiple problems at 4 
and 6 years of age, for example, have been shown to be strong predictors of later school 
problems (Gottesman  & Cerullo 1991, Glascoe 2002, Rydell et al 1991), while children with a  
high (abnormal) neurodevelopmental score have been shown to have signifi cantly higher rates of 
learning diffi culty (Bax & Whitemore 1987, Huttenlocher et al 1990, Parry 2005) with the 
importance of the assessment of neurophysiological immaturity in a screening program clearly 
established as being of primary importance (Bayoglu et al 2007, Goldstein et al 1981, Gottesman 
& Cerullo 1989, Oberklaid & Efron 2005). It has also been established that school entry age in 
itself is not a good predictor of future academic risk (Morrison et al 1997).

The neurodevelopmental history
The vast majority of children brought to a chiropractor because of school-related problems do not 
have any demonstrable organic disease despite complaints of symptoms such as abdominal pain, 
headache, concentration diffi culty, tiredness, aggressive behaviour and hyperactivity. They are also 
frequently referred to by teachers as lazy and unmotivated (Green 1975). Nevertheless, a 
careful clinical history is essential in order to identify any evidence of organic disease and the 
multitudinous environmental and constitutional factors that may bear negatively on development 
and neuromaturation.
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Environmental factors
“It is recognized that there are a number of factors pertaining to the child’s environment which 
may contribute signifi cantly to school problems. Children who come from depressed 
socioeconomic circumstances are often at major risk of poor school performance. The risk factors 
operating are often multiple, and include family disruptions, absence of appropriate role models, 
low parental education, lack of early stimulation and experience, suboptimal medical care and 
poor nutrition. Children who come from differing cultural backgrounds are at risk because they 
may have problems with language, coming from either multilingual backgrounds or families where 
English is not spoken. There may be confl ict between differing cultures with the child attempting 
to meet the demands of parents and family on the one hand while at the same time attempting to 
conform with the peer group demands at school. Some children who reach school age have had 
very limited opportunity for socialization in the preschool period or may not have had any 
structured preschool experiences. There is a considerable body of evidence to suggest that a 
preschool and kindergarten experience is of considerable value to a child, and those children who 
have not had this stimulation or opportunity for peer socialization may be at a relative 
disadvantage when they commence formal schooling.

Other environmental factors have to do with the educational environment experienced by the 
child. For example, there is considerable variation between schools in terms of size and classes, 
availability of teaching resources, expectations of students, teaching methods, and so on. Children 
are also considerably infl uenced by their peer group, especially in preadolescence. All of these 
environmental factors need to be taken into account and may signifi cantly infl uence the child’s 
school performance, both positively and negatively.
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Constitutional factors
It is obvious that factors intrinsic to the child may have a signifi cant impact in contributing to a 
child’s school problems. Some of these are outlined below.

Genetic factors.  There is no doubt that cognitive ability and intelligence are inherited to a certain 
extent, although there continues to be controversy regarding the exact contributions of nature 
versus nurture. Some genetic aberrations are clearly responsible for mental retardation, and there 
is often a strong family history of learning problems in those children who present with school 
diffi culties; however, there is no clear correspondence between genetic inheritance and school 
diffi culties.

Perinatal factors.   While it is true that children who have had any form of perinatal stress are at 
risk for the later development of school problems, the majority of children who present with 
learning diffi culties do not have any such history. Many children of low birth weight or who 
suffer other perinatal insults do not subsequently have social problems. There is no one to one 
correspondence between the presence of perinatal stress and subsequent learning or behavioural 
problems. For a particular child, one can do no more than hypothesise a causal link between early 
life events and current academic diffi culties. Clearly, environmental factors including family 
stability, social class and early life experiences modify the outcome in a particular child.

General health. Children with chronic disease are at major risk of subsequent school diffi culties. 
This may be due to the condition itself, to the treatment prescribed, to frequent absences because 
of illness so that the child is unavailable for learning, to the child’s lowered self esteem which may 
subsequently affect peer relationships and motivation, and to the altered perception of the child 
held by the parents, teachers and fellow students. On the other hand there are many children who 
have recurrent or chronic health problems who do very well at school. Ill health is thus another 
risk factor for school problems, with a direct casual relationship not always demonstrated.

