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Abstract 

Introduction: In medicine, sutures have been used for thousands of years to close wounds. However, despite the great 
advances that have been made in technology, little progress has taken place in suturing techniques and most surgeons 
continue to use the same two classical techniques (continuous suture or interrupted suture). This paper proposes a 
suturing technique (“double diabolo”) in which a pattern of eight 45-degree angles is formed, in the view that this 
achieves a notable reduction in the tension exerted (30% at each angle), thereby increasing the overall strength of the 
suture. 

Material and Method: In this study, we compare the physical tensions exerted on the suture thread and its entry/exit 
points, on the one hand by the two techniques most often used – interrupted suture (Type 1) and continuous suture 
(Type 2) – and on the other, by the proposed “double-diabolo” suture (Type 3). 

Results: The Type 3 suturing method produced the lowest levels of tension on the thread, almost 65% less than those 
of Type 1 and 50% less than those of Type 2. The tension on the wound was also considerably lower, with reductions of 
33% and 50% in comparison with Types 1 and 2, respectively. 

Conclusions: The results obtained in this study corroborate our hypothesis that the proposed double-diameter suture 
method exerts less tension on the thread and on the entry/exit points than conventional techniques. Theoretically it 
would be recommended for cases in which the suture must withstand significant tension as laparotomy closure  
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1. Introduction

Although sutures have been used to close wounds throughout recorded history [1, 2], in recent years there have been 
major technological advances in this field. Many clinical and experimental studies, in fields including physics, chemistry 
and the study of biomaterials, have been made to obtain suture threads that are more resistant and more elastic, with 
better characteristics, and surgical needles that are optimised according to the type of wound tissue presented [3-6]. 

However, while the materials used have improved greatly, suturing techniques have remained virtually unchanged. 
Thus, the same two basic techniques have been used since suturing was first employed to close a wound: interrupted 
sutures (in which the stitches are not connected) and continuous sutures (in which they are). Neither of these 
approaches (nor the minor variations that have been introduced) address the question of achieving an optimum pattern 
of stitching so that the surgical thread and the wound tissues are required to withstand the least possible tension, thus 
minimizing the possibility of breakage and tearing, respectively. 
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With the current understanding of physical forces, all the forces exerted on a thread fixed at two points can be described 
according to parameters such as direction, angulation and the intersection of threads… However, to our knowledge no 
research has yet been undertaken to determine how these physical laws can be applied to minimise the tension exerted 
on a surgical suture. Accordingly, we propose to apply the laws of physics to identify the ideal suture pattern, i.e. one 
that minimises the tension exerted on each suture thread and on the entry/exit points. 

The tension exerted on a suture thread varies directly with the angle of approach. Therefore, we propose a suture 
method (“double-diabolo”) in which each point is supported by two central inverted double angles and by four lateral 
angles, thus creating eight 45-degree angles (Figure 1) distributing the tension that the suture must withstand. 

We hypothesise that with this “double-diabolo” suture technique both the suture thread and the entry/exit points are 
subjected to less tension (for a given separation force) than is the case with conventional sutures and therefore are 
more resistant to breakage and tearing, respectively.  

2. Material and methods 

In this study, in terms of the physical forces involved, we compare the two suturing techniques commonly used, i.e. 
interrupted (Type 1) and continuous sutures (Type 2), with an alternative approach, that of the “double-diabolo” suture 
(Type 3). 

This publication constitutes the first phase of a three-phase study of the above-mentioned suture groups. In this first 
phase, a theoretical physical model is applied to determine the tension that would be exerted on the suture thread and 
entry/exit points with each type of suture, when an identical force is exerted in each case. In the second phase of the 
study, the results obtained from the first phase will be transferred to the laboratory to examine whether these 
theoretical postulates are met. In the third and final phase, we will compare the three types of suture in clinical practice. 

2.1. Interrupted sutures (Type 1) 

This method consists of creating stitches that are discrete and perpendicular to the two surfaces to be joined, knotting 
each stitch in the centre. 

2.2. Continuous suture (Type 2) 

The entire suture is completed with the same thread, creating stitches that are perpendicular to the two surfaces to be 
joined, but knotting only the first and the last. 

2.3. Proposed “double-diabolo” suture (Type 3) 

This technique is based on the idea that a single stitch can form the locus of eight 45-degree angles. We start with a 
central stitch that is perpendicular to the surfaces to be joined (Fig. 2A). We then create an X-shaped stitch to the right 
(Figs. 2B and 2C), return with a second central stitch (Fig. 2C), create another X-shaped stitch, this time to the left (Figs. 
2D and 2E), and finally return with a third central stitch to complete the “central column” (Fig. 2E). The stitch assembly 
is then knotted with the thread that was centrally located at the outset (Fig. 2F).  

