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Abstract 
Aim: The sternal region, cervico-mandibular region and the intra-mammary 
region have been the bane of many cutaneous surgeons, with a higher pro-
pensity for poor scarring and wound complications. In this article, the author 
undertakes a review of different methods of breaking up scars by utilizing zigs 
and zags, and conducts a pigskin study to measure the reduction in tension 
that can be achieved by using a simple zigzag technique while performing ex-
cisions. Methods: A pigskin study conducted into the use of the simple zigzag 
to reduce the tension (and thereby scarring) of surgical wounds is reported 
here, and comparison and review is undertaken of the biomechanics of ellip-
tical excisions and traditional Z-plasties. Results: Using a simple zigzag re-
duces tension across the midpoint of the scar more effectively than a Z-plasty 
or a simple elliptical excision. Conclusion: The techniques of breaking up a 
scar or incision line by using zigs and zags, in a means to reduce scarring, are 
not new. However, each of these techniques has specific advantages and dis-
advantages that need consideration by the surgeon. In this paper, a pigskin 
study is conducted into the use of the simple zigzag to reduce the tension (and 
thereby reduce the risk of poor scarring) of surgical wounds. 
 

Keywords 
Keloid, Hypertrophic Scar, Scarring, Wound, Excision, Ellipse, Chest, Sternum 

 

1. Introduction 

The sternal region and the intra-mammary region has been the bane of many 
cutaneous surgeons, with a higher propensity for poor scarring and wound 
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complications. West and others coined the term “keloid triangle” to indicate the 
suprasternal region where scars become especially conspicuous and prone to 
hypertrophic and keloid scarring [1]. To these regions, we should add the cervi-
comandibular region and the cervicothoracic regions (Figure 1). While the chest 
wall is exposed to multiple shearing forces due to limb movements, the weight of 
breast tissue also contributes to scar stretch and increased wound tension. The 
resultant mechanics of scar mechanotransduction, a term that has come to de-
note the conversion of mechanical stimuli into biochemical responses at differ-
ent body sites remain unclear, and ultimately the resultant scar is largely deter-
mined by the biomechanical properties of skin itself [2] [3]. In humans and 
mammals, wounds heal by fibrotic scar formation, which provides early restora-
tion of tissue integrity, as opposed to the functional regeneration that occurs in 
lower animals [4]. The continuum mechanics approach has shown to be of great 
use in understanding skin stretch, skin tension, and tissue expansion, especially 
on sites close to the bone such as the sternum and areas like the scalp [5]. When 
skin is stretched during the closure phase of excisional surgery, its expansion 
and tension are interrelated, and the relationship between this stretch and ex-
pansion works like this: the deformation gradient has an elastic and a growth 
part and therefore it is important to understand the biomechanics of skin ten-
sion at different sites and the signals it generates [6]. This signal of mechano-
transduction involves proteins and molecules of the ECM, the cytoplasmic and 
nuclear membranes and the cytoskeleton, eventually affecting the nuclear chro-
matin at a genetic level [7]. The system that brings together all the levels of me-
chanotransduction and their influence on genetic cell programming has been 
termed “tensegrity”, a portmanteau of tension and integrity [8]. 

Many groups have studied models of scarring using external application of 
mechanical stress on healing incisions—as mechanical force is the major factor 
in fibro-proliferative processes that cause tissue fibrosis and hypertrophic scar-
ring [9]. Porcine skin anatomy is like human skin, and therefore pig models have  

 

 
Figure 1. Keloid Zones on the body. 
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been used by many authors to study human cutaneous mechanobiology, includ-
ing in this study [2]. Gurtner and others have shown that scar formation in the 
red Duroc pig is very like that in humans, and the degree of post-injury fibrosis 
directly correlates with the amount of tension imparted on the wound during 
healing, and this fact influenced our choice of medium for this study [10]. While 
mechanotransduction involves stretch activated calcium-dependant ion channels 
[11], the tension in the wound generates cell traction forces in the cellular cy-
toskeleton that are then transmitted to the surrounding ECM or neighbouring 
cells [12].  

