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Significance: Continuous external tissue expansion (CETE) is a versatile tool
in soft tissue injury management, and could be an addition to the traditional
reconstructive ladder.
Recent Advances: This critical review discusses the principles and application of
CETE, covering a company-sponsored consensus meeting on this emerging
technology and highlighting the DermaClose� (Synovis Micro Companies Alli-
ance, Inc., Birmingham, AL) device’s unique approach to soft tissue injury
management. There is clinical evidence to support the use of CETE in the
management of a number of wound types, including fasciotomy, trauma, am-
putation, and flap donor sites. The device can be applied to open wounds, po-
tentially avoiding the need for a skin graft or other more complex or invasive
reconstruction options. DermaClose applies constant tension without restricting
blood flow and does not require repeated tightening.
Critical Issues: CETE is becoming more widely used by surgeons of different
specialties, and numerous reports describing its efficacy and safety in wound
management have been published. Surgeons using CETE must follow the correct
technique and select patients carefully to achieve optimal outcomes. However,
there is no single source of information or consensus recommendations regarding
CETE application.
Future Directions: Prospective evidence on the efficacy and safety of CETE in
clinical practice is required to communicate the best techniques and share im-
portant experiences. This will help to solidify its place in the reconstructive
ladder as a valuable additional option for surgeons.

Keywords: continuous external tissue expansion, tissue expansion, complex
wound, traumatic wound, fasciotomy, delayed primary closure

Brendan J. MacKay, MD

Submitted for publication October 14, 2019.

Accepted in revised form January 12, 2020.

*Correspondence: Division of Hand Surgery,

Department of Orthopaedic Surgery, Texas Tech

University Health Sciences Center 808 Joliet

Avenue, Suite 210, Lubbock, TX 79415

(e-mail: brendan.j.mackay@ttuhsc.edu).

ª Brendan J. MacKay, et al., 2020; Published by Mary Ann Liebert, Inc. This Open Access article is
distributed under the terms of the Creative Commons License (http://creativecommons.org/licenses/by/
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

j 525ADVANCES IN WOUND CARE, VOLUME 9, NUMBER 9
2020 by Mary Ann Liebert, Inc. DOI: 10.1089/wound.2019.1112

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0


SCOPE AND SIGNIFICANCE
This company-sponsored critical review dis-

cusses the role of a continuous external tissue ex-
pansion (CETE) device (DermaClose�; Synovis
Micro Company Alliance Inc. [a subsidiary of
Baxter International, Inc., Deerfield, IL]) in soft
tissue injury management. Clinical evidence in
various reconstruction settings and the authors’
recommendations for optimal CETE application
are presented.

TRANSLATIONAL RELEVANCE

CETE capitalizes on the viscoelastic properties
of the skin. It allows surgeons to achieve primary
closure in a range of wound types that are not
primarily closable, avoiding the need for more
complex procedures.

CLINICAL RELEVANCE

Although CETE is becoming more widely used
by surgeons from different specialties, information
and recommendations regarding its use are lim-
ited. Using the correct technique results in fewer
complications and improved outcomes for patients.
Given the paucity of published data, this critical
review may serve as a meta-analysis for CETE as it
details methods for CETE application, clinical ev-
idence for its use in a number of settings, and the
authors’ recommendations, specifically related to
DermaClose, based on their clinical experience.

BACKGROUND

The hierarchy of surgical techniques tradition-
ally used by reconstructive surgeons is depicted in
the ‘‘reconstructive ladder’’ (Fig. 1).1 Surgical de-
velopments, like CETE, may provide opportunities
to add new rungs to the traditional reconstructive
ladder. Furthermore, the simplicity of these de-
vices makes them accessible to subspecialties out-
side plastic surgery.

CETE uses the viscoelastic properties of the
skin. Mechanical strain induces cellular prolifera-
tion, leading to an increase in tissue surface area
through generation of new tissue.2 Although the
exact mechanism by which mechanical strain in-
duces proliferation of new tissue is still being elu-
cidated, several factors have been linked to stress
and/or mechanical strain2 (Table 1).

The majority of data on expanded skin is drawn
from porcine models because of their similarity to

Figure 1. The reconstructive ladder.1 Traditional reconstructive tech-
niques are arranged with increasing complexity higher up the ladder. CETE
could be positioned below split thickness graft. Reproduced from ABC of
wound healing: Reconstructive surgery,1 with permission from BMJ Pub-
lishing Group Ltd. CETE, continuous external tissue expansion.

Table 1. Mechanisms by which mechanical strain may affect
cell proliferation in wound healing

Biochemical pathways

Multiple biochemical pathways are involved in the proliferation of new tissue. For
example, chemical agents inhibiting cellular attachment to the ECM have been
shown to cause tissue expansion, indicating that extracellular forces have a role
in inducing cell growth. This discovery led researchers the discovery that
mechanical strain affects signaling pathways in the proliferation cascade.
Normal cell growth and cell proliferation are governed by many of the same
growth factors including EGF, basic fibroblast growth factor, platelet-derived
growth factor, and angiotensin II. Unsurprisingly, mechanical strain has been
shown to stimulate increased expression of these growth factors and/or elevate
sensitivity to their effects3

ECM
The ECM also plays an essential role in inducing cell proliferation needed to heal

wounds. Mechanical strain has been shown to trigger signaling cascades by
altering the ECM. Elevated collagen production increases phospholipase C
activity, Ca++ mobilization, and inositol phosphate formation, all of which play
an integral role in delivering signals that stimulate cell growth. Integrins found
in the ECM cluster around growth-stimulating factors, resulting in cell mitosis.
Morphologic changes in actin filaments modulate protein kinases, second
messengers, and nuclear proteins. Actin filament bundles also interact with
adjacent cells through cadherins, which may allow microfilaments to exchange
signals under stress conditions3

Ion channels
Ion channels may also play an important role in wound healing. Influx of Ca++ ions

stimulate K+ (feedback monitors) to prevent excess contraction and maintain
membrane potentials. EGF is thought to be linked to the movement of K+ ions,
and thus may be the mechanism by which ion channels affect cell proliferation3

Protein kinases
Protein kinases, particularly protein kinase C, are known to be involved in signal

transduction pathways that stimulate tissue growth. These and other protein
kinases such as phospholipase C and diacylglycerol are thought to interact with
extracellular components to stimulate cell proliferation under stress conditions3

