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Abstract: Pressure ulcers are areas of regional tissue necrosis that develop as a result of long-term pressure on soft
tissue between the bone structure and the outer surface [1], [2], [3]. The most common areas for pressure ulcers are
the skin surfaces on the bone protrusions, sacrum, tuber ischiadicum, trochanter major, heels and lateral malleols [4].
Pressure sores are important health problems that cause an increase in health care institution costs, an increase in the
amount of care allocated to the patient, a negative psychosocial effect on the patient, a prolonged hospital stay and a
negative impact on the economy of the country. Approximately 18% of hospitalized patients are thought to have
pressure ulcers [5]. While 10% of pressure sores occur in mobilized patients, 53% develop in bed-care patients and
37% develop in wheelchair users [6].

The cost of pressure wound treatment per patient was between $20,900 and $151,700 in 2011, with an annual cost of
around $11 billion in the USA [7], [8]. Between 2003 and 2008, pressure ulcers were the direct cause of death for
4708 people in the UK, with an average cost of care of £2 billion [9], [10]. Every year, 2.5 million people are diagnosed
with pressure ulcer wounds in Turkey. The cost of pressure ulcer sores in Turkey is calculated to be $11.5 billion in
2011 (Turquoise Standards). These costs are made with special calculation engines [11]. Considering the cost of
medication, antibiotherapy, surgical intervention, a bed, a room, physician consultation, nursing care, and laboratory
expenses, it is of great importance to rapidly and economically improve and prevent such wounds that adversely affect
both patients and the state economy.

In this study, the stages of compression ulcers are examined and current treatment methods are summarized. The
advantages and disadvantages of maggot therapy, which is a very effective treatment method in the treatment of
pressure ulcers, were evaluated and information was given regarding the wound dressing loaded with maggot larvae,

which provides a more economical and simple treatment against pressure ulcers developed by the author and his team.
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1. INTRODUCTION
Pressure ulcer (decubitus ulcer) refers to skin or tissue damage due to decreased blood circulation, due to constant

pressure on a particular area. Pressure, friction, moisture, and stress are the factors that cause pressure ulcers in general.
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It is one of the important problems that may occur in patients who are bedridden for long or short periods. It is very
common especially in patients with a history involving strokes. Treatment of these wounds, due to a complex process
of tissue destruction, requires a multidisciplinary approach and is costly to treat [2].

Pressure ulcers were classified internationally (1989 in the National Pressure Ulcer Advisory Panel (NPUAP) 1989)
to achieve a more effective treatment [3], [12]:

« Stage I: Non-whitening erythema of intact skin. There is redness on the skin that does not fade by suppression.
However, skin integrity is preserved.

« Stage II: Skin loss of thickness affecting the dermis or epidermis. Abrasion can be seen as a narrow crater or crack.
There is a superficial loss.

* Stage III: Full-thickness skin loss, including subcutaneous tissues. It may extend to the lower fascia but does not
contain it.

» Stage I'V: Full-thickness skin loss, deeper. The underlying muscle or bone and joint capsule are also affected. Sinus
tract may be present. There was severe tissue loss [1].

Figure 1 shows the developmental stages of compression ulcers [13] and an example of sacral region pressure ulcers.
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Figure 1. Press ulcer development stages [3] and sacral region pressure ulcer sample (shared with patient permission)

Effective parameters in the development of pressure ulcers; pressure, stress, friction and moist environment. Normal
capillary pressure is 32 mmHg in arterioles and 12 mmHg in venules [14]. Pressures above 32 mmHg cause an increase
in interstitial pressure, disrupting oxygenation and microcirculation. A pressure above 70 mmHg, which lasts more
than two hours, causes tissue death [1]. The areas most exposed to pressure are the soft tissue regions above the bone
protrusions [2]. In a 1959 study of dogs, irreversible tissue damage was observed as a result of a pressure of 70 mmHg
applied for 2 hours [15]. Prolonged exposure to low-pressure or short-term high-pressure can lead to similar tissue
damage [16], [17]. If the head of a patient lying in a supine position is raised more than 30 °, the wounds occur
especially in the sacral and coccygeal regions [1]. Friction in pressure ulcers accelerates the process by reducing the
amount of pressure required for wound formation. Also, prolonged exposure to a moist environment facilitates
superficial skin destruction.

