
Introduction
Dysplasia of the tibia is one of the most chal-

lenging treatment problems in all of orthope-
dics. Interestingly, this rare condition with an
incidence of 1 in 140000 to 190000, has re-
ceived lots of attention in orthopedic literature
[1,2].

Although the presence of neurofibromatosis
does not appear to affect the union and the final
outcome of the lesion [2,3], up to 55% of those
with anterolateral bowing and pseudoarthrosis

are associated with neurofibromatosis [2-4]. 
Treatment options are both operative and

nonoperative although the highest rate of suc-
cess in initial union reported after surgery [6]
including intramedullary fixation, vascularized
fibular graft, external fixation & distraction os-
teogenesis [7]. Despite success in surgical
methods [9,12,13], the future outcome and
function of the involved extremity remain un-
certain. This is due to the lack of long - term fol-
low up studies in the different surgical ap-
proaches [8,10,11]. 

Since 1986, intramedullary rod fixation com-
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Abstract
Background: Pseudoarthrosis of the tibia poses one of the most challenging treat-

ment problems in all of orthopedics. The goal of the study was to assess the clinical
outcome of intramedullary rod fixation in its treatment.

Methods: The results of the management for nine patients with pseudoarthrosis of
the tibia with IM rod fixation were reviewed retrospectively between 1986 - 2006.
The mean duration of follow up was 8.95 years (range, 3.5 months to 14.2 years). The
mean age of the patients at the latest follow up was 13.5 years (range, 9 to 23 years).

Results: Initial union of the fracture site occurred in seven of nine patients with
the mean duration of 7.6 months (range, 3.5 to 15.5 months). Five patients had limb
length discrepancy with the mean of 7.2 cm (range, 1.5 - 12 cm). Three of them were
treated with tibia lengthening procedure with the Ilizarov method. One had a per-
oneal nerve palsy postoperatively.  Two patients had refracture treated with casting
and rod exchange. Electrical stimulation was applied in two patients but it was im-
possible to predict how much it played a role in the union.

Conclusion: IM rod fixation technique has a satisfactory functional outcome. The
technique has a high level of acceptance by parents and patients. It should be recom-
mended as the treatment of choice for the management of congenital pseudoarthrosis
of the tibia.
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bined with curettage of the pseudoarthrosis and
bone graft without any fibular manipulation
was done in our center. In contrast to other tech-
nique, it was performed without complete exci-
sion of the pseudoarthrosis.

Due to lack of defined criteria in the literature
for the surgical approach, this study explored
the long - term results of IM rod fixation for the
pseudoarthrosis of the tibia.

Methods
Retrospectively, we reviewed the outcome of

IM rod fixation of pseudoarthrosis of the tibia
in nine consecutive patients at Shafa Yahyaian
Hospital between 1986 - 2006. The mean age of
patients was 13.5 years (range, 9 - 23 years) at
the time of the latest follow up and 5.3 years
(range, 3 - 10 years) when the surgery was per-
formed. Five patients were male and four fe-
male. Six patients had different operations on
the affected extremity prior to the referral to our
hospital (Table 2). Five patients had limb length
discrepancy (1.5-12 cm). Electrical stimulation
was done as adjunctive treatment in two pa-
tients. Six patients had right tibia involvement
and three cases had left. Neurofibromatosis was
detected in six cases whereas three had no asso-
ciated condition. The mean duration of follow -
up was 8.95 years (range, 3.5 months to 14.2
years) (Table 1).

Classification systems describing prognostic
radiographic characteristics have been pro-
posed by many authors [1,2,14,15]. But none of
them provided any clue for better management
or final outcome. Therefore, we have relied on
two simple criteria to initially classify congeni-
tal tibial pseudoarthrosis: 1. The presence or ab-
sence of a fracture; 2. The age at which fracture
first occur ("early onset - before the age of four
and delayed onset - after four years"). Based on
this classification, seven pseudoarthrosis had
early onset and the remaining two cases late on-
set pseudoarthrosis (Table 2).

Postoperatively, all patients were visited reg-
ularly and anteroposterior and lateral plain x -

rays were taken to check fracture site union and
any possible deformity. At all follow - ups, pa-
tients were examined by the senior author. The
goal of every follow - up was to assess the
formed union radiographically and the compli-
cations including infection, presence of refrac-
ture and limb length discrepancy.

Treatment Protocol  
The same surgical method was applied for all

nine patients with slight difference in two of
them.

Patients were placed in a supine position and
a tourniquet applied to the proximal part of the
involved limb. The entire affected extremity
and ipsilateral iliac crest were prepared and
draped. Curettage was done by making an ante-
rior incision on the pseudoarthrosis site. An in-
tramedullary rod was inserted from the distal
fragment side (In two cases, the rod was placed
in the proximal metaphyseal part of involved
tibia). The rod typically transfixed the ankle
joint and was driven retrogradely into the prox-
imal fragment. To confirm the exact location of
the distal end of the indwelling rod, the control
x - ray was taken intraoperatively.

Then, the previously harvested bone graft
was placed around the pseudoarthrosis site. The
subcutaneous tissue and skin were closed in
two layers after placing a suction drain over the
site. After dressing, a long leg splint was ap-
plied. All patients were then treated with a long
leg cast after a few days and a custom - fabricat-
ed KAFO was strongly recommended to pa-
tients after removal of the cast.

