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Abstract

Background: Optical Coherence Tomography (OCT) is a high-resolution imaging technique
capable of quantifying Blood Flow at Depth (BD) and the Attenuation Coefficient (AC).
However, the clinical relevance of these parameters in burn assessment remains unclear.
This study investigated whether OCT-derived metrics can differentiate between superficial
and deep pediatric hand burns. Method: This prospective, single-center study analyzed
73 OCT scans from 37 children with thermal hand injuries. A structured algorithm was
used to evaluate AC and BD. Results: The mean AC was 1.61 mm~! (SD =+ 0.48), with
significantly higher values in deep burns (2.11 mm~! 4 0.53) compared to superficial burns
(1.49 mm~1 + 0.38; p < 0.001), reflecting increased optical density in more severe burns. BD
did not differ significantly between burn depths, although superficial burns more often
showed visible capillary networks. Conclusions: This is the first study to assess both AC
and BD using OCT in pediatric hand burns. AC demonstrated potential as a diagnostic
marker for burn depth, whereas BD had limited utility. Image quality limitations highlight
the need for technical improvements to enhance OCT’s clinical application.

Keywords: optical coherence tomography; blood flow at depth; attenuation coefficient;
pediatric burns; thermal injuries; non-invasive monitoring

1. Introduction

Thermal injuries are a common and serious issue in children, affecting over 30,000 an-
nually in Germany. Around one-third involve the hands [1-4], often resulting in permanent
scarring and functional impairment [5]. Differentiating superficial second-degree burns
(Grade IIa) from deeper injuries (Grade IIb/III) remains difficult [6,7]. Clinical guidelines
recommend skin grafting if epithelialization does not occur within 2-3 weeks, given the
high risk of scarring and the limited accuracy of early clinical assessment. This leads to ex-
tended observation and clinical uncertainty. Despite advances such as improved dressings
and enzymatic debridement, treatment remains prolonged [1,6,8].

Our research aims to address the ongoing challenge of accurately assessing burn depth
in the early stages of injury. While superficial and full-thickness burns can typically be

Eur. Burn J. 2025, 6, 54

https://doi.org/10.3390/ebj6040054


https://doi.org/10.3390/ebj6040054
https://doi.org/10.3390/ebj6040054
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ebj
https://www.mdpi.com
https://orcid.org/0000-0002-2706-160X
https://orcid.org/0000-0002-5841-8624
https://orcid.org/0000-0003-4629-7922
https://orcid.org/0000-0003-2112-3125
https://orcid.org/0009-0000-1613-5362
https://orcid.org/0000-0002-3543-5974
https://doi.org/10.3390/ebj6040054
https://www.mdpi.com/article/10.3390/ebj6040054?type=check_update&version=1

Eur. Burn J. 2025, 6, 54

20f 16

identified with relative certainty, partial-thickness (second-degree) burns remain difficult
to evaluate—even for experienced burn surgeons. As a result, clinical management often
involves waiting for the wound to demarcate naturally over time.

The potential for spontaneous healing is closely linked to burn depth, particularly the
extent of vascular network damage [6]. Therefore, our work focuses on the visualization
of tissue injury at various depths, with an emphasis on imaging the vascular network to
support early and reliable assessment.

Several imaging techniques are currently under investigation to support clinical
decision-making in wound assessment [9,10]. One such method is Laser Doppler Imaging
(LDI), which generates color-coded maps of tissue perfusion and has proven effective in
distinguishing between burn depths. However, LDI does not provide structural infor-
mation about the wound [9]. Other optical imaging techniques—such as hyperspectral
imaging, multispectral imaging, near-infrared spectroscopy (NIRS), and diffuse reflectance
spectroscopy—primarily evaluate tissue oxygenation, offering insights into cutaneous
oxygen levels [9-11].

Optical Coherence Tomography (OCT) is a promising imaging modality that provides
high-resolution (3-5 um) visualization of the epidermis and the birefringence of dermal
collagen fibers to a depth of approximately 2 mm. OCT generates cross-sectional images
that can be reconstructed into en face views. Unlike some other imaging techniques, OCT is
unaffected by melanin, making it suitable for use across all skin types [10,12-19]. However,
its ability to differentiate between tissue types is sometimes limited due to low contrast in
conventional OCT images.

An advancement of this technology, Dynamic OCT (D-OCT), utilizes speckle variance
from repeated scans to detect signal fluctuations caused by moving erythrocytes, allowing
visualization of blood flow and microvascular structures [9,20]. While D-OCT provides
valuable functional information, it is highly sensitive to motion artifacts, which can degrade
image quality [11].

OCT is already widely used in ophthalmology, with commercial systems routinely
employed to visualize retinal and choroidal layers and to diagnose various eye condi-
tions [21-23]. Beyond ophthalmology, OCT has been adapted for cardiovascular imaging,
particularly in evaluating the morphology of indwelling stents, and is being explored for
applications in urology, including the visualization of bladder cancer [19,21].

The most relevant applications of OCT to this study lie in dermatology, where it is
used to visualize conditions such as melanomas, basal cell carcinoma, penile lesions, and
acne [20,21,24-29]. In burn care, multiple research groups are actively investigating the
potential of OCT to assess structural and vascular changes in the damaged skin [9,27-29].
By observing the application and integration of OCT in clinical pathways, we aim to
evaluate its utility in visualizing burn-specific changes in damaged skin [10,12,13] and
assessing its potential to accurately determine the severity of burn injuries [10,12,13,18].

Like other research groups, our work is focused on addressing this diagnostic chal-
lenge. We aim to enhance clinical evaluation by developing imaging tools that serve as an
adjunct to, rather than a substitute for, expert clinical judgment.

