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Congenital pseudarthrosis of the tibia (CPT) is a major challenge to the orthopaedic surgeon. Success is very limited with conventional techniques of fixations and bone grafting. The use of free vascularized fibular graft (FVFG) in the treatment of such a condition has provided hope for these patients.





	Free vascularized fibular grafts were used in eleven patients with congenital pseudarthrosis of the tibia (six males and five females) with their age ranging between one and a half and thirteen years. The right leg was affected in eight patients and the left leg was affected in three patients. Four of the patients demonstrated other stigmata of neurofibromatosis. The postoperative follow-up period ranged between six months and two years.





	Primary union of the FVFG was observed in six out of the seven patients within an average of three months at both the proximal and distal graft-tibial junctions. Union was delayed at the proximal junction in two patients, and was delayed at the distal junction in two different patients, while failure of union and absorption of the graft has occurred in one patient in who had a very aggressive neurofibromatosis as well as the graft’s vascularity was defective on table.





	We believe that FVFG can provide advantages to the armementarium of the orthopaedic surgeon in the management of such a difficult condition.





---------------------------------------------------





Congenital pseudarthrosis of the tibia occurs approximately in 1/140,000 newborns. Neurofibromatosis (NF1) is present in nearly half of the patients, with 5%-11% of patients with neurofibromatosis suffering from congenital pseudarthrosis of the tibia.1





	This condition is one of the most difficult conditions in orthopaedic surgery. Once the pseudarthrosis develops, treatment is at best partially successful and none of the modalities advocated for the treatment of this condition has proven completely satisfactory.





	 Chen et al.2 were the first to report in 1979 their success in the treatment of congenital pseudarthrosis of the tibia using free vascularized fibular grafts (FVFG). Many have reported success using the same technique.1-17 Simonis et al.13 strongly recommended the free vascularized fibular graft as the primary procedure for the treatment of congenital pseudarthrosis of the tibia if there is a large tibial defect (over 3 cm) or shortening more than 5 cm, and as a salvage procedure after failure of one attempt at conventional treatment.


	


	We have performed a study to evaluate the efficacy of the FVFG in achieving union in cases of congenital pseudarthrosis of the tibia and to estimate the validity of this technique in the treatment of this difficult orthopaedic condition.





MATERIALS AND METHODS:





	Eleven patients suffering from congenital pseudarthrosis of the tibia who were treated at Ain Shams University Hospitals during the period between July 1991 and March 1993 with a follow-up between six months and two years period were included in this study.





	They were six males and five females, with their age ranging between one and a half and  thirteen years (mean 62.5 months). Most of the patients were suffering from type II congenital pseudarthrosis of the tibia according to Boyd’s classification. Eight patients were operated upon previously, with other modalities such as pulsed electromagnetic field applied in five patients. Table 1 shows the demographic presentation of the patients.





Table 1: Demographic presentation of the patients. 





Case   No.�
Patient�
Sex�
Age�
R\L�
FH�
Boyd Type�
No of  prev op.�
Other  modalities�
follow-up�
union�
�
1�
SA�
F�
3y, 6m�
L�
-ve�
I�
2�
None�
2 4m�
Full at 4m�
�
2  �
AAM�
M�
 8y�
R�
NF1�
III�
1�
  PEMF�
21m�
Full at 4m       �
�
3�
RA�
M�
13y�
R�
NF1�
II�
2�
PEMF�
19m�
Proximal bone grafting�
�
4�
ME�
M�
7y�
R�
-ve�
II�
None�
None�
17m�
Distal bone grafting


�
�
5�
AR�
F�
18m�
R�
NF1�
I�
1�
None�
16m�
Full at 5m





�
�
6�
MSS�
M�
6y�
L�
-ve�
II�
None�
PEMF�
13m�
Full at 7m





�
�
7�
HM�
F�
2y�
R�
NF1�
II�
1�
None�
11m�
Full at 6m





�
�
8�
AM�
M�
19m�
L�
-ve�
II�
2�
PEMF�
10m�
Absorption of the graft�
�
9�
ST�
F�
3y, 4m�
R�
-ve�
II�
None�
None�
9m�
Distal bone grafting


�
�
10�
MMY�
M�
8y, 3m�
R�
-ve�
II�
2�
PEMF�
7m�
Proximal bone grafting


�
�
11�
HAT�
F�
3y, 2m�
R�
-ve�
III�
1�
None�
6m�
Full at 3 m


�
�



Case No.: Case number.		F: Female		M: Male


R\L: Right \Left leg affected.			FH: Family history of neurofibromatosis.


NF1: Neurofibromatosis.			No of prev op.: Number of previous operations.


PEMF: Pulsed electromagnetic field.





