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a  b  s  t  r  a  c  t

Congenital  pseudarthrosis  of  the  forearm  (CPF)  is an  uncommon  entity  frequently  described  in  association
with  neurofibromatosis  type  1.  Surgical  treatment  Is  required.  This  is a challenging  pathology  in  pediatric
orthopedic  surgery  due  to  the  difficulty  of  achieving  a satisfying  result  in terms  of  bone  defect  healing.
Many  techniques  are  described  such  us  free  vascularized  fibula,  illizarov  and  induced  membrane.  We
describe  a first  case  of the  forearm  non  union  associated  with  neurofibromatosis  type  1 successfully
treated  with  2 steps  of  induced  membrane.  Whatever  the  technique  selected  it’s  remain  challenging
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problem  in  pediatric  orthopaedic.
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under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Table 1
Diagnostic of Neurofibromatosis Type 1 (NF1)(1).

1. Six or more café au lait macules over 5 mm in greatest diameter in
prepubertal individuals and over 15 mm in greatest diameter in
postpubertal individuals

2. Two or more neurofibromas of any type or one plexiform neurofibroma
3.  Freckling in the axillary or inguinal regions (Crowe’s sign)
4.  Optic glioma
5. Two or more Lisch nodules (iris harmartomas)
6.  A distinctive osseous lesion such as sphenoid dysplasia or thinning of long

bone cortex with or without pseudoarthrosis
7.  A first-degree relative (parent, sibling, or offspring) with NF1 by the above
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Case report

1. Introduction

Congenital pseudarthrosis of the forearm (CPF) is an uncommon
entity oftently described in association with neurofibromatosis
type 1 (less than 100 hundred cases described in the literature).
This is a challenging pathology in pediatric orthopedic surgery due
to the difficulty of achieving a satisfying result in terms of bone
defect healing. Many surgical procedures are described in the litera-
ture, like the use of vascularized fibular graft, a surgery that requires
technical skills especially with young children where microsurgery
is performed. Another method that has shown remarkable progress
as well as promising results is Masquelet technique (Induced mem-
brane) [1].

We  describe a case of congenital pseudarthrosis of the forearm
in context of neurofibromatosis (NB) type 1 treated successfully
with induced membrane.
1.1. Presentation of case

A 10-year-old boy presented with a problem of failure to consol-
idate his both bone forearm fracture that had been treated with cast
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mmobilization (Fig. 1). No associated deformity of the other limbs
as observed. No family history including any relevant genetic

nformation. Clinical examination revealed multiple “café-au-lait”
pots and subcutaneous neurofibromatosis. MRI  was performed
howing pathological tissue in the Radius and the Ulna (Fig. 2).
he diagnosis of NF 1 was made according the NIH 1988 Crite-
ia [2] Table 1. After discussion, the medical staff decided to use
he induced membrane by experienced operator. The patient agree
ith this technique. The first stage consists of excision of the pseu-

arthrosis (Fig. 3) until visualization of normal bleeding bone in
oth proximal and distal ends of the bone. Intramedullary pin-

ing was then performed bridging the excised atrophic zone. A
olymethyl methacrylate cement spacer was  placed in the gap to

nduce the formation of pseudo membrane. Syringes split along
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Fig. 2. MRI  of the forearm showing a pathological tissue in the Radius and the Ulna.
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their length are placed temporarily to protect the surrounding tis-
sues from the thermal effect of the polymerization. This procedure
is performed first in the ulna then in the radius to restore the length
of the forearm. The stabilization is done by plate with interlocking
screws in the radius and k-wire in the ulna (Fig. 4). Then a cast

immobilization is applied. The second stage of induced membrane
is planned for two months later.

The first step of the second stage is to harvest the posterior
cortico-cancellous crest autograft. After that, in the supine posi-
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586
ion the forearm was approached through the prior incisions and
he cement is carefully removed taking precautions to not injure or
isturb the induced membrane (Fig. 5). The intramedullary canal is
ecanalized at each side. The graft is morselized and mixed with
lood harvested from iliac crest grafting and interposed in the

embrane cavity. An elbow cast was applied for 3 months. Solid

nion was achieved after 7 months (Fig. 6) and he had a full range
f motion of the elbow 0◦ of extension and 120◦ of flexion, and

 mild limitation in the prono-supination 45◦/45◦ of the forearm.
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Fig. 4. X-Ray after the first procedure of the Induced membrane.
Fig. 3. Resection of pathologic tissue.

