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Abstract: Existing skin stretchers merely allow the skin expansion in the opposite directions. This study was de-
signed to present and evaluate a modified skin stretcher (the universal skin stretcher) that enabled the skin expan-
sion in any direction in a controlled way. Four types of the universal skin stretcher were assembled and employed on 
the wound of a bama pig at the suction pressure of -20 KPa. The stability of the device was assessed on a piece of 
wounded pig kin at different suction pressures (-20 KPa, -25 KPa, -30 KPa, -35 KPa, and -40 KPa respectively). The 
primary outcome measures: the weight it withstands in the horizontal direction (Wh) and the vertical direction (Wv). 
It was observed that any part of the universal skin stretcher can be cut and assembled into different sizes easily. 
At the suction pressure of -20 KPa, all four types of the universal skin stretcher can be installed on anywhere of the 
wounds by negative pressure. Both the Wh and Wv increased with either the suction pressures or sizes of the univer-
sal skin stretcher. The results show that the universal skin stretcher can be used easily and withstand satisfactory 
weight that is deemed to be relatively safe for skin expansion. 
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Introduction

Large wounds pose many challenges to the 
reconstructive and orthopedic surgeon. These 
injuries are often contaminated and, are asso-
ciated with bones and tendons exposure. 
Conventional methods such as wide undermin-
ing, split thickness skin grafting, artificial der-
mal template, local, distant or free flaps are 
now frequently used [1]. Numerous undesirable 
aspects of these tissue coverage techniques 
exist, including the technically more demand-
ing, requirement for repeated application, graft 
failure, etc [2, 3]. Negative Pressure Wound 
Therapy (NPWT) has been widely used in many 
surgical fields [4-9]. The standard NPWT con-
sists of a piece of foam, a large transparent 
plastic adhesive film, and an evacuation tube 
with side ports. When used, it appears that the 
device is fixed on the skin by negative pressure 
rather than the adhesive film itself.

First described in the 1970s by Barrer S [10], 
skin stretchers have also been used in more 
and more surgical fields because of ease of 
use, and the safety. Remarkable and unexpect-

ed outcomes of skin stretchers have been 
reported by surgeons of general surgery [11], 
plastic surgery [12], orthopedic surgery [13], 
burn surgery [14], etc. Compared with the inter-
nal skin expansion, it has been regarded as a 
kind of “sure closure”. Skin stretchers are 
designed according to the principle of visco-
elastic properties of skin, known as mechanical 
creep and stress relaxation, which have been 
well described. The mechanical creep is origi-
nally defined as “skin that is stretched by a con-
stant force will elongate beyond normal state 
within a short time”, similarly, the stress relax-
ation was originally defined as “skin that is 
stretched to a constant distance will elongate 
with time and lead to a decrease in the tension 
across it” [15, 16]. It is also reported that the 
stretching force of no more than 30 N on the 
skin margins is relatively safe [17, 18]. However, 
using existing skin stretchers, the wound mar-
gins are unable to be stretched to any direction 
in a controlled way. It appears that this limita-
tion might be well overcome through installing a 
fix point that withstands no more than 30 N on 
anywhere of the wounds itself. 
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Based on these observations and inspired by a 
wheel, we hypothesized that we might design a 
modified skin stretcher that could be installed 
on anywhere of the wounds by negative pres-
sure, and hence realize the skin expansion to 

any direction in a controlled way. This study was 
designed: 1) to introduce this modified skin 
stretcher. 2) to determine whether it can be 
used easily. If it was, whether it can with stand 
certain weight. 3) to establish a hypothesis for 

Figure 1. The structure and application of the universal skin stretcher. The universal skin stretcher consists of a 
piece of sponge, a long balloon, several nylon sewing threads and hooks, a cover plate with one set of built-in evacu-
ation tube and a ring (A). When used, the sponge is placed on anywhere of the wound bed. The long balloon filled 
with water is sealed and linked end-to-end by adhesive film according to the size of the sponge, and then placed 
around the sponge. The cover plate is cut according to the shape of the sponge and then placed over both the 
sponge and the balloon. The evacuation tube is connected to an electric suction apparatus. Application of negative 
pressure causes the universal skin stretcher to be fixed on the wound bed. The wound margins are hooked and 
stretched towards the center of the wound bed by nylon sewing threads and hooks (B, C). 
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large wound closure based on this modified 
skin stretcher.

