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Abstract: Excessive adhesion between tissues on a significant area can cause the development of
disorders, cosmetic problems, and ileus. Methods for preventing adhesion include the use of drugs
and anti-adhesion barriers for physical blocking. In this study, the adhesion prevention effect of
polylactide film in porous form was analyzed. A porous polylactide film was manufactured using
a molecular weight of at least 100,000. To generate porosity, 98% methylene chloride and 95%
ethyl alcohol were used as solvents. The thickness, surface, and internal pore shape of film were
investigated. The crystal structures and melting temperature of film were measured. In the rat model,
the presence and severity of adhesion were then analyzed. The thickness of the film ranged from 10 to
20 µm. The surface of the film contained pores with diameters of less than 10 µm. Partial crystallinity
appeared from 15◦ to 20◦, but the structure was amorphous overall. In the rat cecum abrasion model,
adhesion occurred in 3 of the 13 rats in the polylactide experimental group, representing a 23.1%
incidence rate. There were statistically significant differences in the severity of adhesion. The use of
porous polylactide films can reduce the incidence of adhesion.

Keywords: tissue adhesions; barrier; polylactide

1. Introduction

Adhesion refers to the mechanism of binding between tissues that are separated from
each other. Adhesions developing in the tendons of the arms and hands can lead to the
development of disorders, such as restricted range of motion. Additionally, excessive
adhesion between the skin and subcutaneous tissue can lead to cosmetic problems. Further-
more, adhesions occurring in the abdomen can cause ileus that is likely to develop into a
life-threatening problem [1,2]. Therefore, adhesion should be either prevented or delayed.

Surgery-related adhesion can occur because of several causes, including tissue dam-
age, ischemia, and foreign body reactions [3,4]. The dissolution of fibrin, which is a fibrous
protein associated with thrombus formation, is suppressed and locked-in based on inter-
ruptions caused by the influence of surgery or trauma. Additionally, cellular structures
with vascular distributions are formed after these events and can cause adhesion [5].

Methods for preventing adhesion include the use of drugs that inhibit the factors
acting in the pathogenesis mechanisms of adhesion and the use of anti-adhesion barriers for
physical blocking [6,7]. Drugs used for this purpose include anti-inflammatory agents, anti-
coagulants, fibrinolytic agents, and antibiotics. The effectiveness of these drugs remains
clinically unverified, and their action is not continuous when applied locally; thus, they
cannot effectively prevent adhesion in all cases [8].

Anti-adhesion barriers can be divided into instillates and adhesion blockers. Instillates
are available as gels manufactured from heparin, carboxymethyl cellulose, and hyaluronic
acid and as solutions such as icodextrin and dextran-70 [9–11]. However, instillates are
easily dislocated from damaged tissues and frequently fail to function effectively for
adhesion prevention.
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Adhesion blockers are available in the form of films manufactured from oxidized
cellulose, hyaluronic acid, and carboxymethyl cellulose combination agents, as well as
70:30 poly(L-lactide-co-D,L-lactide), polyethylene glycol, and polylactide combination
agents [12,13]. A 70:30 poly(L-lactide-co-D,L-lactide) film manufactured with polylactide
acting as an adhesion prevention agent has been reported to prevent adhesion in various
animal models and is widely used in clinical settings [14]. Such a film can effectively inhibit
the adhesion of dura [15]. In this study, polylactide was manufactured as a porous film.
The form of the manufactured film was identified, and the adhesion prevention effect of
the film was analyzed.

2. Materials and Methods
2.1. Manufacturing Porous Film Using Polylactide

A porous polylactide film was manufactured according to the method described in
Published Patent No. KR101082935B1 [16]. The polylactide (Human C&D, Daegu, Korea)
used in this study had a molecular weight of at least 100,000. Additionally, 98% methylene
chloride and 95% ethyl alcohol were used as solvents to generate porosity. Following the
preparation of a 10% polylactide solution by completely dissolving 100 g of poly(L-lactide)
in 900 g of methylene chloride, 15 mL of ethyl alcohol was added to 25 mL of the solution
to prepare a mixed solution. A 100 mm × 100 mm polyethylene plate was coated with the
mixed solution and dried for 4 h at room temperature (21 ◦C), followed by the removal of
methylene chloride and ethyl alcohol. To ensure the complete removal of residual solvents,
the plate was dried for an additional 10 min under a 90 ◦C hot air dryer. The porous
polylactide film was then separated from the polyethylene plate. The separated porous
polylactide film was analyzed to determine its morphology using a scanning electron
microscope and then used in an animal study.

