
1 

 

 

 

 

 

Wound healing of polyglycolic acid sheets with fibrin glue (MCFP 
method) on the vulnerary process of wounds after partial resection of 

the rabbit margo linguae: a preliminary study 
 

Short title: Wound healing of PGA and fibrin on rabbit tongue wounds 

 
Hisanobu YONEZAWA, Shin-ichi YAMADA, Souichi YANAMOTO 

Izumi YOSHITOMI, Goro KAWASAKI and Masahiro UMEDA 
 

Department of Oral and Maxillofacial Surgery (Chairperson: Prof. Masahiro Umeda) 

Unit of Translational Medicine, Course of Medical and Dental Sciences, 

Graduate School of Biomedical Sciences, Nagasaki University 

Nagasaki, Japan 

 

 

 

 

 

For correspondence: 

Hisanobu Yonezawa, D.D.S., Ph.D.  

Department of Oral and Maxillofacial Surgery,  

Unit of Translational Medicine,  

Nagasaki University Graduate School of Biomedical Sciences 

1-7-1, Sakamoto, Nagasaki, Postal Code: 852-8288, JAPAN 

Phone: +81-95-819-7698      FAX: +81-95-819-7700 

E-mail: yoneos@nagasaki-u.ac.jp 

 



2 

ABSTRACT 

 

Aim of this study is to examine the effectiveness of covering tongue wounds with a 

polyglycolic acid sheet and fibrin glue. Eighteen mature male Japanese white rabbits 

underwent unilateral glossectomy involving an area of 10x10x2 mm. The 

glossectomized tongues were covered with 8x8-mm PGA sheets and fibrin glue 

(Mucosal defect Covered with Fibrin glue and Polyglycolic acid sheet: MCFP method) 

1 week after the operation (group A-1 [n =3]), after 2 weeks (group A-2[n =3]), and 

after 4 weeks (group A-3 [n =3]). In control groups, after 1, 2, and 4 weeks (groups 

B-1[n =3], B-2[n =3] and B-3[n =3], respectively), the partially resected tongues were 

closed with absorbable surgical sutures. One week (groups A-1 and B-1), 2 weeks 

(groups A-2 and B-2) and 4weeks (groups A-3 and B-3) after the operation, the tongues 

were harvested and stained for microscopic observation.  

Histological examination showed that the covered wound surface had not 

epithelialized and the basal layer had yet to form in group A-1, but had formed in group 

A-2. On the other hand, in group B-1, epithelialization of the sutured wound was 

observed. Immunohistochemical examination revealed that, in group A-1, the 

non-uniform epithelial layer of the covered wound surface expressed cytokeratin 

AE1/AE3, and the epithelial and connective tissue layers were strongly positive for 

FGF-2. Similar results were obtained in group A-2, whereas, in group A-3, FGF-2 was 

expressed only in the connective tissue layer, and epithelialization was complete. On the 

other hand, in group B-1, AE1/AE3 was expressed in the epithelial layer, and FGF was 

expressed in the connective tissue layer beneath the basal layer. In groups B-2 and B-3, 

AE1/AE3 and FGF-2 were expressed in patterns similar to those in groups A-2 and A-3, 
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respectively.  

According to the results, we suggested that this method is a useful and the 

operation was simple. However, further basic examination of the method is needed and 

many clinical cases should be performed to be established. 

 

 

 

 

 

 

 

 

 

 

 

 

 

KEY WORDS 

 Polyglycolic acid sheet, Fibrin glue, Rabbit, Tongue, Wound healing 

 

 

 



4 

INTRODUCTION 

 To repair the wound surface after partial glossectomy for early-stage (I and II) 

tongue cancer or a precancerous lesion, primary suture closure, the tie-over method, or 

split-thickness skin graft (STSG) is generally used1, 2. However, when primary suture 

closure is not feasible, the tie-over method or STSG is used, which involves complex 

surgical procedures, making it difficult to maintain good postoperative oral hygiene. 

