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Frontal White Matter Reductions in Healthy
Males With Complex Stereotypies
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he pathophysiologic mechanism for stereotypic, bilat-
ral repetitive movements involving the arms and
ands (complex motor stereotypies) is unknown. This
tudy used volumetric magnetic resonance imaging to
ompare cerebral lobes and caudate nucleus in six
ales with complex stereotypies and average intelli-

ence to age-matched control subjects. Results indi-
ated volumetric reductions in frontal white matter,
isproportionate to total cerebral white volume, and in
he left and right caudate nuclei. These preliminary
ata suggest a possible dysfunction of cortico-striatal-
halamo-cortical circuitry in children with nonautistic,
hysiologic motor stereotypies. © 2005 by Elsevier
nc. All rights reserved.

ates WR, Lanham DC, Singer HS. Frontal white matter
eductions in healthy males with complex stereotypies.
ediatr Neurol 2005;32:109-112.

ntroduction

Repetitive movements involving the hands and arms
e.g., recurrent arm flapping, hand waving/rotating, finger
iggling) often occur in children with autism, mental

etardation, and sensory deprivation but can also be
bserved in otherwise healthy infants and children. These
ovements, known as motor stereotypies, are clinically

efined by their involuntary, patterned, coordinated, repet-
tive, rhythmic, nonreflexive actions and predictable form,
mplitude, and location. They typically last from seconds
o minutes, tend to occur in clusters, appear many times
er day, and, like complex motor tics, can be associated
ith periods of excitement, stress, fatigue, or boredom.
owever, they can be differentiated from complex motor

ics by virtue of the fact that their age of onset is earlier
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han motor tics, and they are more rhythmic, fixed in
attern, and prolonged than motor tics. Unlike complex
otor tics, motor stereotypies are readily suppressed by

ensory stimuli or distraction and are usually of little
oncern to the patient [1,2]. Physiologic stereotypies, that
s those occurring in the absence of other neurologic or
ehavioral findings, have been subdivided into three
ubgroups, complex (primarily arms and hands), head
odding, and common stereotypies (body rocking, biting).
The underlying biologic mechanism for stereotypic

epetitive movements in children is unknown. Neuroana-
omically, cortico-striatal-thalamo-cortical circuits have
een identified as the site of abnormality in other pediatric
ovement disorders, including tics and chorea [3]. In a

odent model, pharmacologic activation of dopamine re-
eptors in specific regions of the caudoputamen (striatum)
roduces several different stereotypies [4,5]. Animal stud-
es have also demonstrated that activity in the striosomal
ather than matrix portion of the striatum, especially in the
nterior and lateral (sensorimotor) region, is an excellent
redictor of the amount of stereotypy [6].
In a pilot effort to identify structural alterations in

ortical and striatal regions of the brains of otherwise
ealthy children with complex stereotypies, anatomic
agnetic resonance imaging was used in this study to
easure volumes of the cerebral lobes and the caudate

ucleus.

ethods

Participants were six males with complex stereotypies, mean age 9.9
ears, and six males without stereotypies, individually matched by age
mean age 10.2 years) (Table 1). Children with stereotypies were
ecruited from a child neurology clinic in a large, urban hospital.
xtensive clinical evaluation and assessment of each patient was con-
ucted by a pediatric neurologist (H.S.S.), indicating that these were
therwise healthy children attending regular classrooms with no clinical

ommunications should be addressed to:
r. Kates; Department of Psychiatry and Behavioral Sciences; SUNY
pstate Medical University; 750 E. Adams Street;
yracuse, NY 13210.
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vidence of autism, pervasive developmental disorder, psychiatric or
eurologic dysfunction. Control subjects were recruited from the office
f a local pediatrician, initially screened to exclude neurologic dysfunc-
ion or developmental delay, and included in the final sample if they
cored within the average range on a standardized intelligence test and
ehavioral checklists completed by parents.
Coronal magnetic resonance images of each subject’s brain were

cquired with a three-dimensional volumetric radiofrequency spoiled
radient echo series (echo time � 5-7 ms; repetition time � 35-45 ms;
lip angle � 45°) of 124, 1.5-mm contiguous slices. The image data were
mported into the imaging software program BrainImage for measure-
ent. The isolated brain tissue was subdivided into cerebral lobes

