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INTRODUCTION N 

Plasticc and reconstructive surgeons are often faced with skin defects that cannot 
bee closed primarily. Various techniques for closure of such large wounds are 
developed,, including wide undermining, tissue expanders, split skin grafts, and 
local,, distant or free revascularized flaps. However, functional and aesthetic outcome 
wouldd be improved when primary approximation of skin in these large defects 
weree nossib!e. A re!ativelv simn!e techn!nue that is based on the use of a skin-
stretchingg device (Sure-Closure™, Life Medical Sciences, Inc., Princeton, N.J.) 
wass introduced by Hirshowitzetal.' in 1993. The skin-stretching device decreases 
thee wound-closing tension, allowing primary closure of large defects in a short 
timee span.: As a result of stretching forces, the dermal collagen fibers realign rapidly 
inn the direction of the stretching force, perpendicular to the wound margin as was 
demonstratedd in an experimental study using piglet skin.34These dynamic changes 
inn collagen fibers explain the significantly decreased wound closing tension 
resultingg from skin stretching and explain how skin stretches beyond its inherent 
extensibility.4'77 Experimental studies on piglets have shown that intraoperative 
usee of this device does not impair the immediate or long-term viability of skin 
providedd that the stretched skin is not undermined.2 * 

Soo far, littl e is known about long-term outcome with respect to functional and 
aestheticc aspects of wound closure with the skin-stretching device. Therefore, we 
presentt here our clinical experience with the skin-stretch ing device. 

PATIENTSS AND METHODS 

Inn a prospective non-randomized study, 30 patients were operated using the skin-
stretchingg device between January 1995 and September 1997. Primary closure of 
woundss was not possible and other techniques would be required for closure of 
thesee wounds. Of the 30 patients, 15 had a malignancy excised, 6 a large hairy 
nevus,, 5 a disfiguring split skin graft, 3 needed a revision of scar tissue, and 1 a 
freee fibula flap donor site, at different locations on the body. Two patients suffered 
fromm psoriasis and needed corticosteroid treatment. One patient, with a malignancy, 
hadd preoperative local radiotherapy treatment. The mean patients age at the time 
off  surgery was 40 years (range, 1 to 87 years), with a similar sex distribution. 
Patientss were selected for skin stretching when the defect that would occur after 
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excisionn was too large for primary closure without skin stretching and enough 
surroundingg skin was present for skin stretching. We have used the device under 
general,, regional and local anesthesia. The operation procedure was well tolerated 
underr local anesthesia. Wounds were closed when possible with a running 
subcuticularr absorbable monofilament suture and otherwise with percutaneous 
nylonn sutures that were removed after 3 weeks. 

Patientss were seen preoperatively, postoperatively after 3 weeks, 3, 6, and 12 
monthss and at a long-term follow-up for at least 5 years (median, 7 years) for 
woundd control and evaluation of residual scar and function of the particular region. 
Scarss were photographed and maximal w idth of wound before excision and residual 
scarr was measured. The difference in stretch back (retraction of skin or stretched 
scar)) in various locations were calculated using an unpaired (two-way) independent 
Mest.. Elevation of the scar and consistency were noted as evidence of hypertrophy 
off  the scar. The patients graded the resulting scar on a numerical rating scale from 
00 to 10, with 0 being the worst imaginable scar whereas 10 stood for a scar not 
differentt from normal skin. 

Inn 24 cases, a complete follow up was possible. Besides 2 cases where a skin 
graftt was needed to close the defect, 3 patients died because of cancer within the 
followw up period, and 1 patient was lost in the follow-up period. Follow up ranged 
fromm 5 to 8 years with a median of 7 years. The functional and aesthetic outcome 
off  wound closure with the skin-stretching device was evaluated in all cases. Patients 
thatt were treated with the skin stretching device are listed in Table I. 

TABL EE 1. 

Locationn of skin defects in 30 patients that were treated for wound closure with the skin-stretching 
device. . 

