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Background: Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) that causes regions of
ulceration within the interior of the colon. UC is estimated to afflict hundreds of thousands of people in
the United States alone. In addition to traditional colonoscopy, ultrasonic techniques can detect colitis, but
have limited spatial resolution, which frequently results in underdiagnoses. Nevertheless, clinical diagnosis
of colitis is still generally performed via colonoscopy. Optical techniques such as confocal microscopy and
optical coherence tomography (OCT) have been proposed to detect UC with higher resolution. However,
UC can potentially alter tissue biomechanical properties, providing additional contrast for earlier and
potentially more accurate detection. Although clinically available elastography techniques have been
immensely useful, they do not have the resolution for imaging small tissues, such as in small mammalian
disease models. However, OCT-based elastography, optical coherence elastography (OCE), is well-suited for
imaging the biomechanical properties of small mammal colon tissue.

Methods: In this work, we induced elastic waves in ex vivo mouse colon tissue using a focused air-pulse.
The elastic waves were detected using a phase-stabilized swept source OCE system, and the wave velocity
was translated into stiffness. Measurements were taken at six positions for each sample to assess regional
sample elasticity. Additional contrast between the control and diseased tissue was detected by analyzing the
dispersion of the elastic wave and tissue optical properties obtained from the OCT structural image.
Results: The results show distinct differences (P<0.05) in the stiffness between control and colitis disease
samples, with a Young’s modulus of 11.8+8.0 and 5.1+1.5 kPa, respectively. The OCT signal standard
deviations for control and diseased samples were 5.8+0.3 and 5.5:0.2 dB, respectively. The slope of the
OCT signal spatial frequency decay in the control samples was 92.7+10.0 and 87.3+4.7 dB-pm in the colitis
samples. The slope of the linearly fitted dispersion curve in the control samples was 1.5 mm, and 0.8 mm in
the colitis samples.

Conclusions: Our results show that OCE can be utilized to distinguish tissue based on stiffness and optical
properties. Our estimates of tissue stiffness suggest that the healthy colon tissue was stiffer than diseased
tissue. Furthermore, structural analysis of the tissue indicates a distinct difference in tissue optical properties
between the healthy and UC-like diseased tissue.
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Introduction

Ulcerative colitis (UC) is an inflammatory bowel disease
(IBD) that manifests as large regions of continuous
ulcerations throughout the inner lining of the colon (1).
UC has an estimated prevalence of 238 cases out of every
100,000 people in the United States (1). The burden
of illness for UC is quite high as it is associated with
drastic decreased quality of life and significant morbidity.
Furthermore, meta-analysis suggests a colorectal cancer
prevalence of 3.7% in patients that already have UC (2).
Due to significant public health efforts, including increasing
awareness of the adverse effects of smoking, promoting
screening such as colonoscopies above the age of 50, and
more effective therapies, the incidence and mortality
due to IBDs such as UC have decreased significantly (3).
Despite the overall success in detecting and managing
IBDs, research has shown that the incidence of pediatric
IBDs, including UC, is on the rise internationally (4). This
suggests that additional screening techniques, detection
methods, and therapies are still needed to combat IBD.
Currently, the diagnosis of UC is performed using
a combination of methods, including blood tests, stool
tests, and colonoscopy. While blood and stool tests can
provide helpful information, they are not definite methods
to identify IBD. Physicians can use colonoscopy to
visually identify inflammation and ulceration in the colon
symptomatic of UC. However, colonoscopy is inherently
limited to structural imaging and cannot provide depth-
resolved information (5). Ultrasonic imaging has been
proposed to detect UC, but has limited spatial resolution
and cannot detect micrometer-scale changes in tissue
properties (6,7). Optical techniques, such as endoscopic
optical coherence tomography (OCT), have also been
proposed to detect IBD with superior spatial resolution and
depth resolved imaging (8-11). Similar to other structural
imaging modalities, the diagnostic relevance of OCT is
limited without a robust, quantifiable metric to distinguish
control and diseased tissue. Histological analysis of biopsy
tissue provides a method for directly assessing tissue health,
however a faster and noninvasive alternative to detect
diseased tissue would be a powerful clinical tool.
Elastography is a well-established technique to image
mechanical contrast in tissue by using an imaging modality,
such as ultrasound or magnetic resonance imaging, to
detect displacements in tissue. Ultrasound elastography
and magnetic resonance elastography are clinically
available techniques that have been immensely useful at
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detecting diseases, such as cirrhosis, cancer, and sclerosis,
among others (12). More specifically, magnetic resonance
elastography and ultrasound elastography have been used to
distinguish gastroenterological pathologies such as UC, but
both methods are limited by the resolution of their parent
imaging modality and require large amplitude displacements
for accurate detection, which may not be suitable to detect
small lesions and small mammal samples (13-15). It has been
repeatedly shown that screening and early detection are
vital to achieving positive patient outcome, so identifying
tissue anomalies early using high resolution techniques is
needed for effective disease management.

