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Abstract: All synthetic and natural materials to be used in biomedical 
applications that involve the contact with human body need to be 
investigated for their physical and chemical modification induced by the 
human physiological fluids contact and sorption. The development and 
testing in human physiological equivalent fluids of new hybrid biomaterials 
are presented. The role of water and its equilibrium modification in the 
human physiology is discussed and the swelling and sorption behavior in 
the physiological environment of a nanostructured and osteoconductive 
biomaterials based on Poly-Hydroxyl-Ethyl-Meth Acrylate matrix 
(pHEMA) filled with fumed amorphous nanosilica particles is presented. 
This material differently swells in presence of aqueous physiological solution 
fluid. Biological hybrid scaffolds for bone regeneration and growth made 
using synthetic materials able to correctly interact with the physiological 
fluids while inducing the growth of biological tissues may favor the birth in 
the medical field of a new class of hybrid materials. Our multidisciplinary 
approach explores in the this paper, novel ideas in modeling, design and 
fabrication of new nanostructured scaffolding biomaterials with enhanced 
functionality and improved interaction with OB cells. 
 
Keywords: Biomaterials, Bioactive Scaffolds, Nanocomposites, Tissue 
Engineering 

 

Introduction 

Innovative tissue engineering biomimetic materials 
based on hydrophilic polymers have been reported to show 
attractive physical, biological and mechanical properties for 
several biomedical applications (Montheard et al., 1992; 
Filmon et al., 2002; Davis et al., 1991; Kabra et al., 1991; 
Apicella et al., 1993; Peluso et al., 1997). 

Aqueous solutions containing salts and organics 
represent the principal component of the human 
physiological fluids. All synthetic and natural hydrophilic 
materials used in biomedical application should be 
investigated and characterized for their interactions with 
aqueous environments. Water origin, function and how it 
is influenced by organic and clinical pathologies need to 
be understood for a correct utilization of the biomaterials. 

Humans adults are made of water, almost 65% of 
everything we stand for as human beings is water, but this 
content is highly variable during its life span; born rich of 

water that then gradually is lost as getting older. A human 
embryo is 97% water, at birth the newborn is made up of 
90% water, toddler contains 80% water, the same child at 
school age will have 70% water, following that in 
adulthood to remain only 60-65% water by weight. 

Different amounts of water are present in the 
composition of all organs to help them to perform their 
functions. Blood contains 90% water, muscles 75%, 83% 
brain, lungs 86%, 83% kidneys, eyes 95%, 22% bones. 
Kidneys need water in order to filter the blood, digestive 
needs water for digestion, skin need water to keep 
smooth and healthy and bones to maintain elasticity and 
strength (Babaev et al., 2010). 

Moreover, the percentage of water differs also for sex 
and body fat percentage. Females have a higher 
percentage of fat (retained in the hands, hips and the 
subcutaneous fat cellular tissue) than men; they will 
average 5% less water than men of the same age. This is 
because fat tissue has the ability to retain a very small 
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amount of water, which explains the reduction of the 
body's water content. 

Water is the medium that holds all biological and 
chemical reactions in the body, resulting in the 
production of heat and energy metabolism reactions that 
are required for life support. In order to allow these 
reactions occurring it is necessary that several organic 
and inorganic substances should dissolve in the aqueous 
medium reducing the water molecules activity. 

Moreover, all these dissolved substances, which are 
necessary for the human metabolism, may also interact 
with the hydrophilic biomaterials that have been 
introduced in the human body. 

Bio-functional and mechanical properties of the 
prosthetic materials can be then altered or, conversely, 
they can alter the physiological equilibrium altering the 
aqueous medium composition. 

Water circulates through the blood and lymph oxygen 
and nutrients to the organs. Water helps remove 
metabolic waste by the kidneys, which is impossible in 
the absence of a quantity of water acting as a conductor. 
Water participates in the formation and the growth of 
cells of the body. The water helps in maintaining a 
constant body temperature by making the body 
thermoregulation. When the body is overheated (summer 
or in fever) water removes heat which abound through 
perspiration and in winter when the body suffers of cold, 
water adapts the body to keep warm blood around vital 
organs, causing capillaries to contract to save water 
losses (Buzea et al., 2015; Petrescu et al., 2015). 

