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b Departamento de Química Orgánica y Farmacéutica, Facultad de Farmacia, Universidad de Sevilla, Seville, Spain 
c Institute of Biomaterials, Department of Materials Science and Engineering, University of Erlangen-Nuremberg, Cauerstraße 6, 91058 Erlangen, Germany   

A R T I C L E  I N F O   

Keywords: 
Biphasic implant 
Osteochondral defects 
Porous titanium substrates 
Gelatin coating 
Structural characterization 
Tribomechanical behavior 

A B S T R A C T   

In this work porous commercially pure Ti substrates fabricated by spacer-holder technique (50 vol% NH4HCO3 
and three range pores sizes, 100–200 μm, 250–355 μm and 355–500 μm) were coated with two types of 
gelatinous materials, one as a linear polymer (non-crosslinked) and another one crosslinked. The role of the 
crosslink, as well as the morphology, size and degree of interconnectivity of gelatins coatings on their tribo- 
mechanical behavior (P-h curves and scratch tests) were analyzed. Results revealed a new promising route to 
manufacture composite porous implants which are potential candidates to develop new treatments, not only for 
osteochondral defects, but also for other types of damages involving tissues of different nature (hard and soft) 
perfectly joined.   

1. Introduction 

Bone is a dynamic organ. It maintains itself by a continuous process 
of regeneration in which the action of osteoblasts and osteoclast are 
carefully balanced to conserve the bone mass [1]. However, this balance 
tends towards osteoclast activity with age after 40 years of age an 
important reduction of the bone mass and therefore density of the bone 
occur, which leads to fractures and degenerative illness such as osteo
porosis [2–4]. In fact, the degradation of bone tissue and the derived 
pathologies are important diseases affecting the world population 
nowadays and are considered as a significant public health problem 
[5,6]. Quite often, the density and thickness reduction of the cortical 
bone comes accompanied by degradation of the articular cartilage. The 
combination of these two conditions leads to osteochondral defects, that 
could even induce the appearance of osteoarthritis and eventually dis
abilities [7]. Although some treatments such as autograft or allograft 
transfers or bioengineered tissue implantation are applied to address 
osteochondral defects, these are focused on the recovery of the articular 
cartilage only [8]. A convenient procedure to treat this disease is the use 
of biphasic constructs [9], also known as osteochondral implants, that 
could simultaneously remedy the defects in both bone and cartilage 
tissues. They consist in a rigid scaffold that replace the bone tissue and a 
flexible coating that mimics the cartilage. Indeed, Schaefer et al. [10] 

suggested that this type of implants is even recommended for chondral 
defects, in which the cortical bone is not affected, because they improve 
the implant integration since the cartilage-to-cartilage interface presents 
higher difficulty to merge than the bone-to-bone interface. 

Currently, different biphasic implants have been already investi
gated. Some of them use polymeric materials as the subchondral phase. 
Thus, for instance, two kinds of hybrid scaffolds were developed by 
Swieszkowski et al. [11], both based on polycaprolactone (PCL). The 
first biphasic scaffold was composed of fibrin as the cartilage phase and 
porous PCL as the subchondral phase. The second system consisted of 
PCL, to promote cartilage regeneration, while a composite of PCL and 
calcium triphosphate acted as bone substitute. Other approaches 
involved proactive glass scaffolds for the subchondral bone part and for 
the cartilage layer [12]. However, the use of metals as bone replacement 
has also been widely investigated, specially Ti and its alloys due to their 
great biocompatibility, mechanical performance and superior corrosion 
resistance [13–15]. Metal implants could provide the biomechanical 
support required by the cartilage in the hydrostatic compression. In this 
sense, Frosch et al. [16] applied a fully dense Ti implant seeded by 
mesenchymal stem cells to achieve the regeneration of the hyaline-like 
cartilage. However, fully dense Ti implants present limitations such as 
a high Young's modulus, compared to bone, which causes the stress- 
shielding phenomenon [17]. To minimize this limitation, the use of 
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porous Ti has been reported in the literature, regarding scaffolds made 
by manufacturing, powder metallurgy or foaming techniques [18–21]. 
Among the different technologies to fabricate porous Ti implants, the 
space-holder technique, based on powder metallurgy, stands out 
considering its versatility, reliability, and low cost [22–26], what points 
it out as the ideal technique to modulate the implant stiffness. 

