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Concerns about the development of infants
and young children fall into 3 broad areas:
cognitive or intellectual problems, neuro-
motor and orthopedic concerns, and behav-
ioral issues. This review focuses on the
motor area of the infant and young child, including office
evaluation of motor competence and classification of motor
dysfunction.

MOTOR EVALUATION OF THE INFANT

To make a meaningful statement about an infant's motor
competence, the physician should organize data gathered from
the history, physical examination, and neurodevelopmental
examination according to the following schema:

« motor developmental milestones

« the classic neurological examination

= markers of cerebral neuromotor maturation (primitive
reflexes and postural reactions)

Motor milestones are extracted from the developmental history
as well as from observations during the neurodevelopmental
examination. A reference table of sequential gross and fine motor
milestones is needed (Table 1, and Table 2 page 3). Milestone
assessment is best quantified and summarized for parents as a
single (or narrow) motor age for the child. This approach
eliminates the distracting practice of recording a unique “range of
normal” for every milestone and also allows one to think of the
child in terms of a global level of motor function. The motor age
can be converted to a motor quotient, which gives a simple
expression of deviation from the norm. A motor quotient above 80
is considered within normal limits; a motor quotient below 70 is
abnormal. Those falling in the 70 to 80 range are borderline, but
most likely normal. Values well above 80 are not of particular
significance, except for the pleasure of identifying above-average
performers. Whether truly gifted athletes can be recognized early
by this method is thought-provoking but unknown.

Example:

A 12-month-old boy is seen for well-child care. He is not
walking alone, but he pulls up to stand (9 months), cruises around
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furniture (10 months), and will walk fairly well when his mom
holds both hands (10 months). This child has a gross motor age
of 10 months at a chronologic age of 12 months. From a motor
standpoint, he is behaving like an average 10-month-old. Is this
2-month discrepancy something to be concerned about, or is he
“within normal limits"? (Mother may already be concerned,
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especially if her neighbor’s baby is already walking!) To decide, one must proceed to
calculate a motor quotient:

motor age 10 months

chronologic age * '90= 12 months X 100=83

Ma-=

The motor age and the motor quotient are each good summary descriptors of the
child and have more meaning than trying to plot each individual milestone. Since the
lower limit is 70 to B0, this boy is normal,

Motor milestones do not take into account the quality of a child’s movement. The
motor portion of the neurological examination, including observations of station and
gait, take qualitative features into better account. The neurological assessments of
tone, strength, deep tendon reflexes, and coordination are difficult in the infant
because of their subjective nature, compounded by limited ability for cooperation.
Clinical experience is essential in gaining accurate and useful information.

The elicitation of reflexes requires patience and repeated, yet gentle, trial and error
(the child you are swinging at is often a small moving target). Muscle tone (passive
resistance) and strength (active resistance) are a challenge to distinguish in the
contrary subject. The best clues usually come from observation, not handling.
Spontaneous or prompted motor activities (eg, weight-bearing in sitting or standing)
require adequate strength. Weakness may be best appreciated from observing the
quality of stationary posture and transition movements. The Gower’s sign (arising
from floor-sitting to standing, using the hands to “walk up” one's legs) is a classical
example, indicative of pelvic girdle and guadriceps muscular weakness. Spontaneous
postures such as frog-legs and scissoring (Figure 1) provide visual clues to
hypotonia/weakness and spastic hypertonus, respectively. After 2 to
3 years of age, as cooperation improves, evaluation of the items becomes easier and
more meaningful.

Beyond infancy, both station and gait also need to be assessed. Station refers to the
posture assumed in sitting or standing and should be viewed from anterior, lateral,
and posterior perspectives looking for body alignment. Gait, of course, can only be
examined in progress. Initially, the normal toddler walks on a wide base, slightly
crouched, with the arms abducted and elevated a bit. Forward progression is more
staccato than smooth. Movements gradually become more fluid, the base narrows, and
arm-swing evolves, leading to an adult pattern of walking by 3 years of age.

