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Article growth & development

Votor Developmen

1
Ob}@ﬂfiV@S After completing this article, readers should be able to:

1. Identify the milestones for gross and fine motor development.
2, Recognize the child whose development falls outside of the expected range.
3. Describe the sequences involved in gross and fine motor development.

This is the first of three articles on developmental milestones; the second and third orticles
will appear in the September and November 2010 issues of Pediatrics in Review, respectively.

introduction

Infancy and childhood are:dynamic periods of growth and change. Neurodevelopmental
and physical growth proceed in a sequential and predictable pattern that is intrinsically
determined. Skills progress from cephalic to caudal; from proximal to distal; and from
generalized, stimulus-based reflexes to specific, goal-oriented reactions that become
increasingly precise. As one clinician has stated, “infants [and children] are very orderly in
their ways; they actually behave [and develop] according to laws that can be explored,
discovered, confirmed, reconfirmed, and celebrated.” (1) By convention, these neuro-
developmental “laws” or sequences often are described in terms of the traditional devel-
opmental milestoncs.

Milestones provide a framework for observing and monitoring a child over time.
According to recent American Academy of Pediatrics and Bright Frutures guidelines,
pediatricians should incorporate developmental surveillance at every health supervision
visit. Surveillance involves analyzing the milestones in the context of a child’s history,
growth, and physical examination findings to recognize those who may be at risk for
developmental defay. A thorough understanding of the normal or typical sequence of
development in all domains (gross motor, fine motor, problem-solving, receptive lan-
guage, expressive language, and social-emotional} allows the clinician to formulate a
correct overall impression of a child’s true developmental status. However, it must be
emphasized that even experienced pediatricians cannot rely solely on their knowledge of
the milestones to identify children who have developmental concerns. Developmental
screcning using validated and standardized tools should oceur at the $-month, 18-month,
and 30-month (or 24-month) health supervision visits or whenever surveillance uncovers
a concern,

Although neurodevelopment follows a predictable course, it is important to understand
that intrinsic and extrinsic forces produce individual variation, making each child’s devel-
opmental path unique. Intrinsic influences include genetically determined attributes (eg,
physical characteristics, temperament) as well as the child’s overall state of wellness.
Extrinsic influences during infancy and childhood originate primarily from the family.
Parent and sibling personalities, the nurturing methods used by caregivers, the cuitural
environment, and the family’s sociocconomic starus with its effect on resources of time and
money all play a role in the development of children. Developmental theory has, itself,
developed as clinicians have tried to grapple with which influence is more predominant.

The focus of this series of articles is to help the clinician frame general concepts of
development according to the developmental streams rather than highlight developmental
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abnormalities. The milestones cited are, on average,
those at the 50th percentile for age. By understanding
what is “normal™ or typical, the clinician can appreciate
more keenly what is abnormal or delayed. This article
concentrates on normal motor development, with a brief
menton about specific “red flags™ that should alert cli-
nicians to potential motor developmental problems. The
second article in the series discusses cognitive and lan-
guage development. The final article addresses the devel-
opment of social-cmotional skills. An all-inclusive table
of milestones is provided in this first article as a reference
(Table 1) both in print and onling; Table 1 appears
online only in the September and November articles.

Gross Motor Milestones

The ultimate goal of gross motor development is to gain
independent and volitional movement. During gesta-
tton, primitive reflexes develop and persist for several
months after birth to prepare the infant for the acquisi-
tion of specific skills. These brainstem and spinal reflexes
arc stereotypic movements generated in response to spe-
cific sensory stimuli. Examples include the Moro (Fig. 1),
asymmetric tonic neck (ATNR) (Fig. 2), and positive
support reflexes (Fig. 3). As the ceneral nervous system
matures, the reflexes are inhibited to allow the infant to
make purposeful movements. For example, during the
time when the ATNR persists, an infant is unable to roll
from back to front, bring the hands to midline, or reach
for objects. This reflex disappears between 4 and 6
months of age, the same rime that these skills begin to
emerge. The Moro reflex interferes with head control
and sicting equilibrium. As this reflex lessens and disap-
pears by 6 months of age, the infant gains progressive
stability in a seated position (Fig. 4).

