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Abstract. Articular cartilage is present in natural joints. Joint pathologies affect millions of people 
worldwide every year. In their first stages, a pharmacological approach is attempted to reduce pain. 
However, when the pain is intense, the treatment relies on osteochondral autograph transplantation, 
autologous chondrocyte implantation and total joint replacement.  In the last years, new alternatives for 
cartilage repair/substitution have been investigated. Hydrogels are promising materials for that purpose 
since they mimic the cartilage behavior. In particular, polyvinyl alcohol (PVA) hydrogels, which are 
biocompatible and have good swelling ability and biotribological performance have raised special 
interest. In this work, PVA based hydrogels were produced with polyacrylic acid (PAA), doped with 
polyethylene glycol (PEG) and subjected to an annealing treatment. Furthermore, the hydrogel was 
loaded with an anti-inflammatory and sterilized. Their mechanical and tribological properties, swelling 
behaviour, wettability, biocompatibility, morphology and drug release were studied. It was found that the 
addition of PAA increased the water absorption capacity of the material and the amount of drug loaded 
and posteriorly released. Incorporation of PEG resulted in higher lubricity, better mechanical properties, 
but lower swelling ratio. However, the amount of drug released remained similar to what was observed 
with PVA+PAA. The annealing treatment improved the crystallinity and crosslinking of the hydrogel, 
enhancing its strength and mechanical properties. The annealed hydrogel presented the higher 
cumulative drug release when the hydrogel was previously loaded with vitamin E. Sterilization through 
high-pressure processing decreased the mechanical properties of the annealed hydrogel and the 
cumulative drug release.  
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1. Introduction 
 
Articular cartilage (AC) is a biphasic and a viscoelastic material that is present in natural joints. Cartilage 
presents water and electrolytes that fill the gaps between the solid matrix, and chondrocytes and an 
extracellular matrix.1 Joint pathologies such as osteoarthritis (OA) and rheumatoid arthritis (RA) are 
characterized by the destruction of AC causing pain and functional deficits with substantial nefast effects 
on the quality of life. In order to relieve the symptoms from joint diseases, current therapeutics include 
anti-inflammatory drugs and, in advanced stages, surgery options may be considered.2–4 Total joint 
replacement is the most invasive procedure, in  which surgeons have a large choice of different materials 
and implant designs to substitute the natural joint. Partial cartilage regeneration appears to be an 
interesting clinical alternative to avoid such intrusive surgeries.5 However, there is still a gap in the 
market for effective cartilage substitutes materials that mimic the natural joint and several hydrogels 
have been studied due to their biocompatibility and biodegradability. PVA hydrogels have been widely 
used as material for cartilage substitution, since it presents a porous structure similar to the native 
cartilage, and surfaces with low frictional behaviour.6–9 In order to improve the mechanical performance 
of this material, PVA may be combined with other materials. The main goal of this work is to produce a 
sterilized PVA/PAA composite hydrogel that presents adequate properties to substitute the cartilage 
and with the ability to deliver a desired drug during the post-operatory period. 
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2. Materials and Methods  
2.1. Materials  
 
PVA was obtained from Kuraray with a molecular weight of 145 000 g/mol. PAA was obtained from 
Sigma Aldrich with a molecular weight of 180 000 g/mol. PEG was obtained from Sigma Aldrich with the 
average molecular weight of 400 000 g/mol. Phosphate buffered saline (PBS) from Sigma Aldrich was 
used in drug release quantification and tribology experiments. Diclofenac sodium salt was obtained from 
Sigma Aldrich and used for drug loading. (±)-a-Tocopherol from Sigma-Aldrich and Alfa Aesar was used 
for the drug release of diclofenac. For comparison purposes, samples of cartilage from a pig’s femur 
(meniscus and trochlea) acquired from Sicasal were obtained with the help of an orthopaedic surgeon.  
 
2.2 Samples Preparation 
 
13% w/w PVA hydrogel was prepared by dissolving 6 g of PVA in to 40 mL of DD water in an oven at 
95°C for 20h, followed by a cooling step at room temperature for 8h. Six cycles of freeze-thawing were 
performed. The solutions were frozen at -20°C for 16h and thawed at room temperature for 8h. After 
that, the materials were washed with milli Q for 48h. For PVA+PAA hydrogel, a solution of 13%w/w PVA 
and 3.8 %w/w PAA was prepared as described previously. After the freeze-thawing cycles, the samples 
were immersed in PEG 100% during 1h at room temperature and then dehydrated in the oven at 60°C 
to dehydrate until constant weight to produce the PVA+PAA+PEG hydrogel. After the PEG immersion, 
an annealing treatment at 120°C for 1h to produce the PVA+PAA+PEG+AT hydrogel. Cartilage samples 
from a freshly killed pig’s femur were extracted. Discs of 8 mm in diameter were cut from the cartilage 
of the meniscus and trochlea and put in DD water for further analysis within the next 24 hours. 
 
