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Many published literature sources have described the histopathological

characteristics of post-traumatic syringomyelia (PTS). However, three-dimen-

sional (3D) visualization studies of PTS have been limited due to the lack of

reliable 3D imaging techniques. In this study, the imaging efficiency of

propagation-based synchrotron radiation microtomography (PB-SRmCT) was

determined to detect the 3D morphology of the cavity and surrounding

microvasculature network in a rat model of PTS. The rat model of PTS was

established using the infinite horizon impactor to produce spinal cord injury

(SCI), followed by a subarachnoid injection of kaolin to produce arachnoiditis.

PB-SRmCT imaging and histological examination, as well as fluorescence

staining, were conducted on the animals at the tenth week after SCI. The 3D

morphology of the cystic cavity was vividly visualized using PB-SRmCT imaging.

The quantitative parameters analyzed by PB-SRmCT, including the lesion and

spared spinal cord tissue area, the minimum and maximum diameters in the

cystic cavity, and cavity volume, were largely consistent with the results of the

histological assessment. Moreover, the 3D morphology of the cavity and

surrounding angioarchitecture could be simultaneously detected on the PB-

SRmCT images. This study demonstrated that high-resolution PB-SRmCT could

be used for the 3D visualization of trauma-induced spinal cord cavities and

provides valuable quantitative data for cavity characterization. PB-SRmCT

could be used as a reliable imaging technique and offers a novel platform for

tracking cavity formation and morphological changes in an experimental animal

model of PTS.

1. Introduction

Post-traumatic syringomyelia (PTS) refers to the development

and progression of cerebrospinal-fluid-filled cystic cavities

within the spinal cord that can cause serious neurological

deterioration (Asano et al., 1996; Shields et al., 2012). A

retrospective study has reported that approximately 7.3% of

patients ultimately develop PTS following traumatic spinal

cord injury (SCI), and this value will inevitably increase with

time (Ko et al., 2012). As the cystic cavity enlarges and

extends, it causes injury to the surrounding neurological tissue.

This injury is clinically characterized by the insidious

progression of pain and loss of sensorimotor function (Krebs

et al., 2016). Factors related to cystic cavity formation include

mechanical damage caused by spinal cord compression,
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arterial or venous obstruction, liquefaction of an intra-

parenchymal hematoma, ischemia due to tethering, and

release of intracellular lysosomal enzymes and excitatory

amino acids (Brodbelt et al., 2003a,b; Kobayashi et al., 2012; Tu

et al., 2011; Bilston et al., 2010). Because the pathophysiology

of PTS has not been fully elucidated, the current treatment

options do not provide satisfactory therapeutic results, and

most patients fail to exhibit improvement in neurological

symptoms.

A study using T2-weighted MRI images to investigate PTS

and identify a syrinx in rats failed to visualize the lesion

diameter due to inadequate image resolution (Pourtaheri et

al., 2014; Becerra et al., 1995). Najafi et al. (2016) used high-

field magnetic resonance imaging (MRI) to track the devel-

opment and enlargement of syrinxes in a rodent model of PTS

obtaining high image resolution of the cavity, but failed to

capture the three-dimensional (3D) morphology of the cavity;

therefore, high-field MRI was deemed not sufficiently reliable

to objectively perform a quantitative investigation of the

morphometric cavity. To address these problems it would be

ideal to employ a novel imaging technique to trace the cavity

formation in a 3D manner. Currently, various phase-contrast

microtomography (PCT) techniques have been developed

to exploit the 3D phase-contrast information of biosamples,

including propagation-based imaging, analyzer-based imaging,

interferometric methods based on the use of crystals, and

grating interferometric and grating non-interferometric

methods (Bravin et al., 2013). Among them, propagation-

based synchrotron radiation microtomography (PB-SRmCT)

is experimentally the simplest PCT and has no requirements of

complex experimental apparatus in the light path (Bravin et

al., 2013; Suortti & Thomlinson, 2003). It has been regarded as

an excellent 3D investigation tool for soft-tissue character-

ization where conventional absorption microtomography fails

(Hu et al., 2017; Cao et al., 2017). A 3D imaging approach will

undoubtedly lead to novel insights and improve our under-

standing of the structural adaptions that occur in various types

of disease (Zhang et al., 2014, 2015a; Cao et al., 2016; Zehbe et

al., 2010). PB-SRmCT benefits from increased brilliance X-ray

sources, which are several orders of magnitude stronger than

conventional X-ray sources (Dong et al., 2014), facilitating the

improvement in image quality and resolution. In particular,

the mapping of the phase shift of the synchrotron radiation

beam allows the simultaneous exploration of the interaction

between the vasculature and neuro cells and nerve fibers in

biological samples (Fratini et al., 2015; Hu et al., 2017).

