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Abstract
Conventional brassiere underwires often cause discomfort due to localized pressure concentrations, leading 

to wearer discomfort and potential long-term health concerns. This study investigates the application of 3D 

printing technology for designing and fabricating customized brassiere underwires aimed at improving pres-

sure distribution and structural comfort. A 3D body scan of the under-bust profile was utilized to develop a 

personalized underwire model, which was fabricated using fused deposition modelling (FDM) with acryloni-

trile butadiene styrene (ABS) material. To evaluate performance, pressure exertion tests were conducted using 

force-sensitive sensors positioned at three anatomical points, Point A (base region), Point B (medial region, near 

the sternum) and Point C (lateral region, near the underarm), under both static and dynamic conditions. The 

3D-printed underwire demonstrated significant reductions in localized pressure compared to the conventional 

stainless-steel underwire, achieving decreases of 36.36% at Point A, 38.10% at Point B and 35.00% at Point C 

under static conditions, and 24.00%, 21.74% and 22.22%, respectively, under dynamic conditions. Complemen-

tary finite element analysis (FEA) was performed to simulate structural deflection under breast loads ranging 

from 0.5 kg to 0.8 kg. The results indicated that the maximum deflection increased from 1.48 mm to 2.37 mm, 

while average deflection rose from 0.80 mm to 1.28 mm, demonstrating a linear elastic behaviour consistent 

with the mechanical properties of ABS (Young’s modulus ≈ 2.0 GPa) compared to stainless steel (≈ 200 GPa). 

The deformation contour confirmed effective load distribution with minimal deflection in the constrained 

regions, validating structural stability. Overall, the findings establish that 3D-printed ABS underwires provide 

improved comfort, controlled flexibility and reliable mechanical performance, making them a viable alternative 

to traditional metallic underwires. This research highlights the potential of additive manufacturing in the inti-

mate apparel industry, enabling mass customization, enhanced anatomical conformity and improved wearer 

satisfaction beyond conventional mass-produced designs.
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Izvleček
Konvencionalne oporne žice (opornice) v nedrčkih pogosto povzročajo nelagodje zaradi lokaliziranih kon-

centracij pritiska, kar vodi v nelagodje pri nošenju in morebitne dolgoročne zdravstvene težave uporabnice. 

Ta raziskava se osredinja na uporabo tehnologije 3-D tiska za oblikovanje in izdelavo prilagojenih opornic za 

nedrčke, katerih namen je izboljšati porazdelitev pritiska in strukturno udobje. Na podlagi 3-D skeniranega 

profila podprsja je bil z uporabo modeliranja taljenega nanosa (FDM) z materialom akrilonitril butadien stiren 

(ABS) izdelan posamezni osebi prilagojen model opornice. Učinkovitost kosti je bila ocenjena iz rezultatov testi-

ranja pritiska s pomočjo senzorjev za silo, nameščenih na treh anatomskih točkah: točki A (osnovno območje), 

točki B (medialno območje, blizu prsnice) in točki C (lateralno območje, blizu pazduhe), in sicer v statičnih in 

dinamičnih razmerah. 3-D natisnjena opornica je pokazala znatno zmanjšanje lokaliziranega pritiska v pri-

merjavi s konvencionalno opornico iz nerjavnega jekla, in sicer zmanjšanje za 36,36 % v točki A, 38,10 % v točki 

B in 35,00 % v točki C v statičnih razmerah ter 24,00 %, 21,74 % oziroma 22,22 % v dinamičnih razmerah. Za 

simulacijo strukturnega odklona pri obremenitvah prsi od 0,5 kg do 0,8 kg je bila uporabljena metoda končnih 

elementov (MKE). Pokazalo se je, da se je največji odklon povečal z 1,48 mm na 2,37 mm, povprečni odklon 

pa z 0,80 mm na 1,28 mm, kar kaže na linearno elastično obnašanje, ki je skladno z mehanskimi lastnostmi 

