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The relevance of research
According to the official WHO website: Thermal burns are injuries of the skin or other organic tissues, caused mainly by high temperatures [1]. Burns account for 3.5-5% of the total number of injuries. [2]. Every year, 180,000 deaths from burns are recorded, and burns are one of the leading causes of increasing global disability-adjusted life years (DALY) lost [1].

The greatest clinical and scientific interest are burns of II-IIIAB stage, with an area of 5-30%. This is due to the prevalence, difficulty in diagnosis and the risk of developing skin necrosis with a conditional area of more than 6 palms of the patient [1,3,4].

The main problems that aggravate the condition of patients with extensive wounds with an area of more than 5%: 1) Moisture loss. 2) Infection. 3) Violation of the epithelization process and the resulting problems of restoration of working capacity and rehabilitation. [5]. The key point in the correction of these pathological processes is the selection of the optimal wound dressing and the optimal frequency of dressings [5,6].

Modern dressing materials must meet the following requirements: elasticity, optimal adhesiveness, non-toxicity, imitation of the surface of the underlying layers [7]. Depending on the characteristics, raw materials and manufacturer, dressings are subject to various classifications [8-10]. The manual for the treatment of burns identifies 3 main subgroups: biological dressings, synthetic dressings, non-biological synthetic dressings [5].
According to the study by Eva Matoušková and Ondrej Mestak from the University of Prague from 2014., the most favorable conditions for cellular regeneration in the wound bed are created by biological dressings based on collagen decellularized xenomatrices [7]. However, these biological coatings have a significant drawback in the form of a high market cost [11-13]. This significantly limits the use of such dressings in developing countries, where the majority of morbidity occurs [1]. For example, in the Republic of Kazakhstan, as in one of the developing countries [14], for the treatment of 1 patient with thermal burns, according to the Order of the Minister of Health of the Republic of Kazakhstan dated March 18, 2022 No. KR DSM-26 On amending the order of the Acting Minister of Health of the Republic of Kazakhstan dated October 30, 2020 No. KR DSM-170/2020 “On approval of tariffs for medical services provided within the framework of the guaranteed volume of free medical care and in the system of compulsory social health insurance” 285663.33-468625.51 tenge are allocated. [15] This amount is not enough to purchase foreign-made wound dressings [11,12]. It is worth noting here that wound dressings of different origins show different levels of effectiveness in laboratory and clinical tests [7,16-18].
Developments in the direction of domestic biological wound dressing based on preserved bovine peritoneum were carried out on the basis of the Karaganda State Medical Institute (now NAO MUK) and the Regional Burn Center (now the Department of Combustiology and Purulent Traumatology, Multidisciplinary Hospital named after Professor Kh.Zh. Makazhanov ) since the late 60s of the 20th century. The treatment tactics consisted of mechanical cleaning of the wound followed by application of bovine parietal peritoneum preserved in a 10% formaldehyde solution to the wound surface. During the period of research and use, preserved xenoperitoneum showed good results as a temporary wound dressing [19]. However, with the collapse of the Soviet Union and the subsequent socio-economic crisis, burn treatment services fell into decline, including research in this direction [20].

A new round of research in the field of development of domestic biological wound dressings was achieved in 2014, when a group of domestic scientists represented by Abugaliev K.R., Ogai V.B., and others developed and patented a domestic wound dressing based on decellularized parietal peritoneum of cattle. [21-24].
Bovine peritoneum as a raw material is the optimal choice for developing countries, since cattle is one of the most common crops in global livestock production [25-29]. The decellularization process made it possible to obtain a collagen plate devoid of antigenic structures and maximally similar in structure to human collagen [30]. Xenogeneic biological dressing (XBD) "X-GRAFT" is a tissue-engineered construct obtained by removing cells from the parietal peritoneum of cattle. Removing cells allows minimizing the antigenic properties of the tissue, since the remaining collagen matrix is similar in structure to human collagen. Visually, XBD is a thin film of whitish color with a thickness of 0.2 - 0.8 mm. [31].

To date, preclinical tests of XBD have been carried out on laboratory animals (Wistar rats) in order to assess the effect on regeneration, survival in extensive wound processes, as well as in modeling defects of the anterior abdominal wall and In Vitro using neonatal human dermal fibroblasts. The described studies showed acceleration of repair processes in laboratory animals, and the absence of toxicity of XBD towards neonatal human dermal fibroblasts [21,32].

