Guilan University of Medical Sciences —

Review Paper ‘ ‘i‘

A Review of 3D Bioprinting Technologies in the Reconstruction of Human ok
Nasal Cartilaginous Tissue

Hosein Rostamani' ©, *Omid Fakhraei' ©©, Fatemeh Toosizadeh Khorasani ©, Narges Kelidari*

1. Department of Biomedical Engineering, Faculty of Engineering, Mashhad Branch, Islamic Azad University, Mashhad, Iran.

Use your device to scan

andead theaiceonine [®ELTT Rostamani H, Fakhraei O, Toosizadeh Khorasani F, Kelidari N, Fakhraei O. [A Review of 3D Bioprinting Technologies in the
Reconstruction of Human Nasal Cartilaginous Tissue (Persian)]. Journal of Guilan University of Medical Sciences. 2024; 33(2):134-159.
https://doi.org/10.32598/JGUMS.33.2.2574.1

https://doi.org/10.32598/JGUMS.33.2.2574.1

Received: 22 Dec 2022 ABSTRACT
Accepted: 30 Oct 2023 :
Available Online: 01Jul 2024 Frequent nose defects due to inborn causes or accidents have increased the demand for rhi-

noplasty. In addition to a functional defect, nose defects are also known as aesthetic defects because the
shape of the nose is one of the most prominent features that define the human face. Hence, common
reconstruction methods could not meet the requirements caused by limitations.

TS This study investigates the ability of different three-dimensional bioprinting methods to repair
defects in the nose area.

[VETELE In this review study, articles available in ScienceDirect, Springer, Wiley, Cambridge, De Gruyter,
and Google Scholar databases were used. The search was done using the following keywords: Tissue
engineering, nasal cartilage, 3D bioprinting, and bioink materials. The search was done with a time limit
of the last 4 years. Out of 300 eligible articles, 159 articles were finally reviewed.

[T Bioprinting has special potential for repairing nasal cartilaginous tissue. Hydrogels have become
an excellent option for mimicking the microenvironment of the host tissue due to their porosity and abil-
ity to load different materials, as well as their ability to absorb water and encapsulate cells. On the other
hand, the two main cell sources for tissue engineering of nasal cartilage are autologous chondrocytes

Keywords: and mesenchymal stem cells.

Bioprinting, Nose, [@TEITER Bioprinting technology can bio-mimic the cartilage host tissue to an acceptable degree mor-
Tissue engineering, : phologically, biochemically, and mechanically to be implanted surgically. Although the use of bioprinting
Cartilage tissue, Bio- at the clinical level still faces limitations, the prospect of this technology is promising since it can fix nasal
compatible material i defects with low cost, unique accuracy, and personalization.
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Extended Abstract

Introduction

asal cartilage is a specific connective tissue

of hyaline type, without nerves, vessels

and lymph, and has a very low number of

cells. This tissue consists of approximately

1% chondrocytes and 99% extracellular
matrix (ECM), and its chondrocytes originate from mes-
enchymal stem cells [1]. Cartilage ECM is mainly com-
posed of water, macromolecules and proteoglycans, and
is the product and the host of chondrocytes at the same
time [3]. These features cause special mechanical prop-
erties and low self-healing capacity. Currently, the com-
mon and gold standard treatment is reconstruction using
local flap or autologous cartilage transplantation (ACI)
[1, 4]. The ACI surgery for major nasal reconstruction
is a complex, time-consuming and skill-based procedure
that involves harvesting rib cartilage, cutting and manu-
ally suturing them into the nose-shaped framework. The
duration of the surgery can be more than 8§ hours, during
which the patient is under general anesthesia [4]. Due to
the lack of septal cartilage, a modified autologous costal
cartilage is usually used for grafting [2]. The purpose of
cartilage tissue repair is to restore the key properties of
native hyaline cartilage from the histological and biome-
chanical point of view.

