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Abstract: The reconstructive ladder is a well-established concept in Plastic Surgery proposed to achieve wound 
closure using a stepladder approach from simple to complex procedures and it continues to evolve from when 
it was presented for the first time. We describe a new surgical technique that allows skin excision and primary 
wound closure avoiding donor site morbidity from skin graft and avoiding large scars from loco-regional flaps: 
the parallelogram excision technique. Fifteen patients with skin lesions underwent this procedure. Six months 
follow up results showed a) good scar healing, b) total excision of lesions, and c) patient acceptance and 
satisfaction from the usage of this technique. We conducted a geometrical analysis of the parallelogram’s 
design to study the optimal geometrical condition to achieve all these three factors. We propose that the 
parallelogram excision of skin lesions proves to be a unique new wound closure technique that may add a new 
rung to the reconstructive ladder. 

Keywords: skin excision; plastic surgery; parallelogram excision; sarcoma; orthopaedics 
 

1. Introduction 

Plastic surgeons are perhaps the “surgeons of wound closure” possessing the necessary skills 
and expertise in order to achieve this goal in challenging clinical situations. The traditional 
reconstructive ladder is an essential concept and still to this day informs plastic surgeons on how to 
approach the choice of wound closure1,2. It has been developed through research and experience 
resulting in a schema whereby increasingly complex methods of wound closure are utilized. The aim 
is to achieve wound healing and restore function with the least amount of morbidity possible1,2.  

Recent technological advancements have allowed the reconstructive ladder to evolve5,6 but still 
holding true to its primary principle. For example, the use of topical negative pressure has allowed 
the addition of a new rung of wound closure – albeit as a temporizing measure rather than a 
‘technique’. The concept of the ladder continues to enhance and new interpretations, such as the 
reconstructive ‘elevator’, allow flexibility in the selection of the best reconstructive option to choose 
rather than the step-wise approach of exhausting all basic principles of closure first4,5.  

The external appearance of the human body is outlined by the underlying bony skeletal scaffold, 
which is covered by the skin. To adapt to this complex morphology, the cutaneous covering has to 
be both elastic and viscous to allow deformation and return to its previous form. From a mechanical 
point of view, it has to be both flexible and strong.  

The vectors of tension throughout the skin are specifically related to the movement and volume 
of the underlying shape, and high cutaneous tension is most frequently associated with imperfect or 
pathologic scar formation post-surgery or following lacerations.  

Unfortunately, quantitative determination of skin tension is neither practical nor reliable in 
clinical situations and settings. On the other hand, skin wrinkles or specific lines have been commonly 
employed as a surrogate superficial map of tension vectors. A variety of skin lines have been 
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considered over time7 , whilst relaxed skin tension lines (RSTL) and Langer’s lines are the most 
commonly taken into consideration. Interrupting the cutaneous surface with a punch excision usually 
determines a circular wound that immediately evolves into an elliptical defect. If a multitude of 
punch excisions are carried out and the major axes of these ellipses are associated in continuity,  the 
resulting line is deemed as a Langer’s line8. These vectors run parallel to the main collagen fascicles 
of the dermis and sometimes but not always and not necessarily follow the natural cutaneous creases.  

A relaxed skin tension line (RSTL) is a groove typically resulting from the skin being pinched 
and relaxed in the lack of local tension9,10.  

Physiologically and anatomically, the cutaneous mantle appears to be most extensible 
perpendicular to RSTL, and this involves that the tension is minimal in case the excisions are 
performed along RSTLs.  

RSTLs and Langer’s lines run parallel across many regions of the body, whilst they are 
significantly noncoincident in mechanically sophisticated areas such as the temple, the lateral canthal 
region and  the mouth corner.  

An appropriate master of cutaneous vectors of tension is essential for correct incision and 
excision planning and outlines. 

Inappropriate surgical planning and markings are the most common and main reason for 
pathologic scarring  (scar hypertrophy and keloid) occurring in the course of a wound remodeling. 
Excessive tension across an incision may result in pulling the wound margins apart.  

As a pathophysiological consequence, the wound acquires a tendency to hold itself together 
more tensely. Macroscopically, the scar tends to become hypertrophic. Microscopically, this turns out 
to be an increased collagen deposition. 

The critical aspect is in the timing. Since hypertrophic responses are noticed months after an 
incision has been performed, the surgeon cannot correct revert the errors made.  

In specific areas of high cutaneous tension, a hypertrophic reaction is unavoidable irrespective 
to the direction of incision (i.e. sternal area and shoulders).  

Similarly and on a larger ground, incisions almost never involves the extensor aspects of the 
joints. The opposite holds true; flexor grooves are elect directions for surgical incisions. 

