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a b s t r a c t

Background: The objective evaluation of scar quality plays a crucial role in improving burn

surgery and scar rehabilitation. Suction-based skin measurements were proposed as a

method to objectively determine the mechanical properties of scars, yet their use is limited,

in particular for paediatric burn care. A new device was developed which provides essential

advantages for scar assessment. The aim of this study was to assess its reliability, intra- and

interobserver variability.

Methods: The new device, “Nimble”, consists of a lightweight probe that measures the

negative pressure needed to obtain a predefined tissue elevation, revealing information on

the stiffness of the tissue. 29 former paediatric burn patients were included. Three observers

measured the tissue stiffness of a predefined location on the scar and on healthy skin using

the Nimble, and the established suction device, the Cutometer
1

. The reliability of both

instruments in distinguishing between healthy skin and scar was assessed by means of the

intraclass correlation coefficient.

Results: The Nimble successfully differentiated between scar tissue and healthy skin in 92%,

the Cutometer in 80% of the patients (p<0.05). Inter- and intraobserver variability of the

Nimble (ICCs) were excellent. For the majority of the calculated ICC values the Nimble

exceeded the Cutometer
1

.

Conclusion: The new device enables reliable and safe measurement of the stiffness of scars.

Measurements are less susceptible to patient non-compliance and observer dependency.

The Nimble might therefore constitute an easy to use tool for the systematic assessment of

scars, thus supporting decision-making in paediatric burn care.

© 2019 Elsevier Ltd and ISBI. All rights reserved.
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1. Introduction

Despite tremendous efforts in prevention, burns remain a
global public health problem. However, thanks to advances
in critical care and surgical management, mortality has
decreased in the last decades [1,2]. Yet, non-fatal deep
dermal or full thickness burns often have long term
consequences, such as functional and aesthetic insufficien-
cies like disability and disfigurement [3]. The paediatric
population is affected most because scars tend not to grow
along with the patient.

The prevention of the formation of hypertrophic scars is
approached by developing sophisticated surgical techniques,
for example through advanced methods of skin transplanta-
tion, such as dermal regeneration templates [4–6], or by
growing dermo-epidermal skin substitutes. However, most
elaborate surgical techniques are expensive and tend to be
accompanied by a considerably longer treatment phase [7–10].
Another widely used approach to impede scar formation and
for scar treatment are non-surgical techniques, such as
silicone ointment, pressure garments or CO2-ablative laser
treatment. However, these methods are expensive and can
also be demanding for patients and families [11,12]. Further-
more, there is no treatment that results in the complete
resolution of hypertrophic scars. Evidence is rather poor and
contradictory for most of these therapeutic options [13–17]. A
recent Cochrane Report [18], on the effects of silicone gels and a
review of randomized controlled studies by Friedstat [19]
demonstrates the need for standardized outcome variables in
order to enable scientific comparison. This outcome variable
should be highly sensitive, reproducible and valid as to enable
the objective evaluation of scars and the critical examination
of their therapy. Biomechanical properties have been pro-
posed as a promising assessment criterion [20,21] as they are
related to tissue function and depend on the specific
conditions of the extracellular matrix. Many devices have
been developed to determine the mechanical behaviour of skin
such as the DermaScan C

1

, the Cutometer
1

MPA 580 and the
Mexameter

1

, but their informative qualities are partly limited
by their intra- and interobserver variability, in particular for
scars [20,22,23]. The Cutometer

1

, which uses a suction-based
characterization of tissue, is one of the most widely-used
devices for the assessment of burn scars. Good reliability has
been demonstrated on both normal skin [24] and on scars

[21,25,26]. This device, however, is not ideally suited to
paediatric burn care. In fact, its dimensions and weight make
it difficult to precisely control its position on the skin as well as
the compression force exerted at the contact point while
measuring, see Fig. 1. Recent studies [27,28] have demonstrat-
ed a notable influence of contact force on the measured
mechanical parameters, possibly affecting the reliability of the
test. The resulting pre-deformation of the skin may be
particularly large in the highly compliant skin of young
children. Müller et al. [27] also showed, that measurements
can be severely affected by patients’ movements. This might
limit their applicability in the paediatric population. The
Cutometer

1

and other commercially available suction devices
require specific cleaning, they can only be disinfected by
wiping, and cannot be sterilized due to their sensitive optical
and electronic components, further limiting their usefulness
in clinical work.

