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Background: Medical field has extensive use of different scanning like X-rays, CT, MRI and Ultrasound. These
techniques are quite useful for providing information on the internal organs. However, there is a gap for ob-
taining information of the outer body parts which can now be taken care by 3D Scanning technologies. A large
number of research papers about different scanning techniques and 3D scanning has been studied to identify the
impact of them and the subsequent research.

The aim of the work: Doctors and technologists use the available scanning technologies in different sub-medical
fields. This paper endeavours to find out the best possible usage of 3D scanning technologies in the medical area.
This paper will help doctors for best treatment to the patient with high knowledge, minimum risks and max-
imising benefits.

Materials and methods: A large number of the relevant research papers from 2008 to April 2018, identified
through Scopus are studied using bibliometric analysis, thus to determine strength & limitation and to undertake
application analysis.

Results: Year-wise, Journal-wise and relevant applications wise study undertaken in the medical field through
Bibliometric research to identify the strength, limitations, and applications of 3D scanning, and other con-
temporaries scanning technologies.

Conclusion: The bibliometric analysis shows that there is an increasing trend in the research work undertaken in
3D scanning application in the medical field, this also explains future potential and contribution. Corporate are
exploring 3D scanning for commercial medical applications along with part analysis & designs before the actual
production. It helps to create efficient implants easily and quickly. In this paper, we have summarised 3D
scanning applications for medical purposes. This technology helps to produce medical implant according to the
required specification. It is used for the accurate measuring of patient's body shape, size and skin surface area or
an individual part of the body. In medical, data varies from patient to patient, so for producing a 3D digital
image, 3D scanning technologies are used which provide digital 3D models. We can obtain improved patient
treatment through the integration of digital models with Virtual Reality and Holographic techniques. The sig-
nificant limitation of this technology is that it can only scan the outer surface of the body or part/model.

1. Introduction

Medical practitioners traditionally measure body shape and size by
hand or specific devices to diagnose and decide treatment/health
status. Contemporarily for producing 3D internal images of a patient
body, X-rays, computed-tomography, (CT) scanners, Ultrasound and
Magnetic resonance imaging (MRI) are commonly used. With the ad-
vent of 3D scanners, which are safe and convenient to use to measure a
person's body shape, size, texture, colour and skin-surface area accu-
rately, a new clinical application area is emerging, i.e. 3D Scanning has
a high capability of capturing 3D measurement without physical con-
tact.?

3D scanners capture an accurate part image in a three-dimensional
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format in few seconds. This digital data generated is compatible with
available designing, testing and inspection software. This technology
uses software that automatically extracts measurement during scanning
and eliminates transcription and measurement errors. Advance tech-
nologies enabled diagnostic studies in recent years reveal detailed in-
formation about the internal structure of the body." Computed-tomo-
graphy (CT), magnetic resonance imaging (MRI), X-rays and ultrasound
provides a platform to study anatomy and physiology aid in the diag-
nosis and disease monitoring.**

From last three years, 3D scanning and printing technologies ap-
plications have increased approximately more than ten times. Design
prototype of the new or modified product or an architectural model of
buildings are made, and today 3D printer machines itself are printing
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3D printer. Bioprinting, food, implants and even real house printing is
done. 3 D scanner is used to capture the object shape in digital form and
manufactured prototype with the support of AM system.”® As com-
pared to the traditional scanning method, it is less invasive that reduces
stress and discomfort. Through the improved assessment, it reduces
product waste and also improves quality”-®

The 3D scanner can facilitate rapid creation of implants and elim-
inate manual measuring process. In 3D scanners, point cloud data is
helpful for designing of suitable customised applications like gloves,
body shape, implants, prosthetics and anatomical models surface tex-
ture, restoring shape and colour safely.”'°

The digital data can also use for the creation of holograms and can
be used for applications requiring human body imaging such as med-
ical, garment creation, sports performance, and security.''?

This technology can be used for detecting scoliosis patient‘s back
shape. The evaluation of cosmetic product effect is also possible with
the aid of 3D scanning technology. It can perform scanning of human
feet to detect anomalies.'®'* For the designing of custom clothing, 3D
scanning technologies are also useful.'>'® In medical engineering, 3D
scanning is utilised to scan body structures for replication and char-
acterisation.'”"*®

At disease diagnosis level, 3D modelling can be used for the esti-
mation of bleeding in haemophilia, lung function and abdominal-shape
characteristics; thus we can measure several parameters such as dis-
tances, surface area, volume and surface area.'®?°

The high-quality data captured by the scanner is used in surveying
field, medical and manufacturing industries. The application of this
technology is also in the 3D documentation of historical and cultural
landmarks.>' Any objects can be quickly copied in 3D and viewed from
any view/angle.”>*>>*

The principle of 3 D scanning device is similar to that of a camera,
where many images are combined to construct a virtual 3D model. For
creating 3 D images, three main technologies are used, i. e. photo-
grammetry, stereo vision, and fringe projection. For making a 3D digital
file, it combines multiple images to reconstruct a representation. For
monitoring longitudinal changes in body morphology, 3D scanning is
useful; such longitudinal changes happen due to exercise and nutrition
or through attendance at a gymnasium.?”

