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was conducted to highlight the different features of spinal disorders in this congenital disease.

Methods and Materials/Patients: Different search engines were used in this research. After going
through the results and discarding the repeated ones, 2 reviewers began to inspect the studies
independent of one another. In case of any disagreements between the reviewers over the
inclusion of certain research material into the study, the final decision was made by the senior
author. In the end, accepted research materials were used as needed in categorizing different
types of spinal injuries.

Results: Skeletal defects are among the most effective complications on the quality of life of
patients. Bone deformities, osteoporosis, osteopenia, reduction of bone mass density, and spinal
osteopathy such as scoliosis among such defects. Although the relative prevalence of spinal
defects in neurofibromatosis type 1 is not clear, scoliosis can be considered the most common
type of spinal deformity in this illness to the point it is present in 10 to 71% of cases. Thus, spine
surgeons may face numerous common challenging conditions in NF1 patients like scoliosis,
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Highlights

¢ Neurofibromatosis-1 (NF1) is a common genetic condition in children in which there might be anomalous develop-
ment of bone with or without any local anomaly of neuroectodermal basis.

¢ Skeletal defects are among the most effective complications on the quality of life of patients.

¢ Scoliosis can be considered the most common type of spinal deformity in this illness to the point that it is present
in 10% to 71% of cases.

 Radiologic spine screening is important in patients with NF1 and patients are likely to profit most from a multidis-
ciplinary treatment policy.

Plain Language Summary

It is becoming increasingly recognized that in neurofibromatosis there might be anomalous development of bone
with or without any local anomaly of neuroectodermal basis. Skeletal defects are among the most effective complica-
tions on the quality of life of patients. Bone deformities, osteoporosis, osteopenia, reduction of bone mass density,
and spinal osteopathy such as scoliosis are among such defects. Spine surgeons may encounter common challenging
conditions in NF1 patients like scoliosis, spondylolisthesis, and dural ectasia. This review was conducted to highlight

the different features of spinal disorders in this congenital disease.

1. Introduction

eurofibromatosis is an autosomal

dominant disease which can be cat-

egorized into 3 subtypes: 1-NF1 2-NF2

3-schwannoma. This disease is a type

of familial predisposition syndrome

that can cause the spread of benign
and malignant tumors all over the patient’s body. Neu-
rofibromatosis can be sorted into the 2 categories of
peripheral or type-1 neurofibromatosis and central or
type-2 neurofibromatosis [1-4].

NF1, which was initially described by von Recklinghau-
sen as a neurocutaneous syndrome is in fact a heredi-
tary disease resulting from a mutation in the NF1 gene
which exists on chromosome 17 (17q11.2). This disease
is the most commonly occurring single-gene disorder
of human beings, with a prevalence rate of 1 in 3000
to 4000. Type-1 neurofibromatosis does not pertain to
a certain race or gender; however, a hereditary back-
ground can influence the occurrence of this disease to
a point that 50% of the cases reported family members
afflicted with this disease in their family history and the
other 50% were the result of new mutations [5-9].

Normally, this gene is responsible for the creation of
neurofibromin-a GTPase activator protein with tumor-
suppressing functions. Under normal circumstances, this

protein inhibits the activity of KRAS, a cancer proto-on-
cogene and also affects the levels of intracellular cAMP
(Cyclic adenosine monophosphate); so much so that a
decrease in the expression of the NF1 gene reduces the
levels of cAMP inside cells [10-12].Moreover, an increase
in the activity of osteoclast the cells has been reported in
mice with NF1 haploinsufficiency (NF1+/-) [13-16].

