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ABSTRACT

The purpose of the study was to provide detailéorimation on properties of suture materials in orteassist
surgeons in their selection of adequate suturessfmcific surgical applications. The essential megoents and
characteristics of suturing materials effects oopprties of surgical sutures. A wide range of ststgin characteristics
was observed in the tested sutures. Suture materiadimilar nominal properties may behave quitéedgntly in their
stress-strain relationship. Sutures are classifi¢ol three classes according to its structural igométion and origin.
These are classified by the Food and Drug Admatistin (FDA) with reference to Safe Medical Devicet ASMDA), and
Food and Drug Administration Modernization Act (FBIA) of USA. Absorbable suture is used to close ¢hges of a
wound or incision and to repair damaged tissue.-&lwsorbable sutures are designed to either b@defhanently in the
body or are to be removed after a certain healergpd. This was true of sutures of the same chdmatare as well as of

different geometric construction, such as EthilsnNurolon.
KEYWORDS: Fibre, Suture, Human Tissue, Synthetic, Bio-Degdoéalaviono-Filament
INTRODUCTION

Suture is a generic term for all materials uselriog served body tissue together and to hold ttiesees in their
normal position until healing takes place. Sutuwgch are used in surgical purpose for field of foabtextiles is now a
most demand in joining of different type of tissuBsitures are used to re-approximate the dividssiidis and ligation of
the cut end vessels. If the suture fails to perfdhm above said functions, the consequences magidastrous.
Massive bleeding may occur when the suture loopoanding a vessel is disrupted [1]. Securing wousdsossible by
knot or by recently developed barbed suture. Satueguire knots so as to ensure optimal tissueuostrength.
The goal of wound closure is to bring the edgeshef wound together not only with sufficient stréngb prevent
dehiscence, but also with a minimal residual temsiod compression of the tissue [2]. The examplsutiring which is

help in joining of two tissues which are shown igufe. This Figure shows wound before suturing afiter suturing.

i

Figure 1: Wound beforeuure Figure 2: Wau after Suture

This article can be downloaded fromwww.impactjournals.us




| 86 Srinivasulu K & N. Dhiraj Kumar |

With the first wave of bioactive sutures alreadyttie marketplace, research is ongoing in the dewedmt of
future products. Such sutures could potentiallyehast only antimicrobial activity but also anesibie&nd antineoplastic
functions. Some clinical trials have already beesmpgleted in Russia. This technology is likely tochme

commonplace [3].

The suturing materials and techniques used to staan the planes can thus have a direct and detaten
influence on the phases of healing, making an itidepd detailed knowledge of the physical, chendal technological
properties of suturing materials an absolute nétyesghe clinical choice that, on each individualcasion, leads us to
prefer a synthetic or a natural thread, a single onultiple filament, a resorbable or a non-resbidbauture, must be
reasoned and never left to chance.

The thread is always used with a needle, the ctaistics of which also contribute to differentragiits use in
order to achieve the required results. A preciserkadge of these variables is part of the bodyeohnical and theoretical

expertise of every oral surgeon [4].

CHARACTERISTICS

Ideal Suture Characteristics

Suture material is a foreign body implanted intomlam tissues; it elicits a foreign body tissue rieact
During wound closure, a sterile field and metical@septic technique are critical to minimize tls& 0f wound infection.
Other complications of wound healing, such as hypphic scars, wide scars, and wound dehiscenceg, raslt from
patient factors (eg, nutritional status), incorreature selection, or a technique that resultxgessive tension across the

wound.

Skillful wound closure requires not only knowledgg proper surgical techniques but also knowledgehef

physical characteristics and properties of thersund needle.
The ideal suture has the following characteristics:
» Sterile
e All-purpose (composed of material that can be usethy surgical procedure)
» Causes minimal tissue injury or tissue reactionr(@electrolytic, noncapillary, nonallergenic, narcinogenic)
» Easyto handle
» Holds securely when knotted (ie, no fraying or ioggt
e High tensile strength
e Favorable absorption profile
* Resistant to infection

Unfortunately, at present, no single material ceovide all of these characteristics. In differeiti@ions and
with differences in tissue composition throughdw body, the requirements for adequate wound aosquire different

suture characteristics.
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Essential Suture Characteristics
All sutures should be manufactured to assure skftardamental characteristics, as follows:
o Sterility
» Uniform diameter and size
» Pliability for ease of handling and knot security
» Uniform tensile strength by suture type and size
» Freedom from irritants or impurities that wouldcéltissue reaction
Other Suture Characteristics
The following terms describe various characteristalated to suture material:

e Absorbable - Progressive loss of mass and/or volume of sutméerial; does not correlate with initial tensile
strength.

