
T E C H N I C A L  N O T E

Preclinical In Vivo Imaging

Quantum GX microCT 
Imaging System:  
Features and Performance

Abstract 
Gain a better understanding of disease and 
its progression with combined high-speed, 
low-dose x-ray, and high-resolution microCT 
imaging in one instrument. The Quantum 

GX multispecies microCT imager along with PerkinElmer’s other modalities such as optical and PET 
provide greater insight into biological activity associated with a disease state as well as treatment.

The Quantum GX microCT imaging system represents the latest technological advancements 
in resolution, speed, and dose reduction to minimize the health impact on research animals during 
longitudinal imaging studies. The large bore size (163 mm), adjustable magnification, and wide field 
of view (FOV) scanning at 36 mm and 72 mm allows for high resolution imaging of mice, rats 
as well as larger animals such as guinea pigs and rabbits. It is possible to stitch together images 
of animals up to the size of a guinea pig or rabbit. In addition, this system can acquire images 
in either high resolution, high speed or standard modes. In the high resolution mode, a 4.5 
μm voxel size resolution can be attained at a 36 mm FOV, while a 9 μm voxel size resolution can be 
attained at 72 mm FOV. The ability to perform subvolume reconstruction of larger scans allows 
the researcher to perform fine analysis on specific body regions by generating higher resolution 
reconstructions of areas of particular interest without having to re-scan the subject. This technical 
note highlights some of these features and provides data examples in microCT imaging of small 
animal disease models, focusing on both bone imaging as well as the use of contrast agents 
for vascular or soft tissue imaging. The Quantum GX’s advanced, yet simple to execute, intrinsic 
retrospective two phase gating techniques are ideally suited for animal models in which 
measurements will be adversely affected by heart/lung motion. 
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Quantum GX microCT Imaging

The Quantum GX is the fastest commercially available microCT 
system, with scan times of 8 seconds in the high speed mode. 
With a reconstruction time of 15 seconds, a 3D image can be 
acquired and reconstructed with the GX in just 23 seconds.  
This system is optimized for longitudinal imaging, allowing 
researchers to follow and characterize disease progression at 
multiple imaging time points. Using an eight second scan time, 
which simultaneously delivers low radiation dose and good 
image quality, researchers can minimize effects on their 
biological models. 

The Quantum GX includes a movable animal bed surrounded  
by a rotating gantry. For image acquisition, the anesthetized 
subject is placed on the bed and is inserted into the bore. 
Alignment of the sample bed can be achieved in “Live Mode” 
by establishing scan conditions and an appropriate scan field and 
confirming optimal bed positioning at different gantry positions.

The X-ray source and a flat panel detector are mounted to the 
gantry and rotate 360 degrees around the animal during a  
scan. The CMOS based X-ray flat panel has a 50 μm pixel  
pitch, allowing 3D images to be reconstructed with voxel sizes  
as small as 4.5 μm. The fast readout rates of the CMOS panel 
further enable truly low dose acquisitions with comparable 
image quality and are very beneficial for gated imaging to 
remove motion blur. Image reconstruction on a dedicated 
graphics processing unit (GPU) helps ensure that image 
reconstruction speeds do not slow down the imaging workflow.

The Quantum GX is unique in that the system has two physical 
magnifications. 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. The lower (72 mm FOV) is 
ideal for low dose imaging or imaging larger animals. The higher 
(36 mm FOV) is ideal for exquisite resolution for mouse and 
specimen imaging. Two bore sizes are included with the instrument.

The image acquisitions can be adjusted by selecting from 27 
preset scan configurations that offer different fields of view, scan 
times and voxel size outputs according to the particular needs  
of your application. Alternatively custom scan settings can be 
readily established and saved. A mode for stitching a full length 
mouse image is also included for applications that require 
screening of the entire animal.