Therefore, in this study, we conducted an animal experiment to examine the effect of 

wound surface coverage on healing using the Mucosal defect Covered with Fibrin glue 

and Polyglycolic acid (PGA) sheet method (MCFP method). 

 MCFP method has been reported in the field of respiratory surgery3 and other 

fields4, and basic experiments within these fields5-7 have also been reported. This 

method is simpler than primary suture closure and the tie-over method, and causes no 

damage during the healing process (Fig. 1). The healing process of the method in oral 

cavity follows that the wound surface begins to epithelialize and the PGA sheet also 

starts to exfoliate. After that, the dressing material completely exfoliates and the wound 

surface newly epithelializes. However, to date, no studies have reported its application 

to lesions in the oral cavity. 

       Cytokeratin AE1/AE3 and the FGF-2 play important roles in the healing of the 

wounded surface and the process of newly epithelialization as markers. The squamous 

epithelium was strongly positive for AE1/AE38. On the other hand, FGF2 promotes 

fibroblast proliferation and angiogenesis9. Therefore active fibrous tissue or granulation 

tissue was strongly positive for FGF-2. We paid attention to these characteristics to 

confirm epithelialization and fibroblast proliferation of wound healing.  

 In this study, we performed partial glossectomy in rabbits, covered the wound 



5 

surface with the MCFP method, and evaluated morphological changes in H-E- or 

immunohistochemically stained sections of the wound bed 1, 2, and 4 weeks after 

surgery in comparison with those in rabbits that had undergone partial glossectomy 

followed by primary wound closure. 

 

MATERIAL AND METHODS 

Animals and tongue resection  

Animal care and experimental procedures were performed in accordance with the 

Guidelines for Animal Experimentation of Nagasaki University with the approval of the 

Institutional Animal Care and Use Committee. Eighteen specific-pathogen-free bred and 

maintained mature male Japanese white rabbits were purchased from KBT Oriental Co., 

Ltd. (Saga, Japan). The body weights ranged from 3.0 to 3.5 kg at the beginning of the 

experiment10. Under sedation by the intramuscular injection of xylazine hydrochloride 

(3-3.5 mg/kg), unilateral resections of the margo linguae, involving an area of 10x10x2 

mm, were performed with a scalpel and electric knife for coagulation. 

 

Procedure of MCFP method  

 The rabbits were assigned to two groups. Group A consisted of nine rabbits in 

which the wound was covered with 8x8-mm bioabsorbable fabric (Neoveil®, Gunze 

Co., Ltd., Tokyo, Japan) of polyglycolic acid and 0.1 ml of fibrin glue (Bolheal®, 

Chemo-Sero-Therapeutic Research Institute, Kumamoto, Japan), which consists of 

lyophilized powder of fibrinogen, lyophilized powder of thrombin, an aprotinin solution 

for the reconstitution of fibrinogen, and a calcium chloride solution for the 

reconstitution of thrombin11 on the wound. The procedure of MCFP method is that the 
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wound was covered with bioabsorbable fabric of polyglycolic acid and fibrin glue. At 

first, the solution of fibrinogen was applied on the wound, and the wound was covered 

with PGA sheet that was slightly smaller than the extent of resection. Finally, the wound 

was atomized with a mixture of the solution of fibrinogen and the thrombin, and the 

mixture stiffened approximately three minutes later. Group B consisted of nine rabbits 

in which the wound was closed by absorbable surgical sutures (Vicryl, Johnson & 

Johnson PTY., Ltd., NSW, U.S.) in layers.  

 In groups A and B, three rabbits were sacrificed and the tongues were 

harvested 1 week after the operation (groups A-1 and B-1, respectively), three were 

sacrificed 2 weeks after the operation (groups A-2 and B-2, respectively), and the 

remaining three were sacrificed 4 weeks after the operation (groups A-3 and B-3, 

respectively). All animals were examined in a clean and aseptic manipulation room and 

did not suffer during this study. 