3. Results  

3.1. Type 1. Thread aligned with the force applied 

Three stitches are inserted in the same direction as the force applied (Fig. 3), by threads uniformly distributed along 
the probe.  

The tension exerted on each thread Ft can be calculated, assuming tha
this tension is applied equally over the entire system. 

The external force, F, is distributed equally among the threads, i.e. F1=F2=F3 = F/3. The axial tension is exerted equally 
on each thread, i.e. Ft=F/3.  

The resulting tension exerted on each stitch is also equally distributed, i.e. Fs=F/3. 
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3.2. Type 2. Thread inserted in a zigzag trajectory 

In this method, only two stitches are inserted. The thread is guided along both sides of the wound, in a zigzag trajectory 
 

In this case, a single thread is inserted, and the axial force exerted on the thread, Ft, is the same at every point. This force 
is calculated by applying the equilibrium equation to the system along the x and y axes. Figure 5 shows the forces exerted 
at each entry/exit point.  

These points are not all subjected to the same level of tension, as less force is applied to the points on the right side of 
the wound than to those on left. Moreover, the tension exerted on the left and centre points also has an x-axis 
component, which may provoke tearing in that direction. 

and that the tension is applied on the y axis 

F1 + F2 cos  F3 + F4 cos  F3  F 

F1= F2= F3= F4= Ft, and therefore  

Ft (3+2 cos ) = F  Ft =
𝑭

𝟑+𝟐𝐜𝐨𝐬∝
 

where Ft is the mechanical stress exerted on the thread. 

The force exerted on each stitch and entry/exit point, FR, is also calculated when both forces are addressed, taking each 
force as a vector with its corresponding magnitude and direction 

 

 

𝐹𝑅
⃗⃗⃗⃗ = 𝐹1

⃗⃗  ⃗ + 𝐹2
⃗⃗  ⃗ 

 

 

By projecting the forces on the x and y axes, the following results are obtained 

Fy = F1 + F2 cos Ft (1 + cos ) 

Fx = F2 sin Ft sin 

 The magnitude of the resulting force can be calculated from the expression 

|𝑭𝑹|⃗⃗ ⃗⃗ ⃗⃗  = √𝐹𝑥
2+𝐹𝑦

2 = Ft √𝟐 + 𝟐𝐜𝐨𝐬 ∝ = 
𝑭 √𝟐+𝟐𝐜𝐨𝐬∝

𝟑+𝟐𝐜𝐨𝐬∝
 

This force is exerted on the first two entry/exit points; the third is only subjected to Ft, and thus receives less 
mechanical stress. 

3.3. Type 3. Thread inserted in a double-cross pattern 

The aim of this suturing technique is to reduce the concentration of tensions exerted on the entry/exit points. This is 
achieved as follows. The thread is inserted along both sides of the wound, forming a double-cross pattern with an angle, 
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In this case, too, a single thread is inserted, in line with the probe, such that a constant axial force, Ft, is exerted on the 
thread. To calculate Ft the equilibrium equation is applied to the system along the x and y axes. Figure 7 shows the forces 
applied at each entry/exit point. 

The tension exerted by each thread, Ft, is calculated from the equilibriu
as follows 

F1 + F2 cos  F3 cos  F4  F5 cos + F6 + F7 +F8 cos  F9 cos  F10  F 

F2 sin  F5 sin  F3 sin  F8 sin  F9 sin   0 

F1= F2= F3= F4= F5= F6= F7= F8= F9= F10= Ft, and therefore 

Ft (5+2 cos  cos cos ) = F  Ft =
𝑭

𝟓+𝟐𝐜𝐨𝐬∝+𝐜𝐨𝐬𝜷+ 𝟐 𝐜𝐨𝐬𝝈
 

where Ft is the mechanical stress exerted on the thread. 

The tension exerted on each stitch and entry/exit point, FR, is also assessed for the situation in which all the forces are 
taken into account. The resulting force is then calculated for each point, taking the force as a vector with the 
corresponding magnitude and direction 

(F_R ) ⃗=(F_1 ) ⃗+(F_2 ) ⃗         (F_R ) ⃗=(F_4 ) ⃗+(F_5 ) ⃗        (F_R ) ⃗=(F_3 ) ⃗+(F_6 ) ⃗

 

By considering the projection of the forces on the x and y axes, the following results are obtained for each entry/exit 
point: 

Points A and D 

Fx = F1 + F2 cos Ft (1 + cos ) 

Fy = F2 sin Ft sin 

The magnitude of the resulting force is calculated from the expression: 

|𝑭𝑹|⃗⃗ ⃗⃗ ⃗⃗  = √𝐹𝑥
2+𝐹𝑦

2 = Ft √𝟐 + 𝟐𝐜𝐨𝐬 ∝ = 
𝑭 √𝟐+𝟐𝐜𝐨𝐬∝

𝟓+𝟐𝐜𝐨𝐬∝+𝐜𝐨𝐬𝜷+ 𝟐 𝐜𝐨𝐬𝝈
 

Point B 

Fx = F6 + F6 cos Ft (1 + cos ) 