Generally speaking, neurofibromatosis manifests
through the unnatural proliferation of neural crest cells.
Neurofibromatosis type 1 affects almost every single
organ of the body. It is accompanied by cutaneous
symptoms such as café-au-lait spots, Lisch nodules, oral
lesions, as well as Central Nervous System tumor (CNS
tumor) tumors such as nerve sheath tumors, neural
pathway glioma, glioblastoma, stromal tumors, neuro-
endocrine carcinoma, rhabdomyosarcoma, pheochro-
mocytoma, leukemia, and breast cancer. In addition to
neoplastic and cutaneous symptoms, this disease can
also manifest itself through neuropsychiatric symptoms
such as learning disabilities, functional disabilities, lack
of attention, and a decrease in social competence which
can lead to a decrease in social participation and even-
tually, social isolation. One can point to neurocognitive
dysfunctions, cardiovascular dysfunctions, epilepsy,
musculoskeletal debilitations, reduction of muscle size,
and general weakening of muscles as some of the other
impairments resulting from neurofibromatosis [4, 5, 17].
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Skeletal defects are among the most impactful compli-
cations on the quality of life of patients. Bone deformi-
ties, osteoporosis, osteopenia, reduction of bone mass
density, and spinal osteopathy such as scoliosis among
such defects [18]. Although the relative prevalence of spi-
nal defects in neurofibromatosis type 1 is not clear, sco-
liosis can be considered the most common type of spinal
deformity in this illness to the point it is present in 10%
to 71% of cases. Meanwhile, the rate of prevalence of
NF1 in patients afflicted with scoliosis is 3%. Despite the
fact that spinal defects are among the least lethal compli-
cations of NF1, they have a considerable impact on the
quality of life of patients and morbidity of this disease
[19]. Given the limited specific and categorized articles
about bone and spine involvement in neurofibromatosis,
this review was conducted to highlight the different fea-
tures of spinal disorders in this congenital disease.

2. Methods and Materials/Patients

The goal of this study is to review the spinal compli-
cations of neurofibromatosis. Five search engines were
used in this research: PubMed, Scopus, ResearchGate,
Science Direct, and Google Scholar. In searching for neu-
rofibromatosis, the 3 forms of neurofibromatosis, neu-
rofibromatosis 1, and neurofibromatosis | were used.
And as for spinal defects, the words spine, spinal, sco-
liosis, kyphosis, vertebral, and vertebral column were
searched for. When executing the search itself, “and”
was used between words, and the search was limited
by title/abstract. After going through the results and dis-
carding the repeated ones, 2 reviewers began to inspect
the studies independent of one another. In case of any
disagreements between the reviewers over the inclu-
sion of certain research material into the study, the final
decision was made by the senior author. In the end, ac-
cepted research materials were used as needed in cat-
egorizing different types of spinal injuries.

3. Results

Neurofibromin 1 pathway effector gene

The NF1 gene is responsible for a number of tasks
performed through a multitude of pathways, including
a positive regulatory effect on the production of cAMP
and a negative regulatory effect on the expression of
the RAS gene [20].

Neurofibromin induces the synthesis of cAMP from
adenosine triphosphate (ATP). ERGO, a reduction in the
expression of NF1 results in the lowering of intracel-
lular cAMP levels which is observed in some cells such
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as astrocytes and neurons. Reduced cAMP levels also
reduce protein kinase activity [21]. Also, neurofibromin
specifically belongs to the RAS GTPase activator family
[22]. Considering the proto-oncogenous role of RAS and
the related tumor-suppressing activity of NF1, the value
of the latter becomes evident [23].

Clinical manifestation of NF1

The clinical manifestation and signs and symptoms of
NF1 disease covers a vast spectrum, many of which may
not emerge at the time of the patient’s birth and would
appear at a later stage, during childhood or adolescence,
making proper diagnosis difficult [24]. Café-au-lait spots
appear in more than 90% of patients and can be con-
sidered the most frequently occurring symptom of this
disease [25, 26]. The existence of these spots in the in-
guinal and the axillary region has the most specificity for
NF1 if seen in children [26]. Some of the other forms of
manifestations that might take place in patients can be
related to optic pathway tumors, for glioma is one of
the diseases that may result from this syndrome [18],
appearing mostly in young children. Lisch nodules of the
iris is one of the other symptoms of this syndrome and
musculoskeletal and orthopedic defects and pseudar-
throsis are some of the others [4, 21, 24].

The criteria for neurofibromatosis diagnosis was set
in the National Institutes of Health Consensus Devel-
opment Conference held in 1987. Neurofibromatosis
can be diagnosed by the simultaneous presence of 2 or
more of the items mentioned below (Table 1).