As previously mentioned, a biphasic implant is also composed of a 
flexible material that should mimic the cartilage tissue promoting its 
recovery. A broad range of materials, composites and scaffold has been 
tested for cartilage regeneration [7,9,27–29]. However, to our knowl
edge, the only research work proposing a biphasic implant based on Ti 
was carried out by Duan et al. [8]. In it, they presented an implant where 
the bone tissue was substituted by porous Ti while type I collagen 
dopped with glycosaminoglycan was used to mimic cartilage tissue. 
Although they demonstrated that this type of biphasic systems had very 
promising results for repairing osteochondral defects from a tissue 
regeneration point of view, in depth studies about the mechanical 
properties of the final implant are required to confirm their potential 
application in vivo and their long-term stability. 

The main goal of this research work has been to manufacture and 
characterize a biphasic implant capable of solving both the stress 
shielding problems of titanium implants, as well as the possibility of 
replacing damaged soft tissue (osteochondral defects in cartilage). For 
instance, they could be used as potential solution for simultaneous 
replacement of damaged areas of bone tissues (for example, a tumor) 
located in an area of a joint (covered with cartilaginous tissues and 
replaced, in this case, by the gelatinous material). Gelatins are 
commonly used in tissue engineering for the regeneration of skin 
[30–32], cartilage [33–35] and bone [36–38]. Gelatin is a biopolymer 
obtained from the hydrolysis of collagen, the main constituent of con
nective tissues and bones of vertebrate animals [28]. In addition to its 
availability and biocompatibility, gelatin offers the possibility of mod
ulation of its mechanical properties using its crosslinking capability 
when the right chemical reactions are applied. Therefore, in this work, it 
is proposed to evaluate the influence of porosity and the presence of 
crosslinks of porous gelatin obtained by the freeze-drying method on its 
tribo-mechanical behavior. 

2. Experimental section 

Porous titanium substrates were manufactured by the space-holder 
technique (SH) from commercially pure Ti (c.p. Ti) powder, grade IV 
[39], provided by SEJONG Materials Co. Ltd. (Seoul, Korea), with a 
mean particle size of d[50] = 23.3 μm [40] and 50 vol% ammonium 
bicarbonate (NH4HCO3), (BA), provided by Cymit Química S.L. (Spain), 
which were sieved to separate them in different particle size ranges 
(100–200 μm, 250–355 μm and 355–500 μm). As depicted in Fig. 1 and 
according to the SH technique, c.p. Ti was mixed with the BA spacer 
particles for 40 min, to ensure the homogeneity of the mixture. The 
homogeneous blend was pressed at 800 MPa with an Instron 5505 
universal testing machine (Instron, U.K.). The BA was later vacuum 
removed in an oven applying 60 ◦C for 10 h followed by 110 ◦C for 
another 10 h, at low vacuum (10− 2 mbar). Finally, a sintering process 
(1250 ◦C for 2 h at high vacuum, 10− 5 mbar) in a ceramic tubular 
furnace was applied to obtain the bare porous Ti samples. 

The porosity of the substrates was studied by Archimedes' method for 
the determination of the density, total and interconnected porosity (ρ, 
PT, and Pi, respectively) [41] . Also, the substrates were analyzed by 
image analysis (IA) by the measure of the equivalent diameter (Deq) and 
the shape factor (Ff), defined by Eq. (1): 

Ff =
4πA
(PE)2 (1)  

where A is the pore area and PE is the experimental perimeter of the 
pseudo-elliptic pores. 