In recent years, medical engineering applications for
nasal cartilage have been rapidly developed [6, 7]. Bio-
printing is an interdisciplinary science between medical
sciences, biology, mechanical engineering and material
science, and it is also known as a new approach in tis-
sue engineering [12, 13]. As one of the branches of 3D
printing, bioprinting technology is based on the precise
placement of living cells and biomaterials to create re-
placement tissues based on the specific geometric and
functional requirements of each tissue, with similar func-
tions and properties. Bioprinting, in addition to avoiding
complications of the donor area and personalization, has
created unique opportunities for cartilage repair and re-
construction [4, 14]. This technology enables the printing
of constructs with small and fine details up to dimensions
with several hundreds of nanometers [15]. Today, it is also
possible to simultaneously deposit two or more biological
substances and produce complex and personalized con-
structs based on the patient’s medical images [21].

Bioprinting has been able to overcome many limitations
of tissue engineering, such as accurate cell distribution
and tissue biological function; however, there are chal-
lenges in nasal cartilage reconstruction with bioprinting.
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One of the most important challenges is the unavailabil-
ity of appropriate bioinks [18, 22]. This study aimed to
investigate the ability of different three-dimensional bio-
printing methods to repair defects in the nose area. In this
regard, the studies with on nasal cartilage bioprinting, re-
lated technologies and its process were reviewed.

Methods

This is a review study. The search for related articles
was done in ScienceDirect, Springer, Wiley, Cambridge,
DeGruyter and Google Scholar databases using the key-
words tissue engineering, nasal cartilage, 3D bioprinting,
and bioink materials and with a time limit of 4 years. Out
of 300 articles, 159 were finally included for the review.

Results

The review of studied showed that, in order to obtain the
desired results in vitro or in vivo, choosing the appropriate
bioprinting approach and biological ink has a major role.
The most important studies with in-vitro tests are listed in
Table 1. Table 2 shows the studies with in-vivo tests. The
presented findings related to 3D bioprinting technologies
included the processing method, extrusion method, ink-
jet method, laser method, application in the field of nasal
cartilage, characteristics of nasal cartilage, nasal carti-
lage implantation, 3D modeling, bio ink, bio materials,
cell sources, bioactives, in-vitro evaluations, and in-vivo
evaluations.

Conclusion

Until recently, cartilage tissue regeneration methods
were limited to the use of autologous or allogeneic car-
tilages or the use of alloplastic grafts, each of which had
inevitable disadvantages. For this reason, bioprinting is
used to solve these problems in regenerative medicine.
According to the specific requirements of the bioinks of
the target tissues, researchers have used different technol-
ogies for tissue and organ printing, each of which has ad-
vantages and limitations. Based on the in-vivo and in-vi-
tro studies that have been carried out on the printed nasal
cartilage tissues, bioprinting technology has been able to
imitate the cartilage host tissue to a very acceptable extent
in terms of morphological, biochemical and mechanical
aspects. Although the use of this technology at the clinical
level still faces limitations, the prospect of this technology
is promising since it can address nasal defects with low
cost, unique accuracy and personalization.
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Table 1. The in-vitro studies reviewed in this article

Summer 2024. Vol 33. Num 2

Author. Year Journal Country Type of Study
Visscher et al. 2020 [83] Acta Biomaterialia USA Research article
Hauptstein et al 2020 [94] Advanced Healthcare Materials UK Research article
Nedunchezian et al. 2021 [100] Materials Science and Engineering Netherlands Research article
Journal of Biomedical Materials Research .
Lam et al. 2021 [101] P e e USA Research article
Yang et al. 2018 [103] Materials Science and Engineering: C Netherlands Research article
Wei et al. 2020 [109] Drug Delivery UK Research article
Lietal. 2019 [114] BioMed Research International USA Research article
Setayeshmehr et al. 2019 [120] European Polymer Journal USA Research article
Cao etal. 2021 [130] Regenerative Biomaterials UK Research article
Rathan et al. 2019 [131] Advanced Healthcare Materials UK Research article
Kosik-Koziot et al. 2017 [133] Biofabrication UK Research article
Khalilifar et al. 2019 [144] Cell Journal (Yakhteh) Iran Research article
Pountos (2019) [160] Springer Science Germany Book chapter
Mouser VHM (2017) [163] Biofabrication UK Research article
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Table 2. The in-vivo studies reviewed in this article

Author (Year) Journal Country Type of Study
Chantre et al. 2019 [29] ACS Applied Materials & Interfaces USA Research article

Leberfinger et al. 2019 [71] Acta Biomaterialia USA Review study
Luo et al. 2020 [102] Tissue Engineering Part C: Methods USA Research article

