Lab 3 – Introduction to Sutures
Introduction: 

The goals of wound closure include obliteration of dead space, even distribution of tension along deep suture lines, maintenance of tensile strength across the wound until tissue tensile strength is adequate, and approximation and eversion of the epithelial portion of the closure. Methods for mechanical wound closure include staples, tape, adhesive, and suture closure. Each method has specific indications, advantages and disadvantages, and special considerations.  

Similar to other methods of wound closure, suture closure permits primary wound healing to take place over an accelerated time frame because the tissues are held in proximity.  The goal is to achieve enough healing to withstand normal stress without mechanical support. An extensive review of wound healing and the factors that influence this process have been covered in class. 
Remember that suture material is a foreign body and once implanted into human tissues it will elicit a foreign body tissue reaction. During wound closure, a sterile field and meticulous aseptic technique are critical to minimize the risk of wound infection. Other complications of wound healing, such as hypertrophic scars, wide scars, and wound dehiscence, may result from patient factors (eg, nutritional status), incorrect suture selection, or technique that results in excessive tension across the wound. Skillful wound closure requires not only knowledge of proper surgical techniques but also the physical characteristics and properties of the suture and the needle chosen.  

All sutures should be manufactured to assure the following fundamental characteristics including: 
· 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 would elicit tissue reaction 

Under ideal conditions sutures would possess the following set of attributes (tailorable to specific applications) including:

· Absorbable: Progressive loss of mass and/or volume of suture material occurs - this does not correlate with its initial tensile strength. 

· Breaking strength - Limit of tensile strength at which suture failure occurs 

· Capillarity - Extent to which absorbed fluid is transferred along the suture 

· Elasticity - Measure of the ability to regain original form and length after deformation 

· Fluid absorption - Ability to take up fluid after immersion 

· Knot-pull tensile strength - Breaking strength of knotted suture material (10-40% weaker after deformation by knot placement) 

· Knot strength - Amount of force necessary to cause a knot to slip (related to the coefficient of static friction and plasticity of a given material) 

· Memory - Inherent capability of suture to return to or maintain its original gross shape (related to elasticity, plasticity, and diameter) 

· Plasticity - Measure of ability to deform without breaking and to maintain a new form after relief of the deforming force 

· Pliability - Ease of handling of suture material; ability to adjust knot tension and to secure knots (related to suture material, filament type, and diameter) 

· Straight-pull tensile strength - Linear breaking strength of suture material 

· Suture pullout value: Applying force to a loop of suture located where tissue failure occurs measures the strength of a particular tissue. Variations occur depending upon anatomic site and histological composition. 

· Fat - 0.2 kg 

· Muscle - 1.27 kg 

· Skin - 1.82 kg 

· Fascia - 3.77 kg 

· Tensile strength - Measure of a material or tissue's ability to resist deformation and breakage 

· Wound breaking strength - Limit of tensile strength of a healing wound at which separation of the wound edges occurs
The Problem: 

Unfortunately, at the present time, no single material can provide all of the characteristics listed above. Under different situations and given differences in tissue composition throughout the body, the requirements for adequate wound closure will require different suture characteristics. 

Monofilament vs. multifilament sutures: Monofilament suture is made of a single strand. This structure is relatively more resistant to harboring microorganisms and ties relatively more easily when compared to multifilament suture. Less resistance to passage through tissue occurs as compared to multifilament suture. Great care must be taken in handling and tying monofilament suture because crushing/crimping of this suture can nick or weaken the suture and lead to undesired and premature suture failure. 

Multifilament suture is composed of several filaments twisted or braided together. These materials are less stiff but have a higher coefficient of friction. Multifilament suture generally has greater tensile strength and better pliability and flexibility than monofilament suture. This type of suture handles and ties well. Because multifilament materials have increased capillarity, the increased absorption of fluid may act as a tract for the introduction of pathogens. 

USP classification:

Class I - Silk or synthetic fibers of monofilament, twisted or braided construction 

Class II - Cotton or linen fibers or coated natural or synthetic fibers where the coating contributes to suture thickness without adding strength 

Class III - Metal wire of monofilament or multifilament construction

Suggested Process: 
1. Read over Lab 3 protocol, ASTM Standard Test Method for Single Textile Fibers and the Fabrication of Test Specimens sheet.

2. The TA will demonstrate how to test the mechanical properties suture using the instrumentation set up in lab.

3. You will be supplied with several pieces of polypropylene filament some supplied from a commercial vendor and others that have been fabricated fro your analysis.

