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A B S T R A C T

Decellularized tendon xenografts offer a promising alternative for reconstruction by using ubiquitously available
material. This study compares static and centrifugal seeding of avian tendon scaffolds with NIH 3T3 fibroblasts.
Incorporation of viable cells was achievable with both techniques, represented by DNA content. Proliferation
rate and viability assay showed neither damage by centrifugal force nor superiority of the technique. Cell
proliferation after 10 days of culture demonstrated that the scaffold did not hinder 3-D culturing. Confocal laser
microscopy revealed structural details as formation of focal adhesions, to provide deeper insight into the process
of cell attachment and growth in xenografts.

1. Introduction

Thirty-two million tendon and ligament injuries each year are pla-
cing an enormous burden on the US health care system.1 The goals of
treatment in these cases are to restore normal joint motion and func-
tion, reduce pain, and prevent further degeneration. However, this
treatment is still addressed with limited options. Primary repair may
result in poor functional outcome, autografts may cause severe donor
site morbidity, and allografts may elicit inflammatory responses caused
by remnant cell content.2 Therefore, the emerging field of tissue en-
gineering has sought to find a solution for ligament and tendon re-
placement. Recent authors have defined the ideal replacement scaffold
as biodegradable and porous, which supports cell ingrowth and re-
modeling of the material with formation of ligamentous/tendinous
tissue, resulting in a construct of sufficient strength to withstand the
demanding biomechanical strain after implantation.3

Tendon xenografts offer a promising alternative for tendon and li-
gament reconstruction. These constructs combine the advantage of
ubiquitously available graft material with reduced immunogenicity due
to decellularization.4 Optimizing these decellularized constructs entails
preservation of the construct's signal molecules as well as incorporation
of external cells that allow graft remodeling and promote intrinsic
tendon healing.5 Pipetting a highly concentrated cell suspension onto a

porous graft is adduced as the standard seeding technique in our study
and it will be referred to as Static Pipetting. However, benefits of cell
seeding supported by an external force, like centrifugation, have also
been shown.6–8

The seeding of tendon scaffolds remains a crucial step in tissue
engineering due to their specific architecture: low porosity hinders deep
cell infiltration whereas high porosity causes problems in the cell at-
tachment process. It is a commonly observed issue that the cells form
flat sheets on the scaffold's surface during the seeding process which
may cause an obstruction of the pores.9,10

In order to assess a quantification of the seeding results and effi-
ciency biochemical assays, such as cell viability and cell content, are a
commonly used tool.10 The analysis of the efficiency of the seeding
process is mostly represented by an absolute number of cells3,11 or DNA
content.9 In contrast, the comparison to the native tissue to be replaced
is not common and the relation of the observed values lacks an im-
portant dimension. Instead, the result of the repopulation of scaffolds is
compared to the initially used cell amount for the seeding process.7

Cristino et al. proposed that understanding the early phase of cell
seeding in scaffolds is essential to success in developing new devices to
enhance tendon/ligament healing.12 Currently, the examination of cell-
biomaterial-interactions, as well as cell growth and differentiation re-
main a challenge for tissue engineering research. Confocal laser
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microscopy in combination with immunofluorescent staining is a
technique that can directly assess ultrastructural details on the cellular
level. This technique has proven its potential in examining cell shape
and behavior as well as interaction with synthetic scaffold material.13,14

The purpose of our study was to evaluate the efficiency of cell
seeding and increase knowledge of colonization mechanism of cells into
decellularized natural tendon xenografts that have the potential to be
used for reconstruction. We hypothesize that natural tendon xenografts
can be successfully seeded with both static and centrifugal cell seeding
techniques, facilitating in vitro 3-D culture to achieve a potent tendon
and ligament xenograft comparable to native tendon tissue.

2. Materials & methods

2.1. Xenograft preparation

Fresh chicken feet from 56-day-old Leghorn chickens were provided
at no cost by Wayne Farms (Dobson, NC). The long digit flexor digi-
torum profundus (FDP) tendon was harvested (Fig. 1: Steps of scaffold
preparation) and immediately decellularized using an established
protocol previously described.4 This procedure achieves a reduction of
the cellular material by exposing the tendons to peracetic acid, di-
gesting by trypsin and using the osmotic power of de-ionized water to
burst the remnant cells. After lyophilization, the decellularized xeno-
grafts were stored at −80 °C. Prior to the seeding experiments, the
xenografts were thawed individually, the dimensions were measured
and cut into uniform specimens (30 mm×3 mm x 1mm) discarding
non optimal end parts. Care was taken to maintain sterile conditions
throughout the thawing and preparation of the tendons.

