Congenital pseudarthrosis of the tibia: Management
and complications
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ABSTRACT

Congenital pseudarthrosis of the tibia (CPT) is a rare pathology, which is usually associated with neurofibromatosis type I. The
natural history of the disease is extremely unfavorable and once a fracture occurs, there is a little or no tendency for the lesion to
heal spontaneously. It is challenging to treat effectively this difficult condition and its possible complications. Treatment is mainly
surgical and it aims to obtain a long term bone union, to prevent limb length discrepancies, to avoid mechanical axis deviation,
soft tissue lesions, nearby joint stiffness, and pathological fracture. The key to get primary union is to excise hamartomatous
tissue and pathological periosteum. Age at surgery, status of fibula, associated shortening, and deformities of leg and ankle play
significant role in primary union and residual challenges after primary healing. Unfortunately, none of invasive and noninvasive
methods have proven their superiority. Surgical options such as intramedullary nailing, vascularized fibula graft, and external
fixator, have shown equivocal success rate in achieving primary union although they are often associated with acceptable
results. Amputation must be reserved for failed reconstruction, severe limb length discrepancy and gross deformities of leg and
ankle. Distinct advantages, complications, and limitation of each primary treatment as well as strategies to deal with potential
complications have been described. Each child with CPT must be followed up till skeletal maturity to identify and rectify residual
problems after primary healing.
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INTRODUCTION

he reported incidence of Congenital pseudarthrosis

of the tibia (CPT) varies between 1:140,000 and

1:250,000 and bilateral forms are extremely rare.!
The tibia shows area of segmental dysplasia resulting in
anterolateral bowing of the bone. The osseous dysplasia
leads to a tibial nonunion and, because of tibial bowing and
reduced growth in the distal tibial epiphysis, shortening of
the limb usually occurs.?
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The disease becomes evident within a child’s first year of
life. However, Andersen described a rare late onset type
developing in a tibia, which is normal at birth but develops
anterior bowing between the ages of 4 and 12 years.? The
natural history of the disease is extremely unfavorable and,
once a fracture occurs, there is a little or no tendency for
the lesion to heal spontaneously.?

Treatment of CPT is still a challenge.?*® Each treatment
aims to obtain a long term bony union of tibia and fibula,
to prevent limb-length discrepancy, to avoid mechanical
axis deviation, soft tissues lesions, nearby joint stiffness, and
pathological fractures.”® Invasive method of treatment that
includes excision of pseudarthrosis tissue including diseased
periosteum with stable internal or external fixation with
vascularized or nonvascularized graft is the conventional
surgery for treatment of CPT. A noninvasive method, which
includes electrical stimulation without surgery, is also described
to enhance union. However, none of invasive or noninvasive
method has yet proven its superiority. Conventional surgery
is often associated with acceptable results,”'° and amputation
may be proposed in failed cases.?!"!> Weber reported
amputation of the calf in 9-14% of patients with CPT.1¢

Charnley (1956) first treated cases of CPT with
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intramedullary rod.!” Coleman added autogenous iliac
bone graft to intramedullary rod for the treatment of CPT.!418
In 1974, Ostrup et al. demonstrated the presence of active
osteocytes in vascularized bone graft and their absence
in nonvascularized bone graft.’®?° Taylor et al. (1975)
succeeded in grafting the first vascularized fibula?! and 3
years later, the same technique was applied by Weiland
et al.?22 for treating patients with CPT. Shah et al. used cortical
bone grafting with intramedullary nailing for the treatment
of the CPT.2* Cortical bone grafting from contralateral tibia
resist resorption better than cancellous bone hence primary
union rate is higher with use of cortical bone graft.?