Partt  of the body 

Head d 

Trunk k 

Upperr extremities 

Lowerr extremities 

Woun dd locatio n 

Face e 
Scalp p 
Back k 
Breast t 
Shoulder r 
Lowerr arm 
Wrist t 
Groin n 
Upperr leg 
Thigh h 
Lowerr leg 
Ankle e 

Numbe rr  of p 

2 2 

3 3 
4 4 
1 1 
3 3 
1 1 
1 1 

1 1 
1 1 
7 7 
4 4 
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OPERATIO NN TECHNIQU E 

Afterr the tumor or skin was excised, 2 straight needles (length, 8 cm) were inserted 
throughh the dermis opposite each other along the wound margin. The 2 U-shaped 
armss with 4 curved tissue hooks attached were placed perpendicularly to the 
intradermall  needles in such a way that the hooks punctured the skin and were placed 
behindd the 2 needles. This was performed in such a way that the 2 U-shaped arms, 
\ \ ' h ' l nn (*niT<mt*f\ m i l l p r l trip » ïn t roH f^ rm^ i l n ^ ^ H l ^ e tr \w*3tv4 c F"»r,h ntlr*f*r A ft*»» - q n n m n n a t p 

tensionn was applied, the device was locked. Approximation of the skin edges was 
executedd by turning the tension knob of thee skin-stretch ing device. As the skin was 
stretched,, tension of the skin decreased because of stress relaxation.56 This was 
indicatedd by the tension gauge moving backwards and tension was reapplied. This 
proceduree was repeated until the wound margins were approximated and the wound 
couldd be sutured. The skin-stretching device is designed in such a way that when the 
forcee that is applied to the wound becomes excessive (>2.5 kg), the tension knob 
disengagess to prevent mechanical damage of the skin. 

RESULTS S 

Short-termShort-term results 
Inn 28 cases (93%), the large defect could be closed primarily with the skin-stretching 
device.. In 2 cases, skin stretching was insufficient due to either preoperative local 
radiotherapeuticc treatment or the large size of the defect (6l/2 x 11 '/2 cm) at the 
distall  lower leg where the skin was too adherent. Both wounds were covered by a 
splitt skin graft. The average size of the defects was 9.6 x 5.6 cm (range, 5.5 x 3.0 
cmm - 23.0 x 9.5 cm). The 28 wounds were closed intraoperatively after a mean 
stretchingg period of 30 minutes (range, 10-90 minutes). None ofthe defects were 
undermined.. Three patients (10.7%) suffered from dehiscence ofthe wound: 1 
patientt after skin stretching of a defect ofthe scalp and 2 patients with psoriasis. 
Alll  3 wounds healed satisfactory after secondary intention. One patient (3.6%) 
hadd temporarily superficial necrosis ofthe wound margins. In 2 patients (7.1%), 
hypertrophicc scarring occurred, in both cases on the shoulder. None ofthe patients 
developedd wound infection. Twenty-two ofthe 28 wounds (79%) that were closed 
withh the skin-stretching device healed uneventfully without any complications at 
followw up. 
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Long-termLong-term results 
Residuall  scar and stretch back at 5 years or more postoperatively are summarized 
inn Table II. A wide variation in the amount of scar formation was found. Stretch 
backk after a mean of 7 years was mainly observed on the scalp (average, 56%), 
backk (average, 52%) and shoulder (average, 53%). The average stretch back in 
thesee 3 areas was 53%  21%. This percentage was significantly less on the 

TABLFF II . 

Sizee of residual scar (mm) at minimally 5 years after skin stretching on scalp, back and shoulder 
(top)andonn the extremities, including groin and thigh (bottom) as compared with that of'the original 
lesionn (mm). The right columns represent the percentage of stretch back. 

