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The diagnostic criteria of Asperger’s syndrome (AS), considered a
part of the autistic spectrum disorder, are still unclear. A critical
marker, which distinguishes AS from autism, is the presence of
language. The ability of a child with AS to acquire and use language
early results in the fact that AS usually is diagnosed much later than
autism. Autism is not usually diagnosed until around the age of 3,
whereas AS usually is not diagnosed until the child is 6 or 7 years
of age. In the present article, using Eshkol–Wachman movement
notation, we present evidence that abnormal movement patterns
can be detected in AS in infancy. This finding suggests that AS can
be diagnosed very early, independent of the presence of language.
As shown earlier by us, almost all of the movement disturbances
in autism can be interpreted as infantile reflexes ‘‘gone astray’’;
i.e., some reflexes are not inhibited at the appropriate age in
development, whereas others fail to appear when they should.
This phenomenon appears to apply to AS as well. Based on
preliminary results, a simple test using one such reflex is proposed
for the early detection of a subgroup of children with AS or autism.
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Fig. 1. A general form that stands conceptually for all bodies. Each limb’s
longitudinal axis, an imaginary straight line, is analogous to the skeletal
structure of the body.

AS child undiagnosed until much later (often he兾she remains
undiagnosed until teenage years and beyond). Frith (3) states:
‘‘From the point of view of the diagnostician there is much support
for the idea of Asperger’s syndrome shading into normality. After
all, the diagnosis is, so far, based on behavior and not on tests that
clearly identify underlying problems.’’
In the present study, we show that abnormal movement patterns
(similar to those found in infants with autism) also exist in infants
who will later be diagnosed as AS.
Methods
Videos of infants who later received a diagnosis of AS were solicited
from parents through conversations at professional conferences,
over the Internet, or in advertisements in professional publications.
A total of 16 videos of children diagnosed with AS were converted
to DVDs by using a Panasonic DVD video recorder (model
DMR-E30). Using a Pioneer DVD player (model DVD-V7400),
we performed frame-by-frame analysis of the video images. We
used Eshkol–Wachman movement notation (EWMN) (5, 6) to
analyze the videos.¶
The observations reported in this article were made possible by
the use of EWMN, therefore a brief exposition of the basic
distinctions of the system follows.
Abbreviations: AS, Asperger’s syndrome; SoR, system of reference; ATNR, asymmetrical
tonic neck reflex; EWMN, Eshkol–Wachman movement notation.
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¶Because

the reader may be interested in using EWMN, we have cited the first book by
Eshkol and a recent publication by her. It should be noted that there are several publications by Eshkol in the years between them.
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lassification and diagnostic criteria for autism spectrum disorder and its related syndromes are mostly the result of accumulated clinical observations and lack a uniform nosology (1–4).
Frith (3) proposes that this lack of uniformity in classification and
diagnostic criteria is caused by errors in defining clinical categories.
She states: ‘‘In defining clinical categories two kinds of error are
common: the categories aimed at are too small and leave the
majority of patients unaccounted for, or they are too large and do
not differentiate patients who, in most clinicians’ opinions, present
different types of problems. In autistic spectrum disorders the twin
dangers are omnipresent, accounting for pendulum swings between
over-inclusion and ultra-specificity.’’
Another aspect to be assessed, according to Wing (4), is the
relationship between syndromes featuring impaired social interaction, mental retardation, other childhood disorders affecting cognition, and language and social function. This aspect is acutely
present when Asperger’s syndrome (AS) and autism are considered, because each can be seen as a different limb of the same tree.
Klin and Volkmar (2) put it this way: ‘‘Designation of Asperger’s
syndrome as a ‘variant’ or ‘subtype’ of autism (e.g., high-function
autism, or adults with autism) would be acceptable, but it would not
add to a categorical classification system.’’ This statement is complicated by the fact that children with a diagnosis of AS often receive
fewer services than those with a diagnosis of autism.
In the present article, the comparison of movement patterns in
infants diagnosed as autistic versus those diagnosed as AS shows
that similar patterns of movement disturbances exist in both syndromes. Thus, the assessment of movement patterns, which are the
infant’s ‘‘first language,’’ can serve as a common baseline when
comparing and studying different syndromes.
Because the infant’s movement-behavior is prelingual and presocial, the neural mechanisms at the core of these syndromes can be
focused on with the possibility of identifying objective early reflex
markers for the detection of AS and autism.
Compared with autism, AS is usually diagnosed rather late. The
early severe deficits in social behavior and severe language abnormalities found in children with autism do not occur, thus leaving the

Fig. 2. A manuscript page: Each segment of the body has its own space. The
vertical lines denote units of time.

