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Abstract 
Synthetic suture manufacturing technology has three distinct processes namely filament manufacturing 
process, suture needle fabrication and sterilization. Filament manufacturing process is almost same as 
conventional textile filament manufacturing technique. Filaments are synthesized from the polymer chips or 
pellets. They are manufactured using either melt spinning or wet spinning and also in the form of mono or 
multifilament. The geometry of the suture needles is decided by the nature of operation procedure, strength 
of tissue, diameter of the suture and depth of bite. After manufacturing of filament and suture needle, both of 
them joint together in case of eyeless needle and the process are called as “Swaging”. In case of eyed 
needle, the filament and suture needles are joined by healthcare professionals at the time of operation 
procedure. Before packaging and despatching of suture material for its end uses, the filament and suture 
needles are sterilized. This review gives a detail report on the raw materials, stages for manufacturing 
sutures, suture needle fabrication, insertion process and geometry of suture needle. 
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Introduction 
Medical textile industry has diversified from conventional 
textile industry with new materials and developments. 
Revolution of polymer technology gives a wide scope to 
manufacture the implantable medical textile or bio-textile 
products. Application of the implantable medical textiles 
ranged from bioprosthetic (heart) valves to wound 
closure devices (sutures) (Philip et al., 2002). Sutures are 
the most common implantable medical textiles which are 
used in surgical procedures. They are used to close the 
separate tissue which has occurred due to an incision, 
puncture, abrasion etc. Nowadays sutures are generally 
manufactured using advanced biocompatible polymers. 
Sutures are generally manufactured using either 
monofilament or multifilament. In general, textile 
filaments (Both monofilament and multifilament) are 
manufactured using the following techniques (Gupta and 
Kothari, 1997). 
a) Melt spinning 
b) Dry spinning 
c) Wet Spinning 
d) Dry jet wet spinning and 
e) Gel spinning 
 
In melt spinning process, the molten polymer is extruded 
through the tiny holes to form filaments. The produced 
filaments are stretched by an external force applied at 
the wind-up before the filament getting cool. Further the 
filament is cooled by quenching chamber where the 
cooled air is passed through the filament when the 
filament emerges from the tiny holes called as spinneret. 
 

In dry spinning process, the solution form of conc. 
polymer is extruded through the spinneret holes into the 
current of hot gas where the solution type of polymer is 
converted into solid filament by means of evaporation of 
solvent from the polymer solution (Chapman, 1974).  
This method is preferred where the polymers do not melt. 
Wet spinning is the oldest process. The fibre forming 
polymers are dissolved in a suitable solvent and form the 
polymer solution. This polymer solution is called as 
‘dope’. The dope is extruded through the spinneret to a 
liquid bath containing low molecular weight chemicals. 
The bath containing suitable liquids absorb the solvent 
present in the polymer solution and convert the polymer 
solution into filaments (Mishra, 2007). This liquid bath is 
called as ‘coagulation bath’. In dry jet wet spinning 
process, the spinneret is kept in a dry state. The polymer 
solution extruded from the spinneret is allowed to pass 
through the atmosphere or inert gas and then passed 
into liquid bath also knows as ‘coagulation bath’.  
In between spinneret and coagulation bath, the extruded 
polymer solution induces the elongation flow which 
results the high orientation and mechanical properties of 
filament. Gel spinning technique is used to produce the 
high strength filaments. This technique is similar to wet 
spinning where the polymer dope is solidified when the 
extruded polymer solution is passed into coagulation 
bath. Here the extruded polymer solution is still in gel 
form in the coagulation bath. The gel form polymer is 
passed to drawing chamber and then the filament is 
solidified. High performance polyethylene fibers (HPPE) 
are produced by gel spinning.  
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In case of synthetic suture manufacturing, due to the raw 
materials usage for the production of sutures, mostly, 
melt spinning technology is preferred. Sutures are 
generally classified as two types. They are absorbable 
and nonabsorbable (Anand et al., 2006). Absorbable 
sutures are used internally in the body and are designed 
to lose the strength over the period of time. After that, the 
sutures are absorbed or decomposed by the natural 
reaction of the body to foreign substances such as 
hydrolysis process. Nonabsorbable sutures are not 
dissolved by the human body’s natural reaction to foreign 
substances. This kind of sutures is generally used for 
closing cutaneous or oral incisions, where the suture can 
be easily removed from the body. There are three major 
official compendiums for the suture manufacturing 
industry. They are: 
i. United states Pharmacopoeia (USP),  
ii. European Pharmacopoeia (EP) and 
iii. British Pharmacopoeia (BP). 
 
