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Abstract: Cervical collars are orthotic devices that are
recommended for those patients who suffer from neck
discomfort, ailments, and trauma. These braces provide
stability and support to the neck as well as keep the head
in an upright position. Commercially available collars are
found to be uncomfortable, restrictive, and inadequately
tolerated. The conventional making of a customized collar
is a laborious process that involves casting, sculpting, and
molding of thermoplastic materials, which may lead to
extreme discomfort. Persistent use of these collars may
result in deterioration, which could result in frequent visits
to the hospital and increased costs. In order to mitigate
these issues, this study delved into the design, analysis,
and 3D printing of a customized cervical collar prototype.
3D printing helps in the creation of lightweight, customiz-
able, and cost-effective devices, ensuring a comfortable fit
and enhancing remedial efficacy. A computed tomography
scan of the neck region of a male patient was utilized. This
process consisted of transforming the CT scan data of the
neck region to STL file format for achieving a 3D CAD
model. In order to ascertain the designed model’s strength,
the model was subjected to static linear assessment by
applying external loads ranging from 50 to 200N. The stress
pattern in the model was dispersed equally. The analytical
results conformed to the material strength criteria, i.e., to a

maximum stress of 25.448MPa with a factor of safety of 3. A
customized prototype of the cervical collar weighing 60.58 g
was 3D printed utilizing polylactic acid, a biodegradable and
sustainable material, on a fused deposition modeling-based
3D printer. The substantiated cervical collar prototype is
expected to demonstrate better comfort, adjustability, and
overall effectiveness compared to conventional off-the-shelf
collars, thereby offering promising prospects for enhanced
case care and rehabilitation.

Keywords: 3D-printed cervical collar, neck orthosis, addi-
tive manufacturing, patient-specific orthosis, polylactic acid

1 Introduction

Neck discomfort is one of the most prevalent musculoske-
letal disorders that affects humans. In many countries,
neck discomfort is a major cause of illness and poor gen-
eral health. In a study, neck discomfort was shown to be
common in people 20 years of age and older. According to
the study, neck pain was present in 17.3–23.7% of people [1].
Spinal trauma is caused by falls, sports injuries, and ser-
ious traffic accidents; its annual incidence rate is estimated
to be between 0.20 and 0.64% [2,3]. Orthoses are devices
that help injured people with internal functioning. The
main intent of a cervical orthosis is to aid or relieve the
neck. An orthosis device is commonly used for body protec-
tion, immobilization, mobility restriction, weight-bearing
support, movement aid, deformity prevention, and injury
prevention. Thus, orthoses are commonly utilized to treat
patients with neurological issues affecting the brain, spinal
cord, and peripheral nerves in addition to addressing phy-
sical dysfunction and handicap caused by muscular disorders
such as sprains, fractures, arthropathies, and tendinopathies
[4]. Neck immobilization is advised for patients experiencing
chronic neck pain. The patient’s neck is immobilized using
cervical braces, sometimes referred to as cervical collars or
cervical orthosis [5]. Using a cervical orthosis to immobilize
the neck is a common therapeutic approach for neck sur-
geries and injuries [6]. The anatomy of the cervical spine is
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as complicated as any human body part, and it requires utmost
care and planningwhile designing remedies for any disabilities.

1.1 Cervical spine anatomy

The upper area of the spine, known as the cervical spine
(also abbreviated as the C-spine), extends from the base of
the head to the thorax at the level of the first vertebra to
which a rib is connected. It typically comprises the seven
vertebrae, or C1–C7, as shown in Figure 1. Its primary
duties include maintaining the relative locations of the
brain and spinal cord and supporting the skull. Addition-
ally, it promotes mobility of the neck and head. It creates a
passageway via the transverse foramina for the vertebral
arteries and veins to transport blood to and from the
brain [7].

1.1.1 Gross anatomy

While C7, also known as vertebra prominens, deviates from
the basic pattern and C1 (atlas) and C2 (axis) have distinct
traits, the typical traits of the cervical vertebrae include [7]
• small, oval-shaped vertebral bodies,
• relatively wide vertebral arch with a large vertebral
foramen,

• small, triangular vertebral canal,
• relatively long, bifid (except for C7) inferiorly pointing
spinous processes,

• transverse foramina protecting the veins and vertebral
arteries.

1.2 Cervical spine movements

The cervical spine is the most flexible region of the spine.
The cervical spine can move in one or more of the fol-
lowing ways when the head or neck is moved, as shown
in Figure 2 [9]:
• Flexion: The chin bends downward as the cervical spine
bends straight forward. Neck flexion typically occurs
when one is gazing downhill or with the head held
straight forward, like when one is seated incorrectly at
a computer desk.

