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 “Je le pansay et Dieu le guarist"  

(I dressed the wound and God healed it) 

    

Ambroise Paré‘s motto, as inscribed above his chair  

in the Collège de St-Cosme (1510-1590). 
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Introduction to rational surgery  

 Tradition has been a restraining barrier in the process of converting surgery from 

empirical craft into a scientific discipline. For centuries many surgeons were committed to 

seeing and believing what they were taught rather than believing what they saw (1). 

Innovators, always in the minority, were people who abandoned theories when their 

observations conflicted with what they had been taught. 

 The French barber-surgeon Ambroise Paré is considered the "father of rational 

surgery". Paré's pioneering work was chiefly in the department of military surgery, when in 

1536 he introduced a scientific and humane treatment for battlefield wounds (2). Prior to his 

work surgeons stopped bleeding wounds by pouring boiling oil on them. Ambroise Paré 

discovered that treatment of gunshot wounds by boiling oil was worse than leaving them 

alone or covering them with other materials. His findings were accidental because he ran out 

of oil, and as a stopgap he tried a cold mixture of egg yolks, oil of roses, and turpentine (3). 

This coincidence also created two test groups, and as the soldiers healed, the ones who were 

not burnt with boiling oil recovered far more quickly than those who were. Paré, who was a 

gifted observer, created a new concept in medicine and surgery: questioning current 

treatments, testing alternatives, creating two groups, observing, comparing and then 

concluding what he saw. In 1545 Paré authored a short treatise on the treatment of gunshot 

wounds based upon his observations. This short practical volume was the first in a lifetime 

of voluminous medical manuals (4).  In addition, Paré invented several surgical instruments 

and surgical techniques. Among them: truss for hernia, artificial limbs, reimplantation of 

teeth and ligating arteries instead of cauterizing vessels during amputation. Although 

suturing and ligating were already used in the Aztec-Mexican medicine (5), their wide use 

began only after Paré’s work. Paré's pioneering work set a frame for future generations in 

surgery and was a milestone in incorporating scientific studies into medicine. 

 During the next centuries, general surgery, plastic surgery and dermatosurgery were 

tremendously developed focusing on establishing surgical techniques (6). Later the focus 

turned to spreading this knowledge through written textbooks, tutoring, training new 

generations and establishing professional surgical associations (7, 8)  

 Until recently, the clinical training of residents was based on an apprenticeship 

model in which the residents learned medicine and surgical techniques from experienced 
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attending doctors. The apprenticeship model is gradually being transformed from pure 

experience-based medicine and surgery to an evidence-based medicine. The development of 

a surgeon’s judgment based on the physician’s practice and experience is important (9). 

However, even the most experienced physician may be influenced by recent occurrences in 

selected patients or anecdotal experiences. Currently, the importance of using a more 

objective and systematic approach for making decisions and treatments is being established 

(10). A new model for medical practice emerged a decade ago, which diminishes intuition, 

unsystematic clinical experience and rational explanations, as sufficient grounds for clinical 

decisions (11).  This new model is called Evidence-Based Medicine (EBM), which 

integrates individual clinical expertise with the best available external clinical and research 

evidence from systematic data. It is defined by Sackett as “the conscientious, explicit and 

judicious use of current best evidence in making decisions about the care of individual 

patients” (12). Evidence Based medicine became the standard of treatment from the patient 

perspective on the one hand, and from the health care system and the physician perspective 

on the other hand. Providing evidence based care improves outcomes for patients (12).  

Choosing an optimal intervention procedure is also becoming a must in the current financial 

restrictions that tend to reduce health care expenditure (13). For these two reasons, as well as 

the superior systematic approach, physicians increasingly tend to treat patients based on 

satisfactory evidence (14,15).  

 In practicing EBM the need for information is converted into a question answered by 

the current best evidence resources such as textbooks and electronic databases. This 

information is finally integrated with the clinical expertise (16).  The best evidence 

resources are prospectively designed, double-blind, placebo-controlled randomized clinical 

trials. They represent the “golden standard”, yet not the only source, of evidence regarding 

therapeutic decisions. Valuable evidence may stem from prospective cohort studies and 

analytical surveys. Evidence is strengthened immensely after it has been confirmed in 

multiple investigations. The sources may be compared with one another and presented in a 

meta analysis or systematic overview (17).  The skill of rapid access to the best available 

evidence is not sufficient for optimum treatment. The ability of a physician to apply sound 

evidence in a particular situation in a patient is becoming the state-of-the-art in medicine.  
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 In this study the excisional biopsy incisions are explored.  The importance of such 

study lies in preserving healthy tissue and shortening of scars.  If sparingly used, the saved 

skin may serve as a future resource for reconstruction, a flap, for instance. In order to study 

these incisions a brief overview of excisional biopsy techniques, Mohs’ micrographic 

surgery (MMS), surgical ellipse closures and the phenomenon of dog-ear creation are 

presented. An insight into the principles of these physiological dynamics is essential to solve 

the skin-related problems which arise during and after performing these procedures. 

 

Excisional biopsy technique  

 In cutaneous biopsy a piece of skin is removed from a patient in order to investigate 

whether the probed area is benign or malignant and to confirm the diagnosis in suspected 

cases. The removed specimen is pathologically examined and processed. An excisional 

biopsy is the removal of the entire lesion with some additional normal tissue as margins. For 

the complete removal of the lesion these margins are small if the lesion is deemed benign 

(18), or large if the lesion is clinically suspected to be malignant (19-22). If there is a 

residual tumor, simple re-excision or MMS are undertaken. The latter is the best local 

intervention to remove the residual tumor (23-29).  

 Many skin lesions are circular, yet the final excision pattern is often different. 

Surgeons do not simply cut a circle around the lesion to remove it, even though a circular 

cut removes less skin and leaves a shorter scar than any other skin excision. The reason is 

that a circular excision does not stitch very well when directly closed. It leaves an elevated 

skin bunched up at the ends. This excess skin at the wound apices is called “dog-ear”, 

because its shape resembles a pointed ear on a dog's head (Figure 1).  

 Cuts of an unequal width and length on the skin are easier to close and produce less 

tissue protrusion and dog-ear formation compared with a circular pattern (30). The cut is 

chosen after determining the necessary extent of excision that includes the lesion and the 

margins. The specimen is designed such that it provides an adequate amount of tissue for 

pathological examination. After marking the lesion to be removed and its margins, a cutting 

pattern surrounding the lesion is drawn. The short axis of the cutting pattern, or width, is the 

diameter of the lesion whereas the long axis exceeds the width by a certain factor (Figure 2). 
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 Several cutting patterns have been described in the literature. Among them are the 

ellipse, rhomboid, s-shape, mosque and circular incision (Table 1). The objective in 

cutaneous plastic surgery is to remove the lesion and yet to obtain an esthetical and 

functional scar. Skin scars need be designed for minimal scar length, minimal healthy tissue 

waste, a well oriented scar confined to a single cosmetic unit and without any damage to 

tissue function (31). A hidden incision yields the best scar, as seen in closed rhinoplasty or 

in a scar hidden by hair. If the scar is visible, it should be restricted to the subunit and to the 

favorable skin tension lines, for instance the cosmetic result is optimum when the final scar 

is in a wrinkle. All these factors should be taken into consideration when a certain skin cut is 

planed for an excision. 

                                                                            

Mohs’ Micrographic Surgery 

 The incidence of skin cancer rates have continued to rise during the last few decades 

(32). Skin cancers make up a half of all cancers diagnosed (33-4) with a total estimated 

number of 54,000 new cases of malignant melanoma (35) and over 1,200,000 new cases 

annually of non melanoma skin cancer (36,37) in the USA.  These numbers are most likely 

to be underestimates of the true tumor incidence, because not all of the skin cancers are 

registered and because many patients with such tumors are treated in private medical 

practices. Complete removal of the tumor is mandatory, whereas incomplete excision or 

neglected lesion may result in an invasion of cancer cells into deeper layers, destroying local 

vital structures, and eventually causing metastasis and possibly death. Excisional surgery is 

effective for skin cancer and is the mainstay of therapy (38,39).   

Mohs’ micrographic surgery was developed by Dr. Frederick Mohs at University of 

Wisconsin in the 1930s (40). The technique and its modifications focus on complete surgical 

excision of the tumor with immediate microscopic examination of horizontal frozen sections 

(41). The operation begins by cutting the cancerous lesion with some margins. The first 

layer is removed by a saucer shaped incision. This saucer incision was recommended by Dr. 

Mohs’ to obtain adequate number of frozen sections.  The specimen’s margins are color-

coded in the laboratory, and any residual tumor at the margin is mapped. Additional 

excisions are performed according to this Mohs’ map (Figure 3). The operation is completed 

when all the residual tumor has been removed (42).    
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In the past twenty years, MMS has been recognized as a superior treatment for some 

non melanoma skin cancers (43 – 46) and may also present advantages in treatment of 

melanoma tumors (47,48). It should be mentioned that large, prospective, long term follow 

up studies for deferent treatment modalities are lacking in the literature. There are, however, 

systematic review articles concerning treatment options in skin cancer. Three of such articles 

describe that MMS has the lowest recurrent rate for both primary and recurrent basal cell 

carcinoma (43,44,45). The five years recurrent rates for non Mohs modalities are reported as 

8.7%, on the average, while the recurrent rates for the same tumor treated by Mohs 

technique is 1%. Similar results were found in previously treated basal cell carcinoma. The 

five years recurrence rate was 17.4% for surgical excision, 9.8% for radiotherapy, and 40% 

for curettage and electrodessication. In comparison, Mohs’ microscopic surgery recurrence 

rate for the same cancer was only 5.6%. Consequently, the MMS technique offers an 

extremely high cure rate (44) while minimizing skin waste, which often allows for the 

preservation of functions, and an optimal esthetic outcome (49). Considering the 

effectiveness of MMS in minimizing local recurrence and bearing in mind that it is 

performed under local anesthesia in an office setting, the procedure is cost-effective. In the 

past decades MMS has been modified. The fixed tissue technique (chemosurgery) has been 

replaced with a fresh tissue technique that makes the procedure less painful, shorter and 

permits immediate reconstruction (23).  

 

The surgical ellipse  

 The surgical ellipse, also known as a fusiform ellipse (50, 51), is the classical 

approach for removing cutaneous lesions. A geometrical ellipse on the one hand possesses a 

rounded apex, which is difficult to both incise and close. A surgical ellipse on the other 

hand, is the overlapped zone of two ellipses or two circles (Figure 4), thus producing two 

vertices. An excision having this shape is preferred because of the subsequent ease of 

planning, cutting and closing. The fusiform ellipse is incised perpendicular to the skin, 

yielding a straight-line specimen and wound. The specimen’s borders are clear when 

observed microscopically and the straight borders of the wound are easy to close, resulting 

in a thin, flat scar.  
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 As a general rule, the traditional recommendation in the literature is to form ellipse 

dimensions that have a length-to-width ratio between 3:1 to 4:1 (52, 53), and an apical 

(vertex) angle of 30° or less. This ratio results in longer scars compared with the original 

round lesion diameter, but it permits primary closure of the wound without creating dog-ears 

(54-60).   

 The open wound created after incising the lesion can be closed by either a primary 

closure or by skin graft and flap. Of these, the primary closure is superior yielding optimum 

esthetic results. Therefore, the focus of the present study was on direct and primary closures. 

  

Tissue dynamics in basic local flaps 

 Skin is a viscoelastic material whose complex mechanical properties include the 

elastic properties of solid materials and the viscous properties of fluids (61). The elastic 

characteristics of the skin relate to the immediate changes that occur when force is applied to 

the skin. They govern the ability of the skin to deform, i.e. to stretch, contract and compress. 

These characteristics are defined by two physical constants namely the Young’s modulus, 

which relates the proportionality of the longitudinal deformation to the applied force 

(Hooke’s law), and Poisson’s ratio, which relates the dimensional deformations to one 

another (62). The viscous characteristics of the skin relate to the delayed changes occurring 

after time: the decrease in stress over time when a constant strain is applied (the stress 

relaxation effect) and the increase in length over time when a constant strain is applied (the 

creeping effect) (63).  Surgeons are familiar with these effects and count on the stress 

relaxation effect to release the tension in scar with time. They use the creeping effect to 

absorb some irregular scar features and dog-ears and to cause tissue elongation after 

inflating expanders. 

Advancing movement and rotating movement are two main movements that can be 

applied to the skin. The two are vastly used in reconstructive surgery (64, 65). The 

transpositions of skin tissues may be manipulated by either of these basic movements or any 

combination thereof such as Millard’s rotation-advancement cheiloplasty (66). The two 

basic movements are described below. 

 

 

 16



a. Advancement movement 

 In an advancement movement the tissue is transferred from the donor to the recipient 

site by a linear shift in the same plane. The dynamic change of the advancement movement 

stretches the tissue and exerts tension at the center of the movement or flap (Figure 5). 

Excess tissue is formed at the flap base or movement. To overcome the discrepancy in tissue 

elongation during the advancement across the flap, two small triangles at the base, referred 

to as Bürow’s triangles, should be excised (67) (Figure 6). The advancement movement is 

usually used to close a square defect. 

 

b. Rotational movement 

 In the rotational movement the tissue is transferred from the donor to the recipient 

site by an angular movement (Figure 7 ). This movement is usually used to open or close a 

circular or triangular defect. All rotation flaps produce tissue protrusion on the outer 

perimeter (Figure 8).  This can be corrected by removing the excess tissue.  

 The result of a rotational movement is an angular manipulation that produces a 

conical skin deformation around the pivot (68). Formed are two kinds of cones: vertical and 

horizontal. A vertical cone is produced on rotating a flap to close an incised sector (Figure 

9). Its axis is at a right angle to the skin surface. In this case there is a shortage of tissue in 

the lesion (horizontal) plane and an excess of tissue above or beneath this plane (Figure 10). 

When there is enough supporting tissue beneath, the standing cone produced is upright and 

everted, when there is no support beneath, the cone is pushed under the surface creating an 

inverted, or a sunken dog-ear. In dog-ear formation, the smaller the angle to be closed, the 

smaller is the angle of rotation, and the smaller is the cone protrusion (Figure 11). For an 

apical angle smaller than 30°, the protruding tissue is considered negligible and a dog-ear is 

hardly observed (68). Figure 10 is as Figure 11, however viewed from a different angle, 

emphasizing the point that the base of the flap is narrower for a larger apical angle creating a 

larger protrusion.  

 A horizontal cone is produced on rotating a flap to open an angle and insert a tissue 

sector (Figure 12). It is also formed when the wound to be closed possesses unequal arc 

lengths (69, 70). The central axis of a horizontal (laying) cone is at an acute angle to the skin 

surface. In comparison with a vertical cone, there is excess of tissue both in the horizontal 
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and the vertical planes, either above or beneath the lesion plane. The horizontal cone 

occasionally appears as multiple wrinkles or rippling of the skin (Figure 13) radiating from 

the opened angle.  The laying cone is often referred to as pseudo dog-ear.  

 

Tissue dynamics in closure of surgical ellipse 

 The surgical ellipse is an excision comprising two arcs that together constitute a 

perimeter. On closure of an elliptical defect each of the arcs is pulled towards an imaginary 

meridian such that the scar follows the meridian.  In fact one performs two closures, 

between each of the arcs designated as A, and the meridian designated as M (Figure 14). 

Dog-ears are formed at the vertices because these two closure lines possess uneven lengths 

(71) (Figure 15).   

 The moving zones along the ellipse can be divided into two areas: the center and the 

apex. During closure different movements such as advancement, rotation, and a hybrid 

rotation-advancement are observed in each zone. Pure advancement movement is observed 

at the center of the ellipse whereas pure rotation movement is observed at the two ellipse 

vertices (Figure 16). Upon closing, the central zone of the ellipse moves in an advancing 

manner and traverses the greatest distance, thus creating tension in the central zone of the 

scar (Hooke’s law). The apical zones move rotationally thus forming tissue puckering or 

dog-ears (Figure 16). All the other ellipse points that are not central or apical move in a 

hybrid rotation-advancement. 

 The tension created in the scar center is proportional to the traversed distance, or the 

ellipse width. The dog-ear protrusion at the vertices is a function of the apical angle. In fact 

the two latter effects depend on one another such that the greater the discrepancy between 

the ellipse length and the arcs, the greater is the vertex angle and skin protrusion. A circular 

excision is the extreme case of the discrepancy between the ellipse length and the arcs  with 

the largest vertex angle (180°) (Figure 17). Therefore, a circular excision by definition 

creates the highest tension in the center and consequently, the largest dog-ear protrusion at 

the vertices (Figure 18).  Accordingly, any other cutting pattern possessing a long and a 

short axis is superior to the circular excision. Classical elliptical techniques recommend an 

excision with an ellipse length that is 3 to 4 times the ellipse width (72). This general rule is 

used to obtain an acute angle of 30º or less at the vertex. Such an ellipse can always be 
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closed primarily without excessive tension and with a lower tendency to form a dog-ear 

(73).  

 The ability of the skin to overcome the shortage of tissue at the center and the excess 

of tissue at the apex depends on its aforementioned elastic and viscoelastic properties (61).  

Explicitly, the skin may compensate for tensions and wrinkles and even by absorb 

protrusions without breaking or tearing.  