ABS (Youngov modul ≈ 2,0 GPa) v primerjavi z nerjavnim jeklom (≈ 200 GPa). Kontura deformacij je potrdila 

učinkovito porazdelitev obremenitve z minimalnim odklonom v omejenih območjih, kar je potrdilo strukturno 

stabilnost. Splošna ugotovitev je, da 3-D tiskane opornice ABS zagotavljajo izboljšano udobje, nadzorovano 

upogibljivost in zanesljivo mehansko delovanje, kar pomeni, da so primerna zamenjava za tradicionalne ko-

vinske opornice. Ta raziskava poudarja primernost aditivne izdelave v proizvodnji spodnjega perila, ki omogoča 

množično izdelavo po meri, izboljšano anatomsko skladnost in zadovoljstvo uporabnic, ki presega običajne 

konfekcijsko proizvedene modele.

Ključne besede: 3-D tiskanje, modrček z oporo, udobje, porazdelitev pritiska, metoda končnih elementov (MKE)

1	 Introduction

The evolving lifestyle and diverse needs of modern 
women have profoundly influenced the design of 
clothing, particularly in the domain of lingerie. With 
the increasing physical and mental demands of daily 
life, comfort has become a fundamental requirement 
for maintaining productivity, well-being and con-
fidence. Recognizing that each woman has unique 
body characteristics and personal preferences, lin-
gerie designers and manufacturers are increasingly 
adopting personalization and customization as key 
strategies in garment development. Recent research 
demonstrates that the use of inverse design methods 
can successfully customize bra cups, thereby sig-
nificantly improving fit and user satisfaction. This 
evolution emphasizes the necessity of integrating en-

gineering principles into garment design to achieve 
optimal comfort, support and aesthetic appeal [1].

Anatomically, the female breast is a complex 
structure composed of mammary glands, adipose 
tissues, connective tissues and blood vessels, en-
closed by a sensitive skin layer that contributes to 
femininity and physical appearance. Unlike other 
body parts, the breasts lack direct muscular and 
skeletal support and instead rely on Cooper’s liga-
ments and superficial fascia for lift and positioning. 
These ligaments, however, are highly susceptible to 
mechanical stress during physical movement, which 
can lead to breast ptosis (sagging). Consequently, 
the design of brassieres that provide both comfort 
and adequate support has become increasingly 
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important. Over the years, brassieres have evolved 
from simple functional garments into highly engi-
neered support systems that integrate biomechanics, 
material science and ergonomic design. A well-fitted 
brassiere is crucial for minimizing breast discomfort, 
preventing musculoskeletal strain and enhancing 
posture [2].

Studies have shown that ill-fitting brassieres 
can cause shoulder pain, back pain and discomfort, 
particularly among women with larger bust sizes 
[3]. Among various bra types, underwire brassieres 
play a vital role in shaping and supporting the 
breasts. The underwire, typically a rigid U-shaped 
component made of metal or plastic, is sewn into a 
channel beneath the cups, providing lift and main-
taining contour. To prevent the wire from piercing 
the fabric, both ends are covered with plastic tips or 
cushion caps [4]. Metallic materials, primarily steel 
and nickel-titanium alloys, dominate underwire 
production due to their superior rigidity and du-
rability [5]. In contrast, plastic underwires, usually 
made from polypropylene or PVC, account for a 
small market share because of their lower stiffness 
and susceptibility to permanent deformation under 
load. However, ABS offers enhanced tensile strength, 
thermal resistance, and dimensional stability com-
pared to other thermoplastics, making it a promising 
candidate for underwire applications requiring 
structural performance.

Research has confirmed that underwired bras-
sieres effectively reduce vertical breast displacement 
and improve breast positioning, thereby enhancing 
support [6]. Continued advancements in underwire 
materials and geometry have also improved comfort 
by minimizing localized pressure points and improv-
ing ergonomic performance [7]. Nevertheless, many 
women report discomfort from underwires due to 
excessive stiffness and pressure concentration along 
the chest wall. Poorly fitted underwires can lead to 
skin irritation, inflammation and pressure-related 
pain [8]. Common design flaws include improper 
curvature and arc length, which may cause the wire 
to poke through the fabric or rub against the skin 

[9]. Prolonged pressure from underwires has been 
associated with mastitis and myalgia, although no 
scientific evidence supports a causal link to breast 
cancer [10]. Additional discomfort often arises 
from shoulder strap pressure, compounding wearer 
dissatisfaction [11].

