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worst of postero-anterior flexion or anteroposterior stand-
ing views, and axial alignment by standing long-leg views.
Narrowing of the joint space was evaluated pre-operatively
using a modified Kellgren-Lawrence system14 simplified
into three grades: normal (≥ 5 mm), mild to moderate
(< 5 mm , > 1 mm), and severe (≤ 1 mm) based on the height
of the joint space. Damage to the articular cartilage was
graded during surgery using the Outerbridge classification
scale.13 Severe axial malalignment (> 7°) or ligamentous
instability was addressed before or at the time of meniscus
allograft transplantation. Allograft sizing was based on
donor-recipient sex, height, and weight which has been
shown to be as accurate as radiologic sizing.15,16

Surgical technique. The allograft transplantations were
performed by a single surgeon (KRS) and the same surgical
team. Standard anterior, medial and lateral arthroscopic
portals were used. An arthroscopic shaver was used to deb-
ride the joint, removing damaged articular cartilage,
impinging osteophytes and arthrofibrotic tissues to increase
joint volume and mobility. The suprapatellar pouch and
patellar tendon tibial intervals were opened with the shaver
if scarred. Prior to 2003, at the time of meniscal allograft
transplantation medial opening wedge osteotomies (n = 15)
were performed using a resorbable osteotomy wedge
(Bionx, Blue Bell, Pennsylvania) for correction of varus
malalignment ranging between 5° and 14°. At the discre-
tion of the senior author (KRS), meniscal allograft trans-
plantation procedures were performed without osteotomies
after this. Anterior cruciate ligament reconstruction was car-
ried out when indicated. Medial meniscal allograft trans-
plantation was performed arthroscopically by the three-
tunnel technique,17 using periosteum, but not bone blocks, at
the meniscal horns. The three-tunnel technique secures the
meniscus at both horns and at the posterior quarter of the
meniscus in an effort to reproduce the meniscal tissue liga-
ments. Lateral meniscal allograft transplantation was also
performed arthroscopically by the three-tunnel technique,
preserving the bony block between the horns and inserting it
into a bone trough. The posterior corner was secured poste-
rior to the popliteus tendon by the three-tunnel technique.

The management of the articular cartilage was depen-
dent on the location of the defect and the degree of degra-
dation. Microfracture was used to treat Outerbridge grade
III and IV defects if the area was ≤ 25 mm2, if it was located
too far posteriorly (beyond the reach of the microfracture
awl), or if it was directly under the meniscal allograft trans-
plant on the tibial side. Articular cartilage paste grafting6

was used to treat Outerbridge grade IV defects > 25 mm2

that were accessible. This procedure includes morsellising
the exposed bone area, harvesting a 8 mm × 15 mm plug of
articular cartilage and cancellous bone from the intercon-
dylar notch, smashing the plug into a paste and impacting
the paste into the morsellised area. The paste graft has been
shown to contain progenitor cells capable of regenerating
cartilage. Grade III lesions were treated with microfracture
alone.

An example of the population treated in this series is pre-
sented in Figure 1.
Post-operative rehabilitation. All patients were discharged
from hospital on the day of surgery with a knee brace to limit
range of movement to between 0° and 90°. They returned the
next day to commence a rehabilitation programme, starting
with soft-tissue mobilisation, non-operative leg bicycling,
and range-of-movement exercises. Aerobic exercise was ini-
tiated early based on the positive effects of whole-body exer-
cise on wound healing.18,19 Full weight-bearing was
introduced at four weeks, based on Wolff’s20 concept of bone
functional adaptation to mechanical loading in a moderate
protective phase until the 12th week. 
Outcome assessment. All patients who were treated are
included in the survival analysis. Those who completed
their two-year follow-up are included in the analysis of
patient-reported subjective outcomes.7,11 Failure of the
allograft transplantation was defined as removal of the
allograft without revision, or progression to a total or uni-
compartmental knee replacement.7,21 In patients in whom
the primary meniscal allograft was removed and revised
with implantation of a new meniscal allograft, this was
noted in subsequent surgical procedures.

