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Assessment of infant movement patterns is an important evaluation component 
in the early identification and management of high-risk and handicapped infants. 
Differences in infant movement patterns may provide early clues to the diagnosis 
of cerebral palsy and other developmental disabilities. The ultimate goal of early 
identification of movement disorders is the provision of early intervention serv
ices, such as developmental physical therapy. Qualitative analysis of infant 
movement differences can assist the clinician in developing treatment strategies 
aimed at facilitating normal movement patterns during the critical period of early 
central nervous system plasticity. This article presents four measurement strat
egies for quantifying such qualitative differences. Three clinical assessment 
tools—the Movement Assessment of Infants, the Bayley Motor Scale, and the 
Peabody Developmental Motor Scales—are described. Finally, new technological 
advances for kinematic analysis of infant movement are presented. 
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Traditionally, physical therapists in pediatrics have relied 
on norm-referenced, developmental motor assessment tools 
in the evaluation of motor-risk infants. Although such tools 
assess the attainment of developmental motor milestones, 
they fail to provide information on qualitative aspects of 
infant movement patterns that are important elements in 
early diagnosis and early therapeutic programming efforts. 
An infant may achieve a developmental motor milestone "on 
schedule," but the movement patterns used to achieve the 
milestone may be atypical. Infants with Down syndrome, for 
example, frequently roll from a prone to a supine position in 
advance of their nonhandicapped peers (ie, at 1-2 months vs 
4-5 months). A qualitative evaluation of this "precocious" 
milestone, however, reveals that this early rolling pattern is 
actually a brisk "flip over" into a supine position, which is 
accomplished because of a lack of co-contraction of trunk 
muscles and an inability to grade the movement adequately.1 

Although the use of norm-referenced developmental assess
ment tools is an important component of infant movement 
evaluation, a need exists for standardized qualitative assess
ment tools as well. Following are examples of a qualitative 
movement assessment tool (the Movement Assessment of 
Infants2) and two norm-referenced developmental motor as
sessment scales (the Bayley Motor Scale3 and the Peabody 
Developmental Motor Scales4). 

MOVEMENT ASSESSMENT OF INFANTS 

Developed by three physical therapists in pediatrics, the 
Movement Assessment of Infants (MAI)2 assesses four differ

ent components of movement: 1) muscle tone (readiness of 
muscles to respond to gravity), 2) primitive reflexes, 3) auto
matic reactions, and 4) volitional movement. Included across 
these four components are 65 items, each with individual, 
objective scoring criteria. Whereas most instruments that 
assess attainment of developmental motor milestones use 
nominal scoring criteria such as "pass-fail" or "present-ab
sent," the MAI uses either a four-point or a six-point ordinal 
scale in measuring the infant's behavior on each of the 65 
items. Thus, qualitative assessment of the infant's movement 
is incorporated into a quantitative scoring system for each 
item. 

Although the MAI is intended for clinical use with infants 
up to the age of 12 months, its use as a research tool has been 
limited to infants who range in age from 3.5 to 4.5 months. 
Included in the MAI manual is a 4-month profile that suggests 
age-appropriate scores for 48 of the 65 items. If an infant 
receives an item score that is not considered to be age-
appropriate or typical for a 4-month-old infant, the score is 
circled and becomes a risk score. Circled item scores then are 
summed to attain a total risk score. Currently, the 4-month 
profile is based on limited normative data. Nonetheless, the 
use of the total risk score has been validated empirically in a 
retrospective analysis of its ability to detect early signs of 
cerebral palsy.5 

Early studies examining the overall reliability and validity 
of the MAI suggest that it has acceptable levels of interrater 
and test-retest reliability,6 in addition to some measure of 
concurrent and predictive validity.5 Recent item analysis stud
ies have shown that certain items have much greater reliability 
and predictive ability than do other items.7,8 Future research 
should be directed at developing a refined version of this tool. 
It would use only the most reliable and predictive items and 
would be strengthened further by the collection of normative 
data. Despite these shortcomings, the MAI represents an 
important first step toward the clinical measurement of qual
itative aspects of infant movement. 
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BAYLEY MOTOR SCALE 

