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Torsion of monofilament and polyfilament sutures under tension decreases suture 

strength and increases risk of suture fracture 

Abstract 

Background: A continuous running suture is the preferential method for abdominal closure. 

In this technique the suture is secured with an initial knot and successive tissue bites are 

taken. At each tissue bite, the needle is rotated through the tissue; in doing so, the suture can 

twist around the knot which acts as an anchor.  

Objective: To determine the effect of axial torsional forces on sutures used in abdominal 

closure.  

Methods: The effect of axial twisting on polydioxanone (PDS*II), polyglactin (Vicryl), 

polypropylene (Prolene) and nylon (Ethilion) sutures was investigated using a uniaxial testing 

device.  

Results: The maximum tensile force withstood for untwisted sutures was determined: 

polydioxanone failed at a tensile force of 116.4±0.84 N, polyglactin failed at 113.9±2.4 N, 

polypropylene failed at 71.1±1.5 N and nylon failed at 61.8±0.5 N. Twisting decreased the 

maximum tensile force of all sutures; one complete twist per 10mm (i.e. 15 twists) decreased 

the tensile strength of polydioxanone by 21%, polyglactin by 23%, polypropylene by 16% 

and nylon by 13%, p <0.001. Excessive twisting caused a non linear decrease in suture 

strength, with one twist per 75mm (i.e. 20 twists) of polydioxanone decreasing strength by 

39%, P <0.001.  

Conclusion: The effect of excessive twisting on the mechanical properties of sutures is a 

previously unrecognised phenomenon. Surgeons should be aware that this can result in a 



decrease in suture strength and reduce the elasticity of the material, and therefore need to 

adapt their practice to reduce the torsional force placed on sutures. 
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1.  Introduction 

Despite advances in wound closure techniques and materials, the complication rate post midline 

laparotomy remains high, with 1.3% of patients suffering a wound dehiscence, 16% of patients 

developing a surgical site infection (SSI) and up to 26% of patients developing an incisional 

hernia 1 2. The pathogenesis of wound complications is complex and multi-factorial; both 

systemic and local factors are involved. However the role of surgical error and poor technique 

are increasingly becoming recognised as fundamental factors in the development of wound 

complications 3 4. Accordingly the area of wound closure research is of particular interest, as 

these factors are related to wound complications and are directly modifiable by the surgeon 5 6 7.  

The mass closure of a laparotomy incision, incorporating all of the layers of the abdominal wall, 

in a continuous running technique, using gauge 1 or 2 absorbable monofilament suture, with a 

suture length to wound length ratio of 4 to 1 is the current recommended abdominal closure 

method. However recent publications have identified shortcomings in regard to conventional 

wound closure methods 8 9. Furthermore these studies have also highlighted the relative dearth of 

information regarding wound closure and the scientific basis of wound closure.  

 

The influence of suture handling and placement on suture strength is a poorly understood area of 

surgical practice. Reports to date have demonstrated that chronic loading, stray knots and excess 

manipulation decrease the maximal tensile strength of sutures 10 11. Additionally it has been 

shown that twisting a suture up to 4 times had no affect on the mechanical failure load of sutures. 

However we propose that sutures can become twisted more than 4 times during an abdominal 

closure. This will occur when the initial knot acts like an anchor, around which the suture twists 

as the needle is passed through the fascia at each successive tissue bite. This axial twisting 
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wound and have the effect to induce a shear stress on the suture, which would act as a preload 

that could decrease the maximal tensile strength of the suture and can increase the risk of suture 

failure. 