2.2. Nih 3t3 fibroblast culture

This cell type was chosen due to its widely accepted use in tissue
engineering literature.15,16 The cells were purchased from Cell Biolabs
Inc. (San Diego, CA), as a stable GFP expressing cell line. The fluor-
escent feature allowed a histological differentiation between cell rem-
nants of the original chicken tissue and seeded, viable cells.17,18 The
cells were cultured at 37 °C and 5% CO2 in vented cap T75 cell culture
flasks (Corning, Corning, NY), containing 15 ml of culture medium
(Dulbecco's modified Eagle Medium+ 10% Newborn Calf Serum+ 1%
Penicillin/Streptomycin +1% L-Glutamin). The media were changed
every three days. Every passage was harvested at approx. 80%

confluence via trypsin detachment and subcultured. Only cells of pas-
sage two to nine were used for seeding.

2.3. Seeding techniques

2.3.1. Static pipetting
Depending on the literature, the incubation time and/or cell density

of a typical static pipetting procedure may vary.19 In our case,
1× 106 cells in 1ml medium were pipetted onto the exposed surface of
the scaffold in a six well plate. After 30min of incubation time, the
sample was flipped, and the opposite surface was seeded with the same
technique and cell number.

2.3.2. Centrifugal seeding
The principles of centrifugal seeding have been documented pre-

viously by Godbey and Roh.6,7 We modified Roh's centrifugal seeding
method according to our needs in tendon tissue engineering: 2 ml mi-
crotubes were filled with the 2ml (2× 106 cells) cell suspension and
the graft was submerged. One group of centrifugal seeding underwent
10min of centrifugation en bloc (1× 10min). In the other group, the
cell pellet which formed on the bottom of the tube, was resuspended
every 2min (5× 2 minutes). After completing the centrifugation in an
Eppendorf 5427 R (Eppendorf, Hamburg, Germany) at 2500 rpm, all
samples were transferred including the cell suspension into a six well-
plate for incubation and culture.

2.4. Biochemical assays

2.4.1. DNA/proliferation assay
After 24 h and 10 days of culturing, the DNA content was quantified

with spectrophotometric analysis. In order to reduce error - due to
loosely attached cell debris - the samples were rinsed prior to testing
three times with sterile DPBS (Gibco, Carlsbad, CA). The specimen was
cut into pieces of approx. 3 mm in length and end pieces were dis-
carded. This step eliminates spuriously high readings from cells at-
tached to the transected scaffold ends.20 Representative 3mm pieces (1
center, 1 towards each end) were minced, placed in a sterile microtube
and weighed prior to DNA testing.

The DNA microtubes were incubated with proteinase for 6 h in a
heat-block (Benchmark Digital Dry Bath BSH 1001) at 56 °C in order to
achieve proteolytic tissue digestion. The DNA content was extracted
using a DNeasy kit (DNeasyTM, Qiagen, Valencia, CA). The absorbance

Fig. 1. Steps of scaffold preparation. 1a: Chicken foot with excised FDP tendon. 1b: Isolated FDP tendon prior to decellularization. 1c: Freeze-dried tendon scaffold.
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at 260 nm wavelength was measured with a Nanodrop spectro-
photometer (Nanodrop 1000, Thermo Fisher Scientific, Wilmington,
DE) and the obtained DNA concentrations were normalized to the in-
itial weight of the sample. In addition, the cell content of all samples
was calculated by comparison to a standard curve of ascending con-
centrations of NIH 3T3 fibroblasts.

