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Abstract  

Biomaterials are advanced materials that can be implanted within the body, depending on the required design criteria, 

usually as a result of the production of polymeric-based, and medical yarns by the braiding method. Braiding method 

is widely used in the production of biomaterials thanks to high elasticity modulus, high tensile strength, and high 

dimensional stability properties. The high biological and mechanical properties required in biomaterials depend on the 

yarn type, yarn count (dtex), braid yarn count, braid ply number, braid angle (°), and braiding structure (2-D, or 3-D) 

such as some braiding production process parameters. When UHMWPE, PET, HT PET, and PP multifilament yarns 

are used, they increase the mechanical values in the axial direction in biomaterials. When ELA yarn is added, the 

maximum percent breaking elongation value increases. When PGA, PLGA, and PDO multifilament yarns are used, 

the resorption period is between 2 and 12 months. When PA 6, PA 6.6, HDPE, UHMWPE, PP, PET, PVDF, and PTFE 

multifilament yarns are used, the resorption period is permanent. In order to shorten the rehabilitation period, biological 

chemicals such as CHI, COL, and HA can be coated on these structures by impregnation method. Afterwards, the 

sterilization process must be applied. FDA approval must be also obtained. Finally, they are widely used in artificial 

surgical suture, artificial ligament, artificial tendon, and artificial vein applications. 
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Introduction 

The main purpose of this theoretical mini-review study is 

to determine the effects of the braiding production 

method used in biomaterials for the usage areas of medi-

cal yarns in braiding structured biomaterials, depending 

on the yarn types used, and their applied process parame-

ters. Braiding method used in the production of bio-

materials provides higher elasticity modulus, higher ten-

sile strength, and higher dimensional stability compared 

to foam/sponge, non-woven surfaces, weaving, and knit-

ting methods. (7).  
 

In addition; when 3-D braiding structure is used, as the 

yarn count (dtex), braid yarn count, braid ply number in-

creases, and braid angle (°) decreases these values in-

crease for their mechanical values in the axial direction. 

(17,18,21-30). Moreover, maximum mechanical values 

are observed when using yarn counts of 1112 dtex, 1670 
dtex, and 3330 dtex. (17,24-30). When UHMWPE, PET, 

HT PET, and PP multifilament yarns, which have high 

elasticity modulus, maximum breaking force, and high 

mechanical properties in the axial direction, are used, the 

mechanical values in the axial direction also increase. 

(8,10,24-30). When ELA yarn is added, the maximum 

percent breaking elongation value increases. (25).  
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When thermoplastic structured PGA, PLGA, and PDO 
multifilament yarns with low thermal properties are used, 

the resorption period is between 2 and 12 months. More-

over, when thermoplastic structured PA 6, PA 6.6, HDPE, 

UHMWPE, PP, PET, PVDF, and PTFE multifilament 

yarns with relatively higher thermal properties are used, 

the resorption time is permanent. (8,10,24-30). Biological 

chemicals such as CHI, COL, and HA add biological 

functionality to these yarns by impregnation method so 

that they affect also shorten the rehabilitation period by 

positively affecting the development of the tissue-implant 

interface that is biocompatible, does not cause infection, 

symptoms, and trauma, is non-toxic, carcinogenic, and 
non-allergic. (1-18,20-30). These yarns are generally 

used in artificial surgical suture, artificial ligament, artifi-

cial tendon and, artificial vein applications. (24-30). 

 

Biomaterials 

 
Biomaterials have been officially approved by the FDA 

of the USA in accordance with internationally valid ISO 

and ASTM standards and their main functions are to pro-

tect the damaged areas of the body (such as heart, vessel, 

ligament, tendon, surgical yarn, graft, brain, eye, teeth, 

hair, etc.). skin, neck, spine, hip, cartilage, knee, arm, leg, 

foot, joint, rib cage, lung, liver, kidney, stomach, intes-
tine, pancreas, genital area, plate or screw) for a certain 

period of time. They are artificial biological materials that 

support the development of the cell/tissue-implant inter-

face, produced by biomechanical design criteria, and ster-

ilized, by using various production methods of natural or 

synthetic based raw materials that are incorporated into 

the body to fulfill the needs of the body. (1,3,5,8,9). Bio-

material applications began with the application of surgi-

cal suture in 4000 BC for the first time in world history. 