2.2. Analysis of the Physicochemical Properties of Film
2.2.1. Investigation of the Thickness, Surface and Internal Pore Shape of Film

For observation using a scanning electron microscope (JSM-6300, Jeol, Tokyo, Japan),
the front, back, and sides of the films were fixed on carbon tapes and coated with gold after
cutting the films into 5 mm × 5 mm squares. The coating conditions are summarized as
follows: a vacuum (10−3 mmHg) was applied to remove moisture and air, and plasma was
then generated to coat the gold for 50 s after introducing argon gas. The coated film was
observed at 100×, 500×, and 1000× magnification using a scanning electron microscope.
The pore distributions formed on the front, back, and inside of the film, as well as the
thickness of the side of the film, were investigated.

2.2.2. Analysis of the Crystal Structures of Film

Crystal structures were analyzed using an X-ray diffractometer (Ultima IV, Rigaku,
Tokyo, Japan) under conditions of 35 KV, 20 mA, scan range from 5◦ to 60◦, scan step of
0.05◦, and scan rate of 2◦/min.

2.2.3. Melting Temperature Measurement of Film through Thermal Analysis

The melting points of the samples were determined using a differential scanning
calorimeter (DSC 200 Phox, Netzsch, Selb, Germany) over a temperature range of 20 to
300 ◦C at a heating rate of 5 ◦C/min in an air atmosphere. To determine the thermal
and mass changes, samples were analyzed through thermogravimetric analyzer (TG-8120,
Rigaku, Japan) over a temperature range of room temperature to 700 ◦C at a heating rate of
5 ◦C/min in an air atmosphere.

2.3. Analysis of Adhesion Prevention Effect in an Animal Study

An animal study was performed in compliance with the Ethical Standards (Approval
No. YUMC-AEC2014-004) of the Ethical Committee for Animal Study at our university.
We first prepared 20 mm × 20 mm porous polylactide films and selected 12-week-old
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rats weighing 300 g for our animal study. For anesthesia, a mixture of 40 mg/kg of
ketamine hydrochloride (Ketara®, Yuhan Corporation, Seoul, Korea) and 3 mg/kg of
xylazine (Rumpun®, Bayer, Korea) was dosed to the rats via intramuscular injection. The
rats were placed in supine position, the hair on the operation site was removed, and
the site was disinfected using a povidone–iodine solution. A 40 mm incision was then
made along the median line of the abdomen. After making a 40 mm incision along the
exposed peritoneum, the intraperitoneal cecum was abraded using abrasive paper (No. 800,
Daesung Abrasive Co., Seoul, Korea) until the formation of a petechia (minor bleed from
capillary vessels) with a size of 10 mm × 10 mm. A defect of the same size was then created
by removing the peritoneum and some muscular fibers from the wall of the site in contact
with the cecum. Additionally, two parallel incisions and two vertical incisions were made
on the peritoneum on the wall side. In 16 rats (control group), the peritoneum and skin
were sutured using 5-0 vicryl and 5-0 nylon, respectively, with no insertions. In 16 rats
(experimental group), porous polylactide films were attached to the surface of the peeled
serous membrane of the cecum, and suturing was performed in the same manner as in the
control group (Figures 1 and 2).
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Figure 1. Photograph of the surgical technique. (A) The cecum was abraded with abrasive paper
until an area of 100 mm2 was deserosalized, as evidenced by punctate bleeding. (B) The abdominal
wall was incised, and a 100 mm2 defect was created by removing the peritoneum, including some
muscle fibers. Note: * highlights the abraded cecum, and ** highlights the damaged abdominal wall.
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2.4. Visual Observation of Adhesion Severity

The rats were euthanized three weeks after the operations, and U-shaped laparo-
tomies were performed. Visual observation was performed to determine the severity of
adhesion between the cecum and peritoneum, followed by detachment. After assessing
the presence/absence of adhesion, the severity of adhesion was classified according to the
following numeric grades for assessment: 0 = absence of adhesion, 1 = adhesion in the form
of a membrane that is easily separable through non-incisional detachment, 2 = minor to
moderate adhesion separable by incision, 3 = moderate to severe adhesion that is difficult
to separate or inseparable via incisional detachment (Table 1).