Sizee of original 
lesionn (mm) 

40 0 

45 5 

40 0 

65 5 

70 0 

50 0 

50 0 

100 0 

95 5 

Mean:: 53%, SD: 2 1% 

Sizee of original 
lesionn (mm) 

90 0 
80 0 
60 0 
55 5 

50 0 
45 5 
53 3 
25 5 
50 0 

50 0 
40 0 
35 5 
70 0 

40 0 

Sizee of residual 
scarr  (mm) 

20 0 
28 8 

25 5 
40 0 
25 5 
50 0 
21 1 

20 0 
42 2 

Sizee of residual 
scarr  (mm) 

4 4 
4 4 
4 4 
9 9 

6 6 
5 5 
4 4 
1 1 

8 8 
5 5 

3 3 
7 7 
5 5 

4 4 

Location n 

Scalp p 

Scalp p 

Shoulder r 

Shoulder r 

Shoulder r 

Back k 

Back k 

Back k 

Back k 

Location n 

Thigh h 
Groin n 

Groin n 

Upperr leg 

Arm m 

Wrist t 

Lowerr leg 

Lowerr leg 

Lowerr leg 

Lowerr leg 

Ankle e 

Ankle e 

Ankle e 

Ankle e 

Percentage e 
stretchh back 

50% % 
62% % 

63% % 
62% % 
36% % 

100% % 
42% % 
20% % 
44% % 

Percentage e 
stretchh back 

4% % 
5% % 
7% % 

16% % 
12% % 
11% % 

8% % 
12% % 
16% % 
10% % 

8% % 
20% % 

7% % 

10% % 

Mean:: 11%. SD: 4 % 
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extremities,, groin and thigh (average, 11%  4%;/?=0.0004). In Figure 1, 
correlationss between wound size and scar width are shown in both situations. 

Att 3 weeks after operation, 23% of the total stretch back had occurred, whereas 
57%% of the total stretch back had occurred at 3 months postoperatively and 83% at 
66 months postoperatively. The rate of retraction of the skin (stretch back) after 
skinn closure of a large defect using the skin-stretching device is shown in Figure 2 
forr different locations on the body. 

OUU ' 

50--

40--

30' ' 

20--

10--

00 , 

 . Scalp, back, and shoulder 
++ , Extremities 

+ + 

xx + + + + 
+ + + + 

00 20 40 60 80 

Woundd size (mm) 

1000 120 

Figuree 1. 
Woundd size versus width of scar. Pearson correlation of scalp/back.shoulder, r = 0.118 (p = 0.762); 
Pearsonn correlation of extremities, r = -0.039 (p = 0.895). 

Meann patients' impression of the scar as scored on a scale of 0 -10, after a mean of 
77 years was 7.6 (range, 2 - 9.5 years). 
Long-termm functional outcome revealed that functional problems did not occur, 
besidess temporary tight feelings on extremities and physical therapy for 2 patients 
withh wounds on the shoulder. 
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33 weeks 3 months 6 months I year 7 years 

Timee postoperatively 

Figuree 2. 
Thee rate of stretching of scars in 24 cases in different locations of the wound at 3 weeks, 3, 6, and 12 
monthss and 7 years postoperatively. 

CASKK REPORTS 

CaseCase I 
AA 68-year-old woman with a melanoma on the dorsum of the right distal forearm 

(Fig.(Fig. 3) was referred for re-excision. An excision of 2 x 5 cm was performed one 

monthmonth before. Under plexus anaesthesia, re-excision with margins of at least 2 cm 

waswas made, leaving a skin deject of 5 x 10 cm with I he superficial radial nerve and 

extensorextensor tendons visible. After 30 minutes of skin stretching, the wound was closed 

primarily.primarily. Postoperative follow up showed no wound complications and the 

functionalfunctional and aesthetic outcome was excellent. Due to the malignancy, long-term 

follow-upfollow-up was not possible. 
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Figuree 3. 
Casee I. A. A 5 x 10 cm defect of the distal forearm after re-excision of a melanoma. Superficial 
radiall  nerve and extensors are partially visible. B. Over a period of 30 minutes, the skin was stretched 
withh the Sure-Closure skin-stretching device. C. Approximation of the wound before skin stretching 
usingg the Gillies hooks with a fair amount of tension was impossible. I). The skin edges were 
broughtt together alter 30 minutes of skin stretching with the same amount of tension. F. One week 
later,, the sutured wound appears to be healing satisfactorily. Flexion of the wrist by the patient was 
possiblee without functional impairment. 
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Casee 2 
AA 3'/2-year-old child with a congenital naevus on the left shoulder (Fig. 4) was 

referredreferred for excision. The skin was stretched for a period of 20 minutes to close the 

