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The effect of topically applied tissue expanders
on radial forearm skin pliability: a prospective
self-controlled study
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Abstract

Background: The use of pre-operatively applied topical tissue expansion tapes have previously demonstrated
increased rates of primary closure of radial forearm free flap donor sites. This is associated with a reduced cost of care as
well as improved cosmetic appearance of the donor site. Unfortunately, little is known about the biomechanical changes
these tapes cause in the forearm skin. This study tested the hypothesis that the use of topically applied tissue expansion
tapes will result in an increase in forearm skin pliability in patients undergoing radial forearm free flap surgery.

Methods: Twenty-four patients scheduled for head and neck surgery requiring a radial forearm free flap were enrolled
in this prospective self-controlled observational study. DynaClose tissue expansion tapes (registered Canica Design Inc,
Almonte, Canada) were applied across the forearm one week pre-operatively. Immediately prior to surgery, the skin
pliability of the dorsal and volar forearm sites were measured with the Cutometer MPA 580 (registered Courage-Khazaka
Electronic GmbH, Cologne, Germany) on both the treatment and contralateral (control) arms. Paired t-tests were used to
compare treatment to control at both sites, with p < 0.025 defined as statistically significant.

Results: There was a statistically significant increase in pliability by a mean of 0.05 mm (SD = 0.09 mm) between
treatment and control arms on the dorsal site (95% CI [0.01, 0.08], p = 0.018). This corresponded to an 8% increase in
pliability. In contrast, the volar site did not show a statistically significant difference between treatment and control
(mean difference = 0.04 mm, SD = 0.20 mm, 95% CI [−0.04, 0.12], p = 0.30).

Conclusions: This result provides evidence that the pre-operative application of topical tissue expansion tapes produces
measurable changes in skin biomechanical properties. The location of this change on the dorsal forearm is consistent
with the method of tape application. While this increase in skin pliability may account for the improved rate of primary
donor site closure reported using this technique, the results did not reach our definition of clinical significance.
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Background
The radial forearm free flap is a common and versatile
reconstructive option in head and neck cancer [1]. Until
recently, one disadvantage was that the donor forearm
was left with a defect that had a low rate of primary clos-
ure. Traditionally, this defect required a split thickness
skin graft harvested from the thigh, which resulted in add-
itional morbidity [2-4].
In 2007, the head and neck surgeons at our centre

sought to improve primary closure rates in the forearm
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by using DynaClose tension tapes (registered Canica De-
sign Inc, Almonte, Canada) as a new method of donor
site management. These tapes were composed of two
adhesive ends joined by an elastic that applied a persist-
ent linear stretching force (Figure 1), thereby producing
tissue expansion pre-operatively [5,6]. In a recent series
of 177 patients treated with this tape, we avoided a thigh
donor site in 95% of forearm defects as they were closed
either primarily or by using a small full thickness skin
graft harvested from redundant tissue on the ipsilateral
arm incision line [7]. This method of donor site manage-
ment reduced the need for split thickness skin grafts,
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Figure 1 Tension tapes on the treatment arm. Typical application
of tension tapes on the planned donor arm. Note the transverse
proximal tape and the crisscross arrangement of the two distal
tapes. Also note that the elastic portion of the tape overlies the
volar aspect of the forearm. Arrows show direction of force exerted
by the elastic.

Table 1 Patient characteristics

Number of patients N 24

Mean age 64

Minimum age 46

Maximum age 83

Standard deviation 12

Male: Female 11 : 13

Location of primary cancer (%)

Tongue 12 (50%)

Floor of mouth 3 (13%)

Retromolar trigone 2 (8%)

Larynx 2 (8%)

Oropharynx 2 (8%)

Alveolar ridge 1 (4%)

Palate/maxilla 1 (4%)

Sinonasal 1 (4%)

Total 24 (100%)