Sensory handicaps.  Children with problems of vision and hearing are predisposed to learning 
problems. Youngsters who have suboptimal visual acuity, strabismus and other visual handicaps 
have diffi culty with a number of aspects of academic work. Children with any form of hearing loss 
may be at major risk of learning and behavioural problems. This not only applies to children with a 
signifi cant sensorineural or conductive loss, but also to those children who have had repeated ear 
infections in the preschool period, leading to chronic ear problems and subsequent intermittent 
fl uctuating conductive hearing loss. There is evidence that these children have subtle language 
problems and lower academic achievement than their peer group. Subtle hearing loss may also 
contribute to problems with attention and behaviour, both in the classroom and at home.
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Developmental weakness.  Many children have school problems because of subtle weakness in 
one or more areas of development. A child needs to be competent or mature in each of the 
developmental areas described below in order to have a successful school learning experience. 
Conversely, it is hypothesized that children with learning problems have weaknesses in one or 
more of these developmental areas which contribute signifi cantly to their diffi culties. Thus, in 
addition to traditional history, physical, neurological and sensory examinations, it is useful to 
administer neurodevelopmental testing to children who present with school problems to elicit a 
profi le of developmental strengths and weaknesses. Developmental areas that are assessed 
include the following:
Neuromaturation. The child is given tasks designed to elicit minor neurological signs. These 
include dysdiadochokinesia, synkinesia, motor impersistence, delayed laterality and choreiform 
movements. All of these are normal in younger children, but their continued presence beyond the 
age of 8 years gives clues to central nervous system immaturity or disorganisation.

Gross motor. There is little direct link between gross motor dysfunction and subsequent 
learning problems, but profi ciency in gross motor tasks is related to competence in sporting 
activities, self esteem and peer relationships. Children who are awkward and clumsy are often 
ostracised by their peer group and may become socially isolated. This in turn impinges on 
motivation and other aspects of classroom functioning.

Fine motor. Children with fi ne motor diffi culties may present at various stages. 
Those with more severe problems in this area may present in the preschool 
period as having diffi culty acquiring skills with pencils and puzzles, together with 
self help skills such as buttons, zippers and shoelaces. Subsequently they may 
have diffi culty with handwriting and drawing. Their writing may be awkward, 
slow and laboured, but sometimes these problems do not become apparent until 
later primary or even secondary school when the demands for written output 
increase.

Visual perceptual motor. Children may have weaknesses in visual perception, fi ne motor function, 
or in the integration of the two modalities. They may have diffi culty in letter recognition, becoming 
confused between the letters b and d for example, as well as problems with copying letters, 
numbers or geometric shapes. These diffi culties may continue when they begin reading, with 
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ongoing confusion regarding spatial concepts and directionality, as well as diffi culty with spelling 
and writing and problems organising work neatly and effi ciently on a page.
Sequencing. This is closely linked to short term memory. Children who have short term auditory 
or visual sequencing problems are at considerable risk of classroom dysfunction. They may have 
diffi culty following instructions, and tend to become overloaded with a series of directions. Many 
have trouble with time concepts such as prepositions, month of the year, and telling time. 
Weakness in sequencing may impinge on all academic areas, because much instruction and 
retention in meaning depends on maintaining a serial order of things. Such children may develop 
secondary attentional and behavioural problems.

Receptive language. Children with subtle receptive language problems have diffi culties with the 
processing of auditory commands, especially if these are complex or lengthy. They may be 
constantly asking the teacher to repeat things, may not be able to follow their meaning, and may 
not be able to integrate verbal instructions or explanations despite repeated explanations. They 
may increasingly tune out or exhibit secondary attentional or behavioural problems. Children with 
language problems have increasing diffi culty in a number of academic areas, especially related to 
aspects of reading. As previously mentioned, diffi culties can often be traced to recurrent ear 
infections and conductive hearing loss early in life.

Expressive language.  Children with diffi culties expressing themselves are at risk in both classroom 
and social situations. They may have problems in word fi nding so that they cannot express what 
they really want to, or have diffi culty with articulation or organising narrative. As they become 
older they may have increasing social diffi culties because of their anxieties or self-consciousness 
about their expressive language. This may impair peer relationships and self esteem.

