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Abstract

Background: Recently, the radiation application research center for the atomic energy organization of Yazd (Iran) has developed
a hydrogel dressing which was evaluated for quality and safety in 2008. Its efficacy for assisting in the wound healing process was
approved for animal use, and its use has proven to be more effective than a related Syrian material.
Objectives: We have already confirmed the safety and efficacy of Irgel use on mice (1, 2), so this study was conducted in order to
further evaluate its effectiveness on human burn wounds, and to compare its efficacy with MaxGel, another hydrogel. A randomized
clinical trial study was conducted to compare the efficacy of hydrogel produced by the radiation application research center (Yazd
Branch) with MaxGel and routine dressing on burn repair in the Yazd Burn hospital.
Materials andMethods: In this study, 90 patients with second-degree burn injuries who were admitted to the Yazd Burn hospital
were randomly divided into three equal groups. In the negative control group, the wounds were covered with sterile vaseline gauze
followed by double sterile dry gauze and ultimately bandaged. In the test group, the wounds were covered by an Iranian hydrogel
sheet (Irgel) instead of vaseline gauze, while in the positive control group, the wounds were covered by MaxGel instead of Irgel. At
each visit (every other day), each dressing was renewed by its respective method and the wound area, pain score, and body tem-
perature were recorded. At the beginning and at the end of the first and second week, five milliliters of venous blood were taken
from all patients to evaluate hematologic parameters such as peripheral blood cell count, liver function, blood urea nitrogen, and
creatinine.
Results: Before the intervention, the extent of the burns and pain sensations were quite similar among the different groups, but at
the second week, the burn areas and pain scores for the Irgel group were significantly less than those of the normal control and the
positive control groups (P < 0.05).
Conclusions: Based on our findings, both gels assist in the process of burn wound healing and pain reduction more effectively as
compared with routine dressing. However, Irgel had better effects on wound healing and pain relief than MaxGel, which indicates
a better quality of Irgel for this particular kind of treatment.
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1. Background

Depending on their depth, ulcers (or wounds that fail
to heal) are classified into four stages, from one to four de-
pending on the level of depth (one being the lowest). Most
ulcers are in stage one or two, and in these cases, the bulk of
the tissue in the dermis can be repaired and reconstruction
is the task of the fibroblast cells, which replace the normal
tissue with new scar tissue (3).

Wound healing is a complex but regular process as-
sociated with cell migration, proliferation, adhesion, and
phenotype differentiation (4). In events such as burning,
wound healing is of particular importance in order to

avoid the development of more complex ulcers, and in cer-
tain conditions such as diabetes, tissue repair may be de-
layed, thus leading to infection (5). Extensive research on
the role of accelerating wound healing, including factors
such as angiotensin (6), growth (7), antioxidants, and vita-
mins (8, 9), have been conducted on wounds of various ori-
gins. In addition, the use of infrared (10), electromagnetic
(11), or electrical stimulation (12, 13), in addition to lasers
(12) and a variety of dressings, plasters, and ointments on
wound healing have been considered (14). The main issue
in wound care involves appropriate management in order
to assure that the wound can heal in the shortest possible
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time and with minimal side effects.
In such cases, there are two important issues that must

be addressed. First, it is important to keep the wound clean
and prevent the entry of potentially harmful environmen-
tal materials, and second, it is necessary to preserve the re-
maining healthy tissue and prevent newly formed tissue
damage (15). Many substances which are used for clean-
ing wounds, such as Betadine, hydrogen peroxide, and al-
cohol, usually cause damage to the skin cells and interfere
with the activity of the fibroblast cells, which leads to a de-
lay in wound healing. For instance, Lineaweaver et al. com-
pared four different methods of wound irrigation, includ-
ing Betadine, hydrogen peroxide, acetic acid, and sodium
hydrochloride, and declared their toxic effect on fibrob-
lasts. They also revealed that Betadine causes a delay of
four to eight days in the wound healing of rats, as well as a
decrease in the tensile strength of the repaired tissue (16).
Rodeheaver et al. also showed that Betadine in compari-
son to saline cannot reduce the chance of wound infection
(17). Hydrogen peroxide is known to release oxygen via ac-
tivating the catalase, and it can therefore reduce the level
of bacteria in wounds, but Tatnall et al. demonstrated that
this substance is toxic to keratinocytes and produces mi-
croscopic gaps within the tissues, ultimately leading to a
delay in wound healing (18). Furthermore, the lethal ef-
fect of hydrogen peroxide from oxygen embolism in high-
pressure wound dressings has been reported (19, 20).