Since then, therapeutic progress was achieved and
therapeutic protocols were implemented and improved:
Bone graft associated with stable circular external
fixation?28 or intramedullary rod?>%° often results in bone
union.®!® The use of Bone Morphogenetic Protein (BMP)
7 is a therapeutic option. Despite promising preliminary
results,®*? it has nevertheless not proven its efficacy yet.
Unfortunately, no treatment can guarantee good, long
lasting bone union, and preserved articular function for
all cases of CPT.726:3033:35 Dye to the lack of clarity as to
the optimum treatment, the authors aimed to provide a
comprehensive review on diagnosis, treatment options,
and possible complications of CPT.

We aimed to describe the advantages and shortcoming
of various treatment options, variables influencing the
treatment of CPT, the success rate of achieving union,
maintenance of union, specific complications related to
pathology, and treatment. This article is prepared by a
search of English literature from 1952 to 2012, using key
words of congenital pseudarthrosis of the tibia, anterolateral
bowing of the tibia from the PubMed database. A hand
search of the references of these articles was also performed.
289 articles were retrieved in PubMed. 180 full texts and
109 abstracts were read.

RADIOGRAPHIC ASSESSMENT AND CLASSIFICATION
SYSTEMS

Conventional radiographs

Various classification systems based on radiographic finding
have been developed. Because of the radiographic changes
during the course of the disease, standard radiographs show
heterogeneous lesions. Nonunion occurs after progressive
worsening of the deformity. Conventional radiographs can
show thin and atrophic or wide and hypertrophic tibial
bone, often with a cupped proximal and a pointed distal
fragment. This false joint is often in the distal third of the
shaft, but can occur at any level. The fibula is frequently
affected [Figures 1 and 2].

Classification systems describing prognostic radiographic
characteristics, natural history, therapeutic guidelines, and
variables influencing the outcomes have been proposed by
many different authors.

Andersen’s classification

Andersen’s classification of CPT (1973) differentiates the
morphology of the pseudarthrosis as dysplastic, cystic, or
sclerotic types, in addition to a clubfoot type that arises
because of accompanying abnormalities.? According to
Andersen, neurofibromatosis is not associated with the
cystic form. However, Morrissy et al. reported three cases
of cystic pseudarthrosis and neurofibromatosis.3

Boyd s classification

The Boyd’s classification (1982) identifies six types of CPT®
In type I there is anterior bowing with tibial defect. Type
II and IIl are characterized by pseudarthrosis with hour
glass constrictions and bony cyst, respectively. In type 1V,

Figure 1: Anteroposterior and lateral radiographs of a patient with
CPT. Radiographs show thin and atrophic tibial bone, with a pointed
distal fragment. The false joint is in the distal third of the shaft. The
fibula is affected

Figure 2: Anteroposterior radiographs of a patient with untreated CPT

617
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pseudarthrosis is present with sclerotic segments and march
fracture. Type V is characterized by a complementary
dysplastic fibula. In type VI, an intraosseous neurofibroma
or schwannoma is evident.

Crawford’s classification

Crawford’s classification of CPT (1986) identifies four types
of CPT all with anterolateral bowing of the tibia.> In type
[, the medullary canal is preserved and cortical thickening
at the apex of the deformity might be observed; patients
with this type usually have a good prognosis; some may
not even have a fracture. Type II is defined by presence
of thinned medullary canal, cortical thickening, and
trabeculation defect. The dominant finding in type III is
a cystic lesion, which may be fractured; patients with this
type of pseudarthrosis tend to experience early fracture and,
therefore, require early treatment. In type IV, pseudarthrosis
is present with tibial and possibly fibular nonunion.

EI-Rosasy—Paley—Herzenberg s classification
El-Rosasy’s et al. classification (2007) considers patient’s
condition at time of presentation (relation to previous
treatment), radiological (atrophic or hypertrophic), and
mobility of pseudarthrosis site (stiff or mobile). Three types
of CPT are identified. Type I is defined by atrophic bone
ends, mobile pseudarthrosis without previous surgical
intervention. Type Il is defined by atrophic bone ends,
mobile pseudarthrosis, previous surgical intervention with
or without retained hardware, while type Il is defined by
broad bone ends, stiff pseudarthrosis and with or without
previous surgical intervention. They recommended
treatment protocol according to the type of CPT.3” The
drawbacks of the classification are that it does not predict
prognosis neither in ascending or descending order and
short-term results. The classification seems promising, but
still it has to be validated in long term results and multicenter
study.