Previous work by our group has demonstrated the ability to visualize the involvement
of various burn depths [10,13], leading to the proposal of a clinical scoring system [12].
We could confirm the visualization of the vascular structures with OCT. The current
study aims to utilize mathematical parameters to develop an objective, user-independent
evaluation method.

Building on previous pediatric OCT studies, this work focuses on automatically
generated OCT parameters—the Attenuation Coefficient (AC) and Blood Flow at Depth
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(BD)—and compares them between superficial (Grade Ila) and deep (Grade IIb/III) burns
in children.

2. Materials and Methods

This prospective, single-center diagnostic study was conducted at the Department
of Pediatric Surgery, University Hospital of Schleswig-Holstein (UKSH). OCT scans were
acquired from children and adolescents with thermal hand injuries, following a standard-
ized protocol during the first elective dressing change, predominantly 48-72 h post-injury.
The study adhered to the Declaration of Helsinki and was approved by the UKSH Ethics
Committee, Campus Liibeck (Approval No. 15-116, issued 10 June 2015).

Patients aged 0 to 15 years treated for thermal hand injuries at the pediatric burn
center were included. OCT scans were performed during routine sterile wound care in the
operating theatre. The inclusion process is shown in Figure 1.

Hospitalized children and adolescents up to 16 years
with thermal injuries to the hands during the
recruitment period
(January 2016 — May 2020)

v

Consent obtained?
OCT measurement conducted?

NO $1 Exclusion

YES

v

Inspection of OCT scans:
Is exact assignment of the scan to the hand possible?
Thermally injured area?
Is the clinical course of the scanned skin area known?
Image section captured?
No duplicate measurement?

NO $1 Exclusion

YES

4

Clinical course of the scanned skin area:

Scar-free healing Skin graft or scarred
healing

\

Group 1 -
Superficial thermal
injury (Grade lla)

Evaluation dataset

Figure 1. Compilation of the dataset and group assignment.
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Each dataset comprised multiple OCT scans and was evaluated for image quality. Qual-
ity variation was attributed to anatomical differences, motion artifacts, and the software-
generated en face view adjusted to skin curvature. A visual scoring system was developed
to objectively assess image quality and support data filtering.

Scans were classified into two groups based on clinical outcomes: Group 1 (superficial
burns, Grade Ila) and Group 2 (deep dermal burns, Grade IIb/III).

OCT images were acquired using the clinically approved VivoSight Dx 1302© system
(Version 4.8, Michelson Diagnostics Ltd., Maidstone, Kent, UK), a swept-source OCT device
operating at a 20 kHz A-scan rate with a Class 1 laser at 1305 nm, see Figure 2. Each scan
taking 10 s to perform covered a 6 x 6 mm area and penetrated up to ~2 mm, depending on
tissue refractive index. The system offers <7.5 um lateral and <5 um axial resolution [15,16].

Figure 2. VivoSight Dx 13020 system.
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Automated image analysis has become increasingly important in OCT, enabling de-
tection of subtle tissue features beyond the capabilities of visual inspection or standard
imaging [17,30-32]. In this study, two key parameters—the Attenuation Coefficient (AC)
and Blood Flow at Depth (BD)—were extracted using automated software (OCT Analyse,
OCT Research Tool, Version 4.0.99.17©, Michelson Diagnostics Ltd.).

In this study, two key parameters—the Attenuation Coefficient (AC) and Blood Flow
at Depth (BD)—were extracted using automated software allowing detection of subtle
tissue features not visible through direct inspection or conventional imaging (OCT Analyse,
part of the OCT Research Tool, Version 4.0.99.17©, Michelson Diagnostics Ltd.).

2.1. Attenuation Coefficient

The Attenuation Coefficient quantifies the exponential decrease in OCT signal intensity
with increasing depth, caused by scattering and absorption in biological tissue. Lambert-
Beer’s law describes this relationship:

IZ = 106 THZ

Here, I represents the incident light intensity, I, is the intensity after a path length z,
and y is the Attenuation Coefficient. Low values of y correspond to tissue with minimal op-
tical scattering and absorption, while higher values indicate more rapid signal attenuation
due to increased optical density.

To ensure accurate measurement, the OCT intensity curve is smoothed to reduce the
influence of peaks caused by tissue inhomogeneities. Background noise is removed, and
the initial point of the intensity curve is algorithmically determined [30,31].

The calculation, performed by Michelson Diagnostics©, is based on the averaged
A-scan from all A-scans within a given OCT stack. A curve-fitting analysis is applied over
a depth range of 0.2 mm to 1 mm. The model used for fitting is:

I, = Ae 2" 4+ Noise.

In this equation, A is a constant determined by Iy and the sensitivity of the detection
system; u is the Attenuation Coefficient, and Noise accounts for residual background
interference. The factor of 2 reflects the round-trip path of the light (entry and return).

2.2. Blood Flow at Depth

Visualizing blood flow in small capillaries is a particular challenge in OCT. Dynamic
OCT (D-OCT) addresses this using speckle variance techniques, which detect temporal
signal fluctuations caused by red blood cell movement [12,16]. These are displayed as a red
overlay, enabling visualization of vascular structures and perfusion dynamics [10,12,33,34].

The Blood Flow at Depth parameter is calculated for each en face depth layer (see
Figure 3). The software segments the skin surface and extracts horizontal layers at 0.05 mm
intervals. For each layer, the proportion of dynamic signal pixels (ranging from 0 to 1) is
calculated relative to the total area.

Notably, the algorithm does not isolate vessels exclusively; signal changes may also
reflect tissue motion during acquisition. According to the manufacturer, reliable flow
detection is maintained to a depth of 0.5 mm.

We hypothesized that the Attenuation Coefficient and Blood Flow at Depth would dif-
fer between superficial and deep thermal injuries, making them valuable diagnostic criteria.

