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Background: Collagen meniscal implant (CMI) is a biologic scaffold that can be used to replace meniscus host tissue after partial
meniscectomy. The short-term results of this procedure have already been described; however, little is known about risk factors
for failure.

Purpose: To determine the factors that predict failure of meniscal scaffold implantation in a large series of patients treated at
a single institution and to better define the indications for surgery.

Study Design: Case-control study; Level of evidence, 3.

Methods: The analysis included 186 consecutive patients with a minimum 5-year follow-up who underwent CMI scaffold implan-
tation or combined procedures. Patients’ characteristics and details of the surgery were obtained via chart review. Patients with
a Lysholm score \65 were considered to have experienced clinical failure. Surgical failure was defined as partial or total scaffold
removal.

Results: The final analysis included 156 patients (84%) at a mean follow-up of 10.9 6 4.3 years. The patients’ mean age at sur-
gery was 42.0 6 11.1 years, and the survival rate was 87.8%. Subgroup analysis identified Outerbridge grade 3-4 (Hazard ratio
[HR], 3.8; P = .004) and a lateral meniscal implant (HR, 3.2; P = .048) as risk factors for failure. The survival rate was 90.4% for
medial implants and 77.4% for lateral implants. An Outerbridge grade 3-4 (HR, 2.8; P \ .001) and time from meniscectomy to
scaffold .10 years (HR, 2.8; P = .020) were predictive of surgical or clinical failure.

Conclusion: CMI for partial meniscal deficiency provided good long-term results, with 87.8% of the implants still in situ at a mean
10.9 years of follow-up. Outerbridge grade 3-4, lateral meniscal implants, and longer time from the meniscectomy to implantation
of the CMI were identified as risk factors for clinical and surgical failure.

Keywords: meniscal scaffold; lateral meniscus; collagen meniscal implant; CMI; meniscal allograft transplant; long-term follow-
up

Biomechanical and clinical studies have demonstrated the
essential role that the meniscus plays in joint health, and
the deleterious effects of meniscectomy have been well
documented.1,13,27 Despite the well-known importance of
the meniscus, meniscectomy remains one of the most per-
formed knee procedures.14,16 Although meniscectomy may
provide short-term relief of symptoms in many patients,
a subgroup of patients will experience the so-called

postmeniscectomy syndrome. This condition is character-
ized by pain, recurrent swelling, and radiological signs
such as bone marrow edema, with progression to osteoar-
thritis in some patients.5

Replacement of the removed meniscal tissue with a menis-
cal scaffold has been proposed as one treatment option.6,9 At
the present time, the only options available are the collagen
meniscal implant (CMI, Ivy Sports Medicine GmbH, Ger-
many), which is composed of purified bovine collagen, and
the Actifit implant (Actifit, Orteq, United Kingdom), which
is a synthetic implant made of polyurethane.

Although meniscal substitution procedures have been
performed for .15 years and are widely accepted as

The American Journal of Sports Medicine
2022;50(11):2900–2908
DOI: 10.1177/03635465221112635
� 2022 The Author(s)

In-Depth

2900



a possible treatment for patients with partial meniscal
deficiency, the literature lacks a long-term study evaluat-
ing risk factors for failure and the appropriateness of the
current indications for this surgery. Currently, only 3 stud-
ies have reported the outcomes of scaffold implants at 10
years of follow-up.11,24,38 However, these studies evaluated
a limited number of patients with only a few failures. Two
other studies with a large number of patients were not
designed to evaluate risk factors for failure and were lim-
ited to 5 years of follow-up.28,32 In the randomized con-
trolled trial by Rodkey et al,28 only medial CMIs were
included, and only a few patients underwent associated
procedures at the time of implantation. The effect of time
from the meniscectomy to implantation of the scaffold
was also not investigated. For all these reasons, little is
known about patient and surgical characteristics that
could affect the survival of meniscal scaffolds.

The goals of this retrospective study were to report the
long-term survivorship and risk factors for failure of CMIs
in a large series of patients treated at a single institution.
Our hypothesis was that patient age, body mass index
(BMI), time from meniscectomy to implantation, and the
intraoperative degree of cartilage injury would negatively
affect the survival of the CMI.

METHODS

Ethics

Institutional review board approval was obtained for the
study (Prot. Gen. No. 0015074 del 03/11/2020). The informed
consent was collected via mail for each patient included.

