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Abstract

The current standard for diagnosis of burn severity and subsequent wound healing is through 

clinical examination, which is highly subjective. Several new technologies are shifting focus to 

burn care in an attempt to help quantify not only burn depth but also the progress of healing. While 

accurate early assessment of partial thickness burns is critical for dictating the course of treatment, 

the ability to quantitatively monitor wound status over time is critical for understanding treatment 

efficacy. SFDI and LSI are both non-invasive imaging modalities that have been shown to have 

great diagnostic value for burn severity, but have yet to be tested over the course of wound healing. 

In this study, a hairless rat model (n=6, 300-450g) was used with a four pronged comb to create 

four identical partial thickness burns (superficial n=3 and deep n=3) that were used to monitor 

wound healing over a 28 day period. Weekly biopsies were taken for histological analysis to verify 

wound progression. Both SFDI and LSI were performed weekly to track the evolution of 

hemodynamic (blood flow and oxygen saturation) and structural (reduced scattering coefficient) 

properties for the burns. LSI showed significant changes in blood flow from baseline to 220% in 

superficial and 165% in deep burns by day 7. In superficial burns, blood flow returned to baseline 

levels by day 28, but not for deep burns where blood flow remained elevated. Smaller increases in 

blood flow were also observed in the surrounding tissue over the same time period. Oxygen 

saturation values measured with SFDI showed a progressive increase from baseline values of 66% 

to 74% in superficial burns and 72% in deep burns by day 28. Additionally, SFDI showed 

significant decreases in the reduced scattering coefficient shortly after the burns were created. The 

scattering coefficient progressively decreased in the wound area, but returned towards baseline 

conditions at the end of the 28 day period. Scattering changes in the surrounding tissue remained 
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constant despite the presence of hemodynamic changes. Here we show that LSI and SFDI are 

capable of monitoring changes in hemodynamic and scattering properties in burn wounds over a 

28 day period. These results highlight the potential insights that can be gained by using 

noninvasive imaging technologies to study wound healing. Further development of these 

technologies could be revolutionary for wound monitoring and studying the efficacy of different 

treatments.

1. Introduction

The incidence of burns severe enough to warrant medical attention has been measured as 

high as 11 million people annually worldwide 1 with the sequelae of non-fatal burns often 

severe enough to cause permanent disability. Burn wounds and the subsequent scarring have 

damaging effects to tissue both cosmetically and functionally, necessitating the search for 

better and more efficient treatments. One challenging aspect of burn wound care is 

monitoring the progress of wound healing amid a host of surrounding physiological changes. 

A number of mechanisms are involved in the process of burn wound progression, including 

local tissue hypoperfusion, edema, prolonged inflammation, angiogenesis and changes in 

collagen organization2. Complicating matters is the fact that burn injuries are not static but 

can continue to worsen over the course of several days3,4. Delays in diagnosis and 

subsequent treatment can allow for burn wounds to spread and affect a larger volume of 

tissue5. Despite the clinical significance of being able to understand and monitor the 

progression of burn wounds, it remains a poorly understood phenomenon mostly assessed 

via visual diagnosis5,6.

Imaging technologies have become more prevalent in clinical burn research in an attempt to 

better understand and quantify the physiological changes associated with burn wounds. 

Laser Doppler imaging (LDI) has become a standard alongside clinical evaluation, and more 

recently thermographic and spectroscopic techniques have become more common7-9. The 

majority of research in this area has focused on predicting the outcome of burn wounds so 

that interventions, if needed, can be done sooner. While important, less work has been done 

using imaging techniques to quantify burn wound progression and healing. Such 

quantification would be a useful tool for testing the efficacy of new treatment options. 

Recent papers using imaging techniques such as Indocyanine green (ICG) dye 

angiography10 and active dynamic thermography (ADT)11 in conjunction with LDI to study 

burn wound conversion have shown that there are structural changes in burn wound 

progression that cannot be detected by analyzing only physiological blood flow changes. 

