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Abstract

Purpose This retrospective cohort study assesses the
outcomes of a protocol of management, based on the rec-
ommendations of the European Paediatric Orthopaedic
Society (EPOS) multi-centre study, for the management of
congenital pseudarthrosis of the tibia.

Methods Utilising an incremental protocol of bracing,
intramedullary rods and circular frame fixation with or
without bone morphogenetic protein-2 (BMP-2), 11
patients had reached skeletal maturity or had follow up of
5 years from radiological union of the pseudarthrosis.
Demographic data, deformity parameters before and after
treatment, and functional outcome scores were recorded.
Results Ten of the 11 patients successfully healed and
two sustained a refracture. All deformity parameters
improved and a mean leg length discrepancy of 2.5 cm
(range 0-7.5 cm) existed at the time of the last follow up.
Some pseudarthroses healed with deformity correction and
rod insertion alone. Six of the 11 patients had a confirmed
diagnosis of neurofibromatosis and nine had sustained a
fracture before 4 years of age. Refracture was associated
with malalignment after healing.

Conclusion This method of treatment provides a suc-
cessful stepwise protocol for the management of this
complex disorder, avoiding the use of aggressive limb
reconstruction techniques at a young age in some cases.
Level of evidence Case series Level IV.
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Introduction

Congenital pseudarthrosis of the tibia (CPT) develops
spontaneously or after minimal trauma in a segment of
abnormal tibial diaphysis. The pseudarthrosis usually
develops during the first 2 years of life but has been
diagnosed both antenatally and in adulthood [1]. CPT is
rare, with an incidence of 1 per 190,000 live births [2]. The
aetiology is unclear but there is a strong association
between CPT and neurofibromatosis type I (NF-I). Histo-
logical examination has shown hyperplasia of fibroblasts
within the periosteum [3-5] and a better understanding of
the role of NF-1 has suggested that the defect results from
failure of osteoblastic differentiation [6, 7]. CPT is chal-
lenging to treat and, historically, amputation rates of up to
50 % have been reported [8, 9]. There is the prospect of
multiple operations with persistent pseudarthrosis or tran-
sient union followed by subsequent fracture, which, toge-
ther with lower limb deformity and leg length discrepancy,
lead to poor limb function [10, 11].

The goal of surgical management of CPT is to obtain
and maintain union while minimising deformity. The rarity
of the condition makes it difficult for any individual sur-
geon, except in a specialised centre, to gain significant
experience. The philosophy of our treatment has, therefore,
been influenced by the results of the European Paediatric
Orthopaedic Society (EPOS) multi-centre study [12]. The
EPOS study was a collective review of 340 patients orig-
inating from 13 countries. It identified that use of the II-
izarov technique and fibula microvascular transfer were the
most successful methods of treatment [13, 14], a finding
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mirrored outside of Europe [15]. The neglect of ankle
function and limb alignment were also important findings.
We report the results of 11 consecutive children treated for
CPT of the tibia by a single surgeon with a protocol
evolved from the EPOS findings followed up to skeletal
maturity or with a minimum follow up of 5 years from
healing.

Materials and methods

A retrospective case series review of children treated
between 1998 and 2012 was conducted. All patients had
radiological assessment and functional outcome scores
including the Activity Scale for Kids (ASK), Oxford Ankle
Foot Questionnaire (OAFQ) Child and Teenager version,
and the OAFQ Parent version [16, 17]. All cases were
classified according to the Boyd system [18]. We describe
how they presented, their demographics, associated con-
ditions, tibial deformity, leg length discrepancy, union rate,
time to union, modes of treatment, fibula involvement,
length of pseudarthrosis segment of the tibia, additional
procedures and complications.