 

The aim of this study is to compare the maximum tensile force at failure of untwisted sutures to 

sutures that have been axially twisted and placed under torsional strain that could be experienced 

during a continuous abdominal closure. Four commonly used sutures were analysed, namely 

polydioxanone, polyglactin, polypropylene and nylon. These sutures were chosen as they are 

commonly used and have proven applicability in continuous abdominal closure 1,12 13. Firstly, the 

failure force of the four different materials was investigated untwisted. Secondly, the failure 

force of sutures twisted 1 complete revolution per 10mm (i.e. 15 twists) was tested and compared 

untwisted sutures were compared. Finally, for polydioxanone the influence of the extent of 

twisting on suture strength was examined.   
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2. Experimental Section    

 

2.1.      Materials 

Suture material: All sutures tested were Gauge 1 (diameter = 0.4mm). Non-absorbable 

monofilament nylon (Ethilion) and polypropylene (Prolene), along with absorbable 

monofilament polydioxanone (PDS*II) and braided polyglactin (Vicryl) sutures were obtained 

from Ethicon (Sommerville, NJ, USA). Table 1 lists the type, material, absorbability and use of 

all four sutures used in this study.  

 

2.2.   Methods 

 

Suture loading: Sutures were removed from their packages and loaded into a Zwick /Z005 

uniaxial testing device (Zwick/Roell Group, Leominister, Herefordshire, HR6OQH, England). 

The lengths of suture were secured in place by being wound over threaded cylinders 150mm 

apart (see Supporting Material, Figure 1). This method utilized friction between the suture and 

the threaded bar to hold the suture in place without the need for a knot which would act as a 

stress concentration. In this way, failure of sutures was always achieved away from the grips. 

Nonetheless suture slippage did occur and the results of these tests were nullified. The 

experiments were carried out at room temperature and were repeated 3 times for statistical 

significance. 

 

Tensile strength testing: The tensile failure force of untwisted sutures and sutures twisted one 

complete revolution clockwise per 10mm (i.e. a total of 15 twists) was determined by performing 



5 
 

uniaxial tensile strength tests. The effect of the number of twists on polydioxanone sutures was 

also examined, where sutures were also twisted one complete turn per 15mm (i.e., 10 twists) and 

7.5mm (i.e., 20 twists). Using a 5kN load cell, sutures were preloaded to 1kN and stretched 

quasi-statically at a rate of 20mm/min. The maximum tensile force Ft,max  was defined as the 

force required for the suture to fail. Data interpretation and analysis was performed by testXpert 

version 11.0 (Zwick GmbH& Co, August-Nagel Strasse 11, 99079 Ulm, Germany). Data is 

represented in graph form consistent with already published experimental models of  mechanical 

behaviour of biomedical materials 14 15 16. 

Statistical analysis: Data analysis was carried out using SigmaPlot version 11.0 (Systat Software 

Inc, San Jose, California, USA). Mean values were compared using an unpaired two-tailed t test 

and P-values of less than 0.05 were accepted as significant. 
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3. Results 

3.1. Tensile strength of untwisted suture materials. 

The tensile strength of untwisted sutures was determined by uniaxial tests for polydioxanone, 

polyglactin, polypropylene and nylon sutures. Figure 1 depicts tensile force Ft against change in 

suture length/extension ( for all four materials. The maximum tensile force Ft,max and 

maximum extension (max) have been extracted from Figure 1 and are represented in Table 2. 

Polydioxanone sutures were the strongest suture, failure occurred at a tensile force of 116.4±0.8 

N. This suture also had the largest extension failure of 92.4±0.1 mm. Polyglactin sutures were 

the second strongest suture, with a failure force of 113.9±2.4 N, but were the least elastic suture 

tested an extension at failure of 47.0±3.2 mm. Polypropylene sutures were the second weakest 

sutures tested and failed at a force of approximately 71.1±1.5 N, but polypropylene sutures had 

similar extension at failure as polydioxanone sutures. Nylon sutures were the weakest suture 

tested, and fractured at 61.8±0.5 N; this makes this suture less than half as strong as 

polydioxanone sutures. 

