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Neurofibromatosis type 1: Diffusion weighted imaging findings of brain
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Abstract

Purpose: The purposes of this study were to evaluate the differences in apparent diffusion coefficient (ADC) values between infra and
supratentorial unidentified bright objects (UBOs), between UBOs and normal appearing side (NAS, contralateral regions of the UBOs and/or
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ormal appearing region without UBOs) in the neurofibromatosis type 1 patients (NF1) and control group and also to investigate
etween age and ADC values.
ethods: A total of 30 patients and 26 healthy controls were included. The MRI examination consisted of routine imaging and
eighted imaging (DWI). Seven distinct locations (frontal, parieto-occipital and cerebellar white matter, globus pallidum, thalam
ocampus, and midbrain) were selected for the analysis. The ADC values were calculated directly from these automatically gene
aps with ROI.
esults: The ADC values of UBOs were significantly increased in cerebellar white matter, hippocampus, globus pallidum, midb

halamus when compared with NAS and control group. There were statistically significant differences between NAS and control g
DC values obtained from hippocampus and thalamus. There were statistically significant differences between supra and infraten

n ADC values. There was a negative correlation between age and the ADC values obtained from normal appearing midbrain, hip
halamus, and globus pallidum.
onclusion: ADC values both in UBOs and in the normal appearing locations as hippocampus and thalamus were detected to b

he patients with NF1. The detection of lesions might be independent of MRI appearance in NF1, i.e. although the brain is affe
ppearance may be normal. Therefore, DWI and ADC values should also be utilized in the delineation of brain involvement of NF
2005 Elsevier Ireland Ltd. All rights reserved.

eywords: Neurofibromatosis type 1; Diffusion magnetic resonance imaging; Brain

. Introduction

Neurofibromatosis type 1 (NF1), also known as von Reck-
inghausen disease, is a neurocutaneous syndrome. It is a
enetic disease in humans, inherited by a gene located in chro-
osome 17, affecting one in 3000–4000 individuals[1–3].
MRI has been extensively used in the evaluation of

atients with NF1. Parenchymal lesions appear as focal
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areas of increased signal intensity on T2-weighted ima
and are common feature of this disease[1,3–5]. Globus
pallidum, brainstem, thalamus, cerebellum, and subco
white matter are the most commonly involved sites[1–4,6].
These focal parenchymal lesions, which have also
called unidentified bright objects (UBOs) are obser
in 40–93% of children with NF1[7]. Their nature is sti
not known exactly although they may include the a
of heterotopia, gliosis, low-grade astrocytomas, atyp
glial infiltrates, foci of microcalcifications, dysplasias, a
spongiform or vacuolar change of the white matter du
intramyelinic edema[8–10].
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Diffusion weighted imaging (DWI) provides important
information in evaluating the structure of tissues and intracra-
nial lesions. The random motion of water molecules, also
known as Brownian motion, is restricted only by their local
environment, such as cellular structures, cell walls, and ori-
entation of the local tissue bundle[8]. The net diffusion of
the molecules is referred to as the apparent diffusion coeffi-
cient (ADC). The finding of brain diffusion abnormalities in
patient with NF1 might represent evidence of microstructural
abnormalities[11].

The purposes of this study were to evaluate the differ-
ences in ADC values between infra and supratentorial UBOs,
between UBOs and normal appearing side (NAS, contralat-
eral regions of the UBOs and/or normal appearing region
without UBOs) in the patients and control group and also to
investigate correlation between age and ADC values.

2. Materials and methods

A total of 30 consecutive patients (13 females, 17 males,
age range: 5–64 years, mean age: 23.2± 14.9) who were
referred to our neuroradiology department and had the diag-
nosis of NF1 based on standard clinical criteria[12] and 26
healthy volunteers (12 females, 14 males, age range: 6–48
years, mean age: 23.1± 12.6) were included in this study.
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of frontal and parieto-occipital white matter, and hippocam-
pus, 130 mm2 in globus pallidum and thalamus, 100 mm2 in
cerebellar white matter and 70 mm2 in midbrain.