 

Correction of dog-ear 

 The term dog-ear is deeply embedded in surgical parlance (74) and has become an 

intimidating term to surgeons. Dog-ear is the result of rotated skin created by: 1) closure of 

any cutting pattern with equal arcs possessing an apical angle exceeding 30°, 2) closure of 

any cutting pattern with unequal arcs, 3) wide angle of rotation at the vertices, 4) closure of 

a wound located in inelastic skin, or when tissues are bonded to the dermis or subdermis, 

and 5) closure of a wound located in a convex plane. 

   Dog-ear or puckering can be repaired by the following approaches:  

1. Increasing the length of the ellipse whereby the length-to-width ratio is increased, 

creating a smaller angle at the vertex and a smaller rotation movement that can be 

closed without forming a protrusion (55).  There are two techniques to achieve this: 

a) preventing the formation of dog-ear by incising a longer ellipse than the designed 

ellipse in advance, and b) repairing dog-ear by trimming off the excess tissue after 

closing the original ellipse (Figure 19). The trimming may be accomplished by either 

elongating the scar along the main axis (straight one-line dog-ear repair), or by a 

continued incision at an angle to the ellipse length. This trimming may be  a curved 

one-line dog-ear repair, angled one-line dog-ear repair (hockey stick line, L-shaped 

line) (Figure 20) or a two-line dog-ear repair (T shape line). A dog-ear repair by 

trimming is better than directly enlarging the a priori ellipse excision because it 

spares more tissue (56).   

2. Correcting an uneven length of a wound closure. Equalizing the two sides of the 

excess tissue (80) (Figure 21) may be accomplished by three possible techniques: a) 

shortening the long arc with a small triangle known as: Bürow’s triangle, when at the 

vertex, and Szymanowski’s triangle, when at the center (51, 76, 77). This correction 
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is a two-line dog-ear repair or a V-shaped line, b) lengthening the shorter arc by 

adding a right-angled incision at the vertex (78), c) redistributing the excess length 

by the “rule of halves”, a surgical method for dividing uneven lengths (Figure22). In 

this technique, the initial suture is placed at the center of both arcs. The remaining 

defects are continually halved by placing suture (79) (Figure 23). 

3. A wide angle of rotation may be avoided by dividing the vertex angle and drawing 

an M-plasty. The shortening of the scar and a less protruding dog-ear are thus 

achieved (70, 80). This correction is a two-line dog-ear repair. 

4. Some of the skin inelasticity or stiffness may be overcome by a wide undermining. A 

pseudo dog-ear is formed when the dermis and subcutaneous tissues are released 

unevenly or improperly. Undermining and removing the excess subcutaneous tissue 

will straighten the pseudo dog-ear (81). 

5. Closure of ellipses located on a convex surface may enhance the appearance of the 

dog-ear. The vertex tissue is pushed farther out relative to the plane, causing the dog-

ear to become more visible. Drawing S-plasty instead of the ellipse prevents this 

phenomenon (82). 

6. Doing nothing is also an option. Some spontaneous flattening of dog-ears occurs in 

time. The reason for this partial absorption is a longitudinal and vertical contraction 

of the linear scar (51). Therefore, not doing anything to the dog-ear and waiting for a 

future result is an acceptable option that does not cause any extra scar and requires 

no excision of healthy tissue. Perhaps in many cases this should be the prime option, 

following the rule “Primum non nocere”. 

 

Circular defect closure 

 Most of open wounds after excising lesions are circular or oval (83). This section 

describes the methods to treat circular defects. The open wound may be closed or 

reconstructed depending on a number factors, including the size and location of the defect, 

the surrounding tissue, the age of the patient, the patient’s preference and the surgeon 

experience (84). Small size defects in the head and neck area should be considered for direct 

closure and medium size defects should be considered for closure by local flap. Large 

defects may be closed by local flaps or skin grafts. Next, location is crucial in areas where 
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small tension or scar may create secondary deformity. Small size defects in the scalp or neck 

are easy to close whereas the same size defect located on the eyelid may present a problem 

for reconstruction and may end with an ectropion. The surrounding tissue must be examined 

to determine if a wound may be closed primarily, with a local flap or graft.   

   In general there are three options to close a defect: primary, secondary or tertiary 

closure (85). Many skin defects especially surgical wound may be closed by first intention 

or primary closure where the wound edges are directly approximated or with some minor 

variation or modifications such as M-plasty or a purstring. Purstring suture is aimed at 

directly closing a circular defect or at reducing the size of the wound (86). 

 Second intention or secondary closure allows the wound to contract and epithelize 

without formal repair. Wound contraction is an active essential part of wound repair in 

which the organism closes a gap in the soft tissues (52, 87,88). The second intention 

approach yields nice small contracted scars when the wound is small or an excessive 

contraction with esthetic deformity, such as ectropion or contracture deformity (89), when 

the wound is large. This method achieves good esthetic results especially for wounds placed 

on a concave surface, for instance: nose, eye and ear. (90)  

 The next option is third intention or tertiary closure, a surgical closure by bringing 

tissue from elsewhere in the form of flap or graft.  

 Skin grafts can be classified as either split thickness consisting of the epidermis and 

part of the dermis or full thickness grafts including the entire thickness of the skin (91-93). 

The best donor sites for head and neck grafting are considered to be the preauricular, post 

auricular and supraclavicular areas. The advantages of using a skin graft are its being a 

simple technical procedure and the ability to recruit large amounts of skin for closing large 

defects. Yet, skin grafts in the head and neck region do not always fully survive, appearing 

pale or more pigmented than the surrounding skin (94) and leave additional scars at the 

donor site. Skin grafts are used to close circular defects in locations that are difficult to close 

primarily or to be reconstructed by a flap. An example includes small size defects in the 

medial canthus or lower eyelid (Figures 24,25) and large size defects located in the temporal 

area. When a wound defect has a tumor at high risk for recurrence, grafting or second 

intention healing may be the treatment of choice (95).  
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 Flaps present another option for tertiary closure. Using local flaps bring skin with 

similar color and texture to the defect, and there is frequently little or no scar contracture 

with the use of flaps (96). The major problems with the use of local flaps are that they 

require planning and experience. In addition, all flaps have the disadvantage of creating 

excess scars in the donor site. Most local flaps are random in their vascular supply therefore 

they are not classified by vascular pattern but rather according to the flap movements. There 

are only two basic movements available to the skin: advancement and rotation (83) and a 

combination thereof.  

 Advancement flap slide, stretch and push tissue into the defect. A round defect can 

be closed by a single advancement flap or by a double advancement flap that results in an H 

shaped scar. A single advancement flap can be used when a round defect is on the lateral 

eyebrow, then the flap movement will add length to the lateral brow (83). A single 

advancement flap (Pang flap) can be also used for reconstructing a round defect in the nasal 

tip (97). This flap conforms perfectly to the three dimensional shape of the nasal tip while 

most of the scars are limited to the subunits of the nose being well hidden in the sidewalls 

(98). A double advancement flap can be used in the forehead or neck where most of the flap 

scars can be hidden in wrinkles. A bipedicle flap is an advancement flap suitable for closing 

defects on the forehead, nose, ear, eyelid and chin. Its greatest advantages are that it is a well 

vascularized flap and its scars can be easily camouflaged (99). 

 Rotation flap is a semicircular flap that may be used as a single flap or as a double 

flap (referred to as an O-to-Z flap). These flaps are useful in locations where the arc of 

rotation may be less noticeable as in the lateral side of the face: preauricular, temporal, and 

mandibular areas or in the nasolabial area (Figures 26, 27). Among the limitation of rotation 

flaps one fined some tissue resistance to rotation and the noticeable large dog ear that is 

created at the rotation pivot. The cheek and the scalp tend to rotate well while the tip of the 

nose, the ala nasi region and the auricle, rotate poorly. In addition, in order to stretch the flap 

and achieve lengthening, any back-cut at the base of the flap compromises the blood supply 

to the flap.   

 Transposition flap rotates about a pivot into an adjacent defect. The transposition 

flap has a wide range of uses. The bilobe flap is used on a convex surface as the nose and the 

Limberg or rhomboid flap and the Dufourmental flap are examples of flaps (100) used to 
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close a diamond shape defects. The nasolabial flap is a transposition flap that interpolates 

the path between two separated tissues .The related pedicle passed over intervening tissue. 

The advantages of this flap are a superior donor site and the disadvantages are additional 

incisions at the donor site and the need for a second intervention, especially to obliterate the 

nose-cheek junction or to match the flap thickness. 

 In this section the options to close circular defects were overviewed and were 

referred to the head and neck region. The same principles can be applied elsewhere in the 

body. 

 

Objectives of the present study 

 There were several different objectives of the studies described in this thesis. The 

two common excisional biopsy techniques namely the surgical ellipse used in general and 

cutaneous surgery and the saucer excision used in MMS were analyzed. The medical 

validity of these two axiomatic cuts was questioned and examined. In the initial study, five 

different excision patterns namely the fusiform ellipse (82, 101-1034), the fusiform circle 

(104), the rhomboid shape (105,106), the mosque shape and the S-shape (107-109) were 

theoretically analyzed and examined in details. These were also compared with a circular 

excision (110).  

 In the second study, the present paradigm of surgical ellipse dimensions was 

questioned and a meticulous examination of the accurate proportions of the most common 

skin pattern was undertaken. The length-to-width ratio and the vertex angle were examined 

by reviewing the date on ellipses in plastic, general and dermatosurgery (30, 31, 85,110-

148). 

 The issue of what the surgeons use for surgical ellipse dimensions (149) and the 

waste of healthy skin in these operations was investigated in the next two studies. It was also 

examined whether there was a relationship between the waste of healthy skin and a specific 

site or size of the lesion and whether the surgical ellipse was a necessary cutting pattern 

(150).  

 The elastic properties of frozen and cancerous skin (151) were examined by 

determining the elastic constants of Poisson’s ratio and Young’s Modulus (152,153). In the 

subsequent study the elastic constants that were calculated were used to challenge the saucer 
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incision, a paradigm used in MMS to answer a persisting question on the minimum beveling 

angle effective for strata projection in a MMS cut (154).  

 The paradigm of saucer cut and an alternative to the circular incision were further 

investigated in the next study.  

 In the final study, the paradigm that a direct closure of circular defects is not feasible 

without additional surgical manipulation was re-examined (55,155,156) with the aim to find 

a new technique which would permit a direct closure of circular defects without the need for 

additional excision.    

 In summary, defining the most common cutting patterns, investigating them, finding 

their advantages and disadvantages, understanding the physiology of dog-ear creation, were 

milestones in exploring paradigms in cutaneous surgery and developing two new surgical 

techniques: one for general cutaneous surgery and another for Mohs’ micrographic surgery. 
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Table 1: Surgical cutting patterns: fusiform ellipse, fusiform circle, rhomboid, S-shape, 

mosque and circle. 

 

 Pattern Drawing Photograph 

 

 

1 

 

 

Fusiform ellipse 

 

 

 

 

 

 

2 

 

 

Fusiform circle 
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Rhomboid    
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 Pattern Drawing Photograph 
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S-shaped 

 

 

 

 

 

 

 

 

6 

 

 

Circular shape 
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Chapter 2 
 

 

Skin waste, vertex angle and scar length in excisional biopsies. 

Comparing five excision patterns: fusiform ellipse, fusiform 

circle, rhomboid, mosque and S-shape.  
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Abstract 

 The common excision skin pattern is either a fusiform ellipse or another pattern with 

dissimilar length and width.  The purpose of this study is to define the most advantageous 

skin pattern in regard to skin waste, vertex angle and scar length.  Five various skin excision 

patterns used traditionally for closure of round lesions were analyzed: 1) fusiform ellipse, 2) 

fusiform circle, 3) rhomboid, 4) mosque and 5) S-shape. In the analysis we formulated the 

pattern characteristics by geometrical principles, from which the results were compared. The 

smallest skin waste was found in rhomboid and mosque patterns, while the largest skin 

waste was found in the fusiform circle and ellipse. The vertex angle was found to decrease 

monotonously with the excision length-to-width ratio for all patterns except for the mosque 

shape, which is zero per definition. The paradigm stating that a vertex angle of 30º or less is 

maintained for length-to-width ratios below 4 in surgical ellipse was found incorrect. It 

holds only for rhomboid and S-shaped excisions. The scar length was found almost 

independent of the pattern, with a variance of 3%. We conclude that the most advantageous 

surgical skin patterns are the rhomboid and mosque excisions.  

 

Introduction 

  In the field of plastic cutaneous surgery the objective is to obtain an esthetical and 

functional result. Skin scars resulting from the removal of skin lesions need be designed 

with a minimal scar length, minimal healthy tissue waste, well oriented scar, confinement to 

a single cosmetic unit and no damage to tissue function (1,2).  

  Many skin lesions are circular, yet the final excision pattern has a larger area and is 

elongated. An elliptical shape or any other pattern with an unequal width and length is 

commonly used. These patterns allow primary closure without tissue protrusion and dog-ear 

formation (3). As a general rule, a length-to-width ratio between 3:1 to 4:1 is recommended 

(4,5).  This results in longer scars compared to the original round lesion but impedes tissue 

bunching up at the vertices (6).  In the most common skin excision pattern, the fusiform 

ellipse, the skin waste can exceed the original lesion area by hundreds percent (7).  

  The purpose of this study is to define the most advantageous skin pattern by means 

of geometrical analysis.  Our criteria in defining such optimum are: 1) minimum skin waste, 

2) narrow vertex angle, and 3) the shortest scar.  

 51



 

Materials and Methods  

 A geometrical analysis of five various skin excision patterns wad studied: 

1. Fusiform ellipse, tangent to the round lesion, 

2. Fusiform circle, tangent to the round lesion, 

3. Rhomboid, contained by lines tangent to the round lesion, 

4. Mosque, modeled as sinusoidal lines containing the lesion, and 

5. S-shape, modeled as a combination of circle arcs and mosque lines. 

Though the first two patterns in the table seem similar they are not strictly identical, as 

explained in the formulae and results below. 

From basic geometrical principles, the above pattern areas, vertex angles and scar 

lengths are mathematically formulated.  In the following the pattern areas are 

expressed:  

Fusiform ellipse: is defined by the area overlapped by two fused ellipses.  Its area is: 
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where; S is the width of the fusiform ellipse, a is the length-to-width ratio, and t is the 

tangent of the half vertex-angle: 

( )2tan θ=t  

 Fusiform circle: is a special case of a fusiform ellipse where the two forming shapes are 

circles.   The vertex angle is determined by the length-to-width ratio:                   

( )[ ]12tan2 21 −= − aaθ  

 By substituting this angle in equation (1) one obtains: 
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 Rhomboid shape: is defined by lines tangent to the round lesion stretching to two 

 vertices.  Its area is expressed by: 

⎟
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2

     (3) 

 Mosque pattern: is modeled based on a sinusoidal line tangent to the round lesion.  
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 It is formulated as:    

⎟
⎠
⎞

⎜
⎝
⎛ += x

ar
ry πcos1
2

      (4) 

 where: x and y are the abscissa and the ordinate originating at the circle center, r is the   

 radius of the round lesion, and a is the length-to-width ratio.  Assuming that the entire  

 width is 2r, or S = 2r, then by integrating over the length one finds the area: 

aSA
2

2

=                                      (5) 

S-shape excision: is modeled as half mosque and half-fusiform circle, so its area is the 

average of the areas given in equations (2) and (5).  

 We define skin waste as the difference between the area of the pattern and the round 

lesion. Thus, from the above formulated areas we subtracted the area of the round lesion πr2. 

Note that had the excision equaled the round lesion itself, the skin waste would be 

identically zero.  

 Table 1 includes formulae of vertex angles expressed by the length-to-width ratio 

and the formulae of the arc lengths (or perimeters). The vertex angles are individual to each 

pattern, some of which are described below.  

 The fusiform ellipse vertex angle expressed by the length-to-width ratio is: 

⎟
⎠
⎞

⎜
⎝
⎛≥ −

aE
2tan2 1θ  

Inferred from the inequality in the vertex-angle formula, there are many fusiform ellipses 

that fit a given length-to-width ratio.  They can be characterized by the distance between the 

major axes of their forming ellipses.  Their vertex angles range between 2 tan-1(2/a) and 

180º.  Though we calculated several examples of fusiform ellipses only a single such ellipse 

was chosen.  Its forming ellipses lie from one another at a distance equaling five times the 

lesion diameter.  The vertex-angle of the mosque shape is identically zero. The vertex-angle 

of the S-shape is the average of the angles of the fusiform circle and the mosque shape, 

making it half the vertex angle of the fusiform circle. 

The perimeter formula is obtained by integrating the pattern line over the pattern length.  

Also in Table 1, given is the scar length, expressed by a product of the perimeter and a 

factor adapted from Mizunuma et al (8). 
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Results  

 Figure 1 shows the ratio of skin waste-to-lesion area for the various patterns. Skin 

waste is defined as the net area of the excision calculated from each pattern formula, for 

instance equations 1, 2, 3 and 5, and the round lesion area. The smallest waste is found for 

rhomboid and mosque patterns, while the largest waste is found for the fusiform circle and 

ellipse. The median waste is found for the S-shape, which is a mid-way pattern between the 

fusiform circle and the mosque patterns.  This trend is quite expected owing to our 

geometrical definition of the S-shape model. For the common length-to-width ratio range of 

3 – 4 the skin waste is 90% - 245%. One can also observe from the figure that the skin waste 

is proportional to the length-to-width ratio for all the shapes.  Note that had a circular cut 

been considered, its waste area would be zero. 

