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Purpose: To compare the diagnostic imaging ability of three

different optical coherence tomography (OCT) devices in non-

melanoma skin cancer (NMSC).

Methods: Thirty actinic keratoses (AKs) and 27 basal cell car-

cinomas (BCCs) of 29 patients were examined with three dif-

ferent OCT devices, VivoSight�, Callisto� and Skintell�.

Results: Complete data sets were available for 16 BCCs and

10 AKs of 18 patients. All OCT devices were able to discrimi-

nate BCCs and AKs significantly from perilesional normal skin

due to lower signal intensities as well as a thicker stratum cor-

neum and epidermis in AKs. A significant decrease in the sig-

nal intensity and thickness of all skin layers was noted with

Skintell� in contrast to VivoSight� and Callisto�. OCT compar-

isons revealed only slight differences between VivoSight� and

Callisto�. Regarding BCC tumor thickness VivoSight� and Cal-

listo� correlated well, histology did not correlate with the three

OCT devices, whereas Skintell� showed no correlation with

VivoSight�, Callisto� or histology.

Conclusion: All tested OCT devices could identify BCCs and

AKs objectively through standardized measurement of signal

intensity and skin layer thickness. Due to their technical speci-

fications (resolution, penetration depth), each of the OCT sys-

tems offers additional and special information on NMSC.

Key words: optical coherence tomography – non-melanoma

skin cancer – basal cell carcinoma – actinic keratosis – skin

imaging – OCT devices

                                      
             
                                    

O PTICAL COHERENCE tomography (OCT) is an
optical imaging method for the in vivo dis-

play of tissue, which was first described by
Fercher et al. (1) and Huang et al. (2) in oph-
thalmology. With its high resolution of 3–15 lm
due to the broadband light source and its pene-
tration depth of 1–2 mm, depending on the
scattering and absorption features of the light
beam, the OCT provides a non-invasive cross-
sectional view on superficial skin layers (3).
Through typical morphological characteris-

tics, basal cell carcinomas (BCCs) and actinic
keratoses (AKs) can be diagnosed in OCT. Both
AKs and BCCs have no regular skin layer
arrangement and in AKs a thicker stratum cor-
neum and epidermis is found (4, 5). AKs pre-
sent with hyporeflective streaks, bright bands
and flakes in the stratum corneum and epider-
mis (5, 6). BCCs look like signal-poor ovoid
nodules with a dark rim in a hyper reflective

fibrous stroma (7). Despite the structural crite-
ria, AKs, BCCs and their differential diagnoses
are still difficult to distinguish and therefore
more studies like the one by Gao et al. on quan-
titative objective parameters like signal intensity
are needed (8, 9). Many of the investigations on
non-melanoma skin cancer (NMSC) morphol-
ogy were conducted with only one of the OCT
devices VivoSight�, Callisto� or Skintell�, but a
comparison of the devices is still lacking (3, 10–
13).
Hence, the aim of this study was to compare

three different OCT devices regarding their
diagnostic imaging ability of NMSC such as sig-
nal intensity and thickness measurements and,
where possible, in comparison with histology.

Materials and Methods

Patients and study performance
Patients aged over 18 years, good quality
OCT images, unequivocal clinically and#Both authors act as senior authors.
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dermoscopically diagnosed AKs/BCCs and
unimpaired perilesional normal skin as a con-
trol location, were included in the study. After
acquiring written informed consent, the patients
were examined clinically and dermoscopically
by a dermatologist and the preliminary diagno-
sis was established. Affected skin lesions were
photographed with a Panasonic Lumix DMC-
TZ8 and were scanned with three different
OCT devices (VivoSight�, Callisto�, Skintell�)
before therapy. If the lesion was larger than the
measureable area of each OCT device, the mea-
surement was taken in the center.
Fifty-seven lesions (30 AKs and 27 BCCs) of

29 patients (7 female, 22 male, median age 71.3,
range 53–95 years) were included in this experi-
mental study. The NMSC affected mainly the
head and neck region (24 AKs, 14 BCCs), the
trunk (3 AKs, 12 BCCs) and arm (3 AKs, 1
BCC).
Because of the location of some lesions (e.g.