2. Differentiating x-ray, computed-tomography (CT) scanners,
magnetic resonance imaging (MRI), ultrasound and 3D scanning

Various technologies are being developed and are used to obtain
data from the patient body or instruments or models. The first tech-
nologies being used to scan the human being are discussed in the fol-
lowing subsections.

2.1. X-rays

X-rays are used to produce a medical image in a way that soft tissue
such as organs, skin that cannot absorb high-energy rays, and pass
beams through them. However dense materials like bones absorb the
radiation and status of bone are captured through the X-rays. Like a
camera, X-rays are also developed on X-rays films depending upon the
exposure area. It is also used by dentists to diagnose and used for a
broad variety treatment. X-ray is a type of light ray, i.e. like a visible
light which we see every day. The main difference between X-rays and
visible light is that X-rays have different wavelength.**>°

2.2. CT scan

A CT scan sends X-ray beam to the body that moves through an arc
and captures many pictures. CT scan sees tissue inside a solid organ and
different level of density. It provides detail information about the body
such as brain and its vessels, inner ear, eyes, sinuses, heart, lungs, neck,
spine, shoulder, reproductive system and another inner part of the body
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with a high-resolution image.””***°

2.3. MRI scan

MRI uses powerful magnetic field and radio frequency pulses to
achieve the detailed picture of bone, soft tissues, organs and other in-
ternal structure of the body. MRI differentiates normal and abnormal
tissue. It helps to obtain an accurate diagnosis.**"*'

2.4. Ultrasound

Ultrasound produces inside pictures of the body by using sound
waves. It helps to diagnose the cause of swelling, pain and infections in
the internal organs of the body. It is used to help diagnose heart con-
ditions, guide biopsies and assess damage after a heart attack.
Ultrasound is non-invasive, safe and does not use any ionising radia-
tion. Ultrasound imaging is also known as sonography or ultrasound
scanning.®”

2.5. 3 Dimensional scanning

3D scanning is used to create free-form three-dimensional data in
the form of a point cloud or a triangle mesh. Image/scans data is for-
matted into a standard reference system, where they are merged to
form a complete model called alignment. Capture the image with the
help of structured light in a 3D form where series of light patterns cast
by the projector on an object, while the camera captures an image of
the object.>>*

A comparative analysis of different Scanning technologies is ne-
cessary before making an exhaustive study of 3D Scanning. Table 1
elaborates the strength, weaknesses and applications of, X-rays, CT,
MRI, Ultrasound and 3D scanning.

The difference between 3D scanning with X-rays, CT scan, MRI scan
& Ultrasound is that scanning through 3D Scanning provides informa-
tion about the outer surface of the body whereas scanning by X-rays,
ultrasound, CT, MRI ultrasound technologies provide internal geometry
of the body part, like bone, tissues and different organs. All these
technologies are used for different requirements in medical imaging
which helps to establish the diagnosis of various diseases and problems.

3. Expanding medical applications through 3D scanning

3D scanning has a revolutionising effect on many industries, and
same is being observed in the medical sector. Some of the researcher
already saying this technology is helpful in the printing of human bone
and help in transplantation.*>°

This technology successfully helps to create parts like prosthetics,
dental appliances, custom implant, prosthetic limbs by using 3D
printing technologies which look and feel like a real thing.***” 3D
objects can be easily produced from a printer, which takes inputs from 3
D scanner through a 3D digital file. The service of 3D scanning is just as
crucial to the medical field as crucial it is to the printer.*®>° 3D scanner
& printer have already produced kidney cells that are acting like a real.
One of the critical impacts of this technology is in the pharmaceutical
industry. By using 3D scanning instrument, anyone will get directly
what organ he or she requires, and a large number of patients will be
saved.