 Figure 2 shows the vertex angle of the various patterns. The angle decreases 

monotonously with the excision length-to-width ratio for all patterns except for the mosque 

shape.  For a surgical ellipse, the most common excision shape, we calculated vertex angles 

between 44º - 74º and 33º - 56º, respective to length-to-width ratios of 3 and 4.  The vertex-

angle range reflects the distance between the major axes of their forming ellipses as was 

explained in the previous section.  Note that the vertex angle of 30º within the range of 

length-to-width ratio of 3 to 4 holds for only the rhomboid and S-shapes.   

 Figure 3 plots the scar length as a function of the length-to-width for all the patterns.  

The scar length is proportional to the excision perimeter, such that it equals 96% of half the 

perimeter for the S-shaped pattern, and 92% for all other patterns: fusiform ellipse, fusiform 

circle and mosque.  We assumed a similar change for a rhomboid pattern as well.  These 

proportions have been adapted from Mizunuma et al (8).  We found that the scar length is 

nearly proportional to the lesion radius and the length-to-width ratio, and almost 

independent of the pattern.  What stands out is that the scar is typically longer than the 

lesion diameter by a factor approximately the length-to-width ratio.  Therefore, one can 

predict the scar length of any surgical pattern knowing only its length and width (equaling 

the lesion diameter).  According to this rational a circular cut would result in the shortest 

possible scar. 

 Table 2 summarizes the results for the five excision patterns in terms of waste area, 

vertex angle and scar length. The results are given for a length-to-width ratio of 4.  The 
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excess skin waste is calculated as the ratio of the areas of the net excision pattern to the 

circular lesion.  Observe that the least skin waste is obtained for the rhomboid and mosque 

excisions, for which also the vertex angles are the smallest.  The scar length depends linearly 

on the lesion diameter, and is approximately the same for all the patterns.   

 

Discussion  

 The final excision pattern of cutaneous lesion is usually elliptical. New patterns are 

being suggested to exchange that tradition of choosing the elliptical excision. This article 

tries to find the most economical pattern concerning extra skin waste and scar length. First 

compared are the excision skin-waste areas. Strictly from the standpoint of minimum waste 

area, the superior approach is to perform a rhomboid or mosque excision. If, for instance, 

one selects the length-to-width ratio of 3 – 4 then the skin waste is 90% - 160% in excess of 

the original round lesion, for the mosque and rhomboid shape, and up to 245% for the 

fusiform ellipse or fusiform circle. 

 Second comparison is of vertex angles. The angle decreases with the excision length-

to-width ratio for all patterns. Yet, the current paradigm maintaining that the vertex angle 

should be 30° or less for length-to-width ratios below 4 is incorrect. Only rhomboid and S-

shapes can produce such narrow angles while other patterns, those of fusiform ellipse and 

circle exhibit a vertex angle of up to 60°. A large vertex angle therefore creates stress on the 

skin during suturing rendering unfavorable conical deformations resulting in dog-ears, as 

postulated by Limberg in 1966 (1). Note that while performing an excision with a small 

angle is desirable, the mosque shape with a zero vertex angle presents surgical and technical 

difficulties. 

 It is noteworthy that a circular excision pattern, i.e. a direct excision of the round 

lesion, creates no skin waste and results in the shortest scar length. On the other hand a 

circular excision possesses the greatest vertex angle (180°) thus creating huge dog-ears 

during closure and a bad scar. 

 The next chapter examines the theoretical results of the fusiform ellipse treated in 

this chapter vis a vis clinical data. 
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Table 1:  Formulae of vertex angles and scar length of five excision patterns. 
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Table 2:  Summarized results for the five excision patterns by the three criteria.  The 

results are given for a length-to-width ratio of 4.  The excess skin waste is the 

difference between the areas of the excision pattern and the round lesion. 

 

 Shape Length-to-
width ratio 

Arc length 
(cm) 

Excess 
skin waste 

Vertex angle 
(degree) 

Scar length  
(cm) 

 

1 

 

Fusiform 

ellipse 

 

4 

 

4.18 

 

245% 

 

33º 

 

3.85 

 

 

2 

 

Fusiform  

circle 

 

4 

 

4.16 

 

244% 

 

56º 

 

3.83 

 

 

3 

 

Rhomboid 

 

4 

 

4.13 

 

162% 

 

28º 

 

3.80 

 

 

4 

 

Mosque 

 

4 

 

4.18 

 

155% 

 

0º 

 

3.82 

 

 

5 

 

S-shape 

 

4 

 

4.16 

 

200% 

 

28º 

 

3.99 
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Figure 1:  Ratios of wasted areas to round lesion areas. 
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Figure 2:  Vertex angle as a function of the length-to-width ratio. 
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Figure 3:  Scar length as a function of the length-to-width ratio.  The parameter is the 

lesion diameter, depicted at 10, 20 and 30 mm.  The S-shape is represented 

by the broken lines, whereas all the other shapes overlap being denoted by 

the solid line. 
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Chapter 3 

 

 

Evidence Based Surgery: The paradigm of surgical ellipse length-

to-width ratio and vertex angle.  
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Abstract 

              The paradigm concerning the dimensions of a surgical ellipse is examined. To date it 

has been postulated that elliptical excisions must possess a length-to-width ratio of 3:1 to 4:1 

and a vertex angle of 30º or less in order to be closed primarily without creating a “dog-ear”.  

These dimensions became axiomatic in teaching cutaneous surgery. The present article 

examines the validity of this paradigm.  

              We collected data from two sources: published ellipses in plastic, general and 

dermato - surgery literature (fifty seven cases) and elliptical excisions performed at the 

authors’ outpatient clinic (eighty three cases).  The surgical ellipse lengths, widths and vertex 

angles were analyzed, setting an empirical law.  Then, the data were compared with a 

calculation based on a mathematical formula of a fusiform ellipse.  

              The results showed that the length-to-width ratio of 3:1 – 4:1 is inconsistent with the 

vertex angle of 30º. To meet this length-to-width ratio a surgical ellipse must posses a vertex 

angle of 63º – 48º, respectively. 

               In conclusion the paradigm that the surgical ellipses have a vertex angle of 30º 

within the said range of length-to-width ratios is incorrect.  The vertex angles are appreciably 

larger, as predicted by the evidence-based approach.  These results have important 

implications in cutaneous surgery both on the skin waste and on the scar length.  

 

Introduction 

  The objective of all physicians is to provide their patients with the best health care. To 

do so a physician is trained for years and undergoes a long residency during which he or she 

learn to diagnose patients as well as to treat and try to prevent diseases. Clinical training of 

residents is based on an apprenticeship model in which the residents learn medicine and 

surgical techniques from experienced attending doctors. The current apprenticeship model of 

clinical training perpetuates bad habits including: preserving the present hypothesis for the 

diseases etiology, pathology and treatment, patient treatment based on personal experience or 

nonsystematically collected results and treatment bias toward the newest methods presented 

(1). The apprenticeship model is experience-based medicine, being gradually substituted by 

evidence-based medicine (EBM) (2). In practicing EBM, the need for information is 

converted into a question answered by the current best evidence resources such as textbooks 

 63



and electronic databases. This information is integrated with the clinical expertise. The 

principles of EBM were developed by physicians and epidemiologists for both teaching 

medical students and helping physicians in using the best and most up-to-date evidence in 

order to make decisions about their patient care. (3)  

 Evidence Based Medicine became the golden standard in practicing medicine (4), 

whereas Evidence Based Surgery is lagging behind the scientific evidence (5). In addition, 

the surgical literature is poor in highly valuable evidence in comparison with the general 

medical literature (6). The reasons for such discrepancy include the fact that not all surgical 

procedures are suitable for trials, patients fear of practicing in surgical trails, difficulty to 

standardize surgical treatment as opposed to medicine, the lack of surgeons’ enthusiasm to 

participate in clinical trials, and last, the funding of surgical trials are often difficult to obtain 

(7).  

 In this evidence-based-surgery study we explore the most common technique used for 

removing skin lesions, the surgical ellipse (8-10). This shape, also known as a fusiform 

ellipse, is the overlapped zone of two ellipses thus producing two vertices. The paradigm of 

cutaneous-cut dimensions relating the length-to-width ratio to the vertex angle of a surgical 

ellipse excision is examined. To date it has been postulated that elliptical excisions must 

possess a length-to-width ratio of 3:1 to 4:1 and a vertex angle of 30º or less in order to be 

closed primarily without creating a “dog-ear” (11-19).  These dimensions became axiomatic 

in surgery, taught in apprenticeship model for a few generations. The present article 

questions the validity of this paradigm by measuring and calculating the exact dimensions of 

a surgical ellipse: length-to-width ratio and vertex angle.  

 

Method 

 In an attempt to find the underlying rule relating the vertex angle to the length-to-

width ratio we analyzed two data sets:  1. Fifty seven surgical ellipses published in the 

literature, 2. Eighty three surgical ellipses excised at our outpatient, and a calculation based 

on a mathematical formula.  The data were compared with each other and with the 

calculation. 

 We collected data from published ellipses in plastic surgery, general surgery and 

cutaneous surgery literature.  Books and articles from the private library of a plastic surgeon 
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(first author), a dermato-surgeon (last author), the library of the plastic surgery department, 

the medical library of the hospital Academisch Ziekenhuis Maastricht and Medline research 

results were reviewed.  Forty one references presented drawings or photographs of surgical 

ellipses (20-61). Extracted from them are fifty seven ellipses, fifteen of which are 

photographed in vivo and the remainder are graphically drawn ellipses.  We also collected 

consecutive data of eighty three surgical ellipses performed at the authors’ outpatient clinic. 

 The data were compared with a calculation of a fusiform ellipse vertex angles, 

expressed by the following formula (62): 

⎟
⎠
⎞

⎜
⎝
⎛≥ −

aE
2tan2 1θ  

where a is the length-to-width ratio. By comparing the clinical ellipses to the formula an 

empirical law was set for the length, width, length-to-width ratio and vertex angle. 

 

Results 

 The ellipse dimensions of the compiled data from references 20 – 61 are summarized 

in Table 1.  Their vertex angles are plotted against the length-to-width ratio in Figure 1. The 

ellipse dimensions of our clinical data are summarized in Table 2.  Their vertex angles are 

plotted against the length-to-width ratio in Figure 2.  Included in both figures are the plots of 

the theoretical vertex angles calculated by the above equation, denoted by the pink line.   

 In Figure 1 the reviewed length-to-width ratio varies between 1.7 and 6.2, and the 

vertex angle varies between 32.5º and 110º, with a measurement error of ±2.5º.  Assuming a 

power regression curve the vertex angle is typified by θ DATA = 128.7a-0.71 where a is the 

length-to-width ratio, with R2 = 0.48.   In Figure 2 the length-to-width ratio of the clinical 

ellipses varies between 1.3 and 6.3, and the vertex angle varies between 42.5º and 118º, with 

a measurement error of ±1º.  In both figures we used as vertex angle the average of the two 

vertices.  Assuming a power regression curve the vertex angle is typified by θ DATA = 125.5a-

0.71, with R2=0.82.  Both power regression curves are very similar, setting an empirical law to 

this relation.  These curves, however, are somewhat removed from the theoretical fusiform 

ellipse, for the reason that the surgical ellipse is hardly ever a simple, canonical geometrical 
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pattern.  Note, that our original data scatter is significantly smaller than the data from the 

literature.  We explain this by the fact that a single surgeon excisions and measurements are 

inherently more uniform than data from multiple sources.  

 Observe that the vast majority of the data have angles approaching those of a 

theoretical fusiform ellipse.  In contrast, it is necessary to stress out that in the literature and 

in our clinical data the angle corresponding to the length-to-width ratio between 3:1 and 4:1 

features best-fit angle values of θ DATA = 58º to 48º (Figure 1) and 59º to 47º (Figure 2), 

respectively.    

 None of the data matches the paradigm of a 30º angle for a length-to-width ratio of 

3:1 – 4:1. Note that the angle of 30º, axiomatically used in the literature, corresponds only to 

the aspect ratio of 7.5.  Table 3 summarizes the vertex angles obtained for the length-to-width 

ratios of 3:1 and 4:1.  In all, they span the range from 67º to 48º.  

 

Discussion 

 High level available evidence in surgical literature is less abundant the in the general 

medical literature (6). The gold standard in EBM is the randomized controlled trial (RCT). 

Only 0.3% – 6% of the references in the surgical literature are RCTs (63). Given that RCTs 

are rarely performed in surgery, case studies are the majority of the surgical literature (64). 

This work is a case-control study with a systematic review.  

 The case used in this chapter is of a common, widely used procedure in surgery, the 

elliptical excision.  The relation between the vertex angle of an ellipse and its length-to-width 

ratio has become axiomatic.  By following the literature and by analyzing eighty three cases 

of clinical ellipses, then comparing them to a calculation based upon geometrical principles, 

we show the relation of the surgical-ellipse vertex-angle to the length-to-width ratio.  What is 

proved is that within the commonly used range of length-to-width ratio of 3:1 to 4:1, the 

vertex angle is between 67º to 48º, never reaching the postulated value of 30º. Consistently, 

the 30º angle can be only reached for large length-to-width ratios, in excess of 7.5.  It is also 

shown that the length to width ratio of 4:1 is rarely used in excisional biopsies and usually 

the aspect ratio is shorter, reaching an average of 3.1 in the published literature and 2.5 in the 

clinical data. The above results agree with a previous analysis covering a part of the theory 

on the apical angle (65) and with previously presented empirical data of length-to-width 
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ratios in measured surgical ellipses (66) (see Chapter 5).  These results have important 

implications on the skin wasted in cutaneous surgery and on the scar length.  The smaller the 

length-to-width ratio and the greater the vertex angle, the smaller is the skin waste and the 

shorter is the scar length. 

 By using evidence based medicine, the question of what are the accurate dimensions 

of surgical ellipses was answered by the current best evidence resources. This information 

was integrated with our clinical experience.  As many scientific theories in general, also 

medical paradigms should be questioned, tested, analyzed and verified by medical empirical 

findings. By doing so correct paradigms will prevail, while erroneous theorems will be 

disqualified and replaced. 
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Table 1: Summarized data of 57 published ellipses: average vertex angles and length-to-

width ratio. 

# Ref. No. In vivo 
(photo) 

Average angle 
(degree) 

Length-to-width ratio 

1 20  70 3.3 

2 20  65 2.5 

3 21 Yes 38.75 3.67 

4 22  77.5 3.03 

5 23 Yes 70 2.6 

6 23 Yes 42.5 2.75 

7 24  45 3.5 

8 24  50 4.3 

9 25  36.25 5.9 

10 59  32.5 4.67 

11 26 Yes 52.5 3.25 

12 26 Yes 73.75 2 

13 27  77.5 3.4 

14 27 Yes 67.5 3 

15 28  92.5 2.05 

16 29 Yes 37.5 3.4 

17 30  32.5 4.73 

18 31  43.75 2.65 

19 32 Yes 52.5 2.57 

20 33  58.75 3.62 

21 34  66.25 3 

22 35  62.5 2.71 

23 36  98.75 3.17 

24 37  38.75 3.08 

25 38  95 1.81 

26 39  90 3.28 

27 40  80 3.55 

28 41  60 2.21 

29 42 Yes 77.5 2.2 
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# Ref. No. In vivo 
(photo) 

Average angle 
(degree) 

Length-to-width ratio 

30 43  57.5 3.29 

31 44  60 2.88 

32 44  50 2.67 

33 44  63.75 2.56 

34 44  67.5 2.3 

35 45  47.5 2.75 

36 46  110 1.85 

37 47  65 2.75 

38 48  75 2.69 

39 49  37.5 6.17 

40 50  67.5 3.27 

41 51  52.5 3.8 

42 52 Yes 70 2.8 

43 53 Yes 42.5 3.89 

44 54  57.5 3 

45 55  36.25 5.67 

46 55  60 3.73 

47 56  86.25 2.05 

48 56  61.25 3.25 

49 57  62.5 2.875 

50 58  50 3.21 

51 60  47.5 2.8 

52 60  50 3 

53 60  52.5 3.24 

54 61 yes 88.75 1.73 

55 61 yes 75 1.71 

56 61 yes 60 2.38 

57 61 yes 90 1.67 
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Table 2: Summarized data of 83 clinical ellipses: average vertex angles and length-to-

width ratio. 

