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ABSTRACT

Objective: To evaluate the ability of fibrin adhesive in 

promoting the meniscus fixation within two, four and 

eight weeks compared to the conventional soft-tissue su-

ture technique. Materials and Methods: 36 right medial 

menisci of rabbits preserved at negative 73° Celsius for 

30 days were transplanted to animals of the same sample 

and fixed with soft-tissue suture or fibrin glue. After 2, 4 

or 8 weeks, the appearance of the menisci and the quality 

of fixation were macroscopically checked and evaluated 

by a scoring system. The findings were subjected to the 
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The deep-frozen meniscus preservation maintained the 

integrity of the meniscus transplant, and, macroscopical-

ly, there was no significant reduction of the length of the 

meniscus in all post-transplant periods (p = 0.015). The 

menisci fixed with fibrin showed slight changes in color 

and surface roughness. There were no signs of rejection 

or infection in both groups. Suture fixation scoring was 

superior (p = 0.015) in all periods (80% of total fixation) 

as compared to the setting promoted by fibrin (20% of total 

fixation). Conclusion: The homologous transplantation of 

the meniscus of rabbits experienced various degrees of 

integration to the knee according to the fixation method; 

the surgical soft tissues suturing technique was shown to 

be superior in the evaluation of scores compared to the 

fixation with fibrin adhesive.

Keywords – Meniscus; Transplantation; Rabbits; Fibrin 

tissue adhesive

INTRODUCTION

Lesions of the meniscus, which require partial or 

total meniscectomy, are related to a greater or lesser 

extent, in short or long-term, with degeneration of 

the knee joint represented by the various degrees of 

osteoarthritis(1-9).

The meniscus transplant is one option among the 

various treatments available. The replacement of the 

damaged meniscus by another homologous meniscus 

is a proposition that has been tested for decades, yet 

some aspects of the procedure are still controversial 

and deserve the attention of researchers. The fixation 

of the meniscus presents a degree of technical diffi-

culty that is an important limiting factor for the pro-

cedure, especially after the advent of video-assisted 

surgery(10-20).

In this context, the use of an adhesive that can fix 

the meniscus transplant would be a breakthrough in 
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reducing the procedure time, in the ease of perform-

ing the procedure, and the recovery of the patient(21).

Fibrin is a substance with adhesive properties that 

has been dedicated application in other tissues and 

organs. It is a product derived from human plasma 

that has been increasingly used as a biodegradable 

tissue adhesive. Its use in various surgical situations 

attempts to decrease or prevent bleeding in parenchy-

mal structures or provide the continent approximation 

of tubular structures(22-23).

The mechanism of action of this adhesive is ex-

plained by a cross-reaction with the coagulation fac-

tor XIII, with calcium as a catalyst, which makes the 

thrombin converts fibrinogen into a firm fibrin net-

work that is mechanically stable and with significant 

adhesive properties(24-27).

The rabbit is often reported in the literature as an 

animal model for experimentation in meniscus trans-

plantation(8,9,13,14,27). In this project, we established the 

procedure of using deep-frozen homologous rabbit 

menisci that were transplanted into different animals 

after 30 days of preservation, simulating the condi-

tions that may be encountered in human clinical cases.

The purpose of this study was to evaluate the ability 

of fibrin adhesive in promoting the fixation of the me-

niscus over time (two, four, and eight weeks) compared 

with the conventional technique for suture fixation.

METHODS

The experiment was submitted for the approval 

of the Ethics Committee of the Universidade Federal 

de São Paulo (UNIFESP-EPM) (Protocol number 

238/03). All procedures strictly adhered to the rules 

of the Brazilian College of Animal Experimentation 

(COBEA).

SAMPLE

We used 36 New Zealand white male rabbits 

(Oryctolagus cuniculus), aged between six and eight 

months and with an average weight of 3,250 grams.

The rabbits were housed in the vivarium of the 

Division of Operative Technique and Experimen-

tal Surgery, UNIFESP-EPM, housed in individual 

cages in temperature conditions controlled by air-

conditioning, 12 hours light-dark cycle and feeding 

with species-specifc rations and water ad libitum. 

The study was divided into three phases that took 

place over a period of 12 months.

Anesthesia

The animals were weighed on a precision balance, 

immediately before pre-anesthetic medication to 

calculate the doses of anesthetics.

Prior to anesthesia, antimicrobial prophylaxis 

was performed with procaine penicillin (Ariston® 

Laboratory, São Paulo, SP) at a dose of 40,000 U/

kg day, maintaining a daily dose for two more days 

after the procedure.