Acquisition 
FOV (mm)

Reconstruction FOV (mm) Scan Mode Scan Time

72 45 x 45, 60 x 41, 72 x 38 High Speed 8 sec

72 60 x 124, 72 x 114 High Speed 8 sec x3

72 45 x 45, 60 x 41, 72 x 38 Standard 18 sec

72 45 x 45, 60 x 41, 72 x 38 Standard 2 min

72 45 x 45, 60 x 41, 72 x 38 High Resolution 4 min

72 45 x 45, 60 x 41, 72 x 38 High Resolution 14 min

72 45 x 45, 60 x 41, 72 x 38 High Resolution 57 min

36 10 x 10, 25 x 22, 36 x 20 High Speed 8 sec

36 5 x 5, 10 x 10, 25 x 22, 36 x 20 Standard 18 sec

36 5 x 5, 10 x 10, 25 x 22, 36 x 20 Standard 2 min

36 5 x 5, 10 x 10, 25 x 22, 36 x 20 High Resolution 4 min

36 5 x 5, 10 x 10, 25 x 22, 36 x 20 High Resolution 14 min

Table 1. Quantum GX Scan Parameters.

Figure 1. The Quantum GX microCT Imaging System.

Quantum GX 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 and high-throughput: Scan times as low as 8s

•  High-resolution: Voxel sizes down to 4.5 μm or 9 μm for 
excellent sampling

•  Excellent SNR: Scan times as long as 57 min for high SNR

•  Low Dose and High Resolution simultaneously: 
subvolume reconstruction workflows

•  GPU accelerated image reconstruction

•  Micro-focus X-Ray source: 90 kVp, 8W

•  CMOS based flat panel detector: 50 μm pixel pitch  
with high readout speed, 14-bit range

•  Intrinsic, retrospective dual phase respiratory and  
cardiac gating

•  Coregistration with IVIS® and FMT® optical  
imaging instrumentation
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Quantum GX 3D Visualization and Reconstruction

The Quantum GX imaging system features an advanced workflow 
for creating high resolution zoomed images from the original 
scan. A large region scan is first taken (Fig 2A) and then smaller, 
more focused regions of interests (ROIs) are defined (Fig 2B) to 
reconstruct a high resolution image (Fig 2C). Since there is no 
need to rescan the animal, the throughput is fast and radiation 
exposure is significantly reduced. The larger field of view scan 
offers flexibility to select an ROI for detail at a later stage. 
Subvolume reconstructions with various higher resolution settings 
(i.e. smaller pixel sizes) can be performed at anytime using an  
FOV defined by the user.

The system has three modes: high resolution, high speed and 
standard modes. As an example, in the high resolution mode 
and 36 mm FOV, the entire reconstruction can yield 72 μm voxel 
size, with a smaller region (subvolume) reconstruction of the 
same scan achieving 4.5 μm voxel size resolution. 

The example shown below (mouse inner ear, Fig 2) shows the 
advantages of subvolume reconstruction on detection of fine 
structures as compared to digitally zooming regions from the 
larger reconstruction. It is also possible to perform similar fine 
reconstructions using a single slice from the original reconstruction 
data (not shown).

C.  Mouse Inner Ear: Subvolume reconstruction

A.  Whole body scan 
(72 mm FOV, 8 Sec X 3)

B.  Selecting defined inner ear region for subvolume reconstruction
Mouse

Figure 2. Quantum GX imaging and subvolume reconstruction. (A) Whole mouse scan. (B) Screen shot of the Quantum Gx software illustrating selection of the inner ear region for 
subvolume reconstruction (green boxes are the selection region). (C) Comparison of digital enlargement of the original 74 micron image with the higher resolution (4.5 micron) 
subvolume reconstruction of the region encompassing the inner ear.
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Animal Diet and Care

All animals were obtained from Charles River Laboratories (Wilmington, MA). 
Male CD rats (275-300 grams) and male Hartley guinea pigs (275-300 grams) 
were housed in static cages with micro-isolator tops (Allentown Inc., Allentown, 
NJ) and female BALB/c mice were housed in micro-isolator cages (Lab Products, 
Seaford, DE). Both mice and rats were kept on low fluorescent diet (Harlan 
Laboratories, Indianapolis, IN), and guinea pigs were kept on Vitamin C 
enriched diet (PharmaServ, Framingham, MA). All animals received either 
diamond twists (Harlan Laboratories, Indianapolis, IN) or animal retreats 
(Scotts Distributing, Hudson, NH) for enrichment, and their bedding consisted 
of certified irradiated bedding (Harlan Laboratories, Indianapolis, IN).