Patients underwent clinical examination and patient-
reported subjective outcomes pre-operatively and at two,
three, five, seven and ten years after allograft transplanta-
tion. The International Knee Documentation Committee
(IKDC) Subjective Knee Evaluation Form,22,23 Western
Ontario and McMasters Osteoarthritis Index (WOMAC)24

and Tegner25 scoring methods were used to assess pain,
activity and function during follow-up. The IKDC forms
were scored using the method of Anderson et al22 to control
for over- and underestimation of missing values. The ques-
tion in the WOMAC score asking patients to rate the level
of pain experienced in the previous 48 hours for the oper-
ated knee was evaluated as an isolated assessment of pain
(0 = none, 1 = mild, 2 = moderate, 3 = severe, 4 = extreme).
The patient’s highest pre-injury Tegner level was recorded
and used as the denominator to create a ratio of the activity
level regained at each follow-up interval (Tegner index).26

This method normalises return to activity across a diverse
population. Pre-operative Tegner index ratios > 1.0 were
considered outliers and were discarded. All study data were
recorded on standardised forms and verified by the current
study co-ordinator using the original documents. Subjective
outcome questionnaires were filled out independently of
the senior author and the research team. Because few fol-
low-up examinations occurred on the precise scheduled
date of follow-up, periods were created to group subjective
outcome assessments at the midpoint of each scheduled
follow-up, with the exception of the baseline and two-year
cut-offs. Pre-operative assessments were only included if
they were completed within six months of the allograft
transplantation. For the two-year follow-up, assessments
ranging from 18 to 30 months post-operatively (1.5 to 2.5
years) were included.
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40 (33.6%) presented with severe narrowing. Neutral align-
ment of < 5° deviation from the physiological axis was found
in 73 knees (58.8%) at presentation, 39 (32.8%) presented
with moderate malalignment (5° to 7°), and ten (8.4%) with
severe malalignment (> 7°). Of the 49 knees (41.2%) that
were malaligned at presentation, 41 were in varus (83.7%),
and eight were in valgus (16.3%).
Subsequent procedures. A total of 56 knees (47.0%)
required up to five subsequent operations after the original
meniscal allograft transplantation. Procedures included deb-
ridement (n = 73), chondroplasty (n = 39), notchplasty (n =
16), microfracture (n = 8), removal of osteophytes (n = 12),
removal of loose bodies (n = 11), articular cartilage paste
grafting (n = 7), excision of a Baker’s cyst (n = 2) and anterior
cruciate ligament reconstruction (n = 1), many of which were
performed concomitantly. Subsequent procedures directly
addressing the meniscal allograft transplant are described
below.

Partial meniscectomy was carried out in 23 knees
(19.3%), 14 medial and nine lateral. Two patients under-
went two separate operations for partial meniscectomy. In
seven of the knees that underwent subsequent partial
meniscectomy the meniscal transplant ultimately failed.

Repair of allograft was carried out to preserve it when
judged appropriate. A total of 11 knees (9.2%), six medial
and five lateral, underwent repair surgery, one lateral
meniscal allograft being repaired twice. Three cases
involved suture repair of a tear of the allograft and eight
involved re-attachment, with five menisci which under-
went subsequent repair ultimately failing.

Revision meniscal allograft transplantation was carried
out in eight knees (6.7%) with seven being revised once and
one revised twice. Revision was performed in six knees in
the early post-operative period at a mean of 7 months (1.9
to 12.4). Three patients undergoing early post-operative
revision had not followed the rehabilitation protocol, and
one patient felt the allograft tear while turning over in bed
two months post-operatively. Two cases were revised more
than three years after the primary operation, one at 4.0
years, and one at 3.3 years, and then again 2.5 months later.
The knee that required two revisions had an intact menis-
cus at the end of the study, 7.6 years after the primary oper-
ation. Two revision cases ultimately failed, with one
undergoing removal of the allograft at 1.7 years and one
progressing to joint replacement at 3.9 years. One revised
patient died with the revision meniscus intact 4.7 years
after index surgery. The remaining five revision cases are
included as non-failures at a mean of 2.5 years (1.0 to 4.4).
Complications. Early post-operative infection occurred in
four knees. Three infections were deep and one was super-
ficial. The superficial case cultured Staphylococcus epider-
midis, but no organisms were seen in the synovial fluid. One
of the three deep infections cultured Staphylococcus aureus,
but no organisms were isolated in the others. All were treated
arthroscopically with irrigation and debridement and intra-
venous antibiotics. All infections resolved, but one deeply
infected knee ultimately suffered failure of the allograft,
which was removed 12.5 months later.
Survival analysis. Kaplan-Meier survival analysis revealed
an overall mean survival of the allograft of 9.9 years (SD

0.4, 95% CI 9.1 to 10.7) (Fig. 2). Because less than 50%
survival was not reached, median survival estimates are not
given.