Magnetic resonance imaging

Magnetic Resonance Imaging (MRI) of CPT provides
valuable information on the extent of the disease and is
helpful for the preoperative planning in that the borders
for resection can be defined precisely. MRI findings provide
more precise data on the morphology of the pseudarthrosis
and the adjacent soft tissue than standard radiographs.
The area of the pseudarthrosis is hyper intense on
fat-suppressed and T2-weighted images and slightly hypo
intense on T1-weighted images with contrast enhancement
after administration of gadolinium. The periosteum in
the area of the pseudarthrosis appears as a thickened
soft-tissue layer. The thickened periosteum shows hyper
intense signal intensity on fat-suppressed and T1-weighted
contrast-enhanced images in all patients. Mahnken et al.

found that MRI findings correlates well with the extent of
the pseudarthrosis and of the thickened periosteum found
at surgery.'® Moreover, MRI can detect deep soft-tissue
neurofibromas although they are rarely found at the site
of pseudarthrosis.

MRI can be recommended as an additional imaging
technique that can be used with conventional radiographs
in the diagnosis and followup of CPT.

Computed tomography scan

Computed Tomography scan (CT) usually confirm
radiographic findings, showing osteolytic lesions containing
solid tissue. The cortex is generally thinned and blown, or
can no longer exist. The medullary canal is narrowed and
sclerotic. The lesion can be delineated by a sclerotic rim.

Total bone scintigraphy

Bone scintigraphy shows at the level of the pseudarthrosis a
slight uptake at the beginning of the dynamic venous phase
and a high uptake during terminal phase.

PATHOGENESIS

In CPT, the affected tibia exhibits insufficient mechanical
strength and osteogenetic capability. An abnormal highly
cellular fibrovascular tissue grows at expense of the bony
cortex. As it encroaches on the bony cortex it promotes
incoordinate osteoclastic bone resorption that does
not have a normal bone modeling purpose. Reactive
changes simultaneously occur at medullary aspect leading
to deposition of excess trabecular bone and hence
medullary sclerosis. Excessive bone resorption accounts
for intracortical cysts. Impaired vascularization can result
in decreased osteogenic capabilities. The similarity of
ultrastructural findings in the abnormal periosteum and
in skin neurofibromas of neurofibromatosis patients may
indicate a pathogenetic association of both diseases.>®

HisTorPATHOLOGY

Fibrous hamartoma is the key pathology of CPT,
which was shown to have low osteogenicity and high
osteoclastogenicity. The soft tissue at the pseudarthrotic
site is composed of variable admixture of fibrous tissue,
fibrocartilage, and hyaline cartilage with evidence of
enchondral ossification. Spaces and clefts are lined by a
synovial-like tissue. Within the bone ends, marrow spaces
are devoid of hematopoiesis. This invasive fibromatosis is
located in the periosteum and between broken bone ends
and surrounds the tibia causing compression, osteolysis,
and persistence of pseudarthrosis. %3
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SuraicaL OPTIONS

Surgical treatment is not always efficient and even when
bone healing seems to be obtained, new fractures can
occur.®152630 The quest for durable bone healing could
even deteriorate mobility and articular function.”#1%3* When
articular function is compromised and when mechanical axis
is deviated, amputation should be proposed to patients with
CPT.2¥15 Even if this solution allows fast functional recovery
with the use of prosthesis, family often refuses it.141523

Depending on the type of treatment, age of the patient,
and severity of the CPT, the percentage of bone union
varies between 31% and 100%.5813-15232627.30-523540-44 CPT
healing rates were found to be higher when the pathological
periosteum and fibromatous tissue were removed.4152345

