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• Clinical and epidemiological Research
 - Epidemiology and socioeconomic burden of osteoporotic fractures. Continued development and update of the country-
   specific fracture risk prediction tool (FRAX)
 - Clinical Trials (Phase II-IV): development of new investigational drugs for the treatment of osteoporosis and the reduction 
   of fracture risk
• Translational research 
 - Development of improved material parameters and personalized loading towards bone strength prediction by finite 
   element analysis using high resolution peripheral quantitative CT (HR-pQCT) at the forearm and tibia
 - Targeted stimulation of bone anabolism with in situ bone active agents; osseointegration of bone implants
• Experimental first in man clinical research: investigation of local bone remodeling and mechanoregulation of bone fracture
 healing in healthy, aged, and osteoporotic humans
• Osteoporosis lectures for medical students in the context of geriatrics (year 4); lectures for Masterstudents in Pharmacy 
 (year 4) in cooperation with BIHAM (Berner Institut für Hausarztmedizin), University of Bern
• Research Partners: ARTORG Center for biomedical engineering research, 3010 Bern; Centre for Metabolic Bone Diseases, 
 University of Sheffield, UK; ETH Zurich, Institute for Biomechanics, 8093 Zurich; Free University of Amsterdam (ACTA), 
 Amsterdam, the Netherlands; University Hospitals of Geneva, Service of Bone Diseases,1205 Geneva; Zhejiang Chinese 
 Medical University, Hangzhou, China.

• MICROMESO SNF project grant no 165510 → 2021 (Co-PI)
• AFFIRM-CT SNF sinergia grant no 183584 → 2023 (Partner)
• SNF 320030L_170205 (D-A-CH): Local remodelling and mechanoregulation of bone fracture healing in healthy, aged, and 
 osteoporotic humans. Collaborative Project with ETH Zurich, Univ. Hospital Innsbruck, Univ. Ulm. → 2022

Personalized loading conditions for HR-pQCT-
based bone strength

In vivo bone strength can be estimated by patient-specific HR-
pQCT-based homogenized finite element (hFE) analysis. The 
applied loading boundary conditions are usually not personal-
ized but perpendicular to the scan-axis (uni-axial).  An optimi-
zation procedure was developed based on the form-function 
relationship of trabecular bone, to estimate personalized 
physiological loading conditions, retraced from local density 
and shape. The established optimized, multi-axial load case 
can store roughly 150% more energy, and the strain distribu-
tion is more homogeneous than the uni-axial load case. The 
promising results encourage refinement of the method and its 
application in clinics to neutralise the influence of the arbitrary 
reference line angulation selected during the scan. 
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Homogenized finite element models of a distal double 
section at the distal radius. Color scale indicates value of 
the objective function of the uni-axial and optimized mul-
ti-axial load case. Lower objective function values indicate 
strains closer to an optimal hydrostatic reference strain.
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The synovium of human osteoarthritic 
joints retains its chondrogenic potential 
irrespective of age

The autologous synovium is a potential tissue source 
for local induction of chondrogenesis by tissue 
engineering approaches to repair articular cartilage 
defects such as they occur in osteoarthritis. It was 
the aim of the present study to ascertain whether 
the aging of osteoarthritic patients compromises the 
chondrogenic potential. 

Our data revealed that in younger and older age 
groups alike, synovial explants from osteoarthrit-
ic joints can be equally well induced to undergo 
chondrogenesis.

Hunziker EB et al, Tissue Eng Part A. 2021 Dec 27.

An integrative fragility fracture risk 
model using recycled computed 
tomography scans

In this Sinergia (SNF) project conducted in 
collaboration between the Universities of Bern 
and Geneva, CT scans which were done for 
other clinical indications are used to develop and 
validate a novel integrative fragility fracture risk 
assessment tool. The model will integrate fall risk, 
bone strength and fall biomechanics to predict a 
subject’s risk of fracture. First, a fall risk calculator 
is developed based on parameters suspected to 
be related to fall risk from other cohorts. Then, 
anthropometric, DXA and CT data are collected in 
the frame of a clinical study to estimate loads im-
pacting on the body in case of a fall and to com-
pute the failure load of the hip using subject-spe-
cific finite element models. The number of falls 
and fractures in our cohort are finally obtained via 
follow-up calls over a period of 3 years.

Integrative Hip Fracture Risk Calculator. The risk calculator 
for hip fracture is based on a mechanistic, probabilistic 
model that accounts of the risk of falling and filters the 
falls that result in a fracture. A fracture occurs only when 
the impact force on the hip that results from fall dynamics 
exceeds the femoral strength.

SNSF DACH Fracture study (DACH-Fx)

In collaboration with ETH Zurich, University Hospital Innsbruck, Ulm 
University, and Insel Orthopaedics, this study follows distal radius fracture 
patients over one year. Through detailed clinical assessment and HR-pQCT 
imaging of both the fractured and contralateral radius at six time points, 
bone remodeling and mechanoregulation can be measured. This study 
aims to characterize fracture healing at the level of single trabeculae as 
well as the clinical outcome contribution of age, osteoporosis, and bone 
biomarkers. In addition, analysis of both the fractured and contralateral 
images are currently being used to develop machine learning algorithms 
to identify motion artifact and identify the effect of supplemental Vitamin 
D and Calcium to bone remodeling and mechanoregulation. 

Atkins et al. JBMR Plus 2021, Apr 8.

Bone remodeling and mechanics of the 
contralateral radius shows evidence of 
mechanoregulation through the regional 
correlation of bone resorption with low 
mechanical strain and bone formation 
with high mechanical strain

left: Untreated control of human synovium
right: Chondrogenically transformed synovium