The main function of dressings is to provide the
proper environment for wound healing and, according
to Lawrence, a good dressing should be sterile, strong,
absorbent, protective, non-adhesive, nontoxic, and cost-
effective (21). Dressings are of several types, each with its
advantages and disadvantages. One of the most popular
dressings is the traditional approach, or wet-to-dry. In this
method, after washing, the wound is covered with wet
gauze which is then dried spontaneously. The dried gauze
dressing is removed and is replaced with a new one. The
most important disadvantage of this method is that the
dressing changes lead to the removal and destruction of
the superficial parts of the repaired tissue and, as a result,
healing is delayed (22). An alternative method is film dress-
ing. Usually these films are made of polyurethane and they
allow for the wound and its contents to be partially visible.
The disadvantage here is that this type of dressing is not
absorbent, it sticks to scar tissue, and it damages the ep-
ithelialized tissues which lead to the loss of the skin barrier
system (22).

The use of hydrogel dressing is one of the newest meth-
ods. These types of dressings are made of polyethylene ox-
ide or polyvinylpyrrolidone, and over 90% of the dressing
is water (22). Hydrogel dressings generally have good fea-
tures and provide some cold contact in the acute phase of

wound healing, thus reducing pain and inflammation par-
ticularly in the dressing of burns (23, 24). They also prevent
drying of the newly formed tissue in the wound, since the
material does not stick to the dressing and removal and de-
struction of newly formed tissues can be avoided, which al-
lows for faster (even daily) dressing changes. The main dis-
advantage of these dressings is due to their hydrophobic
property which does not absorb water and is less useful for
secretory wound dressing (25). Hydrocolloid dressing has
recently been made of a gel containing hydrophilic mate-
rials such as pectin and gelatin, which absorb wound exu-
date and its secretory contents so that the dressing grad-
ually becomes bulky and spongy; upon maximum absorp-
tion, its color changes, which is a reminder of the need to
change the dressing (26).

Several companies have produced and marketed hy-
drogel dressings and, according to producers’ comments,
they can accelerate wound healing in different ways (14).
Recently, the radiation application research center for the
atomic energy organization of Yazd (Iran) has produced
a hydrogel dressing (Irgel) that was evaluated for quality
and safety by Ajji et al. in 2008 (27). In support of this
determination, we have also observed that there were not
any pathological or hematological adverse effects of Irgel
in our own animal studies (1, 2).

In 2009, a study was designed and implemented by
Noorbala et al. to evaluate and compare the effectiveness
of Irgel and saline on wound healing in rats. The results
of this study showed that the hydrogel constructed by the
Atomic Energy Organization of Yazd had positive effects on
wound healing and is as effective as normal saline; further-
more, it did not cause any measurable histological and/or
clinical defects in the rats’ vital organs (1). However, in 2011,
the efficacy of this hydrogel on wound healing in rats was
compared with a Syrian hydrogel, the former of which was
demonstrated to be significantly more effective (2).

2. Objectives

Following these experimental studies, this clinical trial
study was conducted to compare the efficacy of the hydro-
gel produced by the radiation application research center
(Yazd branch) with MaxGel and routine dressing on human
burn repair in the Yazd Burn hospital.

3. Materials andMethods

3.1. Study Design and Population

In this randomized clinical trial, based on the variables
of similar studies at a confidence level of 95% and a test
power of 80%, the appropriate sample size was determined
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to be 60. However, for elevating the confidence and ac-
curacy of the study, 90 patients with second-degree burns
who were admitted to Yazd Burn hospital were randomly
divided into three equal groups according to the table of
random numbers. The following inclusion/exclusion crite-
ria were considered in the subject selection process:

1. The patient provided written consent after becoming
familiar with the potential study results and its possible
complications.