Table 1. Adhesion scoring system.

Score Adhesion Grade

0 No adhesion
1 Filmy adhesions that are easily separable through blunt dissection
2 Mild to moderate adhesions with free dissection
3 Moderate to severe adhesions with difficult dissection or no dissection

2.5. Statistical Analysis

Statistical analysis was performed using the SPSS 17.0 (IMB SPSS Statistics, Armonk,
NY, USA) software. The presence/absence of adhesion between the two groups was
analyzed using a chi-squared test, whereas the severity of adhesion was analyzed using a
Mann–Whitney test. A p-value less than 0.05 was considered to be statistically significant.

3. Results
3.1. Physicochemical Properties of Film
3.1.1. Thickness, Surface, and Internal Pore Shapes of Film

The thicknesses of the porous polylactide film ranged from 10 to 20 µm, and pores
with diameters of ≤10 µm were irregularly distributed on their surfaces. The interiors of
the film contained honeycomb-shaped pores (Figures 3 and 4).
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Figure 4. Scanning electron microscope images of the surface and inner morphology of a porous
polylactide film. The surface of the film contains pores with diameters of less than 10 µm.
(A) 100× magnification. (B) 500× magnification. (C) Interior of the film contains interconnected
pores like a honeycomb.

3.1.2. Crystal Structures of Film

The crystal structures of the film were analyzed using an X-ray diffractometer, reveal-
ing an amorphous structure overall, even though partial crystallinity appeared between
15◦ and 20◦, suggesting that the film was amorphous when it was generated as a porous
film using polylactide (Figure 5).
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3.1.3. Melting Temperature of Film

The melting point of the porous polylactide film was analyzed to be 175 ◦C using
differential scanning calorimeter analysis. According to the thermogravimetric analyzer,
the conditions were as follows: 99.97% of the volatile substances, 0.05% of ash, and 300 to
400 ◦C of the volatile temperature (Figures 6 and 7).
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Figure 7. Thermal analysis system. Ash fraction of the film was less than 0.05% (TG, thermal
gravity). The film was volatilized over the temperature range of 300 to 400 ◦C (DTA, differential
thermal analysis).

3.2. Animal Study

In total, 2 (12.5%) of the 16 rats in the control group and 3 (18.8%) of the 16 rats in the
test group died during the study period. However, no statistical differences in mortality
were observed between the two groups. All five of the aforementioned rats died within
three days of the operations, and cecal perforations were observed at the time of necropsy.
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No residual films were observed in the test group during laparotomies performed three
weeks after the operations.

Adhesion between the cecum and peritoneum occurred in 13 of the 14 rats in the
control group, representing a 92.9% incidence rate (Figure 8). In contrast, adhesion only
occurred in 3 of the 13 rats in the test group, representing a 23.1% incidence rate (Figure 9).
These results represent statistically significant differences between the two groups (chi-
squared test, p < 0.001) (Table 2). Regarding the severity of adhesion, in the control group,
grades 0, 1, 2, and 3 were represented by 1, 1, 5, and 7 rats, whereas in the test group,
these grades were represented by 10, 1, 2, and 0 rats, respectively. Statistically significant
differences were calculated between the severities of adhesion in the test and control groups
(Mann–Whitney test, p < 0.001) (Figure 10).
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cecum, and “I” represents incision site.
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Table 2. Presence of adhesion in the rat cecum abrasion model.