Summary of patient characteristics.
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which resulted in improved cosmetics, reduced pain and
a reduced economic cost of wound care [8,9].
While studies have shown that these tapes result in

improved surgical outcomes, several limitations remain.
All studies published on this technique thus far were ei-
ther unblinded trials or large case series [7-9]. Outcome
measures for these studies were clinical and often relied
on subjective measures. In addition, it was unclear if the
tissue expansion tapes were responsible for the increase
in primary closure rates or if other factors were respon-
sible. Finally, there was a paucity of data on the effect of
these tapes on forearm skin biomechanics. Thus, we de-
signed a study to investigate this using the Cutometer
MPA 580 (registered Courage-Khazaka Electronic GmbH,
Cologne, Germany). The Cutometer is a non-invasive
instrument capable of reliably measuring the skin’s bio-
mechanical properties in vivo [10-12]. It consists of a
probe which applies a suction load when applied against
the skin. The resulting skin deformation is then mea-
sured and plotted as a function of time, and various skin
properties derived from the loading-unloading curve.
Specifically, we chose to examine pliability (Uf ), which
was shown by Nedelec et al. to be a highly reliable study
parameter for skin extensibility (intraclass correlation
coefficient > 0.89) [11]. Gaining a better understanding
of the tissue expansion tapes’ effect on skin pliability
can be valuable in future attempts to optimize their effi-
cacy. We may even be able use this knowledge to better
predict which patient group would benefit from this de-
vice and which group would most likely achieve full pri-
mary closure of the their radial forearm wounds.
The nature of the DynaClose tapes combined with our

method of application is such that the maximal stretch on
the forearm skin is on the dorsal surface, with minimal
stretch on the volar aspect. The purpose of this study
was to test the hypothesis that a one week application of
DynaClose tapes would result in an increase in forearm
skin pliability at the dorsal forearm site but not at the
volar forearm site.
Methods
Subjects
All head and neck cancer patients scheduled for a radial
forearm free flap during the study period (October 2011 –
September 2012) were prospectively enrolled. Patients were
excluded if they met any of the following exclusion criteria:

� Patients who did not receive pre-operative tissue
expansion due to the emergency nature of their
surgery, and

� Patients whose tissue expansion tapes fell off more
than 8 hours prior to surgery.

Twenty four patients met inclusion criteria and none
declined to participate. All patients received the interven-
tion and were included in the analysis. Table 1 summa-
rizes the patient demographics. Each patient’s non-donor
arm served as their own control. To confirm this was
valid, our team conducted a pilot study with 30 patients
and 2 observers demonstrating that at baseline there is no
significant difference in skin pliability between a patient’s
dominant and non-dominant forearms (95% confidence
interval for the mean difference in pliability overlaps
zero, and p > > 0.05 for both the dorsal and volar sites)
[13]. This strategy also allowed us to control for inherent
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Figure 2 Cutometer loading and unloading curve. Typical
deformation curve of skin under one cycle of loading and unloading.
The Cutometer measures deformation of skin in millimeters as a
function of time in seconds. Here, 45 kPa of suction was applied for
2 seconds, followed by no suction for 2 seconds. Uf is labeled and
represents the maximal amount of skin deformation due to the
suction load.

Figure 3 Cutometer probe. The Cutometer probe viewed end on.
The white arrow shows the spring mounted contact surface which
contains the 6 mm aperture. The grey arrow shows the rigid
external shell that is held by the operator.
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variability in skin between patients due to factors such as
age and sex.
All patients signed a consent form prior to their inclu-

sion. This study was approved by the Ottawa Hospital
Research Ethics Boards under protocol #2009622-01H.

Experimental protocol
In all cases, the intervention was the application of topical
tissue expansion tapes, which was performed in clinic
one week pre-operatively. The tapes were applied on the
planned donor arm as shown in Figure 1. Two distal tapes
were applied in a crisscross fashion with a third proximal
tape in a transverse orientation, all with the elastic portion
on the volar aspect. No forearm was shaved prior to tape
application. Patients were instructed to return to the clinic
if their tapes fell off at any point prior to surgery for re-
application. Those who did not present within 8 hours for
reapplication were excluded from the study. Immediately
before surgery, the tapes were removed and skin cleaned
with alcohol swabs prior to measurement of both fore-
arms with the Cutometer MPA 580 (registered Courage-
Khazaka Electronic GmbH, Cologne, Germany).
All subjects were recruited on the morning of their

surgery, which was deemed appropriate because the ap-
plication of tissue expansion tapes was standard proced-
ure at our institution; all head and neck surgery patients
requiring radial forearm free flaps received this interven-
tion one week prior to surgery regardless of participation
in this study. Consent to participate in the study also did
not affect randomization because each patient served as
their own control. Thus, consenting to the study did not
affect patient care in any way.
The Cutometer MPA 580 applies a 45 kPa suction