Cox’s proportional hazards model was used to test the
confounding effects of several clinically significant covari-
ates among allograft patients simultaneously, recognising
that the hazard ratio is simply an indication of the like-
lihood of which group will fail first, but gives no measure of
the difference in time.27 Table I shows the hazard ratios of
the variables tested and their significance, as well as 95%
CIs. In all, 25 (20.1%) of the 119 meniscal allograft trans-
plantations failed. Seven failed before two years and 18
after (Table II) with a mean time to failure of 4.6 years (2
months to 10.4 years). In four patients there was a further
injury. In the 25 failures, seven allografts were simply
removed and 18 progressed to joint replacement (ten TKRs,
eight UKRs).

Using Cox’s proportional hazards model, medial versus
lateral allografts showed a non-significant hazard
(p = 0.848). Kaplan-Meier survival analysis showed mean
survival times of 9.9 years (SD 0.5; 95% CI 9.0 to 10.8, 1.3
to 12.3) for medial allograft (n = 85) and 10.2 years (SD 0.8;
95% CI 8.6 to 11.7, 2 months to 12.3 years) for lateral
allografts (n = 34) (Fig. 3).

Cox’s proportional hazards model showed that significant
factors on the relative odds of allograft failure were the age of
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Fig. 2 

Graph showing the mean Kaplan-Meier survival distribution with
mean predicted survival time of 9.9 years (2 months to 12.4 years),
(n = 119), with 95% confidence intervals.
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the patient at the time of allograft (p = 0.006) and the number
of previous procedures to the affected knee (p = 0.026). In
patients equivalent in all factors except one year of age, the rel-
ative risk of failure is 1.061 (95% CI 1.007 to 1.117) times
greater for the older patient. Kaplan-Meier estimated survival
time for patients aged 50 years and above was 8.8 years (SD0.7,
95% CI 7.5 to 10.2) and for those under 50 was 10.7 years
(SD0.5, 95% CI 9.8 to 11.6) (Fig. 4). In patients equal in all fac-
tors except the number of previous operations, the relative risk
of failure is 1.528 (95% CI 1.133 to 2.065) times greater for the
patient undergoing one more previous procedure.
Patient-reported subjective outcomes. The mean IKDC,
WOMAC, and Tegner index outcomes are shown in Fig-
ures 5 to 8. Apart from the Tegner index score seven years
post-operatively, all patient-reported subjective outcome
scores showed a significant improvement at all intervals.
Comparison between patient-reported subjective outcome
scores over the two to 12 years of follow-up showed no sig-
nificant changes, indicating maintenance of improvement
over time. Wilcoxon’s rank-sum revealed a non-significant
change of median Tegner index from baseline to seven years
(p = 0.076). At baseline, the mean Tegner index score was
0.38 (SD 0.22; 0 to 1); the mean Tegner score was
3.2 (SD 2.0; 0 to 9). At seven years, the Tegner index ratio

was 0.49 (SD 0.28; 0 to 1). The mean Tegner score was 3.9
(SD 2.3; 0 to 7). It should be noted that the comparison of
seven-year scores with baseline is based on a small number
of reported scores (n = 21), and that no significant differ-
ence is seen when seven-year Tegner index data are com-
pared with the two- (p = 0.159), three- (p= 0.159), five-
(p = 0.170) or ten-year (p = 0.842) post-operative intervals,
using the Wilcoxon’s rank-sum test.

In only seven knees (5.8%) was more severe pain
described at the most recent follow-up on the isolated
WOMAC pain question compared with the baseline value.
Median baseline pain score was 1 (mild) among these
patients, and all nine reported only one pain level higher at
the most recent follow-up.

Discussion
This is the longest and largest prospective evaluation to
date of concurrent meniscal allograft transplantation and
articular cartilage repair in patients with significant chon-
dral damage. Previous studies on meniscal allograft trans-
plantation involved patients with minimal chondral
damage11,28 and described the results before operation and
at the most recent follow-up.5,7,11,12,21,29 With follow-up
ranging from two to 12 years in our study, we chose to

Table I. Cox’s proportional hazards variables

Model variances p-value Hazard ratio

95% confidence 
interval for hazard 
ratio

Patient gender (0 = male; 1 = female) 0.094 2.466 0.859 to 7.084
Medial vs lateral allograft (0 = medial; 1 = lateral) 0.848 1.109 0.387 to 3.180
Number of previous operations 0.006* 1.529 1.133 to 2.065
Joint space narrowing 0.907 1.038 0.552 to 1.952
Severity of joint malalignment 0.535 1.790 0.285 to 11.254