Finally, neurofibromatosis can be divided into bone tis-
sue involvement and soft tissue involvement, and each
of them can be divided into primary and secondary in-
volvement as shown below [4]:

l. Bone involvement linked to.

I-A. Primary bone changes secondary to mesodermal
dysplasia.

I-B. Secondary bone changes that are caused by the
effects of compression (usually tumors).

I-C. Mixed bone changes that are caused by a combi-
nation of mesodermal dysplasia and the effects of com-
pression.

1. Soft tissue involvement.

1I-A. Primary soft tissue involvement (tumoral).
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Table 1. Diagnostic criteria for NF1 [27]
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No. Diagnostic Criteria
1 Six or more café-au-lait spots (15 mm or larger after puberty and 5 mm or more in prepubertal individuals)
2 Two or more neurofibromas of any type or 1 or more plexiform neurofibroma
3 Freckling in the axilla or groin

4 Optic glioma (tumor of the optic pathway)

5 Two or more Lisch nodules (benign iris hamartomas)

doarthrosis)

7 A first-degree relative with NF1

A distinctive bony lesion such as sphenoid wing dysplasia or thinning of the cortex of the long bones (with or without pseu-

Adapted with permission from Arch Neural 1988; 45:575-578.

1. Nerve sheath tumors:

a. Benign: Neurofibromas, Focal singular, Focal mul-
tiple, Plexiform, Schwannomas (rare),

b. Malignant: neurofibrosarcoma/malignant periph-
eral nerve sheath tumors.

2. Other tumors:

a. Medulloblastoma,

b. Astrocytoma,

¢. Meningioma,

d. Ganglioneuroma.

1I-B. Secondary soft tissue involvement
1. Dural cystic dilation

2. Lateral meningocele

Bone involvement

It was recently discovered that neurofibromin has an
important role in the development of the skeletal sys-
tem, [26-28] so much so that a flaw in this gene can
result in severe defects in limb morphology and devel-
opment and people afflicted with NF1 have lower bone
mineralization levels compared to healthy individuals
[29]. Primary bone involvement-also known as primary
bone tissue dysplasia-is in fact compromised bone tis-
sue vulnerable to erosion or hypoplasia that can affect
any part of the vertebral column and progress to other
parts as well [30-32]. This involvement is responsible

for the dystrophic appearance of the spine. Addition-
ally, studies have introduced other forms of bone tissue
involvement due to neurofibromatosis such as growth
defects, atrophy, hypertrophy, congenital bone defects,
hyperplasia or hypoplasia or a combination of the two
originating from the bone tissue itself, osteomalacia,
intra-osseous cystic lesions and pseudoarthrosis [32]. A
number of other spinal injuries can also be attributed
to this type of skeletal change such as scoliosis, verte-
bral scalloping, and meningocele which is a protrusion
of the dural sac due to an enlarged point between the
vertebrae [33].

Spondylolisthesis is one of several disorders that ex-
periences a clear rise in occurrence in patients afflicted
with NF1 [29]. This disorder is often accompanied by
dural ectasia [26].

Secondary bone involvement appears in two forms.
In some cases, this change is caused by pressure from
sources other than the bone itself which most com-
monly is a peripheral nerve sheath applying pressure
to the bone, changing its form and creating bone tissue
involvement. In other cases, this pressure comes from
tumors that originate from the tumor itself [4].

Congenital pseudarthrosis of the tibia and other bony
dysplasias

Congenital tibial dysplasia or Congenital Pseudarthro-
sis of the Tibia (CPT), is a comparatively rare condition (1
in 250,000 births) [34]. But, it is found more frequently
in NF1 patients. While only 5% of patients with NF1 are
finally diagnosed with CPT, 75% of all patients with CPT
have NF1 [34].
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Metabolic bone disorders

Loss of neurofibromin function is a reason for general-
ized metabolic bone disorders in NF1. Multiple sources
have confirmed a general reduction in bone mass in the
NF1, including children. The levels of bone mineral den-
sity in the lumbar spine were found to be lower than
other bones [35].

