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BACKGROUND AND PURPOSE: Our purpose was to characterize the findings of MR
imaging of the brain of adult male fragile X premutation carriers with a recently identified
disorder characterized by ataxia, tremor, rigidity, and cognitive dysfunction.

METHODS: MR imaging studies of the brain of 17 male patients were characterized for
signal intensity and for size of ventricles, cerebral and cerebellar sulci, and brain stem.
Comparison was made with age- and sex-matched control participants. Southern blot and/or
polymerase chain reaction methods were used to analyze CGG trinucleotide repeats in the
fragile X mental retardation 1 gene.

RESULTS: Fifteen of 17 patients showed symmetrically decreased T1 and increased T2 signal
intensity in cerebellar white matter lateral, superior, and inferior to the dentate nuclei.
Fourteen of 17 had similar signal intensity alterations in the middle cerebellar peduncles.
Cerebellar cortical atrophy was present in 16 of 17 and cerebral atrophy in 17 of 17. Evan’s
Index as a measure of ventricular size averaged 0.35 (range, 0.25–0.46), with that for age-
matched control participants averaging 0.28 (range, 0.24–0.31) (P < .005). The mean third
ventricle width was 11 mm (for control participants, 6 mm; P < .01). Corpus callosum was
thinned in 14 of 16 participants. Middle cerebellar peduncles were atrophic when compared
with those of control participants (P < .005). Pontine transverse dimension was 25 mm (for
control participants, 31 mm; P < .005), and rostral-caudal length averaged 26 mm (for control
participants, 29 mm; P < .005). CGG repeats clustered in the low to mid premutation range
(86 � 10 CGG repeats) in the 17 patients.

CONCLUSION: MR imaging findings in symptomatic male fragile X premutation carriers are
characteristic of this disorder. Recognition of these alterations may support a specific diagnosis
and may have implications for the potential occurrence of fragile X syndrome in the children
of reproductive age female relatives.

Fragile X syndrome is the most common inherited
form of mental retardation, with the carrier frequency

in the general population being approximately one in
250 female and one in 760 male persons (1, 2). The
disorder is caused by an expansion in excess of 200
repeats (full mutation expansion) of a trinucleotide
element, (CGG)n, located in the 5� untranslated re-
gion of the fragile X mental retardation 1 (FMR1)
gene (3). Full mutation expansions are generally ac-
companied by silencing of the FMR1 gene, with at-
tendant lack of FMR1 protein (FMRP) synthesis; it is
the lack of FMRP that leads to fragile X syndrome.
Trinucleotide expansions that are in the 55- to 200-
repeat range are termed premutations. Normal per-
sons may have a range of approximately five to 54
repeats. Carriers of premutations typically have nor-
mal intelligence quotients, although emotional diffi-
culties and subtle physical features occur in approxi-
mately 25% (4–8). A unique clinical finding in female
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patients with the premutation (ie, a feature not seen
in women with the full mutation expansion) is prema-
ture ovarian failure, which is present in approximately
20% of female carriers of premutation expansions (9,
10). The standard model for fragile X syndrome does
not predict this form of clinical involvement.

A separate and unique form of clinical involvement
has recently been reported in a subgroup of older
male carriers of the fragile X premutation (11).
Among these male carriers, all older than 50 years,
progressive intention tremor and ataxia have devel-
oped. These symptoms are accompanied by progres-
sive cognitive and behavioral difficulties, including
memory loss, executive function deficits, anxiety, and
reclusive behavior. More significant dementia has
been observed to occur in a limited number of pa-
tients (11). In four cases studied to date, neuropatho-
logic examination revealed eosinophilic intranuclear
inclusion in neurons and astrocytes (12). These inclu-
sions are found throughout the cortex and brain stem,
with the greatest diffusion in the hippocampus. Pur-
kinje cells did not possess these inclusions, although
there was evidence of axonal degeneration in the
cerebellum in one of four cases (12, 13). The cerebel-
lum has also displayed spongiform changes in the
deep cerebellar white matter. Our purpose was to
describe the imaging findings of 17 male patients with
fragile X premutation with varying clinical combina-
tions of tremor, ataxia, rigidity, and cognitive decline.
Clinical and preliminary imaging findings of four of
these patients have been published (11).