Following, two different gelatin-based coverings were evaluated: the 
first one consisted of a coating prepared from gelatin from porcine skin, 
type A (powder, Sigma-Aldrich); the second one was a crosslinked 
version of the same gelatin. To prepare the coverings, gelatin was dis
solved in deionized water (3% w/v) at 60 ◦C (Fig. 1). For the crosslinked 
material, a 7% (v/v) of a glutaraldehyde (Sigma-Aldrich) solution in 
deionized water (0.25 v/v) was added to the previous solution. Once the 
mixture was completely dissolved and turned homogeneous, it was 
poured into a well of a 24-well plate where a sample was previously 
deposited. After 12 h drying at ambient conditions, substrates were 
subjected to freeze-drying. 

Gelatins were microstructurally characterized by Archimedes' 

Fig. 1. Schematic of the complete manufacturing and characterization processes of coated porous Ti substrates. Note: the crosslinking reaction of the gelatin with 
glutaraldehyde is also included. 
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method (ρ, PT, and Pi), carefully cutting small cubes of approximately 27 
mm3, and by SEM observations (size and morphology of the pores), 
although in this case just the top view of the gelatins was analyzed. On 
the other hand, the degree of gelatin infiltration and adherence to the 
porous titanium disc were investigated. To do so, gelatin was carefully 
removed from the titanium substrates to be able to observe the surface of 
the substrates. Then, SEM top-view images were acquired to evaluate 
the presence of remains adhered gelatin to the flat areas of the substrates 
as well as inside the pores. 

Finally, the tribo-mechanical characterization of gelatin coatings 
was performed for the two types of gelatin, non-crosslinked and cross
linked. Since gelatin samples were not perfect cylinders and neither the 
top view was not completely flat, the surface of the samples was pre
pared by carefully cutting a thin layer of the outer layer and/or carefully 
polishing it by hand, to avoid damage to the surface and at the same time 
obtain a flat surface that would allow us to correctly carry out the tribo- 
mechanical characterization (P-h curves and scratch test). Besides, such 
polishing of the samples avoided that the tip of the indenter was in 
contact with the wrong area, leading to erroneous results. Instrumented 
micro-indentation technique was used for micromechanical character
ization (penetration depth and elastic recovery), while to evaluate the 
scratch resistance, scratch tests were implemented at constant load. Both 
types of tests were carried out in a Microtest machine (MTR3/50–50/NI) 
fabricated by Microtest, S.A. Static loading-unloading tests (P-h curves) 
were conducted using a Vickers indenter. To ensure the contact between 
the indenter and the gelatin surface (top view), a preload force of 0.1 N 
was applied. The load–displacement curves were obtained by applying a 
maximum load of 1 N, at 0.25 N/mm and a dwell time of 10 s. On the 
other hand, scratch tests at constant load (1 N) were performed 
employing an indenter of 200 μm radius Rockwell C diamond stylus. The 
scratch length was set at 4 mm and a strain rate of 0.5 mm/min. The 
normal load is continuously recorded during scratching. Sliding contact 
response was given in terms of scratch penetration-load curves. Also, the 
corresponding friction coefficient was computed through the normal 
and tangential force, both measured by a strain-gauge type dynamom
eter. Further, the real plastic deformation and elastic recovery were 
evaluated, once the in-situ scratch test has finished, then the groove was 
examined at speed of 0.5 mm/min, in reverse direction and without 
applied load. 

