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Abstract: Osteochondral pathologies are associated with cartilage loss. Autologous micro-grafts, obtained from various 

tissues containing mesenchymal stem cells, has proven regenerative properties in various tissues. The study included patients 

with osteochondral pathology not responding to conventional therapies and considered suitable for treatment with autologous 

micro-graft. Fifteen days before the intervention, patients started treatment with chondroitin sulfate and supplementary vitamin 

C and zinc. Autologous micro-grafts were obtained from ear skin and cartilage, disaggregated using the Rigenera system, and 

injected into the knee under local anesthesia. After the intervention, patients underwent six-week rehabilitation program based 

on non-weight bearing exercises. Nine patients were enrolled into the study. The autologous graft transfer was successful in all 

patients, and no severe complications were recorded, including aesthetical defects in the donor site. Eight patients (88.9%) 

experienced an improvement in all subdomains of the WOMAC scale. The median (IR) improvement in the WOMAC scale 

was 22.0 (10.0 – 40.0) points. The MRI examination revealed the absence of space-occupying lesions in the knee and the 

surrounding soft tissues in all patients. An edema reduction was observed in 8 of 9 patients (88.9%); 3 patients (33.3%) 

showed a thickening of the cartilage line. Autologous micro-graft transfer using the Rigenera system is safe and has promising 

results in the treatment of chondral injuries associated with pain and function limiting. 

Keywords: Rigenera, Osteoartrhitis, Osteochondral Regions, Mesenchymal Stem Cells, Tissue Regeneration 

 

1. Introduction 

Osteochondral pathologies may result from trauma or 

sports injuries or be the consequence of disorders associated 

with cartilage degeneration, such as chondromalacia and 

osteoarthritis [1, 2]. Irrespective of the etiology of the 

osteochondral pathology, the loss of cartilage, evidenced in 

magnetic resonance images (MRI) as a thinning of the 

cartilage line, causes pain and physical disability [3–5]. In 

addition to surgery, the traditional management of 

degenerative cartilage diseases is based on physical therapy 

and pain relief. However, some patients do not respond well 

to pain relievers, and the regeneration of the damaged 

cartilage may last for a long time, thus compromising the 

complete functional recovery. 

In the recent years, many efforts have been made in 

developing complementary strategies aimed at either 

regenerating the damaged cartilage or enhancing the natural 

regeneration process. In addition to the intra-articular use of 

hyaluronic acid, various approaches have been proposed to 

stimulate the production of new cartilage. Biostimulation 

techniques include physical approaches, such as the use of 

high-frequency biostimulation during surgery [6] or low-

power laser targeting the osteochondral defect [7, 8], and 

biological approaches, such as autologous chondrocyte 

implantation [9] and the use of platelet-rich plasma to 

stimulate the production of new cartilage [10]. 

The finding of stem-like cell populations with multipotent 

features in various tissues has motivated the use of these cells 
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for regenerative purposes [11, 12]. However, the availability 

of ready-to-use methods for a safety and effective isolation of 

mesenchymal stem cells during surgery has been a bottleneck 

for the clinical use of multipotent cells. The Rigenera 

protocol is a novel strategy for tissue mechanical 

disaggregation which allows obtaining autologous micro-

grafts enriched with mesenchymal stem cells during surgery 

[13, 14]. Compared to enzymatic techniques, mechanical 

disaggregation has claimed to be faster and safer. To date, the 

Rigenera protocol has shown clinical efficacy in the 

management of complex wounds [15, 16] and the 

regeneration of the dental pulp in periodontal surgeries 

(Periodontal tissue generation) [17]. However, the 

identification of stem-like cells in many other tissues 

suggests additional uses of autologous micro-graft 

preparation and transfer [12]. In this preliminary study, the 

clinical and functional outcomes of cartilage autologous 

micro-grafting (obtained with the Rigenera protocol) in 

patients with knee osteoarticular manifestation of cartilage 

injury or degeneration is described. 