An overview of the study cohort recruitment, study process, and composition of the
analysis dataset, following CONSORT guidelines [35], is provided in Figure 4.
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Figure 3. Scan 4 (Group 1—superficial thermal injury (Grade Ila)): (a) Output of the Blood Flow at
Depth values by the analysis software, with red markings for the depth levels ¢, d, and e. (b) Repre-

sentation of the Blood Flow at Depth. levels in the B-scan. (c—e) En face images at different depth

levels in Dynamic OCT. (f): Graphical representation of the Blood Flow at Depth values, with points

representing individual depth levels, and depth levels ¢, d, and e marked in red.

Hospitalized children and adolescents up to 16
years with thermal injuries to the hands during
the recruitment period
(January 2016 — May 2020)

n=157
No inclusion due to capacity reasons:
& No study personnel available, OCT device
a unavailable
A 4 n=115
Obtaining consent
n=42
OCT measurement
n=42
OCT scans = 105 Missing follow-up
N n=4
v OCT scans =9
Inspection of OCT scans
n=38
OCT scans =96
Exclusion of OCT scans due to duplicate
measurements, unknown injury depth of the
examined area, unrecorded image section
OCT scans = 23
e
>
Exclusion of all OCT scans from the evaluation
A 4 dataset
OCT scans in evaluation dataset n=1
n=37
OCT scans =73

Group 1—
Superficial thermal
injury (Grade lla)
OCT scans =59

Figure 4. Flow diagram for recruiting the study cohort, study process, and composition of the analysis

dataset. Blue outline: Number of children and adolescents. Orange outline: Number of OCT scans.
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3. Results

42 children with thermal hand injuries were scanned with OCT, including children
with injuries to both hands. Of these, images of 37 patients (blue), consisting of a total of
73 OCT scan data sets (red), containing several scans for some patients, were included in
the analysis. These 73 data sets include 59 OCT scan images of areas clinically allocated to
Grade Ila burns, and 14 OCT scan images of Grade IIb and Grade III areas.

The analyzed scans included children aged 7 months to 15 years, with a predominance
of infants and toddlers under 3 years (see Figure 5). The cohort comprised 29 boys and
8 girls. Injuries resulted from 22 contact burns, 13 scalds, and 2 flame burns. Contact burns
(stovetops and indoor chimneys) were more common in younger children and often linked
to deeper injuries. Despite the reflex to withdraw the hand, the skin is thinner in young
children and hence more likely to be seriously affected.

15
14 Cause of injury
13 D Scald (water or aqueous
solution)
. Flame (incl. deflagration)
. Contact burn (e. g. stovetop)
T
c
]
3
o
&
4 5 6 7 8 9 10 1M 12 13 14 15
(a) Age (years)
15
14 N— Thermal injury
13 D Group 1 - superficial
12 (Grade l1a)
1 [l Group 2-deep
(Grade Ilb and I11)
10—
9
g
E
& 7
o 6
5
“
3
1
. CTT1 M1 1
(] 1 2 3 4 S 6 7 8 9 10 1M 12 13 14 15
(b) Age (years)

Figure 5. Characteristics of the study cohort (a) Cause of Injury, (b) Degree of Thermal Injury.

Nine children sustained deeper burns; three healed with scarring, while six required
skin grafts. No significant differences were observed between the groups of superficial
(Grade Ila) and deep (Grade IIb and III) thermal injuries with respect to age, sex, skin type
(glabrous or non-glabrous), time from injury to OCT examination, or OCT image quality.
The only significant difference was in the cause of injury. Deep burns resulted exclusively
from contact injuries, whereas superficial burns also included scalds and flame injuries
(p =0.007).
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3.1. Attenuation Coefficient

Since both the entire dataset and three subgroups were analyzed, the significance level
was adjusted using Bonferroni correction:

Xadjusted = Xglobal/k = 0.05/4 = 0.0125.

Across all 73 OCT scans, the mean attenuation coefficient was 1.61 mm ™1 (SD + 0.48).
The overall distribution was non-normal (Kolmogorov-Smirnov: p = 0.01; Shapiro-Wilk:
p = 0.002). However, within individual groups, values appeared normally distributed (see
Figure 6), and group means clustered around the overall mean.

i | Group 1 — superficial (Grade lla) Group 2 — deep (Grade llb and Ill)

10 |

Frequency
o

|

0.00 050 1.00 150 2.00 2,50 3.00 000 0.50 1.00 150 2.00 250 3.00

(a) Attenuation Coefficient Attenuation Coefficient
3.00 (14
*
2,50
€
2
o
£ 200
@
S
c
2
=
8 150
[
£
<
1.00
,
8
11
0.50
Group 1 —superficial (Grade lla) Group 2 — deep (Grade IIb and II)
(b) Thermal injury

Figure 6. Distribution of the Attenuation Coefficient in the individual groups. (a) distribution
attenuation coefficient (b) boxplot mean attenuation coefficient.

On average, the attenuation coefficient for superficial burns (Grade ITa) was 0.62 mm !

lower than for deep burns (Grades IIb/III), a statistically significant difference (Mann—
Whitney U = 130.500, Z = -3.959, p < 0.001). This difference is also reflected in the medians
shown in the boxplots (Figure 6) and summarized in Table 1.
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Table 1. Attenuation Coefficient in the individual groups.
Group Assignment Attenuation Coefficient (mm~—1)
Mean =+ Standard Deviation Min. Max.
Group 1 (n =59)
- superficial thermal injury (Grade Ila) 149+0.38 0.65 291
Group 2 (n = 14) 2114053 133 296

— deep thermal injury (Grade IIb und III)

ROC Analysis

Clinical outcomes and AT cutoff-values were analyzed for sensitivity and specificity.
Results were plotted as Receiver Operating Characteristics (ROC) curves.