Optical coherence elastography (OCE) is an elastographic
technique that utilizes OCT to image tissue motion (16).
The parent imaging modality, OCT, can be used to capture
microscopic displacements in tissue, enabling high resolution
imaging of mechanical contrast (17). However, the elastographic
resolution is based on the excitation technique, biomechanical
reconstruction method, and mechanical contrast (18).
In general, OCE benefits from higher resolution than
alternative elastography methods that have been employed
for characterizing colorectal pathologies (14,15). Endoscopic
OCT has been used to image colorectal pathologies in
humans (11). However, to the best of our knowledge, OCE
has never been used to assess colorectal tissue.

During OCE imaging, the OCT image is captured.
Thus, combined analyses of structural and biomechanical
properties can enable more robust assessment of tissue
health (19). This dual pronged method of tissue analysis
could potentially be an effective supplemental clinical
tool, which can be useful for assessing tissue mechanical
properties and identifying disease margins with no contact
with the sample. In this work, air-pulse OCE was used
to assess the optical and mechanical properties of control
and Dextran Sulfate Sodium-induced colitis, in ex vivo
murine colons (20). Shear wave imaging OCE (SWI-OCE)
measurements were performed to assess overall sample
biomechanical properties based on the air-pulse induced
elastic wave (21). Analysis of the dispersive behavior of the
elastic wave provides another parameter for differentiating
control and diseased tissue (22). Furthermore, analysis of the
OCT structural image was utilized to distinguish healthy
and diseased samples based on tissue optical properties.
Combined optical and biomechanical parameters were used
to detect the diseased tissue in single-blind measurements.
The data demonstrate that OCE can successfully detect
colitis and may be useful as a supplemental clinical tool to
distinguish control and UC-diseased tissue.
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Figure 1 Schematic and OCE measurement. (A) Shows the schematic of the PhS-SSOCE system used to obtain optical and elastic

measurements on the colon samples. The excitation and measurement procedure on a colon sample is shown in (B). Note that excitation (blue)

is performed at the leftmost position of the scan and images are taken along the propagation path (red) to determine velocity. Markers are

not drawn to scale. (C) Shows the thickness of the colon tissue, grouped accordingly after samples were unblinded. OCE, optical coherence

elastography.

Methods

Murine colon specimens extracted from thirteen samples
were subject to OCE measurements. Samples were tested
in a single blind experiment—the health of the tissue
was not known prior to OCE imaging so that testing
remained unbiased. Colitis was induced in mice using a
well-documented dextran sulfate sodium (DSS) protocol
(20,23). The animals were euthanized, and the colons were
extracted for analysis and OCE imaging. The colon samples
were dissected and carefully spread on a 1% (w/w) nutrient
agar phantom (Difco nutrient agar, Becton, Dickinson and
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Company). Each dissected colon sample was approximately
rectangular, ~1.5 mm in thickness, ~8 mm in width, and
~20 mm in length, with no relationship between dimension
and sample type, as shown in Figure 1. 1X phosphate
buffered saline (PBS) was regularly applied to maintain its
hydration state. Measurements of optical and mechanical
properties were taken at six positions for each sample along
the length of the colon, and the average measurement was
utilized to characterize the sample.

OCE measurements were performed with a phase-
stability swept source OCE (PhS-SSOCE) system that has
been described in our previous work (24). A focused micro
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Figure 2 Group velocity calculation of the elastic wave. Figure 2 shows the calculation of the elastic wave group velocity. The vertical

temporal displacement profiles (A) from each successive position were cross-correlated with the displacement profile from the excitation

position (B). The elastic wave propagation delay was determined from the maximum of the cross-correlation, and the velocity was obtained

from the slope of a linear fit of the elastic wave propagation delays to the corresponding propagation distances (C).

air-pulse was synchronized to the OCT system, which
consisted of a swept source laser (HSL2000, Santec Inc.,
Hackensack, NJ), with a 30 kHz sweep rate, 16 pm lateral
resolution, and 11 pm axial resolution. A short duration
(1 ms) focused micro air-pulse (25) induced low amplitude
elastic waves (<10 pm), which were imaged by the OCT
system. The OCE system schematic, experimental setup,
and sample thickness are shown in Figure 1.