Pressure ulcers can cause various infections. The skin has normal flora, though. A distinction is needed between
bacterial colonization and bacterial infection. 106 types of bacteria in tissue flora are considered to delay wound
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healing [18], [19]. If bacteremia develops, it may result in sepsis, endocarditis, and even death. These complications
are more common in the presence of diabetes mellitus.

Staph. aureus, Staph. epidermidis, Strep. Group A, E. coli, Pseudomonas aeruginosa, Proteus mirabilis, Serratia
marcescens, Enterobacter spp. and Acinetobacter spp. are known to be isolated from wounds [2]. The causative agent
of sepsis is polymicrobial. Osteomyelitis may develop by direct spread or hematogenous pathway and is found in
approximately 26% of non-healing ulcers [20].

2. Methods Applied in Pressure Ulcer Treatment

Stage I-11-111 compression sores can be treated to a large extent with local wound care if the patient does not have
additional diseases. Local wound care consists of the following steps [1], [12]:

1- Reducing the pressure,

2- Reducing bacterial content,

3- Removal of necraotic tissues,

4- Providing a moist environment,

5- Diagnosis and treatment of infection,

6- Filling the dead space

In the treatment of chronic wounds that cannot be healed by local care, adjunctive treatment methods, surgical closure

of wounds and the use of hydrocolloid dressings may be preferred.

2.1. Auxiliary Treatment Methods
There are many adjunctive methods in the treatment of chronic wounds resistant to local care. These can be listed as
follows [21]:
1. Hyperbaric Oxygen Therapy (HBO)
2. VAC Treatment (Vacuum-Assisted Closure)
3. Larval Therapy (Maggot Therapy)
4. Intermittent positive pressure devices
5. Electrical stimulation
6. Cell Origin Wound Healing Technologies
7. Stem Cell Therapy - Growth factor

1. Hyperbaric Oxygen Therapy (HBO): This treatment method is based on 100% oxygen inhalation by putting the
patient under pressure in the pressure chamber. Treatment can be administered between 1-3 ATAs and for different
periods depending on the patient’s disease [22], [63].

2. Negative Pressure Wound Treatment (VAC-vacuum assisted closure): Sterile closure of the wound area is ensured
and negative or continuous pressure is applied to the wound area. Thus, local blood flow is increased, local edema is
reduced, granulation tissue development is accelerated, bacterial colonization is reduced, infection is contracted, moist
wound environment is provided, epithelization is accelerated and wound contraction is achieved. This method is
generally used in chronic wounds, diabetic foot wounds, pressure ulcers, venous ulcers, acute and traumatic wounds,
and nonunions.

3. Larvae (Maggot) Treatment: In this treatment method, green fly (Lucilia sericata) larvae are used for treatment.
Maggot therapy is a treatment modality with no side effects in late-healing or non-healing (chronic) wounds where

wound debridement cannot be performed adequately for various reasons. Larvae provide wound debridement by eating
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bacteria and dead tissues. Granulation tissue development in the wound is thus accelerated. On the other hand, larvae
are thought to increase the efficacy of growth factors in the wound area with some secretions [23]. There are also
some considerations in the use of larvae. Due to the difficulty in obtaining and sterilizing larvae, the use of this method
has been reduced after the 1950s with the development of conventional dressing materials. However, maggot therapy
could be the preferred method in non-healing wounds resistant to conventional dressings. The most important
drawback in Maggot Therapy is the use of non-sterile larvae. It is important to produce them in a reliable center and
to quickly destroy the larvae used. Theoretically, the larvae 'enzymes can cause allergies, but no such instance has
been reported [21].

4. Intermittent positive pressure application: Foot, knee or whole leg can be applied with pressure to reduce edema.
Blood circulation can be adjusted to regulate the pressure and duration of a method. The pressure is applied to the leg
with the aid of a wearable tool. It is especially useful in venous ulcers. It can be used in all wounds where the negative
effect of edema is seen.

