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Abstract 

Experimental and clinical studies have documented that meniscal allografts show 
capsular ingrowth in meniscectomized knees. However, it remains to be established 
whether meniscal allograft transplantation can prevent degenerative changes after 
total meniscectomy. In this study, radiography was used to compare changes in rabbit 
knees after meniscectomy and after meniscal transplantation. 

Thirty-two mature female New Zealand rabbits were divided into 5 groups. Group 
A (6 animals) and group C (6 animals) underwent meniscectomy. Group B (7 ani
mals) and group D (6 animals) were subjected to meniscal transplantation immediately 
after meniscectomy. In group E (7 animals), a delayed meniscus transplantation was 
performed at 6 weeks after meniscectomy. Radiographic changes were evaluated 6 
weeks (group A and group B) and 1 year (group C, group D, and group E) postope
ratively. One year after surgery, both meniscectomized and transplanted knees showed 
significantly more radiographic changes than at 6 weeks. At 1 year follow-up, 
statistically significant radiographic differences were not found between the joints 
that had undergone meniscectomy and those that were subjected to immediate or 
delayed meniscal transplantation. Our findings suggest that meniscal allograft 
transplantation does not prevent degenerative changes of the rabbit knee on a long 
term. 
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Introduction 

The vital role of the meniscus in the knee joint is well documented.'"'' Total 
meniscectomy is associated with premature degenerative articular cartilage chan
ges ultimately resulting in osteoarthritis.7'° Therefore, treatment of meniscal tears 
has evolved from total excision to partial excision and meniscal-retaining procedu
res. At present, many studies are performed to investigate the effects of meniscal 
allograft transplantation. The immune response to meniscal allografts is rather weak 
because the meniscal cells and their major histocompatibility antigens are isolated 
from the host's immune system by a dense extracellular matrix." A number of 
experimental studies have reported that the transplanted meniscus is capable of 
healing to the joint capsule.121-' However, it has not been shown that the hyaline 
cartilage of the knee joint after meniscectomy is protected against osteoarthritic 
changes by meniscal allograft transplantation. 

The aim of the present study was to compare degenerative changes following 
meniscal transplantation in rabbit knees with degenerative changes following 
meniscectomy on a long-term basis. Although an animal model can never completely 
mimic the situation in humans, the onset of degenerative changes after meniscectomy 
in rabbits is highly reproducible and therefore a valuable experimental model to 
compare these changes with those observed after meniscal transplantation.,4,15 

Degenerative changes were evaluated radiologically, which is the most widely 
adopted method to assess osteoarthritic changes in the knee joint. The World Health 
Organization accepted the Kellgren and Lawrence scale as the gold standard in 
radiological grading of osteoarthritis."' Besides assessment of the joint using the 
Kellgren and Lawrence scale, 3 other radiological features of osteoarthritis were 
evaluated: non-weight-bearing joint space narrowing, subchondral sclerosis, and 
osteophyte formation. These individual features have shown to be the most sensitive 
diagnostic parameters for osteoarthritis of the knee.17 

Material and Methods 

Thirty-five mature female New Zealand white rabbits were divided into 5 groups. 
The right knees were operated on and the nonoperated contralateral knees served as 
paired controls. Three rabbits developed infective arthritis and were excluded from 
the study. Group A (6 animals) and C (6 animals) were subjected to medial 
meniscectomy. Group B (7 animals) and group D (6 animals) underwent meniscal 
allograft transplantation immediately after medial meniscectomy. In group E (7 ani
mals), a delayed meniscal allograft transplantation was performed at 6 weeks after 
meniscectomy. Six weeks after operation, group A and group B were sacrificed by 
intravenous injection of sodium pentothal. The other groups were sacrificed at 1 
year after (the first) operation. Approval of this study was obtained from the local 
ethical committee for animal experiments. 
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Surgical Technique 
All animals were premedicated with an intramuscular dose of ketamine (50 mg/kg) 
and xylazine hydrochloride (8 mg/kg). Rabbits were anaesthetized by inhalation of 
halothane, oxygen, and nitrous oxide via a mask. After disinfection of the skin, the 
right knee was approached by a medial parapatellar arthrotomy through the patellar 
fat pad and gentle lateral displacement of the extensor mechanism using a sterile 
technique. Medial menisci, including the meniscal wall, were resected sharply along 
the periphery, dividing the coronary ligament, and were detached from its anterior 
and posterior tibial bone attachments at the junction of the ligamentous attachment 
and the meniscal fibrocartilage. Care was taken to avoid injuring collateral and 
cruciate ligaments. The harvested meniscal grafts were immersed in sterile saline. 
Acute transplantation was performed immediately after meniscectomy by suturing 
an appropriately sized fresh allograft, selected from previously removed menisci, in 
the recipient bed using 3 6-0 polypropylene sutures. The anterior and posterior horns 
of the graft were reattached anatomically to the appropriate ligamentous structures 
without using bone plugs; the midportion was sutured to the medial collateral liga
ment. Allograft position and mobility were controlled in knee flexion and extension, 
and under valgus and varus stress. The capsule, periarticular tissues, and skin were 
closed with interrupted 3-0 polyglactin sutures. Delayed transplantation was 
performed by a 2-step procedure with an interval of 6 weeks between meniscectomy 
and transplantation using a appropriately sized fresh allograft immersed in sterile 
saline. The surgical procedure was as described above. All allografts were obtained 
from different animals used in this study and were reimplanted within 2 hours after 
harvesting. After operation, animals received subcutaneous analgesic (buprenorfine 
0.05 mg/kg) during 24 hours and could move and exercise freely. Antibiotic 
prophylaxis was given for 72 hours (enrofloxacin 5% 5mg/kg), perioperatively. 

