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Background:  Although  a remarkable  success  in  the  treatment  of congenital  pseudarthrosis  tibia  (CPT)
had  been  achieved,  failure  rate  is  still  high  and  the  likelihood  of amputation  is  still considerable.  The
current  study  evaluates  the  outcome  of  induced  membrane  technique  in  the  treatment  of failed  previously
operated  patients  of  congenital  pseudarthrosis  of the  tibia.  We  hypothesized  that  induced  membrane
technique  will  improve  union  rates  in  CPT with  failed  previous  multiple  operations.
Patients and methods:  Nineteen  consecutive  patients  of failed  previously  operated  CPT  were  prospectively
included  in  the  study.  All  patients  were  treated  by  induced  membrane  technique  with  autogenous  free
non-vascularized  fibular  strut  graft  augmented  by autogenous  iliac  graft and  fixed  by  intramedullary
K-Wire  as  well  as Ilizarov  external  fixator.
Results:  The  mean  interval  between  the  1st and  2nd stages  of the  procedure  was  4.9  weeks.  Sound  union

was  achieved  in  all cases  in a  mean  time  of  25.3 weeks.  The  mean  follow  up  period  was 5.02  years  (range,
2.4-6.5).  No  refracture  was  documented  till  last  follow  up.
Conclusion:  Induced  membrane  technique  had  proved  as  a  successful  method  in  the  treatment  of  failed
previously  operated  CPT  with  a satisfactory  outcome  and  low  complication  rates.
Level  of evidence:  IV.

© 2020  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction

Congenital pseudarthrosis of the tibia (CPT) is a rare pediatric
isorder that represents one of the most challenging conditions in
rthopaedic surgery. An association of CPT and type 1 neurofibro-
atosis always carries a bad predictive sign for bone union [1–3].
Although a remarkable success in treatment of CPT had been

chieved by variable techniques (as vascularised fibular graft
ransfer and bone transport by Ilizarov), multiple surgeries are
ometimes necessary, with poor prognosis [1].

Induced membrane technique has been successfully used to
reat diaphyseal bone loss in adults and children through putting

 bone cement in the defect to induce a biological membrane that
as filled by cancellous bone graft [4]. The aim of the current study
as to evaluates the outcome of the induced membrane technique

n the management of congenital pseudarthrosis of the tibia with
ailed previous multiple surgeries. We  hypothesized that induced
embrane technique will improve union rates in CPT with failed
revious multiple operations.

∗ Corresponding author.
E-mail address: m.anteroof@yahoo.com (M.A. Meselhy).

https://doi.org/10.1016/j.otsr.2019.11.033
877-0568/© 2020 Elsevier Masson SAS. All rights reserved.
2. Patients and methods

Between January 2010 and February 2016, 19 consecutive
patients of congenital pseudarthrosis of the tibia were prospec-
tively enrolled in the current study. The inclusion criteria was
patients with CPT after previous unsuccessful surgical procedures,
healthy ipsilateral or contralateral fibula. All patients were treated
by induced membrane technique with fixation by Ilizarov frame
and intramedullary wire using combined free non vascularised
fibular and iliac autograft. The study protocol was authorized by
the ethical committee and all patients’ legal guards have signed an
informative consent.

2.1. Surgical technique

All surgeries were done under general anaesthesia, with the
use of pneumatic tourniquet. The site of tibial pseudarthrosis was
approached through anterolateral approach. The 1st stage consisted
of removal of the hardware if present, radical excision of the pseu-

darthrosis, the periosteum and refreshing bone ends till reaching
bloody healthy bone on both proximal and distal ends with open
medullary canal. The length of the bone defect was  measured,
Ilizarov external fixator was applied. Then gentamicin-loaded bone

https://doi.org/10.1016/j.otsr.2019.11.033
http://www.sciencedirect.com/science/journal/18770568
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Table  1
Demographic data and previous surgeries of the patients included in the study.