• Extension: The chin tilts upward and the cervical spine
levels or goes straight rearward. It is common to extend
the neck when working overhead.

• Rotation: The head and cervical spine rotate to one side.
In contrast, attempting to look to the side (left and right)
or over the shoulder, as while backing up a vehicle, neck
rotation is particularly helpful.

• Lateral bending: The head moves in the direction of the
shoulder as the cervical spine bends to one side.

1.3 Role of the cervical spine

In the head–neck region, the cervical spine performs sev-
eral functions, including:

Assistance of the spinal cord: The spinal cord is a
collection of nerve cells that extends from the brain. The
spinal cord passes via a channel in the vertebral column
called the spinal canal. It is shielded from the outside pres-
sure by the cervical spine.

Support the head: The cervical spine supports and
retains the head in place.

Promotes blood flow to the brain: A vertebral artery
located in the transverse foramen of the cervical spine
contributes to the blood supply to the brain.

Enables head-neck movements: A variety of neck and
head mobilizations are facilitated by the cervical spine and
neck muscles [11].

Research indicated that orthoses that provide head
support and movement control were beneficial for indivi-
duals with motor neuron disease [4]. Patients with weak
neck muscles benefited from the orthotics used in the
study by Xu et al. [4]. Neck orthoses are used to aid people
with persistent neck discomfort, strengthen failing neck
muscles, and stabilize and mend the neck following an

Figure 1: 7 Unique vertebrae in the cervical spine that support the neck
(C1–C7) [8].
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injury or treatment, all of which can enhance a person’s
quality of life and self-sufficiency. The cervical fixation
orthosis, developed and introduced by George Cottrell in
1964, has been the standard equipment for postoperative
cervical fixation therapy thereafter [12]. Soft and stiff cer-
vical collars are the two main kinds of neck collars.
Although the latter offers greater cervical stabilization,
soft collars are the more bendable and give the greatest
range of motion. On the other hand, it was suggested that
the range of motion offered by both kinds of collars in the
frontal plane is roughly equivalent [5]. There are three
types of traditional neck orthotics: soft neck orthotics are
the most basic kind of orthotics, which are made of rubber
foam with a coat of cotton wool, the latter comprises of
applied bionics and biomechanics shoulder supports,
padded mandibular supports, two or four inflexible metal
vertical supports, and two occipital supports; the third type
is cervical thoracic orthosis, which consists of a support
beginning to resemble column orthotics and a hard metal
connection connecting the anterior and posterior sections
[13]. Orthoses are made using a traditional process that
requires quite a lot of time. Additionally, the orthosis’s
proportions and shape must be manually adjusted to fit
the patient’s physique. Furthermore, it can be difficult to
manufacture several bespoke orthoses of the same quality;
however, intricate designs can occasionally be carried out.
However, orthoses can now be constructed with precise
measurements utilizing 3D printing technology. This is
made possible by the excellent accuracy of the 3D printers,
which substantially makes up for the drawbacks of the
traditional method. Therefore, the use of 3D printing tech-
nology permits the creation of structures that are difficult
to make by hand, and a computer-aided design (CAD)

program is used to construct an orthosis with exact numer-
ical values for the measurements [14,15]. It is essential to
create new orthotics that consider the body type of the
patient and potential therapeutic outcomes. The concept
of the new design should simultaneously enhance relief,
aesthetics, lightweight manufacture, and more consistent
contact pressure to guarantee appropriate neck fixation.
Traditional orthotics are made with plaster molds. Low-
temperature thermoplastic plates are required when the
finished goods are large, costly, and require a lot of labor to
produce. Even with the quick manufacturing time, the
orthoses lack customized comfort and function and are
thick with significant geometric flaws [16,17]. Therapeutic
factors need to be evaluated against other factors,
including comfort and aesthetic appeal. Cervical orthoses
that are currently available in the market have hostile,
limited, and poorly accepted long-term use. Orthoses man-
ufactured with 3D printers can be produced in as little as
one day, compared to a week or so for traditional orthoses
[4]. Additive manufacturing (AM) techniques are becoming
more and more popular as a feasible production approach
for a range of applications. AMmakes it feasible to produce
intricate geometries that were either impractical or impos-
sible to fabricate in the past [6]. In this case, AM technology
is an effective method for producing and enhancing these
patient-specific components [18]. It may be advantageous
to build a personalized device rather than a prefabricated
orthosis in terms of comfort for the patient as well as
clinical outcomes. Upper limb casts were the center of
recent research on individualized orthoses, demonstrating
the viability of AM in this domain. However, only a few
studies have considered this manufacturing technique as a
practical choice for the cervical area. This may be related