3.1. Research status on 3D scanning application in medical Field

3.1.1. Research status of 3D scanning through a bibliometric study
Extensive research is being undertaken in the area of 3D scanning
technologies. Scopus database is used to identify the research articles in
the area of 3D Scanning application; here we identified 2507 articles till
April 2018 belonging to the area. The first paper on 3D scanning was
published in 1982. In 2008, we observed that 123 research articles
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Fig. 1. 3 D scanning: Year-wise publications (Source: Scopus).

published on this technology, and it increased to 349 in 2017, and till
may 2018, 96 articles are published in this area. Fig. 1 shows, year-wise
publication on 3D scanning from 2008 to April 2018.

There is a sustained increase in some articles related to 3D scanning.
The details of the papers published in different journals on 3D scanning
are shown in Fig. 2; this also shows the top five journals in this area Out
of top five, Applied Mechanics and the Material Journal have highest
publications of 36. Advanced materials research has 27 publication is at
position 2. ACM Transaction Journal published 21 papers and is ranked
third. International Journal of Advance Manufacturing Technology is at
the fourth place, and Key Engineering Materials Journal published
twelve articles and is at fifth rank. One can quickly identify that top
contributes in the area of 3D scanning are from the material and
manufacturing sector.

Fig. 3 shows the area wise research on 3 D Scanning; we observe
that 22 percent scanning papers are in the field of engineering whereas
computer science contribution is 22%, and medical field contributes
only 6%. It has diverse applications in other areas of Physics and As-
tronomy, material science, mathematics, medicine, social science and
others.

3.1.2. Research status on 3 D scanning in the medical field

The medical field is increasingly focusing on 3 D Scanning related
publications. As evident from Scopus data, the researcher from the
medical field has been growing and published a total of 153 research
articles until April 2018. The first paper on 3 D Scanning was published
in 1982; however, its application in the medical field was reported in
1994 thus, showing a lag of 12 years. As evident from year wise pub-
lication from 2008 to April 2018, there is a continuous improvement in

the publications in this area. In the year 2008, there were nine research
articles published, and it improved to 35 in 2017. Till April 2018 five
articles are published in 3D scanning in the medical area. (Please see
Fig. 4)

The top five Journals that published articles on 3D Scanning in
Medical field is shown in Fig. 5.

Fig. 6 shows a pie chart the area-wise research reported on 3 D
Scanning in the Medical Field. Here, the maximum contribution is from
the engineering field (24%), and implementation of 3D scanning in the
medical area is 18%.

From Scopus data, we analysed, that applications of 3 D scanning
technology are increasing in every area. Thus, accordingly, the 3D
scanning technologies/machines are also maturing and becoming
commercially viable and therefore acceptable in the field of medical
applications.

3.2. Various requirements for medical field

The focus of the medical field is to create a complex medical model
in lesser time with lower cost, along with achieving an accurate result,
lightweight implant, reduction of operating time, reconstruction of a
skull and improve quality of implant. After studying the major research
papers, the requirements of the medical field are classified into five
major areas. 3D scanning technologies help to fulfil these medical field
requirements.

3.2.1. Complexity
Traditional manufacturing technologies are not conformable in
febricity complex and organic shapes of the outer part of the body. It

Top Five Journals Published Articles on 3D
Scanning
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Fig. 2. 3 D Scanning: Top five Journals (Source: Scopus).



A. Haleem, M. Javaid Clinical Epidemiology and Global Health 7 (2019) 199-210

Area wise Publications on 3D Scanning

Engineering

Social Sciences 27%

4%

Medicine
6%

Mathematics
8%

Computer Science

Materials Science
22%

9%

Physicsand
Astronomy
9%

Fig. 3. 3 D Scanning: Area-wise contribution (Source: Scopus).

Yearwise Publication on 3D Scanning in
medical
40
« 35
=]
S 30
e
S 25
8
2= 20
=
Aogs
°
S 10 N
Z 5
[0}
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 TillApril
2018
Fig. 4. 3 D scanning in Medical field: Year-wise publications (Source: Scopus).
Top Five Journals Published Articles on 3D
Scanning in Medical
EX
3
) 2.5
R=)
g 2
=
&
£4 s
o
(=3
= —
- l
o
Computer Methods Ultrasound In Manufacturing Periodicum AdvancesiIn
And Programs In Medicine And Engi ing i um Ir i 1t Sy
Biomedicine Biology And Computing

Fig. 5. 3 D Scanning in Medical field: top five Journals (Source: Scopus).