Methods

Study Participants
Seventeen male patients with a mean age of 68 years (range,

59–77 years) were recruited through families with children
affected by fragile X syndrome. The carrier male patients were
all affected by a progressive cerebellar disorder, and each
underwent clinical and MR imaging evaluation at one of eight
medical centers. A summary of clinical symptoms, examination
findings, disease course, and patient age is presented in Table
1. Fourteen normal male control participants with a mean age
of 66 years (range, 56–76 years) were also included in the study.

Laboratory Evaluation
Fragile X premutation status was established by DNA anal-

ysis by using Southern blot and/or polymerase chain reaction
methods as described (14, 15). Analyses of FMR1 messenger
RNA and FMRP levels were performed as described by Tas-
sone et al (16, 19) and Willemsen et al (17, 18).

Imaging Protocol
MR imaging of the brain was performed at 1.5 T for 13

patients and at 0.3 T for four patients. Axial view T1- and
T2-weighted sequences were available for all patients, and
sagittal view T1-weighted images were available for 14 patients.
Sagittal view T1-weighted and axial view T1- and T2-weighted
images were available for the 14 normal male control partici-
pants. For all symptomatic patients and control participants,
frontal, parietal, temporal, and cerebellar cortical volumes
were graded as being normal or as showing mild, moderate, or
severe volume loss as manifest by size of regional sulci. White
matter of the frontal, parietal, and occipital lobes and white

matter of the cerebellum and brain stem were graded in a
similar manner for alterations in signal intensity on T1- and
T2-weighted images. Signal intensity alterations in cerebellar
and brain stem white matter on T1- and T2-weighted images
were further characterized regarding their linear dimension
and anatomic location. Lateral ventricular size was character-
ized as a frontal ventricle:brain ratio and as an Evan’s Index
(Table 2) (20, 21). Third ventricular maximal width was mea-
sured in millimeters from axial view images.

The size of the ambient cisterns was characterized as being
normal or as showing mild, moderate, or severe enlargement.
The anteroposterior and rostral-caudal dimensions of the pons
were measured on sagittal view T1-weighted images, with the
anteroposterior dimension measured as the greatest perpen-
dicular distance from the ventral surface of the pons to the
floor of the fourth ventricle or caudal portion of the sylvian
aqueduct. The transverse dimension of the pons was measured
on axial view images as its greatest dimension above the middle
cerebellar peduncles (MCPs). Because the image data were
film based and pooled from multiple imagers, with a lack of
identical imaging protocols and with the unavailability to the
current investigators of digital image data, a more quantitative
characterization or segmentation of areas and volumes of in-
terest could not be achieved.

Statistical Methods
Continuous variables derived from linear measurements of

anatomic structures on MR images of symptomatic and control
participants were compared by using a two-tailed t test for
samples of differing size with unequal variances to determine

TABLE 1: Clinical, neuropsychologic, and molecular data from
17 patients

Mean or
% SD No. of Patients

Age at MR imaging 68 years 5.5 17
Age at tremor onset 58.3 years 3.9 15
Age at ataxia onset 61.6 years 5.6 15
Significant impairment

Writing 89% 17
Walking 50% 17

Tremor 89% 17
Character of tremor

Kinetic � postural 100% 15
Discrete resting tremor 58% 15

Gait ataxia 89% 17
Dyssynergia 72% 17
Tone, mild increase 47% 14
Neuropsychologic data

VIQ 98 16 6
PIQ 83 17 6
FSIQ 91 18 6

Executive function deficits 100% 6
VIQ � 85 33% 6
PIQ � 85 66% 6
Impotence 100% 6
CGG repeat 86 10 17
FMRP level 77.5%* 9% 6
mRNA level 2.53-fold† 0.48 6

* Percentage of lymphocytes that are positive for fragile X mental
retardation 1 protein immuno-cytochemical staining for fragile X men-
tal retardation 1 protein (19, 46).

† 2.53-fold increase over normal (16, 46).
Note.—VIQ indicates verbal intelligence quotient; PIQ, perfor-

mance intelligence level; FSIQ, full scale intelligence quotient; FMRP,
fragile X mental retardation 1 protein; mRNA, messenger RNA.
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the probability that there was no difference in the population
from which the samples were drawn (Microsoft Excel Statistical
Package).

