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Abstract. In scars arising from burns, objective assessment of vascularity is important in the early identification of
pathological scarring, and in the assessment of progression and treatment response. We demonstrate the first clin-
ical assessment and automated quantification of vascularity in cutaneous burn scars of human patients in vivo that
uses optical coherence tomography (OCT). Scar microvasculature was delineated in three-dimensional OCT
images using speckle decorrelation. The diameter and area density of blood vessels were automatically quantified.
A substantial increase was observed in the measured density of vasculature in hypertrophic scar tissues (38%) when
compared against normal, unscarred skin (22%). A proliferation of larger vessels (diameter ≥ 100 μm) was revealed
in hypertrophic scarring, which was absent from normal scars and normal skin over the investigated physical depth
range of 600 μm. This study establishes the feasibility of this methodology as a means of clinical monitoring of scar
progression. © 2012 Society of Photo-Optical Instrumentation Engineers (SPIE). [DOI: 10.1117/1.JBO.18.6.061213]
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1 Introduction
Burn injury is an important global health issue, with nearly 11
million incidences world-wide of fire-related burn injuries re-
ported annually.1 Burn damage to the skin may also arise from
a range of other causes, including contact with hot liquids or
surfaces, electricity, radiation, chemicals, and moving surfaces
(friction).2

A broad spectrum of scars may result in response to a burn
injury. A normotrophic scar is the best clinical endpoint as the
scarred tissue assumes similar characteristics (thickness, color,
pigmentation, and pliability) to those of the surrounding, un-
scarred normal skin.3 For some individuals, pathological scar
conditions, such as hypertrophic scarring, can develop. A hyper-
trophic scar is characterized by a high degree of angiogenesis
and an over-proliferation of collagen synthesis that is restricted
to the original wound margin. It presents clinically as a red,
raised, and rigid lesion, which may produce scar contractures
(i.e., tightening of tissue) when located over joints.4–6 Hyper-
trophic scarring is associated with delayed healing of burns7

and occurs in more than 60% of patients.3,6,8 It is a common
outcome of a deep dermal burn and occurs within weeks of the
injury. This type of scarring often increases in size for three to
six months9 and subsequent regression and maturation may take
more than two years.

Examination of scar progression is important in the early
diagnosis and treatment of pathological scarring, and in the
assessment of response to treatment. A potent clinical indicator
is the redness of the scar, which is indicative of the degree of
angiogenesis.10,11 Angiogenesis occurs initially during the
proliferation phase of the wound healing process and may con-
tinue long after wound closure. A red scar has a higher risk of
becoming hypertrophic than a pale scar.10 Regression of vascu-
larity is expected toward scar maturity with notable reduction
of redness, becoming comparable to the surrounding normal
skin.12,13 Visual assessment of color is a standard clinical ap-
proach to rate scar vascularity, and is used in protocols such as
the Vancouver Scar Scale.14,15 However, the unaided visual assess-
ment of scar redness can be highly subjective, with limited sen-
sitivity and significant inter-observer variability. Previous attempts
to objectively quantify scar vascularity have been performed
within histological studies,16–19 although the invasive nature of
histological analysis precludes its use in longitudinal assessments.

Several noninvasive techniques to measure scar vascularity
have been investigated. These include the use of a reflectance
meter to measure the erythema index of scars11 and photography
or videography to record scar color.10 Video capillaroscopy has
been used to evaluate the differences in the vasculature of hyper-
trophic scars and healthy skin.20 It acquires image data with high
resolution but is limited to extremely superficial vessels (within
∼200 μm).21 Laser Doppler flowmetry (LDF) has been used to
noninvasively measure blood flow at a single point in a hyper-
trophic scar.22,23 Laser Doppler perfusion imaging (LDI)24 and
laser speckle perfusion imaging (LSPI)25 extend the point
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measurement of LDF into two-dimensional (2-D) en face per-
fusion imaging. Although these techniques provide insight
into the overall level of perfusion in a scar, they are unable to
provide a depth-resolved perfusion map. With the exception of
video capillaroscopy, these noninvasive techniques lack the
micrometer-scale resolution required to distinguish individual
capillary vessels and, therefore, are unable to resolve the micro-
vasculature in tissue.

