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Soft tissues diseases significantly affect patients quality of life and usually require targeted, costly and sometimes
constant interventions. With the average lifetime increase, a proportional increase of age-related soft tissues
diseases has been witnessed. Due to this, the last two decades have seen a tremendous demand for minimally
invasive one-step resolutive procedures. Intensive scientific and industrial research has led to the recognition of
injectable formulations as a new advantageous approach in the management of complex diseases that are
challenging to treat with conventional strategies. Among them, collagen-based products are revealed to be one of
the most promising among bioactive biomaterials-based formulations. Collagen is the most abundant structural
protein of vertebrate connective tissues and, because of its structural and non-structural role, is one of the most
widely used multifunctional biomaterials in the health-related sectors, including medical care and cosmetics.
Indeed, collagen-based formulations are historically considered as the “gold standard” and from 1981 have been
paving the way for the development of a new generation of fillers. A huge number of collagen-based injectable
products have been approved worldwide for clinical use and have routinely been introduced in many clinical

settings for both aesthetic and regenerative surgery.

collagen injectable collagen medical devices

| 1. Introduction

Soft tissues loss could be due to iatrogenic, traumatic, pathological, or physiological reasons. Aside from
significantly affecting patients’ quality of life, their surgical management requires targeted, costly and sometimes
constant interventions. With the average life increase, a proportional increase of age-related soft tissues diseases
has been witnessed. Due to this, recent decades have seen a tremendous demand for soft tissue reconstruction
strategies and one step resolutive procedures. Intense scientific and industrial research has been conducted to
develop innovative approaches or optimize current solutions. Among them, in the last two decades injectable
formulations have attracted even more interest for both aesthetic and regenerative surgery for their versatility and
multifunctionality (Figure 1). Indeed, injectable scaffolds could be used in large and irregularly shaped lesions for a
huge variety of damaged tissues, as well as providing temporary pain relief and functional improvement with a
single treatment. Thus, injectable formulations could reduce the number of surgical procedures, costs, times and

accelerate healing rate and quality.

https://encyclopedia.pub/entry/43746 1/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

1200

1000 |== injectable
e 'dermal filler'

800
600

400

200 /

—
O ﬁ

Published articles (n)

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Figure 1. The increasing research interest in injectable formulations and dermal filler. Articles indexed in Scopus
(www.scopus.com) with the keywords ‘injectable’ and ‘dermal filler’ and published from 2000 to 2022 (last
accessed on 27 May 2022).

The popularity of minimally invasive techniques increased rapidly for several reasons. A principal factor is the
acceptance of soft tissue fillers among patients that are not ready for permanent treatments . In the case of
patients not wishing to undergo surgery, an easier procedure would generally be more accepted. Moreover,
compared to undergoing more invasive surgery, fillers offer the patient less discomfort and a shorter recovery time,
making them very practical in the resolution of minor-serious disease and allowing patients to return immediately to
their daily routine 2, Minimally invasive therapies would give a better quality of life also for that part of population
that would otherwise not survive the trauma induced by conventional surgeries. Moreover, they could delay the
execution of invasive surgical procedures for the implantation of permanent devices . In the case of a staged
surgical intervention, the use of injectable systems may avoid the need for multiple invasive operations, thus
reducing the related morbidities and negative aesthetic effects associated with repeated procedures [4!. With regard
to aesthetic treatments, minimally invasive therapies are preferred as they are less impacting and give a more
natural look. Moreover, the lack of an external incision or an autologous tissue donor site is preferred because the

absence of scarring is usually socially and psychologically more accepted.

From the surgeon’s point of view, the advantages of minimally invasive procedures include principally the need for
fewer resources (e.g., operating room, staff, equipment, and time). Being simpler, transcutaneous injections require
less operating room staff and time. The pro-regenerative action of injectables would reduce operating room time
also because they would be able to restore physiological conditions with a single injection. However, it should not
be forgotten that simpler procedures are not less exhausting and do not require less experience. Like any surgical
procedure, minimally invasive therapies require adequate knowledge in order to reach the best outcome and avoid

unwanted adverse events.

Thus, not only clinicians’ but especially patients’ preference for fewer invasive and expensive procedures has
undoubtedly promoted their use MEIBIAEBIEIL An jnjectable formulation for soft tissues reconstruction currently
relies on two main approaches, involving autologous tissue displacement (e.g., lipofilling, platelet-rich plasma) or

biomaterials-based filing B. Both approaches have some advantages and drawbacks. Autologous materials
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provide the most physiological solution (no adverse events or immune reactions) but suffer from donor site
morbidity, volume resorption rate variability, and double surgery requirements. Moreover, their harvesting is a time-
consuming procedure that requires double intervention. Alternatively, biomaterials offer an off-the-shelf solution
with immediate results and should be distinguished as non-resorbable and resorbable, depending on their half-life.
Non-resorbable solutions (e.g., silicone, poly(methyl methacrylate), polyvinylpyrrolidone, polyacrylamide), are
permanent (last more than 2 years) but usually suffer from mild-severe adverse reactions (i.e., granuloma, implant
encapsulation, persistent pain or rejection) that limit patient satisfaction and could require implant removal surgery
[EITBIRI0ILLIZ] - Contrarily, resorbable formulations are usually based on natural biomaterials (i.e., collagen,
hyaluronic acid, calcium hydroxyl apatite) and last 6-18 months [13I[14I15]16] Theijr durability depends on many
factors such as the raw material type, product cross-linking degree, lost tissue extension, disease site and etiology,
and patient metabolism, age and co-morbidities. The most used resorbable dermal fillers are collagen or hyaluronic

acid based.

Collagen is the most abundant structural protein of vertebrate connective tissues [ZI[18][19][20][21][22][23][24][25] gnq
plays a crucial structural role for the maintenance of tissues’ architecture, shape and mechanical properties 29,
Moreover, by mediating a fundamental inter- and intracellular signaling it dictates specialized regulatory functions,
especially during development and repair processes [28]271[281129130131I[32] Type | collagen is one of the most widely

used biomaterials in the health-related sectors, including medical care and cosmetics [1ZI[18][19][20][21][22][23][24][25][33]

Several collagen-based injectable products have been approved for clinical use and used in many clinical settings.

| 2. Collagen as Biomaterial

Collagen is the most abundant structural protein of vertebrate connective tissues, and accounts for about the 30%
of the total body protein content [L7J18][19][201[21]122](23][24][25] The collagen family is a group of proteins that share a
unique molecular fingerprint that is characterized by the presence of a right-handed triple-helical domain formed by
three left-handed polyproline-ll helices [28134135] Thjs superfamily accounts for 28 members, named from type | to
XXVIII according to the discovery order [B4I28] Type | collagen was the first to be discovered and accounts for the
70% of the total collagen found in the human body 281, This protein is a hetero trimer of about 400 kDa consisting
of two identical al (=139 kDa) chains and one a2 (=129 kDa) chain of about 1000 amino acid residues 2937, Both
chains are characterized by the repetition of the Glycine-X-Y triplet, where the X and Y positions are usually
represented by proline and hydroxyproline, respectively B4E7 Hydroxylation of proline residues is a typical
modification of collagen and, because it accounts for about 11-14% of total residues, it is commonly used as a
marker to detect and quantify collagen in tissues (2381 Another peculiarity of fibril-forming type | collagen
molecules is their ability to spontaneously assemble to form fibrils in which molecules are quasi-hexagonally
packed and super-twisted in a right-handed structure along the longitudinal axis of the fibril B2M4AMA Thys,
collagen molecules are aligned parallel to one another with a staggering of about 67 nm (D-banding) and can
assemble into fibrils that can be greater than 500 pm in length and 500 nm in diameter (221341142143 Then, fibrils

assemble in fibers whose 3D arrangement is tissue specific.
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Type | collagen not only covers a crucial structural role in tissue architecture maintenance but is actively involved in
several biological and pathological processes 4. The involvement of collagen in numerous cellular processes
prompted research towards the use of collagen as biomaterial for the development of simplified ECM-like
structures 29331 To this, several companies isolate medical-grade type | collagen from several sources and
manufacture collagen-based implantable devices that are currently used in many clinical settings. Besides its
advantages in term of biocompatibility for its physiological structural and non-structural functions, the use of
collagen as bhiomaterial offers several advantages including low immunogenicity, tunable properties, and
biodegradability. The low evolutionary gap and the high conservation of type | collagen amino acid composition
among vertebrates make that homology up to 95% [121145][46][47][48]

| 3. Collagen-Based Injectable Formulations

More than 60 kinds of collagen-based fillers are available on the market, according to the end-use and they have
routinely been introduced in many clinical settings (Table 1). The most common collagen extraction sources for the
manufacture of collagen based injectable formulations are bovine, swine, porcine, equine and human derived,
whose advantages and disadvantages are described in depth elsewhere 1229251 Bovine collagen is one of the
most commonly used fillers for effectively reducing wrinkles and other facial imperfections. More famous branded
bovine-based collagen fillers are Zyderm®, Zyplast®, Contigen® (Allergan Inc., Dublin, Ireland), Artefill® (Suneva
Medical, San Diego, CA, USA), and Artecoll® (Canderm Pharma Inc., Saint-Laurent, QB, Canada). Others include
CHondroGrid® (Bioteck Spa, Arcugnano, ltaly), Integra Flowable Wound Matrix® (Integra LifeScience Corp.,
Princeton, NJ, USA), Resoplast® (Rofil Medical International, Breda, The Netherlands), Atelocell® (KOKEN Co.,
Ltd., Bunkyo-ku, Tokyo, Japan). However, bovine collagen is known to be exposed to zoonosis (e.g., the foot and
mouth disease and the group of the bovine spongiform encephalopathies, among which the most dangerous for
humans is the transmissible spongiform encephalopathy) and to trigger allergies (about 2—4% of population) 2219
51 |n addition to the strict regulation to which all implantable products are subjected, two consecutive negative
patient skin tests at 6 and 2 weeks are required before use B2l This sensitivity has been considered generally

acceptable for implants for human use and actually bovine collagen is principally used for the treatment of the
integumental [6][53][54][55][56][57][58][59][60][61][62][63][64][65][66][67][68][69][70][71][72][73][74] (NCT01060943) and

musculoskeletal apparatus [ZEIZ7I78][791[80][81][82][83][84](85][86][87[88I[89N[0] and to a minor extent for the
gastrointestinal [2LIR2][93][941[951[96I[97][98] = ringry [99[1001[101]1102][1031[104] gnq cardiovascular 2921061107 gystems,

Recently, bovine collagen in fibrillar form has been employed as an organ protection system during thermal

ablation of hepatic malignancies 18],

Table 1. Summary of clinically available type | collagen-based injectable formulations.