Results
The 17 patients in this study underwent MR imag-

ing at a mean age of 67 years (range, 59–77 years).
Before the onset of this neurologic disorder, these
persons were healthy and had normal intelligence.
Clinical symptoms and physical findings at the time
of imaging included intention tremor (89% of the
cases), gait ataxia (89%), and dyssynergia (72%). Six
patients underwent more detailed neuropsychologic
assessment, and all were shown to have executive
dysfunction, with cognitive decline in two patients
(Table 1). Six patients had impotence. Verbal intelli-
gence quotient was �85 in two of six patients and
performance intelligence quotient was �85 in four of
six patients who underwent testing. These tests con-
firmed the cognitive decline described by relatives.
Most these patients had college degrees and all were
successful in their professional careers. The onset of
cognitive symptoms was noted by the patients at a
mean age of 60 years. Tremor was noted at a mean
age of 58 years (SD of 4 years), and ataxia was noted
at a mean age of 62 years (SD of 6 years).

Laboratory findings included the following: CGG
repeat lengths clustered in the low to mid premuta-
tion range (86 � 10 CGG repeats). In the six patients
for whom FMRP and FMR1 messenger RNA levels
were determined, FMRP levels were in or near the
normal range (77 � 9% FMRP-positive lympho-
cytes). Messenger RNA levels were elevated in all
patients (2.5 � 0.5-fold elevation).

MR imaging findings were strikingly similar within
the patient group, with 15 of 17 showing decreased T1
(Fig 1) and increased T2 signal intensity in deep white
matter of the cerebellar hemispheres lateral, inferior,
and just superior to the dentate nuclei (Figs 1–4). In

14 of 17, there was a pattern of increased signal
intensity on T2-weighted images and sequences ex-
tending into the MCPs. This finding was marked (Figs
2–4) or was mild (Fig 1) in prominence. None of the
control participants displayed these changes. These
findings were consistently symmetrical in their distri-
bution, and in four patients to whom contrast agents
were administered, there were no areas of abnormal
enhancement (Fig 1). On the diffusion-weighted im-
ages that were available for three patients, bilateral
regions of increased signal intensity in the MCPs and
in deep white matter of the cerebellum lateral, supe-
rior, and inferior to the dentate nuclei were shown in
only one patient. Quantitative characterization of ap-
parent diffusion coefficients was not available. Signal
intensity was normal on the diffusion-weighted im-
ages of the other two patients. The dentate and deep
cerebellar nuclei were normal in signal intensity on
the T1- and T2-weighted images (17 of 17 partici-
pants) and on the diffusion-weighted images (three of
three participants).

Mild to moderate cerebellar hemisphere cortical
volume loss was shown in 15 of 17 study participants
(Figs 1–3), with severe cerebellar cortical volume loss
in one of 17 (Fig 4). These alterations were manifest
on sagittal and axial view T1- and T2-weighted images
by prominence in size of sulci and fissures over the
cerebellar hemispheres. There were no regions of
altered cerebellar cortical T2 signal intensity, and
there were no areas of abnormal T1 or T2 signal
intensity involving the most lateral aspects of cerebel-
lar white matter. The IV ventricle was normal in
height in all 11 patients from whom measurements
could be obtained. On axial view images, the MCPs
showed decreased oblique transverse dimension (Ta-
ble 2). In none of the patients was there an alteration
in T2 signal intensity or an alteration in contour
involving the medulla or the inferior olivary nuclei.
Dimensions of the pons were significantly decreased

TABLE 2: Age and MR measurements from symptomatic fragile X premutation carriers and control participants

Age (yr)
Pons AP

(mm)
Pons Trans

(mm)
Pons RC

(mm)
MCP R
(mm)

MCP L
(mm)

IV Height
(mm)

Ant Horn
(mm)

Fr. Cereb-Vent
Index Evan’s Index

III Width
(mm)

Control participants
Average 66.1 26 31 29 18 18 11 36 0.32 0.28 6.1
Maximum 76.0 28 33 31 19 22 14 40 0.35 0.31 9.0
Minimum 56.0 23 27 26 15 14 10 31 0.28 0.24 4.0
SD 6.1 1.7 1.7 1.4 1.1 1.9 1.2 2.7 0.02 0.02 1.4