Figure 2: Cervical motions shown schematically. The anterior–posterior, proximal–distal, and medial–lateral directions are indicated by the x, y, and z
axes in the reference frame, respectively [10].
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to the intricate ways in which a cervical orthosis must
support, avoid immobilizing, or adjust the spine. The
therapeutic qualities must also be combined with other
components, such as comfort level and visual appeal. Com-
parable assessments were made on a 3D printed cervical
orthosis using fused deposition modeling (FDM) [6]. The
diagnosis and intended course of therapy determine the
kind of brace that will be recommended. The recom-
mended sort of cervical orthosis must be evaluated, and
the finite element analysis (FEA) approach was used to
accomplish so. It aided in the designer’s search for the ideal
balance between the stability and anticipated life of med-
ical equipment. An FEA of the cervical traction therapy’s
biomechanics was done to examine the therapy both with
and without neck support. It was demonstrated that to
avoid any soft tissue injuries, utilizing neck support is
recommended in clinical practice [1]. Customizability is
one of the brace’s advantages over a traditional one.
Another is that CAD designs can be easily shared across a
variety of platforms and then customized by the end-user.
Consequently, the design may be modified in accordance
with the user's requirements prior to 3D printing, which
would significantly increase compliance. This is the main
difference from cervical orthoses that are traditionally
made using a “one-size-fits-all” method, which is also inef-
ficient financially [19]. In order to provide patients with
individualized care, the combination of 3D scanning and
3D printing technology is recommended to make cervical
orthoses. Researchers have realized that further research
and development of cervical orthoses is required, given the
rapid advancement of personalized medicine based on 3D
printing technology. On the other hand, there are currently
limited study designs and scant clinical data available for
cervical orthoses. Orthoses need to be customized to meet
each person’s needs to achieve the highest performance
results. The role of a cervical orthosis is to assist the
head and neck while avoiding unnecessary cervical spine
movement. The primary goal of cervical spine support is to
maintain the cervical spine in a safe neuroanatomical pos-
ture. To prevent the vertebra from impaling vital nerve
structures and causing irreversible nerve damage, the cer-
vical spine fixation orthosis was established. It should have
the most attractive appearance possible, enhance airflow,
and reduce discomfort when worn in the heat. To make
sure that the patient’s body is free from the compressive
stress caused by the head and neck bone bulge, it also
depends on the characteristics of that surface [4].

Ambu et al. [6], however, outlined several problems asso-
ciated with market orthoses. Furthermore, in the review
study, Karimi et al. [20] thoroughly examined the effective-
ness of several types of neck orthoses. Additionally,

drawbacks such as skin rash, atrophy of the muscles, infec-
tions that loosen pins, and difficulty swallowing were
observed. Pain, discomfort, and odor were also some of the
issues recorded [21,22]. Patients with burnwoundswere given
neck slit models by Visscher et al. [23]. One advantage of this
type of 3D printed orthosis was how easy it was to modify
certain parameters as the patient healed. An innovative
Hemp-Bio Plastic composite with antibacterial properties
was employed by Ambu et al. [6]. Using computer tomo-
graphy, the patient’s neck could be precisely scanned, and
following picture manipulation, a 3D model was obtained.
After that, the authors used FEA to print a light cervical
orthosis with an elliptical hole pattern, which proved to be
superior to a honeycomb design. Even with the sanitary sur-
face, its designwas still inflexible. Ankle discomfort will result
from inflexibility. There is a similar limitation to both
approaches [1], and the models do not take dressing activity
into account. There is no designated area on the orthosis
where the patient can remove it. However, it was noted
that 3D-printed orthoses are more comfortable than ones
that are available in the market since they fit the patient’s
unique anatomy and have a design that solves the odor issue.
The second benefit has to do with being smaller and lighter.
Time and money spent on production are crucial factors.
FDM printed orthoses can be fabricated in a few days, and
the creation of new filaments improves their mechanical
properties. In the stationary mode, the FLEX printed model
is sufficiently sturdy to immobilize the neck during the early
stages of therapy, but it may also slightly bend if the patient
applies a certain force during the latter stages of the proce-
dure. As a result, it helps to lessenmuscular spasms and begin
bending the neck and using the neck muscles gradually. The
design is suitable for daily use by people who often use com-
puters and have poor neck posture; they may use it during
working hours [24]. The cervical orthotics design, develop-
ment, material qualities, and mechanical strengths have all
been assessed and analyzed in the suggested study. The
bespoke cervical orthosis was made to work as best it could
by choosing the right configuration for the job and improving
airflow for more comfort. PLA filament was used for printing
the cervical orthosis. The primary factors that led to this
decision were the filament’s sustainability, light weight,
enhanced mechanical performance, superficial finish, and,
most importantly, its antibacterial qualities [6,25].