the external ear or the inner eye corner), the
imaging of six AKs examined by Skintell� as
well as of two BCCs and four AKs investigated
by Callisto�, was not possible. Due to poor
image quality, the images of nine BCCs and of
two AKs measured by Callisto�, as well as of
eight AKs taken by Skintell�, were excluded.
Complete data sets with measurements of all
three OCT devices were available for evaluation
of 26 lesions (16 BCCs and 10 AKs) of 18
patients (3 female, 15 male, median age 72.1,
range 53–85 years).

The measurements were performed from
September 2011 to March 2014 at the Depart-
ment of Dermatology and Allergology of the
General Hospital in Augsburg.
The protocol was approved by the Ethical

Committee of the Ludwig-Maximilian Univer-
sity (Project number 221-11) and by the
ethic vote of the University of L€ubeck in 1997.
The study was conducted according to the
principles of the declaration of Helsinki and
international guidelines concerning human
studies.

Optical coherence tomography devices
Examinations were performed with three differ-
ent OCT devices: a swept-source multi beam
frequency domain OCT, a spectral domain (SD)
OCT and a time domain high-definition (HD)
OCT.
The frequency domain OCT device

VivoSight� (Michelson Diagnostics, Kent, UK)
offers a lateral optical resolution of <7.5 lm and
an axial resolution of 10 lm. The penetration
depth lies at about 1.5–2 mm due to scattering
effects (14). Using the multi-slice function,
VivoSight� reaches a three-dimensional scan-
ning range of 6 mm 9 6 mm 9 2 mm and is a
swept-source multi beam frequency domain
OCT system. The light source is a special laser
based on Michelson interferometry (HSL 2000;
Santec Corporation, Komaki, Japan) with a
wavelength of 1305 nm (14).

Fig. 1. BCC measured with all three OCT systems VivoSight�, Callisto� and Skintell�.
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The second tested OCT device is the SD–OCT
system Callisto� (Thorlabs AG, L€ubeck, Ger-
many), which has a detection depth of 1.7 mm
from the skin surface (15). It has an axial
resolution <7 lm and a lateral resolution of
about 8 lm with a lateral scan length of up to
10 mm, providing cross-sectional images (15).

This frequency domain OCT system contains a
930 nm super luminescent diode light source
with a broadband, lower coherence light (15).
The third used OCT device is Skintell� (AGFA

HealthCare, Mortsel, Belgium), a time domain
HD–OCT system, which is able to take 2D-
images with a field of view of 1.8 mm 9 1.5 mm

Fig. 2. AK measured with all three OCT devices VivoSight�, Callisto� and Skintell�.

Fig. 3. Signal intensity of BCCs compared to adjacent normal skin visualized by three OCT systems; signal intensity in grayscale (0 = black,
255 = white).
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and a penetration depth of about 750 lm (16).
There is the possibility of capturing both cross-
sectional (slice) and horizontal (en face) images
in real time as well as 3D images (16). This OCT
system offers a high axial and lateral resolution
of 3 lm and works in the near infrared range at
about 1000–1700 nm (16). The application of an
optical matching gel (Skintell� optical gel; AGFA
HealthCare) between the glass plate of the hand
piece and the skin surface is necessary for the
measurement (16).

Image analysis
The saved sequences of OCT images taken
in vivo were reviewed and representative single
images were chosen for evaluation. In order not
to influence the signal intensity measurements,
the unprocessed images were analyzed with
Image J.
Through the use of the polygon tool and the

function for histogram analysis, the signal
intensity was calculated. The histogram shows
a frequency distribution of the gray levels,
which are plotted on the x-axis from 0 (black)
to 255 (white), in the image. The determined
average gray level yields the signal intensity,
which was used for the comparisons in the sta-
tistical analysis.
Stratum corneum and epidermis thickness of

AKs, as well as thickness measurements of
tumor and epidermis above the BCCs in the
OCT image and in histology, were conducted
from the top of the skin surface down to the
BCC/AK border. In healthy skin, the stratum
corneum can often be found as a small layer
below the hyper reflective band. The epidermis,
however, ranges from the bright skin surface
reflection down to the first visible dark small
band, which is the dermal-epidermal junction.

