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A combined image showing a patient’s skull with the prosthesis
designed to replace a missing piece of skull fitting perfectly
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Plastic surgery

Virtual images
and physical models

Seperating cerebrally conjoined twins was just one successful
operation that has greatly benefited from three-dimensional modelling
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operation in some cases; in others it can be impossible. The

case that arrived from Germany on the doorstep of Johns
Hopkins University in Baltimore, US in 2003 was one of the
most complicated imaginable. Two baby girls were conjoined at
the head with neither skin nor bone separating their brains.

The surgical team, numbering around 50 experts led by
Dr Ben Carson, a neurosurgeon specialising in conjoined twin
cases, was one of the best in the world. But what they really
needed was to literally see inside their patients' heads.

Medical imaging is more than a century old and advances
in the field have been spectacular. The problem with most
imaging techniques in current standard practice is that they
only give two-dimensional views. Magnetic resonance imaging
(MRI), computed tomography (CT) scans and X-rays all produce
two-dimensional slices of a patient's body.

Each technology is limited in what information it can
capture. X-rays and CT scans provide the best images of
bones and other hard tissues, while MRIs are much better for
providing images of soft tissues such as organs and tumors.
Doctors and surgeons can gain a great deal of information
from these images, and the resolution of medical scanning
has improved to the point that objects one millimeter in
circumference can be imaged.

But with two-dimensional images doctors have to interpret
what the three-dimensional object looks like. Getting precise
volume measurements is difficult, and in cases this complex it is
difficult to understand the precise relationship of the soft tissue
to the surrounding bone, the precise location of nerve and blood
vessels, and the surface structures of the babies' brains.

Advanced three-dimensional medical imaging systems like
3D-Doctor from Able Software can combine multiple slices taken
by different imaging technologies to construct highly accurate,
multicolour three-dimensional medical images of complex parts
of the human body such as hands or complete heads, showing
the precise relationship between bone and soft tissue.

“Today, three-dimensional medical imaging technology is
quite mature,” says Ted Wu, founder and CEO of Able Software

Separating conjoined twins can be a straightforward
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structures in the heads of the pair of twins conjoined at
the top of the head
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and designer of 3D-Doctor. “3D volume rendering can be
performed on a personal computer in real time. 3D models
can be created from CT and MRI scans for surgical planning,
simulation, treatment planning, tumour volume calculations
and other quantitative analysis.”

All of these qualities have proved important in the conjoined
twins case and many other complex medical procedures. But
where three-dimensional medical imaging systems usually
struggle is getting a precise model of the outside surface of a
structure; in this case, the twins' heads. And they do not create
physical models that surgeons can manipulate.

This was the challenge that Richard Redett, co-director of
the Cleft Lip and Palate Clinic in the Division of Plastic and
Reconstructive Surgery at Johns Hopkins Hospital, faced. As
the chief plastic surgeon on the team, he was responsible for
sealing the gap at the tops of the babies' heads once they were
separated to protect their brains, which otherwise would be
exposed to the air.

Early in the process he had inserted tissue expanders,
essentially balloons that could be slowly filled with saline
solution, under the skin on the twins' skulls to stretch the skin
to create enough to cover the openings. But, he realised, he had
no assurance that he had enough skin. Also, he would only get
one chance to cut the real skin and piece it together, and he
really needed a physical model on which to practice. The hospital
elicited the help of Direct Dimensions of Owings Mills, US,
whose main business is providing advanced three-dimensional
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Plastic surgery

measurement, digitising and reverse engineering services.

The company established a relationship with the John Hopkins
University before the operation. It has helped Juan Garcia, a
certified anaplastologist in the Univeristy's Department of Art as
Applied to Medicine, in various prosthesis projects he works on as
the Director of the Facial Prosthetics Clinic in the hospital.

"A typical problem,” says Michael Raphael, chief executive of
Direct Dimensions, "is the creation of a prosthesis for a missing left
ear”. This is normally achieved by making a plaster cast of the right
ear. However, a cast cannot be readily flipped from left to right.
So the anaplastologist has to sculpt a model of the left ear by
hand, a difficult, time-consuming process. And if the final silicone
prosthesis is to be held on via osseointegrated implants, surgeons
essentially have to do an exploratory surgery of the left side of the
patient's head to determine the best sites for the implants that
have to be drilled into the skull.

