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Historical review

Neurofibromatosis is a multisystemic disease that may manifest itself as abnormali-
ties of the skin, nervous tissue, bones, and soft tissues, and is often hereditary. It is
believed to be a hamartomatous disorder of neural crest derivation. Akenside in
1768 first recorded a description of a patient with multiple neurofibromatoses (90).
However, credit is most frequently given to Wilhelm G. Telesius von Telaneau for
contributing one of the earliest clinical descriptions of a patient with neurofibroma-
tosis in 1793 (126). In 1882, Frederick Daniel von Recklinghausen published his
book, “Uber die Multiplen Fibrome der Haut und ihre Bezichung zur den Multiplen
Neuromen”, dedicated to the pathologist Rudolf Virchow in honor of the twenty-
fifth anniversary of the Foundation of the Pathological Institute of Berlin (99, 132).
In his book, von Recklinghausen coined the term “neurofibroma” and he was able
to demonstrate that a small cutaneous nerve was to be found to be connected to every
one of the cutaneous and subcutaneous tumors. Prior to this, the term “dermal fibro-
ma” or “false neuroma” had been applied to the nodules. Thus von Recklinghausen
was the first to demonstrate the origin to tumors from nerve sheaths, and his clinical
and pathological descriptions of the disease were epoch-making (90).

R. W. Smith, first Professor of Surgery at the Dublin Medical School and better
known for his work on forearm fractures (reverse Colles’) published a remarkable
volume in 1849 in which he reported in great detail two cases of generalized neurofi-
bromatosis with necropsy and completed the first review of the literature with 75 re-
ferences (90).

Further contribution to our knowledge of neurofibromatosis can be chronicled as
follows. Chauffard, Marre, and Bernard identified pigmentary changes as a primary
aspect of the disease in 1896 (90). Thompson first pointed out clearly that neurofi-
bromatosis was hereditary in 1900 (90). In 1901, Adrian noted the high incidence of
skeletal changes such as atrophy, hypertrophy, and scoliosis. In 1909, Suzuki first re-
ported a patient with neurofibromatosis and pheochromocytoma. In 1910 Verocay
found that the nerve sheath cell proliferated and postulated that it was this cell that
produced the tumors of neurofibromatosis (90). In 1916, Henschen identified the
high incidence of bilateral acoustic neuromata associated with neurofibromatosis. In
1918 Preiser & Davenport established that neurofibromatosis was not sex-linked and
that it followed the Mendelian Law as an autosomal dominant trait. In 1924, Brooks
& Lehmann comprehensively classified skeletal changes of neurofibromatosis for
the first time in the American literature. In 1924, Harrison identified the neural crest



origin of Schwann cells (90). Hosoi in 1935 first identified the association of malig-
nant nerve sheath tumors with neurofibromatosis. Lisch in 1937 substantiated the
importance of iris nodules first seen in patients with neurofibromatosis by Goldstein
& Wexler to be associated with most patients with neurofibromatosis (90). In 1940,
Davis firmly established the association of optic glioma as a part of neurofibromato-
sis (90). In 1945, Reubi identified the large and the small arteriovascular lesions asso-
ciated with neurofibromatosis (90). In 1956, Crowe et al. in their now classic mono-
graph, described the diagnostic significance of multiple café-au-lait spots in refer-
ence to neurofibromatosis. The clinical spectrum of neurofibromatosis was com-
pletely elucidated in their monograph.

Table I. Common findings in pediatric neurofibromatosis.

Per cent
Café-au-lait and cutaneous tumors by adolescent years 72-90
Positive family history 45-48
CNSlesions , 16-26
Scoliosis (as high as 60 % of orthopaedic literature) 20-26
Skull and facial deformities : 20
Significant CAL alone (not a true diagnosis of neurofibromatosis) 17
Failure to thrive in infancy 16
Aqueductal stenosis 16
Breast enlargement 13
Seizures 13
Hemihypertrophy 13
Tibial pseudarthrosis 12
Benign tumors alone 11
Extracranial malignancy (dramatic increase with age) 11-20
Vascular disease (dramatic increase with age) 10
Mediastinal tumors 8

Modified from: Fienman, N. L. (41)

The manifestations of neurofibromatosis in children have been reviewed by Chao in
1959, Suzuki and associates in 1963, Fienman & Yakovac in 1970, Pollnitz in 1976,
Cole & Meyers in 1978, Holt in 1978, Crawford in 1978, Crawford in 1978, Fienman
in 1981, and Crawford in 1981. These papers have, by and large, represented a com-
prehensive view of the manifestations of the disease in children (Table I). Except for
the papers of Moore (86), Miller et al. (85), and McCarroll (80), most of the informa-
tion regarding the osseous manifestations of neurofibromatosis has appeared in the
radiologic literature. Reports in the orthopaedic literature have dealt primarily with
specific entities such as spinal deformity, pseudoarthrosis of the tibia, paraplegia,
hemihypertrophy, and neoplasia.
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Material and methods

At the Alfred I. Dupont Institute a study was undertaken in 1974 of all patients with
the diagnosis of neurofibromatosis. Eighty-two patients were conclusively diagno-
sed. The criteria for diagnosis required at least 2 of the most commonly found enti-
ties: multiple cafe-au-lait spots, a known family history, definitive lesional biopsy, or
one of the characteristic bony lesions (such as pseudarthrosis tibiae, hemihypertro-
phy, or spinal deformity). All patients were under 12 years of age at the time of dia-
gnosis and, when reported, represented the largest group of children with neurofi-
bromatosis ever reported from one institution (31). The author has now increased his
experience with the addition of 34 patients (from the San Diego Naval Hospital,
Henry Ford Hospital, and Cincinnati Children’s Hospital Medical Center) to 116
patients under 12 years of age conclusively diagnosed as having neurofibromatosis
and followed for an average of 5 years. Sixteen additional patients have presented
over the past year through the local chapter of the National Neurofibromatosis
Foundation but are not included in this work.

This study group represents the largest number of patients conclusively diagnosed
as having neurofibromatosis as a child and followed by one individual for this length
of time.

Of the combined study group, 101 are white, 15 are black, with 68 females and 48
males. The presenting complaints represent a myriad of entities heavily weighed to-
wards spinal deformity (Tables II & ITI). These findings may possibly be prejudicial
because of the author’s interest in that field. The series is also biased towards com-
plex orthopaedic problems because of the medical community’s awareness of the
author’s interest in the disease.
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Table I1. Presenting complaints in 116 children with neurofibromatosis.

No

Curved spine 56

1 noted coincident to intravenous pyelogram

2 post operative excision of intrathoracic ganglio-neurofibroma
Neurofibromatosis 24
Limb length discrepancy 13
Tibial pseudarthrosis 10

4 Tibial fractures

4 Pseudarthroses

2 Bowing
Family study 6
Abnormal neurologic defects 6
Pain 3

2 Hip (1 pathologic fracture)

1 Knee
Café-au-lait spots 4
Foot swelling 2
Facial enlargement 1
Digital enlargement 1
Limb enlargement 1
Visual problem 1
Foot turning in 1
Cervical spine tumor 1
Nodules 1

Table 1. Manifestations of neurofibromatosis in children.
Per cent

Café-au-lait 89
Scoliosis: 64
Positive fam hx 41
Nodules 18
Disorders of bone growth 16
Pseudarthrosis 13
Elephantiasis 9
Nevus 8
Mediastinal tumors 3
Intracranial tumors 2

Aplasia lesser wing of sphenoid bone*
Ambiguous genitalia*

Vertical talus*

Subluxed and disiocated hips*
Rhabdyomysarcoma*

Left foot drop*

* Less than | per cent



Genetics

Neurofibromatosis is the most common single gene disorder found in humans.
Down’s syndrome is the most common chromosomal disorder. The disorder has
been virtually unknown to the general public until the recent popularity of Bernhard
Pomerance’s play, The Elephant Man, about Joseph Carey MacDonald (“John™)
Merrick. It is much more common than other conditions well known to the general
public such as muscular dystrophy, cystic fibrosis, and Down’s syndrome. The occur-
rence of this disease in multiple family members was reported in Europe as early as
1847 by Virchow. In 1901 Adrian reported that 20 % of 447 cases reviewed exhibited
direct transmission. Preiser & Davenport first described the condition as an autoso-
mal dominant in 1918. It is now considered to be an autosomal dominant trait with
variable penetrance and a very high rate of spontaneous mutation; however, the
recent realization of alternative forms of the disease which may propagate through
several generations severely challenges the spontaneous mutation theory. Genetic
heterogeneity is a key element in neurofibromatosis. There are likely to be multiple
forms of the disorder, probably involving multiple alleles at a single locus and possi-
bly several gene loci. The disorder has tremendous clinical variability, an aspect that
must be taken into account in any discussion of pathogenesis (102). It has been docu-
mented to have a frequency of 1 per 2500 to 3000 live births. Spontaneous abortion
in patients with neurofibromatosis has not been studied to date. A family history was
obtained in 47 of our 116 patients.

Discussion

Having accepted the autosomal dominant theory of inheritance in neurofibromato-
sis, one has to be concerned about the high number of mutations (50 %) occurring
with the disorder (31). This spontaneous mutation rate has been challenged by Steg
and coworkers with dermatoglyphic analysis utilizing a computerized pattern analy-
sis and classification system (122). Abnormal congenital dermatoglyphic patterns
have been found in many parents of patients formerly classified as spontaneous muta-
tions. When one considers the many clinical presentations of the disease, one can
more easily accept the autosomal dominant concept and appreciate the varying
penetrance and expressivity. It also allows that, rather than assuming a skip of a gen-
eration, there was a different mode of expression with the dominant gene present.
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Contrast those patients with multiple café-au-lait spots versus those presenting with
bilateral acoustic neuromata versus those with axillary freckling only.

Young et al. classified neurofibromatosis into three hereditary forms: Peripheral
form with café-au-lait spots and neurofibroma, the central form with multiple tumors
in the central nervous system of a type consistent with neurofibromatosis, and a third
mixed form with both peripheral signs of neurofibromatosis and tumors in the cen-
tral nervous system (142). These authors further pointed out that the disease, though
not always, is usually inherited in the same form in the next generation. Other au-
thors have considered the penetrance of the disease form to be related to maternal
involvement and elderly paternity.