Optical coherence tomography (OCT)26 is a noninvasive,
micrometer-resolution three-dimensional (3-D) tomographic
imaging technique for in vivo tissue imaging. The capability of
OCT for depth-resolved, microvasculature mapping has been
demonstrated in previous in vivo studies of normal and psoriatic
human skin.27–30 It has also been applied to in vivo vasculature
mapping in the human eye31–33 and oral tissues.34 Vasculature
contrast in OCT is realized through the endogenous scattering
properties of moving blood cells without the requirement of exo-
genous contrast agents. Several vasculature extraction techni-
ques have been developed for 3-D OCT imaging, including
methods based on the Doppler shift (such as phase-resolved
Doppler OCT,35 optical microangiography,30 and Doppler stan-
dard deviation36) and based on speckle temporal dynamics (such
as correlation mapping,27 speckle variance,37 and spatial speckle
frequencies).38 The choice of method is dependent upon the
phase stability of the OCT system, and whether quantitative
flow information is required.

The aim of the study reported here was to investigate the
utility of OCT for clinical assessment of human cutaneous
burn scars as a complement to visual assessment. We describe
novel techniques to automatically quantify vessel diameter and
density, and illustrate the methodology through a series of case
studies, comparing a variety of scar tissues against contralateral
or adjacent normal tissues. The results constitute the first in vivo,
noninvasive automated quantification of scar vascularity using
OCT. We show that the use of these techniques enables 3-D
OCT imaging to be used as a means of objective assessment of
scar vascularity.

2 Materials and Methods

2.1 Imaging System

Imaging was performed with a fiber-based swept-source
polarization-sensitive OCT system (PSOCT-1300, Thorlabs),
comprising a broadband swept-source laser and a Michelson
interferometer with balanced detection. The laser source has

a central wavelength of 1325 nm and the average optical power
of the probing beam incident on the skin is 3.2 mW. The mea-
sured full width at half maximum (FWHM) axial resolution is
17 μm in free space and the lateral resolution is 16 μm. The
working distance and numerical aperture of the objective lens
are 25.1 mm and 0.056, respectively. The system was operated
at an axial scan rate of 5.4 kHz.

The sample arm was terminated in an imaging head mounted
on an articulating arm [Fig. 1(a)]. An adjustable sample spacer
was affixed to the imaging head to enable a constant distance
between the objective lens and the skin to be maintained.
This spacer had an 18 mm diameter hole and a grooved base to
attach a glass cover slip (22 × 40 × 0.13 mm), which was used
as a window for imaging the scar through a layer of ultrasound
gel [Fig. 1(b)]. The use of ultrasound gel for refractive index
matching has been shown to reduce a range of morphological
and intensity artifacts common in OCT imaging of skin.39

2.2 Clinical Image Acquisition

The clinical protocol was approved by the Human Research
Ethics Committee of Royal Perth Hospital and The University
of Western Australia. In total, eight patients (four male and four
female, Caucasian, mean age: 32 years) were enrolled with
prior informed consent. Patients were undergoing follow-up
examination of burn scars.

Prior to imaging, any hair on the area to be imaged was
trimmed using an electric shaver to avoid shadowing artifacts in
the OCT scans. To enable removal of motion artifacts, a small
metal fiducial marker was adhered securely to the scar using
double-sided adhesive tape, as described in Ref. 40. The marker
is a 1-cm square brass shim (thickness: 170 μm) with a 3-mm
diameter hole in its center through which the scar was scanned
[Fig. 1(b)]. For each patient, scarred skin and normal unscarred
skin (at a site adjacent or contralateral to the scar) were scanned.
Each 3-D OCT scan was 4 × 1.5 × 3 mm (x × y × z) in size and
consisted of 1088 × 1088 × 512 pixels, where x and y represent
the lateral dimensions, and z the axial depth dimension.

To reduce the intensity of detected specular back reflections,
the axis of the scanning beam was tilted at ∼1 deg to the surface
normal of the marker and glass cover slip. The OCT beam focus
was set at ∼350 μm below the scar surface (in physical distance)
for optimal subsurface imaging. The B-scan acquisition time
was ∼200 ms, and the acquisition time for a 3-D volume was
∼3 min 40 s.

