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Abstract  Autologous chondrocyte implantation has 
shown optimal long-term outcomes in the treatment 
of cartilage lesions. The challenge for a single-stage 
approach lies in obtaining sufficient number of cells 
with high viability. The answer could lie in supple-
menting or replacing them with allogenic chondro-
cytes coming from cadaveric donors. In the present 
work, we aimed to compare the number of viable 
cells isolated from cartilage of live and cadaveric 
donors and to determine the suitable characteristics of 
the best donors. A total of 65 samples from donors 

aged from 17 to 55 years, either women or men, were 
enrolled in this study (33 living vs. 32 cadaveric). The 
mean time of hours from death to processing sam-
ples in cadaveric donors was higher compared to live 
donors (64.3 ± 17.7 vs. 4.6±6.4). The number of iso-
lated chondrocytes per gram of cartilage was higher 
in cadaveric donors (5.389 × 106 compared to 3.067 
× 106 in living donors), whereas the average of cell 
viability was comparable in both groups (84.16% 
cadaveric, 87.8% alive). It is possible to obtain viable 
chondrocytes from cartilage harvested from cadaveric 
donors, reaching a similar cell number and viability 
to that obtained from the cartilage of living donors.

Keywords  Allogeneic chondrocytes · Cadaveric 
donors · Live donors · Cartilage repair · Cell viability

Introduction

The clinical significance of articular cartilage lesions 
is a topic of considerable interest for tissue engineer-
ing purposes. Focal cartilage lesions may progress 
into early osteoarthritis (Flanigan et al. 2010; Houck 
et  al. 2018; Huey et  al. 2012). To restore the joint 
cartilage layer integrity with hyaline like cartilage is 
considered the ultimate goal when treating chondral 
lesions (De Windt et  al. 2013; Minas et  al. 2010). 
Autologous chondrocyte implantation (ACI) provides 
optimal outcomes in patients with lesions greater than 
3–4 cm2 without involvement of subchondral bone 
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(Bentley et  al. 2003; Brittberg et  al. 1994; Dekker 
et  al. 2021; Mastbergen et  al. 2013; Niemeyer et  al. 
2016). Although this surgical treatment is effective 
for many patients, current research for ACI improve-
ment is focused on using stem cells and 3D printing 
(Humphries et  al. 2022). Unfortunately this technol-
ogy is currently only available for use in experimental 
ACI models (Liao et al. 2019; Zopf et al. 2018). All 
technologies that have evolved from the second gener-
ation of ACI (Brittberg 2010), which are now offered 
in the market for use in humans, are based on the 
use of chondrocytes obtained from adult donors (for 
example: Spherox®, Cartimax®, and DeNovo™). 
Therefore, through regenerative medicine and tissue 
engineering, we seek to find solutions to improve 
the treatment strategies applied today to repair dam-
aged cartilage (Hulme et al. 2021). The challenge for 
a single-stage approach lies in obtaining sufficient 
number of cells with high viability. Due to the low 
cell number in native cartilage and the large surface 
area to volume ratio of chondral defects, the manu-
facturing of matrix-induced autologous chondrocyte 
implantation (MACI) requires expanded culture of 
chondrocytes, previously obtained from a biopsy, for 
approximately 4 weeks until obtaining 15–20 million 
cells (Brittberg 2010) This fact represents a problem 
because chondrocytes in culture tend to dedifferen-
tiate to fibroblasts (Gosset et  al. 2008), significantly 
reducing the quality of the implant. Therefore, the 
answer could lie in supplementing or replacing them 
with allogenic chondrocytes coming from cadaveric 
donors, completely eliminating the need to expand 
chondrocytes in culture. However, the number of cells 
and their viability obtained from cadaveric donors 
compared to live donors is unknown. The culture 
expansion of chondrocytes for clinical use is expen-
sive, highly regulated, and requires a good manufac-
turing practice (GMP) facility to be able to receive 
and culture the cells between 3 and 6  weeks. The 
regulation and governance of cell therapy treatments 
(advanced therapeutic medicinal product, ATMP) 
are greater than for other pharmaceutical products 
(Gardner and Webster 2017). Although autologous 
chondrocyte implantation has been for a long time 
the gold standard for cartilage repair and has demon-
strated to be a viable option in terms of cost–benefit 
analysis, a single-stage allogeneic cell therapy with 
large-scale cell manufactures from donors has poten-
tial clinical and economic advantages, high-success 