5. Electric Stimulation (Electromagnetic Therapy): It is a form of treatment involving the application of electric current
to the wound area or by creating a magnetic field in the wound area. It has a positive effect on granulation tissue
development, collagen matrix formation, neovascularization development, and epithelialization.

6. Cell Origin Wound Healing Technologies: Other grafts may cause different risks to wounds. For example,
autogenous and non-autogenous skin grafts can produce a wound site with immune rejection, infection transmission
and various risks (pain, infection, delayed healing, etc.). Therefore, biocompatible wound dressing materials, which
are non-antigenic, ready for transplantation, which provides histological and functional characteristics of human skin,
can be used immediately and have been developed by tissue engineering and stem cell studies. There are many
products developed in this context: cultured autologous keratinocyte grafts, cultured allogeneic keratinocyte grafts,
autologous/allogeneic composites, acellular collagen matrices, cellular matrices, etc. Many of these are still under
development and testing [22].

7. Stem Cell Treatment: Immediately after a skin injury, mesenchymal stem cells taken from bone marrow adapt to
the peripheral circulation and surround the skin adnexa, and eventually turn into skin cells. In patients with autologous
culture and bone-derived mesenchymal stem cells transplanted, in human cases, rapid granulation development and
healing were observed in chronic wounds [22]. Growth factors, platelet-derived products, laser, shock waves,
ultrasound applications, and many extracellular matrix products are commercially available [21].

2.2. Surgical Closure of Pressure Sores
When selecting the surgical method to be applied, evaluation should be made according to both the patient and the
ulcer. The main purpose of surgical closure methods is to ensure that sufficiently intact tissue can be transported to
the ulcer site. The points to be considered while planning is to close the wound without leaving any gaps and to ensure
that no tension is applied to the sutures regardless of the position given to the patient. Methods and materials that can
be used for this purpose are primary closure, skin grafts, local skin flaps, muscle and muscle-skin flaps,
fasciocutaneous flaps and neurosensory flaps. Because primary closure and skin grafts require high repetition, they
are only applied to patients who are expected to stand up in the future. Small skin flaps prepared from the adjacent
skin to the ulcer site usually fail. They use muscle-skin flaps especially in the treatment of infected wounds involving
deep cavities [23], [24]. In this way, well-blooded muscle tissue is transported to the infected site and applied systemic
antibiotics are enabled to work. The fasciocutaneous flaps also have adequate blood circulation and are highly resistant

to ischemia, thus forming a firm covering. Another method is to close the sensory innervation of pressure sores with
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neurosensory flaps that take the levels above the spinal cord injury. These methods, which have theoretically
significant advantages, could not find much application in the clinic due to their technical difficulties.

2.3. Use of Hydrocolloid Wound Dressings in Treatment of Pressure Wounds
Hydrocolloid materials are widely used in the treatment of pressure ulcers [25]. Hydrocolloid dressings are commonly
used in stage Il and Il pressure ulcers [26]. In stage | pressure ulcers, it is stated that it is increasingly used [27].
Hydrocolloid dressings offer many advantages in the treatment of pressure ulcers: protection of the skin around the
wound, removal of necrotic tissue and loam, and providing a moist wound bed without over-moistening the wound
[28]. The hydrocolloid dressings provide a moist wound environment known to be useful for treating the wound. In
particular, hydrocolloids accelerate angiogenesis, increase the number of dermal fibroblasts, stimulate the production
of granulation tissue and increase the amount of synthesized collagen [29]. The moisture-retaining properties of
hydrocolloids soften and rehydrate the necrotic tissue, facilitating autolytic debridement. Hydrocolloids are adhesive
and waterproof as well. Some hydrocolloids have been shown to act as viral and bacterial barriers, provided that the
dressing remains intact and does not leak [30]. Hydrocolloid dressings may be advantageous for use in areas that are
frequently exposed to intensive contamination, such as sacrum. Many studies have examined whether hydrocolloid
dressings increase the risk of infection in the wound. It has been reported to reduce the risk of wound infection [31],
[32]. Another advantage of hydrocolloid dressings is that they are more economical than gauze for the treatment of
pressure ulcers [33], [34] because treatment with hydrocolloid dressings requires less medical examination and fewer
dressing changes. If pressure ulcer treatment is not performed properly, the foot, leg, the toe of the wound is amputated

and may even cause patient death.