2.4.2. MTS/viability assay
Six 3mm pieces of each graft were used for the MTS viability

assay.10,20 Under aseptic conditions, each piece was measured,
weighed, and then immediately placed in a 96-well plate containing
200 μl sterile PBS per well. The 96-well plate was heated during the
preparations to 37 °C to facilitate optimal conditions for the seeded
graft pieces. After completing the measurements, 40 μl of MTS reagent
(CellTiter 96 AQueous One Solution, Promega, Madison, WI) was added
to each well. PBS served as a negative control. Due to no possible tissue
lysis we assumed that the reagent will dominantly interact with cells on
the scaffold surface. Therefore, all measurements were normalized to
the surface area of the graft piece (area of an elliptical cylinder).10

2.5. Histology

Graft samples undergoing histology were harvested and rinsed as
mentioned above. The samples were placed in sterile 15ml conical
tubes (BD Biosciences, Bedford, MA) containing 5ml of paraformalde-
hyde solution (4%. Alfa Aesar, Ward Hill, MA). All tissue processing
steps were protected from light to maintain a strong GFP signal. After
4 h tissue fixation the samples were transferred to fresh conical tubes
with 5ml of 5% Sucrose (Sigma-Aldrich, St. Louis, MO) for 6 h and
subsequently, for 24 h in 20% Sucrose at 4 °C.21 The processed grafts
were cut into six pieces of 4mm length. In order to achieve a re-
presentative sample, all pieces of one graft were embedded vertically in
one 15×15×5mm cryomold (Thermo Fisher Scientific, Wilmington,
DE) with Tissue-Tek O.C.T. freezing medium (Tissue-Tek, Torrance,
CA). The samples were flash frozen in pre-chilled isopentane (Thermo
Fisher Scientific, Wilmington, DE) and stored at −80 °C. 10 μm sec-
tions were obtained and placed on Leica Surgipath X-tra Adhesive
Clipped Corner Slides and air dried protected from light for 12 h. The
slides were stained either with H&E or according to the instructions of
the Millipore Focal Adhesion Kit 100 (EMD Millipore, Merck KGaA,
Darmstadt, Germany) with Alexa Fluor 647 (Invitrogen, Carlsbad, CA)
as secondary antibody in a 1:300 dilution. Actin microfilaments were

stained with immunofluorescent antibodies (Phalloidin-TRITC, Milli-
pore, 1:100) as well as vinculin in the focal adhesion complex (Anti-
Vinculin, Millipore, 1:300). All histological slides were mounted with
DAPI containing mounting medium (ProLong Antifade Gold with DAPI,
Invitrogen, Carlsbad, CA). The images were taken with a Zeiss LSM510
confocal laser microscope and an Olympus VS110 fluorescent micro-
scope.

2.6. Statistical analysis

The obtained results were compared to native tendon tissue and
unseeded control constructs. One-way-ANOVA with Bonferroni post-
hoc tests and Student's t-tests were used for statistical analysis with
p < 0.05.

3. Results

3.1. DNA/proliferation assay

Successful decellularization represented by a mean DNA reduction
of 92% was observed (409.87 ± 31.13 ng DNA/mg tissue native
tendon vs. 34.21 ± 3.74 ng DNA/mg tissue decellularized construct;
n= 8 vs. n= 7; p < 0.05). Compared to an unseeded construct, all
groups showed a significant amount of DNA after 24 h of incubation
(n= 10; p < 0.05; values in Fig. 2 - DNA content of xenografts after
24 h and 10 days of culturing already zeroed to unseeded constructs).

Centrifugal seeding showed no significant difference to static pi-
petting. Though, resuspending the cell pellet in the microcentrifuge
tube every 2min significantly decreased the DNA concentration at 24 h
compared to 10min of centrifugation without resuspension
(15.88 ± 2.94 vs. 29.18 ± 3.92 ng DNA/mg tissue; n= 10;
p < 0.05).

The 24-h efficiency calculation was based on the 2×106 fibroblasts
used for the initial seeding. This cell content calculation at 24 h post
seeding yielded efficiency rates of 7.97% (770 cells/mg tissue) for static
pipetting, 6.58% (710 cells/mg tissue) for 5× 2 minutes centrifuging,
and 13.31% (1300 cells/mg tissue) for 1× 10min centrifuging.

After 10 days of 3-D-culture, all groups of seeded xenografts showed
a highly significant increase in DNA (n=16; p < 0.05) (Fig. 2).
During the second evaluation of the seeding success after 10 days of 3-
D-culture, the obtained DNA measurements were compared to the cell
content of native tendon tissue (1.83 ± 0.14×104 cells/mg tissue), as

Fig. 2. DNA content of xenografts after 24 h
(n=10) and 10 days of culturing (n = 16).
Values already zeroed to unseeded constructs;
Measured in ng DNA/mg tissue. The asterisk marks
the significant difference between 1×10min and
5× 2min centrifugation after 24 h of culturing
(p < 0.05). Two asterisks mark the significant in-
crease of DNA content after 10 days of culturing in
all groups (p < 0.05).
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it represents the benchmark for which tissue engineering should aim.
The final outcome of seeding and culturing resulted in a cell content of
14.72% of native tendon tissue with static pipetting, 9.42% with 5× 2
minutes centrifugation, and 13.52% with 1× 10min centrifugation
(Fig. 3 – Final outcome of seeding and culturing calculated by DNA
content after 10 days of 3-D-culture).