When water is present at the cellular level in small 
quantity, the cells (mitochondria) cannot produce enough 
energy. Once the numbers of energy molecules (ATP) 
are decreased, the body is getting weaker, aging and 
death. Water loss triggers thirst reflex (that means it has 
already begun the process of dehydration and body 
suffer). Sometimes that thirst not works (to be inhibited 
by factors such as age, hormonal disorders, or a chaotic 
lifestyle, but that does not mean that the body does not 
require hydration). In addition dehydrated and tired brain 
refuses to send appropriate signals for thirst. Therefore it 
requires some water consumption calculated from time 
to time whether we are thirsty or not. 

The loss from and water content modification in of 
the cells (cellular water loss) with age is a serious 
problem for several organs and it can alter the functional 
behavior of biomedical apparati. 

Water lost can seriously affect the natural 
functionalities of the brain and of the nervous system, 
leading to the appearance of symptoms like nervousness, 
irritability and anxiety, tiredness, exhaustion and 
inability to concentrate. 

Because a dehydrated brain cannot correctly process 
information then intellectual performances are reduced, 
i.e., short-term memory could be impaired for a decrease 
of only 2% of body water. When the hydration level of 

the body decreases, lungs slow down their activity thus 
limiting water loss through breathing. Appear difficulty 
in breathing and organs are not functioning properly 
oxygenated in damage (dizziness and general bad). 

It can be inferred that the water content in the human 
body may be subjected to significant variations that 
depends of diverse and uncontrolled factors. 

Materials used in biomedical applications such as 
prostheses and scaffolds for tissue engineering may be 
positively or adversely affected by the presence and 
fluctuation of extracellular body water content. 

Aversa et al. (2016a) developed highly biocompatible 
new hybrid materials that are based on the use of fumed 
amorphous silica nanoparticles and a hydrophilic poly-
(hydroxyl-ethyl-methacrylate) (pHEMA) that can be 
used for bone scaffolding materials. The addition of 
fumed silica improved the self-organization of the 
polymeric network since it increase the number of 
hydrogen bonds between the polymer hydroxyl 
functional groups with the oxigens of the silica 
nanoparticles. Due to these internal bonding, the 
resulting nano-filled composites increases its stiffness 
while remains transparent showing final improved 
mechanical strength (Schiraldi et al., 2004). This 
occurrence (the surprisingly high increase of the material 
stiffness) overcomes one of the major problems in the 
application of hydrogels that are associated with their low 
mechanical characteristics. Early studies confirmed that 
the these hybrid nano-composites acquire the biomimetic 
and osteoconductive properties that are needed to design 
mechanically bioactive scaffolding systems for Osteoblast 
growth (Schiraldi et al., 2004). In healthy conditions, 
modeling and remodeling collaborate to obtain a correct 
shape and function of bones. In a bone implanted with a 
rigid metallic prosthesis, even if functionality is restored, 
the biomechanical equilibrium and stress distribution are 
significantly altered (Aversa et al., 2009; Sorrentino et al., 
2007; 2009). Loads on bones cause bone deformations 
that generate signals that some OB cells can sense and 
respond to. Bone modeling and remodeling are driven and 
controlled by these threshold signals (Wolff, 1892; Frost, 
1964; 1990; 1994; 2004). Remodeling processes repair the 
injury by removing and replacing the damaged tissues 
with new bone. Moreover, excessive or insufficient 
loading alters such remodeling process (Frost, 1994). 
Early studies by Wolff (1892) stated that the bone 
mechanical response could induce modifications of its 
architecture. Frost (1964) found mathematical 
relationships describing the modification of the bone 
tissue under specific loading that quantitatively accounted 
for bone deformations (Frost, 2004). Remodeling 
processes repair the bone by replacing the damaged 
tissues with new structured bone. 

The use of biocompatible and biomechanically active 
material that can be “designed” to reproduce bone 
compatible and biomimetic structural properties in 
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mutating physiological conditions is discussed in the 
present paper. 

Materials and Methods 

Materials 

A commercial 2-hydroxyethyl methacrylate 
(HEMA), obtained from Sigma-Aldrich Chemicals Co., 
(St. Louis, MO, USA) has been used as hydrophilic 
matrix. Fumed silicon dioxide (Aerosil 300 Degussa, 
Germany) with a mean diameter of 7 nm and specific 
surface area of 300 m2

⋅g−1 was utilized as bioactive filler. 
The α-α’ azoisobutyrronitrile (AIBN), obtained from 
Fluka (Milan, Italy) has been utilised as initiator of the 
radical polymerization reaction. HEMA monomers were 
mixed with the fumed silica in the ratio of 5, 10, 15, 20 
and 25% by volume. The resin was degassed and 
transferred in 2.5 mm thick planar moulds and then 
polymerized in temperature controlled oven set at 60°C 
for 24 h with a final post-cure of 1 h at 90°C. 

