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THE EFFECT OF BMP-2 ON LARGE BONE DEFECTS: 
AN IN SILICO STUDY
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During the last decade, healing of large bone defects revealed itself a challenge for both bone tissue engi-
neering and modern orthopaedics. To our knowledge, this problem was mainly addressed from a mechanical 
perspective, either focusing on mechanoregulatory models or on the stability provided by rigid scaffolds. Thus, 
the influence of chemical factors and its delivery devices has been somehow disregarded. From the myriad 
of chemical factors that affect and influence bone healing, bone morphogenetic protein-2 (BMP-2) has shown 
to be a very powerful osteoinductive factor. Therefore, the aim of this work is to develop in silico a mechano-
chemical model that combines both the mechanical stimulus with the chemical stimulus provided by BMP-2. 
The proposed model is then used to study how exogenous BMP-2 delivered in a large bone defect affects its 
healing. 

First, we collected quantitative experimental data concerning the effect of BMP-2 on cell behavior, i.e, cell 
proliferation, migration, differentiation, maturation and extracellular matrix production. The data gathered 
were used to define the mechano-chemical model with which we investigated large bone defect healing under 
different conditions: normal healing without any scaffold, healing with only hydrogel, and healing with a 
hydrogel soaked with different BMP-2 doses. To validate the model, the in silico predictions were compared 
qualitatively and quantitatively with the results from a previous in vivo study. Qualitatively, the predictions 
presented similar bone tissue formation and bone tissue distribution across the defect during healing. Quanti-
tatively, the amount of bone formed in the defect was assessed: the in silico predictions diverged from the in 
vivo measurement by no more than 10%.

The model was validated and has shown to provide accurate predictions of BMP-2 effect on bone defect heal-
ing. This new in silico model can be a helpful tool to develop future bone tissue regeneration strategies.