2.3. Materials Characterization  
2.3.1. Swelling Behaviour  
 
The percental swelling ratio, %SR, is given by the following equation:  

%𝑆𝑅 = %&'%(
%(

× 100  (1) 
Where 𝑤- represents the weight of dried sample and 𝑤. represents the weight of the hydrated sample.  
The equilibrium water content, %EWC, is given by the following equation:  

%𝐸𝑊𝐶 = %&'%(
%&

× 100  (2) 
Where 𝑤- represents the weight of dried sample and 𝑤. represents the weight of the hydrated sample. 
The pre-washed, hydrated gels were cut into discs of 8 mm in diameter and they were hydrated for 24h 
at room temperature. After this, the samples were weighted in order to obtain the hydrated weight and 
the samples were dried at 37°C for 7 days. Finally, the dried weight was measured. Triplicates were 
analyzed.  
 
2.3.2. Wettability  
 
The wetting properties of the hydrogel were determined by measuring the contact angle (q) at the three-
phase contact point between the tangent to the contour of a captive bubble (air) and the surface of the 
sample immersed in DD water. The setup of the traditional captive bubble method comprises of JAI CV-
A50 camera that is connected to a Data Translation DT3155 frame grabber and supported by a Wild 
M3Z optical microscope. Seven to ten consistent bubbles were performed for each condition.  
 
2.3.3. Mechanical Properties 
 
In order to determine the tensile and compression properties of the hydrated hydrogels, a TA.XT 
Express Texture Analyzer was used. Tensile tests were performed with miniature tensile grips by 
applying force to the test samples.  The tensile specimens were cut out from the hydrogels using a 
dedicated punch cutter. A minimum of 6 repetitions per condition were performed at room temperature 
with a test speed of 0.5 mm/s and a force of 47 N. Compression tests were performed on hydrogel and 
cartilage samples. The compression samples were cut out using a 8 mm diameter punch cutter. During 
the tests, the samples were hydrated with DD water at room temperature. A minimum of 6 repetitions 
per condition were performed with a test speed of 0.1 mm/s and a force of 47 N.  
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2.3.4. Tribological Properties  
 
The sliding tests of the hydrogel were carried out on the Wazau tribometer TRM 1000 in order to obtain 
the coefficient of friction (CoF). Friction lubrication medium was a synthetic synovial fluid, i.e., PBS 
solution. The up-counter body was a 6 mm sphere of biocompatible stainless steel 316L ball of and the 
down sample was the hydrated hydrogel. The test was performed at room temperature with an 
oscillation test mode and different test loads of 10 N and 20 N. The sliding distance was 0.5 m with a 
sliding velocity of 0.02 m/s and a friction radius of 23 mm and 19 mm.  
2.3.5. Morphology  
 
The samples were analyzed in a Hitachi S-2400 scanning electron microscope with thermionic emission 
at 15 kV. 10 mm discs were cut from each hydrogel condition, whereas 8 mm discs were obtained from 
the pig’s meniscus and trochlea cartilage. The samples were dried by freezing at -80°C for 1h followed 
by lyophilization for 24h. The samples were then coated with a metallic film of gold and palladium with 
14 nm of thickness during 40 s in a Quorum Technologies sputter coater and evaporator.  
 
2.3.6. Drug Loading and Release  
 
PBS solution was prepared where diclofenac was mixed to obtain a solution of the drug with the 
concentration 2 mg/mL. Three 8 mm hydrated discs were cut from each hydrogel condition. The samples 
were dried at 37°C for 7 days and their dry weight was measured. After that, the samples were immersed 
in 3 mL of the drug solution and the loading was carried out at 37°C for 3 days without agitation in a 
VWR Incubating Mini Shaker. For the release of the diclofenac, the samples were immersed in fresh 3 
mL of PBS solution and kept at 37°C and 180 rpm. The concentration of diclofenac was monitored by 
measuring the solutions’ absorbance at 276 nm with Thermo Scientific Multiskan GO 
Spectrophotometer. In order to improve the drug release, vitamin E (±-a-Tocopherol) was added onto 
the hydrogels before loading the diclofenac. For that, the hydrogels were incubated in an ethanol and 
vitamin E solution with a concentration of 40 mg vitamin E/mL solution for 3 h at room temperature. 
Then, the samples were blotted and dried overnight at room temperature in air.10  
 