Most authors now accept the 2 clinical forms of neurofibromatosis, i.e., peripheral
neurofibromatosis and central neurofibromatosis. The central form consists of those
with multiple central nervous system involvement presenting as neoplasia (mening-
ioneuroplasia, cranial Schwannoma, and optic glioma). The exception to this con-
cept is that of a special form of central neurofibromatosis, i.e. , bilateral acoustic neu-
roma occurring as its only sign. The peripheral form includes the more typical pres-
entation, i.e., cutaneous (café-au-lait spots, fibroma molluscum) and bony lesions
such as scoliosis, segmental skeletal overgrowth and pseudarthroses.

I feel the diagnosis of neurofibromatosis in children can be conclusively made
when 2 of the 4 most commonly occurring criteria are met, i.e., café-au-lait spots (5
or more in number with a diameter of at least .5 cm), positive family history, histo-
logic diagnosis of neurofibroma, and a characteristic osseous lesion (hemihyper-
trophy, spinal deformity, or congenital tibial pseudarthrosis.
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Clinical findings

Soft tissue manifestations

Café-au-lait spots

Café-au-lait spots were present in 103 of our 116 patients, or 89 % (Figure 1A). The
café-au-lait type of pigmentation is a characteristic lesion of neurofibromatosis; how-
ever, von Recklinghausen did not consider them to be a part of the disorder. This
pigmentation is tan, macular, and melanotic in origin. It is located in and around the
basal layer of the epidermis. The lesions may vary in shape, size, number and loca-
tion. In neurofibromatosis they are frequently found in areas of the skin not exposed
to the sun. The presence of a café-au-lait spot may be normal. McCarroll examined
normal nursing students and found that 20 % had café-au-lait spots without associa-
ted anomalies (80). Crowe et al. concluded that an adult who has more than 6 café-au-
lait spots measuring 1.5 cm or more in diameter should be presumed to have neuro-
fibromatosis (32). Whitehouse evaluated 365 children under the age of 5 and stated
that 2 or less café-au-lait spots occur in only 0.75 % of normal children and that 5
spots, with a diameter of at least 0.5 cm, should be diagnostic of neurofibromatosis
until proven otherwise (139). Crawford reported on patients under 12 years of age
conclusively diagnosed by his criteria as having neurofibromatosis who, sometimes,
did not have any café-au-lait spots on presentation but developed them at a later age
(31). His young patients who presented with only a few café-au-lait spots showed an
increase in number and size with increasing age. The lesions are usually present by 9
years of age. In boys, the intensity of color of the spots increases up to puberty and
then remains stationary. In women, the areas become darker with pregnancy and re-
main dark throughout their lives. The geometric requirements of the café-au-lait
spots for diagnosis, i.e., smooth edges (coast of California) for neurofibromatosis, as
contrasted to the jagged edge (coast of Maine) seen in fibrous dysplasia have been
questioned. Undue emphasis on the number, size, and shape of café-au-lait spots can
lead to under-diagnosis, over-diagnosis or misdiagnosis (102).

Recent authors have attempted to make a qualitative distinction between the café-
au-lait spots of neurofibromatosis and those of fibrous dysplasia as opposed to those
occurring in normal subjects. Johnson & Charneco described the presence of giant
melanosomes in the melanocytes in café-au-lait spots in 6 out of 8 neurofibromatosis
patients whom they examined (63). No similar changes were found in the so-called
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Figure 1. The cutaneous lesion of neurofibromatosis as seen in children.

A. Multiple café-au-lait spots in a young patient with spinal deformity. Note the variation in
size and shape of the lesions. These lesions tend to increase in size and number as the child
matures.

normally occurring café-au-lait spots. The café-au-lait spots in neurofibromatosis
showed a higher number of melanocytes/sq mm compared with the number of these
cells in corresponding parts of skin of healthy persons. Both Johnson and Takahasi
(125) have noted an increased activity of melanocytes in neurofibromatosis; how-
ever, these findings have been of no pathognomonic value. The café-au-lait spots of
children with neurofibromatosis rarely show giant melanosomes as compared to
adults with the disease who show large numbers of pigment bodies.

Frenk showed that in Albright’s disease, café-au-lait spots did not contain giant
melanosomes (44). Therefore, some differences, both quantitative and qualitative
but not pathognomonic, have thus been recognized and these afford some possibility
of distinguishing the café-au-lait spots of neurofibromatosis from those seen in other
conditions.
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B. Multiple dermal neurofibroma (fibroma molluscum). These pedunculated lesions occur in
the post pubescent adolescent. They have no particular distribution and can be seen on the
adjacent right forearm. Several subcutaneous neurofibroma and café-au-lait spots are also
present on this photograph.

Nodules

Twenty-one of our patients (18 %) had cutaneous nodules [fibroma molluscum]
(Figure 1B). They were all adolescents. Cutaneous nodules are only found after
puberty. They are usually manifestations of long-standing or adult disease, and do not
occur with any frequency (12 %) in childhood (57). These tumors may grow under,
be flush with, or be raised above the level of the skin. Although they are usually the
color of normal skin, early lesions may be violaceous. Ormsby & Montgomery inter-
preted these tumors as true neurofibromas arising from peripheral nerves and their
supporting structures, but this conclusion had not been proven (93). Rubenstein
shares this theory (107). Stout considered these tumors to be simple proliferation of
fibrous tissue (123). Recent electron microscopy studies have demonstrated the
axons and the Schwann cells to be present in these tumors; therefore, it is appropri-
ate that they be included under the term “dermal neurofibroma” (51). Dermal
neurofibromas are rarely associated with central nervous system lesions and only
occasionally does one see skeletal involvement with this peripheral type of neuro-
fibromatosis.
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C. This large nevus overlies a plexiform neurofibroma. The plexiform neurofibroma was di-
rectly over the greater trochanter and iliac crest of this patient who had a spinal deformity
but could not tolerate a Milwaukee brace over the area because of extreme sensitivity. The
lesion only occurred on one side of the body.

Nevus

Nine patients (8 %) presented with nevi with descriptions including “nevus lateralis”
and “bathing trunk” nevus (Figure 1C). The nevus lateralis can be described as dark
brown pigmented skin over one-half of the abdominal wall with an abrupt change of
pigmentation occurring along the midline. Nevi, or hyperpigmentation, may be pre-
sent in up to 6% of children with neurofibromatosis (31). These lesions are dark
brown, pigmented areas of the skin which occasionally tend to isolate themselves to
one side of the body. Patients may present with large nevi which cover broad areas
of the skin, some of which are quite sensitive. The sensitivity is often related to an
underlying subcutaneous plexiform neurofibroma. The plexiform neurofibromata
have a “ropey”, “bag of worms” feeling and are extremely sensitive. The areas of in-
volvement may also have decreased sensation, causing sores to develop under a
brace or cast without the patient’s knowledge, or they may have hypersensitivity.

18



D. Elephantiasis neuromatosis. This thickening of the skin with redundant folds gives a
pachydermatocele appearance to this lesion. Several attempts have been made to perform
physeal arrests of the distal femur and proximal tibia which were unsuccessful. She subse-
quently succumbed to a retroperitoneal neurofibrosarcoma.

When a plexiform neurofibroma is found underlying an area of cutaneous hyperpig-
mentation, especially when the tumor approaches or reaches the midline of the
body, it appears that the tumor will be aggressive and/or invade the spinal canal. The
plexiform neurofibroma is known for harboring the potential for malignant degene-
ration (103). ’

Elephantiasis

Frequently large soft tissue masses are seen in neurofibromatosis. These masses have
been termed “pachydermatoceles” or “elephantiasis neuromatosa”. They are
characterized by a rough raised villous type of skin hypertrophy presenting an unmis-
takable appearance (Figure 1D). Although more frequently occurring in adult life,
we encountered 10 patients (8 % ) with varying degrees of involvement. Weiss has de-
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E. Verrucous hyperplasia of the skin over the left buttock. This lesion was associated with
elongation of the lower extremity. Note that the child has had a knee disarticulation but
the femur extends far below its opposite knee joint. Verrucous hyperplasia represents the
most grotesque of all cutaneous lesions of neurofibromatosis. Note that there are no le-
sions on the right side of the body.

scribed this finding to be characteristic of neurofibromatosis (137). There is usually
dysplasia of the underlying bone when the lesion occurs in an extremity (60).

Verrucous hyperplasia

Verrucous hyperplasia is an infrequent but definite cutaneous lesion of neurofibro-
matosis. There is tremendous overgrowth of the skin with thickening but a velvety-
soft papillary quality. Many crevices form in this disorder and tend to break down
easily with some weeping occurring in the skin folds. The sites often become super-
ficially infected and give rise to a foul odor. The lesion presents most often unilateral-
ly and can be considered one of the most grotesque lesions of neurofibromatosis. I
encountered only one patient with this disorder (Figure 1E).

20



Axillary freckling

Axillary freckles, which are diffuse small hyperpigmented spots of up to 2—-3 mm in
diameter found in the armpits, are helpful diagnostic criteria for neurofibromatosis,
if present. Axillary freckling and an occasional dermal fibroma may be the only phy-
sical finding in the parent of a child who shows all of the criteria required for the dia-
gnosis of neurofibromatosis. Prior to our being aware of this alternative mode of ex-
pression, the child would have been considered a spontaneous mutation. Axillary
freckling was an inconsistent finding in our study group.

Discussion of cutaneous findings

The cutaneous manifestation of neurofibromatosis is well demonstrated in our series
in that café-au-lait spots were present in 103 of the 116 patients. The series confirmed
the observation that only a few café-au-lait spots may be present (5 lesions of greater
than .5 cm) in children, but they usually increase in number and size with age. Seve-
ral of the patients who had abnormal biopsy results did not have café-au-lait spots at
the time of their initial examination but subsequently developed multiple skin le-
sions. In fact, most of the children presenting with anterior lateral bowing and tibial
pseudarthrosis had few if any café-au-lait spots on initial presentation. All of these
patients had multiple café-au-lait spots after 5—6 years of age.

Only those children over 12 years of age demonstrated the dermal neurofibroma
(fibroma molluscum) of neurofibromatosis. One patient who had no evidence of cu-
taneous lesions on initial presentation revealed multiple fibroma molluscum all over
her body at follow-up 13 years later.

The author has also noted some patients to have a granular, sandy, slightly pig-
mented skin texture as the only cutaneous manifestation of the disorder. Others may
complain of pruritis or an “itchiness”.