Fig. 1 (a) Imaging head mounted on an articulating arm, and (b) imaging head-tissue interfacing setup with the lower right inset showing the en face
view of the fiducial marker and scanning region.
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2.3 Data Post-Processing

2.3.1 Segmentation of vascular network

The vascular network was segmented from the 3-D OCT scan
using speckle decorrelation, based on the algorithm presented
by Enfield et al.27 A linear intensity volume was produced

by adding the squared magnitude of the data from the two detec-
tion channels of the OCT system. The segmentation algorithm
then involves computing a correlation map between each pair
of adjacent B-scans. Correlation coefficients, corrMapðx; zÞ,
were computed using the standard normalized cross-correlation
equation [Eq. (1)]:

corrMapðx; zÞ ¼
P

M
p¼1

P
N
q¼1f½IAðxþ p; zþ qÞ − IAðx; zÞ�½IBðxþ p; zþ qÞ − IBðx; zÞ�gffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

M
p¼1

P
N
q¼1 ½IAðxþ p; zþ qÞ − IAðx; zÞ�2

q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
M
p¼1

P
N
q¼1 ½IBðxþ p; zþ qÞ − IBðx; zÞ�2

q ; (1)

where the window size is defined by a grid ofM × N, and IA and
IB are a pair of neighboring subimages in adjacent B-scans in an
OCT linear intensity volume, which are defined by the window.
IA and IB are the mean values of the subimages IA and IB, respec-
tively. Correlation values lie in the range [−1, 1]. A window of
3 × 7 pixels (x × z) was empirically chosen for our system, and
the computation was performed for each pair of adjacent B-scans
in the 3-D OCT scan to yield a 3-D correlation map. Small abso-
lute values of correlation reflect rapid speckle decorrelation, indi-
cative of blood flow. Large positive correlation values indicate
stationary tissue. In areas with low backscatter, there is a poor
signal-to-noise ratio (SNR) and both stationary tissue and moving
blood will exhibit rapidly decorrelating speckle. To reduce this
confounding effect, the 3-D correlation map values were
weighted by the OCT signal intensity. Specifically, correlation
map values were inverted (0 → correlated, 1 → decorrelated) and
then weighted with the median filtered, log-intensity back-scatter
values. This reduced the estimated decorrelation in areas with
low SNR.

To reduce decorrelation due to tissue bulk motion, each
pair of adjacent B-scans was aligned using a cross-correlation
intensity-based registration algorithm prior to calculation of
the correlation map. After calculation, the shape of the vessels
was corrected using a fiducial marker-based registration algo-
rithm. Both registration algorithms have been described in
Ref. 40.

Vessel visualization was performed using a 2-D en facemax-
imum intensity projection (MIP) image calculated from the 3-D
correlation map. First, the surface of the tissue was automati-
cally extracted using a Canny edge detector.41 The MIP was
generated over the xy plane, including data to a physical depth
of ∼600 μm below the skin surface. Depth measurements were
corrected assuming an average group refractive index of skin of
1.43 (Ref. 42) at a wavelength of 1325 nm. In addition, a
2-D depth-encoded en face vessel image was produced by
thresholding the correlation values and color-coding vessel
pixels by their depth. Automatic quantification of vessel dia-
meter and area density was performed on the MIP image, as
detailed in Sec. 2.3.2. The flow of data post-processing is sum-
marized in Fig. 2.

2.3.2 Automatic quantification of blood vessel diameter
and area density

To measure blood vessel diameter, the MIP of the 3-D correla-
tion map was thresholded and skeletonized.43 The branch points
(i.e., bifurcation points) of the skeleton were subsequently iden-
tified and eliminated. This step decomposed the vasculature
skeleton into distinct vessel segments, with the skeleton points

marking the center line of each section of vessel. At each
skeleton point, the orientation of the vessel was calculated by
finding the line of best fit to skeleton points within a small
circular neighborhood. The vessel diameter at each point was
estimated by tracing a line perpendicular to the vessel orienta-
tion, identifying the edges of the vessel by the rapid increase in
speckle correlation. An example illustrating the process is
shown in Fig. 3.

In OCT, blood flow will cause speckle decorrelation at all
subsequent axial depths in an A-scan. For this reason, superficial
vessels may occlude deeper vessels and vessels which cross at
different depths will appear to intersect. To reduce the impact on
the quantification, we computed two MIPs: the first extending
from the tissue surface to an empirically chosen physical depth
of 300 μm; and the second extending from 300 to 600 μm.
Vessel pixels identified in the shallower MIP were subtracted
from those in the deeper MIP. Vessel diameters across both
MIPs were calculated and combined. As the distribution of ves-
sel diameters is not symmetric, we report the median diameter
instead of the mean.

Fig. 2 Flow of data post-processing.
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To measure the area density of vessels, each MIP was thresh-
olded to identify locations within the vasculature, with the
threshold empirically set to 60% of the mean correlation values
present within the tissue region of the MIP (i.e., excluding the
fiducial marker). The percentage of total surface area of vascu-
lature per unit area of tissue was then computed as an indicator
of vessel density.