Initial observations on keloid scars were made in burn wounds, with re-
searchers noting that a wound that healed in less than 10 days had only 4% risk 
of developing hypertrophic scarring, whereas when a burn took 3 weeks to heal, 
the risk rises to 70% [13]. We know that the characteristic butterfly or dumbbell 
shape associated with keloids is determined by the direction of mechanical 
forces, and therefore an understanding of these forces, and reduction of wound 
tension is of great importance to reduce scar formation [14]. Authors of studies 
of mechanical forces on skin have concluded that reducing skin tension around 
wounds or scars is the most important step in reducing thick, unsightly scars 
[15].  

The other approach to reducing the visibility of scars has been using a visual 
approach, rather than a mechanical one—proponents of geometric broken line 
repairs have written that such closures make “the scar less noticeable because the 
eye has more difficulty tracking this irregular, multiply segmented line [16]”. But 
a review of the neuroscience of vision and optical illusions does not back up this 
claim. In fact, preliminary studies into sharp broken lines that occur after a 
Z-plasty or zigzag surgical procedure, suggest that they may be less pleasing to 
the eye. This was first noted in an important study by Stratton who used partici-
pants viewing different types of lines, only to conclude that eye movements that 
are required to follow sharp, broken lines must be more abrupt and, therefore, 
less pleasant than those required to follow curved lines [17]. On the other hand, 
some authors have proposed that zigzag lines indeed appear mobile and less vis-
ible in peripheral visual fields, and that a short line segment squirms along a 
zigzag line, even if this is only when viewed in one’s peripheral vision [18]. In 
fact, certain authors have hypothesized an evolutionary origin to the visualiza-
tion of sharp broken lines as a perception of danger or unpleasantness (shark 
teeth, for example) [19]. However, others have noted that when proposing an 
evolutionary origin, it is not enough to suggest a plausible explanation but a 
testable hypothesis is required [20]. That may be the best approach to take when 
planning excisional surgery in “keloid-zones” of the body. It has already been 
established that the most important factor to reduce scarring in scar-prone areas 
is the reduction of the maximal wound tension, and in this article the author 
undertakes a review of different methods of breaking up scars by utilizing zigs 
and zags and the implications for surgical wound closing tension. A pigskin 
study conducted into the use of the simple zigzag to reduce the tension (and 
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thereby scarring) of surgical wounds is reported here, and a comparison is also 
undertaken with elliptical excision and Z-plasties (Figure 2). 

Z-plasty 
The history of the Z-plasty is rooted in oculoplastic surgery. The first recorded 

case was when William Horner, a surgeon at the Philadelphia Hospital, Blockley 
and Professor of Anatomy in the University of Pennsylvania, performed this 
procedure to repair an eyelid ectropion caused by burn scarring [21]. However, 
some reports attribute the first Z-plasty to Denonvilliers, who noted the useful-
ness of breaking up a scar-line into zigs and zags when he first described a 
Z-plasty-type procedure that he found useful, also for a blepharoplasty [22]. 
Denonvilliers had written about his plan thus: “I will free the lowered external 
angle of the eye by two incisions above and below the lid margins meeting at the 
angle. Then I will form above and a little external to the first triangle, a second 
triangle opposite to the first. This accomplished, I will raise the triangle involv-
ing the external corner of the eye and cause it to take the place of the second tri-
angle that I will then bring down to take the place of the first” [23]. While this 
description seems apt for a Z-plasty, there were indeed no physical illustrations 
or images that were recorded during this operation to confirm. Stewart McCur-
dy, an American surgeon, then utilized the same method on the oral commis-
sure—the first time the technique was described in America. McCurdy, who was 
Professor of Oral and General Surgery at the University of Pittsburgh, and Or-
thopaedic and Plastic Surgeon to Columbia and Presbyterian Hospitals is cre-
dited as being the first one to use the term “Z-plasty” when he published his ar-
ticle: “Z-plastic surgery: plastic operations to elongate cicatricial contractions of 
the neck, lips and eyelids and across joints [24].” Limberg, in 1966, famed for his 
rhombic flaps [25], also wrote extensively on the Z-plasty, although it would 
seem Limberg considered the term a misnomer—given that in the alphabetical 
“Z” all the limbs are equal, unlike in the surgical version [26]. Limberg favoured 
the term “transposed triangular flaps” [27] in his initial works to describe this 
technique, and later in his book described a full range of such procedures from 
equal angled flaps (where each flap moves equally), to flaps with unequal angles  

 

 

Figure 2. Wound tension testing of zigzags and Z-plasties on pigskin. 
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(where the larger angled flap moves less) [28]. However, McCurdy’s term, “Z- 
plasty” endured. 