Biomimetic/Biomechanical Approach 

Our Biomimetic and Biomechanical approach 
resulted from a parallel physiological, mechanical and 
physical characterization of the hydrophilic hybrid 
material in presence of aqueous environment simulating 
physiological fluids. 

Physiologically, about 2/3 of the total water in a 
human body is located in the intracellular compartment 
(water that is kept as a reserve within any human cell). 
The extracellular water is one third and it is so distributed: 
20% extra vascular sector (Lymph and interstitial fluid) 
and 8% vascular sector (the water from blood). Water 
molecules diffuse freely and quickly between all these 
compartments in response to changes of the solvents 
concentrations, to maintaining the balance between 
compartments (osmosis). Similar, osmotic and diffusive 
phenomena have been described to occur in polymeric 
materials (Holley et al., 1970; Aversa and Apicella, 2016). 

In an adult of 70 kg, water is of about 40 l, of which 
25 l is intracellular water, extracellular water 15 l; in the 
total plasma volume is typically 2.75 to 3 l. The water 
intravascular is at least 85% in the region of the capillary 
and venous and arterial within 15%. Of maintaining the 
volume of arterial water depends greatly the arterial 
blood pressure, regulation of extracellular fluid volume 
and retention of sodium and water. 

Sodium is the main extracellular cation and the 
determining element of achieving an effective osmosis. 
The intracellular sodium concentration is an average of 
15 mmol/l and the extracellular sodium 140 mmol/l. The 
average daily intake of sodium is 100-200 mmol. 
Sodium absorption occurs in the small intestine and 
colon. Body water (intra and extracellular) comes on one 
side of liquids and foods (1-4 l/day) and on the other side 

of the oxidation of lipids, carbohydrates and proteins 
(200-500 g water daily). 

Water and dissolved ions sorption can strongly 
influence the osmotic tension generated in a polymeric 
materials (Aversa and Apicella, 2016). Two limiting like 
liquid based on NaCl solution comprising of isotonic 
(0.15 M) and hypotonic solutions (0.5 M) have been 
used in our study to simulate extracellular physiological 
fluid behaviour. 

The hydrophilic hybrid material prepared in our study 
strongly interacts with physiological aqueous solutions. 
Figure 1 shows the physical phenomena occurring in a 10 
mm long and 10 mm diameter cylinder of our materials 
once exposed to an aqueous medium (distilled water). 

The initially glassy sample when immersed in plain 
distilled water (water activity is unity) progressively 
swells, due to water molecules diffusion and sorption, 
finally reaching an equilibrium swollen and rubbery state 
(right lower hand in Fig. 1). The process is characterized 
by the presence of a clear front that separates an 
unaffected and water unpenetrated glassy core and a 
surrounding swollen and water molecules penetrated 
outer shell (left lower hand in Fig. 1). 

This particular sorption behaviour has been deeply 
investigated in the past (Holley et al., 1970; Apicella and 
Hopfenberg, 1982) and it is referred as Case II sorption 
(where a state change occurs) to differentiate it from the 
classical and ordinary Fickian sorption (where the 
diffusion of the penetrant does not induce any physical 
modifications). 

Upon immersion in the aqueous medium, this 
anomalous sorption steadily proceeds up to the final 
complete swelling of the sample; as the immersion time 
is prolonged, in fact, the unaffected glassy core reduces 
its thickness (upper part of Fig. 1).  

Mechanical Characterization 

Shear elastic moduli, which were measured on dry 
and swollen in different concentration NaCl solutions, of 
p-HEMA Hybrid nano-composites were performed using 
a METTLER-TOLEDO (Zurich, Switzerland) dynamical 
mechanical tester (DMA) operating in shear mode. The 
elastic and viscous components of the shear modulus 
were measured under constant frequency in isothermal 
condition. The dry samples were dried under vacuum at 
a 60°C for 24 h before testing. In the shear test mode, the 
10 mm diameter and 2 sample disks, which were cut 
from the polymeric slab, were placed between three steel 
plates forming a symmetrical sandwich. Isothermal scans 
at 37°C in a dry Nitrogen purged environment were 
performed. The deformation control was set to 10 µm 
and a force limitation of 0,9 N was applied at an 
oscillating frequency of 10 Hz.  