All computation was implemented in MATLAB (vR2009b,
Mathworks, Natick, Massachusetts) on an Intel Quad Core
i7@3.07GHz computer.

3 Results
In this section, we present four case studies to demonstrate qua-
litatively and quantitatively the capacity of OCT to measure the
differences in vascularity between scar tissue and normal skin.

Case Study 1 is shown in Fig. 4: a 5-month-old hypertrophic
scar (left column) on the left anterior thigh of a 28-year-old
female patient, and the corresponding contralateral healthy
skin (right column). This scar was formed after a friction burn,
and vascularity was categorized as “red” on the Vancouver Scar
Scale (VSS). Note that on the VSS, the degree of vascularity is
categorized into one of four classes, in ascending degree: normal,

Fig. 3 Illustration of automatic quantification of blood vessel diameter
along a skeleton line.

Fig. 4 Case Study 1. Photographs of: (a) a 5-month-old hypertrophic scar due to a friction burn on the left anterior thigh; and (b) the contralateral normal
skin, showing the 1 × 1 cm square shim outline. The en face MIPs of the 3-D correlation maps of the scar and normal skin over a depth of ∼600 μm
from the tissue surface are shown in (c) and (d), respectively. The vasculature from (c) and (d) is color-coded by physical depth (μm), respectively, in
(e) and (f). Histograms of blood vessel diameter measurements and the quantified vascular parameters are shown in (g). Scale bar indicates a distance
of 0.5 mm.
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pink, red, and purple. The patient underwent three courses of
laser treatment (localized thermal vascular damage) between
three and four months after injury to flatten and improve the
appearance of the scar.

In each photo, the imaging area is located in the center of a
1 × 1 cm square drawn in ink on the skin surface. En faceMIPs
of the correlation maps are shown in Fig. 4(c) to 4(f). The latter
two have been thresholded and color-coded by depth. Despite
laser treatment, an abundant supply of large blood vessels is pre-
sent in the scar. The histogram in Fig. 4(g) illustrates the fre-
quency of blood vessel diameters in both acquisitions. These
distributions appear right-skewed, especially for the scar tissue,
leading us to report the median, as foreshadowed in Sec. 2,
rather than the mean for each distribution. The median diameter
of the blood vessels in this hypertrophic scar was measured to be
44 μm, whereas that of the contralateral normal skin was 23 μm.
The area density of vasculature was estimated to be 47% in the
scar tissue, corresponding to a ∼70% increase compared with
the vasculature density in the contralateral normal skin (28%).

Figure 5 shows Case Study 2, a 12-month-old hypertrophic
scar resulting from a scald with hot oil on the left lateral forearm
of a 21-year-old male patient. The patient was diagnosed with a
deep-partial thickness burn and the scar was graded “red” on
the VSS. The patient was treated after injury with ReCell®

Spray-On Skin™ and received a split-thickness skin graft.
ReCell® Spray-On Skin™ is an autologous epithelial cell sus-
pension cultured from the patient’s own skin.44 A split-thickness
skin graft includes the epidermis and part of the dermis obtained
from the patient’s own skin.45 During treatment, the skin graft
was meshed to cover the entire wound and the cell suspension
was applied over this to assist wound healing.

The MIPs in Fig. 5(c) to 5(d) show that the hypertrophic
scar is more densely infiltrated with large blood vessels com-
pared to the contralateral normal skin. This correlates with the
histogram of Fig. 5(g). The color-coded depth image shows
that the vessels present in the scar are located at greater depths
(>200 μm from the surface) than those in the normal skin
[Fig. 5(e) to 5(f)]. The median scar vessel diameter is 46 μm,
almost twice the 24 μm diameter in normal skin. This corre-
sponds to a similar increase in the vessel density: 45% for scar
tissue versus 24% for normal tissue.