Radiographic Evaluation 
Anteroposterior and lateral radiographs were taken of all excised knee joints 
immediately after the rabbits were sacrificed. The medial and lateral compartments 
of the operated knees were compared with the corresponding compartments in the 
control joints using anteroposterior radiographs. The lateral radiographs were used 
to confirm osteoarthritic changes as observed on anteroposterior radiographs in case 
of doubt. The patellofemoral joints were not evaluated. After radiographic imaging, 
knee joints were frozen immediately for further histological and histochemical 
analysis. All anteroposterior radiographs were graded according to the Kellgren and 
Lawrence scale and for the presence and severity of joint space narrowing, 
subchondral sclerosis, and osteophytes. The Kellgren and Lawrence scale is an overall 
scoring system describing five degrees of severity (0=normal, i=doubtful, 2=mild. 
3=moderate, 4=severe) of osteoarthritis (Table 1 )."'•'* Differences in tibiofemoral 
space between control left knee joints and operated right knee joints were defined as 
joint space narrowing and scored as 0 (normal), 1 (moderate narrowing), or 2 (severe 
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narrowing). Increased density of subchondral bone in the experimental knee as 
compared with the control knee was defined as sclerosis and judged as 0 (absent), 1 
(moderate sclerosis), or 2 (severe sclerosis). Differences in osteophyte formation 
(number and size) were graded as 0 (no osteophytes). 1 (possible osteophytic lip
ping), 2 (moderate osteophytes), or 3 (large osteophytes). 

Table 1. Kellgren and Lawrence scale for radiographic assessment of osteoarthritis in the knee.18 

Grade Description 

None Definite absence of x-ray changes 

Doubtful Doubtful narrowing of joint space and possible osteophytic lipping 

Minimal Definite osteophytes and possible narrowing of joint space 

Moderate Moderate multiple osteophytes, definitive narrowing of joint space, and some 
sclerosis and possible deformity of bone ends 

Severe Large osteophytes, marked narrowing of joint space, severe sclerosis, and definite 
deformity of bone ends 

In a training session, 2 observers (TDR and PR) scored all radiographs together 
to obtain agreement on standards for grading. Two and 4 months later, I observer 
(TDR) scored the radiographs twice to establish intraobserver differences. To assess 
interobserver variation, evaluation was performed by another observer (EC), again 
after a training session. Finally, 2 observers (TDR and PCR) jointly scored the 
radiographs to obtain a consensus score. All radiographs were read blindly. 

Statistical A nalysis 
Cohen's kappa test was used to determine interobserver and intraobserver variation. 
The kappa values were categorized according to Landis and Kochiy: 0.00-0.20, slight 
reliability; 0.21-0.40. fair reliability; 0.41-0.60, moderate reliability; 0.61-0.80, 
substantial agreement; 0.81-1.00, almost perfect agreement. Comparisons between 
groups were performed separately for all variables. Differences between 6 weeks 
follow-up and 1 year follow-up for both meniscectomized and transplanted knees as 
well as differences between different treatment groups were statistically analyzed 
using the Mann-Whitney rank-sum test for nonparametric variables. Statistical 
significance was set at p < 0.05. 
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Results 

Gross Appearance of Knee Joints 
Macroscopical inspection of meniscal allografts showed capsular ingrowth in all 
cases. None of the transplanted menisci showed extrusion as compared with the 
nonoperated controls. Two meniscal allografts in group D and 1 allograft in group E 
showed macroscopical signs of degenerative changes at 1 year after the first operation. 
In 2 other transplants in group E severe shrinkage was seen. Evidence of meniscal 
regeneration was observed in 3 of 6 rabbits at 1 year after meniscectomy. These 
observations were not correlated with the subsequent radiographic analysis. 