Other techniques such as terahertz spectroscopy that are sensitive to water content in 

addition to some structural elements of tissue have shown promise for monitoring burn 

wounds12. Being able to track these structural changes over time could provide novel 

insights for understanding burn wound progression and healing.

Spatial Frequency Domain Imaging (SFDI) is a non-contact imaging technique that can be 

used to determine the optical properties of tissue and is sensitive to both hemodynamic and 

structural changes13,14. While earlier research utilized SFDI to study its predictive 

capabilities and the acute physiological impact of burns in rats and pigs15,16, to date no 
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studies have used this technology for the long term monitoring of burn wound progression. 

Laser speckle imaging (LSI) is a technique similar to LDI that measures fluctuations of a 

static speckle pattern on a tissue surface to generate images of blood flow. Because LSI uses 

diffuse laser light to create the speckle pattern, there is no need to scan a light source to 

generate images leading to faster acquisition times. This makes LSI well suited to avoid 

confounding factors such as small motion artifacts due to breathing.

These non-invasive imaging techniques have been used to aid the clinical diagnosis of burn 

severity (e.g., depth of the burn) which is ultimately important for predicting the course of 

wound healing8. However, monitoring the dynamic process of wound healing across time 

with these imaging techniques is a promising strategy17. Specifically, it is reasonable to 

hypothesize that changes in tissue perfusion and connective tissue content would likely be 

reflected in values of LSI and SFDI, respectively. To this end, LSI has been shown to 

measure hemodynamic changes during wound healing in the ears of mice18. This is further 

evidenced in another study in pediatric scald burns showing initial perfusion related to 

duration of healing out to 14 days19. Similarly, after the peak of angiogenesis in wound 

healing, collagen deposition in the proliferative phase can affect scar formation, which may 

also be assessed with imaging techniques20. While these imaging technologies hold great 

promise for assessment of wounds across time, their full potential remains unknown.

In order to fully characterize the physiological parameters measured by SFDI and LSI 

during burn wound progression, we examined the performance of these techniques in a 

controlled rat burn model over a 28 day period.

2. Methodology

2.1 Spatial Frequency Domain Imaging (SFDI)

The SFDI measurements were performed with a custom made device described 

previously21. A 250 W quartz tungsten halogen lamp (Newport Oriel, Stratford, CT) was 

used to project diffuse white light with a spectral irradiance of approximately 70 mW m−2 

nm−1 over a measured field of view of 0.09 × 0.066 m2. That light was reflected off a digital 

micromirror device (DMD) (Texas Instruments, Dallas, TX) used to create arbitrary spatial 

patterns. The pattern alternated between a sinusoidal spatial frequency of 0.2 mm−1 and 

diffuse light with no pattern. The reflected light from the sample was captured using a 

Nuance™ camera system (CRI Inc., Woburn, MA), which combines a 12-bit CCD camera 

and a liquid crystal tunable filter (λ = 650–1100 nm, FWHM = 10 nm). This system was 

used to collect images at 17 equally spaced wavelengths between 650 and 970 nm. The 

exposure time of the camera was adjusted at each wavelength to utilize the full dynamic 

range of the camera while ensuring no saturation. Exposure times typically ranged between 

40 – 900 milliseconds. Crossed linear polarizers were used in the illumination and detection 

arms. A NIR linear polarizer (Meadowlark Optics, Frederick, CO) was placed after the 

projection lens, and the first stage of the Nuance camera system acted as the second 

polarizer. This arrangement was employed to minimize the impact of specular reflection.

At every wavelength, the optical properties (reduced scattering and absorption coefficients) 

of the measured tissue were determined by fitting the collected imaging data to a look-up-
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table for scattering and absorption at both spatial frequencies generated by a forward Monte 

Carlo simulation22. A least squares linear fit algorithm was used to transform the absorption 

coefficient values into concentrations of oxygenated hemoglobin (HbO2), deoxygenated 

hemoglobin (Hb) and water fraction (H2O). Tissue oxygen saturation (stO2) was 

subsequently calculated by dividing HbO2 by the sum of HbO2 and Hb23.