2. Materials and Methods 

2.1. Study Subjects 

In this prospective study, patients with mechanical and/or 

degenerative osteochondral pathology who did not respond to 

conventional therapies and were considered suitable for 

being treated with the autologous micro-grafts in an 

experimental setting were included. Patients were recruited 

and treated by the same surgeon between January 2016 and 

April 2016. 

In addition to the complete blood count and the 

erythrocyte sedimentation rate, all patients were screened for 

immune system diseases and metabolic abnormalities, 

including vitamin D3 and B12, triglycerides, cholesterol, 

glycated hemoglobin, and thyroid hormone levels. 

Testosterone levels were also assessed in male subjects. 

Patients with immune or inflammatory diseases such as 

familial osteoarthritis, history of rheumatic inflammatory 

diseases, and those with a positive antinuclear antibody test, 

the presence of rheumatoid factor, and anti-streptolysin O 

greater than 150 were excluded. Patients with morbid obesity, 

diabetes mellitus, and other metabolic diseases – including 

those treated with statins and/or hypolipidemic agents – were 

also excluded. All patients signed the informed consent to 

undergo the experimental procedure. 

2.2. Autologous Micro-Grafts Transfer 

15 days before the intervention, patients started treatment 

with chondroitin sulfate and supplementary vitamin C and 

zinc. Patients with low levels of vitamin D3 and B12 were 

also supplemented with these vitamins. Non-steroidal anti-

inflammatory drugs were not allowed during the 15 days 

preceding the intervention. Six hours before the intervention, 

patients started treatment with azithromycin 500 mg 

(maintained during the two days following the intervention) 

and fasted until intervention. 

The cartilage graft was obtained from the auricle cartilage 

of the ipsilateral ear to the target knee using x3.5 

magnification Zeiss lens in sterile file. To expose the auricle 

cartilage, an eye-shaped skin graft of 2 x 1.2 cm 

(approximately 120 mm
2
) was removed. The cartilage graft 

was excised with a scalpel (No. 11) and microsurgery 

scissors. The perichondrial tissue surrounding the cartilage 

gap was scratched and added to the sample. The wound was 

rinsed with a 1:1 solution of 3% hydrogen peroxide and 

saline and sutured with 6/0 subcutaneous Vicryl and 2-to-3 

transverse stitches. 

Approximately 0.1 cm
3
 of the dermis and subcutaneous 

tissue were detached from the skin graft and mixed with 

0.25-to-0.3 cm
3
 of auricle cartilage and perichondrial tissue. 

The sample was mechanically disaggregated using the 

Rigenera protocol according to the manufacturer’s 

specifications during two cycles of 2 minutes, obtaining a 

cellular graft of 4 cm
3
. The final number of cells obtained 

was not determined. However, according to previous 

experiences with the Rigenera system, the nasal cartilage 

yielded 9088.30 ± 788.86 chondrocytes per mL of digested 

tissue [22]; hence, the sample was expected to yield 2-to-

3x10
3
 chondral cells. Likewise, the phenotype of dermal cells 

obtained using the Rigenera system was previously analyzed 

by Svolacchia et al., who found the following percentages of 

mesenchymal stem cells markers: 82% of CD34, 82% of 

CD90 (Thy-1), and 53% of CD105 [23]. The authors 

reported a yield of 80x103 cells – 70-80% of them 

mesenchymal – with 92% of viability from 2 mm3 of dermal 

tissue. Considering that dermal sample was approximately 

120 mm3 (120-mm2 surface and 1-mm thickness), to obtain 

nearly 4.8x105 cells was expected. 

Disaggregated cells were finally injected into the knee by 

using a patellar injection under local anesthesia. Passive knee 

movement was applied to evenly distribute the sample inside 

the knee. 

2.3. Rehabilitation Protocol and Assessments 

Full weight-bearing without any orthosis was allowed six 

weeks after intervention. During this period, patients were 

advised to perform non-weight bearing exercises involving 

the hamstring and quadriceps, as well as stationary cycling 

without resistance. Upon healing of the ear wound, patients 

were allowed to swim. Normal gait was achieved through 

progressive weight bearing for six additional weeks. Patients 

were not allowed to take non-steroidal anti-inflammatory 

drugs during the entire follow-up. 