through a 6 mm aperture in the probe and measures the
vertical deformation of the skin as a function of time.
One cycle comprises of a constant suction for two seconds,
followed by no suction for two seconds. A typical deform-
ation curve is shown in Figure 2. For our study, we exam-
ined Uf - the maximal deformation under the suction load.
Uf was measured in millimeters, and represented a meas-
ure of pliability, not the total gain in expanded tissue. Mea-
surements were performed 6 cm proximal to the wrist
crease on both the volar and dorsal aspects of the pre-
expanded donor forearm and the control forearm. Each
side of the forearm was measured three times and the aver-
age for Uf was taken. In between each measurement, the
probe was lifted off the skin and the machine allowed to
recalibrate to 45 kPa. The probe was then repositioned on
a closely adjacent, previously untested patch of skin.
The probe itself is composed of an external cylindrical

shell that is held by the operator. Protruding just beyond
the end of the shell is a spring mounted contact surface
containing the 6 mm aperture (see Figure 3). Prior to meas-
urement, a piece of double sided tape was placed around



Table 2 Dorsal forearm cutometer measurements

Patient Uf of control
forearm (mm)

Uf of treatment
forearm (mm)

Treatment-
control (mm)

% Change

1 0.86 1.08 0.22 25.19

2 0.59 0.67 0.08 13.06

3 0.88 0.94 0.07 7.77

4 0.89 0.84 −0.06 −6.42

5 0.78 0.92 0.14 18.26

6 0.69 0.72 0.03 3.73

7 0.76 0.70 −0.06 −8.09

8 0.81 0.73 −0.08 −10.25

9 0.58 0.61 0.03 5.50

10 0.62 0.67 0.05 8.00

11 0.87 0.86 0.00 −0.54

12 0.54 0.69 0.15 27.99

13 0.65 0.64 −0.01 −1.34

14 0.59 0.56 −0.03 −5.51

15 0.78 0.79 0.01 0.93

16 0.72 0.79 0.07 9.42

17 0.70 0.72 0.02 3.36

18 0.53 0.51 −0.02 −3.28

19 0.63 0.62 −0.01 −0.96

20 0.64 0.77 0.14 21.87

21 0.60 0.58 −0.02 −3.41

22 0.48 0.60 0.12 24.08

23 0.48 0.78 0.30 61.51

24 0.72 0.74 0.02 2.76

Mean 0.05 8%

95% Confidence interval 0.04 6%

2 tailed paired t test p = 0.018
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Figure 4 Mean difference in pliability. Mean difference in
pliability between treatment and control arms for both dorsal and
volar sites. The bars indicate 95% confidence intervals.
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the aperture. This prevented inadvertent movement of the
probe during measurements. Just enough pressure was ap-
plied so that the external shell was flush with the contact
surface and the patient’s skin. This standardized the contact
pressure and minimized the effect of hand tremor on the
measurements.
All measurements were taken by authors JC and JPB

who were experienced users of the Cutometer.

Sample size calculation
We estimated our sample size for a two-sided paired
t-test with alpha = 0.025 and power of 80%. Based on
pilot testing, we used a standard deviation in pliability
of 0.15 mm, which resulted in a sample size of 24
[13]. A 10% change in pliability was arbitrarily defined as
clinically significant as no previous literature on what con-
stitutes clinically significant change in pliability as mea-
sured by the Cutometer exists. The Anderson-Darling test
was used to ensure a normal distribution of the skin par-
ameter Uf (p > > 0.05). The paired t-test was used as a test
for significance with p < 0.025 defined as a statistically sig-
nificant difference (Bonferroni correction factor of 2 for
two forearm sites). Data analysis was carried out using
Minitab 15.

Results
For the dorsal aspect of the forearm, the mean difference
in pliability between the treatment and control arms of
each patient was +0.05 mm (SD = 0.09 mm); the 95%
confidence interval was [0.01, 0.08 mm]. See Table 2.
This corresponded to a mean increase in pliability of
8% (SD = 16%), which reached statistical significance
(p = 0.018). See Figure 4.
For the volar aspect of the forearm, the mean differ-

ence in pliability between the treatment and control
arms of each patient was +0.04 mm (SD = 0.20 mm); the
95% confidence interval was [−0.04, 0.12 mm], which
overlapped zero. See Table 3. This mean difference in
pliability between the treatment and control arms at the
volar site was 7% (SD = 23%) but did not reach statistical
significance (p = 0.30). See Figure 4.