Thirteen boys and five girls were treated in our unit for
CPT with an incremental protocol of bracing, intramedul-
lary rodding and circular frame with or without bone
grafting and bone morphogenetic protein-2 (BMP-2)
(Fig. 1). All the procedures were performed by a single
surgeon. Bracing with a clam shell plastic brace

incorporating the foot was used for the control of simple
antero-lateral bowing. Intramedullary nailing with ante-
grade Rush nails were reserved for those children under the
age of 6 years with a frank pseudarthrosis, a fracture or
progressive deformity with angulation of more than 40°.
The procedure of rod insertion with corrective osteotomies
was carried out with minimal resection of bone and peri-
osteum at the apex of the deformity, or the fracture site.
Further osteotomies were performed as necessary depend-
ing on the pattern of deformity (Fig. 2). The nails were
serially exchanged as the patient grew. The majority had
Rush pins, although in some cases, Sheffield telescopic
rods were used to prevent reoperation associated with rel-
ative shortening of the Rush pins with growth.

Those over the age of 6 years who failed to heal with
intramedullary nailing went on to have excision of the
pseudarthrosis, acute shortening and proximal lengthening
with a circular frame (Fig. 3). Circular frames were
sometimes combined with an intramedullary nail in order
to control alignment and to protect against tibial fracture
when the frame was removed. The technique of Ilizarov
application involved creating a very stable construct uti-
lising multiple rings and paying attention to correct
alignment. Resection was carried out to bleeding bone at
the pseudarthrosis site, with compression achieved by
creating a ‘pen and inkwell” docking site. When necessary,
the foot and ankle were included in the frame to primarily
improve stability and also help ankle alignment and func-
tion. Compression was maintained at the pseudarthrosis
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Fig. 2 a Fracture through a
cystic-type pseudarthrosis.

b Managed with Rush pin
insertion and realignment.

¢ Rod exchanged with growth.
d Pseudarthrosis heals. e Early
adolescence showing
satisfactory alignment and
healing

Fig. 3 a Atrophic
pseudarthrosis with fracture.

b Managed with ring fixator
incorporating compression and
proximal lengthening.

¢ Refracture with underlying
sagittal and coronal
malalignment. d Ring fixator
with bone wrap and rBMP,
proximal lengthening takes
place over a Rush pin. e Post
removal of ring fixator. f Final
result at skeletal maturity
following further refracture,
treated by locked intramedullary
nailing showing significant limb
length discrepancy with healed
pseudarthrosis

site and a proximal lengthening was carried out via a
percutaneous osteotomy. In those patients who failed to
heal with a circular frame, a bone wrap (iliac crest outer
table cortical sheet scored to permit bending) was wired

