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Abstract
This study compares the effect of Hyalobarrier Gel and 4DryField® PH on the formation of 

postoperative adhesions after myomectomy in an experimental study on rabbit does. Thirty 
experimental animals were divided into three groups: group A – control, group B – use of 
4DryField® PH, and group C – use of the Hyalobarrier Gel. A simulated myomectomy was 
performed in each group. The animals were euthanised 14 days after the procedure and the 
antiadhesive effect of the above-mentioned preparations was evaluated according to the criteria. 
Statistical evaluation clearly showed differences in the antiadhesive effect in the scoring systems 
for groups B and C compared to control group A at a high level of significance. We demonstrated 
an obvious, statistically confirmed antiadhesive effect of the Hyalobarrier Gel and 4DryField® PH 
in an experimental model of the rabbit uterus. Comparing both preparations, the Hyalobarrier Gel 
shows a higher level of effectiveness. Based on the results of the experiment, both preparations 
can be unambiguously recommended for routine practice.

Lagomorpha, gynaecology, Hyalobarrier Gel, 4DryField® PH

In human medicine, postoperative adhesions represent not just a serious clinical 
and social condition but also an economic problem. They occur after up to 60% of 
surgical procedures in the abdominal cavity, although with varying degrees of severity 
of consequences (Herrmann and De Wilde 2016). Additionally, they can directly 
or indirectly cause complications such as severe chronic pain, organ dysfunction, ileal 
condition, dyskinesia, etc., which compromise the quality of life of patients. There is also 
evidence that they significantly increase the risk of death after surgery (van den Beukel 
et al. 2017). They are often the cause for “repeated surgery”, i.e. adhesiolysis aimed at 
disrupting these adhesions, which means they represent a significant financial burden for 
the health care complex and increase the social costs associated with early mortality in 
the long run (Sikirica et al. 2011). This issue also concerns veterinary surgery where 
the subject of postoperative adhesions has been described mainly in horses and rabbits 
experiencing a gradual expansion of breeding and the need to neuter them (Johnston 
2005; Gorvy et al. 2008; Rizzo et al. 2010).

The rabbit uterus duplex model is often used in experimental surgery for the relative 
availability of the experimental animal, favourable anatomical conditions, and frequent 
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postoperative adhesions (Dunn et al. 2001; Müller et al. 2011). Therefore, an experimental 
study was performed, comparing the antiadhesive effect of the Hyalobarier Gel (Anika 
Therapeutics S.r.l. Hyalobarrier gel, Padova, Italy) and 4DryField® PH (4DryField; 
PlantTec Medical GmbH, Lüneburg, Germany) after simulated myomectomy that we did 
not find in the available literature on a rabbit uterus duplex model.

Materials and Methods
The experiment was performed on an animal model – domestic rabbit (Oryctolagus cuniculus) doe, broiler 

hybrid HYPLUS, aged 4 months, a total of 30 animals. The housing of the animals and the follow-up of the 
experiment were carried out on the approved premises of the University of Veterinary Sciences Brno and 
performed in accordance with the planned project of the experiment. All rabbits were housed individually, 
provided with the same nutrition (complete granulated mixture for rabbits) and automatic drinkers with ad libitum 
water supply, all in compliance with welfare requirements. Observing the principles of 3R, the appropriate number 
of animals for each group was chosen so that it was possible to perform a statistical evaluation – a total of 3 groups 
of 10 animals.