Discussion
We believe that DynaClose tapes produce mechanical creep
in the treatment arm which translates to decreased tension
in wound closure [14] and increased rate of primary closure
with or without a small full thickness skin graft [7]. Our
hypothesis was that there would be an observable change
in pliability, measured here as an increased vertical de-
formation under a given suction load. Our results showed
that there was a statistically significant difference in skin
pliability between the pre-expanded donor forearm and the
control forearm on the dorsal aspect. This is in support of
our hypothesis that tissue expansion using topically applied



Table 3 Volar forearm cutometer measurements

Patient Uf of control
forearm (mm)

Uf of treatment
forearm (mm)

Treatment-
control (mm)

% Change

1 1.16 1.32 0.16 13.36

2 0.84 0.93 0.09 10.74

3 1.39 1.44 0.05 3.49

4 1.60 1.36 −0.24 −14.73

5 0.99 1.28 0.29 29.59

6 1.35 1.08 −0.27 −20.19

7 0.90 0.87 −0.02 −2.38

8 0.79 0.61 −0.18 −23.27

9 0.76 0.66 −0.11 −13.98

10 0.82 1.14 0.33 39.87

11 0.78 1.08 0.30 38.31

12 0.56 0.57 0.01 2.15

13 0.64 0.87 0.23 35.21

14 0.76 1.06 0.30 39.42

15 1.01 1.08 0.07 7.33

16 0.74 1.07 0.34 45.42

17 0.90 0.73 −0.17 −18.69

18 0.85 0.70 −0.15 −18.00

19 0.79 1.04 0.25 32.23

20 1.11 0.97 −0.14 −12.87

21 0.66 0.63 −0.03 −3.95

22 0.83 0.63 −0.20 −24.27

23 0.95 0.87 −0.09 −8.97

24 1.00 1.23 0.24 23.61

Mean 0.04 7%

95% Confidence interval 0.08 9%

2 tailed paired t test p = 0.30
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tapes increases skin pliability. However, the change in pli-
ability did not reach our definition of clinical significance,
which was based on our own pilot testing as no previous
data exists on this subject. Our pilot study of 30 patients
comparing each patient’s two untreated forearms showed a
difference in pliability of 4% based purely on chance [13].
It was for this reason that a threshold of 10% was chosen
for a clinically significant change. However, what a 10%
change in pliability means in terms of absolute tissue gain
is currently unknown. There is certainly room for future
investigations to better understand how changes in pliabil-
ity translate to tissue expansion.
One of the previously unknown factors regarding this

topically applied tissue expansion technique was where
the tension was actually being applied to the skin. By
measuring changes in pliability at multiple sites on the
arm, our goal was to identify the location at which the skin
was being influenced. These results showed that the tapes
produced a change in pliability on the dorsal aspect of
the forearm but not the volar aspect, suggesting that the
effect was centered at the dorsal forearm. This was con-
sistent with how the tapes work and how they were ap-
plied. The linear stretch forces from the tape were
transferred to the skin through the adhesive ends, which
were attached to the dorsal forearm. As the elastic re-
laxes and shortens, the adhesive ends stretch the dorsal
forearm skin and pull it towards the volar aspect (see
Figure 1). Interestingly, the absolute changes in pliabil-
ity of the dorsal and volar forearms turned out to be
very similar (8% vs. 7%) though only the change in the
dorsal forearm reached statistical significance. This was
due to the fact that the volar forearm exhibited a large
variability in pliability, which ultimately resulted in a
larger 95% confidence interval that overlapped zero, as
well as a larger p-value on the paired t-test. The reason
for this is uncertain, though the biomechanical character-
istics of the thin hairless volar skin are expectedly different
from the thicker hair-bearing dorsal skin. Thus, a direct
comparison between dorsal and volar forearm skin may
not be valid, i.e. the treatment dorsal forearm can only be
compared with the control dorsal forearm, and the treat-
ment volar forearm can only be compared with the con-
trol volar forearm.
Another possible reason our measured change in pli-

ability didn’t reach clinical significance may be due to
our study design. We designed our study to compare the
non-expanded, non-donor arm to the expanded donor
arm because it allowed the measurements to be taken by
a single operator at a single sitting, rather than over two
sittings, possibly by different operators. This precluded
any possibility of losing patients to follow up, and inter-
rater differences in measuring technique were minimized.
This latter point was important in light of the fact that dif-
ferences in contact pressure between the Cutometer probe
and the skin can affect measurements [15]. Furthermore,
we have shown in a pilot study that there was no differ-
ence in pliability between a patient’s two arms at baseline
[13]. In other words, one should be able to use the non-
donor arm to represent the state of the donor arm prior
to expansion, and interpret any measured differences as
being a direct result of tissue expansion. However, to
measure the effect of topically applied tissue expansion
tapes on the skin properties of the donor forearm, one
would ideally compare the non-expanded state to the ex-
panded state in the same arm, 1 week apart. This would
more clearly demonstrate the effect of the tapes, rather
than have it partly obscured by chance differences be-
tween the forearms.
Another reason why the measured change in pliability