77 x JO cm wound. The first 3 months of wound healing were satisfactory. In the 

followingfollowing postoperative period, the patient was treated with a silicone occlusive 

sheetingsheeting (Cica-care, Smith & Nephew BV, The Netherlands) because of hypertrophic 

scarscar formation. Unfortunately this treatment did not prevent formation of a 

InIn per trophic scar. 
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Casee 3 
AA 34-year-old female with a congenital naevus on the left scapula (Fig. 5) was 

referredreferred for excision. A defect of 11 x 14 cm was the result of excision of the lesion. 

FortyForty minutes of skin stretching under general anesthesia was necessary to 

approximateapproximate the wound edges. The patient had a long course of physical therapy. 

TheThe functional and aesthetic outcome was satisfactory. 

Figuree 5. 
Casee 3. A. A large irregular congenital naevus on the left shoulder. B. A 11 x 14 cm defect was impossible 
too close primarily. C. At the end of the operation, after the surrounding skin was stretched for a period 
off  40 minutes, the wound-edges were sutured. D. At 7 years postoperatively. 

Figuree 4. 
Casee 2. A. A congenital naevus on the left shoulder. B. Insertion of the straight needles through the 
dermiss opposite each other along the wound margin after tumor excision. C. As the skin stretched, 
tensionn was reduced because of stress relaxation. This was indicated by the tension gauge moving 
backwards.. D. Skin was sutured intracutaneous!}  with a monofilamentous absorbable suture 
\1onocr\\ 1. E. Wound healing at 3 months postoperatively. F. Hypertrofie scar formation at 714 years 
postoperatively. . 
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CaseCase 4 

AA 46-year-old man with a melanoma on the right lower leg (Fig. 6) was referred for re-

excision.excision. Two months after primary excision, a selective lymphadenectomy of the right 

groingroin and re-excision with a margin of a minimum of 2 cm was performed under 

generalgeneral anesthesia. A defect of 5.5 x 10 cm was the result of the re-excision. The skin 

waswas stretched for 20 minutes and primary closure was accomplished. Rest tumor was 

notnot found. Healing occurred without complications and the final scar was barely visible. 
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CaseCase 5 
AA 76-year-old woman was referred to our department with an eccrine carcinoma 

onon the right hip (Fig. 7) which had heen treated unsuccessfully for 3 times already. 

MedicalMedical history showed an extensive form of psoriasis, locally and systemically 

treatedtreated for many years. The tumor was radically excised with a I cm margin under 

generalgeneral anesthesia. Skin stretching was employed over a period of 25 minutes to 

closeclose a 9 x 10 cm large defect up to the muscular fascia. Primary closure was 
/.-,./-__ J itr 7 /. .. _ J . / . . . . . . J i . . . it J _»._  _ y t ... : . 

UL-vurnpinnnu.UL-vurnpinnnu. rruunu ncuitrig ww> uciuycu unc iu u srtiuii ueruacencc o/ i tin in 

diameter.diameter. Further healing occurred without complications, and the final scar was 

inconspicuous. inconspicuous. 

* '~**ft.>2* * 

Figuree 7. 
Casee 5. A. A () x 10 cm wound on the right hip. B. Wound healing at I month after operation. A slight 
dehiscencee was present and typical irregularity of the surrounding skin was caused by psoriasis. 
C.. At 2 years postoperatively. 
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DISCUSSION N 

Onn the basis of our findings in the present study, it can be concluded that the skin-
stretchingg device provides a simple but effective solution in complex situations of 
skinn shortage. Donor site defects and associated morbidity can be avoided and the 
approachh enables sensate reconstructions with good aesthetic appearance of the 
skin.. The mean stretching time of 28 wounds (93.3%) that were successfully closed 
wass 30 minutes (range, 10-90 minutes). Duration of stretching when using the 
devicee to approximate large defects appeared to depend on multiple factors such 
ass location of the wound, skin properties and size of the defect. Therefore, it is 
difficultt if not impossible to estimate the duration of skin stretching necessary to 
closee a defect. After a certain period of skin stretching, a point is reached that 
biomechanicall  (elastic) properties of the skin, known as mechanical creep and 
stresss relaxation, limit increase in length of the skin and gain in surface area of the 
skinn stagnates. This "end-point" is reached earlier in skin of the scalp, foot, ankle 
andd lower leg as compared with skin elsewhere on the body as a result of adherence 
off  the skin to underlying tissues. 