 

3.2. Tensile failure force for untwisted and twisted suture materials. 

Sutures were stressed prior to uniaxial tests by twisting the suture one complete revolution 

clockwise per 10mm of material. Figure 2 compares Ft ()-curves for untwisted and twisted 

sutures for all four materials, namely (A) polydioxanone, (B) polyglactin, (C) polypropylene and 

(D) nylon. The maximum tensile force Ft,max and maximum nominal extension max have been 

extracted from Figure 2 and are represented in Table 2. This induced stress via twisting 
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decreased the failure load and extension of all sutures tested. Table 2 shows that twisting 

polydioxanone sutures decreased the tensile failure force from 116.4±0.8 N to 91.3±1.3 N, this 

represents a 21% decrease in force required to cause suture failure. This was a statistically 

significant reduction, t test P <0.0001. Twisting also decreased the elasticity of polydioxanone 

sutures by 6.7%, t test P =0.0024. In the case of polyglactin sutures, twisting reduced the tensile 

failure force from 113.9±2.4 N to 86.9±0.4 N, representing a 23% decrease in tensile force, t test 

P < 0.0001. Axially twisting also reduced the nominal strain of polyglactin sutures by 17.1%, t 

test P < 0.0001.Twisting also affected the maximal tensile force and extension of polypropylene 

and nylon sutures. Axial twisting polypropylene and nylon sutures reduced the maximal tensile 

force by 16% and 13% respectively, t test P <0.0001. It also reduced the nominal strain of 

polypropylene by 35%, t test P < 0.0001and nylon by 7.5%, t test P <0.001. 

 

3.3.Influence of the number of twists on Polydioxanone sutures. 

Polydioxanone sutures were selected for further testing as numerous studies and meta-analyses 

have recommended its use for abdominal closure 1 13 17.  This material has demonstrated 

comparable wound strength to non-absorbable sutures and is associated with a significantly 

lower incidence of wound complications 13 17 18. Furthermore in our experiments, polydioxanone 

also demonstrated the greatest maximum tensile force of the four different materials studied (see 

Section 3.1). Sutures were twisted one complete turn per 15mm (i.e. 10 twists in total), one turn 

per 10mm (i.e. 15 twists) and 7.5mm (i.e. 20 twists) , and compared with untwisted suture results 

given in Section 3.1. Figure 3 compares Ft ()-curves for untwisted and twisted (i.e. 10, 15 and 

20 twists respectively) for polydioxanone sutures. Successive twisting led to a continuous 

decrease in the strength of the suture. Twisting the suture 10 times decreased its failure load by 
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10.3%, 15 twists decreased the failure load by 21% and 20 twists by 47%, t test P <0.0001 (see 

Figure 4). The elastic properties of polydioxanone were also affected by axial twisting, with the 

material becoming stiffer extension at failure reduced by 4.1% for 10 twists, by 6.7% for 15 

twists and 20.8% for 20 twists, t test P =0.0002  
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4. Discussion 

Surgeons must have a scientific basis for wound closure and must stay informed about the most 

up-to-date findings concerning all types of wound closure techniques. Previously the continuous 

running closure of an abdominal wound with a absorbable monofilament suture with a length to 

wound length ratio of 4:1  has been recommended 12 19 20 21.  The initial anchoring knot should be 

a loop knot, and each tissue bite should be taken greater than 10 mm from the cut edge,  and the 

final knot should either be an Aberdeen knot or surgeons knot 4. However recent studies have 

identified that excessive tissue bites are associated with unacceptable increased rates of wound 

complications, and as such it is recommended to reduce tissue bites to less than 1 mm, 

additionally the length to wound length ratio will need to be altered to facilitate this 9. Equally 

other aspects of wound closure need investigation; one such area is the effect of axial twisting 

forces on sutures. While performing a continuous abdominal closure, the initial loop knot can act 

as an anchor which around a suture can twist. When taking a tissue bite, the suture needle is 

passed at a 90° angle through one side of the wound; it is then picked up in the needle holder and 

passed at a 90° angle through the opposite side. In doing this, the suture will twist axially. With 

each advancing subsequent tissue bite, the twisting will develop a shear stress on the suture (see 

Supporting Material, Figure 2). The effect of excessive axial twisting on suture strength has 

previously been undetermined.  