Z-plasties can be planned in a single, multiple or serial fashion. When using 
the multiple Z-plasty in a serial fashion, the planned incisions run parallel to the 
limbs of the Z-plasty at either end of the scar. In this article the use of zigs and 
zags to reduce sternal scarring, and indeed scarring at other flexural areas at the 
jawline, neck or limbs is described. But using a Z-plasty in this situation can be 
problematic due to the lengthening it causes. Further, with the serial Z-plasty 
technique, as would be needed in a location such as the sternum, the flaps be-
come 3-sided rhombic flaps, and not 2-sided triangles. Now we can begin to un-
derstand the wisdom of Limberg’s insistence of calling the procedure as trans-
posed triangular flaps. Also, it must be noted that he limbs in between the 2 pe-
ripheral limbs become approximately twice the length of the limbs before trans-
position. Essentially, when it comes to a Z-plasty the angles of the limbs are im-
portant—it is known that using 30˚ angles will increase the length by 25%, 45˚ 
angles are associated with a 50% increase and 60˚ angles increase the ideal length 
by 75% [16]. 

Let’s consider a triangle with sides a, b and c (and opposing angles A, B and 
C). In any triangle, if sides a and b and the angle C are known, then side c can be 
found by using the following formula [29]: 

2 2 2c a  b 2ab= + −  [cos C] 

And, if the three sides a, b and c are known, then we find angle A using the 
following formula: 

( )2 2 2cosA b c a 2bc= + −  

Using these formulas, we arrive at the conclusion that in a 60˚ Z-plasty, the 
common limb rotates by 90˚. The Figure 4 shows the degree of rotation of the 
common limb, and helps us design the correct Z-plasty depending on the loca-
tion of the scar from a crease-line, and the degree of rotation needed to hide the 
scar. When it comes to Z-plasties where no lengthening is required, such as over 
the sternal region, the purpose of the Z is to equalize tension, with the preferred 
angle being 30˚ for each limb of the Z. 

Furnas described the four features of a Z-plasty thus [30]:  
1) To increase (or decrease) length 
2) To break up a straight line 
3) To shift topographic features from one site to another 
4) To efface or to create a web or a cleft. 

However, one of the things to note in a Z-plasty is that the wider the angles of 
the triangular flaps Limberg described, the greater is the tension on the line of 
closure. In areas like the sternum, if we consider using a Z-plasty to break up a 
scar, we are left with the problem of alteration in length, as well as tension on the 
line of closure to consider. The fundamental benefit of a Z-plasty is its ability to 
lengthen a limb, and therefore correct a contracture. While plenty of studies 
have elucidated the angles and degrees of rotation and lengthening, there have 
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been none that have specifically studied the reduction of tension in using a 
Z-plasty and that will be the focus of this review. There is an important matter to 
consider regarding Z-plasty in areas of thin, actinic-damaged skin on the face or 
burn scar contractures, as opposed to scar-prone areas on the chest. In the for-
mer, maximizing blood flow to the flaps is also a major objective; in the latter, 
the main consideration is reducing skin stress and tension. Some surgeons have 
suggested “rhomboid-to-W” technique, incorporating a W-plasty into other 
rhomboid defects or triangular flaps, and therefore this paper will also appraise 
the W-plasty in the next section. 

