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Abstract
The aim of this study was to assess the course of the healing process following the use of dibutyrylchitin (DBC) dressing, a fully degradable material 
used in the treatment of ulcers which occur during chronic venous insufficiency common in patients suffering from type 2 diabetes. These diseases 
have a significant impact on the patients’ standard of living, including the potential employment, and on the declining attendance at the current work-
place. The implementation of this innovative therapeutic solution may positively affect the above-mentioned difficulties. An analysis of the healing 
process, following the application of the DBC dressing, was performed. Once the dressing was positioned on the wound, the analysis indicated that 
it underwent a process of degradation facilitated by the enzymes occurring naturally in the wound. When fully degraded, a further layer was applied. 
This process was repeated until the wound was fully healed. The study group consisted of 4 patients previously diagnosed with type 2 diabetes. During 
the observation period, the ulcers in all 4 cases had healed. The examined wound dressings adhered well to the wound surface and degraded within it. 
No side effects or adverse effects of the applied innovative therapy were observed. An addition of the biodegradable DBC dressing to the standard 
therapy procedure of ulcers occurring during chronic venous insufficiency among patients with type 2 diabetes indicate safe and effective treatment, 
which may have a direct reflection in the patient’s professional capacity enhancement. It resulted in the complete healing of all ulcers in each of 
the observed cases. Int J Occup Med Environ Health. 2021;34(4):565 – 73
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of atherosclerosis [7–13]. The outcome of ulcer treatment 
in patients with type 2 diabetes is affected by a variety of 
factors.
Hyperglycemia leads to non-enzymatic glycation of pro-
teins including collagen (increased stiffness of blood ves-
sels), fibrin (increased resistance to degradation), cellular 
plasma membranes (increased cell adhesion) and anti-
thrombin (increased prothrombotic potential). Moreover, 
it adversely affects the activity and concentration of several 
cytokines and growth factors, clearly reflected in impaired 
vascular formation. In addition, it weakens the function-
ing of the  host immune system, resulting in insufficient 
inflammation in the second stage of the ulcer healing pro-
cess  [14]. It  weakens the  immune system, the  protective 
barrier of the  skin, immunological response in the  site 
where the  tissue continuity became interrupted, the epi-
dermis regeneration and the  process of wound healing 
itself. Both the processes of specific and non-specific re-
sponse to infectious agents are impaired. The  disease 
depresses the functioning of neutrophils in terms of their 
phagocytosis and antimicrobial properties [15]. Literature 
data suggests significant reduction of the Staphylococcus 
aureus-killing ability of granulocytes in patients with un-
controlled diabetes [16]. Diabetes is known to be associ-
ated with disorders of the ulcer healing process, including 
impaired collagen cross-linking and matrix metallopro-
teinase function [17].
The treatment of venous ulcerations in patients with ac-
companying type 2 diabetes requires the  adoption of 
a multidirectional approach, i.e., a coordinated action of 
all members of a specialized therapeutic team. Complex 
multidisciplinary care of the patient should include both 
casual treatment (compression therapy, physiotherapeutic 
treatment), local treatment (according to the Tissue, In-
fection, Moisture and Edge of wound [TIME] framework, 
and the  use of modern active dressings), general treat-
ment, as well as prevention, care and education. Current-
ly, the new tested therapeutic solutions (active dressings) 

