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Five percent of individuals with neurofibro-
matosis type 1 (NF1) present with congeni-
tal long bone pseudarthrosis (PA). In large
series, 50–80% of patients with congenital
long bone PA also have NF1. Very little in-
formation exists on the natural history and
pathogenesis of PA in NF1. This report is a
descriptive analysis of a large series of pa-
tients with NF1 and tibial bowing or PA.
Study A is a case-control study using the Na-
tional Neurofibromatosis Foundation Inter-
national Database (NNFFID). Eighty-five
patients with PA were compared to a con-
trol group from the same database. There
was a statistically significant male predomi-
nance of NF1 cases with PA (54 males to 31
females), compared to controls (85 males to
87 females) (x2 = 4.0, P = 0.046, using a two-
tailed test with Yates’ correction). There
was no significant difference in the clinical
presentation of NF1 manifestations in NF1
patients with PA than in NF1 patients with-
out PA. Of the affected individuals with PA,
there were 24 de novo cases and 21 familial
cases (9 through maternal and 12 through
paternal inheritance). Questions that could

not be answered by Study A were addressed
by a partially overlapping case-series re-
port, Study B, in which data on 75 cases as-
certained through questionnaires com-
pleted by NF center directors were col-
lected. From Study B we determined that
half of the patients who had a fracture sus-
tained it before age 2, and approximately
16% of the pseudarthrosis patients had an
amputation. Our data indicate a male pre-
dominance and no parent-of-origin effect.
Male gender may be a susceptibility factor
for pseudarthrosis in NF1. Am. J. Med.
Genet. 84:413–419, 1999. © 1999 Wiley-Liss, Inc.
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INTRODUCTION

Neurofibromatosis type 1 (NF1) is one of the most
common genetic disorders of childhood. Among the
many associated manifestations of NF1 is the orthope-
dic complication of long bone pseudarthrosis, usually
tibial pseudarthrosis. Ducroquet [1937] first observed
that tibial pseudarthrosis is related to NF1. Approxi-
mately 5% of patients with NF1, from NF clinics that
reported to an international database, have this osse-
ous dysplasia [Friedman and Birch, 1997] and about
50–80% of all reported cases of pseudarthrosis have
NF1 [Gilbert and Brockman, 1995; Morrissy et al.,
1981; Sofield, 1971]. The literature indicates that NF1
patients with this condition initially present with an-
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terolateral bowing of the long bone [Crawford and Bag-
amery, 1986; Rudicel, 1987]. Therefore, this type of
bowing can be easily distinguished from the mild lat-
eral bowing commonly present in the pediatric popula-
tion. While the term congenital is usually applied, most
patients with or without NF1 present with bowing
later than birth, usually in the first year of life. Very
little information exists on the natural history and
pathogenesis of NF1-related pseudarthrosis, a biologi-
cally intriguing and medically challenging condition.

The biologic basis of long bone bowing and pseudar-
throsis in NF1 is not known. The bony defects are pri-
mary dysplasias and presumably not secondary re-
sponses to neurofibromas. While most of the medical
manifestations of NF1 involve cells derived from the
neural crest, there is no easy explanation for the me-
sodermally derived osseous defect in NF1.

Our understanding of the natural history of NF1 pa-
tients with long bone dysplasia and pseudarthrosis is
limited. Such information, if it were available, would be
helpful for the management and counseling of these
patients. There is no detailed large series study on the
natural history of pseudarthrosis in NF1 patients.
Some of the questions regarding the biology and natu-
ral history of PA in NF1 can be addressed using the
National Neurofibromatosis Foundation International
Database (NNFFID) [Friedman et al., 1993] and a net-
work of clinic directors. Three specific questions are
posed: 1) Are the demographics, clinical manifesta-
tions, and developmental history of patients with NF1
different in patients with and without pseudarthrosis?
2) Is there an affected parent-of-origin effect? 3) What
is the natural history of tibial bowing and PA in NF1
(i.e., age of onset, age at fracture, number of operations,
and rate of amputation)?

