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Abstract

The effective management of post-operative wounds is important to prevent potential
complications such as surgical-site infections and wound dehiscence. The purpose of
this study was to treat wound dehiscence in elderly patients who were subjected to
orthopaedic surgical interventions. The dehisced wounds were treated with autologous
micro-grafts obtained using a promising CE-certified medical device called Rigener-
acons. This instrument is a biological disruptor of human tissues able to specifically
select progenitor cells that, as already reported in previous studies, maintain high cell
viability but mainly have a high regenerative potential, allowing the repair of damaged
tissues. Autologous micro-grafts obtained by Rigeneracons are ready to use and can be
applied alone or in combination with biological scaffolds directly on the injured area.
We observed in our patients a complete remission of dehisced wounds, on average, after
30 days from micro-grafts application and a total wound re-epithelialisation after 1 year
from the surgical intervention. In conclusion, although we reported only three patients,
autologous micro-grafts can be considered a promising approach for the treatment of
dehisced wounds, improving the wound-healing process and in general the patient’s
quality of life without using other dressings.

Introduction

The effective management of post-operative wounds is impor-
tant to prevent potential complications such as surgical-site
infections and wound dehiscence. Moreover, this aspect
remains today a big challenge for surgeons and patients
who often experience high comorbidity correlated to a
long and exhausting wound-healing process (1). The use
of post-operative drains and the type of post-operative dressing
is at the discretion of the surgeon, with no available clinical
guidelines. The principal aim of drains is theoretically to
decrease the incidence of post-operative haematoma, while
occlusive dressings maintain a sterile barrier for longer time
periods post-operatively (2).

Post-surgical wound dehiscence can arise as a complication
in different type of interventions, such as the transplantation of
lung (3) and kidney (4), colon resection (5), the following of
a laparotomy procedure with an incidence of about 0.5% (6)
and gynaecological procedures, such as Caesarean section and
total abdominal hysterectomy with an incidence of 15% (7).

Orthopaedic surgical complications can lead to longer hospi-
talization, increased patient morbidity and high costs for both
patients and national health services. Several studies reported
the association between wound closure method and wound
complications, but the correlation between comorbidities, risk
factors and surgical wound dehiscence is not still well defined
(8).

Key Messages

• successful wound healing depends on several factors,
including optimal wound closure; in several and different
primary surgical procedures, wound closure does not
often occur, leading to the onset of wound complications
such as wound dehiscence influencing the quality of
life of the patients and increasing both hospitalisation
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and economic costs for patients and the National Health
Service

• the goal of our study was to display the efficacy of autol-
ogous micro-grafts to treat wound dehiscence appearing
after primary orthopaedic interventions in three elderly
patients; autologous micro-grafts provided by Rigenera-
cons are enriched with progenitor cells and ready to use
in the same patient from whom they were obtained

• after the application of autologous micro-grafts, we
observed a complete remission of wound dehiscence, on
average, 1 month after the micro-grafts injection, with a
total wound re-epithelialisation 1 year after the primary
surgical intervention

All wounds heal for primary, secondary or tertiary inten-
tion, and several factors can delay wound healing, including
chronic disease, vascular insufficiency, diabetes, neurological
defects, nutritional deficiencies, advanced age and local factors
such as pressure, infection and oedema. Effective wound care
requires an accurate and detailed identification of the specific
factors interfering with wound healing in order to auspicate the
achievement of an optimal outcome (9). In addition, a preoper-
ative assessment can be appropriate to prevent or limit the risk
factors responsible for wound dehiscence incidence (6).

Furthermore, dehisced wounds, similar to chronic wounds,
are also becoming a socioeconomic emergency because of
the high costs of hospitalisation to care for the patients (10).
Actually, re-operation is the elective approach for dehisced
wounds mainly in abdominal interventions, but this approach
can lead to a high mortality rate, which was estimated to be
between 14% and 50% (11).

Several other strategies can improve the management of
these wound complications, including negative pressure wound
therapy (NPWT), silver ion-impregnated dressing or the use
of topical growth factors such as platelet-derived growth fac-
tor (PDGF), fibroblast growth factor, transforming growth
factor-beta and epidermal growth factor (12). The benefits of
all these strategies were widely reported in the literature and
certainly have ameliorated the clinical approach to wound com-
plications, leading to reduction of both costs and number of
surgical interventions to close the wound.

Based on these considerations, the aim of this study was
to display a new promising clinical protocol, named Rigen-
era protocol, in the management of post-surgical dehiscence in
patients who underwent primary orthopaedic surgical interven-
tions. This new approach is based on the application of autol-
ogous micro-grafts directly on the site of dehiscence, and the
efficacy of this approach was already shown in other clinical
fields such as dentistry (13,14), dermatology (15) and in the
management of other post-operative wounds (16).