Imaging Animals of Different Sizes

This system further features true multispecies capabilities and is the only microCT 
system with a sufficiently large bore size to enable imaging of entire mice, rats, 
and guinea pigs (Fig 4). Using the appropriate mouse, rat, or rabbit scanning 
beds (optional, Fig 3) an entire mouse can be imaged in one set of scans, with 
automatic stitching within the set. A rat can be imaged in two separate sets of 
scans, and a guinea pig can be imaged in three separate sets of scans. Large 
scan fields in even larger animals, up to 5 kg body weight, can be acquired as 
well in live, intact subjects with the entire animal fitting into the bore.

Figure 3. Optional bed designed for supporting large animals  
(e.g. rabbits) up to 5 kG in size.

Figure 4. microCT imaging of mouse, rat, and guinea pig. (A) Pictures of animals of different size placed on the rabbit imaging bed. (B) Central slice of data acquired by microCT 
scanning of a mouse, rat, and guinea pig, with colored boxes representing the triple, stitched scan field and how to use multiple of these fields to cover larger animals. Manual alignment of 
multiple scan set images is required for larger animals.
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Quantum GX 3D Visualization and Segmentation: 
Rat Osteoarthritis Model

Imaging by microCT can provide high-resolution volumetric 
renderings of the anatomy of living small animals and is an 
invaluable tool in preclinical musculoskeletal research. 
Importantly, microCT outcomes are now the gold standard for 
evaluation of bone morphology and micro-architecture in 
preclinical animal models. Key bone application areas include 
bone anatomy, bone repair, bone resorption/damage (osteoarthritis, 
arthritis), cancer, and metabolic disorders (osteoporosis).

Rat models of osteoarthritis offer a great tool to illustrate 
pathologic bone changes. 8- to 10-week-old CD rats were 
obtained from Charles River Laboratories (Wilmington, MA). 
For MIA induced arthritis, rats were anesthetized with isoflurane 
(Abbott Laboratories, North Chicago, IL, USA) and given single 
intra-articular injection of 1 mg of monosodium iodoacetate (MIA; 
Sigma, St. Louis, MO, USA; cat #I2512) through the infrapatellar 
ligament of the right knee. MIA was dissolved in physiologic saline 
and administered in a volume of 50 µl using a 27-gauge, 0.5-inch 
needle. The left contralateral control knee was injected with 50 µl 
of physiologic saline. The maximal degree of joint effects was 
achieved using a concentration of 1 mg/joint. The model reproduces 
cartilage lesions with loss of proteoglycan matrix and functional 
joint impairment similar to human OA.

Imaging of rats on the Quantum GX allows the capture of knee 
joint structure in both control and affected knees (Fig 5A), with 
MIA-treatment showing overt changes in bone. Reviewing the 
images revealed dramatic change in the subchondral bone in 
osteoarthritic knees. To understand this in more detail, the femoral 
and tibial epiphyses were segmented using a user-guided fully 3D 
semi-automatic approach in using Analyze (AnalyzeDirect, Inc., 
Overland Park, KS). The segmentation results were visualized on 
central knee joint slice images (Fig 5B) as well as in 3D 
renderings (Fig 5C). The images show obvious damage to both 
epiphyses in the osteoarthritis as compared to the normal 
architecture of control knees.

Additional quantitative measures, including surface area, volume, 
and density, as well morphologic measurement, can be readily 
acquired to objectively characterize the degree of damage as well 
as its heterogeneity across the affected bone.