Beketov et al. 2022 [121] Internatlonalsj(g:r:rgz!sof b ezl Switzerland Research article

Apelgren et al. 2017 [134] PLoS One USA Research article

Otolaryngology--Head and Neck

Zopf et al. 2015 [137] USA Research article
Surgery

Khalilifar et al. 2019 [144] Cell Journal (Yakhteh) Iran Research article

Selmi et al. 2008 [150] e qf, IR TSR] UK Research article
British Volume

Pountos | (2019) [160] Springer Science Germany Book chapter
Buicking TM (2017) [164] PLoS One USA Research article
Frontiers in Bioengineering and . .

Xu B (2020) [165] . Switzerland Research article
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8. In vitro

9.in vivo

10. Science direct
11. Springer
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21. Fused Deposition Modeling (FDM)
22. Shear-thinning and quick shear recovery

Y ol YY 090 NFeY ylowsls

R PP g Ll e ‘Sa.Lbu:Jl:g 9 05:9 Ll 6|)|.> L“Oi )‘|
Pl slagby; 3l ol (59T £95 ploe 0l 55 5591
a8 g0 ) (gloaild (b sl ) placio)d 5 s
cl}a.:b 4 ol OMSLe J> 6‘)‘.’ |) (GO GL“’)‘}." a5
dod 6|).' ‘.\>‘5 6)5135 ‘S..t' Sl QKAA as (53~l> s&)ST‘SA
sy Sl LY VAL wals ange JSte S slaas
Yo QLdl £95 ¢009r 63)S S & (ST (e
Sy5 oeledie yo ajlils slonl QU5 5 (s sl g2 5
S5 Jf3ls S9 o0 (St Cunl 0391 (6918 (2 508
V1P G50 Y+ Y Jal e olin 8 ol b
9 8l (guiige )3 len by () Py Y8 O)Lhee
biediiny s Olalllas giae b cl dise pole ¢ gane 3 (S5
JUil ooy )" &y gl j Sl g bagls (6580 )8 o Jolos
Sy51d it drag sl ) 5900 (b Jos 4y S Sl
90091 zaly sl (g5lwgls 5o o 5 eoliiwl ¢yl s
L ool (6,558 5 9,1 Galesl gl (lacdly el ol
3tuolil ol a¥ o )T o a5 Vi gl ISl g
Gy 3Nl lareds paizran g o ool )l Felazs
450 (gzred (ML g lo ulesl (gl (Sloe> sl
Soop)l5 4 cind o 5 o (B la S5 W oy
35 Sl glis gy anwgs [T AF] o5 0 )y (gilly
colu (aseiie gl laibil g o Josdlygiws Cay y23 ¢ G0g38l
Sty A 35 oo ol U o ol 3,
Stnn slacdl ol 4 oS Cud Al gl cagedo sanylez
Job 5o 45 8)ls o)l Dl il 5l g (Eobids> ClllB L
polde jobods (wny Sl 5505 oo B oS jome il o e
ol oSS Jl> )0 o2 jaip g all drwgs ALBAS ans 4o
LSS Mgl it g 7 by (st ol 455 bt
Pl b alaplal gluoslel (gly 0aiS ool 8,505, S
alises gloil Vo )losds pguas 0 ¥V XNV ol Sgline ndge
OLaS (s oo Sa il ol yod s i Sl (slas y5lid

Iyl e oas ool

09 yiunS b

R P Fusd 33 9 0 P G o0 gl (359 ST g
Va3l ogw) b Ghey (ol el (st Sla by,
S (50 Jos eigd co 00 mali Ciadld aS gl Sy j g
(Slogiy @555 S ) 5l (2 4 Ygene Slge (185 39 5uS]
Sl i &P & 9pSs Gyge (Ao b (S
I V] ol Soglian YU iy 558y b slo S50

Lo 2o I (49,28 3l eslizul b (Sslegsy (39 ST Gl
b (S P9y 0 &S Joyd iS00 095ST |y (S
oo 59l 5 39 g0 39,2 (o33 polody ool sty