All statistical analyses were performed using a com-
mercially available SPSS release 11.0 software package
(SPSS Inc., Chicago, IL). The results are presented as
mean± standard deviation in order to facilitate comprehen-
sion of the tables. The measurements in all groups showed
normal distribution with Kolmogorov–Smirnov test. One way
analysis of variance (ANOVA) test was utilized for the com-
parison of ADC values among groups. Tukey HSD test was
used for the assessment of differences in the ADC values
for UBOs, NAS and control group. Pearson’s correlation
test was used to assess the correlation between age and the
ADC values in the UBOs and NAS of cerebellar white mat-
ter, globus pallidum, thalamus, hippocampus, and midbrain.
Mann–WhitneyU two-tailed test was used to evaluate the
differences in the ADC values of seven distinct locations
between all patients (n = 30) and control group and also in the
ADC values between infratentorial and supratentorial UBOs.
A p value below 0.05 was considered statistically significant.

3. Results

There was no significant difference in age between
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ter
m tural
one of the patients and controls was sedated. This
as approved by the hospital Ethics Committee.
The MRI examination consisted of routine imaging

WI. MRI was performed on a 1.5-T system (Phili
yroscan Intera Master, Best, The Netherlands). The
ated imaging sequences were fluid-attenuated inver
ecovery (FLAIR) T2 weighted fast spin echo (TR: 6000,
10, TI: 2000 ms), T2 weighted fast spin echo (TR: 4530,
00 ms), and T1 weighted images (TR: 560, TE: 15 ms)
eighted sequence was repeated in coronal and axial
fter i.v. application of Gd-DTPA. MRI of the brain we
nalyzed for number, size, and distribution of hyperinte

esions that were visible only on T2-weighted images
ere characterized by lack of contrast enhancement or
ffect. These lesions were classified as “UBOs”.

For the DWI, single-shot echo-planar pulse sequ
TR: 4832 ms, TE: 81 ms, field of view 230 mm, matrix s
28× 256, slice thickness 7 mm, interslice gap 1 mm)
sed in all patients and controls with two differentb values
0 and 1000 s/mm2). The diffusion gradients were appli
long the three axes (x, y, z) simultaneously. The ADC ma
ere reconstructed with the commercially available softw
e calculated directionally averaged ADC from ADC m

n circular regions of interest (ROI) drawn on the regi
dentified on the baseline T2-weightedb = 0 s/mm2 images
n each patients and healthy controls, seven distinct
oanatomic structures were selected for the analysis.
natomic locations were chosen to represent the sites th

ikely to appear abnormal at MR imaging in patients with N
2–4,11]. The area of ROI’s were 170 mm2 in white matte
atients and control group.
Seventy-nine UBOs were found in the cerebellar w

atter (n = 23), hippocampus (n = 21), globus pallidum
n = 19), midbrain (n = 8), and thalamus (n = 8) with MRI.

The ADC values obtained from frontal, parieto-occip
nd cerebellar white matter, globus pallidum, hippoc
us, thalamus, and midbrain were significantly increase
atients (n = 30) compared to control subjects (p < 0.05).

The ADC values of UBOs were significantly increase
erebellar white matter, hippocampus, globus pallidum,
rain, and thalamus when compared with NAS and co
roup (p = 0.000 and 0.000) (Fig. 1).

There were statistically significant differences betw
AS and control group in the ADC values obtained fr
ippocampus and thalamus (respectively,p = 0.01 and 0.000
Figs. 2 and 3).

There was statistically significant differences betw
upratentorial (n = 56) and infratentorial (n = 23) UBOs in
DC values (1098± 183× 10−6, 929± 266× 10−6 mm2/s,

espectively) (p = 0.001) (Table 1).
There were a negative correlation between age an

DC values obtained from normal appearing midbr
ippocampus, thalamus, and globus pallidum (respect
=−0.4,−0.5,−0.5, and−0.5).

. Discussion

DWI is dependent on the random motion of wa
olecules, and offers an opportunity to evaluate the struc
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Fig. 1. An 11-year-old female with NF1. (A and B) Axial T2 weighted images (4530/100) show focal parenchymal lesions (UBOs) in bilateral globus
pallidum and cerebellar white matter. (C and D) ADC maps reveal high signal intensity and ADC values in the bilateral globus pallidum (1056× 10−6 and
1209× 10−6 mm2/s), and cerebellar white matter (1061× 10−6 and 1038× 10−6 mm2/s). (E and F) ADC maps reveal high ADC values in the thalamus as NAS
(1014× 10−6 and 928× 10−6 mm2/s), frontal (883× 10−6 and 895× 10−6 mm2/s) and parieto-occipital white matter (1041× 10−6 and 1029× 10−6 mm2/s).

characteristics of tissues[11]. DWI allows quantitative mea-
surement of the water molecules in biologic tissues during the
application of strong magnetic field gradients. Besides true
diffusion images (b = 1000 s/mm2), ADC maps reveal signal
differences between lesions and normal brain tissue. ADC
reflects the structural properties of the cellular compartments

of the tissue studied and it provides a rotationally invariant
measurement of the total diffusion of water within a tissue
[13].