(4,7). In another source, surgical suture was used as a bi-

omaterial application for the first time in Egypt in the 
1100s BC. (15). Moreover, its value has been increasing 

in the modern era since the 1960s. (3,10). Chemical ster-

ilization is generally applied to biomaterials with alcohol-

based chemicals. (7). Although the design criteria of bio-

materials vary depending on the specific needs of the 

damaged area within the body, they generally include 

high modulus of elasticity, low Poisson's ratio, high radial 

strength, high tensile (rupture, or fracture) strength, high 

compressive strength, high bending strength, high impact 

strength, high shear strength, high fatigue strength, low 

creep strength, high force carrying capacity, appropriate 

elasticity, cheapness, fiber distribution, low density 
(lightness), easy raw material availability, being easy to 

produce and implantable, suitable yarn type, suitable yarn 

count, appropriate yarn cross-section, appropriate yarn 

structure, appropriate yarn coefficient, appropriate twist 

amount, appropriate fabric type, appropriate fabric con-

struction, appropriate fabric density values,  

production method angle, appropriate geometric shape, 
appropriate porosity, appropriate porosity size, high and 

homogeneous porosity distribution, appropriate length, 

appropriate diameter, high biocompatibility, biodegrada-

bility, sometimes high bioinertness depending on the in-

trabody site, surface roughness, high wear resistance, 

high corrosion resistance, high chemical resistance, high 

pH resistance, blood pressure resistance, high dimen-

sional stability, high tissue-implant interface bond, high 

cell-tissue interface development support, fibroin-based 

protein support, cell encapsulation support, being able to 

carry drugs, closing wounds, supporting tissue integra-

tion, supporting cell/tissue adhesion, not causing blood 
clotting, various infections, and symptoms (not support-

ing), rapid rehabilitation process (support), does not cause 

various traumas, does not cause immunological reactions, 

is blood compatibility, is osteogenic, angiogenic, throm-

bogenic, antimicrobial, antitoxic, anticarcinogenic, anti-

tumor, and antipathogenic. (1-18,20-30). Biomaterials 

can be produced primarily from polymeric, metallic, ce-

ramic, composite materials and cell-tissue based materi-

als. (1). Polymeric materials are chitosan (CHI), collagen 

(COL), alginate (ALG), gelatin (GEL), heparin (UFH), 

hyaluronic acid (HA), chondroitin sulfate (GAG), N-bu-
tyl cyanoacrylate, N-butyl cyanoacrylate, agarose 

(AGA), carbon (C), glass (G), polyparaphenylenetereph-

thalamide (PPD-T), cotton (CO), silk (SI), spider silk 

(SSI), linen (LI), hemp (FL), jute (J), ramie (R), viscose 

rayon (CMD), lyocell (LYO), elastane (EL), ultra-high 

molecular weight polyethylene (UHMWPE), polyacetal 

(PAc), polyamide (PA), polycarbonate (PC), polyeth-

ylene (PE), polypropylene (PP), polyurethane (PU), pol-

ystyrene (PS), palmitoylethanolamide (PEA), polyeth-

ylene terephthalate (PET), polytriethylene terephthalate 

(PTT), polybutylene terephthalate (PBT), polybutylene 

succinate (PBS), polydioxanone (PDS), plastic optical fi-
bers (POF), polydimethylsiloxane (PDMS), polyhydrox-

yalkanoates (PHA), polyhydroxybutyrate (PHB), poly(3-

hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), poly-

butylene adipateterephthalate (PBAT), polyethylenegly-

col (PEG), polyvinylpyrrolidone (PVP), polyvinylalcohol 

(PVA), polycaprolactone (PCL), polylactic acid (PLA), 

polyglycolic acid (PGA), polyglactin (PGLA), poly L-

lactic acid (PLLA), poly lactic-co-glycolic acid (PLGA), 

polyaryletherketone (PAEK), polyetheretherketone 

(PEEK), polyetherketoneketone (PEKK), polyvinyl-

idenedi-fluoride (PVDF), polytetrafluoroethylene 
(PTFE), polymethylmethacrylate (PMMA), poly(2-hy-

droxyethyl meth-acrylate) (PHEMA) and polysiloxane 

materials. (1-18,20-30). Metallic materials are stainless 

steel (SS), titanium (Ti), titanium alloys (TiO2, Ti-6Al-

4V, Ti-6Al-7Nb, Ti-15Mo-5Zr-3Al), cobalt-chromium 

(Co-Cr) alloys (Co-Cr-Mo, Co-Cr-W-Ni, Co-Ni-Cr-Mo, 

Co-Cr-Ni-Mo-Fe, Co-Ni-Cr-Mo-W-Fe), NiTi, tantalum 

(Ta)), and tungsten (W) materials. (1,3,14,18).  
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Ceramic materials are mostly calcium phosphate (CaP) 
based hydroxyapatite (HA), tricalcium phosphate (TCP), 