 

Histological and immunohistochemical examination 

 The tongues were cut into the operative side halves. The harvested tongues 

were fixed in formalin, decalcified, and embedded in paraffin. The sections were stained 

with hematoxylin and eosin. Furthermore, the sections were also observed for 

immunomorphological changes by immunohistochemical examination. The sections 

were incubated with primary antibodies against cytokeratin (AE1/AE3 (mouse 

monoclonal IgG, 1:100 dilution; Life Span Biosciences Inc., Seattle, USA) and FGF-2 

(rabbit polyclonal IgG, 1:2,500 dilution; Trans Genic Inc., Kobe, JAPAN). The 

visualization System was EnvisionTM, Rabbit/HRP (K4003, Dako, Tokyo, Japan).  
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RESULTS 

Histological and immunohistochemical examination 

 In the MCFP groups, wound-covering materials became detached within 1 

week. H-E staining showed that, in group A-1, no basal layer formed on the covered 

wound surface, and epithelialization was incomplete, and a part of blood clotting along 

the shape of PGA sheet and blood clotting were also observed (Fig. 2). The basal layer 

was formed in group A-2 and blood clotting was still partially observed, and 

epithelialization was complete in group A-3 (Fig. 3). On the other hand, epithelialization 

of the sutured wound was already observed in group B-1 (Fig. 4), partly uniform 

epithelialization was noted in group B-2, and complete uniform epithelialization was 

achieved in group B-3.  

Immunohistochemical staining revealed that, in group A-1, the entire thickness of 

the irregular epithelium, including the basal cell layer, was strongly positive for 

AE1/AE3 (Fig. 5), and the epithelial and connective tissue layers were strongly positive 

for FGF-2 (Fig. 6). In group A-2, the entire epithelial layer displayed a somewhat 

uniform morphology, and was positive for AE1/AE3, but the epithelial and immediately 

underlying connective tissue layers showed slightly decreased FGF-2 expression. In 

group A-3, tissue repair in the wound area had progressed further, and only the 

epithelial and connective tissue layers were positive for AE1/AE3 and slightly positive 

for FGF-2, respectively, suggesting that the wound had epithelialized normally. 

Similarly, in group B-1, the epithelial layer was strongly positive for AE1/AE3 1 week 

after surgery, and the connective tissue layer was positive for FGF-2. In group B-2, the 

epithelial layer showed AE1/AE3 expression and decreased FGF-2 expression. In group 

B-3, AE1/AE3 was expressed only in the epithelial layer, and FGF-2 was slightly 
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expressed only in the connective tissue layer, which was similar to the histological 

morphology in group A-3. 

 

DISCUSSION 

 In general, in the field of oral surgery, after the resection of stage I and II 

tongue cancer or a precancerous lesion, primary suture closure12 is performed, and, if 

the wound surface is large, skin grafting or the tie-over method employing artificial 

dermis products13, 14 is used. However, when the wound surface is too large to perform 

primary closure, or when scar contracture due to primary closure results in articulation 

disorder or oral function disturbance, the tie-over method is used, which involves 

complex surgical procedures, making it difficult to maintain good postoperative oral 

hygiene. Therefore, we conducted an animal experiment using rabbits to test the MCFP 

method (used, for example, to treat15 pneumothorax) as an alternative wound-covering 

method.  

 Bolheal, a fibrin glue derived from human blood, is characterized by being a 

product utilizing the marked adhesiveness resulting from the reaction of fibrin and 

thrombin. There have been reports of the tissue adhesion16 and wound-healing effects of 

fibrin products17, as well as clinical reports of their use18. On the other hand, Neoveil, 

a wound surface-covering agent made of PGA, has been clinically19, 20 and 

experimentally21 reported to be effective for wound healing. In this study, we evaluated 

the would-healing effects of the combined application of these products on the wound 

surface.  

       In the present study, specific-pathogen-free bred and maintained mature male 

rabbits were used to exclude the effects on the wound surface of various pathogens and 
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to observe only the vulnerary process by equalizing experiment environment as 

pathogen-free as in a similar experimental study using the pathogen-free animal models 

22. Even if it is far from clinical situation, it is important to equalize an experiment 

environment due to observe only the healing progress. 