Patients and methods

Patients

We analysed in this study three patients enrolled in the Unit
of Ortopedics and Traumatoly of Santa Croce Hospital (Turin,

Italy) in August 2014 and followed-up these patients for about
1 year. All patients provided informed consent, and the study
protocol conformed to the ethical guidelines of the 1975 Dec-
laration of Helsinki. The primary diagnosis and initial operative
procedures leading to wound dehiscence are listed in Table 1.
We also reported the correlated diseases affecting the patients,
which, from a clinical point of view, are all characterised by
delays in healing greater than 7 weeks.

Methods

All cases reported in this study were treated in ambulatory
without the need of a recovery or operating room, and we used
the Rigenera protocol on all the patients, which allows the
regeneration of damaged human tissues, as already reported in
previous studies (16,17). The Rigenera protocol is based on the
use of the Rigenera machine and Rigeneracons (Human Brain
Wave, Turin, Italy), a biological disruptor able to disaggregate
small pieces of human connective tissues and select a specific
cell population that includes progenitor cells, maintaining the
capacity to differentiate into several cell types and then regen-
erate a damaged tissue. These progenitor cells, in association
with growth factors derived by starting tissue, create autologous
micro-grafts that are ready to use, which can be applied on the
injured area alone or in combination with different biological
scaffolds, such as collagen.

The Rigenera protocol consists of four steps: (i) collection
of a small piece of skin tissue of 1 cm from a distant donor site
with respect to the recipient site, (ii) disaggregation of tissue
by Rigeneracons through the addition of 1 ml of sterile saline
solution, (iii) collection of autologous micro-grafts obtained
after the disaggregation and (iv) injection of these micro-grafts
alone into the site of injury by perilesional infiltrations or in
combination with scaffolds embedded with micro-grafts.

In our patients, we collected small pieces of tissue by
trochanteric region after local anaesthesia, and we disag-
gregated the tissue for 90–120 seconds and used an equine
collagen sponge as a scaffold to apply the micro-grafts on
wound dehiscence. Following the application of micro-grafts,
we performed the first dressing after 7 days and subjected
the patients to weekly controls to evaluate the progression of
wound healing.

Results

In all three patients, we observed, on average, a good remission
of wound dehiscence 1 month after the micro-grafts applica-
tion, with a range variable between 15 and 60 days. In general,
the micro-grafts were applied only once, except in patient 1,
where the Rigenera protocol was applied twice after 30 days
from the first application. In Figure 1, we display the healing of
a malleolar dehiscence after 40 days from the first micro-grafts
injection or 10 days after the second micro-grafts application
(Figure 1A–C), and after 1 year, we can observed a complete
wound re-epithelialisation (Figure 1D). In the second patient,
we performed the Rigenera protocol only once, observing the
healing of dehiscence after 60 days (Figure 1E–G). This differ-
ence in the time of dehiscence healing can be attributed to the
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Table 1 Diagnosis and operative procedure of the patients with wound dehiscence

Patients Sex Age Site of dehiscence Diagnosis Correlated diseases Follow up (year)

1 F 78 Dehiscence of malleolus with exposed
peroneal plaque

Tibial-tarsal fracture Hypertension, type 2
diabetes

1

2 F 61 Dehiscence of malleolus with exposed
peroneal plaque

Tibial-tarsal fracture Multiple sclerosis 1

3 M 78 Dehiscence of dorsal medial area of foot Forefoot alignment Hypertension 1

Figure 1 Malleolar dehiscence following osteo-synthesis with steel peroneal plaque in two different patients. Evaluation of the first patient where
the Rigenera protocol was applied twice. (A) Time 0 before micro-grafts application. (B) Evaluation of dehiscence after 10 days. (C) Progression versus
complete healing at 40 days from first application and 10 days after the second micro-grafts application. (D) Follow-up at 1 year. Evaluation of the second
patient at time 0 before micro-grafts application (E) and after 15 (F) and 60 days (G).

presence of the peroneal plaque. Finally, in the third patient,
we reported a complete healing of a dehiscence in the dorsal
and medial region of the foot only 15 days after micro-grafts
application, showing a total regeneration of damaged tissues
(Figure 2A–C), and after 1 year, in this case also, we observed
a complete wound re-epithelialisation (Figure 2D). For all our
cases, no side effects or complications during the execution of
protocol or the following evaluations were reported.