high purity alumina (Al), aluminum zirconia rich alumina 

(ZTA), yttria stabilized zirconia (YSZ), and bioactive 

glass (BG) materials. (1,3,4). Composite materials are 

materials produced by combining polymeric, metallic and 

ceramic materials. (1,3,4,10,19,20). Especially in bio-

material applications of carbon and glass yarns are widely 

used by thermal process (curing) wİth epoxy, vinyl ester 

and unsaturated polyester resins. (20). The production 

methods of biomaterials vary depending on the type of 

raw material used such as polymeric, metallic, ceramic or 

composite materials. Their production methods are mon-
ofilament or multi-filament yarns, braiding, weaving, 

knitting, non-woven surface, embroidery, sol-gel, electro-

spinning, coating, plasma, various casting methods, vari-

ous infusion methods, CVD, and 3-D printing methods. 

(1-30). Produced forms of biomaterials are nanorods, 

rods, cylindrical structures, plates, biofilms, foams, 

sponges, cheesecloths, yarns, ropes, fabrics, gels, and 

solid materials with the desired profile geometry. (1-30).  

Effective production process parameters in the produc-

tion methods of biomaterials are concentration, atom 

types, interatomic distance, bond types and bond 
strengths, polymerization degree, molecular weight, mo-

lecular chain configuration and conformation, glass tran-

sition temperature, crystallization temperature, melting 

temperature, decomposition temperature, temperature, 

time, pressure and environmental conditions. (1-18,20-

30). The applications of biomaterials are orthopedic, 

heart, vein, ligament, tendon, surgical yarn, graft, brain, 

eye, tooth, hair, skin, neck, spine, hip, cartilage, knee, 

arm, leg, foot, joint, rib cage, lung, liver, kidney, stomach, 

intestine, pancreas, genital area, plate and screws. 

(1,2,3,4,7-18). Application areas of biomaterials were 

presented in Table 1. (4). 
 

Table 1: Application areas of biomaterials (4) 

 
Non-implanted Extracorporeal 

implants 

Healthcare/Hygiene 

products 

wound dressing 

bandage 

plaster 

gaza 

lint-free wadding 

 

 

artificial kidney 

artificial liver-liver 

artificial lung 

surgical gown 

surgical sheath 

bedding 

clothes 

baby diaper/baby 

sheet 

clothes/ 

handkerchief 

surgical socks 

 

Soft tissue implants 

PP and PET 

 

ePTFE 

 

 

PLA, PGA, PCL 

and PDO 

warp knitting 

 

nonwoven surfaces 

 

nonwoven surfaces 

 

nonwoven surfaces 

abdominal wall 

 

hernia treatment 

 

 

hernia treatment 

 

 

Chitin 

 

 

PMMA and Silikon 

 

COL 

 

nonwoven surfaces 

 

nonwoven surfaces 

 

artificial skin 

 

 

eye contact lens and 

artificial cornea 

 

eye contact lens and 

artificial cornea 

Orthopedic Implants 

Silicon and PE 

 

 

PE, PP, PES, PTFE, 

SI and COL 

 

PES, C and COL 

 

LDPE 

 

CHI 

 

weaving and braid-

ing 

 

weaving and braid-

ing 

 

 

braiding 

 

 

braiding 

 

nonwoven surfaces 

artificial joint/bone 

 

 

artificial tendon 

 

 

 

artificial ligament 

 

 

artificial cartilage 

 

bone regeneration 

 

Cardiovascular grafts 

PES and PTFE 

 

 

PLA, PLGA and 

COL  

 

PES, PU and PGA 

weaving and knit-

ting 

 

braiding  

 

nonwoven surfaces 

vascular graft 

 

 

heart valve and blood 

vessel 

 

heart valve and blood 

vessel 

Sutures 

COL, PLA and 

PGA 

 

PES, PA, PE, PP 

and PTFE 

monofilament 

 

 

braiding 

biodegradable surgi-

cal sutures 

 

mon-biodegradable 

surgical sutures 

 

Used yarns properties in biomaterials applica-

tions 
 

Various technical properties of some polymeric-based 

yarns commonly used in biomaterials were presented in 

Table 2. (8,10). 

