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3D printing (3DP) is a manufacturing technology that produces 3D objects from a design file using layer-by-layer
deposition of material. It has already found applications in the healthcare and pharmaceutical industries. There are

potential uses for 3DP in the cosmetic field.

cosmetic active ingredients 3D printed microneedles 3D printed patches skin delivery

| 1. Introduction

Stratum corneum (SC) acts as an efficient barrier against physical, chemical, and microbiological xenophobes,
preventing their penetration into the skin. However, this excellent barrier is a limiting factor for the penetration of
cosmetic active ingredients (also known as actives) into the skin. Skin delivery from topical formulations is known
to be very inefficient, with typical bioavailability of less than 2% of the applied dose . A good example is caffeine,
a well-studied cosmetic and pharmaceutical active ingredient, also a model hydrophilic compound in skin
toxicology. Summarising a series of studies conducted with different topical caffeine formulations, a review article 2

has established that the highest penetration from conventional ointment formulations was only 0.0062%.

Therefore, it is crucial to explore all available means for more efficient delivery of topical (cosmetic and
pharmaceutical) active ingredients into the skin. Many technologies have been studied and developed so far,
including penetration enhancers, supersaturation, and a wide range of skin delivery systems (e.g., liposomes,
niosomes, transfersomes, lipid nanoparticles, polymeric microparticles and nanoparticles, patches, and

microneedles). One of the relatively recent approaches is the use of 3D printed platforms (carriers).

3D printing (3DP) is a manufacturing technology that produces 3D objects from a design file using layer-by-layer
deposition of material. It offers some advantages over traditional manufacturing techniques, such as one-step
fabrication and customisation . In addition, 3D printing has shown potential in increasing skin delivery efficacy

and user compliance 1.

The healthcare and medical industry has already benefited from 3DP with versatile applications, from 3D printed
pharmaceuticals in solid and semisolid forms B8, to those with complex release profiles 4. In addition, there are
3D printed medical devices, such as patient-specific implants and hydrogel grid wound dressings B many of
them approved by the United States Food and Drug Administration (FDA) 19,
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However, the number of applications of 3DP in skin delivery is relatively low, with limited choice of 3DP-specific
materials being the biggest obstacle. This is because specific physico-chemical properties, such as photosensitivity
or thermal sensitivity, are required for the solidification process of the inks during 3D printing in order to provide the
structure of 3D objects; in addition, some 3D printing technologies require the ink to be within certain viscosity
range 1. Another obstacle is high initial investment necessary to increase the production output. Extensive
studies in skin delivery have only been carried out in the last two decades 22 and have demonstrated a

considerable potential of 3DP in this area.

| 2. Types of 3D Printing Technologies

Based on the process involved, the American Society for Testing and Materials (ASTM) has classified 3DP
technology into seven types, the overview of which is given in several articles 13141 Among these methods, fused
deposition modelling (FDM) and stereolithography (SLA) have been the most popular 3DP technologies for the
fabrication of skin delivery platforms. In recent studies, digital light processing (DLP) and two photon-
polymerisation (TPP) were also used [2l18] |n addition, ink jet printing is applied for the loading of active

ingredients in the post-platform fabrication processes L1718l

All currently used types of 3D processes could be classified into three broad categories: ink jet printing, extrusion-

based and photopolymerisation-based, and are summarised in Table 1.
Table 1. Three categories of common 3DP technologies [131141119]

3DP Schematic Diagram Ink Printing Method
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3DP Schematic Diagram Ink Printing Method
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delivery. Int. J. Pharm. 2018, 544, 415-424.

Skin patches and microneedles (MNs) have emerged as_the two main types of 3D printed platforms. Due to the
4. Menditto, E.; Orlando, V.; de Rosa, G.; Minghetti, P.; Musazzi,”U.M.; Cahir, C.; Kurczewska- _
same_ principles of skin delivery of cosmetic and topical pharmaceutical formulations, the developments in both will
Michalak, M.; Kardas, P:; Costa, E.; Lobo, J.M.S.; et al. Patient centric pharmaceutical drug
be reviewed in this section. . L )
product design—The impact on medication adherence. Pharmaceutics 2020, 12, 44.