The Body and Manuscript Page. EWMN assumes one general form
that will stand conceptually for all bodies. In that form, each limb
is reduced to its longitudinal axis, an imaginary straight line of
unchanging length. These axes are analogous to the skeletal structure of the body (Fig. 1). The movements of a single axis of constant
length free to move about one (fixed) end all will be enclosed by a
sphere; the free end will always describe a curved path on the
surface of this sphere. Every limb segment in the body can be
regarded as such an axis. Typically, the curves described on the
surface of the sphere will be circles or parts of circles. The
information thus obtained is written in a horizontally ruled page
where each segment of the body has its own space. The vertical lines
denote units of time (Fig. 2).
System of Reference (SoR). In EWMN, a coordinate SoR is used in
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which each limb segment is regarded as the radius of a sphere (Fig.
3). The orientation of the SoR is such that its central axis is
perpendicular to the ground; the plane of the equator (the horizontal plane) is parallel to the ground (Fig. 4). One direction on the
horizontal plane is selected as a starting position for all measurements. This direction is called 0. Other directions on the horizontal
plane are defined in relation to it. Thus, eight directions are
obtained when the measuring unit is 1 ⫽ 45° (Fig. 5).
Vertical planes are perpendicular to the horizontal plane. They
intersect with the positions that result from the division of the
horizontal plane. The line in which all vertical planes intersect is the

Fig. 3. The curves described on the surface of the sphere, by the movement
of the arm, for instance, will be circles or parts of circles.
11910 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0403919101

Fig. 4. The central axis of the SoR is perpendicular to the ground; the plane
of the equator runs parallel to the ground.

vertical axis of the sphere. When the chosen unit for measurement
is 45°, 26 positions (i.e., directions) are obtained. They are expressed
in terms of the coordinate grid of the SoR (Fig. 6).
Movement Classification. A type of movement is determined by the
angular relation between the axis of movement and the position of
the axis of the limb at the beginning of the movement. When the
angle of movement is 90°, the surface that results is a plane, and the
movement is called plane movement (Fig. 7A). In the case where
the angle between the axes is zero (i.e., they coincide), no surface
is created, and the axis of the limb simply rotates about itself. This
process is referred to as rotatory movement (Fig. 7C). Between
these two extremes lie all of the other possible angular relationships
of axis of limb to axis of movement. All of these intermediate angles
produce conical-shaped surfaces of different sizes. This type of
movement is called conical movement (Fig. 7B).
Light and Heavy Limb. The limbs of the moving body are charac-

terized as active versus carried. An actively moving limb (heavy)
changes the location and modifies the paths of movement of any
lighter limb, which is passively being carried along (Fig. 8).
Results and Discussion

Motor Milestones in Development. The development of motor au-

tonomy is the infant’s central task in the first year of life. In essence,
this development is a transformation from the horizontal dimension
(where the infant lies on a horizontal surface, e.g., the bed, the
ground) to the vertical (where the infant stands upright and starts
to walk). The process unfolds through distinct stages of motor
development that are interconnected like rungs of a ladder. The
order of their appearance is predetermined (7). Mastering each
stage prepares the infant’s ascent to the next one. The whole process
can be regarded as a series of stages. The stages are evident in the
development of every infant. In each stage, complex reflex patterns
appear and are integrated with those already existing.
In our earlier article (8), the differences between motor stages of

Fig. 5. Eight directions are obtained on the horizontal plane when the
measuring unit is 1 ⫽ 45°.
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Fig. 6. Every direction (position) in the SoR is expressed as two numbers. The
lower one represents the direction on the horizontal plane, and the upper one
represents the amount of movement in the vertical direction from down (00 ) to
up (04 ).