In most cases, neurofibromatosis is typical in its development with multiple café-
au-lait spots and neurofibroma, leaving no doubt the diagnosis. However, in certain
cases the manifestations of the disease are few and relatively uncommon so that the
diagnosis may be greatly in doubt. Difficulties may also arise through the nature of
the disease which often shows slow clinical evolution over decades, the typical cuta-
neous neurofibromata developing at or after puberty or considerably later in life.
Sharp and Young (117) pointed out that it was difficult to classify the disease into
different clinical forms because of its protean manifestation and also because of the
occurrence of alternative presentations, for example, those with nothing more than
café-au-lait spots on the skin or axillary freckling.

That neurofibromatosis is probably of multiple cell origin has been substantiated
by studies using the X-linked glucose 6 phosphate dehydrogenase mosaicism marker
(39). It may well be influenced by increased nerve growth stimulating factor, al-
though current conflicting evidence regarding this theory remains to be resolved
(114, 119). The etiology is still unknown.
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Skeletal manifestations

Spinal deformities

Scoliosis: Scoliosis is the most common osseous defect associated with neurofibro-
matosis. Gould (45) and Weiss (137) were the first to point out the high incidence of
spinal deformities in this disease. The spinal deformity may vary in severity from
mild nonprogressive forms to severe curvatures. Since Weiss’, a dermatologist, first
description of this lesion associated with neurofibromatosis in 1921, many authors
have cited the association of the two conditions (3, 13, 15, 16, 21, 43, 70, 75, 85, 100,
113, 115, 131, 140).

The cause of spinal deformity is unknown, but it has been suggested to be seconda-
ry to osteomalacia, a localized neurofibromatous tumor eroding and infiltrating
bone, endocrine disturbances, and mesodermal dysplasia (20, 45, 46, 52, 112, 116,
137).

The relative incidence of spinal deformities in neurofibromatosis is unknown. In
a general orthopaedic clinic, 2 % of the scoliosis population will have neurofibroma-
tosis. In a scoliosis clinic population, approximately 3 % will have neurofibroma-
tosis, whereas in a neurofibromatosis population, 60 % of patients will have some
disorder of the spine (31). Of approximately 10,000 patients seen by Winter et al.
with scoliosis, only 102 were found to fit the traditional criteria for diagnosis of
neurofibromatosis (140). According to most authors, the scoliosis noted in neuro-
fibromatosis is usuaily in the thoracic area and tends to produce a short, sharply
angulated curvature, including 4 to 6 vertebrae, and is usually progressive. Miller
described the curvature of neurofibromatosis as a kyphoscoliosis with the site of pre-
dilection in the lower dorsal area, which may be noticed in early childhood (85). The
characteristic feature is a sharp angulation at the apex of the gibbus. Scott evaluated
the spinal deformities of 81 patients and found no evidence of any consistent pattern
of scoliosis in neurofibromatosis. He noted that the severity of some of the curves
resemble a congenital scoliosis (115). Veliskakis and associates noted in 43 of 55 pa-
tients a characteristic short curve composed of fewer segments with sharp apical
wedging and rotation in the lower thoracic area. The wedging was occasionally so
severe that it was mistaken for a hemivertebra. They believed that the tendency of
this curve to progress rapidly warranted early spine fusion of the involved segments
to prevent progression. Recent investigators (21, 48, 115) have suggested that there
is no standard pattern of spine deformity in neurofibromatosis and the types of
curvature found are quite variable. Cobb was one of the first to recognize the serious-
ness of the spine deformity and especially the deleterious effect of laminectomy in a
patient with neurofibromatosis and scoliosis. He also felt that a high proportion of
scoliosis classified as idiopathic was possibly secondary to neurofibromatosis (24,
25).

The consensus is that there are probably 2 patterns of scoliosis found in neuro-
fibromatosis, that is, the characteristic short segmented, dysplastic, sharply angu-
lated curve and curvatures resembling idiopathic scoliosis. Right and left convex
thoracic curves occur in about equal numbers. The dysplastic curvature is character-
ized by severe wedging of the apical vertebral bodies, strong rotation of apical ver-
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tebrae, scalloping of the vertebral bodies, spindling of transverse processes, for-
aminal enlargement, and pencilling of the apical ribs (Figure 2). It is most important
to recognize the dysplastic or dystrophic ourve and distinguish it from the nondy-
strophic curve. Winter et al. felt that brace treatment was not effective in the
management of the dystrophic curve and recommended an aggressive approach to
management: “There is no justification for passively observing the progression of the
spine deformity in neurofibromatosis™ (140).

A B

Figure 2. Dystrophic neurofibromatic curvature with short segmented, sharply angulated
“kinky” spinal deformity; plain film and plain tomography.

A. AP radiogram of a child with a spinal deformity associated with neurofibromatosis. There
is scalloping of the vertebral margins, gross rotation of the apical vertebrae, relative ap-
pearance of a paraspinous mass, pencilling of the ribs and concavity.

B. Plain polytomography reveals widening of the spinal canal in the upper thoracic region in-
ferring dural ectasia. There appears to be a 180 degree vertebral body rotation between the
upper thoracic vertebrae and the apical vertebrae. Note the proximity of the anterior
aspect of the apical vertebral bodies to the ribs. (Figures A and B courtesy of Dr. Michael
Schafer, Chicago, IL).

Those curvatures resembling idiopathic scoliosis usually demonstrate the same
tendency to progress as other idiopathic curvatures that have no dysplastic changes
of their vertebral bodies. They can usually be managed in the same manner as other
idiopathic curvatures.

23



Seventy-four of our patients (64 %) presented with spinal deformity. Only 18 had
the characteristic dysplastic neurofibromatosis curve, and the remainder had curves
indistinguishable from the idiopathic type. The radiographic characteristics and re-
sponse to treatment in the idiopathic appearing curves were similar to those in pa-
tients without neurofibromatosis.

Sixty of our 74 patients with spinal deformities (81 %) were female. Seven of the
Dupont Institute patients were detected because of their ongoing family study to de-
termine the genetic aspect of scoliosis (28). The finding of neurofibromatosis in the
family study reconfirms the genetic aspect.

Forty-six of our patients underwent posterior spinal fusion, and of these 10 had re-
exploration for possible pseudarthrosis, of which 6 were found to have defects in the
fusion mass. One other patient is known to have a pseudarthrosis but has not been
explored. This incidence is much higher than that for the idiopathic curve treated
during the same period of time. The remainder of the series (40 patients) with non-
dystrophic scoliosis were felt to have achieved a stable posterior spinal fusion with an
average of 3 years follow-up.

Kyphoscoliosis: The severe kyphoscoliosis seen in neurofibromatosis is distin-
guished by the predominance of kyphosis over the scoliosis with acute angulation be-
ing a typical sign. The vertebral bodies frequently are so deformed and attenuated at
the apex that it may be impossible to identify them on routine roentgenograms. Cur-
tis and others believed that the kyphosis contributed more to the production of para-
plegia in their patients than did the scoliosis (33). This view is supported by the bio-
mechanical studies of Breig which showed that flexion of the spine caused elongation
of the spinal canal and deformation of the spinal cord. Pathologically increased spi-
nal flexion, as by kyphotic deformity, leads to excessive axial tension of the spinal
cord parenchyma and may result in neurological impairment (17). Miller found that
in 20 patients with paraplegia associated with von Recklinghausen’s disease, severe
angulation of the spine was responsible for the paraplegia in more than half of the
patients (85). Lonstein and coworkers reviewed 45 patients with cord compression
due to spinal curvature and found neurofibromatosis to be secondary only to con-
genital kyphosis as the cause of compression (74).

Of the 74 patients with spinal deformity, 8 presented with more kyphosis than sco-
liosis. One patient, 6 years of age, underwent a posterior fusion from T4 to T12 but
an attempted anterior spinal fusion for progressive kyphosis, could not be carried out
because of pronounced local invasion of the soft tissue with neurofibromatous mate-
rial. The other 7 patients underwent attempts at obtaining surgical stabilization with
varying successes. Only 3 patients obtained a primary posterior spinal fusion after
multiple surgical procedures. Recently Winter and others have reported a 64 % in-
cidence of pseudarthrosis in patients with dysplastic scoliosis with kyphosis of more
than 50° (140) (Figure 3).

Cervical spine disorders: Klose recorded the first case of cervical spine abnormality
associated with neurofibromatosis. Until recently, only casual references to the cer-
vical spine have been evident in studies of other manifestations of neurofibromatosis
(65).
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Figure 3. This child presented with a severe kyphoscoliosis after having undergone 3 attempts
at posterior spinal fusion. The kyphosis was in excess of 100 degrees. He underwent an ante-
rior spinal fusion with fibular and rib strut grafts. The fusion subsequently failed. It was felt
that the cause of failure was resorption of the grafts by neurofibromatous tissue.

A. Clinical photographs demonstrating the severity of the kyphosis from a lateral view of the
bend test.

B. The preoperative radiographs with line drawing demonstrating the proposed position of
the fibular and rib grafts.

C. An operative photograph at the time of thoracotomy demonstrating the nesting of the
fibular and rib graft across the apex of the kyphus.

D. Six months post-op showing the position of the fibula and rib grafts.
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E. At 20 months post-op, the fibular and rib grafts have literally melted away and the initial
kyphosis has recurred. This is not an unusual sequelae following attempts to stabilize the
severe kyphoscoliosis associated with neurofibromatosis.

Yong-Hing et al. reviewed 56 patients with neurofibromatosis from the Alfred I.
Dupont Institute specifically for abnormalities of the cervical spine and found 17 to
have lesions. Of 37 patients who had scoliosis or kyphosis, 15 had cervical spine
lesions. Many of these patients were asymptomatic (143). Adkins & Ratvich re-
viewed 85 patients with von Recklinghausen’s neurofibromatosis at the Children’s

“Hospital of Pittsburgh and found that head and neck masses constituted 22 % of the
presenting problems (1).

Most patients with cervical spine anomalies are referred to an orthopaedict
secondarily after having undergone excision of a neck mass, the preceding work-up
having included an x-ray of the cervical spine showing considerable bony anomalies.
Other reasons for presentation include torticollis and dysphagia (Figure 4). Only one
of our patients was initially identified as having a cervical spine disorder while under
treatment for scoliosis; however, 3 patients presented with neck masses and signifi-
cant osseous cervical spine abnormalities.