The elastic wave was imaged via 251 successive
equidistant M-mode OCT images along a scan region of
~4 mm (21). Each M-mode OCT image was 1,500 A-line
long, corresponding to 50 ms. Velocity calculation has
been detailed in our previous work, and is summarized in
Figure 2 (26). First, the raw OCT phase profiles were
unwrapped and converted to displacement and corrected
for the motion of the surface and difference in refractive
index between the air and tissue surface (27). The velocity
of the elastic wave was determined by linearly fitting the
wave propagation distances to the corresponding wave
propagation delays (28). Wave propagation was shown
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only over 2 mm in Figure 2 as an example. The delays were
determined by cross-correlation analysis. The temporal
displacement profiles from each successive position were
cross-correlated with the displacement profile from the
excitation position. The elastic wave propagation delay
was then determined from the maximum of the cross-
correlation, and the velocity was obtained from the slope
of a linear fit of the elastic wave propagation delays to
the corresponding propagation distances. This procedure
was repeated for all imaged depths within the tissue,
and velocities were averaged depth-wise over 0.2 mm,
corresponding to the mucosal layer of the murine colon.
This method was also used to monitor the elasticity
of the agar basement layer. Since this method of OCE
measurement is affected by boundary conditions due to the
long wavelength of the elastic wave, we also monitored the
elasticity of the agar to ensure consistent results (29,30).
The OCE measurements were performed at six positions
across the sample as shown in Figure 1, and the Young’s
modulus, E, was estimated from the average wave velocity
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using the surface wave equation (17,26,31,32),

2p(1+v)
po2Po) 1]
(0.87+1.120)

in which the density of the murine colon was estimated to be
p=1000 kg/m’, the Poisson’s ratio was assumed to be v=0.49
for a nearly incompressible tissue, and ¢, was the averaged
wave velocity for a given sample. While the sample-agar
configuration suggests the presence of guided waves, the
surface wave equation presents an effective estimate of
elastic properties, as shown in our previous work (26).
However, future work will account for guided wave
velocities and effects of boundary conditions on the elastic
wave velocity.

Since the elastic wave is composed of multiple
frequencies which travel at different speeds (22), the
dispersive behavior of the elastic wave may also provide
additional information related to sample biomechanical
properties. The dispersion of the elastic wave was quantified
by calculating the phase velocity of each frequency in the
elastic wave (33). Briefly, the phase shifts of each frequency
were obtained by fast Fourier transform (FFT) of the
elastic wave vertical temporal displacement profiles. The
phase velocities for each frequency were then obtained by
linearly fitting the phase delays to the corresponding wave
propagation distances for each frequency in the elastic
wave (33). The elastic wave dispersion for each group was
determined from the average dispersion of each component
sample. The elastic wave dispersion curve was linearly fitted
to quantify the level of elastic wave dispersion, and the slope
of the dispersion curve was utilized as an empirical metric
based on the sample biomechanical properties to distinguish
the healthy and the colon tissue.

Computational analysis of the tissue optical properties
based on the OCT structural image was also performed
to distinguish structural changes in the colon tissue. The
specific procedure is shown in Figure 3, and detailed in our
previous work (19,34). Briefly, the OCT intensity A-line (in
dB) was linearly fitted, and the slope of the linear fit is used
as the first parameter and represents optical attenuation
through the sample. The slope of the optical attenuation
was removed from the A-line. The standard deviation of
the slope-removed A-line was the second tissue structural
parameter for disease detection, which reflects the degree
of refractive index mismatches within the sample. The
third parameter that was used for detecting the diseased
tissue was the decay of the slope-removed A-line spatial
frequency spectrum. An FFT was performed on the slope-
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Figure 3 Computational analysis of the OCT signal to determine
optical properties of tissues. The computational method used for
analyzing OCT signal is shown in Figure 3. In (A), the OCT A-line
is linearly fitted. The large initial peak indicating surface reflection
is ignored. The linear fit is subtracted from the A-line, and the
mean and standard deviation are measured and shown in (B). An
FFT is used to obtain the spectrum of the slope removed A-line,
which is logarithmically scaled in the y-axis and linearly fitted in (C).
OCT, optical coherence tomography.