3. Maggot Treatment

Maggot treatment, also known as larval therapy, is based on the principle that larvae of the Lucilia sericata fly are
treated with non-healing skin infections such as pressure ulcers, leg ulcers, foot ulcers or chronic wounds that are not
actively bleeding [35], [23], [36], [37], [38], [39]. This method was first used by Ambroise Pare in war wounds in the
1500s [40]. The beneficial effects of maggot therapy have been observed in the wounds of soldiers during the Second
World War, and research on this subject has become widespread. However, with the widespread use of antibiotics,
the use of maggot therapy decreased in the 1940s. Although, with the development of resistance to antibiotics in deep
wounds where access to antibiotic drugs is limited, the use of maggot therapy has been brought to the agenda again.
Maggot treatment was re-used in the United States, Israel, and the United Kingdom in the 1990s to treat non-healing
wounds in Sweden, Germany, Switzerland, Austria, Ukraine, Thailand, and Canada. Nowadays, maggot treatment is
used in wound healing in over 30 countries around the world. In the last 20 years, more than 60,000 patients in 2000
health institutions have achieved successful results with this method [35]. This treatment method has been tried and
tested with a successful outcome [84] and it continues to be used. In Israel, 87.3% of uses on about 750 injured patients
were in the leg or foot and 22.7% in the sacral region [35]. A patient who had his second toe amputated due to venous
insufficiency, due to infection and ulcer in the toe, was treated with conventional wound treatment methods for 11
months, but no positive results were obtained. However, maggot treatment was applied and complete debridement of
the wound was achieved in 3 days. Thus, suitable conditions for autologous skin transplantation are also provided.
The patient's pain was reduced with an appropriate analgesic supplement and no other side effects were observed [41].
Generally, mosquito larvae of the genus Lucilia sericata are used in the treatment. According to animal experiments,
the most effective larvae in the treatment of maggot were found to be Calliphoridae and Sarcophagidae families [42].

Among these larvae, facultative Calliphorids (Lucilia sericata) were identified as the most active species. The reasons
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for preferring mosquito larvae in maggot treatment include; rapid growth cycle, in vitro usability, ease of sterilization
of eggs, and larvae are considered to not be interested in internal organs [23], [43], [44].

In maggot therapy, sterile larvae produced in a controlled manner are applied to the wound by being limited to cage-
like dressings. Thanks to the larvae used in this treatment method, the wound is kept debrided and disinfected, and
new healthy tissue develops faster. Also, more tissue oxygenation is achieved, resulting in reduced necrotic tissue

odor [23]. Figure 2 shows the materials used in maggot therapy and the mode of administration.

Figure 2. Lucilia sericata; 2. Maggots; 3. Commercial maggots; 4. Materials used in maggot treatment; 5. Lattice-like
dressing; 6. Biobag

There are some disadvantages to the application of maggot therapy. The biggest risk in the application of the method
is the sterilization of the larvae used. If non-sterilized larvae are applied to the wound site, sepsis may be caused.
Besides, according to case studies, there was also an increase in pain during larval treatment [35]. On the other hand,
it should be ensured that the maggots remain in the wound area because the digestive enzymes of the larvae can cause
erythema and cellulite. The wound edges should be protected with materials such as hydrocolloids, and the larvae
should only remain on the wound [45]. Based on these disadvantages, an attempt was made to produce more durable
materials that can be loaded with larvae. Special tools and materials should also be designed to prevent patients with
ulcers from crushing larvae in areas where they are treated and where pressure can be applied, such as the underfoot.
On the other hand, it is important to note that the larvae should be removed from the wound by squeezing sterile serum
after each treatment period. Therefore, it would be more advantageous to design a cover material in which the larvae
are directly loaded. Also, the stench of bacteria such as ammonium salts and Pseudomonas secreted by maggots should
often be prevented by replacing gauze and pads. Ammonium salts may cause an increase in the patient's body
temperature if not absorbed by gauze [44], [46], [42]. In conclusion, maggot therapy is an effective, simple, easy and
economical option for the treatment of wounds resistant to conventional treatments [23]. However, it is important to
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develop additional materials that minimize the above-mentioned disadvantages to make them more accessible and
more practical for patients and doctors.