Results
The IM rod fixation was a successful tech-

nique in achieving initial consolidation of the
congenital tibia pseudoarthrosis in seven of
nine patients. The initial union of the fracture
site was formed with a mean of 7.6 months
(range, 3.5 to 15.5 months) (Table 1). 

Electrical stimulation was also used in two
patients in order to promote healing and consol-
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idation of the fracture site.
Following the initial treatment of pseudo-

arthrosis, refracture occurred in two patients
treated with casting and rod exchange (Table 1).
The one treated with casting did not referred for
follow - up. There were 4 rod exchanges in the
above patient due to refracture, wound infec-
tion, and deformity. 

Three of nine patients had fibular pseudo-
arthrosis at the time of diagnosis and none of
them had any surgery on their fibula. Five pa-
tients had a clinically limb length discrepancy
at the mean of 7.2 cm (range, 1.5 to 12 cm)
(Table 1) and three of them were treated with
tibia lengthening procedure with Ilizarov
method. Peroneal nerve palsy was found post-
operatively in one patient.

In one patient, a new tibial pseudoarthrosis

developed in the proximal part of the tibia
above the rod which was treated with a brace.

Discussion
As stated previously, treatment of congenital

pseudoarthrosis of the tibia could be quite chal-
lenging and its true success can not be deter-
mined unless the patient was followed until
skeletal maturity [17]. Due to the nature of the
condition, nonunion of the pseudoarthrosis can
occur easily. On the other hand, the high inci-
dence of limb shortening, refractory deformi-
ties can lead to amputation in many patients.

The IM rod fixation has been rarely used in
Iran and most surgeons prefer using the vascu-
larized fibular graft and external fixation with
Ilizarov method. Therefore, the purpose of the
study was to highlight IM rod fixation clinical
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Table 1. Clinical and radiographic data on the nine patients 

Table 2. Illustration of the side of involvement, any previous treatment and the age at which the first fracture was de-
tected
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Fig. 1. Case 2: A patient with an early onset congenital pseudoarthrosis of the right tibia who was first treated unsuc-
cessfully with wiring in Afghanestan. Preoperative and postoperative x - ray after IM rod fixation was performed.

Fig. 2. Case 3: Agirl with neurofibromatosis who was treated with closed reduction & internal fixation following tibia and
fibula fracture at the age of 5 years. Due to nonunion of the fracture site, IM rod fixation was performed about 1.5 years lat-
er.
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outcome in congenital pseudoarthrosis of the
tibia.

Concerning surgical techniques, aggressive
resection of pseudoarthrosis lesion appeared to
have significant improved union rates over
curettage of the site in the series by Ohnishi et al
[21]. Unlike Ohnishi, we performed curettage
of the pseudoarthrosis site in all cases and
achieved union in seven of nine patients (Table
1).

Refracture is a common finding in patients
with congenital pseudoarthrosis of the tibia and
it occurred in two patients in our study (Table
1). Both patients had early onset pseudoarthro-
sis of the tibia. This finding is consistent with
the findings of Roach et al [18], kim and Wein-
stein [19] in whichthe late onset pseudoarthro-
sis was a more benign form of the condition.

Whether any fibular surgery is necessary, it
will remain a controversial issue. In accordance
with the study of Jonston [20], the fibular
pseudoarthrosis resection is strongly recom-
mended. If fibula is intact, performing a fibular
osteotomy is crucial in order to achieve the
alignment and union. The fibular pseudoarthro-
sis resection and fibula osteotomy were per-
formed in none of our patients. In contrast to
Johnston, no refracture was found in those who
had fibular involvement without surgery (Table
1). Since we did not perform surgery on the in-
tact fibula, it is impossible to draw conclusions
on the clinical results of doing an osteotomy for
an intact fibula.

The limb length discrepancy was another
complication induced due to the disease and al-
so treatment of the tibial congenital pseudo-
arthrosis. Obvious causes of shortening of the
tibia included acute shortening at the time of
pseudoarthrosis resection, and damage to the
distal tibial physis from multiple operations and
crossing of the intramedullary device. The
complication was clinically detected in five of
nine patients. Different types of treatment such
as appropriately timed contralateral femoral
and/or proximal tibial epiphysiodesis, and tib-

ial lengthening procedure have been recom-
mended. We, successfully, performed the latter
procedure in three of five patients  despite one
of them was complicated by peroneal nerve pal-
sy.

One of the associated conditions with con-
genital pseudoarthrosis of the tibia is neurofi-
bromatosis. In our study, six of nine cases had
the condition (Table 1). Nonunion occurred in
one of them. Since the numbers of patients were
too small, any conclusion on the incidence of
union or the ultimate outcome of the tibial
pseudoarthrosis can not be drawn.

Conclusion
The IM rod fixation technique had satisfacto-

ry functional results, and high level of accept-
ance by parents and patients. When it is unsuc-
cessful, other surgical methods including vas-
cularized bone graft, and external fixation &
distraction osteogenesis are applicable. This
technique should be recommended as the treat-
ment of choice for the management of tibial
congenital pseudoarthrosis.
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