rate, and less complications (Alford and Cole 2005; 
Armoiry et  al. 2019; Mistry et  al. 2017). Allogenic 
cartilage is a possible solution for the limitations of 
autologous chondrocytes and for autologous minced 
cartilage techniques that use healthy cartilage from 
a cartilage defect edge (Frisbie et al. 2005; Lu et al. 
2006; Mccormick et al. 2008; Schneider et al. 2021). 
Implantation of allogeneic chondrocytes could be a 
realistic and promising approach for the treatment of 
cartilage defects.

Materials and methods

Obtaining the samples

This is a comparative and descriptive research study. 
The processing of the cartilage samples was carried 
out in the laboratory of Novoinjertos, a Mexican Tis-
sue Bank. The inclusion criteria were either live or 
cadaveric donors from both genders aged from 17 to 
55 years. The cadaveric donors had no history of knee 
injury, rheumatoid disease, or knee surgery whereas 
the live donors were scheduled for knee arthroscopy 
surgery (Anterior cruciate ligament (ACL) or menis-
cal injury). Samples obtained from patients with knee 
osteoarthritis, macroscopic cartilage damage, crystal 
deposition, or sample contamination were excluded. 
In the case of cadaveric donors, macroscopic damage, 
crystal deposition, or positive serum serology tests 
were also exclusion criteria. The Institutional Ethics 
and Review Board approved this research.

Cartilage samples in live donors

During arthroscopic procedures focused on joint 
repair, samples were obtained by taking a biopsy of 
articular cartilage from the non-load bearing areas of 
the femoral condyle. All patients signed an informed 
consent for this procedure. In most patients, the biop-
sies were obtained from the notch area, and in one it 
was obtained from the lateral femoral condyle. The 
biopsy obtained from the notch and lateral femoral 
condyle were harvested by arthroscopy with an osteo-
chondral transfer system with a diameter of 4 mm and 
a depth of 10 mm using a COR® Precision Targeting 
System (J & J Medical Devices, Brunswick, NJ, US) 
(see Fig. 1). The biopsies were transported in 50-mL 
tubes, containing 10 mL of culture medium DMEM 



727Cell Tissue Bank (2023) 24:725–735	

1 3
Vol.: (0123456789)

(Caisson Labs, Inc., Smithfield, UT, US), supple-
mented with 10% antibiotic/antimycotic (Thermo 
Fisher Scientific, Waltham, MA, US), in a cooler at 
4  ºC. Afterward, in the laboratory facilities, inside 
a laminar flow hood and by mechanical/enzymatic 
digestion, first in a Petri dish, the subchondral bone 
was separated from the cartilaginous tissue and the 
bone tissue was discarded, the cartilage was weighed 
to obtain the amount in grams of tissue, then, the 
cartilage was finely minced with a scalpel blade (tis-
sue storage times prior to chondrocyte isolation are 
shown in Table 1).

For the enzymatic digestion, the fragments of 
cartilage tissue were transferred into 50-mL tubes 
with 10 mL of culture medium and 100 µL of 0.3% 
type II collagenase (Thermo Fisher), and kept in 
digestion for 4 h at 37 °C at 150 rpm in an orbital 
shaker. After mechanical/enzymatic digestion, 
using a 100-µM pore size cell strainer, the cartilage 
fragments that were not digested were removed. 
The enzymatic digestion medium was removed by 

