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Abstract 

1 Quantum GX Instrument Design 

2 

Small animal microCT has been one of the most widely used 
pre-clinical imaging modalities over much of the last decade. 
As a result, there has been an ongoing interest in improving 
resolution while reducing dose to improve imaging capabilities 
and safety. The Quantum GX is a new imaging instrument that 
represents the latest such technological advancements. The 
use of a CMOS flat panel detector enables a combination of 
high speed and high throughput imaging not previously 
achievable with earlier generation scanners. The adjustable 
magnification, in conjunction with the ability to do subvolume 
reconstruction for higher resolution, also enables a wide range 
of doses and image resolutions for a variety of animal sizes 
and applications. It is possible to stitch together images of 
animals up to the size of a full guinea pig. Furthermore, the 
fast readout rates that are possible with CMOS technology 
enable retrospective gating for both respiratory and cardiac 
imaging, allowing the platform to do both simultaneous and 
functional CT imaging. 

These technological advancements are tremendously 
advantageous for a number of applications. For example, 
cardiac imaging is often critical in cardiomyopathy studies. As 
an example we injected Gαq-40 transgenic mice (The Jackson 
Laboratories) with an intravenous, blood-pooling contrast 
agent (exitron nano 6000, Miltenyi Biotech). Heart chambers 
are difficult to clearly see without gating due to motion 
artifacts, however imaging these mice using a retrospective 
cardiac image gated protocol readily enabled visualization of 
heart enlargement. Quantification of heart chamber size 
indicates that most of the enlargement is seen as a 50-180% 
increase in right atrium and ventricle size at end diastole. 

Bone imaging performance of the Quantum GX, was 
evaluated using the rat monosodium iodoacetate model of 
osteoarthritis, showing ease of use and the advanced features 
designed to minimize radiation dose for longitudinal imaging. 
The subvolume reconstruction features in the Quantum GX 
allow a larger field of view to be acquired at low magnification 
and lower radiation dose, after which a subvolume region is 
selected near the knee to provide higher resolution 
visualization and assessment of degradation of the 
subchondral bone.  A custom image analysis protocol (Analyze 
12.0, Analyze Direct) was used to measure progressive 
changes in epiphyseal volume in the femur and tibia from 
weeks 2-6, quantifying a 9-17% reduction in epiphysis 
volume. 
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The Quantum GX system represents the latest technological 

advancements  in small animal microCT imaging. The flexibility 

in the hardware design provides support for a range of species 

and, which coupled with new subvolume reconstruction 

workflows, enables a wide range of applications. High 

resolution images can be reconstructed from a low dose scan 

for visualizing small structures.  

The high speeds are also essential for respiratory and 

cardiac gating. When these gating techniques are used, it is 

possible to obtain a clear image of the mouse cardiac 

chambers and myocardial wall. When paired with image 

analysis approaches it is then possible to quantify changes in 

heart chamber volume that are characteristic of 

cardiomyopathy. Further more, in bone applications (one of the 

most common application areas with microCT) is possible to 

visualize changes in both cortical and trabecular bone. In the 

example of osteoarthritis, subchondral bone loss can be 

visualized and the degree of damage can be assessed 

quantitatively by measuring epiphyseal volume.  

 

Summary 

The Quantum GX is a state of the art microCT system representing the latest 
advancements in component technology and applications workflows. An adjustable 
physical magnification allows the source to object distance to be varied; this allows 
the use of a high magnification when resolution is important or a low magnification 
when dose or a large field of view are important. An flat panel CMOS based X-ray 
detector with a 50um pixel pitch also allows 3D images to be reconstructed with 
voxel sizes as small as 4.5um. The fast readout rates of the CMOS panel further 
enable truly low dose acquisitions without compromising image quality in a low dose 
scan, and are very beneficial for gated imaging to remove motion blur. Image 
reconstruction on a graphics processing unit (GPU) help ensure that image 
reconstruction speeds do not slow down the imaging workflow. 