In this context, 3D printing (additive manufac-
turing) presents a promising solution for creating 
personalized lingerie components. This technology 
enables the fabrication of complex three-dimen-
sional objects layer by layer from digital models, 
facilitating precise customization and geometric 
flexibility. The fashion industry has increasingly 
adopted 3D printing for producing jewellery, foot-
wear, accessories and garments [12–14]. Techniques 
such as FDM facilitate the production of textile-like 
structures suitable for wearable applications [15]. 
The integration of 3D printing in lingerie design en-
ables the creation of customized underwires tailored 
to individual body contours, thereby improving fit, 
comfort and aesthetic harmony [16]. Prior studies 
using 3D scanning to capture breast root contours 
have demonstrated the potential for developing 
personalized underwires that enhance anatomical 
conformity and wearer comfort [17]. Moreover, 
several brands and researchers are advancing toward 
mass personalization in intimate apparel through 
3D body scanning, parametric modelling and da-
ta-driven fitting algorithms [18].

The aim of this study was to design and fabri-
cate a customized brassiere underwire using 3D 
printing technology to achieve enhanced pressure 
distribution and user comfort. A 3D body scanning 
technique was employed to obtain an accurate 
under-bust profile, which was then processed into 
a digital model for additive manufacturing. The 
resulting ABS underwire was experimentally tested 
to measure pressure exertion at critical points, 
while FEA was conducted to evaluate its structural 
response under different load conditions. Compar-
ative assessments with conventional stainless-steel 
underwires were performed to examine comfort and 
structural integrity. The outcomes provide valuable 
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insights into integrating digital design and additive 
manufacturing in lingerie development for improved 
comfort, performance and personalization.

2 	Materials and methods

2.1	 Acquisition of 3D body scan and 
underwire design

The design and evaluation of the customized 
3D-printed underwire began with the acquisition 
of the under-bust profile using a high-precision 
3D body scanning technique. A participant with a 
brassiere size of 38C was selected for this study to 
represent an average larger-cup size, which typically 
experiences higher pressure concentration under the 
bust. The scanning was performed using a Shining 
3D EinScan Pro 2X Plus, a structured-light 3D 
scanner known for its high accuracy and ability to 
capture fine surface details. The scanner was oper-
ated in handheld rapid mode, facilitating complete 
acquisition of the under-bust curvature without 
causing any discomfort to the subject.

The captured three-dimensional point cloud data 
was processed using Geomagic Design X software 
to reconstruct the anatomical under-bust curve 
and remove scanning noise or misalignment. The 
processed geometry provided an accurate digital 
representation of the breast root contour, which 
served as the basis for customized underwire design. 
Using computer-aided design (CAD) tools, the 
underwire was modelled with optimized curvature 
and width ratios to achieve balanced support and 
minimal localized pressure. Several iterative CAD 
simulations were performed to refine the geometry, 
ensuring a comfortable anatomical fit and effective 
pressure dispersion.

The final design consisted of two main structural 
components: a cup portion and a flap portion. The 
cup portion, designed with a thickness of 1.5 mm 
and width of 2.5 cm, followed the natural curvature 
of the under-bust, tapering gradually toward the 
inner and outer breast regions. This design ensured 
a close fit along the chest wall while maintaining 

sufficient flexibility. The flap portion, measuring 4 
mm in thickness and 7 mm in width, was connected 
to the lower edge of the cup. Its function was to dis-
tribute the applied load over a broader area, thereby 
reducing localized high-pressure points at the skin 
interface.