The same procedure was applied for the swollen 
polymer (without drying stage and with force 
limitation of 0.09N). 
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Fig. 1. Swelling behavior of our hybrid hydrophilic nanocomposite in water 
 

 
 
Fig. 2. Shear moduli of dry and swollen (rubbery) of our hybrid hydrophilic nanocomposites equilibrated in hypotonic and isotonic 

aqueous solutions 
 

The dry and saturated in hypotonic and isotonic 
Hybrid pHEMA nanocomposites with compositions 
ranging from 5 to 25% by volume of nanosilica were 
isothermally shear tested in a Dynamic Mechanical 
Analyser operating under a Nitrogen dry atmosphere at 
10Hz and 37°C. 

The shear moduli of the dry and swollen samples for 
the samples of different compositions are plotted in Fig. 
2 in a logarithmic scale. 

A significant plasticization effect was induced by the 
equilibration in the saline physiological solutions. The 
Shear moduli of the dry and glassy samples range from 
0.8 to 9 GPa while they range from 0.01 to 0.1 GPa for 
the softer and rubbery swollen samples. The less 
concentrated hypotonic aqueous solution induced a 
higher level of plasticization (lower moduli). 

Moreover, the samples showed a predominantly 
elastic behavior (the viscous component was negligible 
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for all compositions). It has been demonstrated by 
Aversa and Aversa (2016) that the measured shear 
moduli of pHEMA-Nanosilica composites of different 
composition do not follow classical Halpin and Kardos 
(1976) equation for particulate composites. A linear 
dependency of shear modulus values at progressively 
increasing content of nanosilica loading was described, 
instead. This unexpected behaviour confirmed the hybrid 
nature of our nanosilica pHEMA composites. 

The mechanical shear moduli of the dry and swollen 
samples reported in Fig. 2 have been then interpolated by 
linear fitting (full lines in Fig. 2). 
To reach the mechanical properties requirements needed 
for bone replacement, the nanofiller/p-HEMA 
compositions for suitable hybrid nanocomposites are: 
 
• When glassy and dry it should be comparable, during 

the surgical stages, to the rigidity of the bone (G = 2-
4 GPa) 

• Once swollen it should be comparable, during 
osteointegration stage, to cartilage and ligament 
elasticity 10-40 MPa 

 
Shear moduli comparable to those of the cortical 

bone have been measured in the dry state for nanosilica 
volumetric fractions ranging from 5 and 10%. A volume 
fraction of 5% has been then chosen for sample 
preparation and sorption behaviour characterization. 

Shear moduli of 16 and 35 MPa have been 
experimentally found for the hybrid composite (5% by 
volume) swollen in isotonic and hypotonic solutions, 
respectively. This value turns comparable to that of the 
periodontal ligament strained in the same conditions and 
to that of an articular cartilage (Toyrasa et al., 2001; 
Comerun, 1986). 

Sorption and Swelling Tests 

Planar 2.0 mm thick and 20×20 mm samples of the 
hybrid nanocomposite with 5% of nanosilica, which 
have been prepared according to the conditions 
illustrated in the Material section, were used for the 
characterization of the anomalous sorption kinetics and 
equilibria in aqueous physiological isotonic and ipotonic 
saline (0.5 and 0.15 M NaCl) solutions. These two 
solutions were chosen to simulate two possible different 
physiological extracellular fluid conditions that may be 
encountered for people age, sex or physical differences. 

As previously discussed, in fact, the percentage of water 
in extracellular fluid differs for sex and body fat percentage. 
Females, which have a higher percentage of fat than men, 
average 5% less water than men of the same age. 

The aqueous solution uptakes in the initially dry 
samples were determined at equilibrium by gravimetric 
measurements in a 0.1 mg precision Mettler Toledo 
analytical balance and are reported in Fig. 3. 

Analogously, the advancement and penetration of the 
aqueous medium swelling fronts in the limiting Case II 
anomalous sorption (Nicolais et al., 1984; Apicella and 
Hopfenberg, 1982) observed in our hydrophilic samples 
were monitored as a function of time by measuring, with 
a Leitz stereo-microscope, the thickness of the un-
swollen residual glassy core (Fig. 4) and the overall 
thickness % increases along the Z axis and % lengths 
variations along the two orthogonal axes (X and Y) in 
the plan of the sample slab (Fig. 6). 