 

In this paper we initially determined the maximum tensile force of polydioxanone, polyglactin, 

polypropylene and nylon sutures. Polydioxanone is the strongest suture material and failed only 

after a force of 116.4±0.8 N was applied. The braided absorbable material polyglactin was the 

second strongest material and failed at 113.9±2.5 N, interestingly polyglactin demonstrated the 
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least elastic properties of all sutures tested, and this is attributed to its multi filament 

arrangement.  Polypropylene and nylon were the weakest material tested and failed at 71.1±1.5 

N and 61.8±0.5 N respectively; they also had similar extension at failure forces. These findings 

are in line with other studies which demonstrated that polyglactin was stronger than 

polypropylene and nylon 22 23. Our results have demonstrated that polydioxanone has a superior 

tensile failure force compared to polypropylene and nylon, and has superior extension at failure 

properties compared to the other polyglactin; confirming polydioxanone as the suture of choice 

of abdominal closure.  

 

To simulate the twisting sutures may undergo during a continuous abdominal closure, sutures 

were then twisted axially one complete revolution per 1cm of material. Tensile tests of the 

twisted sutures showed that the tensile force of all sutures was decreased significantly. Axially 

twisting polydioxanone decreased the maximum suture strength from 116.4±0.8 N to 91.3±1.3 

N, representing a 21% decrease in suture strength, P < 0.001. Similarly we found that axial 

twisting polyglactin decreased suture strength 23%, while polypropylene and nylon sutures were 

decreased 16% and 13% respectively, P < 0.001. Axial twisting also affected the elastic 

properties of sutures tested; in all cases there was a statistically significant reduction in the 

sutures ability to resist a change in length under tension. This suggests that axially twisted 

sutures are less likely to elongate and conform to a wound than untwisted sutures. This property 

would increase the risk of suture failure and wound complications. To examine if the decrease in 

suture strength was proportional to the number of twists, polydioxanone sutures were twisted 

further; one complete turn per 15mm (i.e. 10 twists) and 1 turn per 7.5mm of material (i.e. 20 

twists). Axial twisting by one complete turn per 1.5cm decreased the tensile strength 10.3%, 
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while one complete turn per 0.75cm decreased the strength by 39%. This is in contrast to a 

previous study that demonstrated that axial twisting a suture 4 times had no effect on suture 

tensile strength 11.  This data suggests that between 4 and 10 twists a critical level of twist is 

achieved in which the induced shear stress in the sutures leads to a quantifiable reduction in 

tensile failure force. Furthermore excessive axial twisting of a suture decreases the tensile failure 

force in a nonlinear manner, as 10 twists decreased the tensile failure force by 10.3% but 20 

twists decreased the failure force by nearly 40%.  

 

The effect of axial twisting and torsional forces on sutures has previously been unknown, for the 

first time it had been identified that axial twisting a suture excessively can decrease the suture 

strength and reduce the elastic properties in a non-linear manner that risks suture failure and 

post-operative wound complications. Hence surgeons need to be aware that excessive axial 

twisting significantly decreases the maximum tensile force of suture strength and the ability of a 

suture to resist a change length. While performing a continuous running closure of the abdomen, 

extra care should be taken to prevent axial twisting. The authors additionally recommend that the 

suture should be removed from the needle holder and be left to untwist after every 10 successive 

tissue bites, in doing so surgeons will adhere to the emerging scientific basis for abdominal 

wound closure.  
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6. Tables and Figure legends 

 

6.1. Table 1: Suture materials 

The commercial name of suture tested type of suture, the method of absorption and indicated 

use. 

 

6.2. Table 2: Summarised results from Figure 2. 

Change in suture length/extension maximum tensile force Ft,max and P-value with unpaired 

two-tailed t test for polydioxanone (PDS*II), polyglactin (Vicryl), polypropylene (Prolene) and 

nylon (Ethilion). Values are given for both untwisted (i.e. 0 twists) and twisted (i.e. 15 twists) 

measurements and are extracted from Figures 1 and 2.  