In the operating room, the rabbits received 2.4 

mg/kg of acepromazine (Acepran®, Univet, São Pau-

lo, SP) to 1% and 4 mg/kg xylazine hydrochloride 

(Anasedan®, Vetbrands, São Paulo, SP) combined in 

the same syringe and administered intramuscularly 

(posterior thigh – belly of the semitendinosus and 

semimembranosus muscles).

Venous access was made possible through a 

puncture of the marginal auricular vein for the infu-

sion of sodium chloride saline solution and 0.9% 

of the drugs required for anesthesia induction, such 

as ketamine hydrochloride (Ketalar®, Parke-Davis, 

São Paulo, SP) and xylazine (Rompun®, Bayer, São 

Paulo, SP) in a 1:1 ratio, by administering 0.5 ml of 

this solution.

The animals were kept in a supine position in the 

surgical trough and intubated with a 2.5 endotracheal 

tube without a balloon. Anesthetic maintenance was 

performed with 1.5% isoflurane (AstraZeneca, São 

Paulo, SP) in a constant flow of 2L per minute and 

a respiratory rate of ten breaths per minute, cycled 

using the Takaoka® device (model KT12 Sansei).

Donor operative procedure 

With the animal anesthetized, trichotomy was 

performed around the right hind limb from the 

groin to the foot of the animal, without including 

it. Antisepsis was performed with polyvinylpyr-

rolidone solution (Povidine®, São Paulo, SP) and 

sterile cloths were placed to delimit the operative 

field. A 4 cm medial parapatellar longitudinal inci-

sion of the skin and subcutaneous tissue was made; 

the patellar ligament was identified and the medial 
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joint capsule was exposed. Valgus exertion and knee 

flexion were enough to access the medial meniscus. 

Total meniscectomy was performed with a No. 15 

scalpel blade and 10 cm straight scissors. The joint 

capsule and skin were closed with polyamide thread 

5.0 (Mononylon®, Ethicon) sutures. After the sur-

gery, the animal was taken to the recovery room 

and observed for a post-anesthesia period until full 

recovery of consciousness and spontaneous ambula-

tion and subsequently returned to vivarium housing.

Preservation of the menisci

After their removal, the menisci were measured in 

their long axes and placed in small sterile plastic bags 

(4 x 3 cm) and sealed with sterile tape. Each set was 

placed into a hard plastic cylindrical shell (5 cm di-

ameter) previously sterilized with ethylene oxide. The 

meniscus was labeled and taken to the freezer (tem-

perature of -73°C), where it remained for 30 days.

Preparation procedure for meniscus implant

The menisci were removed from the freezer and 

the shells in which they had been stored and placed 

in a container filled with 0.9% sodium chloride saline 

solution at room temperature, and thawing occurred 

in 15 minutes on average.

Operative procedure in the recipient

Steps similar to the first surgical procedure were 

reproduced (anesthesia, antimicrobial, aseptic, and 

antiseptic prophylaxis). The medial parapatellar longi-

tudinal incision measuring 4 cm was made on the pre-

vious scar. The subcutaneous tissue was divulsed until 

the medial joint capsule was exposed. After randomly 

assigning one of the two techniques, the thawed me-

niscus was implanted in the recipient rabbit.

Surgical suturing technique 

There were three points of fixation with polyamide 

5.0 monofilament (Mononylon®, Ethicon): the first in 

the region of the posterior horn, in the point of inser-

tion of the anterior cruciate ligament in the tibia; the 

second point of fixation was performed in the region of 

the anterior horn along the anterior capsule; and the third 

fixation point was in the body of the meniscus, where it 

was performed in a U, with the tibial collateral ligament.

Surgical technique with fibrin adhesive

Fixation of the meniscus was performed by placing 

0.4 ml of fibrin glue in the tibial portion of the medial 

meniscus. Manual compression was performed on the 

meniscus in the region of the tibial plateau for two 

minutes to complete polymerization of the adhesive.

Criteria for macroscopic evaluation

After opening the knee joint, the meniscus was 

exposed and evaluated in its macroscopic appearance 

regarding color, luster, and the presence of secretion. 

Next, the quality of fixation was determined using a 

scoring system (Table 1).
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Table 1 – Scores and criteria establishment for the macroscopic 

meniscus evaluation at the different periods of observation. 

Score Fixation Criteria

0 Total
Total fixation of the meniscus to the synovial membrane: 

anterior horn, body, and posterior horn

1 Partial

Partial fixation of the meniscus to the synovial 

membrane: fixation of only one of the horns: anterior 

horn, body, or posterior horn

2 No fixation No horns fixed to the synovial membrane 

Statistical study

The variables were represented by mean and stan-

("-(&(/,#"!#*.&0:;74&<& #=.#+#$".$/&%/,/%&*+&3435&0>&

2&567&?" &"(*1!/(@&017&%/,/% &A/%*?&!B# &,"%'/&?/-/&

considered significant and represented by an asterisk.