Growth patterns

Overgrowth of tissues in one section of the child body
is one of the documented characters of NF1, as unilater-
al segmental hypertrophy, or gigantism. Sub-periosteal
bone growing has similarly been distinguished in com-
bination with NF1 and consequences in irregular elon-
gation of bone [36]. Another tendency is short stature,
disturbing up to 40% of patients [37].

Spinal neurofibromatosis

One-tenth to one-third of pediatric cases of neurofibro-
matosis manifest some form of spinal deformities [38].

Pathologic findings

Spinal deformities are very common in NF1 patients.
This type of deformity can be bilateral or unilateral;
however, the bilateral form is much more uncommon
[39]. Scoliosis is the most commonly occurring muscu-
loskeletal physical manifestation of NF1, as well as the
most commonly occurring coronal plate deformity [40].
Erosion, primary mesodermal dysplasia, and osteo-
malacia are the most important suggested reasons for
bone deformities. Different studies have reported vary-
ing prevalence rates for scoliosis in patients afflicted
with NF1-from 2% to 71% [4, 41-44].

Meanwhile, the prevalence rate of NF1 in individu-
als with symptomatic scoliosis is 2% to 3% [19, 20]. By
using plain radiography and the presence/absence of
skeletal dysplasia, coronal plate deformities can be put
into 2 categories: 1-non-dystrophic, 2-dystrophic [33].
Determining whether or not the deformity is dystrophic
or non-dystrophic is valued for its impact on prognosis
and the therapeutic process [41]. Cobb’s method can be
used to determine the severity of scoliosis [45].

Non-dystrophic: is less severe, more common, and less
rapidly progressing than dystrophic scoliosis [33]. Its
signs and symptoms and treatment methods are similar
to normal idiopathic scoliosis [46]. Non-dystrophic sco-
liosis can at times change into its dystrophic form due to
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modulation [14]. Studies have observed that the most
important factor in the manifestation of modulation is
the age at which scoliosis first presents itself, so much
so that modulation was present in 81% of patients who
were afflicted with scoliosis before the age of 7. Also,
Durani et al. stated the ratio of modulation in patients at
65% [38]. The most common physical manifestation of
this type of scoliosis is a longer curve [21, 27].

Dystrophic: usually presents itself with kyphoscoliosis
in the thoracic region of the vertebrae [43]. However,
this is not the first sign of this disorder to make itself
seen and dystrophic curves are usually visible in radiog-
raphies after the age of 3 [32]. This type of deformity is
characterized by sharply angulated short segments and
single curvatures in the thoracic region that involve 4 to
6 vertebrae and presents itself with at least 3 dystrophic
features [47].

On the other hand, the presence and progress of dys-
trophic complications in patients may result in lateral,
anterior, or posterior (the most common form) verte-
bral scalloping of the vertebral bodies [33]. This is al-
ways caused by erosion which in turn may be caused by
neurogenic tumors like meningocele [48]. Some of the
other changes seen in the dystrophic type are severe
rotation of the apical vertebra, defective pedicles, wid-
ening of the spinal canal or the intervertebral foramina,
sharpening of the vertebral margins, portion of the sec-
ond rib, spindling appearance of the transverse process,
or a paravertebral mass [29, 38, 43, 46].

Penciling of the ribs is another change in the dystro-
phic type which is defined as a rib whose width is nar-
rower than the narrowest part of the second rib and is
the most prevalent type of dystrophic osseous change.
In addition to being a cause of the deformity, penciling of
the ribs can lead to an increase in the likelihood of their
dislocation and there have been reports of penciled ribs
entering the spinal canal and causing paralysis [25, 26].

These changes are supposed to be as a result of the
presence of intraspinal neurofibromas, primary dyspla-
sia, pseudomeningoceles, and dural ectasia that erode
the surrounding bony structures and cause primary bone
dysplasia [38, 49] which is recognizable in the normal
graphs of the spinal column. In many cases, dystrophic
scoliosis is accompanied by kyphosis which manifests
as kyphoscoliosis, its manifestation is obviously linked
with the progress of the deformity [43, 50]. Dystrophic
deformities can normally be observed in the thoracic
and lumbar areas [49, 50]. However, cases have been re-
ported involving this type of deformity manifesting itself
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Table 2. Typical dysplastic changes evident on plain radiographs in patients with NF1