A new suction device, “Nimble”, developed at ETH Zurich,
might provide essential advantages for an effective evaluation
of scars. The small dimensions and ultra-low weight (3.5g)
make it particularly suitable for paediatric use, see Fig. 1.
Control of its position and its contact interaction with the skin
surface is simpler. Its mechanics – a so-called “displacement
controlled” mechanical test makes it intrinsically safer for
application on fragile tissue, than the pressure-driven “force
controlled” suction devices. Furthermore, all components in
contact with the patient are made of inexpensive parts and are
thus disposable. A recent study [27] has demonstrated that the
Nimble allows accurate characterization of the mechanical
response of healthy skin in adults. Altogether, this evidence
motivated the present investigation to assess the safety,
reliability, validity and usability of the Nimble for assessing
paediatric burn scars. Specifically, this study aimed at
determining the ability of the new device to distinguish
between normal skin and scar, and at quantifying the
corresponding intra- and interobserver variability. For com-
parison, measurements were also performed with the
Cutometer

1

. The long-term goal is to develop a tool that
allows for objective assessment of scar maturation, that helps
to guide surgical decision making in the future and that
enables a critical review the efficacy of scar therapies.

An interventional study was conducted at the University
Children’s Hospital in Zurich. Ethical approval was obtained
from the local ethics committee (Kantonale Ethikkommission
Zurich, KEK-ZH-Nr. 2017-02015) and from the Swiss Agency for

Fig. 1 – Exemplary assessment of scar stiffness in a small child. Tissue stiffness is measured on a predefined location (a) with the
Cutometer

1

(b) and the Nimble (c) in a 28-month-old child. The images demonstrate facilitated handling and positioning of the
Nimble on small and strongly heterogeneous scars in young patients. Conversely, precise relocation of the Cutometer is
considerably more difficult due to its large size.
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Therapeutic Products (Swissmedic, 2017-MD_0039). After
written consent was obtained, 29 paediatric patients with a
history of a burn or scald underwent repetitive measurements
of skin stiffness using both devices, carried out by three
blinded observers, on scars and on corresponding areas of
unaffected skin.

2. Methods

Skin stiffness was measured with the investigational aspira-
tion device, Nimble, and with the aspiration device,
Cutometer

1

(Courage and Khazaka Electronic GmbH).

2.1. Investigational device “Nimble”

The investigational device is a suction device with a
lightweight probe, aimed at improving the control of contact
conditions during suction measurements. The design is based
on a previous instrument, the Aspiration device, developed for
biomechanical characterization of the uterine cervix during
pregnancy and used trans-vaginally for over 1000 measure-
ments on pregnant women [29–31]. The new apparatus was
optimized in order to achieve an easy-to-use ultra-lightweight
suction instrument. The device consists of a circular probe
(6mm opening) connected to a pump. Negative pressure draws
the skin into the probe up to a certain height (h=0.5mm). The
pressure necessary to reach 0.5mm is recorded and referred to
as the closing pressure pcl. From this, the tissue stiffness k
(mbar/mm) is calculated as follows:

knimble ¼ pcl
h

¼ pcl
0:5 mm

The time required for a measurement typically varied from
2–15s, depending on the pcl. Further technical details on the
device and protocol are documented in27. After each mea-
surement, all components in contact with the patient were
plasma sterilized.

