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Commentary: All models are
wrong, but some are useful
Duy Cao Nguyen, MD, and Dawn S. Hui, MD

CENTRAL MESSAGE

3D printing offers potential to
understand, train, treat, and
innovate in all aspects of cardio-
thoracic surgery; applying these
developments will require mate-
rials, technology, funding, and
ingenuity.
Duy Cao Nguyen, MD, and Dawn S. Hui, MD

George E. P. Box is attributed with having said, “All models
are wrong, but some are useful.” The same can be said for
3-dimensional (3D) printing of the heart.

We develop models to improve our understanding of the
real world. They simplify the complex. For cardiac dis-
eases, these models began in medical school with gross
anatomy, animal models, textbooks, diagrams, and images.
All of this information is combined to develop a dynamic
3D model in our minds that allows cardiothoracic surgeons
to understand the complex cardiovascular system, with
further detail provided during each operation in an iterative
manner. Improvements in resolution and virtual 3D recon-
structions have significantly simplified this iterative model
for surgeons. 3D printing has emerged from these as a
new way to understand complex cardiac disease.

Henn and Mokadam1 review the history, current tech-
niques, and applications for 3D printing for intracardiac sur-
gery found in the literature. They provide a great primer of
what 3D printing is, the process, and the current strengths
and limitations of utilizing it in surgical training and decision
making. Strengths include an accurate anatomic model to
show anatomic relationships, predict the best place to
incise/resect, and to accurately size implants. Limitations
include the learning curve, the time to process/print, and cost.

Manygroups are exploring theuse of3Dprinting in cardiac
clinical decision making.2,3 Although Henn and Mokadam1

focus on the cardiac applications of 3D printing, there are
already many general thoracic surgical applications of this
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technology,4 including resecting superior sulcus, chest wall,
airway, and lung tumors through production of personalized
models of the airway5 and pulmonary vasculature.6 The dif-
ference between a virtual 3D model and a 3D printed model
has yet to be directly compared, but bothwill likely have roles
in improving understanding and outcomes as accessibility
and costs come down. Of note, a unique aspect of cardiac
compared with general thoracic is the dynamic nature of
the heart. Cardiac dimensions may be sensitive to factors
such as preload and afterload, and this may influence the ac-
curacy, fidelity, and precision of 3D printing. In these cases,
the complex cannot and, perhaps should not, be simplified
but rather modeled across the many various possibilities.
In parallel to augmentation of current techniques and un-

derstanding, it must be noted that from the industry side of
things, 3D modeling and printing has been used in devel-
oping medical devices (from concepts to prototypes,
including total artificial hearts7,8). Along with the very early
development of bioprinting,9 3D printing will certainly
have an influence on cardiothoracic surgery and decision
making. The potential for 3D printing is limitless, and we
should all look forward to the innovations that this technol-
ogy will provide.
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