METHODS

Information on patients with NF1 is available
through the NNFFID. Contributors to the database
contribute standard information regarding their NF
patients. These data were reviewed and evaluated. In
addition, we investigated several natural history ques-
tions that are not addressed by the database. A ques-
tionnaire was designed to collect information on the
natural history of NF1 patients with long bone dyspla-
sia. Thus, this investigation includes two different
methods for ascertainment of data. The two compo-
nents of the study are designated Study A (using the
NNFFID) and Study B (using a questionnaire sent to
NF clinic directors).

Patient Selection

Study A, the database component, is a case-control
study using the NNFFID [Friedman et al., 1993]. This
database is a system for collecting comprehensive in-
formation on the clinical manifestations of NF. The da-
tabase currently contains detailed clinical information
on individuals contributed by 25 clinics throughout the
world. Information is collated in a central database.
Confidentiality is maintained by identifying patients
by a database number. Local clinics can identify indi-
vidual patients by linking this database number to the

patient’s name. Cases with osseous dysplasia of the
tibia and/or fibula were selected from the database.

Of the 1,479 unrelated individuals with NF1 in-
cluded in the database at the time of this analysis, 85
individuals or 5.7% had long bone bowing or pseudar-
throsis. Of these, 52 or 3.5% of reported NF1 patients
are described as having pseudarthrosis, with the re-
mainder having long bone bowing.

Study B, the questionnaire component, is a case se-
ries intended to obtain information on the natural his-
tory of pseudarthrosis that was not available in the
database. Patient selection consisted of personally con-
tacting NF centers around the world to obtain more
specific data on their patients with tibial bowing and
pseudarthrosis. Invitations to contribute information
on patients were sent to 21 NF centers, of which 10
responded with completed questionnaires.

For confidentiality, centers were asked to use iden-
tification numbers instead of names. Thirty patients
identified in this survey had identification numbers
identical to those of Study A. Using this approach de-
mographic, genetic, and clinical data on 75 patients
from various international NF clinics were collected.
The data were evaluated for aspects of disease presen-
tation and the presence or absence of certain variables
relating to NF1 and pseudarthrosis.

Diagnosis Criteria

Cases with long bone dysplasia who did not meet the
NIH criteria for NF1 [Stumpf et al., 1988], were ex-
cluded. NIH criteria for the diagnosis of NF1 include at
least two of the following findings: six or more café-au-
lait spots greater than 5 mm in diameter in prepuber-
tal subjects and greater than 15 mm in postpubertal
subjects, two or more neurofibromas or one plexiform
neurofibroma, intertriginous freckling, distinctive bone
lesions (sphenoid wing dysplasia or pseudarthrosis),
two or more Lisch nodules, an optic glioma, or a first-
degree relative diagnosed with NF1.

One problem encountered was the difficulty of defin-
ing pseudarthrosis and the wide spectrum of associated
osseous abnormalities. The classic presentation is
tibial bowing (Fig. 1) leading to fracture that results in
non-union. However, the spectrum of severity includes
simple anterolateral bowing with cortical thickening,
hairline fractures, fracture with and without healing
after varying times, fibular involvement, amputations,
bone grafts, and surgeries before fracture. Various
classifications of pseudarthrosis have been published,
including Boyd’s classification and the more recent
classification system by Crawford. None has been
widely adopted [Andersen, 1973, 1976a, 1976b; Bassett
et al., 1980; Boyd and Sage, 1958; Crawford, 1986;
Masserman et al., 1974; McFarland, 1951; Morrissy,
1981; Rathgeb et al., 1974; Sofield, 1971]. The clinician
at each referring center determined if cases had any of
the above mentioned forms of osseous dysplasia of the
tibia and/or fibula. Such cases were included in both
Studies A and B.

For this study, two groups were delineated: Group 1
and Group 2. Cases with only simple anterolateral
bowing of the tibia or fibula were placed in Group 1.
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Fig. 1. Six-year-old girl with left tibial bowing. A: Anterior view. B:
Lateral view. C: X-ray.