» Breaking Strength - Limit of tensile strength at which suture fadusccurs.

» Capillarity - Extent to which absorbed fluid is transferreohal the suture.

» Elasticity - Measure of the ability of the material to regasnoriginal form and length after deformation.
e Fluid Absorption - Ability to take up fluid after immersion.

« Knot-Pull Tensile Strength - Breaking strength of knotted suture material400c weaker after deformation by

knot placement).

» Knot Strength - Amount of force necessary to cause a knot to(séilated to the coefficient of static frictioncan

plasticity of a given material).

 Memory - Inherent capability of suture to return to orimha@in its original gross shape (related to eléstic

plasticity, and diameter).

 Non Absorbable - Surgical suture material that is relatively daafed by the biological activities of the body

tissues and is therefore permanent unless removed.

e Plasticity - Measure of the ability to deform without breakiand to maintain a new form after relief of the

deforming force.

» Pliability - Ease of handling of suture material; abilityatdjust knot tension and to secure knots (relatesitiore

material, filament type, and diameter).
» Straight-Pull Tensile Strength- Linear breaking strength of suture material.

e Suture Pullout Value - The application of force to a loop of suturedtsdd where tissue failure occurs, which
measures the strength of a particular tissue; bi@ridepending on anatomic site and histologic casitjom
(fat, 0.2 kg; muscle, 1.27 kg; skin, 1.82 kg; fas@.77 kg).
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» Tensile Strength- Measure of a material or tissue's ability tagtedeformation and breakage.

« Wound Breaking Strength - Limit of tensile strength of a healing woundndtich separation of the wound edges
occurs[6].

CLASSIFICATION OF SUTURES

Sutures are classified into three classes accotdiitg structural configuration and origin[7]. ™eeare classified
by the Food and Drug Administration (FDA) with reface to Safe Medical Device Act (SMDA), and Foad ®rug
Administration Modernization Act (FDAMA) of USA. FD classifies the medical devices which are usedtferhumans,
with respect to their effectiveness and safety. #litures are classified as Class | (General cajirdllass Il
(Special controls), Class Il (Pre market apprava@hese controls are specified by the Guide doctenehFDA, SMDA
and FDAMA [8].Figure 3 gives us an idea about the classificaifuture materials.

Suture materals - Mono, Multi and Braided Structures

|
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Figure 3: Classification of Suture Materials
* Absorbable and Non-Absorbable
* Natural and synthetic
*  Monofilament and multi-filament
Absorbable Suture

A surgical suture is used to close the edges obana or incision and to repair damaged tissue. 8 hee many
kinds of sutures, with different properties suitalibr various uses. Sutures can be divided into itwéon groups [9].
Namely, absorbable. An absorbable suture decomposies body. It degrades as a wound or incisiaishe

These are constructed from the materials whichbao&en down in tissue after a given period of tinsially
from ten days to four weeks depending on the sutaneposition. They are therefore applied in mameirtissues of the
body. In most of the cases, three weeks are sefffidor the wound to recover firmly. The suturelisappeared gradually

and not needed any more to be removed, as there fereign material left inside the body. Absorleabltures were
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originally made from intestines of sheep, the slledacatgut. The manufacturing process was sintdathat of natural
musical strings for violins and guitars, and al$aatural strings for tennis racquets. The majatt p& the absorbable
sutures used are now made of synthetic polymeedibwhich may be braided or monofilament; theserafiumerous
advantages over gut sutures, notably ease of majditiw cost, low tissue reaction, consistent genénce and guaranteed

nontoxicity [10].

Absorbable sutures provide temporary wound suppmtti] the wound heals well enough to withstandnmalr
stress. Absorption occurs by enzymatic degradatiomatural materials and by hydrolysis in synthetiaterials.
Hydrolysis causes less tissue reaction than enzymegiradation. The first stage of absorption hlsear rate, lasting for
several days to weeks. The second stage is chazactdy loss of suture mass and overlaps thediesje. Loss of suture
mass occurs as a result of leukocytic cellular aasps that remove cellular debris and suture nahtEdm the line of

tissue approximation.