203



A. Haleem, M. Javaid Clinical Epidemiology and Global Health 7 (2019) 199-210

Area wise Publications on 3D Scanning in
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Table 2
Contemporary criteria’s of 3D scanners usage in medical applications.
S.No Criteria’s Description References
1 High accuracy ® Accuracy is an important parameter, which helps to identify changes in the human body during ~ Chromy and Zalud®%;
scanning Lerch et al.**

® These changes are caused by oedemas, muscle strengthening or muscle atrophy

® Doctors can now achieve an accurate model of the patient implant

® Make exact scan replica of the 3D model, and this helps in treatments and surgery

® As compared to the conventional 2D realm of radiography 3D model provides doctors with a

more holistic view and help to achieve an optimal treatment
2 High speed ® The procedure of scanning is fast; scanning shot is taken in few seconds and is highly preferred ~ Groenendyk, and Gallant®®; Li et al®*
instead of measurement
Scanning of the component can be done with high speed without any risk of damaging the part
Instead of scanning one point at a time it scans multiple points at once, and it eliminates the
problem of distortion from motion
3D scanners are moveable, and body can remain stationary.
Decrease scanning cost, and they are efficient in everyday use Javaid and Haleem®”; Paquette®®
Use of consumable item is limited to scanning
3D scanner, scan product quickly and cheaply
For customisation in design, it is efficient in medical as well as in manufacturing field
The device is automated, before each scanning it does not disturb personnel with complex Hong and Daanen®’; Cynthia and
settings Hwang®®
Both software and hardware are used to analyse a real-world object which converts the physical
model into a 3D digital file
3D scanners have capabilities for scanning the entire body as well as its tiny details Lopes et al McKinnon and
3D scanners are flexible, provides flexibility for scanning different shape and size of a product  Istook’’; Salleh et al.”*
only simply change its field of view (FOV)
® One can change camera as well as projector according to the requirement
Flexibility for capturing of various parts such as manufactured products, industrial parts, cultural
artefacts, the dental mould
This versatile solution is applied in various industries such as arts and entertainment, custom
products, cultural heritage, 3D visualisation of product, reverse engineering, quality inspection
and research.
6 Harmless to patient and ® This technology is not harmful under any circumstances and is quite safe for operating personnel ~ Hong and Daanen®’; Berger’*
operator as well as for the patient

Excellent solution for capturing object in black and white and also in colour
It is usable for any patient Chromy and Zalud®*; Cho et al. 7*
According to the health state, it has very low limitations
Easily used for many purposes other than medical fields such as quality control, freeway design,
quality survey, documentation of historical sites, replacing missing or older parts and accident
reconstruction
8 Complex geometries ® This technology has potential to create the design of complex geometries implant Dong et al.”%;

® Increasingly used in the product design and for part improvement and modification Izatt et al.”*

3 Low operational costs

4 Simple manipulation

5 Flexibility 1.5

7 fewer limitations

204



A. Haleem, M. Javaid

Clinical Epidemiology and Global Health 7 (2019) 199-210

Table 3
Advancement in Medical field by using 3D Scanning.
S. No Advancement Descriptions References
1 Human-body metrics ® Creates a good impact on research and practice in the field of medicine by which shape & size with  Treleaven and wells’; Maher et al.”®
detailed information would transform the epidemiology of many diseases
® A complex, 3D geometrical scaffolds can be fabricated accurately
® Scanning technologies and 3D printing technologies for customising and creation of 3D models of the
human body
® Capture a highly accurate digital map of our body
® Doctors can solve the problem of building robust and accurate models
® Used to develop either for measurement (the geometry of shape, size, volume and surface area) or
visualisation.
2 Skin-surface area ® [t creates an image of the entire body-surface area Yap et al.”’; Liu et al.”®
® [t is primarily for the administration of specific agents or effects consideration and acts as a new
approach for the measurement of skin-surface area and optimised applications for precise
measurement of human skin surface area without the need for replicas
® As compared to traditionally body measurement process it saves time and gathers more accurate data
3 Body size and shape ® The 3D scanner automatically extracts measurements for the state of disease, healthy shape and size ~ Cynthia and Hwang®®; Kashani et al.”®
of the body Around a person; it makes a full circle capture body shape and size from all angles and
give a precise measurement
® Generates a virtual 3D model in few seconds which is viewable on a computer screen. 3D models have
colours and texture as the original. It detects things as the human eye cannot do like this. It can also
capture several persons at once including colours and textures.
4 3D visualisation ® 3D scanners provide pre visualisation such as clinician-patient interaction in cosmetic surgery Tukuru et al.>*; Clark'” Daanen and

To assess risk and guide health, clinicians use measurements of the body
3D scanner creates visual representations of the body for clinical analysis in short that improve the

