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HIP DYSPLASIA: A CASE REPORT
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ABSTRACT

Background: Rapid prototyping is an emerg-
ing technology that integrates common medical
imaging with specialized production mechanisms
to create detailed anatomic replicas. 3D-printed
models of musculoskeletal anatomy have already
proven useful in orthopedics and their applications
continue to expand.

Case Description: We present the case of a
10 year-old female with Down syndrome and left
acetabular dysplasia and chronic hip instability
who underwent periacetabular osteotomy. A rapid
prototyping 3D model was created to better under-
stand the anatomy, counsel the family about the
problem and the surgical procedure, as well as
guide surgical technique. The intricate detail and
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size match of the model with the patient’s anatomy
offered unparalleled, hands-on experience with the
patient’s anatomy pre-operatively and improved
surgical precision.

Conclusions: Our experience with rapid pro-
totyping confirmed its ability to enhance ortho-
pedic care by improving the surgeon’s ability to
understand complex anatomy. Additionally, we
report a new application utilizing intraoperative
fluoroscopic comparison of the model and patient
to ensure surgical precision and minimize the risk
of complications. This technique could be used in
other challenging cases. The increasing availability
of rapid prototyping welcomes further use in all
areas of orthopedics.

INTRODUCTION

Rapid prototyping is an emerging technology that
creates detailed anatomic replicas from common medical
imaging data. With roots in industrial product develop-
ment, rapid prototyping was first applied to orthopedics
in 1979 with the development of a custom pelvic implant.!
Initial widespread use was limited by cost and availability
of production equipment. Recently, the technology has
rapidly progressed and cost has greatly decreased. As
a result, its use in medicine has increased in the last
ten years.??

Current rapid prototyping hinges on the integration
of medical imaging — computed tomography (CT) or
magnetic resonance imaging (MRI) — with highly spe-
cialized production mechanisms. One such mechanism
is three dimensional (3D) printing, where a life-sized
replica is produced out of layered photopolymer-based
resin.* These replicas provide excellent anatomic detail
with accuracy to 0.1 mm.? High-resolution models of
the skeletal system provide a unique tactile and visual
experience useful in diagnosis, surgical planning, patient
communication, and medical education.? The models can
also be used intraoperatively to guide technique and
minimize surgical complications.

As rapid prototyping becomes more common in
orthopedics, its use will continually evolve. Given the
paucity of data on use of 3D models to help direct care
in the orthopedic literature, it is important to disseminate
helpful clinical experiences with these models. As with
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Figure 1. AP pelvis (left) and false profile left hip (right) radiographs
demonstrating left hip dysplasia and subluxation.

Figure 2. Rapid prototyping 3D model of the patient’s pelvis.

the implementation of any new technology, such coop-
eration can accelerate the learning curve to improve the
standard of orthopedic care.

The purpose of this report is to describe our experi-
ence with and the benefits of rapid prototyping models
in the treatment of orthopedic conditions in pediatric
patients. We present a challenging case of a patient
with hip instability and left acetabular dysplasia who
underwent periacetabular osteotomy (PAO). The 3D
model was utilized throughout the treatment process,
which included anatomical demonstrations for the family,
preoperative planning and simulation of the case, and
intraoperative guidance of the surgery. Written informed
consent was provided for print and electronic publication
of this case report.

CASE REPORT
A 10 year-old female with trisomy 21 presented with
chronic bilateral hip instability and multiple prior left
hip dislocations that failed non-operative treatment. A

158  The Iowa Orthopedic Journal

Figure 3. Posterior view of the 3D model of the patient’s pelvis
demonstrating the very narrow and triangular shaped posterior
column. IS=Ischial spine, PW=Posterior wall of the acetabulum,
IT=Ischial tuberosity.

PAO and a varus derotational femoral intertrochanteric
osteotomy of the left hip were planned for definitive
correction.