2.3.7. Biocompatibility 
 
The samples’ biocompatibility was tested using the HET-CAM test. The hydrogel samples were 
sterilized with UV radiation at 254 nm in DD water for 30 minutes. A PVA+PAA+PEG+AT sample was 
put on the surface of the chorioallantoic membrane for 5 minutes to observe the existence of a potential 
damage effect over biological tissues. Three 8 mm PVA+PAA+PEG+AT hydrogel discs and 3 eggs were 
used during these tests.  
 
2.3.8. Sterilization 
 
Six hydrogel discs from the PVA+PAA+PEG+AT hydrogel condition were loaded with vitamin E and 
loaded with diclofenac as previously described. The hydrogel samples were sterilized by high-pressure 
processing (HPP) at 70°C and 600 MPa (6000 bar) for 10 minutes in Universidade de Aveiro. Three 
samples were analyzed for drug release and other three samples were subjected to compression tests.  
 
3. Results and Discussion 
3.1. Materials Characterization 
3.1.1. Swelling Behaviour  
 
The addition of PAA to PVA increased the amount of water absorbed by the hydrogels. It is known that 
PAA lowers the crystallinity of PVA when the two polymers are mixed together due to hindrance from 
the carboxylic groups of PAA.11 When the hydrogels were immersed in PEG solution, a significant 
decrease in the water content was observed relatively to the PVA+PAA hydrogel. The PVA has a spatial 
distribution between crystalline domains embedded in amorphous polymeric matrix. When PVA is 
blended with PEG, the PVA crystallinity and lamellae packing is modified. A homogeneous blend is 
created with an average contribution from both polymers. The crystallites of PVA and PEG found a 
layered structure where hydrogen bonds and van der Waals forces play an important role. The folded 
chains of PVA and PEG origin crystallites, which are small, ordered regions, in an unordered, 
amorphous polymer matrix. With the increase of polymer concentration, the microstructure becomes 
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denser and the pore size decreases, resulting in a lower %SR and %EWC. 12,13 The annealing process 
almost did not affect the capacity of water absorption of the hydrogels, indicating that eventual structural 
changes do not have influence on this characteristic.  
 
3.1.2. Wettability 
 
The obtained contact angle values are significantly low, which indicates that the hydrogels are 
hydrophilic. The high swelling capacity of the samples is in line with this. Contrarily to PAA, whose 
addition to the polymer led to a decrease in the contact angle, PEG did not have significant influence. 
However, a decrease was observed after annealing. The results found in the literature and the ones that 
were obtained are not directly comparable because the method of measurement was different. Sessile 
drop is a method where the surfaces must be dry while in captive bubble the surface is equilibrated with 
the liquid. Moreover, besides the composition also the  surface roughness and surface heterogeneity 
influences the results.14 The increase of roughness of chemically stable solid surfaces may increase or 
decrease their contact angle and the liquid’s adhesion. The increase of the contact angle is due to 
contact line pinning at the surface asperities.15 Moreover, we can conclude that the values are of the 
same order of magnitude and adequate for the intended application.  
 

3.1.3. Mechanical Properties 
 
Comparing with the values of native cartilage for tensile tests (Table 1), the Young’s modulus obtained 
are low which indicates that the hydrogel samples deform easily under loads.  
Annealing treatment has the largest effect on the tensile Young’s modulus of the hydrogel (Figure 1 a)). 
When the hydrogel was subjected to high temperatures in the annealing treatment, the crystallinity of 
the hydrogel increased and therefore, the Young’s modulus augmented. The hydrogel became more 
rigid with a closed microstructure. The larger the Young’s modulus, the greater is the rigidity of the 
material and the stronger is the ability to resist tensile deformation.16 The tensile Young’s modulus tends 
to increase with the strain (Figure 1 b)).  
Concerning toughness, it has to do with the amount of energy a material can absorb or disperse, in the 
form of deformation, before it fractures from the imposed stress. PEG doped and annealed hydrogels 
have the higher tensile toughness which means they are tough materials that can stand high loads.  
 