3.1. Maggot Larvae Mechanism of Action

Studies have shown that larvae secrete necrolytic enzymes and disinfect the wound [47]. The larvae secrete enzymes
against pathogenic microorganisms. On the other hand, they stop the growth and reproduction of pathogenic bacteria
by releasing ammonia, and creating a more alkaline environment in the wound [48], [49], [50], [23]. In several studies,
it is emphasized that the substances in the hemolymph and alimentary secretions of the larvae (a mixture of blood and
lymph and gastrointestinal secretions) have positive effects on wound healing. These secretions contain urea,
ammonium bicarbonate, allantoin and a kind of calcium carbonate-picric acid mixture. Larvae increase epidermal
growth factor (EGF) and IL-6 with the help of these secretions. Both factors increase fibroblast secretion and
physiologically accelerate wound healing [51], [52]. According to some other studies, calcium and calcium carbonate
produced by larvae directly kill bacteria, stimulate phagocytosis and accelerate the development of granulation tissue.
The serous exudate formed by the irritating effect of larvae as they move around the wound area also helps to
mechanically wash the wound [36], [42], [53]. In general, maggot treatment is thought to have three main effects on
the wound: rapid debridement, disinfection, and acceleration of wound healing. In addition, maggots are capable of
affecting even the deepest tissues that cannot be accessed surgically [54].

3.2. Sterilization of Maggot Larvae

In order to be successful with maggot therapy, the larvae must be sterilized before they are placed in the wound.
Different techniques are used in obtaining sterile larvae. In general, however, a simple method of solution washing is
preferred. In this method, adult flies are fed with 20% sugar solution. To stimulate ovulation of flies, flesh-liver parts
or fertilizer are used [35], [55], [56], [57]. The eggs on the meat-liver pieces are collected and separated from each
other. Eggs are sterilized with 1% sodium sulfite solution added to physiological water containing 2.5% formaldehyde.
400 pg / ml kanamycin monosulphate is added to a mixture of 3% Bakto agar and crushed liver (1: 1 weight/volume)
and transferred to the medium [36]. In simple terms; the surfaces of the eggs are disinfected and placed on sterile
media. After 2-36 hours, the larvae are hatched from the egg and removed from the medium and washed with distilled
water. Sterilize again with physiological saline containing 3.5% formaldehyde and wash once more with distilled
water. They are filtered through a fine sieve and stored in sterile ependorf tubes until they are used for treatment [58],
[59], [53]. The sterile larvae thus obtained are placed in sterile containers and made ready for use in wound treatment.
Sterile larvae stored at 5-80°C and can survive, on average, for five days without losing their viability [45], [35]. These
larvae, reaching a length of about 1-3 mm, are left to the necrotic wound for debridement [36].

Today, sterile larvae are commercially produced and marketed by many private companies in the UK, Germany and
the United States. The sterile larvae can be supplied from the Faculty of Medicine at Istanbul University and Gulhane

Training and Research Hospital in Turkey.

3.3. Development Wound Dressing with Larvae

In conventional larval therapy, cage dressing is generally preferred. For this purpose, the adhesive hydrocolloid
materials are cut to contain the wound and the edges are framed with this material so that the wound is exposed. A
sterile piece of nylon or dacron is cut so that it is slightly wider than the wound but slightly smaller than the
hydrocolloid frame. This gauze is attached to the hydrocolloid frame by adhesive tapes with one end exposed. After

the larvae are left in the wound from the exposed end of the gauze, this part is also closed. Sterile tampons are placed
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on the gauze to ensure resistance. The gauze allows the larvae to breathe as well as facilitates the resistance of the
molten necrosis tissue [60], [35], [61].