 

6.3. Figure 1: Tensile strength of untwisted suture materials. 

Tensile force Ft as a function extension  for four untwisted suture materials tested, namely 

polydioxanone (PDS*II), polyglactin (Vicryl), polypropylene (Prolene) and nylon (Ethilion) 

sutures. The maximum tensile force Ft,max are extracted and represented in Table 2. 

 

6.4. Figure 2: Tensile strength of untwisted and twisted suture materials. 

Tensile force Ft as a function of extension for four different suture material, which are 

untwisted (i.e. 0 twists) and twisted (i.e. 15 twists, twisted one complete revolution clockwise per 

10mm). The four different suture materials are (A) polydioxanone (PDS*II), (B) polyglactin 
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(Vicryl), (C) polypropylene (Prolene) and (C) nylon (Ethilion) sutures. Maximum tensile force 

Ft,max are extracted and represented in Table 2. 

 

6.5. Figure 3: Effect of decreasing and increasing the number of twists on Polydioxanone.  

Effect of varying the number of axial twists on polydioxanone (PDS*II) sutures. Tensile force Ft 

as a function of extension  for polydioxanone sutures, which are untwisted (i.e. 0 twists) and 

twisted (twist = 10, 15 and 0). Twisting was achieved by one complete turn per 15mm (i.e. 10 

twists), 10mm (i.e. 15 twists) and 7.5mm (i.e. 20 twists). Maximum tensile force Ft,max are 

116.4±0.8 N (i.e. 0 twists), 104.1±0.6 N (i.e. 10 twists), 91.3±1.3 N (i.e. 15 twists) and 70.9±1.8 

N (i.e. 20 twists). 

 

6.6. Figure 4: Continuous decrease in maximal tensile strength with increasing axial twists  

Excessive axial twisting of polydioxanone caused a continuous decrease in suture strength shown 

in. Twisting polydioxanone sutures one complete turn per 15mm (i.e. 10 twists) decreased suture 

strength 11%, twisting the suture one turn per 10mm (i.e. 15 twists) decreased the strength 21%. 

Whereas one turn per 7.5mm (i.e. 20 twists) decreased the suture strength by 39%. 
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 Figure 1: Tensile failure force of untwisted suture materials 

 

 / mm 

0 20 40 60 80 100

F t
 / 

N
 

0

20

40

60

80

100

120
Twist = 0

Polydioxanone
Polypropylene
Nylon

Polyglactin

 

 

 

 

 

 

 

 

 

Figure 2: Tensile strength of untwisted and twisted suture materials. 
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Figure 3: Influence of the number of twists on polydioxanone sutures. 
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Figure 4: Continuous decrease in maximal tensile strength with increasing axial twists  
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Tables 

 

2.1. Table 1: Suture materials 

 

Material Suture Type Absorbable/Non 
absorbable 

Use 

Polydioxanone PDS*II Monofilament Absorbable All tissues except where 
approximation is required 
indefinitely 

Polyglactin 910 Vicryl Braided Absorbable Ligating, suturing all tissues except 
where extended approximation is 
required 

Polypropylene Prolene Monofilament Non-absorbable Fascia, skin, blood vessels, cardiac 

Nylon Ethilion Monofilament Non-absorbable Fascia, skin, blood vessels, nerves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table



2.2. Table 2: Summarised results from Figure 2 

 

 Extension  (mm) Ft,max (N) 

Material Twist = 0 Twist =15 *P value Twist = 0 Twist =15 *P value 

Polydioxanone 91.5 ±2.4 87.4±1.0 0.0024 116.4±0.8 91.3±1.3 < 0.0001 

Polyglactin 910 56.7±0.8 47.1±3.2 < 0.0001 113.8±2.4 86.9±0.4 < 0.0001 

Polypropylene 86.3±1.2 56.1±8.2 < 0.0001 71.0±1.6 59.5±2.6 < 0.0001 

Nylon 67.5±0.3 62.4±0.1 < 0.0001 61.8±0.5 53.7±1.4 < 0.0001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