Protein synthesis
Typically, protein synthesis is inversely proportional to cAMP concentration, as

cAMP is consumed in the process of making new proteins. When tissue is under
stress, however, prostaglandin E2 has been shown to function as a substitute for
cAMP3

cAMP, cyclic adenosine monophosphate; ECM, extracellular matrix; EGF,
epidermal growth factor.
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human skin. One study evaluated expanded pig
skin 10 days after removal of inflated silicone tis-
sue expanders. Knight et al. reported a 47% in-
crease in surface area, 9% reduction in thickness,
and 9.3% increase in collagen content of the der-
mis. Tensile strain is thought to stimulate fibro-
blasts to increase collagen production.3

Two porcine studies evaluated the effects of an
external negative pressure expander, and found
that the area of expanded skin under negative
pressure thickened. Histological staining sug-
gested increased cell proliferation. Expanded tis-

sue also showed increased blood vessel density,
layered smooth muscle cells, and levels of growth
factors involved in the angiogenic cascade.4,5

In 1984, Radovan described tissue expansion
by subcutaneous implantation of silicone enve-
lopes.6 This technique has been used in numer-
ous settings with success rates up to 96.7%6–9

(Table 2).
External skin expanders can be used on prob-

lematic wounds not amenable to direct closure.
Method of expansion, advantages, and disadvan-
tages for different devices are given in Table 2.

Table 2. Advantages and disadvantages of various tissue expansion devices

Internal Tissue
Expansion Device Method Advantages Disadvantages

Silicone envelope Silicone envelope is implanted, and saline is progressively
injected into the implant to expand overlying tissue

Ability to match flaps to the recipient
site.
Avoids more complex distant and/or
free tissue transfer flaps. Maintain
localized sensation

Invasive implant. Relatively high
complication rates

External Tissue
Expansion Device Method Advantagesa Disadvantages

External Tissue
Extender

1 cm wide polyamide straps inserted through the skin and
attached to silicone holding bars. Strips have a stopper on
one end and one-way locking device at the other

Simple, easy to apply and adjust Frequent breakage and necrosis of skin
bridges. Requires a crude estimation
of the force skin can sustain without
damage.
Needs repeated manual tightening

SureClosure� Stainless steel needles threaded through wound edges. Two
U-shaped polycarbonate arms hook onto the needles on
each side of the wound. U-shaped arms are secured on
threaded polycarbonate bars running across the wound.
Screw heads on one end the threaded bars are turned to
tighten, and a ruler runs across the wound to measure
progress

Does not undermine skin at wound
edges. Simple and easy to apply

Requires a crude estimation of the force
skin can sustain without damage.
Needs repeated manual tightening

TopClosure� Shape-adaptive attachment plates are glued to skin, with
holes for optional invasive attachment. A ratchet strap
runs through the attachment plates, one of which has a
lock/release mechanism

Can be applied noninvasively.
Useful in treating longstanding open
wounds

Requires a crude estimation of the force
skin can sustain without damage.
Needs repeated manual tightening

DynaClose� Multiple strips of elastomer with adhesive fabric tape on
either side are applied across the wound. These apply
continuous tension to tissue at wound edges

Acts dynamically, moving as skin is
stretched, applying a constant, cyclic
stretching force.
Useful in treating longstanding open
wounds

Strips must be regularly changed to
maintain continuous traction until the
wound is closed

ABRA� Elastomer bands are inserted through the skin and secured
with contoured anchors on either side of the wound.
Elastomers are adjusted (using marks on the bands for
reference) to 1.5 times their untensioned length

Bands are marked to indicate
appropriate tension.
Acts dynamically, moving as skin is
stretched, applying a constant, cyclic
stretching force.
Useful in treating long-standing open
wounds

Requires undermining of wound edges.
While bands are marked, visual
approximation is still used to
determine appropriate tension.
Needs repeated manual adjustment

DermaClose� Anchors are placed 0.5–1 cm from wound edges and secured
to skin with staples. A nonelastic tension line originating
from the tension controller knob is looped through the
anchors in an X-pattern (Fig. 3). The tension controller knob
is then turned clockwise until the constant force spring
engages the clutch mechanism, preventing overtightening.
Constant force is maintained through the spool as the
wound is closed

Simple and easy to apply. Maintains
exact maximum tension that does not
cause skin necrosis or damage.
Constant tension is maintained
without the need for repeated
adjustment.
Useful in treating longstanding open
wounds

Requires undermining of wound edges

aAll external tissue expanders offer the advantages of the internal expansion device in addition to those listed.
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Figure 2. (A) Components of the CETE device, including skin anchoring pleats, a tension controller containing a tension line to be placed under a consistent
strain or force, and bridge tubing. (B) When the DermaClose tension controller knob is turned clockwise, the constant force spring coils up until a clutch
mechanism engages that prevents the pulling force from exceeding 11.7 N (1.2 kg). The constant force spring maintains its force to the spool of tension
controller line as the wound edges are gradually approximated.

Figure 3. Correct method for application of CETE device.10 One controller and six skin anchors should be used per 10 cm wound length. Additional anchors and
controllers may be used for larger wounds. (A) Before applying the device, undermine or elevate the skin wound margins and close as much of the wound as possible.
(B) Place skin anchors 0.5–1 cm from the wound edge, and *2–3 cm apart. (C) Secure the skin anchors with two standard wide skin staples (6–7 mm). (D) Place a
barrier dressing on the wound bed and under the wound margins. Xeroform� (petrolatum impregnated gauze), DuoDERM, or other barrier dressings may be placed on
the wound bed and under the wound margins before attaching the tension controller line to the skin anchors. Place the tension controller at the widest part of the
wound and thread the tension line through the skin anchors in a shoelace pattern. The tension controller can be loosely secured to the skin with either sutures or tape.
Placing a protective barrier (e.g., DuoDERM) under the controller is recommended to minimize chances of skin blistering, compression, and ulceration. Gauze should
not be placed under the tension controller as this can cause blistering. The wound may be dressed as required. (E) Turn the blue dial on the controller clockwise until a
click is heard, then lock the controller by pressing the button. When the tension is set and the controller locked, no additional tightening is required.
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Some methods (rubber bands and skin staples;
DynaClose�; TopClosure�) use bands or strips at-
tached to the skin around the defect, exerting
pressure to draw the wound edges together.11–13

In 1993, Blomqvist and Steenfos described a
device using subcutaneous straps placed under
a skin defect, connected with holding bars and a
locking device.14 The historical SureClosure�

device included a tension indicator for precise
pressure application.15 The ABRA� Surgical de-
vice, comprising anchors connected across a wound
with elastomers, adopts a similar method of man-
ual tension setting.16 All these methods require
repeated adjustment and/or replacement (Table 2).