The ROC curve for the Attenuation Coefficient had an Area Under the Curve (AUC)
of 0.842, indicating strong performance of the model in distinguishing between Grade Ila
and Grade IIb/III injuries (Figure 7).

Group 1 —superficial (Grade lla) Group 2 —deep (Grade Ilb and lll)

10 1.0

08 08
2 2
- -
7] 7]
[ s
Q Q

v 04 ("] 04

02 02

00 00

00 072 04 06 08 10 00 02 04 06 08 10

1 - Specificity 1 - Specificity

Figure 7. ROC Curves of the Attenuation Coefficient for the Classification into (a) “Group 1—
superficial thermal injury (Grade Ila)”, Area under the Curve: 0.842 and (b) “Group 2—deep thermal
injury (Grade IIb and III)”, Area under the Curve: 0.842.

3.2. Blood Flow at Depth
3.2.1. Data Availability Issues

Blood Flow at Depth results were available of 27 OCT images; 21 were from superficial
(Grade ITa) and 6 from deep dermal (Grade IIb/III) injuries.

To assess whether this absence might indicate a specific injury depth, the association
was analyzed, but no relationship was found (Fisher’s exact test: p = 0.759), suggesting that
missing values do not correlate with injury depth. Instead, they were associated with image
quality. A low image quality score (p = 0.003) and a poorly captured field of view (p < 0.001)
were linked to missing values. Nevertheless, some scans still lacked values despite optimal
image quality and a fully captured field of view.
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Depth (mm) Blood Flow

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00
1.05
1.10
115
1.20

0,70
0,60
0,50

0,40

Blood Flow

0,20
0,10
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(d)

3.2.2. Visual Observations

In the 27 OCT scans with complete data, visual assessment indicated differences in
microvascular structures between superficial and deep burns. Superficial injuries (Grade
IIa) often showed more prominent, distinguishable capillary networks, as illustrated in

Figures 8 and 9. However, these differences could not be objectively quantified or statisti-
cally validated.

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 11 1,2
Depth

Figure 8. Blood flow at depth from scan 4 (group 1—superficial thermal injury (grade IIa)): (a) Clinical
findings at the time of OCT, the white arrow points to the area examined by OCT, (b) Representation
of the en face images belonging to the respective depths of the Blood Flow at Depth in the Dynamic
OCT, yellow marking of the maxima, (c) Tabulated values of the blood flow at depth, yellow marking
of the absolute maximum, (d) Graphical representation of the Blood Flow at Depth values, the dots
represent the individual levels, the levels of the maxima are marked in yellow.
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Depth (mm) Blood Flow
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0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2
Depth

Figure 9. Blood flow at depth from scan 22 (group 1—deep thermal injury (grade IIb/III)): (a) Clinical
findings at the time of OCT, the white arrow points to the area examined by OCT, (b) Representation
of the en face images belonging to the respective depths of the Blood Flow at Depth in the Dynamic
OCT, yellow marking of the maxima, (c) Tabulated values of the blood flow at depth, yellow marking
of the absolute maximum, (d) Graphical representation of the Blood Flow at Depth values, the dots
represent the individual levels, the levels of the maxima are marked in yellow.

3.2.3. Depth-Averaged Blood Flow Values

Blood Flow at Depth values were slightly higher in superficial burns (Grade 1Ila)
than in deeper injuries (Grade IIb/III). At depths of 0.05 to 0.5 mm, blood flow averaged
0.12 & 0.066 for Grade Ila and 0.09 % 0.049 for deeper burns, with no significant difference
(p = 0.408). Similar results were seen at depths of 0.15 to 0.5 mm, with values of 0.13 £ 0.078
versus 0.09 £ 0.045 (p = 0.376), as shown in Figure 10.

In summary, depth-averaged blood flow tended to be higher in superficial burns,
but this difference was not statistically significant. Filtering for higher-quality images
amplified this trend but drastically reduced the sample size (e.g., to three scans per group
after excluding scans with motion artifacts).
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Figure 10. Boxplots of depth-averaged Blood Flow at Depth values, depth range 0.15-0.5 mm
(unfiltered dataset).

3.2.4. Quantitative Analysis of Blood Flow Peaks

Maximum blood flow values and related metrics—including the onset of slope before
maximum flow, depth at which 50% of maximum was reached, and depth at which 50% of
amplitude between maximum and preceding minimum occurred—showed no significant
differences between superficial and deep burns. Moreover, the tissue layers where maxi-
mum blood flow was measured were often affected by depth-dependent artifacts, limiting
their diagnostic value.

3.3. Attenuation Coefficient Differences

The study demonstrated that the Attenuation Coefficient significantly differs between
superficial and deep thermal injuries. Deeper burns exhibited a notably higher Attenu-
ation Coefficient, indicating increased light scattering and absorption in more severely
damaged tissue.

3.4. Interpretation of Blood Flow Findings

While Blood Flow at Depth showed apparent differences in microvascular structures
between injury groups upon visual inspection of OCT scans, these observations could not
be statistically validated or objectively quantified.

3.5. Experimental Conclusions

Overall, the Attenuation Coefficient emerges as a promising quantitative marker
for assessing burn depth in pediatric thermal injuries. Conversely, Blood Flow at
Depth has limited diagnostic utility in this context due to measurement variability and
artifact interference.

4. Discussion

Optical Coherence Tomography (OCT) offers both high-resolution imaging and quan-
titative tissue measurements, having a promising potential to aid clinical decision-making
in burn management. While its application in burn assessment has been previously ex-
plored, limited attention has been given to the underlying tissue optical properties and their
clinical relevance—particularly in pediatric populations- Notably, parameters such as the
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Attenuation Coefficient and Blood Flow at Depth have not been systematically investigated
in a well-defined pediatric cohort until now.