Number of Rats Presence of Adhesion
(Incidence Rate)

Control 14 13 (92.9%)
Porous polylactide film 13 3 (23.1%)

(chi-squared test, p < 0.001).
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4. Discussion

Polylactide has two chemical forms of L-lactide and D,L-lactide. Poly(L-lactide) is
relatively strong with a long degradation time, whereas poly(D,L-lactide) is relatively weak
and is characterized by a short degradation period. Depending on the proportions of these
two chemical forms, the strength and degradation time of polylactide may vary.

Polylactide in the form of poly(L-lactide) was used in this study. The molecular
weight of the polylactide used in this study for the synthesis process was 100,000 because
polylactide with a molecular weight below 100,000 can easily be damaged. The greater
the molecular weight, the greater the tensile strength of the film; however, its in vivo
absorption time may be longer [16]. Additionally, a mixing ratio of polylactide below 10%
in methylene chloride used as a solvent may lead to difficulty in pore formation. However,
if the ratio exceeds 20%, the production of a homogenous mixture becomes difficult because
of the increased viscosity. If the mixing ratio in ethyl alcohol as a solvent is less than 10%,
no pore formation occurs on the surface or interior of the film, whereas if the ratio exceeds
100%, the precipitation of polylactide occurs in the mixed solution [16].

In our animal study, adhesion was induced by abrading the cecum and by creating
defects on the abdominal wall. Abrasion was performed until petechia (minor bleeding
from capillary vessels) was observed to generate sufficient adhesion, but we were cautious
not to create intestinal perforations. Defects in the abdominal wall were made at sites
in contact with the cecum. There are other methods that can achieve better adhesion,
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including suturing and fixation of the cecum and abdominal wall or creating additional
abrasions on the small intestine [17]. The goals of this study were to determine the effects
of a polylactide film for adhesion prevention and to determine the flexibility and usability
of such films on round organs. In addition, we aimed to identify any problems that might
be caused by the shifting of film after wrapping the site of damage to the cecum with
the porous polylactide film. Additionally, because the adhesion of other intraperitoneal
organs and tissues to the abdominal wall was induced by creating a defect with dimensions
of 10 mm × 10 mm on the abdominal wall and by making two incisions in parallel and
vertical directions on the peritoneum, we aimed to determine the effects of film application
to the cecum on adhesion between the cecum and abdominal wall.

Polylactide films prevent adhesion by forming a physical barrier between adjacent tis-
sues during the period in which adhesion is likely to occur. Peritoneal tissues exhibit fibrin
deposition within 12 h after being damaged, and the formation of new mesothelium begins
after two to three days and is completed within seven to nine days [18]. According to Har-
ris et al. [19], the first 36 h are critical for adhesion formation. In contrast, Gomel et al. [20]
suggested that adhesion occurs between seven and ten days after an operation and that
this period is an important period for the prevention of adhesion.

In this study, no remaining films were observed in the rats during laparotomies
performed three weeks after the operations. Thirteen rats (all but one) in the control
group exhibited adhesion of the cecum to the abdominal wall. In contrast, relatively
minor adhesion of intraperitoneal tissues other than the cecum to the abdominal wall
was observed in the test group. Based on these results, it can be concluded that our
study model is suitable for induced adhesion. Regarding the severity of adhesion, the
adhesion grades were significantly lower in the test group compared to the control group,
suggesting that the porous polylactide films were sufficient as a physical barrier against
adhesion. Only 3 of the 13 rats with film insertions exhibited adhesion between the cecum
and abdominal wall. We hypothesize that adhesion may have occurred as the porous
polylactide films were degraded by hydrolysis before the abdominal wall or cecum were
healed from the induced damage, resulting in breakage of the films into pieces or shifting
of the films.

The existing adhesion blockers such as 70:30 poly(L-lactide-co-D,L-lactide) films
have been researched in various study models and are being used in clinical settings.
Avital et al. [21] reported that a control group exhibited a 100% incidence rate of adhe-
sion in rat models with cecum–abdominal wall adhesion, whereas a group with film
insertions exhibited a 57.9% adhesion rate, representing a statistically significant differ-
ence. Regarding the degree of adhesion, 71.4% of the adhesion incidences in the control
group and 10.5% in the test group were severe. Ersoy et al. [14] reported that in a rat
model of cecum–abdominal wall adhesion, 100% adhesion occurred in the control group,
whereas only 5 of 13 rats exhibited adhesion in the test group. Additionally, histological
examinations revealed no statistically significant differences in fibrosis between the two
groups, but there were significant differences in terms of inflammatory reactions.