2.2. Cutometer
1

dual MPA 580

The Cutometer
1

with its 6mm aspiration probe was used for
comparison [21]. In contrast to the Nimble, the Cutometer

1

is
pressure controlled, i.e. a predefined negative pressure is
generated, resulting in tissue deformation and leading to a
certain elevation of the skin that depends on the specific skin
properties. In this study, the ramp load (Mode 2) was set to
15mbar/s and a maximum suction pressure of pmax=250mbar
was applied. This led to a measurement duration of 34s. The
elevation height, in response to pmax can be extracted, referred
to as R0. Several other parameters can be extracted from the
readings but prior studies [25,26] have indicated that the value
of R0 is sufficient to characterize skin tissue [22,32]. In order to
facilitate comparison with the Nimble, the corresponding
tissue stiffness kR0 (mbar/mm) was calculated:

kR0 ¼ pmax

R0
¼ 250 mbar

R0

As mentioned before, placing the probe (weight 165g) on the
skin leads to a certain pre-deformation of the tissue [27] even
before applying the negative pressure. This pre-deformation
was recorded by the Cutometer

1

software for each measure-
ment and referred to as Offset. After each measurement the
inside of the probe was cleaned with a small brush and
designated disinfectant [33].

2.3. Measurement procedure

The recruitment of patients with a history of deep dermal or
full thickness burns, �1 month and �10years, was performed
by the investigator. In a total of 29 patients, three independent
observers measured the skin stiffness as follows: First, a
measuring point on the scar was determined in a standardized
manner (location 2), see Fig. 2, left side; next, a measuring point
on the corresponding normal (uninjured) skin was deter-
mined, located either adjacent to the scar (see Fig. 2, left side)
or on the contralateral side of the body (location 1), see Fig. 2,

Fig. 2 – Allocation of the points 1 (healthy skin) and 2 (scar). Point 1 is either positioned on the contralateral side (a) or on the
adjacent healthy skin (b), adapted from Ref. [34].
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right side [34–36]. The first observer placed the Nimble on
location 1 and location 2 alternately. A pause of at least
30 seconds was guaranteed between two measurements at the
same location, thus avoiding measurement-induced alter-
ations of the mechanical properties of the skin as shown in
Refs. [37,38]. Measurements were repeated three times at each
location. For each measurement, the tissue stiffness values
were generated. Next, the same observer repeated the same
measurements using the Cutometer

1

. Subsequently, the
second and third observers (blinded from each other) repeated
the same procedure at the marked locations.

Offsets (pre-deformation) of the Cutometer
1

were always
recorded. The relative stiffness of scars (qN and qC, for Nimble
and Cutometer

1

respectively) was determined by dividing the
stiffness of the scar (kSCAR) by the stiffness of the corresponding
healthy skin (kHEALTHY).

The patients were asked to rate the pain on a visual
analogue scale (0=worst pain imaginable, 100=no pain) unless
the patient was too young.

2.4. Statistical analysis

Statistical analysis was performed using the python library
scipy.stats (Python Software Foundation). Results were
plotted in a descriptive manner, means and standard
deviations were calculated. The reliability to discriminate
between different tissues was determined with a two-sided
t-test (stats.ttest-ind), with a level of significance p<0.05,
and by means of an intraclass correlation coefficient ICC(2,1)
and ICC(2,k), class 2 ICCs, where each observer evaluated all
patients. The ICC(2,1) is based on a random single measure-
ment of one observer and the ICC(2,k) is based on the
measurements averaged over three observers. Inter- and
intraobserver variability were examined by means of the ICC
(2,1). For interobserver calculations, the respective average of
the three repetitions of each observer was calculated,
providing a single value per observer per patient, whereas
each of the three repetitions per patient was used for the
intraobserver calculations.

3. Results

3.1. Patients and operability

29 patients participated. In three patients, measurements
could not be completed due to significant non-compliance or
technical difficulties, resulting in 26 evaluable patients (see
Table 1). Upon injury mean age was 5 years (range 9 months–14
years). Measurements were conducted at a mean of 3 years
(range 4 months to 14 years) after the injury, resulting in a
mean age of the patient upon measurement of 9 years (range
2 years–18 years).

Mean TBSA was 13% (range: 1–55%). 28% (n=8) were
scalds and 72% (n=21) were burn injuries. 28% (n=8) had
been treated conservatively, 62% (n=18) had undergone
split thickness skin transplantation and 7% (n=2) trans-
plantation of full thickness skin at the site of measurement,
as reported in Table 1. This resulted in a heterogeneous

group of scars, including hypertrophic, eutrophic and
hypotrophic ones. Keloids however were not included into
the investigation.