W-plasty 
When Borges elucidated the W-plasty technique, he basically considered the 

benefits as fourfold [31]: 
1) Breaking up of the scar into smaller components 
2) Redirecting anti-tension lines 
3) Halving the depth i.e. the subcutaneous scar does not coincide with the zig-

zag cutaneous scar 
4) Camouflaging scar by intermingling these small segments with other skin 

creases and wrinkles. 
The W-plasty has proved to be very useful in areas like vermillion [32] or 

mental creases, has also been used in tracheal reconstruction [33], to repair sto-
ma stenosis [34] and to break up scars of rotation flaps on the cheek [35]. The 
W-plasty is primarily useful around labial regions, both oral [36] and perineal 
[37]. It has also been used primarily during repair of lacerations in these sites 
[38]. However, when used as a means of primary closure after excisional of a le-
sion in a keloid zone, it involves removal of additional tissue in an area already 
prone to tension and that is its disadvantage. 

Geometric broken-line closure (GBLC) 
Any scar revision technique must be based on risk/reward assessment. Some 

authors have suggested that scars greater than 2 cm in length or scars greater 
than 2 mm in width can be improved by geometric broken line closures [38]. 
One of the first people to describe Geometric Broken Line Closure (GBLC) was 
Wessberg in 1982 [39]. The technique of GBLC is as the name indicates—the 
scar is excised using geometric lines, drawn in such a fashion that triangles, rec-
tangles, and squares are created in a random pattern (Figure 2) The main ratio-
nale in this technique is that converts a long, easily visible scar into a scar broken 
up into multiple short segments, and it is said that the scar becomes less appar-
ent because the human eye has more difficulty tracking an irregular, multiply 
segmented line as opposed to a thicker straight line [40]. Studies have been done 
on presternal scars after cardiothoracic surgery to understand this predisposition 
to cause hypertrophic scarring, with studies confirming that scars on the ster-
num especially in women, tend to hypertrophy (even when there is no keloid 
tendency) after incisional wounds [41]. The main biomechanical issue on the 
sternal region is that the tension acts equally in all directions and this results in a 
higher risk of hypertrophic scarring [42]. In other areas on the body close to 
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bone, skin exhibits not just anisotropy, but also orthotropy i.e. directional sym-
metry [43]. This degree of symmetry with respect to two normal planes is 
thought to be due to the preferential orientation of collagen fibres [7]. Breaking 
up a scar in smaller segments in differing directions therefore helps reduce the 
pull on the scar, thereby reducing the risk of hypertrophic scar formation.  

But the GBLC is problematic outside the face region, from a technical point of 
view. For a start, it is usually employed to correct existing scars, not prevent 
them, and it is generally accepted among plastic surgeons “that the scar should 
be greater than 30 degrees off the RSTL” [44]. As we are discussing the use of 
zigs and zags in excisional surgery to reduce the risk of hypertrophic and keloid 
scarring, it seems out of place. However, the clincher seems to be this for an area 
like the sternum that is already prone to problematic scarring—as Shockley 
notes, “Because additional excision of normal tissue is required, the GBLC tech-
nique should only be considered in areas where there is sufficient skin redun-
dancy and elasticity for closure without tension” [40]. The dermal structures of 
the chest and sternum by themselves confer an additional risk of scarring. As 
noted in studies by other authors, the anterior chest is the most frequent kelo-
id-bearing site on the body; however, the anterior chest is not the site with the 
most frequent stretching/contraction—suggesting that other than skin mobility, 
it is indeed high tension with cyclical stretching that matters the most [15]. Oth-
er than respiration, the tension caused by coughing may also cause wound prob-
lems. It has been noted that a normal cough reaches 100 mm Hg, producing a 
force of 56 kg, whereas maximal coughing can generate a pressure of 300 mm 
Hg, thereby producing a force of 168 kg [45]. Others have developed mathemat-
ical models of sternotomy wounds to calculate the force generated by coughing 
and other stressors on a chest wound [46]: 

T rlP 0.17m 0.25m 5.6kPa 238N ~ 24kg= = × × =  

The chest is also a unique location from a biodynamic point of view because 
when people pull their chest in, the horizontal stretching/contraction rates are 
greater than the vertical; whereas, when people raise their hands, the vertical and 
oblique stretching rates are greater than the horizontal rates and this creates 
both constant and variable tension [15]. And, given we have been discussing that 
reduction of tension is the most important factor in reducing scarring, given the 
multi-directional stressors, it is especially important. 