Comparative studies on polylactide films and other adhesion prevention membranes
have yielded diverse results. In a study reported by Park et al. [4], a hyaluronan-based so-
lution exhibited significantly lower adhesion grades compared to a control group, whereas
polylactide films did not exhibit statistically significant results. The reported reason for
the poor effectiveness of the polylactide films in terms of adhesion prevention was that
suturing was required for the fixation of film, and if the number of sutures was insufficient,
it was difficult to fix the film to the desired site. In contrast, if the number of sutures was
too high, then suturing-induced adhesion would occur. In another study, the effects of
three different adhesion prevention membranes were compared after performing mesh
grafts for the correction of hernias in rats. Atelocollagen type 1, which is a hyaluronic
acid–carboxymethyl cellulose complex adhesion prevention membrane, was effective at
reducing adhesion to the mesh graft site, whereas polylactide films did not reduce adhe-
sion compared to the control group. These results were explained based on the difficult
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manipulation of polylactide films [22]. When used in conjunction with mesh grafts, the
effects of polylactide films as adhesion blockers were diminished [23]. In our study, the
features of the porous polylactide films, including thinness and flexibility, provided easy
manipulation and attachment to body-fluid-containing tissues. Therefore, sutures were
unnecessary to prevent the shifting of the film, and suture-induced adhesion was reduced.

5. Conclusions

The use of porous polylactide films can reduce the incidence of adhesion. In the
future, it is expected that analgesic and antibacterial drugs, as well as extended-release
mechanisms, could be utilized by adding various agents to the fine pores formed in
polylactide films.

Author Contributions: Conceptualization, K.J.C. and Y.-H.K.; methodology, Y.J.K.; validation, Y.J.K.;
investigation, K.J.C.; writing—original draft preparation, K.J.C.; writing—review and editing, T.G.K.
and J.H.L.; supervision, Y.-H.K.; funding acquisition, K.J.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was supported by Basic Science Research Program through the National
Research Foundation of Korea(NRF) funded by the Ministry of Science, ICT and Future Planning
(No. 2019R1G1A1098950).

Institutional Review Board Statement: The study was approved by Institutional Animal Care and
Use Committee of Yeungnam University Medical Center (YUMC-AEC2014-004).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available on request due to restrictions, e.g., privacy or ethical.
The data presented in this study are available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dy, C.J.; Hernandez-Soria, A.; Ma, Y.; Roberts, T.R.; Daluiski, A. Complications after flexor tendon repair: A systematic review

and meta-analysis. J. Hand Surg. 2012, 37, 543–551.e1. [CrossRef] [PubMed]
2. Zeng, Q.; Yu, Z.; You, J.; Zhang, Q. Efficacy and safety of seprafilm for preventing postoperative abdominal adhesion: Systematic

review and meta-analysis. World J. Surg. 2007, 31, 2125–2131, discussion 2132. [CrossRef] [PubMed]
3. Moris, D.; Chakedis, J.; Rahnemai-Azar, A.A.; Wilson, A.; Hennessy, M.M.; Athanasiou, A.; Beal, E.W.; Argyrou, C.; Felekouras,

E.; Pawlik, T.M. Postoperative abdominal adhesions: Clinical significance and advances in prevention and management.
J. Gastrointest. Surg. 2017, 21, 1713–1722. [CrossRef]

4. Park, J.S.; Cha, S.J.; Kim, B.G.; Choi, Y.S.; Kwon, G.Y.; Kang, H.; An, S.S. An assessment of the effects of a hyaluronan-based
solution on reduction of postsurgical adhesion formation in rats: A comparative study of hyaluronan-based solution and two
film barriers. J. Surg. Res. 2011, 168, 49–55. [CrossRef]

5. Arung, W.; Meurisse, M.; Detry, O. Pathophysiology and prevention of postoperative peritoneal adhesions. World J. Gastroenterol.
2011, 17, 4545–4553. [CrossRef] [PubMed]