2.2 Laser Speckle Imaging (LSI)

Laser speckle images were acquired from the same region of interest using the CCD camera 

with which SFDI data was acquired. This was done immediately after the SFDI 

measurements were completed. An 809 nm collimated laser (Ondax, Monrovia, CA) was 

used to illuminate the tissue surface. For each measurement, 50 raw speckle images were 

collected at a 10 ms exposure time. The LSI device did not require any calibration to analyze 

results as has been shown previously24. MATLAB was again used to collect the raw images 

from the camera. The raw speckle images were converted into speckle contrast images and 

subsequently speckle flow index (SFI) maps as described previously25,26. Relative changes 

in SFI were assumed to be equivalent to relative changes in blood flow27,28. Baseline 

measurements for both imaging techniques were made shortly before the burns were created 

and day 0 measurements took place one hour after the burn. Follow up imaging was 

performed on days, 7, 14, 21, and 28 days post-burn.

2.3 Animals

Male CD Hairless rats (Charles River Laboratories Inc., San Diego, CA, n=6) were used in 

this experiment. These were chosen because they are euthymic and do not exhibit the typical 

characteristics of hair growth/regrowth found in other hairless rats, making them well suited 

to wound healing studies. Based on the experience that we gained in our previous rat burn 

investigation29, we chose to work with rats weighing between 300 and 450 g. In this weight 

range, there is adequate skin on which to place the burn tool in good thermal contact. In 

addition, rats of this size appear to be relatively stable in weight over the 28 day time course 

of the investigation, despite the presence of burn wounds. Each rat was depilated with Nair 

(Church and Dwight, Princeton, NJ) three days before experimentation began. All 

experiments were approved by the UC Irvine Institutional Animal Care and Use Committee 

(IACUC #1999-2064).

On the first day of experimentation, rats were anesthetized with an intraperitoneal injection 

of ketamine (87 mg/kg) and xylazine (13 mg/kg). During all subsequent measurement days, 

the snout of each rat was inserted to a nosecone that delivered isoflurane (2%). At the 

completion of imaging on the 28th day, rats were euthanized with sodium pentobarbital (150 

mg/kg).

2.4 Creation of controlled, graded burn wounds

As was done in our previous investigation on acute burns, to generate repeatable partial 

thickness burns, a heated 313g “brass comb” was used24,29. The comb is made up of four 

1×2 cm2 tines separated by 0.5 cm gaps. Before the experiment, the comb was heated to 

100 °C in an Isotemp dry bath incubator (Thermo Fisher Scientific Inc.) (Fig. 1b). The 

heated comb was applied to the dorsum of the rats for 4 seconds to produce superficial burns 
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(n=3), and for 8 seconds to produce deep burns (n=6). The weight of the comb due to gravity 

was the only force used to apply the brass probe, and no additional pressure was applied to 

the comb.

2.5 Histopathology

Tissue samples were taken from one of the four burned regions of the anesthetized animal 

after the imaging was completed on 0, 7, 14, and 28 days post-burn (Fig. 1c). A 5 mm 

circular punch biopsy was excised from the center of the burn. Due to the perturbation of the 

burn wound region caused by this process, only burns that were biopsied on day 28 were 

included in the final LSI and SFDI results. The tissue was fixed in a 10% buffered formalin 

solution for 24 hours and embedded in paraffin wax blocks. Slices 6 μm thick were 

sectioned and stained with Mayer's Hematoxylin and Eosin. The mounted tissue sections 

were examined for collagen coagulation, hair follicle damage, and reepithelization to 

determine burn depth and wound healing30.

2.6 Color Photography

Color images were taken in a fixed geometry with a 14-megapixel digital camera (NEX-3, 

Sony Corporation of America, New York, NY) after each SFDI/LSI measurement.

2.7 Statistical Analysis

For each animal, both a region of interest (ROI) within the burn wound and a normal control 

region approximately 3 cm away from the burns were selected. For burns where the eschar 

had partially fallen off, care was taken to choose an ROI within the burn but outside the 

eschar. If the eschar covered the entire wounded area then the ROI was selected over the 

eschar. For each burn category (superficial partial thickness and deep partial thickness burns) 

a student's t-test was used to assess differences in measured parameters relative baseline 

conditions. A p-value less than 0.05 was considered statistically significant for this study, 

and these values are marked with an * in tables and graphs. The parameter values from each 

region were averaged across burns of the same severity and are shown in Table 1 as well as 

various time course plots.