centrifugation, one time at 300 g, and the cells were 
suspended in 10  mL of culture medium (DMEM) 
supplemented with 10% antibiotic/antimycotic and 
10% fetal bovine serum (Thermo Fisher Scientific). 
To establish the number and viability of the cells, 
the trypan blue stain and a Neubauer chamber were 
used (see Fig. 2). Finally, after establishing the cell 
number and viability, they were washed with PBS 
and centrifuged for 10 min at 300 g, then the PBS 
was removed and the number of cells was adjusted 
to 1 × 106 of cells per 1  mL of cryopreservation 
medium free of fetal bovine serum (MACS-Freez-
ing Solution; Miltenyi Biotec, Bergisch Gladbach, 
Germany). The mixture of cells and cryopreserva-
tion medium was placed into 2-mL cryo-tubes and 
placed in ultra-freezing at −80 °C for 24  h, to be 
stored later in a liquid nitrogen-containing tank 
where the cryo-tubes remain submerged at −196 ºC 
until they are used.

Fig. 1   Obtaining cartilage tissue in living donors. a The 
biopsy obtained were harvested with an osteochondral transfer 
system with a diameter of 4 mm; b visualization of cartilage 
in the lateral femoral condyle was made by arthroscopy; and c 

donor cartilage before harvesting was observed smooth, shiny 
and bluish-white without evidence of lesion or crystal deposi-
tion

Table 1   Demographic characteristics and analyzed variables of donors. The number of cadaveric donors was 4, from which 32 oste-
ochondral samples of 4-mm diameter were obtained compared to the 33 cartilage samples obtained from the live donors

Variable Cadaveric donors Live donors

Age 33.5 ± 7.1 38.3 ± 11.8
Gender (men/women) 3/1 20/13
Body Mass Index 24.7 ± 2.3 26.1 ± 3.1
Processing time (h) 64.3 ± 17.7 4.6 ± 6.4
Cell number 5.38  ×  106 ± 1.47 × 106 3.06 × 106 ± 2.18 × 106

Cell viability (%) 84.16 ± 7.4 87.8 ± 9.7
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Cartilage samples in cadaveric donors

Cartilage procurement was performed taking carti-
lage biopsies in the same areas as in living donors 
(lateral wall of the notch and/or roof of the notch), 
under sterile conditions with the COR® system 
(8 mm width and a depth of 10 mm), in the hospital 
where the donor died. A biopsy was obtained in the 
form an osteochondral plug composed of a layer of 
cartilage followed by a layer of bone (Fig. 3). The 
transport of the samples to laboratory facility was 
carried out in a cooler with refrigerants (at 4  °C), 
in 50-mL tubes to which 10  mL of DMEM-F12 
with 10% antibiotic/antimycotic had been added. 
The cadaveric tissue was processed the same way 
as described above for the procurement of chondro-
cytes in live donor patients.

Statistical analysis

The sample size of this study was adjusted to sam-
pling at convenience due to the COVID-19 pan-
demic. A total sample size of n = 65 was achieved, 
33 of them corresponded to samples from living 
donors and 32 to cadaveric samples. The power 
obtained with the sample size achieved in this 
study was 23.38%, with an alpha of 0.5, with two-
tailed models to detect a difference of 0.33%. Shap-
iro–Wilk test was performed, which served to check 
the normality of the viability distribution along with 
the other continuous variables. If the variable was 
normally distributed, mean and standard deviation 
(SD) were used as descriptive statistic measures; 
if they were not normally distributed, median and 
interquartile range were used instead. To compare 

Fig. 2   Cartilage tissue processing. a Weighing the cartilage 
tissue before processing. b The entire process was carried 
out inside a laminar flow hood under sterile conditions. c and 
d Mechanical digestion process. e and f Enzymatic digestion 
with type II collagenase. g The mechanical and enzymatic 
digestion product was passed through a cell strainer to remove 

any remaining undigested tissue. h The medium used for enzy-
matic digestion was removed by centrifugation. i and j The 
cell pellet was resuspended in culture medium to establish the 
viability and cell number in a Neubauer chamber. k The viabil-
ity and cell number were quantified using an Axiovert 40 CFL 
inverted microscope (Carl Zeiss, AG, Oberkochen, Germany)
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the continuous variables between groups, Student t 
test or Mann–Whitney U test were used if the vari-
able was normally distributed or not, respectively.