Moreover, aesthetic and functional results are extremely
variables.”3* Treatment results should be evaluated once
skeletal maturity is reached,®?* growth is finished, and
deformity progression has ended.”3*

Surgical options are vascularized fibular grafting alone or in
association with external fixation or intramedullary nailing
and amputation for failed cases.?%*° The administration of
BMP is still under investigation and preliminary results are
encouraging.®*? The efficacy of these methods remains to
be proven.®?¢

Vascularized fibular graft

Vascularized fibular grafting, whether ipsilateral*® or
preferentially contralateral,?34%4647 is successful as it
permits initial tibia consolidation. However, many potential
complications have been reported. Sometimes, secondary
bone grafting is necessary to obtain bone union.233°
Simonis et al. recommended the use of this method
when limb length discrepancy is more than 5 cm and
pathological tissue length is greater than 3 cm.4” New-onset
fractures are not rare, and they may be observed at the
graft site extremity,?>4° or in the bone graft itself.*® Other
complications include malalignment (anterior bowing
and valgus deformity), as no remodeling occurs in these
progressive angular deformities.?33%4%50 Valgus deformity
on the donor site has also been reported.*3°05! In order to
prevent this complication, distal tibiofibular metaphyseal
synostosis (Langenskiold procedure) is recommended by
some authors.?*5° However, this procedure may only delay,
but may not prevent, the development of ankle valgus.*

In Charnley-Williams technique the intramedullary rod
in tibia was inserted along with vascularized fibular graft
according to the technique described by O’Brien.?? Initial
consolidation occurred in every case and no fractures were

recorded.”® The goal of this original technique is to obtain
bone union, by mixing propitious biological environment with
the vascularized bone graft,’*?° and the intramedullary rod is
responsible for stability. The intramedullary rod offers good
tibial alignment and prevents refracture. Hypertrophy?>47:4°
and vitality!®?° of the bone graft promote bone union.

This association seems to guarantee long term consolidation
and correct tibial alignment. It may also prevent refracture
in severe CPT because it mixes mechanical strength of
the rod and biological quality of the graft.’® Minami et
al.,*® Kanaya et al.,** and Toh et al.?® do not share this
point of view, assuming the rod could alter bone graft
biology. Nevertheless, this point remains to be proven.
The technique reported by Moukoko et al. is not a rescue
procedure. It should be considered as a therapy of choice
for initial surgical treatment of CPT, as the success of the
technique needs the best biological environment.

The high success rate of primary and secondary union are
the distinct advantage of vascularised fibular graft.

The limitations of this technique are cost, technical
complexity, poor protection against re-fracture, failure to
correct limb length discrepancy, and deformities of leg and
ankle simultaneously at time of primary surgery.

Valgus ankle deformity on the donor side, re-fracture in
the graft itself, recurrent nonunion at one end of the graft
site and residual limb-length discrepancy are not unusual
after vascularized fibular grafting.>% If the procedure is
combined with intramedullary nailing, it prevents re-fracture
rate Significanﬂy.37*48’50'51*54’60'63'69’70

Authors preference

We reserve this procedure for failure after treatment with
other modalities. Ipsilateral fibula is used for vascularized
graft if the fibula is normal. If the pseudarthrosis of fibula
is present, a healthy segment above pseudarthrosis can be
used. We prefer distal tibia—fibula fusion, if the ipsilateral
fibula is used for the surgery.