3. Results

3.1 Color Images

Color image examples from two experiments are shown in Fig. 2. Eschar formation was 

typically apparent by day 7 on both superficial and deep burns. By day 14, this eschar was 

typically absent or, at minimum, smaller in the superficial burns when compared to the deep 

burns.

3.2 Histological Analysis

Burn wound depth and morphology was established through analysis of histological images. 

Representative histological images for baseline, 0, 7, 14, and 28 days post-burn are shown in 

Fig. 3. Measurement of day 0 biopsies showed that the superficial burns did not extend past 

the sebaceous glands, indicating that they were superficial partial thickness burns. The deep 
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burns extended further, damaging more follicular structures. On average, the superficial 

burns penetrated 350 μm, whereas the deep burns reached 550 μm in these day 0 biopsies. 

On day 7, significantly more eschar is seen in the deeper wounds than in superficial wounds. 

The average thickness of the eschar observed in the day 7 biopsies was 320 μm in the 

superficial burns and 540 μm in the deep burns. Moreover, superficial wounds re-

epithelialized more quickly, with a largely hyperplastic epithelium present on day 7, not 

apparent in the deeper burns. On days 14 and 28, this epithelium gradually returns to 

baseline thickness only in the superficial burn group, and remains slightly hyperplastic in the 

deep burns.

3.3 LSI measured blood flow changes

The average time course of relative blood flow changes are shown in Fig. 4a. There was a 

statistically significant decrease in both superficial (60%) and deep burns (64%) at one hour 

after the initial burn. At day 7 there was a statistically significant increase in superficial 

partial thickness burns (220%) before decreasing and returning closer to baseline values over 

the next three weeks. At day 7 there was also a statistically significant increase in deep 

partial thickness burns (166%) but this increase continued through day 14 (210%) before 

decreasing towards baseline values. By day 28, the blood flow values for deep burns, but not 

superficial burns, were still significantly higher (154%) than baseline values.

SFI images taken from a representative rat for each burn severity are depicted in Fig. 4b. The 

decrease in blood flow in the burned region on day 0 following the burn can clearly be seen 

as well as the increased flow on the following timepoints. In addition to the changes in blood 

flow seen in the burned regions, the images highlight the general increase in blood flow seen 

in the surrounding area in the days following the burn, representing the burn zone of 

hyperemia. The image for the deep partial thickness burn on day 14 also highlights the 

confounding effects of the aging burn eschar as there is reduced flow in that region but 

increased flow underneath.

3.4 SFDI measured deoxygenated hemoglobin

A time course of average chromophore concentrations for deoxygenated hemoglobin is 

shown in Fig. 5a. Deoxygenated hemoglobin baseline values (37 μM) in superficial partial 

thickness burns showed a statistically significant increase shortly after the burn (41 μM) that 

continued at day 7 (43 μM) before returning closer to baseline values by day 14. Similarly 

for deep partial thickness burns, deoxygenated hemoglobin values were significantly above 

baseline values on days 7 (45 μM) and 14 (46 μM) before gradually decreasing towards 

baseline values on days 21 and 28. There was also a trend of decreasing deoxygenated 

hemoglobin in the surrounding normal regions over the course of the experiment. Images of 

deoxygenated hemoglobin concentration for a typical experiment at each time point are 

shown in Fig. 5b.

3.5 SFDI measured oxygen saturation changes

A time course of oxygen saturation values for superficial and deep burns is shown in Fig. 6a. 

There were no statistically significant changes in baseline oxygen saturation (66%) for either 

group shortly after the burn. But by day 21 where there were significant increases in 
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superficial (74%) and deep (72%) burns that continued at day 28. There was also a trend of 

increasing oxygen saturation in the surrounding normal regions over the course of the 

experiment. Corresponding images of oxygen saturation values for a typical experiment are 

shown in Fig. 6b.