Patients
Average 67.6 22 25 26 13 13 12 44 0.40 0.35 11.2
Maximum 77.0 24 31 29 17 17 16 60 0.50 0.46 15.0
Minimum 59.0 19 19 23 9 9 8 23 0.30 0.25 7.0
SD 4.7 1.2 2.9 1.8 2.0 2.0 2.5 8.0 0.05 0.05 2.7

P value 0.46 �.005 �.005 �.005 �.005 �.005 0.21 �.005 �.005 �.005 �.005

Note.—AP indicates anteroposterior; Trans, transverse; RC, rostral-caudal; MCP, middle cerebellar peduncle; R, right; L, left; IV Height, vertical
dimension of the fourth ventricle measured from the floor of the fourth ventricle to its apex on a midline sagittal image; Ant Horn, maximal width
of both anterior horns; Fr. Cereb-Vent Index, ratio of maximal width of both anterior horns to the diameter of inner table of skull along the line of
measurement of anterior horn transverse dimension; Evan’s index, ratio of maximal width of both anterior horns to the diameter of inner table of skull
at its point of greatest transverse diameter on any image; III Width, width of third ventricle; Note that MCP R and MCP L are the narrowest oblique
transverse dimension of the right and left middle cerebellar peduncles measured from an axial image. P values were derived from Student’s t test of
control versus patient populations.
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when compared with those of control participants
(Table 2).

A pattern of mild (three of 17 patients), moderate
(10 of 17 patients) (Fig 3), or severe (four of 17
patients) (Figs 2 and 4) cortical volume loss was
shown over the frontal lobes, with mild (four of 17
patients), moderate (nine of 17 patients), or severe
(four of 17 patients) cortical volume loss also shown
to involve parietal cortex in the premutation carriers.
Mild temporal cortical volume loss occurred in six of
17 patients and moderate temporal cortical volume
loss in eight of 17 patients (Fig 3). No areas of ap-
parent cerebral cortical infarction and no areas of
significant subcortical increased T2 signal intensity
were observed. Areas of subependymal and deep
white matter increased T2 signal intensity, dispropor-
tionate for age, were shown in the frontal lobe in 14
of 17 patients and in the parietal lobes in 13 of 17
patients (Figs 3 and 4). The size of the hippocampal
gyri could not be quantitatively characterized on im-
ages available for this study. Evan’s Index averaged
0.35 (range, 0.25–0.46) in the patient group and 0.28
(range, 0.24–0.31) in the control group (P � .005)
(Table 2). The frontal cerebro-ventricular index aver-
aged 0.40 (range, 0.30–0.50) in the patient group and
0.32 (range, 0.28–0.35) in the control group (P �

.005). The mean width of the third ventricle was
widened (11 mm) when compared with that of the
control participants (6 mm, P � .01) (Table 2). There
were no regions of altered T1 or T2 signal intensity
involving the caudate nucleus, globus pallidus, or pu-
tamen. The thalamic nuclei showed no areas of al-
tered T1 or T2 signal intensity. There was mild to
moderate enlargement of the ambient cisterns in 15
of 15 patients (Fig 3), with no associated alteration in
T2 signal intensity of the mesencephalon or rostral
pons. The transverse dimension of the mesencepha-
lon was decreased by perceptual characterization in
16 of 17 patients (Fig 3), and the ambient cistern was
widened on the axial view images of 17 of 17 patients.
The corpus callosum showed a mild or moderate
decreased thickness at the midline in 14 of 16 patients
(Figs 2 and 4).

Discussion
Fragile X syndrome is caused by an absence or

deficiency of FMRP, a protein that is important for
early brain development, for the translation of other
messages important for synaptic structure develop-
ment, and for brain maturation and plasticity. Al-
though the focus of fragile X syndrome has been on

FIG 1. Images from the case of a 66-year-old man with fragile X premutation.
A–C, Axial view T2-weighted images show high signal intensity in white

matter inferior and lateral to the deep cerebellar nuclei. Only slightly increased
signal intensity can be seen in the MCPs.