In addition to primitive reflexes, postural reactions,
such as righting and protection responses, also begin to
develop after birth. These reactions, mediated at the
midbrain level, interact with each other and work toward
the establishment of normal head and body relationship
in space. Protective extension, for example, allows the
infant to catch him- or herself when falling forward,
sidcways, or backwards (Fig. 5). These reactions develop
between 6 and 9 months, the same tme that an infant
learns to move into a scated positon and then to hands
and knees. Soon afterward, higher cortcal centers medi-
ate the development of cquilibrium responses and permit
the infant o pull ro stand by 9 months of age and begin
walking by 12 months. Addidonal equilibrium responses
develop during the second year after birth to allow for
more complex bipedal movements, such as moving back-
ward, running, and jumping.
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During the first postnatal year, an infant thus moves
from lying prone, to rolling over, to getting to hands and
knees, and wldmately to coming to a seated position or
pulling to stand (Fig. 6). Within the framework of Back
to Sleep guidelines, infants must have age-appropriate
and safc opportunitics for “tummy time™ to promote the
deveiopment of these important prone-specific mile-
stones. It is important to note that crawling is not a
prerequisite to walking; pulling to stand is the skill infants
must develop before they take their firsc steps. The
ultimate goal of this timeframe is to develop skills that
aflow for mdependent movemnent and freedom to use the
hands to explore, manipulate, and learn from the envi-
ronment,

Gross motor development in subsequent years con-
sists of refinements in balance, coordination, speed, and
strength. The wide-based, slightly crouched, staccato
gait of a 12-month-old evolves into a smooth, upright,
and narrow-based style. The arms change from being
held abducted and slightly elevated for balance to swing-
ing in a reciprocal fashion as the gait reaches an adult
pattern by age 3 ycars. Similarly, ramning develops scon
after walking, starting as a stiff-legged approximation and
changing into a well-coordinated movement that in-
cludes rapid change of direcrion and speed by 18 months
of age.

Simultaneous use of both arms or legs occurs after
successful use of each limb independendy. Atage 2 years,
a child can kick a ball, jump with two feet off the floor,
and throw a big ball overhand. Milestoncs for succeeding
ages reflect progress in the length of time, number of
repetitions, or the distance each task can be performed
successfully. By the time a child starts school, he or she is
able to perform multiple complex gross motor tasks
simultaneously {such as pedaling, maintaining balence,
and steering while on a bicycle).

Fine Motor Milestones

Fine motor skills relate to the use of the upper extremities
to engage and manipulate the environment. They are
necessary for a person to perform self-help tasks, to play,
and to accomplish work, Like all developmental streams,
fine motor milestones do not proceed in isolation but
depend on other areas of development, including gross
motor, cognitive, and visual perceptual skills. Ac first, the
upper exiremitics play an important role in balance and
mobility. Hands are used for support, first in the prone
position and then in sitting. Arms help with rolling over,
then crawling, then pulling ro stand. Infants begin to use
their hands to explore, even when in the supine position.
When gross motor skills have developed such thar the
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Table 1. Developmental Mllestones
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raoie 1. Developmental Milestones—continued
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Tabte 1. Developmental Milestones—continued
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Figure 1. Moro reflex. This reflex occurs spontaneously to
loud noises or by simply hoiding the supine infant's hand and
releasing the hand suddenly. Classically, the reflex is elicited
while holding the infant supine, with the head dropped
slightly backward. This produces sudden extension and abduc-
tion of the upper extremities with hands open, followed by
flexion of the upper extremities to midline (the “startle reflex").

infant is more stable in upright positions and can move
into them casily, the hands are free for more purposeful
exploration.

At birth, infants do not have any apparent voluntary
use of their hands. They open and close them in response
to touch and other stimuli, but movement otherwise is
dominated by a primitive grasp reflex. Because of this,
infants spend the first 3 months after birth “contacting”
objects with their eyes rather than their hands, fixating on
faces and objects and then visually tracking objects.
Gradually, they start to reach clumsily and bring their
hands together. As the primitive reflexes decrease, infants
begin to prehend objeets voluntarily, first using the en-
tire palm toward the ulnar side (5 months) and then
predominantly using the radial aspect of the palm
(7 months}. At the same time, infants learn to release
objects voluntarily, Tn the presence of a strong grasp
reflex, objects must be removed forcibly from an infant’s
grasp or drop involuntarily from the hand. Voluntary
release is seen as the infant [earns to transfer objects from
one hand to the other, first using the mouth as an
intermediate stage (5 months) and then directly hand-
to-hand (6 months).

Between 6 months and 12 months of age, the grasp
evolves to allow for prehension of objects of different
shapes and sizes (Fig. 7). The thumb becomes more
involved to grasp objects, using all four fingers against
the thumb (a “scissors” grasp) at 8 months, and eventu-
ally to just two fingers and thumb (radial digital grasp) at

Bownloaded from http://pedsinreview.aappublications.org. Provided by LSU Medical Center on October
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Figure 2. Asymmetric tonic neck reflex (ATNR). The sensory
limb of the ATNR involves proprioceptors in the cervical
vertebrae. With active or passive head rotation, the baby
extends the arm and leg on the face side and flexes the
extremities on the contralateral side (the “fencer posture™},
There also is some subtle trunk curvature on the contralateral
side produced by mild paraspinous muscle contraction.