The motor neuromaturational markers are the primitive reflexes, which-develop
during gestation and generally disappear between the third and sixth month after
birth, and the postural reactions, which are not present at birth but devélop
sequentially between 3 and 10 months of age (Figure 2). Primitive reflexes (the Moro,
tonic labyrinthine, asymmetric tonic neck, and positive support) are the most clinically
useful (Figures 3, 4, and 5, pages 4 and 5). As with all true refiexes, each requires a
specific sensory stimulus to generate the stereotypical motor response that follows.
Normal babies and infants demonstrate these postures inconsistently and transiently,
whereas those with.neurological injuries show stronger and more sustained pnrnﬂiwa
reflex posturing.

The appearance of postural reactions in sequence, beginning after 2 to 3 months of
age, is easier to elicit clinically and can provide insight into the motor potential’ of
young infants. Postural reactions are sought in each of the 3 major categories:
righting, protection, and equilibrium. These movements are much less stereotyped
than the primitive reflexes and they require a complex interplay of cerebral and
cerebellocortical adjustments to a barrage of sensory inputs (proprioceptive, visual,
vestibular) (Figures 6 and 7, page 5). They are easy to elicit in the normal infant but
are markedly slowed in their appearance in the baby with nervous-system damage.
The reader is referred to the works of Baird and Capute for more detailed mfurmatlun
on individual reflexes.

Analysis of the information gathered in these 3 areas makes it relatively easy for
the practitioner and parents to feel confident about a child’s motor competence or to
identify the motor-impaired infant at an early age.
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CLASSIFICATION OF MOTOR IMPAIRMENTS

Once a motor abnormality has been identified, further
assessment as to its exact nature and etiology is essential. This

may warrant referral to an appropriate subspecialist or

subspecialty team; however, based on clinical examination and
history, the astute clinician can usually get a good sense of the
category of the patient's motor disorder. This, of course, greatly
facilitates professional communication about the child being

referred. The differential diagnosis of motor disability is divided

into 4 general categories: 1) static central-nervous- sy"star.n :
disorders; 2) progressive diseases; 3) spinal cord and p-ariphamf
nerve injuries; and 4) structural defects.

Static central-nervous-system encephalopathies, by definition,
indicate nonprogressive brain damage. This can happen during
early fetal brain development, resulting in a central-nervous-
system anomaly. The anomaly could be the result of improper
genetic information (as, for example, in Down syndrome) or a
very early biochemical or mechanical insult that permanently
alters anatomical development of the brain. Alternatively, a brain
developing in a normal fashion can be damaged before, during, or
after birth by a variety of insults. Examples include infection
(meningitis, encephalitis); trauma; ischemia (as might occur in
dehydration or stroke); poisons (such as lead intoxication); and
metabolic diseases (as with phenylketonuria).

Brain injury resulting in neuron or axon destruction is permanent,
with little to no true neuronal repair or regrowth. However, intact
areas continue to develop during childhood, so that some limited
functional improvements may occur for a time. Maturation of
motor areas in the brain has largely reached completion by 7 or 8
years, though some minor changes will continue through
adolescence. When motor impairment is due to a brain anomaly or
to an insult that takes place before mid-adolescence (roughly age
16 years), we refer to the disorder as cerebral palsy (CP). Patients
s0 diagnosed represent the largest number of children with motor
impairments. Approximately one in every 200 children has CP.

Specific types of CP (spastic, athetoid, etc.) are diagnosed
clinically and imply which motor-control system in the brain has
been primarily damaged. Establishing the type of CP has value in
treatment planning and in prognosis. Physical problems
associated with CP are deformities of the bones and contractures
of the tendons and muscles, which result from the influence of
excessively high or abnormally low muscle tone. These diagnostic
distinctions and the treament plans based on them are best
carried out by a team of physicians and therapists experienced in
the care of motor-impaired children; however, coordination of
specialized care, as well as routine care, should continue to be
provided by the primary-care physician.