Statistical analysis
For the collection of data, Microsoft Office Excel
for Mac 2011 was used. The statistical analysis
was performed using IBM SPSS Statistics soft-
ware for Mac (SPSS 21.0; IBM Corp., Armonk,
NY, USA). All the data of each group under-
went normality tests (like Kolmogorov–Smirnov
Test or modified by Lilliefors) to look for
normal distribution. With a normal distribu-
tion, paired sample t-tests were used for intra-
individual comparisons of BCCs/AKs and TA
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perilesional normal skin. If there was no normal
distribution within the data or if there was only
a small number of samples, Wilcoxon tests for
matched pairs were done instead. All three
OCT groups were analyzed using Friedman
tests. In case of significance, Wilcoxon tests and
subsequent Bonferroni-adjustment of P-values
were performed. For the OCT - histology corre-
lation, Spearman’s correlation coefficients were
calculated. A P-value <0.05 was considered as
statistically significant.

Results

The images of BCCs and AKs taken by the three
OCT devices (VivoSight�, Callisto� and Skin-
tell�) differ distinctly from each other with
regard to image detail, resolution and penetra-
tion depth of the signal (see Figs 1 and 2).
VivoSight� provides the largest overview with
6 mm 9 2 mm, followed by Callisto� with
4 mm 9 2 mm and Skintell� with 1.8 mm 9

1 mm. VivoSight� also has the highest penetra-
tion depth, which is, however, very comparable

to Callisto�, which provides brighter but more
granular appearing images. Moreover Skintell�

offers the best resolution, but with a clearly smal-
ler picture detail.

Signal intensity of BCCs and AKs as well as skin
layer thickness of AKs in contrast to adjacent normal
skin visualized by three OCT devices
With every OCT device the mean signal inten-
sity of the BCC, the epidermis above the BCC,
as well as of the dermis beneath the BCC, was
measured in comparison to the adjacent normal
skin layer. In BCC, lower local signal intensities
in affected skin layers compared to perilesional
healthy skin can be detected (Fig. 3).
All OCT devices show a significant difference

between the mean signal intensity of the epider-
mis above the BCC, of the BCC itself just as of
beneath the BCC and healthy surrounding skin
layers. Correlating P-values are given in
Table 1a.
In AKs the mean thickness and signal

intensity of the stratum corneum and of the

Fig. 4. (a) Signal intensity and (b) skin layer thickness of AKs compared to healthy skin visualized by three OCT devices; thickness in mm, signal
intensity in grayscale (0 = black, 255 = white).
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epidermis, as well as the signal intensity of the
dermis in contrast to perilesional normal skin,
were determined in the images of all three OCT
devices. A decrease in the local signal intensity
in all affected skin layers in relation to neigh-
boring normal skin is found with every single
OCT system (Fig. 4a). A thicker stratum cor-
neum and epidermis in AKs vs. healthy skin
can be observed for every OCT device (Fig. 4b).
The statistical analysis can be seen in Table 1.
There are significant differences between the

thickness of the stratum corneum as well as of
the epidermis in AKs and in all three cases of
signal intensity measurements of AKs com-
pared to normal skin (P < 0.0001 to P < 0.001).

