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Abstract:

The wound healing process is a complex mechanism related to many factors, such as the patient’s comorbidity, blood flow,
and nutritional status. This study aimed to retrospectively evaluate patients affected by various disease states and treated
with Rigenera® technology, a standardized micrograft preparation system. A total of 8 patients were treated with a
suspension of autologous micrografts obtained from mechanical disaggregation of small pieces of skin tissue. The
micrografts suspension was applied alone to the wound or in combination with porcine collagen scaffolds directly onto the
wound as described in the text. Across all cases, there was marked improvement in wound healing, with a mean healing
time of 103 days and a reduction of the diameter of the wounds by 54%. Notably, the use of micrografts resulted in an
overall higher quality of life for the patients. This simple and low-cost micrografting procedure that can promote wound
healing of different kinds of chronic non-healing wounds and does not require postoperative rest.
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1.Introduction

As wound healing professionals, plastic surgeons deal with various
conditions of wounds daily. While recent technological advancements,
including new wound dressing, Negative Wound Pressure Therapy
(NPWT), and Negative Pressure Wound Therapy with instillation therapy
and dwelling time (NPWT-id) devices [1-3], and growth factor
formulations have facilitated the cure of previously refractory cases, there
are still many cases that continue to be a challenge [4-8]. That is because
the wound healing process is influenced by a multitude of factors such as
the patient’s comorbidities, nutritional status, and age [9-11].

Autologous micrografts (AMGs), which were initially described by Pérez
in 2010, have been proven to be efficacious in tissue repair through
numerous studies [12]. The Rigenera® technology represents an
innovative and standardised micrograft preparation system. Progenitor
cells expressing surface markers of mesenchymal stem cells and ex-
tracellular matrix are contained within the suspension, supporting the
regenerative potential of micrografting [13-16]. AMGs have been
reported to have a size of around 80um, consisting of endothelial and
progenitor cells, as well as extracellular matrix (ECM) ingredients, which
can aid in reducing the inflammatory process and support wound healing
[13,15,17]. The Rigenera® technology is an innovative and standardized
micrograft preparation system that involves mechanical disaggregation of
small pieces of tissues using the Rigeneracons medical device, a
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biological disruptor of human tissues, to obtain AMGs. The suspension
of AMGs can then be immediately injected for grafting procedures
without further processing. This protocol is easy and safe to use, and there
is substantial evidence demonstrating its application for the tissue repair
of post-operative and post-traumatic wounds [14, 18-20], and chronic
ulcers [15, 21-24]. Early evidence also shows the applicability of AMGs
in orthopedics [25,26] and cardiac fields [27-30].

In this context, we present a retrospective evaluation of eight patient cases
showing non-diabetic intractable wounds with severe comorbidities. All
patients underwent as-sociated and previous clinical procedures followed
by treatment with the Rigenera® micrografting technology. This
retrospective analysis aims to provide further evidence of the potential
effectiveness and safety of this innovative and standardized micrograft
preparation system in treating non-diabetic intractable wounds.

2. Case Presentations

An overall total of eight patients, comprising of four males and four
females, with a mean age of 60.1 + 18.9 years, were treated and
retrospectively evaluated. Prior to the administration of the AMGs
treatment, all cases underwent an evaluation for systemic and local
diseases. Table 1 summarizes the clinical characteristics of each patient,
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including the type of disease, wound diameter, and comorbidities. It is
noteworthy that none of the patients exhibited diabetes as a comorbidity.

consent before each treatment.

Copy rights@ Elisa Paolin,

It is also important to mention that all patients provided written informed

Age/Sex . .
Patients | (F=Female Type of !Z)lsea§e/ Comorbidities Diameter of _\Nound (cm)/
_ Anatomical Site Site
M=Male)
Skin defect after excision of . Left 8x6.5
! 38/F pyoderma/ bilateral groin region Obesity Right 7.5x6
2 46/F Pressure sore / left foot Sensory disorders 7x8
3 37/M Pressure sore /sacral region Lower body paralysis, obesity After 3rd surgery: 7x6x5(d)
Skin ulcer after necrotizing . . . 15x7 hip suture wound
4 79/M s Lower body paralysis, hypertension, epilepsy 3x3.5 thigh skin ulcer
fasciitis / hip
18x8 lower leg suture wound
5 61/M Pressure sore around the scar / Paraplegia 2x1
sacral region 1.5x1
6 88/F Burn ulcer / left lower leg Lymphedema, heart disease, hypertension 12x10
Mixed connective tissue disease (MCTD),
7 73/F Abdominal wall defect Sjogren's syndrome, interstitial pneumonia, and 15x18
hypertension
8 59/M Skin ulcer on the precordium Cardiac disease 15x7

