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Abstract

Congenital pseudarthrosis of the tibia (CPT) is a rare congenital malformation. It is characterized
by a tibial anterior bowing deformity or specific types of non-union, which typically result from
abnormal development of the tibia, leading to the formation of local pseudarthrosis. The treat-
ment of CPT is very challenging. The advent of 3D printing and computer-assisted techniques in
recent years has provided a new ancillary technique for treatment planning and implementation.
This case report describes the successful surgical treatment of a |4-year-old male that presented
with a shortened limb deformity. Ahead of elective surgery, 3D printing and computer-assisted
techniques were used to provide a |:|1 model of his left tibia, fibula and ankle joint to precisely
determine the surgical procedure. The first surgery did not result in complete calcification of the
tibial extension area, so a second proximal tibia iliac bone graft and internal fixation surgery was
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undertaken. Following regular follow-up and rehabilitation, by the 18-month follow-up, the prox-
imal tibial bone graft had healed and the patient had resumed walking with a normal gait. This case
report describes in detail the successful use of unilateral external fixation using the llizarov
technique, 3D printing and computer-assisted orthopaedic surgery in the planning of treatment

for CPT.
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Introduction

Congenital pseudarthrosis of the tibia
(CPT) is difficult to treat in paediatric
patients. Some patients eventually undergo
amputation because of incorrect treatment
and repeated fractures.! CPT was first
described in 1709 by Hatzoecher. It is char-
acterized by a tibial anterior bowing defor-
mity or specific types of nonunion that
typically result from abnormal development
of the tibia, which results in the formation
of local pseudarthrosis. Pathologically, in
CPT, the affected tibia exhibits insufficient
mechanical strength and osteogenic capa-
bility.> An abnormal highly cellular fibro-
vascular tissue grows at the expense of the
bony cortex.” As it encroaches on the bony
cortex, it promotes incoordinate osteoclas-
tic bone resorption that does not have a
normal bone modelling purpose.”> Reactive
changes simultaneously occur at the medul-
lary aspect leading to deposition of excess
trabecular bone and hence medullary scle-
rosis.” Excessive bone resorption accounts
for intracortical cysts. Impaired vasculari-
zation can result in decreased osteogenic
capabilities.”> A fibrous hamartoma sur-
rounds the bone at the congenital pseu-
darthrosis of the tibia site.> In the past,
healing after bone graft surgery was slow
and frequently associated with limb short-
ening.* These cases also tended to require
proximal bone extension for bone

shortening and osteotomy for distal pseu-
darthrosis resection with the Ilizarov tech-
nique.” However, the surgical treatment of
such diseases remains a challenge for ortho-
paedic surgeons and a variety of surgical
methods are often combined for CPT.
The advent of 3D printing and computer-
assisted techniques in recent years has
provided a new auxiliary technique for
treatment planning and implementation.®
This current case report is a description
of how the use of 3D printing and
computer-assisted techniques can provide
a 1:1 model of the tibia and fibula includ-
ing any ankle joint deformity to precisely
plan the surgical procedure. The successful
use of unilateral external fixation using
the Ilizarov technique, 3D printing and
computer-assisted orthopaedic surgery in
the planning of the treatment of CPT is
described.

Case report

A 14-year-old male presented at the
Department of Traumatology, The
Zhanjiang Central People’s Hospital,
Zhanjiang, Guangdong Province, China in
July 2015 with a shortened limb deformity
and multiple cafe-au-lait spots (Figure 1a).
The patient showed severe left ankle valgus
that had worsened with age and left lower
limb shortening of approximately 3.0cm
(Figure 1b). The patient had shown
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Figure |. A 14-year-old male child presented with a shortened limb deformity of || years duration and
multiple cafe-au-lait spots: (a) cafe-au-lait spots on the body; (b) the appearance of the left calf deformity;
(c) X-ray radiography of the crus. The colour version of this figure is available at: http://imr.sagepub.com.

evidence of the condition for approximately
11 years. He was unable to walk normally
and was suffering from complete non-union
with extensive bone defects. Both clinical
and radiographic assessment (Figure Ic)
led to a diagnosis of Crawford type 2 CPT.”