Cases with complications of fracture, pseudarthrosis,
surgery, and/or amputation secondary to the bowing
were placed in Group 2.

Selection of Control Individuals

Control subjects were only used in Study A. Initially
each of the affected individuals from the database was
age- and clinic-matched to two control subjects (NF1
patients without bowing/pseudarthrosis). Control sub-
jects were age-matched to pseudarthrosis-affected in-
dividuals within 1 year in all cases under 40 years of
age. Cases over 40 years of age were matched to within
4 years of control subjects (the oldest individual was 54
years old). Evaluation of the affected patients and their
selected matched control subjects identified a few indi-
viduals who did not fulfill the NF1 diagnostic criteria.
They were eliminated from the study leaving 172 NF1
controls and 85 NF1 individuals affected with pseud-
arthrosis.

Statistical Analysis

In Study A, NF1 patients with pseudarthrosis were
compared to matched NF1 control subjects for gender,
mode of inheritance, and associated manifestations.
Analysis included Fisher exact tests, Mann-Whitney U
tests, and chi-squared calculations using SYSTAT ver-
sion 5.0.

RESULTS
Study A

Study A analyzed the frequency of 40 different mani-
festations of NF1 in the control and pseudarthrosis-
affected groups. Some include café-au-lait macules,
Lisch nodules, discrete neurofibromas, plexiform neu-
rofibromas, optic gliomas, seizures, hydrocephalus, de-
velopmental abnormalities, heart disease, endocrine
abnormalities, Noonan phenotype, other minor anoma-
lies, and asymmetry unrelated to pseudarthrosis or
bowing. Table I summarizes results from a represen-
tative sample of some of the more common findings in
NF1. When the patients with long bone dysplasia were
compared to the NF1 control subjects there was no sta-
tistically significant difference in the frequency of any
of the 40 features. Likewise, there was no significant
difference between trait frequency in Group 1 and
Group 2.

Information on whether or not the patient had an

affected parent was available in the database on only
53% of cases and 34% of control subjects. Information
on maternal versus paternal inheritance was available
on all of these familial cases. In Study A, nine people
inherited NF1 from their mothers and 12 from their
fathers. In the control group, the numbers were 21 and
16 respectively. In this small group there is no statis-
tically significant parent-of-origin effect (P 4 0.41;
Table II).

Most patients were Caucasian in both the control
group (82.2%) and the pseudarthrosis-affected group
(81.2%); 0.6% of controls and 5.9% of pseudarthrosis-
affected cases were of African descent and 6.9% of con-
trols and 9.4% of pseudarthrosis-affected cases were of
Asian descent.

There was an excess of affected males (54 males to 31
females). This differed significantly from the control
group, in which there were 85 males and 87 females (x2

4 4.0, P 4 0.046, using a two-tailed test with Yates’
correction; Fig. 2). Almost the entire difference comes
from the male predominance in Group 2 (36 males to 16
females). Group 1 had 18 affected males and 15 af-
fected females.

Study B

The natural history of NF1 patients with long bone
dysplasia was addressed through data from a question-
naire. Often the health care provider either did not
completely fill out the questionnaire or indicated that
the information was not available. For this reason, de-
nominators are not consistent in all categories. Study B
included 75 patients. The average age of cases was 11.9
years (N 4 72; range 4 0.5–54 years, median 4 8.6
years). In 53 of the 75 cases the age of bone deformity
recognition by a health care provider was established.
The mean age of presentation of the osseous problem
was 15.3 months (N 4 18; range 4 0–108 months,
median 4 8.5 months) in Group 1 and 25.7 months (N
4 35; range 4 0–228 months, median 4 8 months) in
Group 2. The combined age of presentation of all cases
was 22.2 months (N 4 53; range 4 0–228 months,
median 4 8 months). In 36 of 53 patients, in whom the
age of recognition of the bone deformity was recog-
nized, the abnormality was identified before one year of
age (Table III).