Attention. As children become older, their ability to focus on specifi c tasks become increasingly 
developed. A number of children have school problems because of diffi culty in focusing attention. 
There may be related behaviours such as distractibility, motoric overactivity and impulsivity. 
Neurodevelopmental examination is important in these children in order to elicit any 
developmental weakness that may be primarily responsible. In some children these maladaptive 
behaviours may be secondary to underlying developmental weaknesses, such as diffi culty with 
receptive language or auditory sequencing.” (Oberklaid 1984)

The clinical history taken on the child presenting to the chiropractor must address all of the above 
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The physical examination 
The physical examination in a child presenting with school learning diffi culties should be thorough 
and as complete as possible in order to rule out the impingement of physical disease on 
neurodevelopment. The conduct of the physical examination of the school age child is 
exhaustively covered in chapter 3.

The neurodevelopmental assessment
The history is then augmented by a physical examination aimed at eliciting the presence of any 
so-called soft, or minor neurological signs. There are, of course, no soft neurological signs per se. 
This term has been coined to describe a collection of neurological signs which are not normally 
related to imageable neuropathology and has been in use in the literature long enough to warrant 
its continued use provided what is implied by the term is clearly understood. Ideally, the 
examination should be conducted using the following order.

Anthropometry
Measure and plot head circumference, height and weight on standard growth charts for gender 
and age in order to identify any deviation from normal development. Perform a Tanner 
staging assessment of pubertal development (pubic hair and breast in the female and pubic hair 
in the male) in order to identify precocious or delayed puberty. Measure the arm span between 
the outstretched fi nger tips on both sides with the arms at 90° abduction. The distance between 
outstretched fi nger tips should be the same as the standing height. Once again, signifi cant 
differences should be investigated in an attempt to identify cause.

Assessment of hearing  
In the school age group, screening of hearing may be reliably assessed using Rinne’s and Weber’s 
tests. Any abnormality should result in the child being referred for full audio logical assessment as 
hearing defi cits are common and play a signifi cant clinical role in learning dysfunction (Oberklaid 
1989).

Assessment of vision
The three key aspects of vision should be routinely assessed. Far vision may be tested using a 
standard Snellen eye chart. Accommodation and near vision are assessed by asking the child to 
read a sentence of small print. Finally, peripheral vision is evaluated using the method described in 
Chapter 3.

In the event of a child reporting that the characters on the Snellen eye chart are unclear or have 
‘blurry edges’, re-examination with the child looking at the eye chart through a pin hole in a piece 
of paper will help to determine if the reason for the visual diffi culty is refractive error or pathology. 
In refractive error, the characters on the eye chart become crystal clear when looking through the 
pinhole. If this phenomenon persists after chiropractic care is administered, the child may need 
spectacles. If the characters remain blurred when the child looks through the pinhole, ocular 
pathology should be considered and the child referred for appropriate investigation.
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Synkinetic movements 
Synkinetic movement is evaluated by asking 
the child to perform a rapid, repetitive action 
with one hand while keeping the other hand 
still (Fig. 10). Involuntary mimicry on the 
opposite or non-tested side is considered a 
positive test. This is normal fi nding in children 
up to 8 years of age. Persistence beyond that 
age has been shown to be associated with 
learning and behavioural dysfunction (Levine et 
al 1983).

Dysdiadochokinesia 
Diadochokinesic function is tested by asking 
the child to rapidly supinate/pronate each hand 
simultaneously (Fig. 11). Incoordination or 
complete inability to perform the test implies 
developmental immaturity if this function 
cannot be successfully performed by 7 years of 
age (Levine et al 1983).

Stimulus extinction 
Stimulus extinction is tested by simultaneously 
touching the child on the face and hand 
ipsilaterally and asking him/her to identify 
where they have been touched (Fig. 12). Up to 
age 7 it is quite normal for the child to 
indicate only the proximal point, but 
persistence beyond this age is considered to 
be indicative of developmental dysfunction or 
immaturity (Levine et al 1983).



Fig. 10

Fig. 11

Fig. 12
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Motor impersistence 
This test is performed with the child 
adopting a fi xed stance with the arms 
extended, the mouth open and the tongue 
protruding (Fig. 13). In children over 8 years 
of age, an inability to maintain this posture 
implies motoric impersistence and is commonly 
seen in children with attention defi cits and 
learning problems (Oberklaid 1984).