 

Table 2: Various technical properties of some polymeric-
based yarns commonly used in biomaterials (8,10) 

 
Polymer 

type 

Chemical 

structure 

and physi-

cal 

Production 

method 

and appli-

cation 

Applica-

tions 

 

Resorp-

tion 

time 

PA 6 thermo-

plastic, hy-

drophobic, 

Tg = 45 °C, 

Tm = 220 

°C and % 

50 crystal-

linity 

melt spin-

ning pro-

duction 

method in 

monofila-

ment or 

multifila-

ment yarn 

form 

surgical 

sutures 

applica-

tions 

perma-

nent 

PA 6.6 thermo-

plastic, hy-

drophobic, 

melt spin-

ning pro-

duction 

surgical 

sutures 

perma-

nent 
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Tg = 50 °C, 

Tm = 265 

°C and 

50% crys-

tallinity 

method in 

monofila-

ment or 

multifila-

ment yarn 

form 

applica-

tions 

HDPE thermo-

plastic, hy-

drophobic, 

Tg = 50 °C, 

Tm = 125 

°C and 

crystallin-

ity up to 

85% 

melt spin-

ning 

method and 

reinforce-

ment of 

polymer 

composites 

orthope-

dic and 

craniofa-

cial ap-

plica-

tions 

perma-

nent 

UHMWPE thermo-

plastic, hy-

drophobic, 

Tm = be-

tween 140 

°C and 150 

°C, above 

95% crys-

tallinity, 

high mod-

ulus of 

elasticity 

tensile 

strength 

sol-gel 

spinning 

method and 

very high 

tensile 

strength 

ligament 

and force 

bearing 

applica-

tions 

perma-

nent 

PP thermo-

plastic, hy-

drophobic, 

isotactic, 

Tm = be-

tween 165 

°C and 175 

°C and also 

crystallin-

ity be-

tween 40 

and 46% 

nonwoven 

surfaces 

with melt 

spinning 

method and 

monofila-

ment, hol-

low, spun-

bold and 

melt-blown 

production 

methods 

surgical 

sutures, 

hernia 

treat-

ment, 

mesh and 

blood fil-

ter appli-

cations 

perma-

nent 

PET thermo-

plastic, hy-

drophobic, 

Tg = be-

tween 65 

°C and 105 

°C, Tm = 

265 °C and 

crystallin-

ity up to 

100% 

melt spin-

ning 

method and 

weaving, 

knitting and 

braiding ap-

plications 

in monofil-

ament or 

multifila-

ment yarn 

form 

surgical 

sutures, 

hernia 

treat-

ment, 

ligament, 

heart 

valve, 

vascular 

graft and 

endo-

vascular 

graft ap-

plica-

tions 

perma-

nent 

PVDF thermo-

plastic, hy-

drophobic, 

Tm = be-

tween 165 

°C and 175 

°C and 

crystallin-

ity be-

tween 52 

and 66% 

melt spin-

ning pro-

duction 

method in 

monofila-

ment or 

multifila-

ment yarn 

form 

surgical 

sutures, 

vascular 

graft, and 

endo-

vascular 

graft, 

heart 

valve, 

embolic 

vena 

cava fil-

perma-

nent 

ter, liga-

ment ap-

plica-

tions 

PTFE thermo-

plastic, hy-

drophobic, 

Tg = 45 °C, 

Tm = 325 

°C and 

crystallin-

ity be-

tween 50 

and 75% 

melt spin-

ning pro-

duction 

method in 

monofila-

ment or 

multifila-

ment yarn 

form 

surgical 

sutures 

perma-

nent 

PCL thermo-

plastic, in 

rubber 

form at 

room tem-

perature, 

Tg = -65 

°C, Tm = 

between 58 

°C and 63 

°C 

melt spin-

ning pro-

duction 

method in 

monofila-

ment or 

multifila-

ment yarn 

form and 

electro-

spinning 

production 

method in 

nanofiber 

form 

tissue 

scaffold-

ing appli-

cations 

above 24 

months 

PLA thermo-

plastic, Tg 

= between 

60 °C and 

65 °C, Tm 

= between 

173 °C and 

178 °C 

melt spin-

ning pro-

duction 

method in 

monofila-

ment or 

multifila-

ment yarn 

form and 

electro-

spinning 

production 

method in 

nanofiber 

form 

graft, 

drug de-

livery 

and tis-

sue scaf-

folding 

applica-

tions 

above 24 

months 

PGA thermo-

plastic, Tg 

= between 

40 °C and 

45 °C, Tm 

= 225 °C 

and 

crystallin-

ity be-

tween 45% 

and 55% 

melt spin-

ning pro-

duction 

method in 

monofila-

ment or 

multifila-

ment yarn 

form and 

electro-

spinning 

production 

method in 

nanofiber 

form 

surgical 

sutures, 

mesh and 

tissue 

scaffold 

applica-

tions 

between 

2 and 12 

months 

PDO thermo-

plastic, Tg 

= between 

-10 °C and 

0 °C, Tm = 

between 

110 °C and 

115 °C and 

55% crys-

tallinity 

melt spin-

ning pro-

duction 

method in 

monofila-

ment or 

multifila-

ment yarn 

form and 

electro-

surgical 

sutures, 

intrame-

dullary 

pins; 