normal infants and infants who would later be diagnosed as autistic
were described. In the present article, movement patterns of infants
later diagnosed with AS were analyzed. This process allows for a
study of the two syndromes and a comparison to the normal infant.
Normal infants showed none of the deficits described below.

tented upper lip and flat lower lip, typical of the Moebius mouth,
reappears. Previously, we observed Moebius mouth in children
later diagnosed with autism (8). In one case, Moebius mouth was
recognizable at birth. As is shown in Fig. 9, the typical shape of a
Moebius mouth is sometimes masked by other facial expressions
and is present only in passing. (We call this ‘‘Moebius en passant.’’)
Frame-by-frame analysis enables the differentiation of these forms
and the detection of the characteristics of the Moebius mouth.
The shape is present throughout the infant’s motor development,
and in some cases, where the infants could be followed into their
toddler years, it became even more pronounced. In our experience,
Moebius-shaped mouth, albeit an early sign of neurological damage, is not sufficient as a diagnostic criterion for early detection of
AS or autism. Nevertheless, it can be a confirming one when it is
accompanied by the characteristic cluster of movement disturbances in motor development.
Persistent Asymmetry When Lying. When asymmetry of the posture

or movement of the body persists, it is a sign of neurological deficit.
At ⬇3–4 months, when lying prone, the normal infant is able to
support his elevated chest with his forearms (7) and to reach for a
toy when lying on his back. As was described (8), persistent

Downloaded by guest on December 7, 2021

PSYCHOLOGY

Moebius Mouth. In the original descriptions of the facial paralysis
that have perpetuated his name, Paul J. Moebius described bilateral
congenital facial weakness and loss of abduction of the eyes. He also
discussed the paralysis of the sixth and seventh nerves. Over the
years, the Moebius syndrome’s description has been broadened by
researchers who added various deformities of the limbs to the
original criteria (9, 10). Gillberg and Steffenburg (11) comment that
‘‘if Moebius syndrome and autistic disorders tended to coincide in
a more than chance fashion, this would have some meaningful
theoretical implications because of the assumed underlying brainstem pathology in both conditions.’’
Eight infants from the group of the present study exhibited the
characteristic shape of a Moebius mouth. Fig. 9 shows the mouth
of an 8-month-old infant later to be diagnosed with AS. When the
infant smiles (Fig. 9A), there is no trace of the typical shape of
Moebius mouth, but when the smile ceases (Fig. 9 B and C), the

Fig. 8. The torso is actively moving, while the head, neck, and upper limbs
are being carried passively along.

Fig. 7.
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There are three types of movement: plane movement (A), rotatory movement (C), and conical movement (B).
PNAS 兩 August 10, 2004 兩 vol. 101 兩 no. 32 兩 11911

Fig. 9. In AS, Moebius mouth can be masked by a smile. The smile (A) of an
8-month old infant masks a Moebius-shaped mouth (B–C).

asymmetry was present in various forms in all of the infants who
would later be diagnosed as autistic. For instance, asymmetry was
detected as early as 3 months of age, when the infant failed to
assume a symmetrical normal posture when lying prone. The left
arm was extended forward supporting his chest while the right arm
was trapped underneath his chest. Persistent asymmetry was also
present in an infant later diagnosed with AS when lying on his back
reaching for his toys. The infant constantly extended only his left
arm while manipulating the toys. His right arm usually remained
static at the side of his body. When the right arm did participate, it
moved with an appreciably slower speed and made fewer attempts
to reach, and the movement had significantly smaller amplitude.
Righting: Segmental Rotation from Supine to Prone (‘‘Corkscrew
Rotation’’). The sequence of righting from supine to prone occurs
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when the infant reaches ⬇4 months of age. Normally, righting has
three main phases: (i) The head, keeping its contact with the
surface, is turned to one side and dorsally extended. (The direction
of the righting will coincide with the direction toward which the face
turns.) (ii) Movement of the head releases the occiput-side shoulder
from its contact with the surface and initiates the rotation of the
pelvis, trunk, and shoulders in a corkscrew fashion. This process is
called segmental rotation. The order in which segmental rotation is
performed changes as the infant develops. In the infantile form, the
segmental rotation starts from the pelvis. In the more mature
infant, rotation usually starts from the shoulder (7). (iii) When a
corkscrew rotation ends, the infant will be lying prone, his head
vertical to the surface and his forearms supporting his elevated
chest. He usually brings one of his thighs alongside the stomach in
preparation for the next motor stage (crawling). These components
were absent in the righting of two fraternal twins later diagnosed as
AS. At 8 months of age, the asymmetrical tonic neck reflex (ATNR)
was still present in both twins, whereas in normal infants, this reflex
is usually inhibited by ⬇4 months of age (12). The segmental
rotation of the twins was drastically affected by the prolonged