The completed 3D model was digitally aligned 
with the scanned under-bust surface to verify 
conformity and dimensional accuracy before pro-
ceeding to fabrication. The final assembly, illustrated 
in Figure 1, shows the precise fitting of the designed 
underwire onto the breast root curvature, confirm-
ing ergonomic and structural compatibility.

Figure 1: 3D model of underwire fitted along the 
breast root contour

2.2	 3D Printing of underwire
The finalized 3D model of the customized underwire 
was fabricated using FDM, one of the most widely 
adopted additive manufacturing techniques for 
polymer-based components. This process was cho-
sen for its cost-effectiveness, geometric versatility 
and ability to produce lightweight yet durable parts 
suitable for wearable applications. The printing was 
carried out using an Ultimaker S5 3D printer, which 
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offers a high level of dimensional accuracy and sur-
face quality appropriate for fine, curved geometries 
such as underwire structures.

ABS filament was selected as the printing 
material due to its superior mechanical properties, 
including high tensile strength, toughness and ther-
mal stability. These characteristics make ABS ideal 
for producing components that require flexibility 
under cyclic loading without permanent deforma-
tion. The filament diameter used was 1.75 mm, while 
the printer’s nozzle diameter was set to 0.4 mm. To 
achieve optimal strength and surface smoothness, 
the printing parameters were standardized as follows: 
printing temperature of 240°C, bed temperature of 
100°C, printing speed of 50 mm/s and layer height 
of 0.1 mm. The infill density was maintained at 100% 
(solid) to ensure maximum structural integrity and 
consistent load-bearing performance.

The underwire was printed in a horizontal 
orientation to enhance dimensional stability and 
reduce internal stress accumulation during cooling. 
After printing, the component was allowed to cool 
gradually on the print bed to prevent warping or 
delamination. Post-processing involved support 
structure removal and light surface finishing using 
fine-grit sandpaper to achieve a smooth and skin-
safe surface texture.

Figure 2. 3D printed underwire component

The printed underwire was subsequently evalu-
ated for dimensional accuracy using digital callipers 
and was compared to the CAD model to confirm 
tolerance levels within ±0.2 mm. As illustrated in 
Figure 2, the 3D-printed underwire demonstrated 
high structural fidelity to the digital design. The 
fabricated underwire was then integrated into a 
specially prepared brassiere casing for experimental 
evaluation, as shown in Figure 3.

Figure 3: Attachment of 3D printed underwire in a 
casing with the cup

2.3	 Pressure exertion test
Bra comfort is fundamentally influenced by the 
distribution of pressure exerted during wear, which 
can be assessed using direct or indirect evaluation 
methods [19]. Studies have shown that integrating 
cushioning elements between the bra strap and the 
body significantly enhances pressure distribution 
and overall comfort [20]. To evaluate the pressure 
exerted by the underwire on breast tissue, a pressure 
exertion test was conducted using force-sensitive 
resistor (FSR) sensors.

In this study, pressure mapping was performed fol-
lowing a customized test protocol designed to capture 
the pressure exerted at key anatomical regions beneath 
the breast. Based on ergonomic relevance and previous 
research [21], three critical sensor locations Point A 
(base region), Point B (medial region, near the sternum) 
and Point C (lateral region, near the underarm) were 
selected to measure both vertical and lateral support 
responses. These sensor locations were identified as 
areas prone to concentrated pressure during wear [22].
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FSR sensors were affixed to the inner surface of 
the brassiere, directly below the underwire, ensuring 
precise alignment with the designated anatomical 
points. Each participant wore both types of bras-
sieres: one fitted with a 3D-printed ABS underwire 
and another with a conventional stainless-steel 
underwire. The tests were conducted under con-
trolled laboratory conditions to ensure consistency 
in posture, fit and motion. Pressure readings were 
collected under two states: static (stationary posture) 
and dynamic, which simulated natural body move-
ments such as arm lifting, torso twisting and short 
walking cycles.

The sensors were calibrated prior to testing to 
ensure high measurement accuracy and repeatabil-
ity. Pressure values were continuously recorded and 
expressed in N/cm², computed from the measured 
force and sensor’s active area. The data collected 
from Points A, B and C provided a comprehensive 
representation of pressure distribution under both 
static and dynamic conditions, enabling a direct 
comparison between the two underwire types.

