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Background: The treatment of congenital pseudarthrosis of the
tibia (CPT) remains a challenge because of the difficulties of
achieving and maintaining bone union, as well as complications
of joint deformity and limb-length discrepancy. The purpose of
this study was to evaluate the efficacy of cross-union of the tibia
and fibula in achieving union and preventing refracture for
patients with refractory CPT as a complementary approach to
improve upon conventional surgical treatments.
Methods: A retrospective study including patients with refractory
CPT who attended our department between June 2014 and
August 2020. Eighteen CPT patients, who had sustained re-
fracture that required cast immobilization or secondary surgery,
and were managed by pseudarthrosis resection, cross-union of
the tibia and fibula, bone morphogenetic protein-2 and autoge-
nous iliac bone grafting, were included. Clinical outcomes of the
bone union rate and the frequency of refracture after performing
cross-union of the tibia and fibula were assessed during the
follow-up period.
Results: The mean follow-up period was 4.3 years (range: 1.5 to
6.25 y). The mean age of the patients at surgery was 5.4 years

(range: 2.6 to 10 y), and all 18 (100%) of the 18 patients had final
healing at the site of pseudarthrosis. The average time spent to
achieve radiologic bone union of the pseudarthrosis after oper-
ation was 2.96 months (range: 2.2 to 4.1 mo). Two (11.1%) pa-
tients had an average 2.5 cm limb-length discrepancy, none (0%)
sustained refracture which needed cast immobilization or sec-
ondary surgery. Patients were all pain-free and move actively.
Conclusions: Cross-union of the tibia and fibula is a promising
complementary procedure for treating refractory CPT patients.
Level of Evidence: Level IV—case series.
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Congenital pseudarthrosis of the tibia (CPT) is a rare
disease with various clinical manifestations charac-

terized by segmental dysplasia of the tibia and absence of
normal bone formation, accompanied by angular deform-
ities, pathologic fractures, and bone nonunion. The in-
cidence is reported to be between 1:140,000 to 1:250,000.1

CPT is commonly associated with neurofibromatosis2 and
to a lesser extent with fibrous dysplasia or osteofibrous
dysplasia.1,3,4 There is a fair amount of data to suggest that
CPT is a disease of the periosteum.5 Even nowadays, the
physiopathology of CPT has still not been clearly defined,
and its treatment is still one of the most difficult challenges
for the pediatric orthopaedist because of the frequent bone
nonunion, residual deformities and mediocre functional
prognosis.

Four primary approaches—internal fixation with in-
tramedullary rodding2,6,7 external fixation8,9 (predominantly
Ilizarov apparatus), combination treatment with an Ilizarov
and rodding construct10,11 and vascularized fibula
transfer12,13 have been used to treat this disease with varying
rates of success. On the basis of these approaches, the pri-
mary union rate of CPT has improved.12,13,14 However,
despite these advances, the risks of refracture and even am-
putation remain, thus more approaches are necessary to
achieve union and prevent refracture in CPT patients.
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Since 2008, we have used several approaches to treat
CPT patients including vascularized fibular transfers, in-
tramedullary rods, the Ilizarov technique, and even com-
binations of these surgical techniques. However, the risk
of failure to achieve and maintain union and the incidence
of refracture after removal of the fixators remain.

In 2002, Johnston6 first mentioned cross-union as part
of the treatment of CPT. In 2011, Choi et al15 commended the
creation of a cross-union between the tibia and fibula for CPT
cases where the fibula was broken but minimally proximally
migrated. They converged the 2 fibula bone ends towards the
2 tibia bone ends in what they called a “4-in-1 osteosynthesis,”
so all 4 proximal and distal segments of the tibia and fibula
are placed in one healing mass. They used a corticocancellous
sheet of the inner table of the ilium with or without its peri-
osteum and when necessary additional cortical bone from the
contralateral tibia combined with cancellous bone chips to
achieve the cross-union. The cortical graft was placed poste-
rior to the 2 bones and then cancellous chips between the
bones and another layer of cortical bone anterior to the bones.
Eight patients (mean age: 6.3 y) underwent “4-in-1 osteosyn-
thesis,” no refracture occurred (duration of follow-up: 7.4 y).15