In recent years, a product called bag Biobag has been developed for maggot treatment. In this product, the larvae are
placed between two pieces of gauze of 0.5 mm thick polyvinyl alcohol-hydro-sponge structure, and glued. Since this
material is permeable, the larvae can be easily fed and the secretions can penetrate the wound. Besides, since maggots
cannot directly navigate the wound, mechanical irritation of the wound edges can be prevented and pain can be
reduced. Since the maggot cannot escape from the material, a more hygienic environment is provided [61].

Sterile larvae are sold in tubes containing 300 maggots. Less than 200 larvae are used in small wounds. In larger
wounds, up to 1000 larvae can be applied [62], [45]. In general, 10 maggot / cm? is recommended for necrosis areas
[63].

A new larvae-loading wound dressing designed by our team (MEDISEN R & D) is shown in figure 3. As shown in
Figure 3, in the larva-loaded wound dressing, the sterilized larvae are placed in appropriate sized nests and covered
with gauze-like structure. Thus, it is planned that the larval spread will be limited only to the wound area. The physical
and chemical compatibility of the designed polymeric dressing material is also very important because wound healing
is essential to keep the wound area moist and oxygen permeability. Also, the effectiveness of larvae should not be lost
and larval secretions should not be prevented from reaching the wound site. On the other hand, the dressing should be
easily applied to the wound area and should be easily removed without damaging the wound. Thus, a biocompatible
polymeric material is used in the present design.
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Figure 3. Larvae-loaded wound dressing design

When the patient is moving or entering the shower, the dressing is firmly adherent and waterproof. Wound
debridement by larvae loading on the developed dressing is provided by larval secretions, while biocompatible
dressing provides oxygen transfer to the larvae and prevents the larvae from dying. Furthermore, the incarceration of
the larvae in a restricted area prevents the maggots from escaping and infection of the wound area while the patient is

in motion. Thus, it is envisaged to provide treatment outside the clinic. Covering the wound dressing with waterproof
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material will also allow the patient to enter the shower during long-term treatment processes. In addition, granulation
tissue formation in the wound can be accelerated by applying an electric field to the wound dressing and adding a
thermal stabilizer.

These recommendations are still in the design and application phase, and if successful results are obtained, patients
with many non-healing wounds will be provided with faster healing under higher healing conditions.

4. Conclusion

A pressure ulcer is a type of wound that usually takes a long time to heal, especially in patients with complicated
diseases (such as diabetes). where the healing time of pressure ulcers is prolonged and even the wound may become
chronic. In addition, pressure ulcer formation is commonly observed in inpatients and wheelchair users due to paralysis
and similar causes. There are many adjunctive methods in the treatment of chronic wounds that cannot be cured by
local care. These include hyperbaric oxygen therapy (HBO), VAC (vacuum-assisted closure) therapy, larval therapy
(maggot therapy), intermittent positive pressure devices, electrical stimulation, growth factors, skin equivalents and
stem cell therapy [59]. Some wounds may be resistant to conventional treatment. In this case, maggot/larval therapy
is preferred. However, the difficulty in performing such treatments and the problem of sterilization of the larvae limit
the frequency of larval choice. Therefore, larvae, should be sterilized by confining them to various materials. With the
use of these products, it is aimed to minimize the duration of the patients' stay in the clinic and to fix the larvae to the
wound area by preventing the contact of the larvae with the patient, thus eliminating the problem of sterilization and
contamination. Thus, it is aimed to keep the patient's quality of life higher during the treatment.

Considering the health expenditures of our country in recent years; a significant portion of the patients treated in
hospital stay in hospital due to the treatment of pressure ulcers, and these patients are continuously dressed. This
situation imposes a serious cost on our country and individuals. Considering that the majority of consumables used
for dressing non-healing wounds are also imported, it should be taken into consideration that treatment costs can grow
much more. For this reason, the development of effective dressings and products, especially for the cases of the
pressure ulcer type, is of great importance for our country's economy and public health.
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