Choreiform movements   
Choreiform movement is normally noted in the 
outstretched fi ngers of young children (Fig. 
14). Beyond the age of 8 years, it is 
indicative of neuromaturational delay and is 
associated with hyperactivity, impulsivity, poor 
frustration tolerance, emotional liability and 
learning diffi culties (Levine et al 1983). 
Choreiform movement is identifi ed by asking 
the child being examined to hold a fi xed 
posture, standing with the arms extended, 
fi ngers spread, mouth open and tongue 
protruding while the examiner carefully 
watches the fi ngers. Schoolage children should 
be able to hold this posture without developing 
choreiform movement for at least 30 seconds.

Fig. 14

Fig. 13
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Left-right discrimination (laterality)   
The school age child should exhibit increasing ability to 
discriminate between the left and right sides of the 
bodies. The testing procedure is dependant upon age as 
follows:

• Between 6 and 8 years: Ask the child, with simple  
 commands, to identify left  and right on their own  
 body with commands such as show me your left  
 hand, etc (Fig. 15)
• Between 8 and 10 years: Ask the child to identify  
 left and right across the midline of their own body  
 with commands such as touch your right ear with  
 your left hand, etc (Fig. 16)
• Above 10 years: The child should be asked to 
 identify left and right on the examiner who should  
 stand facing the child at a comfortable distance  
 (Fig. 17)

Diffi culties with left-right discrimination may result from a complex mixture of maturational, devel-
opmental and basic processing functions (Levine et al 1983). It is commonly seen in children with 
poorly developed hemispherical coordination and neurological disorganization as inability to per-
form cross-crawl and a history of not having been able to do so (Walther 1988).



Fig. 15

Fig. 17Fig. 16
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Gross motor evaluation   
Assessment of gross motor function in the 
school age period may be estimated by 
asking the child to perform a series of tasks 
which become progressively more diffi cult with 
age (Table 8.3). As the child performs these 
functions, the examiner should estimate the 
competence with which they are done, noting 
any clumsiness, jerky movements or complete 
inability to perform the tasks. Care should be 
taken to factor hemispherical dominance (i.e. 
handedness) into the assessment as this is well 
developed by school age.

Fine motor control   
Competence in fi ne motor control may be 
estimated by watching a child use a pencil, as 
well as other tasks such as stringing beads, 
fi rstly with the eyes open and then with the 
eyes closed, or picking up small objects such 
as paper clips from a desk top (Fig. 18). As 
with gross motor function, the action of the 
child should be closely observed for eye-hand 
coordination, clumsiness, jerky movements, 
incompetence and frustration level.

Visual – perceptual – motor function   
This function is tested by asking the child to copy geometric forms 
(Fig. 19). The examiner should show the age appropriate shape 
to the child and allow them to look at it as long as they wish. The 
examiner should then provide the child with a clean sheet of paper 
and a pencil and ask them to draw the shape they have been 
shown or asked to copy.

Age (years) Digits at approximately 1-second intervals Serial commands
5-6 
6-7 
7-8 
9-10 
11-12 and over

Repeats 4 digits forwards 
Repeats 4—5 digits forwards 
Repeats 5 digits forwards 
Repeats 6 digits forwards Repeats 4 digits backwards 
Repeats 6 digits forwards Repeats 5 digits backwards

3-step series 
4-step series 
5-step series 
5-step series 
6-step series

Fig. 18

Fig. 19
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Temporal – sequential organization   
Since a child’s appreciation of time and sequence is critical in the ultimate development of 
reading, spelling and arithmetic skills, temporal – sequential organization should form an integral 
part of neurodevelopmental testing in the school age period. There are two forms of assessment 
of temporal – sequential organization, namely visual and auditory. These are assessed by testing 
sequencing function in both areas.

Children with defi cits in sequential organization may have signifi cant diffi culty with short term 
auditory memory resulting in maladaptive classroom behaviours as protective strategies or 
expression of frustration and anxiety (Levine 1987). Auditory sequencing may be evaluated either 
by asking the child to repeat a series of numbers spoken evenly at approximately 1 second 
intervals or by asking the child to perform a series of simple tasks in a given order. This function is 
referred to as short term auditory memory. Expected capability for age is shown in Table 11. From 
this table it can be seen, for example, that a 7 year old child should be able to repeat a set of fi ve 
numbers in the same order in which they were given and perform a set of fi ve simple tasks in the 
order in which they were verbally given. A 10 year old child should be able either to perform the 
same function for a set of six numbers or repeat a set of four numbers in the reverse order to that 
in which they were given and perform a series of six simple tasks in the order in which they were 
given. It is reasonable to give a child three attempts at each task before deciding that there is a 
defi cit. 