around the pseudarthrosis site with BMP-2 (Induct Os;
Wyeth Europa, Maidenhead, UK) being placed between
the pseudarthrosis and the bone graft [19-23]. The BMP-2
and bone wraps were reserved for resistant cases and were
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additional to an existing circular external fixator or con- L
current with the application of an external fixator. The = 2 E]E
bone graft wrap and BMP was not used in isolation. 5. 2 2 g %
E é :; =R :} ‘:.:;
Results éﬁ § § % % E El % %t § E %: %ﬂ %ﬂ
5
Of the 18 patients treated, the outcomes of 11 with long- _ 5 §
term follow up are presented. Eight had reached skeletal '*f 8 N =y f _ ;
maturity; a further three having 5 years of follow up from _“.é’ %"g EE= ot =) g
union are also presented. The remaining seven patients, six 28elo XX E EEr ot . g
of whom are currently united, are excluded due to having " g
less than 5 years of follow up being available. é =
Of'the 11 patients, 10 are united. One patient, despite going 5 E S
on to union in 13 months with an Ilizarov frame, elected to § é SE
have a below-knee amputation after suffering two fractures in % % 2 o 0 8 % % % o o o 8 %D
close succession, an insufficiency supracondylar fracture of == mEEEEm s mE :
the ipsilateral distal femur during ring fixator treatment § é
managed surgically and a refracture at the pseudarthrosis site E é
after frame removal. This patient had previously been treated % g > o > - i
elsewhere with a telescopic intramedullary nail. The patient me FEEEREERR =EEE= g
was offered further limb reconstruction but elected for surgery g %
with a certain outcome. One other patient sustained two re- < E g
fractures (Fig. 3). In both cases, refractures were associated E E E E E E é 2 E 2 é é S _;éf
with persistent coronal malalignment, with radiographic - g
evidence of bridging bone on four cortices at the previous = g
pseudarthrosis site. - g E
Eight of the 11 patients had sustained a fracture through S % =
the abnormal tibia before the age of 4 years. Five had £z §
already been treated in other institutions before referral for g g s E
a persistent pseudarthrosis despite surgical treatment. 20—72 $ E E
A total of seven patients had treatment with a circular § g fg E gn
frame. Frames were used in a variety of ways: to excise S £ STM 8oL s ¥z g %” éﬂ
and compress the CPT while lengthening (P), for deformity E = & E
correction alone (D), for lengthening alone (L) or a com- S1.% B é gn
bination of lengthening and deformity —correction 5 g g CLLELeLEL LLL|E
(Table 1). Five patients had frame treatment for a pseud- g *§ =l =R E E = f T T TS f, o %
arthrosis. Of these, two had one treatment with a frame, é) S i 'é E s s 'é 'é s 'E E E E E g Lé
two had two treatments with a frame, the second treatment 8 g Eﬂ % ;
being for deformity correction and lengthening, and one & g & E
had three treatments with a frame, the second frame was % g § £ 5 §
for the correction of deformity and lengthening, and the g E g % % bl
third for a further pseudarthrosis excision after a refracture. é‘ £ 5 m<emencI TE% ~ =2 £
Two patients had frames for either deformity correction kS ~ 2-)- % g
(D) or lengthening (L) alone. In this group of five patients S|, 8 5 g g
with six excisions of pseudarthrosis combined with E & T? E E E
lengthening, the mean time in the frame was 12.3 months kS § % e e e . g ; %
(range 9—17 months). Three patients had bone grafting and f%- <E AVVVVVIARX VIV ki 3 ;
one of these also had BMP-2. Ten patients were treated by é“ 3 . SSSLSEsSSsS sSss é :é 3
intramedullary pinning at least once during their treatment. gl<2 SEEE8E88r Xaoglg po _;
From the eight subjects to have reached skeletal maturity, - - ;] E =
only one patient was treated by rodding alone. Overall, in = :i —g % B 7
the group of 11 patients, a mean leg length discrepancy of &2 — Nt ;e ~ow o= IZ|x i f
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Table 2 Deformity parameters pre- and post-treatment, leg length discrepancy at last review and other procedures performed or outstanding.
Note initial measurements are for the initial assessment at our unit, as opposed to initial presentation

Patient
number

Age/sex Tibial coronal deformity,

(°) apex medial (°) apex anterior

Tibial sagittal deformity,

Radiographic
leg length

Other procedures

discrepancy (cm)

Presentation Final review Presentation Final review

1 17M 21 4 11 0 0 Medial distal tibial hemi epiphysiodesis
Corrective osteotomy distal tibia

2 17 M 15 N/A 15 N/A N/A Posteromedial release
Distal femoral fracture fixation
Below knee amputation

3 16 M 20 2 15 0 3 Hemi epiphysiodesis distal medial femur
Ankle arthrodesis

4 16 F 20 15 41 0 1 Epiphysiodesis contralateral proximal tibia

5 16 M 11 10 9 0 3.5

6 16 F 10 7 12 11 2.5

7 16 M 0 8 30 4 2

8 I5M 35 10 33 0 7.5

9 14 M 9 8 13 0 4 Epiphysiodesis contralateral distal femur

10 13 M 40 0 8 0 2.5 Epiphysiodesis pending

11 12M 38 3 34 8 1.5

2.5 cm (range 0-7.5 cm) existed at the time of the last
follow up. Coronal deformity was more successfully cor-
rected than sagittal deformity, although an improvement
was seen in alignment in all patients (Table 2). Surgeries
other than rodding and circular frame treatment involved
the correction of residual ankle deformity or attempts to
improve leg length discrepancies. Only one of the cohort
has outstanding surgery, in the form of a contralateral
epiphysiodesis.

One Sheffield rod became infected, which was exchan-
ged after surgical debridement, later going on to union with
a circular frame. A T-piece fracture occurred in another
patient with a Sheffield rod. In a third patient, although the
pseudarthrosis healed, the rod pulled through the growth
plate, resulting in a growth arrest that subsequently
required leg lengthening with a frame.