Table 1: The clinical characteristics of the selected patients were comprehensively evaluated and recorded. The data includes the sex and age of each
patient, the type of disease, the anatomical site of the wounds, comorbidities, and diameter of the wounds prior to the AMG treatment.

2.1. Rigenera® Technology

The tissue size to be harvested for producing AMGs is calculated based
on the wound area that needs to be covered. The tissue collection is
approximately 1:400, meaning that a skin sample of 2x2x2 mm was
collected from healthy skin to cover a wound area of 4 cm2. The donor
site is sutured after tissue collection. The sample is then divided into its
epithelial and dermal components, and each is cut into small pieces. They
are separately put into a Rigeneracons device with adequate saline
solution and disaggregated for approximately 4 minutes [31]. The AMGs
suspension obtained from the dermal component is injected into the
wound margins (0.1ml/1cm intervals apart). At the end, to cover the ulcer
surface, AMGs from the epithelial component are sprayed onto the wound
surface using a syringe equipped with a mist adapter. When required,
AMGs components are used to infiltrate a porcine collagen scaffold
(Pelnac Gplus, Gunze Medical Limited, Japan) and subsequently applied
onto the ulcer surface [15].

2.2. Case 1:

@ ©
Figure 1: Condition at the end of surgery (a), at 4 weeks (b-c, right and left groin), at 8 weeks (d-e right and left groin), at 1 year after the micrograft
procedure (f).

The patient was presented with multiple pyoderma that extended from
both sides of the groin area to the external genitalia. After the resection of
the external genitalia lesion, a wide skin defect was left, which was
reconstructed with bilateral gluteal fold flaps. Due to the unavailability of
a pedicled flap around the groin area for reconstruction, skin grafting
would have been the standard procedure. However, due to the patient's
obesity, AMG treatment was chosen to avoid the risk of venous
thrombosis caused by obesity and postoperative bed rest. The AMGs were
obtained by collecting a small piece of tissue with a scalpel (2.5 cm in
diameter), and they were injected into the wound site and sprayed on the
surface after resection. Since the need for early mobilization prohibited
the placement of a suction drain under the bilateral gluteal fold flap,
NPWT was used for exudative suction after surgery. The reconstruction
of the external genitalia with a bilateral gluteal fold flap was successful,
and no complications were reported. The skin defect in the bi-lateral groin
region that underwent AMG treatment was steadily reduced, and
epithelialization was confirmed during the re-examination on the 69th
postoperative day, as shown in Table 2 and Figure 1.

®
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2.3. Case 2

The patient was presented with an intractable foot ulcer that was difficult
to treat due to a congenital sensory disorder. Despite the small size of the
ulcer, it had formed a large pocket internally. It showed no signs of
contraction even after preservation treatment through irrigation and
application of topical agents. A decision was made to perform a surgical
procedure, considering the option of free skin flap reconstruction after
debridement. However, the latter option was ruled out due to the lengthy
operation and the patient's sensory disorder. There was a risk of recurrent
ulceration caused by the postoperative bulkiness of the flap, which could
compromise the outcome and restrict mobility, preventing the patient
from wearing fitted shoes.

Copy rights@ Elisa Paolin,

Therefore, the chosen method for wound contraction was the AMG
treatment. The wound pocket was opened to clean and debride, and
AMGs were injected inside the pocket as much as possible. The partially
and surgically incised wound area was cleansed, followed by applying of
a topical agent. Minimal walking was required as part of the standard
post-operative procedure. The pockets healed and disappeared within 2
days after the operation. The open wound was then treated with continual
cleaning and topical agents, and epithelialization was confirmed on the
108th day after the operation (refer to Table 2 and Figure 2). The patient
could walk wearing custom-made shoes im-mediately after healing, and
no recurrence was observed thereafter.