Visual sequencing can be simply evaluated using object span, block tapping and motor sequence 
(Table 12). Object span involves the examiner pointing to a number of objects and asking the 
child to point to the same objects in the same order. Similarly, block tapping involves the examiner 
pointing to a series of identically sized squares and asking the child to point to the same squares 
in the same order. Motor sequencing simply requires the child to mimic a series of motor activities 
performed by the examiner. The examiner should attempt to assess the child in both auditory and 
visual areas in order to come to a diagnostic conclusion about the stage of development of the 
child’s temporal – sequential organization.
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Age (years) Object 
span

Block tap-
ping

Motor sequence

5-6 
6-7 
7-8 
9-10 
11—12 
and over

4 objects 
4 objects 
5 objects 
5 objects 
6 objects

4 squares 
4 squares 
5 squares 
5 squares 
6 squares

Simultaneously open and close both hands, arms extended 
Imitative fi nger tapping (both hands, 3—4 steps) 
Imitative fi nger—foot  tapping (4—5 steps) 
Alternate left and right, open and close fi sts, arms extended 
Imitate edge of hand on knee, then palm on knee, then 
clenched fi st (4 cycles)

Age (years) Digits at approximately 1-second intervals Serial commands
5-6 
6-7 
7-8 
9-10 
11-12 
and over

Repeats 4 digits forwards 
Repeats 4—5 digits forwards 
Repeats 5 digits forwards 
Repeats 6 digits forwards Repeats 4 digits backwards 
Repeats 6 digits forwards Repeats 5 digits backwards

3-step series 
4-step series 
5-step series 
5-step series 
6-step series

Table 11

Table 12

Intellectual development   
Development of the child’s intellect may be reasonably reliably estimated by using the 
Goodenough-Harris drawing test procedure. This test was originally designed and published by 
Florence Goodenough who spent a good portion of her professional life developing tools for 
assessing intelligence in young children. She hypothesized that IQ could be reliably measured with 
signifi cant reproducibility for most preschool children. 

Dr Goodenough published her ‘Draw-a-Man’ test in the book Measurement of Intelligence by 
Drawings in 1926. Her protocol required the child being tested to draw a picture of a man. The 
test was non-verbal and intended for assessing children between the ages of two and thirteen 
years. In the late 1940’s the test was revised by one Dale Harris and is now commonly known as 
the Goodenough-Harris drawing test.

The child being examined is asked to draw a man and is 
carefully instructed to take their time and do it as well 
as possible. Care must be taken to see that parents and 
older siblings do not interfere by offering advice as to what 
should be drawn on the man. Table 13 contains the 51 
individual items used for assessing the drawing (Illingworth 
1983). Intellectual age is estimated by applying one point 
for each of the 51 items found to be present in the fi nished 
drawing and adding 1 year for each 4 points scored to the 
base age of 3 years. Fig. 20 is a good example of a 
drawing made by a boy who was 8 years and 7 months old. 
His raw test score was 21, giving him and intellectual age 
of 8 years and 3 months.                                

Fig. 20
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Items used to grade the Goodenough Draw-A-Man test (reproduced with kind permission from 
Illingworth 1983)
Each item scores 1 point. Intellectual age is calculated by adding 1 year for each 4 point scored to the basal age of 
3 years. 

Head present 
Legs present. 
Arms present 
Trunk present 
Length of trunk greater than breadth 
Shoulders indicated 
Both arms and legs attached to trunk 
Legs attached to trunk; arms attached to trunk at correct point
Neck present
Neck outline continues with head, trunk or both 
Eyes present 
Nose present  
Mouth present 
Nose and mouth in two dimensions; two lips shown 
Nostrils indicated 
Hair shown 
Hair non-transparent, over more than circumference 
Clothing present
Two articles of clothing non-transparent 