In 2012, Paley independently16,17 reported the cross-
union technique. In Paley’s technique, the tibia and fibula
are both rodded straight, keeping the tibia and fibula apart
by their normal interosseous distance. A telescopic growing
rod is used in the tibia and the rods never cross the ankle or
subtalar joints, which can decrease the occurrence rate of
ankle valgus deformity and limited range of motion. Paley
recommends the cross-union protocol for all types of CPT
(Paley Classification of CPT, types 1 to 4). Paley also in-
corporates pharmacological treatment with zoledronic acid
and bone morphogenetic protein (BMP) to prevent re-
sorption of the bone graft and the CPT sites and to stim-
ulate osteogenesis, respectively, neither of which were used
by Choi et al.15 Later, Paley used a plate combined with
rodding instead of Ilizarov apparatus.18 Using the plate
eliminates the risk of pin infections, and a cast is used in-
stead of wearing an external fixator for months. These are
more convenient to most patients, families, and surgeons.

Cross-union of the tibia and fibula may enhance mech-
anical stability and provide a unique biological environment
promoting union. The cross-union technique produces a much
thicker region of bony healing which theoretically may improve
refracture risk. Eventually, we chose to use this complementary
approach (Paley cross-union technique) to treat CPT after
several of the above treatments led to failure as subsequent
refracture occurred. The purpose of this study was to evaluate
the efficacy of the cross-union of tibia and fibula in the man-
agement of refractory CPT, particularly regarding bone union
rate and refracture rate during a mean 4.34-year follow-up.

METHODS

Subjects
This study was approved by the Medical Ethics

Committee of our hospital (IRB number No. (2021)-120),
and written informed consent was obtained from the pa-
rents of all patients.

Inclusion criteria: 1. a diagnosis of CPT based on
pathologic examination of the resected specimen, whether
it was idiopathic or related to neurofibromatosis type; 2.
surgical treatment using cross-union of the tibia and fibula;
3. all patients had undergone more than one unsuccessful
procedures, including pseudarthrosis resection, intra-
medullary rod repair of the tibia, autogenous iliac bone
grafting or Ilizarov’s fixation, before management by
cross-union of the tibia and fibula; 4. patients were fol-
lowed up for at least 12 months. Treatment failure was
defined as a nonunion at the last follow-up and/or ampu-
tation. Healing—radiographic primary union—was de-
fined as a formation of a bridging callus across the
pseudarthrosis site where there were at least 3 of 4 visible
cortices on anteroposterior and lateral views.19

We retrospectively reviewed 33 cases of CPT pa-
tients between June 2014 and August 2020; 18 patients
met the inclusion criteria and were enrolled, no patient
drop out. There were 13 boys and 5 girls, with the right leg
involved in 12 patients, and the left in 6. Pseudarthrosis
was at the lower third of the tibia in 13 patients, middle
third of the diaphysis in 4 patients, and upper third in 1one
patient. The mean age at the initial operation was
5.43 years (range: 2.7 to 10) (Table 1). Because the patients
with refractory CPT had undergone more than 1
unsuccessful procedures, we cannot use the Crawford/the
Paley classification system to classify.

Surgical Technique
Harvesting of Autogenic Iliac Bone and Periosteum

Each patient was placed and adjusted in a supine posi-
tion on the operating table. An incision was made centered
over the anterior superior iliac spine. The apophysis of the
ilium was split and the anterior bone surface was exposed by
separating the bone and soft tissue subperiosteally. An outer
rectangular cortex was then cut off the ilium, as much can-
cellous bone as possible was curetted and the lateral peri-
osteumwas separated from the overlying muscle and harvested
using a technique described by Paley.20 We then used a skin
graft mesher to expand and maintain the size of the peri-
osteum. The cancellous bone and periosteum were reserved for
subsequent surgery.

Cross-Union of the Tibia and Fibula
A tourniquet was used before skin incision. An anterior

straight incision incorporating the preexisting scar was used to
expose the site of the pseudarthrosis. The anterior compart-
ment fascia was routinely released along the length of the
tibia. The interosseous membrane and the deep fascia were
divided to expose the tibia and fibula. The abnormal peri-
osteum, sclerotic bone, and surrounding pathologic soft tis-
sues were excised. The tibial bowing was straightened and the
bone ends overlapped were resected. After removal of the
pseudarthrosis, a telescopic growing rod and locking com-
pression plate (LCP) system was used to immobilize the tibia.
An appropriate length and diameter telescopic growing rod
was inserted and the male end locked with a wire into the
distal epiphysis and the female end screwed into the proximal
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epiphysis. The telescopic growing rod never crossed the ankle
or subtalar joints. The LCP prevents rotation of the tibia,
maintaining tibial stability, instead of Ilizarov apparatus. If
the fibula is malformed, even forms pseudarthrosis, we would
remove abnormal periosteum, sclerotic bone, and surrounding
pathologic soft tissues of fibula. An appropriate length and
diameter intramedullary Kirschner wire was used to fix the
fibula. The periosteal graft covered the area surrounding the
resection site of the pseudarthrosis in both tibia and fibula.