THE OPERATIVE TECHNIQUE:





	With the patient lying supine and both lower limbs are separately draped. The lateral approach is used to harvest the contralateral FVFG. The fibula was elevated with its vascular pedicle on the peroneal vessels and left to "rest" till the tibia was prepared. If the remaining part of the fibula was less than four centimeters from the ankle mortise, fusion of the distal tibia and fibula was done by a transverse K wire to prevent progressive valgus deformity in the future. The pseudarthrosis site of the tibia was approached through a postero-medial approach and the whole pathological segment was excised up till healthy medullary tissue was reached. The tibial cortex at this site is thicker and stronger with normal glistening yellow fatty medullary tissue. Intraoperative x-rays were taken to verify the adequacy of excision of the lesion.. The free vascularized fibular graft was then separated and placed intramedullary in the proximal and distal tibial stumps and telescoping was prevented with one transverse screw or by k-wires. The free vascularized fibular graft was harvested some centimeters longer than the anticipated defect in the tibia and the excess bone was resected with the preservation of a long periosteal sleeve to cover the ends of the tibia at the proximal and distal junctions. It is believed that the high osteogenic power of the vascularized periosteal sleeve thus provided eliminates the need for cancellous iliac bone grafting. End-to-side anastomosis of the peroneal artery to the posterior tibial artery and end-to-end anastomosis for the vein were done. The wounds were closed in layers without tension over suction drains and high above knee slabs for the affected side, and compression bandage for the other side were applied.





	Postoperatively, both lower limbs were kept elevated on pillows for five days with encouragement to the patients to move their toes. The drains were removed at forty eight hours post-operatively and the stitches were taken off at two weeks. At this time the slab was changed with a complete cast and the patients were allowed out of bed non-weight bearing on this limb till a callus was evident radiologically. The patients were followed-up regularly at monthly intervals for six months, and then every two months for another six months’ period, then every three months for the rest of the follow-up period. The follow-up included change of the cast, full clinical and radiological examination of the operated limb, with inquiries to the patient’s parents about the functional activity, and parents’ satisfaction with the patient’s performance. The patients were evaluated by the operating surgeon and the cases and results are double checked by two bias professors.





	Union was judged both clinically and radiologically at each visit and the casts were removed and replaced with above knee orthoses with knee locks when bony union had occurred both clinically and radiologically with the obliteration of the “fracture line”. The brace was used continuously till consolidation of the bony union after which it was worn only during intense activity or long walks.





THE RESULTS:





	eleven patients are presented in whom free vascularized fibular grafts were used for the treatment of congenital pseudarthrosis of the tibia. Their follow-up is six months to two years (mean 13.9 months). The operative procedures took average of four and half hours, and the duration of hospitalization ranged between 10 and 16 days.





	Complete consolidation in both junctions was achieved primarily in six out of the eleven patients. The time to bony union was three to seven months. Delay in the union (no evidence of callus formation after six months post-operatively) was seen in the proximal junction in two cases and in the distal junction in two cases and they were treated by secondary bone grafting with subsequent union in the four cases. In case eight the patient had a no reperfusion syndrome on table and gradual absorption of the graft was seen in the post-operative x-rays. The bony union as well as the fibular hypertrophy were evaluated at each postoperative visit with the x-ray technique standardized. There was a gradual increase in the thickness of the free vascularized fibular graft, with the fibula reaching near the diameter of the tibia by twelve to fourteen months postoperatively. 





	There was no post-operative infection and no major complications in any of our patients. Two cases showed stress fracture of the transferred fibulae (cases one at seven months and  case three at eleven months post-operative). The fractures were the result of a moderate trauma, and both united with conservative treatment.





	The patients were immobilized in above knee casts postoperatively which were changed at monthly with each postoperative visit and the patients were allowed up non-weight bearing till a good callus is seen in the x-ray. Then partial weight-bearing in the casts was allowed. The infants and young children, were allowed free movements in bed. Full weight bearing was allowed when there were signs of bony union with obliteration of the “fracture line” in the x-rays. The casts were replaced with above knee braces at full union of the grafts to the host tibia. The brace was used full time till the fibula was more than two thirds the diameter of the tibia at which time the brace could be discarded and unguarded movement allowed except for long walks.








CASE PRESENTATION:





CASE FIVE:	The youngest patient on whom the procedure was performed was a one and half years old female child who had neurofibromatosis with more than six Cafe-au-lait patches and congenital pseudarthrosis of the right tibia. Her father had advanced skin manifestations of neurofibromatosis. The patient had one failed bone grafting procedure at the age of 11 months. The patient had type II Boyd congenital pseudarthrosis of the tibia with both the tibia and the fibula affected with tapering ends, sclerotic margins, and a severe deformity (figure 1). The contralateral fibula was harvested and placed  intramedullary in the tibia. The fusion of the distal segments of the contralateral tibia and fibula was achieved with one transverse screw to prevent future valgus deformity of the ankle (figure 2). No cancellous bone graft was used on either side.





	There were no postoperative complications with signs of union of the graft observed at three months postoperatively and at five months the union was so secure to allow removal of the cast and application of an above knee orthosis with a knee hinge which the patient used continuously for the remainder of a one year period after which the size of the transferred fibula has reached the size of the tibia and it is only required during long walks only (figure 3). 