Malalignment type 0.939
Varus vs neutral 0.902 0.864 0.084 to 8.859
Valgus vs neutral 0.916 1.127 0.121 to 10.535

Number of additional procedures 0.780 0.922 0.522 to 1.628
Osteotomy performed concomitantly (0 = No; 1 = Yes) 0.272 0.444 0.105 to 1.888
Number of concomitant procedures 0.102 1.305 0.949 to 1.795
Age at time of meniscal allograft 0.026* 1.061 1.007 to 1.117
Intra-operatively determined OB† grade (3 vs 4) 0.098 5.718 0.723 to 45.231
Articular paste graft performed concomitantly (0 = No, 1 = Yes) 0.371 1.628 0.559 to 4.736

* statistical significance p < 0.05
† OB, Outerbridge

Table II. Description of failures

Removal* Before 2 years 2 to 5 years 5 to 10.5 years Total failures per type

Removal 3 2   2   7
UKR 2 3   3   8
TKR 2 3   5 10
Failures per time period (N) 7 8 10 25

* UKR, unicompartmental knee replacement; TKR, total knee replacement
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report patient outcomes at specific time intervals. This gives
a more descriptive picture of the patient’s experience over
time and allows for comparison of patient-reported out-

comes at different intervals. Apart from the Tegner index
score at seven years post-operatively, patients experienced
significant improvements in pain, activity and from base-
line measures at all follow-up intervals. These improve-
ments were maintained over time with patients
experiencing lasting, stable improvements. At completion
of the study we found a 79.9% success rate, with a Kaplan-
Meier mean estimated survival time of 9.9 years.
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Fig. 3

Graph showing the mean Kaplan-Meier predicted survival
time for medial allografts (n = 85) 9.9 years (SD 0.5), and for lat-
eral allografts (n = 34) 10.2 (SD 0.8). A non-significant
(p = 0.848) hazard ratio of 1.109 was observed for lateral cases.
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Fig. 4

Graph showing survival distribution of a 39-year-old patient versus 58-
year-old patient based on a comparison of survival distribution for a
patient at the mean age of the group of patients under 50 years old at
the time of meniscal allograft transplantation and a patient at the mean
age of the group over 50 years old. Kaplan-Meier mean survival time
was 8.8 years (SD 0.7; 95% CI 7.5 to 10.2) for the group under 50 years
old and 10.67 years (SD 0.5; 95% CI 9.8 to 11.6) for the group over 50
years old. The cumulative hazard ratio is 2.90.
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Graph showing Mean International Knee Documentation Committee
(IKDC) scores at baseline and at follow-up. There was a significant
improvement in IKDC scores from baseline at all intervals. No significant
differences were found among scores during follow-up. The p-values
from rank-sum comparison to baseline are shown for all follow-up time
intervals. Numbers of assessments for each interval is noted. Error bars
represent ± 1 standard error.
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Graph showing the mean Western Ontario MacMasters Universities
Osteoarthritis Index (WOMAC) scores at baseline and at follow-up.
There was a significant improvement in WOMAC scores from baseline
at all intervals. The p-values from rank-sum comparison to baseline
are shown for all intervals. The number of assessments for each inter-
val is noted. Error bars represent ± 1 standard error.
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Severe articular cartilage damage is often considered a
contraindication for meniscal allograft transplantation.30

In all, 97 knees (81.5%) in the current study presented with
severe damage to the articular cartilage (Outerbridge grade
IV); the remaining 22 had Outerbridge grade III changes
(18.5%). Articular cartilage paste grafting combines an
extensive marrow stimulating technique with stem cells,
cartilage, and bone grafting for articular cartilage repair.
This technique was used in 67 knees (56.3%) for severe car-
tilage damage at the time of allograft transplantation.
Other smaller lesions underwent a variety of more tradi-

tional techniques of cartilage repair. We believe addressing
the damaged articular cartilage at the time of meniscus
allograft transplantation is critical to the good long-term
results we see in our patients.

The heterogeneity of the patients and the need for com-
bined surgical procedures may have introduced a perfor-
mance bias into the outcome of the study, making it
difficult to identify the influence of the allograft in isola-
tion.31 Even so, there was no significant difference in the
number of concomitant procedures between those cases
that failed and those that did not (p = 0.333). Cole et al11

and Noyes et al28 studied heterogeneous patient popula-
tions which included those with meniscal allograft trans-
plantation performed in isolation and others who required
concomitant cartilage repair. Both studies showed that
repair of the articular cartilage had no significant effect on
the outcome of the allograft transplantation. Our results
confirm these findings, suggesting that articular cartilage
repair offers equivalent outcomes independent of the
degreee of initial damage.