INTRODUCTION
The treatment of ulcers occurring during chronic venous 
insufficiency is both a complex and multidirectional pro-
cess which requires regular medical visits and repetitive 
changes of dressings. The  therapeutic process is further 
complicated by the presence of other associated diseases, 
the risk of which increases with the age of patients. One 
of the  most common diseases is type 2 diabetes affect-
ing 25–30% of the  elderly population, i.e., individuals 
aged ≥65 years  [1]. According to the  International Dia-
betes Federation forecast, 7.7% of the  world’s popula-
tion (439 million) will suffer from diabetes by 2030. Both 
diseases, venous insufficiency and diabetes, are linked to 
common risk factors such as age, a sedentary lifestyle and 
obesity, which further increase the likelihood of their inci-
dence [2]. Moreover, diabetes itself, especially long-term 
(i.e., lasting >10 years), alongside microangiopathic and 
neuropathic lesions which develop throughout the course 
of the disease, are all factors which promote ulcer forma-
tion  [3]. According to available literature data, around 
15–25% of diabetic patients will develop ulcers during 
their lifetime.
Ulcer formation leads to increased morbidity and mortality 
of patients with diabetes [4]. Chronic venous ulcers result 
in the decrease of the living standard, including the pos-
sible job search, as well as increase the  absence rate at 
work. Based on the available literature data, it is estimated 
that 40–70% of all amputations of the lower limbs are re-
lated to diabetes, which often precludes permanent work. 
Around 85% of these amputations are preceded by the oc-
currence of ulcerations within the lower part of the leg [5]. 
This is because diabetes not only affects the formation of 
ulcers, but also considerably delays or impairs their heal-
ing [6]. As the disease progresses, changes in the rheologi-
cal properties of blood, the  development of endothelial 
dysfunction, micro- and macroangiopathy, neuropathy, 
and eventually disorders in lipid metabolism, are likely to 
occur which, when combined, accelerate the progression 
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essential requirement is a further application of the said 
dressing.

The study group – diabetic patients  
from the clinical trial ULCERUS 1/2014
The healing process of ulcers occurring during chronic 
venous insufficiency in patients with type 2 diabetes was 
analyzed. The  study group was composed of 4 patients, 
3 female and 1 male.
These patients were selected from a larger group of pa-
tients participating in a prospective, multicentre, random-
ized, single-blinded clinical trial ULCERUS 1/2014. They 
constituted 100% of people with diabetes in the  study 
group. The  results of clinical trials have already been 
published  [19]. The  clinical trial ULCERUS 1/2014 
was accepted by the  Bioethics Committee (approval 
No. RNN/189/14/KE). The study protocol was conformed 
to the ethical guidelines of the 1975 Declaration of Hel-
sinki. All patients participating in the clinical trial, prior 
to the  start of the  clinical trial, had provided informed 
consent which also concerned the  clinical trial results 
publication.
Patients’ age, date and cause of ulcer formation, together 
with information on diabetes duration, metabolic control, 
and the presence of accompanying diseases, are presented 
in Table 1.

The course of the study
The study was conducted in 4 independent centers, in 
the absence of inter-centre communication. The patients 
were treated according to the TIME framework strategy 
and in line with the  current state of the  art. The  DBC 
dressing was applied on flat, shallow ulcers with no clini-
cal signs of infection, following surgical and/or enzymatic 
debridement as the  primary dressing. The  Biatain Ag 
dressing (used as the  secondary dressing without direct 
contact with the  wound) was applied as the  secondary 
layer on the hereby investigated dressing. The investigat-

will lead to the optimization of the wound healing process, 
thus shortening its duration, as well as the facilitation of 
professional activity return in a  shorter time. The  main 
goal of active dressings is to create an optimum moist 
environment which favorably promotes the  wound heal-
ing process. The  dibutyrylchitin (DBC) dressing meets 
the  growing demands currently made on active dressing 
materials, and also improves the patient’s living standard. 
This innovative dressing consists of a  material which, in 
addition to its standard functions, is fully biodegradable, 
does not require replacement and creates a type of scaf-
folding for migratory tissue cells, which may positively 
affect the shortening of the patient’s recovery time.