Before surgery, the patient’s left calf was
scanned using a 64-slice spiral computed
tomography (CT) scanner (Aquilion 64;
Toshiba, Otawara, Japan). The Digital
Imaging and Communications in Medicine
data were extracted and input into Mimics
software version 10.0 (Materialise, Leuven,
Belgium) to create a 3D reconstruction of
the left tibia and fibula including the ankle
joint.

A computer simulation was used to
design the surgery plan (Figure 2a). A com-
puter was used to measure a distal tibial
anterior bow angle of approximately 30°,
with left lower limb shortening of approxi-
mately 3.0cm. The design of the angle and
position of the osteotomy at the anterior
bow of the distal tibia were completed

using the computer. The distance between
the proximal osteotomy plane and the end
of the malleolus medialis was approximate-
ly 9.0cm. The distance between the proxi-
mal  tibial  transverse  subperiosteal
truncation and the knee joint line was
approximately 10cm. The output STL file
was fed into the 3D printer, which pro-
duced a 1:1 3D model of the left tibia and
fibula including the ankle joint (Figure 2b).
There was a pseudarthrosis in the distal
fibula model. The position and angle of
the anteromedial wedge osteotomy in the
distal sections of the tibia were marked on
the model. The location of the unilateral
external fixator for the proximal tibial bone
lengthening was determined (Figure 2c).
The patient was placed in a supine posi-
tion and anaesthetized by general anaes-
thetic. The area was swabbed and a 3-cm
medial longitudinal incision was made on
the distal left lower leg. According to the
preoperative 3D model, anteromedial 30°
wedge osteotomy at the apex of the anterior
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Figure 2. A computer simulation was used to design the surgery plan: (a) the surgery plan as designed by
the computer; (b) a 3D printed |:1 model of the left tibia and fibula including the ankle joint and foot of the
| 4-year-old male child; (c) the osteotomous position and angle of the anteromedial wedge osteotomy in the
distal sections of the tibia were marked on the 3D model. The colour version of this figure is available at:

http://imr.sagepub.com.

Figure 3. Representative imaging of the surgical procedure: (a) distal tibia bone cutting and proximal tibia
bone lengthening with external fixation during the first stage; (b) X-ray of the left tibiofibular | week after
the surgery. The colour version of this figure is available at: http://imr.sagepub.com.

bow of the distal tibia was performed. Next,
an 8-cm lateral longitudinal incision was
made along the distal left lower leg and
the pseudarthrosis of the fibula was
resected. The defect of the fibula was
repaired with allograft bone and fixed
with a 7-hole reconstruction fixation plate.

At 10cm under the left knee joint line,
transverse subperiosteal truncation was
made to the proximal tibia and fibula, and
a unilateral external fixator was fitted
and nailed at proximal and distal points
(Figure 3a). The section of distal tibial
osteotomy was compressed and the section
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of proximal osteotomy was elongated with
the unilateral external fixation using the
Ilizarov technique (Figure 3b).

At 1 week after surgery, the left calf and
ankle joint were fixed with orthopaedic
braces. The patient showed neither bleeding
nor infection, with a good blood supply and
sensory and motor function to the left lower
limb. Bone extension commenced 10 days
after surgery, extending the length of the
bone by 1 mm per day, with adjustments
made four times a day. At the 1-month
follow-up, a tibial extension of approxi-
mately 3.0cm had been achieved, with sat-
isfactory recovery of the left lower limb
length (Figure 4a). There was minor calcifi-
cation at the tibial extension area, but sat-
isfactory at the fibular extension area
(Figure 4b). As a result, further bone elon-
gation was ceased. At the 2-month follow-
up, there were higher rates of calcification
at the tibial extension area and satisfactory
calcification at the fibular extension area
(Figure 4c).

At 8 months after surgery, calcification
of the tibial extension area was incomplete
and the two ends were still not united. The
healing of the distal tibial osteotomy was
satisfactory. The healing of the area of
pseudarthrosis and extension of the fibula
was completed. A decision was made to
undertake a second proximal tibia iliac
bone graft and internal fixation surgery
(Figure 5a). In the second surgery, the uni-
lateral external fixator maintained the
length of the left calf, and after the bone
graft was internally fixed, the external fixa-
tion was dismantled (Figure 5b). With
regular follow-up and rehabilitation, at
the 18-month follow-up, the proximal
tibial bone graft had healed (Figure 5c¢)
and the patient had resumed walking with
a normal gait (Figure 5d).