The progress of osteochondral injury was assessed by MRI 

tests, which were performed before and twelve weeks after 

the intervention. Functional and pain assessments were 

performed using the WOMAC scale (Spanish version) [24, 

25]. Data is presented as raw and as the median and 

interquartile range (IR, corresponding to percentiles 25 and 

75) or the mean and standard deviation (SD). 
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3. Results 

3.1. Patients and Procedure 

The autologous graft transfer was performed in nine 

patients meeting all the selection criteria. The mean (SD) 

age was 51.7 (6.2), 56% were male, and none of them 

were active smokers. In all cases, the procedure was 

successful, and none of them experienced infections or 

severe complications after the procedure. Two patients 

experienced joint effusion, manifested at a few days after 

the procedure. No aesthetical defects were observed at the 

donor site in any patient and none of them complained 

about the result on the donor site. One patient with a 

history of blood dyscrasias experience retroauricular 

bruising which healed without other interventions than 

vitamin K supplementation and any aesthetical defect. 

3.2. Symptoms and Functional Outcome 

Except one patient who experienced edema associated 

with cell infiltration, all patients referred a remarkable pain 

decrease during the few days following the procedure. At the 

end of the follow-up all patients all patients returned to their 

activities performed before the worsening of the cartilage 

injuries. Table 1 shows the details of the functional and pain 

assessment at baseline and the end of the follow-up. Eight 

patients (88.9%) experienced an improvement in all 

subdomains of the WOMAC scale. Median (IR) total 

WOMAC score in the study population was 39.0 (19.5 – 

59.0) before intervention and 9 (3.0 – 23.5), a median 

improvement of 22.0 (10.0 – 40.0) points. Patient 3 improved 

her stiffness and functional impairment but worsened pain 

associated with her knee condition. Overall, the median (IR) 

pain, stiffness, and function improvement were 5.0 (3.3 – 

9.0) on a 20-point scale, 3.0 (1.3 – 3.8) on an 8-point scale, 

and 19.5 (9.3 – 30.0) on a 68-point scale, respectively. 

The MRI examination revealed the absence of space-

occupying lesions in the knee and the surrounding soft 

tissues in all patients. An edema reduction was observed in 8 

of 9 patients (88.9%) (Figure 1A). The woman in case 9 

displayed more edema in the post-intervention than in the 

pre-intervention MRI. Chondromalacia showed a partial 

regression in 5 of 7 cases (71.4%) in which the progress of 

the chondromalatic signs was reported. Three patients 

(33.3%) showed a thickening of the cartilage line (Figure 

1B). Of 8 patients with visible cartilage tear at baseline, 4 

maintained the injury, 1 showed a remarkable improvement, 

and 2 showed no signs of the injury at the post-intervention 

MRI. Three patients showed a Baker’s cyst at baseline: one 

remained unchanged, one reduced the cyst size, and one had 

no visible cysts at post-intervention MRI. The patient who 

experienced a worsening in knee stiffness had a cartilage 

injury before the procedure which was maintained after the 

procedure. 

Figure captions 

 

Figure 1. Highlights of MRI findings before and after procedure. A: case 4 

at presentation (left) and sixteen weeks after (right); the images show an 

edema reduction and an increase in the definition of the cartilage line. B: 

case 7 at presentation (left) and twelve weeks after the intervention (right); 

the cartilage thickness experienced an increase of 2.78 cm. C: case 1 at 

presentation (left) and 17 weeks after; the Baker’s cyst of 36 mm length x 16 

mm wide identified at presentation showed a complete remission 17 weeks 

after the procedure. 

Table 1. Patient characteristics and results of the WOMAC scale. 