We performed H-E and immunohistochemical staining of the wound surface 1, 2, 

and 4 weeks after wound coverage, using anti-cytokeratin AE1/AE3 and anti-FGF-2 as 

the primary antibodies, to comparatively examine the morphological changes in the 

wound surface treated employing the MCFP method and those in the wound closed with 

simple suturing. Since cells of the upper basal layer express AE1/AE3 in the 

epithelialization phase of wound healing, AE1/AE3 was used as a marker for evaluating 

epithelialization8. FGF-2 was used as a marker for evaluating the degree of granulation 

and wound healing by fibroblast proliferation23, 24.  

H-E staining showed that, in group A, epithelialization of the wound surface had 

not completed at 1-2 weeks after surgery: in one-week postoperative specimens, 

irregular granulation tissue looked to be sitting on the concave resected surface, the 

basal cell layer was irregular depending on the site of AE1/AE3 expression on the 

wound surface, and FGF-2 was strongly expressed not only in the connective tissue 

layer, but also in the epithelial layer. These phenomena were not observed in group B. 

These observations suggest that blood clotting, fibroblast proliferation, and active 

granulation tissue formation take place due to the action of fibrin products in the MCFP 

method at 1 week after surgery, and that epithelialization is not completed until 2 weeks 

after surgery. Similarly, in group B, basal cells on the wound surface were arranged 

irregularly until 2 weeks after surgery, but the keratinized squamous epithelial layer did 

not morphologically differ from that around the wound surface, suggesting that primary 
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closure and the MCFP method result in different morphological changes until 2 weeks 

after surgery. However, there was no significant difference in morphological changes at 

4 weeks after surgery between the two methods of wound coverage, suggesting that the 

MCFP method results in epithelialization by 4 weeks after surgery, and that the 

time-course of wound healing after the MCFP method is similar to that after primary 

closure. Thus, the absence of factors delaying the progress of healing after wound 

coverage using the MCFP method, coupled with its operational simplicity, suggests that 

the MCFP method is useful and unique for the healing of postresection wound surfaces 

and showed the efficacy. However, the results of the presented study are preliminary in 

that they observed the process of healing in an open glossectomy wound. Therefore, and 

further studies of the MCFP method are required using comparison experiments with an 

open wound and the tie over method in a larger number of samples to confirm the 

advantage of this method.  

 In the future, it will be necessary to investigate the influence of the extent of 

resection on wound healing when using the MCFP method, and the difference in healing 

depending on the location of resection in the oral cavity (the tongue, buccal mucosa, or 

floor of the mouth), and to compare the results of the MCFP method, tie-over method 

using other artificial covering materials, and methods with no wound-covering materials 

(i.e., a simple open wound). Mogford reported that fibrin sealant with fibroblast and 

platelet-derived growth factor (PDGF) of rabbit can enhance cutaneous wound healing25. 

It will be also necessary to investigate and apply for clinical practice the effect of those 

or other growth factors with PGA sheet with fibrin glue to activate wound healing and 

regeneration. However, at present, the MCFP method is simpler in operation and less 

time-consuming than the tie-over method, skin grafting, and methods using other 
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artificial covering materials. This suggests that the MCFP method may replace the 

tie-over method and skin grafting to repair wounds (which are difficult to close by 

primary suture) and prevent cicatrization of wounds after resection of early-stage (I and 

II) gingival cancer or a precancerous lesion and further clinical trials are required. 

 

CONCLUSION 

The MCFP method did not have an effect of delaying wound healing as compared with 

surgical suture, and this method was useful from the aspects that the form of the wound 

was favorable and the operation was simpler and easier. 

 

ACKNOWLEDGEMENTS 

This work was supported by ‘‘Grant-in-Aid for Young Scientists (B) of MEXT 

KAKENHI 21792019’’ from the Ministry of Education, Culture, Sports, Science and 

Technology (MEXT). We thank Dr. Takatomo FUNAYAMA morphotechnology Inc. 

(Sapporo, JAPAN) for very kindly counsel of immunohistochemical examination. 