Materials and methods

Structure of the universal skin stretcher

The universal skin stretcher consists of a piece 
of circular sponge (Weida Sponge Products Co., 
Ltd. Guangdong, China), a long balloon (Dong- 
guan Brother Balloon Co., Ltd. Guangdong, Ch- 
ina), several nylon sewing threads and hooks, 
and a cover plate (Shenzhen Quanda Plastic 
Co., Ltd. Guangdong, China). The cover plate 
has a built-in evacuation tube (Suzhou Xida 
Medical Equipment Co., Ltd. Jiangsu, China) 
and a ring fixed in its wall, which allows several 
nylon sewing threads to be fixed on it to stretch 

the wound margin by hooks, and a connection 
to a negative pressure device (Figure 1A).

Application of the device on the skin wound of 
a pig 

Firstly, one young, healthy bama pig (appropri-
ately 50 kg), before administering euthanasia 
in another experiment, was used in this study. 
The experimental procedures were performed 
in accordance with the National Institutes of 
Health Guide for the Care and Use of Laboratory 
Animals with the approval of the Scientific 
Investigation Board of Shanghai Jiao Tong 
University School of Medicine, Shanghai, China. 
All animal procedures were performed by vet-
erinary services personnel as previously des- 
cribed by Yuan [19] with some modifications. In 

Figure 2. The measurement and values of the weight the device withstand in the horizontal/vertical direction (Wh/
Wv). Firstly, the device is fixed on the wounded skin by the negative pressure. Secondly, a rope tied to a plastic bag 
is located in the base bottom of the evacuation tube. Thirdly, the plastic bag is filled with water consistently and 
controllably until the device is removed from the wounded skin. Lastly, the weight of the plastic bag is weighed by a 
hanging spring scale (A, C). Either the Wv or the Wh increase with the suction pressures or the size of sponge (B, D).
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brief, general anesthesia was initiated through 
intramuscular injection of pentobarbital sodi-
um (20 mg/ml, 0.833 mL/kg, Westang Bio- 
technology Inc., Shanghai, China) and followed 
by intravenous propofol (4 mg/kg/h, Fresenius 
Kabi Deutschland GmbH. Germany). After clip-
ping the hair on the right dorsum, we created a 
square wound about 75 cm on a side with a 
standard roller dermatome (Medical Instru- 
ments Corp. Ltd., Shanghai, China).

Secondly, as shown in Figure 1B, 1C, the 
sponge was cut into a circle and placed on any-
where of the wound bed. The long balloon filled 
with water was sealed and linked end-to-end by 
adhesive film (Smith & Nephew Medical, Hull, 
UK) according to the size of the sponge, and 
then placed around the sponge. The cover plate 
was cut according to the shape of the sponge 
and then placed over both the sponge and the 
balloon. The evacuation tube was connected to 
an electric suction apparatus 7A-23D (Yuyue 
Medical Equipment & Supply Co., LTD. Jiangsu, 
China). Application of negative pressure of -20 
KPa caused the universal skin stretcher to be 
fixed on the wound bed. 

Thirdly, the wound margin was hooked and 
stretched towards the center of the wound bed 
by nylon sewing threads and hooks. The stretch-
ing force was timely adjusted according to the 
color and tension of the skin. During the con-
tinuous stretching time, the exposed wound 
bed was covered with clean dry gauze. 