The Simple Zigzag to Reduce Tension over Keloid Zones: 
A review undertaken of the different zigs and zags in use to improve scarring 

demonstrated the benefits of breaking up a scar into smaller segments. However, 
when used during primary closure, the techniques have some clear differenc-
es—the Z-plasty is all about angles, degrees of rotation and lengthening (Figure 4 
and Figure 5), while the W-plasty and the geometric broken line closure involve 
cutting out additional tissue on both sides of the wound (Figure 3); The geome-
tric broken line closure is difficult to perform during a primary elliptical excision 
and more suited to a scar revision of a thick cicatrix. The author therefore pon-
dered if using a simple zig zag would be of benefit during primary elliptical  
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Figure 3. Geometric Broken Line Closure (GBLC) and W-plasty. 
 

 
Figure 4. Z-plasty: angles and degrees of rotation. 

 

 

Figure 5. Z-plasty: Angles and lengthening that occurs. 
 

excision in a keloid-prone zone? There were two questions that needed answer-
ing:  
1) Would a zigzag excision cause a reduction in mechanical forces which we al-

ready know is the major factor in fibro-proliferative processes that cause tis-
sue fibrosis and hypertrophic scarring? 

2) How does a zigzag compare biomechanically with a Z-plasty i.e. are all zig-
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zags created equal? 

2. Materials and Methods 

A series of 30 elliptical wounds created on pigskin were assigned into three 
groups of 10 each. Each comparison was done on identical pigskin i.e. the same 
animal. 10 standard elliptical closures, 10 Z-plasties of 30˚ and 10 simple zigzag 
excisions were done (Figure 2 and Figure 6). The simple zigzag also had a 300 
angle in our study. Tension measurements were taken using a previously de-
scribed and studied tensiometer [47]. The first reading was at the midpoint be-
cause authors have previously noted that the closing tension perpendicular to 
any linear incision is a function of the incision’s length, varying symmetrically, 
and is maximal at the midpoint of the length [48]. To obtain a clear under-
standing, readings were taken at three points (marked 1, 2, 3 in Figure 6). These 
points were—the midpoint of the ellipse where tension was expected to be  

 

 

Figure 6. Study comparing wound tension in different closures—simple ellipse, Z-plasty 
and simple zigzag and points 1, 2 and 3. Forces measured in Newtons (N). 
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maximal, one end of the excision and a third reading taken midway between the 
two points just mentioned. 

The tension measurements were noted, as was any lengthening that occurred 
of the wound. The results were overseen by the mathematical sciences and statis-
tics department who performed a detailed statistical analysis. 

3. Results 

Measurements of tension taken were as follows in Newtons (N) (Figure 6): 

m1 (simple ellipse) = (2.3, 2.0, 2.2, 1.8, 1.9, 2.3, 1.9, 2.3, 1.0, 2.0) 

m2 (Z-plasty) = (2.0, 1.8, 2.0, 2.0, 1.8, 1.7, 1.9, 1.9, 1.7, 1.4) 

m3 (simple zigzag) = (2.0, 1.8, 1.5, 0.9, 1.0, 1.6, 1.3, 1.6, 1.2, 1.0) 

Mean tension measurements (N) were least in the simple zigzag: 

mean (m1) 1.97 

mean (m2) 1.82 

mean (m3) 1.39 

In the case of the simple elliptical closure or the simple zigzag excision, no 
lengthening of the wound was noted. In the Z-plasty lengthening was noted, in 
keeping with already established angle-to-lengthening expectations. The tension 
measurements were taken prior to closure and summarized in the table.  

In the case of the simple elliptical excision, as expected, tension was maximal 
at the midpoint and very low at the ends. In the case of the simple zigzag, there 
was a reduction in tension at the midpoint, with a levelling out of forces required 
to close the wound. In a Z-plasty, there appeared to be more equalization of ten-
sion across the wound, however the tension did not lower markedly at the ends 
of the wound and the midpoint tension was higher than that of a simple zigzag. 

The statistics team applied the Welch Two Sample t-test to compare the data 
between each of the samples. 