Transgenic mouse overexpression of the GaQ gen on an a-myosin heavy chain 
promoter leads to abnormal triggering of cardiac growth culminating in cardiac 
hypertrophy and ultimate cardiac failure.  A.  GaQ-40 transgenic mice and FVB 
controls were injected intravenously with the cT contrast agent Exitron Nano 6000 
and imaging on the Quantum GX to reveal the vasculature and heart.  B.  Images 
were reconstructed with or without reprocessing to apply cardiac gating to reduce 
motion artifacts.  C.  Two dimensional slice analysis of the heart was performed 
on Analyze software (AnalyzeDirect, Inc., Overland Park, KS) to segment the 
separate heart chambers and calculate their cross-sectional areas. 

The Quantum GX is a multipecies microCT system with a bore size large enough to 
fit entire mice, rats, and even rabbits.  A.  Examples of mouse, rat, and guinea pig 
whole body imaging, requiring multiple scans for larger animals and generating high 
quality CT datasets.  B. High resolution reconstructions of specific regions can be 
achieved by subvolume reconstruction from larger field of view scans.  Examples are 
shown for 4.5 mm reconstruction of the head of the mouse femur and of the inner 
ear bones from the original 36 x 36 mm field of view scans (72 mm). 

Osteoarthritis was induced in rats with monosodium iodoacetate (MIA) injection into 
the right knee joint.  A.  High resolution scans were acquired with the Quantum GX, 
and subvolume reconstructions were generated for both the affected right knees 
and the control left knees.  B.  Segmentation (2D) of the femoral and tibial 
epiphysis regions of the knee revealed obvious damage to both of these regions by 
4 weeks post-MIA.  C. Segmentation of 3D reconstruction datasets allowed the 
measurement of femoral and tibial epiphysis volumes, revealing 9% and 17% 
decreases, respectively, indicative of bone erosion associated with the disease 
process. 

Hardware Specifications 
 
• Adjustable physical magnification for both 

large FOV and/or high resolution imaging 
• Support for imaging medium sized animals 

(e.g. rabbit, guinea pig) 
• Low Dose & High Throughput: Scan times as 

low as 8s 
• High Resolution: 

• Voxel sizes down to 4.5mm or 9mm for 
excellent sampling 

• Scan times as long as  57um for excellent 
SNR 

• Low Dose & High Resolution simultaneously: 
subvolume reconstruction workflows 

• GPU accelerated image reconstruction 
• Micro-focus X-Ray source: 90 kVp, 8W 
• CMOS based flat panel detector: 50mm pixel 

pitch with high readout speed, 14-bit range 
• Intrinsic, retrospective dual phase respiratory 

and cardiac gating 
• Co-registration with optical imaging 

A.  Animal Size Range 

Guinea 
pig 
(650g) 

Rat (220g) 

Nude Mouse (25g) 

Can be completed 
with a single whole 
body scan. 

Requires 2 
overlapping 
whole body 
scans. 

Requires 
3 scans. 

Scan bed Central Slice View Bone Tomography 

B.  Subvolume Reconstruction 
Mouse femur 
Pixel size:  72 
mm  

ROI reconstruction of 
femur head 
Pixel size:  4.5 mm  

Mouse skull slice 
Pixel size:  72 mm  

ROI reconstruction 
of inner ear bones 
Pixel size:  4.5 mm  

Mouse skull 
FOV: 36 mm 

Gaq-40 transgenic 
FVB/N  

(non-transgenic control) 
A.  

Effect of motion gating B.  

Ungated Cardiac Gating 

Gaq-40 transgenic FVB/N C.  

A.  High resolution 90 um scan 

Osteoarthritis 
Normal 

Subvolume reconstruction (30 um) 

Normal Osteoarthritis 

B. 2D reconstruction (Quantum GX) and 

segmentation (Analyze) 

C.  3D segmentation and volume analysis (Analyze) 