No Age (y) Gender Side A Previous surgery/ies Time from previous
Surgery/ies (y)

1 5 Girl Lt 1-Plating + graft
2-IM wire + graft
3-Ilizarov bone transport

2.5

2  9 Girl Rt 1-IM wire + graft
2-Ilizarov bone transport

4

3  3.5 Boy Lt IM wire + graft 1
4  4 Girl Lt Ilizarov bone transport 1
5  7 Boy Lt IM wire + graft 2
6  5 Girl Rt Ilizarov bone transport 1
7  8 Boy Lt 1-IM wire + graft

2- Ilizarov bone transport
4

8  6 Boy Lt Ilizarov bone transport 2
9  7 Boy Lt 1-IM wire + graft

2-Ilizarov bone transport
2.5

10  8 Girl Rt IM wire + graft 3
11  6.5 Girl Lt IM wire + graft 3.2
12  8.5 Boy Lt 1-IM wire + graft

2-Ilizarov bone transport
1.6

13  10 Girl Rt 1-IM wire + graft
2-Ilizarov bone transport

2.1

14  4 Girl Lt IM wire + graft 2
15  4.5 boy Rt 1-IM wire + graft

2-Ilizarov bone transport
3.6

16  5 Girl Lt 1-IM wire + graft
2-Ilizarov bone transport

1.5

17  6 Boy Lt IM wire + graft 3.5
18  5.5 Girl Lt IM wire + graft 1.7
19  8 Girl Rt 1-IM wire + graft 2
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LLD decreased significantly to 2.96 cm,  (range, 1.3-3.8) (p = 0.001).
o: number; y: years; Lt: left; Rt: right; IM:  intramedullary.

ement (Palacos, Zimmer, Biomet, Warsaw, USA), was placed in
he gap. The 2nd stage was performed 4 to 6 weeks later. Cortico-
ancellous iliac autograft was obtained from anterior iliac crest and
ontralateral free non vascularised fibular cortical strut autograft
as harvested. The length of the fibular graft was more than the

one defect measured in the 1st stage by 1 to 2 cm.  The cement
pacer was approached, the membrane was opened carefully along
ts whole length, the cement was removed, and the proximal and
istal bone ends were cleaned from the soft tissue. The strut fibu-

ar graft was docked in both tibial ends, and fixed provisionally
y trans-plantar K-wire in a retrograde manner with a diameter

ess than the fibular medullary canal (2 mm in almost all cases).
he autogenous iliac graft was then used around the whole length
f the fibular strut graft on both medial and lateral borders and
round both ends. The membrane was closed carefully around the
raft, and the wound was closed. The wire was left in its place until
nion was achieved.

Patients were followed up every two weeks for the first two
onths, then monthly till the last follow-up. Every visit, the

atients was examined for the stability of the frame and pres-
nce of any complications such as pin tract infection and wound
omplications.

Radiological assessment of callus formation was evaluated
ccording to Hammer et al. [5], After union was  achieved clini-
ally and radiographically, the frame and intramedullary K-wire
ere removed with application of short leg cast for about 12
eeks. Protective leg brace was advised for the next 2 years for

ll patients. At the last follow-up, measurements were taken to
valuate residual limb deformity and shortening, Malhotra clas-
ification of ankle valgus was used to assess ankle deformity [6];
rade 0 normal fibular physis at the level of plafond, grade1 the

bular physis at the same level of tibial epiphysis, grade 2, at the

evel of tibial physis, and grade 3, fibular physis above that of
he tibia.
2-Ilizarov bone transport

2.2. Statistical analysis

Statistical comparisons were performed using SPSS (version
13.0; SPSS Inc., Chicago, IL). Clinical data were statistically analyzed
using the Mann–Whitney U-test for quantitative data of the term
of union time and leg length discrepancy.

3. Results

The 19 patients included 8 boys (42.1%) and 11 girls (57.9%)
with mean age of 6.3 years (range: 3.5-10) at time of the first stage.
The right side was  affected in 6 patients (31.6%) while the left side
in 13 patients (68.4%). Ten patients (52.6%) had associated neu-
rofibromatosis type 1 (NF1). Eight patients (42.1%) had associated
fibular pseudarthrosis. All patients included in the study were type
4 according to the Crawford classification [7]. The mean previous
surgeries before our procedure (Table 1) was 1.5 (range, 1-3). The
mean interval from the previous surgeries was 2.3 years (range,
1-4).

The mean interval between the 1st and 2nd stages of the pro-
cedure was  4.9 weeks (range, 4–6). The mean bone defect after
debridement was 4.5 cm (range, 2.9-6) which represent about
18.98% of the tibial length. The mean length of autogenous fibular
graft was  5.54 cm (range, 4.2-7).