Chemical treatments, such as chromic salts, lengthe absorption time. Importantly, note that loggensile
strength and the rate of absorption are separaeophena. The surgeon must recognize that accelembtorption may
occur in patients with fever, infection, or protaieficiency and may lead to an excessively rapidinke in tensile
strength. Accelerated absorption may also occarbody cavity that is moist or filled with fluid @frsutures become wet

or moist during handling prior to implantation. BExales: Catgut, Chromic, Vicryl, PDS[11].
Non-Absorbable Suture

Non-absorbable sutures are designed to eitherftogdiananently in the body or are to be removedradtcertain
healing period. Permanently placed, non-absorbsinieres are generally used in tissue where evargthbealing may
occur; the new tissue may never have the neededgstr to support itself. The effective tensile syt of such sutures
remains high over time. When used to close skin;afzsorbable sutures are usually removed in 10a¥y4,dut this may
vary by location and situation[12]. Sutures are enfrdm materials which are not metabolizgdthe body, and used either
on skin wound closure, whetle sutures can be removed after a few weeks, sworimeinner tissues in which absorbable
sutures are in adequatehis is applied in the heart and blood vessels,s@hioythmic movement requires a suture which
stays longethan three weeks, to provide the wound enough torrecover[13]. Other organs, like the bladder, cantai
fluids which make absorbable sutures disappear withinvadfess, too early for the wound to heal. Inflammatansedy
the foreign protein in absorbable sutures can dynptiarring, so if removable sutures are less antigémiould represent

a way to reduce scarringxamples: Nylon (Ethicon), Prolene, silk.
Natural Suture

Natural sutures are made from animal or plant maserTheir protein composition can elicit the mpsinounced
tissue reaction (inflammation) of any suture maleriheir useful strength in tissue varies fromew fdays with Plain

Catgut to several months for Silk, and can varyhlie individual.

e Collagen: The collagen sutures are derived from the subnalidager of ovine small intestine or the serosgéta
bovine small intestine "gut.” This collagenous uisss treated with an aldehyde solution, which sfatks and
strengthens the suture and makes it more resigtarizymatic degradation. Suture materials treatetis way

are called plain gut.
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e Surgical Gut, Plain: Tensile strength is maintained for 7-10 days pugtlantation (variable with individual
patient characteristics), and absorption is corapléthin 70 days. This type of suture is used &mairing rapidly
healing tissues that require minimal support agdting superficial blood vessels. Surgical guti-&ssorbing:
This type of suture is indicated for epidermal gsguired only for 5-7 d) and is not recommendediriternal

use.
e Surgical Gut, Chromic (Treated with Chromium Salt):

0 Tensile strength is maintained for 10-14 days. @hsorption rate is slowed by chromium salt (90 d).
Tissue reaction is due to the noncollagenous nagerésent in these sutures. Also, patient faatfect

rates of absorption and make tensile strength sdraeuwnpredictable.

o Salthouse and colleagues demonstrated that the amisalm by which gut reabsorbs is the result of
sequential attacks by lysosomal enzymistural fiber absorbable sutures have several ndisti
disadvantages. First, these natural fiber absoebabtures have a tendency to fray during knot
construction. Second, there is considerably mor&bgity in their retention of tensile strengthathis
found with the synthetic absorbable sutures. Acdefor a synthetic substitute for collagen sutlregan
in the 1960s. Soon, procedures were perfectechivisynthesis of high molecular weight polyglycolic

acid, which led to the development of the polyglicacid sutures.

e Surgical Silk: This suture is made of raw silk spun by silkworfke suture may be coated with beeswax or
silicone. Many surgeons consider silk suture ttandird of performance (superior handling charasttes).
Although classified as a nonabsorbable materi$ik suture becomes absorbed by proteolysis and ten of
undetectable in the wound site by 2 years. Terstilength decreases with moisture absorption ardstsby
1 year. The problem with silk suture is the acuftaimmatory reaction triggered by this material.sHreaction

leads to encapsulation by fibrous connective tissue

e Surgical Cotton: This is made of twisted, long, staple cotton fibérensile strength is 50% in 6 months and

30-40% by 2 years. Surgical cotton is nhonabsorbabtebecomes encapsulated within body tissues.
Synthetic Suture