Fy = F6 sin Ft sin  

The magnitude of the resulting force is calculated from the expression: 
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|𝑭𝑹|⃗⃗ ⃗⃗ ⃗⃗  = √𝐹𝑥
2+𝐹𝑦

2 = Ft √𝟐 + 𝟐𝐜𝐨𝐬𝜷 =
𝑭 √𝟐+𝟐𝐜𝐨𝐬𝜷

𝟓+𝟐𝐜𝐨𝐬∝+𝐜𝐨𝐬𝜷+ 𝟐 𝐜𝐨𝐬𝝈

Points C and E 

Fx = F1 + F2 cos Ft (1 + cos ) 

Fy = - F2 sin Ft sin  

The magnitude of the resulting force is calculated from the expression: 

|𝑭𝑹|⃗⃗ ⃗⃗ ⃗⃗  = √𝐹𝑥
2+𝐹𝑦

2 = Ft √𝟐 + 𝟐𝐜𝐨𝐬𝝈 =
𝑭 √𝟐+𝟐𝐜𝐨𝐬𝝈

𝟓+𝟐𝐜𝐨𝐬∝+𝐜𝐨𝐬𝜷+ 𝟐 𝐜𝐨𝐬𝝈

The forces exerted on all the points in this group are not balanced in the x axis and will tend to tear the point in the 
direction of the resulting force. 

Once the main equations have been obtained for each group, the results can be compared in terms of the force exerted 
on the thread and on each entry/exit point and stitch. 

The following results highlight the differences between the three suture methods when a force of 10 kg is applied. The 
geometrical relations for the parameters in each case are 

 a = 1 cm

 b = 1 cm

 d = 0.2 cm

 = 45º

 = 11.31º

 = 47.73º

Table 1 show the results obtained, for each of the suturing methods considered. The lowest level of thread tension was 
recorded for Type 3 (almost 65% less than that for Type 1 and 50% less than that for Type 2). The Type 3 method also 
produced least tension on the suture exit/entry points (almost 33% less than for Type 1 and 50% less than for Type 2). 

Table 1 Theoretical results obtained for the three suturing methods 

Ft [kg] 

(force on the thread) 

FR [kg] 

(force on entry/exit points) 

Group 1. Thread aligned with force applied 3.33 kg 3.33 kg 

Group 2. Thread applied in a zigzag trajectory 2.26 kg 4.17 kg (points 1 and 2) 

2.26 (point 3) 

Group 3. Thread applied in a doble x-shaped pattern, 
though various entry/exit points 

1.144 kg 2.11 kg (points A and D) 

2.27 kg (point B) 

2.09 kg (points C and E) 

4. Discussion

The insertion of sutures is a surgical task that is both challenging and laborious. Somewhere between 50,000 and 30,000 
B.C. eyed needles were invented and by 20,000 B.c. bone needles were of a standard unsurpassed until the Renaissance. 
It is reasonable to assume that these needles were used to sew wounds together [1]. It is suggested that the original 
versions of suture threads were coarse and made from plant fibers before progressing to animal parts much later in 
history.  In ancient India, Egypt and the Greek and Roman societies wound treatments as well as suturing techniques 
and instruments were developed that strongly resemble those in our days [2]. 
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Despite the development of new suture materials and proposals for new suture techniques, there has been no significant 
improvement in the results obtained [7,8]. In several large randomized trials of more than 500 patients it has been 
shown that small bite size sutures (as first reported by Israelsson [9]) can reduce the development of incisional hernias 
[10,11]. Small bites have shown a higher bursting pressure than large bites: if the tension on the wound is distributed 
over a large number of stitches, the tension on each stitch will be low [12]. 

Computer models for surgical intervention simulation to improve the operation quality have began to be applied 
recently. Using the software, the surgeons may improve their technique or elaborate new methods for the patient-
specific treatment [13-16]. Most papers are devoted to the soft tissue/medical tool interaction with haptic feedback to 
create VR simulator [16-20].  

Shilko et al [21] obtained an analytical solution of the contact interaction problem of polymeric suture material with a 
bio-tissue. A pull-out test is analyzed to evaluate the stress intensity in the tissue. The paper contains an example of 
model application for skin wound suturing computations. Some paper devoted to tensile strength of sutures and knots 
can be highlighted to evaluate mechanical properties of sutures [22-25]. 

Evidently, the fundamental mechanisms governing the operation of living and non-living beings are subject to the laws 
of the pure sciences, i.e. physics, chemistry and mathematics, and surgical interventions are bound by the same laws 
]26,27]. 