Preclinical PB-SRmCT can provide 3D imaging of the micro-

structure and degradation changes of implanted biodegrad-

able scaffolds after SCI (Takashima et al., 2015). However,

the feasibility and accuracy of PB-SRmCT for cystic cavity

measurement have not been assessed. In our study, we aimed

to evaluate the feasibility of PB-SRmCT in the 3D visualiza-

tion of cavity formation after SCI in a rat model of PTS.

Additionally, to better assess the spatial arrangement of the

cavity and interaction with the vascular network, 3D volume

renderings of the segmented cavity and vasculature network

were simultaneous presented.

2. Materials and methods

2.1. Experimental animals and ethics statement

Adult male Sprague-Dawley rats weighing 220–250 g

obtained from the Center of Experimental Animals were used

in this study. All surgical interventions and perioperative care

were performed in accordance with internationally accepted

principles and were approved by the Animal Care and Ethics

Committees of Xiangya Hospital, Central South University

(Permit Number: 201703563).

2.2. Cystic cavity induction and study design

The rat model of PTS was established according to

previously described methods with slight modifications (Najafi

et al., 2016). Briefly, the rats were intraperitoneally (i.p.)

anesthetized with chloral hydrate. Afterwards, the rat skin was

shaved and prepared with povidone iodine. A laminectomy

was performed at thoracic vertebra level 10 (T10). Using the

infinite horizon impactor (Precision Systems and Instru-

mentation, Lexington, KY, USA), a 75 kDyn impact was

delivered to the spinal cord to produce the PTS model without

causing significant neurological deficits in the animals. A 5 ml

injection of 250 g ml�1 kaolin (Sigma-Aldrich) diluted in 0.9%

saline solution was administered to the subarachnoid space

with a syringe after the spinal cord injury. After surgery, the

rats were housed individually in cages with free access to food

and water. A pain relief drug (Tramadol; Grunenthal GmbH,

Aachen, Germany) and antibiotic (penicillin sodium; North

China Pharmaceutical Co, Shijiazhuang, China) were admi-

nistered once daily within the first three days after surgery.

The bladders were manually expressed twice daily until full

voluntary or autonomic voiding was obtained. The animals

were scanned ten weeks after cystic cavity induction. At the

time of scanning, the animals were killed, and the spinal cord

samples were isolated from the rats and were prepared for

PB-SRCT scanning (n = 10).

2.3. PB-SRmCT scanning

PB-SRmCT scanning was performed using the BL13W1

biomedical beamline at the Shanghai Synchrotron Radiation

Facility (SSRF) in China. Before PB-SRmCT examination, the

rats were euthanized with an overdose of 10% chloral hydrate

(6 ml kg�1, i.p.). A thoracotomy was rapidly performed to

expose the heart. Next, the vascular system was perfused with

heparinized saline via the ascending aorta to facilitate rapid

and sufficient draining of blood, followed by vessel network

fixation with 4% paraformaldehyde in phosphate-buffered

saline (PBS) using a previously described method (Hu et al.,

2012). Subsequently, 8 mm spinal cord segments of tissue

containing the cystic cavities were post-fixed in 4% para-

formaldehyde for 24 h at 4�C. All the spinal cord tissue

specimens were dehydrated using a graded ethanol series and

were prepared for PB-SRmCT scanning. The spinal cord

samples were placed into a tube and were mounted on a rotary

stage in line with the synchrotron radiation X-ray beam.

The X-rays were converted to visible light by a cleaved
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Lu2SiO5 :Ce single-crystal scintillator.

After the beam passed through the

sample, the inner structure of the

specimen was digitized by an ordinary

high-resolution 2048 pixel � 2048

pixel CCD camera (pco.2000, PCO

AG, Kelheim, Germany) with a

physical pixel size of 3.7 mm (Fig. 1).