Comparison of three OCT devices concerning signal
intensity of AKs and BCCs and skin layer thickness
of AKs
16 BCCs show a lower mean signal intensity of
the epidermis above the BCC, the BCC and the

dermis below the BCC with the OCT system
Skintell� compared to the other two OCT
devices and a higher signal intensity with Cal-
listo� in relation to VivoSight� (Fig. 5a).
The use of Friedman’s test shows that there

are statistically significant changes in the signal
intensity measurement of BCC afflicted skin lay-
ers with the three OCT devices (Table 2a). The
results of the application of paired Wilcoxon
tests with Bonferroni corrected levels of
observed significance can be seen in Table 2a,
which demonstrates that with Skintell�, the sig-
nal intensity of all the skin layers affected by the
BCC is significantly lower than with VivoSight�

and Callisto� measurements. Despite this, OCT
examinations with VivoSight� compared to Cal-
listo� are not significantly different from each
other aside from the differences in the signal
intensity of the epidermis above the BCC.
10 AKs were measured with the three OCT

systems regarding the mean thickness and
signal intensity of the stratum corneum, the

Fig. 5. Comparison of three OCT devices concerning (a) signal intensity of BCCs and (b) AKs and (c) skin layer thickness of AKs; PNSk, perile-
sional normal skin; EpiaBCC, epidermis above BCC; DermbBCC, dermis beneath BCC; Sc, stratum corneum; Epi, epidermis; Derm, dermis; T,
thickness; SD, standard deviation; signal intensity in greyscale (0 = black, 255 = white), thickness in mm.
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epidermis and the signal intensity of the der-
mis. In comparison to VivoSight�, Skintell� has
a lower signal intensity and Callisto� an
enhanced signal intensity of the afflicted skin
layers (Fig. 5b). Thus, the difference in signal
intensity is even higher when comparing Cal-
listo� to Skintell� (Fig. 5b). With Skintell� the
measured thickness of the stratum corneum
and the epidermis was lower than with
VivoSight� and also with Callisto� (Fig. 5c).
VivoSight� and Callisto� provided similar
thickness measurement results (Fig. 5c).
Friedman’s test found significant differences in

the signal intensity and thickness measurements
between the three OCT groups (Table 2a). The
outcomes from running paired Wilcoxon tests
with Bonferroni corrected P-values in Table 2a
show significant differences in the signal intensity
of AK affected skin layers between VivoSight�

and Skintell� as well as between Callisto� and
Skintell� measurements. Moreover there were no
significant changes in the signal intensity of the
epidermis and dermis, but a significant stronger
signal intensity of the stratum corneum was
found when comparing VivoSight� with Cal-
listo�. Table 2b shows a significantly thicker stra-
tum corneum and epidermis with VivoSight� as
well as Callisto� measurement than Skintell�.
Nevertheless, there were no statistically signifi-
cant differences in the thickness measurement of
AKs between VivoSight� and Callisto�.

Comparison of three OCT systems with histology
The statistical separate analysis of the histologi-
cally confirmed subgroup, 12 BCCs of 11

patients (1 female, 10 male, median age 71.3,
range 53–85 years), showed almost the same
outcomes as the whole BCC study group
(Table 3a and b). The only difference to the
results of the whole group is that there was no
significant signal intensity distinction in the
dermis below the BCC between Callisto� and
Skintell�. Four BCCs and eight of the 10 AKs
received topical treatment. Because only two
AKs were biopsied, no statistical analysis was
performed but descriptive analysis was similar
to the entire measured AK group.
Figure 6 represents the correlation of BCC

tumor thickness measurement of VivoSight�,
Callisto�, Skintell� and histology. 12 BCCs,
even those with a deeper penetration than the
2 mm of OCT, took part in the correlation pro-
cess. BCC tumor thickness measurements with
VivoSight� correlated very well with Callisto�,
but less well with histology and Skintell� (see
Table 4).

Discussion

Studies on comparison of OCT and high-fre-
quency ultrasound, which showed a good cor-
relation regarding thickness measurements, are
available, but there is a lack of studies between
different OCT devices (17, 18).
The point in comparing three OCT devices is,

that the OCT systems are different depending
on the chosen light source, the focus and the
lens system. Due to their technical features res-
olution and penetration depth of the devices

TABLE 4. Statistical results of the BCC tumor thickness correlation of
histology, VivoSight�, Callisto� and Skintell� (N = 12); r = Spearman’s
correlation coefficient; the correlation is significant at a level of 0.01
(both sides)

Histology VivoSight� Callisto� Skintell�

Histology

Spearman-Rho (r) 1.000 �0.070 �0.112 �0.196

P-value (both sides) . 0.828 0.728 0.540

VivoSight�

Spearman-Rho (r) �0.070 1.000 0.979* 0.350

P-value (both sides) 0.828 . 0.000 0.265

Callisto�

Spearman-Rho (r) �0.112 0.979* 1.000 0.357

P-value (both sides) 0.728 0.000 . 0.255

Skintell�

Spearman-Rho (r) �0.196 0.350 0.357 1.000

P-value (both sides) 0.540 0.265 0.255 .