Spondylolisthesis: Only 9 cases of spondylolisthesis due to neurofibromatosis have
been reported, 2 by Hunt & Pugh (60), one by Mandell (77), one by Winter et al.
(140), 4 by McCarrol (80), and one by Crawford (31). Only one of our patients (pre-
viously reported) was noted to have spondylolisthesis even though lateral radio-
graphs of the lumbar spine were taken on all in our original A. I. Dupont series. This
represents a lower incidence of the disorder than noted in the general population,
i.e. less than 1% as opposed to approximately 5% in the average spinal deformity
population.

!
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Figure 4. This child presented 3 years following excision of a mass of her left neck. The mass
had recurred and she had difficulty swallowing.

A. Note the fullness in the left anterior cervical triangle.

B. Anesophagogram demonstrated the outline of a prevertebral soft tissue mass. The enlarge-
ment of the neural foraminae infers that the mass is exiting from the spinal canal at multi-
ple locations.

C. Computed AP and sagittal tomography reveals the mass to be fairly extensive and extend-
ing from the C1/C2 level down to just beneath the clavicle. The increased density on the
AP view impinging on the":‘oropharynx is the mass.
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D. A coronal cut through the level of the C2 vertebra. The child had previously undergone a
laminectomy of C2 and the posterior elements are absent. Note the large densities in the
anterior vertebral canal which represent the intraspinal neurofibroma. The small,
flatténed, densely outlined area posterior is the spinal cord.

The child had no evidence of neurological deficit. She subsequently underwent excision
of the intraspinal neurofibroma by a laser technique and posterior spinal fusion, after
which an anterior approach was carried out to remove the tumor that extended anteriorly
from the level of C2 to just beneath the left clavicle. An anterior spinal fusion using the
fibula was then carried out. The patient tolerated both procedures well. Her only neuro-
logic deficit now is a positive Horner’s sign to the left eye which occurred following the
anterior approach and fusion. (Patient referred by Dr. Dan Bethem, Akron, OH).

Discussion of spinal deformities

I agree with others that spinal deformities of neurofibromatosis should be divided in-
to 2 groups, i.e. those with dysplastic changes and those with no apparent dysplasia.
The most serious spinal deformity complicating neurofibromatosis is severe dyspla-
sia of the vertebral bodies, posterior arches, and spinal canal; this is most common
in the thoracic area. These deformities may appear in early infancy and continue to
increase into and after puberty. They may cause neurologic problems including para-
plegia.

There have been relatively few clinical series discussing the treatment of spinal de-
formities in patients with neurofibromatosis. Winter et al. (140) reviewed the natural
history, associated anomalies and response to open or closed treatment on 102
patients with neurofibromatosis and spine deformity. Eighty patients were found to
have curvature associated with dystrophic changes in vertebrae or ribs. The presence
of dystrophic changes such as rib pencilling, spindling of the transverse processes,
vertebral scalloping, severe apical vertebral rotation, foraminal enlargement and
adjacent soft tissue neurofibroma was found to be highly significant in prognosis and
management. Brace treatment of dystrophic curves was unsuccessful. Posterior
fusion, with or without internal fixation, was the procedure of choice for problems
due clearly to scoliosis. Patients with dystrophic kyphoscoliosis required both
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anterior and posterior fusion to achieve stability. Sixteen patients had compression
of the spinal cord or cauda equina.

To manage those patients with dystrophic scoliosis associated with neurofibro-
matosis, I have the following recommendations. Those patients with a curvature of
less than 20 degrees should be observed for progression at 6 month intervals. For
those patients with greater than 20-40 degrees of angulation, a posterior spinal
fusion of all articular facets with Harrington rod instrumentation or segmental spinal
instrumentation should be performed. The patient should be radiographed at 6
months with oblique views taken to assess the fusion of the facet joints and to rule out
a pseudarthrosis. If there is any question of failure of consolidation of fusion mass the
patient should be reoperated and bone grafted. Savini et al. have noted the progres-
sion of dystrophic scoliosis to kyphoscoliosis and recommend anterior fusion in addi-
tion to repeat bone grafting for relapse after posterior fusion (113). Brace treatment
has not been effective in the managment of progressive dystrophic curves and should
not be used. Even in young children, early fusion will cause minimal stunting of trunk
height because the curves are usually short with very poor growth potential in the in-
volved vertebra so one need not wait for the child to attain a certain physiologic or
chronologic age (140).

The second group of scoliosis patients are those with deformity that are, in appear-
ance, identical to idiopathic scoliosis. These curves have the same prognosis and
evolution that idiopathic curvatures have, except that they have a higher risk of
pseudarthrosis after fusion and possibly a greater progression with or without correc-
tive treatment. It was noted in our original A. I. Dupont series that, as the patients
matured, some of these curvatures had a tendency to take on a dystrophic appear-
ance that was more characteristic of the dysplastic group.

My recommendation for managing idiopathic scoliosis accompanying neurofibro-
matosis is to treat it as an idiopathic curvature, i.e., the patient should be observed
for curvatures less than 20 degrees and if there are no dystrophic changes, a brace is
recommended for progression of the deformity up to 35 degrees. For those deformi-
ties between 35 and 45 degrees and over, I very strongly recommend a posterior spi-
nal fusion of all articular facets using either Harrington instrumentation or segmental
spinal instrumentation.

The patient with kyphosis in addition to scoliosis invariably has dysplastic changes.
No patient in this series had paraplegia resulting from a kyphosis associated with pro-
gressive deformity. An attempt in one patient at anterior and posterior spinal stabi-
lization failed. In this patient the kyphotic deformity had been temporarily stabilized
by bracing, but the possibility of progression and paraplegia remains real. Rockower
et al. have recently reported 2 patients who, because of loss of vertebral bodies se-
condary to neurofibromatous tissue encroachment, developed paraplegia (106). Im-
mediate application of traction resulted in a reversal of the paraplegia. Traction
should only be used with flexible kyphosis, never if the kyphosis is rigid. It was the
conclusion of Winter et al. that dystrophic patients with angular kyphosis responded
very poorly to posterior fusion alone and posterior pseudarthrosis repair was not suc-
cessful in achieving stabilization. Good results were consistently obtained only on
those patients who had both anterior and posterior fusion; however, not every
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patient obtained solid initial fusion with both anterior and posterior procedures,
several required repeat operative procedures. Winter et al. felt that technically in-
adequate anterior procedures were the usual reason for failure. Most important was
the recommendation that the entire structural area of the deformity be fused ante-
riorly with complete disk excision and strong strut graft, preferably from the fibula
as well as rib and iliac crest graft. They recommended no soft tissue be allowed to
interpose between the grafts and all grafts should have contact with each other and
with the spine. Those grafts surrounded by soft tissue tended to resorb in the midpor-
tion. Two of our patients with kyphoscoliosis have undergone a total of 7 procedures
each, both anterior and posterior and have not obtained a stable spine at this time.
Of 74 patients, 8 presenting with kyphoscoliosis have undergone a total of 24 proce-
dures to date. Only 2 have what appears to be a bona fide fusion and are asymptom-
atic. Only one has reached skeletal maturity.

Because of the association of paraplegia with kyphoscoliosis there has been a ten-
dency to perform laminectomies. Laminectomy for kyphoscoliosis cord compression
is absolutely contraindicated. The inciting lesion is usually anterior and the compres-
sion cannot be visualized from behind. Also, the removal of the posterior element
predisposes the patient to unstable post-laminectomy kyphosis and removes valu-
able bone stock required for posterior spinal fusion.

The recommendation for the management of kyphoscoliosis and neurofibromato-
sis is to initially rule out any evidence of an intraspinal lesion such as a psecudomening-
ocele with dural ectasia or an intraspinal neurofibroma (dumbbell tumor). These two
lesions have been felt to account for the paraplegia encountered following conven-
tional instrumentation. A complete high-volume myelogram in the prone, lateral,
and supine position, CT scan or MRI, should be performed prior to surgical treat-
ment. An anterior disc excision and bone graft followed by posterior arthrodesis and
instrumentation should be performed if the kyphotic angle is greater than 50 de-
grees. One should extend the anterior fusion 1-2 levels past both end vertebrae. The
patient should be reexplored posteriorly at 6 months with augmentation of the fusion
mass if polytomography or bone scan shows any evidence of weakness of the fusion
mass.

For those patients presenting with paraplegia and neurofibromatosis one has to
first rule out an intraspinal lesion (tumor, meningocele) versus kyphotic angular cord
compression (108). A high volume myelogram is done in the prone, lateral and su-
pine positions with assisted axial computerized tomography. If the kyphosis is mobi-
le the patient should be placed in halo-assisted traction. This is to be done with extre-
me caution and should definitely not be performed if the kyphosis is rigid. If a tumor
is anterior, then immediate anterior decompression and fusion should be carried out,
whereas if the lesion is posterior, a hemilaminectomy with tumor excision and poste-
rior spinal fusion are to be carried out. The posterior fusion should be performed
with addition of Harrington or segmental spinal instrumentation. The patient should
be observed very carefully for a pseudarthrosis, and augmentation of the bone graft
should be carried out directly if such evidence presents.

The cervical spine disorders are primarily those of kyphosis. Three of our patients
presented following excision of a mass in the anterior cervical triangle. We now re-
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commend AP and lateral radiographs of the cervical spine with the original evalu-
ation of all spinal deformities in neurofibromatosis. If dysplasia is noted, lateral
flexion and extension x-rays should be obtained to rule out instability. One should be
extremely concerned of posterior scalloping of the vertebral bodies or increase in the
size of the neural foramina, thus indicating the presence of a spinal neurofibroma.
These lesions cause significant compression to the spinal cord and their removal has
presented considerable technical difficulties to the surgeons. Five cases of atlanto-
axial dislocation have been reported in patients with neurofibromatosis, 2 of which
were noted to have neurofibromata between the odontoid and anterior arch of C1
(109, 61, 143). With the use of the laser we are now able to remove neurofibromata
in this region without compromise to the spinal cord. Because of the amount of bone
removal required to completely remove the tumor and the resulting instability, a
spinal fusion should always be carried out, oftentimes requiring an occipital cervical
fusion. All 4 patients who presented following decompression laminectomy had pro-
gressive kyphotic deformities. A halo device may be utilized to stabilize the occipital
cervical thoracic area until fusion takes place.