To provide good phase-contrast

information of the sample, the

imaging parameters were optimized

according to our previous study: the

X-ray beam energy in the current

experiment was set at 15 keV; the

effective pixel size of the CCD

detector was set at 3.7 mm; the standard field of view arising

from this resolution was approximately 8 mm; the sample-to-

detector distance (SDD) was adjusted to 30 cm, and the

exposure time was set at 10 ms. For each acquisition, 720

projection images were captured.

2.4. Image processing and analysis

Total projected images were reconstructed using software

developed by SSRF to perform a directly filtered back-

projection algorithm (Chen et al., 2014). The illuminated

object can be completely described by the 3D complex

refractive index distribution as follows: n(x, y, z) = 1 �

�(x, y, z) + i�(x, y, z), where x, y and z describe the coordinate

system of the sample, � is the refractive index decrement,

related to the phase shift of the incident wave after passing

through the specimen, and � is the absorption index of the

sample (Bravin et al., 2013). The theoretical values of � and �
were calculated with the X-ray attenuation properties model

of DCM (http://research.csiro.au/dcm). The larger sample-to-

detector distances increased the contrast primarily due to the

contribution from differences in the refractive properties

across the sample in addition to the differential absorption

(Guo et al., 2016; Bravin et al., 2013). To enhance the quality

of slice reconstruction, X-TRACT SSRF CWS x64

(Commonwealth Scientific and Industrial Research Organi-

zation, Australia) was used for phase-contrast information

extraction (Murrie et al., 2014, 2015; Beltran et al., 2011).

During phase extraction, the parameter �/� was adjusted to

1200 according to the theoretical values. After phase retrieval

and reconstruction, the calculated � values were approxi-

mately 7.30 � 10�10 and 1.10 � 10�9, respectively. Next, the

spinal cord sample range of � values in the images was trun-

cated and rescaled to a gray value of 0–255 (8-bit gray level)

(Figs. 2A–2D). The 2D slice image and 3D image of the cavity

were analyzed separately. Using Image-Pro Plus 6.0 (Media

Cybernetics, USA) software, the gray-level distribution across

the cavity in transverse sections, the lesion and spared tissue

with an interval of 1200 mm rostral and caudal to the lesion

epicenter area, were measured. In Figs. 2A–2D, a gray level of

approximately 23.6 � 2.4 represents the cavity (3, Fig. 2I),

48.7 � 4.3 refers to spinal cord parenchyma tissue (1 and 5,

Fig. 2I) and 68 � 6.7 indicates the boundary of the cavity (2

and 4, Fig. 2I). The 3D-rendered images were visualized using

VGStudio Max (Version 2.1; Volume Graphics GmbH,

Germany) and were analyzed with the commercially available

software Image-Pro Analyzer 3D (Version 7.0; Media Cyber-

netics, Inc., USA) to obtain quantitative information,

including the maximum, minimum and mean diameters, as

well as the volume of the cystic cavity. To calculate the size of

the cavity, the spared volume of the spinal cord tissue was first

segmented via thresholding as placement of the regions-of-

interest mask. A second volume mask was then generated by a

flooding algorithm to fill the inside cavity region, from which

the size of the cavity was computed as the volume of the

second mask.

2.5. Immunohistochemistry and histomorphometry
examination

After PB-SRmCT scanning, the corresponding sample was

prepared for histological assessment by immunofluorescence

and hematoxylin and eosin (H&E) staining. At the time of

euthanasia, the animals were perfused as described above. The

same length segment of spinal cord tissue was harvested and

fixed with 4% paraformaldehyde in PBS (pH 7.4) at 37�C

for 2 h. Afterwards, the segments were cryoprotected with

6% sucrose in PBS and were embedded in optimal cutting

temperature (OCT) compound (Sakura Finetek USA) for

slicing into 10 mm-thick sections. The sections were blocked

with 10% goat serum that was diluted in PBS for 1 h, followed

by incubation with a mouse monoclonal anti-RECA-1 anti-

body (1 :200; Abcam plc, Cambridge, UK) overnight at 4�C.

