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diagnosed by using a set of clinical criteria that was developed 
by the National Institute of Health (NIH) in 1988[6]; however, 
NF1 remains a challenging disorder to diagnose, particularly 
in the pediatric age group.

Unidentified bright objects (UBOs) are specific lesions in 
the brain that are commonly seen on magnetic resonance 
imaging (MRI) of patients with NF1. These are areas of 
increased T2-weighted signal intensity and show no mass 
effect or contrast enhancement.[7,8] Considered to be benign 
hamartomas, UBOs are present in 43–93% of children with 
NF1 and are characteristically absent in the first 2 years.[9-12] 
They increase in number and size until 12 years of age and 
are rarely seen in patients older than 20 years of age.[13,14] 
Pathologically, they correspond to areas of vacuolar or 
spongiotic change in the brain substance.[15] UBOs are not 
currently considered as a part of the diagnostic criteria 
for NF1 despite being commonly observed in young 
NF1 patients.[10,11] In our study, we evaluated the prevalence 
of UBOs in different age groups, while also assessing their 
anatomical distribution and variation with respect to the sex 
of the patient.

Introduction

Neurofibromatosis type 1 (NF1) is transmitted as an 
autosomal-dominant trait, and is noted for its variable 
expression.[1] It is a disorder that primarily affects the nervous 
systems and the skin; however, it can also have manifestations 
upon the musculoskeletal, endocrine, gastrointestinal and 
vascular systems.[2] The estimated prevalence is one in 4000.[3] 
The NF1 gene is located at 17q11.2 and encodes a 2818-amino 
acid protein referred to as neurofibromin.[4] It is characterized 
clinically by café-au-lait spots, freckling, lisch nodules, 
neurofibromas, optic gliomas and bone lesions.[5] NF1 is 
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Abstract

Introduction: Lesions of the brain, recognized as unidentified bright objects (UBOs), are commonly observed as areas of increased 
T2-weighted signal intensity on magnetic resonance imaging (MRI) in children with neurofibromatosis type 1 (NF1). Identification of 
these lesions is not currently encompassed in the National Institute of Health (NIH) diagnostic criteria for NF1. Objective: We aimed 
to determine the prevalence of UBOs in children with NF1 and identify areas of the brain that are commonly affected by these lesions, 
allowing us to evaluate whether UBOs should be included in the diagnostic criteria for the diagnosis of NF1. Materials and Methods: 
We reviewed the cranial MRI scans of 22 children who had been diagnosed with sporadic or familial NF1 in accordance with the criteria 
established by NIH. UBOs were present in 81% of the children with NF1. Results: These lesions have a predilection for specific areas 
of the brain, including the globus pallidus (72%), cerebellum (66%), brainstem (27%) and cerebral hemispheres (16%). The prevalence 
of UBOs identified varied significantly with age and sex; they were infrequent in children less than 4 years of age but were common in 
those aged between 4 and 12 years of age. UBOs were more commonly seen in males (66.6%) compared with females (33.3%). Repeat 
MRI scan on a subset of these patients with UBOs did not show any significant changes despite a worsening in clinical symptoms. 
Conclusion and Discussion: We have shown that UBOs are a common finding in children with NF1, and are most prevalent between 
the ages of 4 and 12 years. Many sites of the brain are affected by these lesions, most notably the globus pallidus and the cerebellum. 
Further research must be conducted to elucidate the significance of UBOs in patients with NF1 and whether these lesions have any 
utility in the clinical detection of NF1.
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NF1 is a difficult disorder to diagnose in pediatric patients due 
to the paucity of clinical signs in the first few years of life; thus, 
due to the common occurrence of UBOs in this patient group, 
we propose the inclusion of UBOs as a diagnostic criterion in 
NF1 patients.

Materials and Methods

This was a retrospective study that comprised of all the patients 
diagnosed with NF1 using the NIH criteria in our hospital over 
the last 10 years. The study population comprised of 22 children 
between the ages of 2 and 16 years.

The MRI scans of all 22 patients were reviewed by an 
experienced neuroradiologist who reported on the presence 
of UBOs, their location, mass effect, contrast enhancement 
and restriction on diffusion-weighted images. We analyzed 
the frequency of UBOs and their age and sex distribution, 
and also assessed which parts of the brain were commonly 
affected by these lesions. We also reviewed the course of 
UBOs in a subset of patients who had follow-up MRI scans 
requested based on progression/deterioration of their clinical 
symptoms.

Results

The cranial MRI scans of 22 children with NF1 were 
analyzed. UBOs were seen in 18 (81.8%) children of the 
sample population. The number of UBOs identified varied 
significantly with respect to the age and sex of the patient. 
They were uncommon in children less than 4 years, but were 
frequent found (100%) in the 4-12 years group. The mean 
age of presentation was 8 years, and a significant reduction 
in number was demonstrated in children older than 14 years 
[Table 1].

Of the children identified with UBOs, 66.6% were males and 
33.3% were females.