Intrathoracic meningocele, dural ectasia and dumbbell lesions

An intrathoracic meningocele is relatively rare; less than 50 cases are reported in the
English literature. Pohl reported the first case of an intrathoracic meningocele asso-
ciated with neurofibromatosis. Radiographically, with myelography, a soft tissue
mass is seen protruding from the spinal canal into the posterior mediastinum (95).
Structural defects in the pedicle, enlargements of the intervertebral foramina, and
abnormalities of the vertebral bodies may accompany the masses (77).

The scalloping of the vertebral bodies with deformity of the pedicles and widening
of the intervertebral foramina could be caused either by the presence of dumbbell tu-
mor (intraspinal neurofibromas) or saccular dilatations of the dura, “dural ectasia”.
No case of intrathoracic meningocele was noted in our series; however, 2 of the pati-
ents seen in consultation had this deformity (Figure 5).

Discussion

When one sees scalloping and indentation of vertebral bodies, a very careful investi-
gation should be carried out for an intrathoracic meningocele or dumbbell lesion.
The scalloping has been associated with intraspinal neurofibroma as well as with the
expansion of the dural sac suggesting a meningocele. Scalloping can exist without
either of the above-mentioned eroding factors. The implication is that this deformity
is primarily a vertebral or developmental defect associated with neurofibromatosis
and not dependent on pressure erosion. Because some intraspinal studies with
myelography have shown the contrast material to not conform to the posterior scal-
loped surfaces of the vertebra, there is a suggestion of an intervening intradural
mass. The vertebral scalloping and hyperplasia may be signs of mesodermal dys-
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A B
Figure 5. A short segmented double primary scoliosis associated with neurofibromatosis. The

lateral view shows significant scalloping of the posterior vertebral bodies and increase in the
AP diameter of the neural foramina and spinai canal.

A. The double primary curvature extending from T11 to L4. Note the sharp wedge-shaped
margins of the vertebral bodies suggesting extrinsic pressure.

B. An oblique view of the myelogram demonstrating the dural ectasia and pressure erosion
of the vertebral bodies.

plasia or an indirect manifestation of a proximal tumor. Because of the possibility of
an intraspinal tumor or dural ectasia, it is strongly recommended that high volume
myelography be performed on those patients with dystrophic curvatures requiring
instrumentation and fusion (140).

Angtuaco et al. have recommended CT myelography for patients with neurofibro-
matosis (8). Myelography alone can help differentiate between a mass lesion and the
pseudomeningocele-like pattern of dural ectasia. With CT, additional details such as
displacement of the spinal cord and the extent of involvement of the subarachnoid
compartment by tumor can be assessed. Klatte et al. have attempted to elucidate the
cause of posterior scalloping of the vertebrae in neurofibromatosis by CT. They
stated that eccentric unilateral scalloping favors a neurofibroma whereas central
scalloping occurs more frequently in dural ectasia (65).

The author recommends CT assessment of any areas demonstrated by myelogram
to be suspicious and/or those areas poorly demonstrated on complete myelogram
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due to dilution of contrast material. The MRI offers an image technique capable of
simultaneous assessment of all elements in a single non-invasive study.

Disorders of bone growth and associated soft tissue changes

The “Elephant Man” was the most publicized patient with neurofibromatosis in
medical history. Beginning in 1884, Sir Frederick Treves described this miserable,
grotesque creature, repeatedly calling attention to his large, misshapen head. Tre-
ves, a British surgeon, is renowned for his kind assistance to the Elephant Man, Jo-
seph Carey MacDonald Merrick (called “John” in the movie). Merrick was afflicted
by neurofibromatosis with a profound disorder of facial bone growth, and he trave-
led with freak shows. Actually, Treves did not realize at the time that his patient had
von Recklinghausen’s disease (127, 128, 129, 130). It remained for Weber, the illus-
trious dermatologist with remarks on the classification of incomplete and anomal-
ous forms of von Recklinghausen’s disease, to point this out later (133). Disorders of
bone growth are quite frequently associated with changes in the soft tissue overlying
the bony deformity (16, 20, 38, 91, Goel M K, unpublished data). Dermatologists,
who often see these patients initially, should be encouraged to look for previously
unrecognized bony manifestations of the disease (Figure 6).

Figure 6. Unilateral facial overgrowth. This very young patient demonstrates the character-
istic tremendous overgrowth of one side of his face with distortion of facial features. Except
for café-au-lait spots, there were no other manifestations of neurofibromatosis at this time.
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The zones of overgrowth in bone and soft tissue are usually unilateral involving the
lower extremities or head and neck. Riccardi has described these lesions as a seg-
mental form of neurofibromatosis (104). The osseous changes characteristically
cause the bone to be elongated with a wavy irregularity of the cortex, which may be
thickened. The diffuse hypertrophy of an extremity may first demand the attention
of an orthopaedic surgeon. Eighteen of our patients, or 16 %, had limb length dis-
crepancies of which 4 had associated elephantoid changes or dermatological find-
ings.

The}l():hanges that can be found in the soft tissues associated with the bony over-
growth/are hemangiomatous lesions, lymphangiomatosis, elephantiasis or, occasio-
nally, beaded plexiform neuromas.

Wehbe and Mickelson have reported malignant Schwannomas associated with dis-
ordered bone growth (134). The incidence of malignant degeneration cited in the
literature varies greatly. Crowe et al. found sarcoma in 2% of 227 cases. The in-
cidence was much higher (16 %) when only those lesions associated with plexiform
neuromas were considered.

The most impressive disorders of bone growth included patients who had co-
existent pachydermatocele or elephantoid skin characteristics. Two of the patients
with a combination of bony overgrowth and elephantoid skin changes subsequently
developed retroperitoneal sarcomas. One, now only 5 years of age, has had 4 retro-
peritoneal explorations for recurring neurofibromas. She subsequently required a
colostomy and recently underwent a hip disarticulation amputation because the tre-
mendous overgrowth of her lower extremity caused her to stop walking. The one
patient not having skin changes associated with bony overgrowth developed progres-
sive enlargement of her right mandible. After 16 plastic surgical procedures, she is
still quite disfigured and has asymmetrical growth of her mandible.

Treatment

I strongly recommend epiphyseal arrest as the initial method of treatment of those
patients with excessive bony overgrowth of the lower extremities. Attempts at re-
moval of the excessive soft tissue associated with overgrowth of the lower limb has
not necessarily resulted in improved cosmesis (Figure 7). The possibility of these
children being subsequently diagnosed as having a central or peripheral nervous
system neoplasm has led me to a more aggressive approach to their problem, i.e., de-
bulking or amputation procedures in an effort to allow them to function as best they

-can while young because of the possibility of a significantly shortened life span. I
would recommend not performing shortening procedures requiring through the
bone surgery because of the strong possibility of non-union and pseudarthrosis de-
veloping.
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Figure 7. Child with limb overgrowth following a subperiosteal hematoma who underwent a
debulking of the soft tissues of his leg in an effort to achieve improvement in appearance. The
healing time of the incision was tremendously prolonged with some residual scarring taking
place. Needless to say, the cosmesis has not been significantly improved. (Courtesy of Dr.
Luis Dias, Chicago, IL)

Congenital bowing and pseudarthrosis

History: The relationship of pseudarthrosis of the tibia to neurofibromatosis was first
described by Ducroquet (34). Of his 11 patients with tibial pseudarthrosis, 9 had
manifestations of neurofibromatosis. The single bone most commonly affected by
neurofibromatosis is the tibia (6, 7, 10, 29, 30, 31, 35, 50, 53, 79, 80, 81, 82, 83, 87).
Other affected bones have been reported such as the ulna (4, 25, 76), femur (60, 86),
clavicle (5, 70), radius (47, 78, Rankin E, unpublished data) and humerus (86).
Pseudarthrosis may develop spontaneously, after fracture or after osteotomy of the
involved bone.

Clinical manifestations: The bowing of the tibia in neurofibromatosis is characteristi-
cally anterolateral and is usually evident within the first year of life. Holt found con-
genital pseudarthrosis of the tibia with anterolateral bowing to be ultimately asso-
ciated with neurofibromatosis in 97 % of his cases (58). On the other hand, congeni-
tal bowing in a posteromedial direction, “kyphoscoliosis tibia”, is a benign condition
only occasionally associated with limb length inequality but rarely, if ever at all, asso-
ciated with pseudarthosis. Those tibial pseudarthroses associated with skin dimples,
those that are bilateral, those that have posterior medial bowing and ring constric-
tions, have no association with neurofibromatosis. The diagnosis of congenital
pseudarthrosis of the tibia is made quite early (under 2 years) with usually no evi-
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dence of neurofibromatosis. Other manifestations may subsequently occur, such as
café-au-lait spots and other bony or soft tissue deformities. The sex distribution is
equal in tibial pseudarthrosis with and without neurofibromatosis. The average age
of tibial fracture is approximately 1 year. Only one pseudarthrosis of the tibia has
been reported in a patient presenting beyond 11 years of age (12). This was caused
by a fracture in a 41 year old male. Fifty-five percent of patients with congenital
pseudarthrosis can be diagnosed as having neurofibromatosis. Pseudarthrosis has
also been reported as familial (138). Forty percent of patients with neurofibroma-
tosis and tibial pseudarthrosis have relatives with neurofibromatosis (32).

The cause of pseudarthrosis is questionable. At one time it was thought that a
neurofibroma growing within the bone cortex, caused the fracture and interfered
with union, eventually resulting in pseudarthrosis. Except for the case of Green and
Rudo (47) in which the histologic study showed neurofibromatotic tissue growing in
a pseudarthrosis segment, few surgical specimens have neurofibromatotic tissue at
the pseudarthrosis site. Aegeter believed that the basic lesion was in the surrounding
soft tissue with secondary bony involvement. He speculated that if all the tumor
tissue were removed, normal callus would still form (3). Bruner and Yunis examined
by electron microscopy the soft tissue removed from 3 patients with tibial pseud-
arthrosis and found fibroblasts rather than Schwann cells or perineural cells. These
findings differed from the true neurofibromatosis and neurolemmoma in which both
Schwann cells and fibroblasts, as well as occasional unmyelinated axons, are found
(19). Tibial pseudarthrosis and neurofibromatosis associated with other skeletal
problems are rare, only 5 % found to accompany scoliosis.