Next, sections were incubated with an Alexa Fluor 488 goat

anti-mouse IgG secondary antibody (H + L) (1 :1000, Jackson

ImmunoResearch, USA) for 1 h at room temperature. The

sections were also stained with H&E for histological

comparison. Images were captured using an Olympus BX51

microscope (Olympus America), and the mean diameter of

the cavity, measured in multiple sections from each sample,

was calculated using Image-Pro Plus 6.0 (Media Cybernetics,

USA) software. The morphology obtained from histological

staining was compared with the results obtained from the

PB-SRmCT imaging.
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Figure 1
Schematic of the experimental setup for PB-SRmCT imaging at the BL13W1 station in SSRF.
Monochromated synchrotron radiation X-rays are projected onto a sample mounted on the sample
stage allowing 180� rotation to produce the projection images, and the transmitted beam is recorded
by the CCD detector after the X-rays propagate a proper distance from the object.



2.6. Statistical analysis

All experimental data analyses were performed using IBM

SPSS Statistics. The data values were presented as mean �

standard deviation. A paired t-test with Bonferroni adjust-

ment was used to compare the cavity size from the PB-SRmCT

images and histological sections. A p-value of less than 0.05

was interpreted to be statistically significant.

3. Results

3.1. PB-SRmCT 2D slice imaging and histopathologic
observations

All animal spinal cords developed a cavity at 10 weeks post

injury. PB-SRmCT yielded high-resolution sagittal and serial

axial images of the rat thoracic cord cavity without significant
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Figure 2
Correlation between PB-SRmCT and histological images in a rat model of PTS. (A–D) Sagittal and axial views of PB-SRmCT images showing a large
cavity (yellow arrow). (E–H) The corresponding H&E staining images demonstrate the cord cavity. (I) The intensity profile of the corresponding line
marked in (B–D) (spinal cord tissue: 1 and 5; boundary of the cavity: 2 and 5; cavity: 3). (J) Quantification of the lesion size and spared tissue within the
injury site and 1200 mm distance rostral and caudal to the epicenter after cavity induction. (K) Comparison between the cavity area and mean diameter
by PB-SRmCT and histological studies (r = 0.9544 and 0.9119, respectively). Scale bar = 200 mm.



ring artifacts (Figs. 2A–2D). Due to the

lower density of the cavity than the

surrounding spinal cord parenchyma

tissue, the cavity appeared as a dark

feature in the spinal cord tomographic

image with a low gray level. Histological

results indicated pathological changes

in the injured spinal cord after cavity

induction, including astrocyte prolif-

eration and inflammation at the site of

injury (Figs. 2E–2H). The spinal cord

parenchyma was largely occupied by the

cavity (yellow arrow), possibly causing

mechanical pressure on the surrounding

spinal cord tissue. Astroglial prolifera-

tion was also observed adjacent to the

cavity and in the septa between multiple

cavities (Fig. 2E). The shape and loca-

tion of the cavity in the 2D PB-SRmCT

slice images largely matched those in

the histological sections subjected to

H&E staining. As shown in Fig. 2I, the

intensity profile of the corresponding

line marked in Figs. 2B, 2C and 2D

displayed the distribution in the gray

level between the cavity and spinal cord

tissue. The gray level in the cavity (3,

Fig. 2I) was lower than that in the spinal

cord tissue (1 and 5, Fig. 2I), and the

boundary of the cavity showed a sudden

change in pixel intensity between the

spared spinal cord tissue and cavity (2

and 4, Fig. 2I). The calculated lesion tissue area and spared

tissue area as a percentage of the intact spinal cord area at the

serial level of injury site in the PB-SRmCT 2D slice image were

similar to those from histological sections. No significant

difference was detected between these two methods (p > 0.05)

(Fig. 2J). The calculated cavity area as a percentage of the

spinal cord area from the PB-SRmCT image correlated well

with that from histological measurements [Pearson correlation

coefficient (r) = 0.9544]. The cavity mean diameter from

PB-SRmCT and histology also correlated well (r = 0.9119)

(Fig. 2K).

3.2. 3D visualization of the cavity

Figs. 3A, 3B and 3C show the sagittal, coronal and axial

views of the segmented cavity, respectively, marked with red

within the surrounding spinal cord tissue. The cavity was deep

in the spinal cord parenchyma. To better visualize the cavity,

we used a red color-coding system to label the virtual sections.

Using this method, the inner structure of the 3D morphology

of the cavity in the spinal cord was vividly depicted from

multiple perspectives (Figs. 3D, 3E and 3F). Fig. 4A shows a

representative high-resolution image of the inner feature of

the cavity. As shown in Figs. 4B and 4C, the local detail of

the cavity demonstrated the 3D morphology of the observed

septa possessing a criss-crossing structure. The quantitative

morphological data of the cavity are listed in Fig. 4D. The

maximum and minimum diameters and the volume of the

cavity varied among the ten samples. The mean maximum and

minimum lengths of the cavity were 1.487 � 0.017 mm and

2.93 � 0.389 mm, respectively, and the average volume was

4.88 � 0.842 mm3 (Fig. 4D).