9 months. A pincer grasp emerges as the ulnar finpers are
inhibited while slightly extending and supinating the
wrist. Voluntary release is awkward at first, with all fin-
gers extended. By 10 months of age, infants can release a
cube into a container or drop things onto the floor.
Object permanence reinforces the desire to practice this
skill over and over, Intrinsic muscle control develops to
allow the isoladon of the index finger, and infants will
poke their fingers into small holes for exploration, By 12
months of age, most infants enjoy putting things into
containers and dumping them out repeatedly. They also
can pick up small picces of food with a mature pincer
grasp and bring them to their mouths.

As infants move into their second year, their mastery
of the reach, grasp, and release allows them to start using
objects as tools. Fine motor development becomes mare
closely associated with cognitive and adaptive develop-
ment, with the infant knowing both what he or she wants to
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Figure 3. Positive support reflex. With support around the
trunk, the infant is suspended, then lowered ta touch the feet
gently on a flat surface. This produces reflex extension at the
hips, knees, and ankles so the infant stands up, completely or
partially bearing weight. Mature weight-bearing lacks the
rigid quality of this primitive reflex.

do and how he or she can accomplish it. Intrinsic muscle
refinement allows for holding flat objects, such as crackers
or cookies. By 15 months of age, voluntary release has
developed firther to enable stacking of three to four blocks
and releasing small objects into containers. The child starts
to adjust objects after grasping to use them properly, such as
picking up a crayon and adjusting it to scribble spontane-
ously (18 months of age) and adjusting a spoon to usc it
consistently for eating (20 months of age).

In subsequent years, fine motor skills are refined fur-
ther to draw, explore, problem-solve, create, and perform
self-help tasks. By age 2 years, children can create a six-
block tower, feed themselves with a spoon and fork, re-

274 Pediafrics in Bevi
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Figure 4. The declining intensity of primitive reflexes and the
increasing role of postural reactions represent at least permis-
sive, and possibly necessary, conditions for the development of
definitive motor reactions. Reproduced with permission from
Johnson CP, Blasco PA. Infant growth and development,
Pediatr Rev. 1997;18:225-242.

2 Eals

Figure 5. Lateral protection. In the seated position, the child
is pushed gently but rapidly to one side. The reaction is present
if the child puts out his or her hand to prevent a fall,
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Figure 6. Chronologic progression of gross motor development during the first 12
postnatal months. Reproduced with permission from Johnson CP, Blasco PA. Infant
growth and development. Pediatr Rev. 1997;18:224-242,
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Figure 7. Development of pincer grasp. llustrations from the Erhardt developmental
prehension, In Erhardt RP. Developmental Hand Dysfunction: Theory Assessment, Treat-
nient. 2nd ed. San Antonio, Tex: Therapy Skill Builders; 1994, Reprinted with permission.

Taie 2. Motor Red Flags

move clothing, and grasp and turn a door knob. They
have sufficient control of a crayon to imitate both ver-
tical and horizontal [ines. In-hand manipulation skills
permit them to rotate objects, such as unscrewing a
small bottle cap or rcorienting a puzzle picce before
putting it in place. They are able to wash and dry their
hands. By 36 months of age, they can draw a circle, put
on shoes, and stack 10 blocks. They make snips with
scissors by alternating between full-finger extension and

Downloaded from http://pedsinreview.aappublications.org. Provided by LSU Medical Center on October

flexion, Their grasp and in-hand ma-
nipulation skills aflow them to string
small beads and unburron dothes,
At age 4 years, a palmar tripod
grasp allows for finer control of pencil
movements, and the child can copy a
cross, a squace, and some letters and
numerals and can draw a figure of a
person (the head and a few other
body parts). Scissor skills have pro-
gressed to permit the cutting of a
circle. When a child reaches the age
of 5 years, he or she can dress and un-
dress independently, brush the teeth
well, and spread with a knife. More
precise in-hand manipuladon skills
enable the child to cut a square with
mature scissor movements (indepen-
dent finger use) and to print his or
her own name and copy a triangle
using a mature tripod pencil grasp
(using the fingers to move the pencil
rather than the forearm and wrist).

Developmental Red Flags

As the clinician performs develop-
mental sarveillance, the absence of
certain key milestones in a patient
should raise the level of concemn.
Table 2 lists the developmental red
flags specific to the motor domain. TIf
one of these red flags is discovered, a
medical and more thorough devel-

opmental evaluation is warranted.

Although reported in this article in isolation, motor
skills development overlaps significantly with the other
streams of development.
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PIR Quiz
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