Figure 4: Sensor points A, B and C on the breasts

The spatial locations of the sensors and their 
corresponding measurement points are illustrated in 
Figure 4, which provides a schematic representation 
of the under-bust region showing the placement of 
Points A, B and C. This configuration ensured con-
sistent data acquisition from regions most relevant 
to underwire-induced pressure during wear.

2.4	 Finite element analysis (FEA)
Finite element analysis (FEA) was conducted using 
the ANSYS static structural module to evaluate the 
deflection behaviour of the 3D-printed underwire 
under varying loading conditions. A fine mesh was 
generated using tetrahedral solid elements to ensure 
high accuracy in predicting stress and deformation. 
The underwire model was constrained at both ends 
to replicate its fixed attachment points within the 
brassiere frame.

A pressure boundary condition was applied 
along the curved surface of the underwire, corre-
sponding to estimated breast loads in the range of 
0.5–0.8 kg. This load interval represents the average 
breast weight for women with larger cup sizes, 
typically varying from approximately 500 grams to 
over 1 kilogram, and includes the expected range for 
a 38C cup size, as reported in previous anatomical 
studies [22]. The simulation was performed under 
static loading conditions using the standard ANSYS 
solver to ensure stable and realistic results.

Material properties corresponding to ABS were 
assigned based on standard reference values, includ-
ing its Young’s modulus and Poisson’s ratio, to accu-
rately model the material’s mechanical behaviour. 
The deflection of the underwire was then computed 
under the distributed load to quantify deformation 
characteristics representative of real-world wearing 
conditions.

3	 Results and discussion

3.1	 Pressure exertion test
A pressure exertion test was conducted to assess the 
distribution of pressure applied by the underwires 
on the wearer’s body, as this parameter directly 
influences comfort and ergonomic performance. 
Excessive localized pressure can lead to discomfort, 
irritation and long-term skin issues, making it 
essential to evaluate how different materials and 
structural modifications affect pressure distribution. 
The results of the pressure exertion test, summarized 
in Table 1, demonstrate that the 3D-printed under-
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wire consistently exhibited lower pressure values 
under both static and dynamic conditions across 
all measurement points A (base region), B (medial 
region) and C (lateral region) compared to the 
conventional stainless-steel underwire, as depicted 

in Figure 5. Pressure values increased slightly during 
dynamic motion due to natural variations in force 
distribution. However, the 3D-printed underwire 
demonstrated superior adaptability and stability 
compared to the rigid stainless-steel design.

Table 1: Pressure testing results

Point

Pressure (N/cm2)

Static test Dynamic test

3D-printed underwire Stainless steel underwire 3D-printed underwire Stainless steel underwire

A 0.28 0.44 0.38 0.50

B 0.26 0.42 0.36 0.46

C 0.26 0.40 0.35 0.45

Figure 5: Stainless steel underwire

The most significant reduction in pressure was 
observed at Point B (medial region), indicating 
improved comfort and better load redistribution 
in this area. This supports the effectiveness of the 
customized 3D-printed design in distributing force 
more evenly across the under-bust region. These 
findings are in line with prior studies emphasizing 
that softer and geometrically adaptive components 
can enhance wear comfort by minimizing high-pres-
sure zones beneath the bust [19, 20].

A comparative analysis further revealed that the 
3D-printed underwire achieved substantial pressure 
reductions relative to the conventional model. Un-
der static conditions, the reductions were 36.36% at 
Point A, 38.10% at Point B and 35.00% at Point C. 
Under dynamic conditions, pressure reductions were 
24.00% at Point A, 21.74% at Point B and 22.22% at 
Point C. These improvements are attributed to the 
enhanced flexibility and form-fitting nature of the 

ABS underwire, which allows it to conform more 
effectively to the natural body contours compared to 
its rigid stainless-steel counterpart.