METHODS
The DBC dressing
The above analyzed dibutyrylchitin dressing (trade mark: 
DibuCell Active dressing) consists of 100% dibutyrylchitin 
(or chitin dibutyrate – DBC), an ester derivative of chitin. 
Chitin dibutyrate is a  biocompatible compound, i.e., it 
does not manifest any cytotoxic, irritant or sensitizing ef-
fects, as confirmed by in vitro and in vivo studies. It is char-
acterized by a unique, highly porous spatial structure (var-
ious pore sizes and depths, open porosity, and a network 
of intermittent microchannels) obtained by the  leaching 
method  [18]. Due to its innovative spatial structure, this 
dressing provides an optimum moist environment within 
the wound (by means of removing excessive excretion, on 
the  one hand, and protecting the  wound from excessive 
drying, on the other), appropriate gas exchange, optimum 
absorption properties and, most importantly, providing 
scaffolding for migrating cells being part of the granula-
tion and epidermal growth processes. Moreover, the DBC 
dressing undergoes full degradation within the  wound, 
mediated by enzymes naturally occurring within it. This 
results in considerable simplification of the  method of 
use, since the dressing does not need to be removed from 
the affected site. Once the dressing has degraded, the only 
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all possible contraindications of the  above-mentioned 
mode of treatment were excluded. On each subsequent 
visit, a 0.9% NaCl solution and Octenisept (Schülke) were 
used to cleanse the wound. All the patients were subjected 
to personal questionnaires and physical examinations. 
In  the  study, each patient attended follow up visits over 
12 weeks (2 qualification visits, 9 visits during the active 
stage of the  study  – 1 visit/week, with the  last 12th visit 
taking place 2 weeks after the ninth visit of the active stage 
of the study). The surface area of the ulcers was measured 
using a  sterile film, by means of which the  wound con-
tours were imaged following its application to the wound. 
The full squares were then counted and used as a baseline 
to determine the magnitude of the change in the ulcer sur-
face area.

ed dressing underwent spontaneous degradation within 
the wound. Where the  structure of the dressing became 
disintegrated, a further layer of the dressing was applied, 
observing a maximum margin of 0.5  cm overlapping the 
previous dressing layer and the edges of the wound. This 
application scheme was repeated until the  wound was 
healed completely. The Biatain Ag dressing was replaced 
regularly, at time intervals according to the manufacturer’s 
recommendations. Once the dressings were positioned on 
the ulcerated limb, a multilayer banding system (JOBST 
Comprifore® 4-layer) was applied.
During the qualification process of the patients applying 
for inclusion to the study (based on physical and question-
naire examinations, the ankle-brachial pressure index value 
and the USG Doppler examinations of the lower limbs), 

Table 1. Characteristics of the study group of diabetic patients from the clinical trial ULCERUS 1/2014, involved in the study  
on the course of the healing process following the use of the dibutyrylchitin dressing

Variable
Participants

(N = 4)
No. 1 (H004)* No. 2 (F003)* No. 3 (O007)* No. 4 (J008)*

Sex female female female male
Age [years] 79 77 64 67
BMI 23 30 35 35
Diabetes duration [years] 13 10 2 1
HbA1c <96.7 mmol/mol 

(11%)
yes yes yes yes

Previous thrombosis yes no yes no
Other diseases in anamnesis chronic venous 

insufficiency, 
hypertension, heart 
failure (NYHA I)

chronic venous 
insufficiency, 
hypertension, chronic 
heart failure, coronary 
heart disease, 
hyperthyroidism, 
discopathy

chronic venous 
insufficiency, 
hypertension, prostatic 
hypertrophy

chronic venous 
insufficiency

Births 1 2 n.a. 0
Nicotine addiction no no no no

BMI – body mass index; HbA1c – glycated hemoglobin; NYHA – New York Heart Association classification.
n.a. – not applicable.
* Patient’s ID.
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dressings. Bearing in mind that the majority of patients 
are typically rather elderly, often with mobility and per-
haps memory limitations, complex and complicated ther-
apeutic schemes are inappropriate. In  the  case of indi-
viduals with foot ulcerations, the physical, psychological 
and social quality of life depreciates dramatically [20,21]. 
Consequently, the  availability of less invasive therapies 
potentially reduces pain levels and improves the  physi-
cian-patient relationship. The  DBC dressing unique-
ness rests on its ability to degrade within the  wound. 
It is imperative that once the previous layer of dressing 
has degraded within the  wound, all that is required is 
a further layer of the same dressing. This innovative and 
unique dressing feature originates from the  properties 
of the  material (chitin dibutyrate) of which it is made. 
Dibutyrylchitin is a chitin derivative obtained by the es-
terification of its hydroxyl groups with short chains of 
fatty acids [18].
The DBC dressing not only ensures the  optimum heal-
ing environment for the ulcer (proper thermoregulation, 
appropriate humidity and proper gas exchange), but also 
absorbs the  exudate and binds secretions. Moreover, it 
creates a barrier to deter dirt, irritant agents or infections. 
In  addition, being left in the  wound, it provides a  type 

The body mass index (BMI) was calculated according to 
the following formula:

	 BMI = body weight [kg]/square of height [m]� (1)

All the patients participating in the study had given their 
prior consent to the publication of the results.