Patient Selection Criteria

This long-term study was based on the Rizzoli Orthopaedic
Institute database of consecutive CMI scaffold procedures
performed between 1998 and 2015. Consecutive patients
with a minimum 5-year follow-up who underwent isolated
CMI scaffold implantation or combined procedures were
included in the analysis. Patient characteristics and
details of the surgery were obtained via chart review.
Patients with intraoperative Outerbridge grade 3-4 who
had a CMI and additional procedures such as anterior cru-
ciate ligament (ACL) reconstruction, high tibial osteotomy
(HTO), or cartilage surgery were also included in the study
and were considered to have ‘‘complex cases.’’

All patients with a minimum of 5 years of follow-up
were contacted via telephone between January and June
2020 and were asked to complete the Lysholm

questionnaire. Patients were also questioned about
whether they had undergone any additional surgeries on
the operated knee during the follow-up period and whether
they were satisfied with the results of the CMI.

Surgical failures were defined as any reoperations that
required a partial or total scaffold removal, including those
due to (1) infection, (2) scaffold-related complications such
as CMI fragmentation or dislocation, (3) conversion to
meniscal allograft transplant (MAT), (4) unicompartmen-
tal knee arthroplasty, and (5) total knee arthroplasty.

Patients considered to have experienced clinical failure
were those patients who required a second surgery because
of increasing pain or knee symptoms (arthrolysis, stem cell
injections, or HTO) and those with a poor Lysholm score
(\65 points).12,23

Indications for surgery were (1) irreparable acute
meniscal tears requiring partial meniscectomy, (2) local-
ized unicompartmental knee pain in patients who under-
went previous partial meniscectomy, and/or (3) intact
meniscal rim and functional anterior and posterior horn
attachments.

Inclusion criteria for patients in this study were (1) an
intact ACL (stable knee) or an ACL-deficient knee in which
an ACL reconstruction was performed at the time of CMI
surgery, (2) no varus or valgus deformity or a knee in
which an osteotomy was performed to correct the mechan-
ical axis deviation if .5�, and/or (3) Outerbridge grade 1-3
changes in the compartment where the meniscectomy had
been performed or a focal grade 4 cartilage lesion in the
involved compartment that underwent a cartilage repair
procedure at the time of the CMI surgery.

Exclusion criteria were (1) diagnosis of Outerbridge
grade 4 degenerative cartilage disease in the affected joint,
(2) inflammatory or systemic autoimmune diseases, (3) col-
lagen allergies, (4) concomitant injuries to ligaments other
than the ACL, (5) systemic or local infection, (6) systemic
administration of corticosteroid or immunosuppressive
agents within 30 days of surgery, (7) evidence of osteonec-
rosis in the involved knee, and/or (8) pregnancy.38

Surgical Technique and Rehabilitation

The technique for arthroscopic CMI surgery has been pre-
viously described.11,38 In brief, a standard diagnostic
arthroscopy was performed to confirm the indication of
CMI: The ACL should be intact or concomitantly recon-
structed. Diffuse grade 4 Outerbridge cartilage degenera-
tion represents a contraindication to scaffold implant;
however, if a focal full-thickness cartilage lesion is present,
it could be treated with standard cartilages procedures
such as microfracture, mosaicplasty, or scaffold implants.
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During arthroscopy, the stability of the meniscal horns
was checked, and any unstable meniscal tissue was
debrided. Moreover, the area of meniscal deficiency was
trimmed square and then measured using the appropriate
instrumentation. Using these measurements, the surgeon
cut the CMI using a scalpel to fit into the defect in the
meniscus. The CMI was inserted into the knee joint via
an enlarged lateral arthroscopic portal and placed in the
correct position via an arthroscopic probe. The surgeon
sutured the CMI to the native meniscal tissue using an
all-inside device. After the CMI was sutured into place,
any associated procedures such as an ACL reconstruction,
osteotomy, and cartilage repair surgery were performed.

Rehabilitation Protocol

A knee brace locked in full extension was applied for 6
weeks. To avoid knee stiffness, patients performed contin-
uous passive motion from 0� to 60� 4 times per day during
the first 2 weeks. The range of motion then increased to 90�
during the second, the third and the fourth weeks, in the
fifth week ROM 0-90� is permitted, and complete range
of motion was allowed starting at the sixth week. The
patient was asked to avoid weightbearing for 3 weeks.
After this period, progressive weightbearing was encour-
aged; at 6 weeks, full and unrestricted weightbearing
was permitted. Quadriceps isometric exercises were per-
formed beginning on the second postoperative day; cycling
was allowed starting from the fourth postoperative week.
Return to sports and cutting activity were permitted at 6
months after surgery.38