The K-Wire and the plate were removed 18 months later (Fig. 7). At
final follow-up of 32 months of the second procedure the patient
is satisfied with the function of the upper limb.

2. Discussion

Congenital pseudarthrosis of the forearm (CPF) is an uncommon
pathology less than 65 cases described in the literature [3]. CPF is
still challenging condition in pediatric orthopedic surgery. The ulna
occur in 44%, the radius in 30%, and both bones are fractured in 26%
[4]. The etiology is not completely understood. Bayne [5] suggest
that the origin of the pathology occur in the 5th week of gesta-
tion with anomalies of the neural crest with faulty development
in mesodermal structures [5]. Sequelae of trauma may  be the first
symptom to present of an underlying problem (Fig. 1). Cast immo-
bilization fail usually to union fracture [4] in CPF associates with
NF. Many techniques Illizarov [6] and vascularized fibula grafting
[7] are described and have demonstrate good result with union.
The superiority of each specific procedure is difficult to determine
due to the lower number of cases studied and the variability of the
localization of the pseudarthrosis.

Vascularized fibula grafting brings his own vascular supply and
can bridge the gap after the large resection of the pseudarthrosis
[7]. However, this technique require specialized surgery with the
technical difficulties of microsurgery especially in young children.
Vascularized fibula graft has the inconvenient of the valgus defor-
mity at the donor site with ankle instability [8], the residual ankle
pain and a random of hypertrophy of the fibula [9]. Although the
Illizarov technique appears to be safe with a 75% rate of union in the
tibia [10], its utility in the forearm is not in commonly performed
in young children.
The use of the induced membrane(Masquelet Technique)in
children in congenital disease is innovative technique and has
demonstrated a high rate of bony union in the management of pseu-
darthrosis of the leg [11] and clavicle [12] although its has only been
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Fig. 6. X-Ray after 7months showing union of the pseudarthrosis.
Fig. 5. Exposition of the induced membrane.

reported infrequently in the forearm. This is a two-stage procedure
which avoids the complication of the vascular fibular grafting and
external fixation.

Based on our experience, we find the induced membrane tech-
nique useful for the treatment of pseudarthroses of the forearm in
children. Indeed the induced membrane prevents resorption of the
bone graft by creating a biological chamber and producing many
growth factors that promote vascularity, bone anabolism and con-
solidation [4].

We  believe that mechanical stability is an essential factor for
successful reconstruction. The plate stabilization is an interesting
way to achieve this condition in most locations.

The optimal age of indication for surgical treatment of pseu-
darthrosis of the forearm is still debated. Some authors suggest
the treatment should be performed early to avoid progressive
deformities of the forearm [7]. On the other hand the society of
European Pediatric Orthopedic recommend that surgery should not
be performed under the age of three years [10] with high risk of
anesthesia.

We join the opinion of Cheng [13] that PCF should be oper-
ated before the beginning of the deformity that leads to radial head
dislocation and loss function of the elbow.

Our result support that the induced membrane technique
ensures satisfactory reconstruction of the congenital pseudarthro-
sis of the forearm. It should be considered and adds a new seductive
and interesting procedure due to its his simplicity and reproduc-
tivity.

The limitations of our study are that this is a single case report
with short term follow-up and it is early to conclude the real effi-
ciency of this method.

Whatever the technique selected for the management of con-

genital pseudarthrosis of forearm we believe that it still challenging
in orthopedic pediatric surgery. This work has been reported in line
with the SCARE criteria [14].
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Fig. 7. X-Ray after removing th

3. Conclusion

Surgical treatment is necessary in order to obtain better bone
consolidation of congenital pseudarthrosis of the forearm when
associated with neurofibromatosis. Masquelet technique is an
attractive option for this challenging problem, and has shown
promising results.
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