5. MarthaeeB.R.; Goyanes, A.; Basit, A.W.; Gaisford, S. Fabrication of drug-loaded hydrogels with

stereolithographic 3D printing. Int. J. Pharm. 2017, 532, 313-317.
Skin patches are the most used and studied among all device-based skin delivery systems. They have a long
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thafl arb6&hricated by methods other than 3DP “243l44] proving that this concept is viable. One study has
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Research progress on cosmetic microneedle systems: Preparation, property and application. Eur.
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Therele gsepgumentgpay disgglvable MNs (DMNs) might not be an ideal platform for cosmetic use, due to the

potential loss of hydration through the perforations made in the skin. However, it has been shown that a novel

48. Bhatna ar, S.; Gadeela, P.R.; Thathireddy, P.; Venugantl V.V.K. Microneedle-based drug deliver
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of construction. J, Chem. Sci. 2019, 131,
density, skin elasticity and moisturisation level 59
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0. Lee, C.; Eom, Y.A,; Yang, H.; Jang, M.; Jung, S.U.; Park, Y.O.; Lee, S.E.; Jung, H. Skin Barrier
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Pharmacol. Physiol. 2018, 31, 163-171.
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aresgytrepply limited, with little variation of the natural droplet shape, which points to the necessity of studying the

use of 3DP technology in the fabrication of DMNs.
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G%Efregﬁt fl?, C.L.; Perry, J.L.; Tian, S.; Luft, J.C.; DeSimone, J.M. Spatially controlled coating of

continuous liquid interface progduction microneedles for transdermal pratein delivery, J. Control
TheRrelcent stu%y gy §04r, e]i-rzo et aéﬁz%ﬂas shown '[?1at higﬁy prectlse anci3 repro ugb?e Mdl\?s cou}(i %e successfully
ease , — . . . .
manu?acture us]ing TPP tecﬁnglogy to make silicone MN moulds. MNs with various needle shapes and lengths

B6erdotheagirpAuBer GaLdithdtolmoTilding lesitiod ] Ry Biygyreplison€ Ry Mogal KoAwjiistraeshéinPAA) liquid
bleiGhinaRatiey Dmdihgthder/Salkicladfiy JFOMDESinopnlymEiVanBipglestsiefebgigatiDREG) liquid blend
wereopngntaionad|y aesih metherddirone edbedb yocpritiinue uksE g i terthsegaresiumiinie’ RINGS reddectively
(1612016, 11, e0162518.
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| 41 Nfatetials Used in 3DP Platforms
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Table 4. 3DP materials (via direct fabrication only) relevant to cosmetic applications.

70. Aranaz, |.; Acosta, N.; Civera, C.; Elorza, B.; Mingo, J.; Castro, C.; de Los Llanos Gandia, M.;
Material Characteristics Cosmetic Benefits 3D Printability

Extrusion method: gel strength .
/ _ _ . 2dical
linearly increases by decreasing

printing speed and layer height,
Simple cold-setting gelation,

7 As stabiliser and at printing temperature below  f
biodegradable, renewable, . .
¢ thickener for ~80 °C [&7, Addition of lelivery
safe, low cost, viscoelastic . . '
Carrageenan emulsions, to crosslinkers, methylcellulose
. roperties, so it can be . .
(sulphated anionic prop achieve desired and cellulose nanocrystal, can
vl . modified easily. . . . i
( polysaccharide) y product improve rheological behaviour Ramli,
. . consistency, and compressive mechanical review
No addition of additives or Y P ‘
hydration. strength 881, The pore size of ¢

initiators required.
3D printed structure is

adjustable, produces soft and

flexible structure 621,

75. Maiz-Fernandez, S.; Barroso, N.; Pérez-Alvarez, L.; Silvan, U.; Vilas-Vilela, J.L.; Lanceros-
Mendez, S. 3D printable self-healing hyaluronic acid/chitosan polycomplex hydrogels with drug
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~lI

~lI

Material

Chitosan

(synthetised cationic

polysaccharide from

deacetylation of
chitin)

Hyaluronic acid

(linear, weak

polyanion, non-

sulphated

glycosaminoglycan)

Cellulose (nano-

cellulose, bacterial
cellulose, and other
derivatives;

polysaccharide)

Collagen (protein)

Characteristics

Low-cost production,
biodegradable, hydrogel
can be produced by various
ways (both physical and
chemical crosslinking).
Controlled release of
actives is possible. Low
water solubility at neutral pH
and low mechanical integrity

of 3D printed structure.