Females averaged fewer operations than males
(Table IV). One patient underwent 13 operations while
others achieved union with simple casting. In Group 2,

TABLE I. Study A: Common Clinical Manifestations of NF1 With and Without Pseudarthrosis (From NNFFID in Vancouver, BC)

Clinical manifestation
Prevalence in
Group 1 (N)

Prevalence in
Group 2 (N)

Prevalence in
control group (N) P-Valuea

$6 Café-au-lait macules 0.79 (33) 0.88 (52) 0.88 (172) P 4 0.35
Intertriginous freckling 0.48 (33) 0.37 (52) 0.29 (172) P 4 0.08
Scoliosis 0.18 (33) 0.33 (52) 0.23 (172) P 4 0.23
Dysplastic vertebrae 0.09 (33) 0.02 (52) 0.08 (172) P 4 0.27
Dysplastic sphenoid wing 0.00 (11) 0.00 (11) 0.07 (45) P 4 0.55
Plexiform neurofibroma 0.21 (33) 0.19 (52) 0.24 (172) P 4 0.71
Lisch nodules 0.21 (33) 0.35 (52) 0.36 (172) P 4 0.25
Glioma 0.03 (33) 0.06 (52) 0.12 (172) P 4 0.18
Seizures 0.00 (33) 0.06 (52) 0.05 (172) P 4 0.40

a2 × 3 Chi-squared analysis looking at differences in distribution across three categories: bowing, complicated, and controls.
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16% (8/50) had an amputation. The average number of
operations in Group 2 was 2.9 (range 0–13).

The average age of fracture in pseudarthrosis-
affected cases was 4.61 years (N 4 32) with a range of
0–28 years with females fracturing an average of 1.06
years later than males (Table IV). In Group 2, 53%
fractured before the age of 2 years (Table V).

It was noted that 43% of cases had fibular dysplasia.
Two patients had fibular dysplasia without tibial dys-
plasia. The spectrum of fibular dysplasia ranged from
simple bowing to frank pseudarthrosis. Three patients
had forearm deformities. They consisted of left ulnar
pseudarthrosis with left radial bowing, isolated right
radial pseudarthrosis, and right radial and ulnar bow-
ing without pseudarthrosis. The remainder of cases
had unilateral tibial and/or fibular deformities. Data
analysis was restricted to long bone dysplasia of the
tibia and fibula excluding ulnar and radius pseudar-
throses.

Laterality of the affected bone was evenly distributed

with 35 patients presenting on the left side and 34
patients presenting on the right side. All subjects pre-
sented unilaterally. Only three patients out of 71 had a
neurofibroma near the site of the deformity.

DISCUSSION

It is known that patients with NF1 exhibit a wide
variety of manifestations. This study examined a num-
ber of variables with respect to pseudarthrosis (Table
I). In Study A, there was no significant difference in the
frequency of other clinical manifestations between
pseudarthrosis-affected individuals and the control
NF1 group. Morrissy et al. [1981] reported an in-
creased observation of gliomas of the central nervous
system among individuals with NF1 and pseudarthro-
sis. This study did not find an association of optic glio-
mas or neoplasms of any kind among patients.

We identified certain aspects of the natural history of
pseudarthrosis in NF1, which may help practitioners
more appropriately advise their patients on the poten-
tial complications. There are controversies concerning
treatment of bowing/pseudarthrosis, and various in-
vestigators report different approaches to therapy.
Some report one surgical procedure to be better than
other procedures [Boyd and Sage, 1958; Charnley,
1956; Farmer, 1952; McFarland, 1951; Moore, 1949;
Morrissy et al., 1981; Paterson et al., 1980; Wilson,
1941]. Some claim that amputation should not be done
[Sofield, 1971; Van Nes, 1966] while others recommend
amputation [Aitken, 1959; Boyd and Fox, 1948; Rath-
geb et al., 1974; Rudicel, 1987]. Some patients seek
amputation for therapy [Andersen, 1976b; Morrissy,
1981; Van Nes, 1966] due to the many complications
that leave them incapacitated and disabled. Orthope-
dic surgeons remain frustrated on how best to handle
this difficult condition. There has been much discus-
sion on the various surgical procedures available to the
orthopedist for management of long bone pseudarthro-
sis. With respect to bowing, the prevention of a fracture
seems paramount. Some patients elected to have the
bowed bone operated on before a fracture occurs, mak-
ing it difficult to readily assess when or if a fracture
would occur. Several surgical procedures including
bone grafting, osteotomy, and vascularized autogenous
grafts have been performed. Chronic bracing with a
knee-ankle-foot orthosis (KAFO) is advocated by some
orthopedists as a modality to prevent bowing from pro-
gressing to frank pseudarthrosis [Crawford, 1986]. At
the present time there is no standardized protocol or