binding 

clip ap-

plica-

tions 

between 

6 and 9 

months 
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spinning in 

nanofiber 

form 

PLGA thermo-

plastic, Tg 

= between 

35 °C and 

60 °C, Tm 

= between 

120 °C and 

200 °C 

melt spin-

ning pro-

duction 

method in 

monofila-

ment or 

multifila-

ment yarn 

form 

surgical 

sutures, 

vascular 

graft, and 

endo-

vascular 

graft ap-

plica-

tions 

between 

2 and 5 

months 

SI wet spin-

ning pro-

duction 

method, 

suitable for 

bicompo-

nent fiber 

production, 

hydropho-

bic, 70% 

crystal-

linite, low 

elastic re-

covery be-

havior 

wet produc-

tion method 

for remov-

ing the seri-

cin part of 

the raw fi-

ber secreted 

by the 

Bombix 

Mori silk-

worm. 

surgical 

sutures 

between 

1 and 2 

years 

CMD dry or wet 

spinning 

production 

method, 

hydropho-

bic, Td = 

250 °C and 

33% crys-

tallinity 

it is pro-

duced in the 

form of 

multifila-

ment yarn 

from alka-

line cellu-

lose xan-

thate solu-

tion and 

generally 

by wet 

spinning 

production 

method. 

wound 

dressing 

applica-

tions 

perma-

nent 

 

Used textile production methods in biomateri-

als applications 
 

The textile structures used in biomaterials are the most 

commonly used textile structures are braiding, weaving 

and knitting textile structures. (4,5,7-11,13,15-23).  
 

Used braiding production methods in bio-

materials applications 
 

Braiding structures are produced by the mutual sinusoidal 

movement of braid beds positioned opposite each other at 

180° of at least two yarn groups. Moreover, the unit cell 

structure is more closed and rigid compared to all other 

textile production methods except weaving. 

(5,7,8,10,11,13,15-23). Braiding structures can be pro-

duced by vertical or horizontal production methods in 

various geometries, especially round, square, rectangular, 

hexagonal, H, I, J, and T cross-section profiles. (17-22). 

The hexagonal profile enables the production of the dens-
est braiding structures as it ensures that the braiding for-

mation point with braid coils is reduced to a minimum 

distance. (17). Moreover, although 1x1 (diamond), 2x2 

(regular) and 3x3 (hercules) braiding constructions are 

widely used, they can be also produced as 2-D, or 3-D 

braiding structures with 5x5 braid beds, and different 

braiding constructions. (17-30). For 3-D braiding struc-

tures, either a center yarn or center yarns are added, or a 

mandrel with various geometric profiles that can be solid 

or empty is added. (17,18,21). 3-D braiding structures 

have higher yarn density and tensile strength values com-

pared to 2D braiding structures. (17-21). The most effec-
tive production parameters in the production of braiding 

structures are unit cell cage geometry, number of braid 

yarns, number of center yarns, fiber and yarn diameters, 

yarn type, yarn number, cross-section of the yarn, number 

of filaments in the yarn and twist amount, yarn coeffi-

cient, yarn-count, surface area of the yarn intersection, 

yarn route length, yarn tension, covering factor, braid an-

gle, braid bed geometry, revolution and speed of the head 

gears in the braid bed and draft ratio of the gears. (17-30). 

The yarn types used in braiding structures are PA, PE, PP, 

PET, PAN, PCL, PLLA, ePTFE, C, G, PPD-T, 
UHMWPE, NiTi, and Al2O3. (17-30). The yarn numbers 

used in braiding structures can be used in yarn counts of 

1112 dtex, 1240 dtex, 1670 dtex, 2200 dtex, 3300 dtex, 

3400 dtex, and 10,000 dtex. (17,24-30). Carbon yarn ap-

plications are excluded. 12k filament count is used in bi-

omaterial applications of carbon yarn. (17,20,21). Alt-

hough the number of braid yarns is commonly produced 

in the range of 3 to 48 braid yarns, it can also be produced 

in the number of braid yarns of 24, 32, 48, 64, 80, 96, or 

144 depending on the desired biomechanical performance 

value in the biomaterial application field. (17,18,21-30). 