Typical Dysplastic Changes

Vertebral scalloping (that can only be considered present when the depth of the scalloping is more than 4 millimeters in the lumbar
spine or more than 3 in the thoracic spine)—this is linked to either dural ectasia or neural tumors

Rib penciling (defined as when the width of a rib is narrower than the narrowest part of the second rib)

Transverse process spindling

Vertebral wedging

Paravertebral soft tissue mass

Short curve with severe apical rotation

Intervertebral foraminal enlargement

Widened interpediculate distances

Dysplastic pedicles

as kyphoscoliosis in the cervical region [48, 49]. There
have also been reports claiming rotatory dislocations as
an accompanying complication that might be observed
alongside scoliosis and kyphosis in patients [43, 49, 50].
Typical dysplastic changes evident on plain radiographs
in patients with NF1 are presented in Table 2.

Soft tissue involvement
Spinal tumors

Tumors are the primary cause of soft tissue involve-
ment. Most spinal tumors belong to the intraforaminal
type and a lesser percentage of them are of the intra-
medullary and the extramedullary types [26]. Spinal tu-
mors can generally be categorized into 2 groups:

The first are tumors that are not from the peripheral
nerve sheath and may have a different origin than the
spine. These tumors may originate from glial cells or the
neuroectoderm such as astrocytoma, oligodendroglio-
ma, and pineoblastoma [51, 52].

The second group are tumors that originate from the
peripheral nerve sheath [53]. These tumors can again
be divided into 2 groups: neurofibroma and shwanno-
ma. All of these tumors can appear in benign and ma-
lignant forms.

The probability of occurrence of neural tumors in NF1
patients is very high to the point that in a multicenter
study carried out in multiple countries on 280 cases,
the manifestation rate of plexiform neurofibroma was

declared to be at 25%, optic glioma at 13% , brainstem
glioma 2.5%, and astrocytoma at 2% of patients [38].

Neurofibroma: neurofibromas are the most common
type of peripheral nerve sheath tumor. It is a benign
tumor comprised of epineurium and connective tis-
sue. Neurofibromas are comprised of a combination
of Schwann cells, fibroblasts, mast cells, and perineural
cells in a variably myxoid background [54]. The main
cause for this tumor is a mutation in the NF1 gene. This
tumor’s histopathology is either in the form of ovoid or
fusiform. In most cases, neurofibromas are caused by
sporadic mutations but in 10% of cases, this tumor ap-
pears in individuals afflicted with neurofibromatosis.
This tumor can appear in any part of the body and is not
specific to a particular region [55]. Neurofibromas are
categorized into 3 groups: localized which is the most
common form in adults between the ages of 20 to 40,
diffuse, and plexiform. The diffuse and plexiform types
are more common in children, in a manner that plexi-
form neurofibromas are rare in children above the age
of 5 [56]. The detection of plexiform neurofibromas is
generally treated as a pathognomonic criterion for neu-
rofibromatosis in children. Fifty percent of this type ap-
pears in the torso, 30% and 20% in the head and neck
but more uncommonly appear in other areas such as
the occipital region, mandible, and even the lungs [26,
57]. Race and gender have no effects on the probability
of affliction. In most cases, these tumors are benign and
have a good prognosis but certain cases of this tumor
can become malignant. Currently, the best treatment
for this tumor is complete resection where removal of
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the tumor is possible [58]. The probability of recurrence
is low in this tumor. In certain cases, in the plexiform
type, surgery is not an option in which case the growth
of the tumor must be monitored. These tumors can ap-
pear in the spine in intramedullary, extramedullary, or
paravertebral form and due to their location, they can
affect the other parts of the spine. For example, they
can apply pressure on the bones or create a hypoplastic
state in them [59, 60]. Also, neurofibromas can change
from benign to malignant, in which case they might in-
vade the surrounding bone or soft tissue. It has been
estimated that 50% to 80% of peripheral nerve sheath
tumors occur sporadically and 20% to 50% are related
to neurofibromatosis. The prevalence of this tumorin a
normal population is roughly 0.001% while in individu-
als afflicted with neurofibromatosis, it increases to 2%
to 5%. On the other hand, the peak of appearance in
a normal population is in the 7% decade of life while in
patients with NF1, it mostly occurs in the 3 and 4™ de-
cades. Plexiform nerofibromas are the type most likely
to progress towards malignancy [61, 62].