Our study cohort reflects well-established epidemiological trends in pediatric hand
burns. A significant proportion of injuries (86.5%) occurred in children under the age of
four years, consistent with findings from the German Burn Registry and other large-scale
epidemiological studies [2—4,36]. The mechanisms of injury—primarily scalds, contact, and
flame burns—also aligned with registry data, with contact burns being more prevalent in
toddlers and often associated with greater depth due to the thin skin morphology in young
children. The proportion of deep injuries in our cohort (Grade IIb/III) was 24.3%, in line
with previous literature reporting 25-30% [8,36,37].

4.1. Attenuation Coefficient

Our findings show a significant increase in the Attenuation Coefficient with burn
depth, rising from 1.49 % 0.38 in superficial burns to 2.11 & 0.53 in deeper injuries (p < 0.001).
ROC analysis yielded an AUC of 0.842 for differentiating superficial (Grade Ila) from deep
burns (Grade IIb/III), suggesting a potential for the Attenuation Coefficient as a quantitative
adjunct to standard visual assessment.

Previous research on this parameter in burns is sparse, often limited to small adult
samples or focused on chronic scar tissue rather than acute injuries in children [17,27,31,38].
Differences in OCT systems, calculation methods, and dermal depth definitions complicate
direct comparisons. For example, this study used a fixed depth range (0.2-1 mm), while
others defined dermal boundaries dynamically [17].

The observed increase in the Attenuation Coefficient is likely driven by structural
changes in the dermis following thermal injury. Collagen denaturation, which enhances
optical scattering and reflectivity, appears to be the dominant factor. In contrast, superficial
burns—characterized by hyperperfusion and edema—alter tissue optical properties in a
different manner than deeper injuries with thrombosed vasculature [31,32,39-45].

4.2. Blood Flow at Depth

In Contrary to expectations, Blood Flow at Depth did not significantly correlate with
burn severity. High measurement failure rates limited the number of analyzable scans from
73 to just 27, precluding meaningful statistical group comparisons. Nevertheless, these chal-
lenges underscore the need for methodological improvements in pediatric OCT imaging.

Despite the technical limitations, visual assessment of OCT scans suggested pos-
sible differences in microvascularization between superficial and deep burns. These
observations—consistent with deeper vascular involvement or perfusion loss in more
severe injuries—could not be objectively validated. Prior studies have shown the utility
of Dynamic OCT (D-OCT) in evaluating blood flow under both physiological and patho-
logical conditions, but most have focused on adult subjects or used different imaging
systems [19,27,34].

Due to software limitations, Attenuation Coefficient and Blood Flow at Depth were
analyzed separately. However, both parameters are affected by common tissue factors,
such as vessel density, which can increase forward scattering [31,39]. A combined analysis
in future studies may provide a more comprehensive understanding of burn depth and
tissue viability.

4.3. Strengths and Limitations

This is the first study to evaluate both Attenuation Coefficient and Blood Flow at
Depth in a homogeneous pediatric cohort, reducing clinical variability and allowing
for more targeted analysis. Scans were performed under anesthesia, simulating realis-
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tic clinical conditions and minimizing patient movement. However, this also restricted
repeat measurements.

Motion artifacts, inherent to freehand OCT scanning at micrometer resolution, led
to the exclusion of a substantial number of scans. The relatively small number of deep
burns, along with uncontrolled variables such as comorbidities and body temperature,
further limit generalizability. Additionally, the 6 x 6 mm scan area introduces a risk of
sampling error, especially in heterogeneous or extensive injuries. Practical aspects of the
imaging process, including probe pressure and the use of sterile film covers, may also affect
measurements and should be investigated in further studies.

Finally, fixed-depth measurement of the Attenuation Coefficient complicates compar-
isons between injured and healthy skin with intact epidermis within the same patient.

5. Conclusions

This study demonstrated a significant 40% increase in the Attenuation Coefficient with
burn depth in pediatric hand injuries, supporting its utility as a diagnostic marker. While
Blood Flow at Depth tended to be higher in superficial burns, no statistically significant
differences were observed, partly due to motion artifacts and anatomical variability.

To enhance future clinical utility, probe stabilization to reduce motion artifacts and the
application of machine learning for automated vascular analysis are recommended. These
advances could enable more precise, individualized burn care, improving outcomes and
reducing treatment duration.

Author Contributions: Conceptualization, B.S.L., LW. and R.H.; methodology, B.S.L. and RH,;
software, B.S.L., ].S. and M.G.; validation, B.S.L., M.G. and R.H.; formal analysis, B.S.L.; investigation,
B.S.L., T.S. and ]J.L,; resources, B.S.L.; data curation, B.S.L.; writing—original draft preparation, J.L.;
writing—review and editing, B.S.L., T.S., K.K. and L.W.; visualization, B.S.L. and T.S.; supervision,
L.W.,; project administration, B.S.L., L.W. and J.L. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted following the Declaration of
Helsinki, and approved by the Institutional Ethics Committee of UKSH, Campus Liibeck (Approval
No. 15-116, issued on 10 June 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

OCT Optical coherence tomography

BD Blood Flow at Depth
AC Attenuation Coefficient
SD Standard Deviation

UKSH  University Hospital of Schleswig-Holstein
ROC Receiver Operating Characteristics

AUC Area Under the Curve

D-OCT Dynamic OCT



Eur. Burn J. 2025, 6, 54 15 of 16

References

1. Klein, T.; Wendenburg, W.; Boemers, T.M.; Marathovouniotis, N. Thermische Handverletzungen im Kindesalter. Handchir.
Mikrochir. Plast. Chir. 2019, 51, 356-361. [CrossRef]

2. Lefering, R,; Thamm, O.C. Arbeitsgruppe Verbrennungsregister der Deutschen Gesellschaft fiir Verbrennungsmedizin e. V.
(DGV), Jahresbericht 2019 fiir den Zeitraum Jan. 2015-Dez. 2018. 2019. Available online: https:/ /verbrennungsmedizin.de/files/
dgv_files/pdf/jahresbericht/Jahresbericht%20VR%202019%20gesamt.pdf (accessed on 6 September 2024).