Adversee effects of skin stretching occurred relatively rarely in the present 
study.. Wound dehiscence (10.7%), scar hypertrophy (7.1%), incomplete closure 
(6.7%),, and skin necrosis (3.6%) were the only complications that we were 
confrontedd with. Therefore, in our opinion benefits of primary closure of large 
woundss outweighs the risk of side effects. 

Thee skin-stretching device has been used intraoperatively in the present study 
andd the procedure was performed without undermining of skin edges and the 
concomitantt risk of vascular insufficiency. Experimental studies on piglets2 * have 
shownn that undermining of stretched skin reduces the viability of skin margins in 
comparisonn with not undermined skin. Therefore, success of closure of large defects 
iss diminished when skin is undermined. The extremities and the groin region are 
thee parts of the body where skin stretching is most successful whereas the shoulder 
iss the region of the body that is most susceptible for hypertrophic scar formation. 
Thee exact mechanisms of the differences in success remain unknown.9 

Thee device is contra-indicated by the manufacturer when skin is irradiated, 
infectedd or when skin quality is questionable in cases of presence of atrophic or 
nonviablee tissue near the wound edges. In our study, skin stretching was 
unsuccessfull  in I patient as a result of reduced elastic properties of irradiated 
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tissue.. However, in 2 psoriasis patients with atrophic skin, skin could be stretched 
too close a large defect. Although partial dehiscence of the wound occurred in both 
patients,, the final outcome was good. Infected skin has not been stretched with the 
devicee in the present study. 

Afterr the first application of the skin-stretching device', a number of clinical 
studiess provided insight in the possibilities of this approach.10-3 However, long-
termm follow up of defects closed using a skin-stretching device are still lacking. In 
thee nresent studv, natients were verv satisfied with the end result ^mean natient's 
impressionn after 7 years was 7.6 on a scale of 0 - 10). To assess the result in terms 
off  residual scars, we compared the width of the scars with the width of the 
preoperativee lesions. Postoperative widening of the scar is expressed as a stretch 
backk percentage. When skin is stretched with a stretching device, one may assume 
thatt the skin retracts eventually to its former condition. Our long-term follow-up 
studyy of skin stretching reveals that this is not the case. Apparently, dermal elastic 
fiberss cannot bring the dermis back to its original condition after skin stretching. 
Furthermore,, collagen fibers that make up approximately 90% of the dermis are 
nott involved in retraction either.24 25 In the present study, a wide variation in stretch 
backk occurred. Substantial stretch back (approximately 50%) was observed in the 
scalp,, back and shoulder region. In the extremities, groin and thigh region stretch 
backk of only 11% was found. In these regions, the width of the definitive scars 
remainedd small even when the preoperative lesions were wide (Fig. 1). In a long-
termm study with skin expanders (more comparable well-documented studies could 
nott be find),26 the best cosmetic results were obtained on the forehead and limbs, 
whenn taking the original lesions into account. The scars on the trunk remained 
substantial.. After scalp excisions, stretch back is known to be considerable.27 In 
thee present study, there seems to be a relation between wound size and scar stretch 
inn the scalp, back and shoulder region. The width of the scar is approximately 50% 
off  the wound size, whereas the width of the scar on the extremities (including 
groinn and thigh) was independent of wound size (Fig. 1). 