The digital 3D model of the item that needs to be cre-
ated must exist for any AM process to function. Regarding
AM-based medical applications, the process of patient-tai-
lored device or product creation involves “reverse engi-
neering” the patient to recreate his or her anatomy and
then developing orthoses, prostheses, or surgical guides.
After obtaining the digital model, the appropriate material
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and additive manufacturing procedure are chosen [26].
This study reported on the creation of a customized light-
weight neck orthosis. The FDM method was used to print
the model. FEA was used to evaluate and adjust the form of
the orthosis. For the construction of the orthosis, the soft
polylactic acid (PLA) filament was selected. This filament
has the ability to bend in a flexible manner. This type of
feature, in contrast to other materials, enables the model to
stretch it while wearing it. The patient can easily put on
and take off the device because of a special section behind
the orthosis that holds the Velcro used mostly for bracing.
Beginning with computer tomography (CT) images of the
neck anatomic region provided by a willing participant,
the study’s goal was to rebuild the relevant portion. The
following stage involved modeling the personalized cer-
vical orthosis using CAD, using the repaired neck as a
model. To examine the suggested geometrical configura-
tions worldwide, FEA was used to numerically evaluate
the resulting models. Eventually, FDM was employed to
create the prototype of the intended cervical orthosis using
the advanced composite. FDM technology presents several
kinds of opportunities in the design of a cervical collar
prototype for 3D printing [27]. Cervical collars are an essen-
tial medical equipment that immobilize and support the
cervical spine; however, the current production methods
usually lead to limitations in terms of comfort, cost-effec-
tiveness, and personalization. An uncomfortable fit might
arise from the incapacity of conventional techniques to
tailor collars to each patient’s unique needs. Customized
orthosis devices are designed to fit each patient’s specific
anatomy, beyond the constraints of prefabricated pros-
theses. The development of 3D printing and 3D imaging
software has made it feasible to produce and utilize med-
ical devices that are tailored to specific individuals [28].
Moreover, the high tooling costs associated with conven-
tional manufacturing techniques hinder design innovation
and small-scale production. FDM technology offers a viable
answer to these issues by enabling the fabrication of cus-
tomized cervical collars with improved fit, comfort, and
utility. However, several technological and design chal-
lenges must be fixed before 3D printing’s full potential
can be realized. Enhancing material selection and printing
settings is necessary to ensure the production of strong,
biocompatible, and light collars. Additionally, the design
of the collar must balance the immobilization require-
ments, patient comfort, and aesthetics, considering aspects
like ventilation, adjustability, and cleaning simplicity. The
goal of this research is to design, analyze and print a cer-
vical collar prototype that utilizes FDM technology and gets
beyond the limitations of traditional production methods
The suggested prototype seeks to overcome these obstacles

like discomfort, weightiness, and not being waterproof, to
show how additive manufacturing may advance the devel-
opment of cervical spine immobilization medical devices,
opening the door to more individualized and affordable
healthcare solutions.

2 Materials and methods

2.1 Additive manufacturing

With AM, digital files were used to create three-dimen-
sional solid items through 3D printing [14]. In the health-
care sector, 3D printing discovers new applications every
year that improve and save lives in ways that were
unthinkable just a few years ago. One of the primary direct
applications of 3D printing in the fields of surgery and
medicine is the ability to precisely determine or modify
the size of orthosis or prosthetic component parts prior
to fabrication. AM aims to customize orthoses, braces,
and prostheses, and allows for the quick prototyping of
new designs or equipment improvements [29]. According
to Negru et al. [30], AM has several benefits and seeks to
reduce costs, streamline challenging processes, and
quicken implementation. An AM technique called FDM is
utilized in the medical industry to make molds for implan-
table devices and other medical equipment. In this proce-
dure, plastic filament is melted and then directed via an
extrusion nozzle. It has been shown that FDM is appro-
priate for producing cervical orthosis, which needs to be
both aesthetically pleasing and functionally exact. How-
ever, there are still issues in obtaining precise dimensions
and surface qualities [1].