Fig. 10. In an AS infant, a sequence of righting from supine to prone is being
controlled by an uninhibited ATNR.

presence of the ATNR. First, in keeping with the ATNR pattern,
the head turn caused the arm to be extended on the jaw side.
Normally the infant would then turn in the direction that the head
is facing, i.e., to its left (Fig. 10A). The infant actually turned to its
right; the direction of the face therefore was contrary to the
direction of the turn. To execute the turn, the infant arched its torso
upward, leaving only the head and the toes in contact with the
ground (bridge position) (Fig. 10B). From this position, the extended left arm swung up in the air (Fig. 10C). Because the head
and the arm are functionally linked in the ATNR, the head followed
the movement of the arm (eye gaze fixed on the hand) and rotated
to the right as the left arm swung in that direction, causing the infant
to roll over en bloc, not segmentally, while maintaining functional
contact of the eyes with the left hand. When the infant assumed the
prone position, there was no support of the chest (Fig. 10D). The
right arm was extended downward on the ground and the left arm
(still in the ATNR position) extended sideways at 90°. The head was
sustained in a vertical position for only a very short time.
A different form of abnormal righting, the sideways-upwards
pattern, was detected in autistic infants (8) and also observed in two
of the infants later diagnosed with AS. A third form of the
disintegration of segmental righting was observed when an infant,
at 10 months of age, showed the dorsal flexion and rotation of the
head with a subsequent rotation of the shoulder but ‘‘skipped’’ the
segmental rotation of the torso and pelvis to raise on his arms and

Fig. 11. Failure to synchronize shift of weight with placement of the hand leads to falling over in an AS child. When crawling (A and B), an infant fell to his
right side when failing to release the contact of the right arm, thus losing balance (C and D).
11912 兩 www.pnas.org兾cgi兾doi兾10.1073兾pnas.0403919101
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Fig. 12. As late as 11 months, protective reflexes failed to appear in the movements of an AS infant. When walking (A), an 11-month-old infant falls (B) and
fails to use protective reflexes (C).

Sitting and Crawling. With regard to crawling patterns, Freedland
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and Bertenthal (13) stated that ‘‘crawling experience, and specifically experience following the onset of hands-and-knees crawling,
contributes to the development and reorganization of a number of
other skills, such as spatial orientation, fear of heights, and postural
stability.’’ When considering different crawling patterns, they added
‘‘that diagonally opposite limbs (e.g., right arm and left leg) move
together and this strategy is most dynamically efficient for human
infants because the diagonal coupling of the limbs maintains the
most stable center of gravity’’ (13). Significantly, some infants later
diagnosed with AS exhibited crawling patterns that deviated from
the basic diagonally opposing limb patterns. Infants with autism
exhibited similar asymmetrical crawling: one foot stepped while the
other crawled. For instance on the left side, the leg movement was
executed as the thigh moved under the belly and the lower leg and
foot passively slid on the floor. On the right side, when the leg
stepped forward, the foot rather than the knee established contact
with the surface and the lower leg reached a vertical position. An
identical pattern (one side stepping, one side crawling) was observed in three of the infants later diagnosed with AS.
Clumsiness is regarded as one of the characteristics of AS (3,
14) but is usually associated with sport and play activities rather
than motor development. An example of clumsiness was detected during the first year of life when an infant later diagnosed
with AS attempted to crawl with the diagonally opposite limbs
pattern, but instead fell to his right side (Fig. 11). After stepping
forward with his left arm and right leg, he failed to release the
right arm contact with the ground for the next step (Fig. 11 B and
C). Thus, when he stepped with the left thigh his weight was
shifted past his center of gravity, and he fell over in the direction
of his stuck right arm (Fig. 11D).
Sitting. At ⬇6 months, the normally developed infant is able to sit
upright without support. Six of the 16 infants did not sit independently by 6 months of age. Two of them were still unable to sit
independently as late as 10 months of age, and one of them omitted
sitting altogether when, shortly after learning to crawl, he began to
stand up and walk. Although the timing of the motor milestones can
vary to some extent, when such a marked delay is combined with
Teitelbaum et al.