They provide the standards and guidelines for suture 
manufacture. Sutures are classified as ‘Medical Device’ 
under these standards. Some important quality attributes 
of both absorbable and nonabsorbable sutures are 
diameter, tensile strength, needle pullout strength, 
sterility etc. 
 
Raw materials 
Synthetic sutures are manufactured from variety of textile 
manmade fibres such as nylon, polyester, polypropylene, 
polyethylene, glycolic acid, glycolide, polydioxanaone 
polymers etc. (Anon, 2014). In that nylon, polyester, 
polypropylene and polyethylene are used to produce 
nonabsorbable surgical sutures. Glycolic acid, glycolide 
polymers and polydioxanone are used to manufacture 
absorbable surgical sutures. 
 
Stages for manufacturing sutures 
Suture manufacturing is a three stage process and they 
are: 
1) Filament manufacturing (suture) process, 
2) Suture needle fabrication and insertion process and 
3) Packaging process. 
 
Filament manufacturing (suture) process: There are two 
different methods are preferred for the production of 
synthetic sutures. They are melt spinning and wet 
spinning. Melt spinning are generally preferred for the 
polymer which has its temperature of melting point below 
the decomposition temperature. Wet spinning technique 
is preferred only where the polymers do not melt. In case 
of melt spinning, filament production is the first step for 
manufacturing the synthetic sutures which is produced 
from the raw polymer in the form of tiny pellets or chips. 
Using the melt spinning technique, the raw polymer such 
as polyamide, polyethylene, polypropylene, polyester, 
saran and sulphur pellets or chips are converted as 
monofilament or multifilament. A typical melt spinning 
line is shown in Fig. 1. 

Fig. 1. Typical melt spinning line (Gupta and Kothari, 1997). 
 

 
 
The dried chips or pellets (moisture content should not 
exceed 0.05% by weight for polyamide and 0.005% for 
polyester) are fed to the screw extruder. The screw 
extruder has the advantages of much higher melting 
point, short process time, uniform pressure build up, 
homogenization of polymer mixing and delivery of 
metered quantity of the melt. The extruder is heated by 
oil or electricity to achieve uniform melting of polymers. 
After extrusion, the molten polymer is fed to spinneret 
through the metering pump. The metering pump is used 
to ensure the constant quantity of molten polymer to the 
spinneret. From the spinneret, either monofilament or 
multifilament are delivered and the same is fed to the 
quench chamber. The quench chamber consists of either 
cross flow or radial flow of cooling air towards the 
filament path. Hence, the stream of molten polymer 
emerged from the spinneret is solidified. The solidified 
flexible continuous filaments are wound on the bobbin 
package. In case of wet spinning, the polymer is 
dissolved in high concentration in a solvent which do not 
degrade the polymer. The liquid polymer (dope–mixture 
of polymer and solvent) is supplied to the spinneret 
under pressure. The spinneret is kept in coagulation bath 
which contains nonsolvent chemicals. Whenever the 
liquid polymer delivered from the spinneret into the 
coagulation bath, the filament is stretched due to the 
solvent diffuse from the filament and nonsolvent diffuse 
into the filament. Finally the filaments are washed, 
stretched and wound on the bobbin (Warner, 1995).  
Figure 2 shows the schematic diagram of wet spinning 
process. The crystallization of filament produced using 
wet spinning process depends upon the coagulation bath 
solution and dope solution concentration. After extrusion, 
the filaments are stretched between the pair of rollers. 
Generally, the filaments stretch about five times of the 
original length of the filament. It helps to improve the 
strength of the filament by means of high degree of 
molecular orientation along the filament axis. 
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Fig. 2. Schematic diagram of wet spinning process  
(Warner, 1995). 

 

 
 
After stretching the filament, in case of multifilament 
suture are converted into two forms. They are braided 
sutures and twisted sutures.  
 