More recently, a CETE device that maintains
tension at 11.7 N (1.2 kg), a tension that does not
cause skin necrosis or damage, has been developed
(Fig. 2).17 No manual tightening is required.18–21

The device can be applied to open wounds, poten-
tially avoiding more complex or invasive recon-
struction options.22

DISCUSSION
Method

The authors were selected for their experience
with CETE. A company-sponsored consensus
group was formed, and a literature search was

performed in PubMed to identify publications
concerning tissue expansion and CETE.

Correct technique for continuous external
tissue expansion

CETE is indicated for assisting with closure of
moderate to large surgical or traumatic acute full-
thickness wounds of the skin by approximating
and reducing the size of the wound. Relative con-
traindications are ischemic, infected, or excessively
fragile tissue.17 Caution should be exercised in pa-
tients who are immunocompromised, currently
taking steroids, or have concomitant conditions af-
fecting tissue quality. See Figs. 3–5 for the correct
application method.17

Negative-pressure wound therapy (NPWT) can
be used in conjunction with CETE (Fig. 5); NPWT
foam should be cut 50% smaller than the wound,
and nonadherent dressing (petroleum gauze or
similar material) placed over skin anchors and
tension line. The foam can be placed underneath or
over the tension line, or both. It is important that
the line can continue to tighten.

Some wounds may benefit from rest periods
and changing anchor locations after a couple of
days. If the CETE device is left on for a long pe-
riod, the wound should be irrigated to maintain
moisture.

Figure 4. Six anchor lacing technique23: (A) Grasp the tension line with both hands near the front of the tension controller, and form the letter V by going
around the tabs of anchors nos. 1 and 3. (B) With the next movement, form the letter M by looping the tension line around tabs nos. 4 and 6. (C) Guide the line
over anchor tab no. 2 opposite the tension controller, holding the tension line with one hand to complete the letter W. Gently pull back on the tension controller
to remove any slack in the line. Turn the blue control knob clockwise until clicking is heard (approximately 22 half rotations). (D) To pull out tension line, press
down on the tension controller knob or turn the knob counter-clockwise while pressing down on the knob. (E) Take caution to prevent loops/eyelets from
forming in the tension line.
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General surgery

Abdomen

Considerations. The causes, features, and opti-
mal management of abdominal wounds are diverse,
and as a result there is no gold standard for treat-
ment.24 Tissue expansion can be useful in managing
abdominal wounds, allowing for delayed primary
closure and recruitment of skin with increased vas-
cularity.24 Complications associated with certain
tissue expansion techniques in abdominal wounds
include infection, evisceration, and hematoma.24

Clinical evidence. One of the expert contribu-
tors used DermaClose to assist in closure of 64 open
abdominal wounds. Complete closure was obtained
within 6–8 days, and there were no complications
secondary to the device.

There is one publicly available case report
describing a 60-year-old woman with spontane-
ous bacterial peritonitis, after a history of met-
astatic abdominal carcinoid.25 The abdomen was
opened secondary to exploratory laparotomy,
resulting in a 14 · 6 cm wound. DermaClose was
applied and the incision healed without incident
after 8 days.

A retrospective case series described using the
Canica ABRA dynamic wound closure system for

abdominal wounds in 23 patients.26 Fourteen pa-
tients achieved delayed primary closure. Average
duration of system application was 40 days.

Consensus recommendations. In abdominal
wounds, place a couple of stitches from the skin
through the fascia to secure the skin anchors to the
CETE device, instead of skin staples, as this assists
with fascia expansion. The NPWT should be placed
with the foam under the tension line.

Fasciotomy

Considerations. Acute compartment syndrome
places the skin and the underlying tissues under
significant pressure. Once pressure is surgically
released, tissue may need time to recover before
tension is applied. Timing is crucial, as tight skin
closure could lead to further ischemia and necro-
sis.27 Edema may also prevent primary closure.
The resulting wounds may be closed by secondary
intention, delayed primary closure, split-thickness
skin graft, or tissue transfer/flap.27 Although skin
grafting remains a mainstay in many practices, the
associated secondary contraction can cause painful
tethered scars, decreased range of motion of the
underlying muscle, and sensitivity to pressure or
touch (Fig. 5).

When indicated, techniques that facilitate delayed
primary closure are preferred. Delayed primary clo-
sure is associated with better cosmetic appearance,
less scarring, and improved motion of underlying
muscles. It can achieve adequate soft tissue coverage
over sensitive structures such as sensory nerves, and
provides superior functional and clinical outcomes
compared with skin grafting or more invasive tech-
niques. Earlier closure may also save time and re-
sources. This can be achieved through CETE in
combination with NPWT, which helps reduce the
underlying tissue edema.27 Clinicians have two op-
tions for CETE application: (1) Apply at the time of
initial fasciotomy and leave untightened until skin
has recovered. (2) Wash out the wound, place a vac-
uum dressing, and wait to place the device until a
second look in the OR. Figure 6 shows postfasciotomy
application of DermaClose.

Clinical evidence. Literature on the use of the
CETE with fasciotomy wounds is limited. One case
report describes a complicated fasciotomy after a
gunshot wound to the left lower extremity.28 On
postoperative day 7, primary skin closure of the lat-
eral wound was performed and 2 DermaClose devices
were placed on the medial wound. Final closure was
successfully performed 8 days after DermaClose ap-
plication, with minimal undermining and tension.