Braiding structures are widely used in artificial surgical 
suture, artificial ligament, artificial tendon, artificial ves-

sel and artificial bone applications. (17,18,24-30). Alt-

hough it is known that braiding structures can theoreti-

cally be produced with braid angles between 1° and 179° 

in the production of biomaterials, it is generally common 

and recommended to produce them with braid angles of 

30°, 45°, and 60° from experimental studies. (17-23). The 

45° braid angle provides maximum tensile strength and 

yarn density, while the 60° braid angle provides minimum 

labor and maximum production speed In biomaterial ap-

plications of braiding structures. (20,21,23). Moreover, 
braiding structures are produced in the diameter range of 

5 mm to 24 mm, especially for artificial vascular applica-

tions. (17). 
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Used weaving production methods in bio-

materials applications 
 
Woven structures are produced by placing at least two 

yarn groups (warp and weft yarns) against each other at 

an angle of 90° and combining them with a beat-up mo-

tion. Moreover, the unit cell structure is more closed and 

rigid compared to all other textile production methods. 

(5,6,7,8,10,11,13). 

 

Used knitting production methods in bio-

materials applications 
 

Knitted structures are primarily divided into warp and 

weft knitting methods. In warp knittings, they are pro-

duced by feeding each yarn to the warp knitting machine 
separately and creating a closed chain loop structure de-

pending on the loop form of the needle bed. Moreover, 

the unit cell structure is more closed and less elastic com-

pared to weft knitting. (5,6,7,8,10,11,13). In weft knit-

tings, they are produced by feeding a yarn to the circular 

knitting machine from a single place and creating an in-

tegral loop structure depending on the loop form of the 

needle bed. Moreover, the unit cell structure is more open 

and flexible. (5,6,7,8,10,11,13). As the yarn count in-

creases, the fabric density values increase, the skipping 

behavior of the yarns forming the fabric is minimized, and 
the yarn intersection points increase, the pore size of the 

biomaterials decreases, the number of pores increases, 

and cell adhesion and proliferation increases. Shear 

(shear) strength decreases while tensile strength in-

creases. (4,7-11,13,15,16). Comparative biomechanical 

technical analysis of textile structures used in biomateri-

als was presented in Table 3. (7). 

 

Table 3: Comparative biomechanical technical analysis 

of textile structures used in biomaterials (7) 

 
Tech-

nical 

specifi-

cations 

Foam/Sponge Nonwo-

ven 

sur-

faces 

Wo-

ven 

Braid-

ing 

Knit-

ted 

Elastic-

ity 

modu-

lus  

Low Low High High Me-

dium 

Tensile 

strength   

Low Low High High Low 

Dimen-

sional 

stability 

Good From 

weak to 

good 

Ex-

cel-

lent 

Excel-

lent 

From 

weak 

to 

good 

Dra-

peness 

Low İyi From 

weak 

to 

good 

Low Ex-

cel-

lent 

Other 

tech-

nical 

Isotropic be-

havior 

Iso-

tropic 

Ani-

so-

tropic, 

Aniso-

tropic, 

high 

Ten-

dency 

from 

features behav-

ior 

high 

fiber 

paral-

lel-

ism, 

fiber 

nor-

mally 

weak 

biome-

chani-

cal 

prop-

erties 

in the 

axial 

direc-

tion 

and 

low in 

the ra-

dial 

direc-

tion 

iso-

tropic 

to an-

iso-

tropic 

be-

hav-

ior 

 

Using yarns in biomaterial applications 

 
Various yarns produced by the braiding production 

method in biomaterial applications and their technical 
properties have been compiled from literature sources. 

(24-30). In an artificial surgical suture application, raw 

samples were produced with SI as yarn type, 124 tex as 

yarn count, single-layer (x1), 1x1 (diamond) as braiding 

construction, 16 braid yarns and 2-D braiding structure. 

After, they were coated with CHI concentration (c%) for 

its 1, 2, and 3, at used 100 °C temperature for 10 min. 

According to experimental results, the dynamic friction 

coefficient was lower in CHI-coated samples compared 

to non-CHI-coated samples. As the CHI concentration in-

creased, tensile strength, knot strengths and anti-micro-

bial activity increased. (24). In an artificial ACL ligament 
application, raw samples were produced with HT PET, 

and EL as yarn types, 1670 dtex, 2200 dtex, and 3300 dtex 

for HT PET as yarn count, and 420 dtex, 960 dtex, and 

1280 dtex for EL as yarn count, four-ply (x4), 1x1 (dia-

mond) as braiding construction, 1 center yarn and 16 

braid yarns, from 40° to 61° braid angle, and 3-D braiding 

structure. According to experimental results, as the braid 

angle increased, axial tensile strength values decreased 

but percent elongation at break values increased. Moreo-

ver, these values were much more evident in samples with 

EL compared to samples with only HT PET. While the 
axial tensile strength values decreased for both HT PET, 

and EL yarn types as the yarn count increased, the percent 

elongation at break values remained almost unchanged 

for the HT PET yarn but increased for the EL yarn type. 