3. Results and discussion 

3.1. Microstructural characterization of the c.p. Ti porous substrates and 
gelatins 

Initially, and prior to the substrate coating, bare as-fabricated c.p. Ti 
samples were characterized in terms of porosity. In this sense, PT, Pi, Deq 
and Ff were measured by image analysis and Archimedes' method 
(Table 1). A total porosity around 50% was estimated (ranging just be
tween 51 and 52%), according to the amount of BA added during the 
fabrication procedure. Also, the density was similar for the different 
substrates (~2.2 g/cm3). However, the interconnected porosity was 
higher for the smaller pore size distribution (100–200 μm) and the 

morphology of the pores was less regular (Ff decreased). These two is
sues reinforce the idea that a higher probability of particle coalescence 
appears when the sizes of the applied spacer-particle are smaller. In the 
literature, mathematical equations are reported to relate the micro
structural parameters with the mechanical behavior of porous titanium 
substrates [42]. Also, it is widely accepted that although the size of the 
pores favors the vascularization of the implant and infiltration phe
nomena [43–46], it can also compromise the tribo-mechanical behavior 
of the implant or scaffold. In this context, titanium substrates with a pore 
size in the range between 250 μm and 355 μm could have an enhanced 
balance of bio-mechanical and bio-functional behavior. 

As depicted in Fig. 2, the gelatin coatings were obtained as soft 
foams, of white colour in the case of the non-crosslinked covering, and 
yellowish in the crosslinked material. Once the coverings were obtained, 
their densities and porosities were characterized, both estimated by the 
Archimedes' method after cutting the coatings in small cubes with a 
knife (Fig. 3). The densities of all coatings were very similar, ranging 
from 0.032 to 0.037 g/cm3. However, it is worth mentioning that, in the 
case of the non-crosslinked gelatin, the density values did not follow a 
trend, probably due to different polymer chain orientations when the 
sample was freeze-dried, mainly considering that for the non- 
crosslinked gelatin the polymeric chains could freely move in solution; 
for the crosslinked materials, a slight reduction in the density values was 
observed. Regarding the porosity, all samples showed a total porosity 
very close to 100%. For the non-crosslinked gelatin, the interconnected 
porosity was similar in all cases, however, for the crosslinked polymeric 
material, there was a clear increment in the interconnected porosity 
with the increase of the spacer sizes of the substrates, probably due to an 
increment in the water content, as the decrease in the density points out. 

As previously mentioned, the combination of porous c.p. Ti sub
strates with gelatin-based coatings was proposed as a potential candi
date to solve the stress shielding problems in cortical bone tissue and the 
osteochondral defects in articular cartilage. Once the reliability of the 
fabrication of the porous Ti substrates was demonstrated, the gelatin- 
based coating had to be evaluated. For this purpose, two types of coat
ings were suggested: one based on pure porcine gelatin, Type A, and 
another based on porcine gelatin crosslinked with glutaraldehyde, 
(Fig. 1). In both cases, a gelatin solution (3% w/v) was prepared in 
deionized water. However, for the crosslinked gelatin, a 7% v/v of a 
glutaraldehyde solution (0.25% v/v) in deionized water was added. The 
presence of the aldehyde groups of the glutaraldehyde leads to a Schiff's 
Base reaction with the pendant amino group on the lysine residues 
present in the proteinic chain. The reaction of the two-aldehyde groups 
in the same glutaraldehyde molecule with two different gelatin chains is 
translated into the crosslinking of the polymeric material [47]. 

SEM studies (Fig. 4) demonstrated that, in general terms, the pore 
size of the coatings increased with the spacer size of the substrates. In 
addition, the pore size distribution seemed more homogeneous for the 
crosslinked gelatin, which reinforced the idea of a random distribution 
of the proteinic chains in solution when the material was non- 
crosslinked, entailing a higher randomized generation of pores. How
ever, the freedom of movement of the gelatin chains was drastically 
reduced with the crosslinking leading to a homogeneous distribution of 
the material. Besides, crosslinked gelatin generally replicated the 
porosity of the substrate onto which they were deposited. A reticulated 
structure was observed, like a honeycomb, with a preferential orienta
tion. The size of the channels was estimated by the linear intercept 
method, revealing an average size of 135 ± 17 μm and 189 ± 29 μm, for 
the porous substrates 100–200 μm and 250–355 μm, respectively. This 
fact practically disappeared for the larger range pore size, which could 
be associated with the coalescence of the channels. 