No safety issues or adverse events arose during the course
of the study. None of the patients indicated any pain; a few
children indicated only a slight tickling feeling.

3.2. Tissue stiffness of healthy skin and of scars

Measurements of the stiffness of the healthy skin (H) and scar
tissue (S) were conducted by three investigators in triplicates
with the Nimble (NH and NS) and the Cutometer

1

(CH and CS) for
each of the 26 evaluable patients. The average over all three
observers and repetitive measurements for each patient is
shown in Fig. 3.

The overall mean tissue stiffness and SD for healthy skin
with the Nimble are NH =48.53�23.67mbar/mm and
CH =234.19�73.73mbar/mm for the Cutometer

1

. Mean stiff-
ness for scars was NS =108.44�114.46mbar/mm for the Nimble
and CS =423.52�201.27mbar/mm for the Cutometer

1

respectively.

Table 1 – Study participants and characteristics of burned
areas.

Characteristics Participants n=29
(100%)

Gender: female (%) 11 (38%)
Mean age of patient at time of injury
(range)

5 years (9 months–14 years)

Race
Black 7 (24%)
Caucasian 20 (69%)
Asian 2 (7%)

Mean age of patient on day of
measurement (range)

9 years (2 years–18 years)

0–3 years 4
4–9 years 13
10–18 years 12

Mean age of scar on day of
measurement (range)

3 years (4 months–14 years)

0–3 years 19
4–9 years 8
10–18 years 2

Etiology (%)
Scald 8 (28%)
Flame 21 (72%)

Scar location
Upper extremity 13 (45%)
Lower extremity 2 (7%)
Hand or foot 7 (24%)
Head or neck 2 (7%)
Trunk 5 (17%)

Treatment of measuring site
Conservative 8 (28%)
STSG 18 (62%)
FTSG 2 (7%)
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3.3. Ability to discriminate between healthy skin and scars

In order to enhance comparability and because the skin
stiffness values obtained with the two instruments differ
notably, the analysis was performed based on relative skin
stiffness (qNand qC). Data show that scars tend to be stiffer than
healthy skin (qN=2.20 fold�1.50 for Nimble and qC=1.88 fold
�0.65 for Cutometer

1

). Yet, some scars resulted in less
stiffness than the corresponding healthy skin. The reliability
of the devices in distinguishing between both tissue types was
assessed by means of ICC. With an ICC(2,1) of 0.98 the Nimble
has an outstanding ability to distinguish tissue types. The
same is true for the Cutometer

1

, (ICC(2,1)=0.99).
Fig. 4 depicts the quotients q for each of the 26 patients. The

Nimble values reveal the scar to be statistically stiffer in
18 cases (69%) and less stiff than normal skin in 6 cases (23%).

The Cutometer
1

reveals a statistically significant higher
stiffness of the scar in 20 cases (76%) and a lower stiffness
in 1 scar (4%).

3.4. Interobserver and intraobserver variability

Interobserver variability was examined by means of ICC(2,1)
and ICC(2,k) (see Table 2) for both skin conditions separately.
For this purpose, the mean values of the tissue stiffness of one
location, measured in triplicate by each observer, were
calculated. The Nimble provides excellent [39] values of ICC
(2,1) as well as ICC(2,k) for both, healthy skin and scar. The
Cutometer

1

had a fair ICC(2,1) for healthy skin and an excellent
one for scars. The Cutometer

1

ICC(2,k) was excellent for both
skin conditions.

Intraobserver variability was calculated separately for each
observer (see Table 3). The average over all three observers of
the ICC(2,1) values for the Nimble were excellent for both skin
conditions. The Cutometer

1

resulted in good overall intra-
observer variability. The ICC(2,k) was excellent for both
devices, all observers and skin conditions.