other signs (like the Moebius mouth, persistent asymmetry, and the
absence of segmental rotation), further evaluation of the infant’s
development is advised. Two of the infants with AS displayed a
pattern of falling forward or backward from a sitting position
without using protective reflexes of the arms and verticalization of
the head (parachute reflex). This abnormal response was also
observed in infants later diagnosed with autism (8).
Falling While Walking. For a detailed analysis of normal gait versus

deviant patterns of walking of autistic infants, the reader is referred
to our earlier article (8). One AS infant of the present group, when
making his first attempts to walk at 11 months of age, repeatedly fell
to his right side. Although the ATNR was not fully present, the form
of the arms suggested to us that the ATNR was still partially
uninhibited. When falling, the infant did not use protective reflexes
of the arms and fell headfirst onto the floor (Fig. 12).

The Tilting Test. The incident described above, of the toddler falling
head-on onto the floor, relates to other instances where absence of
verticalization of the head was observed and described, one such
example being the final posture at the end of segmental rotation;
another occurs during the loss of balance from a sitting position (8,
15). In connection with these phenomena, the tilting test is suggested. This test uses the head verticalization reflex (16–18), which
can be used as a simple rapid early screening test for a subgroup of
infants at risk of autism or AS. The test can be performed by parents
and兾or pediatricians by holding the infant in the air around the
waist (Fig. 13A) and tilting him slowly 45° to one side (Fig. 13B),
then back to the erect vertical position (Fig. 13A), repeating the tilt

Fig. 13. The tilting test can be used as an early indicator for possible autism
or Asperger’s. At 6 – 8 months a typically developed infant maintains his兾her
head vertical as the body is being tilted (A–C). A negative response is evident
when the infant carries the head in line with the rest of the tilted body (D).
PNAS 兩 August 10, 2004 兩 vol. 101 兩 no. 32 兩 11913
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hands, assuming a ‘‘mermaid posture’’ of half sitting兾half lying.
From this posture, the infant easily fell onto his chest and stomach,
bringing his legs alongside his torso in a frog-like posture. All of
these disintegrated forms of righting lack at least one of the three
basic components of normal segmental rotation: (i) the dorsiflexion of the head in the starting position; (ii) segmental (corkscrew) rotation from supine to prone; and (iii) chest supported by
forearms and the head vertical in the end position. Corkscrew
rotation was missing in all of these abnormal forms.