In addition, the proteinic coatings were perfectly fixed to the sub
strate surfaces. A good adhesion to the flat area of the c.p. porous Ti 
substrates was achieved. Moreover, a kind of anchorage of the gelatin to 
the wall of the pores was observed which enhanced the adhesion of the 
gelatin coating to the substrate. This fact was demonstrated by SEM 

Table 1 
Microstructural characterization of porous titanium substrates.  

Range pore 
size (μm) 

Archimedes' method Image analysis 

ρ (g/ 
cm3) 

PT (%) Pi (%) PT (%) Deq 

(μm) 
Ff 

100–200 2.21 ±
0.16 

51.1 ±
3.6 

50.4 ±
4.1 

49.2 ±
1.3 

116 ±
28 

0.68 ±
0.03 

250–355 2.15 ±
0.11 

52.2 ±
2.4 

49.2 ±
3.6 

54.6 ±
1.8 

240 ±
19 

0.84 ±
0.01 

355–500 2.22 ±
0.12 

50.7 ±
2.6 

45.2 ±
3.6 

48.5 ±
1.2 

403 ±
26 

0.79 ±
0.02  
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observations of the substrates' surface after cutting the coating at their 
interface level. Fig. 5 reveals that both gelatinous materials were able to 
enter and solidify inside the pores. 

3.2. Tribo-mechanical characterization of the porous gelatin coatings 

Concerning the tribo-mechanical behavior of the gelatin coated 
substrates, P-h curves and scratch tests were performed. It is worth to 
remark the role of the substrate in the tribomechanical behavior of 
gelatin. The tribomechanical tests were performed on the top-view of 
the gelatin coatings. The thickness of gelatin was large enough so the 
results were not influenced by the porous c.p. Ti substrate. Then, the 
effect of the substrate was negligible in measurements of P-h curves and 
scratch tests. The porous titanium substrate only influenced the type and 
size of the gelatin porosity, thus indirectly influencing the tribo
mechanical behavior. Fig. 6 shows the micro-mechanical loading- 
unloading curves of the coated c.p. Ti porous substrates, comparing the 
pore sizes for non-crosslinked and crosslinked gelatin. On the other 
hand, Fig. 7 displays the P-h curves comparing the non-crosslinked and 
crosslinked gelatin for the same pore sizes (100–200 and 355–500 μm). 
Just smaller and larger pores were compared to evaluate the effect of the 
porosity. The characteristic parameters are summarized in Table 2. For 
the same type of coating, the penetration depth (maximum and per
manent) increases with the pore size, independently of the gelatin (non- 
crosslinked or crosslinked). However, the elastic recovery is higher in 
the case of the non-crosslinked gelatin. For the same size of the pores, 
the characteristic parameters, penetration depth and elastic recovery, 
were similar for the two tested coatings. 

The trends observed in Figs. 6 and 7 allowed the following obser
vations. On the one hand, regardless of the type of gelatin (with and 
without crosslinking), as gelatin was less dense and/or presented larger 

Fig. 2. Optical images of the bioactive gelatinous coatings. Common scale bar.  

Fig. 3. Density and interconnected porosity estimated by the Archimedes' 
method in non-crosslinked and crosslinked gelatin samples. The total porosity 
was 99.5 ± 0.1% in all cases. 
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pores, and its microhardness decreased (permanent penetration depth 
increased). On the other hand, an inverse relationship was generally 
observed between the pore size of gelatin (Fig. 3) and the elastic re
covery in relative terms. This fact was less representative in gelatins with 
the presence of crosslinking (the “shape memory” effect prevailed 
regarding the type of pores). 