Many body regions represent challenging areas, with a high incidence of skin and soft tissue 
tumors and high local tension causing risk of wound dehiscence or pathologic wound healing due to 
the retracting effect of scars. Limbs and sternal area are body regions with such features. 

The problem occurs when the major axis of the lesion is not parallel to the Langer’s lines or RSTL, 
as the excisional ellipse might be difficult or impossible to close and the deriving scar might be at risk 
for the mentioned complications. 

In many of these cases traditional options offered by plastic surgery are represented by skin 
grafts or flaps. 

For general use in plastic surgery, authors have conceptualized and tested a new reconstructive 
rung to the ladder - the ‘parallelogram’ excision, as illustrated by Figure 1, a method that allows to 
optimize the elliptical excision of a lesion whose major axis is not parallel to the RSTL. 

 

Figure 1. Reconstructive ladder with the proposed new rung. 
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2. Materials and Methods. 

Preliminarily to the clinical study, a comparative geometrical analysis was conducted between 
various excision shapes and angles using Geometry Pad version 2.7.10 (Bytes Arithmetic LLC) and 
verifying the data obtained through AutoCAD 2D 2016 (Autodesk, San Rafael, California, USA), with 
the intent to optimize the technique from the geometrical point of view. A comparison was conducted 
between the theoretical traditional elliptical excision1,2 and the theoretical parallelogram excision. The 
parameters evaluated were total excision area, theoretical length of the final wound, margin distance, 
healthy excised area. These parameters were compared between the two scenarios (traditional ellipse 
versus parallelogram) in a variety of angles between the ellipse major axis and the direction of RSTL. 

For this theoretical purpose, we have defined the lesion as an ellipse that has major axis double 
than the minor and forming with the RSTL an intersection angle (orientation angle) variable between 
30 and 90 degrees.  

After the preclinical part, all patients consecutively accessing the authors’ departments of plastic 
surgery between January and October 2022 due to skin or soft tissue neoplasms of the limbs or 
sternum were considered for inclusion in the study. Inclusion criteria were a lesion whose major 
diameter was equal or smaller than 2 cm, the orientation of the major axis was angulated between 30 
and 60 degrees compared to the local relaxed skin tension lines (RSTL) and patients’ age was between 
40 and 80.  

Exclusion criteria were recurrent lesions and patients with anelastic skin as can be evaluated 
through a pinch test. The study was conducted according to the Helsinki declaration and no 
Institutional Revisory Board approval was necessary as per local policies on clinical studies. 

All cases were evaluated in terms of wound healing complications. Patients were administered 
a satisfaction questionnaire at 6 months postoperatively with a 5 grade likert scale describing the 
surgical outcome as unsatisfactory, satisfactory, good, very good and excellent respectively from 1 to 
5. The questionnaire explored patient’s satisfaction with the final scar.  

Surgical markings and technique 

Pre-operative parallelogram-shape marking of the patient was designed around the lesion in 
each case to excise the minimum area of tissue and to achieve direct closure as parallel as possible to 
relaxed skin tension lines.  

The preoperative marking of the parallelogram excision, shown in Figure 2a,b, has to be done as 
follows: 

A. Identify the direction of the major axis of the ellipse circumscribing the lesion (plus eventual 
excision margins) and draw two tangents parallel to that direction 

B. Draw two other tangents to the ellipse parallel to the RSTL 
C. Intersect these 4 lines finding 4 vertices and outline the parallelogram 

 
Figure 2. a,b Comparison (a) between parallelogram excision (in orange) and standard elliptical 
excision in an elliptic lesion (red ellipse) forming 45° with the RSTL (purple line) and phases of pre-
operative marking (b). 
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All excisions were carried out under local anesthesia as a day case procedure. 

3. Results 

The software analysis took into account a variety of excision orientations as illustrated in Table 
1. 

Table 1. Mathematical data from the geometrical analysis. 

ORIENTATION 

ANGLE 

CONSIDERED 

PARAMETERS 

ELLIPTI

C 

EXCISI

ON 

PARALLELOGRAM 

EXCISION 

Variation 

Between 

Techniques in % 

(Higher is better) 

30° 

Total Excision Area 71,19 42,48 28% 

Theoretical Length 16,5 17,99 -9% 

Margin Distance 5,5 4,15 25% 

Healthy Excised Area 46 17 62% 

45° 

Total Excision Area 97,8 35,89 60% 

Theoretical Length 19,32 13,57 30% 

Margin Distance 6,44 4,35 32% 

Healthy Excised Area 73 11 85% 

60° 

Total Excision Area 125,48 33,5 89% 

Theoretical Length 21,9 11,38 48% 

Margin Distance 7,3 4,45 39% 

Healthy Excised Area 151 59 61% 

75° 

Total Excision Area 148 32,6 112% 

Theoretical Length 24 10,01 58% 

Margin Distance 7,86 5,09 35% 

Healthy Excised Area 123 7 94% 

90° 

Total Excision Area 150,80 44,84 103% 

Theoretical Length 24 8,91 63% 

Margin Distance 8 5,67 29% 

Healthy Excised Area 126 20 84% 

In the selected period 18 patients were considered for inclusion, but three were excluded due to 
recurrence (two) and anelastic skin (one) and therefore underwent reconstruction through skin graft. 