(25). In an artificial Achilles tendon application, raw sam-

ples were produced with PET, and PP as yarn types, 1112 

dtex for PET as yarn count and 1200 dtex for PP as yarn 

count, double-layer (x2), 1x1 (diamond) and 2x2 (regu-

lar) as braiding constructions, 1 center yarn and 16 braid 

yarns, 10° to 60° braid angle, and 3-D braiding structure. 

According to experimental results, as the braid angle in-
creased, the braid diameter decreased. Axial tensile 

strength, modulus of elasticity, maximum breaking force, 

and maximum percent elongation at break increased as 

the number of yarns increased.  
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Moreover, PET as yarn type had all these biomechanical 
values higher than PP as yarn type. PET as yarn type 

creep, and fatigue strength values were higher than PP as 

yarn type. (26). In an artificial ACL ligament application, 

raw samples were produced with UHMWPE, PPD-T, and 

HT PET as yarn types, 445 dtex for UHMWPE as yarn 

count and 1670 dtex for PPD-T, and HT PET as yarn 

count, single-layer (x1), 1x1 (diamond) and 2x2 (regular) 

as braiding constructions, 1 center yarn and 16 braid 

yarns, 45° braid angle, and 3-D braiding structure. CHI (c 

= 2%), and GA (c = 25%) chemicals were first dissolved 

solution at pH between 5 and 5.5, 70 °C temperature, and 

3 hours as an biofinishing process, then they were ab-
sorbed and coated for 0.5 hours. Then, a biological in-

vitro environment was created with PBS chemical. Fi-

nally, they were sterilized by EtO sterilization. FT-IR 

chemical technical analysis was performed. According to 

experimental results, the most common bond formations 

were observed as HT PET > PPD-T > UHMWPE, respec-

tively. It was reported that the reasons for this were yarn 

types, chemical structures of the yarns, bond types, mo-

lecular weights, crystallinity, reactivity, ease of diffusion 

and diffusion rate. (27). In an artificial surgical suture ap-

plication, raw samples were produced with PA 6.6 as yarn 
type, 44 dtex as yarn count, 23 as filament count, single, 

double and triple ply (x1, x2 and x3), 1x1 (diamond) as 

braiding construction, 1, 2, and 3 center yarn, and omly 

12 and 16 braids, 350 t/m, 500 t/m, and 650 t/m as twist 

amounts and 3-D braiding structure. According to exper-

imental results, as the number of braid yarns, number of 

yarn layers and twist amount increased, braid diameter, 

tensile strength and knot strength values increased. Node 

activity first decreased, then increased, and finally de-

creased again. Deformation recovery (elastic recovery) 

behavior varied. (28). In an artificial ligament and tendon 

application, raw samples were produced with PCL, and 
UHMWPE as yarn types, 110 denier as yarn count and 32 

as filament count for PCL and 100 denier 82 as filament 

count for UMWPE, PCL/UHMWPE ratio 100/0, 75/25, 

50/50, 25/75, and 0/100 ratios, respectively. They had 

also single-layer (x1), 1x1 (diamond) as braiding con-

struction, 4+4 and 8 braid yarns and a 2-D braiding struc-

ture. According to experimental results, as the 

PCL/UHMWPE ratio went from 100/0 to 0/100, the mod-

ulus of elasticity, maximum breaking force, axial tensile 

strength, creep strength, fatigue strength and knot 

strength values increased, but the maximum percent elon-
gation at break values decreased. The general result was 

that the PCL/UHMWPE with 2-D braiding structures for 

their 50/50 and 25/75 ratios were reported to have opti-

mum mechanical results. (29). In an artificial bone appli-

cation, raw samples were produced with PLA as yarn 

type, 75,150 and 300 denier as yarn numbers, 36 as fila-

ment count, double, three and four layers (x2, x3 and x4), 

1x1 (diamond) as braiding construction, 16 braid yarns, 

and 2-D braiding structure.  