External fixation

Circular external fixation as the treatment of choice of CPT
allows total resection of pathological tissue, ensures stability
regardless of the amount of resected tissue, and allows
extension of the member, correction of axial deformities, and
full support immediately after the intervention.%26-2842.54.55.70

Fabry and Plawecki reported initial bone union in all
patients treated with external fixation after one or more
surgical procedural failure.>*° Paley et al. (1992) reported
initial union in 15 out of 16 children after one treatment,
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and union after one additional treatment in 1 child.*> Mean
age at the time of treatment was 8 years. Boero et al. (1977)
reported less enthusiastic results, as circular external fixation
failed in 8 out of 21 patients with CPT in the setting of Type
1 Neurofibromatosis.?” The age at the time of surgery may
have influenced bone union results. Consolidation was
obtained in 12 out of 14 patients who were operated when
they were 5-years old, and only in 1 out of 7 patients who
were treated before 4 years of age. The European Paediatric
Orthopaedic Society (EPOS) report found an overall rate of
consolidation of 75.5% with mean age of 7.5 years.’ These
data are close to those from Ohnishi et al., as consolidation
was obtained in 86% of patients, with a mean age of 4.5
years at the time of surgery.?®

Cho et al. reported re-fracture-free rate of cumulative
survival of 47% at 5 years and did not change thereafter.
The risk of re-fracture was significantly higher with a younger
age at surgery (less than 4 years), low cross-sectional area of
the healed segment, recurrence of tumor, when associated
with persistent fibular pseudarthrosis, residual ankle valgus,
removal of an intramedullary rod, and noncompliance with
bracing.>®

Fixation can correct deformities of leg and ankle and limb
length discrepancy simultaneously and has a high rate of
primary union in children older than age 6 years. However,
the external fixator can be cumbersome for small children
and it fails to prevent ankle valgus. Moreover, there is high
frequency of re-fracture following external fixator and
involution of the regenerate bone tissue has been observed
following use of circular external fixator. Circular external
fixation procedure takes a long time, is complex and
associated with a high risk of infection. If the child has been
protected with internal splint (intramedullary nailing) and
bracing till skeletal maturity, the frequency of the re-fracture
can be reduced significantly.®1026:36.52.55

Authors preference

We use external fixator as primary treatment in children older
than 8 years of age, with significant limb length discrepancy and
associated deformities of the leg. We observe that significant
limb length discrepancy and deformities of the leg are more in
children who present after 8 years of age. We prefer to correct
limb length discrepancy, deformities of leg with achieving
union of the pseudarthrosis site simultaneously. The external
fixation provides better axial, angular, and rotational stability
of pseudarthrosis site, which is essential for primary union.
We prefer to add intramedullary nailing with external fixation
primarily, as it helps to realign the tibial segments and minimize
the shearing force at the pseudarthrosis site during healing. We
also prefer to leave intramedullary nailing after primary healing
to protect against re-fracture. We allow weight bearing early

following circular external fixation application. Children can
resume back to school and social activities soon after the surgery.

Intramedullary rod

The use of intramedullary rod for the treatment of CPT was
suggested by Charnley in 1956;!7 Coleman and Umber et
al. popularized this procedure in the following years.!318
Telescopic intramedullary rod, with or without fibular
fixation, and classical rod with fibular fixation are variants of
the original procedure that are associated with good results,
recent studies report an union rate of 80% or more. 8242930

Intramedullary rod provides stability and does not disturb
distal tibial epiphysis. Growth of the tibia depends on the
distal end of the rod being located proximal to the ankle
joint, and ankle motion is regained in most cases.3*354
Intramedullary rod prevents refracture; therefore, it is
inadvisable to remove the rod after union®131417.% [Figure 3].

EPOS study® reported low union rate (35%) compare to Kim
et al. and Dobbs et al.,?*3° who reported union rate 80%.

Intramedullary nailing is a simple, cheap, and reproducible
technique. It is effective in younger children with negligible
donor site morbidity. The intramedullary nailing can also be
used with vascularized fibular graft, autologous bone graft,
BMPs, bisphosphonates.