3.6 SFDI measured reduced scattering changes

Time courses of reduced scattering values (μs’) at 650 nm for superficial and deep burns are 

displayed in Fig. 7a. While the reduced scattering coefficient is calculated at multiple 

wavelengths for both categories of burns, there were no changes to the trends of the time 

course data regardless of the wavelengths chosen. Furthermore there were no changes in the 

statistical significance of the data regardless of the wavelengths chosen. In order to simplify 

the presentation of the data, only the 650 nm data is shown. Baseline μs’ values for 

superficial (2.18 mm−1) and deep (2.10 mm−1) burns were similar, but decreased after the 

creation of the burn in both populations with a statistically significant decrease (1.66 mm−1) 

for deep burns. By day 7 there was a statistically significant decrease in μs’ for both 

superficial (1.34 mm−1) and deep (1.23 mm−1) burns. In superficial burns μs’ began to 

steadily increase towards baseline conditions starting at day 14 (1.73 mm−1) through day 28 

(1.94 mm−1) although values remained significantly below baseline values even at day 28. In 

deep burns, μs’ values continued to decrease at day 14 (1.21 mm−1) before steadily returning 

closes to baseline values on days 21 (1.47 mm−1) and 28 (1.84 mm−1). In contrast, μs’ values 

in the normal regions remained consistent over the course of the experiment. Images 

depicting reduced scattering changes for a typical experiment are shown in Fig. 7b.

3.7 SFDI measured water fraction

The average time courses for water fraction values are shown in Fig. 8a. There were no 

statistically significant changes of the water fraction in superficial burns. However, there was 

a trend of increased water fraction values in the burned region over the 28 days while values 

in the normal regions remained unchanged. There was a statistically significant increase in 

the water fraction of deep burns on day 14 (65%) compared to baseline values (45%). 

Similar to superficial burns, there was also a trend of increased values throughout the 28 day 

period compared to baseline values. Representative images of the water fraction taken from 

a superficial and deep burn are depicted in Fig. 8b.

3.8 Summary

Table 1 below summarizes the LSI and SFDI results.

4. Discussion

4.1 Histology

The burn method used in this experiment was a combination of a burn comb24,29 and 

incubator16 used independently in previous burn wound experiments. This combination 

created burns of known and repeatable burn thicknesses corresponding to superficial and 

deep second degree burns. Previous rat studies reported similar burn depth severity, 

confirming the repeatability of this burn method29.
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One week post-burn, eschar formation is apparent, with greater eschar area and thickness in 

deep burns as shown with macroscopic pictures (Fig. 2) and histology (Fig. 3) respectively. 

Differing levels of re-epethelialization are also present between the different burn severities. 

In the deep burns, reepethelialization emanates from the hair follicle, showing the level of 

damage to the bulge. In the superficial partial burns, the layer of reepitheliatized skin covers 

the area between scab and dermis, having originated from an intact hair follicle bulge.

Two weeks post burn, scar tissue is present in more abundance in deeper burns, while hair 

follicles are more abundant in the superficial burn scar regions. The new epidermis has 

become anchored to the top layer of scar tissue. Four weeks post-burn, the level of mature 

collagen is closer to the epidermis of the superficial partial sample compared to the deep 

partial sample.

As one of the gold standards for determining burn severity and monitoring wound healing, 

histologic observations show detailed changes within the tissue. Besides the initial difference 

in burn depth, the level of reepithelialization on day 7 differs greatly between the two burn 

severities. Regrowth of hair follicles also occurs at a later timepoint in the deep partial 

thickness burns in comparison to the superficial partial thickness burns. From a clinical 

standpoint, while histology represents an unequivocal way to determine burn depth, taking 

and processing biopsies is an extremly invasive and time consuming procedure.