# Average angle 
(degree) 

Length-to-width 
ratio 

1 48.1 6.33 

2 50.4 4.5 

3 42.5 4.4 

4 45.0 4.17 

5 58.6 3.5 

6 65.1 3.5 

7 54.1 3.5 

8 47.2 3.43 

9 46.4 3.33 

10 58.5 3.29 

11 58.4 3.25 

12 46.4 3.22 

13 51.1 3.17 

14 53.5 3.17 

15 47.9 3.17 

16 51.3 3.17 

17 45.6 3.14 

18 55.2 3.13 

19 58.4 3.09 

20 58.5 3 

21 68.5 2.91 

22 53.5 2.91 

23 58.4 2.89 

24 57.7 2.88 

25 60.8 2.8 

26 60.8 2.73 

27 63.1 2.69 

28 61.7 2.64 

29 58.4 2.56 

# Average angle 
(degree) 

Length-to-width 
ratio 

30 65.0 2.56 

31 60.0 2.55 

32 55.9 2.53 

33 72.0 2.50 

34 63.3 2.50 

35 60.0 2.5 

36 61.7 2.5 

37 60.0 2.5 

38 62.5 2.5 

39 65.9 2.5 

40 60.8 2.5 

41 63.4 2.45 

42 61.8 2.44 

43 63.3 2.42 

44 66.9 2.38 

45 60.1 2.33 

46 63.3 2.30 

47 72.2 2.3 

48 59.3 2.3 

49 83.0 2.29 

50 63.4 2.23 

51 69.5 2.20 

52 65.0 2.18 

53 72.9 2.1 

54 75.2 2.06 

55 91.8 2.05 

56 71.1 2.03 

57 85.7 2.00 

58 76.9 1.96 
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# Average angle 
(degree) 

Length-to-width 
ratio 

59 79.7 1.93 

60 83.0 1.84 

61 105.6 1.83 

62 87.7 1.79 

63 97.6 1.78 

64 97.6 1.75 

65 79.7 1.74 

66 87.7 1.73 

67 78.9 1.71 

68 85.7 1.70 

69 90.2 1.69 

70 89.6 1.67 

71 87.7 1.64 

72 88.5 1.62 

73 78.9 1.60 

74 97.9 1.59 

75 93.1 1.57 

76 107.7 1.55 

77 109.7 1.53 

78 92.2 1.50 

79 95.0 1.49 

80 98.6 1.47 

81 95.7 1.46 

82 88.4 1.36 

83 117.9 1.29 
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Table 3: Comparison of empirical vertex angles and theoretical calculations. 

 

 Vertex angle for 
Length-to-width 

ratio of 3 

Vertex angle for 
Length-to-width 

ratio of 4 

Length-to-width 
ratio for vertex 

angle of 30° 
 

Data (literature) 

 

58° 

 

48° 

 

7.5 

 

Data (our excisions) 

 

59° 

 

47° 

 

7.5 

Theory – 

fusiform ellipse 

 

67° 

 

53° 

 

7.5 
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Figure 1: Vertex angle of the cited surgical ellipses as a function of the length-to-width 

ratio. The data are represented by the dots, the best-fit curve is the black solid 

line and the theoretical curve is the pink solid line. 
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Figure 2: Vertex angle of our clinical ellipses as a function of the length-to-width ratio. 

The data are represented by the dots, the best-fit curve is the black solid line 

and the theoretical curve is the pink solid line. 
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Chapter 4 

 

 

The analyses of skin waste during excision of benign skin lesions. 

Is the surgical ellipse cut an unnecessary cut? 
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Abstract 

 Elliptical excision is the common cut in cutaneous surgery.  In this work we 

investigate the skin waste of the surgical ellipse in biopsies of benign skin lesions. The skin 

waste is defined as the ratio of the difference between the excised elliptical area and the 

original lesion area, to the lesion area (plus margins for both). 

 Ninety consequential excisional biopsies performed at our outpatient clinic are 

analyzed. The results show that the surgical ellipse cut is a skin wasting procedure.  The 

measured skin waste spans the range between 57% and 733%, with a mean of 181%. The 

largest skin waste was observed for small lesions, occurring in the head and neck regions. 

The ellipse cut is therefore an unnecessary surgical procedure especially for small, benign 

lesions. For these lesions a shave biopsy or a circular block excision is the best procedure. It 

wastes less skin and produces shorter scars. Consequently, we see no apparent justification 

for the elliptical cut paradigm for benign lesions.  

 

Introduction 

 All humans have a number of benign skin lesions (1-3). Some of these are removed 

during the life span of a person for either cosmetic reasons or for preventive treatment (4-6).  

In order to extract tissue from a skin lesion, an excisional biopsy is frequently performed. 

The removed specimen undergoes further laboratory processing and microscopic analysis.  

 Skin biopsies are a common procedure in cutaneous surgery.  Out of several possible 

surgical cuts, the surgical ellipse is the most common cutting pattern used for biopsies. The 

elliptical cut offers fast healing, good esthetic result, and sufficient specimen for histological 

examination (7). A properly designed elliptical excision has a length-to-width ratio of 3:1 

and produces an angle of 30º at both apices of the wound (8). So designed an excision can 

be closed primarily thus avoiding the formation of excessive mounds of tissue at the wound 

vertices or dog-ears.  Otherwise, the dog-ears will require additional mending by one out of 

ten or more methods of dog-ear correction (9,10).   

 The purpose of this study is to quantify the wasted skin in excisional biopsies of non 

cancerous skin lesions. Skin waste is hence defined as the ratio of the difference between the 

excised elliptical area and the original lesion area, to the lesion area. 
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Patients and Methods  

 Data of ninety consequential biopsies performed at our outpatient clinic for benign 

skin lesions were recorded. Only those lesions that were further histologically proved as 

completely excised were included. All the histological results were benign including: nevi, 

warts, fibro epithelial polyps, seborrheic keratoses, dermatofibromas, and pyogenic 

granuloma. Measured dimensions of the lesions and of the excised ellipses are summarized 

in Table I.  Forty five patients had lesions located on the head and neck and forty five 

patients had lesions located on the body.  

 The area of the lesion is calculated by: 

Alesion =  π/4 b×d       (1) 

where: b is the short diameter and d is the long diameter of the ellipse. 

We chose the following ellipse formula to model the surgical ellipse area (11): 
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where: S is the width of the fusiform ellipse and a is the aspect ratio (length-to-width ratio).  

The skin waste is defined as the ratio of the difference of equations (1) and (2), and the 

lesion area plus margins (Eq.(1)): 

lesion

lesionellipse

A
AA

waste
−

=      (3) 

 

Results 

 Summarized in Table I are the lesion and excision data, and the calculated skin 

waste.  The lesion length varied between 2 mm and 32 mm and the lesion width varied 

between 2 mm and 29.5 mm.  The excision length varied between 6.5 mm and 54.5 mm and 

the width varied between 3 mm and 33 mm.  The mean length-to-width ratio of the excisions 

was 2.43:1.  The area of the lesions varied between 3.14 mm2 and 741 mm2 and the area of 

the excised surgical ellipse varied between 13.54 mm2 and 1283 mm2. The skin waste was 

found in the range of 57% to 733% with a mean of 181%.  

 Figure 1 plots the skin waste (percent) versus the lesion area. Observe that the 

wasted skin decreases monotonously with the lesion area.  Note that the skin waste is vastly 
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larger for small lesions, 733% for 3.14 mm2, than for large lesions, 57% for 616 mm2.  Thus 

small lesions cause large skin waste whereas large lesions cause small waste.  

Approximating a power regression curve the wasted area is typified by: 
37.015.1 −= lesionAwaste , with R2=0.69. 

 Figure 2 breaks up the data of Figure 1 into two groups: lesions from the head and 

neck, and lesions from the rest of the body.  To emphasize the small lesions, the skin waste 

is plotted against the lesion area on a logarithmic scale.  The largest amount of skin waste 

was found when small lesions in the head and neck were excised. The average skin waste of 

the head and neck lesions is 240%, compared with an average of 120% for body lesions. 

This twofold waste occurs due to the following facts: 1) the head and neck excisions have a 

larger length-to-width ratio than the body excisions (2.75 versus 2.09), and 2) the head and 

neck lesions are smaller than the body lesions, yet the excision margins for both areas are 

similar.  For the above two reasons, paradoxically, larger skin waste is obtained for the small 

lesions.  

 Another data fit shows that the excision area is proportional to the excision length, as 

shown in Figure 3.  What follows is that even a small addition to the excision length affects 

dramatically the skin waste.  For instance, by increasing the average length from 20 mm to 

30 mm (growth of 50%), the excision area grows from 70 mm2 to 142 mm2 (growth of 

100%). 

 

Discussion 

 The surgical ellipse is the most common pattern used in excision and closure of 

cutaneous lesions. This study quantifies the wasted skin in excising benign cutaneous 

lesions. It varies between 57% and 733% in excess of the lesion area. This enormous wasted 

tissue noticed in both small and large lesions is for the purpose of producing a linear scar 

and avoiding dog-ear formation. What was noticed is that the smaller the lesion, the larger is 

the skin waste. This might be due to the reason that many smaller lesions were located on 

the head and neck where attention is paid to the final scar and a considerable effort is made 

to conceal it, ending up with a longer length-to-width ratio and larger skin waste.  

 It is recommended to prefer a shave biopsy or a round excision of the lesion which 

ends with a circular defect. With the use of a circular incision, adequate safe margins are 
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obtained and, at the same time, waste of sound skin is minimized. Such a circular defect can 

be easily closed by one of three alternatives. The first is leaving the tissue open to heal by 

second intention (11), the second is a direct closure of the defect without dog-ear excision 

(12,13), and the third is a purse-string closure  which uses circumferential tissue 

advancement (14-16). These three techniques produce excellent results with no additional 

scarring or tissue wasting and often the final scar is smaller than the original lesion. From 

our experience with the figure-of-8 direct closure (13) (see chapter 9) any wound diameter 

that can be closed by an ellipse is suitable for this technique as well. Other options for 

closing a circular defect (17,18) include: primary closure and dog-ear correction, skin graft, 

M-plasty, A-to-T closure, O-to-Z closure (19), lazy S (20), H-advancement flap (21) and 

variety of local skin flaps (22,23).  These solutions are less effective. They compromise 

either the scar length or the amount of healthy skin wasted.   

 The elliptical cut is therefore an unnecessary surgical procedure especially for small 

benign lesions. For these lesions a shave diagnostic biopsy or a round block cosmetic 

excision is the best procedure. It yields less skin waste and shorter scars. Though the 

surgical ellipse cut was found as the least advantageous skin excision pattern (24, see 

Chapter 2), it is routinely used. We see no apparent justification for the elliptical cut 

paradigm.  

 The conclusion is that for better tissue preservation and scar formation it is 

recommended that the surgical ellipse should be replaced by other skin cuts. 

 84



References 

1. Pariser RJ. Benign neoplasms of the skin. Med Clin North Am. 1998;82:1285-307.  

2. Luba MC, Bangs SA, Mohler AM, Stulberg DL. Common benign skin tumors. Am Fam 

Physician. 2003 15;67:729-38.  

3. Rudolph P. Benign adnexal skin tumors. Pathologe. 2002 ;23(1):71-8.  

4. Monteagudo C, Ferrandez A, Gonzalez-Devesa M, Llombart-Bosch A. Psammomatous 

malignant melanoma arising in an intradermal naevus. Histopathology. 2001;39:493-7.  

5. Betti R, Menni S, Cerri A, Vergani R, Crosti C. Seborrheic keratosis with compound 

nevus, junctional nevus and basal cell carcinoma in the same lesion. 

Dermatology. 2001;203:265-7. 

6. Jin ZH, Kumakiri M, Ishida H, Kinebuchi S. A case of combined nevus: compound 

nevus and spindle cell Spitz nevus. J Dermatol. 2000 ;27:233-7. 

7. Dunlavey E, Leshin B. The simple excision. Dermatol Clin. 1998;16:49-64. 

8. Zuber TJ, Dewitt DE. The fusiform excision. Am Fam Physician. 1994:1;49:371-80.  

9. Weisberg NK, Nehal KS, Zide BM. Dog-ears: a review. Dermatol Surg. 2000;26:363-

70.  

10. Zitelli JA. Tips for wound closure. Pearls for minimizing dog-ears and applications 

of periosteal sutures. Dermatol Clin. 1989;7:123-8. 

11. Lawrence CM, Comaish JS, Dahl MG.  Excision of skin tumours without wound 

closure. Br J Dermatol. 1986 ;115:563-71. 

12. Davis TS, Graham WP 3rd, Miller SH. The circular excision. Ann Plast Surg. 1980 

;4:21-4.  

13. Raveh Tilleman T. Direct closure of rounded skin defects: A four-step technique 

with multiple subcutaneous and cutaneous “figure-of-8” sutures alleviating dog-ears. 

Accepted to the Plast Reconstr Surg. 

14. Yuen JC. Versatility of the subcuticular purse-string suture in wound closure. 

Plast Reconstr Surg. 1996;98:1302-5.  

15. Tremolada C, Blandini D, Beretta M, Mascetti M. The "round block" purse-string suture: 

a simple method to close skin defects with minimal scarring. Plast Reconstr Surg. 1997 

;100:126-31.  

16. Weisberg NK, Greenbaum SS. Revisiting the purse-string closure: some new methods 

 85



and modifications. Dermatol Surg. 2003;29:672-6.  

17. Romiti R, Randle HW. Revisiting the purse-string closure: some new methods and 

modifications. Dermatol Surg. 2003;29:672-6. 

18. Hanke CW. Repair of surgical defects. Dermatol Clin. 1987;5:287-302.  

19. Robbins TH. Double rotation skin closure: an alternative to elliptical closure. Aust N Z J 

Surg. 1978;48:650-2 

20. Buckingham ED, Quinn FB, Calhoun KH. Optimal design of O-to-Z flaps for closure of 

facial skin defects.Arch Facial Plast Surg. 2003;5:92-5. 

21. Rosenberg L A versatile procedure for the closure of small skin defects. Aesthetic Plast 

Surg. 1985;9:23-6.  

22. Albom MJ. Closure of excisional wounds with "H" flaps.J Dermatol Surg. 1975;1(4):26-

7. 

23. Alvarado A. Reciprocal incisions for closure of circular skin defects. Plast Reconstr 

Surg. 1981;67:482-91.  

24. Warren SE, Snell GF. Complex wound closure, excisional biopsy, and use of simple 

flaps. Prim Care. 1986;13:433-45.  

25.  Raveh Tilleman T ,Tilleman M.M ,Krekels GAM and Neumann HAM.  Skin waste and 

scar length in excisional biopsies. Comparing five excision patterns: fusiform ellipse, 

fusiform circle, diamond, mosque and S-shape.  Plast Reconst Surg 2004;113:857-861. 

 86



Table 1 : Data of the lesions and excisions in millimeters, and the calculated skin waste. 

 

 Location 
Lesion 
length  

Lesion 
width 

Excision 
length 

Excision 
width 

Aspect 
a=L/w 

Lesion 
area Ellipse area 

Skin 
waste 

Surgical 
margin 

1 Body 13 13 24 14 1.71 132.73 238.58 79.74% 0.50 

2 Body 23 21.5 44 24 1.83 388.38 744.27 91.63% 1.25 

3 Head 8 8 16 9 1.78 50.27 101.83 102.58% 0.50 

4 Body 9 8.5 17.5 11 1.59 60.08 137.97 129.63% 1.25 

5 Body 20.5 18 41.5 21.5 1.93 289.81 625.64 115.88% 1.75 

6 Body 32 29.5 54.5 33 1.65 741.42 1282.80 73.02% 1.75 

7 Body 15.5 15 29.5 16.5 1.79 182.61 343.98 88.37% 0.75 

8 Body 15 15 24.5 16 1.53 176.71 282.43 59.82% 0.50 

9 Body 13 10 19 13 1.46 102.10 179.19 75.50% 1.50 

10 Body 21.5 21.5 51.5 22.5 2.29 363.05 801.23 120.69% 0.50 

11 Body 18.5 18.5 32 19.5 1.64 268.80 445.43 65.71% 0.50 

12 Head 5 5 14.5 7 2.07 19.63 70.72 260.19% 1.00 

13 Body 7.5 7.5 14.5 8.5 1.71 44.18 87.56 98.20% 0.50 

14 Body 7 7 16 8 2.00 38.48 89.46 132.45% 0.50 

15 Body 28 28 46.5 29 1.60 615.75 965.48 56.80% 0.50 

16 Body 12 9 32 11 2.91 84.82 240.12 183.09% 1.00 

17 Body 5.5 5 20 6 3.33 21.60 81.42 276.98% 0.50 

18 Head 5 3 19 3 6.33 11.78 38.19 224.16% 0.00 

19 Head 4.5 3 11 5 2.20 10.60 38.14 259.71% 1.00 

20 Head 10 8 23 9 2.56 62.83 142.14 126.22% 0.50 

21 Body 7.5 9 25 10 2.50 53.01 171.88 224.22% 0.50 

22 Head 5 4 19 6 3.17 15.71 77.49 393.35% 1.00 

23 Head 8 6.5 22 7.5 2.93 40.84 112.52 175.50% 0.50 

24 Body 11 8.5 29 9 3.22 73.43 177.31 141.45% 0.25 

25 Head 7.5 5 19 6 3.17 29.45 77.49 163.12% 0.50 

26 Head 9 7 24 7.5 3.20 49.48 122.31 147.19% 0.25 

27 Head 6 5 15 6 2.50 23.56 61.88 162.62% 0.50 

28 Body 15 12 29 14 2.07 141.37 282.89 100.11% 1.00 

29 Body 11.5 9 25 10 2.50 81.29 171.88 111.45% 0.50 
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30 Head 6 8 17 8 2.13 37.70 94.56 150.84% 0.00 