 

CONFLICT OF INTEREST 

The authors declare that there are no conflicts of interest associated with the present 

study. 



12 

REFERENCES 

 
1. Chaturvedi P, Pai PS, DeCruz AK, Pathak KA, Chaukar DA, Deshpande MS, et al. 

Extra-oral knotting of tie-over sutures: A novel technique to bolster the split thickness skin 

graft for a buccal mucosal defect. Journal of Surgical Oncology. 2003;84:103-4. 

2. McGregor IA. 'Quilted' skin grafting in the mouth. British Journal of Plastic Surgery. 

1975;28:100-2. 

3. Maniwa T, Kaneda H, Saito Y. Management of a complicated pulmonary fistula caused by 

lung cancer using a fibrin glue-soaked polyglycolic acid sheet covered with an intercostal 

muscle flap. Interactive Cardiovascular and Thoracic Surgery. 2009;8:697-8. 

4. Ochiai T, Sonoyama T, Soga K, Inoue K, Ikoma H, Shiozaki A, et al. Application of 

polyethylene glycolic acid felt with fibrin sealant to prevent postoperative pancreatic fistula 

in pancreatic surgery. Journal of Gastrointestinal Surgery. 2010;14:884-90. 

5. Gika M, Kawamura M, Izumi Y, Kobayashi K. The short-term efficacy of fibrin glue 

combined with absorptive sheet material in visceral pleural defect repair. Interact 

Cardiovasc Thorac Surg. 2007;6:12-5. 

6. Izumi Y, Gika M, Shinya N, Miyabashira S, Imamura T, Nozaki C, et al. Hemostatic 

efficacy of a recombinant thrombin-coated polyglycolic acid sheet coupled with liquid 

fibrinogen, evaluated in a canine model of pulmonary arterial hemorrhage. J Trauma. 

2007;63:783-7; discussion 7. 

7. Shinya N, Oka S, Miyabashira S, Kaetsu H, Uchida T, Sueyoshi M, et al. Improvement of 

the tissue-adhesive and sealing effect of fibrin sealant using polyglycolic acid felt. Journal of 

Investigative Surgery. 2009;22:383-9. 

8. Alibardi L, Maurizii MG, Taddei C. Immunocytochemical and electrophoretic distribution 

of cytokeratins in the regenerating epidermis of the lizard podarcis muralis. Journal of 

Morphology. 2000;246:179-91. 

9. Fujita M, Ishihara M, Shimizu M, Obara K, Nakamura S, Kanatani Y, et al. Therapeutic 

angiogenesis induced by controlled release of fibroblast growth factor-2 from injectable 

chitosan/non-anticoagulant heparin hydrogel in a rat hindlimb ischemia model. Wound 

Repair and Regeneration. 2007;15:58-65. 

10. Yonezawa H, Harada K, Ikebe T, Shinohara M, Enomoto S. Effect of recombinant human 

bone morphogenetic protein-2 (rhBMP-2) on bone consolidation on distraction osteogenesis: 

a preliminary study in rabbit mandibles. J Craniomaxillofac Surg. 2006;34:270-6. 

11. Kaetsu H, Uchida T, Shinya N. Increased effectiveness of fibrin sealant with a higher 

fibrin concentration. International Journal of Adhesion and Adhesives. 2000;20:27-31. 

12. Boyce DE, Shokrollahi K. ABC of wound healing: Reconstructive surgery. British 



13 

Medical Journal. 2006;332:710-2. 

13. Yannas IV, Burke JF. Design of an artificial skin. I. Basic design principles. Journal of 

Biomedical Materials Research. 1980;14:65-81. 

14. Koide M, Osaki K, Konishi J, Oyamada K, Katakura T, Takahashi A, et al. A new type of 

biomaterial for artificial skin: Dehydrothermally cross- linked composites of fibrillar and 

denatured collagens. Journal of Biomedical Materials Research. 1993;27:79-87. 

15. Tokushima T, Fukuta M, Maeta H, Fujioka S, Nakai K. Clinical examination of combined 

approach using Bolheal® and Neoveil® on closure of pulmonary fistula in chest surgery. 