ccording to a revised Talairach stereotaxic grid specific for measure-
ent in pediatric study groups. Each region was then segmented into

able 1. History and clinical characteristics of stereotypy patients

atient Age Sex
Age at
Onset Move

1 9.3 M 2 yr Finger wi
front of

2 10.3 M 6 mo Arm stret
hand cl

3 7.4 M 2 yr Arm and
flapping

4 11.3 M 1 yr Arm flapp
5 10.1 M 1 yr Arm exten

rotation

6 11.1 M 9 mo Arm and
flapping

bbreviations:
DHD � Attention-deficit-hyperactivity disorder
CD � Obsessive-compulsive disorder
T � Occupational therapy evaluation
T � Speech therapy
10 PEDIATRIC NEUROLOGY Vol. 32 No. 2
ray, white, and cerebrospinal fluid compartments using an algorithm
hat assigns voxels to one or more tissue categories based on intensity
alues and tissue boundaries. The caudate nucleus was manually mea-
ured on each scan by raters blind to the diagnosis of the subject.

Because of the small size of the study groups, nonparametric methods
f analysis with the Mann-Whitney U Test were used for inter-group
omparisons. Comparisons were conducted in the following sequence:

1) Volumes of cerebral gray and cerebral white matter, and the caudate
nucleus, were compared between patients and control subjects.

2) If the volumes of either gray or white compartments of the total
cerebrum differentiated patients from control subjects, the volumes
of respective (gray or white) lobar compartments were compared
between patients and control subjects.

Figure 1. Boxplot comparing frontal lobe white mat-
ter volumes of children with stereotypies to control
subjects.

Triggers ADHD/OCD/Medication

n Excitement, nervous Yes/No/Methylphenidate

ith Excitement, bored No/No/No

Excitement, bored Yes/No/No

Engrossed, excitement No/No/No
d Excitement No/No/No

Excitement, stress No/No/No
ments

ggling i
face

ching w
asping
hand

ing
sion an

hand
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3) If the volumes of the (gray or white) compartments of a specific
lobar region differentiated patients from control subjects, the cor-
responding ratio of lobar (white or gray) volume to cerebral (white
or gray) volume was compared between patients and control
subjects.

4) If the volumes of the caudate nucleus differentiated patients from
control subjects, the ratio of the caudate nucleus volume to entire
brain volume was compared.

esults

Relative to their age-matched peers, total cerebral white
olumes were reduced (P � 0.03) by approximately 9% in
ales with stereotypies (Table 2). These reductions were

ue primarily to decreases in frontal (P � 0.009) and
emporal (P � 0.04) white matter. Whereas temporal

Pregnancy Delivery
Mot

Develop

ormal Normal Poor coord
(OT)

ormal C-section, failure
to progress

Normal

ormal Normal Poor coord
hypoton

ormal Normal Poor fine
rogesterone,
nausea and
vomiting

Decreased heart
rate

Poor fine
(OT)

ormal Normal Delayed -
23 mo

able 2. Volumes (cc) of frontal lobe regions, cerebrum, and
audate nucleus*

Brain Region
Stereotypy

(n � 6)
Control
(n � 6)

erebrum total gray 696.65 � 63.26 728.15 � 51.56
erebrum total white† 436.60 � 29.41 479.21 � 26.62
rontal lobe gray 255.23 � 22.44 258.93 � 23.98
arietal lobe gray 170.27 � 22.21 177.23 � 14.06
emporal lobe gray 151.75 � 11.51 159.38 � 12.53
ccipital lobe gray 77.63 � 7.08 86.11 � 5.51
rontal lobe white‡§ 162.48 � 10.75 183.81 � 13.85
arietal lobe white 123.35 � 10.49 133.44 � 11.11
emporal lobe white† 56.35 � 4.63 64.48 � 7.02
ccipital lobe white 51.65 � 2.69 52.99 � 3.55
audate nucleus (total)† 7.35 � 1.70 9.38 � 1.57

Statistical comparisons were based on the Mann-Whitney test.
Correction for multiple comparisons indicated that the threshold for
a significant P value was 0.01. P values between 0.01 and 0.05
were considered statistical trends.