In this calculation we used a corrective factor for an accurate
comparison between the species of mouse (NIH 3T3 fibroblast) and
chicken (native tendon) [corrective factor= 1.4; because of genome
size Mus musculus (2.8 MBp)/Gallus gallus (2.0 MBp)]. Despite no sig-
nificant inter-group differences (p > 0.05), static pipetting demon-
strated the greatest increase from 24 h to 10 days of incubation (Table 1
– Increase of DNA content from 24 h to 10 days of culturing).

3.2. MTS/viability assay

The MTS assay 24 h after seeding confirmed that the DNA results
were based on viable cells. Centrifugation did not decrease the number
of viable cells compared to static pipetting. However, the 5×2 minute
group yielded inferior results when compared to 1×10min group
(measured in viable cells per mm2 surface area; n= 4; p < 0.05; Fig. 4
- Cell viability 24 h after seeding).

3.3. Histology

Histology with H&E and DAPI verified successful decellularization
through lack of organized nuclei signals (Fig. 5 - Histological com-
parison of native tendon tissue with a decellularized scaffold) and was
consistent with the significant reduction of DNA content observed
above. The seeding of the decellularized constructs resulted in a mono-
or bilayer of cells (DAPI and GFP positive) on the outer surface of the

tendon grafts. This was associated with only sparse evidence of scaffold
infiltration by seeding or cell migration after culturing (Fig. 6 -
Transversal sections of avian FDP xenografts: GFP signal of seeded
cells). Immunofluorescent staining of representative sections of all
groups were positive for actin and vinculin, indicative of focal adhesion
to the scaffold after 24 h of incubation and 10 days of proliferation
(Fig. 7 - Confocal laser microscopy: Xenograft seeded by Static Pi-
petting after 10 days of culturing).

4. Discussion

In tendon and ligament tissue engineering, a graft is composed of a
biomechanically strong scaffold, preloaded with cells to be carried into
the defect, and contains signal molecules to promote intrinsic
healing.1,22 Our concept focuses on a naturally derived xenograft from
an avian FDP tendon scaffold, which provides biomechanical strength,
biocompatibility, and porous architecture.4 The goal of this study was
to examine the seeding challenge and 3-D culture of these naturally
derived xenografts. The DNA analysis after 24 h revealed that an in-
corporation of cells into the xenografts is achievable with standard
seeding techniques. The viability assay showed that centrifugal force
does not damage the cells, although there was no evidence that it of-
fered improvement in seeding efficiency compared to static seeding.
The trend after 24 h of incubation implicates that 10min of centrifuging
en bloc increases the initial load of cells compared to static pipetting,
represented by a higher DNA content, which was, however, not sig-
nificant. This trend supports Godbey's and Roh's findings about cen-
trifugal seeding in PGA scaffolds6,7 and makes centrifugal seeding in
naturally derived xenografts a possible alternative to static pipetting.
But resuspension of the cell pellet during the centrifugation process
should be avoided due to significantly lower initial cell load. Further
investigation is needed to understand the underlying reason of these
attachment issues such as whether the shear stress applied by the fluid
flow during resuspension results in rinsing off the cells from the scaf-
fold.

The additional DNA analysis after 10 days of 3-D culture showed
significant cell proliferation in all groups. This demonstrated that the
graft material did not hinder in vitro 3-D culturing despite the pre-
ceding aggressive chemical treatment. According to MTS testing, cells
remain viable after centrifugation. Simultaneously the centrifugal
seeding groups show lower amplification rates at 10 days culturing than
the static pipetting group. This suggests that the centrifuged cells are

Fig. 3. Final outcome of seeding and culturing.
Displayed values show content of cells in 10³ cells/
mg tissue. Calculated by DNA content of xenografts
after 10 days of 3-D-culture compared to a stan-
dard curve of NIH 3T3 fibroblasts in known con-
centrations; corrected by the inter-species-com-
parison-factor of 1.4 (Mus musculus vs. Gallus
gallus) and compared to the cell content of native
avian FDP tendons.