fell short of the defined threshold for clinical significance
may be due to the method of measuring pliability. The
Cutometer essentially performs the pinch test – an informal
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predictor of the ease of wound closure [16] – in an ob-
jective way. However, it is capable of measuring some
nine different parameters and deriving four different ra-
tios to describe the viscoelastic nature of skin [17,18].
Exactly which parameter is the most representative of
qualities such as elasticity and pliability is currently un-
known. In the existing literature, many of these parameters
have been studied and reported on, though the choice
depended on the application [19-23]. The parameter chosen
for our study, Uf, was thought to be a suitable one as it was
a measure of both the elastic and viscous properties of skin
and represents the mechanical creep induced by tissue ex-
pansion. Furthermore, it was found to be highly reliable by
Nedelec et al. [11]. Perhaps a different parameter may show
a bigger effect from the expansion tapes. It is clear, however,
more research needs to be done to study the Cutometer
as an investigative tool. A potential future study would be
to see how changes in pliability correspond to rate of pri-
mary closure, thus evaluating the clinical significance of
these changes. Undoubtedly flap size and patient age will
also play a factor.
The DynaClose tension tape system is relatively non-

invasive compared to other methods of tissue expansion
and has few adverse effects. In our series, the only noted
adverse event was a mild self-limited skin reaction to the
adhesive in some of the patients, none of which resulted
in discontinuation of the tapes. A notable shortcoming
in the DynaClose tape is that the adhesive can occasion-
ally fail and come undone. This is especially the case in
males with hairy forearms. When this happens, patients
are instructed to return to clinic for reapplication, but not
all patients do and they were excluded from this study.
One possibility for reducing the loss of adhesion would be
to shave the donor forearm prior to tape application. An-
other method would be to reinforce the adhesive ends
with additional tape. Overall, however, our success rate
in maintaining the tapes (92%) and achieving tissue ex-
pansion remains very high [7]. Future studies into this
topically-applied two-dimensional expansion system can
evaluate other methods of applying the tapes. For ex-
ample, one can see whether applying more tapes results
in further increases in pliability. In the later phase of tissue
expansion, stress relaxation also occurs through increased
mitotic activity and new tissue formation in a process
termed biologic creep [24]. This stress relaxation would
most likely decrease the efficacy of the tapes over time.
Thus, it would be interesting to see if reapplication of the
tapes at regular time intervals can also result in further in-
creases in pliability and tissue expansion.

Conclusions
We have demonstrated that topically applied tissue ex-
panders create tissue expansion by measuring a statistically
significant change in forearm skin pliability. The change
occurs on the dorsal aspect of the forearm, which is con-
sistent with the method of tape application. Though this
increase in skin pliability did not reach our definition of
clinical significance, we believe it may account for the im-
proved rate of primary donor site closure reported earlier
using this technique. The Cutometer proved to be a reli-
able instrument that can be useful for future research into
topically applied tissue expansion tapes.

Abbreviations
SD: Standard deviation; CI: Confidence interval; Uf: Maximal deformation of
skin under a given suction load, defined here as pliability.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JC participated in the design of the study, recruitment of patients, collection
of data, and drafted the manuscript. JPB conceived of the study, participated
in the design of the study, recruitment of patients, collection of data, and
performed the statistical analysis. MO participated in the recruitment of
patients. MC participated in the recruitment of patients, and editing of the
manuscript. All authors read and approved the final manuscript.

Received: 3 April 2013 Accepted: 11 April 2014
Published: 16 April 2014

References
1. Wehage IC, Fansa H: Complex reconstructions in head and neck cancer

surgery: decision making. Head Neck Oncol 2011, 3:14.
2. Huang CH, Chen HC, Huang YL, Mardini S, Feng GM: Comparison of the

radial forearm flap and the thinned anterolateral thigh cutaneous flap
for reconstruction of tongue defects: an evaluation of donor-site
morbidity. Plast Reconstr Surg 2004, 114:1704–1710.

3. Akan M, Yildirim S, Misirlioglu A, Ulusoy G, Akoz T, Avci G: An alternative
method to minimize pain in the split-thickness skin graft donor site.
Plast Reconstr Surg 2003, 111:2243–2249.