UBOs were found to be distributed in various anatomical sites 
of the brain; the globus pallidus was the region most frequently 
associated with UBOs (72.2%). Other affected areas included 

the cerebellum (66.6%), brainstem (27.7%) and cerebral 
hemispheres (16.6) [Figures 1 and 2].

Among the 18 children with UBOs, seven had follow-up MRI 
scans; these were performed to rule out the development of 
intracranial tumors as patients had complained of clinical 
deterioration (headaches and vomiting). Five children showed 
no significant changes in the size and location of the lesions, one 
developed a new frontal lobe lesion and the other developed an 
increase in size of the UBO situated in their corpus callosum. 
We found that none of the children demonstrated any clinical 
features attributable to the regions that had been affected by 
the UBOs.

Table 1: The frequency of UBOs in the different 
age groups

Categories of patients Total numbers With UBOs (%)
Study group 22 18 81

0–4 years 2 0 0
4–12 years 11 11 100
12–16 years 9 7 77

UBOs = Unidentified bright objects

Figure 1: The distribution of unidentified bright objects in the 
brain and the sites that are commonly affected by these lesions    

Figure 2: Magnetic resonance imaging of the brain showing T2 hyperintensity signals involving (a) globus pallidus and (b) brain stem
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Discussion

NF1 was described clinically and scientifically in the late 1800s 
by Friedrich Danial von Recklinghausen and was localized 
to chromosome 17 in 1990.[16-18] It is an autosomal-dominant 
disorder with an incidence of approximately one in 4000.[3] 
The most reliable approach to the diagnosis of NF1 remains 
an assessment of clinical features. The diagnostic criteria of 
NF1 are based on consensus statement developed by the NIH 
in 1988 and reaffirmed in 1997.[6,19]

UBOs are areas of hyperintense signal on T2-weighted 
images, and these are more conspicuous on fluid-attenuated 
inversion recovery MRI sequences (FLAIR). They are 
observed in the brain of most children with NF1, and they 
tend to evolve over time.[20,21] There have been several 
reports in the literature that postulate the exact nature of 
these lesions. Histopathological reports suggest that these 
lesions are characterized by spongiform myelinopathy or 
vacuolar changes of myelin filled with water, explaining 
why these lesions are bright on T2-weighted images.[22] The 
abnormal myelin development may be a result of delayed 
glial differentiation[23] or chemical abnormality.[15,23] This is 
however replaced by more chemically normal myelin or 
there is regression of intramyelinic edema,[22] suggesting a 
decrease in incidence with advancing age.[15,22]

In our study, UBOs were identified in 100% of the children 
with NF1 aged between 4 and 12 years. It also demonstrated 
a lower frequency (72%) of UBOs in older NF1 patents; thus, 
correlating with previous reports and hypotheses that suggest 
regression of these lesions during adolescence.[21,24,25]

UBOs were most frequently found in the globus pallidus 
[Figure 2]; a finding that correlated with other studies on 
this subject matter.[21,23-25] Other commonly affected areas 
were the cerebellum, brainstem and cerebral hemispheres. 
Of the subgroup who had a repeat MRI scan, 71% showed no 
significant changes, while one had a new frontal lobe lesion 
and the other had an increase in the size of the existing lesion. 
However, the association between worsening clinical features 
and an increase in the size/number of the UBOs remains 
ambiguous. It is also important to acknowledge that none 
of these abnormalities showed any mass effect, contrary to 
the study by Griffiths et al., who in their study of 46 children 
showed that five children developed tumors in the region of 
previously recognized UBOs and demonstrated mass effect 
with enhancement after gadolinium-DTPA.[21]

Earlier studies by Goh et al. had shown low attention scores in 
children with hyperintensities involving the globus pallidus.[9] 
Our study group did not replicate these findings and did not 
show any clinical features attributable to the involvement of 
the affected regions. It is likely that the clinical manifestation 
of UBOs depends on the region involved, as studied by 
Moore et al., who showed that hyperintensities in the cerebral 
hemispheres, basal ganglia, brainstem or cerebellum had no 
impact on neuropsychological functioning, whereas such 
lesions in the thalamus were associated with greater intellectual 
and neuropsychological impairment.[26]

Conclusion

Our overall results reaffirm findings from previous studies 
that report the involvement of UBOs in the globus pallidus, 
cerebellum and brainstem in children with NF1. We have 
also shown that UBOs are common during the early years of 
childhood and are rarely seen in older children. Most UBOs 
follow a benign course, although only a small proportion of 
children had repeat MRI scans, as per the recommendations 
put forward by the Committee on Genetics of the American 
Academy of Pediatrics;[27] the majority of this subset had no 
significant changes. None of the children in the study group 
had any clinical symptoms attributable to the lesions in the 
different areas of the brain. Further research must be conducted 
to elucidate the significance of UBOs in patients with NF-1 and 
whether these lesions have any utility in the clinical detection 
of NF1.
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