The measurement of the weight the device 
withstand in the horizontal/vertical direction 
(Wh/Wv)

Four types of the universal skin stretcher with 
different sizes of sponge( with a diameter of 4.0 
cm, 5.0 cm, 6.0 cm, and 7.0 cm respectively) 
were fixed on the wounded pig skin that was 
fixed on a flat board at different suction pres-
sures (-20 KPa, -25 KPa, -30 KPa, -35 KPa, and 
-40 KPa respectively). The primary outcome 
measures: the weight it withstands in the hori-
zontal direction (Wh) and the vertical direction 
(Wv). The measurement methods were as fol-
lows (Figure 2A, 2C): Firstly, the device was 
fixed on the wounded skin by the negative pres-
sure. Secondly, a rope tied to a plastic bag was 
located in the base bottom of the evacuation 
tube. Thirdly, the plastic bag was filled with 
water consistently and controllably until the 

device was removed from the wounded skin. 
Lastly, the weight of the plastic bag was 
weighed by a hanging spring scale (Yongkang 
Huihuang Hardware Factory, Zhejiang, China). 
The change of the Wh and Wv were recorded at 
different suction pressures. This part of the 
experiment was repeated three times.

Results

Any part of the universal skin stretcher can be 
cut and assembled into different sizes easily. 
During the study period, no obvious bleeding of 
the wound caused by pain were observed. 
Morykwas et al [20]. showed that the greatest 
increase in wound edge blood flow occurred at 
-125 mmHg (approximately -16.6 KPa), which 
was the pressure selected for further studies 
and is now the pressure of choice in clinical 
practice. For a better simulation of the clinic, all 
four types of the device were fixed on anywhere 
of the wounded pig skin at the suction pres-
sures of -20 KPa. It was observed that all the 
universal skin stretchers can be fixed without 
any difficulty. The mean time from assembling 
the device to finishing skin expansion was no 
more than 15 min. 

Caruso [17] and Hirshowitz [18] reported that 
the stretching force of no more than 30 Newton 
on the skin margins was relatively safe. To 
determine the exact weight the universal skin 
stretcher can withstand and determine the 
appropriate size of the device, we measured 
the Wh of four universal skin stretchers with dif-
ferent sizes of sponge(with a diameter of 4.0 
cm, 5.0 cm, 6.0 cm, and 7.0 cm respectively). It 
was observed that the Wh increased with either 
the suction pressures or the size of sponge. 
The biggest device in this study can even with-
stand more than 3.0 kg. To further test the sta-
bility of the universal skin stretcher, we also 
measured the Wv, which showed the similar 
tendency with Wh. At the suction pressures of 
-20 KPa, the biggest device withstood more 
than 2.0 kg and exhibited more stability than 
the others (Figure 2B, 2D).

Discussion

A number of studies have confirmed that exter-
nal expansion is a simple and reliable method 
for wound closure. Many types of skin stretch-
ers have been well described in the literature 
for the closure of various wounds [13-16]. The 
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advantages of wound closure by skin stretch-
ers are manifold. Firstly, its use avoids the 
need for flap coverage. Secondly, the stretched 
skin is similar to the adjoining skin in color and 
hair-bearing properties. Last but not least, its 
use results in a functional outcome possibly 
better than skin grafts or local flaps [21]. Based 
on our clinical experience, we here introduce 
this modified skin stretcher inspired by a wheel 
that designed for large wound closure. Gener- 
ally, our hypothesis is congruent with our find-
ings. Firstly, this device can be assembled and 
applied on anywhere of the wound within a 
short time. Either in the vertical or horizontal 
direction, the device can with stand satisfacto-
ry weight that is deemed to be relatively safe 
for skin expansion. The sealing principle of the 
device is summarized to this: The balloon filled 
with water is so easy to be shaped that it is 
easy to achieve a firm but non-adhesive attach-
ment of the long balloon to both the cover plate 
and the pig skin as soon as the suction pres-
sure is applied. Mainly because of the difficulty 
to fix the pig in an ethical way and the ethical 
restriction of clinical trial, we have not yet 
explored the durability of the device, the time 
for wound closure, the possibility of contamina-
tion, and the pain degree of patients.