2.2 Materials

The selection of materials for 3D-printed orthoses depends
on several critical factors, including biocompatibility,
mechanical strength, and durability. Potential alternatives
to PLA include polyethylene terephthalate glycol, thermo-
plastic polyurethane, thermoplastic elastomers, and med-
ical-grade resins. In recent studies, researchers have
explored various materials for the fabrication of neck
orthoses. One study employed a PLA/hemp composite in
3D-printed neck orthoses, demonstrating enhanced stiff-
ness and improved thermal comfort around the neck.
Another study utilized acrylic styrene acrylonitrile (ASA)
via a Stratasys FDM printer to produce orthoses,
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highlighting mechanical robustness and satisfactory sur-
face finish. PLA is a biodegradable material and a sustain-
able alternative with several benefits. It comes from the
fermentation process of polymerizing lactic acid as a
monomer, which is normally sourced from renewable
sources high in starch (such as sugarcane and sugar beets)
[31]. Because of its simplicity of use, wide temperature
range for extrusion (180–210°C), and sandable finish, this
filament is popular for domestic 3D printing [32]. Since
thermoplastics like PLA liquefy rather than burn, recycling
and molding them are made easy [1]. As PLA is bioplastic
and non-toxic, it is widely used in the field of biomedicine
[33]. Moreover, PLA is recyclable in the same way as other
thermoplastic polymers [34]. Nonetheless, regardless of its
widespread utilization, PLA does possess certain draw-
backs, consisting of weak impact resistance, limited elon-
gation at the breakpoint, and a greater price compared to
easily accessible commodity plastics. However, by mixing
PLA with other polymeric materials or fillers, these limits
can be overcome. PLA may be made to become a ductile
polymer to overcome its brittleness. It has been demon-
strated that natural rubber works well to increase the
durability of PLA-based printing filament, making it appro-
priate for use in 3D printing [1].

2.3 Design of a cervical collar

Three steps make up the design process. First, the design
process involves gathering data and digitally reconstructing

the human neck using CT scan data. Next, the modeling and
design were performed using Autodesk Fusion 360. The final
phase was the evaluation of the neck model. The final model
was then created.

2.3.1 Acquisition of data and human neck digital
reconstruction

Using laser or 3D photogrammetric scanners, a digital
depiction of an external human body component can be
obtained. The neck region of a human body is scanned
using 3D scanning technology to collect point clouds of
data that serve as an input for modeling. Here, the acquisi-
tions of a CT scan may also be used to create a 3D recon-
struction [6,35]. This study involved a 22-year-old male
patient with chronic neck pain persisting for over five
years. CT scans of the cervical region were obtained using
a Siemens SOMATOM Emotion 16-slice CT scanner at a
certified imaging center to ensure precise anatomical accu-
racy, as shown in Figure 3(a). CT scanners save scanned
data as images in the Digital Imaging and Communications
in Medicine (DICOM) format. 3D Slicer is an open-source
software that shows image volumes as three-dimensional
objects using a volume rendering visualization tool [36].
The collection of neck photos was divided by threshold
values that vary. Specifically, the first segmentation defini-
tion made use of the “thresholding” filter. The lower and
upper criteria were used to define the object. The threshold
function is chosen to turn the masked region into a 3D
model by setting it to a changeable intensity range for

Figure 3: Cervical spine (a) DICOM format of CT scan images, and (b) cervical region in thresholding range.

6  Yeole Shivraj Narayan et al.



the mask, as shown in Figure 3(b). The threshold values in
this case were set between 5.21 and 2796.62. As shown in
Figure 4(a), the model was modified to eliminate extra
geometries and noisy components like bones, internal
organs, or clothing using Segment Editor tools. This module
of the 3D Slicer software finds segments, or structures of
interest, in 2D, 3D, and 4D images. It is possible to display in
two or three dimensions, create segmentation by inter-
polating or extrapolating segmentation on a small number
of slices, make fine-grained visualization decisions, and
edit on slices in any orientation [37]. The anatomical fea-
tures of the cervical spine were studied. The procedure for
transforming the segmented DICOM data into a standard
triangulation language (STL) file is shown in Figure 5. Open
loops and minuscule holes in the STL file were detected
using the software Autodesk Meshmixer, as shown in
Figure 4(b).

2.3.2 3D modeling of cervical collar

Autodesk Fusion 360 software was utilized for the con-
struction of the model. The patient’s digital model served
as the foundation for the creation of a neck orthosis.
Furthermore, the imported neck model and the upper tra-
pezius muscle, which is located between the neck and
shoulders, are depicted in Figure 6.

