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Abstract

Background: Bilateral perisylvian polymicrogyria (BPP) is a well-recognized malformation of cortical development commonly
associated with epilepsy, cognitive impairment, and oromotor apraxia. Reports have suggested the association of BPP with
arthrogryposis multiplex congenita. We sought to investigate the clinical, electrophysiological, and neuroradiological features
of this combined syndrome to determine if there are unique features that distinguish BPP with arthrogryposis from BPP alone.
Methods: Cases of BPP with congenital arthrogryposis were identified from a large research database of individuals with poly-
microgyria. Clinical features (including oromotor function, seizures, and joint contractures), MR brain imaging, and results of
neuromuscular testing were reviewed. Results: Ten cases of BPP with congenital arthrogryposis were identified. Most cases had
some degree of oromotor apraxia. Only a few had seizures, but a majority of cases were still young children. Electrophysio-
logical studies provided evidence for lower motor neuron or peripheral nervous system involvement. On brain imaging, bilateral
polymicrogyria (PMG) centered along the Sylvian fissures was seen, with variable extension frontally or parietally; no other
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cortical malformations were present. We did not identify obvious neuroimaging features that distinguish this syndrome from
that of BPP without arthrogryposis. Conclusions: The clinical and neuroimaging features of the syndrome of BPP with congen-
ital arthrogryposis appear similar to those seen in cases of isolated BPP without joint contractures, but electrophysiological
studies often demonstrate coexistent lower motor neuron or peripheral nervous system pathology. These findings suggest that
BPP with arthrogryposis may have a genetic etiology with effects at two levels of the neuraxis.
� 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Polymicrogyria, one of the most common malforma-
tions of cortical development, is characterized histolog-
ically by the appearance of an excessive number of small
cortical folds, often fused together, with disordered cor-
tical lamination [1]. Multiple region-specific forms of
polymicrogyria have been described [2], but large series
suggest that the perisylvian region is the most common
location of polymicrogyria across the cortex [3]. Bilat-
eral perisylvian polymicrogyria (BPP) is a syndrome
characterized clinically by epilepsy, cognitive impair-
ment, and the distinct feature of oromotor apraxia in
the majority of affected cases [4]. BPP may exist as a
familial condition and appears to be genetically hetero-
geneous [5,6].

Early case series of BPP, often labeled congenital
bilateral perisylvian syndrome, suggested that a minor-
ity of cases (13–33%) were associated with arthrogrypo-
sis multiplex congenita, a condition characterized by
joint contractures present from birth [4,7]. Arthrogrypo-
sis is thought to arise fundamentally from decreased
fetal movement in utero, preventing normal joint devel-
opment, and has multiple potential etiologies, including
central or peripheral nervous system lesions, connective
tissue abnormalities, maternal toxic exposures, and oli-
gohydramnios. While the most parsimonious explana-
tion would be that the structural brain malformation
is the cause of the arthrogryposis in patients who have
both BPP and arthrogryposis, it has been suggested that
the presence of congenital arthrogryposis or club feet in
the setting of polymicrogyria may actually reflect a sep-
arate developmental defect along the neuraxis [8–10].

Despite the recognition of congenital arthrogryposis
as a clinical feature in a minority of cases of BPP, this
subset of patients has not been described in detail. We
sought to perform an analysis of clinical, electrophys-
iological, and radiological features of individuals with
both BPP and congenital arthrogryposis to establish
how this combined syndrome is distinct from BPP
alone.