Subsequent surgical intervention is not always indicative
of failure of the procedure; 45 of 56 knees requiring further
interventions were classified as non-failures at the comple-
tion of the study. Others had also noted the benefit of subse-
quent operations. Rath et al29 observed improvements in
pain and function when patients were treated with partial
meniscectomy for tears in the allograft. Noyes et al28

described five non-failure-related subsequent procedures in
meniscal allograft patients who were then classified as nor-
mal by MRI and clinical evaluation at a mean of 3.3 years’
follow-up. Considering revision meniscal allograft surgery as
a subsequent surgical intervention rather than failure may be
considered a weakness of the study. Nevertheless, six revi-
sion patients considered their overall treatment successful at
their most recent follow-up.

Our study population showed considerable heterogene-
ity. In order to address this issue, Cox’s proportional haz-
ards model was used to account for a variety of potentially
significant effects of different clinically relevant variables.
Only age and number of previous procedures showed sig-
nificant effects. In order to evaluate the hazard of age, a
plot illustrating the effect of age on the survival was cre-
ated (Fig. 4). The mean age of patients above (57 years)
and below (39 years) 50 years of age at the time of original
meniscus allograft surgery was used in the model, whereas
all other factors were assumed to be at the population
mean values. The resulting plot shows that the upper 95%
confidence limit for a 39-year-old patient extends past the
estimated survival distribution of a 57-year-old, indicating
a chance that these populations are not entirely different.
Additionally, the cumulative survival at 10.3 years for
both groups was 75.1% (95% CI 60 to 90) for 39 years
of age and 44.1% (95% CI 19 to 69) for 57 years of
age, despite the fact that the hazard ratio indicates that
the 57-year-old is 2.90 times more likely to fail before the
39-year-old.
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Graph showing the mean Western Ontario MacMasters Universities
Osteoarthritis Index (WOMAC) pain scores at baseline and at follow-up.
There was a significant improvement in WOMAC pain scores from base-
line at all intervals. The p-values from rank-sum comparison to baseline
are shown for all intervals. The number of assessments for each interval
is noted. Error bars represent ± 1 standard error.
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Graph showing the Mean Tegner ratio scores at baseline and at follow-
up. There was a significant improvement in Tegner index scores
from baseline at all intervals, except seven years post-operatively
(p = 0.076).* The p-values from rank-sum comparison to baseline are
shown for all intervals. Number of assessments for each time interval is
noted. Error bars represent ± 1 standard error.
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In many cases failure of combined meniscal allograft
transplantation and articular cartilage repair ultimately
leads to TKR, which is known to have limited longevity.32

The number of TKRs is predicted to increase to 3.4 million
by 2030,32 with increasing costs.33 The 18 patients in this
study that progressed to UKR and TKR, did so at a mean of
5.1 years (1.3 to 10.4) after allograft transplanation, when
their mean age was 59.3 years (30.9 to 72.0). With increas-
ing costs of primary and revision TKR, the economic
impact of delaying primary knee replacement using an out-
patient arthroscopic procedure for even five years is of
interest.

This long-term follow-up study demonstrates that menis-
cal allograft transplantation combined with articular carti-
lage repair provides lasting relief of pain and improved
function in patients with severe articular cartilage damage.
Axial malalignment did not have an effect on outcome.
Although it is known that axial malalignment influences
compartmental degeneration,34 our findings are dramati-
cally different from that which conventional thinking
would predict. It might be that it takes more than the dura-
tion of this study for malalignment to produce adverse
effects on cartilage. All patients in this study presented with
Outerbridge grade III to IV articular cartilage changes, and
46.1% of the cohort was older than 50 years at the time of
surgery, criteria which are generally considered as contra-
indicated for meniscal allograft transplantation. Meniscal
allograft transplantation, when combined with articular
cartilage repair, need not be limited to young patients with
minimal articular cartilage damage, as demonstrated by the
results of this study. Biological joint reconstruction may be
an appropriate first step for many people with arthritis of
the knee.

Supplementary material
A further opinion by Professor R. Verdonk and a
table showing the rehabilitation programme is avail-

able with the electronic version of this article on our web-
site at www.jbjs.org.uk

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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