Table 1
Increase of DNA content from 24 h to 10 days of culturing. (Comparison of the
different seeding methods, mean values of the measurements of DNA content
after 24 h and 10 days of 3-D-cell culture).

Seeding Method Increase of DNA content from 24 h–10d

Static Pipetting 4.87-fold
5× 2min Centrifugation 3.99-fold
1× 10min Centrifugation 2.66-fold
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alive but may be adversely affected, resulting in a lower amplification
potential. Further long-term and in-vivo studies are necessary to ex-
amine the effects of seeding techniques on cell replication and pro-
liferation in xenografts in detail.

Preliminary analysis of the supernatant after scaffold seeding in
previous experiments suggested a high number of non-attached cells.
Therefore, we aimed for a deeper insight into the seeding efficiency in
this study. Twenty-four hours after the initial loading of the scaffolds
with 2× 106 NIH 3T3 fibroblasts 13.31% (in maximum, 1× 10min
centrifugation) of these cells were detectable in the graft material by
DNA analysis. After 10 days of 3-D culturing the cell content of the
xenografts was compared to native tendon tissue as the highest ad-
dressable standard resulting in 14.72% (in maximum) of the cell con-
tent. These two different comparisons at separate times during the
seeding process show obvious need for improvement.

The avian FDP scaffold poses a seeding challenge due to its high
extracellular matrix density and variable porosity. But it has the ad-
vantage of being derived from the same tissue to be replaced.
Hypothetically, this results in a construct of physiologic tendon archi-
tecture and morphological patterns which will be recognized by exo-
genous cells and used for adhesion, to the extent that chemical decel-
lularization would not affect them.

If we compare this theory with the measured efficiency, this study
outlines a major issue: despite the quantitative augmentation of cell
content reflected in biochemical assays, there must be limitations to the
attachment process of cells during the seeding of naturally derived graft
material. Studying these seeding issues lies beyond the focus of classic
biochemical assays, so further tools are needed. In addition, the histo-
logical analysis reveals one major limitation of our study: the primary
seeding success is confirmed by tracing the seeded GFP positive cells in
sections of the grafts; seeding dense natural scaffolds results mainly in a

mono- or bilayer of cells on the scaffold surface but does not achieve the
goal of homogeneously distributing cells, equivalent to native tendon
tissue. This is frequently observed in in-vitro studies.9,23 The efficiency
rates and the sparse evidence of cell penetration and migration give rise
to the question how initial attachment interaction works and which
factors influence the forming of cell-scaffold adhesion.

In response to this question, our current study has proven that
confocal laser microscopy is useful in representative sections of natu-
rally derived xenografts after seeding and culturing. The analyzed cells
have shown the formation of focal adhesions as an indicator of integral
cell-scaffold interaction.

The limited scope of our study does not allow quantification of the
focal adhesion nor a standardized comparison between the seeding
techniques. But further studies may use confocal laser microscopy to
examine the ultra-structure of both material and cell as well as the
circumstances facilitating permanent cell adherence. These findings
might be of special interest in tissue engineering because tendon grafts
frequently undergo a procedure of further preconditioning like the
application of cyclic strain in a bioreactor prior to implantation.15,16

This procedure crucially depends on adhesion. Otherwise the beneficial
effect of the applied external force would not be transduced to the cells.
Further investigation of scaffolds with confocal microscopy might re-
veal information about the morphological patterns of adhesion on a
molecular level, providing valuable insight into the future design of
scaffolds. Furthermore, confocal microscopy addresses the structural
details based on proteins and might be matched to additional imaging
sources such as Scanning Electron Microscopy, adding a possible mor-
phological dimension.

Previous studies have pointed out that the understanding of cells in
their microenvironment will have a huge impact on tissue en-
gineering.12 Chemical, mechanical and structural properties including

Fig. 4. Cell viability 24 h after seeding. Measured by MTS conversion and displayed in viable cells per mm2 surface area; n= 4; p < 0.05. The asterisk marks the
significant difference between 1×10min and 5× 2min centrifugation.