Then, they were impregnated and coated with 3% con-
centration of CHI at pH 7 at a temperature range of 20 °C 

to 22 °C for 6 hours. According to experimental results, it 

was determined that 150 denier 4-ply PLA yarn had the 

maximum elasticity modulus, maximum breaking force 

and axial maximum tensile strength values. Moreover, it 

was observed that thermal degradation began after 70 

days. It was also determined that CHI-coated PLA sam-

ples produced less Ca+2 ion. It was reported that the rea-

son for this was that CHI vibrated the carbonyl group on 

the PLA structure at a wavelength of 1730 cm-1, thus ac-

celerating its conversion to Ca+2. (30). 

Conclusions 

Biomaterials have increased their importance and use in 
the body since the 1960s until today. The raw materials 

used in biomaterials are generally structures in the form 

of yarns produced by the 3-D braiding production 

method. In addition to polymeric materials, they can be 

used in metallic, ceramic and composite materials. They 

produced in this way are generally artificial surgical su-

ture, artificial ligament, artificial tendon, artificial vessel, 

and artificial bone applications. UHMWPE, PPD-T, HT 

PET, PET, PP, PLA, and PCL yarns are widely used. It 

has been determined from experimental studies that they 

are affected by yarn’s chemical, yarn’s mechanical, 
yarn’s thermal and yarn’s biological properties, yarn type, 

yarn count, number of yarn layers, twist amount, center 

and braid yarn count, braid angle, braiding construction 

and biofinishing process for biomechanical performance 

values in biomaterials. After production, it must be sub-

jected to a sterilization process. Chemical sterilization, 

thanks to alcohol-based chemicals, is the most commonly 

used sterilization method. When C, G, UHMWPE, PPD-

T, HT PET, and PET yarns are used to have high values 

for biomechanical performance values in biomaterials. 

When the high biological performance values are desired 
in biomaterials is recommended to use PLA, PGA, PCL, 

and PLGA yarns. The biomaterials produced should not 

cause various complications, and symptoms within the 

body, and should support the rapid rehabilitation process. 

Official approval is required from the FDA in US. 

List of abbreviations 

Chitosan stands for CHI, collagen stands for COL, alginat 

stands for ALG, gelatin stands for GEL, heparin stands 

for UFH, hyaluronic acid stands for HA, chondroitin sul-

fate stands for GAG, agarose stands for AGA, carbon 

stands for C, glass stands for G, polyparaphenyleneter-

ephthalamide stands for PPD-T, cotton stands for CO, sik 

stands for SI, spider silk stands for SSI, linen stands for  
LI, hemp stands for HE, jute stands for J, ramie stands for 

R, viscose rayon stands for CMD, lyocell stands for LYO, 
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elastane stands for EL, ultra high molecular weight poly-
ethylene stands for UHMWPE, polyacetal stands for PAc, 

polyamide stands for PA, polycarbonate stands for PC, 

polyethylene stands for PE, polypropylene stands for PP, 

polyurethane stands for PU, polystyrene stands for PS, 

palmitoylethanolamide stands for PEA, polyethylene ter-

ephthalate stands for PET, polytriethyleneterephthalate 

stands for PTT, polybutyleneterephthalate stands for 

PBT, polybutylenesuccinate stands for PBS, polydioxa-

none stands for PDS, plastic optical fibers stands for POF, 

polydimethylsiloxane stands for PDMS, polyhydroxyal-

kanoates stands for PHA, polyhydroxybutyrate stands for 

PHB, poly(3-hydroxybutyrate-co-3-hydroxyvalerate) 
stands for PHBV, polybutyleneadipateterephthalate 

stands for PBAT, polyethyleneglycol stands for PEG, 

polyvinylpyrrolidone stands for PVP, polyvinylalcohol 

stands for PVA, polycaprolactone stands for PCL, pol-

ylactic acid stands for PLA, polyglycolic acid stands for 

PGA, polyglactin stands for PGLA, poly L-lactic acid 

stands for  PLLA, poly lactic-co-glycolic acid stands for 

PLGA, polyaryletherketone stands for PAEK, polyether-

etherketone stands for PEEK, polyetherketoneketone 

stands for PEKK, polyvinylidenedifluoride stands for 

PVDF, polytetrafluoroethylene stands for PTFE, 
polymethylmethacrylate stands for PMMA, poly(2-hy-

droxyethyl methacrylate) stands for PHEMA, stainless 

steel stands for SS, titanium stands for Ti, cobalt-chrome 

(Co-Cr), nitinol stands for NiTi, tantalum (Ta)), tungsten 

stands for W, calcium phosphate stands for CaP based on 

hydroxyapatite stands for HA, tricalcium phosphate 

(TCP), high purity alumina stands for Al, aluminum zir-

conia rich alumina stands for ZTA, yttria stabilized zirco-

nia stands for YSZ and bioactive glass stands for BG. 
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