3.5. Comparative analysis of both devices

As analysed in Ref. [27], a direct comparison of the
Cutometer

1

and Nimble in terms of measured stiffness values
is impaired because the tissue elevations induced by
the Cutometer

1

measurements are much larger than those
of the Nimble, as shown in Fig. 5. The maximum Cutometer

1

elevation is up to three times larger than the Nimble
elevation.

Of note, the maximum elevation of the Cutometer
1

is
composed of the sum of the pre-deformation, induced due to
probe placement, and the R0 value, which is the additional
elevation of the skin once the negative pressure of the
Cutometer

1

is applied. Fig. 5 illustrates well, that the pre-
deformation of the Cutometer

1

is in a similar range as the
Nimble maximum elevation.

In order to evaluate the correlation among the stiffness
values measured with the Nimble and the Cutometer

1

, the
Pearson’s correlation coefficient was calculated for the mean
stiffness of healthy skin (Table 4). The correlation between
knimble and kR0 is weak for healthy skin. This confirms the
finding from [27], where r– values obtained for measurements
with the Nimble and the Cutometer

1

on the healthy skin of
adults are similar to the present values. The Pearson’s
coefficient between qN and qC demonstrates a stronger
correlation as compared to the stiffness values, see Table 4.
This indicates that differences between healthy and scar
tissue affect the mechanical response to both, small and large
deformations, although to a different extent for different
patients. In Ref. [27] a correction scheme was proposed to
reduce the influence of the pre-deformation in the Cutometer

1

measurements. According to the definition in Ref. [27] a
corresponding corrected stiffness parameter (kcutocorr
(h=1mm), for a tissue elevation of 1mm) was now calculated.
Interestingly, the correlation improved significantly, and the r
– value (r=0.62) was comparable to the one found in [27]
(r=0.66).

Fig. 3 – Tissue stiffness measured by Nimble and by
Cutometer

1

. Measurements are conducted by three inde-
pendent observers in triplicates each and the mean tissue
stiffness (k) over all observers and repeated measurements of
each of the 26 patients is indicated for healthy skin (left) and
for scars (right), whereby Nimble values (NH, NS) are shown in
(a) and Cutometer

1

values (CH, CS) are shown in (b).
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4. Discussion

4.1. Patients and operability

The 29 patients in the study resulted in 26 evaluable subjects,
i.e. only 3 cases of patient non-compliance or a technical
difficulty. The former was due to age-appropriate non-

compliance in 2 toddlers. When defining the inclusion criteria
for this clinical trial, children as young as 2 years of age were
included to ensure realistic diagnostic conditions, allowing
feasibility to be tested.

The safety of Nimble measurements was confirmed as no
pain or irritation was reported in the 468 measurements
performed in the present study. Because the aspiration probe
of the Nimble consists of robust and inexpensive components,
it can be used as a disposable probe or can be plasma sterilized.
Conversely, the Cutometer

1

probe, including a fragile optical
measurement system, can merely be wiped with a disinfectant
and cleaned internally with a small brush. This might limit its
use with chronic wounds and emerging multi-resistant germs,
where disposable or sterilisable devices might be
indispensable

The main advantage of the Nimble’s small probe is the
ability to position the device precisely on the area of interest
and with negligible contact force, see Fig. 1.

Fig. 4 – Relative tissue stiffness (qN and qC) as measured by Nimble and Cutometer
1

. Measurements are conducted by three
independent observers in triplicates each. Relative tissue stiffness is determined by calculating the quotient of the according
scar stiffness and the respective healthy skin. Results depicted separately for each of the 26 subjects, mean and SD indicated.
Dashed line indicates a quotient of 1 implying healthy tissue and scar to be equally stiff. Statistically significant difference
between scar and healthy skin is indicated for each patient with *. This is the case for 24 patients (92%) for the Nimble and
21 patients (80%) for the Cutometer

1

.

Table 2 – Interobserver variability assessed by means of
ICC (2,1) and ICC (2,k).

Interobserver variability – ICC

HEALTHY SCAR

Nimble Cutometer
1

Nimble Cutometer
1

ICC(2,1) 0.88 0.56 0.87 0.75
ICC(2,k) 0.95 0.79 0.95 0.90

Table 3 – Intraobserver variability was determined by means of ICC (2,1) and ICC (2,k).