Source Manufacturer Product Additives Applications Ref.
Equine Euroresearch S.r.l. Nithya _ Integumental 109
(Milan, Italy)

www.euroresearch.it,

Linerase = Integumental ~ 110A1L11Z]113]
114

https://encyclopedia.pub/entry/43746 4/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

Manufacturer
accessed on 14 February
Nearmed2Baly S.r.l.
(Como, ltaly)
www.salvecoll.com,
accessed on 14 February
2023

Source

Bioteck Spa
(Arcugnano, Italy)
www.bioteck.com,

accessed on 14 February
2023

Bovine Bioteck Spa
(Arcugnano, Italy)
www.bioteck.com,

accessed on 14 February

2023

Integra LifeScience Corp.
(Princeton, NJ, USA)
www.integralife.com,

accessed on 14 February

2023

Rofil Medical International
(Breda, The Netherlands)

Suneva Medical
(San Diego, CA, USA)
www.sunevamedical.com,

Product

Salvecoll-E

Biocollagen
gel

Biocollagen
crunch

ActivaBone
CLX gel

ActivaBone

Injectable
Paste

ActivaBone
modulable
paste

ActivaBone
Crunch

CHondroGrid

Integra
Flowable
Wound Matrix

Helitene

Resoplast

ArteFill

Additives

Type Il collagen, bone
spongy powder

Type Il collagen, bone
powder,
bone spongy chips

Bone powder, exur,
Vitamin C

Demineralized bone
matrix, bone powder,
exur, Vitamin C

Demineralized bone
matrix, bone powder,
bone cortical and
spongy granules, exur,
Vitamin C

Demineralized bone
matrix, bone powder,

cortical and spongy
chips, exur, Vitamin C

Glycosaminoglycans

Lidocaine hydrochloride

Polymethylmethacrylate,
lidocaine

Applications

Integumental

Musculoskeletal

Musculoskeletal

Musculoskeletal

Musculoskeletal

Musculoskeletal

Musculoskeletal

Musculoskeletal

Integumental

Soft tissues
Integumental

Integumental

Ref.

115

108

[53][55][56][57][58]
[59][60][61][62][63]
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Source

Swine

Manufacturer
accessed on 14 February
2023

Datascope Corp.,
(Montvale, NJ, USA)

BioMimetic Therapeutics,
LLC (Franklin, TN, USA)
www.biomimetics.com,

accessed on 14 February

2023

KOKEN Co., Ltd. (Bunkyo-
ku, Tokyo, Japan)
www.kokenmpc.co.jp,
accessed on 14 February
2023

B. Braun
(Crissier, Switzerland)
www.bbraun.com,
accessed on 14 February
2023

Allergan, Inc.
(Dublin, Ireland)
www.abbvie.it, accessed
on 14 February 2023

GUNA
(Milan, Italy)
Wwww.guna.com, accessed
on 14 February 2023

Product

VasoSeal

Augment

Atelocell

Gelofusine

Zyplast

Zyderm

Contigen

Dental Skin
BioRegulation

Dental ATM
BioRegulation
MD-HIP
MD-ISCHIAL
MD-KNEE

MD-LUMBAR

Additives

B-tricalcium phosphate,
recombinant human
platelet-derived growth
factor-BB

Type Il collagen

Glutaraldehyde

glutaraldehyde

Vitamin C, magnesium
gluconate, pyridozine
chlorhydrate, riboflavin,
thiamine chlorhydrate

Hypericum

Calcium phosphate
Rhododendron
Arnica

Hamemelis

Applications

Cardiovascular

Musculoskeletal

Integumental,
gastrointestinal

Cardiovascular

Integumental

Integumental

Gastrointestinal
and
genitourinary

Skin

Musculoskeletal

Musculoskeletal
Musculoskeletal
Musculoskeletal

Musculoskeletal

Ref.

107

[78][77](78][791[80]
[81][82][83][84][85]
[86][87][88][89]

[64][65][91][92]
NCT01060943

105][106

[el[54][61](67][68]
[69][701[73][74][76]
[94][95][97][116]

[6l[61][67][68][71]
[72][96][98][116]

[93][100][101][102]

103][104

117

118

119
120
121][122][123

120][124][125
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Source Manufacturer

Joint Biomaterials S.r.l.
(Mestre, Italy)
www.joint-biomateriali.it,
accessed on 14 February
2023

Ubiosis
(Gyeonggi-do, Republic of
Korea)
www.ubiosis.com,
accessed on 14 February
2023

Sewon Cellontech Co., Ltd.

(Seoul, Republic of Korea)

www.swcell.com, accessed
on 14 February 2023

Product
MD-NECK

MD-
SHOULDERS

MD-SMALL
JOINTS

MD-
THORACIC

MD-MATRIX

MD-MUSCLE

MD-POLY

MD-NEURAL

MD-TISSUE

CartiRegen

COLTRIX

CartiRegen

COLTRIX
TendoRegen

CartiFill

CartiZol

RegenSeal

TheraFill

Additives

Silicio

Iris

Viola

Cimifuga

Citric acid, nicotinamide

Hypericum

Drosera
Citrullus

Ascorbic acid,
magnesium gluconate,
pyridoxine chlorhydrate,

riboflavin, thiamine
chlorhydrate

Fibrin glue

Glucose, CaCl, amino
acids, vitamin B,
fibrin glue

Glucose, CaCl, amino
acids, vitamin B

Applications

Musculoskeletal

Musculoskeletal

Musculoskeletal

Musculoskeletal

Soft tissues

Musculoskeletal

Musculoskeletal

Musculoskeletal

Soft tissues

Musculoskeletal

Musculoskeletal

Musculoskeletal

Musculoskeletal

Musculoskeletal

Musculoskeletal

Integumental

Ref.

126][127

125][128][129

118][120][121][124
125][127][128][129
130

120][124][129

[131][132]

NCT02539030,
NCT02519881

[133]

NCT02539095

134

[64][65]
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Source Manufacturer Product Additives Applications Ref.
Sunmax Biotechnology Facial Gain Lidocaine Integumental NCT03844529
Co., Ltd. (Tainan, Taiwan)
www.sunmaxbiotech.com,
accessed on 14 February Collagen _ Integumental _
2023 Implant |
[2][135][136][137]
Evolence ) . '
(Skillman, NJ, USA) Dermicol-P35 Ribose Integumental NCT00929071,
NCT00891774
Mentor Corp. . [138][139]
(Santa Barbara, CA, USA) Fibrel Integumental
Tissue Science Labs. Permacol - Gastrointestinal R
(Aldershot, UK) [144][145][246]
EternoGen, LLC RPC Pure Ethylenediamine [147]
olumbia, , ollagen tetraacetic aci
Columbia. MO. USA Coll . id Integumental
Aspid S.A. de C.V.
(Mexico City, Mexico) [148][149]
www.aspidpharma.com, Fibroquel Polyvinylpyrrolidone Musculoskeletal NCT04517162
accessed on 14 February
2023
ColBar LifeScience Ltd.
(Tel Aviv, Israel)
w Evolence Ribose Integumental (13571250
dermatologics.com,
accessed on 14 February
2023
Al FESEEL oS Fascian Lidocain Integumental (61154]{152]
(Beverly Hills, CA, USA) 9
Fibrocell Science
(Exton, PA, USA) Isolagen
www.fibrocell.com, therg - Integumental NCT00655356
accessed on 14 February Py
2023
1d 30G.
Inamed Corporation Glutaraldehyde
J [6][153]
(Santa Barbara, CA, USA) Cosmoplast o caine hydrochloride Integumental
www.inamed-cro.com, augen
accessed on 14 February '
2023 Cosmoderm lidocaine hydrochloride Integumental (61253
154
Life Cell Corp. Dermalogen Type and VI collagen, Integumental

(Branchburg, NJ, USA)

vitAuvita 1 iUy

elastin, fibronectin,

| ey VUYWL

5. Béduer, A.; Genta, M.; Kunz, N.; Verheyen, C.; Martins, M.; Brefie-Guth, J.; Braschler, T. Design
of an Elastic Porous Injectable Biomaterial for Tissue Regeneration and Volume Retention. Acta

Biomater. 2022, 142, 73-84.

6. Eppley, B.L.; Dadvand, B. Injectable Soft-Tissue Fillers: Clinical Overview. Plast. Reconstr. Surg.
2006, 118, 98-106.
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ons to Injectable Soft T

Source
10. Chena
1 Plant
1

Silkworm
1

n. d.
1

n. d.
1
1

n. d.
1

n. d.
1
1 n.d

20. Salvatore, L.; Gallo, N.; Natali, M.L.; Terzi, A.; Sannino, A.; Madaghiele, M. Mimicking the

Manufacturer

Collagenesis, Inc.,
(Beverly, MA, USA)

Vesco Pharmaceutical Co.
Ltd.