Progressive diseases of the brain, the nerves, or the muscles
produce motor impairment that worsens with time. Though the
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number of diseases in this category is large, each individual
disease is extremely rare. Therefore, the number of all motor-
impaired children with progressive diseases is quite small.
Knowing the specific diagnosis is important, because it helps the
physician estimate the rate of progression and other prognostic
implications. Most of these conditions are incurable and most will
eventually lead to a fatal outcome. A few can be halted or reversad
with medical treatment; aggressive management of the rest is
critical to maximizing function and minimizing psychological
morbidity. Examples of the more common serious disorders
include Duchenne's muscular dystrophy, which is an X-linked
disorder generally resulting in death in the early 20's, and -
infantile progressive spinal muscular atrophy (Werdnig-Hoffmann
disease).

Children with progressive conditions may initially experience
a period of normal or near-normal development, obscuring the
fact that a slow disease process is going on. In Duchenne's
muscular dystrophy, for example, the diagnosis is usually not
made until ages 4 to 6, when increasing clumsiness or difficulty
keeping up with peers brings the child to the doctor's attention,
Children with-Werdnig-Hoffmann disease (an autosomal recessive
disorder), on the other hand, rarely live beyond 3 years of age. The
importance of diagnosing such diseases early cannot be
overstated. Early diagnosis and intervention is crucial, not only to
help the child and parents deal with the situation, but also to
provide proper genetic counseling. Knowledge of a comprehensive
center where diagnosis can be confirmed, and in which genetic

counseling and ongoing interdisciplinary treatment can be
obtained, is of great value to both practitioner and patient.
Financial and psychosocial supports are usually built into these
centers. They are often located at disability-oriented clinics in
major children’s hospitals, and at clinics in the Muscular
Dystrophy Association’s national network.

Nervous-system tumors also fall in the progressive category, at
least before treatment. As long as the tumor expands in the brain,
the patient experiences increasing loss of neurologic function,
However, if the tumor is successfully treated, then the individual
may be cured or left with a static motor impairment. Once again,
early diagnosis and treatment are critical to maximizing survival and
minimizing disability.

Spinal cord and peripheral nerve injuries are all static condi-
tions, except for the rare instance of a growing spinal-cord tumar.
They differ from CP in that future functional loss is much easier to
predict and there are different types of associated problems. In
this category, the largest single group consists of children with
spina bifida (meningomyelocele). This condition results from
anomalous spinal-cord development, in which early neural-tube
closure fails to take place (about 3 weeks after conception},
causing an incomplete cord to develop below the level of failed
closure. Since this can happen anywhere along the length of the
spinal cord, the resulting loss of motor and sensory function
varies greatly from person to person. In addition, there is almost
always another anomaly, the Arnold-Chiari malformation, present
at the brainstem level as well. This anomaly leads to hydro-
cephalus in most (but not all) cases. No one knows what causes
spina bifida, but we do know that there is an inherited sus-
ceptibility for the lesion. Once again, early referral to an
interdisciplinary diagnostic and treatment team is emphasized.

Structural defects refer to situations in which some anatomical
structure (eg, a limb) is missing or deformed or in which some
support tissues for the nerves and muscles are inadequate (eg,
connective-tissue defects; biochemically abnormal bone, etc.)
Structural defects are usually the most straightforward of all
motor-impairing conditions. Some conditions are progressive in
nature and many are extremely complex to manage. As examples,
osteogenesis imperfecta and the many varieties of childhood
arthritis fit in this category. On the mildest end of the spectrum,
there exist a wide variety of fairly common orthopedic
deformities, which may or may not impact on motor development
(eg, club feet, developmental hip dysplasia). They present as
visible deformities at birth or in early infancy, they cause
aberrations in the quality of movement, and their early
recognition hinges on clinical examination. Early treatment can
make a big difference in outcome and in the gravity -of
interventions required to achieve correction.

TIMING OF THE DIAGNOSIS

The ability to make an early diagnosis depends, in large
measure, on the type of disability. The diagnosis of spina bifida or
club feet can be made at birth. In the case of CP, diagnosis is
delayed until a problem with motor development is recognized
and investigated. Therefore anyone — a parent, relative, friend, or
the physician — may be the first to recognize the delay, based on
knowledge of normal motor development. The child with severe
impairments is likely to be identified earlier (usually before 12
months of age) than the child with mild delays, because the
former will more obviously fail to achieve developmental -
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