Intraobserver variability – ICC

HEALTHY SCAR

Nimble Cutometer
1

Nimble Cutometer
1

Observer O1 O2 O3 O1 O2 O3 O1 O2 O3 O1 O2 O3

ICC(2,1) 0.77 0.70 0.84 0.61 0.70 0.82 0.92 0.80 0.95 0.53 0.84 0.88
ICC(2,k) 0.91 0.88 0.94 0.82 0.87 0.93 0.97 0.92 0.98 0.77 0.94 0.96
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Finally, due to its small size and light weight, the Nimble
moves along with the child’s movements. Within limits [27],
the outcome is not significantly affected by these movements.
This is of paramount importance when dealing with children.

4.2. Absolute tissue stiffness of healthy skin and of scars

Since the Cutometer
1

operates load controlled whereas the
Nimble operates displacement controlled, the level of elevation
at pmax=250mbar for Cutometer

1

and h=0.5mm for Nimble
diverge, as shown in Fig. 5. This data confirms that the two
devices interrogate the tissue for different levels of deforma-
tion, see Fig. 3. As a consequence, they provide very different
stiffness values.

The present mean values of tissue stiffness in healthy skin
are not far from the average stiffness reported in the recently
published study [27] on healthy adults in which two subjects
were measured on different regions by three observers.

As expected, the average stiffness for scars is considerably
higher than the stiffness of healthy skin for both devices. Both
devices exhibit a high standard deviation. This high value is

related to aggregating data from 26 patients with very disparate
scars in terms of patient demographics, scar characteristics and
clinical data. Large differences in measured stiffness among the
whole population indicates the ability of the device to
distinguish between distinct tissue conditions.

4.3. Reliability in discriminating between healthy skin and
scars

As a primary outcome of the present study, the Nimble was
shown to reliably distinguish between healthy skin and scars.
Its ICC value was very high (ICC=0.98) and it discerned between
healthy and scar tissue in 92% of the cases, similar to the
performance of the Cutometer

1

. Large differences in mea-
sured kSCARvalues indicate that scars in different patients have
very distinct tissue conditions and are, in some cases, softer
than their corresponding healthy adjacent or contralateral
control values. This finding is in line with the clinical
impression of scar stiffness. For example, A18 is a 22-
month-old scar in the area of the temple that appears rather
soft, floppy and parchment-like.

4.4. Interobserver and intraobserver variability

The second outcome parameters of the study were the inter-
and intraobserver variability of the new device. With high
ICC(2,1) and ICC(2,k) values, the Nimble demonstrated
excellent inter- and intraobserver repeatability for both
healthy skin and scars. The present ICC values are in line
with those reported for healthy skin of adults in Ref. [27]. The
inter- and intraobserver variability of the Nimble is compara-
ble to that of the Cutometer

1

and is in line with other devices
used for the determination of viscoelastic parameters of skin
[20], such as the DermaLab

1

[40] and the tissue Tonometer
[41,42].

The interobserver variability of the Cutometer
1

was higher
for healthy skin than for scars. A possible explanation is that
healthy skin is more susceptible to pre-deformation (Offset)
due to the weight of the probe applied to the tissue [27,28]
(Fig. 5). Our finding is in contrast with Draaijers et al. [25],
reporting a lower reliability for scars than for normal skin,
suggesting that this could result from the lower deformation
created in (stiff) scars than in less stiff healthy skin, which
could then lead to a comparatively high error due to the
relatively low resolution. The Nedelec et al. [22] intrapatient
controlled study, which assessed tissue stiffness in several
areas within one scar (clinically appearing more and less
hypertrophic) and in healthy skin, found an equally high ICC of
0.89 for normal skin and for areas with less severe scarring.
Note, however, that this paper reports a lower ICC of 0.56 in
areas of very severe scarring. Fong et al. [26] estimated the ICC
(2,1) to be 0.78 in 108 measurements from 12 scars assessed by
the Cutometer

1

, in line with the present values. Yet, unlike our
study, none of the above-mentioned studies included (young)
children, who have a negative effect on accuracy due to their
inability to sit still. Generally speaking, as opposed to the
Nimble, the interobserver variability of the Cutometer

1

is
negatively affected both in healthy tissue and in scars, by the
difficulty of ensuring uniform handling, such as the force
applied to the skin.