Figure 5. (A) The 46-year-old man with previous fasciotomy initially closed
with split-thickness skin grafting 5 years postclosure, presented for options to
address painful, tethered skin grafts. The skin graft was excised and the CETE
device was placed. Image shows immediate postoperative appearance of CETE
in combination with NPWT. (B) Wound after tissue expansion and delayed
closure. Image courtesy of I.L.V. NPWT, negative-pressure wound therapy.
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One review described favorable experience using
CETE with concurrent vacuum-assisted closure
(VAC) therapy to manage fasciotomy.27

Consensus recommendations. As mentioned
previously, clinicians have two options for CETE
application in delayed primary closure. One au-
thor’s practice is to perform the fasciotomies, then
apply a VAC dressing. As some cases may need
further debridement, the cleats are usually at-
tached only when the wound is ready for closure.

Use NPWT alone or in combination with CETE to
facilitate edema and swelling reduction before clo-
sure. Nonadherent gauze can be used beneath the
VAC foam.

CETE can be used before definitive closure to bring
wound edges closer; it may then negate the need for a
skin graft or reduce the size of graft needed.

Postsurgical wounds

Considerations. Postsurgical wounds vary
enormously in size, complexity, and setting; each
has specific considerations. Skin grafts may not be
viable to achieve closure, or the resulting donor site
wounds may be undesirable. In revision surgery,
surgical site tissue may be of poor quality.

Delayed closure after surgery can help control
tissue edema and avoid the need for secondary
procedures.

Clinical evidence. A case report described ap-
plication of CETE to manage sternal wound de-

hiscence.29 A 58-year-old woman with several
comorbidities experienced postoperative sternal
wound infection after median sternotomy for aortic
valve replacement. After 4 days of wound VAC,
skin and subcutaneous fat were undermined and
DermaClose was applied for 7 days. A soft foam
dressing was placed underneath the device to pro-
tect underlying skin, but some blistering on the
breasts occurred; this healed fully with local wound
care. The wound was completely healed by the 5-
month follow-up. The report noted benefits of
CETE over NPWT including shortened time to
definitive closure, reduction in costs, fewer dress-
ing changes, and shortened hospital stay.

Use of DermaClose after Mohs micrographic
surgery for removal of malignant proliferating tri-
chilemmal tumor has been described.21 The Mohs
procedure resulted in a 6.3 · 5.6 cm, which was then
reduced to 1.5–1.0 cm after application of the device.

Consensus recommendations. For different
wounds, the CETE device may be placed in a different
position, or used as an adjunct with VAC, rotational
flaps, or dermal substitutes. Multiple devices may be
placed in different vectors. The optimal technique
depends on the final goal of wound management.

CETE may be considered in complex postsurgi-
cal wounds with potentially mobile skin that may
be amenable to closure without flap coverage.

In revision surgery, CETE may be used to off-
load tension on the primary repair to prevent de-
hiscence (Fig. 7).

Figure 6. Postfasciotomy application of Dermaclose. (A) Wound postfasciotomy. (B) Day 3 postapplication of the CETE device, with Xeroform� covering the
exposed muscle. (C) Postoperative day 7, before closure. (D) Closure of both wounds. (E) Well-healed incision at 3-month follow-up. Photographs courtesy of A.N.D.
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Foot and ankle

Total ankle arthroplasty

Considerations. Total ankle arthroplasty
(TAA) through the anterior approach is associated
with wound-healing complication rates up to
28%.20,30 These can lead to infection and even
amputation.20 Using CETE could support optimal
wound closure by off-loading pressure.20

Clinical evidence. A series of 35 TAA closures
augmented with DermaClose reported decreased
wound-related complications compared with stan-
dard skin closure.20 The authors reported faster
healing, less swelling, and improved final wound
appearance with CETE versus without.

Consensus recommendations. In TAA, the
CETE device can be applied after primary closure
to off-load pressure from the incision.20 The tension
controller should be rotated until sufficient force is
applied to take tension off the suture line; it should
not be fully tightened.

The CETE device can be used alone or in con-
junction with incisional VAC.

Diabetic foot wounds

Considerations. Diabetes mellitus affects bone
and soft tissue healing, potentially resulting in
wound complications and impaired healing.31 Pa-
tients with diabetes are at risk of developing diabetic
foot ulcers, which may necessitate amputation,32,33

and have a high risk of postoperative flap failure.34

In large wounds, standard primary closure may not
be an option, and second intention healing may take
weeks or months.19

Clinical evidence. A report described two cases
using a CETE device to treat chronic foot wounds in
patients with diabetes mellitus.19 In the first, Der-
maClose was used to close a 3-year wound resulting
from a hallux and second digital amputation in a
59-year-old man. The wound closed completely after
*3 months; concomitant immunosuppressive medi-
cation may have contributed to long closure time.
The second patient, a 42-year-old man, underwent
partial metatarsal resection and digital amputation
after an infection. Several wound care treatments
were attempted, but the wound failed to close after
several months, leaving a large granulating defect.
Final wound closure was achieved a few days after
application of DermaClose.

A case report using Proxiderm� (Progressive
Surgical Products, Westbury, NY) noted that
CETE in diabetic patients could prevent major
amputations.33 A patient with gangrene and am-
putation of the big toe developed necrotizing fas-
ciitis; an above-the-knee amputation was
recommended but declined. After CETE, combined
with intensive wound care, the wound healed suc-
cessfully and amputation was avoided.

As detailed in the Head and Neck, Including
Scalp section, a prospective case series included
seven cases using DermaClose for scalp wounds.35

Primary closure was achieved in five of seven pa-
tients. One patient with poorly controlled diabetes,
who previously underwent external beam radia-
tion, experienced partial skin loss and required
bilateral advancement rotational flaps.

Consensus recommendations. Selecting pa-
tients with good vascularity at the wound site is

Figure 7. Use of the CETE device to off-load tension at time of primary closure. The patient had undergone several previous knee revisions with wound-
healing difficulties. (A) Patient’s knee prior to surgery involving application of CETE. (B) At this surgery, tension of the wound closure was offloaded with
NPWT and CETE to avoid dehiscence and minimize wound complications. (C) Healed wound following CETE application. Photographs courtesy of A.N.D.
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crucial for optimal long-term results. Chronic
wounds must be thoroughly debrided and wound
edges excised before applying CETE to convert
them into fresh acute wounds.

Off-load the wound site and prevent walking on
it for several weeks after closure to ensure the
wound remains closed.