removed A-line. The slope of the linear fit was utilized as
an empirical parameter to differentiate the tissues. This

method can be useful in detecting texture based variation
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Figure 4 Wave propagation in a control and a colitis sample. Figure 4 shows the spatio-temporal displacement of an elastic wave in a

representative sample from the control group (A), and the DSS-colitis group (B). The elastic wave is induced from the side, indicated by the

red dot. Note that over each time point, the elastic wave propagates further in the control sample, suggesting higher stiffness, compared to

the colitis sample. Shown data is representative of data obtained from 12 murine colon samples (4 with DSS-colitis and 8 healthy).

and identifying irregularities in tissue that may contribute
to the measured OCT signal (35). A lower decay coefficient
suggests that there are more low frequency components in
the change in tissue refractive index. This computational
analysis was performed on the first A-line (out of 1,500
temporal A-lines) of each of the 251 positions acquired at
each of the measurement locations for each sample. The
average OCT signal slope, standard deviation, and spectral
decay was quantified for each sample. For this analysis, the
entire visible depth was used.

One of the thirteen samples was removed from analysis
due to degradation of the agar basement, which significantly
altered OCE measurement. After the OCE measurements,
the disease state was unblinded based on diagnosis prior to
colon excision, revealing eight control and four diseased
samples. Each sample was grouped accordingly based on
disease state for statistical analysis.

Results

As summarized in Figure 1, the thickness of the samples was
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measured as 1.450.2 and 1.50+0.2 mm for both the control
and the colitis group respectively. A two-sample #-test
shows no statistically significant difference in thickness
(P=0.66). The velocity of the air-pulse induced elastic wave
was measured in control and colitis-diseased murine colon
tissues ex vivo. The spatio-temporal displacement maps of
the wave propagation in typical control and diseased samples
are shown in Figure 4. Note the faster propagation in the
control tissue, where the blue downward displacement
has moved further at the same time after the excitation as
compared to the diseased tissue. Figure 5 shows boxplots of
the group velocity and Young’s modulus as estimated by the
surface wave equation of the control and diseased samples.
The boxes correspond to median and interquartile range,
the whiskers correspond to one standard deviation, and the
small inscribed box is the mean. The mean group velocity of
the control samples was 1.8+0.6 m/s, and the group velocity
of the diseased samples was 1.3+0.2 m/s, where the error is
the inter-sample standard deviation. A two-sample 7-test for
unequal variances showed a significant difference between
the two groups (P<0.05). After translating the results to
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Young’s modulus, the stiffness of the control and colitis
samples was 11.8+8.0 and 5.1x1.5 kPa, respectively (P<0.05).

Results of the OCT structural metrics are shown in
Figure 6. The OCT signal slope for the control and colitis
samples was 0.4£0.2 and 0.5+0.2 dB-um respectively. The
standard deviation of the slope removed A-line for the
control and colitis samples was 5.8+0.3 and 5.5+0.2 dB. The
slope of the spatial frequency decay for the control samples
was 92.7£10.0 dB-pm and for the colitis samples was
87.3+4.7 dB-pm. A two-sample #-test for unequal variances,
revealed statistical significance of P<0.05 respectively for
both the standard deviation and the slope of the spatial
frequency decay. However, the difference in the signal slope
between groups was shown to be statistically insignificant
(P=0.64).

Figure 7 shows the average dispersion curve for the
control and diseased samples. The slopes of the dispersion
curve are noticeably different between the samples—1.5 mm
for the healthy samples and 0.8 mm for the colitis samples.
The slope of the dispersion curve suggests there is a
distinction in biomechanical properties between the control
and the diseased samples.

Discussion

Our results demonstrate the potential of OCE to
differentiate diseased and healthy colon tissues based on
multiple metrics such as stiffness and structural metrics.
Though a larger sample size than what is used in this
work is needed to ensure that the patterns seen here are
consistent and reproducible, our group has shown that a
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combined approach can significantly improve classification
even with a relatively small number of samples (19,34).
These results suggest that a two-pronged approach for
identifying and distinguishing healthy and UC-diseased
tissue using OCE has great promise.