TABLE III. Age Bony Deformity Recognized
(Study B: Questionnaire Component)

Age (years)

No. of cases

Group 1 Group 2

At birth 3 7
0–1 10 15
1–2 3 4
2–3 1 3
>3 1 6

Total (N 4 532) 18 35

Fig. 2. Study A (database component) gender distribution (females,
solid bars; males, open bars).

TABLE II. Parent of Origin (Study A: Database Component)*

Familial

De novoMaternal Paternal

NF1 control (N 4 59) 21 6 22
Total affected (N 4 45) 9 12 24

Group 1 (N 4 18) 2 7 9
Group 2 (N 4 27) 7 5 15

*No information available on 153 individuals (cases plus control subjects).
Familial vs. de novo: (Group 1/Group 2): Fisher exact test (two-tailed) P 4
0.77; (Control/total affected): Fisher exact test (two-tailed) P 4 0.12. Ma-
ternal vs. Paternal: Fisher exact test P 4 0.41.
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controlled clinical trial that has rigorously shown to be
of value.

This study showed that half of the cases that frac-
tured did so before the age of 2 years. However, the age
was highly variable, ranging from prenatal to 28 years.
Fifty-nine percent of Group 1 (patients with simple an-
terolateral bowing) were over the age of 4.61 years (our
calculated average age of first fracture) with the oldest
being 15.3 years old. This leaves nine patients with
bowing who had not reached the average age at which
fractures occurred.

It is commonly thought that NF1 patients with tibial
bowing will inevitably sustain a fracture. Since this is
a retrospective cross-sectional investigation, we were
unable to determine from our data if these patients will
fracture, but our data suggests that there are patients
with significant bowing who may never fracture.

Fibular dysplasia often occurred with tibial dyspla-
sia. In Study B, 43% of cases had fibular dysplasia. Two
patients had fibular dysplasia without tibial dysplasia.
Long bone dysplasia in NF1 is commonly referred to as
tibial pseudarthrosis, but the fibula is often concur-
rently involved. Pseudarthroses of other long bones be-
sides the tibia and fibula have been reported in NF1
patients. Other affected bones include the ulna, radius,
humerus, femur, and clavicle [Rudicel, 1987]. Only a
few isolated cases of these pseudarthroses have been
reported.

We observed three patients with forearm deformi-
ties. They consisted of a case with left ulnar pseudar-
throsis and left radial bowing, a case with right radial
pseudarthrosis, and a case with right radial and ulnar
bowing. None of these three cases had involvement of
the tibia.

All cases presented with unilateral deformities. Lat-
erality of the affected bone was evenly distributed in
Study B. This observation suggests that other factors
play a role in the development of this skeletal dyspla-
sia, and that the NF1 mutant allele is not sufficient to
cause the osseous dysplasia. These other factors could
likely be somatic mutations of modifier genes.