3. Lefering, R.; Thamm, O.C. Arbeitsgruppe Verbrennungsregister der Deutschen Gesellschaft fiir Verbrennungsmedizin e. V.
(DGV), Jahresbericht 2020 fiir den Zeitraum Jan.—Dez. 2019. 2020. Available online: https://verbrennungsmedizin.de/files/dgv_
files/pdf/jahresbericht/Jahresbericht%20VR%202020%20gesamt.pdf (accessed on 6 September 2024).

4.  Lefering, R.; Thamm, O.C. Arbeitsgruppe Verbrennungsregister der Deutschen Gesellschaft fiir Verbrennungsmedizin e. V.
(DGV), Jahresbericht 2021 fiir den Zeitraum Jan.-Dez. 2020. 2021. Available online: https://verbrennungsmedizin.de/files/dgv_
files/pdf/jahresbericht/Jahresbericht%202022%20gesamt.pdf (accessed on 6 September 2024).

5. Dodd, A.R.; Nelson-Mooney, K.; Greenhalgh, D.G.; Beckett, L.A.; Li, Y.; Palmieri, T.L. The Effect of Hand Burns on Quality of Life
in Children. J. Burn Care Res. 2010, 31, 414-442. [CrossRef]

6.  Monstrey, S.; Hoeksema, H.; Verbelen, J.; Pirayesh, A.; Blondeel, P. Assessment of burn depth and burn wound healing potential.
Burns 2008, 34, 761-769. [CrossRef] [PubMed]

7. Watts, AM,; Tyler, M.P; Perry, M.E.; Roberts, A.H.; McGrouther, D.A. Burn depth and its histological measurement. Burns 2001,
27,154-160. [CrossRef]

8.  Liodaki, E.; Kisch, T.; Mauss, K.L.; Senyaman, O.; Kraemer, R.; Maildnder, P.; Wiinsch, L.; Stang, F. Management of pediatric hand
burns. Pediatr. Surg. Int. 2015, 31, 397-401. [CrossRef]

9.  Kaiser, M,; Yafi, A.; Cinat, M.; Choi, B.; Durkin, A.J. Noninvasive assessment of burn wound severity using optical technology: A
review of current and future modalities. Burns 2011, 37, 377-386. [CrossRef]

10. Lindert, J.; Tafazzoli-Lari, K.; Tiishaus, L.; Larsen, B.; Bacia, A.; Bouteleux, M.; Adler, T.; Dalicho, V.; Vasileiadis, V.; Kisch, T,; et al.
Optical coherence tomography provides an optical biopsy of burn wounds in children—A pilot study. . Biomed. Opt. 2018, 23,
1-6. [CrossRef]

11. Thatcher, J.E.; Squiers, ].J.; Kanick, S.C. Imaging Techniques for Clinical Burn Assessment with a Focus on Multispectral Imaging.
Adv. Wound Care 2016, 5, 360-378. [CrossRef]

12.  Lindert, J.; Straube, T.; Larsen, B.; Siebert, J.; Liodaki, E.; Tafazzoli-Lari, K.; Wiinsch, L. An Optical Tomography-Based Score to
Assess Pediatric Hand Burns. Eur. Burn J. 2024, 5, 155-165. [CrossRef]

13. Dalicho, V,; Straube, T.; Kelly, K.; Larsen, B.; Wiinsch, L.; Lindert, J. Depth of intact vascular plexus—Visualized with optical
coherence tomography—Correlates to burn depth in thoracic thermic injuries in children. Innov. Surg. Sci. 2024, 9, 83-91.
[CrossRef]

14. Gong, P. Assessment of human burn scars with optical coherence tomography by imaging the attenuation coefficient of tissue
after vascular masking. J. Biomed. Opt. 2014, 19, 21111. [CrossRef] [PubMed]

15. Drexler, W.; Fujimoto, J.G. Introduction to Optical Coherence Tomography. In Optical Coherence Tomography: Technology and
Applications; Springer: Berlin, Germany, 2008; pp. 1-45.

16. Fujimoto, J.; Swanson, E. The development, commercialization, and Impact of Optical Coherence Tomography. Investig. Ophthal-
mol. Vis. Sci. 2016, 57, OCT1-OCT3. [CrossRef]

17. Lu,J; Deegan, A].; Cheng, Y.; Liu, T.; Zheng, Y.; Mandell, S.P.; Wang, R K. Application of OCT—Derived Attenuation Coefficient
in Acute Burn—Damaged Skin. Lasers Surg. Med. 2021, 53, 1192-1200. [CrossRef]

18. Lu,].; Deegan, A].; Cheng, Y.; Mandell, S.P.; Wang, R.K. OCT-Based Angiography and Surface Topography in Burn-Damaged
Skin. Lasers Surg. Med. 2021, 53, 849-860. [CrossRef] [PubMed]

19. Gong, P; Es’haghian, S.; Wood, EM.; Sampson, D.D.; McLaughlin, R.A. Optical coherence tomography angiography for
longitudinal monitoring of vascular changes in human cutaneous burns. Exp. Dermatol. 2016, 25, 722-724. [CrossRef]