Large wounds, in which direct closure by skin 
apposition is not possible, are frequently 
encountered in clinical practice. There have 
been many reports on the remarkable and 
unexpected outcomes of NPWT as a skin grafts 
bolster [4-9]. In brief, wounds are immediately 
covered with various skin grafts and/or artifi-
cial skin. Then the sponge of the NPWT is 
directly placed onto the implants and continu-
ous subatmospheric pressure is applied. It has 
been reported that topical negative pressure 
increases quantity and quality of split skin graft 
take compared to traditional bolster dressings 
[9]. Based on these observations and the uni-
versal skin stretcher, we propose a hypothesis 
for large wound closure, which can be summa-
rized to this: Firstly, the wound beneath the 
sponge is treated with skin grafts. Secondly, 
the skin grafts are covered by the universal 
skin stretcher, by which the wound margins are 
stretched. During the continuous stretching 
time, the stretching force is timely adjusted 
according to the color and tension of the skin. 
In the end, the wound is covered by the expand-
ed skin and the skin grafts. Although we now 

are unable to determine whether it really works 
or not, it might offer a new perspective for large 
wound closure.

Conclusions

In conclusion, we identify a technical challenge 
of the existing skin stretchers and propose a 
possible solution. Our data show that the modi-
fied skin stretcher can be installed on anywhere 
of the wounds by negative pressure, and hence 
realize the skin expansion to any direction in a 
controlled way. It is also observed that the mod-
ified skin stretcher can be used easily and with-
stand satisfactory weight that is deemed to be 
relatively safe for skin expansion. Based on this 
modified skin stretcher and existing reports on 
NPWT, we propose a hypothesis for large wound 
closure. Although we now are unable to deter-
mine whether it really works or not, it might 
shed light on large wound closure.

Acknowledgements

This study was supported by China National 
Nature Scientific Grants (No. 81071566, 81- 
000838), National Key Project for Fundamental 
Research and Development (973 Project) (No. 
2012CB518105), National Science & Techno- 
logy Pillar Program (No. 2012BAI11B00), Hea- 
lth industry scientific research special project 
(No. 201202002), Research and Innovation 
project of Shanghai Municipal Education Com- 
mission (Grant No. 14YZ040).

Disclosure of conflict of interest

Yanhai Zuo MMed. is the patentee of a patent 
for a universal skin stretcher applied in China in 
2014 (Application Number: 201420471917.5). 
Shuliang Lu ph.D. has nothing to declare.

Address correspondence to: Drs. Yanhai Zuo and 
Shuliang Lu, Shanghai Burns Institute, Rui Jin Ho- 
spital, Shanghai Jiao Tong University School of 
Medicine, 197 Rui Jin 2nd Road, Shanghai 200025, 
China. E-mail: zuoyanhai@sina.cn (YHZ); 1390173- 
8685@139.com (SLL)

References 

[1] Potter MBK, Freedman LBA and Shuler MS. 
Fasciotomy wound management and closure. 
Tech Orthop 2012; 27: 62-66.

[2] Woodard CR. Complications in facial flap sur-
gery. Facial Plast Surg Clin North Am 2013; 21: 
599-604.

mailto:zuoyanhai@sina.cn
mailto:13901738685@139.com
mailto:13901738685@139.com


A skin stretcher inspired by a wheel

16392 Int J Clin Exp Med 2016;9(8):16387-16392

[3] Srikanthan K, Viswanathan N and Yuen JC. 
Free-flap failure in thrombophilia: case report 
and systematic review of the literature. Ann 
Plast Surg 2013; 71: 675-81.

[4] Waltzman JT and Bell DE. Vacuum-assisted 
closure device as a split-thickness skin graft 
bolster in the burn population. J Burn Care Res 
2014; 35: e338-42.

[5] Djedovic G, Kronberger P, Pierer G and Rieger 
UM. Technical note on vacuum assisted clo-
sure-basket fixation of scrotal skin grafts. Arch 
Plast Surg 2013; 40: 641-2.