The functional scores recorded at the last follow up
showed a mean Activities Scale for Kids (ASK®©) score of
78.4 (range 54.2-98.5) for all 18 cases. For the 11 patients
for which data are presented, they had an Oxford Ankle
Foot Questionnaire for Children (OxAFQ-C) mean score of
34 (range 12-50) and an Oxford Ankle Foot Questionnaire
for Parent (OxAFQ-P) mean score of 32 (range 13-50).

Discussion
CPT is a heterogeneous condition which requires treatment

tailored to the individual. The EPOS multi-centre study on
pseudarthrosis of the tibia was limited by the collective

nature of the data, with varying methods of treatment
around Europe. Despite these limitations, this sort of study
of a rare condition with large numbers of cases is helpful to
surgeons trying to establish a successful treatment protocol.
Many small case series exist advocating a variety of
treatments, but there are little data available comparing
treatment methods and comparisons are further compli-
cated by the variable severity of CPT. The EPOS study
suggested to the senior author that the results of treatment
were better after the age of 6 years and that the best results
were obtained with the Ilizarov method or vascularised
fibula transfer [12]. This interpretation, together with a
view that the foot and ankle function was often neglected,
lead to the development of the incremental protocol of
management described in Fig. 1.

In a tertiary centre, patients may present after initial
treatment elsewhere has been unsuccessful and any sub-
sequent treatment has to take account of this and the par-
ticular difficulties of the case. However, for the previously
untreated patient, our protocol was to brace using a clam-
shell type brace incorporating the foot for antero lateral
bowing without fracture. Should the bowing be progressive
on follow up or the patient presented with a fracture, then
our protocol was to correct and maintain tibial alignment
by Rush pinning by a minimal bone resection just sufficient
to permit correction of the deformity, reserving Ilizarov
treatment as the definitive treatment for patients 6 years of
age or older.

Ten patients were treated by intramedullary pinning at
least once during their treatment. From the eight subjects
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who reached skeletal maturity, only one patient was treated
by rodding alone. Our practice was to initially use a Rush
pin inserted antegrade through the knee and then to change
the pin for growth. It is important to correct the deformity
so that abnormal mechanical alignment does not contribute
to persistence of the pseudarthrosis and ankle function is
maintained; this requires care with the insertion of the rod.
The rod has to traverse the proximal growth plate and
repeated passes of a reamer may cause damage and the
track that is formed proximally will be the one that will be
used for revision procedures. These subsequent procedures
will be facilitated by care and accuracy with the initial
rodding. We have found that a technique of patella splitting
facilitates access. If the patella is cartilaginous, it can be
cut with a scalpel and if bony, with a sharp thin osteotome.
At the conclusion of the procedure, the patella is repaired
with a heavy absorbable figure of eight suture and the limb
protected in a back slab cast for 3 to 4 weeks. Repeated
exchanges of the Rush pin led to a consideration of the use
of a telescopic rod and, in this series, the Sheffield rod [24]
was used.

In practice, the Sheffield rod proved to be difficult to
insert particularly distally, and less able to resist defor-
mation from the persisting pseudarthrosis than simple Rush
rods. A total of three Sheffield rods were inserted at our
unit, with a further two inserted prior to referral to us for
treatment. On the basis of this poor experience and because
the Sheffield rods are relatively thin and may bow, we
prefer to use Rush pins at present. We have insufficient
experience of Fassier—Duval rods to make any comment at
this stage, but it is important to remember that, should the
pseudarthrosis fail to unite with rodding, an Ilizarov frame
may have to be applied around an intramedullary device
and the device may require removal. Under these circum-
stances, the simple Rush pin has some advantages [25].

