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Introduction

• new medical devices / biomaterials / cellular repair techniques for 
(infected) bone and cartilage tissues 

• imaging techniques to determine efficacy and safety are warranted 

But 
• insight in longitudinal metabolic, and mechanical changes and material 

incorporation, remodeling and resorption is essential.

• Imaging might help 

• Cartilage  T1Rho MRI (7T)
• Bone  HRpQCT
• Bone  18F-fluoride PET-CT
• Infection  18F-FDG PET-CT 
• Infection  18F-FDG PET-MR



How to quantify bone strength?

Healthy Osteoporotic

• Bone mineral density (BMD)

• Bone micro-architecture

• High-Resolution peripheral Quantitative 
Computed Tomography scanners 

• Assess in vivo 3D bone micro-architecture
• Assess in vivo 3D bone density 
• Longitudinal changes in clinical patients



HRpQCT

* Bone microarchitecture quantification (bone volume and bone density)
* Isotropic voxel size 82 µm 
* Scan time 2.8 min
* Effective dose 3 µSv ( 110 slices-1)
* FEA modeling of scan



• High resolution trabecular and cortical bone morphology and density 
evaluation of distal radius or tibia.

• Matching of 3D ROI for follow-up scans (common region)  

Structure
TV total volume [mg HA/cm3]
BV bone volume [mm3]
BV/TV bone volume over total volume [%]  
Tb.N trabecular number [1/mm]
Tb.Th trabecular thickness [mm]
Tb.Sp trabecular spacing [mm]
C.Th cortical thickness [mm]

Density
D100 average bone density [mg HA/cm3]
Dtrab trabecular bone density [mg HA/cm3]
Dcort cortical bone density [mg HA/cm3]
BMD bone mineral density

HRpQCT



HRpQCT



• HRpQCT scanners @ 82 μm  resolution assess in-vivo 3-D bone density and 
bone micro-architecture changes over time in patients

• µFEA models can be created to calculate stiffness in compression, torsion 
and bending of the bone structure

• Longitudinal follow-up HR-pQCT images can be registered to the baseline 
images to calculate, quantify and visualize locations of bone resorption and 
bone apposition. 

• Usability:

- assessment of systemic disease (osteoporosis/COPD/DM) influence on bone quality
- assessment of fracture healing (early identification Pt at risk for non-union)
- assessment of bone substitute material incorporation/remodeling and resorption
- quantification of systemic bone disease such as ostegenesis imperfecta (OI)

HRpQCT recap



Aim Assessment in clinical patients of performance, efficacy and safety of
various biomaterials for bone healing with use of HRpQCT 
longitudinal high resolution 82μm assessment bone microarchitecture 
and bone density parameters

Consortium
•Hasselt University
•MUMC Rheumatology, Traumatology
•MUMC Orthopaedic surgery
•TU/e Eindhoven Orthopaedic biomechanics
•Vie Curi Venlo Endocrinology
•Medical device industry partners

Distal radius fracture healing over time. 
Note variable changes in trabecular bone.

3-4 wks post-FXBaseline

6-8 wks post-FX 12 wks post-FX

HRpQCT



• Distal radius fractures post-menopausal women >50 years (n=18)

lenght

offset

Fracture side Contra-lateral side
Length: 220 slices / 18 mm 110 slices / 9 mm

Scantime: 5.6 minutes 2.8 minutes

Effective dose: 6 µSv 3 µSv

Reference: Prox. edge os lunatum Prox. edge os lunatum

Offset: Variable 9.5 mm

Cast: Yes No

HRpQCT clinical results 

Meyer U et al. J Bone Miner Res. 2014 Sep;29(9):2065-73.
de Jong JJ et al. Bone. 2014 Jul;64:65-74.



 High resolution trabecular and cortical bone morphology and density 
evaluation of distal radius or tibia.

 Matching of 3D ROI for follow-up scans 
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• Micro FE based on HR-pQCT images
• FE models can be subjected to mechanical stress

• 3 clinical relevant mechanical tests:

Compression Torsion Bending 
(transversal + sagittal)

HRpQCT computational



HRpQCT clinical results 

• Distal radius fractures post-menopausal women >50 years (n=18)
Distal radius fractures post-menopausomal women >50 years (n=18)

Week 1-2 (Baseline) Week 3-4 Week 6-8 Week 12
• clear image 

• large fracture gap

• cortex separated

• trabeculae harder to 
distinguish

• areas are blurred

• no or minor 
bridging of cortex 

• cortex bit closer to 
bone

• more blurring

• fracture gap is 
closing

• bridging of the 
cortex can be seen

• cortex closer to 
bone

• (almost) clear image 

• fracture gap closed 
more

• cortex is (almost)
fully bridged

• separated part of 
cortex is attached



HRpQCT clinical results

Representative 3-D model visualising locations of bone resorption (red) and apposition 
(green) at (from left to right) 1-2 weeks, 3-4 weeks, 6-8 weeks and 12 weeks post-fracture.

Meyer U et al. J Bone Miner Res. 2014 Sep;29(9):2065-73.
de Jong JJ et al. Bone. 2014 Jul;64:65-74. /  J Bone Miner Res. 2016 May;31(5):1114-22. / Bone. 2017 Aug;101:245-251. 
Heyer FL et al. J Clin Densitom. 2017 Oct - Dec;20(4):486-489.



HRpQCT clinical results

• 18 distal radius fractures followed up for 26 weeks



HRpQCT clinical results

• 18 distal radius fractures followed up for 26 weeks



HRpQCT clinical results > 2 years

de Jong JJ et al. J Bone Miner Res. 2016 May;31(5):1114-22



HRpQCT clinical results> 2 years

• 18 distal radius fractures followed up for >2 years

100% = contralateral site at 2 years

The initial decrease in stiffness likely 
is the results of an overestimation of 
the stiffness direct post-fracture.
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de Jong JJ et al. Bone. 2017 Aug;101:245-251. 



Discussion 

• Why is higher bone strength as compared to contralateral (healthy 
side) preserved up to 2 years? What is the underlying mechanism?

* Inadequate remodeling ?
* Continous mechanical stimulation ?

• Systemic effect across the entire study group with exception of one 
patient…



HRpQCT CRPS case

Heyer FL et al. J Clin Densitom. 2017 Oct - Dec;20(4):486-489.

• Complex regional pain syndrome (CRPS) is a clinical syndrome characterized 
by pain that is disproportionate to the inciting event (e.g. a fracture), with 
edema, decreased function, changes in skin color and bone loss. 



• CRPS 26 months after distal radius #

• Trabecular structure proximal to the 
fracture line mainly resorbed, in 
contrast to trabecular structure distal 
to the fracture line

HRpQCT CRPS case

Heyer FL et al. J Clin Densitom. 2017 Oct - Dec;20(4):486-489.



HRpQCT CRPS case

Heyer FL et al. J Clin Densitom. 2017 Oct - Dec;20(4):486-489.



 HRpQCT imaging can be used for diagnostic assessment of systemic 
or local bone  disease and longitudinal remodeling in ever increasing 
resolution

 HRpQCT imaging provides better quantification of treatment efficacy 

 HRpQCT imaging is able to identify patients at risk for treatment failure

 Are the distal radius fracture patients in defiance of Wolff’s 
law? If so, what does this mean?

Conclusion
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