The model structure was similar to that of the market’s
standard stiff orthoses, which support the neck from the
chest to the neck. The trapezius muscle provides additional
support on both the left and right sides of the design. The
right and left regions that rest on the trapezius muscles

were constructed correctly [38]. Compared to a traditional
neck orthosis, the chin support piece has a larger contact
area with the chin and serves as a platform for the chin to
rest on. As a result, less pressure was placed on the chin. Its
goal is to improve the stability and comfort of orthoses.
Our design’s primary characteristic was the model’s adapt-
ability. The bending geometry reduces discomfort from
chills and helps cure minor issues while partially immobi-
lizing the neck [24]. The model’s thickness was optimized to
balance lightweight characteristics with structural
strength, resulting in a value of approximately 3.5 mm.
This is thinner than standard commercial orthoses but
adequate for maintaining performance due to the design
enhancements and material selection. The CAD model, as
shown in Figure 7, was designed with the goal of creating a
device that functions similar to the commercially available
cervical semi-rigid collars. Such a cervical collar is typically

Figure 4: Editing of the cervical region of the model: (a) unwanted objects around the neck region, and (b) open loops identified in.stl file of the neck
model.

Figure 5: Exported STL file of the neck model after error rectification.
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thought of as an orthosis device that fits the neck, from the
jaw to the chest. To promote recovery, it is employed to
restrict mobility and aid the neck during surgical opera-
tions, fracture therapies, and cervical injury treatments.
Conversely, soft cervical orthoses provide support for the
neck, help ease minor pressures on the neck, and lessen
pain after accidents (such as whiplash). They also have a
softer geometric pattern. The thickness value selected was
the standard average thickness used in prefabricated
orthoses.

2.3.3 Analysis of cervical collar

Autodesk Fusion 360 software was utilized to analyze the
model, as displayed in Figure 8. Static linear assessment
was carried out to ascertain the model’s strength. The neck
collar was made of the PLA material. Table 1 lists the mate-
rial’s mechanical characteristics.

A cervical orthosis typically experiences a combina-
tion of stresses due to the complex relationship between
the cervical spine and neck muscles. Several investigations

Figure 6: Imported neck model in Autodesk Fusion 360.

Figure 7: CAD model of cervical collar.
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were carried out utilizing a range of experimental meth-
odologies to examine commercially available cervical col-
lars and evaluate their capacity to restrict cervical spine
motion during flexion, extension, and lateral bending [6].
Vasavada et al. [39] conducted an investigation involving
male and female participants from different age groups to
analyze and characterize the moment of the neck. It was
possible to calculate the flexion, extension, and lateral
bending moments due to the spontaneous development
of muscles. The experiment yielded the applied forces
and their directions for the average male value.

The model was subjected to external loads ranging
from 50 to 200 N and boundary conditions, as shown in
Figure 8. The applied loads reflect biomechanical forces
acting on the cervical spine during typical activities such
as sitting, standing, and mild neck movements. Biomecha-
nical studies indicate that the human head exerts 45–55 N
of force on the cervical spine in a static posture, increasing
to 150–200 N during movement. To ensure safety and per-
formance, the cervical collar design was tested up to 200 N.
Simulations across this range validated the structural
integrity and optimized the lattice for both support and
comfort. The maximum load force of 200 N was chosen to
enable the model to withstand more force than the 100 N
created by the weight of the head. To enhance the under-
standing of the appearance, Figure 8 shows the positions of
the applied forces on the model’s inner surface. To simu-
late realistic use, the posterior side of the cervical collar
model was fixed to simulate its contact with the upper
thoracic region. A load of 200 N was applied perpendicular
to the inner surface in various directions to replicate lat-
eral bending, flexion, and extension movements. Bonded

contacts were defined between all connected components.
Load forces were applied uniformly and perpendicularly
at multiple locations to represent the mechanical impact of
head movement [4]. As shown in Figure 9, 6,852 nodes and
3,321 elements make up the 3D mesh. As shown in Figure 10,
the maximum displacement due to applied force was
recorded as 1.110mm, which was comparable to 1.4685mm
by Sabyrov et al. [38]. The largest displacement was noted on
the backside of the model with a factor of safety of 3, as
depicted in Figure 11. Von Mises stress of 25.448MPa was
observed in the model, as depicted in Figure 12.

2.4 3D printing of the cervical collar

3D printing of the cervical collar was effectively conducted
on the cutting-edge FDM Flashforge Guider II printer.
Figure 13, which shows the parameters of the prototype
after slicing was done, offers a thorough grasp of the
FDM process and the Flashforge Guider II printer. The
Flashforge Flashprint software is a vital tool for efficiently

Figure 8: Loads and boundary conditions on cervical collar.

