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Abstract

Congenital pseudoatrhrosis of the tibia is one of the most frustrating conditions encountered in
paediatric orthopaedic surgery because of the difficulty in achieving healing; There are different
methods of treatment the most commonly used are: External fixator according Ilizarov’s technique,
vascularised fibular grafting, bone grafting with intramedullary fixation, Boyd’s double bone
grafting and also after several operation go bad and a significant shortening of the leg even the
amputation has to be considered [1] [2]. Numerous treatment options have been explored with
several degree of success. In this paper we show a combinated surgical technique using autoge-
nous mesenchymal stem cells (MSC) by precursor of osteogenic differensation at the same time as
adjuvant to the surgical stabilization by an external fixator or an intramedullary nailing. We used
these combined technique in tibia congenital pseudoarthrosis with and without neurofibromato-
sis in children. In fact Bone Marrow has been shown to contain a population of rare mesenchymal
stem cells that are capable of forming bone, cartilage and other connective tissues enhancing bone
repair and regeneration.
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1. Introduction

Neurofibromatosis Type | or Recklinghausen disease, is one of the most common congenital disease and is one
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of the most common congenital diseases with a prevalence of one in 3000 - 4000.

The diagnosis is established clinically by detecting the characteristic phenotypic manifestations such as cafe’aulait
spots, axillary and inguinal freckling, neurofibromas, optic gliomas, Lisch nodules and distinctive osseous le-
sions. The latter are believed to be related to a deficient osteoblast function with enhanced osteoclast activity and
survival occurring in approximately 2% - 3% of children suffering from neurofibromatosis type I.

The most affected bone is the tibial diaphysis and the displastic lesion at the radiological appearance can look
like an anterior bowing, or a sclerotic lesion or a fracture.

The congenital pseudarthrosis of the tibia (CPT) with or without NF1 is one of the most complex and dis-
abling paediatric skeletal diseases. Conservative treatments are bracing of the affected limb continued until the
end of skeletal growth [3]. Surgical treatment includes several procedures which are resection of the non-union
and reconstruction with either autologous non-vascolarised bone grafting and intramedullary fixation or one
stage shortening followed by an ilizarov external fixator to perform lengthening [1]. All these procedure have
frequently unsatisfactory results because of the need for several operations for recalcitrant non-union, residual
deformity and limb-length discrepancies.

Recently the use of autologous MSC has garnered great interest, because the biological properties of MSCs can-
didate them as a suitable source of osteogenic precursor for bone repair and regeneration, both in cell therapy
and tissue engineering applications [4]-[6].

Surgical treatment of pseudarthrotic lesions could benefit of regenerative medicine, which provides a biologi-
cal approach to consolidation, based on the use of cells and growth factors. These elements could lead to tissutal
healing and consolidation, in cases where traditional techniques fail. This work describes an innovative tech-
nique, resulting from a multidisciplinary collaboration, and the clinical and radiographic features of the different
types of pseudarthrosis, both at presentation and at the time of the definitive surgical treatment.

2. Material and Methods

We presented 13 patients affected of tibial congenital pesudoarthrosis: 10 male and 3 female. The average age at
the time of operation was 7.7 years (min 9 months, max 14 years) 11 of these 13 patients had also a fibula’s
pseudoarthrosis.

All had unilateral involvement 5 patients had neurofibromatosis (1 female and 4 male) 2 patients had an os-
teofibrous dysplasia and 6 patients had a congenital idiopathic pseudoartrosis (Table 1).

According to the Crawford classification (Figure 1) we define the dysplasic lesion as the radiographic ap-
pearance at the diagnosis and we considered:

Type 1 anterolateral bowing with medullary sclerosis.

Type Il sclerotic lesion with narrowing of the cortical diameter.

Type 111 a cystic lesion.

Type IV frank pseudoarthrosis (Figures 1(a)-(d)).

Table 1. Cases.

N PZ S AGE SIDE NF CALFFISICATION FIBULA CONGENITAL PROCEDURE

1 BG F 14y LEFT NO 1 YES YES INTRAMEDULLARY NAILING
2 FJ F 13y RIGHT NO 3 NO NO INTRAMEDULLARY NAILING
3 MMA M 3y LEFT NO 4 YES YES INTRAMEDULLARY NAILING
4 MF M 6y LEFT  YES 4 YES YES INTRAMEDULLARY NAILING
5 MMA M 14y LEFT YES 4 YES YES INTRAMEDULLARY NAILING
6 MEP F 9m LEFT YES 4 YES YES INTRAMEDULLARY NAILING
7 PA M 13y RIGHT NO 1 YES YES INTRAMEDULLARY NAILING
8 PD M 3y RIGHT YES 1 YES YES INTRAMEDULLARY NAILING
9 RAD M 14y RIGHT YES 4 NO NO EXTERNAL CIRCULAR FIXATOR
10 RS M 8y RIGHT NO 4 YES NO NTRAMEDULLARY NAILING
11 VE M 13y RIGHT YES 4 YES NO INTRAMEDULLARY NAILING

Patients affected by pseudoartrosis of the tibia classification of the lesions by Catteral lassification, age of the patients, associations with NF1 or not,
associated lesions of the fibula or not, Treatment with nails or with external fixator.
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Figure 1. (a) Dysplastic form; (b) Sclerotic form; (c) Cystic form; (d) Fractured form.