No abrupt pressure spikes were detected in 
the 3D-printed underwire, indicating smoother 
and more uniform pressure transitions. A minor 
increase observed at Point B during dynamic move-
ment suggests that localized geometric optimization 
in future design iterations could further improve 
comfort. Overall, the lower pressure values recorded 
for the 3D-printed underwire confirm its potential 
to reduce discomfort and irritation, particularly 
during prolonged wear. Furthermore, the dynamic 
test results validate its superior performance during 
motion, reducing transient pressure peaks and 
enhancing overall comfort. These outcomes demon-
strate the feasibility of utilizing 3D printing to devel-
op ergonomically optimized underwire designs that 
achieve improved pressure distribution and wearer 
satisfaction.

3.2	 Finite element analysis (FEA)
FEA was conducted to examine the deformation 
characteristics of the 3D-printed ABS underwire 
under varying breast loads and to compare its per-
formance with a conventional stainless-steel under-
wire of identical geometry. The results are presented 
in Table 2, which presents the maximum deflection 
values obtained for each load condition.
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Table 2: Comparative FEA deflection results

Load 
(kg)

Maximum deflection (mm)

ABS underwire
Stainless steel 

underwire

0.5 1.48 0.015

0.6 1.78 0.018

0.7 2.08 0.021

0.8 2.38 0.024

A clear contrast was observed between the 
deformation behaviours of the two materials. The 
stainless-steel underwire, owing to its high stiffness 
(Young’s modulus ≈ 200 GPa), exhibited minimal 
deflection across all load cases, with a maximum 
of 0.024 mm at 0.8 kg. Conversely, the ABS under-
wire, with a significantly lower Young’s modulus of 
approximately 2.0 GPa, demonstrated greater but 
controlled flexibility, with deflections increasing 
from 1.48 mm at 0.5 kg to 2.38 mm at 0.8 kg. This 
gradual rise in deformation with increasing load 
indicates a linear elastic response, consistent with 
the mechanical properties of both materials.

The controlled deflection of the ABS underwire 
plays a key role in enhancing comfort by facilitating 
slight structural adaptability under load. Unlike the 
rigid stainless-steel wire, which confines the breast 
in a fixed position, the ABS underwire behaves as 
a compliant spring, absorbing and redistributing 
the applied load through elastic deformation. This 
flexibility helps minimize localized stress concentra-
tions, particularly at the medial and lateral regions 
identified during the pressure exertion tests, thereby 
reducing wearer discomfort.

The deflection results of the ABS underwire ob-
tained from the finite element analysis (FEA) are illus-
trated in Figure 6, which presents a line chart showing 
the deflection variation along the underwire’s bottom 
edge curve for breast weights ranging from 0.5 kg to 
0.8 kg. The deflection values were analysed in terms 
of minimum, maximum and average magnitudes 
for each load case. At a 0.5 kg load, the minimum 
deflection recorded was 2.53 × 10⁻¹⁷ mm, the maxi-
mum value was 1.4848 mm and the average value was 

0.8031 mm. For 0.6 kg, these values increased to 3.04 
× 10⁻¹⁷ mm, 1.7818 mm and 0.9637 mm, respectively. 
Similarly, at 0.7 kg, the minimum deflection reached 
3.54 × 10⁻¹⁷ mm, the maximum was 2.0788 mm and 
the average was 1.1243 mm. Under the highest tested 
load of 0.8 kg, the minimum, maximum and average 
deflections were 4.05 × 10⁻¹⁷ mm, 2.3758 mm, and 
1.2850 mm, respectively.

Figure 6: Finite element analysis line chart showing 
deflection of the ABS underwire for breast weights 
ranging from 0.5 kg to 0.8 kg

A comparison across the four load cases shows a 
nearly linear increase in deflection with increasing 
load. The maximum deflection rose by approxi-
mately 23.2% between 0.5 kg and 0.6 kg, by 16.7% 
between 0.6 kg and 0.7 kg, and by 14.3% between 
0.7 kg and 0.8 kg, reflecting a gradually decreasing 
rate of increase. The consistent proportionality 
between load and deflection demonstrates that the 
ABS underwire behaves elastically within the tested 
range and maintains structural integrity under 
incremental loading conditions.