D, Coronal view T1-weighted contrast-enhanced image shows white matter
regions of low signal intensity that do not show enhancement.
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its relationship to early child development, a newly
recognized disorder, associated with fragile X premu-
tation, has been noted to manifest in elderly men as
the presence of tremor, ataxia, dyssynergia, cognitive
decline, rigidity, and impotence. MR imaging findings
for this group of patients have striking uniformity,
with 15 of 17 patients showing decreased T1 and
increased T2 signal intensity in the deep white matter
of the cerebellar hemispheres lateral, inferior, and
just superior to the dentate nuclei. In 14 of 17 pa-
tients, similar changes were shown in the MCPs. Ce-
rebral and cerebellar cortical volume loss, volume loss
of the mesencephalon and pons, and loss in the cross-
sectional area of the corpus callosum, all dispropor-
tionate for age, are additional findings that seem to
be typical. The diagnosis of fragile X premutation is
of importance because this disorder may be a signif-
icant cause of progressive “sporadic” spinocerebellar
degeneration of late onset. Although the diagnosis of
fragile X premutation disorder can be suspected on

the basis of symptoms, imaging findings, and/or a
family history that includes an established diagnosis
of fragile X syndrome, definitive genetic testing is
necessary for diagnosis. The recognition of this disor-
der among adult patients presenting with appropriate
clinical and imaging findings may also have a signifi-
cant effect on family planning among the children of
patients with this diagnosis.

Neurohistologic studies of the brains of four elderly
male fragile X premutation carriers have shown Berg-
man gliosis and Purkinje cell loss with proximal ax-
onal swelling indicative of degeneration in remaining
Purkinje cells (12). In one case, spongiosis was noted
in cerebellar white matter. Eosinophilic ubiquitin-
positive intranuclear inclusions were shown in neuro-
nal and astrocytic nuclei of the cerebrum and brain
stem, with inclusions being most numerous in the
hippocampal gyri. Neurons of the dentate nuclei con-
tained the intranuclear inclusions, although Purkinje
cells did not. The relationship between MR imaging

FIG 2. Images from the case of a 70-year-old man with fragile X premutation.
A and B, Axial view T2-weighted images show symmetrically increased T2 signal

intensity in the cerebellum with mildly increased signal intensity in the MCPs.
C, Coronal view T2-weighted image. Moderate cerebellar volume loss and severe

parietal cortical volume loss can be seen with thinning of the corpus callosum. Punctate
areas of cerebral white matter increased signal intensity.

D, Sagittal view T1-weighted image shows mild pontine volume loss, decreased
anteroposterior dimension of the pons, prominence in prepontine cistern, and severe
thinning of the corpus callosum.
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findings shown for the 17 premutation patients in-
cluded in this study and the description of intranu-
clear inclusions, Purkinje cell loss, gliosis, and spon-
giosis involving cerebellar white matter remains to be
determined. MR images of these four patients were
not available.

Laboratory findings for the participants of the current
study were remarkable in three respects. First, CGG
repeat lengths were in the low to mid premutation
range, with a mean of 86 CGG repeats. Although this
distribution probably reflects the preponderance of
smaller alleles in the premutation population, it does
indicate that clinical involvement begins in the low pre-
mutation range. Second, FMRP levels were in or near
the normal range, with a mean of 78% for the fraction
of FMRP(�) lymphocytes. This suggests that the MR
imaging findings are unlikely to be a direct consequence
of a protein deficit or that brain atrophy or white matter
disease can occur with only mild deficits of FMRP lev-
els. Finally, FMR1 messenger RNA levels were elevated
in all participants, with a mean 2.5-fold elevation. This is
the most consistent laboratory finding within the current

group of premutation male patients, and it may be
related to the MR imaging findings reported herein.

In 1991, the gene responsible for fragile X syn-
drome was found to contain an unstable, expanded
(CGG)n trinucleotide repeat in its 5� untranslated
region (22). Since then, the expansion of unstable
trinucleotide repeats has become a novel genetic par-
adigm. To date, 15 trinucleotide repeat expansion
disorders have been reported. These disorders can be
divided into two groups: those with coding and those
with noncoding repeats. The coding repeat disorders
are Kennedy disease, Huntington disease, spinocere-
bellar ataxia types 1, 2, 3, 6, and 7, and Dentatorubral-
Pallidoluysian atrophy. These disorders are all caused
by exonic CAG repeats that are translated to a long
polyglutamine tract conferring a gain of function.
Midlife onset of symptomatic neurodegeneration is
characteristic. Nuclear inclusions are also a hallmark
of these polyglutamine disorders. The noncoding re-
peat diseases are fragile X and fragile XE (CGG)n
syndrome, myotonic dystrophy (CTG)n, Friedreich
ataxia (GAA)n, and spinocerebellar ataxia types 8

FIG 3. Images from the case of a 61-year-
old man with fragile X premutation.