Intraobserver and Interobserver Variation 
The kappa values for intraobserver and interobserver variation are presented in Table 
2. Intraobserver agreement was substantial for grading joint space narrowing and 
moderate for the Kellgren and Lawrence scale, grading of sclerosis, and osteophytes. 
Interobserver agreement was almost perfect for grading joint space narrowing, 
substantial for grading sclerosis and moderate for the Kellgren and Lawrence scale 
and grading osteophytes. 

Table 2. Kappa values for Kellgren and Lawrence scale and lor individual radiographic parameters. 

Intraobserver variance Interobserver variance 

Kellgren and Lawrence scale 0.45 0.47 

Joint space narrowing 0.61 0.83 

Sclerosis 0.49 0.66 

Osteophytes 0.58 0.41 

Radiographic Results 
The consensus score of osteoarthritic changes in the different rabbit joints is presented 
in Table 3. Radiographic changes were not observed in the control knees. Minimal 
or no radiographic abnormalities were observed in the lateral compartment of the 
knee joints except for 1 animal in the delayed transplantation group that showed 
moderate changes. The medial compartments did not show severe radiographic chan
ges at 6 weeks after surgery. Six weeks postoperatively, radiographic abnormalities 
were not observed at all in 4 of 6 rabbits after meniscectomy only and 3 of 7 rabbits 
after meniscal allograft transplantation (Table 3). Both meniscectomized and 
transplanted knees (Figures I and 2) significantly showed more radiographic chan
ges at 1 year after surgery than at 6 weeks follow-up (p < 0.001 for all parameters). 
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No significant radiographic differences were observed between meniscectomized 
knees and knees receiving an immediate meniscal transplant at 1 year after surgery 
with respect to joint space narrowing, sclerosis, spur formation, and the Kellgren 
and Lawrence scale (p=0.81, p=0.26, p=0.47, and p=0.81, respectively). Animals 
that received a delayed meniscal transplant (Figure 3) showed more joint space 
narrowing than those in the postmeniscectomy group but this difference was not 
statistically significant (p=0.054). Regarding sclerosis, spur formation, and the 
Kellgren and Lawrence scale, differences were not found between these 2 groups 
(p=().62, p=0.32, and p=0.57, respectively). 

Figure I. Radiograph of a right (R) experimental and left control rabbit knee at I year after medial 
meniscectomy (frontal image) showing moderate joint space narrowing; no sclerosis: osteophyte lipping, 
and minimal osteoarthritic changes according to the Kellgren and Lawrence scale. 

Figure 2. Radiograph of a right (R) and left rabbit knee at I year after immediate medial meniscal 
transplantation of the right knee (frontal image) showing moderate joint space narrowing; moderate sclerosis; 
large osteophytes, and moderate osteoarthritic changes according to the Kellgren and Lawrence scale. 
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Figure 3. Radiograph of a right (R) and left rabbit knee at 1 year after delayed medial meniscal transplantation 
of the right knee (frontal image) showing severe joint space narrowing; moderate sclerosis; moderate 
osteophytes, and moderate osteoarthritic changes according to the Kellgren and Lawrence scale. 

Discussion 

Progress in the techniques of meniscal repair allow for consideration of meniscal 
transplantation in totally meniscectomized knees in humans. The use of meniscal 
allografts in humans has progressed to a point where a relief of pain may be expected 
at 1 to 5 years follow-up which can be considered as short term.202122 Although a 14-
year follow-up of human transplanted knees has been reported (Peters et al.(2000). 
unpublished data), there are no long-term clinical studies available to show whether 
meniscal transplantation has a protective effect on articular cartilage. In an experimental 
study in goats, Jackson et al.12 found an increase in water content and a decrease in 
uronic acid in meniscal allografts, suggesting degeneration at 6 months after 
transplantation. On the basis of these biochemical findings, it is questionable whether 
meniscal allografts can protect articular cartilage on the long term in humans. 

In our radiographic analysis at 1 year follow-up, which can be considered as 
long-term follow-up in rabbits14, both meniscectomized and transplanted rabbit knee 
joints showed significantly more osteoarthritic changes in the medial compartment 
than at 6 weeks after surgery which can be considered as short-term follow-up.I? At 
1 year follow-up, significant differences were not found between knees that underwent 
meniscectomy and knees that received an immediate transplant. These long-term 
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findings are in agreement with those of Edwards et al.,2, who showed, in an 
experimental study in sheep, that osteoarthritic changes as observed in meniscecto-
mized knees were not prevented by immediate meniscal allograft transplantation 
after a mean follow-up of 21.4 months. As mentioned previously, comparable 
controlled studies in humans are not available thus far. 