(€)) ()

Figure 2: A 46-year-old-female with pressure sore caused by sensory disorder on the right foot. Preoperative condition (a), skin incision design (b),
condition after pocket incision (c), after removal of inflammatory granulation tissue during operation (d), after sutures (e). The pocket dis-appeared
two days after the operation (f), at 4 weeks (g), completely dried up 16 weeks after operation (h).

2.4, Case 3

The patient presented with lower body paralysis due to spinal cord injury
and was diagnosed with clinical obesity. A shallow ulcer near the anus,
measuring about 2 cm in diameter with a healthy granulation color, was
managed through conservative treatment consisting of wound cleaning
and application of growth factors such as fibroblast spray, as well as using
povidone-iodine to suppress biofilms which showed no signs of
improvement.

The first AMG treatment was administered five months after onset of the
ulcer, but no effect was observed. Subsequently, the AMG treatment was
repeated ten months after onset, and the ulcer showed signs of gradual
reduction. The donor tissue, measuring 2 cm in diameter, was harvested
using a scalpel. The AMG suspension was injected and sprayed onto the
wound area, and infused into an artificial dermis (Pelnac Gplus, Gunze
Medical Limited, Japan) before being applied onto the wound.

However, a pocket formation was observed toward the sacral on the ulcer
head side one month after the operation. Reconstruction after debridement
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by pedicled flap was considered, but it was deemed more appropriate to
perform colostomy expansion in advance to prevent postoperative
infection. The patient’s obesity made this difficult to do, and it was
regarded that postoperative bed rest could cause further weight gain. As a
result, reconstruction by pedicled flap was abandoned, and a third AMG
treatment was performed in combination with collagen sponges (Pelnac
Gplus, Gunze Medical Limited, Japan), to optimize the efficacy of AMG
injection at the pocket region. In the third treatment, the main aim was
weight management to prevent future pressure ulcer recurrence by
continuing rehabilitation while cleaning the wound and treating it with
topical agents.

We observed that the shallow ulcers were epithelialized about 2 weeks
after surgery. The pocket opening showed good granulation growth and a
gradual shrinking. After the operation, wound management based on
cleaning and topical agents continued, as well as bed rest, except for
occasional wheelchair movement during rehabilitation. Although the
ulcer has been reduced, it has not achieved complete epithelialization four
months after the operation, as shown in Figure 3 and under Table 2.

Page 3 of 9



Clinical Case Reports and Reviews.

Copy rights@ Elisa Paolin,

(h)

Figure 3: The images depict the progression of a pressure sore on the sacral part of a 37-year-old- male with lower body paralysis. The photos show
the condition before the first operation (a), be-fore second operation (b), 4 weeks after the second operation (c), before the third operation (d), af-ter
the pocket incision during operation (e), at 4 weeks (f), at 16 weeks (), at 24 weeks (h), and 8 months after the third operation (i).

2.5. Case 4

The patient suffered from lower body paralysis as because of a spinal cord
injury, which was further complicated by the presence of pressure ulcers
and necrotizing fasciitis. The skin ulcer initially developed from
Fournier's gangrene and pressure ulcers in the right gluteal region,
gradually spreading to include the groin, genitalia, gluteal region, and
greater trochanter. Cleansing with NPWT-id was performed to prepare
the wound for closure. The unloaded areas, such as the genitalia and
greater trochanter, were simply sutured, while the sciatic part was closed
by transferring a pedicled posterior thigh flap. The thigh area, where the
flap was taken from, was closed with sutures. Partial necrosis and
dehiscence were observed on the posterior thigh flap that was transplanted
onto the buttock. These areas were operated on under local anesthesia.
The sciatic ulcer was sutured after debridement. However, tension at the
time of suture caused partial necrosis and the development of a skin ulcer
at the flap's donor site.

To improve blood flow, promote adhesion, and soften scar tissue, AMG
was injected subcutaneously immediately after suturing the wounds.
Additionally, a collagen scaffold (Pelnac Gplus, Gunze Medical Limited,
Japan) was immersed in an AMG suspension and applied to the skin ulcer
on the thigh and the donor site of the flap after the AMG injection.
Approximately 10 days after the operation, all sutures dehisced, and
partial necrosis of the lower leg flap occurred. However, further
operations were not performed due to the patient's age. The patient was
transferred to another hospital for ongoing conservative treatment 1.5
months after the initial operation. At the time of re-examination, favorable
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granulation growth was observed, and the lower leg had epithelialized
three months after surgery. While increased granulation was present at the
sciatic region, reaching the same height as the skin surface, it had not yet
epithelialized even eight months after surgery. Table 2 provides
information about the size of the ulcer before surgery or at the time of flap
elevation, which was then compared to the size of postoperative
dehiscence of the ulcer. Similar evaluations were conducted for the parts
that were not sutured wounds.