3.3. Simultaneous detection of the 3D cavity and micro-
vasculature network

To better visualize the interaction of the vascular arrange-

ment and relationship to the cavity, the intensity-based

segmentation approach was used to reconstruct the 3D

morphology of the cavity and vasculature network. After

applying this method, a 3D rendering of the cavity and

microvasculature can be simultaneously and vividly depicted.

An example according to two different viewing angles is

shown in Figs. 5A and 5B. The smallest visible vessels were

approximately 10 mm in diameter. The blood vessels were

adjacent to the cavity and no vessel was visualized in the cavity

from the 3D view obtained by PB-SRmCT. This was confirmed

by the images shown in Figs. 5C and 5D, which are based on

vessel immunofluorescence staining.
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Figure 3
3D morphology of the cord cavity. (A, B, C) Sagittal, coronal and axial views of the segmented
cavity (yellow arrow) within the spinal cord. (D, E, F) Inner structure of the cavity from multiple
perspectives. Scale bar = 500 mm.



4. Discussion

In this paper, we have demonstrated

that PB-SRmCT can clearly depict the

3D morphology of the cavity and

microvasculature network simulta-

neously surrounding the cavity in a rat

model of PTS. Furthermore, the PB-

SRmCT image was largely consistent

with the morphology observed via the

histological method. In addition, the 3D

shape and quantitative parameters of

the cavity based on PB-SRmCT were

reported for the first time. Cavity

formation within the spinal cord is

common after traumatic SCI. The cavity

could cause further damage to the

spinal cord and impair neurological

function (Burchiel, 1986). In PTS, cavity

formation is followed by extension

and enlargement of the cystic cavity.

Although many histopathological

descriptions of trauma-induced syrin-

gomyelia have been reported previously

(Brodbelt et al., 2003a,b), the patho-

physiology of PTS is not fully under-

stood. Cystic cavities have 3D features

and are deeply located in the spinal cord

parenchyma, making it challenging to

visualize and quantify the 3D features

of a cystic cavity using conventional

imaging techniques (Wong et al., 2016;

Najafi et al., 2016). However, the

observation of an injured spinal cord

with an intact cavity enables the accu-

rate calculation of cavity size and

monitoring of the changes induced by

trauma. These abilities will be beneficial

for the further study of the pathological

processes of PTS and development of

effective therapies. In vivo or ex vivo

MRI is considered the gold standard for

the imaging of acute SCI and for PTS

detection (Najafi et al., 2016; Zhang et

al., 2015b). However, MRI analysis also

has its own limitations. In previous

studies, researchers have reported that

the cavity could not be measured due

to inadequate resolution. Additionally,

MRI provides a 2D image of the cavity

(Becerra et al., 1995; Najafi et al., 2016).

A better solution with higher image

resolution is diffusion tensor imaging

(DTI), which has been reported to

provide more accurate quantitative

information about the lesion area;

however, DTI generally shows very low
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Figure 4
3D morphology of the cavity and quantitative data. (A) Representative 3D image of a cavity within
the spinal cord. (B, C) Local details of the septa (yellow arrow) are detected in 3D within the inner
structure of the cavity. (D) Distribution of the minimum and maximum diameters, as well as the
volume of the cord cavity, among the ten samples. A: scale bar = 500 mm; B and C: scale bar = 50 mm.

Figure 5
3D morphology of the cavity and surrounding microvasculature networks. (A, B) Sagittal and axial
views of PB-SRmCT images demonstrated that the 3D morphology of the cavity (dotted line)
and relationship with the vasculature correlate well with the immunofluorescence images (C, D).
Scale bar = 100 mm.



signal intensity compared with MRI (Jirjis et al., 2013). Scan-

ning electron microscopy has been demonstrated to serve as a

promising tool and provides high-resolution in-depth images

for tissue characterization; however, this technique requires

physical destruction of the sample (Koyanagi et al., 1993).