Plastic surgery

Closure of flap donor sites

Considerations. Certain large surface area
skin-based flaps, such as anterolateral thigh (ALT),
deep inferior epigastric, thoracoacromial, groin,
and random pattern flaps, have low donor site mor-
bidity and good soft tissue availability. However,
donor site issues can include pain, prolonged
wound healing, and difficulty achieving immediate
closure.22, 25

Clinical evidence. CETE may be used for donor
site closure after reverse sural flaps. One expert
contributor has used this method in 11 patients.

Average wound size was 149.9 cm2 (n = 10,
range = 24–450 cm2). Six patients have completed
donor wound treatment with an average healing
time of 13 weeks (Table 3). No donor site complica-
tions have been noted at this point. A representative
case from the series is given in Fig. 8. A teenager
involved in a car accident sustained extensive injury
to the ankle. A reverse sural artery rotational flap
was performed, and DermaClose was used to close
the donor site wound. A skin graft would typically be
used, resulting in a large area with abnormal ap-
pearance. However, successful healing after CETE
yielded a cosmetically favorable result.

In a report of two patients with ALT free flaps, two
complications were described.25 A 70-year-old man
had limited knee extension after the use of Derma-
Close (timeframe not specified); the femoral nerve
appeared intact but intramuscular electromyogra-
phy showed minimal nerve function. Second, a 33-
year-old woman with Crohn’s disease had necrosis of
the rectus femoris muscle 1 week after closure.

A study of the CETE device DynaClose (Canica
Design, Inc., Almonte, Ontario) applied before ra-
dial forearm free-flap procedures found that pri-
mary closure of the donor site was associated with
the lowest costs, followed by full- and split-
thickness skin grafting.36 This is likely because of
reduced healing time, lack of donor site, and low
complication rates associated with CETE.

A retrospective review of DermaClose in ALT
free-flap donor site wounds reported successful di-
rect closure in 19 of 20 patients.22 Average flap
width was 11.9 cm (range, 10–15 cm) and expan-
sion time with CETE was 9.6 days (range, 4–
18 days). Hospital stay length remained un-

Table 3. Reverse sural flap donor site wound and demographic
information for patients who have completed donor wound
treatment (n = 6)

Demographic

Mean age 37.1 years
Gender 33.3% male, 66.7% female

Wound Size Donor Flap Type Mean Time to Closure Complications

19–59 cm2 Reverse sural 18.0 weeks None
60–99 cm2 Reverse sural 10.7 weeks None
>100 cm2 Reverse sural 14.5 weeks None

Figure 8. Donor site closure after reverse sural flap. (A) Traumatic wound. (B) Harvest of a reverse sural flap with application of DermaClose to close the
donor site. (C) Healed flap site. (D) Healed donor site. Photographs courtesy of B.J.M.
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changed using CETE, and no adverse events
associated with CETE were reported. Skin irrita-
tion and puncture marks caused by skin anchors
were common but not problematic. Direct closure
without skin graft was beneficial for amputees, as
it allowed a more durable skin interface with the
prosthesis.

Consensus recommendations. CETE can assist
in closure of a flap donor site and possibly avoid the
need for skin grafts or secondary flaps by supporting
delayed primary closure of the donor wound.

Head and neck, including scalp

Considerations. The head, neck, and scalp can
be challenging areas for surgery, because of cos-
metic aspects (i.e., presence of hair-bearing skin)
and physiology (nonelastic skin).35 Tissue expan-
sion allows replacement with like-for-like tissue,
potentially improving cosmetic appearance com-
pared with other techniques.35

Clinical evidence. A retrospective, single-
center study of six patients underwent definitive
cranioplasty with preoperative CETE reported an
average 16% increase in scalp surface area (range,
6.6–35.0%), resulting in all patients having ade-
quate tissue for tension-free closure.37 The Der-
maClose device was well tolerated, and all patients
were satisfied with the cosmetic outcome. No in-
stances of delayed wound closure, infection, der-
matitis, or cerebrospinal fluid leakage were
reported. The device was applied an average of
238 days (standard deviation = –60 days) after
craniectomy, and the surgeon adjusted the device
over the following 7–10 days.37

A prospective case series reported seven patients
managed with CETE for scalp and forehead recon-
struction after extirpation of malignant neo-
plasms.35 DermaClose was applied intraoperatively
and remained for 6–14 days. Defect size was re-
duced by 50–99%, allowing 5 of 7 patients to achieve
primary closure. One patient with poorly controlled
diabetes required bilateral advancement rotation
flaps, and another healed by secondary intention
after device removal. Two patients experienced
wound dehiscence after primary closure, 1–2 weeks
after staple removal.

Consensus recommendations. One study re-
ported placing the tension line circumferentially,
with plastic tubes to protect the underlying skin.37

This may be useful in unique circumstances, but
generally the authors consider the shoelace tech-
nique to be more effective.

Regarding the relative inelasticity of scalp tis-
sue, galeal scoring is recommended to increase
tissue mobility. Undermining of 2–3 cm from the
tissue edges is standard.

In scalp wounds >5 cm long, using two CETE
devices, each with six skin anchors, can be more
effective and reduce closure time. In this situation,
the skin anchors may be placed <1 cm apart.

Patient age considerations

Considerations
Older patients may have chronic conditions such

as cardiovascular disease, arthritis, thyroid disor-
ders, and emphysema.38 Their skin may be espe-
cially fragile, because of deterioration of vasculature,
collagen, and elastin.38

Clinical evidence
In one representative case, a 77-year-old man

presented with soft tissue loss (Fig. 9). A local flap
was used to close the ankle wound, but it dehisced
resulting in a chronic nonhealing wound. Primary
closure was unsuccessful, and the wound was left
open. DermaClose was applied, and the wound was
reapproximated in 7 days.

A prospective case series reported the manage-
ment of seven patients with a median age of 70
years (range, 57–87 years); see Head and Neck,
Including Scalp section.35 No cases of skin break-
down around the skin anchors were observed.

Consensus recommendations
In older patients with questionable skin quality,

the use of DuoDERM� or similar type product un-
der the skin anchors is encouraged to protect
fragile skin. Place the skin anchors further from
the wound edge than in younger patients, to avoid
tearing.

Orthopedic surgery

Technique modification
When using CETE over joints, the controller

should be placed on one of the corners instead of by
the middle anchor to avoid interfering with range
of motion.