The pathophysiology of pseudarthrosis is unknown.
It has been postulated that a neurofibroma at the site
of the deformity actually causes the deformity. Green
and Rudo [1943] reported a histological specimen with
a neurofibroma growing in the pseudarthrosis seg-
ment. Another study by Aegeter [1950] claimed that
the tissue surrounding the site of the pseudarthrosis
was the cause of the bony deformity. Brooks and
Lehman [1924] proposed that the neurofibromas may
arise from the nerves of the periosteum, erode into the
bone, and then become covered by a shell of bone. How-

ever, Crawford and Bagamery [1986] stated that few
surgical specimens have neurofibromatous tissue at
the pseudarthrosis site and Moore [1941] found no re-
port of actual invasion of the shaft by the neurofi-
broma. Our study confirms the latter observations.
Only three patients of 71 had a neurofibroma near the
site of the deformity. These may be incidental or part of
the intrinsic dysplasia. Our data do not support the
notion of a neurofibroma causing this osseous dyspla-
sia.

There has been some speculation about a parent-of-
origin effect. Miller and Hall [1978] noted an increased
occurrence of serious complications such as pseudar-
throsis when NF1 had been inherited from the mother
as opposed to the father. These serious complications
included pseudarthrosis. From their study it was pos-
tulated that there may be a parent-of-origin effect in
the development of pseudarthrosis in patients with
NF1. Study A did not suggest a maternal influence, but
the numbers are small. There may be a maternal in-
fluence in other severe manifestations of NF1; how-
ever, these data do not support a parent-of-origin effect
in the occurrence of pseudarthrosis (Table II).

Regarding racial distribution, it has been noted that
few black Americans have NF1-associated optic nerve
gliomas [Saal et al., 1995]. Therefore, there may be a
correlation between ethnic origin and various NF1
manifestations. Due to the small number of non-
Caucasians (17.8% of controls and 18.8% of affected
individuals were non-Caucasian or “unknown”), no sta-
tistically significant conclusions could be made regard-
ing racial distribution in this study. It is important to
evaluate a larger number of patients of African and
Asian descent to determine if the prevalence of pseud-
arthrosis in NF1 individuals from different ethnic
backgrounds varies.

The most striking and singular observation of this
study was the gender difference. In Study A, the con-
trol group showed an equal distribution of males and

TABLE V. Age at Fracture in Group 2
(Study B: Questionnaire Component)*

Age (years) No. of cases

At birth 2
0–1 9
1–2 6
2–3 4
3–6 3
6–13 5
>13 3

*(N 4 32); range, 0–28 years; mean, 4.6 years.

TABLE IV. Gender Observation of Fracture Age and Operations (Study B: Questionnaire Component)*

Male Female Total

Average age at fracture (years) 4.4 5.4 4.6 (Range 4 0–28 yrs)
(N 4 24) (N 4 8) (N 4 32)

(Median 4 2.0) (Median 4 2.5) (Median 4 2.0)
Average no. of operations 3.3 1.8 2.9 (Range 4 0–13)

(N 4 28) (N 4 10) (N 4 38)
(Median 4 2.5) (Median 4 2.0) (Median 4 2.0)

*Mann-Whitney U test: age at fracture: P 4 0.67; number of operations: P 4 0.15.
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females, which is consistent with the literature on NF1
patients. In contrast, we found a significant excess of
males with long bone dysplasia, especially in Group 2.
The natural history study showed that male patients in
Group 2 averaged more surgeries with an earlier age of
fracture than females (Table IV).

This series is the largest investigation of patients
with pseudarthrosis and NF1 reported to date. Previ-
ous studies do not provide information on gender, or
include fewer patients. Although Gilbert and Brock-
man [1995] reported that males had a longer healing
time than females, and Moore [1957] reported a slight
male predominance in pseudarthrosis, neither study
differentiated pseudarthrosis patients with NF1 and
those without. We found no evidence in the literature
to refute our findings.

The observation of a male predominance in the com-
plicated group suggests that male gender could be a
susceptibility factor for pseudarthrosis in patients with
tibial bowing and NF1. This observation is also noted
in NF1-associated leukemias. An increased proportion
of males has also been observed among NF1 patients
with myelogenous dysplasia [Shannon et al., 1992].
Conceivably, the mesodermal derivation of the tissue of
origin of bone marrow cells and skeleton plays a role in
the male susceptibility.
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