Main limitations of the use of intframedullary rod include the
risk for ankle stiffness secondary to long term transfixation
of the tibiotalar and subtalar joints, immobilization following
intramedullary rod, and re-fracture after removal of the rod.
Moreover it does not always prevent ankle valgus [Figure 4]. To
prevent all these, the rod must be kept till skeletal maturity.
The rod must be kept out of ankle and subtalar joints once
primary union is achieved 813141730

Figure 3: Pre (a, b) and postoperative (c, d) anteroposterior and
lateral radiographs of a patient with CPT treated by intramedullary
rod. Intramedullary rod provides stability and does not disturb distal
tibial epiphysis
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Figure 4: Clinical photographs showing potential complications of CPT:
Ankle valgus (a) and valgus of the distal tibial shaft (b)

Authors preference

We use this method for primary treatment for younger children
as it reduces the frequency of re-fracture. We prefer cortical
bone graft for primary treatment as it would offer greater
resistance to osteoclastic resorption. It has negligible morbidity
after harvesting of the cortical graft from the contralateral tibia.
Contralateral tibia must be screened to be normal clinically
and radiologically before harvesting graft from opposite tibia.
This technique is contraindicated in bilateral cases. Moreover,
if needed, his technique can be repeated if we cannot get
primary union. We keep intramedullary rod supporting full
length tibia till skeletal maturity to prevent occurrence of
re-fracture and deformities of leg.

Other treatment options

Dysfunction of osteoclasts and abnormal proliferation
of spindle cells may be the pathogenesis of CPT with
insufficient osteogenic ability.*”*° Fibrous hamartoma cells
maintain some of the mesenchymal lineage cell phenotypes,
but do not undergo osteoblastic differentiation in response
to BMP. They are more osteoclastogenic than are tibial
periosteal cells.?®%° Birke et al. recently combined the use
of BMPs with bisphosphonates (pamidronate or zoledronic
acid) as an adjunct to surgical intervention in eight cases.
Authors hypothesized that balancing catabolic response
of bisphosphonates with anabolic action of BMPs could
improve healing rates. Primary healing occurred in six out
of eight cases. Authors concluded key factors to achieve
union in CPT include adequate resection of the dysplastic
tissue, stable fixation, and the establishment of the best
biologic environment for bone healing. Only a long term
followup and the study of others cases can confirm or
invalidate the durability of reported results.®° Periosteal graft
has been used to facilitate the union. CPT is a biological
as well as a mechanical problem. Many pathologic studies
confirm that periosteum plays a key role in the pathogenesis
of CPT combining both mechanical and biologic aspects

of the disease, includes complete excision of diseased
periosteum and the use of combined bone grafting and
periosteal grafting.*®

The efficiency of novel biological treatments (BMP, stem
cells, platelet rich plasma (PRP), periosteal grafts, induced
membrane technique) still has to be demonstrated, as
till now all the studies were done with combination of
conventional surgery and retrospective small study.®!?

Age at surgery

The results of a multicentre study conducted in 2000 by the
EPOS indicate a clear correlation between age at surgery
and the final outcome, with better results being achieved
in the older child.” The EPOS report recommends surgery
for CPT should preferably be postponed until the age of 5
years and should not be performed on patients under the
age of 3 years.

However, in a later report, Joseph et al. achieved
consolidation in 92% of children under 3 years old and in
72% in children after 3 years old by intramedullary (IM)
nailing with cortical bone grafting.*! More recently, Pannier
et al. and Gouron et al. reported union in patients as young
as 14 months with all cases stabilized by a rod crossing the
ankle %364

Authors preference

Authors proposed that type of treatment depends on age
of presentation. Treatment varies if patient is aged under
2, between 2 and 8, or over 8 years [Figure 5]. Growth
abnormalities and shortening would be minimal, if we can
achieve union in earlier age. We wait upto 2 years of age
for surgical intervention because small size of the child
may lead to difficulty in harvesting graft and also fixation
of pseudarthrosis site would be poor. We consider surgical
intervention of CPT after 2 years of age.