All the equilibrium sorption and swelling 
experiments were performed at 37°C (thermostatic water 
bath) until constant weight up-take was reached (100 h). 

The sorption behaviour in a physiological isotonic 
and hypotonic solutions of our 5% volume fraction 
glassy hybrid materials has been investigated for both 
weight uptakes and swelling kinetics. Sorption and 
swelling kinetics were plotted as a function of time (Fig. 
3, 4 and 6) and of the square root of time (Fig. 5).  

Fig. 3 shows the raw sorption weight uptakes data in 
function of the immersion time in the two hypotonic and 
isotonic physiological solutions. 

The 5% hybrid nanocomposite dramatically swells in 
isotonic water solution (Fig. 3) picking up 42-45% of its 
dry weight and reducing its shear modulus to 15-25 MPa 
(as measured in DMA tests of Fig. 2). Such phenomenon 
is associated to the water induced polymer plasticization 
that reduces the polymer glass transition temperature 
below the test temperature.  

Once exposed to the aqueous solution, the initially 
dry and glassy pHEMA nanocomposite 2 mm thick 
plates starts to swell showing a clear front dividing the 
rubber-swollen outer portion and the unaffected glassy 
core. The glassy core thickness progressively reduces as 
the swollen front advance through the sample. A 
measure of the swelling kinetic, which has been reported 
in Fig. 4 as a function of the time and in Fig. 5 as a 
function of the square root of time, is given by the rate of 
reduction of the glassy core thickness. The observed 
swelling front initially advanced at constant rate 
according to the limiting relaxation controlled 
anomalous sorption mechanism indicated as “Case II 
sorption” (Nicolais et al., 1984).  

The initial linear swelling rate (Fig. 4) is slower for 
the isotonic solution, about 0.10 mm/h and faster, about 
0.13 mm/h, for the hypotonic solution sorption. As 
swelling proceeds further on, however, diffusive 
resistance for water molecules flow develops in the outer 
swollen layer reducing the swelling rate of the remaining 
glassy core (Apicella and Hopfenberg, 1982). 

Once the glassy core disappears (indicated by an arrow 
in Fig. 5), namely after 425 and 500 min (see right hand 
side of Fig. 5) for the hypotonic and isotonic solution 
respectively, sample weight uptakes are about 25% for both 
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samples and they continues to steadily increase up to final 
equilibrium values that are 45 and 42% (left hand side of 
Fig. 5) for the less concentrated hypotonic and more 
concentrated isotonic solutions, respectively. 

This occurrence is related to the achievement of a 
complete swelling equilibrium once the glassy core is 
not more constraining the deformations along the X and 
Y axes of the sample slab (Fig. 6).  

This peculiar behaviour can be inferred from the 
swelling data reported in Fig. 6 where the swelling 
percentage in the X, Y and Z directions (right hand side 
of Fig. 6) are reported and compared with the core 
thickness reduction (left hand side of Fig. 6).  

Along the Z-axis (through the thickness), the 
swelling curve reaches a first plateau of 12% in 
correspondence of the glassy core exhaustions and then 
reprises to increase.  

Along the X and Y-axes, the swelling is initially 
inhibited by the presence of the stiff glassy core. Once 
disappeared, however, the swelling starts and reach its 
final value of about 12%. The swelling along the 
thickness, conversely, continues after the meeting of the 
swelling fronts and reach a final value of 18%. 

This evidence indicates that a material plastic 
deformation occurred in the Z direction. 

 

 
 
Fig. 3. Swelling and sorption kinetic in a 5% by volume hybrid nanocomposite in physiological 0.05M (hypotonic) and 0.15 M 

(isotonic) NaCl solutions 

 

 
 
Fig. 4. Residual glassy core thickness reduction kinetic in a 5% by volume hybrid nanocomposite swelled in physiological 0.05 M 

(blue circle, hypotonic) and 0.15 M (orange circle, isotonic) NaCl solutions 
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Fig. 5. Swelling and sorption kinetic as a function of the square root of the time in the 5% by volume hybrid nanocomposite in physiological 0.05 M 

(hypotonic) and 0.15 M (isotonic) NaCl solution 
 

 
 