Before the experiment, the animals were acclimatized for 12 days, during which they were preventively 
administered sulphadimidine sodium (Sulfadimidin BIOVETA 20 g, 20 g per 5 l of water, Bioveta, Ivanovice 
na Hané, Czech Republic) in drinking water according to the following regimen: 3 days of administration 
of the treatment solution, 3 days water and then 3 days again administration of the treatment solution. After the 
acclimatization phase, the experiment was started under general anaesthesia. To induce anaesthesia, a combination 
of ketamine 50 mg/kg (Narkamon 100 mg/ml solution for injection, Bioveta) and xylazine 5 mg/kg (Rometar 
20 mg/ml solution for injection, Bioveta) was administered intramuscularly (i.m.); anaesthesia was maintained by 
inhalation of a mixture of oxygen and 1.5–2% isoflurane (Isofuran, Torrex Chiesi, Praha, Czech Republic). Prior 
to surgery, metamizole 25 mg/kg (Vetalgin 500 mg/ml inj., Intervet, Boxmeer, The Netherlands), metoclopramide 
0.5 mg/kg (Degan 10 MG solution for injection, Lek Pharmaceuticals, Ljubljana, Slovenia) and marbofloxacin 
10 mg/kg (Marbocyl 100 mg/ml inj., Vétoquinol, Nymburk, Czech Republic) were administered i.m. Once the 
animal was anaesthetized, the ventral half of the abdominal wall was shaved from the sternum to the pelvic 
symphysis. The surgical area was washed with a povidone-iodine solution and disinfected with chlorhexidine. 
Furthermore, a caudal laparotomy was performed in the linea alba by making a laparotomy incision of about 4 cm. 
Both uteri were gradually pulled into the surgical wound and the procedure was performed accordingly:

Group A (control group): Abrasion of the serous layer in the middle part of the left uterine horn with a range 
of about 4 cm was performed with a scalpel blade size 10 until bleeding was induced. Subsequently, a longitudinal 
incision of the uterine wall (approximately 3 cm) was made at the site of the previous traumatization completely 
penetrating the uterine wall (myomectomy simulation) and subsequently sutured with a continuous stitch using a 1.5 
USP polyfilament absorbable material (Vicryl, Ethicon, Somerville, United States) (Plate V, Figs 1 A, B, C, D, E, F).

Group B: Same as Group A + the use of 4DryField® PH (Plate VI, Figs 2, A, B, C, D). 
Group C: Same as Group A + the use of the Hyalobarrier Gel (Plate VI, Figs 3 A, B, C, D). 
Following the above procedures, a laparotomy wound suture was performed of the abdominal wall with 

a continuous suture pattern using an absorbable polyfilament material size 2 USP (Vicryl) and a subcutaneous 
suture with a continuous mattress suture pattern using an absorbable polyfilament material size 2 USP (Vicryl). All 
operations were performed by the same surgeon. After the procedure, the rabbits were monitored regularly, clinical 
examination was carried out daily, the surgical wound was inspected, and food intake and faecal excretion were 
assessed. After surgery, the animals were administered metamizole 25 mg/kg and metoclopramide 0.5 mg/kg i.m. 
twice daily for 3 days. Fourteen days after surgery, euthanasia was performed lege artis by intramuscular administration 
of a combination of ketamine 50 mg/kg and xylazine 5 mg/kg followed by thiopental overdose i.v. (Thiopental 
VUAB 0.5 g inj plv sol., i.v., VUAB Pharma, Roztoky, Czech Republic). Before surgery and euthanasia, the 
animals were weighed, blood was collected from a. auricularis centralis, and a biochemical and haematological 
examination of the blood was carried out. After euthanasia, an autopsy was performed during which adhesion 
evaluation was conducted. The evaluation was performed by two independent evaluators according to 
predetermined criteria of modified scoring systems, namely: More Comprehensive Adhesion Scoring Method 
(MCASM) (Mettler 2003) and Peritoneal Adhesion Index (PAI) (Coccolini et al. 2013) (Tables 1, 2) and the 
results were statistically evaluated.

The working hypotheses to be confirmed in this study are presented in Table 3.

Results

The statistical evaluation clearly showed differences in the antiadhesive effect in 
the scoring systems for groups B and C compared to control group A at a high level 
of significance (P < 0.001). For better clarity, the results of the experiment are presented 
in individual tables that also describe the evaluation criteria. For illustration, images 
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documenting the evaluation are attached. The evaluation of the antiadhesive effect 
of individual preparations is given in Table 4.

Statistical evaluations using Mann Whitney and Fisher’s exact test are given in Tables 5 
and 6. For better clarity, Figs 4 and 5 (Plate VII) show the basis for the evaluation.

Out of postoperative complications, we recorded only two dehiscences of the 
subcutaneous tissue that required only local treatment. We did not observe a purulent 
subperitoneal process in any animal.

Table 1. More Comprehensive Adhesion Scoring Method (MCASM) according to Mettler (2003).  