We had 5 types I, 0 type 11, 2 type |11, 6 type IV.

5 patients had no a previous surgery, 8 patients had at least one unsuccessful surgical procedure all the pa-
tients had established pseudarthraosis.

The surgical treatment consists in two steps: After you have collected from parents of the patients.

Regular informed consent to participate in the study and to undergo treatment combined surgical and with the
use of MSC.

The day before surgery we take from the patient 100 ml of venous blood from which derive a concentration of
platelet and grow factors to use the day of surgery and to put in to the lyophilized bone graft.

The first step of the surgery is the Bone marrow aspiration from the iliac crest of the patients by an anterior or
posterior approach to the iliac crest and in general anaesthesia (from 20 to 60 ml).

The bone marrow is centrifuged, and 50 ml buffy coat is obtained (mean of 24.35 x 10° + bone marrow cells)
per microliter [2] [7].

The second step is the surgical stabilization; we used two types of procedures.

In 12 patients the tibial pseudoarthrosis was resected extraperiosteally proximally and distally to bleeding
bone. The medullar canal was opened with a drill. The tibia was shortened and internally fixed with a rush wire
or a k wire transfixed also the ankle and subtalar joints. We also performed a fibular distal osteotomy if the fib-
ula is intact, in either case we don’t fix the fibula pseudoartrhosis to low impaction to the tibial resection site.

After this operation the patient wore a leg cast for one month and then a brace until the bone consolidation.

In 1 patient we used an external circular fixator according the ilizarov technique to correct the axial mis-
alignment and leg shortening at the same time. First, excision of the fibrous tissue at the pseudarthrosis site, then
the ilizarov fixator was installed with two whole rings above the non-union site and one bellow, a compression
was applied on the bone defect and a distraction at the proximal metafiseal site by a compactotomy to allow the
bone segmental transportation. Distraction speed for bone transportation procedures was 1 mm/day.

The surgical time ends by the implant of a packed of lyophilised bone graft (obtained from the bone bank)
with autologous stromal cells (obtained from the bone marrow aspiration) and growth factors (obtained from the
platelet of the patients by venous blood the day before surgery) circumferentially around the bone lesion site.
Periosteum (when it is possible) is also placed around the bone lesion site or a muscle.

After the transported segment had bridged the gap, end to end compression was applied; after bone union was
achieved the ilizarov fixator was removed and applied a long leg cast for one month and then a protecting or
thesis for three months.

At one month, three months, six mounts and one year after surgery, the patients underwent a clinical and a ra-
diographic evaluation.

3. Results (Table 2)

At the final follow-up 4 years (4 years, range 1 month to 4 years) the patients were 11 we lost 2 patients who had
changed hospital. We have revised the 11 patients clinically observing the range of motion of the anke and the
knee, the presence of pain, the skin and the stability of the leg. We take an anteroposterior and a lateral xr of the
leg, at the least follow-up we see the healing of the pseudarthrosis (no radiological evidence of bone lesions) and
presence of union in three patients of the 11: two of these were treated with intramedullary nailing and one pa-
tient was treated with the ilizarov external fixator.
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Case one: Patient male three years old at the time of surgery with a congenital tibia pseudoarthrosis without
NF1, he had no previous surgery, and he was treated with intramedullary nailing and MSCs. The pseudorthrosis
healing after six months and after nine months from surgery we have seen the nail fracture bellow the site of
bone lesion that was still good (Figures 2(a)-(g)).

Table 2. Results.

No Pz Complication Healing  Last F.U.
1 B.G. No 29m
2 F.J. No 31m
3 M.M.A. No 6m 37m
4 M.F. Deep infection 5m
5 M.M.A. No 3m 42m
6 M.E.P. No 48 m
7 P.A. No 15m
8 P.D. No 41m
9 R.A.D. New pseudoarthrosis (proximal metaphsis) during lengthening 7m
10 R.S. Yes 33m
11 V.F. No 19m

Patients treated and their follow up. Tow complications: one deep infection and one new pseudoatrhosis. Only three pa-
tiens healed.