31 Head 9 5 19 8 2.38 35.34 104.84 196.64% 1.50 

32 Head 4 4 18 5.5 3.27 12.57 67.22 434.89% 0.75 

33 Head 3 3 13 4 3.25 7.07 35.31 399.60% 0.50 

34 Head 7 5 15 6 2.50 27.49 61.88 125.10% 0.50 

35 Body 6.5 7 20 9 2.22 35.74 124.73 249.03% 1.00 

36 Head 3 3 17 4.5 3.78 7.07 51.71 631.51% 0.75 

37 Body 16.5 9 28 11 2.55 116.63 211.54 81.37% 1.00 

38 head 5.5 4.5 16 6 2.67 19.44 65.77 238.32% 0.75 

39 head 3 2.5 11.5 4 2.88 5.89 31.40 433.00% 0.75 

40 head 6.5 4 14 5.5 2.55 20.42 52.88 158.98% 0.75 

41 head 5 5 15 7 2.14 19.63 72.96 271.58% 1.00 

42 head 6.5 4 19 6 3.17 20.42 77.49 279.50% 1.00 

43 head 2 2 11 3.5 3.14 3.14 26.18 733.31% 0.75 

45 body 4.5 5 15 5.5 2.73 17.67 56.45 219.45% 0.25 

46 head 3.5 3 10.5 4 2.63 8.25 28.80 249.19% 0.50 

47 Head 3.5 3 10 4 2.50 8.25 27.50 233.49% 0.50 

48 Head 2 2 6.5 3 2.17 3.14 13.54 330.93% 0.50 

49 Body 9 9 17.5 9.5 1.84 63.62 117.11 84.09% 0.25 

50 Body 7 6 15 7 2.14 32.99 72.96 121.18% 0.50 

51 Body 4 4.5 10.5 5.5 1.91 14.14 40.54 186.74% 0.50 

52 Head 11 9 20.5 10 2.05 77.75 142.97 83.87% 0.50 

53 Body 7.5 7 15.5 8 1.94 41.23 86.92 110.79% 0.50 

54 Head 5 5 16 7 2.29 19.63 77.45 294.46% 1.00 

55 Body 10 10 22 12 1.83 78.54 186.07 136.91% 1.00 

56 Head 8 6 23 7 3.29 37.70 109.30 189.92% 0.50 

57 Head 2.5 3 10 4 2.50 5.89 27.50 366.88% 0.50 

58 Head 5 5 15 6 2.50 19.63 61.88 215.14% 0.50 

59 Head 4.5 4.5 11.5 5 2.30 15.90 39.75 149.91% 0.25 

60 Head 4 3 12.5 4 3.13 9.42 34.01 260.82% 0.50 

61 Head 3.5 3.5 14 4 3.50 9.62 37.94 294.30% 0.25 

62 Head 2 2 9 3 3.00 3.14 18.39 485.50% 0.50 

64 Body 12 10 24 11 2.18 94.25 183.19 94.37% 0.50 
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65 Head 4 4 13 4.5 2.89 12.57 39.92 217.67% 0.25 

66 Head 4 4 11 4.5 2.44 12.57 34.08 171.20% 0.25 

67 Body 15 14 31.5 15 2.10 164.93 328.85 99.39% 0.50 

68 Head 18 12 42 14 3.00 169.65 400.58 136.13% 1.00 

69 Body 22 14 46 18 2.56 241.90 568.55 135.03% 2.00 

70 Body 17 16 42 18 2.33 213.63 522.06 144.38% 1.00 

71 Body 9 9 17 10 1.70 63.62 120.83 89.93% 0.50 

72 Body 15 15 28 17.5 1.60 176.71 350.92 98.58% 1.25 

73 Head 9 6 18.5 7 2.64 42.41 88.76 109.28% 0.50 

74 Head 11 9 24 9.5 2.53 77.75 156.66 101.48% 0.25 

75 Head 14 4 25 6 4.17 43.98 101.14 129.96% 1.00 

76 Body 13.5 14 30.5 15 2.03 148.44 319.28 115.09% 0.50 

77 Body 9 9 16.5 10 1.65 63.62 117.70 85.01% 0.50 

78 Body 12.5 9 23 10 2.30 88.36 158.98 79.93% 0.50 

79 Body 21 13.5 43 16 2.69 222.66 471.13 111.59% 1.25 

80 Body 20 16 39 19 2.05 251.33 516.71 105.59% 1.50 

81 Body 12 12 26 15 1.73 113.10 276.56 144.54% 1.50 

82 Body 11 10 24.5 11 2.23 86.39 186.71 116.12% 0.50 

83 Head 9 8 22 9 2.44 56.55 136.32 141.06% 0.50 

84 Head 8 8 18 9 2.00 50.27 113.22 125.25% 0.50 

85 Body 18 17 35 19 1.84 240.33 468.46 94.92% 1.00 

86 Head 8 7 16 9 1.78 43.98 101.83 131.52% 1.00 

87 Head 11 7 21.5 9 2.39 60.48 133.41 120.61% 1.00 

88 Head 9 11 23 13 1.77 77.75 211.54 172.06% 1.00 

89 Body 12 10 30.5 11 2.77 94.25 229.38 143.38% 0.50 

90 Body 10.5 8 16 10 1.60 65.97 114.59 73.69% 1.00 

           

 Average     2.43   180.96%  

 STD     0.71   121.06%  

 Max 32.00 29.50 54.50 33.00 6.33 741.42 1282.80 733% 2.00 

 Min 2.00 2.00 6.50 3.00 1.46 3.14 13.54 57% 0.00 
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Figure 1: The skin waste (percent) versus the lesion area (cm2). Observe that the 

wasted skin decreases monotonously with the lesion area. The solid line is the 

best–fit curve of the data. 
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Figure 2: The skin waste (percent) versus the lesion area (mm2) in a logarithmic scale. 

Lesions on the head and neck are triangular green and lesions on the body 

are round pink.  
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Figure 3: Excision area versus lesion length.  The solid line is the best–fit curve of the 

data. 
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Abstract.  

 This work quantifies the skin waste during elliptical excision biopsies of non 

melanoma skin cancers. The skin waste is defined as a ratio of the difference between the 

excised elliptical area and the original lesion area plus oncological margins, to the lesion 

area plus margins. 

 The analysis uses basic geometrical calculations of twenty six excisional biopsies of 

patients with non-melanoma malignant tumors. The measurements were performed at the 

last stage of Mohs’ Micrographic Surgery (MMS). Huge tissue waste is noticed in both 

small and large excised lesions. The largest skin waste measured was 230% and the smallest 

was 34% with a mean of 130%.  

 Mohs’ Micrographic Surgery is a skin sparing procedure, therefore the above 

mentioned huge tissue waste is unacceptable. The conclusion is that for better tissue 

preservation in closure of circular defects as a result of malignant tumor excision, other 

patterns should be adopted instead of surgical ellipses. 

 

Introduction 

 Skin excisions are widely performed for skin lesions suspected as cancerous. 

Treatment of such cutaneous lesions should completely remove the tumor while preserving 

maximum of the healthy surrounding skin (1). Therefore, the surgery is a compromise 

between safe excision margins and obtaining a satisfactory esthetic result (2). The healthy 

skin removed in addition to the lesion is a byproduct of the skin cutting pattern and the 

necessary oncological therapeutic margin. In the literature there is no agreement as to the 

optimal width of surgical therapeutic margins. This amount of excised skin depends on the 

skin cancer type. Skin cancer such as basal cell carcinoma requires minimal margins 

whereas squamous cell carcinoma or malignant melanoma requires wider margins (3-5). 

Even the histological subtypes of a cancer play a role: for example, certain basal cell 

carcinomas behave more aggressively and require more aggressive treatment (6).  Some 

authors recommend an optimum margin of 4 mm for all non melanoma skin cancer (7) while 

others found that these margins are suitable only for cutaneous lesions clinically diagnosed 

as basal cell (8).  Others still believe that well demarcated lesions, such as a nodular basal 
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cell carcinoma, may be excised with a 3 mm margin (2). Cited are also opinions which 

maintain that surgeons resect excessively wide surrounding skin carcinomas (9).   

 The therapeutic margins cannot be considered skin waste, because they are an 

oncological necessity. On the other hand, the healthy skin removed due to the cutting pattern 

enabling wound closure is considered pure skin waste.  Many lesions are circular yet rarely 

the final excision is identical to the original pattern, resulting in the removal of healthy skin. 

The most common skin pattern used is a fusiform ellipse, which has become the standard 

pattern for skin lesion removal (10 – 12). To avoid dog-ear formation during elliptical 

excisions a vertex angle of 30˚ or less (13,14) and a length-to-width ratio between 3:1 to 4:1 

are recommended (15 – 17).   

 The purpose of this study is to quantify the wasted skin in excisional biopsies of non 

melanoma skin cancers. Skin waste is hence defined as the ratio of the difference between 

the excised elliptical area and the original lesion area plus the therapeutic margins, to the 

lesion area.  

 

Patients and Methods 

 Twenty–six patients, with non–melanoma malignant tumors (twenty four with basal 

cell carcinoma and two with squamous cell carcinoma tumors), on the forehead or the cheek, 

were consequentially chosen for this study from the outpatient department of dermatology at 

the Hospital Ziekenhuis Maastricht, Netherlands. All the patients underwent MMS and the 

measurements of the skin defect and the ellipse incision were performed at the last stage of 

the operation. Seventeen patients were males and the rest were females. Measured 

dimensions of the lesions and of the excised ellipses were recorded and are summarized in 

Table I. The excision length varied between 6 mm and 34 mm and the excision width varied 

between 6 mm and 27 mm.  The mean length-to-width ratio of the excision was 3.13:1.  

 The area of the lesion is calculated by:   

A =  π/4 b×d 

where: b is the short diameter and d is the long diameter of the ellipse. We chose a fusiform 

ellipse to model the surgical ellipse.  This is the area overlapped by two identical ellipses 

somewhat removed from one another.  From basic geometrical principles the area of the 

fusiform ellipse is determined by (see Chapter 2): 
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where S is the width of the fusiform ellipse and a is the aspect ratio (length-to-width ratio). 

The skin waste is determined by the difference of the elliptical excision and the original 

lesion areas.   

 

Results 

 Summarized in Table I are the lesion and excision data, and the calculated skin 

waste.  The area of the excised lesions varied between 0.3 cm2 and 7.2 cm2. The area of the 

fusiform ellipse varied between 0.9 cm2 and 15 cm2. Figure 1 shows the areas of the excised 

lesion with oncological margins (orange bars) and the areas of the final excised ellipse (blue 

bars). The excision areas seem considerably larger than the lesion areas, implying excessive 

skin cut.  Whereas the greatest lesion area (with its 3 millimeter margins) is 7 cm2, its 

corresponding excision area measures 15 cm2. 

 The lesion area is plotted against the excision area in Figure 2, showing a linear 

relation between the two.  Discrete points denote the data and a bestfit curve is drawn as a 

line with a slope of 0.46 and a standard deviation of less than 10%.  This means that the 

greater the lesion the greater is the excision area. The mean wasted skin area is 130%, with a 

standard deviation decreasing from 50% at 0.3 cm2 to 30% at 4 cm2. The largest skin waste 

was 230% and the smallest was 34%.  

 Shown in Figure 3 is the percentage of the skin waste versus the lesion area. Observe 

that the data scatter of the skin waste is vastly larger for small lesions, 130% for 0.3 cm2, 

than for large lesions, 110% for 7.2 cm2.   Hence, the average fraction of the skin waste is 

nearly constant, independent of the lesion area. 

 The excision area is proportional to the square of the average length of the excision, 

as shown in Figure 4.  What is implied is that any additional lengthening of the skin cut 

dramatically affects the amount of the skin waste.  For instance, by increasing the average 

length from 30 mm to 40 mm (a growth of 33%), the excision area grows from 4.6 cm2 to 

8.2 cm2 (a growth of 78%).  
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Discussion 

 Surgical extirpation of skin lesions and especially malignant tumors often results in 

circular or oval defects. The routine use of elliptical excision as a standard means of closure 

often creates needlessly long scars and skin waste. Many surgical alternatives exist for 

closing a circular defect (18 – 25). This study quantifies the wasted skin during cutaneous 

surgery of non-melanoma cancerous lesion. It varies between 34% and 210% beyond the 

lesion area. This skin waste seems extremely inappropriate when the operation performed is 

a Mohs’ Micrographic surgery, an operation that heralds skin sparing as an aim. 

 The findings of this chapter are consistent with those of Chapter 4.  The difference in 

the magnitudes of skin waste stems from the fact that in MMS discussed herewith the 

lesions are larger ab initio though they are located in the face.  For the current lesion size of 

0.3 cm2 and 7.2 cm2  we found a mean waste of 120%, similar to the finding of equivalent 

sizes in Chapter 4 (see figures 1 and 2 in Chapter 4). 

 The importance of this study lies in the sparing use of healthy tissue and shortening 

of scars.  If sparingly used, the saved skin may serve as a future resource for reconstruction, 

a flap, for instance. This is true for both regular excisional biopsies, and for Mohs’ 

Micrographic surgery (MMS). For the latter it is even more emphasized since there skin 

sparing is an objective in itself, therefore it is highly significant to optimize the cut. It would 

be imprudent for a surgeon performing MMS that spares millimeters of healthy margins 

throughout its stages, to willingly sacrifice lots of healthy skin in the reconstruction stage.  

The conclusion is that for better tissue preservation in closure of circular and oval defects 

patterns other than a surgical ellipse should be adopted.  
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Table 1. Measurements of the lesion, the excised ellipse lengths and widths, and skin 

waste.  Location 1 denotes the forehead and location 2 denotes the cheek. 
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1 66 1 Rec F 1 6 x  6 21 x  6 0.28 0.85 202
2 69 2 Prim M 2 15 x 9 25 x  9 1.06 1.54 45
3 71 1 Rec F 2 13 x 12 33 x 13 1.23 2.95 141
4 72 2 Rec F 2 13 x 12 35 x 12 1.23 2.86 134
5 82 1 Rec F 1 20 x  8 42 x  8 1.26 2.26 80
6 82 1 Rec M 2 14 x 12 30 x 13 1.32 2.70 104
7 60 1 Rec F 1 16 x 11 45 x 11 1.38 3.34 142
8 63 1 Rec M 2 16 x 12 39 x 16 1.51 4.30 185
9 85 1 Prim M 1 16 x 12 39 x 12 1.51 3.18 111
10 73 1 Rec F 2 15 x 15 34 x 15 1.77 3.53 100
11 86 1 Prim M 1 17 x 15 45 x 15 2.00 4.60 130
12 86 2 Prim M 2 20 x 13 28 x 14 2.04 2.74 34
13 60 1 Rec M 1 18 x 15 52 x 15 2.12 5.29 149
14 60 2 Rec F 2 19 x 16 41 x 16 2.39 4.50 89
15 70 2 Rec F 1 20 x 16 73 x 16 2.51 7.86 213
16 83 1 Prim M 2 18 x 20 62 x 20 2.83 8.44 198
17 83 1 Prim M 1 22 x 19 70 x 19 3.28 9.00 174
18 71 1 Prim M 2 21 x 20 50 x 20 3.30 6.88 108
19 86 2 Rec F 2 23 x 21 47 x 22 3.79 7.19 89
20 79 1 Rec M 2 24 x 20 62 x 20 3.77 8.44 124
21 77 1 Prim M 2 26 x 16 73 x 16 3.27 7.86 141
22 60 1 Rec M 1 25 x 20 60 x 20 3.93 8.18 108
23 86 2 Prim M 2 34 x 27 84 x 27 7.21 15.43 114
24 58 1 Prim M 1 14 x 10 45 x 12 1.10 3.65 232
25 58 2 Prim M 1 20 x 19 56 x 20 2.98 7.65 156
26 58 2 Prim M 1 15 x 15 40 x 15 1.77 4.11 133
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Figure 1: Areas of lesions (orange bars) and excisions made in a form of an fusiform 

ellipse (blue bars). 
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Figure 2: Excision area versus lesion area.  The data are the discrete points and the 

solid line is a best--fit curve with a slope of 0.461. 
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Figure 3: Percentage of wasted skin during excision.  The average waste recedes slowly 

with the lesion area from 140% to 120%.  On the other hand the point 

scattering decreases appreciably with the lesion area. 
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Figure 4: The excision area versus the average excision length.  The solid line is the 

best–fit curve of the data and the broken line is the best–fit curve of the 

calculated fusiform ellipse. 
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Chapter 6 

 

 

The elastic properties of cancerous skin: Poisson’s ratio and 

Young’s modulus. 
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Abstract 

 Physical properties of cancerous skin tissue have rarely been measured in either fresh 

or frozen skin specimens.  Of interest are the elastic properties associated with the skin 

ability to deform, i.e. to stretch and compress.  Two constants, the Young’s modulus and 

Poisson’s ratio, represent the basic elastic behavior pattern of any elastic material, skin being 

one. The former relates the applied stress on a specimen to its deformation via the Hooke’s 

law, while the latter is the ratio between the axial and lateral strains.  

Our objective is to investigate the elastic properties of cancerous skin tissue. For this 

purpose frozen sections of twenty three consecutive cancerous tissue specimens prepared 

during Mohs micrographic surgery (MMS) were analyzed. We calculated from the data the 

change in the radial length defined as the radial strain and the change in the tissue thickness 

defined as axial strain. 

Based on the above two strains we determined a Poisson’s ratio of 0.43 ± 0.12 and 

an average Young’s modulus of 52 KPa.  Defining the elastic properties of cancerous skin 

may become the first step in turning elasticity into a clinical tool. Correlating these constants 

with the histopathological features of a cancerous tissue can contribute an additional 

noninvasive, in vivo and in vitro diagnostic tool. The elastic properties found in this work 

were used for calculations of the saucer incisions in MMS discussed in Chapter 7. 

 

Introduction 

 Many physiological processes significantly change tissue properties. Pathological 

changes are generally correlated with changes in tissue elasticity. Cancerous tissue, such as 

carcinoma of the breast, appears as extremely hard nodules (11). This is the rational for 

palpation as a diagnostic tool in finding tumors of the prostate and breast (22,3). The 

palpation is a subjective test while in medicine the aim is to convert a physiological process 

into an objective test. Measuring the elasticity of cancerous tissues can yield an objective 

tool to be used in diagnostic models. 