A more detailed analysis of Fig. 7a, allowed to indicate a particular 
behavior, since up to 0.6 N of applied load, the crosslinked gelatin 
presented “softer” behavior, while for higher loads the trend was 
reversed. This behavior of the crosslinked gelatin obtained on the c.p. Ti 
substrate with pores in a size range of 100–200 μm could be related to 
the role of the channels in the honeycomb-like structure. So, for small 

loads only the influence of an independent channel would be evaluated 
while (see Fig. 7a, load lower than 0.6 N), as the deformation increases, 
the contribution of the rest of the contiguous channels would be relevant 
and, therefore, the crossovers would play an important role. A similar 
analysis over the gelatin obtained on substrates with a larger spacer size 
(355–500 μm) revealed the inverse trend (Fig. 7b). In this case, there is 
no honeycomb structure, so the behavior was more isotropic (there was 
not preferential direction) and the crosslinks were responsible for the 
greater stiffness observed in this type of gelatin. It is worth to note that 
although a homogenization of the behavior was observed for 1 N, the 
relative elastic recovery of the crosslinked gelatin was much higher, 
corroborating their role in the micromechanical behavior of this type of 

Fig. 4. SEM top-view micrographs of the bioactive gelatin coatings. Common scale bar. Inset: higher magnification images.  

Fig. 5. SEM top-view micrographs of the surface of 100–200 μm porous Ti substrate after removing the gelatin coating. Arrows indicate the rest of gelatin covering 
the flat areas and inside the pores. Common scale bar. 
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material. In this curve, like-steps were observed. They could be related 
to the morphology and stacking of the gelatin and their effects over the 
load during the breakage process of the gelatin layers (see the arrows in 
Fig. 7b, indicating the drop of the load). 

Concerning the scratch test, the main parameters are summarized in 
Table 2 and the curves are displayed in Figs. 8 and 9, in which the in
fluence of the pore size range and the gelatin type (non-crosslinked or 
crosslinked) are shown. The elastic relaxation behavior was evaluated 
by the differences between the in-situ penetration (plastic and elastic 
deformation) and the real plastic deformation (penetration depth) 
associated to the scratch tests is shown in Fig. 8, for the smaller and 
larger pore sizes of the tested coated samples, while Fig. 9 displays the 
graphic corresponding to the plastic deformation comparing the samples 

by the type of gelatin (non-crosslinked and crosslinked) and by the size 
of the pores (100–200 and 355–500 μm). Table 3 summarizes the ab
solute elastic recovery of the studied samples. In the case of the cross
linked gelatin coating, all pore sizes presented similar values of the 
absolute elastic recovery, which were lower than the non-crosslinked 
gelatin. However, in the case of the non-crosslinked gelatin, there was 
a clear difference of the measured values, being higher for the larger 
pore sizes. 

A general analysis of the scratch results revealed an arch shape, 
which suggested that the gelatins were not homogeneous over the whole 
surface of the disc, being denser at the edge (note that the scratch 
resistance was higher, that is, the penetration was lower). This fact could 
be produced by an edge effect during the gelatin manufacturing process. 
In the same sense, the resistance to scratching in the central area was 
lower, which indicates that the gelatin was softer in this area (greater 
porosity or larger pores). In this context, crosslinked gelatins and/or 
deposited on porous c.p. Ti substrates with the smallest range of porous 
sizes, presented a greater homogeneity. 

In view of these results, it could be concluded that, on the one hand, 
for the same type of gelatin, the elastic recovery was inversely propor
tional to the interconnected porosity of the gelatin (see Fig. 2) since 
smaller range pores size of the substrates presented higher Pi of the 
gelatin, therefore, the elastic recovery was lower (for example, for the 
100–200 μm substrate and non-crosslinked gelatin, Pi = 43.4% and the 
relative elastic recovery was 23% versus the 13% observed for the 
355–500 μm substrate coated by crosslinked gelatin with a Pi = 38.4%. 
On the other hand, the penetration depth was directly proportional to Pi. 

