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Dear Editor,

Four-dimensional computed tomography (4D-CT) and Four-
dimensional Magnetic Resonance Imaging (4D-MRI) are upcoming
technologies of CT and MRI scans. Here the image recording is done
with respect to time, taken as an additional fourth dimension, both
to 3D CT and MRI. These techniques provide better information
about the body parts such as bones, tissue, and other body organs,
by calculating the motion of the respective body part (before & af-
ter) concerning time.! This fourth-dimensional aspect is quite help-
ful for the manufacturing of smart implants, tools and devices. 4D
printing uses the same technique as 3D printing; only the differ-
ence is the input of smart material (such as shape memory alloy)
which can change the shape of the part to time.

4D-CT & 4D-MRI techniques are used to improve the quality of pa-
tient imaging that has compromised motion of different organs of the
body.”> 4D printing handle difficult situation of printing for a medical
requirement such as complex surgery, skin grafting, manufacturing
of smart implants and organ printing with better accuracy.

4D CT and 4D MRI technologies are referred to as multi dimen-
sional scanning techniques which help to detect even a small
nonconformity. Nowadays, with technological developments, a
playback of the scan images is produced by these scanning technol-
ogies which are in the form of a video. Therefore, these help to
observe, track and analyse the internal movements of the body.
These scanning techniques are the next step of imaging which is
quite accurate & faster. 4D printing manufactures 3D physical prod-
ucts/implants by using smart material, layer by layer, taking input
through computer-aided design (CAD) data. The use of smart mate-
rial with this technology, provide shape changes, when there is a
variation in heat/humidity/pressure, with time.*

In orthopaedics, while looking at the physical motion of the pa-
tient, his joint problem can be very well analysed. The main focuses
of these upgraded scanning techniques are to obtain additional in-
formation when movement is taking place. Therefore one obtains
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precise anatomic information with higher accuracy. Fig. 1 shows a
proposed process for creating orthopaedics implants using 4D
printing with inputs from 4D CT and 4D MRI.

4D images are captured by using 4D MRI/CT and these images
are to be converted into the required format to develop a CAD
model, which is printable through 4D printing. The selection of
smart material is as per the final requirements of orthopaedic appli-
cations. A 4D CT/MRI helps to predict the precise requirements of
the amount of shape change of a physical model, i.e. how much it
should get expanded. Therefore, one gets an idea of requirements
of smart material and associated dimensional requirements to-
wards the actual printing of the model. Orthopaedic models created
with the help of these technologies are to provide a better under-
standing of patient during complicated cases and helpful in teach-
ing and research. 4D printing can print a bone like part using a
smart material, and this part can grow in the human body with
time. These innovative technologies fulfil various criteria's due to
their designing and manufacturing flexibilities. Therefore, by using
inputs from a 4D CT/MRI, a surgeon can 4D print a customised
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Fig.1. A proposed process of creating orthopaedics implants with the help of 4D CT/4D

MRI using 4D printing.
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smart orthopaedics model and perform a mock surgery which
helps improve the success rate of operation.

There is a functional requirement for a smart stent that can also
grow with the human body. Similarly, implants which can also
grow with the growth of the human bodies, creating a self-
deforming component and there are endless possibilities in medi-
cine. In this process, 4D CTand 4D MRI have an extensive contribution
in data capturing, and then, no doubt the application of smart, pro-
grammable and intelligent materials are to be the backbone of solv-
ing the future human-related problems. This latest solution will be
applicable for complicated orthopaedic surgery to save the life of
the patient. It can also print customised multi-material smart ortho-
paedic implants as per the loading.” An orthopaedic surgeon can use
this technology to provide better service to the patient, and 3D print-
ingis already used to create 3D orthopaedics implants in lesser time.°

The 4D scanning seems to have applications in radiotherapy
planning, and help to develop new methods. These are helpful for
motion verification and pre-treatment anatomic positions to
improve treatment accuracy and help to create significant innova-
tion in the medical field. 4D scanning techniques are to help as
an essential tool for the evaluation of cardiovascular diseases that
are concerned with the calculations of the blood flow in the heart,
thereby helping to reduce the risk and side effects of surgery.*’

This advanced technique of 4D printing provides multi-
functionality medical and orthopaedic implants. Change in shape
of implants can imagine through these scanning devices before
printing through 4D printing. These shapes can be adjusted as
per requirement as problem detects through these 4D scanning de-
vices. Surgeons could produce a smart model which was not previ-
ously possible by other traditional CT and MRI scan. 4D printing to
give a disruptive effect in orthopaedic by creating high quality and
performance implants, sourcing the individual patient data being
captured by these innovative scanning technologies. Due to its flex-
ibility in manufacturing, it is to create endless possibilities in ortho-
paedics. We see the potential to develop self-bending stents and
other orthopaedics models that help in treatment planning.