 The properties of skin tissue in biomechanical research are commonly cited in the 

literature as applying to a material that is purely elastic, homogeneous and isotropic (44).  It 

should be emphasized that real skin is unisotropic, heterogeneous and elastically nonlinear 
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or viscoelastic, in either healthy or cancerous tissues.  Therefore, a direct measurement of 

the cancerous skin properties is necessary. 

 Skin complex mechanical properties include the elastic properties of solid materials 

and the viscous properties of fluids (5). The elastic characteristics of the skin relate to the 

immediate changes that occur when force is applied to the skin. They govern the skin ability 

to deform, i.e. to stretch, contract and compress. These characteristics are defined by two 

physical constants: the Young’s modulus, which relates the proportionality of the 

longitudinal deformation to the applied force (Hooke’s law), and Poisson’s ratio, which 

relates the dimensional deformations to one another (6). The viscous characteristics of the 

skin relate to the delayed changes occurring after time: the decreased stress obtained over 

time when a constant strain is applied (stress relaxation effect) and the increased length 

obtained over time when a constant strain is applied (creeping effect) (7).  Surgeons are 

familiar with these effects, counting on stress-relaxation to release tension scar with time. 

They use the creeping effect to absorb some irregular scar features and dog-ears and to cause 

tissue elongation after inflating expanders. 

 Our interest is to explore the skin ability to deform.  To gain understanding of the 

elastic behavior of the skin we set to measure the Young’s modulus and Poisson’s ratio.  A 

common approach is to controllably compress a sample and measure the resulting 

deformation.  One of the immediate implementations is to perform these measurements on a 

tissue before and after compression in a cryostat.  This is a common process for immediate 

histology evaluation, available from surgeries that produce frozen sections. 

Defining the elastic properties of normal and cancerous skin may become the first 

step in turning elasticity into a clinical tool. In the present work we measured the Young’s 

modulus and Poisson’s ratio of cancerous skin specimens, the first such measurement to the 

best of our knowledge. 

 

Material and methods 

 In the analysis we used twenty three consecutive specimens excised from patients at 

our outpatient clinic.  The specimen dimensions: length and thickness, in millimeters, were 

measured before and after compression and freezing using a caliper with an accuracy of 50 

�m (0.05 mm).  The cryostat chamber was set to -27°C (see Table 1), and a weight of 478 
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gram was used to compress the specimen (Figure 1). The compression in the cryostat is the 

first stage in producing frozen sections from the specimen.  Inspection of the processed 

specimens under the microscope provides the histological diagnosis.  

 From the data we measured the change in the radial length and thickness of the 

tissue, and determined the resulting radial and axial strains.  Based on the compressing 

weight and tissue dimensions we determined the stresses acting on the sample.  From these, 

in turn, we determined the Young’s modulus (the proportion coefficient between the strain 

and stress) and Poisson’s ratio (the ratio between the radial strain and the axial strain). For 

this study we used only frozen sections that were further histologically proven as basal cell 

carcinoma.  

 Ice granules do not interfere with the measurement of the specimens because of two 

main reasons: 1) the time duration for the freezing of water having the size of our smallest 

sample is a few minutes, longer than the duration of the compression in the cryostat, 2) 

frozen water, or ice, would dramatically decrease the deformability of the tissue.  

Considering that ice Young’s modulus is about 8 GPa, under the weight of 478 gram the 

deformation of the typical 10×2 mm is less than the dimension of an atom!  Therefore, what 

was measured was the deformation of the cancerous tissue, with minimum freezing effect. 

 Our statistical evaluation assumes the present sample as normal, calculating 

accordingly the statistical averages, standard deviations and p-values.   

 

Results 

Twenty three consecutive cancerous tissue specimens prepared during frozen 

sections were analyzed. The twenty three analyzed tissue segments showed, after 

compression in the cryostat, an axial elongation varying from 12.66% to 44.33 %, with a 

mean of 17.7% (Table 1) and a standard deviation (STD) of 0.06. These tissues varied in 

width (radial thinning) from 7.33% to 30.86%, with a mean of 30.55% and STD of 0.09. 

The Poisson’s ratio determined by the mean dimensions, with a measurement error of about 

1%, resulted in 0.43 ± 0.12. With the positive stress being the ratio of the weight of 478 

gram and the specimen area, we found a Young’s modulus of 52 ± 45 KPa. Note that the 

Poisson’s ratio calculated is not a regular average of the measured lengths. The reason is that 

commonly accepted elastic properties and the Hooke’s law pertain to small deformations of 
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the specimen. Because the present specimens underwent large deformations, one must use 

the known formulae carefully. Thus, one uses the mean lengths rather than the initial lengths 

as the normalizing dimensions. 

The p-values were calculated based on the assumption of normal distribution.  They 

are 15% the Poisson’s ratio and 17% for the Young’s modulus.  These large values are 

consistent with the large variation of elastic properties of the skin cited in the literature 

(44,8,9).   

 

Discussion 

Normal skin and pathological skin possess different characteristics. For instance, 

cancerous tissue can appear as extremely hard nodules (11). The abnormal skin can be either 

cancerous or infected or a scarred tissue (88,10,11). Defining the elastic properties of 

cancerous skin and correlating these constants with the histopathological features of a 

cancerous tissue can contribute an additional noninvasive, in vivo and in vitro diagnostic 

(13).  Poisson’s ratio, a skin elastic characteristic, describes the behavior of materials under 

stress.  For biological materials this constant ranges from 0.25 to 0.85 (14-22).  Our 

measured Poisson’s ratio for cancerous skin is 0.43, well within the cited range in the 

literature for biological tissues.  In comparison, the Poisson’s ratio for healthy human skin at 

room temperature has been cited in Ref. 8 as 0.5. 

An example for clinical use of the Poisson’s ratio was presented at the last annual 

meeting of the American College of Mohs Micrographic Surgery and Cutaneous Oncology 

(23). By using finite element analysis (ANSYS 5.6 Finite Element software package, with 

tetrahedron shaped elements represented by 1000 nodes), inputting the Poisson’s ratio we 

determined, the minimum angle for an unobstructed view of a Mohs micrographic surgery 

cut  was calculated. The angle was found 10º, smaller than the current norm in Mohs’.  This 

approach is an example where elastic properties of the cancerous skin have a clinical 

application (2424). 

The further measured Young’s modulus shows an average of 52 KPa, well within the 

known values for various skins (44,13,25-28). Its deviation of 45 KPa about the mean is also 

well understood due to the significant variations in skin elasticity as a function of age, 

location, actinic changes and racial features.  This variation explains the large p-value we 
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found, 17% for Young’s modulus and 15% for Poisson’s ratio. 

Our further objective is to investigate the correlation between the skin elastic 

properties and the histological findings of healthy skin and cancerous skin morphology. 

Such a clinical research is presently held in our departments aiming to specify the skin 

elastic properties according to the cancer features.  Future practical uses of the a priori 

knowledge of the elastic characteristics of cancerous tissues is, for instance, finding the 

exact border between healthy and malignant tissue by a noninvasive measurement on the 

skin surface. Thus cancer screening, diagnosis and treatment modalities can benefit from a 

well defined, compiled and stored data body of these characteristics. 
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Table 1: Summary of the Measured Specimen Dimensions, Strain, Poisson’s ratio and 

Young’s Modulus. 

Initial 
diameter 

(mm) 

Initial 
height 
(mm) 

Final 
diameter 

(mm) 

Final 
height 
(mm) 

Radial 
strain 

 

Axial 
strain 

 

Poisson's 
ratio 

 

Axial stress-
to-strain 

ratio 

Young's 
modulus 

(KPa) 
8.85 3.15 9.85 2.4 10.70% 27.03% 0.40 0.026 42.57 

9.9 3.15 11.85 2.45 17.93% 25.00% 0.72 0.021 25.83 

9.75 4.85 11.55 2.7 16.90% 56.95% 0.30 0.009 17.26 

8.1 4.85 10.6 2.7 26.74% 56.95% 0.47 0.012 18.83 

10.2 4.65 11.2 3.65 9.35% 24.10% 0.39 0.022 36.75 

8.45 4.65 9.8 3.65 14.79% 24.10% 0.61 0.030 41.25 

9.85 4.55 10.75 3.4 8.74% 28.93% 0.30 0.020 36.11 

9.1 4.55 10.95 3.4 18.45% 28.93% 0.64 0.021 27.92 

7.5 3.95 8.05 3.45 7.07% 13.51% 0.52 0.075 109.35 

8.75 3.15 10.2 2.25 15.30% 33.33% 0.46 0.020 31.63 

9.65 3.15 10.8 2.2 11.25% 35.51% 0.32 0.016 29.38 

5.45 3.15 5.85 2.55 7.08% 21.05% 0.34 0.091 158.99 

7.35 4.05 8.95 2.45 19.63% 49.23% 0.40 0.019 30.67 

4.15 3.85 5.2 2.5 22.46% 42.52% 0.53 0.065 95.73 

10.45 3.95 12.5 2.55 17.86% 43.08% 0.41 0.011 17.41 

4.5 3.95 5.55 2.45 20.90% 46.88% 0.45 0.051 80.98 

7.15 2.4 8.9 1.55 21.81% 43.04% 0.51 0.022 32.71 

6.5 2.5 8 1.5 20.69% 50.00% 0.41 0.023 37.60 

9.9 2.45 11.35 1.85 13.65% 27.91% 0.49 0.019 29.24 

6.35 2.45 7.3 1.95 13.92% 22.73% 0.61 0.057 78.28 

8.85 3.15 10.75 1.9 19.39% 49.50% 0.39 0.013 21.24 

3.8 2.75 4.25 1.85 11.18% 39.13% 0.29 0.096 177.98 

10.05 3.7 12.15 2.1 18.92% 55.17% 0.34 0.009 15.61 

   Average 15.86% 36.72% 0.43  51.88 

   Std. dev. 5.33% 12.83% 0.12  44.85 
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Chapter 7 

 

Minimal beveling angle in Mohs’ micrographic surgery cut  
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Abstract 

  Saucer incision with a taper angle of 45°is the common cut in Mohs’ micrographic 

surgery (MMS). The beveling is necessary for microscopic viewing of the cutting strata, 

however, its minimal angle has not been studied thus far. In this work we examine the 45° 

aspect of the saucer incision and answer the question what is the minimal beveling angle that 

permits viewing all the layers after the cryostat compression. The calculation method used is 

a finite elements analysis (ANSYS). Microscopic views of Mohs specimens are inspected to 

backup the analysis. It was found that 10° is the critical cone angle that permits complete 

layer viewing without obstruction. The conclusion, therefore, is that a minimal beveling of 

10° instead of 45° can be carried out during MMS. It is more skin sparing, reducing the risk 

of invading the cancer and producing a better scar, while still providing adequate 

microscopic information.    

 

Introduction 

In the teaching of cutaneous surgery a perpendicular 90° cut is the norm (1,2). However, 

the skin cut in Mohs’ micrographic surgery (MMS) differs from that in any other skin 

surgery.  It aims to produce horizontal sections for histopathological viewing.  Dr. Frederic 

Mohs recommended that tissue removed by the first excision should possess a saucer shape 

(3,4), i.e. a 45° beveled cut combined with a circular marginal incision. The beveled cut is 

needed to produce a good microscopic strata projection (5) by eliminating any tissue bulging 

during condensation in the cryostat (6).   

This behavior is illustrated in Figure.1, where all the cone layers can be viewed 

before and after the compression. In contrast, the compression of a cylinder (an object with 

no taper) creates a barrel shape with a protruding middle section, therefore, masking layers 

from a microscopic view. The projection of the cone layers diminishes as the cone angle 

decreases. So far the minimal beveling of the Mohs specimen edge has not been shown or 

calculated, thus the taper angle of 45° in MMS remained the norm (7,8). In this work we 

examined the tapered aspect of the saucer incision and answered the question of what is the 

minimal beveling angle that permits viewing all the layers after the cryostat compression. 

 

 

 119



Materials and Methods 

The method uses a three-dimensional finite element analysis and microscopic views 

of Mohs specimens. The finite element method (ANSYS 5.6 Finite Element software 

package, with tetrahedron shaped elements represented by 1000 nodes) is a basic 

engineering tool used for structure analysis, also used lately for modeling of body tissues (9-

19). This software has the capacity to compute and display anatomic predictions of surgical 

manipulations (20). The finite analysis can model geometrically complex bioforms, such as 

human tissues, by discretizing the anatomy into many smaller components termed 

“elements”, the fundamental unit of the finite elements model.  A thoughtfully constructed 

finite element model of the skin can simulate the stretch and elasticity of a tissue (21). 

Current models of wound closure and skin flap movement are based upon geometrical or 

paper models (see the figures in Chapter 1). These models are not realistic because they 

ignore the elastic properties of skin and its subcutaneous attachments (9). The skin 

deformation based upon the finite elements model is a more effective and realistic model to 

describe skin movements.    

In the calculation we used a Poisson ratio of 0.43, described in the previous chapter. 

Recall that we measured this Poisson’s ratio in a cancerous tissue, rendering it valid for all 

the specimens used in this chapter. This value is within the cited range in the literature (4-

17,22). The finite elements served to assess quantitatively the minimal angle cut that permits 

a complete microscopic layer projection.  

Finally, specimens with various cut angles were photographed during MMS.  The 

microscopic views are used to backup the above theoretical calculations by showing their 

layer projections.   

 

Results 

Using the finite elements method we analyzed a number of cones with a taper 

ranging from 0° to 45°.  This simulates specimen compression in a cryostat during the 

preparation of frozen sections.  Specifically, a dynamic analysis consisting of the original 

specimen sagging due to applied vertical force is conducted.  Figure 2 presents a model 

having a taper of 45°.  In the figure shown is the specimen before (left hand side) and after 

(right hand side) the compression. Observe that a complete layer is unobstructedly viewed 
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after the compression, as schematically shown at the top of Figure 2.   

Figure 3 presents a calculated model having a taper of 10° before (left hand side) and 

after (right hand side) the compression.  As before, a complete layer viewing is attained after 

the compression though with a smaller projection. In analyzing cones with a taper ranging 

from 0° to 45° it was found that 10° is the critical cone angle which permits complete layer 

viewing without obstruction after cryostat compression. A smaller angle obscures some 

layers and renders the viewing imperfect.  

This finding was supported by numerous MMS operations. A microscopic view of 

Mohs specimens is demonstrated in Figure 4.  What is shown is that both a specimen with 

beveling angles of both 45° (a), and of an acute angle cut of 10° (b) present good layer 

projections. 

 

Discussion  

Mohs’ micrographic surgery is based on the concept of microscopically scanning 

layers taken from the entire undersurface of the excised specimen (23). As a rule, the greater 

the angle the better is the viewing of the layers after compression.  On the other hand, the 

greater the angle, the greater is the tissue waste and greater is the chance that the cancerous 

tissue will be revealed at the bottom of the specimen, increasing the probability of an 

additional MMS stage.  Also, a 45° angle produces an epidermis and dermis acute tissue step 

that upon closure results in a nonlinear scar and a dog-ear creation.  A smaller angle reduces 

the probability of the above drawbacks.   

The commonly used taper angle of 45°, the legacy of Dr Mohs, has never been tested 

before. By using the finite elements method we found that a taper of 10° is the minimal 

beveling that permits projection and viewing of all the skin layers after the cryostat 

compression. This finding was supported by MMS specimens. Note that the calculation 

became possible once elasticity data of frozen, cancerous skin have been found (see Chapter 

6). The conclusion is that a beveling of less than 45° but no less than 10° is recommended. It 

is more skin sparing, reduces the probability of intercepting the cancerous tissue, and 

produces a better scar.    
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Figure 1: Comparison of tapered and cylindrical shapes before (a) and after 

compression (b and c). The view shown in (c) simulates the frozen cut 

sections analyzed under microscope during Mohs’ micrographic surgery. 
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Figure 2: Finite Elements simulation of specimen compression: a calculated model 

having a taper of 45° before (left hand side) and after the compression (right 

hand side). Observe a complete layer viewing after the compression as 

presented both by the finite element model and by the small geometrical 

illustration (on top). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Finite Elements simulation of specimen compression: a calculated model 

having a taper of 10° before (left hand side) and after the compression (right 

hand side). Observe a complete layer viewing after the compression as 

presented both by the finite element model and by the small geometrical 

illustration (on top). 
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Figure 4: Rapid H & E stained Mohs sections (×4) of a saucer cut with 45° (a), and of 

an acute angle cut with 10° (b).  Both present good layer projection. 
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Abstract 

 Saucer incision is the common cut in Mohs’ micrographic surgery. To date no proof 

to the superiority of this cut to other patterns has been presented.  In this work we examine 

the round pattern aspect of the saucer incision and answer two questions: does the circular 

cut provide the best skin-sparing pattern and does it provide the best microscopic view.  A 

two dimensional geometrical analysis is used to determine whether a circular incision is 

optimal from the standpoint of skin sparing and microscopic view.  Mohs’ micrographic 

surgery views are used to backup the geometrical hypothesis.   

 The result is that the circular incision pattern is skin-wasteful compared with an 

incision that follows the contour of the cancerous lesion. In the present lesion the two cuts 

have a ratio of 1.5 between the two excised skin areas, indicating a 50% waste of healthy 

skin. It is also shown that specimens with a pointed edge provide better layer projection than 

the circular contour.   