Spearman rho correlation coefficient was esti-
mated to evaluate the link between continuous 
variables and the number of chondrocytes per gram 
of tissue as well as with the percentage of viabil-
ity. Those variables that showed a significant cor-
relation were further analyzed by bivariate linear 
regression models to establish the mean estimated 
difference of number of chondrocytes and viability, 
stratified by origin of the sample.

To evaluate the possible impact of age, body 
mass index (BMI), and gender on the viability of 
chondrocytes, the latter was categorized in two 
strata: low viability (samples with viability lower 
than 80%), and high viability (samples that had 
viability of 80% or greater). Fisher´s exact test was 
used to compare the proportion of low and high via-
bility samples between cadaveric and living donors, 
as well as between genders. Mann–Whitney U test 
was performed to compare age and BMI between 
origins of the sample stratified by viability.

Finally, bivariate and multivariate linear and 
logistic regression models, adjusted by variables of 
interest, were evaluated stratifying by the origin of 
the sample.

The statistical significance was set at 0.05 and all 
statistical analyses were performed in STATA v.14 
(StataCorp, LLC; College Station, TX, USA).

Results

Viability depicted a normal distribution, whereas 
the rest of the variables showed a non-normal dis-
tribution. The age and BMI of the live donors were 
higher than those of the cadaveric donors (p = 
0.0394, p = 0.0451, respectively). As expected, the 
time from sampling to processing was significantly 
higher in the samples of cadaveric donors than in 
the ones provided by live donors (p = 0.0001). 
Nonetheless, a greater number of chondrocytes 
per gram of tissue was observed in the cadaveric 
donors´ samples in comparison to the live donors´ 
samples (p = 0.000001) (Table 1, Fig. 4a).

Characteristics of the donors

A total of 33 samples were obtained from living 
donors who underwent a knee arthroscopy sched-
uled for anterior cruciate ligament reconstruction. 
Samples were obtained from the non-loading zone 
of the knee in the femoral notch. Furthermore, 32 
fresh cartilage samples were obtained from cadav-
eric donors (Novoinjertos, SC, a Mexican Tissue 
Bank) with the characteristics described in Table 1. 
To ensure safety, all cadaveric donors underwent 
a serological analysis for hepatitis B, hepatitis C, 
syphilis, HIV, and Chagas disease confirming their 
negativity.

Fig. 3   Obtaining cartilage tissue in cadaveric donors. a Sterile material for sampling cadaveric donors. b Cadaveric donor sampling 
site with adequate macroscopic characteristics of cartilage. c Osteochondral transfer system with a diameter of 8 mm
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Chondrocyte number per gram of cartilage

The mean number of chondrocytes per gram of 
tissue in cadaveric donors was 5.389197 × 106 
(± 1.47 × 106), whereas in living donors an average of 
3.06 × 106 (± 2.18 × 106) was obtained. The average 
viability of cadaveric samples was 84.16% (± 7.4), 
whereas in live donor samples it was 87.8% (± 9.7).

Cell viability by gender

The average viability of samples from male donors 
was 87.06%, whereas for women it was 81.71%, pre-
senting a significant difference (p = 0.0409). However, 
when a stratified analysis was carried out per sample 
origin, no differences were found in percentage of 
viability between both genders (p = 0.074 cadaveric; 
p = 0.15 patient’s biopsy). A Student’s t test was 

performed (unadjusted, with two-tailed hypotheses, 
after checking the homoscedasticity of the groups) in 
which no differences were observed between the two 
populations (p = 0.22). However, as a high standard 
deviation due to the small sample size was observed 
and the estimated power (23.38%), there may be a 
type II error.

Cell viability by sampling processing time

A Spearman correlation analysis was performed for 
the non-parametric variables, revealing significant 
positive correlation only between the analysis of time 
from harvesting to processing and the number of 
chondrocytes (Rho 0.5118, p < 0.001). Linear regres-
sion stratified by origin showed that the time from 
sampling to processing decreases by 0.004863% the 

Fig. 4   Statistical analysis of parameters obtained. a  Number 
of Chondrocytes per gram of weight obtained from cadaveric 
donors or live donor’s samples. b BMI of donors by the level 

of viability of the chondrocytes obtained from cadaveric or live 
donors. c Age of donors by the level of viability of the chon-
drocytes obtained from cadaveric or live donors
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viability for each hour only among cadaveric donor 
samples.