Welch Two Sample t-test comparing data m1 and m2 

t = 1.0989, df = 12.966, p-value = 0.2918 

alternative hypothesis: true difference in means is not equal to 0 
95 percent confidence interval: 
−0.1449787  0.4449787 
sample estimates: 
mean of x   mean of y  
1.97    1.82 
Welch Two Sample t-test comparing data: m1 and m3 

t = 3.419, df = 17.953, p-value = 0.003069 

alternative hypothesis: true difference in means is not equal to 0 
95 percent confidence interval: 
0.2235329   0.9364671 
sample estimates: 
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mean of x   mean of y  
1.97    1.39 
Welch Two Sample t-test comparing data m2 and m3 

t = 3.2819, df = 13.341, p-value = 0.005771 

alternative hypothesis: true difference in means is not equal to 0 
95 percent confidence interval: 
0.147679   0.712321 
sample estimates: 
mean of x   mean of y  
1.82    1.39 
The results show clearly that using a simple zigzag reduces tension across the 

midpoint of the scar more effectively than a Z-plasty (p = 0.005771), and much 
more effectively than a simple elliptical excision where tension is highest at the 
midpoint (p = 0.003069). There was no statistically significant reduction in ten-
sion between a Z-plasty and a simple excision (p = 0.2918) in this study.  

4. Discussion 

The techniques of breaking up a scar or incision line by using zigs and zags, in a 
means to reduce scarring, are not new. However, each of these techniques has 
specific advantages and disadvantages.  

In this study, the Z-plasty did not show a significant reduction of tension 
when compared to standard elliptical primary closure at the midpoint. This is to 
be expected as the Z-plasty, by nature of its design, appears to equalize tension 
across the wound and lengthens the wound. The midpoint scar reduction is a 
key aim of reducing scarring, especially as authors have shown the link between 
such tension and scar formation [10]. 

The simple 30˚ zigzag not only reduces tension across the wound, but also 
avoids lengthening the scar as much as a Z-plasty. The Z-plasty may be prefera-
ble over contractures, but as a primary procedure during excision of a lesion to 
avoid hypertrophic scarring by reducing wound tension, we found the simple 
zigzag proved a more effective technique. Given the midpoint is where the lesion 
to be excised lies, the simple zigzag closure ends up slightly flattened at the 
midpoint as seen in the clinical photos (Figure 7). In the image pictured the le-
sion was quite narrow in the horizontal plane, and therefore only two zigzags 
were possible; however, the wound closed under less tension than would be 
normally expected and there has been no hypertrophy of the scar. This was a pa-
tient who had ended up with keloid or hypertrophic scars on every previous ex-
cision on the trunk. At three months after surgery, she does not have any hyper-
trophy after the simple zigzag closure (Figure 7). 

The study had to be on pigskin so that we could test each pattern on tissue 
with almost identical characteristics. It would not have been possible to design a 
clinical study on human patients to compare all the three types of closures on a 
single patient. However, the study provided valuable insight into the biomechanics 
of zigs and zags, their role in reducing wound tension, and thereby scarring.  
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Figure 7. Clinical photo showing zigzag excision to reduce tension. 
 

The author would like to point out an observation that when a 30˚ angle is 
used, it functions rather like a Burow’s triangle. Burow’s triangles, because of the 
small advancement involved have been noted to reduce wound tension [49] and 
this is partly how the simple zigzag works to reduce tension. The zigzag also has 
the advantage of breaking up the linear scar into many small segments, a method 
well established in plastic surgical practice to reduce scarring [50]. 

In a simple elliptical excision, the tension is maximal at the midpoint and ta-
pers off at the ends. In areas like the sternum, and other keloid-prone regions, 
breaking up of scars to reduce tension is advisable and as noted in this study, the 
simple zigzag excision proves an extremely useful option. The limitation of this 
study is that we have not reviewed the long-term results i.e. future scar forma-
tion. However, it is already well known that the wound-closing tension is a ma-
jor factor in scar formation, and breaking up a linear scar in this zig-zag fashion 
has shown its ability to reduce wound tension significantly. We see this study 
and review as a good starting point to undertake further studies in the keloid 
triangles of human subjects. 
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