2. No more than 24 hours had passed since the burn.
3. Burns had not been tampered with or treated by lo-

cal or nonscientific methods.
4. The patient was between seven and 60 years old.
5. No more than ten percent of the body’s surface area

was burned.
6. The burn location had not been on the head, armpits,

groin, or perineal area.
7. The patient did not suffer from underlying chronic

inflammatory diseases and/or disorders of the immune
system.

Furthermore, during treatment, patients who devel-
oped hypersensitive reactions, bacterial infections, or any
other conditions that required special drugs, as well as
those patients who did not wish to continue working on
the project were excluded, but after departure, their infor-
mation and data were still used in the analysis.

3.2. Ethical Considerations

Although, the efficacy and lack of toxicity of Irgel in
laboratory animals has been supported by previous stud-
ies (1, 2), this study was registered on the “Iranian Reg-
istry of Clinical Trials” website and assigned the num-
ber IRCT138902123856N1. Furthermore, the university’s re-
search ethics committee approval was obtained (94895 -
01/11/2009) and, as mentioned above, informed consent
was provided by patients following the provision of suffi-
cient and appropriate information.

3.3. Experimental Procedure

Patients enrolled in the study after providing written
consent were physically examined according to the estab-
lished medical plan. The demographic information of each
patient, the extent and location of the burn, its etiology,
and previous medical records were obtained and recorded
in each patient’s medical file. Then, the same basic proce-
dure involving injecting the analgesics (if necessary) and
washing the wound with normal saline was performed on
each patient. Based on a random number table, each pa-
tient was assigned to either the negative control, test, or
positive control group. In the negative control group un-
dergoing the traditional method of dressing, the wounds

were covered with sterile vaseline gauze followed by dou-
ble sterile dry gauze and ultimately bandaged. In the test
group, the wounds were covered by an Iranian hydrogel
sheet (Irgel) instead of vaseline gauze, while in the positive
control group, the wounds were covered by MaxGel (Max-
ford Medical Technology Co., Hong Kong) instead of Irgel.

All patients were discharged with recommendations
to continue treatment and change the dressing every other
day in the hospital. At each visit, after removing the pre-
vious dressing, a new dressing was applied by the same
method and the wound area, pain score, and body tem-
perature were recorded. The pain intensity felt by the pa-
tient during dressing was recorded using the visual analog
scale method in which a score of zero indicated absolutely
no pain and a score of ten was reserved for the most in-
tense pain that had ever been felt. The level of wound heal-
ing was calculated in terms of the primary wound area mi-
nus the area of the secondary wound divided by the initial
area and multiplied by a hundred. At the beginning and at
the end of the first and second week, five milliliters of ve-
nous blood were taken from all patients to evaluate hema-
tologic parameters such as the peripheral blood cell count,
liver function, blood urea nitrogen, and creatinine. All data
were collected by expert nurses who were unaware of the
group that each patient belonged to.

3.4. Statistical Analysis

Data were considered as mean ± SD of the burn area
and the pain score in the studied groups and it was statisti-
cally analyzed by the Kruskal-Wallis test via SPSS software. P
< 0.05 was considered as the level of significance. Where a
significant difference between groups was identified, a bi-
nary comparison test (Mann-Whitney test) was used to de-
termine the specific differences. The trends of the variables
for the different time courses was analyzed by a repeated
measures test.

4. Results

Over the course of more than two years, 82 patients
completed the study. The burn area for all patients at
any stage of visiting and during dressing change was mea-
sured and recorded. The mean ± SD of the burn areas for
each of the studied groups are presented in Table 1.