2. Methods

Individuals were identified by screening our large
research database of individuals with cortical malforma-
tions for those with diagnoses of polymicrogyria. All
cases were reviewed by a pediatric neuroradiologist
(A.J.B). Two investigators (A.P. and B.S.C.) analyzed
the brain MRI of these cases to identify by consensus
those individuals who had polymicrogyria (defined by
an irregular cortical surface or irregular, scalloped
gray–white junction, with increased apparent cortical
thickness) that was primarily centered around the Syl-
vian fissure [11]. For those cases, medical records were
examined to establish whether joint contractures were
present at birth. Only cases for whom MRI clearly dem-
onstrated perisylvian-predominant polymicrogyria and
in whom arthrogryposis was clinically documented were
included in this study. Two cases reported here, Individ-
uals 8 and 9, were previously described by others [8] as
having incomplete lissencephaly and thickened cortex
on brain imaging but were reclassified as having perisyl-
vian polymicrogyria based on the radiological criteria
above [11]. This study was performed in accordance
with a protocol approved by the Institutional Review
Boards of Children’s Hospital Boston and Beth Israel
Deaconess Medical Center.

3. Results

3.1. Clinical characteristics

Ten individuals with perisylvian polymicrogyria and
congenital arthrogryposis were identified from a larger
group of 78 cases of perisylvian polymicrogyria (Table
1). Individuals ranged in age from 1 month to 19 years
(mean 5.3 years); seven were female. All of the cases
included in this report had evidence for arthrogryposis
multiplex congenita, described as contractures present
at birth in the form of club feet, flexion contractures,
hyperextension of the knees, and sometimes hyperflex-
ion of the wrists. Individual 3 was the only one with
an asymmetry specifically noted in her examination,
with the left knee and foot more severely affected than
the right; the upper extremities were symmetrically
involved. In three cases, congenital joint contractures
were noted to be worse in the lower extremities than
in the upper extremities. Among the seven cases for
whom clinical data regarding signs of oromotor apraxia
were available, six had feeding difficulty, six had drool-
ing, and five had speech difficulties; in three cases, all of



Table 1
Clinical characteristics of the combined syndrome of bilateral perisylvian polymicrogyria and arthrogryposis multiplex congenita.

Individual Age/sex Oromotor apraxia Congenital arthrogryposis Seizures

Feeding difficulty Speech difficulty Drooling

1 1 m/M + na + +, LE > UE �
2 5 m/M + na + +, LE > UE �
3 11 m/F + + + +, LE > UE, R > L �
4 2 y/M + + + + �
5 2 y/F + + + + �
6 3 y/F unk + + + �
7 3 y/F unk unk unk + +
8 6 y/F unk unk unk + �
9 17 y/F unk unk unk + +

10 19 y/F + + unk + +

Abbreviations: na, not applicable; unk, unknown; LE, lower extremities; UE, upper extremities.
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these features were present. Individual 6 was not explic-
itly reported to have feeding problems, but weight gain
had been reportedly poor. In many cases, verbal lan-
guage production was either absent or markedly
delayed. Only three individuals had a history of seizures,
but they were among the oldest in the series, and a
majority of cases were under 5 years of age. These clin-
ical features are similar to those that we have seen and
that are reported in the literature in association with
BPP without arthrogryposis.

2.2. Neuromuscular evaluation

For all five individuals who had nerve conduction
studies (NCS)/electromyography (EMG) and/or muscle
biopsy performed in the course of their diagnostic eval-
uations, findings from these tests were consistent with
lower motor neuron or peripheral nervous system
Table 2
Neuromuscular evaluation in the combined syndrome of bilateral perisylvia