Suture needle fabrication and insertion process 
Suture needles are used to safely transfer the suture 
material into the tissue with least amount of trauma.  
They are made using tempered steel. US Federal 
Specification GGN 211b and German standard  
DIN-13170 provides the performance and safety 
evaluation of the suture needles (Phillips, 2007).  
They have the following characteristics (Havels, 2014). 
1) Suture needle is strong enough. Hence, it does not 

break easily, 
2) It should be rigid and does not bend while operation 

procedure, 
3) It has sharp edge for penetrating the tissue with 

minimum penetrating resistance, 
4) Almost it less diameter difference than suture material 

for minimizing the trauma in tissue and 
5) It is free from corrosion and burrs to prevent infection 

and tissue trauma. 
 
Geometry of suture needle 
A suture needle has five geometries. The schematic 
diagram of the suture needle is shown in Fig. 3 
(Mrcophth, 2014). 
i. Needle length: An arc length between needle point 

and swage. 
ii. Chord length: The horizontal distance between 

needle point and swage 
iii. Needle radius  
iv. Needle diameter: Measured at body of the needle. 
Sometimes the needle is manufactured with two radius 
namely shorter radius near to the needle point and larger 
radius near to the swage. This geometry of needle is 
called as ‘Bicurve’. 
 
Suture needle anatomy 
There are three parts in the suture needles. They are 
i. Point of the needle, 
ii. Body of the needle and 
iii. Eye of the needle. 
 
Point of the needle: Points of suture needles are honed 
in tip. The sharpness of needle is desired by the types of 
tissue. There are seven configurations of needle points. 

Fig. 3. Geometry of eyeless suture needle (Mrcophth, 2014). 

 
 

Fig. 4. Different types of needle points used in  
the suture eyeless needle (Suru, 2014). 

 
 
The basic tip of the needles is cutting, tapered and blunt. 
Different types of needles points are shown in Fig. 4 
(Suru, 2014). 
1) Cutting point: It has a razor sharp, honed cutting 

point. It is preferred for tough skin such as tendon. It 
makes a slight cut in tissue when it penetrates 
through the tissue. 

2) Conventional cutting needles: They have 3 cutting 
edges. At the body of the needle, the shape is 
changed from triangular to flattened body on both 
straight and curved suture needle. The third cutting is 
in inner and concave curvatures (Jayakumar, 2014). 
Conventional cutting needles easily cuts through 
dense, thick and irregular tissues. 

3) Reverse cutting needles: They have 3 cutting edges 
with triangular in shape. The triangular shape is 
extended along the body of the needle. The third 
cutting edge is on the outer convex curvature of the 
needle (Daps Tech, 2014). 

4) Side cutting needles: They are relatively flat on both 
top and bottom side of the needle. However, they 
have angulated cutting edges on both side of the 
needle. They are used for ophthalmic surgery where 
they do not penetrate the underlying tissues. The side 
cutting suture needle or spatula suture needle is 
shown in Fig. 5 (SMI, 2014). 
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5) Trocar point: It has sharp cutting tip at the point of the 
tapered needle. All the four edges in the tapered 
needles are sharp in nature which provides the good 
penetration with minimum trauma in tissue (Braun, 
2014). 

6) Taper point (Round body needle): This point of the 
needle is widely used in soft tissue such as intestine, 
blood vessel and peritoneum. The soft tissue offers 
less needle penetration resistance. The taper point 
needle tends to push the tissue aside rather than cut 
the tissue. The tip of the taper point has sharp edge 
(LaMorte, 2014). 

7) Blunt point: It is also a kind of tapered needles. 
Instead of sharp point, the needle point is designed 
with rounded blunt point. They are primarily used for 
suturing friable tissue such as liver and kidney, 
because the blunt point does not cut through the 
tissue. Also it has less chance to penetrate a blood 
vessel present in the organs. It is also reducing or 
eliminating the potential for needlestick injuries and 
that helps to protect both healthcare workers and 
patient from infection (ISIPS, 2014). 

 
Fig. 5. Diagrammatic representation of side cutting  

suture needle (SMI, 2014). 
 

 
 
Body of the needle 
The body of the needle varies in diameter or varies in 
thickness, length, shape and coating or finishing applied 
on the surface of the suture needles. The nature and 
location of tissue to be sutured influence the selection of 
suture needles.  
1) Needle gauge or diameter: Depending upon the 

nature of tissue the needle gauges are selected. 
Tough or fibrosed tissue requires a heavier–gauge 
needles than the fine gauge needles required for 
microsurgery such as ophthalmic surgery. 

2) Needle length: The Needle length determines the 
depth of the bite in which the sutures are placed in 
the tissue. 