(Bangkok, Thailand)
www.vescopharma.com,
accessed on 14 February

2023

Monoderma
(Milan, Italy)
www.monoderma.com

Taumed
(Rome, ltaly)
www.taumed.it, accessed
on 14 February 2023

LABO International S.r.l.
(Padova, Italy)
www.labosuisse.com,
accessed on 14 February
2023

Hebey Mepha Pharm
Group Co., Ltd.
(Shandong, Hebei, China)
www.mephacn.com,
accessed on 14 February
2023

Pierre Mulot Laboratories
(Paris, France)

Elements Pharmaceuticals
(Shijiazhuang, Hebei,
China)
www.elementspharma.com,
accessed on 14 February
2023

Product

Cymetra

Autologen

Dermologen

Collagen C

1000

Fillagen

Karisma

Fillerina con
3D collagen

Collagen Plus

Neutroskin

Ele-collagen

Additives

chondroitin sulfate, and
other proteoglycans

Elascin,

glycosaminoglycans,
Lidocaine hydrochloride

Elastin, fibronectin,
glycosaminoglycans

Vitamin C

Hyaluronic acid,

carboxymethylcellulose

Hyaluronic acid,

carboxymethylcellulose

Hyaluronic acid

Vitamin C

Vitamin C, Vitamin B6

Applications

Integumental

Integumental

Integumental

Integumental

Integumental

Integumental

Integumental

Integumental

Integumental

Integumental

Ref.

[6[96][155][156]
[157][158]

156

159

ast.

verse

12, 11,

Kin

St.

. Surg.

27.

ources

2N as

Hierarchical Organization of Natural Collagen: Toward the Development of Ideal Scaffolding

Material for Tissue Regeneration. Front. Bioeng. Biotechnol. 2021, 9, 644595.

21. Sandri, M.; Tampieri, A.; Salvatore, L.; Sannino, A.; Ghiron, J.H.L.; Condorelli, G. Collagen Based
Scaffold for Biomedical Applications. J. Biotechnol. 2010, 150, 29.

22. Lee, C.H.; Singla, A.; Lee, Y. Biomedical Applications of Collagen. Int. J. Pharm. 2001, 221, 1-22.
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2 Source Manufacturer Product Additives Applications Ref. nd

Globus Medical
(Audubon, PA, USA)

n. d. www.globusmedical.com, . Klqex Lt hyaluronlc Musculoskeletal -
2 Bioactive gel acid
accessed on 14 February
2023

25. Sorushanova, A.; Delgado, L.M.; Wu, Z.; Shologu, N.; Kshirsagar, A.; Raghunath, R.; Mullen,
A.M.; Bayon, Y.; Pandit, A.; Raghunath, M.; et al. The Collagen Suprafamily: From Biosynthesis to

| 4.Clinical Efficacy of:-Callagen-Based Injectable Implants
2603615045 e PO Dlaton LIARla T CRUATEN i SR F0EHORiANS BIRSKRESIH MY nRING to the

muSREIBeKRRYaIZPO3n R rkrsd oLRbarthritis RULLAL2L123USIIL60L61] grained knee pain 122, injured cartilage
JPUREh RNt Synerne SifagenkieaAmy RIS AHST PisiapEct Biol 201 urbapenitaidusion L

myofascial pain syndrome 8130 chronic pain 222 acute lumbar spine pain 224 partial-thickness rotator cuff

Zt%arg Whlaaae ,Ir‘pr)}ar%aiﬁfacs:g“?sg@],lga c#?ch sYulp?rgjsgrnggg ?een%ll%ﬁfs 1 V b%ﬁnw ,eurogenital (i.e.,
uringgqggé%ﬂgghéo@@[@@%@@[@, neurogenic urinary incontinence 284 Jichens sclerosus 1]
ZetriGotdseryater; defRiemye - RILINES) agesi-Busictacsmurictiont Reieti OfFS RFS HHH S8IS taeer dghaRe

ejaGpatindsEpygatecin@hem| Res. QOIS LRty 1EILUCIOIISCILTIILIIB01BIIE2]  rocta| fistula 140

[141]143)[144] foca) incontinence [9311142I1831[184ly anq integumenta] (i.e,, nasolabial folds [2B4164IESIr4][109][137][L47][155]
&% ; gzkgjgfargﬁ, R.,%/Iac k-Juczyk, M. Collagen

3 .; Kurasinski, R.- Ku X
M@@], |Iq5xso'ueg+aj folds [&T, lipg, [AHSSILZ3 =l cheek % are_;\ &fglabellar groove =2 post-
—Stucture, rob ties and %&%aﬂons. Eng. Biomater. %5 15'%1%0 1/-23.

rhinoplasty dorsal irregularities , depressed acne scars augmentation, post-burn hands
ShafUsardin LeSLamabanthALL0yriglistBnEras wiiugtursr tadhenRabupe: dmrackahlealiagen Altaraiinsear
rehEBiIRABHeRh. halsy. MBILBLI. 2938, bbtdd@A- during thermal ablation 1% COVID-19 associated
IPRAFIETARSvView of M RARICLERY CBiEg en TrRMRHAHURF e SIGRIRY POIHRI L T the

closyg ef artery aneurysms 1112 and blood volume augmentation L2024 (Figure 2).

33. Meyer, M. Processing of Collagen Based Biomaterials and the Resulting Materials Properties.
Biomed. Eng. Online 2019, 18, 1-74.

34. Shoulder, M.D.; Raines, R.T. Collagen Structure and Stability. Annu. Rev. Biochem. 2009, 78,
929-958.

35. Amirrah, I.N.; Lokanathan, Y.; Zulkiflee, I.; Wee, M.F.M.R.; Motta, A.; Fauzi, M.B. A
Comprehensive Review on Collagen Type | Development of Biomaterials for Tissue Engineering:
From Biosynthesis to Bioscaffold. Biomedicines 2022, 10, 2307.

36. Birk, D.E.; Bruckner, P. Collagens, Suprastructures, and Collagen Fibril Assembly. In The
Extracellular Matrix: An Overview; Springer: Berlin/Heidelberg, Germany, 2011; pp. 77-115.

37. Salvatore, L.; Gallo, N.; Aiello, D.; Lunetti, P.; Barca, A.; Blasi, L.; Madaghiele, M.; Bettini, S.;
Giancane, G.; Hasan, M.; et al. An Insight on Type | Collagen from Horse Tendon for the
Manufacture of Implantable Devices. Int. J. Biol. Macromol. 2020, 154, 291-306.
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38. Ignat’eva, N.Y.; Danilov, N.A; Averklev S.V.; Obrezkova, M.V.; Lunin, V.V.; Sobol, E.N.

Nerve palsy

Determination of HydroxyprollneemoTﬁpss d the Evalyjetloaramtbermnagen Content of the

Brain injuries Wrinkles

Tissues. J. Anal. Chem. 2007, 62, 51-57.

39. Bou-Gharios, G.; Abrgham, D4 de Crombrugg‘ Type | Collaggn Structure, Synthesis, and
Regulation. In Princip[&§,of Bo 0gy; Elsevgr Amsterdam ethedhinosfi®e20; pp. 295-

Pulmonary inflammation
337 Chronic pain

40. Kadler, K.E.; Holmes, D.F;
1996, 316, 1xldysms

Fluid retention

41. Collins, C.J.; Andriotis, O.

rotter, J.A4 J.A. Collagen Fibril Formation. Biochem. J.

? Decompensated cirrhosis
tecti
. KatsameW®s, O.L.; TRUFREFP.J. Bone

dical Engineering; Elsevier: Amsterdam,

Ovarian failure

., Madaghiele, M.; dg Caro, L.; Valli, L.;
glecular X-Ray Characterization of Engineered
Tissues from Equine Tendon, Bovine Dermis andl Fish Skin Type-I Collagen. Macromol. Biosci.
2020, 20, ZOOQQtJTgZ' Erectile disfunction

Lichens sclerosus
43. Terzi, A.; Gallo, N.; Bettini, S.; Sibillano, T.; Altamura, D.; Campa, L.; Natali, M.L.; Salvatore, L.;
Madaghiele, M.; de Caro, L vestigations of Processing—Induced Structural Changes in
Horse Type-l Collagesat S upramalecular Levels. Front. Bioeng oBtetsshnol. 2019, 7,

Incontinence Arthritis
203. Chronic pain

tal.

44. von der Mark, K. Structure, Biosynthesis and Gene Regulation of Collagens in Cartilage and
Bone. In Dynamics of Bone and Cartilage Metabolism; Elsevier: Amsterdam, The Netherlands,
2006; pp. 3—40.

45. Exposito, J.-Y.; Cluzel, C.; Garrone, R.; Lethias, C. Evolution of Collagens. Anat. Rec. 2002, 268,
302-316.

Argtnldz Mrahry 500G LoNke PRIDAKHIY adildichd roMREARIRmbhe MYETRral A LR WS SxesRRIBHE Ry o

tne HAZGeHRSE hSEUBGRENE AR GroCi!  SRcitedaal -SRRRLS OBESRENT A éh SBREERC Linica
apgfiiABs-and Exons. Nature 1984, 310, 337-340.

47. Fidler, A.L.; Boudko, S.P.; Rokas, A.; Hudson, B.G. The Triple Helix of Collagens—An Ancient
4']Prm$ﬁgf§'(m@lﬂ@|1'ﬁﬁ@r§5@§ Animal Multicellularity and Tissue Evolution. J. Cell Sci. 2018,

131, 508203950. _ _ .
Type I collagen is the main component of skin (85-90% type | collagen, 10-15% type llI collagen). Fibrillar collagen

48p&pasitmod-YelNaleatble ihioCrielcladeattivass Bailberfiyidantoiagembanti®yl. Int. J. Mol. Sci.

2010, 11, 407-426.

To |mprove the appearance of a §8d skin many non-invasive (i.e., topical formulations, oral supplements) mlnlmally
49. Lynn, A.K; Yannas, I.V.: Bonfield, W. Antigenicity and Immunogenicity of Collaﬁ(den J.
invasive (i.e., dermal fillers) and surgical treatments (i.e., blepharoplasty) were déveloped. Although a muItltude of
Mater. Res. B Appl. Biomater. 2004, 71, 343-354.
topical treatments are available for the improvement of aged skin appearance, these procedures appeared to have
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SQintHmgawiortn reRwodie Hestia, EGNBéRhanoddver SawagenrayihleMenRherghmatidg TiarHuariaums animal
sounEs waehRasprinae, tbovieepastitpteciBovene (eodalgeno hd mbivinoba 88k, ihRboi/ gkiB8Regrity. Thus,
oD RR e s B NP nRuidrel UMET e BTREhaln PIS Y RRalfibis BV &8 liagelt e

B A RTCA S SR OIS S R 785 PR AR Ke A0 DT Thaton 1838y 5'F) 1 BYL

Iacticz%%d) were employed for the development of skin filler, each of which has some advantages and drawbacks.