RESULTS
In all 4 cases under analysis, the wounds healed complete-
ly during the study. This occurred after 8 weeks of treat-
ment in 2 cases (Figure 1) and after 10 weeks of treatment 
in the remaining 2 patients (Table 2). No adverse effects 
were observed throughout the  study. The DBC dressing 
adhered well to the wound surface and degraded within 
it (Figure 2).

DISCUSSION
The process involved in the treatment of ulcerations oc-
curring during chronic venous insufficiency in patients 
with type 2 diabetes is lengthy, costly and laborious. It is 
generally associated with pain and requires considerable 
personal sacrifice by the patient, a close cooperation with 
the  physician and a  systematic replacement of wound 

a)
b)

Figure 1. Patient No. 2 (F003): a) the initial qualification visit, b) after 8 weeks of treatment with the dibutyrylchitin dressing
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The effect of application of the DBC dressing (in combina
tion with standard treatments), in terms of ulcer closure, was 
clearly visible as early as 8 weeks after the start of treatment 
(in the case of 2 patients – No. 2 [F003] and No. 4 [J008]) 
(Table 2). At this point in time, the surface area of the 2 re-
maining ulcers was reduced by 98% (patient No. 1 [H004]) 
and 74% (patient No. 3 [O007]). After 10 weeks of the same 
treatment, ulcer closure also occurred in these 2 patients 
(patient No. 1 [H004] and patient No. 3 [O007]). It is worth 
emphasizing that 1 of these 2 patients in whom the ulcers 
healed after 8 weeks was found to have very poorly con-
trolled diabetes. This was indicated by the plasma level of 
glycated hemoglobin (HbA1c) reaching 85.8 mmol/mol  
(10.5%) at the beginning of the study, which then increased 
to 96.7 mmol/mol (11.6%) by the  end of the  study, cor-
responding to the mean glycemic values of  >13.4  and 
14.9 mmol/l (240 and 269 mg/dl), respectively [1]. The rapid 
closure of the  ulcer in this case may indicate high thera-
peutic and welfare potential resulting from the addition of 
the tested dressing to the standard therapy.

of scaffolding or framework for newly incoming cells of 
the connective tissue. The latter considerably accelerates 
and facilitates the  healing process with a  positive effect 
on the  granulation and epithelialisation process. It  does 
not cause any sensitization. The degradation of the DBC 
dressing is mediated by enzymes naturally occurring within 
the  wound. Due to the  fact that the  dressing undergoes 
a spontaneous degradation within the wound, any discom-
fort and traumatisation of newly formed tissues related to 
dressing replacement are alleviated.
The ease associated with the use of the dressing (during 
the  study, the  DBC dressing was added to the  wound 
once a week) results in the simplification of the therapeu-
tic regime, thanks to which the professional work during 
the  therapy is possible. This could positively translate 
into enhanced patient-physician relationships. In  addi-
tion, the previously mentioned frequency of application 
seems to be the ideal therapeutic approach especially in 
the case of elderly patients who are often looked after by 
third parties.