   WOMAC scores* pain | stiffness | function limitation 

Patient no. Sex Age (years) Before the intervention After the intervention 

1 male 44 4 | 1 | 8 0 | 0 | 0 

2 male 44 2 | 3 | 4 0 | 0 | 2 

3 female 54 3 | 5 | 19 7 | 2 | 15 

4 male 63 11 | 5 | 45 6 | 2 | 18 

5 male 50 7 | 2 | 30 4 | 2 | 17 

6 male 48 12 | 6 | 29 3 | 2 | 4 

7 female 56 18 | 8 | 63 1 | 2 | 4 

8 female 56 12 | 5 | 40 3 | 3 | 9 

9 female 50 6 | 3 | 17 1 | 0 | 3 

*Score ranges for the assessment of pain, stiffness, and functional limitation are 0-20, 0-8, and 0-68, respectively. 
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4. Discussion 

We present here in 9 cases of patients with cartilage 

injuries who experienced an improvement in pain and 

function – some of them with changes visible at MRI 

examination – after intra-articular injection of an autologous 

micro-graft obtained with the Rigenera protocol. 

Chondral injuries in the knee are a challenging scenario 

for surgical reconstruction. Despite the good results 

observed with prosthetic resurfacing, there is increasing 

interest in developing safety and effective procedures for 

biologic resurfacing and joint preservation [18]. The 

rationale behind the Rigenera protocol lies in the 

multipotent properties of the mesenchymal stem cells which 

may promote cell differentiation and subsequent new 

cartilage formation [13, 14]. In our experience, the use of 

autologous grafts enriched in mesenchymal cells resulted in 

healing or improvement of cartilage defects visible at MRI 

examination. After graft transfer intervention, all patients 

except one showed an edema reduction. However, 

considering the function and pain improvement in this 

patient, the post-intervention edema was attributed to the 

normal healing process. Most patients had a visible 

cartilage tear or decrease in the cartilage line at baseline. 

The technical limitations of the MRI assessment did not 

allow for a quantification of interesting parameters – such 

as the cartilage thickness or the size of cartilage defects – in 

all patients. Despite this limitation, three patients showed a 

remarkable increase in cartilage thickness (for 1.03 to 4.08 

cm in the best case observed) at the examinations before 

and after the intervention. It is noteworthy that one patient 

had a 36-cm length Baker’s cyst at baseline examination, 

which was not visible at MRI examination after the 

intervention, indicating a significant reduction of the 

inflammation. 

Regardless of the MRI findings, all patients except one 

showed an improvement in pain, stiffness, and function, and 

returned to their regular physical activity twelve weeks after 

the intervention. In some cases, the cartilage defect had 

progressed to a severe function limitation associated with 

intense pain which prevented patients from performing their 

activities of daily living, including work and normal gating. 

Pain and function were assessed by means of the Spanish 

version of the WOMAC scale, which has been extensively 

used in research and in routine clinical practice for assessing 

the severity of knee injuries [19]. The results of the WOMAC 

assessment in studies investigating the efficacy of other 

biostimulation techniques are heterogeneous, with studies 

reporting significant improvement and other reporting a 

slight worsening at 2 or 3 months [10, 20]. Also, the different 

study designs and etiologies hamper reliable comparisons 

between studies. However, without losing sight of these 

limitations, in the study patients showed a greater trend 

towards functional and pain improvement than those treated 

with platelet-rich plasma preparations and assessed with the 

same scale. Furthermore, although the number of included 

patients does not allow for a correlation analysis, pain 

improvement concurred with an improvement in function and 

stiffness, and the WOMAC scores were overall consistent 

with the MRI findings, as expected, considering the 

correlation between pain and cartilage defects visible at MRI 

examination [21]. 

The strict selection criteria limited the number of patients 

included in the study. However, as this was an exploratory 

test of safety and effectiveness of the Rigenera protocol in 

the management of knee cartilage conditions, we considered 

the exclusion of immune and inflammatory diseases an 

important condition to achieve the best performance of the 

transferred cells and to assess safety independently. Another 

important limitation was the heterogeneity of the MRI 

information, which precluded a quantitative analysis of the 

MRI findings. However, MRI assessments provided valuable 

input on the physiological effects of cartilage biostimulation. 

In summary, this study shows that the transfer of 

autologous micro-grafts using the Rigenera protocol is safe 

and has promising results in the treatment of cartilage 

injuries associated with pain and functional limiting. These 

results suggest the suitability of further prospective, 

controlled studies with larger cohorts to confirm the 

therapeutic properties of this intervention. 
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