A and B, Increased signal intensity is
shown in inferior cerebellar white matter on
inversion recovery images. The deep cere-
bellar nuclei are normal in size and signal
intensity. The pons is normal in signal inten-
sity.

C and D, Axial view T1-weighted images
show volume loss involving the pontomes-
encephalic junction with enlargement of the
temporal horns and ambient cisterns. The
cerebral peduncles are moderately de-
creased in area (D). Moderate enlargement
of the lateral ventricles and cerebral sulci
can be seen.

E, Axial view inversion recovery image
shows increased signal intensity in the
thinned corpus callosum and in periven-
tricular white matter.
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(CTG)n and 12 (CAG)n. The phenotypes in these
latter disorders may be a consequence of the loss of
function of the respective protein but also may be
related to altered RNA level or function. These dis-
eases are typically multisystem disorders involving
dysfunction/degeneration that involves many differ-
ent tissues.

Achieving a specific diagnosis among adult patients
with late onset spinocerebellar degeneration is diffi-
cult. The challenge relates to the complex nosology
and symptomatology of disorders with adult onset
ataxia, to the absence of definitive laboratory markers
for many specific diseases causing these symptoms,
and to the relative lack of definitive imaging findings
to correlate with specific diagnoses. The recent cor-
relation of the fragile X premutation abnormality
with late adult onset of intention tremor, ataxia, au-
tonomic dysfunction, rigidity, and cognitive decline
now indicates an additional diagnosis to consider dur-
ing the evaluation of patients with symptoms of spino-
cerebellar degeneration (11).

Although the MR imaging findings of symmetri-
cally increased T2 signal intensity within the MCPs
and adjacent cerebellar white matter have been
shown in this study to be characteristic of symptom-
atic elderly men with fragile X premutation, these
findings are not specific. A differential diagnosis
needs to be considered. One such diagnostic consid-
eration is a disorder recently reported in three young
adult siblings who developed progressive ataxia, dys-
arthria, nystagmus, mild cognitive impairment, and
sensorimotor neuropathy (23). MR imaging of two
siblings showed symmetrically increased T2 signal in-
tensity in the MCPs and adjacent cerebellar white
matter and symmetrically increased T2 signal inten-
sity in the thalamic nuclei. Increased T2 signal inten-
sity was seen in the inferior olivary nuclei. Mild cere-
bral and cerebellar cortical volume loss was observed.
The MR imaging findings in the brain stem and cer-
ebellum of these kindred are similar to those in the
fragile X premutation cases that we report herein. An
important distinction is that none of the fragile X

FIG 4. Images from the case of a 69-year-
old man with fragile X premutation.

A and B, Axial view T2-weighted images
show increased signal intensity in the
MCPs, which are slightly thinned in the
oblique transverse dimension. Prominence
in size of the subarachnoid spaces can be
seen. The pons shows a nonspecific right
paramedian punctate area of increased sig-
nal intensity.

C, Axial view T2-weighted image. Mesen-
cephalon and middle cerebral peduncles
are mildly decreased in size, with promi-
nence of the ambient cisterns.

D, Axial view inversion recovery image
shows volume loss with increased signal
intensity in frontal and parietal white matter
and in the genu of the thinned corpus cal-
losum.

E, Coronal view T2-weighted image
shows volume loss and increased T2 signal
intensity in the frontal white matter and in
the thinned corpus callosum.

AJNR: 23, November/December 2002 CEREBELLAR AND COGNITIVE DYSFUNCTION 1763



premutation participants showed the altered thalamic
T2 signal intensity that was characteristic of these
kindred.