58mAsgmbetty, Lol sgemasntye nmbsWWaramrismoefibulisy IMa itk s edddio mastemal isoatiofim qeddtte Testturn to
favitespofisgeBinpwaierkal$o2 @d6th86c G&ddne could be due to the acquired knowledge about chronological
s}gt%%”pqe?fgf?fﬁeﬂé’?’ﬁ'@h'ﬁ?\f}?;r e YRR Yo [RD 03 R APPSR e SF VASUS IR b ™
R e R R RS 8 SR S i SASRe ARSI IS ANG et D 68555 A9E 405y elasticiy,
which in turn leads to the appearance of wrinkles, folds, and facial contour changes, as masterfully described by
HisNarisaRopoeBLandp fie; lee¥ieNselerhP itmérdal RURiGeNVbasiifodu s RROGRANZAE. dAauble-used
prirfBlfadly M kierntencamgassan£f the Eflicary And MieransyaiRestylamssyemusZyniast (AL theal
folds ausectipn eishizsntabmiEeldg, J2RMAa OlembIED afQ0 3529 gpiR1R99roove 581, post-rhinoplasty dorsal

S e IIRS P SIS RISCH ATBR SRASATIAT Soft TIIMENAERASATATON with Artecoll®: A Review of

Euﬂ’rln Years of Clinical Experience in 153 Patients. Can. J. Plast. Surg. 2012, 20, 28-32.
4.2. Musculoskeletal Apparatus

56. Lemperle, G.; Romani, J.J.; Busso, M. Soft Tissue Augmentation With Artecoll: 10-Year History,
Aginediertionss, ey hoiskire s xaurd Cesiplicasivtesa DegressleSund) gzo038| 2AUBHB-88H. human capabilities.
The loss of muscle or osteochondral mass with advancing aqe_is the major public_health problem for the elderly

57. Cohen, S.R.; Holmes, R.E. Artecoll: A Long-Lasting Injectable Wrinkle Filler Material: Report of a
population. Thus, musculgskeletal a{_)paratus-re_lated medical_treatments and costs increase with _population age

Controlled, Randomized, Multicenter Clinical Trial of 251 Subjects. Plast. Reconstr. Surg. 2004,

(nuT]t_)Ersg%\aerg%O 6years). Among invasive and non-invasive currently available treatments, collagen injections are

revealed to be qui'te effective for the treatment of several musculoskeletal diseases such as hip 119 or knee

Séstetanakes BUPLIyatisdaethagpyhaiedMicsesphe ielinfuedagenigeniitliCdtaniiMeds Sgor@0424]
anikds3ard@ indfdt arthritis (Y or fusion [Z8IB4IBSIIESIBY |ymbar spinal fusion 4, myofascial pain syndrome [L181[130]

sYRIIR, AR, Tee 2R R BT 9PRE; B, 3 HBLRAERTRIIESS KOARGEHT ERuioma: A Rt
fasglfiterse LA MRRIRINGY RARPGINRant iR eatment of Neck Wrinkles. Dermatol. Surg.

2004, 30, 545-547. _ _ _ _ _
Osteoarthritis is an inflammatory degenerative disease characterized by the progressive damage of articular

6&ariRad@nnB. Bn&afyimis SaaAtameitaiioinddeingrdcie aal: 4k ersenBbExpaniricr. facid Rlasr Decwsis
factdPQFNBPol bhdlil66 seem to be the main proinflammatory cytokines involved in the pathophysiology of

61 99RIRY IR PP UBBYY 2N At C6lH I Kt 2otta Ex e fibnEa SR BERSRE 'R b T HF-EBPiHyeS

arezmﬁc’:a}ﬁ(’j JTS'é%:%LS% expression of these inflammation mediators in turn activates the cartilage-degrading

enzymes, that are matrix metalloproteinase_s (MMPs) apd A disin_tegrin metalloprote_inase-with thrombospondin
6R0omSINBAMT3) D8 L K Gragetsie Y&l dRe RACIBERPThAIRTHE AMtagRaNEBANMLRRENAHE several

stugi@é’ W(Weogé]‘fgmﬁ f&f &Mclﬂle %Bg{ﬁggﬁ%gt %%%Eo%%ﬁgg ﬂﬁﬂis§gﬁgn %chma%gn %%a_yltgg beneficial to
eBtensHERISIRMpedr&itge aBd886e M. ; Gleason, M.C.; Hamilton, D.; Holmes, R.E.; Romano, J.J.;
Rullan, P.P.; Thaler, M.P.; Ubogy, Z.; et al. ArteFill: A Long-Lasting Injectable Wrinkle Filler Material
4.3. Urogenit ﬁgﬂ%n]: L :
— ary of t .S. Food and Drug Administration Trials and a Progress Report on 4- to 5-

Year Outcomes. Plast. Reconstr. Surg. 2006, 118, 64—-76.
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6dolMgen iigektiohe davel héthiaededledSwh pD.&. nDimalyY.inkedyd . Bhi KiniteY elfediva, SoMtiod uing Sdecific
uroGnnp asatae Gtedyesf dheh BfettésenesamriccGafesyiaef HAHIHGOHREBEAISEURIBIER allagegein Asiaary
incovsisotabiBfY, oich&orsettiosus)iP AstriGiit gphiactdr QefigieAO B/ A2 _4dsP prostatectomy incontinence
[99][102][173][174][175][176] i ion [177] i i i i [192]

65. Lee, J.H.; Choi, Yo Rie ST a3 2 e R R O ARy 8 Sy °8aRe ] 6 Porcine
sne%‘%l'l'a‘} ary Eé'é%aﬁﬂérﬁ\égsa 33%55%8%_8{ '@28%852‘ é%@/%%(‘)sgep\az%rgfsggeecw. Yutigenter 22 MonthS e, in
ad(Ji:t%nOt\g_suLfr)g%taLi p¥é&]ticegr(?gl? retr%p'u i%lb%dgier’ neck suspe_ns%n or slings), biomaterials injections (i.e., teflon,

6iat, Hitichee, GolBgaghisas, BeekipelfenmBd tdaherdasekyrSiiral Ktemmgth andKaesenilhaNoeak Usa@fgathem,
colletewablen@eliédy emGhreds amineghpaan Meatnixodntegnading. Rlowadiey\aiundriinatebxaCoshlénedre or
impndtierRarcutan achisvedinn 8B Safaw dissy evitie le asgidterece &ak gnt sfuro steBiae Miadfuedimiorofrtheinary
protdatod-ush Rrelinninare&htentiolakoled) pn Bunsibe? Osk6oy} 4894 veste totally dry and 31% were socially

. [M] . . . .
e RGN A M  RSstrong ' B Ve HiRES SR &Eecg.é)'%%%“t8?%?{3%%%@&&%ﬁ%ﬁ%"ytmsg?e recurrence
: ; . . . .
O R Ralhidry 36 RSO LN 8 LRy SR R ATE o BelMRateT. Surg “BREST 188YterY gegraded
cor%%?tely within 10-19 weeks, although magnetic resonance imaging of the urethra showed the persistence of

the implant for as long as 22 months after injection 22, Thus, repeated injections (2-5) may be necessary 168111671
6805 iegRaNeRidetibrRUnets ReRSrRIKWIRIMSSRNEydM b lihii@nekEMRarpR MigirsaPrRiedeyatsalionsal
609% Y2 oI AR MR rEMHESHETRIRG it B AeenHURN dracialeoldnsd), RIket alslye e d R IR0l
yeal@a—@].%é\%,“iTMd be mentioned that elderly patients should be counseled that approximately 40% will

60 PENiEAIGe NP EUTEHhileakAeS e WBicT AT I8 peseiMAnpiline RIS&ian SExaRusEE Yo St Bk 8LideEBreduPe
abse@)q?égt%(ejgtmpg\%pmg{m_sYg%@sl@dﬁ?_nymer of previous operations, body mass index, age,

number or total volume of collagen injections (1941,
70. Matti, B.A.; Nicolle, F.v. Clinical Use of Zyplast in Correction of Age- and Disease-Related Contour

4. D Gastriinté Stinal Eppesianiis Plast. Surg. 1990, 14, 227-234.

71, rman, L.S.; Mackinnon, V.; Bechler, G.: Pharriss, B.B. Inj le Coll n: A Six-Year
Inje%tggf%ecmggen h%s begr(l: S ov?n to be eﬁgctlSe |$13the m%na%sément ofn éggtt%?n?esct:ﬁa?ggparatuss dlsge?ses such

as g cl)ltrtlllg%lslu |8EH f@@]@%}%% 18R fs m’, %(ff:?zﬂjﬁgtlma [140][141][143][144] 5n( fecal incontinence
TEIzgesdw, F.F.; Krull, E.A. Injectable Collagen Implant—Update. J. Am. Acad. Dermatol. 1983, 9,

889-893.
Glottic dysfunctions due to glottic Pap, atrophy, paresis, bowing, paralysis and scarring result in voice absence or
731. Downie, J.; szlé) Z.; Ragh]g Lo, TW.; Barry, § Bocl% M.; S#ebert, J.P.; Bowman, A.: Ayoug., 10\ A
alteration. The go 'stahdard for the tredtment” of Vvocal fold distunctiohs is’ representéd by “medialization

Double-Blind, Cllnlcgl valuation of.quaI Augme tation 'II'JeatmentS' A.Comparison ofOFRI 1, PRI
laryngoplasty or arytenoid adduction, surgical treatménts that could significantly improve glottal adduction