Pre-operative Evaluation

Radiographs and CT imaging of the pelvis were
obtained two weeks prior to surgery (Figure 1). Ra-
diographs showed 80% subluxation of the left hip. The
lateral center edge angle (LCEA) was -32 degrees, the
anterior center edge angle (ACEA) was 0 degrees, and
the acetabular index was 43 degrees. CT rotational evalu-
ation showed that the left acetabulum was anteverted 2
degrees with significant posterior-lateral deficiency and
that the left femoral neck was anteverted 30 degrees.
A life-sized rapid prototyping 3D model of the patient’s
pelvis and left proximal femur was created from the CT
imaging data using Slicer 4.1.1 software and a Replica-
tor 3D printer (Makerbot; Brooklyn, NY, USA) (Figure
2). It was composed of acrylonitrile butadiene styrene
(ABS) filament. The model was utilized during the pre-
operative visit to demonstrate the abnormal anatomy to



Figure 4. Corrected fragment position after simulation of the PAO
on the 3D model.

Figure 5. Fluoroscopic image of the model pelvis held over the
patient’s pelvis to demonstrate size match. The Steinman pins are
in the model.

the patient’s family. The family was better able to under-
stand the anatomy and where the osteotomies would be
made. Prior to surgery, the osteotomies were templated
on the model and the osteotomy fragment was rotated
into a position which best stabilized the hip. During this
surgical templating it was recognized that the posterior
column was particularly narrow and angular (Figure 3)
and that this cut may be difficult at surgery. The morn-
ing of surgery, the osteotomized and corrected models
were shown to the patient’s family so that they would
better understand the procedure (Figure 4).

Procedure

In the operating room prior to surgery, the oste-
otomized model was examined under fluoroscopy, both
independently and while held over the patient’s pelvis
to confirm a relative size match (Figure 5). A false pro-
file image was taken of the osteotomized model and a
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Figure 6. Fluoroscopic false profile image of the model pelvis with
Steinman pin held against the posterior-medial wall of the acetabu-
lum. The posterior column cut can be seen between the articular
surface and the sciatic notch.

Steinman pin was placed against the posteromedial wall
of the acetabulum. This was done to demonstrate that
a posterior column cut using that specific angle for the
false profile view would ensure that neither the articular
surface nor the sciatic notch would be penetrated (Fig-
ure 6). The model was then used to guide the iliac and
posterior column osteotomies. The angle used for the
false profile image of the 3D model was duplicated for
the patient’s pelvis by comparing anatomic landmarks,
including the distance between the left ischial spine and
right pubic eminence and the shape of the obturator
foramen. These fluoroscopic landmarks at similar angles
optimized the angle of the posterior column osteotomy
(Figure 7).

During surgery, the left varus derotational femoral
intertrochanteric osteotomy was performed first using
standard technique without complication. Following
this, the PAO was performed utilizing the direct anterior
abductor-sparing approach as described by Murphy et
al.5 Comparing fluoroscopic images of the patient’s pelvis
with the osteotomized and corrected model pelvis, the
fragment was oriented similarly to the position found to
allow for maximal hip stability in the 3D model. After
internal fixation of the fragment, the hip was stable to
full range of motion in all directions. All osteotomies
were performed successfully without violation of either
the sciatic notch or articular surface.
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Figure 7. Intraoperative comparison of false profile views of the
model (right) and patient’s pelvis (left) used to obtain the correct
fluoroscopic view with which to safely make the posterior column
osteotomy.

| _J

Figure 8. Three week post-operative radiograph showing peripros-
thetic femur fracture (left). Intra-operative fluoroscopic view of
anterior plating of the periprosthetic fracture (right).

Post-operative Course

Post-operatively, the patient was placed in a single-
leg spica cast due to concerns about adherence to
weight bearing restrictions and discharged home on
post-operative day four. At three weeks follow-up, ra-
diographs in the cast showed a periprosthetic fracture
at the inferior aspect of the femoral fixation plate. She
was subsequently brought back to the operating room
for fixation of this fracture with a locking proximal hu-
meral plate placed anteriorly as the osteotomy plate had
remained stably fixed to the proximal fragment (Figure
8). The hip remained stable in all directions. The rest
of her post-operative course was unremarkable. She
ambulated independently without pain at six months
and demonstrated complete radiographic healing by 10
months (Figure 9). The post-operative LCEA, ACEA and
acetabular index measured 25, 25, and 2 degrees respec-
tively at that time. 21 months after her first surgery, the
patient underwent the same procedure on the right hip.
At 33 months follow-up from the original procedure, her
hips remained clinically and radiographically stable with
no complications (Figures 10A and B).
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Figure 9. Frog-leg (top), AP (bottom left), and false profile (bottom
right) views of the hip 10 months after the index surgery.