Hydrophilic, biocompatible,
and biodegradable,

viscoelastic.

Most abundant biopolymer,
sustainable, biocompatible,
high strength, high elasticity.

Biocompatible, low
antigenic, biodegradable,

highly soluble at neutral pH.

Cosmetic Benefits

Absorbs UV, used
in sunscreens; has
intrinsic
antimicrobial and
antifungal
properties,
moisture absorbing
properties, acts
also as emulsion
stabiliser £9,

It possesses skin
regenerating and
collagen
stimulating efficacy,
with hydrating,
anti-wrinkle, and

anti-aging effects
[73]

Produces facial
masks for
prolonged release
of actives 81,

Used as UV filter
[E.

Derivatives are
antioxidant, UV
protective, anti-

aging, moisturising.

3D Printability

Extrusion method and
photopolymerisation method,
widely used for studies on 3D-
printed wound dressing due to
bioactivity, flexibility, and self-
adhesion properties of 3D
printed patches. The addition of
other biomaterial could increase
the printability 2. Chitosan
was also studied as a coating
for MNs, where it increased

drug loading capacity (2],

Extrusion based: widely used in
wound healing 4. 3D printed
hydrogel can achieve controlled

release of actives 2

Extrusion-based Z&. Direct ink
writing 3DP and freeze drying to
produce versatile aerogels (9],

Extrusion-based, studied for
wound healing. Due to the
porous nature of the 3D printed
structure, actives could be
easily coated 9,

h, R.V.;
ations:

P.:
/ filters

ymers
ers

Jse

ration.

itical

jel
5.

Tzetzis,
ble
71

lelivery

tions—

Future Directions at the Forensic Engineering of Advanced Polymeric Materials. Materials 2019,

12, 994.
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«

«

«

«

«

«

«

Material

Gelatin

(derived from

collagen)

Alginate

(anionic linear

polysaccharide)

Polylactic acid

(PLA, thermoplastic
polylactide)

Polyvinyl alcohol

(PVA, synthetic
polymer)

Poly(vinyl
pyrrolidone) (PVP,
linear polymer)

Characteristics

Low toughness, various
modification methods
available to improve its low
melting point and poor

stability.

Biocompatible,
biodegradable. High
strength.

Biocompatible, high
elasticity, may cause
inflammation.

Biocompatible, water
soluble, stable to
temperature variations, film

forming.

Low toxicity, inert and
biocompatible, brittle, low
reactivity towards
photopolymerisation, can be

Cosmetic Benefits

Reduces the effect
of photo aging and
oxidative damage.
UV protection 11,

Moisturising. Used
for production of
biodegradable
cosmetic patches.

As makeup
products additive.
For development of
biodegradable
novel cosmetic
delivery platform
85 and for
packaging E8IE7
For producing
novel cosmetic

emulsion 8],

Producing
cosmetic delivery
platforms and peel-
off masks 21, also
nanoparticles for
cosmetic

emulsions 24,

Produce metal-
coated 22 and
dissolving 24l

cosmetic MNs.

3D Printability

Photopolymerisation with the
addition of photo initiator 2
UV exposure time and shape
affect the release; both can be
controlled &2,

Extrusion based: studied for

wound healing (84]

Extrusion method (FDM) to
produce 3D printed specimen of
cosmetic container B8 3150

used for coated microneedles
[90]

Extrusion method and
photopolymerisation method
(DLP).

Photopolymerisation method
(DLP) (641,

1ting
Stab.

ulali¢,
al drug
wina,

1taining
015,

)atch

atic
L5, 20,

delivery
137,

inted
xpert

97. Wang, Z.; Liu, L.; Xiang, S.; Jiang, C.; Wu, W.; Ruan, S.; Du, Q.; Chen, T.; Xue, Y.; Chen, H.; et al.
Formulation and Characterization of a 3D-Printed Cryptotanshinone-Loaded Niosomal Hydrogel
for Topical Therapy of Acne. AAPS PharmSciTech 2020, 21, 159.
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«

Material Characteristics Cosmetic Benefits 3D Printability les into

. 2004,
adjusted by addition of

another photopolymer.