Despite the promising results of the preclinical stage, questions of clinical effectiveness and the influence of the X-GRAFT XBD on the processes of repair of II-IIIAB stage burn wounds remain open. Considering the circumstances described above, 03/06/2019. CMPC MHRK received permission to conduct a clinical trial under the protocol “Assessment of the safety and effectiveness of the use of xenogeneic biological coating “X-GRAFT”. The study planned to study the clinical effectiveness of the X-GRAFT XBD, the effect on the healing process of  II-IIIAB stage burn wounds with an area of 5-30% of the surface of the human body.
Purpose of the study: evaluate the clinical effectiveness and study the effect of the X-GRAFT XBD on the healing process of II-IIIAB stage burn wounds with an area of 5-30%
Research objectives:

1. To conduct a comparative analysis of the frequency of healing and development of secondary deepening of II-IIIAB stage burn wounds with an area of 5-30% treated with “X-GRAFT” XBD and standard wound dressing.

2. To conduct a comparative analysis of procedural pain and the frequency of dressing change procedures in patients with II-IIIAB stage burns with an area of 5-30%, treated with “X-GRAFT” XBD and standard wound dressing.

3. To conduct a comparative thermometric analysis of the wound surface treated with “X-GRAFT” XBD and standard wound dressing.
Scientific novelty
· For the first time, the clinical effectiveness of the “X-GRAFT” XBD on the healing process of II-IIIAB stage with an area 5-30% have been assessed.

· For the first time, the intensity of pain in patients with burns II-IIIAB stage with an area 5-30%, treated with  “X-GRAFT” XBD and standard wound dressing have been assessed.

· For the first time, the influence of the “X-GRAFT” XBD on the process of heat transfer from II-IIIAB stage burn wounds with an area 5-30% have been assessed.

Practical significance of the results
The research conducted in the dissertation expands the existing understanding of the use of the “X-GRAFT” XBD for the treatment of II-IIIAB stage burns with an area of 5-30%. The accumulated scientific base substantiates the possibility of full-scale clinical use of the “X-GRAFT” XBD as a priority wound dressing for II-IIIAB stage burn wounds of and has a morphological basis for stimulating the reparative process.

The results of our clinical studies will help cover the need for a new generation of wound dressings for the treatment of patients with burns.
Provisions for defense
– The use of the “X-GRAFT” XBD for II-IIIAB stage burns with an area of 5-30% improves the healing of burn wounds by 76%, increases the possibility of preventing secondary deepening of burn wounds by 5.4 times compared to standard wound dressing;

– The use of the “X-GRAFT” XBD in patients with II-IIIAB stage burns with an area of 5-30% reduced the number of wound dressing changes by 4.03 times, and reduced the level of intensity of pain experienced to complete absence within 48 hours after application;

– The use of the “X-GRAFT” XBD in patients with II-IIIAB stage burns with an area of 5-30% reduces the temperature level over the wound surface by 2.650C, more effectively than standard wound dressing.
Implementation into practice
An implementation certificate was received on the use of the “X-GRAFT” XBD as a wound dressing in the treatment of burns in the Department of Combustiology and Purulent Traumatology of the Multidisciplinary Hospital named after Professor Kh.Zh. Makazhanov.

An implementation certificate was received on the use of the computer program “Burn Area Counter (SPO)-1.0” as a program for calculating and logging the area of burns in the Department of Combustiology and Purulent Traumatology of the Multidisciplinary Hospital named after Professor Kh.Zh. Makazhanov.

Autor’s personal contribution
The dissertation author together with scientific supervisors Tuleubaev B.E. and Abugaliev K.R. have developed a new computer program for calculating burns area “Burn Area Counter (SPO)-1.0”

A randomized clinical trial on 57 patients (application of wound dressings, analysis of the condition of the wound bed, collection of material for morphological examination, monitoring of patients after discharge) was independently carried by dissertation author.

Dissertation author additionally added fragments on histomorphometric analysis and thermometric analysis of the surface of burn wounds to the clinical part of the study, which was carried out within the framework of the project APP-SSG-17/0236F “Organization of serial production of biological dressings for the treatment of burns and wounds based on extracellular xenogeneic matrix”, to improve the quality and information content of the study,.