2.6. Case 5

The patient experienced paraplegia resulting from a spinal cord injury and
had been dealing with two small ulcers for four years. Despite undergoing
skin chip grafting two years after the ulcers first appeared, there was only
a slight size reduction, and no complete epithelialization was achieved.

To address this issue, the patient received treatment with AMG using
donor tissue of approximately 2 cm in diameter, harvested using a scalpel.
The patient showed significant progress despite the AMG treatment being
administered four years after the ulcers first appeared. Complete
epithelialization was achieved after 104 days from the treatment,
indicating that the therapy was effective in promoting wound healing.

2.7.Case 6

The patient presented with an ulcer resulting from a burn wound along
with lymphedema. Initially, conservative treatment was administered as
an outpatient using irrigation and topical agents. Surgical intervention

was then performed once sufficient granulation had developed. While
skin grafting was considered, the patient's advanced age and muscle
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weakness from bed rest posed risks to the activities of daily living (ADL)
and the potential for delirium due to hospitalization.

Instead of traditional approaches, the patient received outpatient treatment
with AMG without the need for postoperative bed rest. Since the skin
defect extended to the fascia, the initial rate of contraction was slow.
However, the healing process accelerated over time, and epithelialization
was confirmed during an examination on the 107th day after surgery.

2.8. Case 7

The patient was a seventy-three-year-old female with a medical history of
mixed connective tissue disease (MCTD), Sjégren's syndrome, interstitial
pneumonia, and hypertension. She was currently receiving treatment for
thrombocytopenic purpura with antiplatelet agents, immunosuppressants,
and steroids. In April 2022, she was admitted to the hospital’s surgical
department for a gastrointestinal perforation that necessitated an
emergency colostomy. Postoperatively, the patient experienced
anastomotic leakage and incomplete fusion of the peristomal skin with the
intestine.

On May 24th, 2022, the patient was referred to the Department of Plastic
Surgery, Fukushima, Red Cross Hospital. Upon initial examination, a 15

Copy rights@ Elisa Paolin,

x 18 cm abdominal wall defect with granulation tissue atop the intestine
and separation of the intestine from the peristomal skin were noted. Given
the patient’s poor condition and bedridden state, traditional abdominal
wall reconstruction under general anesthesia was deemed unsuitable.

On June 8th, 2022, an AMG treatment was performed under local
anesthesia. Following debridement of the wound edges around the
abdominal wall defect and artificial anus, micrografts were injected sub-
dermally on the artificial anus area and the lesion was resutured. The
adbominal wall defect was treated with dermal micrograft injection and
in combination with collagen sponges (Pelnac Gplus, Gunze Medical
Limited, Japan). The treatment was well-tolerated, and significant
progress was observed.

Complete epithelialization of the abdominal wall area was achieved 96
days from the AMG, and the peristomal skin had fully integrated. The
patient was subsequently transferred to another hospital the following
day. Despite the absence of photographic evidence of full
epithelialization, the AMG treatment demonstrated remarkable efficacy
in this complex case, providing a less-invasive alternative to conventional
surgical methods, as shown in Figure 5 and under Table 2.

(c)

(d)

Figure 4: Clinical progression of abdominal wall defect treatment in a seventy-three-year-old female with multiple comorbidities. (a) depicts the
patient's initial condition at the time of diagnosis, (b) shows the condition after AMG treatment combined with collagen sponge (c) shows the
progression of the wound after 2 weeks from the use of the Rigenera® technology (d) displays the wound condition after 11 weeks from the use of the

Rigenera® technology.

2.9. Case 8

The patient, a 59-year-old male, underwent cardiac bypass surgery in July
2022. The following year in August, complications arose when wire
breakage and screw displacement led to sub-sternal dehiscence. All
fixation devices were removed under general anesthesia, followed by
debridement and the application of NPWT-id. Despite these measures, the
patient presented with a significant skin ulcer measuring 15 x 7 cm on the
precordium, with the ulcer bed exposing the mediastinum.