«

items:
Recent aavances, manuracturing considerations ana market potenual. Aav. brug veiv. kev. 2021,
173, 60-69.

1&)%&'@%&5‘96\93%'9@@?39%&!94@%& G. Recent progress of 3D-printed

microneedles for fransdermal drug delivery. Int. J. Pharm. 2021, 593, 120106. _
Testing for stability, safety, and efficacy iS5 a fundamental requirement and must be carried out for both cosmetic

10dnd-prariagauidah irBarcs. DhRddReagarrd € a hivaldoge,dR physisasserismithl chdrddiedegiacalkiacsls,
whiphirddpedipniemiuistasee dies tontapsderialidragadity @rgdlcabne iphd0L&od8etd 28B8-b2R3@ during
109 APIRSHBIOR SR RRSINECL SEMSHERSR B IR E MR RN R R AR IR AUSIREINS Deiwaen
actie. AR R MR LAMRANSEE LRSS RS mb bR hg S IR G DYpPRREIYRE RPRLAISaHRY (068"
AN R B A K B A T R o A RS BRSPSy R &S erties. Pharmaceutics 2019, 11, 277.

108ueXenikekisvdl nhairetainis, R paogas, Kpodsidreatisadidremi lkck tzejzienibefaio depsehhsl. the
activalyicatiomaydripdieaaleTaenispealy iscoirspereatitb g taihie 3bhpidstedt ohnaraneediasfor finished 3D
pririf@npeeiing| delivessaclervateh dyespasisssoh wneainshdnpid caso(ifuludihgRiarnie deees?28d&h A8 printing
filarh@AQY.6.

104. Hao, Y.Y.; Yang, Y.; Li, Q.Y.; Zhang, X.P,; Shen, C.B.; Zhang, C.; Cui, Y.; Guo, X.D. Effect of _
In'terms of the finalproduct, résearchers hormally report basic physical parameters of the 3DP platforms, including

polymer microneedle pre-treatment on r_ugI distributions in the skin in viva. J. Drug Target. 2020,

thelég%r%_o'g%ﬁ geometry, density, and mechanical strength (patch stiffness). For optimising the prifting process
with extrusion-type 3D printers, the most commonly listed properties for filament polymers include molecular

10keifhtngvitiN is Mgawsinisu npatgel. pRejeassatanbinRageipnasepayiiP. dopenaaspitefal properties and
cryftannaynpattioarkuhBs MG /Ridrebias ebdngidicinneedie sDA S ramisingyafive iy latipeatively 28,
Thd3eomatedd anstspidlerankiitioal toans DéAdphsndditiinied Skiratighiaiinge&hlGeP haratbaiTactecules
via #0A0o/1lyidd permeability studies.

106. Lee, S.; Lah[iJi S.F.; Janf%, J.; Jang, M.: Jung, H. Micro-pillar inte%rated dissolving microneedles for
Regarding the 3DP patches, few characterisation methods have been used. Rheological properties, gel strength

enhanced. transdermal drug delivery, Pharmaceutics 2019, 11, 402.

and bio-adhesive properties are Key to an éffective 3DP patch. Texture analysers and rheometers are mostly used

10:6. deeanimsideurbibbilifereadive. Rosdke iek exsivkciBiguratunisit Bbr Optisicataseaf Desigehasidgies £, in
addianufacpHiopDiRasametets afusDoP goitadiSnliddpleiareetie sspH vivey ad &tie rgtiad harpmessyre,
shoanthe igsOaliveryH\dicromactine®2021, 12, 117.