Sl Gt (g e Cdy (3Ll D Gngae g 5 2l (S5 39W 33 (55900 -3y SN0 g Sloawy s

\FY



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

Y o)l Y'Y 0y90 NP lwsls

5 &S (g lane5 il U Sl ) wms (alidl 1) o e
Sl S olgs 4y dizyp was 225 (8 598
3 eadoly il Counts (gl Sl (Son 5 990 o0 2o
Al joSuny Jhlhe alads (o ol asily Lol Lo, Jlail 4
Sl ykad Al 3l g 0900 J3U 5,80 (S5B)5 ey VL
onl 85 8 Conts (Sl il Sk et slag S 4
» 2y Jlail Jole S L oykad 0 )95 5 aliasgds Ygans yal
3925 b ladlmgr (gl Sl L7 IV was o &) 2
4 k) 9> B o9 Sn el 50 YL L 989 3 555 2
SR g 3} gl ge dgazme Sz (plidle o b Oy
4 S 9 o el s sl il Gl (g1t Ygono
395 503 ooliciul (glooloiz o izl (5,81 B9,
53U ity yiegSue VA 390 I wilgs oo J3U e LA PV
SrSslr pre> Cotd ) S 09l oo (edaw (2uiS eucly Jil
wgwy Sl 4 plgs oo Gladlmge gy sLlje 5 S o
)5 o)l Syl (i3 ( ok Sl ez Lo sl i
2 ylad o3Il by (o515 st b cansl 308 (5,518l (paizron
sl o cale (Lol S L sk b ol Gl (ISl
Cans Lzl gz slo by, Lagos [FA] wiS al b sl
Wls s Sleonds g e 8 ()59 ST slatyy 4
Srcdend @l o)l (nl 38 ) slaghy) 4 Cus Ll

[oy o &1 was

A3l Ladlmgzr 558 95 ¥ P Jbyie g T janl
LS‘)'? Lb6)3b5 o.ﬂ GO R Alud oa.‘\.zfg‘;jm) oole C,.:.bla
b )0 g o oolaul sl SO ale il ylad oy gu,
odedly (5,09 Fiuw S (S3) MBI gy e kb Cor
slad Y (izmes g jglne 39 D) a5 (6 j9bods it o0
A JooS5 Y &S (olSin iz o0 o2 42 (LS AV L,
9y SISy yebay 09 daz 4Y Sy g wlse by S
2 9 se ALBIAT j05y S plupas Sy B2yl (LS 4
FdgSs 5D Slass y90 oole 5l (S5 Sl (sox> e Sl e
@ Cx Jhyte a3 e Cguy Bu S 5y, |, (RIS L
Dm0y Ol 3 Yl g9 cogllan Sleossj 09 ass jaeS S
48,5 )15y b g 5o 03,0 j5body o Jolos pitne
oo slacysgame b SST O‘l‘ ‘Jl’O'l‘l:‘ P PV
9 40j9Sumy slaasgie Jdo 4y wlge Sl s alear |
I¥] ol axlge ¢ oelans 2ot

RECRYC NS ARTE J KPR
D9 o el S48yt g ()l At ¥ 4y S 5oty
oile)S 8ly s ()l lr sl (slaoliws Legas
Tanen Slge ot b a8 wites J36 jglne po (S S
24. Binder Jetting .

25. Material Jetting
26. Binder materials
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23, Side-by-side printing
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29. Selective Laser Sintering (SLS)
30. Vat polymerization
31. Stereolithography (SLA)
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27. Laser assisted bioprinting
28. Laser-induced forward transfer (LIFT)
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36. Digital Light Processing (DLP)
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32. Gelatin Methacrylate (GelMa)

33. Polyethylene Glycol Diacrylate (PEGDA)

34. Digital-mirror devices

35. Dynamic optical projection stereolithography
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40. Polycaprolactone (PCL)

41. Poly (lactic-co-glycolic acid) (PLGA)

42. Polyethylene Glycol (PEG)

43. Polyethylene Glycol Diacrylate (PEGDA)

44, Poly (ethylene glycol) Methacrylate (PEGMA)
45. Polylactic acid (PLA)
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46, Fibroblast Growth Factors (FGFs)
47. Hydrogel microspheres

48, Glycosaminoglycans (GAGs)

49, Scanning Electron Microscope (SEM)
50. TGF-B
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