According to our data, before the intervention and dur-
ing the early stages of repair, the extents of the burns were
quite similar among the different groups, and there was
no significant difference between the groups (P > 0.05).
However, once healing began, the wound area reduced and
at the second week (13th day), the burn areas for the Irgel
group were significantly less than those of the normal con-
trol (P = 0.000) and positive control groups (P < 0.046).
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Table 1. Comparison of Mean Burn Area in the Studied Groups During the Dressing Stagesa , b

Groups Time Course MaxGel (N = 28) (M± SD) Conventional (N = 27) (M± SD) Iranian Gel (Irgel) (N = 27) (M± SD) P Value

1st Day 112.25 ± 95.39 116.84 ± 78.41 132.46 ± 138.52 0.792

3rd Day 118.42 ± 96.43 133.37 ± 79.13 143.66 ± 128.49 0.820

5th Day 105.50 ± 87.30 119.85 ± 67.65 121.55 ± 103.69 0.690

7th Day 91.60 ± 83.31 103.40 ± 61.25 92.92 ± 76.74 0.500

9th Day 75.32 ± 71.39 87.22 ± 57.62 65.22 ± 56.80 0.340

11th Day 60.46 ± 63.84 69.70 ± 51.55 41.14 ± 44.08 0.070

13th Day 45.78 ± 51.28 53.66 ± 43.59 21.51 ± 29.75A,B 0.001

aP value is determined by comparing the three groups using the Kruskal-Wallis test.
bA significant difference as compared with the use of MaxGel (P = 0.046) and conventional dressing (P = 0.000), respectively, using the Mann-Whitney test.

Figures 1 -3 show wound remission of the burned areas in
the three groups treated with MaxGel, conventional meth-
ods, and Irgel, respectively.

Before the intervention, the intensity of pain sensation
was quite similar among the different groups, and there
was no significant difference between them (P > 0.05).
However, the pain scores for the Irgel group from the third
session of redressing were significantly lower than the
scores of the other groups (P < 0.001, Table 2). According

Figure 1. Burned Area After Two Weeks In the MaxGel Group

Figure 2. Burned Area After Two Weeks In the Conventional Group

to the Mann-Whitney test, the significant level of differ-
ence between Irgel and conventional dressing on the 5th
and 13th days of intervention was P < 0.001, and between
Irgel and MaxGel on the same days was P < 0.014 and P <
0.000, respectively. There was a significant difference be-
tween MaxGel and conventional dressing only on the 13th
day of redressing (P < 0.002).

To verify the possible adverse effects of the different
dressings on the patients, at the beginning and at the end
of the first and second week, five milliliters of venous blood
were taken from the subjects for evaluating the hemato-
logic parameters. In this case no abnormalities were de-
tected and all parameters were in the normal range. None
of the patients developed fever and/or wound infection.

5. Discussion

We have already confirmed the safety and efficacy of
Irgel use on mice (1, 2), so this study was conducted in or-
der to further evaluate its effectiveness on human burn
wounds. This study showed that the rate of wound healing
among the three groups was different, and that the group

Figure 3. Burned Area After Two Weeks In the Irgel Group
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Table 2. Comparison of the Mean Pain Intensity In the Studied Groups During the Dressing Sessionsa , b

Group MaxGel (N = 28) (M± Sd ) Conventional (N = 27) (M± Sd ) Iranian Gel (Irgel) (N = 27) (M± Sd ) P Value

1st day 6.25±1.84 6.62 ± 1.64 6.53 ± 1.58 0.614

3rd day 5.50 ±1.79 5.66 ± 1.41 5.11 ± 1.31 0.270

5th day 4.25 ± 1.57 4.62 ± 1.49 3.33 ± 1.20A, B 0.001

7th day 3.17 ± 1.46 3.48 ± 1.15 1.77 ± 0.80 A, B < 0.001

9th day 2.07 ± 1.21 2.55 ± 0.80 1.00 ± 0.73 A, B < 0.001

11th day 1.39 ± 1.06 1.77 ± 0.69 0.33 ± 0.55 A, B < 0.001

13th day 0.67 ± 0.72C 1.18 ± 0.39 0.00 ± 0.00 A, B < 0.001

aP value is determined by comparing the three groups using the Kruskal-Wallis test.
bAccording to the Mann-Whitney Test, A and C are indicative of a significant difference as compared with conventional dressing (P < 0.001) and MaxGel (P < 0.05),
respectively, and B is indicative of a significant difference as compared with conventional dressing (P < 0.001).

using hydrogel dressing from the Yazd atomic energy or-
ganization healed faster; this difference was significant at
the end of the second week. The study also revealed that
the mean pain intensity during dressing change declined
in the groups using gel dressing from the first week, and
was significantly lower than that of traditional dressing.