Fig. 6. Percent swelling (right axis) and glassy core thickness reduction (left axis) for the 5% by volume fumed silica hybrid 

nanocomposite in physiological 0.15 M (isotonic) NaCl solution 
 

Discussion 

Water plays a critical role for the physiological 
equilibria in the human body. Water may be eliminated 
from the body by loss from skin, respiration and kidney 
(via urine formation). These water losses have an 
essential role in removing toxins that permanently 
accumulate in the human body (intra and extra 
cellular). An equivalent daily volume intake can 
equalize the removal of water with urine. Final urine is 
the result of filtering of the plasmatic water (levels 180 
l/day) and reabsorption (99% of the filtered water is 

reabsorbed into the renal tubule, of which 
approximately 66% is reabsorbed in the proximal 
convoluted tubule, iso-osmotic, non-adjustable; 
reabsorption adjustable occurs in the collector tube, 
cortically and medullary). Urine is only 1% of the 
filtered water (1-2 liters/day). Water losses (skin and 
respiratory) are 650-850 ml/day.  

So, about a third of water with toxins is eliminating 
through the skin. In addition the skin breathes like the 
nostrils, so it is necessary not only maintaining skin 
cleanliness but and its integrity. Sodium is the main 
extracellular cation, representing the most important 
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osmotic pressure that maintains the size of the 
extracellular fluid volume.  

Increasing the total amount of sodium in extracellular 
fluid is followed by an increased volume of the 
extracellular fluid compartment thereof and its 
overcharging. Increase blood pressure. Syndromes of 
swelling (in congestive heart failure, liver cirrhosis, 
nephrotic syndrome) are medical conditions with 
increased amount of sodium in the extracellular 
compartment (Abdul-Razzak et al., 2012; Ajith et al., 
2009; Atasayar et al., 2009). 

If the total amount of sodium in the extracellular 
compartment decreases, the volume decreases and it 
results in depletion of the extracellular compartment 
volume (extracellular dehydration). In this case the water 
supply decreases and from the blood, resulting in 
disorders of the entire body. In case of decrease in the 
volume of the sector plasma it can observed the 
acceleration in heart rate, decreased blood pressure in 
lying or standing, pale skin and cool extremities, 
decreased urine output, flattening the neck and forearm 
veins, the blood pressure occlusion. In case of loss of 
more than 30% of plasma volume, occurs the 
hypovolemic shock with cyanosis of extremities and 
neurological signs of cerebral hypo-perfusion 
(drowsiness, confusion, agitation). 

Keeping the decrease of the volume of 
extracellular salt and water (much) longer produces an 
excessive consumption from the intracellular water 
reserves. It also produces and decreased interstitial 
fluid volume. Interstitial sector is partly responsible 
for skin elasticity and firmness. Such skin aging 
occurs and of the cells. With the loss of water from 
the cells and energy is lost. Without enough water in 
cells are produced less ATP molecules (even if we 
have enough mitochondria). Cell aging occurs and a 
lack of energy. Conversely, in the event of increased 
plasma sector, there is an increase in blood pressure. 

Renin is an enzyme formed and released by the 
granule cells of the glomus (Ahmed et al., 2011). Renin 
catalyses the conversion of angiotensinogen (protein 
synthesized by the liver) to angiotensin I. Angiotensin I 
is converted by a converting enzyme into angiotensin II, 
which is biologically active (Covic et al., 2007). 

All processes of a human body are and finely 
controlled by the various hormones produced by glands. 
In this respect it is important to know as well physio-
pathology of various human processes. That happens and 
with retention or release of sodium and water. 

Such Sodium ions concentration changes can induce 
modification of the physical and mechanical properties 
of hydrophilic biomaterials if used for structural or 
scaffolding systems. 

Our hybrid materials were designed to act as 
biocompatible and mechanically bioactive scaffolds for 
dental implant finalized to favour adaptive directionally 

organized OB growth in implanted bone. In order to 
achieve this result, both a proper scaffolding 
biocompatible and biomechanically active material has 
to be designed. 