After the death of the project manager Abugaliev K.R. in 2021, The dissertation author took on and performed the function of research coordinator between “X-MATRIX” LLP and Hospital named after prof. Kh.Zh.Makazhanov. After which all relevant reporting documents were prepared.

All material is systematized, documented and prepared in the form of a dissertation by the author personally.

Aprobation of work
The main points of the dissertation were reported and discussed:

– at the Republican scientific and practical conference with international participation dedicated to the 80th anniversary of Doctor of Medical Sciences, Professor A.M. Zhanaspaev “Polytrauma. Modern approaches to diagnosis and complex treatment.” (Semey, 2020);

– at the conference “Batpenov’s Readings” (Astana, 2021, 2023);

– at the conference “Central Asian Oncology Week” (Astana 2023)

– at an extended meeting of the Department of Surgical Disciplines of the NJSC “Medical University of Karaganda”.
Publications
Based on the dissertation materials, 4 scientific works have been published, including:

– 2 in scientific publications recommended by the Committee for Control in the Sphere of Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan;

– 2 publications in international scientific journals included in Q2 of the Scopus information database (at the time of publication 57% and 72%):

– Berik Tuleubayev., Baurzhan Anapiya., Yerkin-Dauir Kurmangaliyev., Kabylbek Abugaliyev. Successful Treatment Outcomes for Partial Thickness Burns by Innovative Bovine Peritoneum Dressing. // Plastic and Reconstructive Surgery - Global Open: February 2022 - Volume 10 - Issue 2 - p e4150 doi:10.1097/GOX.0000000000004150

– Berik Tuleubayev., Vyacheslav Ogay., Baurzhan Anapiya., Assylbek Zhylkibayev., Dina Saginova., Amina Koshanova., Yerkin-Dauir Kurmangaliyev., Kanat Tezekbayev., Nurzhan Bikonurov., Kabylbek Abugaliyev. Therapeutic Treatment of 2A Grade Burns with Decellularized Bovine Peritoneum as a Xenograft: Multicenter Randomized Clinical Trial. // Medicina (Lithuania), 58(6) doi:10.3390/medicina58060819

– Received 4 certificates of entering information into the register of rights to objects protected by copyright.
Scope and structure of the dissertation 

The dissertation is presented on 113 pages of computer typing in the text editor Microsoft Word, consists of an introduction, 3 sections of the main part, a conclusion and a list of sources used. The dissertation has 8 appendices. The dissertation is illustrated with 17 tables and 39 figures. The bibliography includes 191 sources in Russian and English.
Study Design, Materials and Methods 
We conducted an open, controlled randomized clinical trial on the basis of the Department of Surgical Diseases of NJSC "MUK", the Department of Combustiology and Purulent Traumatology of the Prof. Kh.Zh. Makazhanov Multidisciplinary Hospital in Karaganda, the Department of Pathomorphology of the Clinic of the Medical University of NJSC "MUK", during from 2019 to 2021. The research was part of the project APP-SSG-17/0236F “Organization of serial production of biological dressings for the treatment of burns and wounds based on extracellular xenogeneic matrix”, funded by the Fostering Productive Innovation project, supported by the World Bank, the Ministry of Digital Development, Innovation and Aerospace Industry of the Republic of Kazakhstan and Government of the Republic of Kazakhstan. The project program was approved at a meeting of the Central Ethics Commission of the Republic of Kazakhstan on January 25, 201
The study participants were selected from among the patients of the Department of Combustiology and Purulent Traumatology of the Prof. Kh.Zh. Makazhanov Multidisciplinary Hospital, aged 18-60 years, with thermal burns of II - III AB stage, with an area of 5 to 30% of the body surface, who signed a written informed consent to participate in this study, with the absence of: decompensated pathology of the cardiovascular system, a history of the endocrine system, with the absence of central nervous system pathology with mental behavioral disorders, the absence of cancer in the later stages, absence of HIV, zoonotic infections, absence of allergic diseases, hypersensitivity to materials used in the study, and absence of pregnancy.

Patients who did not meet the above parameters were not included in the study.