Individual Age/Sex Nerve conduction studies Electromyogr

1 1 m/M Normal NCVs
Markedly decreased CMAPs,
normal SNAPs

Decreased nu
motor units w
large amplitud
firing rates

4 2 y/M Normal Normal

8 6 y/F Normal Neurogenic fi

9 17 y/F Normal Normal

10 19 y/F Normal NCVs Changes sugg
chronic dener

Decreased CMAPs
in the distal muscles,
normal SNAPs

Abbreviations: NCV, nerve conduction velocity; CMAP, compound muscle
pathology (Table 2). Individual 1 had normal nerve con-
duction velocities and distal latencies; motor amplitudes
were markedly decreased while sensory amplitudes were
normal; and needle EMG revealed motor units that were
decreased in number and had abnormally large ampli-
tudes and rapid firing rates, consistent with a chronic
lower motor neuron process. These findings, obtained
at 5 days of age in the absence of neuroimaging data,
suggested the possible diagnosis of spinal muscular atro-
phy at the time. Individual 4 had normal NCS/EMG;
muscle biopsy showed evidence for myopathic changes
on electron microscopy, with enlarged mitochondria
and amplification of smooth endoplasmic reticulum.
Individual 8 had NCS/EMG findings suggestive of a
neurogenic process and abnormalities on muscle biopsy
that also suggested a chronic neurogenic process,
namely fiber type grouping and fiber type disproportion.
Individual 9 had normal NCS/EMG, but muscle biopsy
n polymicrogyria and arthrogryposis multiplex congenita.

aphy Muscle biopsy Diagnosis

mbers of
ith abnormally
es and rapid

Not performed Chronic lower
motor neuron
process

Myopathic changes Myopathy
Electron microscopy:
enlarged mitochondria,
amplification of smooth
endoplasmic reticulum

ndings Fiber type grouping and
fiber type disproportion

Chronic
neurogenic process

Fiber type grouping and
fiber type disproportion

Chronic
neurogenic process

esting
vation

Not performed Severe axonal motor
polyneuropathy or
distal lower motor
neuron process

action potential; SNAP, sensory nerve action potential.
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showed evidence of a chronic neurogenic process. Nei-
ther Individual 8 nor 9 had any evidence of myopathy.
Individual 10 had normal nerve conduction velocities,
decreased compound muscle action potentials in the dis-
tal muscles, normal sensory nerve action potentials, and
needle EMG changes suggesting chronic denervation
consistent with either a severe axonal motor polyneu-
ropathy or a distal lower motor neuron process. In both
Individuals 1 and 10, an absence of fibrillation poten-
tials and positive sharp waves was specifically noted,
suggesting that the changes were consistent with a static
process without evidence for ongoing denervation. Since
BPP patients without arthrogryposis did not generally
have a clinical indication for electrophysiological stud-
ies, a direct comparison could not be made between
those with and without arthrogryposis. Nonetheless,
these data suggest that BPP patients with arthrogryposis
appear to share not only the cortical malformation, but
also a lower motor neuron or other more distal process
that is congenital and not obviously progressive.

2.3. Radiological analysis

Brain MR imaging was analyzed systematically in all
individuals (Table 3). All cases showed clear regions of
polymicrogyria, manifest as focal regions of the cortex
appearing thicker than normal with some irregular fes-
tooning of the gray–white matter junction, centered
around the perisylvian regions bilaterally. In addition
to the clearly abnormal configuration of the cortical rib-
Table 3
Neuroimaging findings in the combined syndrome of bilateral perisylvian po

Individual Age/sex Symmetric Pattern if
asymmetric

Distributio
predominan

1 1 m/M � R > L Suprasylvia
Posterior fr

2 5 m/M + � Perisylvian

3 11 m/F � R > L Perisylvian
Suprasylvia

4 2 y/M � R > L Perisylvian

5 2 y/F + � Perisylvian

6 3 y/F + � Perisylvian

7 3 y/F + � Perisylvian
(P > A)

8 6 y/F + � Perisylvian

9 17 y/F + � Perisylvian
10 19 y/F � R > L Perisylvian

Abbreviations: PMG, polymicrogyria; R, right; L, left; P, posterior; A, anter
bon, we noted an abnormal orientation of the Sylvian
fissures, best seen on sagittal images, and an abnormally
open appearance of the fronto-temporo-parietal oper-
cula. Two cases, Individuals 1 and 3, had notable supra-
sylvian involvement that was more extensive than seen
in the others. In one case, Individual 7, there was a clear
posterior–anterior gradient of malformation severity,
with the posterior perisylvian regions displaying more
PMG than the anterior perisylvian regions.