3) Needle shape: There are different shapes of surgical 
needles including straight surgical needles, curved 
needles, J–shaped needles and compound curved 
needles (Chenguang, 2014). Straight needles are 
used when the tissue is easily accessible. Without the 
aid of the surgical needle handling instrument it can 
be used by hand. It is mostly suitable for skin closure 
and micro surgical such as nerve and vessel repair 
(Baran et al., 2014). Curved needles are most 
common surgical needle in operation procedure. They 
are made in different shapes including; ¼ circle used 

for microsurgery and ocular procedures, 3/8, ½ and 
5/8 circle used for cardiovascular surgery, oral and 
nasal surgery (Robin, 2014). The shapes of the 
curved needles are shown in Fig. 6 (Foshion, 2014). 
J-shaped needles are used to close the deep layers 
of the wound without much disturbing to the organs. 
These needles are mostly preferred in laparoscopic 
surgery. Compound curve needles are designed for 
anterior segment ophthalmic surgery. The body has 
the angle of 80° curvature at the tip, which becomes a 
45° curvature throughout the remainder of the body. 
The compound curved needle may also used for 
vessel approximation in microvascular surgery. 

4) Ribbed depression or grooves along the body of the 
needle: The ribbed depression or grooves along the 
body of the needle helps to firm holding of the needle 
in the needle holder. This helps to avoid the twisting 
or turning of the suture needle in any position in the 
needle holder. Most of the curved needles are 
furnished with the ribbed depression or grooves along 
the body of the needle. The ribbed depression along 
the body of the needle is shown in Fig. 7 (Sutures, 
2014). 

5) Coating or finishing on the surface of the suture 
needle: In order to ensure the smooth surface of the 
suture needles, all the needles are coated with 
microthin plastic or silicone to enhance the smooth 
passage of the needle through the tissue. Black 
surface finish helps to enhance the visibility of needle 
during operation procedure. 

 
 

Fig. 6. Different types of curved needles used for various 
operation procedures (Foshion, 2014). 

 
 
 

 
Fig. 7. The ribbed depression in the Side cutting needles used 

for ophthalmic surgery (Sutures, 2014). 
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Fig. 8. Eyes of needles A–Eyed needle, B–French eye and  
C–Eyeless (swaged) (Phillips, 2007). 

 
 
Eye of the suture needle 
The eye is the segment of the needle where the suture 
strand is attached. Based on the eye, the surgical 
needles are classified as eyed, French eye and eyeless 
(swaged). The typical diagrammatic representation of the 
eyes of the suture needles are shown in Fig. 8. 
 
Eyed needles: The closed eye surgical suture needles 
are looked like as household sewing needles. There are 
two different shape of the eye. They are round and 
square. The end of the suture materials are pulled out 
around 5 to 10 cm from the eye. This additional pulling 
out of suture material helps to avoid the slip out of suture 
threads from the eye, while operation procedure.  
The drawbacks of the eyed surgical suture needles are 
as follows: 
i. While threading there is chance of puncturing of 

gloves with the needle point, 
ii. Needles can unthread prematurely. This is an 

annoyance to the surgeon and also increases the 
time of operation procedure and 

iii. The bulkiness due to the double strand through the 
eye creates a larger hole than the size of needle or 
suture material. It causes additional trauma to tissue. 

 
French eye needles: It has a slit from the inside of the 
eye to the end of the needle. The slit present in the 
French eye needles are used to insert the suture strand. 
The tail end of the suture material from the eye is hold 
between finger and needle holder which is same as like 
as eyed needles. French eye needles are generally 
preferred for pliable braided materials such as silk and 
cotton suture materials. 
  
Eyeless needles: An eyeless needle is a continuous unit 
with the suture thread. The suture needles are drilled 
onto the opposite side of the needle point. At the end of 
the suture manufacturing, the suture material is inserted 
to the drill end and permanently attaches the suture 
material with the suture needle. The diameter of the 
suture needles is almost same as size of suture material 
used. After inserting the suture material with the suture 
needles, all the suture needles are crimped at the drilled 
portion with suture material. Hence, the suture material 
firmly fixed with suture needle. This process is called as 
“swaging”. 