A.  Rat MIA-induced Osteoarthritis 
FOV: 45 mm, High resolution, 4 min scan, 90 μm 

B.  2D slice segmentation 
Subvolume reconstruction, 30 μm 

C.  3D volume segmentation 
Subvolume reconstruction, 30 μm 

Figure 5. Visualization and segmentation of the knee in rat MIA-induced 
osteoarthritis. (A) Knee and pelvis reconstruction of a rat six weeks after injection of 
MIA into the right knee joint. (B) 2D and (C) 3D bone segmentation of subvolume 
reconstructions of osteoarthritis and normal knees was achieved using microCT 
volume editing tools in Analyze. Red arrows indicate obviously affected regions of 
osteoarthritis knees.
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Co-registration of microCT and Optical  
Imaging Datasets

The IVIS Spectrum in vivo imaging system allows researchers to 
take full advantage of bioluminescent and fluorescent reporters 
across the blue to near infrared wavelength region. It also 
features 3D tomographic reconstructions that can be paired  
with other tomographic technologies such as MR, CT or PET. 

Diffuse Light Tomography (DLIT) is a 3D bioluminescence imaging 
(BLI) module built into the Living Image software (see DLIT 1,2, 
and 3 technotes; Kuo et al., 2007). In tissue, firefly luciferase has  
a broad emission range from 540 to 640 nm, and the maximal 
emission is about 620 nm. DLIT generates 3D tomographic images 
by acquiring a series of 2D bioluminescence surface radiance 
images with different emission filters, from 540-660 nm. Lights 
with different wavelengths scatter and attenuate differently in 
tissue, with red-shifted wavelengths showing better tissue 
penetration. Living Image® software then reconstructs a 3D 
tomographic image using a light diffusion algorithm that models 
depth localization based on the variations of luciferase signal at 
different emission wavelengths.

Fluorescence Imaging Tomography (FLIT) can also be perfomed on 
the IVIS Spectrum (see FLIT 1/2/3 technotes; Kuo et al., 2008) but 
uses a transillumination excitation light source placed underneath 
the animal’s body. Using distinct pairs of excitation/ emission filters 
aligned to each fluorescent agent used, a series of 2D fluorescent 
surface radiance images are acquired with the light source at 
various transillumination positions throughout the scanning region. 
The positional information from the variety of distal and proximal 
light source positions are analyzed by the Living Imaging software 
to reconstruct a 3D distribution map of the agent within the body.

IVIS Spectrum optical tomographic datasets by themselves  
can provide robust quantification and important information 
regarding depth of signal, however in the absence of anatomical 
reference data interpretation can sometimes be limited. Figure 6 
shows a nu/nu mouse with luciferase-expressing 4T1 mouse 
breast adenocarcinoma cells (Bioware Brite 4T1-Red-Fluc) 
implanted directly into the knee and allowed to grow for two 
weeks (Fig 6A). Using PerkinElmer’s mouse imaging shuttle 
(MIS) to immobilize the animal in a stable position, this mouse 
was imaged on both the Quantum GX and for bioluminescence 
(2D and 3D) on the IVIS Spectrum. DICOM CT files were imported 
into the IVIS Spectrum software (Living Image 4.5) for generation 
of co-registered CT/BLI images (Fig 6B and C), automatic alignment 
of datasets facilitated by built-in fiducials. The images show clearly 
that the knee tumor mass directly overlays the regions of bone 
undergoing tumor-induced destruction.

A.  IVIS Spectrum 2D and 3D BLI
2D Imaging DLIT (3D) Imaging

B.  Combined CT/BLI Datasets

Figure 6. Co-registration of microCT and BLI data in Living Image. (A) Tumor 
bioluminescence in 2D (left) and 3D (right) image acquisitions. (B) Combined whole 
body images of microCT and 3D BLI, showing predominant knee localization of 4T1 
tumor masses. (C) Images highlighting the knee region damage seen by microCT 
(arrows) and alignment with the presence of a tumor mass.

C.  Aligning Tumor Mass with Bone Destruction
microCT microCT microCT + BLI
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Preclinical microCT Applications Using Endogenous 
Contrast or Contrast Agents

Although many researchers consider bone imaging to be the 
most important function of microCT imaging, there are actually 
a variety of other preclinical applications in addition to bone that 
are enabled by microCT imaging (Table 2). The large differences 
in density between air-filled lungs and surrounding tissues, such 
as heart and liver, enable the longitudinal examination of various 
lung diseases and performance of functional lung studies when 
both the lung tissue and individual airways are segmented out. 
Researchers have also demonstrated that microCT can be an 
effective tool for obesity/metabolic research. Imaging effectively 
detects and can be used to quantify visceral and subcutaneous 
fat; the volumes have been shown to closely correlate with 
values gathered during ex vivo analysis. Brown adipose tissue 
can also be imaged when using a contrast agent.