Cell number by origin: cadaveric vs. live donor

A linear regression was performed for viability and 
sample origin that showed a higher viability for sam-
ples coming from living donors (0.033%). However, 
it was not statistically significant compared to cadav-
eric donors. In the linear regression, the number of 
chondrocytes were contrasted with the origin of the 
cartilage samples, observing that the living donor 
presented less cells (2.32 × 106) per gram of cartilage 
compared to those of cadaveric samples revealing a 
significant difference (p = 0.00001).

Percentage of high cell viability

A stratified analysis was performed with viability 
greater than or equal to 80% (high) and less than 80% 
(low). It was found that 20% of the samples presented 
a low viability and 80% presented a high viability. 
The analysis of cell viability, calculated by the origin 
of the samples, revealed that 65% of the samples from 
cadaveric donors showed high viability compared to 
93.9% samples from the live donor (exact Fisher test, 
p = 0.005).

Sample viability vs. age of donor

When analyzing age with the two categories of viabil-
ity, no significant difference was observed. However, 
when stratifying by origin of sample, there was a sig-
nificant difference in age between high and low via-
bility categories in the samples from cadaveric donor 
(p = 0.0054).

Body Mass Index (BMI) and cell viability

When performing a global analysis of BMI and 
stratified viability in high and low, a significant dif-
ference was found. However, when performing 
the stratification by origin of the samples no differ-
ences were found in those of live origin, whereas the 
cadaveric samples presented a significant difference 
(p < 0.00001). In the samples with low viability there 
was a significant difference in BMI between samples 
depending on their origin (the living donors showed 
higher BMI). In the samples with high viability, it 

was not possible to detect a significant difference in 
BMI between the groups. A statistical analysis was 
performed analyzing the cut-off points for viability 
greater than 80%, finding that the samples of cadav-
eric donors had some special characteristics (less than 
29 years of age, BMI < 26 kg/m2, time of dead of the 
donor and processing time of the sample less than 
60 h). A bivariate linear regression was performed for 
the variable viability with age, BMI and dead-sample 
processing time, stratified by sample origin. A sig-
nificant association between viability, age, BMI and 
dead-sample processing time was observed in sam-
ples from cadaveric donors. A logistic regression was 
performed for the two categories of low viability with 
the variables of age, BMI, time, gender, and origin, 
finding no statistically significant association.

Influence of age and gender in cell viability and cell 
number

Multivariate linear regression models were performed 
to analyze the estimated difference in the viability and 
number of chondrocytes per gram of tissue according 
to the age and gender of the sample donor stratified by 
origin of the sample. The viability of cadaveric sam-
ples showed that for every year of age of the donor, 
the cell viability decreases 0.02% (p = 0.002). It also 
showed that cadaveric samples from female donors 
had a mean of 25% more viability than the samples 
from male donors (p = 0.0027). The linear regres-
sion analysis for viability with age and gender for the 
live donor samples was not conclusive due to insuf-
ficient power of the test to detect significant coeffi-
cients. The linear regression model for the number of 
chondrocytes per gram of tissue with age and gender 
in the cadaveric donor samples revealed that, with an 
increase for every year of age, there is an increase of 
0.29 × 106 chondrocytes per gram (p = 0.014). It was 
also found that the cartilage samples from female live 
donors had 4.21 × 106 less chondrocytes per gram of 
tissue compared to male samples (p = 0.026), (see 
Fig. 4).