 The conclusion is that a tailored cut following the lesion pattern is the optimal Mohs 

incision. Therefore in the first stage of Mohs’ micrographic surgery the skin cut should 

replicate the lesion pattern instead of a circular saucer cut.  Although many Mohs surgeons 

already implement this philosophy, in the literature the saucer incision recommended by Dr. 

Frederic Mohs remains the norm. 

 

Introduction 

Saucer shape excision is the common first layer cut in Mohs’ micrographic surgery 

(MMS) (1). The persistence of Dr. Frederic Mohs saucer pattern excision as a standard is 

found in various textbooks including general dermatology (2,3), dermatosurgery (4,5) and 

also in surgery textbooks (6).  

The circular cut in the first stage was suggested by Dr. Frederic Mohs (7,8,9). The 

literature predominantly quotes the saucer incision even when the cancerous tissue drawn or 

photographed is not circular (2,5,10,11,12). In some publications the drawn cut has rather an 

oval shape (13,14).  However, none of the published patterns exhibits pointed edges such as 

used in a surgical ellipse. 

Considering the microscopic view of a saucer cut, the advantages of a specimen 

having beveled edge are detailed in previous studies (15,16).  On the other hand, the 
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superiority of a circular cut for microscopic view to a pointed edge cut has not been 

described or proven. In this work we examine the circular pattern aspect of the saucer 

incision and answer two questions: does the circular cut provide the best skin-sparing pattern 

and does it provide the best microscopic view.  

 

Materials and Methods 

We inspected cutting patterns illustrated by two dimensional geometrical drawings in 

regard to skin waste and microscopic view.  The skin waste of a circular, saucer cut was 

compared with that of a skin cut following the lesion contour. A rounded excision 

circumventing the lesion such that the closest points between them are separated by 3 mm 

was compared with an excision extended only by minimal oncological margins around the 

lesion (17,18).   

 In the literature various surrounding margins of normal skin are suggested in order 

to ensure a complete excision. Some authors suggest 2 mm of excisional margins of non 

melanoma skin cancer cases presenting clearance of up to 95% (19).  Others suggest a 3 mm 

margin which presents clearance of up to 96% (20, 21).  Still other authors found that only 4 

mm margins can clear the cancerous tissue up to 96% (22- 25). We chose a 3 mm margin to 

use in our measurement and in the estimation of skin waste. 

A geometrical analysis of the microscopic view for specimens having a pattern with 

circular and pointed edges was performed. The analysis demonstrates which of the two cuts 

provides a better layer view.  To back up the hypothesis, related microscopic views of frozen 

sections having a fusiform ellipse pattern, and excised during MMS, are presented. 

 

Results 

From the aspect of skin sparing a pattern that follows the skin lesion rather than a 

circular pattern is preferable, as demonstrated in Figure 1.  Shown is an example of Basal 

Cell Carcinoma with a complex form located on a forehead measuring 14×10 mm.  An 

excision that follows the lesion providing a minimum healthy skin excised is drawn in 

Figure 1a, compared with a circular cut circumventing the lesion drawn in Figure 1b. The 

ratio between the two areas is about 1.5, indicating a 50% waste of healthy skin comparing 

the circular cut to the tailored excision.   
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As for the aspect of a microscopic view, both specimens with round and pointed 

edges can achieve good layer projection. The pointed edge, as evidenced at the vertex of a 

fusiform ellipse, mosque pattern, rhomboid pattern and S-shape incision (26), does not 

compromise the microscopic view. On the contrary, any pointed edge in the incision offers 

more information. The radial projection thickness (t) in the outermost layer is shorter than 

the horizontal thickness (E) at the pointed edge, such that: 
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where L and w are respectively the excision length and width, and a is their ratio (= L / w) .  

Consider for example a fusiform ellipse with a length-to-width ratio of 3:1, L = 30 mm, w = 

10 mm and radial projection thickness of 2.5 mm, E becomes 4.7 mm, exceeding by 88% 

the radial projection thickness t = 2.5 mm. 

     Frozen sections produced during MMS having a shape of a fusiform ellipse (Figure 

2) and its related microscopic views are presented. In Figure 3, a microscopic view of this 

specimen with a round edge (green margin) and a pointed edge (red margin) is shown.  Both 

edges present a complete layer view.  Therefore, a pointed edge presents no difficulty to a 

microscopic view. 

 

Discussion  

  In 1936 Dr. Mohs began the clinical use of chemosurgery, originally intended as an 

in situ fixative on the patient himself (14).  At the end of such an operation, the tissue was 

left untouched until separation took place.  No immediate closure or reconstruction was part 

of the original MMS (27).  Therefore, less attention was paid to the original incision shape.  

In the 1970s a new era of fresh tissue technique began, popularized by Dr. Theodore 

Tromovitch (28).  Subsequently the immediate closure of defects became feasible.  This 

allows for more accurately excised margins, primary repair of the defect, and a more rapid 

completion of the operation (29). Nowadays, this is the dominant procedure in MMS, thus 

special attention must be paid to the shape of the excised specimen (30).  

In this work we examined the circular pattern aspect of the Mohs saucer incision. It 
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was demonstrated that a tailored cut has two advantages in comparison with a round cut: 1) 

it is more skin sparing, and 2) it provides a better microscopic view. Therefore, a tailored cut 

that follows the lesion contour is the optimal Mohs incision.  

In conclusion, in the first stage of MMS a skin cut following the lesion pattern 

should be applied instead of a circular saucer cut.  Though many Mohs surgeons already 

implement this philosophy, in the literature the saucer incision recommended by Dr. 

Frederic Mohs remains the norm (31).  
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Chapter 9 

 

 

A new surgical technique for direct closure of circular skin 

defects without dog-ear  excision. 
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Abstract 

 Excisional biopsies of circular lesions are performed daily by surgeons. A 

circular excision yields the smallest skin waste and scar length, but presents a surgical 

challenge in closure due to dog-ear formation. This chapter establishes a surgical 

technique for direct closure of circular or elliptical defects without producing long scars, 

skin wasting and dog-ears. A four-step technique based on multiple cutaneous and 

subcutaneous “figure-of-8” sutures is presented. When correctly placed, those sutures 

can equally divide excess tissue and alleviate dog-ears. 

 It is shown that skin can be redistributed, alleviating dog-ears, yielding short 

scars and saving healthy skin.  A significant reduction of the length-to-width ratio and 

the arc-to-scar length ratio are obtained. In Conclusion a direct closure of a circular or 

elliptical defect without stipulating a 3:1 length-to-width ratio is feasible. In this 

technique no excessive healthy tissue is removed and the final scar length is small. The 

long-term outcome is a thin scar that is linear, flat and concealed in the body structure. 

 

Introduction 

 Excisional biopsies are daily performed by surgeons for indications varying from 

esthetic excisions to oncological skin malignancy removal. The purpose of an experienced 

surgeon is to completely remove the skin lesion while leaving an optimum scar, performing 

a short operation and accomplish fast healing without complications. Many cutaneous 

lesions possess a circular or mildly elliptical shapes, yet from a surgical point of view it is a 

challenge to close a circular defect without creating permanent dog-ears. 

 The most popular cutting pattern used for excisional biopsies is the surgical ellipse 

followed by less popular patterns such as the rhomboid, mosque, and S-shape (1). 

Traditionally the long axis of a surgical ellipse has been at least three times longer than its 

short axis (2 – 6). This ratio permits avoiding dog-ear formation at the cost of wasting 

healthy skin tissue and the creation of a long scar (7). 

 The present surgical technique is a new concept that eliminates the need for any 

artificial excision pattern. It permits a direct closing a round skin wound while alleviating 

dog-ears. In four steps this technique enables the closure of any circular or elliptical defect 
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without the need for a 3:1 length-to-width ratio, therefore mitigates undue skin waste. The 

principle of the present method is that excess tissue can be redistributed provided guiding 

sutures are placed correctly on the created scar.  After several weeks a fine, blunt and 

concealed linear scar is obtained. The advantage of the present technique is a considerable 

saving of healthy skin without compromising the quality of the scar. 

 

Surgical technique 

 The four-step technique for closing circular defects is based on multiple cutaneous 

and subcutaneous “figure-of-8” sutures that equally divide excess tissue.  The first step is 

excision of the lesion with the recommended oncological margins shown in Figure 1, and 

performing wide undermining shown in Figure 2. The end result of the first step is an open 

round wound with skin margins that can be brought together with minimal tension. 

 The second step is selecting the best line of closure, preferably coinciding with skin 

lines, such as relaxed skin tension lines (8). The end result of the second step is determining 

the scar longitudinal axis. Drawn in Figure 3 are the scar axis and some smaller auxiliary, 

perpendicular lines. 

 The third step is the closure itself beginning with a row of absorbable, “figure-of-8”, 

buried sutures (Figure 4). The sutures fill two functions: obliterating the dead space of deep 

margins and starting to equally divide the tissue excess by the mechanism explained below. 

Photographed in Figure 5 is the end result of the third step: an open wound whose margins 

are brought together.  Observed around the wound is the beginning of wrinkling, 

pronounced at the scar edges. 

 The fourth step is the final closure of the epidermis with multiple cutaneous, “figure-

of-8” sutures (Figure 6). Note that the wrinkles induced by the suture technique are a 

byproduct of dog-ear alleviation. The two key sutures are located at the vertices. They 

intercept at the dog-ear peak, as shown in Figure 13. The peak points can be found by using 

a skin hook. The pleated scar starts fading within 3 – 4 weeks, and vanishes completely 

within 3 months. During this period, the scar straightens out, the dog-ears are redistributed 

and eventually disappear (see Figures 7-12). 

 Figure 7 shows a circular lesion located on the neck with a lesion size of 15×15 mm.  

The scar length produced by this closure technique was 24 mm (Figure 8). The same scar 

 140



after five months shown in Figure 9. Note that the scar is located on a convex surface, 

indicating that this closure technique is suitable for curved surfaces. 

 Figure 10 shows an open wound in a paranasal region. The lesion was 7×9 mm and 

the produced scar length was 11 mm. After two months the resulting scar is hardly noticed 

(Figure 11). With a similar bearing on the suitability for curved surface, this scar is located 

on a concave surface. In Figure 12 a scar located on the forearm after six months post 

operative period is shown. The round lesion was 17×43 mm and the produced scar length 

was 54 mm.  

 

Observations and Results 

 Shown in Table 1 are sixty five excisional biopsies taken at the outpatient clinic 

using the above surgical technique. In the data the aspect ratio is 1:1.45 on the average and 

the scar length is 53±7% of the arc length. The present aspect ratio is less than a half of the 

recommended aspect ratio for surgical ellipses (1:3 – 1:4). Mizunuma et al found that a scar 

length of a surgical ellipse is 92% of the pattern arc (9). In the present work the scar length 

is only 53% of the arc length, shortening the scar by 40% relative to any other cutting 

pattern. Consequently, the data indicate a double saving: first, by excising precisely the 

circular lesion instead of an ellipse, second, by creating a short scar in comparison with the 

arc length.  In sum, this technique offers a shorter scar by a factor of approximately four 

with respect to a surgical ellipse and less tissue waste by a factor greater than two (1). 

 Concerning tissue redistribution along the scar, the present technique reduces excess 

skin at the apex and compensates for skin shortages at the center. On closing an open 

wound, the apex moves in a rotation manner producing excess skin that forms a vertical 

cone or dog-ear. At the same time, the central part of the scar advances to cover the longest 

distance, thus creating tension at the scar center. These trends are even more pronounced if 

the wound is circular. This takes place because the pseudo-apical angle is 180° and the 

pattern width is maximal. However, by the present method the stresses around the scar are 

redistributed. The “figure-of-8” stitch when tightly closed, squeezes tissue between the two 

loops of the suture (see Figure 13). At the apex the “figure-of-8” suture applies a vertical 

stress on the dog-ear. Thus the excess skin is distributed forming several smaller, 

considerably less protruding cones.  Around the wound center the “figure-of-8” stitch pulls 

 141



skin from the horizontal surroundings. Thus while some ripples are formed perpendicular to 

the longitudinal axis, the scar is contracted. Over time, this lateral stress produces a creeping 

effect on the scar, which also flattens the dog-ears. Note that the process is limited, because 

excessive tension of the suture may cause scar ischemia. 

 An interim effect is a wrinkled scar in the immediate postoperative period. This 

effect disappears within several weeks yet the patient should be given an educated 

explanation assuring that the immediate ripple is only temporary. 

 Over the recent five years of clinical experience, the present technique has proved 

very safe, reliable and producing good results.  Among the main advantages are skin saving 

and minimal scar length.  Follow-ups revealed good cutaneous scars, independent of 

whether the tissue surface is flat, convex or concave, as presented in Figures 7-12. 

 

Discussion 

 Many skin lesions are circular, yet the applied excision pattern is often different 

given skin wasteful shapes, such as the surgical ellipse. Surgeons do not simply cut a circle 

around the lesion to remove it, even though a circular cut removes less skin and leaves a 

shorter scar than any other skin excision, as shown in Chapters 2, 3 and 4. The reason is that 

a circular excision does not stitch very well when directly closed. It leaves an elevated skin 

bunched up at the ends, namely a “dog-ear”. 

 The objective of this study was to develop a surgical technique for closing circular 

defects without removing healthy tissue while solving the dog-ear problem. This method 

could be realized owing to numerous clinical observations about the skin ability to 

redistribute. For example: skin, which has been strained by tension, relaxes over time (2). A 

small circular excision cut by a punch biopsy allows primary closure without future 

noticeable dog-ears (10). Some dog-ears flatten spontaneously due to contraction of the 

linear scar both longitudinally and vertically (11). Closing a wound of unequal sides can be 

accomplished by the “rule of halves” where the excised skin of the longer side is equally 

divided without forming a dog-ear (12). In the Z-plasty technique the surgeon induces a 

better scar by borrowing skin from a zone with excess skin to a zone with a shortage (13). 

This elongates one axis and shortens the other. Over time the stretched skin in one area and 
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the shrunk skin in the perpendicular area relax. 

 All of the above are examples of the skin ability to redistribute, where one of the 

most prominent observations of this ability is in the vertical reduction mammoplasty. In 

order to avoid horizontal inframammary scar, a wrinkled, shrunk vertical suture is 

performed (14). Subcuticular running suture can reduce the vertical subareolar length by 

50% or more (15) resulting in fine wrinkling around the vertical scar that vanish over time. 

These examples were the basis for the present suture technique. By forcing the skin to 

redistribute, a short scar is formed, with some temporary wrinkles that disappear within 

several weeks. The excess skin that would otherwise form dog-ears is equally divided along 

the scar. A pivotal advantage of this technique is in saving healthy skin without 

compromising the scar quality or the healing process. 

 This technique has been established for any surface topography. It has good results 

for concave, convex or flat surface as shown in the figures. It is also a solution for 

alleviating a dog-ear created during flap movements. Though at the pivot of a rotation flap a 

dog-ear is created (16) and at the base of an advancement flap excess skin folds (Bürow’s 

triangles) are formed (17), by applying the present suture technique the excess tissue can be 

immediately corrected without any healthy skin removal and without creating additional 

scars and backcuts. 

 This technique is suitable for many surgeons who previously ignored the circular cut 

fearing the creation of unpleasant wrinkled scars and dog-ears. It is also an alternative to the 

axiomatic use of surgical ellipse for skin biopsies. 

 To conclude, a direct closure of a circular or elliptical defect without stipulating a 3:1 

length-to-width ratio is feasible. The immediate outcome is saving of healthy skin tissue. A 

byproduct of skin sparing is a significant reduction of the scar length. The described suture 

technique prevents the formation of dog-ears during excisional biopsies. It is also a method 

relaxing the excess of tissue created at the pivot of a rotation flap, or the excessive triangles 

during advancement flap. This technique is used daily at our practice yielding good results. 

The long-term outcome is a thin scar that is linear, flat and concealed in the body structure. 
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Table 1: Sixty five cases of excisional biopsies and wound closure using the present 

technique. The units are in millimeters. 