Exclusion from the study was carried out in the following cases:

· Expression by the patient of a desire to voluntarily leave the study, at any stage;

· Identification during the study of intolerance to the product or components included in its composition;

· Identification of medical indications that arose during the study;

· Indiscipline of the patient (unauthorized removal of bandages, failure to comply with the hospital treatment regimen);

· Discontinuation of therapy for more than 24 hours at the request of the subject;

· Non-compliance with the rules of participation in the study;

· Identification during the study of contraindications to the use of wound dressings used within the study;
After inclusion in the trial, patients were allocated to groups using randomization by generating random numbers. For patients in the study group, “X-GRAFT” XBD sheets were placed on the wound surface. For patients in the control group, 4-layer gauze dressings soaked in a 10% Povidone Iodine solution were placed on the wound surface.

The study involved 57 people aged 18-59 years. Of these: 29 in the study group and 28 in the control group. Statistical analysis of the ratio of men and women, age indicators, and area of burns did not show any significant differences between the groups.

In order to study the effectiveness of the “X-GRAFT” XBD, the research group analyzed clinical, laboratory, histomorphometric and thermometric research methods.
Clinical parameters were assessed every 48 hours and more often if there was an indication for an unscheduled examination by the investigator. Clinical parameters included: 1. Presence/absence of complete wound healing during follow-up examination on day 21 after injury; 2. Duration of inpatient treatment; 3. General behavior of the wound dressing; 4. Number of dressing changes during the hospitalization period; 5. Presence/absence of a secondary depression; 6. The intensity of pain experienced by the patient within 30 minutes after changing wound dressings/visits (within 5 visits); 7. The presence of undesirable effects from the therapy - the development of allergic reactions, a sharp deterioration in the patient’s condition and other conditions not included in the study program were considered as undesirable effects from the therapy.

Laboratory parameters were assessed at the time the participant was admitted to the hospital and on day 10 after the start of treatment. The following indicators in blood tests were assessed as laboratory markers: leukocytes, erythrocytes, hemoglobin, urea, creatinine, total bilirubin, ALT, AST.

The comparison of each of the laboratory parameters was carried out in accordance with the scheme in Figure 1.
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Figure 1 - Scheme for comparison of laboratory parameters
Histomorphometric assessment was carried out to record the initial state of the wound bed, as well as to track the dynamics of the wound process in the study groups. Burn wound regeneration was assessed based on a semi-quantitative assessment of the following parameters:
· Histomorphometric assessment of epidermal regeneration - assessment of re-epithelialization;
· Histomorphometric assessment of dermal regeneration - to assess dermal regeneration, a comparative morphometric study was carried out: 1. inflammatory reaction (acute / chronic inflammation); 2. granulation tissue; 3. angiogenesis; 4. collagen fibers.

Thermometric scanning was carried out with a hand-held thermograph, displaying a thermometric map. The procedure was carried out before applying wound dressings, after applying them, and after 48 hours. The general temperature of the body, wound bed, and wound dressings was assessed.

The results obtained from the thermometric study were analyzed as follows:
· Comparative analysis of wound surface temperature between two groups to determine the comparability of data;

· Comparative analysis of body temperature between two groups to determine the comparability of data;

· Comparative analysis of wound surface temperature and body temperature in each group in order to identify differences;

· Comparative analysis of the temperature of the wound surface before and after applying wound dressings in each group in order to determine the effectiveness of thermal insulation of wound dressings;

· Comparative analysis of body temperature before and after application of wound dressings in order to determine the effect of wound dressings on body temperature;

· Comparative analysis of the temperature of the wound bed after applying wound dressings between groups in order to determine differences in the effectiveness of the thermal insulation properties of the compared wound dressings;

· Comparative analysis of body temperature after application of wound dressings between groups in order to identify differences in the effect of wound dressings on body temperature;

· Comparative analysis of the temperature of the wound surface after the application of wound dressings and at the time of control thermometry in each group in order to determine the effectiveness of maintaining the thermal insulation effect of wound dressings;

· Comparative analysis of body temperature after application of wound dressings and at the time of control thermometry in order to determine the effect of wound dressings on body temperature over time;

· Comparative analysis of the temperature of the wound bed at the time of control thermometry between groups in order to determine differences in maintaining the effectiveness of the thermal insulation properties of the compared wound dressings;