The Bayley Motor Scale is one of three scales of the Bayley 
Scales of Infant Development (BSID), a norm-referenced, 
standardized developmental assessment tool developed by a 
psychologist and published in 1969.3 Normalized on 1,262 
infants in the mid-1960s, the BSID is one of the most widely 
used developmental assessment tools both in clinical practice 
and in research. The other two components of the BSID are 
the Mental Scale and the Infant Behavior Record. 

The Bayley Motor Scale consists of 81 developmental mo
tor milestones covering an age span of 2 to 30 months. Each 
item is scored as either "pass" or "fail" based on standardized 
administration and scoring guidelines included in the instruc
tion manual. Items that are omitted or that are based only on 
parent report are scored as failures. The majority of items are 
in the gross motor area, although some fine motor items (ie, 
prehension, combining, ball throwing) are included as well. 

The reliability of the BSID is high.9 The instruction manual 
advises, however, that scores attained during infancy are not 
valid predictors of later performance.3 Both the Bayley Mental 
Scale and the Bayley Motor Scale have been used in numerous 
research studies with both high-risk and handicapped infants, 
including studies conducted by physical therapists.6,10-12 Re
cent research has suggested, however, that the 1969 BSID 
normative data are out-of-date and should be renormed.13 

The Bayley Motor Scale assesses the attainment of devel
opmental motor milestones without judging the qualitative 
performance used to achieve those milestones, whereas the 
MAI both qualitatively and quantitatively assesses infant 
movement. An item on the Bayley Motor Scale entitled 
"unilateral reaching," for example, would be passed easily by 
an infant with early signs of spastic hemiplegia. The infant's 
motor deficit actually would enhance his ability to pass this 
item in that he would be unable to reach bimanually. 

Based on its shortcoming in measuring qualitative move
ment differences, we could hypothesize that the Bayley Motor 
Scale would be less sensitive than the MAI in identifying early 
signs of cerebral palsy. A recent retrospective study supports 
this hypothesis.14 The MAI was shown to be more than twice 
as sensitive as the Bayley Motor Scale in identifying low birth-
weight infants who were diagnosed later as having cerebral 
palsy. 

PEABODY DEVELOPMENTAL MOTOR SCALES 
Published in 1983, the Peabody Developmental Motor 

Scales (PDMS) are standardized, norm-referenced gross and 
fine motor scales that were developed by a physical educator 
and a special educator.4 Normative data were collected in 
1981-1982 on a stratified sample of 617 children ranging in 
age from 1 to 83 months.15 Because the PDMS consists of 
both gross and fine motor scales and spans an age range of 
birth to 7 years, it has broad appeal for use by physical 
therapists in pediatrics. 

The Peabody Gross Motor Scale and the Peabody Fine 
Motor Scale consist of 170 and 112 items, respectively. Each 
item is scored on a three-point scale (0 = unsuccessful; 1 = 
clear resemblance to item criterion, but criterion not fully 
met; 2 = successful performance, criterion met). Standardized 
administration procedures, materials, position of the child, 
and scoring criteria are included in the PDMS manual.4,15 

Both interrater and test-retest reliability are high (r ≥.80) 
for the PDMS. As reported in the PDMS manual, the corre
lation coefficient for concurrent validity of the Peabody Gross 
Motor Scale with the Bayley Motor Scale was .37 (p = .02); 

the Peabody Fine Motor Scale scores were correlated signifi
cantly with the Bayley Mental Scale scores (r = .78, p = .001). 