slowly to the other side (Fig. 13C). A typically developing child will
maintain his兾her head vertical as the body is being tilted, indicating
that based on the vestibular signal that is generated during the body
tilt, the head is compensating for the tilt by moving itself simultaneously in the direction opposite to the direction of the tilt, thus
maintaining itself in the vertical position (Fig. 13 B and C). The
initial response can be obtained at ⬇6 months of age and, in a more
complete form, when the infant is ⬇8 months old. A negative
response is evident when the infant fails to keep his head vertical
when tilted, and instead carries the head in line with the rest of the
tilted body (Fig. 13D).
Table 1, which is published as supporting information on the
PNAS web site, presents the full details of the movement deficits
shown by each subject in the present study.
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Discussion
‘‘In infancy the movement disorders present in autism are clearest,
not yet masked by other mechanisms that have developed to
compensate for them. It is possible that they may vary according to
the areas of the brain in which developmental delay or damage has
occurred’’ (8). This statement is clarified when the movement
disorders described here are distinguished as infantile reflexes gone
astray (15).
The role infantile reflexes play in the psychomotor development
of the infant and young child has been well established (12, 15–19),
but because autism is traditionally considered to be a behavioral
syndrome, namely a triad of impairments in socialization, imagination, and communication (3), it has not been associated with
aberrant infantile reflexes. Goddard (17) points to the possible
negative outcome of the overly long persistence of infantile reflexes
when she states, ‘‘Primitive reflexes, retained beyond 6 months of
age, may result in immature patterns of behavior or may cause
immature systems to remain prevalent, despite the acquisition of
later skills.’’ The stages of development that bring the infant to
motor independence can be related to as a reflexive process, one in
which the infant gradually matures by the inhibition of more
primitive forms. This process enables him to gain control over his
posture and mobility. It is generally recognized that early primitive
reflexes (e.g., Moro reflex, ATNR, rooting reflex) are gradually
inhibited at ⬇4 months of age and are replaced by postural reflexes
such as the segmental righting reflex, oculo-head-righting reflexes,
reflexes that are present into adulthood. Primitive reflexes are
assumed to originate in the brainstem, whereas postural reflexes,
including sitting and crawling, are presumably based in the midbrain
(16, 17).
The aberrant movement patterns seen in infants who were later
diagnosed with AS clearly show the characteristics of infantile
reflexes gone astray. For instance, as shown in Fig. 10, one
abnormal pattern of supine to prone righting described here is an
example of the imposition of a primitive reflex, the ATNR, on a
postural reflex, the segmental righting reflex. As a result of the
ATNR persisting too long, the normal characteristic components of
the segmental righting reflex are absent. The head-righting reflex
is missing, as is the support of the chest when the infant is lying
prone at the end of the process.
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When the ATNR persists too long the development of walking
also can be disrupted. This was evident when an 11-month-old
infant, later diagnosed with AS, maintained the ATNR while trying
to walk. He kept falling in the direction of the extended right arm,
the one that he was facing, when he tried to get up and walk.
Whereas the above examples are of primitive reflexes that persist
too long, the tilting test proposed here can serve as an example of
a reflex that does not appear when it should. By the time the normal
infant is 6 months of age, he兾she is capable of controlling the
verticality of the head based on the development of the oculo- and
labyrinthine head-righting reflexes (16, 17). The verticalization of
the head applies also to lateral tilting. The evidence of the lack of
head verticalization response in infants who were later diagnosed
with autism is still preliminary, but as we have shown here, several
of the reflexes impaired in autism are also impaired in infants soon
to be diagnosed with AS. Therefore, the tilting test (head verticalization response) should be routinely performed on all infants
beginning at 6 months, particularly if there is a history of autism or
AS in the family. This simple noninvasive test takes 20–30 s and can
be performed by the infant’s pediatrician or parents. The absence
of the head verticalization response (even on one side) can be an
early warning sign of neurological damage that may be characteristic of autism or AS and indicates the need for additional testing
for aberrant movement patterns.
Goddard (17) uses the terms clumsy and poor reorganizational
skills when she describes the effect on the motor and psychomotor
development of the child following the lack of inhibition of primitive reflexes. Asperger (14) himself pointed out that clumsiness is
one of the more evident markers of the children he saw in his clinic.
Frith (3) also notes this clumsiness when she says, ‘‘One behavioral
sign especially in need of clarification concerns the much reported
clumsiness of Asperger people. It is tantalizing not to know whether
their gaucheness is in fact a motor coordination problem, or will
turn out to be a problem not so much with movements as with the
use of movements. It is also not yet clear if clumsiness can act as an
important discriminating diagnostic sign of Asperger syndrome as
opposed to other variants of autism.’’ The absence of adequate
language to describe movement translates into very haphazard
descriptions regarding the nature and character of what, for lack of
a better name, is referred to as clumsiness in AS. From our
preliminary observations, we have a strong tendency to believe that
some of the ‘‘clumsy’’ characteristics seen in AS are based on
infantile reflexes gone astray.
In summary, infantile reflexes are easy to spot and can be used
as early detection signs. When these reflexes persist too long or
do not appear when they should, the motor development of the
infant and, subsequently, other aspects of his behavior will be
affected. Clearly then, they can serve as early detection markers
for abnormal neurological development in AS and autism.
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