Treatment principles: Congenital tibial pseudarthrosis presents a difficult problem.
The union rate for patients treated surgically for congenital tibial pseudarthrosis has
not changed with or without the diagnosis of neurofibromatosis having been made.
Many surgical procedures to improve alignment and to internally stabilize the bone
fragments have been described. Few satisfy the basic requirements of stability of
fixation and promotion of osteogenesis (10, 79, 92). The widely used methods in-
clude massive on-lay grafts (53), dual autogenous on-lay (64), trough with chip graft
(49), delayed autogenous on-lay (64), bypass (37), fragmentation, and turn-around
plasty (120).

Charnley used an intramedullary nail for better fixation (23). Langenskiold de-
vised a procedure for stabilizing the ankle by fusion of the distal tibial and fibular
metaphyses (68). Lloyd-Roberts & Shaw suggested pre-fracture grafting of the
kyphotic tibia as a means of preventing pseudarthrosis (72).

Lavine and others have reported on the application of pulsating electromagnetic
fields to the pseudarthrosis defect (69). Both internal and external sources of electric
current have been utilized recently. The success rates vary with the length of follow-
up. The initial successes have not been substantiated (11, 18, 65, 69).

Recent advances in the field of microsurgery have permitted the transfer of mas-
sive segments of bone along with accompanying nutrient vessels to a distal recipient
site with preservation of the blood supply by microvascular anastomosis to recipient
vessels. With the nutrient blood supply provided, osteocytes and osteoblasts in the
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graft can survive and healing of the graft in the recipient site will be facilitated with-
out the usual replacement of the graft by creeping substitution (136). The contralate-
ral fibula has been used in most cases with early results being quite encouraging.
Most recently, Leung has utilized the vascularized iliac crest as a transplant for small
defects of less than 7 cm, and the contralateral fibula for those defects greater than
7 cm. He felt that the technical ability to achieve reimplantation with vascular ana-
stomosis was easier with the pelvis bone because of the size of the vessels (71).

Most of the preliminary reports of microvascular bone transplants are encourag-
ing; however with longer follow-up, there has been a tendency for pseudarthrosis to
occur above and/or below the united vascularized segment.

Morrisey et al. reviewed 40 patients who were treated over 25 years by several dif-
ferent surgeons. 162 bone grafting operations were performed on their 40 patients;
however, they were not able to recommend one method as being superior to the
other. The chief difficulty they found was in achieving union between the graft and
the short distal segment of tibia. They found it most difficult to decide when to aban-
don further attempts at achieving union and to amputate the leg (89). Two factors
emerged as statistically significant in separating acceptable from poor results: age
and segmental length (88). The older the patient at the time of his last graft, the less
likely he was to achieve union, and no patient who was still being grafted at 13 years
of age achieved an acceptable result. Other authors have felt that the older the child
at the time of bone grafting, the better the chance of success, and the later the frac-
ture occurs the better the results (53, 65). Significant shortening also represented an
unacceptable result. The shortening is noted to be associated with abnormal growth
of the distal tibial epiphysis. The fact that the graft usually failed distally and there
was decreased uptake by bone scan of the distal physis suggested that there was a
physiologic disturbance in the physeal region of the distal tibia. The high incidence
(25 %) of subsequent development of central nervous system gliomas in the Morrisey
et al. (89) series caused them to reflect as to whether or not enthusiasm in continued
attempts at bone grafting should be carried out as the patient got older. Andersen
felt that patients with dysplastic anterolateral bowing and neurofibromatosis who
achieved solid bony union had complaints centered around the leg length discrepan-
cy, limitation of ankle motion, pain in the ankle joint, and atrophy of the leg and
foot. If union was not achieved after 3 or 4 grafting procedures or before the age of
7 years, the benefit of further procedures should be questioned (6).

Andersen further reviewed 21 cases of congenital pseudarthrosis of the tibia and
found all cases of the dysplastic type (Crawford types II-B and II-C) showed eviden-
ce of neurofibromatosis. His most significant observation concerned those patients
without dysplastic changes (Crawford type I} who had positive diagnosis of neurofi-
bromatosis and underwent corrective osteotomies. The radiographs from before the
osteotomy showed typical anterolateral bowing but no obvious dysplasia. Three
cases underwent corrective osteotomy, and all resulted in pseudarthrosis (7). One of
our cases of anterolateral bowing with no evidence of dysplasia underwent corrective
osteotomy only to be followed by pseudarthrosis. It should be emphasized that child-
ren with congenital anterolateral bowing of the lower leg should not have corrective
osteotomy unless the indications are very well substantiated, and the extremely great
risk of pseudarthrosis has been seriously considered (Figure 8).
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Figure 8. This child was noted to have an anterior lateral bow of the tibia and neurofibroma-
tosis. Because of some concern for the bowing deformity, an osteotomy was performed. A
pseudarthrosis developed following the osteotomy and has failed to unite despite prolonged
application of pulsating electromagnetic fields.

A. Anterolateral bowing with increased bone density (Crawford I).

B. Following corrective osteotomy and bone graft, both the tibia and fibula went on to
develop a frank pseudarthrosis. Note the development of sclerosis of the proximal and
distal pseudoarthrotic ends of both the tibia and fibula with osteopenia of the inferior
tibial/fibular fragments and foot. Osteotomy for the correction of anterior lateral bowing
of the tibia when associated with neurofibromatosis is to be strongly condemned.

It has quite often been stated that osteosynthesis could be achieved in those pa-
tients with tibial pseudoarthrosis lesions by resection of the pseudarthrosis, bone
grafting, Boyd amputation and immediate weight bearing (36). It was felt that the
ability to directly compress the pseudarthrosis site with direct weight-bearing would
lead to early union. Jacobsen and Crawford et al. recently reported on 8 cases treated
by through the ankle amputation, bone grafting, and direct weight bearing. None of
the patients in their series achieved union by this method (62) (Figure 9).

Patient material and classification: Fifteen patients presented with angular deformi-

ties of the tibia under 2 years of age. These included 6 frank tibial fractures, 8 pseud-
arthroses, and one with anterolateral bowing (prepseudarthrosis). The treatment of
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Figure 9. This child presented with a dysplastic anterolateral bowing of the tibia associated
with neurofibromatosis and underwent 8 attempts at synostosis. It was felt that if the foot were
amputated and bone grafting carried out with immediate weight bearing, the lesion would
finally heal. Three and 1/2 years following foot amputation, bone grafting and prosthetic
fitting, the pseudarthrosis has shown no evidence of uniting.

A. A lateral radiograph showing the fixed pseudarthrosis after multiple attempts at bone
grafting.

B. Three and 1/2 years after final bone grafting and Boyd-Symes amputation had been per-
formed. There has been no healing of the bone following the procedures.

7 of these patients has been reported by Rathgeb and others (98). Attempts were
made to classify the radiographic appearance of the lesion and prognosticate its re-
sponse to treatment.

Thirty-one surgical procedures were performed, including on-lay grafting, multi-
ple osteotomies, plate fixation, below knee amputation, application of electric cur-
rent (Osteostim®), and vascularized fibular transplants. Four radiographic types of
pseudarthrosis tibia were identified (Figure 10). These deformities can be separated
into dysplastic and non-dysplastic types.
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I IIA IIB IIc

Figure 10. Classification of congenital tibial pseudarthrosis.

Type I: Anterolateral bowing with increased bone density in area of medullary canal.
These patients have the best prognosis, can usually be followed without bracing,
and may never have a fracture.

Type II-A: Anterolateral bowing with failure of tubulation. These patients inevitably have a
fracture. They should be protected from the time the diagnosis is made.

Type II-B: Anterolateral bowing with post fracture cystic lesion.

Type II-C:  Anterolateral bowing with dysplastic constriction or frank pseudarthrosis of both
the tibia and fibula.

The types II-B and II-C lesions characterize the dysplastic pseudarthrotic lesion and have
been the most difficult ones to obtain a lasting union by any means.

Type I (Non-dysplastic) — Anterolateral bow with dense medullary canal. These pa-
tients have the best prognosis, can usually be followed without bracing, and may
never have a fracture.

Type I1-A (Dysplastic) — Anterolateral bowing with increased medullary canal width
and a tubulation defect. These patients should be protected from the time the diag-
nosis is made, and prepared for surgical intervention, possibly prophylactically.

Type II-B (Dysplastic) — Anterolateral bow with a cystic post fracture lesion. This le-
sion represents early healing of a previous fracture. These patients should have early
bone grafting because of their tendency to early fracture with the resulting dire con-
sequences.

Type II-C (Dysplastic) - Anterolateral bow with fracture, cysts, or frank pseud-
arthrosis. These patients have the worst possible prognosis. All aspects of the patient
must be considered in the eagerness to achieve union. The number of operations and
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length of hospitalization must be carefully considered in terms of whether the psy-
chologic costs are a fair price to pay for the anticipated result. Some form of amputa-
tion should be considered early in the course of treatment. Some of the happiest pa-
tients have had amputations, particularly those who had experienced several opera-
tions requiring prolonged confinement. Observation of children with similar prob-
lems who have undergone amputation often helps the psychological effect on the
patient and the family.

Results: The relationship of tibial pseudarthrosis or congenital anterolateral bowing
of the tibia to neurofibromatosis cannot be over-emphasized. Usually the patients
with the condition under 2 years of age have no evidence of neurofibromatosis at that
time. One of our patients with congenital pseudarthrosis felt not to be associated
with neurofibromatosis had undergone 8 procedures before she started to manifest
café-au-lait spots at 8 years of age. She subsequently, as a teenager, developed fibro-
ma molluscum. Because of the considerable shortening and disfigurement of her leg,
despite obtaining union after the tenth procedure, she elected to have an amputa-
tion. Unfortunately, she subsequently presented with a neck mass diagnosed as a
neurofibrosarcoma.

We have recently undertaken the treatment of congenital pseudarthrosis tibia
associated with neurofibromatosis by external application of pulsating electro-
magnetic fields using the Electrobiology® unit. We followed a child who presented
with a dysplastic lesion and treated her by application of a polyprophylene ankle-
foot-orthosis at 6 months for daily wear, and applying the clamshell Electrobiology®
by night. She is now 5 years old and has not sustained a fracture.

Two patients have undergone vascularized fibular transplants. Both achieved dra-
matic initial success only to be followed within a 12 month period by increased areas
of radiolucency at the junction of the healing graft requiring repeat bone grafting at
the proximal or distal segment of the partial synostosis (Figure 11).