Discussion

The treatment of knee-focused chondral lesions with 
ACI has demonstrated good clinical and imaging 
results, and is one of the treatments with the highest 
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long-term success rate (Brittberg et  al. 2018). The 
main and most relevant limitations of this technique 
for large cartilage lesions are the limited amount of 
harvestable cartilage, the need for culture with the 
consequent cell dedifferentiation, as well as the need 
for two surgical times (Brittberg et  al. 1994; Jones 
et al. 2019; Vonk et al. 2021). Due to these limitations 
and the promising results with the use of allogeneic 
chondrocytes in animal models (Olivos-Meza et  al. 
2017), it is important to consider the potential use 
of cadaveric donor chondrocytes as a cellular source 
for the treatment of cartilage lesions. The advantages 
would be to offer an unlimited source of donor tissue, 
avoid cell culture and expansion, less cell dediffer-
entiation, better quality of repair tissue, avoid donor 
site morbidity, and treatment in a single surgical 
event reducing costs and risks. It should be consid-
ered that the avascular nature of cartilage makes it a 
non-immunogenic tissue, so the next step would be to 
evaluate the safety of allogeneic chondrocyte trans-
plantation in humans (Alford and Cole 2005).

Our study reports the viability and cell number 
chondrocytes obtained from samples of cadaveric 
donors, estimating the ideal time from donor’s death 
to sample processing. These results were compared 
with cartilage samples obtained from live donors. 
We found a higher number of cells per gram of tis-
sue (p = 0.000001) in cadaveric donor samples, which 
could correspond to the fact that the knees of the 
cadaveric donors could be considered healthier (none 
of the allogeneic donors had a history of knee injury) 
than those of living donors (all scheduled for knee 
surgery). In addition, the number of chondrocytes 
per gram of tissue in cadaveric donors was 2.32 × 106 
higher than those of living donors (p = 0.00001), 
supporting the idea of using cartilage coming from 
a tissue bank as a cell source. No differences were 
observed between the percentage of viability analyzed 
by gender (p = 0.215), which allows us to consider 
harvesting of cartilage samples from both genders to 
treat chondral lesions with allogeneic chondrocyte 
transplantation.

The linear regression stratified by source of carti-
lage revealed that the dead-sample time processing 
decreased the viability by 0.0048% for each hour in 
the cadaveric donors. These results provide an accept-
able margin for the procurement, processing, and use 
of this cellular source. When stratifying the samples 
between high (> 80%) and low (< 80%) viability, a 

significant difference in the high viability was found 
between cadaveric donor samples (65%) and live 
donor samples (93.9%) (p = 0.005). However, it was 
clear that in cadaveric donors with an increased age, 
the cell viability decreased 0.02% (p = 0.002). In this 
regard, the linear regression model found a decrease 
of 0.29 × 106 chondrocytes per gram of tissue for 
each year of age increase (p = 0.014). With these pre-
liminary results, we can estimate the characteristics 
of the ideal cadaveric donor to set a source of allo-
genic chondrocytes, considering that the cadaveric 
donor should be less than 29-year-old, have a BMI 
below 26  kg/m2 and a dead-processing sample time 
less than 60 h to obtain a viability greater than 80%. 
We can consider two factors, which have been previ-
ously reported, to be influencing the average viabil-
ity (84.16%) after 3 days of storage of samples from 
cadaveric donors in refrigeration at 4  ºC. First, the 
cartilage, when subjected to stress, actively induces 
reactive oxygen and nitrogen species (ROS and RNS) 
capable of causing cellular dysfunction and death 
(Grishko et  al. 2009). Second, the cartilage after 
being subjected to mechanical stress, such as being 
injured by the insertion of an osteochondral graft, 
reduces 21% the viability of the surrounding cartilage 
at 1 h by an increase in caspase-3 activation (Boraz-
jani et  al. 2006). Therefore, it is to be expected that 
after the period of preservation in refrigeration, fol-
lowed by the mechanical detachment of the cartilage, 
we will have a decrease in the viability of the har-
vested chondrocytes of around 20%.