Sutures are also classified according to their foBome are monofilaments, that is, consisting df @mme
thread-like structure. Others consist of severlnfents braided or twisted together. The type dfirgsuis chosen
depending on the operation. A monofilament has f@aue drag, which indicates that it passes smypdtitbugh the
tissue. Braided or twisted sutures may have higesue drag, but are easier to knot and have grkate strength[14].
Braided sutures are usually coated to improve distag. Other sutures may have a braided or twisted within a
smooth sleeve of extruded material. These are krasvpseudo monofilaments. Sutures are designeceét different
needs. Sutures for abdominal surgery, for exangle different from sutures applied for cataracgery. Since no one
type of suture is ideal for every operation, surgeand medical designers have come up with sutuitbsdifferent
gualities. One may be more absorbable but lessbfeexwhile another is exceedingly strong but ppshgdomewhat
difficult to knot. This gives surgeons many optiolesigners of a new suture have to take into agdcmany factors.

The rate of which the suture degrades is importamit,only along the length of the suture but alstha knot[15] Some
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sutures need to be elastic, so that they will gtretnd not break. One of that type of special sutsibarbed structured

sutures. There are both one directional and betlmeal barbed sutures, shown in Figure 4 and Eigur

s, B, B, Bk a oA e

Figure 4: Bi Directional Barbed Suture

e — |
e e —_———— - 3 - |

Figure 5: One Directional Barbed Suture

which results improved knot ability and security.the year 1967 A R McKenzie published an artitlewd an
experimental multiple barbed suture. He stated dluaing insertion the barbed suture minimized #sdamage and his

study shows that barbed nylon sutures could be sisecessfully in tendon repair[16].

Monofilament and Multiflament

Monofilament suture is made of a single strand.sThiructure is relatively more resistant to hanmpri
microorganisms. The monofilament sutures exhilst leesistance to passage through tissue than itaoigit suture.
Great care must be taken in handling and tying rfilameent suture because crushing or crimping of thiture can nick
or weaken the suture and lead to undesirable amchgiure suture failure. Multifilament suture is gmsed of several
filaments twisted or braided together. These maltedre less stiff but have a higher coefficienfrimtion. Multifilament
suture generally has greater tensile strength airbpliability and flexibility than monofilamersuture. This type of
suture handles and ties well. Because multifilanmaterials have increased capillarity, the incrdeasesorption of fluid

may act as a tract for the introduction of pathagen

Mono filaments are stiffer and creates problem rudknotting. Braided multi filaments sutures catrseima
during surgery due its rough surface. This surfacghness results greater tendency to break. Kilaknents and braided
structures possess high capillary phenomena. Sotaterial with a high capillarity could cause bdhlyds coming out of

wound or infection penetrating the wound [17].

Table 1: Functional Requirements of Suture with Regsect to its Structure

Requirements Besidl

q Mono Multi Braided

Knot security Low Moderate High

Handling properties| Moderate Good Good

Frictional resistance Less Moderate More

to advance knot

Tissue drag Low High Higher
I . More due to

Capillarity Nil More Interstices

Tissue reaction Low High High

Multifilament sutures are very good in handlingt have a small risk of infection and significaritfion with the
tissue in contact. On the contrary, monofilamertui®s are easy in knot throw-down and less riskyiniiection.

However, attention has been paid in the developwiemultifilament sutures in this decade[18].
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Fiber Used on Suture

Material composition of sutures is very importamthie development of suture material for differapplications.

Table 2 shows the performance of different sutuaéenials.

Table 2: Performance of Different Suture Materials

. : Tissue . Knot
Material Name Tensile Strength R Handling Security
Absorbable Suture Materials
Cotton, twisted Good High Good Good
Silk, braided Good High Poor Good
Nylon, monofilament High Low Good Poor
Nylon, braided High Moderate Poor Fair
Polypropylene(mono Fair Low Fair Poor
Polybusteter,(mono) High Low Good Poor
Polyester, braided High Moderate Poor Goo
Stainless steel, :
(mono/multi) High Low | ----- Good
Non Absorbable Sutures

CO”aQ?”- plain & Poor Moderate Fair Poor
Chromic gut
Coated vicryl Good Low Good Fair
Polydioxanone Good Low Poor Poor
Poly glycolic Acid High Hydrolysis at 90-120 days ow-moderate| Fair-good Fair-god
Polyglactin High Hydrolysis at 60-90 days Low-maoatker Good Fair
Polytrimethylene High Hydrolysis at 180-210 Low Good Good
Carbonate days
Polyglecaprone High Hydrolysis at 90-210 days Low xceflent Good