Schwannoma: schwannomas are another type of pe-
ripheral nerve sheath tumor that are prominently com-
prised of Schwann cells. This type of tumor can also oc-
cur due to mutations in the NF1 gene at the germinal or
somatic cell level. Studies have unveiled that the expres-
sion of this gene in Schwann cells is marginally higher
than in other cells and a lack of mutation of one or both
alleles of the NF1 gene can lead to a decreased expres-
sion of these genes causing an increase in cell division
rate the creation of neoplasms in these cells which in
turn forms schwannomas [52, 63]. From a histological
perspective, these tumors are usually confined to a lim-
ited area and are more cellular, and Verocay bodies and
Antoni A and Antoni B areas can be seen in them [64].

Dural ectasia: The most prominent soft tissue involve-
ment in the brain and spine, dural ectasia is the local
and progressive widening of the dural sac [33, 34]. Dural
ectasia can be due to enlarged neural foramina, elon-
gated cervical pedicles, or an increase in the hydrostatic
pressure of the cerebrospinal fluid affecting a weaker
part of the dura, all of which lead to the creation of extra
space for the spine [33, 34]. This is a rare complication
in a normal population but is common in people with
connective tissue disorders such as NF1 [65]. In cases of
NF1, dural ectasia most commonly occurs in the thorac-
ic region of the spine but it might occur in other regions
such as the lumbosacral as well [66]. Dural ectasia can
be accompanied by posterior vertebral scalloping for-
mation and meningocele formation, which often leads
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to vertebral subluxation and dislocation requiring surgi-
cal intervention [67].

Abnormalities of the cervical spine: Abnormalities of
the cervical spine are common in patients with NF1. In
a famous series of NF1 patients, cervical spine involve-
ment was found in 30%, including dysplastic changes,
cervical kyphosis, and rotatory subluxation [68].

The deformity may cause a cervical spondylolisthesis
and severe spondyloptosis [69]. The important symp-
toms are neck pain or neurologic symptoms. Thus, ra-
diologic screening is important in patients with NF1 and
scoliosis [70].

Other spinal abnormalities: Lumbar spondylolisthesis
can originate from NF1, but regularly, if spondylolisthe-
sis developes, it is combinined with foraminal neurofi-
broma or dural ectasia. Spondylolisthesis in combina-
tion with dural ectasia is a big challenge for the spine
surgeon since the narrowed pedicles can prevent ped-
icle screw fixation.

There are some reports of effective reduction with
lumbar pedicular and interbody fusion in a patient with
NF1 combined with severe spondylolisthesis and dural
ectasia [70, 71].

Rare spinal complication: Apart from those mentioned
above, other forms of spinal involvement do happen in
NF1 patients but they are less common such as vascular
injuries including vertebral artery aneurysms [72-79].

Another type of injury which is considered rare but
does have dire consequences is demyelinating polyneu-
ropathy. It has a high mortality rate and although it is
one of the least likely forms of manifestation for NF1,
timely diagnosis and treatment can have a considerable
impact on our management of the complications and
the patient’s quality of life [80, 81].

Finally, although in contrast to various physical iliness-
es in children, such as trauma, spine diseases, behavior-
al disorder, and hydrocephalous [82-85], the prevalence
of NF disease is infrequent, yet there is a lot of doubt
about the best treatment option for this condition in
pediatric patients.

4. Conclusion
NF1 is a common genetic disorder. It is becoming pro-

gressively documented that in neurofibromatosis there
might be anomalous development of bone with or
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without any local neuro-ectodermal anomaly. Thus, the
spine surgeons may be involved in numerous challeng-
ing conditions in NF1 patients like scoliosis, spondylolis-
thesis, and dural ectasia. Because NF1 distresses several
organ systems, radiologic spine screening is important
in patients with NF1 and patients are likely to profit
most from a multidisciplinary treatment policy.
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