Instead, Direct Dimensions can make a precise, surface laser
scan of the patient's head using a scanner built for industrial
applications that is safe for scanning over patient's eyelids, and
then use imaging software flip the unaffected ear. This allows
Garcia to locate the best spots relative to the prosthetic ear to
drill implants into the skull. A click of a button then sends the
virtual three-dimensional image to an industrial model maker that
creates a rapid prototype model of the ear and surgical drilling
template from resin for the anaplastologist and surgeon to use.
This allows the anaplastologist to create a prosthesis that better
matches the unaffected side and the surgeon to better place the
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Anaplastologist Juan Garcia covered this model of the twins’ heads with polyurethane to create several skins that the surgical
team could use to practice the plastic surgery needed to cover holes that would be left af the top of the twins’ heads
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A surface scan of a person’s face combined with a
three-dimensional medical image of the skull beneath,
generated from CT scans using 3D-Doctor. Combined
images are very useful in facial reconstruction surgery

implants relative to the prosthesis.

From this initial outing in prosthesis, Direct
Dimensions came to establish relationships
with several leading medical institutions in the
Washington DC area and inevitably to more
complex cases. The Walter Reed Army Medical
Center contacted Raphael to help design a
prosthesis to replace a missing piece of an injured

soldier's skull.

“The soldier was doing well, except that he
was missing a large piece of skull,” says Raphael.
The hospital sent Direct Dimensions its CT scans of

the skull, from which 3D-Doctor quickly modelled

the soldier's skull and surrounding soft tissues. The

challenge was to design a precise prosthesis for the

missing bone.

"What we actually did was manipulate one skull image

that we had from another project to make it precisely the

same size as the soldier's skull and then superimpose them

over each other,” Raphael says. "We then removed all the parts

of the second skull that overlapped the soldier's and what was
left became the basis of our model of the prosthesis.”

Once that was completed, Direct Dimensions was able to
create the drilling map and resin model for the final implant
quickly and with great accuracy, contributing materially to the
success of the procedure and recovery of the patient.

It was natural, therefore, for Garcia to return to Direct
Dimensions to help operate on the conjoined twins. Armed
with a surface laser scan of the twins' heads and a full set of
CT medical images, the imaging specialists were able to create
milled models of the babies' heads both before and after the
skin expanders were inflated. From these models Garcia was
able to create several polyurethane “skins" with the elasticity of
real skin. Redett and his team of plastic surgeons used these to
determine first that they had enough skin to cover the affected
area, and then to physically practice cutting and placing the
skin over the tops of the twins' heads once they were separated.
This gave them the confidence that they could do reconstruct
the patients' heads in the best possible way.

The full surgical team used the model of the twins' head
in a rehearsal of the actual procedure. With approximately
50 members involved in an operation that would stretch over
two days, it was vital for everyone to understand where they
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A physical model created from medical images
and surface scans of the pair of conjoined twins,
without tissue expanders, showing the shape of their
combined skulls. Surgeons used this o practice on
before the actual separation procedure
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needed to be through the process.

A separate virtual three-dimensional computer model
proved itself a valuable surgical tool as well. "During the
procedure, the virtual model of the twins was running in the
room next to the operating theater,” Redett says. "When the
surgeons ran into something they were not completely sure
they understood, they would go into the other room, put on
the virtual reality goggles and see the skull at any level down
to the brain and blood vessels. That was very important for the
neurosurgeons. It revolutionises the way this kind of surgery
can be done."

Asaresultthe separation went more smoothly and the plastic
surgery to close the wounds was successful. Unfortunately one
of the twins died due to an unrelated heart problem. The other,
however, is living a normal life back in Germany.

Overall, Redett says, three-dimensional imaging capabilities
are very important to the success of complex cases. “I think
the field is wide open,” he says. "l have used it a lot on
reconstructing cranial defects on children or adults after car
accidents, gunshot wounds, or cancer. | get a 3D CT scan and
send it out to be modeled; they make a piece out of titanium
or polymer, and | can then implant that perfectly tailored piece
into the person's skull." As this technology advances it is likely
to be used for an increasing number of medical applications in
the future. m
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