Although the polymicrogyria was always centered
along the Sylvian fissure, it frequently involved corti-
cal regions contiguous to the perisylvian area, includ-
ing more anterior or superior regions of the frontal
lobe or more posterior or superior regions of the pari-
etal lobe (Fig. 1). In three cases (Individuals 2, 5, and
10), there were separate cortical infoldings lined by
polymicrogyria that did not appear immediately con-
tiguous to the polymicrogyric perisylvian cortex. In
three other cases (Individuals 6–8), the Sylvian fissure
was abnormally forked along its extent, with both
forked branches lined by apparent polymicrogyric cor-
tex. In four of the ten cases (Individuals 1, 3, 4, and
10), there was significant asymmetry in the severity
and extent of PMG, with the right perisylvian region
more extensively involved than the left in all four.
The underlying white matter appeared decreased in
volume in most cases, but no other cortical malforma-
tions besides polymicrogyria were seen. These MRI
findings were not distinguishable from those seen in
our cases of perisylvian polymicrogyria without
lymicrogyria and arthrogryposis multiplex congenita.

n of
t PMG

Additional extent of PMG Other abnormalities

n
ontal

Right insula None

Bilateral medial
parieto-occipital
infoldings

Thin
corpus
callosum

None None
n

Bilateral parietal Small splenium
of corpus callosum
Large ventricles

Bilateral parietal
separate infoldings

None

Bilateral superolateral
frontal, forked from SF

None

Left parietal, forked from SF None

Left parietal, forked from SF Mild atrophy
of cerebellar vermis

None None
Bilateral superolateral
frontal and parietal/
posterior temporal

None

ior; SF, Sylvian fissure.



Fig. 1. Brain MR imaging of cases with bilateral perisylvian polymicrogyria and arthrogryposis multiplex congenita. T1-weighted sagittal images
show examples of the MR appearance of bilateral perisylvian polymicrogyria in individuals with congenital arthrogryposis. In Individual 6 (A), there
is a forked appearance to the Sylvian fissure at the vertex, with a superolateral sulcus lined by polymicrogyria (white arrows) in addition to the
perisylvian abnormality. In Individual 10 (B), there is a similar appearance of perisylvian and superolateral frontal polymicrogyria, but in addition a
separate cleft beginning in the parietal region and extending into the posterior superior temporal lobe is lined by polymicrogyria as well (white
arrows).
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arthrogryposis or from those reported for the isolated
BPP syndrome in the literature.

Only three individuals had had imaging of the spinal
cord performed as part of their clinical evaluation: Indi-
viduals 3 and 9 had had normal MRI of the spinal cord,
and Individual 8 had diffuse atrophy of the spinal cord [8].

4. Discussion

Here we describe in detail the features of ten cases
with both BPP and arthrogryposis multiplex congenita.
Our findings demonstrate that the combined syndrome
of BPP with congenital arthrogryposis shares the typical
clinical and neuroradiological features characteristic of
BPP more generally, but electrophysiological studies
suggest a lower motor neuron or peripheral nervous sys-
tem etiology for the joint contractures. For example, the
clinical presentation of most cases of BPP without
arthrogryposis includes oromotor apraxia [4,7]; indeed,
our cases with arthrogryposis also have a high preva-
lence of oromotor apraxia. Although epilepsy is present
in only 30% of our cases, compared to up to 87% in
other BPP series [4], our cases were quite young. Sei-
zures had developed in the majority of our cases older
than 5 years. Radiological analysis does not reveal any
distinct characteristics of the polymicrogyria that might
distinguish this group from others with BPP. Specifi-
cally, in our comparison of the MR imaging of BPP
cases with and without arthrogryposis, we found no
obvious differences in the location, pattern, or extent
of polymicrogyria, nor were there other major cortical
malformations seen in the group with arthrogryposis.