16,

Hong'®; Hong et al®°

diagnostic confidence of the patient and easy to read the solution
® A surgeon can also see the 3D image of anatomy and allow solving the issue

trauma, and transplant surgery

3D visualisation helps to plan for surgery and provide education to the patient
In healthcare centre, it helps in the discipline of orthopaedics, oral and maxillofacial, oncology,

takes days or week to complete the process. 3D scanning technologies
quickly capture any model. These techniques have potential to scan and
print any types of a complex shaped medical model like manufacturing
of thin scaffolds is done perfectly. By using 3D scanning technologies,
designing of models can be easily done which was not previously pos-
sible with other available technologies.*°

3.2.2. Lead time

One of the hallmarks of the 3D scanning is quicker design creation
and iteration. For a medical device, it is an important tool for achieving
success for patients, in less time. It makes the design of the medical tool.
We check the 3D design model on the computer before going for fab-
rication.*!*?

3.2.3. Cost

3D scanner and printers are used to create custom, complex com-
ponents because medical data is different from patient to patient. It
fabricates model at lower cost with machines. By changing the material
during printing, it reduces the weight of the part with lesser material
waste, which helps in cost reduction.*>**

3.2.4. Data generation

The 3D scanning produces patient-specific scan data that is easily
used with available printers. The data is accurately captured as a col-
lection of points and generates a 3D surface, which is otherwise difficult
to measure. The techniques CT, X-rays, ultrasound, laser scanning and
MRI can also be used for data generation.*>*%*”

3.2.5. Multi-material prints

Some 3D printing technologies can print 3D physical model using
different input materials in a single print. The benefit of this is that it
can represent a section of bone. It helps the surgeon to understand the
patient-specific problem before developing the model for surgery and is
also helpful for educational purpose.*®4%->°

Next section shows steps used for creating a medical model, thus
showing how a model is created through the application of 3D scanning
technology.

4. Steps for creating a medical model through a 3D scanner

3D Scanning and 3D printing technologies show good potential in
several areas including the creation of implants, customised prosthetics,
tissue and organ fabrication, pharmaceutical research regarding drug,
anatomical models and analysis. For the customisation of a medical
product, it is efficient as compared to the traditional methods and it
improves productivity. The significant steps followed are as follows:

4.1. Developing the physical model for scanning/ input

Input refers to that physical model that is scanned and whose cloud
data is obtained. It helps to create a reference model, and sometimes
this model is compared with another model, obtained through other
CAD processes/ scanning process. 3D scanners are used to export image
data and additional information in the file format usable in medical
field. >'->*

4.2. 3D scanning

This system is fast, accurate and can externally measure different
objects. It gives accuracy up to 30 um.”>>* The scanned data & in-
formation is converted to standard triangulate language (STL) format.
The machine scans outer surface, for diagnostic reasons and same data
can use for geometrical structures information.>®

4.3. Generating a model for the medical images

For the generation of an appropriate model of medical images, there
is a requirement of computer software for this purpose. The software's
used are 3D Slicer, In Vesalius, Mia Lite, 3DIM Viewer, ITK-SNAP, and
OsiriX. The body image is sliced into thin cross sections and creates 3D
models of the parts by the different software. This software also allows
doing some modification in the image. General information provided by
the 3D scanner helps radiologists and surgeons to control & select the
correct segmentation of MRI or CT. The segmentation and visualisation
data is converted into STL format, which can be used easily with
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Table 4
Medical applications of 3D Scanning.
S. No  Applications Description References
1 Medical devices ® In the Medical industry, 3D scanning is applied just like other organisations Parthasarath®; Shahbazian et al.®%; Singh and
involved in the design and manufacturing areas Singhal®’; Jardini et al.®>; Markl et al.®®; Elsheikh
® Scan data is used for reverse engineering, part sampling, documentation and et al.”’
inspection