4.2 Laser Speckle Imaging

There was a significant initial decrease in blood flow after the burn injury in both groups of 

burns. Previous experiments with a similar rat burn model also detected decreases in flow 

shortly after injury24. Several experiments in pig burn models have also seen significant 

decreases in blood flow that are proportional with the severity of the burn16,31. Across all of 

these studies the decrease in blood flow for partial thickness burns range in values between 

15 and 50% which is consistent with the initial changes in blood flow seen here. The 

increase in blood flow seen by day 7 for the superficial (220%) and deep (166%) burns is 

consistent with other groups that see blood flow begin to progressively increase around day 

7 for partial thickness burns in a pig model31. By day 14 blood flow in the superficial burns 

was returning toward baseline values while blood flow in the deep partial thickness burn 

continued to increase (210%). As increased blood flow is a common indicator of wound 

healing32,33, this difference highlights the longer times needed for deeper burns to progress 

through wound healing and the ability to monitor that progression with LSI. By day 28, 

blood flow in the deep burns is still significantly higher than baseline conditions (154%) 

(Fig. 4a).

Another benefit of imaging technologies like LSI over point-based measurements such as 

laser Doppler flowmetry is the ability to account for the tissue heterogeneity associated with 

eschar formation around day 14 (Fig. 4b). The eschar layer that formed over the burn 

wounds from day 7 onward did obscure some of the speckle flow data. Regions of interest 

were chosen with this in mind, focusing on areas of the burn where the scab was thin enough 

to allow for the measurement of the living tissue beneath.
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4.3 Deoxygenated Hemoglobin and Oxygen Saturation

In these experiments we found an increase in deoxygenated hemoglobin at early time points 

in superficial and deep burns. Previous experiments using a similar rat burn model have 

shown acute increases in deoxygenated hemoglobin for deep burns29. Studies in mice34 and 

pig burn models35 have also shown increases in deoxygenated hemoglobin over a 72 hour 

period. Here we have characterized the changes in deoxygenated hemoglobin at time points 

that are well past the early inflammation stages of wound healing and into the later 

proliferation and maturation stages. We see that deoxygenated hemoglobin returns towards 

baseline values by the end of the 28 day period but this change occurs more quickly in the 

superficial burns. Interestingly, the deoxygenated hemoglobin values by day 28 in the burned 

area and the surrounding tissue were below baseline values. Combined with the information 

of increased oxygen saturation and blood flow, there is an implication of increased 

metabolism in these areas. The normal regions also show increases in oxygen saturation by 

the end of the 28 day period along with increases in blood flow. Because there is little 

change in metabolic activity for the normal regions, the influx of oxygenated blood flow is 

likely an overcompensatory response to the damaged tissue.

4.4 Reduced Scattering Coefficient

The μs’ values at the 650nm wavelength decreased shortly after the burn wound was created 

(Fig. 7a). Previous research in similar rat burn experiments29 as well as pig burn 

experiments15,16,35 have shown a similar decrease in the μs’ values in the acute stages of 

burn wound progression. Additionally they have shown that this decrease is proportional to 

the severity of the burn. Here we show that this initial decrease in the μs’ values continue for 

several days reaching a trough at day 7 for superficial burns and day 14 for deep burns (Fig.

7a) before returning to baseline values. In contrast to the hemodynamic changes seen in the 

normal areas throughout the experiment, there was no change in μs’ values at any point 

during the experiment. This highlights a key difference in what can be measured with these 

techniques as scattering changes are largely in response to changes in tissue structure. 

Differences could also be seen in the images of the eschar at day 7 as μs’ appears relatively 

uniform (Fig. 7b) compared to the heterogeneity of the relative blood flow changes (Fig. 4b). 

The presence of the eschar on days 7 and 14 should be considered when analyzing any 

optical imaging results, as the increased absorption properties will inherently limit the 

penetration depth of the signal. Using the diffusion approximation36 to estimate the 

penetration depth of the light, we found that in the case of the thickest eschar (from the 

histological measurements) the light was able to penetrate more than three times the 

thickness of the eschar. While the growth of the eschar on days 7 and 14 will add partial 

volume measurement errors to data collected at those time points, the majority of the signal 

still comes from the underlying tissue.

4.5 Water Fraction

Increases in water fraction due to edema are fairly common in burn wounds37. 