The FEA deflection contour of the ABS under-
wire, illustrated in Figure 7, shows that the maximum 
deformation occurred near the central region of the 
underwire where the downward breast load is con-
centrated while the end regions, constrained within 
the brassiere frame, exhibited minimal deflection. 
This deformation pattern indicates that the under-
wire effectively distributes the applied load along its 
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curvature, minimizing local stress concentrations 
and preventing structural instability.

Overall, the analysis confirms that the 3D-print-
ed ABS underwire exhibits controlled deflection 
behaviour under loads ranging from 0.5 kg to 0.8 kg, 
maintaining sufficient stiffness to support the breast 
while providing the flexibility needed to enhance 
comfort. The relatively low maximum deflection 

values demonstrate that the structure can withstand 
typical breast weights without excessive bending, 
while the distributed deformation pattern ensures 
uniform support. These findings validate the me-
chanical feasibility of 3D-printed ABS underwires 
as a comfortable, adaptive and structurally reliable 
alternative to traditional metallic underwires in 
brassiere design.

Figure 7: ABS underwire deflection distribution contour visualization for breasts weights of 0.5 kg to 0.8 kg

4	 Conclusion

This study successfully demonstrated the potential 
of 3D printing technology in the customization of 
brassiere underwires to enhance wearer comfort 
and optimize pressure distribution. The primary ob-
jective to design a personalized underwire tailored 
to an individual’s under-bust profile was achieved 
through 3D body scanning and digital modelling 
techniques. The fabricated underwire, produced 
using FDM with ABS material, offered a structurally 
stable and ergonomically comfortable alternative to 
conventional stainless-steel underwires.

The pressure exertion test results confirmed that 

the 3D-printed underwire effectively reduced local-
ized pressure at critical contact points under both 
static and dynamic conditions. Compared to tra-
ditional stainless-steel underwires, the 3D-printed 
design achieved substantial reductions in localized 
pressure at all three measured points, resulting in a 
more uniform force distribution. This improvement 
directly translated to enhanced wearer comfort and 
mitigated discomfort commonly associated with 
rigid metallic underwires.

The FEA results further validated the mechanical 
reliability of the 3D-printed underwire under vary-
ing breast load conditions. The deformation contour 
indicated that the highest deflection occurred at the 
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central region, where breast load concentration is 
greatest, while maintaining structural stability across 
the overall geometry. This pattern confirmed the 
ability of the customized design to distribute applied 
loads efficiently without excessive deformation, 
aligning with the pressure test findings.

Overall, this research highlights the feasibility 
and effectiveness of 3D-printed underwires as a 
viable alternative to conventional metallic designs. 
The ability to customize underwires based on indi-
vidual anatomical profiles introduces a personalized 
approach to lingerie design, improving both comfort 
and functional support. Future studies may further 
refine this concept by exploring alternative materials, 
composite filament blends and optimized structural 
geometries to enhance flexibility and long-term 
durability.

Additionally, future studies should include 
comparative assessments between 3D-printed ABS 
underwires and conventional moulded plastic 
underwires, thereby establishing a broader under-
standing of the advantages and trade-offs associated 
with different fabrication techniques. Expanding 
the study to encompass multiple participants across 
a wider range of cup and band sizes will provide 
deeper insights into variations in fit, comfort and 
pressure distribution.

The findings from this research provide valuable 
guidance for lingerie designers and manufacturers, 
emphasizing the potential of digital design integra-
tion and additive manufacturing in intimate apparel 
development. The demonstrated approach facilitates 
mass customization, improved anatomical confor-
mity and potentially more sustainable production 
models. Ultimately, the adoption of such advanced 
design methodologies could lead to underwires 
that are tailored to individual body scans, offering 
improved comfort, durability and fit across diverse 
body types, paving the way for a new generation of 
custom-fitted, high-comfort brassiere solutions.
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