108. Economidou, S.N.; Uddin, M.J.; Marques, M.J.; Douroumis, D.; Sow, W.T.; Li, H.; Reid, A.; _
For 3DP microneedles, the two properties that have drawn most attention ‘are their geometry and their mechanical

Windmill, J.F.; Podoleanu, A. A Novel 3D Printed Hollow Microneedle Microelectromechanical
properties, which ¢an be further divided into insertion force and mechanical strength (failure test), Eerformed by

Iys{tem_for Controlled, Pers_onalis%] Transdermal Drug Delivery. Addit. Manuf. 2020, 38, 101815.

theoretical simulation and/or experiments ==,

109. Donnelly, R.F.; Singh, T.R.R.; Garland, M.J.; Migalska, K.; Majithiya, R.; McCrudden, C.M.; Kole,
Varius: aeriheiirsdoFIMISThavic Beentajusied to\arhitisomore Defipd rirelToeranng deer msbdlisesibagelaer o

the eifian b Betfaraiel nen 80y Teliveast FuIvmpP0sbend afcv0aE, conesswish 4ieoent aspect ratio, height,
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1liateTapage]. M. dEimeter Grig. Riod atiacadioldf Bidrpriatad poiytaetidacitentibiprofectiens imdedition, the
perfunysiate gt 8t nditi alepeddihp ain RaymatSEils20R030 Pfinters used. Therefore, each parameter must be
113 2 R A YRR, K B ATR P TR L B e, SIS, Bp s o
spear shapes are also studied, obtained by SLA or other 3DP technologies that have hlgher resolution 199,
11280y REM Dridde- AR QHAL Hse WaGind Btk raisigidy R BRSNS ENMAR RENtNing
the3hEERUAINSE BANRGIOgieIM R IFRINE RS 'SARRIZsrtepicflEUe LelRRIFISIER R ddhBt®bne
anoﬂ@ﬁ@ﬁ@n&ﬂg@r@% é'r:le'a4§very small (for sharp tips). Therefore, only shapes that gradually change from the

11RPURBYIOHORGOMd hG & infeg By ok S Feti9%ctive ingredient for cosmetic and dermatological

applications: A review. J. Cosmet. Laser Ther. 2019, 21, 84-90.
The observation of platform morphology and the measurement of their dimensions have been carried out using

114htieifldifiiBscopy RIMREN, Lafiind ol E@RPEMiMoSRAIttRIRaNG, QAN IR PRatARRE 104 |mage
and¥Ar RAHRRORIIN SdRIVakeniag: GesMeticthelsiapemed: [ARsMatPhr B MR Rl AD Mowind44iedidRy for
113V7E8RSISA-E):: Douroumis, D. Recent advances in 3D printing for wound healing: A systematic
review. J. Drug Deliv. Sci. Technol. 2022, 74, 103564.

Retrieved from https://encyclopedia.pub/entry/history/show/80477 )
mechanical strength to provide efficient delivery of the actives into the skin 298 The upper surface of the skin

experiences viscoelastic deformation while being perforated with an increasing force. There is a minimal force
necessary to punctuate the intact skin, which must not exceed the maximum force that an individual micro-sized
needle can withstand, otherwise the needle will break or fracture before piercing the skin 293l Therefore, it is

important to consider mechanical properties of MNs when designing MN platforms.

A study by Davis et al. 28 first quantified the effect of geometry to the fracture force of MNs. Their theoretical and
experimental analysis both led to the same conclusion: the insertion force varies linearly with the interfacial area of
the needle tip 28, It has been proven by many further studies that the smaller the tip diameter, the easier the
perforation (1031 However, the tip diameter is limited by the resolution of the 3D printer, particularly for those using
FDM technology. A recent study has shown that, by varying the tilted angle of the MN arrays during the SLA
printing process, the tip diameter could be significantly changed 197, Using the printing angle of 45°, the MNs
appeared not only sharper but also without defects. However, the optimisation of printing quality and geometry
accuracy differs significantly between the 3DP technologies, so it remains challenging to print sophisticated micro-

sized needles.