Packaging process 
After swaging, the suture material either monofilament or 
multifilament along with suture needles are inserted into 
a foil packet and sterilized the same. Sterilization is the 
process to destroy the entire microorganism (which are 
associated with transmission of diseases) present in the 
surface of the suture material along with suture needle 
(Rutala and Weber, 2008). There are eight sterilization 
methods used for sterilizing the medical products such 
as drugs, implantable medical devices, surgical 
disposables etc. They are dry heat sterilization, 
pressured vapour sterilization, EtO (Ethylene oxide) 
sterilization, formaldehyde sterilization, gas plasma 
(H2O2) sterilization, peracetic acid sterilization, gamma 
radiation sterilization and E-beam sterilization (Silindir 
and Ozer, 2009). For the suture material, two types of 
sterilization methods are widely used. They are ethylene 
oxide sterilization and gamma sterilization. 
 
Ethylene oxide (EtO) sterilization: Ethylene oxide 
sterilization technique is generally preferred where the 
material cannot withstand the conventional high 
temperature steam sterilization (Eurotherm, 2014). In this 
sterilization process, the sutures and needles along with 
foil pack in open condition is kept into a gas chamber. 
This sterilization has four phases. In first phase, the air is 
removed from the gas chamber. In second phase, the 
steam is passed into the gas chamber for certain period. 
In third phase, ethylene oxide gas is injected into the gas 
chamber, after filling of the ethylene oxide gas; the 
chamber is kept with ethylene oxide gas for certain 
period of time. In fourth phase, the ethylene oxide gas is 
removed from the gas chamber and the air is filled into 
the gas chamber. After that, the suture foil pack is taken 
from the gas chamber and seal the suture foil pack by 
using thermal compression (Mddi, 1998). Most of the 
sutures such as synthetic absorbable sutures like 
polydioxanone, polyglycolide etc. and nonabsorbable 
sutures like polyamide, polyester, polyethylene etc.  
can be sterilized using ethylene oxide sterilization. 
Ethylene oxide is a colourless gas which destroys the 
microorganism by the process called as “Alkylation”.  
In the alkylation process, ethylene oxide gas penetrates 
to the microorganism’s cell membrane and reacts with 
nuclear material rendering it unable for reproduction or 
metabolizes (Case Medical Inc, 2014). In general, 
ethylene oxide sterilization is preferred for synthetic 
absorbable suture materials such as polyglycolic acid 
(PGA), polyglactine 910, polydioxanone, and synthetic 
nonabsorbable suture materials such as polyester and 
nylon. 
 
Gamma sterilization: Gamma radiation delivers a certain 
radiation dose on the product. The radiation duration 
depends upon the thickness and volume of the product 
(Adrovic, 2012). This kind of radiation sterilization is 
currently regulated by two standards. They are EN552 
and ISO 11137. Radiation sterilization with high energy 
gamma rays is a proven technology to be a useful 
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method for the industrial sterilization of heat sensitive 
products such as plastic surgical products, suture 
materials etc. Gamma rays are usually produced from 
Cobalt–60 sources. The isotopes of cobalt 60 in the form 
of pellets are packed in the metal rods. Each rods are 
carefully arranged within the chamber and containing  
20 KCi (Kilo curie) of radiation activity. The radiation 
chamber is housed within a reinforced concrete building 
with a thickness of 2 m. The medical products are 
passed through the radiation chamber on a conveyor belt 
and move around the source of pencil shaped lenses 
emitting gamma radiation (Sultana, 2007). In case of 
gamma sterilization, the suture materials are completely 
packed, typically a sealed foil pack backed inside the 
cardboard box. Whenever, the gamma radiation  
applied over the products, nucleic acids present  
in the microorganisms are ionized in which the  
micro organisms are killed. In general, gamma radiation 
sterilization is preferred for natural absorbable suture 
materials such as plain catgut, chromic catgut and 
natural nonabsorbable suture material such as silk, 
stainless steel and synthetic nonabsorbable suture such 
as polypropylene. Some polymer based suture material 
is not preferred for sterilization using gamma radiation. 
This is due to that the polymers degradation is observed 
at the time of gamma radiation. 
 
Conclusion 
Sutures are one of the medical devices which are used 
to close the open tissue or open incision. Due to the 
latest development in biomaterials, the absorbable type 
of filaments is produced. Because of the absorbing or 
degrading nature, absorbable synthetic sutures are 
enhancing the operation procedure. They benefit  
both the patient and healthcare professionals. Last  
few decades the knotless sutures are also developed for 
avoiding the knotting process during the operation 
procedure performed by healthcare professionals. 
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