CASE EIGHT:	A nineteen months old boy with a very aggressive Boyd type II congenital pseudarthrosis of the tibia. The boy had had two previous procedures of rodding, circlage wiring, and bone grafting which all failed to achieve union (figure 4). The pre-operative angiogram showed interruption of the anterior tibial and the peroneal  vessels just distal to the pseudarthrosis site (figure 5). The contralateral FVFG was transferred with trial of suture to the stump of the anterior tibial vessels, but the vascular anastomoses never were patent due to no reflow phenomenon during the operation. Thus the fibula was left intramedullary in the tibia after excision of the pseudarthrosis site (figure 6). In the follow-up x-rays, the fibula was gradually being eaten and it was completely absorbed in two months (figure 7). Thus the ipsilateral FVFG was transferred with intramedullary fixation of the fibula with K wires, and he is still in the early follow-up period following his operation (figure 8).





THE DISCUSSION:





	There are many factors that influence the prognosis in congenital pseudarthrosis of the tibia. The affection of the tibia and fibula is usually at the junction of the middle and lower thirds. The fibromatosis occupying the nonunion site was demonstrated by many investigators but none was able to show neurofibromatous tissue at that site. Boyd 1982,  showed the blending of the fibromatosis with the normal periosteum above and below the nonunion.18 The rounded ends of the proximal and distal fragments being enclosed in the fibrous tissue which fills the space between the fragments. Pho et al.5 , among others7, 8, 13, 17 stressed on the importance of a complete and radical excision of the abnormal bone and soft tissues around the pseudarthrosis site till reaching normal bone that can be expected to unite.





	The successful use of the contralateral FVFG in the treatment of CPT has been first reported by Chen et al. in 1979.2  Since then many have reported good results of  the treatment of CPT by this technique (Table 2).








Table 2: RESULTS OF FVFG IN THE TREATMENT OF CPT IN THE LITERATURE.





Author�
Union rate�
Author�
Union rate


�
�
Chen et al. 1979 �
10/12�
DeBoer et al. 1988�
   3/4�
�
Weiland & Daniel 1980�
  2/2�
Weiland et al. 1990�
18/19�
�
Usami  1981�
  1/1�
Dormans et al. 1990�
11/12�
�
Hagan 1982 �
  3/3�
Brunelli et. al. 1991�
   6/6�
�
Pho et al. 1985�
  5/5�
Simonis et al. 1991�
  9/11�
�
Gordon et al  1986�
  6/6�
Manoylovic et al. 1991�
�
�
Pho  & Levack 1986�
  3/3�
Uchida et al. 1991�
  5/5�
�
Minami et al. 1987�
  4/5�
Bos et al. 1993�
  7/7�
�
�
�
Smit et al. 1993�
    �
�






	All these investigators, and others, have demonstrated a high rate of union in cases of congenital pseudarthrosis of the tibia with the use of FVFG which is not matched with any other conventional method. The results presented in our report compare well with these results. In our series, six out of the eleven patients had primary union, with the full union achieved in ten out of the eleven patients with cancellous bone grafting only.





	An important point in the procedure that was not adequately stressed in the literature before is the importance of soft tissue balance around the pseudarthrosis site with complete release of all the soft tissue contractures and tightness during the primary grafting procedure so as to decrease the chance for future deformities and malalignment. Also, in accordance with other investigators, we would like to stress on the importance of distal tibio-fibular fusion on the donor side to prevent the progressive valgus deformity that may result if the length of the remaining segment distal fibula is not enough to support the ankle alignment following the harvesting of the FVFG. The early application of this procedure will assist in preventing the development of leg length discrepancy as the patient grows up.





Considering the often poor results with conventional methods of bone grafting in the treatment of this difficult condition, the free vascularized fibular graft offer the best chance of cure to these unfortunate patients. The advantages of this procedure include a one stage approach with minimal hospitalization, a minimal donor site defect.	This technique should be applied as early as possible in cases of congenital pseudarthrosis of the tibia, in which conventional methods of treatment will usually fail.
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The Figures.

































































Figure 1: Preoperative radiograph of case 5 showing Type II Boyd congenital pseudarthrosis of the tibia and fibula.






























































Figure 2: The immediate post-operative radiograph of both legs showing the intramedullary placement of the fibula and the fixation of the tibia and fibula on the donor side.







































































Figure 3: Full union with hypertrophy of the transferred fibula at eight months with the fibula approaching the size of the tibia.

































































Figure 4: The pre-operative radiograph of case eight with nonunion and absorption of the previous bone graft.







































































Figure 5: The pre-operative angiogram of case eight showing the cut off of the anterior tibial and the peroneal vessels distal to the pseudarthrosis site due to the previous operations.

































































Figure 6: The immediate post-operative radiograph with the contralateral FVFG placed intramedullary in the tibia.







































































Figure 7: Complete absorption of the graft at two months post-operative.




































































Figure 8: The ipsilateral FVFG fixed with K wires crossing the pseudarthrosis site.
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