Table 2. The surface area of ulcers, blood pressure readings and the plasma level of glycated hemoglobin (HbA1c) for individual patients, 
obtained during the initial qualification visit and then followed by 8 and 10 weeks of treatment with dibutyrylchitin dressing

Variable
Participants

(N = 4)
No. 1 (H004)* No. 2 (F003)* No. 3 (O007)* No. 4 (J008)*

During the qualification visit
surface area of the ulcer [cm2] 14.125 6.25 18.125 9.375
blood pressure [mm Hg] 140/90 143/75 140/100 140/90
plasma level of HbA1c [mmol/mol (%)] 31.1 (5.88) 85.8 (10.5) 31.1 (5.4) 42.1 (6.1)

After 8 weeks of treatment
surface area of the ulcer [cm2] 0.25 0 4.75 0
blood pressure [mm Hg] 150/75 130/70 147/102 130/80
plasma level of HbA1c [mmol/mol (%)] 42.1 (6.11) 96.7 (11.6) 20.2 (4.7) 42.1 (6.2)

After 10 weeks of treatment
surface area of the ulcer [cm2] 0 0 0 0
blood pressure [mm Hg] 125/60 128/68 145/95 120/90

* Patient’s ID.
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CONCLUSIONS
Many pathological processes which contribute to ulcer 
formation and decelerate the healing process occur during 
the  course of diabetes. This is associated with the dura-
tion of the  disease, metabolic control, the  presence of 
endothelial dysfunction, neuropathy or ischemia caused 
by accelerated atherosclerosis, as well as micro- and mac-
roangiopathy [3]. The coincidence of diabetes and chronic 
venous insufficiency, the 2 diseases affecting the quality of 
the skin, both of which, although independently by means 
of distinct mechanisms, lead to the development of ulcers, 
implies major therapeutic problems.
Adding the  DBC dressing to standard therapy resulted 
in good therapeutic outcomes in this group of patients. 
The use of the innovative dressing that is degraded within 
the wound and that does not require regular replacements 
considerably simplified the treatment regime, which is of 
utmost importance in the  population of elderly and sick 
people. This, indeed, is associated with a reduced number 
of visits at physicians, and has a direct impact on improv-
ing the physician-patient cooperation, as well as improves 
the  patient’s professional capacity. In  addition to this, 
the degradation of the DBC dressing eliminates the trau-
matisation of newly formed tissues and reduces the  dis-

It is also worth stressing that, except for diabetes mellitus 
and chronic venous insufficiency, 3 of the 4 study group par-
ticipants also suffered from obesity, known to cause a series 
of health problems and to impair mobility, further hinder-
ing the  healing process. This, alongside the  suboptimal 
blood pressure values obtained at the beginning of the study 
(Table 2), indicates the coexistence of many pathologies for 
which the treatment was unsatisfactory. This may have been 
a direct consequence of aversion or the lack of ability to co-
operate, or even failure to comply with the therapeutic rec-
ommendations for these patients. Indeed, 3 out of 4 cases 
were elderly people. In  this context, the  use of this new 
innovative dressing that does not require regular replace-
ments, with a  simplified application scheme, seems to be 
crucial to achieve the desired therapeutic effect.
The closure of ulcers occurring during chronic venous 
insufficiency in patients with type 2 diabetes is not only 
a  localized effect. It affects the functioning of the whole 
person, the entire body and the course of the diabetes itself.  
Once the lesion is healed, the control of diabetes should 
improve. One direct consequence of this is that the prog-
nosis of these patients should improve whilst their morbid-
ity and mortality should decrease. Apart from measurable 
somatic effects, the improved general functioning of these 
patients also has a great impact. It leads to an elimination 
of the factor/s responsible for their social disengagement 
and inequality resulting, among others, from the  shame 
related to the presence of ulcers, often associated with an 
unpleasant odor. Eliminating the social isolation for these 
patients and restoring social functioning could positively 
benefit and affect their well-being, spirit and mood, and 
the  healing process itself. Moreover, if it is associated 
with a simplified therapeutic pattern of application with-
out the  need to interfere with the  wound, or to remove 
and replace used dressings, it offers an added, and even 
key, value. The  best therapy, if rejected by the  patient, 
will not provide the desired, expected outcome for either 
the doctor or the patient.

Figure 2. Degradation of the dibutyrylchitin dressing 
in the wound environment (patient No. 2 [F003])
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comfort associated with the therapy. Due to the small size 
of the group, this method, certainly, cannot be clearly indi-
cated as dedicated to patients with ulceration and diabetes. 
However, due to its high safety and good efficacy, this in-
novative method seems to be applicable to this type of pa-
tients, but it requires constant monitoring by a specialist.
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