Referred to our department in August 2023, the patient underwent a
bilateral pectoralis major myocutaneous flap procedure the following
month, under general anesthesia to close the wound after further
debridement. However, post-surgical complications included partial
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necrosis at the bottom edge of the right flap and subcutaneous hemorrhage
at the precordium. Even with NPWT-id, the wound pocket persisted.

The wound pocket was fully opened in October, and continuous cleansing
was initiated. Subsequently, on November 22nd, 2023, debridement and
micrograft treatment in combination with collagen sponges (Pelnac
Gplus, Gunze Medical Limited, Japan) were performed under local
anesthesia. Rapid epithelialization was observed, except for asmall fistula
tract of approximately 1 cm caused by a bone sequestrum that took longer
to heal. Further debridement the following year in March involved the
removal of a sequestrum beneath the ulcer, followed by resuturing.
Complete healing was observed by April, with all sutures removed, as
shown in Figure 6 and under Table 2.
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This case highlights the complexity of treating sub-sternal dehiscence
after cardiac surgery and the effectiveness of micrograft treatment in

promoting rapid wound epithelialization.

(a)

(b)

()

Copy rights@ Elisa Paolin,

(d)

(e)

Figure 5: Images showing the progression of a skin ulcer in a 59-year-old male on the precordium following cardiac bypass surgery. (a) depicts the
patient's initial condition at the time of diagnosis, (b) shows the condition after AMG treatment combined with collagen sponge (c) shows the
progression of the wound after 1 month from the use of Rigenera® technology (d) displays the wound condition two months before complete re-

epithelialization. (e) complete closure.

Duration % Diam_eter Healed Healed Healing Time Dermal
Case No. Before Reduction At Week 8 At Week 16 After AMG Substitute
Treatment At Week 4 (days)
1 0 week 30 No Yes 69 /
0 week 50 No Yes 69 /
2 7 weeks 90 No Yes 108 /
3 52 weeks 20 No No 245 Pelnac Gplus
2 weeks 50 No No Decreased /
4 2 weeks 40 No Yes 100 Pelnac Gplus
39 weeks 60 No Yes 100 /
5 199 weeks 50 No Yes 104 /
204 weeks 30 No Yes 104 /
6 5 weeks 60 No Yes 107 /
7 2 weeks 70 No Yes 96 Pelnac Gplus
8 16 weeks 100 No Yes 33 Pelnac Gplus
Average 54 89
STDEVP 24 24

Table 2: The averages were obtained by applying Dixon's Q test with a 95% confidence interval to eliminate outliers.

3. Discussion

The present evaluation aimed to assess the effectiveness and safety of the
Rigenera® micrografting technology in treating non-diabetic intractable
wounds with severe comorbidities. The study included eight patient cases
with various etiologies of wounds, and the outcomes were analyzed to
provide further evidence of the therapeutic benefits of this micrograft
preparation system. The use of AMGs derived from the Rigenera®
technology allowed for applying a suspension containing progenitor cells
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and extracellular matrix components to the wound site. This approach has
been previously shown to support tissue regeneration and promote wound
healing in various clinical scenarios [27,28, 32-42].

Our data indicate that the reduction in wound diameter at four weeks was
52% without the use of the dermal substitute (Pelnac Gplus), compared to
60% with Pelnac. This suggests that the effectiveness of Rigenera®
micrografts is independent of the presence of Pelnac.
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Besides, our findings suggest that applying AMG is a beneficial approach
to accelerate the healing process of non-diabetic wounds that are
unresponsive to previous treatments.

Previous studies have demonstrated that AMGs contain progenitor cells
showing pluripotent mesenchymal stem cell markers, growth factors, and
extracellular matrix constituents [31]. Furthermore, AMGs have been
shown to promote the movement of fibroblasts and keratinocytes by
activating the extracellular signal-reproduced kinase (ERK) signaling
pathway [43]. They also stimulate expression of transforming growth
factor-betal (TGFpB-1) early in granulation tissue and increase the
expression of alpha-smooth muscle actin (aSMA), indicating the
existence of myofibroblasts and angiogenesis [17,44]. Additionally,
AMG injection is a straightforward procedure that requires no complex
introduction methods and has minimal impact on the donor site.