2, ZXR'%S@ apd Perlane®. J. Plast., Reconstr. Aesthﬁth Surg. 2009, 62, 1636-1643.
phonation. Recently, to reach a better postoperative voice in the long term, biomaterials injection (i.e., autologous
Ttat, Bellinoran nedllsers hiayalneomid dcjd, Ugob dyimpe g odi it 56) DTN shak Aop b et dd Hly; Yéadeened.
HoWeSeC annpatis onésnmonth Kéelvh yalunaageAct Desontd Billgesywiibt GresssLdokbld Borgas time and
cosBoliagead Axbhuilicéntare Rouitteadias ke iRans donizech svitdnnag ubjeet Gduatydusesm dietaSse gof their
nori@@8iv88ed<) 8eddBbavailability, and possibility to be performed under local anesthesia. Among them, collagen
AIRIBDIR A RS RBET . O BN LR ISR POSRERS R ST ISRALALT 2% RheRigrr>
colgogn, pfeeabie kL ens R NAURRE T L AET PrSlSED e GRS PR BEmh e
SR A RSt I ARSHARSh (L EVe Py RASIS S SR TRASITER RATRIBAGRESS) scale

Ma nc;H{Tr] dﬁéodnq.t}?a .tiH?ePgAr‘laoa Jﬁ%ﬂaﬁ)&@geﬁﬁ%ﬂ Zeléeiqs_ln particular, perceptual and objective voice quality

and
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TihpNeremnsnNprespk Bhd\drdiniog|vEts ey ldsieg tvitHCol lagerass alf Dyplastimnntanthodo miho Maeatnireatrdm
arobmtledl 1998 124153 Oar@ll 3 reduction of the mean flow rate from 322-564 mL/s to 223—385 mL/s and of the

[91][92][179]

AE88nski 5.C.. PaBUSR AR LA CI R R Tay, KL KEGa O NEIIaH 8. Eeiffom 2

effigagudy cqlqoen inections for the fpeat %ﬁ‘ﬁé{f GarsUARITRY eaéfgm oI SRR S v e

IE L et T et Fr%deﬁ"a{?ﬁr‘?d%&‘#”’ﬁée) MBS BBRIAE Ssfigeh s oo
[91][92][95][181]

eSS i B RAREe fa IS Tk (AR SN mBaR P SReiss e Wy Tee -

documented complications included local abscess, migration of the implant, hypersensitivity reactions, stiffening,

RsRERLodRaderMeASIRSd A& LRIghY, ReBafylRastdl Rome:pbai & BitipieehRlrieB hiRpidked properly

injeCtERMMIE BRI ibH RSO ahan dRKIe fusieRSvdulNadipstiarbdrd. Surg. 2018, 35, 37-52.

] ]

79. Daniels, T.R.; Anderson, J.; Swords, M.P.; Maislin, G.; Donahue, R.; Pinsker, E.; Quiton, J.D.

| B-AdverseReaetionste: Collagen-Basedinjectabletmplants
Phosphate (RhPDGF-BB/B-TCP)-Collagen Matrix as an Alternative to Autograft. Foot Ankle Int.

Al ppes Adilleresay trger an early tissue response to the injected material. Regardless of the filler material,

8f(5e uegtly reportecd: sll\(/je I(_effects gre II?o,rwsmrglj redne]ss: swelhngI induration, erythema pa|n tt)endekrness |tch|ng and
IGlovanni in aumhauer anie roo

e most severe cases violacedus 'g aque and ranu omas M[ﬁe—p%%ese Si ects aré usuﬁl?/ mil and

J Anderson, Evanﬁellst % elnl Rfecomblna tHuman Platelet Derived Growth

transrent an resolve 'sponta eous after ort t|me On ew cases of severe and permanent complications

Factor-BB anddBeta Tncalcrum Phosphate (RhPDGF BB/B-TCP): An Alternative to Autogenous
have been reglstere

Bone Graft. J. Bone Jt. Surg. 2013, 95, 1184-1192.

SAltoHsere MPaBIGITapiREr dniectaller Taaopnriesrd: ntatations basefertvadTinieasPilotaeranas Bean
thalfinyléve ShepltHp 3pTef IRHRDGEVRTFatsl APthFeUecad s IRARIENALCXPlBge tragtgiemmay occur.

To the best of our knowledge based on harvested and available data on adverse reactions registered after

IAbldl N.A;; Youngr u%lovannl C.W. Role of Platelet-Derived Growrh Factor in Hindfoot
gen based’commercial pfoduct applications, severe adverse events accounted for 8.2% (211 cases on 2587

n. Tech, Fo tAnkIe Surg. 2012 38.
patlents') Whﬂe mlld:a verse events%ccountec}%or about 5.3% (137 cases on 2587 patients) of those receiving the

8tedttoimger, J.O.; Hart, C.E.; Hirsch, S.N.; Lynch, S.; Friedlaender, G.E. Recombinant Human

Platelet-Derived Growth Factor: Biology and Clinical Applications. J. Bone Jt. Surg. 2008, 90, 48—
Withp focus on collagen extraction sources, it emerged that severe adverse events accounted for 12.1% (211

cases on 1742 patients) and mild events for 3.8% (67 on 17426pat|ents) when bovine collagen was used. In

84. DiGiovanni, C.W.; Petricek, J.M. 3' vglun n of th] F-BB i Musculodskelﬁtal Repair andéts
particular, severe adverse events were addressed to the use of one collagen ased product t

|njectaLﬁeI o'?r%?r a?igrq 'g\grlr(rlgols:euds IO]J'I boelrrge(_:‘ré{)llle:u(g)((a)rtrA It<r||(?:a clllLTmzp())hlo%p gte6§%d rgcomblnant human platelet-
Sferbégioyamnit, GAdr-kin 89, (RiDzar304356 coidbioaas s g ar KRG FddR ithE odtgineh&n klesEnasimiverse
reaBikperiRav.oNad 4D ermes @03y, the 1dtherl 2Ralyzed bovine collagen-based products (i.e., ChondroGrid,
g%teBCéll nger %x})laét Conti (ﬁenf Cjeltf_fusu§ ézlogahbe \r/ngndA}‘rgatnﬁ%an iHe ellte eé wEre nOtl\ﬂSjOCIated with

e
sucp, 'SS”‘rlste{%F‘PlNuev%ﬂﬁgﬁ"‘ﬁ”"ér?é’ T o M M

'\'Cé%l?/le?%% AGtol5GatiBons T@?gﬁﬁ%‘saZ)F%B‘t‘:Sr?avA”n%é"ESSPO%"R)F&‘&%? RESIRIETSE DL 53 be
ascgﬂztilgstg other Augment components, without certainty. As regards mild adverse reactions, they were

at was Augment®,

registered only when using Augment, Chondrogrid or Zyderm [Z21[84][96](160]
87. DiGiovanni, C.W.; Lin, S.S.; Daniels, T.R.; Glazebrook, M.; Evangelista, P.; Donahue, R.; Beasley,

Pordihg Bativeb anotagdi-bddeel martan@e. o€ Siffictntifsr afidviaieriab enndaivieand gvibopioduéskievealed to
notRugt@n. skvBenaddtrSa kyeAr. (Molc2e16019851 260eddBds) and to be responsible for the 9.2% of mild
adverse events (69 cases on 751 procedures) [119][120][121][122][124][125][126][127][128][129][131][133][134][140][141][142][143][144]
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g8EEaNRAE S L(IMCTDZBEe(S0T. NRTaZSBHIB ey oM 7 SheldTa3 BEe6r oNDToRZERB0RM OfCNI)HEIIES,
NCBote B et 80TH2a5300R)Nseidtraliens aivEletaletiDbe ke GotwithdohagerstypdPtraronabekrvetisonents
(i.eStudyoselicalbrugrinvestids, 20h3hir38, fik@+die.for Cartifil/Cartizol; polyvinylpyrrolidone for Fibroquel) or to
g8° PURENT Bl e EinG CLos Al Y587k BB Ry RS e Mdfingar g he fow mild
B o i oo B St R AR B R (P BEIENSR S priRaf i omeounds
B e 1o RRRRYBS | CIRSGER KRB MiGre 2288 Ve Eab P B YN Mind?s DRRSSIn E&iafiie
niC(]giéwr%naiI%eBalyggrri]%grg\,pic'j]ré)%e.raofg’r%l ’55&?3%%)&: acid, magnesium gluconate, pyridoxine chlorhydrate,
riboflavin, thiamine chlorhydrate) that had a strong impact on patients’ post intervention events. As regards

e finbdiCainEe iCR!AR Rt tc RUMB Rl Sprd3 A Mih Sl G AR, LacVéPdRi e De i rdifyieHBY its use
codBigetipRRfibveredzgehGRlags hiodseasmyauiams of ko ar&astenar iitisafs uplinRabip LD In
this b¥estigatipmrNeha RilPhReligareeivy chimcabsbdieshoRdibiilyedowe, il Riverse event usually

I SRS PR ORIANRASIT O A AT MRk AR NVREIVE IR VRN CoTAgen hjectioh as & SOIpIBAIERPe8:
NCAGRI{SREANET AP RSP VIEAPFI B A alysis. Ann. Otol. Rhinol. Laryngol. 2008, 117, 430—436.

I imiRoM N Rollagerkpldharaulhd: adavnandedN ibse uSdiIRGRHEHRERENREMNILN I GRiRES R pared
to HANRRIRYRe Y asaldole A-pitdyoafidis D ARt NS AWl NadadPYBX d9Q8i 30 LaérdR, Savecoll-
oR) GjRBAE PELENS. iWith\io aeeise BVERinARD By BegERIBHEY MiL-KASI O diatieh TrEction for theus.
althprg i PEIOERISES| HREBIHHRECV Y. IINSEREIPMSE (D 8thes fodusty the limited number of executed

procedures with equine collagen prevented the assessment of this collagen type as safer. This consideration could

9l§1e' %%&‘."é‘b aNs;oMourqwduim‘giﬁ 95?%8% %rlﬁveﬁligr%%[@sis |.é).f éyﬁg{rfzifiBlelrmg%té%ﬂ)qu%icl:rl]nj%%%%vere and zero
milt!r %r régs%ocle"\i/%t sir\]/v\é\r/g Wa%%téér‘g(]j' (‘)]h g[eo%rﬁfn;%%lén%sq @@.wgﬁe]v%%these data and these considerations
9@ eolylingdiddtivB leesnusemat lad fstislidkvepRitdd phiijpetblen®ellagdadnetise veattnrsntrenc@lottic
Insufficiency: A Study of 119 Patients. Ann. Otol. Rhinol. Laryngol. 1992, 101, 237-247.