However, in other imaging applications, the contrast between 
different soft tissues and body fluids is inherently poor in microCT 
images, requiring the injection of radiodense contrast agents for 
imaging (Table 3). Vascular contrast agents are available as either 
low molecular weight or large nanoparticle-based agents. Such 
agents can provide vascular enhancement over the course of 
minutes to hours, enabling applications in cardiac hypertrophy, 
atherosclerosis, and tumor vascularity. In addition, many of  
these agents are ultimately taken up by macrophages within  
the reticuloendothelial system in the liver and spleen. Contrast 
enhanced microCT has been used to image liver tumor metastases 
or other lesions are observed as darker contrast within the  
brighter tissue space. Furthermore, these agents can be used  
in co-registration applications.

Preclinical contrast agents are optimized for small animal 
research. In many cases clinical contrast agents may also  
be useful, particularly when used with an infusion pump  
to maintain vascular circulation during imaging. 

Therapeutic Area Contrast Contrast

Bone Native Tissue Osteoporosis

Arthritis (Osteoarthritis  
and Rheumatoid)

Bone cancer

Fracture healing

Stem Cells & Tissue Engineering

Cardiac Vascular contrast Heart imaging  
(e.g. myocardial infarction)

Vascular stenosis (e.g. atherosclerosis)
Aortic calcification

Anatomical  
co-registration Tissue contrast Bone, liver, kidney, spleen

Cancer Air Lung tumors

Tissue contrast Soft tissue tumors

Vascular contrast Tumor vascularity

GI tract BaSO4 IBD

Lung Air Functional (lung volumes)

Cancer

Fibrosis

Pneumothorax

Emphysema

Liver disease Tissue contrast NASH, Hepatitis, fibrosis

Obesity Fat Metabolic disorders, diabetes, obesity

Table 2. Bone and other common microCT imaging Applications. 

Application Contrast Agent Comment

Vasculature (infusion) / 
kidney / bladder Isovue (clinical) Iodine-based

Omnipaque (clinical) Iodine-based

ExiTron U Iopromide agent

ExiTron V Iodixanol agent

Vasculature /  
liver / spleen ExiTron nano 6000 Alkaline earth metal- 

based nanoparticle

ExiTron nano 12000 Barium-based nanoparticle

Vasculature AuroVist Gold nanoparticle

Vasculature / liver /  
spleen / brown  
adipose tissue

eXIA Iodine-based

Vasculature / liver Fenestra Iodine-based triglyceride oil  
in water emulsion

Underlined contrast agents indicate those routinely used in PerkinElmer microCT research.

Table 3. List of some useful preclinical microCT contrast agents. 
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Other Applications: Vascular and Pulmonary Imaging

The Quantum GX provides excellent in vivo images of the lung 
(thoracic) region in small animal models (Fig 7A). This is useful  
in many pulmonary applications, including inflammation and 
cancer research. Respiratory-gated microCT, although not always 
needed, allows imaging of the lung during end inspiration (full 
inflation) or end expiration. This can improve image quality for 
some applications. When motion artifacts are reduced, a  
semi-automated user-guided segmentation approach with  
Analyze (AnalyzeDirect, Overland Park, KS) can be used to  

extract the entire lung volume or the airway structure (Fig 7B). 

For cardiovascular imaging, blood vessels can be visualized by 
using exogenous contrast agents. We focused on ExiTron nano 
6000 (100 ul) that was injected 1 hour prior to imaging. This 
imaging timepoint provides excellent detection and definition  
of blood vessels throughout the tissue. Figure 7C shows blood 
vessels in the normal liver. Figure 7D shows the abnormal vascular 
growth into a lower flank tumor xenograft.