Role of fibula

Pseudarthrosis or hypoplasia of the fibula is associated
with CPT in two-thirds of the cases.®® Yet the need for
fibular surgery remains controversial. Based on findings
from Johnston, resection of fibular pseudarthrosis is
necessary in order to achieve optimal limb alignment and
union.? If the fibula is intact, it is necessary to perform
a fibular osteotomy. Dobbs et al. reported a higher rate
of union in patients in whom fibular pseudarthrosis
was resected as compared with those in whom fibular
pseudarthrosis was not resected.?® Choi et al. classified
fibula in two types: Type A (mild-Al, moderate-A2)
includes a fibula of normal integrity in the presence of
established atrophic-type CPT, whereas type B (mild-B1,
moderate-B2, severe-B3) has atrophic-type CPT with
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concomitant fibular pseudarthrosis. They recommended
ankle stabilization with end-to-end osteosynthesis of the
fibula for mild (type B1), “4-in-1 osteosynthesis” for
moderate (type B2), and distal tibiofibular fusion for
severe (type B3) fibular pseudarthrosis in association with
atrophic-type CPT.%

In “4-in-1 osteosynthesis” all 4 proximal and distal
segments of the tibia and fibula are placed in one healing
mass. It is also indicated when end-to end osteosynthesis
of the fibula fails for type B1 fibular pseudarthrosis or

age at

presentation

fibular osteotomy, and shortening is necessary for a type
A2 fibula. The distinct advantages of this procedure are:
(a) it maximizes the cross-sectional area of healing at the
pseudarthrosis level, (b) it facilitates bony healing over a
wide area, (c) provides ankle stabilization and prevents
proximal migration of the distal segment of the fibula, and
(d) preserves ankle mobility.

Authors preference
Authors have proposed the role of fibula in management
of the CPT [Figure 6].
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IM Nailing +
Bracing Cortical Bone
Grafting +
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Union not
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Union not
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Figure 5: Flow chart showing treatment options according to the age at surgery: Less than 2 years, between 2 and 8 years, and over 8 years
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Normal /
hypoplasia

No distraction at
tibial fracture

Pseudarthrosis

excision of
pseudarthrosis +
fixation + bone
grafting
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sight after
excision of

pseudarthrosis

sight after
excision of
pseudarthrosis

o reatment osteotomy of fibula

Failure to
achieve union

+ fixation + bone
grafting

achieve union

for fibula

Distal tibial |

fibula fusion

Figure 6: The flow chart showing the surgical options when dealing
with normal and abnormal fibula (Pseudarthrosis or hypoplasia of the
fibula is associated with CPT in two-thirds of the cases)

Amputation

For resistant pseudarthrosis when other extensive surgical
procedures have not achieved a functional extremity, either
due to persistent nonunion or due to dysfunctional angular
deformity, shortening, atrophy, and stiffness, the amputation
is entirely appropriate.’®> While waiting for surgery, tibial
alignment should be maintained with an orthosis. This is
important for kids, as it allows them to walk, run, and socialize.

Authors preference

We reserve amputation after failure of two or more primary
surgical procedures, gross deformities of leg and ankle,
severe limb length discrepancy, recurrent re-fracture,
nonfunctional limb after failed reconstruction procedures.

Ultrasound

Okada et al. reported a case of CPT of the tibia (Boyd type
IV) successfully treated with low-intensity pulsed ultrasound
stimulation (LIPUS) administered for 20 min/day. The
treatment was continued for 1 year until solid fusion on
radiographs and subsequent full-weight-bearing was
achieved.®’” The underlying mechanisms of action of
LIPUS remain unclear. However, in experimental studies
conducted in rats, LIPUS application facilitates union and
increase mechanical strength of bone.%:%°

Management of complications

These patients need a careful followup and residual
complications need to be treated to avoid malalignment.
Even patients with bone union may have compromised
function secondary to residual deformities.*!7%72

Re-fracture

The frequency of re-fracture after primary union varies from
14% to 60%.1%%° Anatomic alignment of the tibia and fibula
minimize the risk of re-fracture. Intramedullary rod and
external bracing must be continued as effective protection
against re-fractures. Despite apparently solid clinical and
radiographic union, re-fracture can occur. There is a high
rate of secondary nonunion following corrective osteotomy
of the proximal or distal tibia.