Existing pathologic data about NF1 have shown an asso-
ciation between UBOs and myelin vacuoles which may rep-
resent further evidence of a demyelinating process[10,11].
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Fig. 2. A 38-year-old male patient without UBOs (NAS). (A and B) ADC maps reveal normal signal intensity and ADC values in the cerebellar white matter
(717× 10−6 and 727× 10−6 mm2/s) and globus pallidum (671× 10−6 and 710× 10−6 mm2/s).

The hyperintense lesions could represent focally severe dis-
ease within a more widespread myelin disorder. Eastwood et
al. reported that a myelin disturbance, such as diminished
myelin amount, increased myelin turnover, or demyelina-

tion, is present in the brains of children having NF1 on DWI
[11]. In demyelinating disease, the loss of normal myelin
structure and the axonal loss lead to an expansion of the
extracellular space which results in an increase in ADC

F
c
A

ig. 3. A 10-year-old female with NF1. (A) Axial T2 weighted image (4530
erebral peduncle. (B) ADC map reveals high signal intensity and ADC valu
DC values in the thalamus (NAS) (832× 10−6 and 841× 10−6 mm2/s).
/100) shows focal parenchymal lesions (UBOs) in right hippocampus and left
e in the right hippocampus (1091× 10−6 mm2/s). (C) The ADC map shows high
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Table 1
Mean ADC values of patients with NF1

Groups Mean ADC values (×10−6 mm2/s)

POWM FWM CWM Globus pallidum Thalamus Hippocampus Midbrain

UBOs – – 929± 266 (n = 23) 1044± 90 (n = 19) 1015± 103 (n = 8) 1124± 123 (n = 21) 1243± 383 (n = 8)
NAS – – 728± 42 (n = 37) 743± 34 (n = 41) 800± 56 (n = 52) 841± 48 (n = 39) 721± 70 (n = 22)
NF1 patients (n = 30) 908± 109 794± 53 843± 152 839± 152 828± 97 940± 158 860± 307
Control (n = 26) 791± 54 758± 51 714± 47 726± 31 732± 36 810± 36 704± 56

POWM: parieto-occipital white matter; FWM: frontal white matter; CWM: cerebellar white matter; UBOs: unidentified bright objects; NAS: normal appearing
side; ADC: apparent diffusion coefficient.

[11,14]. The higher ADC values in the UBOs suggest that
there is a relatively high molecular motion in these regions,
compared to the normal brain parenchyma. In our study,
increased ADC values in the UBOs of cerebellar white mat-
ter, hippocampus, globus pallidum, midbrain, and thalamus
when compared to NAS and control group may represent
a myelin disorder as demyelination. Meanwhile, the signifi-
cant increase in ADC values in the supratentorial UBOs when
compared with infratentorial ones may indicate more promi-
nent demyelination in the supratentorial level. The ADC
changes that observed in the supratentorial UBOs in our
study were similar to those described in the literature[8].
The cellular composition of UBOs may change, with devel-
opment of more myelin vacuoles, at a different rate[8]. In
our study, the patients with NF1 that have normal appearing
hippocampus and thalamus (NAS) on T2 weighted images
were revealed significant increase in ADC values that may be
due to residual lesions. However, ADC values that obtained
from normal appearing globus pallidum, cerebellar white
matter, and midbrain were similar both in the patients and
control group.

UBOs are not generally seen in adults with NF1 and spon-
taneous regression, often in the second decade, has been
reported[15,16]. Resolution of signal abnormalities on T2
weighted images with age may reflect change in water content
within brain alterations[8,17]. The regression and resolution
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affected, MRI appearance may be normal. Therefore, DWI
and ADC values should also be utilized in the delineation of
brain involvement of NF1 patients.
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