Cummins et al.24 suggested that delayed meniscal allograft transplantation at 3 
months after meniscectomy reverses initial postmeniscectomy degenerative chan
ges on a short-term basis in rabbits. However, in the present radiographic study, 
delayed meniscal transplantation caused even more joint space narrowing at 1 year 
after surgery than meniscectomy only, although the difference was statistically not 
significant. This observation may be the result of the twofold surgical procedure 
performed in this group. Moreover, the articular cartilage in the delayed transplantation 
group was exposed to drying during a longer period than in the other groups. 
Degenerative changes were not observed in the lateral compartments of 6 of 7 knee 
joints in the delayed transplantation group. Apparently, drying alone does not cause 
radiographic changes. Furthermore. Aagaard et al.25 stated that the altered shape of 
the condyles due to ridge formation after meniscectomy may cause a mechanical 
conflict between the transplant and the condyles, which could be responsible for the 
rather poor outcome in this group. One rabbit showed moderate radiographic changes 
in the lateral compartment at 1 year after delayed transplantation. Probably, this 
finding is caused by mechanical or biochemical changes in the whole knee joint 
secondary to severe destruction of the medial compartment. 

Rabbits that received a meniscal transplant showed good healing of the graft 
within 6 weeks after implantation, which is in agreement with the data of Shibuya.26 

In the present study, animals could move freely and full weight bearing was allowed 
immediately postoperatively. However, in clinical trials, range of motion and weight 
bearing is commonly restricted during the early postoperative period. Further re
search is required to determine the ideal rehabilitation program after meniscal 
transplantation. Due to the small size of the rabbit knee joints, the horn ligamentous 
attachments of the transplanted allografts were not retained via transplantation of 
bone plugs, but the anterior and posterior horn were sutured to the appropriate 
ligamentous tibial bone attachments and the midportion to the medial collateral liga
ment. In clinical studies, a much more extensive meniscocapsular fixation is usually 
performed with or without bone plugs. The effect of the anchoring technique used 
in our study on load distribution and shock absorption could not be determined. 
Another important factor may be whether transplantation is performed through an 
arthrotomy or an arthroscopically assisted procedure. To our knowledge, there are 
no reports published that compare both techniques. Whether meniscal transplantation 
can either prevent or postpone the onset of osteoarthritis in humans remains to be 
established because the weight-bearing profile in rabbit knees is fundamentally dif
ferent from that in human knees. Furthermore, surgical procedures and radiographic 
analysis in small animals such as the rabbit are rather difficult and this may introduce 
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artefacts that are hard to evaluate when comparing data obtained with small animals 
with those obtained with larger animals. Therefore, there is a clear difference bet
ween long-term evaluation in the rabbit knee joint and the human knee joint. 
Nevertheless, rabbit models have proven to be one of the better models for 
osteoarthritis in humans because of similarities in histological and biochemical aspects 
of rabbit and human articular cartilage.15-27 The histological and histochemical analysis 
of the articular cartilage will be reported in a prospective paper. 

It is recognized that radiographic findings may have little relationship to 
symptoms of osteoarthritis. Furthermore, it is not known whether radiographic 
progression will cease if symptomatic degenerative joint disease is arrested or if 
protective procedures are successful. Despite these uncertainties, the most widely 
adopted method to assess degenerative changes in knee joints is weight-bearing 
radiographic evaluation. For the diagnosis of osteoarthritis in knees, the greatest 
sensitivity is achieved by analysis of anteroposterior weight-bearing images for joint 
space narrowing, spurs, and sclerosis.17 In the present study, radiographs of the knee 
joints were taken immediately after sacrifice of the rabbits, eliminating the effect of 
muscle tone and weight bearing and therefore affecting alignment and true 
measurement of joint space narrowing. Although joint space narrowing lost some 
sensitivity in non-weight-bearing views, abnormalities can be detected in both weight-
bearing and non-weight-bearing radiographs.17 The radiographs of rabbit knee joints 
were assessed by 2 observers and graded for joint space narrowing, sclerosis, spur 
formation, and an overall score according to the Kellgren and Lawrence scale. These 
criteria were assessed by eye alone according to a predetermined scale. It is 
recognized that this semiquantitative method of interpretation is subjective to some 
extent. However, the overall interpretation of the intraobserver and interobserver 
reliability was that the results could be reproduced with a repeatability which 
fluctuated between excellent and just acceptable values. 

Joint space narrowing showed the highest degree of intraobserver and inter
observer agreement. Intraobserver reliability of the Kellgren and Lawrence scale 
was lower than the reliability of the individual radiological features whereas 
interobserver reliability of this scale was higher than reliability of spur formation 
but lower than reliability of sclerosis and joint space narrowing. These results are in 
contrast to those of Kessler et al.28 who reported that the intraobserver and 
interobserver reliability of the Kellgren and Lawrence scale is higher than the 
reliability of individual radiological features. 

It can be concluded that immediate meniscal allograft transplantation in rabbits 
does not prevent degenerative changes of articular cartilage at 1 year postoperatively 
when compared to total meniscectomy. Delayed meniscal transplantation, although 
not statistically proven, may even lead to more degenerative changes than 
meniscectomy only. 
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