Fig. 5 – Maximum elevation of scar tissue (left bar) with the
Cutometer

1

and according pre-deformation (right bar) (mean
and SD indicated). The maximum elevation is composed of
the sum of the pre-deformation, which is induced when the
Cutometer

1

is placed on the skin, and the R0 value, which is
achieved once the negative pressure of the Cutometer

1

is
applied. The pre-deformation is shown separately. The
horizontal dashed line indicates the maximum elevation of
the Nimble. Importantly, the latter is only slightly higher than
the mean pre-deformation generated with the Cutometer

1

.

Table 4 – Pearson’s correlation coefficient between
stiffness measured with Nimble and Cutometer

1

(corrected and non corrected) for healthy skin measured
on 26 patients.

Pearson’s correlation coefficient

kR0 qC kcuto
corr

r knimble 0.18 qN 0.56 knimble 0.62
p 1.07E-02 9.71E-08 1.69E-09
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Intraobserver reliability was good or excellent, yet the
Cutometer

1

again was slightly inferior to the Nimble for scars
and for healthy skin, and also somewhat worse for healthy
skin than for scars. Nedelec et al. [23] reported an intraobserver
ICC(3,1) of 0.81 for healthy skin while the values for scars were
lower than in the present study, with 0.62 for less severe scars
and 0.12 for the most severe scars. It seems reasonable to
assume that the scars assessed in the present study are most
comparable to the less severe scars in Nedelec et al. [23], since
the latter measured significantly younger scars, which are in a
period of supreme hypertrophy/stiffness. Intraobserver reli-
ability is affected, inter alia, by the difficulty of locating the
exact same (marked) area during repeated measurements. The
Nimble can be relocated precisely due to its small size; the
Cutometer

1

is considerably larger, complicating this matter. In
the case of heterogeneous scars, relocation can have a major
impact on the tissue stiffness measured [22].

4.5. Comparative analysis of both devices

The devices characterize different properties of the mechani-
cal response of skin, with the Cutometer

1

being associated
with larger tissue deformation than the Nimble. As shown in
Fig. 5, the maximum elevation achieved in Nimble measure-
ments is in the same range as the pre-deformation in
Cutometer

1

measurements. Thus, the pre-deformation, re-
sulting from the uncontrolled magnitude of the contact force,
has an effect comparable to the total tissue elevation applied in
Nimble measurements. The detrimental effect of the pre-
deformation is confirmed by the fact that the correlation
between stiffness values measured by Nimble and Cutometer

1

improves significantly if the correction scheme from Ref. [27] is
applied, introduced as a means to compensate for the effect of
the variable contact force and the resulting pre-deformation.

4.6. Limitations

The main shortcoming of the present trial is the small sample
size in combination with heterogeneous scars in terms of injury
characteristics and demographics. At the same time, this
heterogeneous group of patients is a strength– young children
were included intentionally because this study was aimed at
evaluating the capability of the Nimble to distinguish stiffness of
healthy skin and scars in a representative, real-life cohort.

A large number of repetitions, choosing more measuring
sites per scar and/or increasing the number of observers would
also improve the informative value of this study, especially in
heterogeneous scars, helping to capture the actual conditions
of the scar. However, these optimisations would lead to an
even longer measuring time, which is not realistic for the
young patients.

5. Conclusion

The data obtained in the present clinical study demonstrates
well that the Nimble measurements of the stiffness of healthy
skin and scars of paediatric patients are reliable. The intra- and
interobserver variability of the Nimble is generally better than
that of the present Cutometer

1

measurements. Along with

several advantages associated with its lightweight and small
dimensions, and its usability as disposable device, these
results indicate that the Nimble might offer a viable solution for
scar monitoring in paediatric burn care.
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