Trauma and amputations

Considerations. High-energy extremity trau-
ma often leads to composite-type defects, which
may have projectile penetration and a wide zone of
injury. These wounds are frequently contami-
nated, which can lead to infection and necrosis
despite significant debridement and numerous
procedures.18 Frequently, primary closure is im-
possible, and adjunctive therapy is needed. Be-
cause of the often extensive nature of the injuries,
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Figure 9. CETE in an elderly patient. (A) Wound at presentation. (B) Application of DermaClose� device, which remained in place for 7 days. (C) Wound
closed and healed at 3 months. Photographs courtesy of A.N.D.

Figure 10. DermaClose in a complex closure. The patient sustained a traumatic below-the-knee amputation in an industrial accident. After operative
debridement, an irregular pattern of soft tissue remained. CETE was utilized to facilitate closure using the long medial flap of skin to cover the amputation site.
Simultaneous use of two CETE devices allowed complete closure of the amputation site with the patient’s native tissue. (A) Wound after debridement. (B)

Application of two CETE devices. (C) Closure of amputation site. (D) Wound completely healed. Photographs courtesy of B.J.M.

j 535



it may be impossible to obtain sufficient
tissue for a split-thickness skin graft.39

For amputations, limb length and via-
ble joints should be preserved as much as
possible.40 Patient compliance and ade-
quacy of the implant rely on painless,
durable soft-tissue coverage. This assists
in successful ambulation in the case of
lower limb amputations, and comfortable
prosthetic fitting and wearing.40

Clinical evidence. Figure 10 provides
a case of a complex closure using Der-
maClose.

A case report briefly described a soldier
with bilateral above-the-knee amputa-
tions and insufficient tissue for primary
closure.40 DermaClose was used to enable
soft tissue and dermal coverage, and the
patient now ambulates with prosthetics.

See Fasciotomy section for a case report of a
complicated fasciotomy after a gunshot wound to
the left lower extremity.28

A retrospective review noted that direct closure
without skin graft was beneficial for amputees, as
it allowed a more durable skin interface with the
prosthesis (see Closure of Flap Donor Sites sec-
tion).22

A retrospective review of blast-related injuries
treated with CETE reported successful delayed
primary closure in 12 of 14 patients.18 The mean
time to wound coverage was 4.4 days (range, 1–
6 days). Two patients required split-thickness skin
grafting to achieve definitive closure. No major
complications were observed, but two patients ex-
perienced bullae or blister formation underneath
the device, and three patients experienced macer-
ation of the wound edge after device removal.
Blisters were avoided in later patients by placing
padding underneath the tension controller. Given
its utility in treating soft tissue defects caused by
traumatic injuries, triservice military treatment
facilities and VA hospitals have continued to use
DermaClose in hundreds of cases for complex
wound closure.

Consensus recommendations. Complex wounds
may require staged closing or serial CETE appli-
cation. CETE may not be able to close the entire
wound, but can be used as an adjunct to other
wound management techniques, such as pedicle
and rotational flaps and skin substitutes.

CETE may be particularly advantageous in
cases of lower limb amputation, to preserve limb
length without creating additional tissue defects.

Open fractures

Considerations. Gustilo–Anderson type IIIB
open fractures are, by definition, associated with in-
adequate soft tissue coverage.41 Frequently, rota-
tional and/or free flaps are used, but these require
specialized care, prolonged hospital stay, and high
cost.41,42 Management of these injuries hinges on
durable soft tissue coverage, infection prevention,
and bone healing without vascular compromise.

Clinical evidence. A report described successful
wound healing in a 32-year-old man with an open
Gustilo–Anderson type IIIB fracture of the tibia
and fibula.41 DermaClose was applied after repeat
irrigation, debridement, and partial wound clo-
sure. After 2 days, sufficient soft tissue was avail-
able for appropriate wound approximation.

A case report using Sure-Closure skin-stretching
system successfully used stress–relaxation on fore-
arm skin42 after open fracture of the left ulna. After
open reduction and internal fixation, the soft tissue
was swollen and prevented closure. However, after
the stress–relaxation technique, the skin edges were
brought together and the wound closed.

Consensus recommendations. Staged closing
and serial application of the CETE device may be
necessary to address wounds associated with open
fractures. When other wound care methods are nee-
ded, CETE may be used as an adjunct treatment. As
previously described, NPWT is useful for traumatic
wounds, especially in conjunction with CETE.

SUMMARY

CETE can be used for wound management in
multiple settings, and could be an addition to the

TAKE-HOME MESSAGES

� Surgeons of various specialties can use the continuous, controlled force
external tissue expander to achieve closure of a range of wounds.

� There is clinical evidence to support CETE use in a number of wound
types, including fasciotomy, trauma, amputation, and flap donor sites.

� CETE could represent a new rung on the reconstructive ladder, positioned
below split thickness skin graft.

� CETE is easy to use, is not associated with severe complications, and
may lead to cost savings.

� It is imperative that surgeons using CETE follow correct technique and
select patients carefully.

� Prospective studies with sample sizes sufficient to establish statistical
power and allow for direct comparisons are mostly absent in the liter-
ature assessing CETE. Further studies are needed to provide higher levels
of evidence regarding its efficacy in treating difficult wounds.
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traditional reconstructive ladder. Unlike other
systems and devices, DermaClose applies constant
tension and does not require tightening. There is
clinical evidence supporting the use of this device
in a number of wound types, and its use could avoid
the need for a skin graft or other more invasive
procedures.

As CETE is becoming more widely used, it is
important to compile information on its efficacy and
safety to ensure surgeons apply the optimal tech-
nique and select the most appropriate patients.

ACKNOWLEDGMENTS AND FUNDING
SOURCES

Synovis Micro Companies Alliance, Inc. funded
the development of this article. The authors thank
Mr. Paul Anderson (inventor of the DermaClose�
device) and Cameron Cox for reviewing and editing
the article.

AUTHOR DISCLOSURE AND GHOSTWRITING

The authors thank Anne Carter, MA (Cantab),
of Medicalwriters.com, Zurich, Switzerland, for
providing medical writing support [funded by
Synovis Micro Companies Alliance, Inc., Bir-
mingham, AL in accordance with Good Publication
Practice (GPP3) guidelines. All the authors made
significant contributions in reviewing, editing, and
providing clinical evidence that were essential in
the creation of this article.