Absolute volume comparison, P � 0.05.
Absolute volume comparison, P � 0.01.
wRelative volume (frontal white/cerebral white) comparison, P � 0.05.
hite reductions were not disproportionate to total cere-
ral white reductions, frontal white matter was signifi-
antly reduced when analyzed as an absolute volume and
elative to total cerebral white volume (P � 0 .03) (Fig 1).
rontal white matter loss reached 11.5% in males with
tereotypies relative to unaffected peers. Group differ-
nces were not observed in absolute or relative frontal
ray volumes, or in parietal, temporal, or occipital gray or
hite volumes.
Although the absolute volumes of the left (P � 0.04),

ight (P � 0 .055), and total (P � 0.04) caudate nuclei
ere reduced in males with stereotypies, they were not

educed relative to total brain tissue volume (Table 2).

iscussion

The underlying pathophysiologic mechanism of stereo-
ypies, especially in otherwise normal children, has not
een extensively evaluated. Normal neuroradiographic
nd electroencephalographic studies, plus the high preva-
ence of complex stereotypies in autistic and retarded
opulations, has led many investigators to propose psy-
hological hypotheses. In general, proponents have sug-
ested two possibilities; a form of self-stimulation to
ompensate for a deficit of external arousal (e.g., congen-
tal blindness, autism, or mental retardation), or an attempt
o use up excess attention capacity or to reduce external
istractions by channeling thoughts and actions into move-
ents [7,8]. Others have conceptualized stereotypies as

eing related to obsessive-compulsive disorder, general
nxiety disorder, perfectionism, or impulse dyscontrol.
he presence of stereotypies in otherwise healthy children,
owever, challenges these hypotheses.
Reductions in total frontal white matter, measured as

oth an absolute volume and relative to total cerebral

Language
Development

School
Performance

Normal Normal

Delayed (ST) Normal

, Normal Normal

Normal Normal
Delayed, 18–24 mo Learning disability,

some special
assistance

Slight delay (ST) Gifted and talented
or
ment

ination

ination
ia (OT)
motor
motor

walked
hite volume, and changes in the absolute volume of
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audate nuclei suggest involvement of cortico-striatal-
halamo-cortical circuits in complex motor stereotypies.
hese results, although preliminary in nature and limited
y the small number of patients, have similarities to
nother paroxysmal childhood movement disorder,
ourette syndrome. In Tourette syndrome, which is char-
cterized by the presence of motor and vocal tics, volu-
etric reductions are present in the striatum [9-12] and

ifferences in cortical white matter have ranged from
eductions in the deep left frontal white matter to increases
n the left frontal lobe [13,14]. Changes in white matter,
specially deep white matter, are suggestive of abnormal-
ties in long association and projection fiber bundles. In
tereotypies, both striatal changes and alterations of path-
ays that innervate the striatum can influence the produc-

ion of movements. For example, studies in rodents of the
nducibility of immediate-early genes for the Fos/Fra
amily of transcription factors have led to identification of
he relative importance of striosomes in the production of
tereotypies [6]. Additionally, in animal models, inputs
rom the frontal lobe, via fronto-subcortical circuits, have
nhibited the dopamine-dependent induction of stereotyp-
es [15].

Although numerous neurotransmitters participate in the
ortico-striatal-thalamo-cortical circuits, the dopaminergic
ystem has been demonstrated to have a major role in the
roduction of stereotypies [4,5,16]. In animal models,
tereotypic behaviors can be induced in response to
irectly acting dopamine agonists (apomorphine) or to
ndirectly acting dopamine receptor agonists (amphet-
mine, cocaine). Striosomes, the region implicated in
tereotypies, send afferent projections to the dopamine-
ontaining part of the substantia nigra (pars compacta)
nd, in turn, have a direct influence on striatal dopamine
nnervation.