The previously harvested cortex was then grafted
posterior to the site between the tibia and fibula to sepa-
rate the implanted bones and the neurovascular bundles
behind. The cancellous bone grafts were placed onto the
surface of the grafted cortex between the tibia and fibula.
Collagen sponge impregnated with BMP-2 was placed
between the cancellous bones and then another layer of
cortex was applied anterior to the cancellous bone. BMP-2
significantly enhances guided bone regeneration. During
all operations care was taken to avoid damaging the
neurovascular bundles (Fig. 1).17

Postoperative Management
Each patient was immobilized with a plaster slab after

surgery and swelling was relieved by intravenous infusion of
mannitol to avoid the development of compartment
syndrome.21 The plaster slab was replaced by a plaster cast at
the time of hospital discharge to guarantee reliability of im-
mobilization. The plaster cast was removed when an obvious
callus was visible on radiographs. The patient began to do
careful functional exercises, stand and walk, without brace
protected.

All patients were followed up monthly with a re-
examination of X-rays to check on bone quality for the first
3 months and then every 1.5 months for the next 3 months
until radiographic union was achieved. Afterwards, the patients
were followed every 3 months until skeletal union. Because
fibular intramedullary Kirschner wire usually irritates skin, we
often remove kirschner wire half a year after operation. We do
not remove the tibial telescopic growing rod. If the patient want
to remove the tibial LCP, we will remove the LCP.

Outcome Evaluation
We assessed the bone union rate and the frequencies of

refracture after taking cross-union of the tibia and fibula as
clinical outcomes. We also assessed pain, limb-length discrep-
ancy (LLD), and the status of the fibula. Bone union was
defined based on both clinical and radiographic data. The
patients can bear full weight on the extremity and function was
restored without activity limitations. Evidence of bridging
callus across at least 3 of 4 visible cortices on anteroposterior
and lateral views and no visible fracture line was achieved on
radiographs.22

Refracture was also defined based on clinical and
radiographic data. Pain at the site of pseudarthrosis with
evidence of a reliable fracture as a new visible fracture line
on a radiograph following the primary bone union.

RESULTS
A total of 18 patients with CPT were enrolled from June

2014 to August 2020. Each patient was treated by cross-union
of the tibia and fibula and written informed consent was
provided by the parent or guardian before taking part in the
study. We did not undertake any blood transfusions, because
we put a tourniquet on the patient’s thigh to reduce the
bleeding and get the surgery done as quickly as possible during
the operation.

The mean follow-up was 4.3 years (13 mo to 6.25 y).
Radiologic and clinical healing of the pseudarthrosis oc-
curred in all patients at a mean of 2.96 months (2.2 to 4.1
mo) after primary surgical treatment. They were all pain-
free and active. The mean age of the patients at surgery
was 5.4 years (2.6 to 10 y). All (100%) of the 18 patients
achieved primary bone union at the site of the pseu-
darthrosis, 2 (11.2%) patients had an average 2.5 cm LLD,
and of the 18 cases who obtained initial bone union of
pseudarthrosis, none (0%) had refracture which needed
cast immobilization or secondary surgery (Table 2)
(Fig. 2, 3). We experienced complications such as infection,
breakage of internal fixation in other methods to treat CPT,
however we did not experience any complications apart from
LLD in these patients with refractory CPT, using cross-
union of the tibia and fibula. The patients said they were all
pain-free, and we saw them move actively.