96. Hoffman, H.; McCabe, D.; McCulloch, T.; Jin, S.M.; Karnell, M. Laryngeal Collagen Injection as an
Adjunct to Medialization Laryngoplasty. Laryngoscope 2002, 112, 1407-1413.

97. Luu, Q.; Tsal, V.; Mangunta, V.; Berke, G.S.; Chhetri, D.K. Safety of Percutaneous Injection of
Bovine Dermal Crosslinked Collagen for Glottic Insufficiency. Otolaryngol. Head Neck Surg. 2007,
136, 445-449.

98. Kamer, F.M.; Churukian, M.M. Clinical Use of Injectable Collagen. Arch. Otolaryngol. 1984, 110,
93-98.

99. Cespedes, R.D. Collagen Injection or Artificial Sphincter for Postprostatectomy Incontinence:
Collagen. Urology 2000, 55, 5-7.

100. Homma, Y.; Kawabe, K.; Kageyama, S.; Koiso, K.; Akaza, H.; Kakizoe, T.; Koshiba, K.; Yokoyama,
E.; Aso, Y. Injection of Glutaraldehyde Cross-Linked Collagen for Urinary Incontinence: Two-Year
Efficacy by Self-Assessment. Int. J. Urol. 1996, 3, 124-127.

101. Elsergany, R.; Elgamasy, A.N.; Ghoniem, G.M. Transurethral Collagen Injection for Female Stress
Incontinence. Int. Urogynecol. J. 1998, 9, 13-18.
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Cespedes, R.D.; Leng, W.W.; McGuire, E.J. Collagen Injection Therapy for Postprostatectomy
Incontinence. Urology 1999, 54, 597-602.

Corcos, J.; Fournier, C. Periurethral Collagen Injection for the Treatment of Female Stress Urinary
Incontinence: 4-Year Follow-up Results. Urology 1999, 54, 815-818.

Gorton, E.; Stanton, S.; Monga, A.; Wiskind, A.K.; Lentz, G.M.; Bland, D.R. Periurethral Collagen
Injection: A Long-Term Follow-up Study. BJU Int. 1999, 84, 966-971.

Vandenbulcke, L.; Lapage, K.G.; Vanderstraeten, K.V.; de Somer, F.M.; de Hert, S.G.; Moerman,
A.T. Microvascular Reactivity Monitored with Near-Infrared Spectroscopy Is Impaired after
Induction of Anaesthesia in Cardiac Surgery Patients. Eur. J. Anaesthesiol. 2017, 34, 688—694.

Marx, G.; Zacharowski, K.; Ichai, C.; Asehnoune, K.; Cerny, V.; Dembinski, R.; Ferrer Roca, R.;
Fries, D.; Molnar, Z.; Rosenberger, P.; et al. Efficacy and Safety of Early Target-Controlled Plasma
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Hamraoui, K.; Ernst, S.M.P.G.; van Dessel, P.F.H.M.; Kelder, J.C.; ten Berg, J.M.; Suttorp, J.;
Jaarsma, W.; Plokker, H.W. Efficacy and Safety of Percutaneous Treatment of latrogenic Femoral
Artery Pseudoaneurysm by Biodegradable Collagen Injection. J. Am. Coll. Cardiol. 2002, 39,
1297-1304.

Majdalany, B.S.; Willatt, J.; Beecham Chick, J.F.; Srinivasa, R.N.; Saad, W.A. Fibrillar Collagen
Injection for Organ Protection during Thermal Ablation of Hepatic Malignancies. Diagn. Interv.
Radiol. 2017, 23, 381-384.

Sparavigna, A.; Tateo, A.; Inselvini, E.; Tocchio, M.; Orlandini, M.C.; Botali, G. Anti-Age Activity
and Tolerance Evaluation of Collagen Micro-Injection Treatment Associated to Topical Application
of a Cosmetic Formulation (Investigator-Initiated Multicentre Trial). J. Clin. Exp. Dermatol. Res.
2017, 8, 1000391.

Gkouvi, A.; Nicolaidou, E.; Corbo, A.; Selvaggi, G.; Tsimpidakis, A.; Mastraftsi, S.; Gregoriou, S.
Heterologous Type i Collagen as an Add-on Therapy to Narrowband Ultraviolet b for the
Treatment of Vitiligo: A Pilot Study. J. Clin. Aesthetic Dermatol. 2021, 14, 31-34.

Gkouvi, A.; Corbo, A.; Gregoriou, S. Treatment of Male Genital Lichen Sclerosus with
Heterologous Type | Collagen. Clin. Exp. Dermatol. 2020, 45, 388—390.

Klewin-Steinbock, S.; Nowak-Terpi3owska, A.; Adamski, Z.; Grocholewicz, K.; Wyganowska-
Swiatkowska, M. Effect of Injectable Equine Collagen Type | on Metabolic Activity and Apoptosis
of Gingival Fibroblasts. Adv. Dermatol. Allergol. 2021, XXXVIII, 440-445.

https://encyclopedia.pub/entry/43746 16/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Wyganowska-Swiatkowska, M.; Duda-Sobczak, A.; Corbo, A.; Matthews-Brzozowska, T.
Atelocollagen Application in Human Periodontal Tissue Treatment—A Pilot Study. Life 2020, 10,
114.

Lombardi, F.; Palumbo, P.; Augello, F.R.; Giusti, I.; Dolo, V.; Guerrini, L.; Cifone, M.G.; Giuliani, M.;
Cinque, B. Type | Collagen Suspension Induces Neocollagenesis and Myodifferentiation in
Fibroblasts in Vitro. Biomed. Res. Int. 2020, 2020, 6093974.

Maternini, M.; Guttadauro, A.; Mascagni, D.; Milito, G.; Stuto, A.; Renzi, A.; Ripamonti, L.; Bottini,
C.; Nudo, R.; del Re, L.; et al. Non Cross-Linked Equine Collagen (Salvecoll-E Gel) for Treatment
of Complex Ano-Rectal Fistula. Asian J. Surg. 2019, 43, 401-404.

Keefe, J.; Wauk, L.; Chu, S.; DeLustro, F. Clinical Use of Injectable Bovine Collan: A Decade of
OExperience. Clin. Mater. 1992, 9, 155-162.

Randelli, F.; Menon, A.; Via, A.G.; Mazzoleni, M.; Sciancalepore, F.; Brioschi, M.; Gagliano, N.
Effect of a Collagen-Based Compound on Morpho-Functional Properties of Cultured Human
Tenocytes. Cells 2018, 7, 246.

Nitecka-Buchta, A.; Walczynska-Dragon, K.; Batko-Kapustecka, J.; Wieckiewicz, M. Comparison
between Collagen and Lidocaine Intramuscular Injections in Terms of Their Efficiency in
Decreasing Myofascial Pain within Masseter Muscles: A Randomized, Single-Blind Controlled
Trial. Pain Res. Manag. 2018, 2018, 8261090.

Giovannangeli, F.; Bizzi, E.; Massafra, U.; Vacca, F.; Tormenta, S.; Migliore, A. Intra-Articular
Administration of MD-HIP in 24 Patients Affected by Symptomatic Hip Osteoarthritis—A 24-Month
Cohort Study. Physiol. Regul. Med. 2016, 31-32.

Guitart Vela, J.; Folch Ibanez, J. Collagen MDs for Chronic Pain. Efficacy and Tolerability in
Chronic Treatment in 124 Patients. Physiol. Regul. Med. 2016, 9-12.

Reshkova, V.; Rashkov, R.; Nestorova, R. Efficacy and Safety Evaluation of GUNA Collagen MDs
Injections in Knee Osteoarthritis—A Case Series of 30 Patients. Physiol. Regul. Med. 2016, 27—
29.

Mariconti, P. Usefulness of GUNA Collagen Medical Devices in the Treatment of Knee Pain.
Physiol. Regul. Med. 2016, 39—-40.

Martin Martin, L.S.; Massafra, U.; Bizzi, E.; Migliore, A. A Double Blind Randomized Active-
Controlled Clinical Trial on the Intra-Articular Use of Md-Knee versus Sodium Hyaluronate in
Patients with Knee Osteoarthritis (“Joint”). BMC Musculoskelet. Disord. 2016, 17, 1-8.

Pavelka, K.; Jarosova, H.; Milani, L.; Prochazka, Z.; Kostiuk, P.; Kotlarova, L.; Meroni, A.M.; Sliva,
J. Efficacy and Tolerability of Injectable Collagen-Containing Products in Comparison to
Trimecaine in Patients with Acute Lumbar Spine Pain (Study FUTURE-MD-Back Pain). Physiol.
Res. 2019, 68, s65-s74.

https://encyclopedia.pub/entry/43746 17/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Massulo, C. Injectable GUNA Collagen Medical Devices in Functional Recovery from Sport.
Physiol. Regul. Med. 2016, 3—-7.

Uroz, N.Z. Collagen Medical Device Infiltrations in Shoulder Pathologies. Calcific Supraspinatus
Tendinitis. Physiol. Regul. Med. 2016, 15-17.

Nestorova, R.; Rashkov, R.; Petranova, T. Clinical and Sonographic Assessment of the
Effectiveness of GUNA Collagen MDs Injections in Patients with Partial Thickness Tear of the
Rotator Cuff. Physiol. Regul. Med. 2016, 35-37.

Stana, J. 3 Years in LuhacCovice Spa with Collagen Medical Devices Injections in the Treatment of
Piriformis Syndrome. Physiol. Regul. Med. 2016, 19-20.

Micarelli, A.; Viziano, A.; Granito, |.; Antonuccio, G.; Felicioni, A.; Loberti, M.; Carlino, P.; Micarelli,
R.X.; Alessandrini, M. Combination of In-Situ Collagen Injection and Rehabilitative Treatment in
Long-Lasting Facial Nerve Palsy: A Pilot Randomized Controlled Trial. Eur. J. Phys. Rehabil. Med.
2021, 57, 366-375.