In this respect, Srivasgava [27] studied the application of the laws of mechanics, thermodynamics and vectors to the 
soft and bony tissues of the body. This study was based on a systematic search of the Medline database for the period 
1960-2008, using keywords such as Mechanics, Laplace’s law, Pascal’s law, Vector laws and Suture techniques. The texts 
referred to Laplace’s law in relation to a case of colon perforation, compression therapy, parturition, variceal rupture, 
disc herniations etc. The Pascal’s Law finds use in hernia repair and the Heimlich maneuver. Trigonometrically derived 
components of forces, acting after suturing, show ways to reduce cut-through; the thickness and the bite of suture 
determines the extent of tissue reaction.  

 In the same study, Srivasgava discussed the fact that the tension exerted on surgical stitches decreased in accordance 
with the cosine of the angle presented. However, no specific proposal was made to take advantage of this physical law. 

Despite the technical advances that have been made with sutures, our review of the literature did not reveal any prior 
detailed study of the physical laws governing the tensions generated on threads and sutures, seeking to optimise the 
materials and method used. In fact, the techniques used remain largely unchanged, i.e. the sutures created are either 
continuous or interrupted (with minor variations). In other words, the stitches created are perpendicular to the tensile 
forces present and are fully exposed to the tension exerted on the suture thread. 

Therefore, although the advances of modern science have greatly improved the materials employed, suturing 
techniques as such have not progressed at all, in thousands of years. Nevertheless, a fresh approach is needed, in order 
to achieve two crucial aims: on the one hand, to prevent the wound tissues from tearing at the puncture sites, and on 
the other, to disperse the forces produced, along the entire suture line, so that each thread supports the least possible 
tension. 

To achieve these goals, we take into account the force vectors acting on a suture. In this respect, the tension exerted on 
a thread that joins two divergent points decreases in accordance with the cosine of the angle formed by the thread and 
the perpendicular to the force applied to separate the points; in other words, the more points at which the thread is 
anchored, the less tension is exerted upon it [27]. For example, for an angle of 45 degrees, the corresponding cosine is 
0.7. Therefore, the tension on the thread is the force administered multiplied by 0.7 (i.e., this force is reduced by 30%). 
The suture techniques currently used, whether interrupted or continuous, join points in a straight line; hence, the 
angulation is zero and the sutures must withstand the maximum possible tension. 

In view of these considerations, and after assessing many possible suture structures, we propose a new suture design 
(the one that produced the best results in the theoretical model), with four 45-degree angles at each point of the surfaces 
to be joined. In total, there are eight angles, emerging from a triple-column central structure. 

A notable finding of the present study is the inferior performance of the continuous suture method, according to our 
theoretical model. The tension generated in these sutures includes a lateral element at each point, equivalent to the 
vertical force applied at the cosine of the angle created, which can cause lateral tears, and thus destabilise the suture. 
With the new method proposed, the lateral angles must also withstand tension. However, as the vertical force applied 



World Journal of Advanced Research and Reviews, 2020, 08(03), 080–090 

86 

is only half that exerted on the continuous suture, when this force is multiplied by the cosine of the angle, the resulting 
lateral force exerted on each entry/exit point is also half that of the continuous suture. Therefore, the suture is twice as 
resistant to lateral tearing. 

A weakness in the proposed suture might be observed if the three central stitches were passed through the same 
entry/exit point, where the theoretical model predicts a tension of 5.63 kg. To overcome this problem, in the final 
version of the model we use a pattern of separated central points, which reduces the tension exerted on each point to 
just over 2 kg. 

In summary, the results obtained in this study corroborate our hypothesis that the “double-diabolo” suturing method 
reduces the tension exerted on the thread and the entry/exit points (for a given separation force), in comparison with 
conventional techniques. 

Figure 1 Theoretical model to reduce tension via an 8-angle suture pattern. 

Figure 2 Steps to create the proposed “double-diabolo” suture. 
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Figure 3 Aligned thread and distribution of forces. 

Figure 4 Thread applied following a zigzag trajectory. 

Figure 5 Distribution of axial forces. 
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Figure 6 Thread applied in a double x-shaped pattern, though various entry/exit points. 

 

 

Figure 7 Distribution of axial forces. 

5. Conclusion 

We believe that if definitive results of phase two and three of the study confirm theoretical results the suturing 
technique described is appropriate for many medical situations, especially when the suture must withstand significant 
tension, in actions such as laparotomy closure, thoracotomy closure, diaphragm suturing or hernia orifice closure. 

When phases two and three of the study are complete, we shall publish our definitive findings. However, the preliminary 
results obtained in practice (phase two and three), appear to corroborate the conclusions drawn from the theoretical 
model. 
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