Recommended treatment: 1 now recommend that all patients presenting with anterior
lateral bowing associated with neurofibromatosis be placed in a well-molded poly-
propylene lower extremity orthosis. If the lesion shows evidence of dysplasia with
either the presence of a cyst or a fracture, we then place the Electrobiology® clam-
shell external electromagnetic field unit over the limb at night. For those children
over 3 years of age presenting with a frank pseudarthrosis of the tibia and fibula, a
vascularized fibular transplant from the opposite limb is recommended. Support is
continued in an orthosis following synostosis of the graft until skeletal maturity. I
would strongly recommend against corrective osteotomy of the anterior lateral bow-
ing deformity under any circumstances because of the high pseudarthrosis rate.
When amputation is inevitable or following 3 surgical attempts at pseudarthrosis, I
recommend a through the ankle amputation of the Boyd-Syme’s type because of its
increased length allowing for greater biomechanical advantage for prosthetic wear
and the avoidance of stump overgrowth always found in skeletally immature
through-the-bone amputees.
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C D

Figure 11. This is a child who presented as an anterolateral bowing with pseudarthrosis of the
tibia and fibula and underwent a vascularized fibular transplant.

A. Anterolateral bowing deformity and shortening of the limb.

B. The completed anastomosis of the donor fibular nutrient vessel to the recipient peroneal
artery.

C. A bone scan demonstrating perfusion of the free fibular graft. The graft was affixed to the
tibia with a compression plate.

D. Radiograph 18 months post-operatively shows hypertrophy of the transplanted fibular
graft. Note the frank pseudarthrosis of the adjacent fibula. A pseudarthrosis developed
just below the synostosed graft at 2 years postop. It appears to be responding at this time
to a bone grafting procedure. (This case courtesy of Dr. Peter Stern, Cincinnati, OH)
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Erosive defects of bone from contiguous neurogenic tumor

Erosive defects are considered by some authors as the most characteristic bone
change in neurofibromatosis (20, 43, Goel M K, unpublished data). Nogaard (92)
described these lesions as a pit or cave in the bone. There is some controversy as to
whether or not they are a true cystic lesion of neurofibromatosis versus an erosion
from a contiguous tumor. The problem arises as to whether or not the lesion is an in-
trinsic cyst, one resulting from pressure erosion from an adjacent peripheral nerve,
(a) with neurofibromatotic involvement, (b) secondary overgrowth of the perios-
teum, and (¢) free cyst formation in response to the extensive neurofibromas, or a
cyst resulting from direct invasion of the periosteum by plexiform neuroma and in-
filtration of the cortex and Haversian canals by neurofibromatous tissue. It is now
felt that lesions once thougth to be cystic are mechanical erosions of directly con-
tiguous tumors. Various radiolucent lesions occurring in conjunction with true
neurofibromatosis (e.g. fibroxanthomas) are presently thought to be coincidental
(65). As aresult of reviewing the radiographic features of neurofibromatosis in more
than 500 cases Holt has deleted, at least temporarily, the heading of intraosseous
cystic lesion from his classification (58).

Only one of our patients presented with a true cyst which happened to be a uni-
cameral bone cyst of the proximal femur. The child underwent curettage and bone
grafting. No neurofibromatous tissue was noted in the curettings. Several patients
were noted to have radiographic cystic lesions of long bones secondary to pressure
from contiguous neurofibroma. These patients have all been treated by observation
only and, thus far, the lesions have shown no evidence of enlargement or progres-
sion.

Subperiosteal bone proliferation

Among the protean manifestations of multiple neurofibromatosis is the occurrence
of the subperiosteal bone proliferation described by Brooks and L.ehmann (20). Two
cases were described in their original report; others have reported similar lesions (45,
56,57, 67,73, 80,94, 111). Most cases are felt to be initiated by minor fractures with
subperiosteal bleeding followed by osseous dysplasia of the subperiosteal hema-
toma. The lesion is quite rare and its etiology is unknown. Yaghmai and Tafazoli de-
monstrated angiograms which showed only stretching and displacement of blood
vessels (141). This tends to support the Pitt et al. (94) contention that the hemor-
rhage is due to a mesodermal dysplasia involving the periosteum rather than an in-
trinsic vascular abnormality. There is no evidence to prove that there is infiltration
of the periosteum by plexiform neurofibroma as previously suspected.

Patients:

We have noted a total of 5 such lesions in our series, 3 of which have been previously
reported (94). One of these occurred in a boy with scoliosis and bony overgrowth of
the left tibia with a subperiosteal cortical cyst; he underwent a spinal fusion and was
scheduled for a tibial physeodesis; however he never returned for follow-up. An-
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other patient was first seen because of enlargement of the right tibia and fibula, café-
au-lait spots, and verrucous skin hypertrophy. He was treated at 8 years of age with
a physeodesis of the right tibia and fibula; however, the bone continued to grow. He
subsequently developed a Charcot joint of the right ankle.

All 5 of these patients had elephantoid overgrowth of soft tissue and pachyder-
matocele formations. They also had persistent continued overgrowth of the bone
once cystic subperiosteal involvement occurred.

The recommended treatment for these lesions is supportive, i.e., contralateral
shoe lift, etc., and careful observation. AP, lateral and oblique lumbosacral radio-
graphs should be obtained for lower extremity lesions and cervical spine films for
upper extremity lesions for evidence of enlargement of the neuroforamina and
dumbbell tumor formation. CT and MRI should be used if plain films are positive.
The bone proliferation and overgrowth may be associated with Schwannomas or
plexiform neuromas. Physeal arrest is carried out when overgrowth reaches 10%.
The limb may grow beyond bodily proportion and amputation may be necessary.

Neoplasia

Any study of a large series of patients with neurofibromatosis will reveal soft tissue
neoplasms. Despite the frequency of café-au-lait spots, the single most common cri-
terion leading to the diagnosis of neurofibromatosis has been parental recognition of
a growing mass (1, 41, 57, 84, 118). Most of the neoplasms are neurogenic and are
either central or peripheral in location. The tendency for these lesions to undergo
malignant change has been cited by others (84, 123).

The list of malignant tumors associated with neurofibromatosis is growing. Added
to non-neural crest malignancies known to be associated with neurofibromatosis are
rhabdomyosarcoma of the urogenital tract and non-lymphocytic leukemia (9, 82,
121). Wilms’ tumor has also been found in patients with neurofibromata. It has been
suggested that the association of Wilms’ tumor in neurofibromatosis reflects the geo-
graphic proximity of the metanephric tubule and primitive neural element and that
chordoma in neurofibromatosis may reflect the embryonic proximity of the not-
ochord and neural crest (121).

Twenty-two of our 116 patients were noted to have neoplastic lesions. These in-
cluded benign lesions that presented in a malignant fashion, such as an obstructing
retroperitoneal mass, a dumbbell tumor extending into the spinal canal or brachial
plexus with neurologic compromise, and lesions that recurred after initial excision
with overgrowth into vital areas that prevent repeat excision and threaten life (Table
V).

Although all the histologically benign tumors represented neural elements, they
cannot be considered completely benign because of the functional impairment of the
central nervous system and their target organs. Not only was the target organ intrin-
sically impaired, but also attempts at resection of the lesion usually resulted in fur-
ther neurologic loss.
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The incidence of neoplasia was quite high for the young population. Most series
report a5 % incidence. Of the 22 cases of neoplasia in 116 total cases, there were only
2 frankly malignant lesions, but other lesions involving compromise of the neuraxis
led to death in 3 of our patients. The lesions were considered malignant because of
their inaccessibility or their compromise to structures essential to the maintenance of
life. At least 3 other patients from our series, now being treated at other institutions,
have subsequently developed neoplastic lesions. One of our patients, being followed
for a rhabdomyosarcoma of the urethra, presented to the orthopaedic clinic as a toe-
in deformity which was subsequently diagnosed as a congenital pseudarthrosis of the
tibia (Figure 12).

Figure 12. This child presented to hospital because of the development of a mass on the
urethra. During hospitalization it was noted that she toed-in and orthopaedic consultation was
requested. A biopsy of the urethral mass revealed arhabdomyosarcoma. The cause of the toe-
in deformity was a pseudarthrosis tibia with anterolateral bowing.

A. Following lesional biopsy, the child was placed on chemotherapy with resulting alopecia.
Note the anterolateral bow of the left tibia and “toe-in” of the left foot.

B. The rhabdomyosarcomatous lesion projecting from the urethra. Most of the rhabdomyo-
sarcomas associated with neurofibromatosis involve the genitourinary tract.
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Table IV Neoplasms.

Patient N Unitnumber Lesion Sequelae
P.K.(A) 11321 Fibrosarcoma Retroperitoneal mass compressing
abdominal contents, leading to
anorexia and death
D.P.(A) 11398 Neurofibrosarcoma Sarcomatous changes in original
neurofibromas of cervical area with
subsequent involvement of spinal
cord, clivus, and brain leading to
death
J.O.(A) 13565 AccusticNeuroma  Neurofibromatous involvement of
accustic nerve, olfactory groove,
optic atrophy extension of spinal
cord, leading to death
L.S.(A) 7537 Neurogenicsarcoma Metastatic neurosarcoma to brain
with headaches and clonic seizures,
leading to death
P.C.(A) 18085 Retrobulbar glioma Loss of right optic nerve
F.P.(A) 10158 Thalamic glioma Ptosis of both eyes with subsequent
brain involvement, requiring
ventriculoperitoneal shunt, followed
by abdominal laparotomy and death
M.B.B.(A) 24776 Mediastinal Exploratory thoracotomy, radiation
neuroblastoma therapy and posterior spinal fusion
W.C.(A) 15883 GRIIlastrocytoma Paraplegia
T10-L1
K.M.(A) 19104 Ganglioneuroblast-  Anterior and posterior spinal fusion
oma picked up as
mediastinal mass on
roentgenogram
C.W.(A) 8907 Retroperitoneal Palpable abdominal masses with
Neurofibroma abnormal function
R.S.(A) 10299 Retroperitoneal Dumbbell extension of retroperi-
Neurofibroma toneal tumor into thorax and
abdomen
E.B.(A) 9447 Sarcomas of para- Excisional biopsy and irradiation
vertebral (neck)
soft tissue
P.N.(A) 19242 Sarcomatous de- Maintenance in external support
generation of media- after unsuccessful attempts at
stinal mass anterior and posterior spinal
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Patient Unitnumber Lesion Sequelae
S.B.(O) 210157 Bilateral optic Intracranial surgery
glioma
AS.(O) 271200 Neurofibromata Attempt to remove Neurofibromata
: of right posterior fossa, unsuccessful,
mass extended too far proximally to
be resected
L.B.(C) 245035 Bilateral opticnerve Right frontal craniotomy incisional
gliomas biopsy of right optic nerve
R.A.(C) 429951 Mid-lumbar Excision of mass
{neurofibroma)
T.S.(C) 342773 Plexiformneuro-  Excision of sixth intercostal nerve,
fibroma sixth and seventh riband 8 X 5cm
area of parietal pleura
W.C.(C) 202708 Intrathoracic Thoracotomy with excision of
ganglioneuroblast-  ganglioblastoma, excision of
oma (mediastinum), plexiform neurofibroma of posterior
plexiform neuro- scalp and neck
~ fibroma (neck and
© scalp)
T.W.(C) 401999 Rhabdyomyo- Chemotherapy, radiotherapy
’ sarcoma
B.J.(O) 420127 Plexiform neuro- Radical neck dissection for plexiform
fibroma neurofibroma
K.M.N.(C) 415368 Intraspinal neuro- 1. Leftsupra clavicular excision in
fibroma anterior neurofibroma
neck and 2. Decompressive laminectomy
mediastinum C2-C4 forintraspinal tumor