Alfieri, N. MD-Muscle in the Management of Myofascial Pain Syndrome. Physiol. Regul. Med.
2016, 23-24.

Heng, C.H.Y.; Snow, M.; Dave, L.Y.H. Single-Stage Arthroscopic Cartilage Repair With Injectable
Scaffold and BMAC. Arthrosc. Tech. 2021, 10, e751—-e756.

Kim, M.S.; Chun, C.H.; Wang, J.H.; Kim, J.G.; Kang, S.B.; Yoo, J.D.; Chon, J.G.; Kim, M.K;
Moon, C.W.; Chang, C.B.; et al. Microfractures Versus a Porcine-Derived Collagen-Augmented
Chondrogenesis Technique for Treating Knee Cartilage Defects: A Multicenter Randomized
Controlled Trial. Arthrosc. J. Arthrosc. Relat. Surg. 2020, 36, 1612-1624.

Lee, H.S.; Oh, K.J.; Moon, Y.W.; In, Y.; Lee, H.J.; Kwon, S.Y. Intra-Articular Injection of Type |
Atelocollagen to Alleviate Knee Pain: A Double-Blind, Randomized Controlled Trial. Cartilage
2021, 13, 342S-350S.

Kim, J.H.; Kim, D.J.; Lee, H.J.; Kim, B.K.; Kim, Y.S. Atelocollagen Injection Improves Tendon
Integrity in Partial-Thickness Rotator Cuff Tears: A Prospective Comparative Study. Orthop. J.
Sports Med. 2020, 8, 2325967120904012.

Wolkow, N.; Jakobiec, F.A.; Dryja, T.P.; Lefebvre, D.R. Mild Complications or Unusual Persistence
of Porcine Collagen and Hyaluronic Acid Gel Following Periocular Filler Injections. Ophthalmic
Plast. Reconstr. Surg. 2018, 34, e143—e146.

Braun, M.; Braun, S. Nodule Formation Following Lip Augmentation Using Porcine Collagen-
Derived Filler. J. Drugs Dermatol. 2008, 7, 579-581.

Narins, R.S.; Brandt, F.S.; Lorenc, Z.P.; Maas, C.S.; Monheit, G.D.; Smith, S.R. Twelve-Month
Persistency of a Novel Ribose-Cross-Linked Collagen Dermal Filler. Dermatol. Surg. 2008, 34,

https://encyclopedia.pub/entry/43746 18/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

31-39.

Pollack, S.v. Silicone, Fibrel, and Collagen Implantation for Facial Lines and Wrinkles. J.
Dermatol. Surg. Oncol. 1990, 16, 957-961.

Mittelman, H. Fibrel: A Dermal Implant Comparison With Collagen Implants. Arch. Otolaryngol.
Head Neck Surg. 1988, 114, 1379.

Samalavicius, N.E.; Kavaliauskas, P.; Dulskas, A. PermacolTM Collagen Paste Injection for the
Treatment of Complex Anal Fistula—A Video Vignette. Color. Dis. 2020, 22, 116-117.

Pescatori, M. PermacolTM Collagen Paste for Treating a Rectovaginal Fistula Following Anterior
Rectal Prolapsectomy. Tech. Coloproctol. 2017, 21, 909-910.

Harran, N.; Herold, J.; Bentley, A.; Bebington, B.D. Efficacy of Porcine Dermal Collagen
(PermacolTM) Injection for Passive Faecal Incontinence in a Dedicated Colorectal Unit at the Wits
Donald Gordon Medical Centre. S. Afr. J. Surg. 2017, 55, 10-13.

Giordano, P.; Sileri, P.; Buntzen, S.; Stuto, A.; Nunoo-Mensah, J.; Lenisa, L.; Singh, B.;
Thorlacius-Ussing, O.; Griffiths, B.; Ziyaie, D. A Prospective Multicentre Observational Study of
PermacolTM Collagen Paste for Anorectal Fistula: Preliminary Results. Color. Dis. 2016, 18, 286—
294,

Sileri, P.; Franceschilli, L.; del Vecchio Blanco, G.; Stolfi, V.M.; Angelucci, G.P.; Gaspari, A.L.
Porcine Dermal Collagen Matrix Injection May Enhance Flap Repair Surgery for Complex Anal
Fistula. Int. J. Color. Dis. 2011, 26, 345-349.

Milito, G.; Cadeddu, F. Conservative Treatment for Anal Fistula: Collagen Matrix Injection. J. Am.
Coll. Surg. 2009, 209, 542-543.

Harper, C. Permacol: Clinical Experience with a New Biomaterial. Hosp. Med. 2001, 62, 90-95.

Inglefield, C.; Samuelson, E.U.; Landau, M.; DeVore, D. Bio-Dermal Restoration With Rapidly
Polymerizing Collagen: A Multicenter Clinical Study. Aesthetic Surg. J. 2018, 38, 1131-1138.

del Carpio-Orantes, L.; Garcia-Méndez, S.; Sanchez-Diaz, J.S.; Aguilar-Silva, A.; Contreras-
Sanchez, E.R.; Hernandez, S.N.H. Use of Fibroquel® (Polymerized Type | Collagen) in Patients
with Hypoxemic Inflammatory Pneumonia Secondary to COVID-19 in Veracruz, Mexico. J.
Anesth. Crit. Care 2021, 13, 69-73.

Méndez-Flores, S.: Priego-Ranero, A.; Azamar-Llamas, D.; Olvera-Prado, H.; Rivas-Redonda,
K.l.; Ochoa-Hein, E.; Perez-Ortiz, A.; Renddon-Macias, M.E.; Rojas-Castafieda, E.; Urbina-Teran,
S.; et al. Effect of Polymerised Type | Collagen on Hyperinflammation of Adult Outpatients with
Symptomatic COVID-19. Clin. Transl. Med. 2022, 12, 1-8.

Denton, A.B.; Shoman, N. Porcine Collagen: Evolence. In Office-Based Cosmetic Procedures and
Techniques; Cambridge University Press: Cambridge, UK, 2010; pp. 68-70.

https://encyclopedia.pub/entry/43746 19/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

151.
152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Burres, S. Soft-Tissue Augmentation with Fascian. Clin. Plast. Surg. 2001, 28, 101-110.
Burres, S. Fascian. Facial Plast. Surg. 2004, 20, 149-152.

Bauman, L. CosmoDerm/CosmoPlast (Human Bioengineered Collagen) for the Aging Face.
Facial Plast. Surg. 2004, 20, 125-128.

Fagien, S.; Elson, M.L. Facial Soft-Tissue Augmentation with Allogeneic Human Tissue Collagen
Matrix (Dermalogen and Dermaplant). Clin. Plast. Surg. 2001, 28, 63-81.

Maloney, B.P.; Murphy, B.A.; Cole, H.P. Cymetra. Facial Plast. Surg. 2004, 20, 129-134.

Anderson, T.D.; Sataloff, R.T. Complications of Collagen Injection of the Vocal Fold: Report of
Several Unusual Cases and Review of the Literature. J. Voice 2004, 18, 392—-397.

Bock, J.M.; Lee, J.H.; Robinson, R.A.; Hoffman, H.T. Migration of Cymetra After Vocal Fold
Injection for Laryngeal Paralysis. Laryngoscope 2007, 117, 2251-2254.

Karpenko, A.N.; Meleca, R.J.; Dworkin, J.P.; Stachler, R.J. Cymetra Injection for Unilateral Vocal
Fold Paralysis. Ann. Otol. Rhinol. Laryngol. 2003, 112, 927-934.

Rinaldi, F.; Pinto, D.; Trink, A.; Giuliani, G.; Sparavigna, A. In Vitro and in Vivo Evaluation on the
Safety and Efficacy of a Brand-New Intracutaneous Filler with A1-R-Collagen. Clin. Cosmet.
Investig. Dermatol. 2021, 14, 501-512.

Volpi, P.; Zini, R.; Erschbaumer, F.; Beggio, M.; Busilacchi, A.; Carimati, G. Effectiveness of a
Novel Hydrolyzed Collagen Formulation in Treating Patients with Symptomatic Knee
Osteoarthritis: A Multicentric Retrospective Clinical Study. Int. Orthop. 2021, 45, 375-380.

Furuzawa-Carballeda, J.; Lima, G.; Llorente, L.; Nufiez-Alvarez, C.; Ruiz-Ordaz, B.H.; Echevarria-
Zuno, S.; Herndndez-Cuevas, V. Polymerized-Type | Collagen Downregulates Inflammation and
Improves Clinical Outcomes in Patients with Symptomatic Knee Osteoarthritis Following
Arthroscopic Lavage: A Randomized, Double-Blind, and Placebo-Controlled Clinical Trial. Sci.
World J. 2012, 2012, 342854,

Corrado, B.; Bonini, I.; Alessio Chirico, V.; Rosano, N.; Gisonni, P. Use of Injectable Collagen in
Partial-Thickness Tears of the Supraspinatus Tendon: A Case Report. Oxf. Med. Case Rep. 2020,
2020, 408-410.

Kim, M.; Choi, Y.S.; You, M.-W.; Kim, J.S.; Young, K.W. Sonoelastography in the Evaluation of
Plantar Fasciitis Treatment 3-Month Follow-Up After Collagen Injection. Ultrasound Q. 2016, 32,
327-332.

Martins, S.B.; Oliveira, E.; Castro, R.A.; Sartori, M.G.; Baracat, E.C.; Lima, G.R.; Girao, M.J.
Clinical and Urodynamic Evaluation in Women with Stress Urinary Incontinence Treated by
Periurethral Collagen Injection. Int. Braz. J. Urol. 2007, 33, 695-703.

https://encyclopedia.pub/entry/43746 20/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Oremus, M.; Tarride, J.-E. An Economic Evaluation of Surgery versus Collagen Injection for the
Treatment of Female Stress Urinary Incontinence. Can. J. Urol. 2010, 17, 5087-5093.

Winters, J.C.; Chiverton, A.; Scarpero, H.M.; Prats, L.J. Collagen injection therapy in elderly
women: Long-term results and patient satisfaction. Urology 2000, 55, 856—860.