Olivopontocerebellar atrophy is an additional disor-
der with occasional increased T2 signal intensity in the
MCPs and in deep cerebellar white matter adjacent to
the dentate nuclei (24–26). The term olivopontocerebel-
lar atrophy is a collective one, used to describe a number
of progressive neurologic disorders, all of which have in
common the occurrence of neuronal degeneration and
gliosis involving the inferior olives, pons, and cerebellum
(27). These disorders can be divided into two general
types. The first is familial or inherited, and the second is
sporadic. Sporadic olivopontocerebellar atrophy is fre-
quently a precursor to multiple system atrophy in which
glial cells are shown to have cytoplasmic inclusions (27).
Glial cytoplasmic inclusions are rare in familial
olivopontocerebellar atrophy (27). Autopsy studies of
cases of sporadic olivopontocerebellar atrophy have
shown gliosis and loss of transverse fiber tracts in the
pons, MCP, and cerebellum. Transverse pontine fibers
fail to stain for myelin, and Purkinje cell loss occurs (24).
MR imaging reveals atrophy of the pons, especially its
ventral and inferior portion, with volume loss of the
cerebellum and MCP (24). Symmetrically increased sig-
nal intensity frequently occurs on spin diffusion- and
T2-weighted images involving the transverse pontine
fibers and involving the MCPs and adjacent white mat-
ter of the cerebellum (24, 26). Changes in the signal
intensity of transverse pontine fibers were seen on the
spin diffusion-weighted images of only one fragile X
premutation participant at 1.5 T and on none at low
field strength. None of our participants had alterations
in the central pons shown by T2-weighted imaging. As
with the fragile X premutation carriers, most patients
with sporadic olivopontocerebellar atrophy have evi-
dence of cerebral cortical volume loss and no alteration
in T2 signal intensity of the striatum (24).

Increased T2 signal intensity in the MCPs and ad-
jacent deep cerebellar white matter has uncommonly
been shown in patients with various specific forms of
autosomal dominant cerebellar ataxia. Autosomal
dominant cerebellar ataxia is divided into clinical
types I, II, III, and IV depending on the presence of
cerebellar symptoms combined with the occurrence
of pyramidal, extrapyramidal, or cognitive dysfunc-
tion (type I); cerebellar symptoms combined with
pigmentary maculopathy (type II); pure cerebellar
symptoms without or with mild pyramidal symptoms
(type III); and cerebellar symptoms combined with
myoclonus (type IV). Each clinical autosomal domi-
nant cerebellar ataxia type has now been recognized
to contain several specific types of spinocerebellar
atrophy, most of which have been identified on the
basis of specific genetic alterations. Spinocerebellar
ataxia type 6 with clinical symptoms of an autosomal
dominant cerebellar ataxia type III has been de-
scribed as occurring in a single patient in association
with increased T2 signal intensity in the MCPs and
mild atrophy of the pons and cerebellum (28). Three
separately reported cases of spinocerebellar ataxia
type 6 have not had the alteration in posterior fossa

white matter T2 signal intensity (29). Patients with
spinocerebellar ataxia types 1, 2, 3, 5, 8, 12, and 13
have been shown to have volume loss of varying
severity involving the cerebellar hemispheres, vermis,
and pons (28–37).

Dentatorubral-Pallidoluysian atrophy is an autoso-
mal dominant spinocerebellar degeneration associ-
ated with increased CAG repeats in chromosome
12p. It presents as a juvenile form that is manifest by
ataxia, dementia, and seizures that are predominately
myoclonic. It also presents as early or late adult forms
with ataxia and combinations of dementia, choreoath-
etosis, or seizures. MR imaging has revealed volume
loss that involves the cerebellum, brain stem, and
cerebral cortex (38–40). Increased T2 signal intensity
involving the white matter of the central pons, the
mesencephalon, the thalamic nuclei, and the cerebral
hemispheres can be seen. The age at onset of symp-
tomatology and the distribution of the T2 abnormality
suggests that the development of imaging alterations
occurs in a caudal to rostral manner. Increased cere-
bellar white matter and MCPs T2 signal intensity has
not been characteristic of Dentatorubral-Pallidoluy-
sian atrophy.