3. Reexploration of cervical spine,
C1-C4 with removal of intraspinal
and extra spinal neuro-
fibroma with microscope and
laser and occiput to CS5,
fusion using tibial tone graft

A = Alfred J. Dupont Institute.
C=Children’s Hospital Medical Center, Cincinatti.
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Discussion

Several questions have to be raised concerning the relationship of malignancies and
neurofibromatosis. Is neurofibromatosis simply a neurocristopathy (54)? Is the
malignant potential in neurofibromatosis restricted to tissues derived from the
neural crest and to tissues which are near it? Or, as suggested by the association of
leukemia, does the gene for neurofibromatosis simply increase the risk for a multi-
plicity of malignancies? Malignancy is a significant risk, and increases with age from
about 7% in the preadolescent to greater than 20 % in those over 21 years of age
(101). Bader and Miller have shown that the overall risk of cancer in patients with
neurofibromatosis is unknown at the present time. The risk of cancer in the normal
population is 25 % whereas the range of those patients being reported with neuro-
fibromatosis who subsequently contract cancer is too wide to be meaningful (3—
48 %) (9). Furthermore, the data that have thus far been reported is biased and the
tumors which will cause problems cannot be readily identified. The data thus far re-
ported were not obtained under appropriate controls for age, sex, race, and location.
The current 14 % incidence of malignancies in neurofibromatosis possibly represents
a stop frame in the life sequence, and does not represent a true incidence. The most
common cancers associated with neurofibromatosis in children are optic glioma,
brain tumor, rhabdomyosarcoma and non-lymphocytic leukemia.

Our patients (Table III) presented primarily with neoplasms of neurological
origin. They were managed by the hematology-oncology and neurosurgical services.
The approach has been primarily surgical; however, several have undergone follow-
up irradiation. The Mayo Clinic has reported a high risk of cancer in those patients
with neurofibromatosis who have undergone irradiation (9).

What product of a single mutant gene could account for the diverse manifestations
of neurofibromatosis, from subtle scoliosis or a few café-au-lait spots to grotesque
dysplasia or malignancies? About 1 % of cancer in the total population occurs under
20 years. An overall frequency of 19 % of hospitalized children with neurofibroma-
tosis had malignancy of which optic nerve glioma accounted for 11%, and other
brain tumors 3 % . Of 4900 consecutive children reported with cancer under 15 years
of age at 12 centers in the United States and Europe, neurofibromatosis, the most
frequent single gene trait, was recorded in the charts of 38 patients (0.8 %) who had
42 malignancies: 25 central nervous system tumors, 10 other neural malignancies,
and 7 non-neural ones. Of the isolated cases of 84 consecutive patients with rhab-
domyosarcoma at the Children’s Hospital of Philadelphia and the National Cancer
Institute, S had neurofbromatosis (0.03 would be expected by chance).

Astrocytoma is the most common intracranial tumor in children, and the most spe-
cific type is optic glioma. Optic gliomas associated with neurofibromatosis seem to
have a distinct pattern of progressive proliferation and infiltration in the perineural
and subarachnoid spaces. The acoustic neuroma associated with neurofibromatosis
is much more common in adults. Tumors arising from within nerve trunks presented
an average of 13 years earlier than those arising outside neural sheaths, supporting
the idea that a different process leads to the two tumor types.

Maternal transmission of neurofibromatosis has been said to increase the severity
of the disease. Children who inherited the disease from their mother, compared to
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sporadic cases, or offspring of fathers with neurofibromatosis, seem to have the most
severe complications including malignancy. The observations suggest a humoral
factor produced by mothers with neurofibromatosis, an idea that deserves further
evaluation.

The pheochromocytoma of adult neurofibromatosis is almost unheard of in the
preadolescent. It has often been stated that the hypertension in a child with neuro-
fibromatosis is related to renal artery disease, whereas, the hypertension in an adult
is most often related to pheochromocytoma (42).

Further discussion of the incidence and management of neoplasms in neurofibro-
matosis in children exceeds the scope of this presentation.

Associated conditions

Organic manifestations of neurofibromatosis previously reported in children, such
as sexual precocity and retarded sexual development, malignant hypertension sec-
ondary to renal artery stenosis with small vessel changes, and mental retardation,
were not statistically analyzed in this series. Most series show patients with neuro-
fibromatosis to have a definite trend toward learning disability with some 50 %
having a combination of being slow in comprehension with delayed speech and
motor development when compared to their peers. Samuelsson recently concluded
a genetic and clinical study of 96 cases of neurofibromatosis in Géteborg, Sweden
(110). These patients were all comprehensively reviewed by the Health, Education
and National Registration records. She noted significant reduction in the number of
older patients which she felt indicated an excess mortality in connection with neuro-
fibromatosis. Mild mental retardation was detected in 45 % of the patients, and men-
tal illness in 33 %, of whom two thirds had severe forms. No significant correlation
was found between physical activity or neurofibromatosis and either mental illness
or mental retardation. There were not enough of our patients with intelligence tests
available to arrive at a definite conclusion. Our group did reveal a very definite trend
toward mental retardation. Macrocrania and short stature have also been noted in
series on neurofibromatosis in children (135) but were not investigated in this study.
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Summary

The clinical diagnosis of neurofibromatosis in childhood will usually be based on the
presence of numerous café-au-lait spots. Early diagnosis allows for continuing
follow-up and appropriate counselling. Symptomatic therapy can be provided if
necessary. The disorder has a tendency via its mesodermal route to affect almost
every system in the body; however, few laymen have even heard of the disorder and,
except for the “Elephant Man” notoriety, are totally unaware of it, whereas
muscular dystrophy, cystic fibrosis, and Down syndrome although occurring less fre-
quently are well known to the general public (58). The management of neurofibro-
matosis in children covers an extremely wide spectrum: at times the management
appears to be simple, involving little more than clinical evaluation and simple investi-
gations. However, in view of the protean manifestations of the condition, a complete
history including family history is obligatory, and investigation must include radio-
graphic studies of the abdomen, chest, spine, and skull, the latter to include special
views of the orbits and optic foramina (26).

My investigation of this disorder has been extremely frustrating because of the
progressive character of the disease. Nothing seems to alter the natural course of the
disease. I cannot say that my investigative efforts have revealed any breakthroughs
in treatment. An aggressive surgical approach to the myriad of lesions associated
with this disease, especially neuromata or segmental problems, is probably advis-
able. The early treatment of tibial pseudarthrosis by polyprophylene orthotic and
pulsating electromagnetic fields shows encouraging results over the short course, al-
though I am not so sure as to whether or not the patients would do as well with the
custom fit orthotic with or without the electronics. Early stabilization of spinal de-
formity has proven to be more than moderately successful and is strongly recom-
mended following appropriate intraspinal evaluation. The managment of tumors of
the brain and spinal cord, as well as those associated with limb hypertrophy and
congenital tibial pseudarthrosis, is undergoing innovations at this time which may re-
sult in a better cure rate. Procedures include the use of CT to evaluate tumors [Cole-
man et al. have attempted to differentiate neurofibromas from neurofibrosarcoma
by contrast enhancement methods] (27), the use of CO, lasers to remove previously
inoperable CNS tumors, microvascular bone transplantation and pulsating electro-
magnetic field to treat pseudarthrotic bones.

The National Neurofibromatosis Foundation appears well on its way to obtaining
recognition for this disorder via the establishment of local as well as national chapters
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dedicated to the education of the medical practitioner and the public at large.
Genetic counselling is a part of this educational process. The hereditary nature of the
disease offers the prospect for prevention through family counselling, a prospect that
can only be realized by recognition of its manifold expression in childhood when
parenthood or further affected siblings in a family may be avoided (58). In advising
parents, the epidemiologic data provided by Crowe et al. (32) are preferable to the
data obtained from this study which is biased towards the more serious manifesta-
tions, as was the study of Cole and Meyers (26). Crowe et al. in 1956 showed that at
least 25 % of affected patients have café-au-lait spots as the only manifestation of the
disease throughout their lifetime.
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Conclusion

I have presented 116 patients under 12 years of age who were conclusively diagnosed
as having neurofibromatosis and followed for an average of 5 years over the past 9
years. The following observations were made.

1. The most common presenting complaint was that of spinal deformity.

2. The spinal deformities were divided into four categories:

A. Scoliosis associated with neurofibromatosis in which there were dysplastic
vertebral bodies and progressive deformity.

B. Scoliosis associated with neurofibromatosis that presented as an idiopathic
scoliosis with the same prognosis as other idiopathic scoliosis.

C. Kyphoscoliosis with a tendency to rapid progression, severe dysplasia, occa-
sional loss of structure of the vertebral bodies, and a tendency toward pseud-
arthrosis after spinal fusion.

D. Cervical spinal abnormality most often associated with a neck mass.

3. The presence of a café-au-lait spot was the most consistent finding (89 %) and the
number and size tended to increase with age.

4. The association of congenital tibial pseudarthrosis and neurofibromatosis was
confirmed. The lesions were divided into non-dysplastic and dysplastic types. The
natural history of the non-dysplastic type offers a better prognosis. Current re-
commendations for management were extended.

5. The incidence of neoplasia far exceeded that of the average population and some
lesions that were not considered frankly malignant resulted in catastrophic conse-
quences because of their anatomic locations.
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