Therapeutic Research. 2004;25:2245-9. 

16. Júnior EDP, Valmaseda-Castellón E, Gay-Escoda C. Facial nerve repair with epineural 

suture and anastomosis using fibrin adhesive: An experimental study in the rabbit. Journal 

of Oral and Maxillofacial Surgery. 2004;62:1524-9. 

17. Alvarez M. The Effect of Fibrin Glue on Autogenous and Alloplastic Bone Grafts in Rat 

Calvarial Defects. Journal of Oral and Maxillofacial Surgery. 2006;64:63-4. 

18. Whitman DH, Berry RL, Green DM. Platelet gel: An autologous alternative to fibrin glue 

with applications in oral and maxillofacial surgery. Journal of Oral and Maxillofacial 

Surgery. 1997;55:1294-9. 

19. Seo K, Inada Y, Terumitsu M, Nakamura T, Horiuchi K, Inada I, et al. One Year Outcome 

of Damaged Lingual Nerve Repair Using a PGA-Collagen Tube: A Case Report. Journal of 

Oral and Maxillofacial Surgery. 2008;66:1481-4. 

20. Manome Y, Kobayashi T, Mori M, Suzuki R, Funamizu N, Akiyama N, et al. Local 

delivery of doxorubicin for malignant glioma by a biodegradable PLGA polymer sheet. 

Anticancer Res. 2006;26:3317-26. 

21. Yoshioka I, Saiki Y, Sakuma K, Iguchi A, Moriya T, Ikada Y, et al. Bioabsorbable gelatin 

sheets latticed with polyglycolic acid can eliminate pericardial adhesion. Ann Thorac Surg. 

2007;84:864-70. 

22. Milstein DMJ, Lindeboom JAH, Ince C. Intravital sidestream dark-field (SDF) imaging 

is used in a rabbit model for continuous noninvasive monitoring and quantification of 

mucosal capillary regeneration during wound healing in the oral cavity: A pilot study. 

Archives of Oral Biology. 2010;55:343-9. 

23. Spyrou GE, Naylor IL. The effect of basic fibroblast growth factor on scarring. British 

Journal of Plastic Surgery. 2002;55:275-82. 

24. Lalani Z, Wong M, Brey EM, Mikos AG, Duke PJ, Miller MJ, et al. Spatial and temporal 

localization of FGF-2 and VEGF in healing tooth extraction sockets in a rabbit model. 

Journal of Oral and Maxillofacial Surgery. 2005;63:1500-8. 

25. Mogford JE, Tawil B, Jia S, Mustoe TA. Fibrin sealant combined with fibroblasts and 



14 

platelet-derived growth factor enhance wound healing in excisional wounds. Wound Repair 

and Regeneration. 2009;17:405-10. 

 

 



15 

FIGURE LEGENDS 

 

Fig. 1. Clinical photograph of the MCFP method. With respect to the wound surface, a 

PGA sheet and fibrin paste were coated. 
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Fig. 2. Photomicrographs of specimens from group A-1.  

An irregular epithelial layer was observed, but no basal layer had formed. A part of 

blood clotting along the shape of PGA sheet (blue arrow) and Blood clotting were also 

observed.  Hematoxylin and eosin. Scale = 100 micro meters. 
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Fig. 3.  Photomicrographs of specimens from group A-3.  

Complete epithelialization was noted.  Hematoxylin and eosin.  

Scale = 100 micro meters. 
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Fig. 4.  Photomicrographs of specimens from group B-1.  

Epithelialization of the sutured wound surface was already observable along with 

absorbable sutures (red arrow).  Hematoxylin and eosin. Scale = 100 micro meters. 
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Fig. 5.  Photomicrographs of specimens from group A-1.  

The entire thickness of the irregular epithelium, including the basal layer, was strongly 

positive for AE1/AE3.  Scale = 100 micro meters. 
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Fig. 6.  Photomicrographs of specimens from group A-1. 

The epithelial and connective tissue layers were strongly positive for FGF-2.  

Scale = 100 micro meters. 

 

 