Discussion

In this study, we showed the effectiveness of treatment with
autologous micro-grafts obtained through the Rigenera pro-
tocol in ameliorating the healing of post-surgical orthopaedic
dehiscence in patients who previously underwent a primary
surgical intervention, such as tibial-tarsal fracture and forefoot
alignment. These results are in accordance with other recent
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dorsal dehiscence before
micrografts injection

medial dehiscence before
micrografts injection

dorsal after 7 days
of micrografts injection

medial after 7 days
of micrografts injection

dorsal after 15 days
of micrografts injection

medial after 15 days
of micrografts injection

dorsal after 1 year
of micrografts injection

medial after 1 days
of micrografts injection

Figure 2 Dehiscence in the dorsal and medial area of the foot caused by forefoot alignment. (A) Before micro-grafts application. (B–C) After 7 (B) and
15 days (C) from first micro-grafts application and follow-up at 1 year (D).

studies where it has been reported that the Rigenera protocol
improves the healing of complex wounds that have occurred
as post-operative complications (16). In line with this regener-
ative potential of the Rigenera protocol, in a previous paper,
we demonstrated that micro-grafts combined with collagen
sponges to form a bio-complex applied on a leg lesion suc-
cessfully repaired the lesion, promoting the re-epithelialisation
and the softness of the tissue (17). Furthermore, the Rigen-
era protocol is also successfully applied in the dentistry field
where the regeneration of both atrophic maxilla (13) and peri-
odontal tissue (14) was reported and in aesthetic surgery pro-
moting the engraftment of the transplanted hair (15) and the
improvement of pathological scars (18). The capacity of these
micro-grafts to improve wound healing was also supported by
in vitro results showing that these maintain a high cell viabil-
ity despite the mechanical disaggregation that is performed to
obtain them (17,19). In addition, these micro-grafts display a
high regenerative potential as indicated by increased positivity
to mesenchymal stem cell markers such as CD90, CD73 and
CD105 (19).

On the basis of this evidence, we believe that the Rigen-
era protocol can offer an efficient and promising alternative
to the already existent approaches to improving wound heal-
ing in patients who exhibit wounds hard to heal. Amongst
actual approaches, NPWT is certainly one of the most used to
treat wound complications, and although NPWT may improve
wound healing, the body of evidence available is insufficient
to clearly prove an additional clinical benefit of this therapy
with respect to advanced dressings (20). In the orthopaedic
field, some authors reported that the primary aim of NPWT
is to minimise surgical interventions, but further research is
required to determine whether NPWT is superior to other

management options and also to establish the role of combi-
nation therapy, where NPWT is used with instillation of antibi-
otic solutions or silver-impregnated sponges (21). According
to this evidence, a recent paper described the use of NPWT in
orthopaedic oncology, evaluating the management of wounds
in sarcoma patients who underwent pelvic and sacral resec-
tion. These authors reported the efficacy of NPWT to reduce
the wound size, leading to a less invasive surgical procedure,
but they outlined the scars compliance of patients because of
the management of the device and continuous dressing changes
(22). Finally, as previously described, wound management rep-
resents a considerable financial burden on health services in
terms of manpower requirement, equipment and adjunct ther-
apies, but although NPWT is often perceived to be expensive,
there is evidence that its appropriate use leads to faster healing
and better quality of life for patients. Further evidence is needed
to justify the use of NPWT in chronic wounds in the primary
and secondary health care setting (23). For example, it has been
reported that comparing the outcomes of open traumatic frac-
tures with 3- versus 7-day intervals between dressing changes,
a 7-day interval between changes of the NPWT is acceptable,
reducing the costs related to the NPWT (24). The advantage of
the Rigenera protocol with respect to NPWT is the facility of
device management, which does not interfere with the life of the
patient and does not expect dressing changes at 48 or 72 hours.
In fact, the application of micro-grafts is performed only once
without particular precautions or other dressings for the patient.

In line with our results, the research about the grafting
material is growing, for example, the use of skin allografts
from human deceased donors, and it is very interesting. These
allografts in fact promote re-epithelialisation, but their use is
limited to burn injuries for now (25). On the contrary, using the
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Rigenera protocol, we can create autologous micro-grafts that
are ready to use from the same patient, who, therefore, is both
the donor and acceptor of these micro-grafts.

Usually, post-operative dehiscences with underlying instru-
mentations are treated by removing them, but in our case, the
premature removal of instrumentations could have caused fur-
ther interventions accompanied by a longer time of hospital-
isation and wound healing. The use of the Rigenera protocol
in the malleolar dehiscence with exposure of peroneal plaque
allow us to promote tissue regeneration, accelerating the wound
healing and allowing the removal of the plaque 1 year after the
first intervention following a same incision, without meeting
any inconvenience or complication for the patients.

In conclusion, our results, although not yet significant
because of the number of treated patients, showed a good
and safe clinical effectiveness of the Rigenera protocol in the
management of orthopaedic wound dehiscence, but further
studies with larger clinical records will be needed to validate
the use of this method as an alternative or in combination with
traditional wound care therapies.
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