· Comparative analysis of body temperature at the time of control thermometry between groups in order to identify differences in the effect of wound dressings on body temperature over time;

· Recording episodes of increased body temperature above 37.00 C after control measurements in order to identify undesirable effects of the wound dressing under study [33]. If an episode of body elevation with a simultaneous local inflammatory reaction was recorded, the case was recorded in the patient’s individual registration card as a manifestation of an undesirable effect.
Results and discussion
As a result of this study, the clinical effectiveness and process of influence of domestic XBD on the II-IIIAB stage burn wounds’ with an area of 5-30%   healing process have been assessed.

The results obtained indicate that the use of the “X-GRAFT” XBD is effective for II-IIIAB stage burns with an area of 5-30%. And it improves the healing of burn wounds by 76% by the time of the follow-up examination. However, when compared with analogues, the use of Nile tilapia skin for burns no deeper than IIIA stage gives re-epithelialization in an average of 9.77 ± 0.83 and 10.56 ± 1.13 days [34], and porcine skin xenografts for burns such the same depths give re-epithelialization after 13.22 ± 2.1 days [16]. However, it is worth considering the fact that when using Nile tilapia skin, complete healing was considered to be re-epithelialization of 95% of the total wound surface or more [34,35], while in our study only 100% re-epithelialization was considered a criterion for healing. Also, studies of similar wound dressings were conducted at verified depths of skin damage, while our study included early treatment and the study of prevention of secondary wound deepening.

At the same time, during the study, we demonstrated that the risks of developing a secondary depression in patients in the control group were 76% higher, and the chances of stabilizing the wound process in the study group were 5.4 times higher.
The use of the ”X-GRAFT” XBD for II-IIIAB stage burns, with an area of 5-30%, reduces the number of wound dressing changes by 4 times and significantly reduces the pain experienced by patients during the change of wound dressings. The median level of pain experienced by patients in the study group approached 0 already at the time of the first control visit, while in the control group this indicator reached this level only by the fifth visit of the researcher.

In terms of length of hospitalization, the study did not show a reduction in the length of hospital stay in patients in the study group. However, it is worth considering here that dressings of xenobiological origin have not previously been used on the territory of Kazakhstan, and also that the ”X-GRAFT”, in its composition and production method, is a conceptually new wound dressing not only for our country, but also for the world. In practical terms, this caused a certain wariness among doctors involved in the treatment of patients. Thus, inpatient treatment of patients in the study group could be extended for an additional period for more detailed monitoring of the patients’ condition.

The clinical data obtained as a result of the study are also confirmed by histomorphomteric examination:
Firstly, we found that epidermal remodeling was significantly higher in the XBD group compared to the gauze group (p < 0.05). In addition, a higher quality of the formed was observed in the study group. We believe that this is due to the fact that “X-GRAFT” XBD consists of collagen, which promotes the growth of epithelial cells, facilitates the migration of epithelial cells, enhances the adhesion of basal epithelial cells, promotes the differentiation of epithelial cells and prevents apoptotic cell death.

Secondly, we showed that the use of “X-GRAFT” XBD improves the histological pattern of burn wound regeneration by minimizing inflammatory activity. In our study, the average score of chronic inflammatory response significantly decreased in the group using the “X-GRAFT” XBD (p <0.05). This may be due to the fact that wound healing is associated with a decrease in the open wound surface of the burn wound and re-epithelialization of the wound, which helps reduce the activity of inflammatory processes, since histological analysis showed that the group using the “X-GRAFT” XBD had a higher rate of epithelization.

Thirdly, the study results support the hypothesis that the use of “X-GRAFT” XBD increases vascularization, which improves tissue regeneration. When analyzing angiogenesis, we found that the relative number of microvessels in the group with xenoperitoneum was statistically significantly higher compared to the group using gauze (p <0.05). Thus, we believe that the xenoperitoneum provides a matrix for cell migration that allows them to attach, grow, proliferate, migrate, and differentiate, and contributes to the formation of an angiogenic microenvironment for burn healing.