20. No transparencies, both sleeves and trousers shown 
21. Four or more articles of clothing defi nitely indicated 
22. Costume complete, without incongruities 
23. Fingers shown
24. Correct number of fi ngers shown 
25. Fingers in two dimensions, length > breadth and angle >180°
26. Opposition of thumb shown 
27. Hand shown distinct from fi ngers or arms 
28. Arm joint shown, elbow, shoulder or both 
29. Leg joint shown, knee, hip or both 
30. Head in proportion 
31. Arms in proportion 
32. Legs in proportion 
33. Feet in proportion 
34. Both arms and legs in two dimensions 
35. Heel shown 
36. Firm lines without overlapping at junctions 
37. Firm lines with correct joining 
38. Head outline more than a circle 
39. Trunk outline more than a circle
40. Outline of arms and legs without narrowing at junction with body 
41. Features symmetrical and in correct position 
42. Ears present 
43. Ears in correct position and proportional 
44. Eyebrows or eyelashes 
45. Pupil of eye
46. Eye length > eye height 
47. Eye glance direct to front in profi le 
48. Both chin and forehead shown 
49. Projection of chin shown 
50. Profi le with not more than one error 
51. Correct profi le

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Table 13
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Clinical decision-making and management   
Clinical decision-making in this fi eld of pediatrics is fraught with diffi culty and frustration if one 
chooses to follow the typical medical model of disease. The object of the neuromaturational 
assessment in the child with learning problems, or indeed in the child about to enter school in 
whom you have been asked to perform a classroom evaluation is simply to generate a profi le of 
both strengths and weaknesses. There is almost never a reason for the chiropractor to refer these 
children for specialist investigation in the fi rst instance unless signifi cant pathology is identifi ed 
during the conduct of the traditional physical examination. The process of identifying strengths 
and weakness allows the chiropractor to establish a benchmark of learning capability against 
which improvement can be measured. Such improvement should always be compared to 
educational achievement outcomes reported by the child’s teachers. When managing the 
learning impaired child, it will usually be best to network the assistance and cooperation of the 
child’s teachers, parents/siblings and in some cases the family general practitioner.

Role of the family general practitioner   
The family GP should be consulted in the event of the physical examination identifying 
pathology. Consultation between the chiropractor and the GP should also characterize the 
management program for any child who is on long term medication which may affect the child’s 
rate of neuromaturation, such as insulin for diabetes mellitus, ritalin for attention defi cit 
hyperactive disorder, anticonvulsants such as phenobarbital or dilantin among many others for 
epilepsy, or the various drugs used for asthma which may create irritability and increased motoric 
activity.

Role of the teacher   
The teacher should always be a part of the management process as there is much 
consideration that can be offered the child at school if the teacher is made aware of the relative 
strengths and weaknesses identifi ed during the neuro maturational assessment. For example, a 
child who has poor short-term memory may be given instructions in writing. Teachers are often 
helpful in assisting with management planning as their professional training gives the insights 
into how to assist learning impaired children. Consultation with the teacher will also often help to 
avoid the psychological damage caused by labelling a child as naughty, hyperactive, unmotivated, 
lazy, etc. The teacher is also a wonderful ally to assist with periodic monitoring of the outcome of 
treatment protocols. Improvement in the strengths and weaknesses profi le should be paralleled 
by improvement in the educational outcome. The teacher also plays a key role in identifying and 
controlling peer ridicule, bullying and harassment.

Role of the parents   
The parent’s role is usually a critical one, as many of the management protocols are carried out at 
home. Gaining the compliance of the parents is vital and for that reason suffi cient time should be 
given to explaining the child’s condition and the role which the parents will play. Specifi c 
stimulation of areas of weakness is usually carried out by game-and-role playing activities at 
home, all of which requires time and discipline.
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Role of the educational kinesiologist
Educational kinesiology is a rapidly evolving practice that offers a very valuable service to the 
neuromaturationally delayed child. Where the service is available, referral for an assessment and 
implementation of management strategies, mainly carefully constructed integrative motor 
exercises is well warranted.

Role of the dietician
In cases where poor dietary practices are likely to be impinging on optimal developmental out-
come, referral to a professionally trained dietician is warranted.

Role of the chiropractor   
The chiropractor, having generated a strengths and weaknesses profi le and identifi ed the precise 
pattern of neurological dysafferentation, must now act as primary clinician, coach to the child, 
counsellor to the parents and care co-ordinator with other health care professionals. Imaginative 
games and role playing exercises should be designed for parental implementation which address 
the specifi c weakness found on examination while accentuating the strengths. These exercises 
may include playing specifi c games like football, catch, or basketball, involvement in ‘around the 
house’ projects, involvement in organized sport or other community-based activities and 
deepening personal relationships between the child and parents. Parents should be counselled to 
constantly encourage and avoid criticism at all costs in order to raise the child’s confi dence level.