 0 No adhesion present
 1 Filmy, avascular
Severity 2 Some vascularity and/or dense
 3A Cohesive, can be separated by minimal dissection
 3B Cohesive, can be separated by extensive dissection for separation
 0 No adhesion present

Extent
 1 Mild ( ≤ 25% total area length)

 2 Moderate (25–50% total area length)
 3 Severe (≥ 51% total area length)

Table 3. Working hypotheses.

Hypothesis A Hyalobarrier Gel reduces or blocks the formation of adhesions after myomectomy simulation 
Hypothesis B 4DryField® PH reduces or blocks the formation of adhesions after myomectomy simulation
Hypothesis C Hyalobarrier Gel is more effective than 4DryField® PH in the experiment

Table 2. Peritoneal adhesion index (PAI) according to Coccolini et al. (2013).

Adhesion grade score 
0 No adhesion
1 Filmy adhesions, blunt dissection 
2 Strong adhesion, sharp dissection 
3 Very strong vascularized adhesion, sharp dissection, damage hardly preventable

Table 4. SCORE according to evaluation criteria in individual groups.

  Group A - control   Group B - 4DryField® PH Group C - Hyalobarrier Gel
Animal PAI MCASM Animal PAI MCASM Animal PAI MCASM
 1 9 5 11 2 3 21 1 2
 2 8 5 12 2 3 22 1 2
 3 6 5 13 2 3 23 1 2
 4 8 5 14 1 2 24 0 0
 5 4 5 15 1 2 25 0 0
 6 6 4 16 2 3 26 0 0
 7 6 4 17 1 2 27 0 0
 8 6 4 18 1 2 28 0 0
 9 4 4 19 3 4 29 0 0
 10 8 4 20 3 4 30 0 0

PAI - Peritoneal Adhesion Index; MCASM - More Comprehensive Adhesion Scoring Method
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Discussion

The development of adhesions after gynaecological surgeries is a serious problem. 
Minimising the invasiveness of surgical techniques and implementation of complex 
pharmacotherapy has proved insufficient as demonstrated on large patient populations in 
clinical practice. Therefore, new products that form an absorbable antiadhesive barrier 
at the surgical area are continuously being developed, having a widespread application 
(Vidas et al. 2018; Hu et al. 2021).

Experimental studies using hyaluronic acid derivatives in different variations and under 
different brand names on a model of the rabbit uterus are quite common. The results 
of these studies are generally consistent with our statistically confirmed conclusion 
regarding the potent antiadhesive effect of the Hyalobarrier Gel (Osada et al. 1999).

Other preparations with antiadhesive properties have been also examined using a model 
of the rabbit uterus, demonstrating the efficacy of phospholipids in reducing primary 

Table 5. Statistical analysis of adhesion evaluation using the Peritoneal Adhesion Index (PAI) scoring system.

Summary  Control Experiment: Experiment:  Statistical significance 
statistics A Arm B Arm C  (P value)
 (n = 10) (n = 10) (n = 10) A vs. B A vs. C B vs. C
Mean (SE) 6.5 (0.54) 1.8 (0.25) 0.3 (0.15) 
Median 6 2 0 < 0.001 < 0.001 < 0.001
Min/Max 4 / 9 1 / 3 0 / 1
Value ≤ 1 (%) 0 (0.0%) 4 (40.0%) 10 (100.0%) 0.087 <0.001 0.011
Value ≥ 8 (%) 4 (40.0%) 0 (0.0%) 0 (0.0%) 0.087 0.087 -
Ratio
Range/median  0.83 1.00 - Statistical significance was evaluated using
Ratio    Mann Whitney U test for continuous variables 
Range/mean 0.77 1.11 3.33 and Fisher exact test for categorical variables.
Ratio 
SD/mean 0.26 0.44 1.61

Table 6. Statistical analysis of adhesion evaluation using More Comprehensive Adhesion Scoring Method 
(MCASM) scoring system.