Fig. 5. Histological comparison of native
tendon tissue with a decellularized scaffold. 5a:
Native tendon tissue overview, DAPI staining, 2x
magnification, 5b: Decellularized scaffold over-
view, DAPI staining, 2x magnification, 5c:
Decellularized scaffold details, H&E staining, 20x
magnification.
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surface features and the 3-D structure of these cell niches affect cellular
functioning. The knowledge about how cells interact with other cells
and the scaffold's biomaterial during the process of seeding and in-vitro
culture will be crucial for graft optimization.

In addition to the study of the mechanism of cell adhesion the
common issue of sparse cell loading of porous graft material must be
assessed. The superior goal is to achieve seeding results closer to the
native tendon tissue. In general, there are several control variables
which may be modified during the seeding process: the pore size of the
scaffold, the cell density of the seeding fluid, and the external force to
support the scaffold infiltration.

The next step considering the presented naturally derived tendon
xenograft would be the determination of the optimal relation between
cell density and pore size for our naturally derived tendon graft mate-
rial:

The crucial factor is that a larger pore size of the scaffold may in-
crease the infiltration of cells on one side but may decrease the scaf-
fold's biomechanical properties on the other side. The argument of
compromising the biomechanical stability should be considered care-
fully as the scaffolds presented properties close to native tendon tissue.4

This is an important fact considering that the constructs are facing the
high demands of biomechanics in tendon and ligament reconstruction.
Similarly, to maintain the scaffold's stability, we refrained from the use
of more invasive techniques for cell seeding, like scoring the construct's
surface20 or the injection of a cell suspension with a syringe.

A high cell density is primarily linked to a higher cell loading of
scaffolds.9,24 However, this relation does not have a positive outcome if
it is exaggerated. Using extremely dense cell suspensions results in the
clotting of cells, lowering the efficiency of the seeding and hindering
scaffold infiltration by the occlusion of the external pores.9,24

Fig. 6. Transversal sections of avian FDP xenografts: GFP signal of seeded cells. a: Static Pipetting, 24 h incubation. b: Static Pipetting, 10 days of culturing. c:
5×2min Centrifugal Seeding, 24 h of incubation. d: 5× 2min Centrifugal Seeding, 10 days of culturing. e: 1×10min Centrifugal Seeding, 24 h of incubation. f:
1× 10min Centrifugal Seeding, 10 days of culturing.

Fig. 7. Confocal laser microscopy: Xenograft seeded by Static Pipetting after 10 days of culturing. Legend: Vinculin stain=pink, Actin stain= red,
GFP= green. a, b, c: Single Cell @ 63x magnification. d, e, f: Line of Cells on Graft Surface @ 20x magnification, Images of Vinculin (a&d), Actin (b&e) and Merge of
DIC and Fluorescent Images (c&f). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Moreover, the actual literature brings forward arguments for the use
of external force in order to further optimize the seeding process of
porous graft materials. However, there is not an individual technique
proving itself to be superior. The synopsis rather indicates that trans-
forming the seeding to a more dynamical process by the additional use
of an external force like rotation (in spinner flasks f.e.),9 centrifuga-
tion,6,7 orbital shaking9,25 or a bioreactor system using perfusion and or
vacuum9 can be beneficial. In this study we showed that the use of
centrifugation was not of superior impact on the results of seeding
naturally derived tendon xenografts in comparison to static pipetting of
a cell suspension. Further studies are needed to explore which kind of
external force may contribute to more homogeneous cell distribution,
deeper scaffold infiltration and higher cell loading of our scaffolds.

5. Conclusions

In conclusion, our study showed that avian FDP xenografts yield a
specific morphology that allows seeding with standard techniques. The
microenvironment of the scaffold facilitates significant cell prolifera-
tion in 3-D culturing. But despite this quantitative improvement of the
cell content, the suboptimal efficiency and cell distribution points to the
need to elucidate the cell seeding of porous scaffolds in its structural
details. Immunofluorescent staining and confocal laser microscopy may
reveal information about the seeding process on the level of cell-scaf-
fold interaction, such as the formation of focal adhesions. This tool may
provide insight into the process of cell attachment and growth in future
seeding studies of natural decellularized scaffolds.

Efficient seeding techniques for natural decellularized tendon xe-
nografts are vital for the development of an “off-the-shelf” alternative
that meets the increasing demand for tendon and ligament re-
constructions.
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