The biomimetic characteristic of our hybrid materials 
have been investigated both for mechanical and swelling 
properties in order to better understand all the physical 
and morphological modifications occurring when 
exposed to mutating physiological like conditions. In the 
case of use as scaffolding material for bone tissue 
engineering, physiological bone material behavior to be 
mimicked by the bioactive scaffolding material relates to 
the following aspects: 

 
• Mechanical properties in the dry and swollen states 

as a function of the changing physiological fluid 
water contents 

• Bioactivity and swelling behaviour sensitivity to 
external physiological modifications 

 
Hybrid ceramo-polymeric insert swelling could 

stabilize implants in the bone and creates a 
biomechanically active interface for bone growth. 
Stresses on the bone can be modulated by scaffold 
swelling thickness choice for healthy bone growth. In 
vivo tests performed using these new modified oral 
implant confirmed the improved capability of such 
implants in promoting early osseointegration 
(Gramanzini et al., 2016). 

Conclusion 

All processes of a human body are and finely 
controlled by the various hormones produced by glands 
that can modify both the extracellular water content and 
Sodium ions concentrations: 

Angiotensin II promotes salt retention through direct 
and indirect effects. It directly stimulates sodium 
reabsorption in the proximal tubule (by stimulating the 
exchange Na+/H+). Indirectly, it affects sodium balance 
by stimulating the production and release of aldosterone 
from the glomerular zone of the adrenal. Aldosterone 
induces a sodium reabsorption (and K+ secretion) in the 
distal convoluted tubule and sewer. 

Vasopressin, or antidiuretic hormone is regulated 
primarily by the osmolarity of body fluids, but the 
vasopressin increases and in volume-depleted states. 
This promotes water retention and restoration of body 
fluid volume. 

Atrial natriuretic factor is a peptide synthesized by 
atrial myocytes and released as aresponse to atrial 
distension. It is effective to increase natriuresis by the 
action of vasodilation, the afferent arteriole with 
increasing DFG (glomerular filtration flow) and filtered 
soda task; It has direct inhibitory action on the 
absorption of soda in the proximal tubule and medullary 
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tube collector. It has inhibitory effect on renin release, 
ADH (antidiuretic hormone) and aldosterone. 

Prostaglandins have vasodilating renal action and 
induce the removal of sodium and water. They increase 
the excretion of sodium by increasing the amount of 
sodium filtered and all they increase water excretion by 
antagonizing ADH. 

The sympathetic nervous system, the renin-
angiotensin-aldosterone system, the natriuretic peptide 
atrial and the vasopressin represent the four main 
systems regulators who tailor their activity in response to 
changes in body fluid volume. 

In this respect it is important to know physio-
pathology of various human processes that induce 
retention or release of sodium and water. The sympathetic 
nervous system, the renin-angiotensin-aldosterone system, 
the natriuretic peptide atrial and the vasopressin represent 
the four main systems regulators who tailor their activity 
in response to changes in body fluid volume. 

Keeping the decrease of the volume of extracellular 
salt and water (much) longer produces an excessive 
consumption from the intracellular water reserves. 

The volume of extracellular Sodium and water 
modification and decrease of interstitial fluid volume, 
which is partly responsible for skin elasticity and 
firmness, may likewise strongly influence hydrophilic 
biomaterial mechanical and physiological functions. 

A biomimetic/physiological approach has been 
pursued in designing the formulation of new bioactive 
ceramo-polymeric hybrid materials for biomechanical 
stimulation and potential improved bone scaffold 
mineralization and ossification. 

A new nanocomposites hybrid ceramo-polymeric 
Hydroxyl-Ethyl-Methacrylate polymer (pHEMA) filled 
with nanosilica particles (5% by volume) has been 
chosen as optimum biomimetic material composition. 
This material swells (about 14% linearly) in presence of 
aqueous physiological solution (when in a biological 
aqueous environment) picking-up to 40-45% by weight 
of water (depending on water contented of the external 
physiological medium) turning from glassy and rigid to 
soft and rubbery. Mechanical behavior of the proposed 
hybrid materials are comparable with those of bone 
when in the glassy state and to those of the cartilage 
(ligaments) when rubbery after swelling. 

The use of mechanically compatible hybrid hydrogels 
as scaffolding materials are expected to increase 
prosthesis adaptation mechanisms introducing active 
interfaces that improve implant biomimetics while 
reproducing cartilage and ligaments biomechanical 
functions (Apicella et al., 2010; 2011; 2015; Aversa et al., 
2016b; Perillo et al., 2010; Schwartz-Dabney and 
Dechow, 2003). Adaptive properties of bone could 
benefit of use of biomimetic (biomechanically 
compatible and bioactive) scaffold biomaterials coupled 
with new designed odontostomatological prostheses. 
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