The technologies and smart material are in the development
stage and sometimes they may not show accurate or reliable results
by 4D printing and can be a source of discomfort for the patient.
Another limitation of 4D CT and 4D MRI is the higher cost and asso-
ciated human competencies.”® In future 5D printing can augment
4D printing which can print curved shape orthopaedics implants
with better strength.” In upcoming years, 4D CT and 4D MRI will
play a useful role. Here 4D printing applications will be made in
medical as well as in orthopaedics.
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Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcot.2019.01.020.

References

1. Kwong Y, Mel AO, Wheeler G, Troupis JM. Four-dimensional computed tomogra-
phy (4DCT): a review of the current status and applications. ] Med Imaging Radi-
atOncol. 2015;59(5):545—554.

2. Schaverien M, Saint-Cyr M, Arbique G, Hatef D, Brown SA, Rohrich R]. Three- and
four-dimensional computed tomographic angiography and venography of the
anterolateral thigh perforator flap. Plast Reconstr Surg. 2008;121(5):1685—1696.

3. Nie]Y, Lu L], Gong X, Li Q, Nie ]]. Delineating the vascular territory (perforasome)
of a perforator in the lower extremity of the rabbit with four-dimensional
computed tomographic angiography. Plast Reconstr Surg. 2013;131(3):565—-571.

4. Markl M, Frydrychowicz A, Kozerke S, Hope M, Wieben O. 4D flow MRI. ] Magn
Reson Imag. 2012;36:1015—1036.

5. Javaid M, Haleem A. 4D printing applications in medical field: a brief review.
Clinical  Epidemiology and Global Health, https://doi.org/10.1016/
j.cegh.2018.09.007

6. Lal H, Patralekh MK. 3D printing and its applications in orthopaedic trauma: a
technological marvel. Journal of Clinical Orthopaedics and Trauma. 2018;9(3):
260—-268.

7. Hunter GJ, Schellingerhout D, Vu TH, Perrier ND, Hamberg LM. Accuracy of four-
dimensional CT for the localization of abnormal parathyroid glands in patients
with primary hyperparathyroidism. Radiology. 2012;264(3):789—795.

8. Kuang X, Chen K, Dunn CK, Wu ], Li VCF, Qi HJ. 3D printing of highly stretchable,
shape-memory, and self-healing elastomer toward novel 4D printing. ACS Appl
Mater Interfaces. 2018;10(8):7381—7388.

9. Haleem A, Javaid M, Vaishya R. 5D printing and its expected applications in Or-
thopaedics. Journal of Clinical Orthopaedics and Trauma; 2018. https://doi.org/10.
1016/j.jcot.2018.11.014.

Abid Haleem, Mohd Javaid”
Department of Mechanical Engineering, Jamia Millia Islamia, New
Delhi, India

* Corresponding author.
E-mail addresses: ahaleem@jmi.ac.in (A. Haleem),
mjavaid@jmi.ac.in (M. Javaid).

5 January 2019
Available online 25 January 2019


https://doi.org/10.1016/j.jcot.2019.01.020
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref1
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref1
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref1
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref1
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref2
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref2
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref2
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref2
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref3
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref3
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref3
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref3
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref4
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref4
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref4
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref6
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref6
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref6
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref6
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref7
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref7
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref7
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref7
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref8
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref8
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref8
http://refhub.elsevier.com/S0976-5662(19)30035-9/sref8
https://doi.org/10.1016/j.jcot.2018.11.014
https://doi.org/10.1016/j.jcot.2018.11.014
mailto:mailtolenafequnicampbr
mailto:mailtolenafequnicampbr

	Expected role of four-dimensional (4D) CT and four-dimensional (4D) MRI for the manufacturing of smart orthopaedics implant ...
	Conflicts of interest
	Appendix A. 

	Appendix A. Supplementary data
	References


