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aBStract

Mesoporous silica particles of type MCM-41 (Mobile Composition of Matter No. 41), exhibiting 
highly ordered mesoporosity (pores with diameter between 2 and 50 nm) and surface roughness, 
are developed and used as a functional coating on bioactive glass-based scaffolds for bone tissue 
engineering. The degradability and the mesostructure stability of these novel MCM-41 particles were 
evaluated. The particles are immersed in simulated body fluid (SBF) for up to 28 days at 37 °C, and 
the variation of the ordered porosity, surface characteristics, and chemical composition of the particles 
are assessed by SEM-EDX, HRTEM, FTIR, ICP-OES, and pH measurements. The results indicate 
that the MCM-41 particles are affected by immersion in SBF only during the first few days; however, 
the surface and the mesopore structure of the particles do not change further with increasing time in 
SBF. The pore channel diameter increased slightly, confirming the stability of the developed material. 
The release of dissolved Si-species, which reached a maximum of 260 mg SiO2 per gram of material, 
could play a key role in gene activation of osteoblast cells and in inducing new bone matrix formation.
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introduction

Since Beck et al. (1992), when silica-based mesoporous par-
ticles (type MCM-41) were developed for the first time, highly 
ordered mesoporous materials have attracted the attention of 
many scientists. In 2001, Vallet-Regi et al. proposed mesopo-
rous silica particles for the first time as a potential drug delivery 
system. In fact, these materials are characterized by a regular 
pore system, high specific surface area, high pore volume, and 
walls terminated by silanol groups (Vallet-Regí et al. 2012a; 
Zhao et al. 2013). These combined features confer these ordered 
mesoporous materials the capability to incorporate relatively high 
contents of drug into the mesoporous channels (Vallet-Regi et 
al. 2001; Zhao et al. 2013). Moreover, their silanol groups can 
be functionalized and their pore size modulated to achieve better 
control of the drug-release kinetics (Grün et al. 1997; Vallet-Regí 
et al. 2012a, 2012b; Wu and Chang 2014).

MCM-41 type particles have become the most studied mem-
ber of the ordered mesoporous silica materials family. In 1997, 
Grün et al. (1997, 1999) proposed producing MCM-41 particles 
by modifying the well-established Stöber reaction (Stöber et al. 
1968) for the synthesis of bulk silica particles.

MCM-41 particles are being increasingly investigated for 
biomedical applications, e.g., cancer therapy and wound heal-
ing (Izquierdo-Barba et al. 2010). In recent years, they have 
been proposed as a functional coating for bioactive glass-based 
scaffolds for bone tissue engineering (Mortera et al. 2008; 
Boccardi et al. 2015). The main idea was to combine the drug 
uptake and release capability of the MCM-41 particles with the 
bioactivity of 45S5 bioactive glass-based highly porous scaf-
folds (Mortera et al. 2008; Boccardi et al. 2015). In the past, 
it has been demonstrated that MCM-41 particles are not able 
to form hydroxyl carbonate apatite (HCA), which is one of the 
markers of bioactivity (Kokubo and Takadama 2006), once in 
contact with simulated body fluid (SBF). In addition, after two 
months exposure to SBF, it is impossible to observe the forma-
tion of a HCA layer, presumably owing to the smaller pore size 
and the lower surface concentration of silanol groups (~2 mmol 
SiOH m–2) compared to other silica particle types, e.g., SBA-15 
and MCM-48 (Vallet-Regí et al. 2006). However, Si species 
released from the MCM-41 particles can play a key role in 
osteoblast gene activation and consequently, can induce new 
bone matrix formation (Hench 2006). In this sense, MCM-41 
could have a double function: as drug carrier and for the release 
of functional ions such as soluble silica.

Boccardi et al. in 2015 proposed a novel synthesis method 
for MCM-41 particles. The resulting particles are characterized 
by spherical shape, highly ordered mesoporous structure and a 
highly porous surface. Moreover, the total amount of particles 
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