Table 1: PLA material properties

Density 1.3 × 10−6 kg/mm3

Young’s modulus 3,500 MPa
Poisson’s ratio 0.35
Yield strength 49.5 MPa
Ultimate tensile strength 50 MPa
Thermal conductivity 1.3 × 10−4 W/mm °C
Thermal coefficient of expansion 8.57 × 10−5/°C
Specific heat 1,800 J/kg °C
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controlling and regulating the parameters of the 3D
printing process [40]. This tool makes it possible to pre-
cisely specify the print settings and slice the STL file, which
is necessary in order to import the three-dimensional
model into the printing environment. The crucial 3D
printing variables and their respective values are pre-
sented in Table 2. The printing of the cervical collar proto-
type is depicted in Figure 14.

3 Results and discussion

Figure 3(a) and (b) shows the DICOM data file in 3D Slicer
software along with the threshold values that were
assigned. To improve the visualization of the neck region,

Figure 9: 3D mesh file of the cervical collar.

Figure 10: Displacement of the cervical collar.

Figure 11: Factor of safety of the cervical collar. Figure 12: Stress (von Mises) distribution in the cervical collar.
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the thresholds have been set at 5.21 and 2796.62 for the
lowest and top values, respectively. Figures 4a and 5
show the presence of additional geometries and their
removal, respectively. Sharp edges and apparent geome-
tries were removed using scissors, and invisible geometries
were removed with smoothing. Using Autodesk Meshmixer
software, the open loops in the neck area were addressed
during the DICOM to STL file conversion [41]. The recogni-
tion and correction of these open loops (small holes) are
shown in Figures 4(b) and 5, respectively.

3.1 Design of the model

This cervical orthosis was designed with the cervical lor-
dotic spine in mind, as it exclusively fits the cervical region
of the spine. When neck discomfort, misalignment, or frac-
ture in any cervical vertebrae occurs, the need for custom

fitting becomes crucial. Because custom fitting stabilizes
the wounded area, it becomes essential and speeds up
the healing process overall. The technology is more prac-
tical and cost-effective since 3D printing is an inexpensive
procedure with no chance of expensive mistakes. Easy
alterations and modifications to CAD designs increase the

Figure 13: Prototype after slicing in Flashprint software.

Table 2: Process parameters used for printing the prototype

Type of material PLA

Layer height 0.2 mm
Shell count 2
Fill density 20%
Fill pattern Hexagonal
Estimated time 5 h 6 min

Figure 14: 3D printing of a prototype in Flashforge Guider II printer.
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structure’s overall compliance. The cervical orthosis has
been subjected to FEA, and the outcomes have shown
that the model can endure significant force, as demon-
strated by the reduced levels of stress and displacement.
This study explored the utility of 3D printing technology in
the development of customized cervical collar orthotic
devices for individual patients. 3D Slicer software was
employed to process the scanned CT data of the patient,
which was acquired in DICOM format. It is necessary to
modify the thresholding value in the software to yield the
exact region of interest while segmenting. The scissoring
tool was used to eliminate additional geometries. The
exterior part of the neck was smoothed with a smoothing
tool. As depicted in Figure 5, smoothing helps to remove
the invisible geometry, while scissors help to remove much
of the apparent geometry. Autodesk Meshmixer was used
to identify and rectify open loops that arise when con-
verting a DICOM file to an STL file, as exhibited in Figure 5.

3.2 Analysis on the model

A linear static analysis was done on the model in order to
evaluate it and see its equivalent stress, displacement, and
safety factors. The posterior area, indicated by a red patch
in Figure 10, exhibited the most displacement when the
model was subjected to an external force ranging from
50 N to a maximum of 200 N. The displacement was mea-
sured at 1.110 mm. The bottom portion of the model’s pos-
terior and anterior sections had the least displacement,
while the top posterior chunk of the model displayed the
most displacement. It was discovered that the maximum
stress (von Mises) at 200 N was 25.448 MPa. In the model,
the distribution of stress was seen and noted. Upon careful
inspection, no localized or concentrated strains were

found; instead, the stress was found to be consistent across
the model. The findings of the element stress analysis are
displayed in Figure 12. Overall, the stress pattern in the
model was dispersed equally. Finally, the analytical results
fully fulfilled the standard and material strength criteria,
as evidenced by the factor of safety being determined to be
3, as shown in Figure 11. The results attained at various
loading conditions can be contrasted in terms of maximum
total displacement, as exhibited in Figure 15.

As exhibited in Figure 15, it can be deduced that, for
each of the loading conditions, the maximum total displa-
cement increases. The maximum stress (von Mises) was
considered a significant parameter in this investigation
for assessing the model under varying loading conditions.
Figure 16 displays the von Mises stress for each of the
loading configurations. It can be noted that higher von
Mises stress values were obtained with an increase in the
external force applied to the model.