Figure 6 shows Case Study 3, a 24-month-old, flame burn
hypertrophic scar on the right medial thigh of a 20-year-old
female patient. The wound was classified as a deep partial-
thickness burn. The patient had received treatment comprising
ReCell® Spray-On Skin™ and a split-thickness skin graft
20 days after injury. She was subsequently treated with three
courses of intralesional injections of corticosteroid to flatten the

Fig. 5 Case Study 2. Photographs of: (a) a 12-month-old hypertrophic scar resulting from a scald caused by hot oil on the left lateral forearm; and (b) the
contralateral normal skin. En face MIPs of the vasculature over a physical depth of ∼600 μm are shown in (c) and (d). The physical depths (μm) of the
vessels in (c) and (d) are color-coded, respectively, in (e) and (f). Histograms of blood vessel diameter measurements and other quantification results
are shown in (g). Scale bar indicates a distance of 0.5 mm.
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scar. Corticosteroids are believed to reduce scarring by several
mechanisms,46,47 which include mediating vasoconstriction to
reduce the supply of nutrients to the scar tissue and activating
the endogenous collagenase to break down the scar matrix. The
scar color was graded as “red” on the VSS.

Several large vessels are apparent at a superficial depth
(∼100 to 150 μm), as seen in Fig. 6(d). Consistent with the
other cases, the median vessel diameter in the scar (37 μm) is
notably greater than that of the corresponding normal skin
(23 μm). Vessel density is also correspondingly greater: 35% in
scar tissue versus 19% in normal tissue.

Case Study 4, shown in Fig. 7, is a 12-month-old normo-
trophic scar on the left lateral forearm of a 58-year-old female
patient, originating from a flame burn. The scar had been treated
with pressure garments and massage, but without surgery. The
scar appears hypopigmented but the scar color was rated
“normal” on the VSS. Vessels in this scar were found to have
a similar diameter to those in normal tissue, although were far
more prolific [Fig. 7(b), 7(c)], with a density of 32% in the scar
tissue versus 18% in the contralateral normal skin (photograph
not shown).

Table 1 summarizes the results of the quantification of vas-
cular parameters for all eight scar tissue and eight normal skin
data sets. Overall, scar tissue showed a 73% increase in vascular
density over normal skin (38% vessel area density versus 22%).
Combining the median diameter values from all scars, the aver-
age of these values is 34 μm, which is ∼48% larger than the
measured vessel diameter in normal skin (23 μm).

Figure 8 depicts a scatter plot of median vessel diameter versus
area density for all data sets. Scars were categorized by a medical
clinician as normotrophic or hypertrophic according to appear-
ance and clinical history. One scar data set was excluded from
this scatter plot as it was too early (three weeks old) in the
scar formation process for the scar to be accurately categorized.
Figure 8 suggests a correlation between the clinical assessments
and the quantitative vascularity parameters. Our overall finding
that the hypertrophic scars exhibited more and larger vessels cor-
related well with a redder appearance which forms the basis of
clinical assessment.

4 Discussion
In this pilot study, we investigated the feasibility of noninva-
sively quantifying vascularity in scars to complement subjective

Fig. 6 Case Study 3. (a) Photograph of a 24-month-old hypertrophic scar due to a flame burn on the right medial thigh, and the adjacent scanned
normal skin; and (b) and (c) are the en faceMIPs of the vasculature in scar tissue and normal skin, respectively. The physical depths (μm) of the vessels in
(b) and (c) are color-coded in (d) and (e), respectively. Histograms of blood vessel diameter measurements and other quantification results are shown in
(f). Scale bar indicates a distance of 0.5 mm.
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clinical assessment as a step toward more evidence-based scar
management. We demonstrated that OCT is indeed capable of
providing depth-resolved microvasculature maps, which are a
prerequisite for the understanding of angiogenesis in scarring.
We demonstrated the feasibility of using automated techniques
to extract quantitative measures of the vascularity from these
maps. Such quantification offers great potential to minimize
intra and inter-observer variability in the longitudinal assess-
ment of scar response to treatment.

We extracted maps of the vasculature from tissues using a
speckle decorrelation technique.27 In this technique, flow
regions are extracted based on speckle variations (due to the
movement of highly scattering blood cells) which manifest as
fluctuations in the intensity of the backscattered OCT signals.
As opposed to techniques based on the Doppler shift, flow con-
trast based on speckle decorrelation does not rely on the phase of
the backscattered signal and, therefore, is applicable to systems
vulnerable to phase instability, such as swept-source OCT.
Although speckle decorrelation does not provide information
on the flow velocity and direction, it is Doppler angle indepen-
dent (i.e., sensitive to both axially and transversely oriented
vessels), simple to implement and computationally efficient.27,48

Blood vessels were extracted only up to a physical depth of
∼600 μm from tissue surface to avoid the confounding effect
of noise at depths with poor SNR.