6. Ten Broek, R.P.G.; Stommel, M.W.J.; Strik, C.; van Laarhoven, C.J.H.M.; Keus, F.; van Goor, H. Benefits and harms of adhesion
barriers for abdominal surgery: A systematic review and meta-analysis. Lancet 2014, 383, 48–59. [CrossRef]

7. Yeo, Y.; Bellas, E.; Highley, C.B.; Langer, R.; Kohane, D.S. Peritoneal adhesion prevention with an in site cross-linkable hyaluronan
gel containing tissue-type plasminogen activator in a rabbit repeated-injury model. Biomaterials 2007, 28, 3704–3713. [CrossRef]
[PubMed]

8. Oh, S.H.; Kim, J.K.; Song, K.S.; Noh, S.M.; Ghil, S.H.; Yuk, S.H.; Lee, J.H. Prevention of postsurgical tissue adhesion by anti-
inflammatory drug-loaded pluronic mixtures with sol-gel transition behavior. J. Biomed. Mater. Res. Part A 2005, 72, 306–316.
[CrossRef]

9. Jansen, R.P. Failure of peritoneal irrigation with heparin during pelvic operations upon young women to reduce adhesions.
Surg. Gynecol. Obstet. 1988, 166, 154–160. [PubMed]

10. Fei, Z.; Xin, X.; Fei, H.; Yuechong, C. Meta-analysis of the use of hyaluronic acid gel to prevent intrauterine adhesions after
miscarriage. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 244, 1–4. [CrossRef] [PubMed]

11. DiZerega, G.S.; Cortese, S.; Rodgers, K.E.; Block, K.M.; Falcone, S.J.; Juarez, T.G.; Berg, R. A modern biomaterial for adhesion
prevention. J. Biomed. Mater. Res. B Appl. Biomater. 2007, 81, 239–250. [CrossRef] [PubMed]

12. Duffy, J.M.N.; Farquhar, C.; Vail, A.; Vandekerckhove, P.; Watson, A.; Wiseman, D.; Vanderkerchove, P. Barrier agents for adhesion
prevention after gynaecological surgery. Cochrane Database Syst. Rev. 2008, 16, CD000475.

http://doi.org/10.1016/j.jhsa.2011.11.006
http://www.ncbi.nlm.nih.gov/pubmed/22317947
http://doi.org/10.1007/s00268-007-9242-9
http://www.ncbi.nlm.nih.gov/pubmed/17899250
http://doi.org/10.1007/s11605-017-3488-9
http://doi.org/10.1016/j.jss.2009.09.025
http://doi.org/10.3748/wjg.v17.i41.4545
http://www.ncbi.nlm.nih.gov/pubmed/22147959
http://doi.org/10.1016/S0140-6736(13)61687-6
http://doi.org/10.1016/j.biomaterials.2007.04.033
http://www.ncbi.nlm.nih.gov/pubmed/17512979
http://doi.org/10.1002/jbm.a.30239
http://www.ncbi.nlm.nih.gov/pubmed/2962321
http://doi.org/10.1016/j.ejogrb.2019.10.018
http://www.ncbi.nlm.nih.gov/pubmed/31731019
http://doi.org/10.1002/jbm.b.30659
http://www.ncbi.nlm.nih.gov/pubmed/16969823


Polymers 2021, 13, 849 11 of 11

13. Vrijland, W.W.; Tseng, L.N.L.; Eijkman, H.J.M.; Hop, W.C.J.; Jakimowicz, J.J.; Leguit, P.; Stassen, L.P.S.; Swank, D.J.; Haverlag, R.;
Bonjer, H.J.; et al. Fewer intraperitoneal adhesions with use of hyaluronic acid-carboxymethylcellulose membrane: A randomized
clinical trial. Ann Surg. 2002, 235, 193–199. [CrossRef] [PubMed]

14. Ersoy, E.; Ozturk, V.; Yazgan, A.; Ozdogan, M.; Gundogdu, H. Effect of polylactic acid film barrier on intra-abdominal adhesion
formation. J. Surg. Res. 2008, 147, 148–152. [CrossRef] [PubMed]

15. Welch, W.C.; Thomas, K.A.; Cornwall, G.B.; Gerszten, P.C.; Toth, J.M.; Nemoto, E.M.; Turner, A.S. Use of polylactide resorbable
film as an adhesion barrier. J. Neurosurg. 2002, 97, 413–422. [CrossRef]

16. Mun, H.S. Method of Manufacturing Porous Film for Anti-Adhesive-Membrane and Slow Emission Materials. South. Korea
Patent No. KR101082935B1, 7 November 2011.