Summary  Control Experiment: Experiment:  Statistical significance 
statistics A Arm B Arm C  (P value)
 (n = 10) (n = 10) (n = 10) A vs. B A vs. C B vs. C
Mean (SE) 4.5 (0.17) 2.8 (0.25) 0.6 (0.31) 
Median 5 3 0 < 0.001 < 0.001 < 0.001
Min/Max 4 / 5 2 / 4 0 / 2
Value ≤ 1 (%) 0 (0.0%) 0 (0.0%) 7 (70.0%) - 0.003 0.003
Value ≥ 4 (%) 10 (100.0%) 2 (20.0%) 0 (0.0%) 0.001 < 0.001 0.474
Ratio
Range/median  0.22 0.67 - Statistical significance was evaluated using
Ratio    Mann Whitney U test for continuous variables 
Range/mean 0.22 0.71 3.33 and Fisher exact test for categorical variables.
Ratio 
SD/mean 0.12 0.28 1.61
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adhesion formation compared to hyaluronic acid-carboxymethylcellulose, lactide-
caprolactone copolymer, and isodextrin (Müller et al. 2005). 

In order to assess the work on a model of the rabbit uterine horn, a beneficial study 
examining the suture strength and the association between the suture material and adhesion 
formation after the use of fibrin sealant determined that such association was not significant 
and did not affect the suture strength (Peacock et al. 2006). A rare experiment was 
performed in a study concerned with the effect of hyaluronic acid on spontaneous fertility 
after repeated intrauterine surgeries with induced experimental synechiae in a rabbit model, 
where the animals underwent double curettage followed by a hyaluronic acid injection 
into one uterine horn. After the recovery period, the rabbits were mated. An abdominal 
ultrasound performed 21 days after the mating diagnosed pregnancy and quantified the 
number of viable foetuses. The authors consider this model to be an experimental one that 
can be used to study the efficacy of different preparations (Huberlant et al. 2015).

Some human medicine-related studies report that the formation of adhesions is caused 
by the effects of laparoscopy and port introduction (Monnet 2019). In an experiment 
involving rabbits, this theory was confirmed as adhesions formed in more than 50% 
of cases. These were adhesions to the anterior abdominal wall and the bladder (Balbinotto 
et al. 2010).

In the literature, we also found a combined study of antiadhesive preparations involving 
two animal models, rats and rabbits. The end-to-end intestinal anastomosis was performed 
and its strength and formation of adhesions were examined. It was discovered that adhesion 
formation was inhibited by the Spray Gel (polyethylene glycol), but only in the case 
of optimal healing of the anastomosis. However, when dehiscence and inflammation of the 
anastomosis occurred, multiple adhesions were observed (Dunn et al. 2001). Determining 
the right bowel anastomosis technique in terms of antiadhesion is very important in 
both veterinary and human medicine (Crha et al. 2008; Ntourakis et al. 2016). The 
antiadhesive effect of hyaluronic acid derivatives is often investigated in other indications, 
such as pericardial adhesions (Kang et al. 2015), when performing surgery for glaucoma 
(Takeuchi et al. 2009) or in combination with stem cells during regeneration of the trachea 
(Choi et al. 2021).

To date, we have not found any experimental study involving rabbits using 4DryField® 
PH in the available literary sources. Some experiments were conducted on an optimized 
peritoneal adhesion model on rats (OPAM). The effects of 4DryField® PH and Arista on 
the formation of peritoneal adhesions were compared. It was found that only 4DryField® 
PH was significantly effective (Poehnert et al. 2019). The same model also showed the 
effect of the 4DryField® PH in blocking the formation of adhesions into the intraperitoneal 
onlay meshes (IPOM) where adhesions are formed after hernia surgery and can cause 
serious medical complications (Winny et al. 2016). Another study compared the effects of 
Adept (®), Interceed (®), Seprafilm (®), and 4DryField® PH (Poehnert et al. 2016). When 
it comes to the use of 4DryFied® PH, the authors discuss whether it is better to mix the 
gel beforehand or to make the gel directly in the surgical wound. Again, the 4DryField® 
PH most significantly reduced the rate of formation of new adhesions. No differences 
between gel preparations at different stages were statistically determined (Poehnert 
et al. 2016). The studies also evaluated in vitro cytotoxicity/biocompatibility as well as 
in vivo tolerability of the new polysaccharide 4DryField® PH, which was rated as excellent 
(Poehnert et al. 2015). Several studies using this preparation have been conducted 
in clinical medicine (Rudolph et al. 2019; Lucas et al. 2021). In the field of gynaecology, 
the antiadhesive effect of 4DryField® PH was evaluated in a clinical trial. The degree and 
extent of the adhesions were significantly reduced by 85% in the 4DryField® PH group 
compared to the control group (the mean overall adhesion score of 2.2 vs. 14.2; P = 0.004) 
in female patients after endometriosis surgery (Krämer et al. 2021). A study concerning 
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the post-operative treatment of uterine adhesions (Korell 2014) and open adhesiolysis 
produced similar results (Blumhardt et al. 2018).