In many fields of application, the strength of thergical sutures is an important aspect. The mechian
properties of resorbable polyesters are similatiher polymers but considerably lower than thengfite of bone or metal.
Metallic implants in the reconstructive surgerytioé shoulder joint can lead to certain complicatiofherefore, a small
bioresorbable dowel made of PLA has been develdpedrthroscopic refixation of the glenoid labrudoray with a

reliable fixation of sutures by the implant in édial situations can be widely guaranteed from ttigeemental studies.

During selection of material surgeon must have idleaut the biodegradable properties of the sutuatemal.
The following graph shows the relative reactiorerat different material. The situation where catglibws high reaction
rate compared with other and PDS shows relativedg feaction rate[19].

Stalnless stesal
Prolena

FDsS

Vicryl rapide
“Wicryl
Ethizond
Mearsilane
Polyamide

Sk

Linen

Catgut plain

Catgut chroom

[u] 20 40 [=1s] 80
Reaction rate

Figure 6: Reaction of Different Suture [20]
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Surgical materials should be free from microorgasisSterilization is an important process for seitomaterial.
The bacteria and spores are destroyed in this gpso&terilization may be achieved by the use ofldrgt, moist heat,
irradiation (or) chemical agents. Suture matesaiguld be stable during sterilization. After sieation, thread must retain
its functional requirement. Sterilization for caétsuture is complicated. In case of coated sutureatl must retain its
coating along with its functional properti€s”. In dry heat sterilization pathogens are killedterhperature between
160°C and 190°C. Moist heat sterilization is parfed in autoclave with pressurized steam, 15 mimsxge to 120°C at a

pressure of 0.1 bar. In the case of chemical &atibn chlorine dioxide and ethylene dioxide asedl

One requirement for surgical suture materialsapiity in sterilization: after sterilization, thtbread must retain
the maximum useful properties. Selecting the metbbdterilization for coated suture thread is caogikd, since in
addition to the properties of the thread, the prige of the coating must also be preserved. Itudyson stability of
polycaproamide suture thread with coatings in ttéahiasterilization, it was observed that the sizinly dose of 2.5 Mrad
recommended by the State Pharmacopeia does n@& dassuctive processes thread modifiers and nassaiho effect on
the physicomechanical properties and capillarityhef modified thread. This is the optimum stenilizidose for suture
thread with BF-6 phenol--polyvinylacetal adhesiveatings, SKTN-G dimethylsiloxane rubber; and a cosiig with

addition of an antimicrobial — Decametoxin[21].
CONCLUSIONS

The suturing technique is a complex operation wingl a surgeon-specific mix of cognitive and techhi
components. Notwithstanding the surgeon importatiee choice of the correct suture is fundamentaltifsue healing
and patient recovery. Usually, this choice takdés actcount the patient, the type of wound and ¢issharacteristics and
also the anatomic region. An inelastic suture caberoplaced to the area where the tissues or amcisibjected to stretch

often.

Proper designing of sutures make it possible topthaeduce the percentage of postoperative coldios and
correspondingly to reduce the number of repeatedadipns. Simultaneously, the time for treatingggal patients will be
shortened and expenses for treatment will be retlutlee physical characteristics of a suture coreptti® diameter and
configuration, capillarity and hygroscopicity, fiien, tensile strength, knot strength, elasticitygl @reep. In certain cases
fulfilling the suture characteristics is quite @ifflt for contradictory requirement. For instanbagh friction is needed for

better knot security, but on the other hand itéases the tissue drag.

Critical requirement of suture materials are krextusity, bio compatibility, degradability etc, addpending on
application suture needs high elongation, and regoyatigue resistance etc. However, strengthciacheter of the suture
are the only physical Properties available to somge~or proper choice of material other specifioparties like
extensibility, creep, relaxation behavior of maigrbiodegradability should be known for specifaguplication. Today a

lot of biomaterials are available to make sutubes it is more important to adjudge its biocompiditio

Research in material science and polymer engingeiiglds results new developments in surgical sutur

materials. Research focuses now on the drug dglauggical suture materials [39].
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