Among the included 15 patients, 8 were men and 7 women, the average age was 68 and no 
patients were smokers. Ten patients suffered from hypertension, 5 from atrial fibrillation, 3 from 
hypothyroidism and 2 from diabetes type 2.  

All included patients had an uneventful postoperative course and all scars healed and maturated 
with no complications, including dehiscence, hypertrophy, hypotrophy, keloid. Out of the included 
15 cases 7 were basal cell carcinomas, 5 were dysplastic nevi and 3 Bowen’s diseases. The lateral 
margins taken were 3 mms for the nevi and 4 mms in the other cases. All specimens were completely 
excised. 
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Most patients expressed a good to excellent degree of satisfaction with the scar and no patient 
declared the surgical outcome unsatisfactory (excellent: 4, very good 7, good 3, satisfactory 1). 

4. Discussion 

The aim of cutaneous oncologic surgery is the complete excision of neoplasms and the 
reconstruction of resultant defects, to let patients develop a healed scar and allow them to restart pre-
surgery life in terms of work and other activities11. In case of minor defects, primary closure is 
possible; instead, when defects are too broad to be repaired primarily, the various options offered by 
the reconstructive ladder are feasible, which include full and partial and full thickness skin grafts12, 
halo grafts13, local flaps, regional flaps, perforator-based island flaps such as the Keystone Flap14 and 
reducing opposed multilobed flaps15. For excisional wounds that cannot be sutured primarily, in case 
the choice of a skin graft or a local flap is not feasible, microvascular free tissue transfer16 is generally 
the indicated solution to be utilized. 

Even though repair of defects with the least tension is well proven to determine the best results 
in terms of both wound healing and scar-related processes, the excisional vectors that minimize 
tension have often been controversial and far from a general consensus in the scientific community. 
It has been noticed that a number of books define and outline cutaneous tension lines such as Langer’s 
lines diversely, and lines currently used for surgical excision may be based on a poor scientific 
ground17. 

Borges9 initially reported the idea of utilizing RSTL for removal of skin lesions on the head and 
neck region. RSTLs rely on the concept that with the skin relaxed, grooves appear. Moreover these 
vectors become more visible by pinching skin and detecting the direction of ridges and creases9.  

Nevertheless, on the rest of the body or areas such as the shoulders, sternum and lower limbs, 
Borges9 usually relied on Kraissl’s lines18, which basically consist of wrinkle directions.  

Another important concept on the topic derives from recent studies on wound tension in surgical 
wounds, in which a hypothesis was described that excisional and incisional lines need to be identified 
and approached differently19. 

Wrinkles and creases that may be adequate for surgical incisions may not be sufficiently tension-
bearing to let them to deal with the increased loads posed by major excisional surgery20. 

This is partially in contrast to the original study on the matter by Langer21 in which no mention 
was made about a possible difference between excision and incision, since the study methodology 
was only based on incision tests. 

Even though the skin is anatomically viewed as a unique even organ and as our largest organ, a 
biomaterial engineering perspective reconsiders our integuments as a composite tissue with elastic 
behavior only at low-tension levels.  

Body regions such as the feet and lower limbs, due to major weight-bearing physiology, show a 
cutaneous mantle that reveals greater viscoelastic behavior, i.e., tension depends on patient’s age and 
load20. In lower limbs with sun damage, not only can modifications due to age and UV radiations be 
noticed, but also the underlying elastin system demonstrates a certain degree of deterioration over 
time22. 

In the lower limb region, especially in the legs, distally to the knees, the effect of improper 
orientation of excision markings is relevant, as it may involve the choice between primary closure or 
a skin graft with the related longer time necessary for healing and suboptimal aesthetic outcome. 
Hence, a correct orientation of the excisional ellipse when planning oncologic skin surgery is of 
paramount importance. 

Scientific works exploring wound strain by means of tensiometer on different body sites have 
already proven that for diameters smaller than 7–8 mm, there is very little differences in wound-
closing tension, irrespective to the direction of the ellipse major axis23. 