Furthermore,, previous studies have mentioned that scars stretch with a constant 
ratee and most of the stretching occurs within the first 6 months.2""30 The rate of scar r 
stretchingg in the present study was consistent with these reports because 83% of 
thee total scar stretching occurred in the first 6 months postoperatively {Fig. 2). 
Too our knowledge, this is the first time that a long-term follow-up study, of the 
effectss of skin stretching has been performed. Because the group of patients is 
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relativelyy small and heterogeneous, caution has to be taken with conclusions. 
Nevertheless,, the skin-stretching device provides a methods to close large wounds 
inn a relatively fast and simple way because the extra skin that becomes available 
enabless primary wound closure. The long-term functional and aesthetic results are 
goodd and the frequency of complications is low. The amount of stretch back 
appearedd to be more determined by viscoelastic properties of the skin in situ and 
lesss as a result of skin stretching. The width of the scars as compared with the 
preoperativee lesions (stretch back) on the extremities, groin, and thigh appeared to 
bee significantly less than on the scalp, back or shoulder. 

ACKNOWLEDGMENTS S 

Wee are grateful to J.H.A. van Rappard, M.D., Ph.D. and M. Fechner, M.D. of the 
Departmentt of Plastic and Reconstructive Surgery of the Catharina Hospital and 
Maximaa Medical Center in Eindhoven, The Netherlands, for their interest in the 
presentt study and for the opportunity that was given to perform this clinical study. 

124 4 



LON(Ï-N-:RMM RI.SHI IS OK SKIN-STRHTCHÏNU 

REFERENCES S 

1.. Hirshowitz, B., Lindebaum, E., and Har-Shai, Y. A skin-stretch ing device tbr harnessing o f 

thee viscoelastic properties o f the skin. Plast. Reconstr. Surg. 92: 260, 1993. 

2.. Mel is , P., Noorlander, M . L , and Bos, K. E. Tension decrease during skin stretching in 

underminedd versus not undermined skin: an experimental study in piglets. Plast. Reconstr. 

Surg.Surg. 107: 1201,2001. 

3.. Noorlander, M. L., Mel is, P., Jonker, A. , and Van Noorden, C. J. F. A quantitative method to 

determinee the orientation o f collagen fibers in the dermis. J. Histochem. Cytochem. 50: 1469, 

2002. . 

4.. Mel is, P., Noorlander, M . L., Van der Horst, C. M . A. M., and Van Noorden, C. J. F. Rapid 

alignmentt o f collagen fibers in the dermis o f undermined and not undermined skin stretched 

wi thh a skin-stretching device. Plast. Reconstr. Surg. 109: 674, 2002. 

5.. Gibson, T., Kenedi, R. M. , and Craik, J. E, The mobi le microarchitecture of dermal collagen: 

AA bioengineering study. Br. J. Surg. 50: 764. 1965. 

6.. Stark, H. L. Directional variations in the extensibi l i ty o f human skin. Br. J. Plast. Surg. 30: 

105.105. 1977. 

7.. Metis, P., "Noorlander, M. L., van der Horst, C. M. A. M., Van Noorden, C. J. F.,and Hirshowitz, 

B.. discussion. Plast Reconstr Surg 109: 681,2002. 

8.. Mel is , P., Noorlander, M . L., Van der K le i j , A. J., Van Noorden, C. J. F., and Van der Horst, C. 

M.. A . M. Oxygenation and microcirculat ion during skin stretching in undermined and not 

underminedd skin. Plast. Reconstr. Surg, in press, 

9.. Niessen, F. B., Spauwen, P. H., Scalkwi jk, J., and Kon , M . On the nature o f hypertrophic scars 

andd keloids; a review. Plast. Reconstr. Surg. 104: 1435, 1999, 

10.. Mel is , P., Bos, K. E., and Horenblas, S. Primary skin closure o f a large groin defect after 

inguinall lymphadenectomy for penile cancer using a skin-stretching device. J. Urol. 159: 185, 

1998. . 

11.. Narayanan, K., Futrel l , J. W „ Bentz, M,, and Hurwi tz , D. Comparative cl inical study o f the 

Sure-Closuree device wi th conventional wound closure techniques. Ann. Plast. Surg. 35: 485, 

1995. . 