The sound bone union was the primary goal, and it was achieved
in all patients in a mean time of 25.3 weeks (range: 18.5–32) after
the 2nd stage. No significant difference between union time and
the number of previous surgical procedures (p = 0.77). All patients
had a preoperative limb length discrepancy (LLD) with the mean
preoperative shortening of 4.9 cm (range, 3.5-5.6). Postoperatively,
The mean follow-up period was  5.02 years, (range, 2.4-6.5). At
final follow-up, all the patients could walk with full weight bearing
on the treated limb. None of the patients had permanent protective
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Table  2
Union time, fibular graft length, and leg length discrepancy.

No Time to union (w) Shortening (cm) Amount of bone defect Length of strut fibular graft Follow up (y)

Pre Pop Cm Cm

1 20 4.5 2.2 5.2 7 6.2
2  18.5 5 2 4.9 6.5 5.7
3  23 5.1 3.2 6 6.7 6
4  25 5.5 3.1 4.8 6 4.9
5  32 5.1 3.8 5 7 2.4
6  28 5.5 2.5 4.2 6 4.6
7  22 5.2 3 4.9 5.3 5.2
8  20 5.1 3.1 4.6 5.2 3.5
9  22 5.6 3.1 5 6 5.5
10  25 4.9 1.9 5.3 6 4.7
11  28 5.1 2.7 4.7 5.5 6.2
12  21 5 3.1 4.9 5 6.5
13  30 4.8 1.7 3.7 4.2 5.8
14  32 5 3.2 4.9 5.1 4.7
15  28 4.5 2.2 5 5.2 4
16  27 5.2 2.3 3.5 5 3.5
17  25 4.3 2.1 3.2 5 5.2
18  27 3.5 2.1 2.9 4.2 5.9
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19  28 3.6 1.3 3.1

o: number; w: weeks; cm: centimeter; pre: preoperative; pop: postoperative; y: y

rthosis after the first two years of follow-up. One patient (5.3%)
ustained mid-shaft tibial fracture due to fall while playing. This
ccurred 3 months after brace removal. This patient was  treated by
bove knee cast and sound union was obtained after 12 weeks. Pin
ract infection was found in 36.8% of the patients and was treated
onservatively with oral antibiotics and local pins care.

There was a valgus ankle deformity in four patients (21%); one
atient with grade 1, and three patients with grade 2 (accord-

ng to Malhotra classification of ankle valgus). This deformity was
ound in patients with associated fibular pseudarthrosis. The three
atients with grade 2 required varus supramalleolar corrective
steotomy to correct the deformity, but patients were satisfied
nd refused further surgeries. There was no donor site morbidity
ccurred from iliac graft or fibular graft sites (Table 2).

.1. Case presentation (patient no. 1)

A 5 years old female patient presented with left congenital pseu-
arthrosis tibia. The patient underwent multiple operations, the
rst was plate and graft, second was ipsilateral fibular graft and

ntramedullary wire, the third was Ilizarov bone transport (Fig. 1).
ll surgical procedures had failed to achieve the bone union. Short-
ning was 4.5 cm.  Induced membrane technique was  performed
Figs. 2 and 3 ) and union was achieved (Fig. 4) in 20 weeks.

. Discussion

CPT is a multi-component congenital orthopaedic pathology.
urgical treatment of CPT sometimes fails and repetitive surgeries
re quite frequent [8–12]. Pannier et al. [13] concluded that the
eplacement of fibrous hamartoma and abnormal periosteum by
ell vascularized biological membrane in association with sta-

le fixation could be an ideal treatment for most of the cases
f CPT.

Although the biological explanation of the induced membrane
echnique in children is still unknown, several hypotheses could
e made based on the previous researches in adults [14]. As the

nduced membrane is highly vascular and contains high concentra-
ions of growth factors. [15], it is used successfully to reconstruct

egmental long bone defects in adults [4] and children [16,17].

In the current study, radical excision of the diseased perios-
eum and the pseudarthrosis was done. The extent of resection
as determined intraoperatively by reaching bloody healthy bone
4.5 5

on both proximal and distal ends with open medullary canal. Such
diseased vasculary impaired periosteum [18] was replaced by the
highly vascular induced membrane that helps in achieving union.