Groups of the different fixation methods were 

compared within each experiment, defined by the 

time of euthanasia at two, four, and eight weeks of 

the experiment. Dunn’s multiple comparison, Krus-

kal-Wallis, and Fisher’s exact test were the statistical 

tests that were applied. The Bonferroni correction was 

made to the significance level when a test was used 

several times, to ensure an overall significance level 

of 5% for each group comparison.

RESULTS

The meniscus fixed by suture presented a pearly-

white appearance with a smooth and shiny surface 

with no signs to indicate any pain of rejection or in-

flammation in all of the times studied. There was no 

presence of any type of secretion (Figures 1, 2, and 3).
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The menisci that were fixed by fibrin revealed an 

irregular surface, slightly yellowish color, covered 

by a thin layer of light yellow and cloudy secretion. 

There were no signs consistent with rejection or ne-

crosis (Figures 4, 5, and 6).

The distribution of the meniscus according to the 

percentage of partial (Figure 7) and total fixation  

(Figure 8) showed significant differences from the 

 !"!# !#$"%&1*#.!&*+&,#/?& 01&2&343C57D&A*!B& +*-& $*E-

parisons within groups (suture x fibrin), and between 

Figure 1 – Sutured meniscus after two weeks (left). Note the 

pearly-white shiny surface and the absence of secretion. Although 

there slight changes at the edges, its appearance is very similar 

to the normal lateral meniscus (right).

Figure 3 – Sutured meniscus after eight weeks (left). Note the 

pearly-white shiny surface and the absence of secretion. The 

surface and edges show slight irregularities, but the meniscus is 

firmly fixed to the tibial plateau.

Figure 4 – Meniscus fixed with fibrin after two weeks (left). Note 

the opaque surface with an irregular surface and changes in the 

edges. Its appearance is different from that of the normal lateral 

meniscus (right).

Figure 2 – Sutured meniscus after four weeks (left). Note the 

pearly-white shiny surface and the absence of secretion. The 

edge of the anterior horn is detached from the tibial plateau, 

indicating partial fixation (arrow).

 

groups (2nd, 4th and 8th week). The suture was more 

effective in promoting fixation at all times observed. 

Fibrin glue is practically ineffective in promoting 

fixation, since a large percentage of the menisci were 

partially or totally not fixed.

Rev Bras Ortop. 2009;44(5):397-403
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Figure 5 – Meniscus fixed with fibrin after four weeks (left). The 

edge of the anterior horn is detached from the tibial plateau, 

affecting more than half of the body of the meniscus, indicating 

non-fixation.

Figure 6 – Meniscus fixed with fibrin after eight weeks (left). The 

meniscus is loose and displaced.

DISCUSSION

The attempt to restore the biomechanics of the 

knee and prevent further joint degeneration is the 

rationale that guides the concept of homologous 

transplantation. Clinical evaluation of the 

effectiveness of meniscal transplantation involves 

some obstacles that have still not been properly 

overcome, such as the diversity in patient selection, 

different surgical techniques employed, and the 

various criteria for postoperative evaluation. 

Moreover, how much the transplant prevents joint 

degeneration when the joint dynamics are restored 

to nearly normal has not been established. A study(28) 

with 20 years of follow-up of meniscus transplant 

patients showed that some isolated patients showed 

satisfactory subjective results, but we must face 

the fact that the radiographic findings clearly 

show that in the long run, the medial meniscus 

transplant had not protected the knee joint from 

degenerative changes. However, the results are 

difficult to interpret. A definitive conclusion that 

the transplantation does not protect against arthritis 

can not be grounded in only one series of cases(28).

Figure 7 – Distribution of percentages of the menisci in the se-

cond, fourth, and eighth weeks of observation, according to the 

criteria of partial fixation.
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Figure 8 – Distribution of percentages of the menisci in the se-

cond, fourth, and eighth weeks of observation, according to the 

criteria of total fixation.
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Thus, animal experimentation is a way to test the 

transplant within the strict limitations of an experimental 

model. Meniscus transplantation has been investigated 

in various animals such as sheep, dogs, goats, and 

rabbits(8,9,13,14,19,26). The choice of the rabbit was therefore 

based on frequent reports from the literature that refer to it 

as appropriate for the study of meniscus transplants. The 

meniscus of the animal presents a histological pattern 

very similar to that found in humans, characterized by 

a fibrocartilaginous tissue interlaced by collagen fibers 

interposed by fibrochondrocytes(8,9,13,14,22,27). However, 

its size of about 1 cm requires a delicate technique for 

dissection, removal, storage, and reimplantation. Also, 

due to the tiny dimensions of the tibial plateau, it was 

not possible to test the technique of tunnels with bone 

blocks.