® Components include tiny, complex electro-mechanical assemblies, catheter-like
devices and large equipment panels
® Plays an essential role in developing medical applications and products
® 3D scanning allows researchers and scientists to gather data from the complex
model which is not possible to measure through traditional devices
® Capture data from the surface of the patient body with good accuracy
2 Scans patient without contact ® Without any physical contact with the patient, the body is scanned by the 3D  Hin and Krul®®; Chan et al.”%; Zein et al.**
scanner to ensure that there is not any interference in the measurement
® One of the primary applications is to capture data of the burnt victim in which
direct contact is not permitted
® An accurate scanning of the face is required for maxillofacial surgery
® It is the best 3D solution which is safe, fast and easily operated without any risk
to patient health
® It helps in the manufacturing of medical devices, like custom-made prosthetics,
precise surgical blades and wheelchairs
® It converts the physical product into a digital 3D file and directly provide data
for analysis and manufacturing
® The 3D scanner allows developing a medical solution for the individual patient
3 Diagnosis ® 3D scanning helps doctors in the diagnosis Hsu et al
® [t is used to treat skin related problems such as bacterias in the pores, burns and
wrinkles
® With the help of 3D image captured by the 3D scanner, it detects deformities
through the analysis of the patient’s body shape.
4 Implants, Orthotics and ® Any item that interfaces with or conforms to the patient's anatomy can benefit ~ Lienau et al.”’; Ludlow et al.”’; Shiraishi et al.”%;
Prosthetics from a custom fit Waran’®; Awasthi et al.”*
® To deliver implants, dental drill guides and surgical fixtures, which fits the
patients' shape is captured by a 3D scanner with the exact digital match and
create CAD model of the object
® Doctors can practice for operations, surgeries and in preclinical testing
® Doctors can digitise real-world objects and quickly acquire data from broken
anatomy by taking advantages of this technology application
® 3D model scanned by this technology improve communication between doctor
and patient

549 9
1.,4549, 17

Kashani et al

5 Monitoring ® 3D scanners help to monitor the patient body changes. Konrad et al.”%; Singh and Singhal®®
® [t is a tool which can help a doctor to track the evolution of their patient's body =~ Wang et al.””; Koivisto et al.”%; Liang et al.”’;
metrics and allowing diagnosis and recommendations more accurate Awasthi®?

® Perfect tool for medical training
@ 3D Scanning compliments 3D printing and develops practical solution and
experiments
® By using this non-contact technology, it studies and measure human structure
and enhances training in medical education
6 Dentistry ® In dentistry, 3D scanning is an important tool because plaster model of patient’s ~ Azari and Nikzad"’; Javaid and Haleem'
mouth or teeth replacement can be built quickly
® Used for treatment planning, diagnosis and appliance construction
® With the help of 3D scanning technique, we recreate a possible best fit model of
the teeth, silicone maxillofacial prosthesis and ceramic crowns
7 Human structures ® 3D scanning is ideal methods which generate human structure measurements Tawfik et al.>’; Dawood et al.*®
and exact structure scan
® It plays an essential role in medical and dental areas. It is used to scan spine,
knee, sacrum, femur, tibia, patella, scapula, fibula, shoulder, humerus, clavicle
and hand
® Many of these models contain cartilage, soft tissue, ligaments and arteries.
8 Epidemiology ® For specified population it determinants the health-related states and study of ~ Kerens et al.'°’; Dérand et al."”
their distribution
® It is also used for anthropometric surveys and to obtain a meaningful sample for
a study
® It has potential to measure accurate and visualises the body shape size and skin
area
® This technology is more suitable for healthcare applications.
9 Consistent results in time For different medical practitioners, it generates a repeatable result Yang et al.'’’; Singh et al.'% Zhang et al.®'
after time There is minimal operator involvement, and the result is consistent in which report
is generated automatically
For quality inspection program it helps to improve the efficiency
10 Treatment Burn patients are required to be given medicines in the right amount; any Horiguchi
miscalculation can injure the patient Wells et al.'%; Negi et al.'*®
In this case, 3D body scanners or a handheld 3D scanner is precise and accurate
which measure damaged skin surface
11 Ability to capture 3D Ventura et al.'%° Zein et al.*”
measurements quickly

103,
5
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Table 4 (continued)
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S. No  Applications Description

References

The single scan is captured in few seconds, and it can immediately analyse the

measurement of the patient in 3D

The process of fast scanning speed also prevents the patient from moving
3 D scanning is safe to use with the human body, as the scanner light is not harmful

to the human skin

It provides a rapid solution and quantifiable process improvement
With high flexibility and process reliability, it gives repeatable, accurate

measurement
12 Quicker turnaround time

is cast, by using 3D Scanning

Usually, measurement of patient body is derived from the negative impression and

Maher et al.”®; Drury and Mooney””; Landers
etal.'””