20. Ulrich, M,; Themstrup, L.; de Carvalho, N. Dynamic Optical Coherence Tomography in Dermatology. Dermatology 2016, 232,
298-311. [CrossRef]

21. Wang, Y, Liu, S; Lou, S.; Zhang, W.; Cai, H.; Chen, X. Application of optical coherence tomography in clinical diagnosis. J. Xray
Sci. Technol. 2019, 27, 995-1006. [CrossRef]

22.  Kim, M,; Choi, S.Y,; Park, Y. Analysis of choroidal and central foveal thicknesses in acute anterior uveitis by enhanced-depth
imaging optical coherence tomography. BMC Ophthalmol. 2017, 17, 225. [CrossRef]

23. Qian, C.X; Charran, D.; Strong, C.R. Optical Coherence Tomography Examination of the Retinal Pigment Epithelium in Best
Vitelliform Macular Dystrophy. Ophthalmology 2017, 124, 456—463. [CrossRef]

24. Daniltchenko, D.; Sachs, M.; Lankenau, E. Optical Coherence Tomography of the Urinary Bladder: The Potential of a High-

Resolution Visual Investigation Technique for Endoscopic Diagnostics. Opt. Spectrosc. 2006, 101, 40—45. [CrossRef]


https://doi.org/10.1055/a-0991-0135
https://verbrennungsmedizin.de/files/dgv_files/pdf/jahresbericht/Jahresbericht%20VR%202019%20gesamt.pdf
https://verbrennungsmedizin.de/files/dgv_files/pdf/jahresbericht/Jahresbericht%20VR%202019%20gesamt.pdf
https://verbrennungsmedizin.de/files/dgv_files/pdf/jahresbericht/Jahresbericht%20VR%202020%20gesamt.pdf
https://verbrennungsmedizin.de/files/dgv_files/pdf/jahresbericht/Jahresbericht%20VR%202020%20gesamt.pdf
https://verbrennungsmedizin.de/files/dgv_files/pdf/jahresbericht/Jahresbericht%202022%20gesamt.pdf
https://verbrennungsmedizin.de/files/dgv_files/pdf/jahresbericht/Jahresbericht%202022%20gesamt.pdf
https://doi.org/10.1097/BCR.0b013e3181db5295
https://doi.org/10.1016/j.burns.2008.01.009
https://www.ncbi.nlm.nih.gov/pubmed/18511202
https://doi.org/10.1016/S0305-4179(00)00079-6
https://doi.org/10.1007/s00383-015-3674-3
https://doi.org/10.1016/j.burns.2010.11.012
https://doi.org/10.1117/1.JBO.23.10.106005
https://doi.org/10.1089/wound.2015.0684
https://doi.org/10.3390/ebj5020013
https://doi.org/10.1515/iss-2023-0066
https://doi.org/10.1117/1.JBO.19.2.021111
https://www.ncbi.nlm.nih.gov/pubmed/24192908
https://doi.org/10.1167/iovs.16-19963
https://doi.org/10.1002/lsm.23415
https://doi.org/10.1002/lsm.23367
https://www.ncbi.nlm.nih.gov/pubmed/33305835
https://doi.org/10.1111/exd.13053
https://doi.org/10.1159/000444706
https://doi.org/10.3233/XST-190559
https://doi.org/10.1186/s12886-017-0628-7
https://doi.org/10.1016/j.ophtha.2016.11.022
https://doi.org/10.1134/S0030400X06070083

Eur. Burn J. 2025, 6, 54 16 of 16

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Gladkova, N.; Streltsova, O.; Zagaynova, E. Cross-polarization optical coherence tomography for early bladder-cancer detection:
Statistical study. J. Biophotonics 2011, 4, 519-532. [CrossRef] [PubMed]

Ikeda, M.; Matsumoto, K.; Choi, D. The impact of real-time 3d imaging by ultra-high speed optical coherence tomography in
urothelial carcinoma. BMC Urol. 2013, 13, 65. [CrossRef]

Deegan, A.]J.; Mandell, S.P.; Wang, R.K. Optical coherence tomography correlates multiple measures of tissue damage following
acute burn injury. Quant. Imaging Med. Surg. 2019, 9, 731-741. [CrossRef]

Ganapathy, P. Dual-imaging system for burn depth diagnosis. Burns 2014, 40, 67-81. [CrossRef]

Jayachandran, M. Critical review of noninvasive optical technologies for wound imaging. Adv. Wound Care 2016, 5, 349-359.
[CrossRef]

Chang, S.; Bowden, A K. Review of methods and applications of attenuation coefficient measurements with optical coherence
tomography. J. Biomed. Opt. 2019, 24, 090901. [CrossRef]

Gong, P; Almasian, M.; Van Soest, G.; De Bruin, D.M.; Van Leeuwen, T.G.; Sampson, D.D.; Faber, D.]. Parametric imaging of
attenuation by optical coherence tomography: Review of models, methods, and clinical translation. J. Biomed. Opt. 2020, 25, 1.
[CrossRef]

Lee, C.-K,; Tsai, M.-T.; Chang, E-Y.; Yang, C.-H.; Shen, S5.-C.; Yuan, O.; Yang, C.-H. Evaluation of Moisture-Related Attenuation
Coefficient and Water Diffusion Velocity in Human Skin Using Optical Coherence Tomography. Sensors 2013, 13, 4041-4050.
[CrossRef]

Kashani, A.H.; Chen, C.-L.; Gahm, ].K.; Zheng, F.; Richter, G.M.; Rosenfeld, PJ.; Shi, Y.; Wang, R.K. Optical coherence tomography
angiography: A comprehensive review of current methods and clinical applications. Prog. Retin. Eye Res. 2017, 60, 66-100.
[CrossRef]