4. Sidebottom AJ, Stevens L, Moore M, Magennis P, Devine JC, Brown JS,
Vaughan ED: Repair of the radial free flap donor site with full or partial
thickness skin grafts. A prospective randomised controlled trial. Int J Oral
Maxillofac Surg 2000, 29:194–197.

5. Bell M: External skin expansion. Plast Reconstr Surg 2009, 123:1895–1896.
6. Laurence VG, Martin JB, Wirth GA: External tissue expanders as adjunct

therapy in closing difficult wounds. J Plast Reconstr Aesthet Surg 2012,
65:e297–e299.

7. Bonapate JP, Corsten MJ, Odell M, Gupta M, Allen M, Tse D: Management
of the radial forearm free flap donor site using a topically applied tissue
expansion device. Oral Surg Oral Med Oral Pathol Oral Radiol 2013, in press.

8. 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. Clin Otolaryngol 2011, 36:345–351.

9. Bonaparte J, Corsten M, Allen M: Healing time of radial forearm free flap
donor sites after pre-operative tissue expansion: a randomized
controlled trial. J Otolaryngol Head Neck Surg 2011, 40:S20–S27.

10. Fong SSL, Hung LK, Cheng JCY: The cutometer and ultrasonography in
the assessment of postburn hypertrophic scar: a preliminary study. Burns
1997, 23:S12–S18.

11. Nedelec B, Correa JA, Rachelska G, Armour A, LaSalle L: Quantitative
measurement of hypertrophic scar: interrater reliability and concurrent
validity. J Burn Care Res 2008, 29:501–511.

12. Nedelec B, Correa JA, Rachelska G, Armour A, LaSalle L: Quantitative
measurement of hypertrophic scar: intrarater reliability, sensitivity, and
specificity. J Burn Care Res 2008, 29:489–500.

13. Chung J, Bonaparte JP, Corsten M: Effect of hand dominance on forearm
skin pliability. Poster Presentation at the 67th Annual Meeting of the
Canadian Society of Otolaryngology - Head and Neck Surgery; 2013.

14. Rapioso E, Cella A, Panarese P, Caregnato P, Gualdi A, Santi PL: Quantitative
benefits provided by acute tissue expansion: a biomechanical study in
human cadavers. Br J Plast Surg 2000, 53:220–224.



Chung et al. Journal of Otolaryngology - Head and Neck Surgery 2014, 43:8 Page 7 of 7
http://www.journalotohns.com/content/43/1/8
15. Bonaparte JP, Ellis D, Chung J: The effect of probe to skin contact force
on Cutometer MPA 580 measurements. J Med Eng Technol 2013, in press.

16. Hussain SH, Limthongkul B, Humphreys T: The biomechanical properties of
the skin. Dermatol Surg 2013, 39:193–203.

17. Information and Operating Instructions for the Cutometer MPA 580 and its
Probes. Cologne, Germany: Courage and Khazaka Electronic GmbH; 2002.

18. Draaijers LJ, Botman YA, Tempelman FR, Kreis RW, Middelkoop E,
van Zuijlen PP: Skin elasticity meter or subjective evaluation in scars: a
reliability assessment. Burns 2004, 30:109–114.

19. Dobrev H: In vivo study of skin mechanical properties in patients with
systemic sclerosis. J Am Acad Dermatol 1999, 40:436–442.

20. Dobrev H: Use of Cutometer to assess dermal oedema in erysipelas of
the lower legs. Skin Res Technol 1998, 4:155–159.

21. Dobrev H: In vivo study of skin mechanical properties in psoriasis
vulgaris. Acta Derm Venereol 2000, 80:263–266.

22. Ryu HS, Joo YH, Kim SO, Park KC, Youn SW: Influence of age and regional
differences on skin elasticity as measured by the Cutometer. Skin Res
Technol 2008, 14:354–358.

23. Smalls LK, Randall Wickett R, Visscher MO: Effect of dermal thickness,
tissue composition, and body site on skin biomechanical properties.
Skin Res Technol 2006, 12:43–49.

24. Austad ED, Thomas SB, Pasyk K: Tissue expansion: dividend or loan? Plast
Reconstr Surg 1986, 78:63–67.

doi:10.1186/1916-0216-43-8
Cite this article as: Chung et al.: The effect of topically applied tissue
expanders on radial forearm skin pliability: a prospective self-controlled
study. Journal of Otolaryngology - Head and Neck Surgery 2014 43:8.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Experimental protocol
	Sample size calculation

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