This work is done electronically so the measures of patients can be sent online to
different locations and file is sent instantly for production in the laboratory
The process of scanning is easier, faster and significantly reduces the editing process

after scanning

All patient related information can be easily stored

different types of Additive manufacturing machines.’*>”

4.4. 3D printing

It is used to create a 3D solid object from the 3D digital file by the
addition of materials layer by layer which is formed under computer
control. It is also used for concept generation and product development
process.”®>? It produced 3D customised physical and anatomical shapes
efficiently and used to manufacture complex geometrical shapes such as
hanging partitions inside cavities. After taking scan data in STL format,
the printing process takes an approximately maximum 4-6 hour. It has
better fabrication speed with a lower cost of material. 3DP technology
is a reliable method for reconstruction of precise bone and bone grafts,
and it can also print full skill more quickly and cost-effectiveness as
compared to other techniques. °>°' In medical education, there is a
requirement of training.®>°®> By using these 3D printing technologies,
we print bio-models, implants, surgical aid tools, various scaffolds for
tissue engineering and development of multiple medical devices,
training models and repairing external organs such as skin.

4.5. Inspection, testing and analysis of 3D printed model

Printed model is tested for the required strength, accuracy and di-
mensions model and its perfectness for medical use. Inspection is es-
sential for the actual implementation of the printed model. It ensures
that model which is manufactured by 3D printing technology is as per
required quality and strength, under a specific condition of the load and
must be feasible & reliable.’

5. Contemporary criteria’s of 3D scanners

A 3D Scanning device is suitable for medical applications in current
scenario and everyday practice. It can create an accurate model at low
cost. The resultant 3D file of the object in the computer can be stored
digitally; can be edited according to the required shape and dimensions.
This 3D digital file data is finally printable through various 3D printing
technologies. 3D scanners are potent tools that are used professionally
in many other industries such as aeronautics, automotive, jewellery,
animation movies and video games. It can scan both big and small
objects; there are limitless possibilities for artists by implementing this
technology. It can translate our fantastic ideas into reality. It enhances
its applications in the movie industry and video game. Before the ad-
vent of 3D scanning visual effects are not possible. The primary cri-
teria's of the 3D scanner as being used for medical applications are
discussed in following Table 2.

3 D Scanners have excellent ability to capture accurate data from
the outer surface and helps in the best fabrication of physical model and
treatment when well integrated with additive manufacturing processes

for printing/inspection. With time, it is becoming cost effective, ma-
nipulated merely with high flexibility with optimised time.”” In next
section, we are discussing some advancement of 3D scanning in the
medical field.

6. Advancement in medical Field by using 3D scanning

These technologies also explore an essential role in the application
of reverse engineering, rapid tooling, E- manufacturing process, product
design and development. This technology is especially helpful in re-
search and design. Table 3 discusses various advancement in the
medical field by using the 3D scanning.

The main reason for implementing 3D scanning in the medical field
is that it captures exact data of the surface and can well be used for
research and development purpose. It is fast, safe, handy and accurate
that helps to improve, maximise efficiency for specialised machining
technology.®' 3D scanning technologies are expected to capture a much
larger share market due to its wide availability and ease of use. 3D
scanning help in the design of human body metrics, body shape, size
and skin area. One can thoroughly assess the swelling status of the body
and visualise the state of health in the 3D digital model. It can also help
in digitising human body shapes for medico-legal purposes. Next sec-
tion we discuss the various applications areas of 3D scanning in the
medical field.

7. Identifying applications areas of 3D scanning in medical Field

In physical appearance and medical practitioners, each person is
unique, one can use this information to create patient’s customised
medical products. In dental, it is used for generating the design of
making braces, retainers and mouth guards. For face application, it
creates a fitted face mask for the treatment of burn victims, and in
hands, it helps to create customised gloves for patients. It has various
applications in other body parts by which customised prosthetics such
as leg and back also designs by using this technology. There is an ex-
clusive growth in the medical and dental field by use of 3 D scanning
industries. By using traditional measurement devices, it is not possible
to measure organic shapes. One can quickly produce 3 D models and
deliver it to doctors, scientists, researchers, engineers and technologists.
Table 4 shows various applications where 3 D scanning can be used in
the medical field.

The popularity of 3D scanners is growing in the medical field. This
technology is nimble, showing enhanced performance in data acquisi-
tion, reverse engineering and communication. Medical industry can
take extensive benefits through 3D scanning technologies. Scanned
models can be fed smoothly into the 3D printing machine for the fab-
rication of physical 3D model. This data capturing and measurement is
a sufficiently reliable method as it increases the effectual working of
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complex shape parts and replaced damaged or missing part easily. By
the applications of 3D scanning, medical field's requirements are solved
easily in an efficient manner related to customisation, complex model
design in shorter time and help in epidemiology, diagnosis, treatment
and monitoring.