DISCUSSION

The use of 3D models in orthopedics has quickly
expanded in recent years, likely due to decreased cost
and improved quality of the models. Much of the interest
and benefits are in patient-specific customization (unique
surgical guides, implants, and fracture characterization),
improved understanding of complex anatomy, patient
communication, and the potential for increased surgi-
cal safety. Other benefits include the added advantage
of “hands-on” evaluation.® Reductions in operative time
and amount of intra-operative fluoroscopy have also
been noted, though we could not assess these findings
in our case.”®

Our case report confirmed many of the above find-
ings. However, this case is unique in that it demonstrates
the benefits of 3D printing at each stage of orthopedic
surgical care, including its utility in performing a chal-
lenging PAO for a patient with global hip instability
and unusual anatomy. Rapid prototyping models have
been used in orthopedics for peri-operative guidance,
but no previous studies have mentioned intra-operative
fluoroscopic comparison of the model to the patient’s
actual anatomy. This technique, as illustrated in this case
report is simple and effective. It requires no additional
equipment or training, but provides additional operative
guidance above standard imaging. Such a technique may



Figure 10. A) AP view of the pelvis 33 months after the index surgery.
B) Frog lateral view of the hip 33 months after the index surgery.

prove useful in cases with three dimensional complexity
and limited operative visibility.

The early literature surrounding rapid prototyping
in surgery is sparse and dominated by oral and maxil-
lofacial surgery, where complex reconstructions benefit
from having an accurate template for planning. Notable
applications in this field include pre-bending plates based
on 3D models and creating custom implants for cranio-
facial defects based on the model.>'* The technology
has also been used in neurosurgical education, where
simulated surgery on 3D models allowed hands-on in-
struction with the opportunity to repeat procedures in
a low risk setting until comfortable with the new skill.!*
Custom-made guiding systems can now be produced
from virtual models to optimize surgical approaches and
implant positioning.’?®> Other computer-aided surgical
techniques, such as navigational markers and patient-
specific instrumentation, have enhanced outcomes and
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can include the use of rapid prototyping 3D models.!*!>17

Clinically, 3D prototyping was beneficial in our case
in several ways. It was initially created with the intent
to further define the patient’s exact anatomy and under-
stand the area of greatest acetabular deficiency. The
model confirmed a globally dysplastic left acetabulum
with deficiency most severe posterior-laterally. We were
able to perform the osteotomies on the model and deter-
mine the amount and direction of correction necessary
to result in improved stability of the hip.

Hands-on evaluation of the model demonstrated a
uniquely narrow and angular posterior column that could
result in increased risk of penetration into the articular
surface or the sciatic notch during the posterior column
cut of the PAO. The replica’s intricate detail allowed the
surgeon to better understand this anatomy and recog-
nize that the standard intra-operative imaging technique
might not be sufficient. Utilizing intra-operative fluoros-
copy of the model we were able to identify the angle
for the false profile image that would provide a view in
the plane of the posterior column osteotomy in order to
ensure protection of the sciatic notch and the acetabular
articular surface.

In addition to clinical implications, 3D prototyping was
beneficial in patient/caregiver communication. During
the preoperative clinic visit, the model was used to physi-
cally demonstrate the instability of the dysplastic hip and
explain to the patient and family the cuts that would be
made in the bone. This enhanced their understanding
of the problem and proposed solution.

In conclusion, we report our positive experience
utilizing a 3D printed model in clinical practice to treat
a patient with uniquely challenging anatomy. In doing
so, we confirm previously reported positive experiences
with 3D models in orthopedics. Similarly challenging
or atypical cases could benefit from rapid prototyping
models in the future. The increasing availability and
diverse clinical, educational, and surgical applications of
rapid prototyping make it a practical tool for the modern
orthopedic surgeon.
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