A recent study by Palisano examined concurrent and pre
dictive validities of the Bayley Motor Scale and the PDMS in 
a sample of 44 infants (23 full-term and 21 healthy premature) 
aged 12, 15, and 18 months.16 Correlation coefficients for 
current validity ranged from .63 to .93 between scores on the 
Bayley Motor Scale and scores on the Peabody Gross Motor 
Scale and between .17 and .59 for scores on the Bayley Motor 
Scale and scores on the Peabody Fine Motor Scale. Predictive 
abilities of 12-month scores to 18-month scores generally were 
poor (r ≤.60) with the exception of the scores of the Peabody 
Fine Motor Scale for the premature group (r = .75).16 

The PDMS demonstrates some obvious advantages when 
compared with the Bayley Motor Scale. The scoring criteria 
of the PDMS are broader in that it uses a three-point ordinal 
scale, whereas the Bayley Motor Scale uses a nominal scale of 
pass or fail. Normative data for the PDMS were collected 
more recently than those for the Bayley Motor Scale (early 
1980s vs mid-1960s); however, the normative sample for the 
PDMS is only half as large as that for the Bayley Motor Scale, 
despite its expanded age range. The PDMS also has the added 
advantage of including both gross motor and fine motor 
scales. 

Nonetheless, numerous drawbacks have been outlined re
cently for the PDMS (K. Kinderer, P. Richardson, S. Atwater; 
unpublished manuscript; April 1987). Some age levels are 
loaded heavily with items from certain skill categories. Sev
enty percent of the items at 36 to 41 months on the Peabody 
Gross Motor Scale, for example, are locomotor activities, 
whereas 50% of the items at the next age level (42-47 months) 
are ball skills. Although the PDMS has five different skill 
categories, these categories are not represented equally at each 
age level. Other concerns noted about the PDMS in this 
manuscript are the failure to place items in correct develop
mental sequence, such as skipping preceding galloping; poor 
quality of many of the test materials; failure to include several 
test materials in the site, thus threatening standardization; 
failure of the test manual to include specific criteria for a 
score of 1; and discrepancies in correspondence between age 
equivalents and z scores. 

Despite the deficiencies noted in both the Bayley Motor 
Scale and the PDMS, pediatric physical therapists must con
tinue to rely on norm-referenced, developmental assessment 
tools as well as qualitative movement assessment instruments 
such as the MAI. Both types of clinical tools may be useful in 
the early identification and treatment of infants with move
ment differences. Finally, data from norm-referenced tools 
often are required to qualify an infant to receive state-funded 
developmental intervention services. We advocate that both 
types of tools be used concurrently to measure reliably infant 
movement and motor development. 

KINEMATIC ANALYSIS 

Kinematic analysis is a detailed descriptive analysis of a 
movement pattern.17-20 Such analysis delineates temporal and 
spatial qualities of movement. It reveals how the segments of 
the body are coordinated with one another and the structure 
of the movement. Kinematic variables used to describe and 
analyze movement are joint position and angle, time, linear 
and angular displacements, limb velocities, and accelera
tions.18-20 

Although physical therapists traditionally have used visual 
observations to conduct kinematic assessment of movements, 
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Fig. 1. Angle-time diagram of joint angle rotations of typical kicking 
movements of a 34-week gestational age infant. Decreasing angles 
indicate flexion. 

such description is subjective relying on the clinical experience 
and knowledge of the therapist.17,19-21 Imaging techniques 
(television, cinematography, and optoelectric systems) have 
been used in laboratory settings to provide objective kinematic 
analysis of movement. With recent advances in technology, 
these techniques are being incorporated into clinical settings. 
The various imaging techniques differ in cost and sophistica
tion. For detailed descriptions of imaging techniques and of 
their advantages and limitations, the reader is referred to 
Craik and Oatis,17 Yack,20 Gronley and Perry,22 Medeiros,23 

and Winter and associates.19,24 The advantages of imaging 
measurement techniques, especially the automated systems, 
indicate that they will become the preferred method of de
scribing, analyzing, and assessing movement.17 Such objective 
measurements of movement will provide a quantitative 
source of information that will complement the qualitative 
descriptions based on visual observation.23 

Kinematic analysis of infant movements using imaging 
techniques provides a permanent record of movement from 
which the therapist objectively can 1) describe the movement 
pattern, 2) identify infants early who may have a movement 
dysfunction, 3) classify movement dysfunction, and 4) deter
mine the effectiveness of treatment. In addition, kinematic 
analysis can provide data that may help to answer the follow
ing questions: How do motor coordination and control de
velop? What fundamental processes drive developmental 
change? What mechanisms are responsible for producing 
abnormal movement? What precisely happens when an infant 
practices a movement? 