A.  Normal lung: endogenous air/tissue contrast 
FOV: 45 mm, High resolution, 4 min scan, 30 μm 

B.  Lung: Segmentation of Total Lung,  
Trachea, Bronchi

Figure 7. Visualization of endogenous and exogenous tissue contrast. 
(A) Imaging of a normal mouse using endogenous air contrast within the 
thoracic region to define the lungs. (B) Upper image shows the inherent 
contrast difference between extra-pulmonary and pulmonary tissues from 
an ungated scan, with a cross-section showing lung and heart. Further 
segmentation (lower panels) shows how the density differential can be 
used for total lung and/or trachea/bronchi segmentation. (C) Imaging 
vascular contrast in the liver using ExiTron nano 6000 (100 ul), 1 hour 
after injection. (D) Vascular imaging of the lower torso of a nu/nu mouse 
bearing a flank tumor, revealing increased vascular burden within the 
tumor region and normal vascularity within the contralateral site. Dotted 
yellow lines indicate the biological regions of interest.

C.  Liver: vascular contrast agent

D.  Tumor: vascular contrast agent
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Other Applications: Heart Contrast

Cardiac imaging plays an important role in the study of 
cardiovascular diseases in preclinical mouse models. In particular, 
microCT is attractive because of its high accuracy and fast 
scanning time. However, obtaining microCT images of a beating 
mouse heart at high resolution is challenging because of its  
small size and rapid movement (600 heartbeats per minute). 
Respiratory motions (160 breaths per minute) will also affect 
imaging of the heart. Although these rates will be suppressed 
under sedation, it is is still crucial to minimize motion artifacts. 

The Quantum GX’s advanced and simple intrinsic retrospective 
two-phase gating techniques are ideally suited for cardiac and 

lung function measurements. By simply drawing a region of 
interest over the diaphragm and apex of the heart (Fig 8B),  
the optional software then reprocesses the data, using only the 
views from the appropriate phase in the respiratory or cardiac 
cycle, reducing motion artifacts in the reconstruction. The results 
yield high quality images of the heart in 3D (Fig 8A) and the 
ability to see clearly defined heart chambers as compared to no 
gating. This facilitates the segmentation of the different heart 
chambers in Analyze™ (Fig 8C). Quantitative analysis  
can be performed to identify any heart tissue differences/
changes that occur.

A.  Normal heart: vascular contrast 
FOV: 45 mm, High resolution, 4 min scan, 30 μm 

 

B.  Setting Up for Cardiac Gating

Figure 8. Normal heart imaging with cardiac/respiratory gating. 
Normal mice were injected with ExiTron nano 6000 (100 ul) and imaged 
1 hour later. (A) The thoracic region of the mouse showing vasculature 
and the heart. (B) Quantum GX software enables acquisition of heart/
lung data using cardiac/respiratory gating. (C) The impact of gating on a 
heart cross section and heart chamber segmentation of gated heart data.

C.  Heart sections
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Conclusions

PerkinElmer's Quantum GX multispecies microCT small animal 
imaging system is versatile and is proven for a broad-range of 
applications in pulmonary disease, cardiovascular disease, diabetes, 
orthopedics, cancer, and dentistry. This microCT imaging system 
combines high-speed, low-dose x-ray, and high-resolution microCT 
imaging in one instrument. It further provides high-resolution 
images at an X-ray dose low enough to enable true longitudinal 
imaging capability. With scan times as low as eight seconds, the 
Quantum GX supports a workflow of up to 30 subjects per hour, 
with acquisition, reconstruction, and 3D visualization in under one 
minute. The wide field of view (FOV) scanning at 36 mm and 72 
mm allows for high resolution imaging of mice, rats, guinea pigs, 
and rabbits. This technical note provides Quantum GX users with 
a quick overview of imaging considerations in bone, lung, heart 
and vascular applications. It highlights the functions of the user-
friendly software package for advanced bone analysis and 
cardiac/respiratory gating, with exceptional visualization tools 
that minimize the need for third-party microCT software tools.

The Quantum GX multispecies microCT imager along with 
PerkinElmer’s other modalities such as optical and PET provide 
greater insight into biological activity associated with a disease 
state as well as treatment.
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