Malalignment of the tibia

Diaphyseal malalignment of the tibia (procurvatum or
valgus deformity) are progressive and do not remodel.
Retention of a rod across the previous pseudarthrosis
should have biomechanical benefits. The deformities of
the proximal tibia can be corrected with osteotomy if the
morphology of the tibia is normal with external fixator. The
deformity correction with osteotomy is contraindicated
through dysplastic tibia morphology, as it can lead to fresh
pseudarthrosis.

Limb length discrepancy

Residual limb length discrepancy following successful
union is a major problem. Growth abnormalities of the
tibia, fibula, and the ipsilateral femur abnormalities are
also noted with CPT, which include inclination of the
proximal tibial physis, posterior bowing of the proximal
third of the tibial diaphysis, proximal migration of the lateral
malleolus.*! The affected tibia is slightly shorter than the
normal side from beginning. Progressive shortening of the
leg occurs as long as the pseudarthrosis remains ununited
and also associated with repeated unsuccessful operations.
Contralateral epiphyseodesis of the femur and/or tibia
can be done for expected limb length discrepancy less
than 5 cm at skeletal maturity. Proximal tibial lengthening
can be performed in children with expected limb length
discrepancy more than 5 cm at skeletal maturity. Proximal
tibial lengthening by distraction osteogenesis can be
performed at the metaphyseal, physeal, or subphyseal level.
A good-quality regenerate without any complication can
be possible with single proximal metaphyseal lengthening
in children with normal morphology of proximal tibia.
As, repeat lengthening and proximal dysplasic tibia were
identified as significant risk factors of poor bone healing,
chondrodiatasis or subphyseal lengthening of tibia or
ipsilateral femoral lengthening may be better indicated
when there is obvious proximal tibial dysplasia or a previous
history of lengthening.” Single proximal tibial and/or
femoral lengthening and contralateral epiphyseodesis is
good option for expected limb length discrepancy more than
8 cm at skeletal maturity. Femoral homolateral lengthening
or contralateral distal fémoral epiphysiodesis avoid tibial
complications but with the problem of knee displacement.”
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Ankle valgus

Residual ankle valgus deformity compromises functional
outcome.” Progressive ankle valgus is a problematic
postoperative donor-site morbidity of a vascularized fibular
graft in children. To prevent this complication, tibiofibular
metaphyseal synostosis (the Langenskiold procedure) has
been recommended. Correction by additional surgical
procedures achieves good alignment of the lower extremity.
In distal tibia corrective osteotomy, care should be taken
to perform osteotomy in metaphyseal area in patient with
normal morphology of distal tibia and rigidly immobilize
after surgery by a cast or an llizarov external fixator.”® If
there is enough growth remaining, the easiest and safest
method to correct ankle is to perform distal tibial medial
hemi-epiphysiodesis with a malleolar screw.®

Ankle stiffness

Ankle stiffness usually progressively regresses once
intramedullary rod is removed from ankle. Ankle stiffness
may be kept minimized with revised fixation with keeping
the ankle and subtalar joint free once unequivocal, sound
union of the pseudarthrosis could be achieved. Pain
secondary to degenerative changes of the ankle can be
treated with limitation of activity and shoe modification.
Severe pain may require ankle arthrodesis.

CONCLUSION

Basic principle of excising pseudarthrosis with diseased
periosteum, stable fixation, and protected weight bearing
till skeletal maturity are effective method. Amputation must
be reserved for failure to achieve union even after two or
more good attempts, worse deformity than that produced
by prosthesis. BMP holds considerable promise for the
future. Healing rates in the complex forms of CPT remain
uncertain and warrant larger prospective multicentre trials.
Multicenter evaluation at skeletal maturity with uniform
evaluation method is needed to answer the unsolved issue.
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