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a b s t r a c t

The V-Y advancement flap is a usual technique for the closure of skin defects. A triangular flap is incised

adjacent to a skin defect of rectangular shape. As the flap is advanced to close the initial defect, two smaller

defects in the shape of a parallelogram are formed with respect to a reflection symmetry. The height of the de-

fects depends on the apex angle of the flap and the closure efforts are related to the defects height. Andrades

et al. 2005 have performed a geometrical analysis of the V-Y flap technique in order to reach a compromise

between the flap size and the defects width. However, the geometrical approach does not consider the me-

chanical properties of the skin. The present analysis based on the finite element method is proposed as a

complement to the geometrical one. This analysis aims to highlight the major role of the skin elasticity for a

full analysis of the V-Y advancement flap. Furthermore, the study of this technique shows that closing at the

flap apex seems mechanically the most interesting step. Thus different strategies of defect closure at the flap

apex stemming from surgeon’s know-how have been tested by numerical simulations.

© 2015 IPEM. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Complex flaps such as the Limberg skin flap [2] or Z-plasty

flap [3,4] have been largely discussed in the literature on the con-

trast of the V-Y advancement flap for which only few theoretical

studies have been proposed [1,5]. However this technique is gen-

erally used when a wound with a lack of substance needs to be

covered.

A previous study [5] has been recently proposed to highlight the

relation between the geometric parameters of the V-Y flap. In this

previous paper, the skin has been considered as a rigid membrane

and the technique has consisted in lessening the distance to su-

ture through the three edges of the flap instead of concentrating
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on the initial lack of substance. Nevertheless the effective closure

of skin defects is mainly obtained thanks to the elasticity of the

tissue.

In the present paper, a more realistic approach is proposed by tak-

ing skin extensibility into account in order to quantify the sensitivity

of several parameters for the V-Y advancement flap:

• The dimensions of the flap;
• The elastic properties of the skin;
• The natural tension within the tissue;
• The way to close and suture the wound.

The numerical analysis concerns the simulation of the suture and

the prediction of the forces induced to close the wound. For each sim-

ulation, the skin flap is qualified by evaluating the closure effort at

the most critical stitch point, also named the corner stitch. The criti-

cal stitch point is the one which requires the highest closure force and

coincides with the flap apex when reaching the opposite edges of the

wound. It is shown that a compromise between the size of the flap

and the level of the closure effort value has to be found. The sensitiv-

ity to the mechanical parameters shows that the closure effort at the

corner stitch is not only dependent on the size to be covered. At the

end, the surgeon’s technique is analysed: first by modifying the way

of suturing the corner stitch and then by stretching the flap before

suturing the wound.
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Fig. 1. Successive steps of a V-Y advancement flap: (a) design of a triangular flap adjacent to a rectangular defect. (b) incision of the triangular flap. (c) translation of the flap. (d)

three first stitches to fix the flap on the intact skin. (e) corner stitch at the flap apex. (f) final closure.

2. Clinical practice of the V-Y advancement flap

2.1. Description of the V-Y advancement flap

In some clinical cases, it is necessary that the surgeon performs a

chirurgical excision of cutaneous lesions such as tumours or nodules

by cutting a large strip of skin. The V-Y advancement flap is com-

monly used in practice to cover skin defect as illustrated in Fig. 1.

The main interest of the V-Y advancement flap lies in substituting the

rectangular defect (Fig. 1a) adjacent to the base of the triangular flap

by two smaller defects in the shape of parallelogram (Fig. 1d), which

are adjacent to each side of the triangular flap. The main steps of this

surgical technique are described as follows:

• First, the surgeon draws a rectangular pattern around the cuta-

neous lesion and an isosceles triangle adjacent to the largest di-

mension of rectangle. The dimensions of the triangle are defined

by assessing the skin extensibility.
• Second, the surgeon excises the rectangular pattern, which takes

the shape of a barrel (Fig. 1a) due to the natural tension of the

skin. Indeed, the width of the rectangle in Fig. 1a is aligned with

Langer’s lines [6], which are parallel to the horizontal x-axis.

Langer’s lines define the direction within the human skin along

which the skin exhibits minimum extensibility and maximum

principal pre-stress. So, the skin natural tension is characterized

by the orthogonal biaxial pre-stress state σ x and σ y. By the way,

the rectangular defect is stretched along the horizontal and verti-

cal directions. The Langer’s lines direction is of great interest for

surgical operations in particular to obtain a better wound healing

process.
• Third, the surgeon performs an complete incision of the isosce-

les triangle (Fig. 1b), which becomes a triangular flap submitted

to skin contraction as a result of the skin pre-tension. The flap

remains attached to the body and is always kept by a vascular

supply.
• Fourth, in order to cover the defect, the flap (Fig. 1b) is submitted

to an horizontal translation to reach the distal border (Fig. 1c).
• Fifth, the flap is sutured to the surrounding skin for the closure of

the wound firstly at the distal border: three first stitches shown

on Fig. 1d.
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Fig. 2. Geometrical description of the V-Y advancement flap.

• Sixth, the flap is sutured at the flap apex (Fig. 1e). The fourth stitch,

also called the corner stitch, is the most highly constrained.
• Finally, the whole flap is entirely sutured (Fig. 1f).

In current practice, the surgeon not only considers that the height

of the flap remains unchanged before and after excising the triangu-

lar flap, but also performs a corner stitch with the nearest points on

the opposite sides of the wound. Andrades et al. [1] have shown that

once the dimensions of the defect are fixed, the angle at the flap apex

and the flap height are the most important parameters of the flap ge-

ometry. These parameters depend on the location of the defect, the

elasticity of the surrounding tissues and the cause of the surgery.

2.2. Geometrical analysis of the V-Y advancement flap

As in the preliminary analysis [5], the lack of substance consid-

ered as rectangle (B0B′
0
C′

0
C0) shown in Fig. 2 is covered by a triangular

flap (A0B0C0) incised from the largest dimension of the rectangle and

translated through the defect (A′
0B′

0C′
0).

As described in Fig. 2, the dimensions of the lack of substance are

d × D. The angle at the flap apex is named θ . The height of the flap

is H. In the V-Y technique, the initial rectangular lack of substance is

replaced by two parallelograms (A0A′
0
B′

0
B0) and (A0A′

0
C′

0
C0) of height

h which are formed by reflection symmetry (Fig. 2). The height of each

parallelogram is smaller than the length of the initial rectangular one.

The two following relations highlight the link between on the one
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