Our findings, in the subset of cases with electrophys-
iological data available, support the idea of a lower
motor neuron or peripheral nervous system etiology of
decreased fetal joint mobility in these cases with an iden-
tified central nervous system malformation. If there is a
cortically based cause for arthrogryposis in some or all
of these individuals, it does not appear to lead overtly
to any other clinical or imaging features that distinguish
them from individuals with typical BPP without joint
contractures.

Multiple hypotheses have been proposed to explain
the presence of congenital joint contractures in some
patients with polymicrogyria; these include an in utero
vascular insult affecting both central and peripheral ner-
vous systems, a common developmental mechanism of
altered migration in both the brain and spinal cord,
and a direct central effect of the brain malformation
on fetal joint mobility [8,9,12,13]. Based on our neuro-
physiological observations, we hypothesize that the
coexistence of BPP and arthrogryposis in a combined
clinical syndrome may also be the result of an underly-
ing genetic defect that is evident at several levels of the
nervous system, not just in the cortex alone. Other inves-
tigators have shown imaging evidence of spinal cord
atrophy (including in one case in this series) or electro-
physiological evidence of anterior horn cell dysfunction,
also suggesting that the brain malformation may not be
directly responsible for the fetal motor difficulties [8,10].
Interestingly, the four individuals with asymmetry of the
PMG on MRI had symmetric clinical examination find-
ings, and the one individual with an asymmetric exami-
nation did not have an MRI asymmetry. These
combined observations further suggest that the basis
for the arthrogryposis seen in conjunction with BPP
may not be due to the brain malformation.

Our work has several limitations. First, this is a rela-
tively small number of cases, although ten cases appear
to be the largest documented series of BPP with congen-
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ital arthrogryposis and our five cases with EMG data
are the largest group with such evidence. A likely expla-
nation for the paucity of EMG data and spinal MRI in
cases of BPP and arthrogryposis is that clinicians treat-
ing children with this condition may attribute the entire
clinical presentation to the brain malformation and not
pursue further evaluation to localize the lesion responsi-
ble for the arthrogryposis. Second, due to the nature of
polymicrogyria and its variable anatomic extent from
case to case, we could only qualitatively assess the loca-
tion and pattern of the malformation in each individual
in order to determine its comparability to our other
cases and to those described in the literature. In addi-
tion, the wide range of ages among our cases leaves
some clinical uncertainty as to what the true frequency
of epilepsy will be as the younger children grow older.
Furthermore, the oromotor apraxia makes accurate
evaluation of cognitive function difficult in the youngest
children.

Nevertheless, our findings have both neurobiological
and clinical significance. From a developmental point of
view, they are consistent with the idea that congenital
arthrogryposis in the presence of cerebral malforma-
tions may arise from a lower motor neuron or peripheral
nervous system cause. Precisely how the second lesion
outside the cortex is related to the brain malformation
is not understood in detail, but we strongly suspect that
this constellation of findings stems from a genetic abnor-
mality in some cases, giving rise to defects at multiple
levels of the nervous system. For clinicians caring for
patients with these disorders, our findings serve as fur-
ther examples of the phenotypic heterogeneity that can
occur with cortical malformations, even when patients
share a radiologically similar pattern of region-specific
polymicrogyria on brain imaging. That the localization
of the defect giving rise to arthrogryposis can apparently
range within the nervous system from spinal cord (pre-
dominantly lower motor neuron) to muscle suggests that
this condition may be genetically heterogeneous. Future
studies with more subjects, perhaps employing quantita-
tive neuroimaging analysis techniques, might allow us to
understand even better the brain structure–function
relationships in BPP as well as other malformations of
cortical development. With the advent of less invasive
electrodiagnostic techniques, we expect that more
patients with BPP and arthrogryposis will ultimately
have detailed characterization of the localization under-
lying their joint contractures.
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