Currently, the development of a 3D imaging technique to

evaluate the cavity size and location has attracted great

attention. In our study, computed tomography (CT) coupled

with PB-syncing has been employed for cavity 3D visualiza-

tion. This technique has recently been reported to serve as a

powerful imaging technique to visualize the micro- and ultra-

structure of soft tissue (Zehbe et al., 2010). In addition to the

high-resolution qualitative visualization of 3D features, PB-

SRmCT allows accurate and direct 3D measurement within the

structure of the sample. To our knowledge, this is the first

study to evaluate high-resolution 3D images in a rodent model

of PTS using PB-SRmCT and to provide quantitative infor-

mation of a cystic cavity. Furthermore, the small cavity and

spinal cord vessel network are simultaneously detected in 3D.

In a study by Najafi et al. (2016), the cavity volume was

quantified by manually tracing and calculating the axial MRI

images using ImageJ software. This technique is very time-

consuming and requires significant user interaction. Due to

the low imaging resolution of MRI, the measurements based

on the MRI images are likely inaccurate, potentially intro-

ducing bias into the results. In our study, an automated

segment toolkit based on the phase-contrast information

included in the Image-Pro Analyzer 3D software was directly

used to calculate the 3D shape of a cavity; this method has

previously been conducted for the 3D profiling of the mixing

and segregation of granules (Yin et al., 2016).

The well delineated characteristics of the low gray-value

region on 2D PB-SRmCT slice images largely matched the

cavities observed using the histological method, and this

agreement validated the accuracy of the PB-SRmCT method.

Additionally, we found no blood vessels in the cavity, and

tissue loss was primarily located in the center of the spinal

cord parenchyma. The cavity volume was not confined to the

injury but was rather extended rostrally and caudally. This

observation could explain the expansion of syringomyelia,

which can cause damage around the cavity and can result in

the progressive loss of sensory or motor function. The septa

divided the cavity into several small spaces, as visualized both

in the 2D and 3D PB-SRmCT images. By applying segment

thresholding on the reconstructed image, the 3D morphology

of the cavity could be well depicted without tissue sectioning,

a phenomenon that is also important and provides further

insight into the pathophysiology of the disease. In this study,

all animal spinal cords developed a cavity, but the maximum

and minimum diameters and volumes of the cavities varied

among the ten samples. The morphologic diversity may be due

to minor differences in establishing the animal model during

the procedure that are difficult to prevent. Because our results

provided quantitative 3D features of the cavity using PB-

SRmCT that were more accurate than the morphological

characteristics obtained from 2D images, these data have

great potential to better understand the actual properties of

cystic cavity formation in the spinal cord injury of patients

with PTS.

There are several limitations in our study. First, one

advantage of MRI is that it can be used in vivo. The technique

used in this study was ex vivo scanning. The technical

complications have limited the implementation of in vivo

imaging in studies of the 3D morphology of the cavity in the

living rat spinal cord. The longitudinal measurement of syrinx

size in vivo is impossible with this technique. In particular, the

anatomical proximity of the spinal cord to the heart generates

significant movement artifacts, making 3D reconstruction of

the living spinal cord fail. Additionally, in the production of

high-resolution images, the image field tends to be small.

Therefore, the region of interest for in vivo scanning must be

smaller to be contained in the imaging field. However, we still

believe that our imaging method, which provides the 3D

morphology and quantitative features of the cavity, will

be beneficial for future research because there are scant

published data on the 3D visualization of a cystic cavity.

Finally, the cavities imaged in the current study may not

accurately represent the in vivo situation in which the cere-

brospinal fluid circulation is intact, and the high pressure

within the cavity likely compresses the surrounding tissue. It is

likely that the euthanasia of an animal leads to a decrease in

the size of the cavity in the absence of these high pressures. In

future studies, we plan to perform in vivo imaging to simul-

taneously monitor cavity formation and provide more accu-

rate information regarding the progressive changes in the

cavity over an extended period once the challenges are well

resolved.

In summary, in this study we demonstrated that ex vivo PB-

SRmCT can vividly depict the 3D morphology of a cavity and

surrounding microvasculature. The 3D morphological para-

meters of the cavity based on this method provide more

valuable information and contribute to future PTS studies.

Therefore, PB-SRmCT has great potential and will serve as a

powerful ex vivo 3D imaging technique to understand central

nervous system-related disorders in preclinical models and

will provide reliable qualitative and quantitative data for

disease characterization.
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