Mechanical stability is an essential factor for CPT union. Auré-
gan and Bégué [19] suggested that the stability of the fixation could
be a key to success of the induced membrane technique. Circular
frames showed superior results than mono-axial fixators [18,20].
The intramedullary fixation was  added to this technique as it pro-
vides more mechanical stability by internally splinting the graft
[9,10,13]. Finally, the stability could be increased by fibular cor-
tical strut autograft [14,21–24]. In the current study, mechanical
stability was provided by Ilizarov circular fixator, intramedullary
wire and the non vascularised cortical strut fibular graft that
was docked in the medullary canal of proximal and distal tibial
ends.

Masquelet et al. [4] recommended the use of strut cortical graft
in femur reconstruction to provide stability with morselized iliac
autogenous graft. Villemagne et al. [22] and Biau et al. [23] used
cortical strut autograft (tibial or fibular) in combination with iliac
cancellous autograft. In a trial to solve the problems of limited auto-
graft availability and decrease donor site morbidity, beta-tricalcium
phosphate was mixed with the autograft with promising results in
adults [25] and children [16]. In the current study, combined non
vascularised fibular strut cortical autograft which is longer than the
tibial defect and iliac cortico-cancellous chips autograft was used
to increase the graft volume which allow for primary stability of
the construct and may  explain low refracture rate after removal of
the fixator.

There were little published researches discussing treatment of
CPT after failed multiple surgeries with the treatment option is
either vascularized fibular graft or bone transport using Ilizarov
external fixator [12,24,26,27]. Table 3 summarise results of some
of these studies and showed that our union rate match results
obtained by either method. Moreover, induced membrane tech-
nique avoids high refracture rates of bone transport and the
technical difficulty of vascularized graft.

The strength of this study is the presentation of a homoge-
nous group of patients having CPT after unsuccessful surgeries
treated by a relatively new treatment option that achieved excel-

lent results with bone union in all cases. On the other hand, it has
several limitations, including a small number of patients, lack of
comparison with other treatment modality and lack of long term
results.
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Fig. 1. Radiographs showing the previous failed operative procedures. A: Plate and screws fixation of the tibia with bone graft. B: Ipsilateral fibular strut graft fixed with
intramedullary wire. C: Bone transport by Ilizarovover intramedullary wire.

Fig. 2. Clinical pictures showing the induced membrane technique. A: 1st stage: anterolateral approach of the tibia, adequate debridement and cement spacer. B: 2nd stage:
the  membrane was opened carefully, the cement spacer was removed. C: Cancellous iliac autograft and contralateral free fibular cortical strut autograft wereharvested; the
strut  fibular graft was  fixed with trans-plantar K-wire.
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Fig. 3. Radiographs showing the technique. A: 1st stage with cement spacer. B: 2nd stage: cancellous iliac and free fibular strut autografts fixed with K-wire. C: Wire removal
to  allow ankle motion. D: Anteroposterior and lateral views showing sound union.

Fig. 4. A: Preoperative clinical photos of the left leg showing scars of previous operations and leg deformity. B: Clinical photos after union with the patient fully weight
bearing.
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Table  3
Summary of similar studies using different techniques.

Study Yan et al. [12] Shabtai et al. [23] Sakamoto et al. [26] Cho et al. [27]

2017 2015 2008 2008

Number of patients
Previous surgery 13 2 5 11
No  previous surgery 38 8 3 12

Total 51 10 8 23
Mean age (Years) 3.2 10.5 7 4.7
Neurofiromatosis 45 10 7 19
Fixation Ilizarov + IM Ilizarov + IM Screws Ilizarov + IM
Graft  Wrapping iliac autograft Iliac autograft Vascularized fibular graft Cortical tibial + iliac cancellous autograft
Mean  Follow up 1.6 y 89.1 m 11.7 y 9.2 y
Union  62.7% 100% 100% 100%
Refracture 20% 12% 52%
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Pin  Tract Infection 11.7% 100%
Deformity 27.4% 60% 

Limb Shortening 10.6% 50% 

M:  intramedullary; m: months; y: years.

. Conclusion

The induced membrane technique proved to an effective
ethod in the treatment of unsuccessful previously operated

atients of CPT, with high success rate, and relatively few com-
lications.
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