DISCUSSION
More than 100 years have passed since CPT was first

described, yet its treatment remains extremely challenging.
Numerous surgical treatments for CPT have been rec-
ommended. Internal fixation with an intramedullary rod

TABLE 1. Summary of Patient Characteristics

Patient No.
Age

(y)/sex

Number of
Previous
Surgeries
Before
Cross-
Union

Bone
Union
(mo)

Follow-
up (y)

Complications
(LLD,

Refracture,
Deformity)

1 6/M 2 2.8 6 None
2 4/M 1 2.6 4 None
3 5/M 2 3.2 5.25 LLD (3 cm)
4 7/F 1 3 6 None
5 3/M 1 2.2 3 None
6 2.67/M 1 2.7 4.42 None
7 6/M 1 3 6 None
8 7/M 2 2.8 4 LLD (2 cm)
9 6/F 1 3.2 5.25 None
10 10/F 3 3.5 6.25 None
11 4/M 1 2.3 5.58 None
12 6/M 2 2.8 6 None
13 3/F 1 2.2 4.42 None
14 5/M 1 2.3 5.25 None
15 5/M 1 4.1 1.5 None
16 6/M 1 4 2.08 None
17 5/M 1 3.5 1.08 None
18 6/F 1 3 2.08 None

F indicates female; LLD, limb-length discrepancy, may be ascribed to the CPT
itself, the acute shortening at the time of pseudarthrosis resection, or previous
surgeries, not a complication; M, male.
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and external fixation with Ilizarov apparatus have both
been shown to have the probability of achieving definite
union without refracture.7,23,24 Adjunctive treatment with
BMPs or bone marrow cells, frequently also involving
internal or external fixation with or without bone grafting,

has been shown to improve clinical outcomes in achieving
primary union.25,26 However, the bone union rate for CPT
remains low. For comparison of these surgical methods,
Paley defined success as an unequivocal radiographic un-
ion of the tibia achieved with the index procedure, without

FIGURE 1. A, Exposure of the tibia, interosseous membrane and fibula; resection of the membrane under direct vision; circum-
ferential resection of the tibial fibrous hamartoma at the planned length of the cross-union. B, A periosteal graft was harvested from
the undersurface of the iliacus muscle. It was then expanded by passing it through the skin graft mesher. C, An appropriate length
and diameter intramedullary rod and locking compression plate system were used to immobilize the tibia; the periosteal graft was
wrapped around the congenital pseudarthrosis site and bone morphogenic protein-2 collagen sponges were inserted over the
posterior muscles behind the tibia and fibula (left). The cancellous bone was inserted between the tibia and fibula (left center).
Bone morphogenic protein-2 sponges were placed over the bone graft (right center).
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subsequent refracture [union rate×(1-mean refracture
rate)]. The average probability of achieving unequivocal
union with the index procedure with no subsequent re-
fracture was 50.7% (12% to 80%). A success rate of 50% is
not very reassuring to a parent whose child has CPT.17

The treatment of CPT is a surgical challenge, in terms
of both achieving and maintaining union. Refractory CPT
poses a severe problem for the orthopaedic surgeon. For

refractory CPT, repeated surgical treatments are sometimes
inevitable; and unacceptable outcomes still occur or in more
severe cases the condition leads to amputation. Currently, the
best surgical treatment for CPT remains controversial for
there is no widely accepted surgical technique to successfully
treat CPT of all types and presentations. Regardless of the
reconstruction technique used, for a better union, realignment
of the tibial segment and stable internal fixation are essential,
and bone healing and leg alignment must be considered
jointly.27,28 The reconstruction technique used should be
adapted to the type of pseudarthrosis and the extent of the
bone defects.

Like Paley, we used BMP at the time of surgery. In
more recent studies, there has been an increase in the use of
biological intervention with administration of BMP.29

RhBMP-2 has been shown to induce bone formation and
resorption in nonhuman primate models.30 In a similar
manner, BMP is used to induce osteogenic formation in
combination with traditional fixation methods to decrease
time to initial union.29 In these ways, the Paley technique
results in almost twice as large a cross-sectional area of
healing as calculated using the relative cross-sectional area
of Choi and colleagues (0.46 vs. 0.27).17 Preliminary results
of intentional tibiofibular cross-union from Choi and col-
leagues and Paley report a probability of primary union
without refracture of 100%.31 This cure rate of CPT is
much higher than in traditional methods.

TABLE 2. Patient Results
Parameters Total Sample (N= 18), n (%)

Sex
Male 13 (72)
Female 5 (28)

Side
Right 12 (67)
Left 6 (33)

Pseudarthrosis
Lower third of the tibia 13 (72)
Middle third of diaphysis 4 (22)
Upper third of diaphysis 1 (6)

Mean age at surgery 5.4 y (range: 2.6 to 10 y)
Follow-up 4.3 y (range: 1.5 to 6.25 y)
Limb-length discrepancy 2 (11.1%) had average 2.5 cm LLD
Primary bone union 18 (100)
Refracture 0

LLD indicates limb-length discrepancy.