Based on the results of our study together with a study of literary sources, some issues 
can be raised for discussion. There is no significant difference in terms of scoring systems 
for evaluation of the studies as they all describe the problem approximately equally and 
are universally applicable outside the gynaecological scope. The time of euthanasia 
of the animal, as well as the evaluation of the experiment are also questionable. Generally, 
adhesions occur most commonly between days 5–7 after the procedure and then they 
mature. The antiadhesive barrier of the preparations should be effective for the same 
time period. Fourteen days after the procedure we found no macroscopically noticeable 
product residues. The possibility of repeated laparoscopic monitoring of the development 
of adhesions in rabbits appears to be beneficial, although laparoscopy itself may also be 
the cause of their development. In the model, the technique and quality of the potential 
suture, as well as properly chosen anti-adhesive material, are also important. Due to the 
rapid growth and restlessness of laboratory animals, careful suture of the subcutaneous 
tissue and skin needs to be performed, and it can be recommended to supplement it with 
resuturing by individual stitches. From a technical perspective, both preparations are 
easy to use in open surgery. 4DryField® PH has a major haemostatic effect which is an 
important antiadhesive factor. A study model of the uterus duplex in the rabbit is, in our 
opinion, suitable for examining other preparations. Besides macroscopic observation, the 
monitoring of biochemical and haematological indices, and their subsequent inclusion 
in the results is also advisable (Pecin et al. 2017; Urbanová et al. 2019). 

Besides the development of antiadhesive barrier preparations, studies of molecular causes 
of adhesions and the potential to influence them, for example, with the use of a blockade 
of local angiotensin II/angiotensin II type 1 receptors (AngII/AT1R) will become increasingly 
important in the future (Tavakkoli et al. 2021). Gene therapy is another option, where the 
possibility of affecting the tissue plasminogen activator, tissue metalloproteinase inhibitor 
and transforming growth factor β, and genetic polymorphism in interleukin-1 receptor 
antagonist, etc. (Atta 2011) is being investigated. However, other factors that influence 
the development of adhesions indirectly, such as diabetes mellitus, metabolic syndrome, 
hyperglycaemia, obesity, depression, excessive alcohol consumption, anti-parkinsonian 
drugs, oral hormone therapy, pregnancy, and malignant processes should also be borne 
in mind (Fortin et al. 2015).

This experimental study aimed to verify the effectiveness and improve the technique 
of the use of viscous gels as a barrier against post-operative adhesions. We have 
demonstrated a clear statistically confirmed antiadhesive effect of the Hyalobarrier Gel and 
4DryField® PH on an experimental model of the rabbit uterus. When comparing the two 
preparations, the effect of the Hyalobarrier Gel was more significant. Based on the results 
of the experiment, both preparations can be recommended for use in routine practice. The 
indication depends on their availability and the surgeon’s decision, both in human and 
veterinary medicine.
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Plate V
Pánková S. et al.: Comparison ... pp. 407-414

Fig. 1. A - uterus duplex – preparation of experimental model; B - myomectomy simulation – standardization; 
C - abrasion of the uterus with a scalpel blade; D - myomectomy simulation; E – suture of the uterus; 
F - experimental model – final suture



Plate VI

Fig. 2. A - application of solid 4DryField® PH to the uterine suture; B - condition after application of the solid component; 
C - application of physiological saline solution; D - formation of a hydrogel after mixing the two components

Fig 3. A, B - gradual application of the Hyalobarrier Gel; C, D - final condition after application – complex barrier



Plate VII

Fig. 4. Adhesion evaluation – patient’s adhesion score according to the Peritoneal Adhesion Index (PAI) scoring system

Fig. 5. Adhesion evaluation – patient’s adhesion score according to More Comprehensive Adhesion Scoring 
Method (MCASM) scoring system