The chiropractor should contact the teacher to arrange a meeting in order to discuss the child’s 
problem and cooperatively plan school-based strategies to help. The chiropractor must offer 
specifi c, corrective chiropractic care in order to eliminate the important role played by 
neurological dysafferentation in delaying neuromaturation and therefore the learning process. 
Commonly, children with such problems have patterns of dysafferentation seen at the upper 
cervical complex, sacral and cranial areas. Restoration and maintenance of normal neurological 
function is a critical aspect of the management program of children with neuromaturational delay 
and learning diffi culties. 

Finally, referral to an educational kinesiologist is warranted where such a service is available. In 
the event such a service is not available, prescription of exercises such as cross crawl, star 
jumping, marching, etc. should be given in order to reinforce normal hemispherical coordination. 

Specialist pediatric referral should be considered in children who fail to show response to the 
normal chiropractic management program.
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The clumsy child
The typical presentation involves a child somewhere between 30-36 months of age and school 
admission age who is poorly coordinated, falls over a lot and often as an intoeing or out-toing 
gait. There is often a history of the late development of walking and sometimes a failure to crawl, 
a very short crawl period or an abnormal crawl pattern. Asymmetric genu valgus is almost 
universally present with at least one tibiofemoral angle in excess of 9°.

At history the key points to explore are the age at which the child fi rst exhibited the problem gait, 
whether or not it is worse or more obvious when the child is tired, a complaint of lower limb pain 
especially at night, concommitant fever, joint pain, localized heat or swelling and a report of 
“falling over their own feet”. Finally, enquiry should be made as to whether the child only falls 
forward, a peculiar characteristic of thyroid dysfunction in children. It is appropriate to also 
explore the family and social history in attempt to determine if there is any family background of 
neuromuscular disease, a familial tendency to poorly coordinated gait, any evidence of intentional 
injury or obvious dietary defi ciencies.

On physical examination it is appropriate to perform the following:
Measure and plot height, weight and head circumference
Full body observation
Noting any skin marks, bruising or other marks such as scratches, bites or burns
Measure the tibiofemoral angles in the erect posture
Measure the ankle valgus/varus angles in the erect posture
Perform a postural examination and note and evidence of scoliosis as S or C shaped
Assess any scoliosis as functional versus fi xed using Adam’s test 
Examine the hips, knees, ankles and feet for patent function
Elicit the muscle stretch refl exes
Examine motor function using Gower’s position
Assess muscle tone and sensory function
Assess neurodevelopmental status at an age appropriate level using the Woodside 
developmental screening test (Up to age 48 months)
Assess gait and coordination

•
•
•
•
•
•
•
•
•
•
•
•

•



PEDIATRIC 
NEUROLOGY

77Copyright © 2009 Dr Neil J. Davies. All rights reserved.

A four year old child 
performing an age 
appropriate gross motor test

Typical appearance of a child 
with an intoeing gait

 Typical appearance of a 
child with an out-toeing gait

A radiological examination is unnecessary in a presentation involving a clumsy child except in the 
following circumstances:

Presence of a hair patch over the lower lumbar region or other skin markings suggestive or 
underlying neurological malformation
A positive Adam’s test suggesting a fi xed S shaped scoliosis 
Positive orthopaedic signs and restricted range of motion at the hip suggestive of 
developmental dysplasia syndrome
Asymmetric varus deformity with a prominent bony protuberance on the medial side of the 
knee suggestive of Blount’s disease

•

•
•

•

Blount’s disease. Note the 
medial slip of the femur on 
the tibia and the degenerative 
osseous change at the medial 
tibial plateau.

Clinical decision making and management planning strategy in the 
clumsy child is driven fi rst and foremost by the determination of 
the absence of contributive pathology. Determination and 
correction of the precise subluxation complex, almost universally 
involving the sacral segments is the bedrock of chiropractic 
management of the clumsy child. The fi rst clinical outcome to be 
measured is the demonstration of sustained correction of the 
subluxation complex concurrent or followed by a change in 
postural symmetry towards normal with the tibiofemoral angles 
becoming symmetrical and falling within the range 4-6° for boys 
and 5-7° for girls. The fi nal outcome measure will be the 
normalisation of gait and the achievement of age appropriate 
neurodevelopment particularly in the gross motor area. 
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