Fourthly, we determined that in the group using the “X-GRAFT” XBD, mature collagen fibers could be observed throughout the neodermis of the wound surface, while wounds under a gauze wound dressing had mature collagen fibers in the peripheral zone, as evidenced by trichrome staining according to Masson. Moreover, we found that elastic fibers were present in the periphery of treated burn wounds in the “X-GRAFT” XBD group, but were significantly reduced in the dermis of the gauze groups. Thus, we believe that these data may indicate that burn wounds in the group using the “X-GRAFT” XBD were at a more advanced stage of remodeling compared to the group using a gauze bandage.
Thermometric analysis showed that the temperature on the surface of a burn wound II-IIIAB is significantly higher than the temperature on the surface of healthy areas of the body. The data obtained are explained by the fact that the wound surface of burns is a source of heat loss for the patient. This process was described by Ferguson et al. in 1991 [36]. At the same time, the body temperature of patients in both groups did not change significantly during the study (рresearch group≈0,11; рcontrol group≈0,63). While the temperature above the wound surface decreased after applying wound dressings (рresearch group≈0,00; рcontrol group≈0,04). The result obtained remained stable and kept in dynamics (рresearch group≈0,58; рcontrol group≈0,13). Despite the fact that both wound dressings showed a significant decrease in temperature above the wound surface, a comparative analysis demonstrated that, when using the “X-GRAFT” XBD, the decrease in temperature was more significant (рafter putting dressings≈0,00; рat the control visit≈0,00). 
Considering that the study of heat and energy exchange in burn patients and others is a scientific and resource-intensive process to study, the data we obtained as a result of the study allows us to see prospects in this direction, especially for doctors in intensive care for burns, which in turn opens up horizons for a more detailed understanding of the pathophysiology of burns.

In addition to the positive aspects described above, the study revealed the following undesirable effects of the wound dressing under study:

1) After application to the wound surface, the “X-GRAFT” XBD tends to dry out with the formation of a plastered crust after 6-10 hours. This helps to seal the wound bed, however, when physiological bends are applied to the site, it creates some limitation of movement in the joints. Also, this limits the use of the “X-GRAFT” XBD in the field of anatomic relief;

2) There was a single episode of pain in the wound, which was regarded as a subjective reaction of the patient under study to the “X-GRAFT” XBD. Since, objective clinical data in the form of changes in laboratory parameters (GBA, GUA, BchBA), general clinical data (ECG, heart rate, blood pressure, body temperature, general condition of the patient), changes in the burn wound (swelling, hyperemia, secondary deepening, appearance skin rashes) were absent;

Despite the described limitations, the results of this study showed that the domestic xenogeneic biological coating has properties that make it possible to use it as a coating in the treatment of burn wounds. We demonstrated a significant improvement in burn wound healing in the “X-GRAFT” XBD group. Our results demonstrate that the use of the studied wound dressing promotes functional tissue regeneration through rapid neovascularization and re-epithelialization, reducing fibrotic, inflammatory and necrotic damage. We believe that the main effect is associated with the formation of a xenoperitoneal matrix for cell migration, which allows them to attach, grow, proliferate, migrate and differentiate, forming the effect of a locoregional favorable microenvironment, which together leads to faster and better reconstruction of the epidermis and dermis. In addition, the use of the “X-GRAFT” XBD promotes more effective reconstruction of the dermis, reduces the amount of heat, energy and moisture loss. But, despite such positive results, the team of authors plans to further study the mechanisms responsible for accelerating the healing process of burn wounds when using the “X-GRAFT” XBD and other wound dressings, as well as further phases of clinical studies.

Based on the results of the study, the following conclusions can be drawn:
– An analysis of clinical effectiveness showed that the use of the “X-GRAFT” XBD for II-IIIAB stage burns with an area of 5-30% improves the healing of burn wounds by 76%, increases the chances of preventing secondary deepening of burn wounds by 5.4 times compared with standard wound dressing;

– A comparative analysis of the dressing change procedures’ frequency and procedural pain intensity in patients with II-IIIAB stage burns with an area of 5-30% showed that the use of the “X-GRAFT” XBD made possible to reduce the number of dressing changes by 4.03 times, and reduce the level of procedural pain to complete absence within 48 hours after application;

– A comparative thermometric analysis of the wound bed showed that the “X-GRAFT” XBD is 2.650C more effective in reducing the temperature level above the wound surface in comparison with the standard wound dressing.
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