[6] Milcheski DA, Chang AA, Lobato RC, Nakamoto 
HA, Tuma P Jr and Ferreira MC. Coverage of 
Deep Cutaneous Wounds Using Dermal Tem-
plate in Combination with Negative-pressure 
Therapy and Subsequent Skin Graft. Plast Re-
constr Surg Glob Open 2014; 2: e170.

[7] Stiefel D, Schiestl CM and Meuli M. The posi-
tive effect of negative pressure: vacuum-as-
sisted fixation of Integra artificial skin for re-
constructive surgery. J Pediatr Surg 2009; 44: 
575-80. 

[8] Chang KP, Tsai CC, Lin TM, Lai CS and Lin SD. 
An alternative dressing for skin graft immobili-
zation: negative pressure dressing. Burns 
2001; 27: 839-42.

[9] Azzopardi EA, Boyce DE, Dickson WA, Azzopar-
di E, Laing JH, Whitaker IS and Shokrollahi K. 
Application of topical negative pressure (vacu-
um-assisted closure) to split-thickness skin 
grafts: a structured evidence-based review. 
Ann Plast Surg 2013; 70: 23-9. 

[10] Barrer S, Pavlides CA and Matsumoto T. Ideal 
laparotomy closure: comparison of retention 
sutures with new retention bridging devices. 
Am Surg 1976; 42: 582-584

[11] Lasheen AE, Saad K and Raslan M. External 
tissue expansion in head and neck reconstruc-
tion. J Plast Reconstr Aesthet Surg 2009; 62: 
251-254.

[12] Barnea Y, Gur E, Amir A, Leshem D, Zaretski A, 
Miller E, Shafir R and Weiss J. Delayed primary 
closure of fasciotomy wounds with Wisebands, 
a skin- and soft tissue-stretch device. Injury 
2006; 37: 561-566.

[13] Formby P, Flint J, Gordon WT, Fleming M and 
Andersen RC. Use of a continuous external tis-
sue expander in the conversion of a type IIIB 
fracture to a type IIIA fracture. Orthopedics 
2013; 36: e249-51.

[14] Verhaegen PD, van Trier AJ, Jongen SJ, Vlig M, 
Nieuwenhuis MK, Middelkoop E and van Zui-
jlen PP. Efficacy of skin stretching for burn scar 
excision: a multicenter randomized controlled 
trial. Plast Reconstr Surg 2011; 127: 1958-66. 

[15] Wilhelmi BJ, Blackwell SJ, Mancoll JS and Phil-
lips LG. Creep vs stretch: a review of the visco-
elastic properties of skin. Ann Plast Surg 1998; 
41: 215-219.

[16] Saulis AS, Lautenschlager EP and Mustoe TA. 
Biomechanical and viscoelastic properties of 
skin, SMAS, and composite flaps as they per-
tain to rhytidectomy. Plast Reconstr Surg 
2002; 110: 590-598.

[17] Caruso DM, King TJ, Tsujimura RB, Weiland DE 
and Schiller WR. Primary closure of fasciotomy 
incisions with a skin-stretching device in pa-
tients with burn and trauma. J Burn Care Reha-
bil 1997; 18: 125.

[18] Hirshowitz B, Lidenbaum E and Harshai Y. A 
skin-stretching device for the harnessing of the 
viscoelastic properities of shin. Plast Reconstr 
Surg 1993; 92: 260. 

[19] Yuan B, Wang X, Wang Z, Wei J, Qing C and Lu 
S. Comparison of fibrogenesis caused by der-
mal and adipose tissue injury in an experimen-
tal model. Wound Repair Regen 2010; 18: 
202-10. 

[20] Morykwas MJ, Argenta LC, Shelton-Brown EI 
and McGuirt W. Vacuum-assisted closure: a 
new method for wound control and treatment: 
animal studies and basic foundation. Ann 
Plast Surg 1997; 38: 553-62.

[21] Samis AJ and Davidson JS. Skin-stretching de-
vice for intraoperative primary closure of radial 
forearm flap donor site. Plast Reconstr Surg 
2000; 105: 698-702.