®

Figure 2. (a) (b) Pseudoarthrosis non in NF1; (c) (d) Rx after surgical treatment; (e) (f) (g)
XR at follow up at six months nail broken under the lesion and helead pseudoatrtrosis.
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Case two: Patient male thirteen years old at the time of surgery with tibial pseudoarthrosis in NF1, he had
several unsuccesfull surgery before this treatment, he was treated with intramedullary nailing and MSCs and
only after three months from surgery there were the bone healing of the lesion we have seen high levels of fi-
broblastic grow factor in this patient may bee influenting the healing of the lesion that was obtained after tree
months (Figures 3(a)-(h)).

Case three: Patient male thirteen years old at the time of surgery with tibial pseudoarthrosis in NF1, he had
three surgical procedures before (he had an external fixator and for two times an intramedullary nailing). At the
time of surgery he had a distal tibial pseudoarthrosis with a big leg lengthening discrepancy so that we decide to
use an external circular fixator according the Ilizarov technique to perform the leg lengthening and to fix the
pseudoarthrosis. At seven months from surgery we have seen the distal tibial pseudoarthrosis (Figures 4 (a)-(f)).

After seven months he had a new pseudaorthrosis in the site of bone compactotomy on the proximal metafisis
of tibia. All these patients had a distal tibial pseudarthrosis.

Poor results: Eight cases, five male (one of these patient had a pseudoarthrosis in DOFOL bone long osteo-
displasia, two patients had a pseudoarthrosis in NF1, and one patient had an idiopatic pseudoarthrosis) and three
female, (one with osteodisplasia and two with NF1) two patient lost from follow-up. All the poor the result were
the non-union of the bone lesion. In two cases we had a new fracture with broken nail barcking off. In one case
we had a deep infection of the bone so that we take off the nail and put a long bone cast and perform an antibi-
otic therapy for three months.

In the others five cases we didn’t see the bone healing but the surgical synthesis was stable and the patient had
put on a plaster to walk.

Figure 3. (a) (b) Pseudoartrosis in NF1 a boy after several operations; (c)-(e) After three
months from MSC implantation and surgical synthesis with nail healing of the lesion; (f)-(h)

After six months of follow up.
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Figure 4. (a) (b) (c) (d) A boy with pseudoartrhosis and NF1 treated with nailing without healing. The same case
treated with circular esxternal fixator and MSC implant; (e) (f) After three months healing of the primitive lesion
in the distal tibia and presence of a new lesion on the prosximal tibia.

4. Discussion

The biological bases of healing show that MSC (mesenchimal stem cells) transplantation derived from bone
marrow resident in iliac crest (IC) were able to differentiate into osteoblast much better than resident in prox-
imity of the pseudoarthrosis site.

Recently the use of autologous MSC has garanted great interest because the biological properties of MSCs
candidate them as a good source of osteogenic precursor for bone repair and regeneration.

The ability to generate bone forming cells was higher in (IC-MSC) mesenchimal stem cells form iliac crest
than in pseudoarthrosis site (P-MSC).

Others factors as autologous serum and microenvironment could impair the osteogenic differentiation of 1C
MSC (bibliografia).

All the healing patient are NF1+ and we found in these patients that osteogenic potential of MSC derived
from the iliac crest was more than that derived from the affected site: These results have been confirmed by
Leskela [2].

However, on the feasibility of this approach non data are still available on the osteogenic potential of MSC
transplanted because also the microenvironment properties could impair the successful procedure.

Also platelet-rich plasma has been shown to stimulate osteoblast proliferation in vitro [2].

Probably because the high levels of grow factors that can improve the bone marrow stromal cells to form os-
teogenic and angiogenetic tissue [8] [9].

The enhanced bone formation might indirectly depend on vascularization; in fact the entire healed patient had

a distal tibial pseudoarthrosis.
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The distal tibia has naturally a better vascolarization than the proximal site and in this site.

An increased vascularization achieved also by exogenous delivery of angiogenic growth factor by platelets
and by MSC implant contributes to improve the bone formation and consolidation [8].

The improved vascularity might provide better nutrition and increasing resumption and substitution by
healthy tissue.

Cell therapy for bone regeneration with lyophilized bone supplemented with platelet gel and bone marrow
stromal cells my be an adjuvant in the treatment of congenital pseudoarthrosis of the tibial in children.

We believe that this kind of therapy has a good clinical application because both components are autologous,
and easy to perform, it could short the healing time and reduce the number of surgical treatment, especially in
little children the use of this combined technique may induce early the bone healing and preserve the articular
stifness due to several surgical procedure, and also reduce the leg’s discrepancy that is due to the repetite frac-
tures [9] [10].

For all these reasons we believe that is reasonable use this technique also in patient treated with several opera-
tions before a demolite surgery or a much more indaginous surgery like vascularized fibula.
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