Multiple system atrophy is an additional spinocer-
ebellar degeneration that has been associated with
increased T2 signal intensity in the MCPs and in
adjacent deep white matter of the cerebellum (41).
Multiple system atrophy, one of the more common
sporadic adult neurodegenerative disorders, is mani-
fest by a variable combination of extrapyramidal, cer-
ebellar, and autonomic dysfunction. Although glial
cytoplasmic inclusions have been shown, there are no
specific biochemical markers and diagnosis is based
predominately on clinical findings. Included under
the heading of multiple system atrophy are striatoni-
gral degeneration, the Shy-Drager syndrome, and
cases of sporadic olivopontocerebellar atrophy that
are associated with autonomic dysfunction or extra-
pyramidal symptomatology. MR imaging in cases of
multiple system atrophy is characterized by pontine
volume loss with a distinctive late caudal tapering of
the anterior contour of the pons on sagittal images.
There is eventual prominent narrowing of the oblique
transverse dimension of the MCPs on axial view im-
ages and enlargement of the fourth ventricle. Find-
ings of low T2 signal intensity in the putamen have
been shown in a significant number of patients (41,
42), as has a thin margin of high T2 signal intensity at
the lateral aspect of the putamen (42). Dimensions of
the mesencephalon are reduced, and there is moder-
ate to severe cerebellar hemisphere volume loss. Re-
gions of increased T2 signal intensity in cerebellar
deep white matter surrounding the dentate nuclei and
in the MCPs are reported with lower frequency (41,
42), and they are generally less prominent in severity
than the alterations shown in this group of symptom-
atic fragile X premutation carriers. The degree of
pontine volume loss was less severe in this group of
symptomatic patients with the fragile X premutation
than has been reported in association with multiple
system atrophy.
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Wilson’s disease has been described as having in-
creased T2 signal intensity in the deep white matter of
the cerebellar hemispheres adjacent to the dentate nu-
clei (43). We have seen such alteration extending into
the MCPs of patients with Wilson’s disease. This finding
generally occurs later in the disease process, and it has,
in our own experience, invariably been associated with a
symmetric decrease in volume and with increased or
mixed increased and decreased T2 signal intensity in-
volving the putamen. The occurrence of symmetrically
increased T2 signal intensity in the MCPs and deep
white matter of the cerebellum with sparing of the den-
tate nuclei, similar to the findings seen in the current
series of patients, has also been described as occurring
in a single patient with acquired non-Wilsonian hepato-
cerebral degeneration (44).

Infarction in the distribution of the anterior infe-
rior cerebellar arteries caused by vertebral artery dis-
section has been associated with bilateral increased
T2 signal intensity in the MCPs (45). The abrupt
onset of symptomatology should clinically distinguish
vascular cause from the disorders described above.
Spongiform dysplastic changes associated with in-
creased T2 signal intensity have also been described
as occurring in the peridentate white matter of the
cerebellum and MCPs in patients with neurofibroma-
tosis (46). Finally, in patients with progressive su-
pranuclear palsy, increased signal intensity has been
described as occurring in the superior cerebellar pe-
duncles on proton diffusion-weighted images (47),
although normal signal intensity can be seen in the
deep cerebellar white matter and MCPs. Alterations
involving the superior cerebellar peduncles were not
shown to occur in the patients included in the current
study.

Conclusion
The development of progressive intention tremor,

ataxia, rigidity, and occasional cognitive decline has
been shown to be associated with a characteristic MR
imaging pattern among elderly male patients with
fragile X premutation. This pattern includes in-
creased T2 signal intensity in the MCPs and deep
white matter of the cerebellum that is medial, supe-
rior, and inferior to the dentate nuclei. Additional
findings include volume loss involving the pons, mes-
encephalon, cerebellar cortex, cerebral cortex, white
matter of the cerebral hemispheres, and corpus cal-
losum. Patchy and confluent regions of increased T2
signal intensity are also much more prominent in
periventricular and deep white matter of the cerebral
hemispheres and in the corpus callosum than in con-
trol participants. These findings, although not spe-
cific, can lead to consideration of a diagnosis of the
fragile X premutation that may have significant im-
plications for its potential occurrence in the children
of reproductive age female relatives of the identified
patient. Fragile X syndrome is the most common
genetic cause of mental retardation. Definitive diag-
nosis of the fragile X premutation requires genetic
testing. It is important to recognize that not all per-

sons with the premutation develop the tremor/ataxia
syndrome that prompted imaging in the current series
of patients. The frequency of this syndrome among
patients with adult onset ataxia, late onset intention
tremor, or extrapyramidal symptomatologies remains
to be determined, as do the full clinical and imaging
dimensions of the fragile X premutation syndrome.
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