In our study, AMGs have also been used with NPWT and NPWT-id for
faster healing and wound bed preparation before implantation [19,43].

In both Case 1 and Case 2, AMG treatment facilitated wound contraction
and healing, underscoring its potential as an effective alternative to
traditional surgical approaches.

The effectiveness of AMG treatment is not limited to chronic wounds, as
it has also been applied to deficient wounds after lesion resection and
surgical sutures. This treatment approach is particularly well-suited for
elderly patients, as it allows for outpatient treatment without the risk of
muscle weakness or delirium associated with hospitalization, as
demonstrated in Case 3, 6 and 7.

Furthermore, Niimi et al. [32] reported a clinical case where AMGs were
successfully utilized with the dermal collagen substitute for wound
treatment. This case highlighted the versatility and potential synergies of
combining AMG treatment with advanced wound care products,
emphasizing the importance of exploring various therapeutic approaches

for optimal outcomes. The collaborative use of AMGs showcases a
promising strategy for addressing challenging wounds and underscores
the significance of a multifaceted treatment approach in wound
management. In the referenced study, micrografts within the scaffold

were verified through immunostaining assessment, revealing the presence
of non-epithelial-derived cells, including collagen fibers, vascular

endothelial cells, and neutrophils. These cell types exhibited a gradual
increase over the observation period. The histological evaluation
suggested the integration of micrografts into the scaffold, collectively
contributing to the advancement and facilitation of the wound healing
process.

Another study conducted by Li et al. [45] delved into the concurrent
application of artifical dermis and micrografts in a murine wound animal
model. This investigation serves to enhance our comprehension of the
efficacy of artificial scaffolds when utilized alongside micrografts in the
context of wound management.

Our study also included a case involving a patient with sensory disorder.
In Case 2, the pocket completely disappeared two days after the
procedure. In some cases, involving paralysis, the regenerative response
to AMG treatment appeared to be slower than other cases. However, it is
important to note that these cases cannot be generalized as the application
sites differ.

In Case 4, we did not observe a significant change after the initial AMG
treatment. A study by Jimi et al (2017) suggests an optimal density or
tissue suspension for the wound healing in mice, hypothesizing that a high
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concentration of AMGs injected into a small area may trigger a down-
regulation [46]. Still, given the human body mass this seems unlikely. In
this case, it may be more relevant to take into consideration the patient's
condition after flap transfer, including factors such as muscle weakness,
weight gain, and pressure ulcer recurrence.

AMG technology has proven effective in promoting wound healing across
a variety of complex cases, including late-stage interventions, patients
with multiple comorbidities, and challenging wound management
scenarios, as showed in Case 5,6,7, and 8. These cases collectively
reinforce the therapeutic benefits of AMG technology in accelerating
wound healing, reducing hospitalization risks, and improving patient
outcomes, suggesting its promising role in modern wound care practices.

Including cases with different etiologies and complexities strengthens the
findings of this study and provides valuable insights into the applicability
of the Rigenera® micrografting technology across diverse wound
scenarios. The study’s retrospective nature limits the ability to draw
definitive conclusions or establish direct comparisons with control
groups. However, the observed data supports that the effects of
Rigenera® micrografts are not age-related and the consistent positive
outcomes in the cases support further investigation through prospective
studies or clinical trials. Further research with larger number of patients,
randomized controlled trials, and longer follow-up periods is warranted
to validate and expand upon the findings of this study.

4. Conclusions

In conclusion, our study emphasizes the effectiveness and versatility of
AMGs as a straightforward and cost-effective therapeutic approach for
managing non-diabetic, intractable wounds, particularly in patients with
severe comorbidities. The results demonstrate that AMGs can
significantly enhance wound healing, irrespective of the presence of
adjunctive therapies like Pelnac Gplus. This indicates that Rigenera®
micrografts offer a robust therapeutic option that is not affected by the
dermal substitute.

The procedure’s minimal impact on the donor site makes it a practical
choice for a diverse range of patients, including those who are elderly or
obese.

Further investigations, including larger patient cohorts and randomized
controlled trials, are necessary to validate these findings and explore the
full potential of this innovative treatment approach.
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