Recently Acevedo et  al. (2021) reported high 
viability values ranging from 73 to 100% in chon-
drocytes isolated from peripheral and central regions 
of the femoral condyle. Taking into account the 
above, we consider that the viability in both groups: 
cadaveric, 84.16%; and alive, 87.8%, is acceptable 
after subjecting the chondrocytes to the mechanical/
enzyme process to obtain them (Acevedo et al. 2021). 
Also, Xia et  al. (2008) reported about chondrocytes 
that were isolated from 15 patients undergoing total 
knee replacement and established viability imme-
diately after enzymatic isolation from fresh articu-
lar cartilage, reporting an average viability of 74.7% 
(Xia et al. 2008), in comparison our results indicated 
higher averages for both groups.

On the other hand, It has been reported that osteo-
chondral allograft from cadaveric donors, on aver-
age, are collected between 12 and 24 h and between 
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ages ranging from 15 to 35 years (Ozenci et al. 2007), 
and its main application was as a salvage procedure 
in lesions larger than 2 cm2 where the previous treat-
ment with cells had failed, thus seeking to return 
the normal biology of the knee, reducing pain and 
improving knee function, and delay a new future 
arthroplasty (Zouzias and Bugbee 2016). Unfortu-
nately, it has been observed that the median survival 
of an osteochondral allograft after being grafted is 
42 months, due to various reasons such as immuno-
logical rejection, loss of bone attachment, and break-
down of the cartilage matrix. Despite these results, it 
has also been shown that chondrocytes that manage to 
integrate into the native cartilage can remain viable 
for many years after being grafted (Williams et  al. 
2007). Trying to obtain better results, the use of mes-
enchymal stem cells (MSCs) together with allogeneic 
cartilage has been proposed, where it has been shown 
that the combined use of MSCs with allogeneic car-
tilage is accompanied by better clinical results (Kim 
et  al. 2020). This improvement in the results could 
be due to a characteristic that chondrocytes possess, 
since when they are analyzed in primary culture, 
they do not present significant differences between 
the expression of phenotypic markers for MSCs such 
as: CD73, CCD90 and CD105 (Cournil-Henrionnet 
et al. 2008). This similarity could give chondrocytes 
the ability to immunomodulate the immune response 
when implanted in the same way as MSCs (Zhang 
et  al. 2015). In this way, we propose the possibility 
of using chondrocytes recently disintegrated from 
the extracellular matrix of cartilage as a cell therapy 
that favors their incorporation into native cartilage 
while reducing rejection. In addition, cryopreserv-
ing the chondrocytes guarantees the availability of 
viable cells for many years (Gole et al. 2004). Also, 
we demonstrated that increasing the number of hours 
for the collection in cadaveric donors from 24 to 64 h 
does not decreases significantly affect the viability 
of the chondrocytes (84.16%). This fact is crucial for 
obtaining cells in countries with emerging economies 
where there are not enough personnel and infrastruc-
ture available to carry out the procurement of tissues 
within the first 24 h after the death of the donor.

Furthermore, besides the high viability of cells in 
young donors, there is strong evidence regarding the 
enhanced chondrogenic potential of juvenile chon-
drocytes versus adult chondrocytes. Data also suggest 
that juvenile chondrocytes may not be immunogenic 

in adult hosts, supporting the possibility that such cells 
may be used as allografts for cartilage regeneration 
in vivo (Adkisson et al. 2010; Ibrahim et al. 2021). In 
addition, use of young articular chondrocytes derived 
from allogeneic cadavers eliminates donor-site morbid-
ity, the requirement for two surgical procedures asso-
ciated with the therapeutic application of autologous 
chondrocyte implantation, and finally our work seeks 
to generate knowledge about the correct selection of 
allogeneic chondrocyte donors, and is aimed at provid-
ing knowledge to be useful for research groups that are 
working on the development of new techniques that are 
evolving from ACI.

Conclusions

It is possible to obtain viable chondrocytes from car-
tilage harvested from cadaveric donors, reaching a 
similar cell number and viability compared to the car-
tilage obtained from live donors.

The characteristics of the ideal cadaveric donor to 
for a high viability of chondrocytes are:

1.	 A donor younger than 29 years
2.	 A donor with a BMI below 26 kg/m2.
3.	 A processing time to obtain the chondrocytes of 

less than 60 h.
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