In this study, we observed that scar tissue in general, and
hypertrophic scar tissue in particular, has a rich vascularization.
Vascular density in scar tissues was found, on average, to be
∼73% greater than in normal skin. Although normal skin and
normotrophic scars are predominantly perfused with fine

Fig. 7 Case Study 4. (a) Photograph of a 12-month-old normotrophic scar due to a flame burn on the left lateral forearm. The extent of the scar is
outlined in dotted green. The photograph of the contralateral normal skin is not shown. (b) and (c) are the en faceMIPs of the vasculature in scar tissue
and contralateral normal skin, respectively. The vasculature in (b) and (c) is color-coded by physical depth (μm) in (d) and (e), respectively. Histograms
of blood vessel diameter measurements and other quantification results are shown in (f). Scale bar indicates a distance of 0.5 mm.

Table 1 Quantification results for all patients (n ¼ 8).

Tissue type

Area density, % Median vessel diameter, μm

mean (�SE) mean (�SE)

Scar 38 (�3.2) 34 (�3.2)

Normal skin 22 (�1.4) 23 (�0.7)
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vasculature (diameter ∼20 to 30 μm), clinically graded hyper-
trophic scars included larger vessels (diameter ≥ 100 μm) over
the physical depth range investigated. The findings of this study
are consistent with previous histological studies showing that
hypertrophic scars are permeated with a higher density of
blood vessels, some of which are enlarged, as compared to nor-
mal skin and normal scarring.16,18 Our results also correlate well
with earlier studies using laser Doppler flowmetry, which found
increased vascularity in hypertrophic scarring.10,11

Thickening of the epidermis, which is believed to be due to
acanthosis (i.e., a thickening of the stratum spinosum) in some
hypertrophic scarring,49 was observed in some data sets (e.g.,
Case Study 2) and can be implicated in a corresponding increase
in the physical depth of the vasculature [see, e.g., Fig. 5(e)].
Examination of the log-intensity OCT B-scans for this case
study showed an epithermal thickness of ∼260 μm in the scar
tissue, as opposed to ∼100 μm in the normal skin.

Various management techniques are currently in clinical use
for prophylaxis and treatment of hypertrophic scarring. These
include surgical excision, intralesional corticosteroid injections,
pressure garment therapy,50 silicone gel sheeting, pulsed-dye
laser treatments,51 radiotherapy,52,53 and cryotherapy.54,55 Many
of these techniques are primarily proven through extensive clin-
ical use, with the effectiveness of only a few of them supported
by a prospective study.9 This is, in part, due to the difficulty in
objectively quantifying changes of scarring before and after
treatments.9,56 Our preliminary study suggests the potential use
of OCT to monitor and compare different treatment modalities
in such a longitudinal prospective study.

A particular potential use of OCT vasculature imaging is in
guidance for pulsed-dye laser treatment.51 This treatment
improves the appearance of scars by reducing erythema using
localized injury of microvessels. Laser treatment of hyper-
trophic scarring was previously postulated to alter the scar re-
modeling process by causing tissue ischemia and hypoxia, the
release of cytokines, and a reduction in mast cell degranula-
tion.51 Previous studies57 demonstrated the promising use of
OCT to guide laser treatment of human port wine stain, a con-
genital disease characterized by capillary dilation and malforma-
tion in the upper dermis. We note that the ability of OCT to
quantify vasculature makes it a good candidate imaging mod-
ality to guide such treatments in scar tissue.

Scars often exhibit regional variation in severity. Within this
study, scans were acquired in the severely affected areas of each
scar. In clinical practice, multiple acquisitions across the scar
would be required during the assessment because of the limited
field of view of the OCT system. However, recent improvements
in OCT image acquisition rates58 could potentially allow larger
scans to be acquired in real-time.

5 Conclusion
We demonstrated the first in vivo clinical assessment of micro-
vasculature in cutaneous burn scars of human patients using
OCT. Using novel quantification techniques, vessel diameter,
and density were automatically extracted from OCT speckle
decorrelation data. Through a series of case studies, our results
showed a proliferation of larger vessels in hypertrophic scars
when compared against normal contralateral or adjacent skin.
These results correlate well with the established pathology of
hypertrophic scars.16,18 The average median diameter of the
vessels in scars was quantified as 34 μm, compared with 23 μm
in normal skin. Scar tissue was also found to be more richly
supplied with blood vessels than the normal skin; with an aver-
age area density of 38% measured for scars versus 22% for
normal skin. The results of this work establish a basis for patho-
logic scarring to be assessed in larger OCT clinical studies.
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