4. Determine filament diameter and record the chemical characteristics of the various polymers used to make the test specimens.

5. For each specimen provided determine Young’s Modulus, the yield strain, yield strength, strain at failure, failure strength, and breaking toughness. 

6. Do these properties change in the presence of a surgeons knot (simple square knot- left over right, then right over left)?

7. Is the data consistent with expectations?-Discussion 

8. The TA will demonstrate how monofilament is fabricated and will provide you with the details of the method by which your test specimens were made.

Lab Report Format:
The lab report will use the abstract format for the Annual Meeting of the Society of Biomaterials.  Examples are on reserve at the Eccles Library. 

Additional Information:

Polyprolene (MONOFILAMENT 

Description 
Polypropylene monofilament surgical suture is a sterile nonabsorbable isostatic crystalline steroisomer of a linear hydrocarbon polymer containing little or no saturation. Suture characteristics include; clear monofilament (undyed) and blue monofilament (either D&C Blue # 6 or copper phthalocyanine blue dye). Polypropylene monofilament surgical suture meets all requirements established by the United States Pharmacopeia (U.S.P.) for nonabsorbable surgical sutures. 

Indications 
Polypropylene is indicated for use in general, soft tissue approximation and/or ligation, including use in cardiovascular and ophthalmic procedures. 

Actions 
Polypropylene elicits minimal acute inflammatory reaction in tissues, which is followed by gradual encapsulation of the suture by fibrous connective tissue. Polypropylene monofilament surgical suture is not absorbed, nor is any significant change in tensile strength retention known to occur in vivo. 

Contraindications 
None known. 

Warnings 
DO NOT RESTERILIZE. DISCARD OPEN UNUSED SUTURES. STORE AT ROOM TEMPERATURE. AVOID PROLONGED EXPOSURE TO ELEVATED TEMPERATURES. 
As with any foreign body, prolonged contact of this or any other suture with salt solutions, such as those found in the urinary or biliary tracts, may result in calculus formation. Users should be familiar with surgical procedures and techniques involving nonabsorbable sutures before employing Polypropylene monofilament surgical suture for wound closure as risk of wound dehiscence may vary with the site of application and the suture material used. Acceptable surgical practice should be followed with respect to drainage and closure of contaminated or infected wounds. 

Precautions 
In handling this or any other suture material, care should be taken to avoid damage from handling. Avoid crushing or crimping damage due to application of surgical instruments, such as forceps or needle holders. Adequate knot security requires the accepted surgical techniques of flat, square ties, with additional throws as warranted by surgical circumstance and the experience of the surgeon. The use of additional throws may be particularly appropriate when knotting monofilaments. 

Adverse Reactions 
Adverse effects associated with the use of this device include wound dehiscence, calculi formation in urinary and biliary tracts when prolonged contact with salt solutions such as urine and bile occurs, enhanced bacterial infectivity, minimal acute inflammatory tissue reaction, and pain, edema, and erythema at the wound site. 

How Supplied 
Polypropylene monofilament surgical suture is available in sizes U.S.P. 10-0 through 2 (metric sized 0.2-5.0). The suture is supplied sterile in “pre-cut” lengths, both non-needled and affixed to various needle types in one dozen boxes.   

Figures In U.S.P Standard:
	Size
	Diameter(mm)
	 Knot-Pull Strenght     (kgf)
	   Needle Attachment       (kgf)

	U.S.P
	Metric
	Min
	Max
	Average  Min
	  Individual    Min
	Individual  Min

	 7/0 #  
	 0.5
	0.050
	0.069
	    0.11
	0.080
	0.040

	6/0#
	 0.7
	0.070
	0.099
	    0.20
	0.17
	0.008

	5/0#
	0 1
	0.10
	0.149
	    0.40    
	0.23  
	0.11

	4/0#
	1.5
	0.15
	0.199
	    0.60
	0.45
	0.23

	3/0#
	2
	0.20
	0.249
	    0.96   
	0.68
	0.34

	2/0#
	3
	0.30
	0.339
	    1.44  
	1.10
	0.45

	0#
	3.5
	0.35
	0.399
	    2.16
	1.50
	0.45

	1#
	  4
	0.40
	0.499
	    2.72
	1.80
	0.60

	2#
	 5
	0.50
	0.599
	    3.52
	1.80
	0.70