 
Figure 1 a) Tensile stress-strain curves and b) Tensile Young’s modulus-strain curves for the PVA based hydrogels 

 
Table 1 Summary of the tensile properties of natural cartilage, PVA in the literature and PVA in the scope of this work  

Material Tensile Young’s 
Modulus (MPa) 

measured between 2 
and 4 Strain (%) 

Tensile Young’s 
Modulus (MPa) 

measured between 1 
and 1.2 MPa 

Tensile Toughness 
(MJ/m3) 

Native Cartilage 5-2517   
PVA in the literature 0.4716 

1.3718 
  

PVA+PAA in the 
literature  

0.3416 
0.82-1.0618 

  

PVA 0.324±0.068 0.988±0.068 1.940±1.297 
PVA+PAA 0.154±0.020 0.706±0.021 1.101±0.654 

PVA+PAA+PEG 0.689±0.076 0.820±0.041 5.691±1.306 
PVA+PAA+PEG+AT 1.205±0.349 1.069±0.184 5.566±2.116 
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A typical viscoelastic behaviour is similar to that of natural cartilage under compression (Figure 2 a)). 
The obtained values are similar to the ones obtained for native cartilage (Table 2). PEG doped hydrogels 
present the higher value. The compressive Young’s modulus of the pig’s samples are higher than those 
observed for the hydrogel samples and the values found in the literature. This difference may be due to 
the asymmetry of the pig samples since it was difficult to cut discs from a biological sample. Moreover, 
the reference values for the native cartilage are from bovine samples. The compressive Young’s 
modulus increases with increasing strain (Figure 2 b)). The main factor influencing the stress-strain 
curves is the planarity of the samples. If the top and bottom-surface of the cylindrical sample are not 
perfectly parallel, the curve of the compressive Young’s modulus is reached at higher strains due to the 
inhomogeneous loading of the sample.19 The PEG doped hydrogel has the higher compressive 
toughness. The addition of PEG led to a dense and strong cross-linking network. 
 
 

 
Figure 2 a) Compressive stress-strain curves and b) Compressive Young’s modulus-strain curves for the PVA based hydrogels 

and pig’s samples  

 
Table 2 Summary of the compressive properties of natural cartilage, PVA in the literature, PVA in the scope of this work and 

pig’s cartilage 

Material Compressive Young’s 
Modulus (MPa) measured 

between 2 and 4 Strain 
(%) 

Compressive Young’s 
Modulus (MPa) measured 

between 1 and 1.2 MPa 

Compressive 
Toughness 

(MJ/m3) 

Native Cartilage 0.24-0.8517 
0.31-0.8020 

  

PVA in the literature 0.070-0.80121 
2.56-3.6820 

  

PVA 0.200±0.039 6.074±0.302 0.281±0.088 
PVA+PAA 0.137±0.036 6.722±0.654 0.360±0.076 

PVA+PAA+PEG 0.537±0.124 5.849±0.524 0.494±0.058 
PVA+PAA+PEG+AT 0.263±0.088 5.556±0.438 0.422±0.021 

Pig’s Trochlea 1.297±1.103 7.638±1.200 0.197±0.031 
Pig’s Meniscus 3.268±1.571 8.353±1.588 0.273±0.046 

 
Comparisons of tensile properties with compressive properties demonstrate a difference between the 
tensile and compressive properties of hydrogel samples. Cartilage or polymer properties depend on test 
conditions such as the type of load, time of application of the load, temperature, strain rate and fibre 
orientation. Anisotropy and tensile-compressive nonlinearity are two reasons why PVA based materials 
might behave differently under tensile and compressive stresses.22  
 
3.1.4. Tribological Properties  
 
Under 10 N, PVA and PVA+PAA samples presented no wear, however, for 20 N there was visible wear 
in the surface of the samples. Therefore, for the higher studied load, the CoF could not be obtained.  
The PEG doped hydrogel has the lower CoF value under 10 N and 20 N. PEG is hydrophilic and 
tribological studies of the wear behaviour determined that it sustain damage predominantly by a 
combination of adhesive wear and partial or total delamination, which occurs at sites with surface 
defects.23 Amontons’ first law states that friction is directly proportional to the normal load and is obeyed 
by solid materials.24 The results confirm that the CoF of PVA based hydrogels are dependent on load.  
Annealing leads to a similar behaviour, but CoF values are slightly higher at both loads.  
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The measured CoF of the hydrogel samples and the native cartilage and PVA hydrogels from the 
literature are different. The lubricating medium also plays an important role. The synovial fluid is crucial 
for low friction in natural joints and one of the reasons the obtained CoF are high when compared with 
values of the native cartilage may be due to the use of PBS instead of synovial fluid (SF). Hyaluronic 
acid (HA), one of the components of SF, was found to help human cartilage to reduce friction by more 
than 40%.24 Native cartilage has a low CoF under different loads, as the values obtained from the 
literature confirm (Table 3). The higher values obtained for the studied hydrogels may be due to 
material’s roughness at the surface and interfacial relatively to the counter body.  
 