FIGURE 2. Case 1. A child aged 5 years and 1 month with congenital pseudarthrosis of the tibia, had been treated by traditional
surgery with pseudarthrosis resection, autologous iliac bone allografting, and intramedullary nail fixation before treating by cross-
union of the tibia and fibula. The first procedure was a failure with bone nonunion and lower limb deformity. Three years later, we
treated the child by cross-union of the tibia and fibula. Nearly 2.3 months after the second surgery, we found that the child had
obtained initial bone union of the pseudarthrosis. One year after the second surgery, we found the child recovered well without
lower limb deformity. Anteroposterior (right) and lateral (left) radiographs of (A) preoperation, (B) 4 days after the first surgery, (C)
3 years after the first surgery, (D) treating by cross-union of the tibia and fibula, (E) 2.3 months after the second surgery, (F) 1 year
after the second surgery.
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Since 2013, we have chosen to use Paley’s technique
for the cross-union of the tibia and fibula, but without
zoledronic acid administration, for treating refractory
CPT after several failed treatments. Bisphosphonates was
not allowed to use in our hospital, we did not have ex-
perience in using bisphosphonates in treating CPT. In the
present study, 18 patients with CPT were treated by the
cross-union of the tibia and fibula procedure and 18
(100%) of the patients achieved initial union at the site of
pseudarthrosis. During a mean of 4.3 years follow-up, the
primary union rate and the refracture rate in our patients
were comparable to those reported in the literature16,18,31:
100% union; no refractures.

However, some residual deformities such as LLD
still existed. An average of 2.5 cm LLD in 2/18 cases
(11.2%) was observed in our study. The LLD following
successful union may be ascribed to the discrepancy of
limb-length preoperation and the acute shortening at the
time of pseudarthrosis resection. Either epiphysiodesis of
the contralateral side or tibial lengthening of the involved
side could be used to equalize the limb length.26 Literature
reviews show that proximal tibial lengthening may be
considered when the LLD is more than 4 cm in younger
children after primary union of CPT.13 Other problems
such as proximal tibia valgus and ankle valgus appear
relatively minor and attention should be paid to man-
agement to correct these deformities in the future if hap-
pened. For CPT, the most difficult problem which needs
to be dealt with is the nonunion of the tibia fracture. After
initial union at the site of pseudarthrosis has been achieved

and maintained, any residual deformities can be treated
later.

Cross-union of the tibia and fibula, autogenic iliac
bone grafting and reliable fixation were evaluated as an ef-
fective protocol for the treatment of refractory CPT in our
study. The present study still has some limitations. During
follow-up, the patients said they were all pain-free, and we
saw them move actively. No gait analysis was performed,
and we do not evaluate these by pediatric outcomes data
collection instrument, visual analog scale. In the future, we
will consider to perform gait analysis, use pediatric outcomes
data collection instrument, visual analog scale to measure
functional outcome, pain score. We experienced ankle valgus
in CPT treated by other methods. In these cases, we did not
find ankle valgus, maybe the follow-up time is not long
enough to present ankle valgus. The sample size was small
and we did not document the real incidence of other residual
deformities with this combined approach, including prox-
imal tibial valgus or ankle valgus. In the future, larger-scale
prospective studies need to be designed to investigate the
efficacy of the combined technique.

CONCLUSIONS
The combined technique was evaluated and found to

be an effective treatment for managing the refractory
pseudarthrosis of the tibia with excellent radiologic out-
comes. However, it is necessary to increase the number of
subjects and pay more attention to other residual de-
formities to evaluate the long-term outcome.

FIGURE 3. Case 2. A child aged 5 years and 2 months with congenital pseudarthrosis of the tibia, had undergone traditional surgery twice
with pseudarthrosis resection, autologous iliac bone allografting and intramedullary nail fixation before treating by cross-union of the tibia and
fibula. The first 2 surgeries were failures with bone nonunion and lower limb deformities. We treated the child with the cross-union of the tibia
and fibula procedure. Nearly 3.2months after the third surgery, we found that the child had obtained initial bone union of the pseudarthrosis.
Sevenmonths after the third surgery, we found the child lower limb deformity with 2 cm limb-length discrepancy. Anteroposterior (right) and
lateral (left) radiographs of (A) preoperation, (B) the first surgery, (C) 4 months after the first surgery, (D) the second surgery, (E) 2 years after
the second surgery, (F) the third surgery, (G) 3.2 months after the third surgery, (H) 7 months after the third surgery.
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