Elasticity calculation was performed over a 0.2 mm
depth, corresponding to the mucosal layer. Evaluation of
the full tissue mechanical properties is an area of our active
future research. One major concern of using the surface
wave equation was the thickness of the colon specimens,
as the surface wave equation assumes infinite thickness
(31,32). Our initial evaluation of the samples prior to OCE
measurement did not indicate that samples from either the
healthy or diseased groups had distinguishable differences in
dimension. As such, while error is likely present in absolute
values due to the thickness of the sample, variation in wave
speed due to thickness is unlikely to be the distinguishing
factor between samples. This same velocity calculation used
in this analysis was performed on the several centimeter-
thick agar basement layer to monitor the elasticity over time
because it was important to ensure that velocity changes
to the basement did not affect measurements of the tissue
above. Moreover, this method ensured that differences in
OCE-assessed stiffness between the diseased and healthy
tissues did not originate from differences in tissue thickness
or boundary effects. While our previous work has shown
that the surface wave equation does provide a reasonable
estimate of tissue elasticity from guided waves, it is possible
there was an additional error due to the guided wave
propagation (29). As such, our measured elasticity highlights
relative differences between samples instead of the absolute
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Figure 6 Optical assessment of tissue groups. Optical analysis shown in Figure 6 suggests that the signal slope of the A-line is indistinct

between the two groups. However, the standard deviation of the slope removed A-line and the linear decay coefficient of the A-line indicates

that the samples from each disease group can be distinguished. The box corresponds to the interquartile range, the whiskers correspond

to one standard deviation, and the inscribed box reflects the mean. Statistical testing was performed by a two-sample #-test for unequal

variances.

elasticity. Overcoming this limitation is an area of future
work.

It has been established that the propagation of a surface
wave in a heterogeneous medium will show dispersive
behavior, which results in different frequency components
of an elastic wave propagating at different velocities (36).
Specifically, lower frequency waves (i.e., with longer
wavelengths) probe deeper than higher frequency waves
(i.e., shorter wavelengths) (29). In the experimental setup
utilized, the thin colon tissue was placed on a nutrient agar
base, and elastic wave excitation occurs on the surface of the
tissue. In this configuration, low frequency components of
the surface wave would mostly reflect the elasticity of the
lower agar layer, whereas the high frequency components
would reflect the elasticity of the top tissue layer (29,30).
Under this assumption, the slopes of the dispersion curves
suggest a distinct dispersion between each sample group,
and that the healthy tissue has greater elastic modulus
than the colitis tissue. Initial acute inflammation, which is

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

marked by increased blood flow, tissue fluid accumulation
and inflammatory cell infiltration, and later, chronic
inflammation marked by increased fibrosis, may impair the
elastic properties of the colon differently. These specific
differences in histopathology need to be correlated with
corresponding OCE readouts, which will be the focus of
our future work.

Since the elasticity estimated by the group velocity does
not consider this dispersive behavior, phase velocity may
provide more robust quantification of sample biomechanical
properties. Moreover, the dispersive properties of elastic
waves are also heavily influenced by the sample geometry
and boundary condition (32). The elastic wave dispersion
analysis presented here is by no means comprehensive, and
further analysis is necessary to obtain accurate biomechanical
properties. Furthermore, the results presented illustrate
the average dispersion measured at each position across
several specimens within a group, which can introduce
significant error. In fact, in the configuration utilized in
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coherence elastography.

this work, the slope of the elastic wave dispersion curve is
likely additionally affected by the presence of guided waves,
sample geometry, and boundary conditions. However, the
diseased and healthy tissues were distinguished by their
biomechanical properties, and more accurate quantification
of tissue biomechanical properties with a more appropriate
wave model is possible. Previous work has utilized spectral
decomposition to identify layers of differing stiffness (37),
but there has yet to be demonstration of a model of
wave propagation in a multi-layer medium and its
application in OCE. Hence, we are currently developing
a multi-layer model that can correctly integrate sample
geometry and measurement conditions to provide truly
quantitative, and potentially depth-resolved, biomechanical
assessment of tissues similar to our previous work in
cornea (38). As previously mentioned, since low frequency
waves describe the elasticity of a large sample area, and
high frequency waves describe the sample surface, an
alternative method to more accurately characterize the
tissue in the sample-agar configuration shown in this work
is to induce elastic waves with higher frequency content.
This method would overcome a limitation of air pulse
OCE, increase the spatial resolution, and minimize the
influence of boundary conditions. Furthermore, we have
demonstrated the potential utility of techniques such as
nanobomb OCE (39), that are capable of producing elastic
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waves with frequency content in the tens of kilohertz, which
would be sufficient for high-resolution elastography of thin
murine colons. On the other hand, compression OCE has
been shown to be highly effective for spatially mapping the
biomechanical properties of tissues (17,40). The imaging
depth in compression OCE may be limited, but this method
may provide an effective tool for identifying the disease
margins of colorectal pathologies with high-resolution and
sensitivity, as has been shown in breast tissue (40).