There are three commonly used procedures available 

for the preservation of the menisci for transplantation – 

cryopreservation, lyophilization, and deep-freezing at 

temperatures below -70°C. Deep-freezing is considered to 

be the technique that keeps the meniscus closest to its fresh 

structure and has the lowest operating cost(9,13,14,20,27,28). 

Preservation for 30 days at a temperature of -73°C used 

in this research showed that the procedure was appropriate 

and expressed by maintaining the macroscopic size and 

texture of the meniscus.

Fixation of the meniscus to the recipient can be 

accomplished by a variety of surgical techniques, from 

suturing the body and horns to the soft tissues or bone 

fixation through a tunnel in the tibial plateau with or 

without bone block, but always associated with meniscus 

fixation in the adjacent synovial membrane(2,5,6,18,12,27). 

Regardless of whether the surgery is video-assisted 

or open, the techniques are laborious and require 

considerable operative time to complete. Thus, the 

proposition of using the adhesive was suggested to test 

its possible effectiveness and its feasibility to test for 

a possible decrease in operative time, and any other 

technical advantages of its application, primarily through 

videoarthroscopy, making the procedure easier.

The choice was fibrin glue, since the use of 

cyanoacrylate showed unfavorable results in previous 

studies, where there was intra-articular caseous necrosis 

with cutaneous fistula around the 15th day after 

implantation(22,27). Resorcinol glue was also extremely 

harmful to the knee in rabbits in attempting to fix 

osteochondral defects of articular cartilage(28). Fibrin glue 

is widely used with favorable results in several surgical 

procedures and in various pathological situations(23-27). 

Due to its availability, ease of application, absence of 

rejection or immune reactions and the potential ability 

to maintain a fibrocartilaginous structure such as the 

meniscus in a stable position, it was a fixation option. 

A report on the transplantation of menisci preserved by  

deep-freezing in dogs using suture or fibrin glue 

showed no statistically significant differences between 

the two groups after 12 weeks of observation(26). The 

authors analyzed the role of fibrin coagulation on the 

repair process at the meniscosynovial junction, noting 

that the use of fibrin glue may be useful in reducing 

postoperative immobilization and facilitating the 

rehabilitation process in transplant patients. Despite the 

satisfactory results, there are no reports of continuing 

this line of research. This question regarding the 

literature was certainly a determining factor for 

the initiation of our study. In our study, the fibrin 

adhesive promoted excellent fixation immediately 

after application, maintaining adequate stability of 

the meniscus in flexion-extension movements of 

the knee. However, not fixing the two horns of the 

menisci to the synovial membrane and/or soft tissues 

of the joint, or partial fixation, was the norm in the 

three observation times (Table 1). Total fixation was 

an exception, thus the effectiveness of fibrin glue was 

less than that of the suture technique, with statistically 

significant results, not coinciding with the results 

found by Nabeshima et al.(26)

Fibrin is considered to be a stimulant of the healing 

process in the literature because it is a biological 

product that is involved in the process of tissue repair. 

In other tissues, adhesive ability is associated with the 

ability to stimulate healing, hence the proposal of an 

in vivo study. There is another ongoing study in which 

the forces of traction, torsion and compression of the 

menisci are being tested ex vivo. A special apparatus 

developed in conjunction with mechanical engineering 

is undergoing tests to measure these parameters.

Suturing the soft tissues showed similar results in 

all three assessment periods and a statistically higher 

percentage of fixation when compared with the fibrin 

glue technique. Our results agree with the experimental 

studies in the literature, which also show a high rate of 

healing of the meniscus to the recipient when suturing 

to soft tissue(9,12,15,18,28).

Rev Bras Ortop. 2009;44(5):397-403
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The sutured menisci showed no change in the 

texture of their surfaces and were very similar in 

appearance to the normal lateral meniscus in all of 

the observation times considered (Figures 2 and 3). 

In turn, the meniscus fixed with fibrin showed a thin 

layer of yellowish secretion covering the surface 

(Figure 4).

CONCLUSION

Our results showed that over two, four, and 

eight weeks of observation, the meniscus preserved 

by deep-freezing fix themselves more adequately 

by suturing to the soft tissues of the knee joint of 

rabbits. On the other hand, fibrin glue, although free 

of inflammatory reaction or processes that indicate 

rejection, was unable to keep the meniscus fixed to 

the tibial plateau and thus is not, as supposed, a viable 

option for this transplant surgery.
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