The process of insertion of NMs into the skin has been evaluated by several methods. The penetration test using
the membrane that mimics human skin was employed to determine the rate of piercing and the rate of needle
breakage after the insertion 221, Another approach used dye solution applied on the surface of the skin sample,
before applying and removing MNs, and analysed the coloured holes produced. In the same study, when the
insertion speed was kept constant at 0.5 mm/s, the predicted minimum insertion force through a multilayer skin
structure obtained through modelling by Finite Element Analysis for each MN was above 0.03 N. This was

consistent with their experimental result of 0.069 N and the literature (193],
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Texture analyser has also been employed with skin samples to quantify the insertion of the MN platform, by
reporting the continuous force and displacement of microneedle arrays fixed on the top of a moving probe 98], The
mechanical strength or fracture point of MNs were measured in various ways. Transversal, axial, and bending
forces were exerted on the MN array to determine the point of mechanical failure by mechanical testers; the shear
resistance was also measured B4, It was found that the 3D printed MNs could be refined post-printing via etching
(when using FDM) 1% and post-curing (when using SLA) [07],

Since transepidermal water loss (TEWL) reflects the integrity of the skin barrier, changes in TEWL have also been

used to evaluate the effects of MNs penetration 2711091,

Comprehensive evaluation on the physico-mechanical properties of 3D printed platforms is important for their
development and optimisation. For FDM-produced 3DP hydrogel patches and dissolving MNs, the addition of
actives may significantly change rheological properties of the formulation, leading to a varied mechanical strength
of the MNs after solidification process. In such cases, rheological characterisation is being used to evaluate and
regulate their viscosity “4JB4. For developing dissolving MNSs, it is vital to understand the process of MNs
degradation, since the actives are released during this process. SEM provides information on any change in
porosity and formation of cracks in the MN structure, while DSC and X-ray diffraction measure the change of
crystallinity of the polymer. Since the crystalline region of the MN is where the integrity of the polymer structure was

maintained, amorphous regions start to degrade or dissolve first 119,

6. Release and Skin Delivery of Actives Used in 3DP
Platforms

This section presents a review of the release and penetration studies that have been performed on 3DP platforms

in order to study them as carriers for pharmaceutical and cosmetic active molecules.

Even though a series of examples of 3D printed patches for wound healing have been discussed, the delivery
mechanism is different from the one occurring in cosmetic application, since the application sites normally do not

have a functioning skin barrier.

All published studies related to the use of 3D printing for the delivery of cosmetic active ingredients are
summarised in Table 5, including potential ones. The use of standard delivery platforms (patches and MNSs) is
widely studied [Z7I4LIESILLL  phyt very few attempts have been made with 3D printed skin delivery platforms. Some
methods normally used for tissue engineering, wound dressing, and food industry might be transferable for

cosmetic applications.

Table 5. An overview of cosmetic benefits, active ingredients and 3DP platforms investigated so far.
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Cosmetic Benefits

Anti-wrinkle

Anti-acne (anti-microbial)

Anti-aging and anti-acne
(antioxidant and anti-
inflammatory properties);

skin-whitening

Skin-whitening/lightening

Active Ingredient

Acetyl-
hexapeptide 3
(AHP-3)

Salicylic acid

Resveratrol

Hydroquinone

Characteristics

Peptide, hydrophilic,
large MW.

Obtained from plant
extract. Beta-hydroxyl
acid, small MW,
potentially good skin

penetrant.

Obtained from plant
extract, polyphenol
phytoalexin. Skin
permeation from
aqueous was better

than from oily system
113]

Inhibits melanin
synthesis, side effects
related to long-term

application (114

3D Printed Delivery Platforms

DLP 3D printing of polyethylene
glycol diacrylate (PEGDA) and vinyl
pyrrolidone (VP) to produce
personalised MN patch. AHP-3 was
loaded by mixing in pre-polymer
resin, but not incorporated in the
polymer structure, aiming for easy
release from the printed MNs (841,

Salicylic acid was loaded to
polylactic acid by hot melt extrusion.
3D printed nose patch made by FDM

failed due to its complex structure.

Flexible nose patch was successfully
fabricated with PEGDA and PEG
using SLA printer 1121,

Extrusion based method followed by
freeze-drying for the fabrication of
3DP edible oleogel from emulsion
containing gelatin and gellan gum.

The bioactivity of actives has
improved. The method has potential
to produce cosmetic soft patch with

resveratrol.

It has been used an initiator for SLA
3D printing in producing wound
dressings 113
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