Skin has often been qualified as anisotropic, but in fact, in areas adjacent to the bone such as the 
pretibial region, the cutaneous mantle does show orthotropy, i.e., some symmetry (in terms of tension 
of the excisional ellipse) relative to 2 perpendicular planes, which depends on the main and 
preferential orientation of collagen fibers24. 
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Tensiometric analyses in other areas like the scalp also revealed an evident directional 
predilection relative to decreased closing tension. 

As noticed by Borges9, Langer’s lines were originally studied and defined21 in cadavers that had 
undergone rigor mortis and this bias was not taken into consideration, therefore they can hardly be 
defined lines of relaxation. 

Anyway, in the lower limb, Borges9 complied to wrinkles as indicators of least tension lines. In 
anatomical sites different from the face, Borges’s lines indeed respect Langer’s lines, and in directions 
noncompliant with Langer’s lines, they are hindered by the cutaneous tension that results in 
rendering them irregular25.  

In the controversial lower limb region, Paul26 demonstrated that byodinamic excisional skin 
tension (BEST) lines run in the vertical direction. 

The parallelogram technique is a surgical procedure designed to allow excision and primary 
closure of skin defects sometimes deemed to need skin grafting or loco-regional flap due to the 
extension of the excision area and/or tightness of the skin. By improving excision geometrical 
characteristics, first of all the total excision area, and consenting a slight rotation of the scar toward 
RSTL, parallelogram excision’s purpose is to minimize the tension between wound edges and extend 
the direct closure applicability, delaying or avoiding the use of further step of the reconstructive 
ladder. 

Figure 3 summarizes some very common situations in which, to different angles between the 
major axis of the lesion and the RSTL, correspond different sizes and shapes of the standard elliptical 
excision. In Figure 3A, the longitudinal axis of the lesion is parallel to RSTL, therefore, the excision of 
healthy tissue surrounding the lesion is minimal. Case shown in Figure 3B is unfavorable due to the 
lesion being perpendicular to RSTL, therefore, the excision is performed as shown in 3C, where the 
amount of healthy tissue sacrificed is far more extensive.  Figure 3D illustrates some intermediate 
between cases A and C. 

 

Figure 3. Comparison between shape and orientation angle: When the orientation angle rises from 
30° to 90 °, the scar length progressively decreases, in line with the reduction in the extent of excised 
area, but we clinically experienced an increased risk of dog-ears development.  Furthermore, when 
the orientation angle moves toward 30 degrees, scar become longer and maximum edges distance is 
reduced, associated to a clinically experienced reduction of the tension in skin edges approximation. 
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The applicability of this technique depends on the initial direction of the skin lesion in relation 
to RSTL, and this aspect strongly affected the selection of the patients in the present study.  

Fifteen patients with skin lesions had a complete excision of various skin lesions without need 
for skin graft of flap and the postoperative course was uneventful up to 6 months after surgery. The 
degree of patients’ satisfaction with the maturing scar was high. 

Based on geometrical considerations, the possible advantages of using the parallelogram 
technique can be summarized as: 

• Reduction of the healthy area that is sacrificed in wider excision margins 
• Reduction of the distance between edges and spreading of tension in 2 equidistant points 
• Reduction of the theoretical length of the scar, with increasing benefit going from 45° to 90° of 

the orientation angle between the lesion and the RSTL 
• Slight rotation of the initial direction of the lesion towards the RSTL 

During the surgery we clinically observed: 

• Ability to perform direct wound closure that may otherwise need a higher step in the 
reconstruction ladder such as skin graft or a flap 

• Orientation of the resultant scar toward RSTL 
• Reduction of the operating time 

However, the extent of the advantages discussed above is dependent on the orientation angle of 
the lesion to the RSTL. In fact, similar to the Z-plasty1,2,3, in which angles are crucial in defining the 
benefits of the technique, our parallelogram excision has shown to be more suitable when applied to 
orientation angles within 45 and 60 degrees. 

Geometrically speaking, the overall benefits of using parallelogram increase as the orientation 
angle goes from 40 to 90 degrees, but from 60 to 90 degrees these benefits are limited from the 
behavior of the skin, due to high risk of dog ears. 

For these reasons we strongly suggest using the parallelogram technique in lesions with the 
orientation angle between 40 and 60 degrees, which have the best balance between geometrical 
benefits and low risk of dog ears onset as shown in Figure 4. 

 

Figure 4. Different angles scenario of an elliptic lesion and his elliptical excision. 
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5. Conclusion 

In conclusion, where indicated, the parallelogram excision technique appears to be a good 
option for excision and primary closure of skin lesions without compromising excision margins and 
achieving a superior aesthetic result compared to elliptic excision. Furthermore, it avoids skin graft 
or loco-regional flap donor site morbidity and reduces the operative time. 

All patients who underwent this excision method had excellent healed final scars and were 
satisfied with the results.  
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