This exploratory study does have several limitations.
he small sample size and the multiple comparison anal-
ses clearly dilute the robustness of the reported associa-
ions. In addition, similar to a prior report of normal
hildren with stereotypies [2], a subset of patients had a
istory of mild motor/language delays. Although we have
o evidence suggesting that mild transient delays are
ssociated with frontal white matter reductions, this pos-
ibility cannot be refuted. Although the presence of
ttention-deficit hyperactivity disorder in two patients may
lace further limitations on the significance of our find-
ngs, it is noteworthy that frontal and cerebral white
olumes of the patients with attention-deficit hyperactivity
isorder were larger than the frontal and cerebral group
eans for the total sample of males with stereotypies.
ence, we believe it is unlikely that morphologic alter-

tions associated with comorbidity for attention-deficit
yperactivity disorder (which may include frontal white
atter reductions) account for our findings.
In conclusion, volumetric reductions in the frontal white

atter and caudate nuclei provide a preliminary under- v

12 PEDIATRIC NEUROLOGY Vol. 32 No. 2
tanding of the physiologic basis of complex motor ste-
eotypies in otherwise healthy children. These results
learly challenge the notion that such movements are
sychologically based. These data also provide the ratio-
ale for future hypothesis-driven neuroimaging studies
ontaining larger, sex-mixed samples that include children
ith other forms of physiologic and pathologic stereotyp-

es. Greater understanding of the underlying pathophysi-
logy of stereotypies could lead to a greater understanding
f developmental biology and pharmacologic interven-
ions.

eferences

[1] Castellanos FX, Ritchie GF, Marsh WL, Rapoport JL. DSM-IV
tereotypic movement disorder: Persistence of stereotypies of infancy in
ntellectually normal adolescents and adults. J Clin Psychiatry 1996;57:
16-22.
[2] Tan A, Salgado M, Fahn S. The characterization and outcome of

tereotypical movements in nonautistic children. Mov Disord 1997;12:
7-52.
[3] Singer HS, Minzer K. Neurobiology of Tourette’s syndrome:

oncepts of neuroanatomic localization and neurochemical abnormali-
ies. Brain Devel 2004;25(Suppl. 1):S70-S84.

[4] Dickson PR, Lang CG, Hinton SC, Kelley AE. Oral stereotypy
nduced by amphetamine microinjection into striatum: An anatomical
apping study. Neuroscience 1994;61:81-91.
[5] Kuczenski R, Segal DS, Aizenstein ML. Amphetamine, cocaine,

nd fencamfamine: Relationship between locomotor and stereotypy
esponse profiles and caudate and accumbens dopamine dynamics.
Neurosci 1991;11:2703-12.
[6] Canales JJ, Graybiel AM. A measure of striatal function predicts
otor stereotypy. Nat Neurosci 2000;3:377-83.
[7] Zentall SS, Zentall TR. Optimal stimulation: A model of

isordered activity and performance in normal and deviant children.
sychol Bull 1983;94:446-71.
[8] Hutt C. Specific and diversive exploration. Adv Child Dev

ehav 1970;5:119-80.
[9] Peterson B, Riddle MA, Cohen DJ, et al. Reduced basal

anglia volumes in Tourette’s syndrome using three-dimensional
econstruction techniques from magnetic resonance images. Neurol-
gy 1993;43:941-9.
[10] Singer HS, Reiss AL, Brown JE, et al. Volumetric MRI changes

n basal ganglia of children with Tourette’s syndrome. Neurology
993;43:950-6.
[11] Hyde TM, Stacey ME, Coppola R, Handel SF, Rickler KC,
einberger DR. Cerebral morphometric abnormalities in Tourette’s

yndrome: A quantitative MRI study of monozygotic twins. Neurology
995;45:1176-82.
[12] Moriarty J, Varna AR, Stevens J, Fish M, Trimble MR,

obertson MM. A volumetric MRI study of Gilles de la Tourette’s
yndrome. Neurology 1997;49:410-5.

[13] Frederickesen KA, Cutting LE, Kates WR, et al. Dispropor-
ionate increases of white matter in right frontal lobe in Tourette
yndrome. Neurology 2002;58:85-9.

[14] Kates WR, Frederikse M, Mostofsky SH, et al. MRI parcella-
ion of the frontal lobe in boys with attention deficit hyperactivity
isorder or Tourette syndrome. Psychiatry Res 2002;11663-81.
[15] Ridley RM. The psychology of perserverative and stereotyped

ehaviour. Prog Neurobiol 1994;44:221-31.
[16] Delfs JM, Kelley AE. The role of D1 and D2 dopamine

eceptors in oral stereotypy induced by dopaminergic stimulation of the

entrolateral striatum. Neuroscience 1990;39:59-67.


	Frontal White Matter Reductions in Healthy Males With Complex Stereotypies
	Introduction
	Methods
	Results
	Discussion
	References