Unfortunately, effective fluid resuscitation is a critical component of burn wound care that 

can often intensify the occurrence of edema38. Spectroscopic techniques have been able to 

quantify increases in water concentration in scar formation20 and through the formation of 
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edema with drugs39. Acute studies in rat burn models have also shown an increase in relative 

water fraction over the first 3 hours of burn wounds29. Here we also show the ability to track 

an increase in water fraction shortly after the burns, which remains elevated above baseline 

conditions throughout the 28 day experiment (Fig. 8b). Being able to accurately monitor 

tissue water fraction would play a critical role in dictating fluid resuscitation during wound 

healing as a careful balance must be found between providing enough fluid to the damaged 

area without giving so much as to exacerbate the presence of edema.

4.6 Future Studies

While it would be interesting to do longer studies in the future to examine the physiology of 

scar formation similar to what is done in some porcine studies40, for now we can only 

speculate what might happen at longer time points based on our data at 28 days. It is 

possible that elevated oxygenated hemoglobin values could persist for several more weeks 

while cellular activity is reduced in the maturation phase. It is also possible that the high 

perfusion values seen in the deep partial thickness burns eventually drop below baseline 

values (similar to the superficial partial thickness burns at day 28) as blood vessel activity is 

also reduced. Ultimately, the porcine model is better for studying scarring that is analogous 

to humans as certain types of scarring, specifically hypertrophic scarring, cannot be 

recreated in mice and rats41.

5. Conclusion

SFDI and LSI are both non-invasive modalities that can help discriminate differences in burn 

severity and quantify different aspects of wound healing over time. These techniques have 

been used in acute studies to track superficial and deep burns, but here we present those 

modalities used over 28 days in a hairless rat model. Observed longitudinal changes in 

scattering and hemodynamics in the burns and surrounding tissue highlight the potential 

insights that can be gained when studying the different phases of wound healing between 

burn severities in a rat model. Further development of these methods could aid in monitoring 

the efficacy of different wound healing treatments.
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Fig. 1. 
a) A schematic of the SFDI and LSI setup. b) An image of the burn tool and incubator. c) An 

image of the burn site on a CD hairless rat. Biopsy sites are shown with dashed circles.
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Fig. 2. 
A time series of color images taken from a representative superficial and deep burn.
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Fig. 3. 
Histology images representing baseline, days 0, 7, 14, and 28. Burn depth is represented by 

dotted lines on the day 0 sample. On day 7, Re-epithelialization starts from the undamaged 

hair follicle in the superficial burns (blue arrows), but only originates from the bulge of 

damaged hair follicles in deep burns (red arrows). New hair follicles are present in the 

superficial burns by day 14 (blue arrows), but are not as apparent in the deep burns until day 

28 (red arrows).
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Fig. 4. 
a) Time course of relative changes in the speckle flow index. The asterisks denote relative 

LSI values that differ significantly between the burn wounds and the baseline conditions. b) 

Relative blood flow images derived from LSI for a representative deep and superficial burn.
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Fig. 5. 
a) Time course of deoxygenated hemoglobin concentrations. The asterisks denote 

deoxygenated hemoglobin concentrations that differ significantly between the burn wounds 

and the baseline conditions. b) Representative deoxygenated hemoglobin concentrations 

images derived from SFDI for a deep and superficial burn.
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Fig. 6. 
a) Time course of oxygen saturation values. The asterisks denote oxygen saturation values 

that differ significantly between the burn wounds and the baseline conditions. b) 

Representative oxygen saturation images derived from SFDI for a deep and superficial burn.
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Fig. 7. 
a) Time course of μs’ at 650nm values. The asterisks denote μs’ values that differ 

significantly between the burn wounds and the baseline conditions. b) Representative μs’ 

images derived from SFDI for a deep and superficial burn.
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Fig. 8. 
a) Time course of water fraction changes. The asterisks denote water fraction values that 

differ significantly between the burn wounds and the baseline conditions. b) Representative 

water fraction images derived from SFDI for a deep and superficial burn.
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