 

location scar length Width length length/ width arc scar/arc 

back 22 8 14 1.75 34.56 0.64 
back 17 8 12 1.50 31.42 0.54 

abdomen 23 11 17 1.55 43.98 0.52 
hand 33 16 22 1.38 59.69 0.55 
face 28 16 15 0.94 48.69 0.58 
face 17 9 11 1.22 31.42 0.54 
leg 9 4 5 1.25 14.14 0.64 

back 21 8 14 1.75 34.56 0.61 
back 17 8 12 1.50 31.42 0.54 
neck 23 11 17 1.55 43.98 0.52 
neck 24 15 15 1.00 47.12 0.51 
neck 38 18 25 1.39 67.54 0.56 
chest 39 19 23 1.21 65.97 0.59 
hand 54 17 43 2.53 94.25 0.57 
axilla 52 16 33 2.06 76.97 0.68 
face 21 15 17 1.13 50.27 0.42 
back 25 14 18 1.29 50.27 0.50 
back 39 22 32 1.45 84.82 0.46 
face 35 16 16 1.00 50.27 0.70 
leg 29 12 21 1.75 51.84 0.56 

gluteus 18 5 12 2.40 26.70 0.67 
leg 21 9 16 1.78 39.27 0.53 
face 31 11 25 2.27 56.55 0.55 
chest 17 9 13 1.44 34.56 0.49 
face 25 11 21 1.91 50.27 0.50 
face 19 7 16 2.29 36.13 0.53 
back 23 13 19 1.46 50.27 0.46 
face 20 9 14 1.56 36.13 0.55 
back 23 13 19 1.46 50.27 0.46 
face 20 9 14 1.56 36.13 0.55 
back 30 18 22 1.22 62.83 0.48 
back 36 19 25 1.32 69.12 0.52 
arm 17 8 12 1.50 31.42 0.54 
back 32 17 29 1.71 72.26 0.44 
back 52 31 39 1.26 109.96 0.47 
face 11 7 9 1.29 25.13 0.44 
back 20 9 13 1.44 34.56 0.58 
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location scar length Width length length/ width arc scar/arc 

back 17 8 13 1.63 32.99 0.52 
face 22 13 15 1.15 43.98 0.50 
face 21 11 15 1.36 40.84 0.51 
neck 20 10 11 1.10 32.99 0.61 
face 20 9 14 1.56 36.13 0.55 
face 9 4 6 1.50 15.71 0.57 
face 33 19 29 1.53 75.40 0.44 
face 14 7 10 1.43 26.70 0.52 
leg 19 11 15 1.36 40.84 0.47 

finger 29 10 16 1.60 40.84 0.71 
face 18 9 12 1.33 32.99 0.55 
face 42 22 29 1.32 80.11 0.52 
neck 30 15 21 1.40 56.55 0.53 
face 17 12 15 1.25 42.41 0.40 
face 32 20 28 1.40 75.40 0.42 
face 15 7 10 1.43 26.70 0.56 
leg 20 9 10 1.11 29.85 0.67 
face 13 7 10 1.43 26.70 0.49 
leg 13 7 10 1.43 26.70 0.49 

abdomen 16 8 11 1.38 29.85 0.54 
chest 18 10 12 1.20 34.56 0.52 
chest 15 11 13 1.18 37.70 0.40 
back 21 10 13 1.30 36.13 0.58 
back 18 11 11 1.00 34.56 0.52 
face 12 10 11 1.10 32.99 0.36 
leg 25 15 19 1.27 53.41 0.47 

back 14 10 11 1.10 32.99 0.42 
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Chapter 10 
 

 

Summary and Conclusions 

 153
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In chapter 1, a general introduction into the rationale of surgery and various 

techniques for cutaneous excisional biopsies and repairing the defects were described. In the 

studies described in chapter 2, the most economical patterns with regard to extra skin waste, 

scar length and vertex angle were investigated. A comparison of minimum waste area 

showed that the best patterns were the rhomboid and the mosque excision. The second 

comparison of the scar length showed  that the length was almost independent of the pattern. 

The third comparison showed that the rhomboid and the S-shape patterns possessed the 

smallest vertex angles and thus minimized the formation of dog ear. Interestingly, the 

common surgical ellipse was observed not to have any advantage in any of the cut pattern 

categories.  

The currently held paradigm that the vertex angle of a surgical ellipse should be 30° 

or less for length-to-width ratios of lower than 4 was found to be mathematically incorrect. 

The circular excision pattern, i.e. a direct excision of a round lesion, was found superior to 

other patterns that were examined in that there was no skin waste and that the resulting scar 

length was the shortest. However, the circular excision had the highest vertex angle (180°), 

which resulted in large dog ear formation during closure. 

The present paradigm of surgical ellipse dimensions was also observed to be 

incorrect from the clinical point of view  which was noted in studies described in chapter 3. 

The relation of length-to-width ratio and vertex angle of ellipses cited in the literature and in 

our own outpatient clinical cases proved that within the commonly used range of length-to-

width ratio of 3 to 4, the vertex angle was between 67º to 48º, but never reached the assumed 

value of 30º. It was also shown that the length-to-width ratios in those data were shorter than 

the recommended 4, with an average of 3.1 in the published studies and 2.5 in our clinical 

studies.  

 The amount of healthy skin that was wasted in surgical ellipse biopsies was 

quantified in studies described in chapters 4 and 5.  A large amount of tissue wastage was 

observed to occur both in malignant and benign lesions and in small and large lesions for the 

purpose of producing a linear scar and avoiding dog-ear formation. The measured skin 

wastage varied between 57% and 733% relative to the lesion area. Therefore, the surgical 

ellipse was found to be an unnecessary cutting pattern. It is recommended that the ellipse 

pattern should be replaced by a circular excision for suspected malignant lesions and a shave 
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biopsy for benign lesions in order to minimize skin wastage and scar formation.   

The elastic properties of frozen and cancerous skin specimens were investigated in 

the studies described in Chapter 6. The elastic constants were measured resulting in a 

Poisson’s ratio of 0.43 ± 0.12 and a Young’s modulus of 52 ± 45 KPa. Defining the elastic 

properties of the cancerous skin allowed us to use a finite elements analysis (ANSYS) in 

subsequent investigation into the clinical simulation of tissue compression in a cryostate 

during the preparation of frozen sections. 

 The current paradigmal cut used in Mohs’ micrographic surgery, the saucer incision, 

was noted to have disadvantages in the next two studies. In studies described in Chapter 7, 

using the finite elements method, it was observed that a taper of 10° was the minimum 

beveling which still permitted projection and viewing of all the skin layers after the cryostat 

compression. Therefore, it may be applied instead of the commonly used 45° taper.  

 The studies described in Chapter 8 demonstrated that a cutting pattern that followed 

the lesion contour rather than the circular cut had two advantages: it was more skin sparing 

and provided a better microscopic view. Therefore, an alternative to the saucer incision that 

has been used for 80 years, since the first day the Mohs’ micrographic surgery was 

undertaken, is presented. It is a tailored cut following the shape of a lesion with a taper of 

10°.  

 The findings of the studies described in the chapters 2 to 8 showed that the surgical 

ellipse cut was inferior to the circular excision pattern which was superior in terms of skin 

sparing and scar length. In the studies described in Chapter 9, an attempt to overcome the 

only disadvantage of the circular excision, namely the dog-ear formation during closure, was 

pursued. The surgical paradigm that a direct closure of circular defects is not feasible 

without additional surgical manipulation or excisions was observed to be inaccurate. The 

study provided a new surgical technique permitting a direct closure of circular defects with 

no loss of healthy tissue and with a solution for the problem of dog-ear. The sparing of 

healthy skin significantly reduced the length of the scar without compromising the quality of 

the scar and the healing. This technique may be applied after a circular excision of 

cutaneous lesions or in the last round of Mohs’ micrographic surgery.  

The studies exploring paradigms in cutaneous surgery described in this thesis 

showed that three paradigms were incorrect and provided two new surgical techniques: one 
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for general cutaneous surgery and another for Mohs’ micrographic surgery, as alternatives to 

obtain optimum therapy and esthetic outcome for the patient. 

There are several innovations in the present work. First, it introduces new methods to 

the surgical research. They include rigorous mathematical and engineering tools, unbiased 

by doctrine or surgeon’s experience, enabling accurate quantitative criteria to assess the 

effectiveness of surgical cuts. For instance, by using these methods the parameters of skin 

wastage, scar length, beveling angle and vertex angle were explored. Second, optimization 

of cutting patterns was accomplished by defining a set of parameters. Optimized patterns 

were thus found in regard to skin wastage, scar length, good microscopic view and esthetic 

results. Third, factors which were not of prime importance heretofore received additional 

attention, and were perhaps brought to the forefront of considerations in cutaneous surgery. 

An example of such parameter is the preservation of healthy skin. Fourth, a new surgical 

method was established for the closure of circular cuts without dog-ear formation. Fifth, 

based on our measured finding of the elastic properties of cancerous skin, a novel Mohs’ cut 

was developed.     

The present systematic pursuit of accurate, optimal cutting patterns and new surgical 

techniques offer a contribution to the doctrine of surgery. It adds a new aspect also to EBM 

in the context of cutaneous surgery, whereby contemporary research tools may become one 

of the criteria in the designing and performing of operations.    
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Samenvatting en Conclusies 
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Hoofdstuk 1 is een algemene introductie over de grondgedachten van chirurgie en de 

verschillende voor handen zijnde technieken voor het verrichten van excisies/biopten en het 

herstellen van huiddefecten. In hoofdstuk 2 beschreven studies worden de meest 

economische technieken onderzocht in verband met het potentieel en nodeloze verlies van 

gezonde huid, in relatie tot littekenlengte als in de relatie tot de longitudinale as hoek  

(toppunt). Bij een vergelijking van het minimaal verloren huidgebied blijkt dat de beste 

excisie patronen de romboidaal en de “moskee” excisies zijn. Een tweede onderzoek betreft 

de vergelijking van de lengte van het litteken. Hierin wordt aangetoond dat deze lengte bijna 

onafhankelijk is van het patroon van de excisie. Een derde vergelijking laat zien dat de 

romboidaal en de S-vormige patronen de kleinste hoeken aan de longitudinale as hebben 

waardoor het ontstaan van een zogenaamd “hondenoor” geminimaliseerd wordt. Interessant 

is het feit dat de algemene chirurgische ellips, welke zoveel wordt toegepast, geen enkel 

voordeel heeft ten opzichte van de vele andere mogelijkheden van een excisie vorm. Het 

huidige paradigma dat de longitudinale as hoek van een chirurgische ellips 30° of minder 

moet bedragen bij een lengte/breedte ratio van minder dan 4, is wiskundig onjuist gebleken. 

De cirkelvormige excisie, dat wil zeggen een excisie van een ronde laesie, welke deze vorm 

direct volgt, blijkt superieur te zijn in vergelijking met de andere onderzochte vormen omdat 

het nodeloze huidverlies hierbij minimaal is en omdat de resulterende littekenlengte korter is 

dan bij alle andere vormen. De cirkelvormige excisie had echter de hoogste longitudinale 

hoek (180°), waardoor een groot hondenoor ontstaat bij het primair sluiten van deze wond. 

Het huidige geldende paradigma over de afmetingen van de chirurgische ellips wordt 

beschreven en onderzocht in Hoofdstuk 3. De conclusie is dat dit paradigma klinisch onjuist 

blijkt te zijn. De relatie van lengte tot breedte en longitudinale as hoek van de ellips, zoals 

vaak in de literatuur geciteerd wordt en eveneens veel toegepast wordt bij onze patiënten, 

bewijst dat binnen de algemeen toegepaste verhouding van lengte tot breedte van 3 tot 4 

waarbij de longitudinale hoek tussen 67º tot 48º  bedraagt. Deze hoek bereikt echter nooit de 

algemeen aanvaardbare   waarde van 30º. Tevens wordt gezien dat de lengte / breedte ratios 

minder zijn dan de aanbevolen 4, met een berekend gemiddelde van 3,1 van uit de 

gepubliceerde studies en zelfs slechts 2,5 bedraagt in onze eigen klinische studies.  

 Het ongewenste verlies van gezonde huid bij de  chirurgische ellips wordt besproken 

in de Hoofdstukken 4 and 5. Om zowel een lineair litteken te verkrijgen en tevens een 
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hondenoor te vermijden gaat een grote hoeveelheid gezond weefsel verloren. Dit ongeacht 

of het een maligne dan wel een benigne tumor betreft. Dit is bovendien onafhankelijk van de 

grote van de tumor. Het gemeten huidverlies varieert tussen  de 57 en 733% afhankelijk van 

de omvang van de laesie. Daarom wordt  de chirurgische ellips als een weefsel verspillende 

en dus onnodig snijpatroon aangemerkt. Aanbevolen wordt de ellips te vervangen door een 

cirkelvormige excisie bij (verdachte)  maligne tumoren en een shavebiopsie voor 

goedaardige tumoren om zodoende onnodig huidverlies en de vorming van het litteken te 

minimaliseren.   

De elastische eigenschappen van bevroren maligne huidtumoren werden onderzocht 

en de resultaten van dit onderzoek  wordt vermeld in Hoofdstuk 6. De elasticiteits 

karakteristieken werden gemeten en blijken een Poisson’s ratio van 0,43 ± 0,12 en een 

Young’s modulus van 52 ± 45 Kpa te bezitten. Het definiëren van de elastische 

eigenschappen van deze monsters maakte het mogelijk om een beperkte element analysis 

(ANSYS) toe te passen in een vervolgonderzoek naar de klinische simulatie van weefsel 

compressie in bevroren staat tijdens het maken van vriescoupes. 

 Het  huidige paradigma, de 45º snede, ook wel genoemd de schotelincisie welk 

gebruikt wordt in Mohs’ micrografische chirurgie, bleek in de volgende twee studies 

nadelen te hebben. In het onderzoek vermeldt in Hoofdstuk 7, wordt gebruik gemaakt van de 

finite elements method,  waarbij wordt waargenomen dat een hoek van 10° het  minimum is 

voor een goede projectie om alle huidlagen na compressie in de cryostat in één coupe te  

verkrijgen. Daarom kan deze hoek beter gebruikt worden bij het verrichten van een Mohs 

snede en is de algemeen gebruikte hoek van 45°,  die bovendien lastiger bij de patiënt uit te 

voeren is, niet nodig.  

 De studies beschreven in Hoofdstuk 8 tonen aan dat het snijpatroon welke de  

natuurlijke vorm van een huidlaesie volgt, in plaats van een zuivere cirkelvormig snede twee 

voordelen heeft: 1.) het bespaart meer gezonde huid en 2.) het geeft een beter microscopisch 

beeld. Daarom wordt een alternatief voor de schotelincisie, welke  al 80 jaar gebruikt wordt, 

namelijk sinds the eerste dag dat Frederik Mohs deze operatie uitvoerde, gepresenteerd. Het 

is een aangepaste snede (incisie) welke de vorm van de laesie direct volgt met een snijhoek 

van 10°.  
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 De resultaten van de onderzoeken beschreven  in de Hoofdstukken 2 tot 8 laten zien 

dat de chirurgische ellipsexcisie inferieur is aan het cirkelvormige excisie patroon omdat de 

cirkelvormige excisie meer gezonde huid spaart en een korter litteken oplevert. In het 

onderzoek in Hoofdstuk 9,  wordt een poging gedaan om het enige nadeel van de 

cirkelvormige excisie, namelijk het ontstaan van een  hondenoor tijdens de primaire sluiting, 

te voorkomen. Het chirurgische paradigma dat een primiare sluiting van ronde defecten  niet 

haalbaar zou zijn zonder aanvullende chirurgische manipulatie blijkt onjuist te zijn. Dit 

onderzoek leidde tot een nieuwe chirurgische techniek, welke een primaire sluiting van 

ronde defecten mogelijk maakt zonder nodeloos verlies van gezond weefsel en tevens een 

oplossing geeft voor het probleem van het ontstaan van een het hondenoor. Het sparen van 

gezonde huid verkleint bovendien in belangrijke mate de lengte van het litteken zonder het 

optreden van verlies van kwaliteit van het litteken en de genezing ervan. Deze sluiting kan 

gebruikt worden na een cirkelvormige excisie van een cutane laesies maar ook bij de laatste 

ronde van operatie volgens de Mohs’ micrografische chirurgische techniek.  

 De oriënterende onderzoeken naar paradigma’s in  cutane chirurgie zoals beschreven 

in dit proefschrift laten zien dat drie paradigma’s onjuist blijken te zijn. Twee nieuwe 

chirurgische technieken (één voor algemene cutane chirurgie en de andere  voor Mohs’ 

micrografische chirurgie) zijn naar aanleiding van de resultaten van dit onderzoek  

ontwikkeld als alternatieven met het doel optimale therapie met eveneens een optimaal 

esthetisch resultaat voor de patiënt. 

 In dit proefschrift worden verschillende innovaties gepresenteerd. Ten eerste de 

introductie van nieuwe technieken voor onderzoek op het vakgebied chirurgie. Dit betreft 

ondermeer uitgebreide mathematische constructieve hulpmiddelen, zonder beinvloeding van 

doctrines of ervaringsfeiten van de chirurg. Hiermee kunnen nauwkeurige kwantitatieve 

kriteria gegeven worden voor de effectiviteit van bepaalde chirurgische sneden. Bij 

voorbeeld kon met deze methoden de parameters van huidverlies, litteken lengte, snijhoek 

en longitudinale as hoek worden onderzocht. Ten tweede, het optimaliseren van snijpatronen 

wordt tot stand gebracht door een groep parameters te definiëren. Optimale patronen konden 

zodoende vastgesteld worden met betrekking tot huidverlies, littekenlengte, optimaal 

microscopisch beeld en het cosmetisch resultaat. Ten derde, factoren welke niet van 

doorslaggevend belang zijn voor het primaire doel kregen additionele aandacht en worden 
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naar het voorste front gehaald in de overwegingen voor cutane chirurgie. Een voorbeeld van 

een degelijke parameter is het sparen van gezonde huid. Ten vierde werd een nieuwe 

chirurgische methode ontwikkeld voor het sluiten van een rond deffect zonder de nadelen 

van optredende hondeoren. Ten vijfde kon door de elastische karakteristieken van 

huidtumoren te bepalen een nieuwe Mohs’ snede worden ontwikkeld. De huidige 

systematische opeenvolging van een optimaal snijpatroon en nieuwe heelkundige 

technieken, leveren een bijdrage aan de chirurgische leer. 

 Het voegt nieuwe aspecten toe aan het abc van de chirurgie in de context van cutane  

chirurgie, waarbij hedendaagse onderzoekstechnieken mogelijk één van de criteria zal 

worden voor het ontwikkelen en uitvoeren van operaties. 
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