*The correlation is significant at a level of 0.01 (both sides).

Fig. 6. The point cloud illustrates the correlation of 12 BCC tumor
thickness measurements of VivoSight�, Callisto�, Skintell� and his-
tology; thickness in mm; 2 mm = all tumors ≥2 mm.
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vary. The time domain OCT uses an adjustable
reference mirror to measure the required time
for the reflection of the returning light in the
depth direction (z-axis) (19). Therefore, the time
domain OCT is limited in image quality and
amount of data, especially in the transverse
direction (19). Meanwhile the frequency or SD-
OCT, which analyzes the wavelengths of the
reflected light across a spectrum simultaneously
because of a static reference mirror and spec-
trometer, enables a superior sensitivity and fas-
ter way of capturing images (3). Both time
domain and spectral/frequency domain OCT
use broadband light sources, whereas the
swept-source OCT is based on a sweeping nar-
row line width laser (3).
Despite their technical differences, this study

showed that all three tested OCT devices,
VivoSight�, Callisto� and Skintell�, could signif-
icantly distinguish BCCs and AKs from adjacent
healthy skin through signal intensity reduction
and a strong thickness increase in the stratum
corneum and epidermis of AKs. As demon-
strated, Skintell� shows a lower signal intensity
of all skin layers affected by BCCs and AKs as
well as a thinner stratum corneum and epider-
mis compared to VivoSight� and Callisto�. This
result could possibly depend on the higher reso-
lution of Skintell�, because maybe with the other
two OCT devices the skin surface reflection was
measured instead of or additionally to the layer
thickness. It would also be conceivable, that this
effect is based on the application of gel during
the Skintell� measurement, which evokes a thin-
ner input signal. Lastly, distance measurements
have to be corrected by the refractive index of
skin, which corresponds to water and is about
1.33. Possibly, the calibration factor is different
between the systems.
Meanwhile, nearly all measurements between

VivoSight� and Callisto� provided similar
results, aside from the signal intensities of the
epidermis above the BCC and of the stratum
corneum in AKs. Moreover, VivoSight� and

Callisto� correlated very well regarding BCC
tumor thickness, unlike with Skintell� and his-
tology. The latter could be explained through
the fact that only two of the 12 BCCs had a
tumor size <1.2 mm, which is the often cited
cut-off for OCT and histology correlation (20).
Skintell� has a much lower detection depth of
less than 700 lm compared to the other two
systems, which are comparable with one
another in terms of the signal penetration in
skin. Therefore, Skintell� is inferior regarding
imaging of the lower border of BCCs and deter-
mination of the infiltration depth, which is
important for deciding whether a topical treat-
ment with photodynamic therapy or imiquimod
may be successful or if surgery has to be per-
formed.
Other shortcomings of this study are that no

statistical analysis of histologically confirmed
AKs was performed due to the small number of
surgically removed AKs. Because of the indivi-
dual image selection, the inter-observer variabi-
lity and due to the fact that every patient has
another normal skin as control site, signal inten-
sity and layer thickness in relation to the entire
lesion could vary.
In conclusion, every OCT device is able to

detect BCCs and AKs and to differentiate them
from normal skin. Due to their technical specifi-
cations, differences and similarities in signal
intensity and thickness measurements were
noted among the three OCT systems, especially
the clearly different penetration depth between
Skintell� and the other two OCT devices was
apparent. All OCT systems helped to improve
the diagnostic accuracy in NMSC using objec-
tive parameters like signal intensity and thick-
ness measurements in addition to clinical
examination and dermoscopy.
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