3.3 3D printing of the cervical collar
prototype

The cervical collar’s STL file was imported using Flashprint
software. To minimize support, increase accuracy, and pro-
vide a smooth surface finish, several orientations were
evaluated. The cervical orthosis prototype was printed
using two shells, 20% hexagon-patterned infill, and a layer
height of 0.20 mm. The prototype was printed on an FDM-
based 3D printer, using PLA, a biodegradable material.
Combined with the supports, it weighed 60.58 g and took
6 h and 5 min to finish the printing process. The approach
has effectively addressed several challenges, including the
need to model the neck, capture extra geometries during
the scan, and correct STL mistakes.

Figure 15: Maximum total displacements in the model at different loading conditions.
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3.3.1 Post-processing

The 3D-printed cervical collar made of PLA material
requires close attention to detail in the post-processing.
First, the primary structure was preserved by carefully
removing the supports, as shown in Figure 17. The next
step involved smoothing the surface with sandpaper or a

sanding sponge, progressively going from coarse to finer
grits to get rid of layer lines and uneven surfaces. Then, to
fix any residual flaws and promote a consistent surface
texture, a filler/primer specifically made for PLA material
was carefully applied. To obtain the best smoothness, each
layer was softly sanded in between applications. All these
procedures work together to improve the cervical collar’s

Figure 16: von Mises stress in the model at different loading conditions.

Figure 17: Prototype before post-processing.
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texture and look, making it ready for more personalization
and practical upgrades. 3D-printed cervical collar proto-
type post-eviction of support elements is shown in
Figure 18.

3.3.2 Benefits of a 3D-printed cervical collar

The 3D-printed cervical collar is designed for leveraging
patient comfort by utilizing smart design, appropriate
material, and structural optimization. The comfort features
include the following.

Breathable and soft support: A custom-designed flex-
ible lattice structure, created in nTopology, cushions the
neck, minimizes pressure, and enhances airflow. The den-
sity varies by region for targeted support and comfort.

Lightweight design: Efficient design and 3D printing
resulted in a lighter collar, as compared to traditional ones,
thereby preventing strain on the neck.

Personalized fit: Using 3D scanning, the 3D-printed
collar is custom-made to patient anatomy, ensuring both
fit and compliance.

Skin-friendly material: Use of biocompatible and skin-
friendly materials such as medical-grade PLA minimizes
irritation risk and protects sensitive skin.

Shock absorption: The lattice structure spreads pres-
sure evenly and acts like tiny springs, absorbing small
movements for extra comfort.

FEA Validation: Simulation confirmed the effective
load distribution and structural performance of the collar,
that is, it can handle normal neck pressures (50–200 N)
without breaking or causing discomfort.

A discussion on the difficulties encountered while
executing this study is as follows:
1. Complex structures or designs of the human neck make

direct modeling using CAD tools impossible. Reverse
engineering allows for the modeling of such profiles
using CT images. A sequence of processing processes is
applied to the retrieved CT scan data in order to obtain
the final Neck model STL file. In CAD software, the Neck
model may be added to and modified using the STL file.
Because these scans were so sensitive, extra geometries
and noise captured must be eliminated afterwards.
Additional geometries and noise, which were not

Figure 18: 3D-printed cervical collar prototype after post-processing.
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required, were eliminated utilizing a variety of 3D Slicer
software capabilities, as was previously mentioned, as
shown in Figure 4a.

2. Errors were also produced during the conversion of a
CADmodel to an STL file. Figure 4b shows how Autodesk
Meshmixer was used to fix open loops and overlapping
triangle STL problems.

3. There were further difficulties with the 3D-printed
collar prototype. As shown in Figure 19, the prototype
in this study still shows extra layer or line markings
even after model adjustments and the determination
of the ideal printing parameters. These were eliminated
by polishing and sanding the surfaces.

4 Conclusions

A 3D-printed cervical orthosis prototype was designed and
developed after thoroughly evaluating it for structural ana-
lysis. To ensure the model’s assessment, the created model
was structurally evaluated under a 200 N force, yielding
varying stress, displacement, and factor of safety values.
FE simulations were used to confirm that the model devel-
oped had an appropriate stiffness. Additionally, it was dis-
covered that employing a biocompatible, biodegradable,
and sustainable PLA material for the cervical orthosis’s
fabrication improved the model’s overall strength due to
its enhanced mechanical properties. Using 3D printing
technology to conduct personalized orthotic design has
been demonstrated to be a feasible and successful
approach that may benefit patients. To demonstrate the
construction of cervical orthoses, further research will
focus on improving weight reduction, ventilation, and flex-
ibility through topology optimization on the current model
and additive manufacturing.
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