Brendan J. MacKay,1,2,* Anthony N. Dardano,3

Andrew M. Klapper,3 Selene G. Parekh,4,5 Mohsin
Q. Soliman,6 and Ian L. Valerio7

B.J.M.: Axogen: Paid teaching, consulting, re-
search support; Trimed: Paid teaching; Baxter/
Synovis: Paid consulting. GLG: Paid consulting;
A.N.D.: Consultant, key opinion leader, and
speaker Acelity (KCI); A.M.K.: No disclosures;
S.G.P.: Additive orthopaedic: Paid consultant;
American Orthopaedic Association: Board or com-
mittee member; American Orthopaedic Foot and
Ankle Society: Board or committee member; Ar-
threx, Inc: IP royalties, paid consultant; Biomet:
Research support; Extremity Medical: Stock or
stock options; Integra: IP royalties, paid consul-
tant; Invuity: Stock or stock options; Jaypee Pub-
lishers: Publishing royalties, financial or material

support; Nextremity Medical: Stock or stock op-
tions; Orthohelix: IP royalties; Pacira: Paid con-
sultant, paid presenter or speaker, research
support; SLACK Incorporated: Publishing royal-
ties, financial or material support; Solana: IP roy-
alties, paid consultant; Sonoma Orthopaedics: Paid
consultant; Stryker: Paid consultant; Wolters
Kluwer Health–Lippincott Williams & Wilkins:
Publishing royalties, financial or material support;
Wright Medical Technology, Inc.: Paid consultant;
M.Q.S.: Nothing to disclose; I.L.V. has served on
advisory boards for AxoGen, Inc., Integra Life-
Sciences, and Baxter.

ABOUT THE AUTHORS

Brendan J. MacKay, MD, is a board-certified
orthopedic surgeon currently serving as a hand and
microvascular surgeon at Texas Tech University
Health Sciences Center and the Director or Hand
and Microvascular Surgery at University Medical
Center. Residency: NYU Langone Orthopedic Hos-
pital. Fellowship: Hand Center of San Antonio.
Anthony N. Dardano, DO, is a board-certified in
general and plastic surgery currently serving as a
plastic surgeon at Florida Atlantic University
College of Medicine. Residency: Sinai Hospital of
Wayne State University. Fellowship: University
of Texas Medical Branch. Andrew M. Klapper,
MD, is a board-certified plastic surgeon currently
serving as the plastic surgeon at Delray Medical
Center and teaches at Florida Atlantic Univer-
sity. Residency: NYU Institute of Reconstructive
Plastic Surgery. Selene G. Parekh, MD, is a
board-certified orthopedic surgeon currently ser-
ving at Duke Orthopaedics. Residency: Hospital of
the University of Pennsylvania. Fellowship: Uni-
versity of Pennsylvania. Mohsin Q. Soliman,
MD, is a board-certified general surgeon specia-
lizing in advanced laparoscopic procedures and
abdominal wall reconstruction. Residency: Uni-
versity of Nebraska Medical Center. Ian L. Va-
lerio, MD, is a board-certified plastic surgeon
currently serving at the Ohio State University
College of Medicine. He is also Commander in the
Medical Corps of the US Navy Active Reserve.
Residency: University of Pittsburgh Medical
Center.

MULTIDISCIPLINARY USE OF EXTERNAL TISSUE EXPANSION 537



REFERENCES

1. Boyce DE, Shokrollahi K. Reconstructive surgery.
BMJ 2006;332:710–712.

2. De Filippo RE, Atala A. Stretch and growth: the
molecular and physiologic influences of tissue ex-
pansion. Plast Reconstr Surg 2002;109:2450–2462.

3. Knight KR, McCann JJ, Vanderkolk CA, Coe SA,
O’Brien BM. The redistribution of collagen in ex-
panded pig skin. Br J Plast Surg 1990;43:565–570.

4. Kao HK, Hsu HH, Chuang WY, et al. External
volume expansion modulates vascular growth and
functional maturation in a swine model. Sci Rep
2016;6:25865.

5. Hsiao HY, Liu JW, Brey EM, Cheng MH. The ef-
fects of negative pressure by external tissue ex-
pansion device on epithelial cell proliferation,
neo-vascularization and hair growth in a porcine
model. PLoS One 2016;11:e0154328.

6. Cunha MS, Nakamoto HA, Herson MR, Faes JC,
Gemperli R, Ferreira MC. Tissue expander com-
plications in plastic surgery: a 10-year experi-
ence. Rev Hosp Clin Fac Med Sao Paulo 2002;57:
93–97.

7. Radovan C. Tissue expansion in soft-tissue recon-
struction. Plast Reconstr Surg 1984;74:482–492.

8. Clifton MS, Heiss KF, Keating JJ, Mackay G,
Ricketts RR. Use of tissue expanders in the repair
of complex abdominal wall defects. J Pediatr Surg
2011;46:372–377.

9. Azadgoli B, Fahradyan A, Wolfswinkel EM, et al.
External port tissue expansion in the pediatric
population: confirming its safety and efficacy.
Plast Reconstr Surg 2018;141:883e–890e.

10. DermaClose: Quick Reference Guide. http://derma
close.com/wp-content/uploads/2014/10/Derma
Close-Quick-Reference-Guide-c-DR-0110_A.pdf
(last accessed March 21, 2019).

11. Nandhagopal V, Chittoria RK, Mohapatra DP,
Thiruvoth FM, Sivakumar DK, Ashokan A. External
tissue expansion for difficult wounds using a
simple cost effective technique. J Cutan Aesthet
Surg 2015;8:50–53.

12. Southmedic: DynaClose�. 2018; http://dynamic
tissuesystems.com/wp-content/uploads/2015/09/
DynaClose-HR.pdf (last accessed November, 11 2018).

13. Topaz M, Carmel NN, Topaz G, Li M, Li YZ. Stress-
relaxation and tension relief system for immediate
primary closure of large and huge soft tissue
defects: an old-new concept: new concept for
direct closure of large defects. Medicine (Balti-
more) 2014;93:e234.