Optical analysis demonstrated that the OCT signal
slope which represents optical attenuation through the
sample, suggests that the control and colitis tissue are not
distinguishable by attenuation. However, a distinct variation
was present in the refractive index mismatches along tissue
depth, which reflects the differences in tissue microstructure
between the healthy and diseased colon tissue. Considering
that UC is known to present as inflammation, scarring,
and ulceration over extensive stretches of the colon tissue,
the differences in the optical properties were expected.
However, further analysis is needed to identify the
pathological basis of this result, such as histological analysis
across different regions of the diseased colon. This would
help pinpoint the specific morphological changes in the
colon tissue that correspond to the changes in optical
parameters measured by OCT. Additionally, samples were
highly scattering, and it was not possible to image through
the entire sample. This limits analysis to the visible depth
of the colon tissue and introduces potential bias since
various anatomical sections of the tissue may have had
slightly different thicknesses between samples. Analyzing
the tissue optical properties for each layer of the colon
tissue is the next step of our image analysis. Furthermore,
detailed analysis of the OCT signal to obtain estimates of
sample attenuation has been shown (41) as well as higher
resolution OCT techniques and computational analyses (42)
and texture-based analysis (43). Multiple scattering events
in depth through the tissue may also cause variations in
the measured optical properties, and several measures have
been suggested to account for these events (44-46). Future
work will evaluate the effectiveness of these measures as
additional parameters for more accurate detection of disease
even though scattering dominated the OCT signal.

In this work, we utilized a combined optical and
biomechanical assessment of murine colon tissue to detect
DSS-induced UC. While this two-pronged method could
be very useful for characterizing tissue, each separate
technique has its own limitations that restrict their
combined effectiveness. One significant challenge in OCE
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is depth-wise characterization of mechanical properties and
the low spatial resolution of low frequency elastic waves.
The colon is made of several layers, but biomechanical
evaluation of each of these structures can be challenging,
due to the limited resolution of air puff OCE (17). The
tissue-agar configuration in this work further extends
this limitation, due to the boundary condition that the
agar basement introduces. Additionally, OCE resolution
is inherently dependent on the excitation technique,
reconstruction method, mechanical contrast, and is
generally inferior to the resolution of its parent imaging
modality OCT (18,26). On the other hand, one significant
limitation of OCT in this work arises from the highly
scattering nature of the colon tissue; the entire tissue depth
is not visible in the OCT image. As such, analysis of optical
properties may be prone to bias due to the varying visible
depths between samples. Additionally, the OCT signal
slope is sensitive to changes between interfaces, which could
occur in multi-layered tissue (34). Both OCE and OCT
have individual limitations and sources of error that may
combine constructively or destructively, which need to be
explored further.

Even though the number of samples was limited in
this work, the results demonstrate the potential of OCE
as a detection technique for IBD, including UC and
Crohn’s disease. However, more work is needed to develop
excitation techniques and quantitative and analytical
methods to accurately quantify the viscoelasticity of the
colon tissue. Nevertheless, imaging a larger number of
samples and performing correlative analyses with clinically-
established assessments of disease severity, such as Disease
Activity Index score and Macroscopic Disease Activity
score is needed. Moreover, the samples in this work were
extracted, and we are currently developing probe-based
OCE techniques for 7z situ and in vivo studies (47).

In summary, we have demonstrated the potential of air-
pulse OCE to differentiate healthy and colitis-diseased
murine colon tissue exhibiting lesions that are very similar
to human IBD (20). Initial estimates of tissue stiffness based
on group velocity indicated that healthy tissue was stiffer
than diseased tissue. Analysis of the dispersive behavior of
the samples also suggested higher stiffness of the healthy
tissue, but also a possible increased viscosity. Moreover,
structural analysis of the tissue demonstrated a distinct
difference in tissue optical properties between the healthy
and colitis-diseased tissue. The results raise hope that
OCE may be useful for detecting IBD and possibly other

colorectal pathologies.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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