8. A significant contribution to the study

3D Scanning can have extensive contributions in the area of medical
sciences. From the designing to the actual implementation of the model
(part), and is quite helpful for the patient and the doctors. Significant
finding through this research article are listed as follows:

e 3D scanning is a support technology and has extensive compatibility
with 3D printing technology. It is vital for medical field as it cap-
tures external measurement of the body in less time, cost and better
manner.

It contributes to the development of scanning the human being and
highly helpful to check body status and health improvements. It
provides complete information about the outer surface of the body
whereas technologies like x-rays, Ultrasound, CT and MRI cannot
provide information about the upper surface of the body.
Applications of 3D scanning technologies show potential for various
fields, and there can be continuous improvement in the publication
of papers related 3D scanning. It has the diverse application, and
most of the work is done in materials and manufacturing field.

In Medical field, 3D scanning help to solve the primary requirement
such as complexity, generation of data in less time and cost toward
the creation of the model

3D scanning integrates with many aspects of treatment such as or-
thotics/prosthetics, craniofacial surgery, accurate prescription of
medicines and medication of eating disorders. It has advancement in
human body matrices, adequately convey information about the
body shape, size and skin surface area.

3D scanning is accurate, flexible and manipulated merely with low
operational cost. It is used for scanning of both small and big ob-
jects. In research and development process it is suitable and used for
preclinical testing, medical training and physical education.

For the applications of different medical practitioners, 3D scanners
can generate repeatable results. It is easy to operate with basic
training which helps in daily use. Normally negative casts or im-
pressions of obtained patient's body measurements are obtained.
These physical moulds require transportation from the clinic to the
laboratory. By using 3D Scanning, the whole is done electronically
so these measurements data of patients can send online to different
locations.

The 3D scanning technologies have broad applications in the dental
sector, like designing of teeth guards, metal braces and retainer. It is
also used for making specially designed facemasks for different
treating.

3D scanners are used in various universities, college and labora-
tories which allow researchers and students to study the artefacts in
detail without any damage to the originals.

Limitations and future scope

3D scanning technologies only provide measurement and informa-
tion of an outer part of the surface. It cannot scan beyond the surface
level as in the case of CT, ultrasound and MRI, which provide internal
information of the human body but are not able to scan the texture and
colour and surface of the human body. Thus, 3 D scanning is com-
plementary to the contemporary scanning technologies, and for com-
plete information, we need both types of scanning technologies.

However, 3D scanning cannot correctly undertake the scanning of
transparent or reflective objects. Future scopes of 3D scanning tech-
nologies are for medical training, teaching, volume and flow
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measurements, digitisation and medico-legal purposes, clinical research
and clinic-pathological correlation. This technology can be well cou-
pled with holographic technology and virtual reality technology. Thus
doctor can see the patients through holographic images, and Virtual
reality can help in teaching purposes and improve communication be-
tween doctor and the patient. In future for mechanical engineering, 3D
scanning technologies are to be widely used for inspection of the
workpiece, reverse engineering, deformation analysis, general quality
control procedures and re-engineering of moulds and die. In the civil
engineering field, 3D scanning is used for building inspection, cultural
heritage protection, furniture design, renovation, data prevention, CGI
effect creation in movies industry. In architecture, it is used for mod-
elling of building and its visualisation, partial modification visualisa-
tion for designing of buildings, reconstruction of creating historical
building virtual models, historical object digitalisation. This technology
is used in art reconstruction of historical and cultural monuments, such
as the creation of the foundation for replicas and statues.

10. Conclusion

3D Scanners have become a potentially complementary scanning
tool with other scanning technologies being used in the medical area.
Researchers & technologists can take advantages of improving the ex-
isting medical applications with 3D scanning technology; it can in-
tegrate research and surgical/ clinical practices holistically. 3D
Scanning can be useful for the designing of surgical guides, custom
implants and anatomical models, orthopaedics, cranial surgery, max-
illofacial surgery and spinal surgery. This paper analyses the require-
ments of 3D scanning in medical applications and this technology
makes a significant effect on a variety of medical applications. Models
which are scanned by this technology can have improved quality of
preoperative planning/diagnosis with enhanced team communication
and assist the patients to understand their pathology better. By the
application of this technology, one can contribute to designing and
development of medical tooling and devices, prosthesis and orthotics,
designing of mechanical bone replica, forensics, scaffolding and tissue
engineering. It also helps to solve the problem faced by dentistry such
as designing of dental models, customised bracket and archwires, re-
moval appliances and occlusal splints. 3D scanning technologies design
diverse medical model and tool according to requirement with a high
level of precision. Effective utilisation of 3D scanners can be undertaken
in complex cases, where we need customised treatment with quality.
Thus there is extensive scope for research & development.
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