17. Oncel, M.; Remzi, F.H.; Connor, J.; Fazio, V.W. Comparison of cecal abrasion and multiple-abrasion models in generating
intra-abdominal adhesions for animal studies. Tech. Coloproctol. 2005, 9, 29–33. [CrossRef]

18. Diamond, M.P.; Decherney, A.H. Pathogenesis of adhesion formation/reformation: Application to reproductive pelvic surgery.
Microsurgery 1987, 8, 103–107. [CrossRef] [PubMed]

19. Harris, E.S.; Morgan, R.F.; Rodeheaver, G.T. Analysis of the kinetics of peritoneal adhesion formation in the rat and evaluation of
potential antiadhesive agents. Surgery 1995, 117, 663–669. [CrossRef]

20. Gomel, V.; Urman, B.; Gurgan, T. Pathophysiology of adhesion formation and strategies for prevention. J. Reprod. Med. 1996,
41, 35–41.

21. Avital, S.; Bollinger, T.J.; Wilkinson, J.D.; Marchetti, F.; Hellinger, M.D.; Sands, L.R. Preventing intra-abdominal adhesions with
polylactic acid film: An animal study. Dis. Colon Rectum 2005, 48, 153–157. [CrossRef]

22. Gruber-Blum, S.; Petter-Puchner, A.H.; Brand, J.; Fortelny, R.H.; Walder, N.; Oehlinger, W.; Koenig, F.; Redl, H. Comparison of
three separate antiadhesive barriers for intraperitoneal onlay mesh hernia repair in an experimental model. Br. J. Surg. 2011, 98,
442–449. [CrossRef] [PubMed]

23. Da Costa, R.G.; Lontra, M.B.; Scalco, P.; Cavazzola, L.T.; Gurski, R.R. Polylactic acid film versus acellular porcine small intestinal
submucosa mesh in peritoneal adhesion formation in rats. Acta Cir. Bras. 2009, 24, 128–135. [CrossRef] [PubMed]

http://doi.org/10.1097/00000658-200202000-00006
http://www.ncbi.nlm.nih.gov/pubmed/11807358
http://doi.org/10.1016/j.jss.2007.09.005
http://www.ncbi.nlm.nih.gov/pubmed/18262551
http://doi.org/10.3171/spi.2002.97.4.0413
http://doi.org/10.1007/s10151-005-0189-2
http://doi.org/10.1002/micr.1920080215
http://www.ncbi.nlm.nih.gov/pubmed/3306252
http://doi.org/10.1016/S0039-6060(95)80010-7
http://doi.org/10.1007/s10350-004-0748-z
http://doi.org/10.1002/bjs.7334
http://www.ncbi.nlm.nih.gov/pubmed/21254024
http://doi.org/10.1590/S0102-86502009000200010
http://www.ncbi.nlm.nih.gov/pubmed/19377782

	Introduction 
	Materials and Methods 
	Manufacturing Porous Film Using Polylactide 
	Analysis of the Physicochemical Properties of Film 
	Investigation of the Thickness, Surface and Internal Pore Shape of Film 
	Analysis of the Crystal Structures of Film 
	Melting Temperature Measurement of Film through Thermal Analysis 

	Analysis of Adhesion Prevention Effect in an Animal Study 
	Visual Observation of Adhesion Severity 
	Statistical Analysis 

	Results 
	Physicochemical Properties of Film 
	Thickness, Surface, and Internal Pore Shapes of Film 
	Crystal Structures of Film 
	Melting Temperature of Film 

	Animal Study 

	Discussion 
	Conclusions 
	References