14. Blomqvist G, Steenfos H. A new partly external
device for extension of skin before excision of skin
defects. Scand J Plast Reconstr Surg Hand Surg
1993;27:179–182.

15. Subramania KI, Mohit S, Sasidharan PR, Abraham
MK, Arun P, Kekatpure V. ‘‘Sure closure’’—skin
stretching system, our clinical experience. Indian J
Plast Surg 2005;38:132–137.

16. Southmedic: ABRA� Surgical Instructions for Use.
http://dynamictissuesystems.com/wp-content/up
loads/2018/10/IFU0275_A.pdf (last accessed
March 21, 2019).

17. DermaClose: Case Reports. http://dermaclose
.com/case-reports/ (last accessed June 18, 2019).

18. Santiago GF, Bograd B, Basile PL, Howard RT,
Fleming M, Valerio IL. Soft tissue injury man-
agement with a continuous external tissue ex-
pander. Ann Plast Surg 2012;69:418–421.

19. Nielson DPM, Wu SC, Armstrong DG. Delayed
primary closure of diabetic foot wounds using the
DermaClose� RC tissue expander. Foot Ankle J
2008;1:3.

20. Huh J, Parekh SG. Use of a continuous external
tissue expander in total ankle arthroplasty: a no-
vel augment to wound closure. Foot Ankle Spec
2016;9:43–47.

21. Bajoghli AA, Yoo JY, Duyen TF. Utilization of a
new tissue expander in the closure of a large
Mohs surgical defect. J Drugs Dermatol 2010;9:
149–151.

22. Senchenkov A, Agag RL, Lee J, Patel A, Valerio
IL. Management of anterolateral thigh free flap
donor site defects with a continuous external
tissue expander. Microsurgery 2014;35:290–
294.

23. DermaClose Shoelace Technique Guide. 2014; https://
dermaclose.com/wp-content/uploads/2014/10/Sho
elace-Technique-Guide-for-DermaClose-10-DR-0084_
H.pdf. (last accessed March 21, 2019).

24. Wooten KE, Ozturk CN, Ozturk C, Laub P, Aronoff
N, Gurunluoglu R. Role of tissue expansion in
abdominal wall reconstruction: a systematic
evidence-based review. J Plast Reconstr Aesthet
Surg 2017;70:741–751.

25. Durden F, Jr., Tiwari P, Kocak E. Can the
DermaClose device contribute to periwound
tissue ischemia and necrosis: a case presen-
tation and discussion? Plast Surg Nurs 2012;
32:132–133.

26. Reimer MW, Yelle JD, Reitsma B, Doumit G, Allen
MA, Bell MS. Management of open abdominal
wounds with a dynamic fascial closure system.
Can J Surg 2008;51:209–214.

27. Potter MBK, Freedman LBA, Shuler MS. Fas-
ciotomy wound management and closure. Tech
Orthop 2012;27:62–66.

28. Manista GC, Dennis A, Kaminsky M. Surgical
management of compartment syndrome and the
gradual closure of a fasciotomy wound using a
DermaClose device. Trauma Case Rep 2018;14:1–4.

29. Park KU, Moquin K. Novel use of external tissue
expander for management of sternal wound de-
hiscence. Ann Thorac Surg 2015;100:e81–e83.

30. Whalen JL, Spelsberg SC, Murray P. Wound
breakdown after total ankle arthroplasty. Foot
Ankle Int 2010;31:301–305.

31. Mehta SK, Breitbart EA, Berberian WS, Liporace
FA, Lin SS. Bone and wound healing in the dia-
betic patient. Foot Ankle Clin 2010;15:411–437.

32. Hingorani A, LaMuraglia GM, Henke P, et al. The
management of diabetic foot: a clinical practice
guideline by the Society for Vascular Surgery in
collaboration with the American Podiatric Medical
Association and the Society for Vascular Medi-
cine. J Vasc Surg 2016;63:3s–21s.

33. Ger R, Schessel ES. Prevention of major ampu-
tations in nonischemic lower limb lesions. J Am
Coll Surg 2005;201:898–905.

34. Belczyk RJ, Rogers LC, Andros G, Wukich DK,
Burns PR. External fixation techniques for plastic
and reconstructive surgery of the diabetic foot.
Clin Podiatr Med Surg 2011;28:649–660.

35. O’Reilly AG, Schmitt WR, Roenigk RK, Moore EJ,
Price DL. Closure of scalp and forehead defects
using external tissue expander. Arch Facial Plast
Surg 2012;14:419–422.

36. Bonaparte JP, Corsten M, Allen M. Cost-
effectiveness of a topically applied pre-operative
tissue expansion device for radial forearm free flaps:
a cohort study 1. Clin Otolaryngol 2011;36:345–351.

37. Reinard KA, Zakaria HM, Qatanani A, Lee IY, Rock
JP, Houin HP. Preoperative external tissue ex-
pansion for complex cranial reconstructions. J
Neurosurg 2016;125:861–868.

38. Yang R, Wolfson M, Lewis MC. Unique aspects of
the elderly surgical population: an anesthesi-
ologist’s perspective. Geriatr Orthop Surg Rehabil
2011;2:56–64.

39. Connolly M, Ibrahim ZR, Johnson ON, 3rd.
Changing paradigms in lower extremity recon-
struction in war-related injuries. Mil Med Res
2016;3:9.

40. Fleming ME, O’Daniel A, Bharmal H, Valerio I.
Application of the orthoplastic reconstructive
ladder to preserve lower extremity amputation
length. Ann Plast Surg 2014;73:183–189.

41. Formby P, Flint J, Gordon WT, Fleming M, Andersen
RC. Use of a continuous external tissue expander in
the conversion of a type IIIB fracture to a type IIIA
fracture. Orthopedics 2013;36:e249–e251.

42. Marek DJ, Copeland GE, Zlowodzki M, Cole PA.
The application of dermatotraction for primary
skin closure. Am J Surg 2005;190:123–126.

Abbreviations and Acronyms

ALT ¼ anterolateral thigh
cAMP ¼ cyclic adenosine monophosphate
CETE ¼ continuous external tissue expansion
ECM ¼ extracellular matrix
EGF ¼ epidermal growth factor

NPWT ¼ negative-pressure wound therapy
TAA ¼ total ankle arthroplasty
VAC ¼ vacuum-assisted closure
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