Groutz, A.; Blaivas, J.G.; Kesler, S.S.; Weiss, J.P.; Chaikin, D.C. Female urology outcome results
of transurethral collagen injection for female stress incontinence: Assessment by urinary
incontinence score. J. Urol. 2000, 164, 2006—2009.

Bomalaski, M.D.; Bloom, D.A.; McGuire, E.J.; Panzl, A. Glutaraldehyde cross-linked collagen in
the treatment of urinary incontinence in children. J. Urol. 1996, 155, 699-702.

Kassouf, W.; Capolicchio, G.; Berardinucci, G.; Corcos, J. Collagen injection for treatment of
urinary incontinence in children. J. Urol. 2001, 165, 1666—1668.

Faerber, G.J.; Richardson, T.D. Long-Term Results of Transurethral Collagen Injection in Men with
Intrinsic Sphincter Deficiency; Mary Ann Liebert, Inc.: New Rochelle, NY, USA, 1997; Volume 11.

Faerber, G.J.; Belville, W.D.; Ohl, D.A.; Plata, A. Comparison of Transurethral versus Periurethral
Collagen Injection in Women with Intrinsic Sphincter Deficiency. Tech. Urol. 1998, 4, 124-127.

Richardson, T.D.; Kennelly, M.J.; Faerber, G.J. Endoscopic injection of clutaraldehyde cross-
linked collagen for the treatment of intrinsic sphincter deficiency in women. Urology 1995, 43,
378-381.

Smith, D.N.; Appell, R.A.; Rackley, R.R.; Winters, J.C. Collagen Injection Therapy for Post-
Prostatectomy Incontinence. J. Urol. 1998, 160, 364—-367.

Klutke, C.G.; Tiemann, D.D.; Nadler, R.B.; Andriole, G.L. Antegrade Collagen Injection for Stress
Incontinence after Radical Prostatectomy: Technique and Early Results; Mary Ann Liebert, Inc.:
New Rochelle, NY, USA, 1996; Volume 10.

Appell, R.A. Collagen Injection Therapy for Urinary Incontinence. Urol. Clin. N. Am. 1994, 21,
177-182.

Appell, R.A.; Vasavada, S.P.; Rackley, R.R.; Winters, J.C. Percutaneous antegrade collagen
injection therapy for urinary incontinence following radical prostatectomy. Urology 1996, 48, 769—
772.

Nagai, A.; Nasu, Y.; Watanabe, M.; Tsugawa, M.; Iguchi, H.; Kumon, H. Analysis of Retrograde
Ejaculation Using Color Doppler Ultrasonography before and after Transurethral Collagen
Injection. Int. J. Impot. Res. 2004, 16, 456—458.

Spiegel, J.R.; Sataloff, R.T.; Gould, W.J. The Treatment of Vocal Fold Paralysis with Injectable
Collagen: Clinical Concerns. J. Voice 1987, 1, 119-121.

https://encyclopedia.pub/entry/43746 21/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Remacle, M.; Lawson, G. Results with Collagen Injection into the Vocal Folds for Medialization.
Curr. Opin. Otolaryngol. Head Neck Surg 2007, 15, 148-152.

Remacle, M.; Hamoir, M.; Marbaix, E. Gax-Collagen Injection to Correct Aspiration Problems after
Subtotal Laryngectomy. Laryngoscope 1990, 100, 662—669.

Ford, C.N.; Bless, D.M. Selected Problems Treated by Vocal Fold Injection of Collagen. Am. J.
Otolaryngol. 1993, 14, 257-261.

Lundy, D.S.; Casiano, R.R.; McClinton, M.E.; Xue, J.W. Early Results of Transcutaneous Injection
Laryngoplasty with Micronized Acellular Dermis Versus Type-I Thyroplasty for Glottic
Incompetence Dysphonia Due to Unilateral Vocal Fold Paralysis. J. Voice 2003, 17, 589-595.

Camilleri-Brennan, J. Anal Injectables and Implantables for Faecal Incontinence. In Fecal
Incontinence—Causes, Management and Outcome; InTech: Vienna, Austria, 2014.

Rydningen, M.; Dehli, T.; Wilsgaard, T.; Rydning, A.; Kumle, M.; Lindsetmo, R.O.; Norderval, S.
Sacral Neuromodulation Compared with Injection of Bulking Agents for Faecal Incontinence
Following Obstetric Anal Sphincter Injury—A Randomized Controlled Trial. Color. Dis. 2017, 19,
0134-0144.

Brown, S.A.; Rohrich, R.J.; Baumann, L.; Brandt, F.S.; Fagien, S.; Glazer, S.; Kenkel, J.M.; Lowe,
N.J.; Monheit, G.D.; Narins, R.S.; et al. Subject Global Evaluation and Subject Satisfaction Using
Injectable Poly-I-Lactic Acid versus Human Collagen for the Correction of Nasolabial Fold
Wrinkles. Plast. Reconstr. Surg. 2011, 127, 1684-1692.

Narins, R.S.; Baumann, L.; Brandt, F.S.; Fagien, S.; Glazer, S.; Lowe, N.J.; Monheit, G.D.;
Rendon, M.1.; Rohrich, R.J.; Werschler, W.P. A Randomized Study of the Efficacy and Safety of
Injectable Poly-L-Lactic Acid versus Human-Based Collagen Implant in the Treatment of
Nasolabial Fold Wrinkles. J. Am. Acad. Dermatol. 2010, 62, 448—462.

Draelos, Z. Case Study of Dermicol-P35 Used in Patient with Past Hypersensitivity to Crosslinked
Bovine Collagen Dermal Filler. Dermatol. Surg. 2010, 36, 825-827.

Narins, R.S.; Brandt, F.S.; Lorenc, Z.P.; Maas, C.S.; Monheit, G.D.; Smith, S.R.; Mcintyre, S. A
Randomized, Multicenter Study of the Safety and Efficacy of Dermicol-P35 and Non-Animal-
Stabilized Hyaluronic Acid Gel for the Correction of Nasolabial Folds. Dermatol. Surg. 2007, 33,
S213-S221.

Cassuto, D. The Use of Dermicol-P35 Dermal Filler for Nonsurgical Rhinoplasty. Aesthetic Surg.
J. 2009, 29, S22-S24.

Smith, K.C. Repair of Acne Scars With Dermicol-P35. Aesthetic Surg. J. 2009, 29, S16-S18.

Horvath, K. The Effect of GUNA-MDs in the Therapy Resistant Facial Paresis. In Proceedings of
the International Congress of PRM, Low doses therapies, Prague, Czech Republic, 9 November

https://encyclopedia.pub/entry/43746 22/23



Collagen Injectables for Aesthetic and Regenerative Medicine Applications | Encyclopedia.pub

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

2013. Trials and Case Reports.

Ding, L.; Yan, G.; Wang, B.; Xu, L.; Gu, Y.; Ru, T.; Cui, X.; Lei, L.; Liu, J.; Sheng, X.; et al.
Transplantation of UC-MSCs on Collagen Scaffold Activates Follicles in Dormant Ovaries of POF
Patients with Long History of Infertility. Sci. China Life Sci. 2018, 61, 1554-1565.

Bechara, C.F.; Annambhotla, S.; Lin, P.H. Access Site Management with Vascular Closure
Devices for Percutaneous Transarterial Procedures. J. Vasc. Surg. 2010, 52, 1682—-1696.

Awad, S.; Dharmavaram, S.; Wearn, C.S.; Dube, M.G.; Lobo, D.N. Effects of an Intraoperative
Infusion of 4 Succinylated Gelatine (Gelofusine®) and 6 Hydroxyethyl Starch (Voluven®) on
Blood Volume. Br. J. Anaesth. 2012, 109, 168-176.

Fisher, G.J.; Varani, J.; Voorhees, J.J. Looking Older Fibroblast Collapse and Therapeutic
Implications. Arch. Dermatol. 2008, 144, 666—672.

Pereira, D.; Peleteiro, B.; Araujo, J.; Branco, J.; Santos, R.A.; Ramos, E. The Effect of
Osteoarthritis Definition on Prevalence and Incidence Estimates: A Systematic Review.
Osteoarthr. Cartil. 2011, 19, 1270-1285.

Kapoor, M.; Martel-Pelletier, J.; Lajeunesse, D.; Pelletier, J.-P.; Fahmi, H. Role of Proinflammatory
Cytokines in the Pathophysiology of Osteoarthritis. Nat. Rev. Rheumatol. 2011, 7, 33-42.

Hartl, D.M.; Riquet, M.; Hans, S.; Laccourreye, O.; Vaissiére, J.; Brasnu, D.F. Objective Voice
Analysis after Autologous Fat Injection for Unilateral Vocal Fold Paralysis. Ann. Otol. Rhinol.
Laryngol. 2001, 110, 229-235.

Hirano, M.; Mori, K.; Tanaka, S.; Fujita, M. Vocal Function in Patients with Unilateral Vocal Fold
Paralysis Before and After Silicone Injection. Acta. Otolaryngol. 1995, 115, 553-559.

Swanson, N.A.; Stoner, J.G.; Siegle, R.J.; Solomon, A.R. Treatment Site Reactions to Zyderm
Collagen Implantation. J. Dermatol. Surg. Oncol. 1983, 9, 377-380.

Elson, M.L. The Role of Skin Testing in the Use of Collagen Injectable Materials. J. Dermatol.
Surg. Oncol. 1989, 15, 301-303.

Aragona, F.; D'Urso, L.; Marcolongo, R. Immunologic Aspects of Bovine Injectable Collagen in
Humans. Eur. Urol. 1998, 33, 129-133.

Zhou, Z.; Chen, X.; Zhou, X.; Yang, X.; Lu, D.; Kang, W.; Feng, X. Effects of Intraoperative Gelatin
on Blood Viscosity and Oxygenation Balance. J. PeriAnesthesia Nurs. 2019, 34, 1274-1281.

Retrieved from https://encyclopedia.pub/entry/history/show/99222

https://encyclopedia.pub/entry/43746 23/23