Numerous studies have used kinematic analysis to analyze 
infant movement.25-37 Kicking and stepping movements have 
been described in premature and full-term infants.26-30 

Changes in motor coordination during the transition from 
prelocomotion to crawling have been documented.25 Studies 
have delineated the spatial and temporal characteristics of 
first independent walking and walking over the second 
year.31-34 The kinematic characteristics of reaching move

ments have been described in full-term infants and in infants 
ranging in age from 3 to 9 months.35,36 The relationships 
between speech events and arm movements also has been 
studied.37 Recently, kinematic analysis of leg movements in 
premature infants has demonstrated that dynamic movement 
analysis may be a sensitive instrument for, the identification 
of neuromuscular dysfunction at early ages.26,27 

Kinematic data conventionally have been displayed graph
ically resulting in a visual permanent record of movement. 
These diagrams can be reviewed for evaluation purposes, 
compared with other movement sequences of the same infant, 
or compared with movement patterns of other infants. Kin
ematic descriptors can be either time-dependent representa
tions in which the patterns of joint displacement are plotted 
as a function of time (Fig. 1) or time-independent represen
tations such as angle-angle diagrams (Fig. 2) and amplitude-
velocity phase-plane trajectories (Fig. 3). These typical plots 
can provide useful interpretative data about the movement 
path of a body segment with respect to time or the movement 
path of one body segment versus another, as well as the 
movement path's velocity, direction, and magnitude. 

Kinematic analysis is a sensitive quantitative measurement 
system that 1) captures the dynamic quality of movement; 2) 
objectifies movement by describing it according to the kine
matic variables of time, displacement, velocity, and accelera
tion; and 3) provides a permanent record from which 
questions can be asked as to how and why movement was 
produced. This analysis is essential for conducting advanced 
motion analysis of the underlying kinetics or distribution of 
forces that provides information on the underlying cause of a 
movement disorder.19,20 In addition, kinematic analysis can 
be coupled with electromyography for insights into the neural 
control of movement.17,20,38 

Fig. 2. Typical angle-angle diagram of the rotation of the hip versus 
the angular rotation about the knee during spontaneous kicking in a 
35-week gestational age infant. Note that as the hip flexes, the knee 
flexes, and as the hip extends, the knee extends. The filled arrow 
indicates the beginning of a kick flexion movement; the open arrow 
indicates peak flexion. 
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Fig. 3. Typical phase-plane trajectory of the amplitude of movement 
and peak velocity of the knee joint during spontaneous kicking of a 
34-week gestational age infant. The filled arrow indicates the begin
ning of a kick flexion movement; the open arrow indicates peak 
flexion. 

CONCLUSIONS 

We are gratified to note that physical therapists are contrib
uting to both clinical and technological advances in measuring 
infant movement. As trained observers of human movement, 
we must continue to make contributions that will assist in the 
early identification of infant movement disorders and in the 
therapeutic management of such disorders. As we further 
refine these clinical and technological measurement tools, we 
should do so with the goal of measuring change as a result of 
intervention. Our failure to document successfully the efficacy 
of our early intervention strategies, in part, is due to the lack 
of sensitivity of our dependent measures. We hope that the 
emergence of new methods for quantifying infant movement, 
as described in this article, will assist physical therapists in 
documenting change as a result of treatment and in identify
ing movement disorders during infancy. 
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