It should be mentioned that wound healing can occur
naturally, but many environmental factors such as infec-
tion through foreign contamination and other unsuitable
conditions can disrupt and delay recovery, while other fac-
tors sometimes cause earlier and faster recovery and heal-
ing. Numerous studies have been performed in connec-
tion with the effectiveness of hydrogel dressings on wound
healing which indicate that there is healing acceleration
and pain reduction in patients when it is used (28). Since
the majority of manufacturers claim that the gel is most
effective for chronic wounds, more evidence comes from
studies where hydrogel dressing is used to accelerate heal-
ing of chronic wounds such as diabetic ulcers and bed-
sores.

Kaya et al. compared a hydrogel dressing with conven-
tional gauze and Betadine dressings and showed that de-
spite the fact that healing occurred faster and in a shorter
time frame for the hydrogel group, the difference was not
statistically significant (29). However, another study was
conducted by Martineau and Shek on burn wounds on
rats using a hydrogel dressing as compared with a control
group that received bandages, and it was reported that in
hydrogel group, 85% of the wounds recovered in six days
rather than eight days in the control group (30). In Hamp-
ton’s 2004 study (31), the intensity of pain and the need for
dressing changes on twenty patients using hydrogel dress-
ing was compared with the conventional method. The re-
sults showed that pain scores were significantly reduced
after using hydrogel dressing (8.65 versus. 3.75), which is
quite similar to our results. The mean frequency of dress-

ing change within a week after taking hydrogel was also
significantly reduced (2.8 versus 1.3 times per week).

Goldenberg et al. showed that hydro-colloid gel dress-
ing significantly reduces the chance of wound infection
(32). They stated that among those who were given
dressings with hydrocolloid gel, 2% experienced infected
wounds, while the other group whose wounds were rinsed
with normal saline and who received regular Betadine and
alcohol dressing experienced a 7% infection rate. However,
no infection was observed in our study, which may be due
to our inclusion criteria, because patients were only in-
cluded if their burn area was less than 10%, and the lesions
were in specific locations that have less of a chance of in-
fection.

Dodd and Chalmers (33) studied the effect of a hydrogel
dressing as compared with lanoline ointment on a group
of lactating women with nipple wounds. The results of this
study were the same as our study, with the investigators re-
porting that the patients receiving hydrogel dressing had
significantly less pain during treatment and recovered ear-
lier. In the lanolin ointment group, there were eight cases
of breast infection, but no infection was observed in the
group treated with hydrogels.

However, some studies still have conflicting results.
For instance, in a study by Thomas et al. 30 patients with
pressure ulcers were randomly divided into two groups.
Patients in group I were treated with a hydrogel dressing
and group II with gauze moistened with normal saline.
Complete recovery occurred in 63% of the wounds after
ten weeks, and no significant differences were observed be-
tween the two groups (34).

Following the earlier laboratory and animal studies
(1, 2, 27), the present study reveals the efficacy of Irgel in
patients with second-degree burns. However, there were
some limitations in this study including the small number
of samples, the lack of minor burns being referred to the
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hospital, and incomplete therapy for some patients. These
limitations were the main weak point of this study, while
the blind collection of the data was the biggest strength.

According to our findings, both gels affect burn wound
healing and pain reduction more positively as compared
with routine dressing procedures commonly performed in
the Yazd Burn hospital. However, a comparison of Iranian
hydrogel with its similar foreign type (MaxGel), which the
client company (atomic energy agency) provided us, re-
vealed that Irgel had a better effect on wound healing and
pain relief. This indicates that Irgel is of better quality than
MaxGel in this respect.
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