Table 3 Data of the coefficient of friction of the hydrogel samples measured at 10 N and 20 N, native cartilage and PVA samples 

found in the literature  

Sample CoF at 10 N CoF at 20 N 
Native Cartilage 0.025-0.045 (SF at 10 N)1,25 

 
0.005-0.57 (SF at 30 N)26  

0.03±0.01-0.46±0.06 (BCS at 20 N)7  
PVA in the literature 0.30±0.10 (DD water at 7 N)11 

0.12 (Ringer’s solution at 10 N)24 
0.12±0.01-0.14±0.02 (BCS at 20 N)7 
0.084 (Ringer’s solution at 22 N)24 

PVA+PAA+PEG+AT in 
the literature 

0.02±0.01-0.05±0.02 (DD water at 7 
N)11 

 

PVA 0.110±0.018  
PVA+PAA 0.202±0.032  

PVA+PAA+PEG 0.096±0.012 0.117±0.008 
PVA+PAA+PEG+AT 0.127±0.009 0.171±0.025 

 
3.1.5. Morphology 
 
PVA and PVA+PAA samples have pores in their network which justify the high %SR and %EWC (Figure 
3 a) and b), respectively). On the other hand, the PEG doped (Figure 3 c)) and annealed (Figure 3 d)) 
samples do not present a porous structure. PVA+PAA hydrogels have larger pores when compared with 
PVA hydrogels which leads to an increased amount of water absorbed by the hydrogels. Regarding the 
PVA+PAA+PEG hydrogels, PEG enters through the porous network filling the empty space. Therefore, 
a non-porous homogeneous microstructure was observed. The annealing treatment does not change 
the microstructure of the hydrogel since it also has a non-porous polymer network. However, some 
irregularities can be observed. 

 
Figure 3 Microstructure of a) PVA, b) PVA+PAA, c) PVA+PAA+PEG and d) PVA+PAA+PEG+AT hydrogels under SEM 

 
Concerning cartilage morphology, it is characterized by a porous and highly organized fibrillar network. 
From the porcine samples we can observe from Figure 4 that cartilage from the trochlea has an oblique 
predominant orientation.27 However, we were unable to observe its pores or fibres in great detail. 
Nonetheless, from the pig’s meniscus we observe fibres and pores which are in agreement with the 
microstructure of articular cartilage.28  
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Figure 4 Microstructure of articular cartilage from a) Pig’s Trochlea and b) Pig’s Meniscus under SEM 

 
3.1.6. Drug Release Quantification 
 
Drug release of the diclofenac hydrogels takes place rapidly: after 8h no more drug is released (Figure 
5 a)). PVA hydrogels release a lower amount of drug while PVA+PAA and PVA+PAA+PEG hydrogels 
release the larger amounts. The PVA hydrogel has many pores in its microstructure and the drug enters 
the network easily. However, the drug also leaves faster since there is no obstacle to its release. The 
drug release from the PVA+PAA is higher than the PVA due to the incorporation of PAA in the 
microstructure that has hydrophilic side groups such as (-COOH).11 Moreover, diclofenac is a hydrophilic 
drug and therefore shall establish interactions with PAA that enhances its loading and subsequent 
release. PEG is hydrophilic and diclofenac has a low water solubility. When diclofenac enters the 
PVA+PAA+PEG network, its release increases. When the hydrogels are annealed at high temperatures, 
PEG solubility decreases and PEG molecules collapse. The reduction of the drug release amount for 
the PVA+PAA+PEG+AT hydrogel is therefore justified by the collapse of PEG molecules.29,30 The 
addition of vitamin E to the hydrogels induced significative changes in the drug release profiles (Figure 
5 b)). Results show that vitamin E loading in the hydrogels can increase the release up to two days. The 
PVA hydrogels have the lowest cumulative mass which indicates that the vitamin E almost did not 
change its release profile when comparing to the results without vitamin E loading. In the PVA+PAA 
hydrogels, the drug is out in less than one day which is similar to the release of the hydrogel without 
vitamin E loading. However, with vitamin E the cumulative mass decreases significantly when comparing 
the results with the ones without vitamin E. This may be due to the fact that vitamin E can establish 
interactions with PAA through its hydrophilic domain, preventing the drug of doing it, and therefore 
decreasing the amount of drug loaded and released. Regarding the PVA+PAA+PEG and 
PVA+PAA+PEG+AT hydrogels, the drug is released after two days which is a significant improvement. 
The hydrogel that was annealed shows the best release profile indicating that the annealing treatment 
and the vitamin E have a synergistic effect.  
 