Five patients went on to frame treatment with resection
and compression of the pseudarthrosis and proximal
lengthening; four of these had residual or recurrent
pseudarthrosis after the age of 6 years, despite treatment
with an intramedullary nail. Compression was maintained
at the pseudarthrosis site using the frame. In the manage-
ment of pseudarthrosis, it is important to use a very stable
frame and to correct alignment. In a distal pseudarthrosis,
the frame may have to be extended to the foot for stability.
Weight-bearing was encouraged in all patients. Whilst
regenerate formation at the lengthening site is easy to
identify on radiographs, it can be difficult to be certain
whether union is occurring at the pseudarthrosis site. Dy-
namising the frame or removing some rods between the
rings spanning the pseudarthrosis can be helpful in
assessing union and when it is difficult to obtain good
radiographs due to the presence of the frame, screening the
limb in various positions under image intensification is
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helpful. In six patients, these five and one healed case
(patient 5), the proximal lengthening was carried out over
an existing Rush pin or over one inserted at the time of
surgery, as this guards against the risk of regenerate
deformity or fracture after frame removal in bone which
may be potentially abnormal.

Similarly good results have been obtained historically
with fibula transfer [26-30] as with the Ilizarov method
[31-34], despite the EPOS suggesting that the circular
frame was the ‘gold standard’. Some surgeons advocate
extensive debridement of all periosteum within the area of
the pseudarthrosis [35], a technique that we do not repro-
duce nor feel necessary. The other main EPOS finding
regarding Ilizarov treatment was that surgery is more
successful in older children, although this is disputed by
some studies who have found age at surgery not to be
predictive of failure [36]. Based on the knowledge at the
time of establishment of our protocol, circular frame
treatment was reserved for those over 6 years olds. In this
series, one patient was treated with BMP and a bone graft
wrap for failure to heal with Ilizarov treatment. The con-
cept of the bone graft wrap is to bridge the pseudarthrosis
site, analogous to the concept of bypass grafting, and to
thicken the bone diameter, whilst the BMP encourages
union. We believe that, in addition to this biological
stimulus, it is important to maintain stability, mobility and
alignment with a stable frame. BMP is currently unlicensed
in the UK, although we obtained approval from our hos-
pital Drugs and Therapeutics Committee. We reserved the
use of BMP for failure to heal after Ilizarov treatment,
having ensured that the frame was stable and correctly
aligned. As some patients will heal with Ilizarov treatment,
it is difficult to know when to add BMP and the bone graft
wrap to the treatment. In our first case, we used BMP after
failure of the first Ilizarov frame, but the success of that
case has lead us to adopt a more individualised approach
and our current protocol is to use BMP if, after 6 weeks of
treatment, there is no sign of healing at the pseudarthrosis
site. It is possible that, with further research and a more
prognostic classification of the condition, it will be possible
to identify a sub-group of patients among whom it would
be appropriate to treat with BMP at the outset.

There is very little comparative data on ankle and foot
functional outcomes in pseudarthrosis of the tibia; our
results show scores well below normal, but it is difficult to
make further comment. Our results are, however, a baseline
by which we can compare the results of improvements in
treatment. Restoring correct alignment of the tibia is chal-
lenging and the majority of our patients had some residual
malalignment which may increase the risk of late refracture
and affect ankle and foot function. In our experience,
refracture after apparent healing of a pseudarthrosis tends to
occur when there is residual malalignment with a narrow
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segment at the pseudarthrosis site. This is one reason why
the combination of a bone graft wrap and BMP is poten-
tially attractive, as it thickens the bone at the level of the
healed pseudarthrosis, as shown in Fig. 3f. Correction and
maintenance of alignment can be achieved by locked
intramedullary nailing at skeletal maturity, but this is
technically challenging and osteotomy is an unattractive
prospect due to the risk of complications in some of the
more difficult cases. However, it may be justifiable in some
cases, perhaps in combination with BMP and grafting.

The EPOS study examined 108 subjects treated with an
llizarov frame and showed an overall union rate of 75 %
(81 % if the frame included the foot). We attribute our
results to the use of BMP in selected cases and attention
given to the stability and alignment of the circular frame.
The union rate of those having reached skeletal maturity is
88 % (7 out of 8), with one patient going on to have an
amputation. It is important to note that five patients had
previously been treated elsewhere and, so, this cohort
contains a higher proportion of difficult cases. Whilst we
accept that follow up to skeletal maturity is important
because of the risk of refracture, we believe that our results
so far demonstrate that our protocol is logical and effective
in the management of this difficult condition.
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