Fig. 6. P-h curves of porous c.p. Ti coated with a) non-crosslinked and b) crosslinked gelatin.  

Fig. 7. P-h curves of porous c.p. Ti of range pore sizes of a) 100–200 and b) 355–500 μm.  

Table 2 
Characteristic parameters of P-h curves.  

Spacer size range (μm) Non-crosslinked 
gelatin 

Crosslinked gelatin 

100–200 355–500 100–200 355–500 

Penetration 
depth (μm) 

Maximum 
value 

359 524 334 537 

Permanent 
value 

248 440 249 411 

Elastic recovery Absolut value 
(μm) 

111 84 85 126 

Relative 
value (%) 

31 16 25 23  
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Besides, for the same type of substrate, the elastic recovery of gelatin 
decreased in the case of the crosslinked gelatin. 

Finally, although in vitro and in vivo studies will be planned as future 
work to demonstrate the applicability of this approach to treat osteo
chondral defects, the biocompatibility of gelatin is widely known. In 
fact, Hernandez et al. [48] proved that the use of gelatin is not only 
biocompatible but also enables greater fibroblast attachment. In another 
example, Sun et al. [49] verified that gelatin-based composites were not 
cytotoxic in vitro, using a NIH 3 T3 murine cell line, and in vivo, in 12- 
week-old male Wistar rats. Also, the non-thrombogenicity of gelatin- 
based hydrogels has been confirmed by Krüger-Genge et al. [50]. 

4. Conclusions 

In this work, c.p. Ti porous substrates were fabricated by the spacer- 
holder techniques with three different pore size ranges (100–200 μm, 
250–355 μm and 355–500 μm) and coated with two types of gelatinous 
materials, one as a linear polymer (non-crosslinked) and another one 

Fig. 8. Penetration depth during and after the scratch tests.  

Fig. 9. Permanent plastic deformation after the scratch, comparing a) non-crosslinked vs crosslinked gelatin for the smaller pore size range substrates and b) the pore 
size range for the crosslinked gelatin. 

Table 3 
Absolute and relative permanent plastic deformation values.   

Size of the 
pores (μm) 

Non-crosslinked 
gelatin 

Crosslinked gelatin 

100–200 355–500 100–200 355–500 

Permanent 
deformation 
depth 

Maximum 
(μm) 

525 489 450 782 

Average 
(μm) 

449 ±
63 

368 ±
57 

396 ±
36 

692 ±
40 

Elastic recovery Absolut 
(μm) 

135 ±
13 

241 ±
87 

100 ±
21 

103 ±
58 

Relative (%) 23 ± 4 42 ± 20 20 ± 4 13 ± 7 

Note: It is important to remark that the gelatin behavior observed in P-h curves 
and scratch tests could be different since P-h curves are static tests while scrath 
tests are considered to be dynamic. Besides, it is worth to emphasize the role of 
the crosslinking and the porosity (morhology, percentage, size and inter
connectivity) on the analyzed behavior. 
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crosslinked. The role of the crosslink, as well as the morphology, size and 
degree of interconnectivity of the porosity of the gelatin samples on their 
tribo-mechanical behavior were analyzed. These coated substrates were 
evaluated with the aim of finding an improved biomechanical and bio
functional behavior. Concerning the biomechanical behavior, the in
termediate size (250–355 μm) represented the equilibrium in terms of 
mechanical properties. Besides, it presented a suitable size for bone 
ingrowth. The biofunctional behavior was also evaluated in terms of the 
infiltration and adherence of the two types of gelatins. In general, both 
were able to adhere independently of the substrate. Lower microhard
ness (larger permanent penetration depth) and lower elastic recovery 
were observed for higher porosity gelatins (non-crosslinked and cross
linked). These preliminary results open a new promising route to 
manufacture composite porous implants which are potential candidates 
to develop alternative treatments, not only for osteochondral defects, 
but also for other kind of damages in which tissues of different nature 
need to be perfectly joined. 
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