Themstrup, L.; Welzel, J.; Ciardo, S.; Kaestle, R.; Ulrich, M.; Holmes, J.; Whitehead, R.; Sattler, E.C.; Kindermann, N.; Pellacani,
G.; et al. Validation of Dynamic optical coherence tomography for non-invasive, in vivo microcirculation imaging of the skin.
Microvasc. Res. 2016, 107, 97-105. [CrossRef]

Schulz, K.F,; Altman, D.G.; Moher, D. CONSORT 2010 Statement: Updated guidelines for reporting parallel group randomised
trials. J. Clin. Epidemiol. 2010, 63, 834-840. [CrossRef]

Barret, J.P,; Desai, M.H.; Herndon, D.N. The Isolated Burned Palm in Children: Epidemiology and Long-Term Sequelae. Plast.
Reconstr. Surg. 2000, 105, 949-952. [CrossRef] [PubMed]

Scott, ].R.; Costa, B.A.; Gibran, N.S.; Engrav, L.H.; Heimbach, D.H.; Klein, M.B. Pediatric Palm Contact Burns: A Ten-Year Review.
J. Burn. Care Res. 2008, 29, 614-618. [CrossRef] [PubMed]

Es’haghian, S.; Gong, P.; Chin, L.; Harms, K.; Murray, A.; Rea, S.; Kennedy, B.F.; Wood, EM.; Sampson, D.D.; McLaughlin, R.A.
Investigation of optical attenuation imaging using optical coherence tomography for monitoring of scars undergoing fractional
laser treatment. J. Biophotonics 2017, 10, 511-522. [CrossRef]

Bosschaart, N.; Edelman, G.J.; Aalders, M.C.G.; Van Leeuwen, T.G.; Faber, D.]. A literature review and novel theoretical approach
on the optical properties of whole blood. Lasers Med. Sci. 2014, 29, 453-479. [CrossRef]

Kume, T.; Akasaka, T.; Kawamoto, T.; Ogasawara, Y.; Watanabe, N.; Toyota, E.; Neishi, Y.; Sukmawan, R.; Sadahira, Y.; Yoshida, K.
Assessment of Coronary Arterial Thrombus by Optical Coherence Tomography. Am. J. Cardiol. 2006, 97, 1713-1717. [CrossRef]
Olsen, J.; Birch-Johansen, FH.; Themstrup, L.; Holmes, J.; Jemec, G.B.E. Dynamic optical coherence tomography of histamine
induced wheals. Skin Res. Technol. 2018, 24, 592-598. [CrossRef]

Rangaraju, L.P.; Kunapuli, G.; Every, D.; Ayala, O.D.; Ganapathy, P.;, Mahadevan-Jansen, A. Classification of burn injury using
Raman spectroscopy and optical coherence tomography: An ex-vivo study on porcine skin. Burns 2019, 45, 659-670. [CrossRef]
Van Der Meer, EJ.; Faber, D.J.; Sassoon, D.M.B.; Aalders, M.C.; Pasterkamp, G.; Van Leeuwen, T.G. Localized measurement of
optical attenuation coefficients of atherosclerotic plaque constituents by quantitative optical coherence tomography. IEEE Trans.
Med. Imaging 2005, 24, 1369-1376. [CrossRef]

Welzel, J.; Reinhardt, C.; Lankenau, E.; Winter, C.; Wolff, H.H. Changes in function and morphology of normal human skin:
Evaluation using optical coherence tomography. Br. J. Dermatol. 2004, 150, 220-225. [CrossRef]

Kamolz, L.-P; Gauglitz, G.G.; Herndon, D.N.; Jeschke, M.G. Infektionen bei Brandverletzten. In Verbrennungen Diagnose, Therapie
und Rehabilitation des Thermischen Traumas; SpringerWienNew York: Wien, Austria, 2009; pp. 145-158.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/jbio.201000088
https://www.ncbi.nlm.nih.gov/pubmed/21780300
https://doi.org/10.1186/1471-2490-13-65
https://doi.org/10.21037/qims.2019.04.19
https://doi.org/10.1016/j.burns.2013.05.004
https://doi.org/10.1089/wound.2015.0678
https://doi.org/10.1117/1.JBO.24.9.090901
https://doi.org/10.1117/1.JBO.25.4.040901
https://doi.org/10.3390/s130404041
https://doi.org/10.1016/j.preteyeres.2017.07.002
https://doi.org/10.1016/j.mvr.2016.05.004
https://doi.org/10.1016/j.jclinepi.2010.02.005
https://doi.org/10.1097/00006534-200003000-00018
https://www.ncbi.nlm.nih.gov/pubmed/10724254
https://doi.org/10.1097/BCR.0b013e31817db8f2
https://www.ncbi.nlm.nih.gov/pubmed/18535472
https://doi.org/10.1002/jbio.201500342
https://doi.org/10.1007/s10103-013-1446-7
https://doi.org/10.1016/j.amjcard.2006.01.031
https://doi.org/10.1111/srt.12470
https://doi.org/10.1016/j.burns.2018.10.007
https://doi.org/10.1109/TMI.2005.854297
https://doi.org/10.1111/j.1365-2133.2004.05810.x

	Introduction 
	Materials and Methods 
	Attenuation Coefficient 
	Blood Flow at Depth 

	Results 
	Attenuation Coefficient 
	Blood Flow at Depth 
	Data Availability Issues 
	Visual Observations 
	Depth-Averaged Blood Flow Values 
	Quantitative Analysis of Blood Flow Peaks 

	Attenuation Coefficient Differences 
	Interpretation of Blood Flow Findings 
	Experimental Conclusions 

	Discussion 
	Attenuation Coefficient 
	Blood Flow at Depth 
	Strengths and Limitations 

	Conclusions 
	References