12.. Cohen, M., and Shafir, R. Alopecia : an unfavorable result o f using a skin-stretching device. 

Plast.Plast. Reconstr. Surg. 96: 747, 1995. 

13.. Armstrong, D. C , Sorensen, J. C , and Bushman, T. R. Explo i t ing the viscoelastic properties 

o ff pedal skin wi th the Sure-Closure , M skin stretching device. J. Foot Ankle Surg. 34: 247, 

1995. . 

14.. Ersek, R, A., and Vasques-Salisbury, A. Wound closure using a skin stretching device. Contemp. 

Orthop.Orthop. 28: 495, 1994. 

15.. Boden, B. P., and Buinewicz, B. R. Management o f traumatic cutaneous defects by using a 

skin-stretchingg device. Am. J. Orthop. Suppl.: 27, 1 995. 

16.. Foley, A. L. A new technique for closing wounds after surgery for breast melanoma. Plast. 

Reconstr.Reconstr. Surg. 95: 418, 1995. 

17.. Stahl, S„ Har-Shai, Y , and Hirshowitz, B. Closure o f wounds in the upper extremity using a 

skinn stretching device. J. Hand Surg. 2 I B : 534, 1996. 

18.. Partington, M. T. Cl inical concepts: Al ternat ive approach to wound closure: case report. 

Contemp.Contemp. Surg. 47: 221, 1995. 

19.. Caruso, D. M., K ing , T. J., Tsujimura. R. B., Wei land, D. E., and Schiller, W. R. Primary-

closuree o f fasciotomy incisions with a skin-stretching device in patients wi th burn and trauma. 

J.J. Burn Care Rehabil. 18: 125, 1997. 

125 5 



CHAPTERR 9 

20.. Mar-Shai, Y , Ul lmann, Y , Reis, N. D., Hashmonai, M. , and Hirshowitz, B. Closure o f an open 

highh below-knee gui l lot ine amputation wound using a skin-stretching device. Injury 26: 4 0 1 . 

1995. . 

2 1 .. Kanjoor, J. R., Bang, R, L., and Ebrahim, M. K. Role o f skin stretching device for wound 

closure.. Eur. J. Plast. Surg. 25: 323, 2002. 

22.. Futran, N. D. Closure o f the f ibula free flap donor site w i th the Sure-Closure skin-stretching 

device.. Laryngoscope 106: 1487, 1996. 

23.. Samis, A. J., and Davidson, J. S. Skin-stretching device for intraoperative primary closure o f 

radiall forearm flap donor site. Plast. Reconstr. Surg. 105: 698, 2000. 

24.. Gibson, T. The physical properties o f skin. In Converse J.M. (Ed.), Reconstructive Plastic 

Surgery,Surgery, Vol. I, 2nd Ed. Philadelphia: W.B. Saunders, 1990: 211. 

25.. Hirshowitz, B., Kaufman, T., and Ul lman, J. Reconstruction o f the t ip o f the nose and ala by 

loadd cycl ing o f the nasal skin and harnessing o f extra skin. Plast. Reconstr. Surg. 77: 316, 

1986. . 

26.. Aubert, J. P., and Magalon, G. Long term results o f skin expansion. Scand. J. Plast. Reconstr. 

HandHand Surg. 29: 233, 1995. 

27.. Nordstrom, R. E. LtStretch back" in scalp reductions for male pattern baldness. Plast. Reconstr 

Surg.Surg. 73 :422 , 1984. 

28.. Sommerlad, B, C , and Creasey, J. M. The stretched scar: a cl inical and histological study. Br 

. // Plast. Surg. 3 1 : 34, 1978. 

29.. El l iot , D., and Mahaffey, P. J. The stretched scar: the benefit o f prolonged dermal support. Br 

J.J. Plast. Surg. 42: 74, 1989. 

30.. Chantarasak, N. D., and Mi lner, R. H. A comparison o f scar quality in wounds closed under 

tensionn wi th PGA (Dexon) and Polydioxanone (PDS). Br. J. Plast. Surg. 42: 687, 1989. 

126 6 