The study protocol was approved by the
Institutional Review Board at The
Zhanjiang Central People’s Hospital,
Zhanjiang, Guangdong Province, China
(no. KY-SB-2018-005). Written informed

Figure 4. Representative postoperative imaging: (a) the length of the left lower limb was satisfactory after
I-month follow-up; (b) ossification of the extended part of the left tibia was normal after the |-month
follow-up; (c) At the 2-month follow-up, there were higher rates of calcification at the tibial extension area
and satisfactory calcification at the fibular extension area.
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Figure 5. Representative imaging during and after a second proximal tibia iliac bone graft and internal
fixation surgery at 8 months after the original surgery: (a) there was no continuous callus in the ossification
of the extended part after the 8-month follow-up so a second surgery was undertaken; (b) completed bone
grafting and internal fixation operation during the second surgery; (c) the bone grafting had healed at the
I8-month follow-up; (d) the patient was able to walk with a normal gait after the 18-month follow-up.

consent was obtained from the patient’s
legal guardians for publication of this
study and any accompanying images.

Discussion

Ilizarov was the first to use the external cir-
cular fixation technique, which can be
adapted to the type of pseudarthrosis
found in CPT.® Usually, an intramedullary
rod is used for CPT.>? Despite the variety
of surgical procedures for the treatment of
CPT,'" "% the choice of surgical approach
centres on three basic premises: (i) union
of the pseudarthrosis; (ii) prevention of
fractures; and (iii) the correction of any
limb deformities. This current case report
describes an approach to the treatment of
CPT that used unilateral external fixation
based on the Ilizarov technique, 3D print-
ing and computer-assisted orthopaedic sur-
gery. Unilateral fixators provide stability
and much improved patient comfort com-
pared with circular fixators.'> When com-
pared with circular fixators, the unilateral
designs are less awkward.'® Their reduced
bulk facilitates the maintenance of good

hygiene and accommodates the use of
greater clothing options."® In this current
case, the area of distal tibial osteotomy
was compressed, so it was not different
from the traditional Ilizarov technique.
However, this case study suggests that it is
good for healing.

The clinical application of 3D printing
and computer-assisted technology has
become a model of cross-discipline cooper-
ation and scientific research transformation
in the field of medicine.'* As this current
case demonstrates, with the use of
computer-assisted technology and a 3D
model of the limb, surgeons can more pre-
cisely design the angle and position of the
osteotomy and have a more extensive
understanding of the anatomy of CPT
prior to surgery.

Congenital pseudarthrosis of the tibia is
often associated with neurofibromatosis or
neurotrophic malnutrition."> Neurotrophic
malnutrition is a possible cause of the non-
union of CPT. Neural regulation plays an
important role in fracture healing.'® There
are now a variety of ways to treat bone
defects.!” The Ilizarov technique is widely
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used for bone and soft-tissue defects.'® In
this current case, however, carly bone
lengthening surgery was undertaken using
unilateral external fixation, so a bone graft
internal fixation surgery was necessary.
Considering the use of allogeneic or autog-
enous bone for grafting, autogenous bone
has a higher survival rate. Transplanting
fibula anastomosed with nourishing blood
vessels has the highest rate of success.'’
Nonetheless, the operation was complicat-
ed. This current case involved an iliac bone
grafting and internal fixation operation for
the proximal tibial bone defect. At the
18-month follow-up, the proximal tibial
bone graft had healed. Iliac bone grafting
is suitable for the bone defects associated
with CPT, which have the characteristics
of large quantity, shallow position and
simple operation.

There are several key advantages associ-
ated with unilateral external fixation using a
3D printed model and computer-assisted
technology in the surgical treatment of
CPT: (i) when assessing the deformity and
creating a plan for the surgical approach,
the 1:1 CPT model printed with 3D printing
technology is more informative than
trying to reconstruct the bone using CT
images; (iii) the 3D printing-assisted exter-
nal fixation technology allows for more
minimally invasive, personalized and pre-
cise surgical procedures, which should
achieve better surgical results in the long
term; (iii) when considering CPT in patients
with neurodevelopmental disorder, the
treatment of CPT may need a second prox-
imal tibia iliac bone graft and internal fixa-
tion operation.

This current case report describes satis-
factory clinical results in a child with CPT,
which suggests that unilateral external fixa-
tion using 3D printing and computer-
assisted technology is a novel and successful
surgical method worthy of clinical
application.
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