 
Figure 5 a) Release of diclofenac and b) Release of diclofenac and vitamin E for the hydrogel samples 

 
3.1.7. Biocompatibility 
 
PVA based hydrogel is biocompatible, since the chorioallantoic membrane does not have signs of 
haemorrhage, coagulations and/or vessel lysis after 5 minutes in contact with the sample. Therefore, 
the hydrogels may be used in contact with human tissue seeing that no irritation occurred.  
 
3.1.8. Sterilization 
 
After the sterilization of the annealed hydrogels by HPP, the compressive mechanical properties and 
the diclofenac release profile were analysed. These results are shown in Figure 6 and Table 4. 
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Figure 6 a) Compressive stress-strain curves of the hydrogel PVA+PAA+PEG+AT before and after sterilization and the of the 

pig’s cartilage tissues and b) Release of diclofenac and vitamin E for the PVA+PAA+PEG+AT hydrogel before and after 
sterilization 

 
Table 4 Summary of the compressive properties of the sterilized and non-sterilized PVA+PAA+PEG+AT hydrogel 

Material Compressive Young’s 
Modulus (MPa) measured 

between 2 and 4 Strain 
(%) 

Compressive Young’s 
Modulus (MPa) measured 

between 1 and 1.2 MPa 

Compressive 
Toughness 

(MJ/m3) 

PVA+PAA+PEG+AT 0.263±0.088 5.556±0.438 0.422±0.021 
PVA+PAA+PEG+AT S 0.136±0.002 6.998±0.629 0.203±0.002 

 
The sterilization of the annealed hydrogel turns the network structure softer since the compressive 
Young’s modulus between 2 and 4 strain (%) decreases and the compressive toughness (MJ/m3) also 
decreases. The obtained results indicate that the annealed hydrogel, once is sterilized behaves less 
tough and rigid. However, the compressive Young’s modulus between 1 and 1.2 MPa increases (Table 
4). Taking into account the mechanical properties of natural articular cartilage that are intended to be 
mimic, the method of sterilization should be improved in order to not impair the properties of the 
hydrogel. The drug release of the diclofenac with vitamin E takes place rapidly: after 1 day no more drug 
is released (Figure 6 b)). The release of cumulative mass for the sterilized hydrogel is less than the one 
for the unsterilized hydrogel. The obtained results show that the sterilization by HPP changed the 
release profile and therefore, changed the interactions of the drug with the polymeric matrix and/or the 
structure of such matrix.  
 
4. Conclusions and Future Work 
 
This work aimed to develop a therapeutic PVA based hydrogels that allow simultaneously to substitute 
damaged articular cartilage that is present in several joint pathologies and to release an anti-
inflammatory that help to relieve post-operatory symptoms. Similarly, to natural cartilage, all the 
produced samples are hydrophilic, present a high degree of swelling and low CoF due to its biphasic 
nature. It was found that the addition of hydrophilic polymer PAA to the PVA hydrogel increases 
significantly the water absorption capacity of the material and the amount of drug loaded and posteriorly 
released. Incorporation of PEG in the PVA+PAA hydrogel results in higher lubricity, better mechanical 
properties, but lower swelling ratio. However, the amount of drug released remains similar to what was 
observed with PVA+PAA. The annealing treatment improves the crystallinity and crosslinking of the 
hydrogel enhancing its strength and mechanical properties. Moreover, the annealed hydrogel presents 
the higher cumulative drug release when the hydrogel is previously loaded with vitamin E. The 
biocompatibility has been confirmed by HET-CAM test indicating it might be safely used in direct contact 
with human tissues. Sterilization by HPP led to a soft polymer and to a decrease in the cumulative drug 
release of the annealed hydrogel. Nevertheless, although the PVA+PAA+PEG+AT hydrogel was the 
one that presented the best behaviour in general terms, further research is needed to improve the 
hydrogel to get a more prolonged release of drug and to obtain a sterilized hydrogel with good 
tribomechanical behaviour closer to the natural cartilage. Other aspects such as protein adsorption, 
chemical stability and cytotoxicity studies shall be addressed to fully characterize the material developed 
during this work.  
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