Statistical Analysis

Statistical analysis was performed using SPSS (Version 26;
IBM Corp). The continuous variables were expressed as
mean 6 standard deviation, whereas the categorical

variables were expressed as number and percentage. A
comparison among various follow-up points was performed
using unpaired-samples t test in case of continuous varia-
bles, and differences in categorical variables were analyzed
using the chi-square test. Patients undergoing reinterven-
tion and scaffold removal were considered to have experi-
enced surgical failure. In contrast, patients who had
a Lysholm score\65 or surgery due to knee symptoms pos-
sibly related to CMI (arthrolysis, stem cell injection, and
HTO) were considered to have experienced clinical failure.
When present, the surgical failure time was retrieved so as
not to overestimate the survival time. Survival analysis
was performed via the Kaplan-Meier method, with clinical
failure, surgical failure, and surgical or clinical failure
used as endpoints. The mean estimated survival time
was calculated from the Kaplan-Meier curves. We per-
formed logistic regression using these endpoints, with
sex, BMI (\25 vs �25), age at surgery (\43 years vs �43
years),30 CMI laterality, Outerbridge grade (0-2 vs 3-4),
combined versus isolated procedure, complex cases
(defined as CMI plus Outerbridge grade at least 3 plus 1
other surgical procedure) versus standard cases, and
time from meniscectomy to scaffold implantation (�1
year vs 1-10 years vs .10 years) used as independent var-
iables. The variables with P \ .10 were chosen to perform
the survival analysis using the log-rank test. Moreover, the
hazard ratio (HR) with 95% CI was calculated. Differences
were considered significant with P \ .05.

Figure 1. STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) diagram. CMI, collagen
meniscal implant.

TABLE 1
Patient Characteristics at the Time of Collagen Meniscal

Implantationa

Characteristic Value

Age, y 42.0 6 11.1
Sex

Male 117 (75)
Female 39 (25)

Body mass index 24.9 6 3.2
Laterality

Medial 125 (80)
Lateral 31 (20)

Time of implant
Acute 34 (22)
Chronic 122 (78)

Time from meniscectomy to collagen
meniscal implantation, y

8.8 6 8.5

Outerbridge grade
0-2 80 (51)
3-4 76 (49)

Associated procedures
No 71 (46)
Yes 85 (54)

Complex cases
No 93 (60)
Yes 63 (40)

Follow-up, y 10.9 6 4.3

aValues are expressed as mean 6 SD or n (%).
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RESULTS

A total of 186 patients met the inclusion criteria; of them,
156 (84%) completed the long-term assessment at a mean
follow-up of 10.9 6 4.3 years (95% CI, 10.2-11.6 years) (Fig-
ure 1). The study population included 117 (75%) male
patients and 39 (25%) female patients. In total, 125 (80%)
of the patients had a medial implant, whereas 31 (20%)
had a lateral implant. The mean age at surgery was 42.0
6 11.1 years, and the mean time from meniscectomy to
CMI was 8.8 6 8.5 years. Patient and surgical data are
shown in Table 1.

With a mean follow-up of 10.9 years, the overall sur-
vival rate for the CMI was 87.8%. Overall, 85% of the
patients were satisfied or partially satisfied with the
results of implantation. During the considered follow-up
period, 19 surgical failures (12.2%) were identified: 3
patients had postoperative early infection that required
arthroscopic lavage and scaffold removal, 1 patient had
a fragmentation of the scaffold at 3 months after surgery,
5 patients underwent MAT, 6 patients underwent unicom-
partmental knee arthroplasty, and 4 patients underwent
total knee arthroplasty (Table 2). When further evaluating
the different subgroups of patients, we identified Outer-
bridge grade 3-4 (HR, 3.8; P = .004) and lateral scaffold
(HR, 3.2; P = .048) as risk factors for surgical failure (Table
3; Figure 2).

A total of 21 patients underwent an additional surgical
procedure during the study period; 6 patients required sur-
gery because of mechanical symptoms or increasing pain (1
arthrolysis, 2 HTOs, and 3 stem cell injections) and were

considered to have experienced clinical failure. Patients
requiring hardware removal (n = 11) and ACL reconstruc-
tion or revision (n = 4) were not considered to have experi-
enced failure because the second surgery was not related to
the CMI.

In the final analysis, 47 patients (30.1%) were consid-
ered to have experienced either a surgical or a clinical fail-
ure. An Outerbridge grade of 3-4 (HR, 2.8; P \ .001) and
time from meniscectomy to scaffold implantation .10
years (HR, 2.8; P = .020) were identified as risk factors
for clinical or surgical failure (Table 4; Figure 3). The sur-
vival rate was similar between patients who underwent
scaffold implantation during the first year after meniscec-
tomy and those who underwent implantation 1 to 10 years
after meniscectomy (78.0% and 75.0%, respectively). How-
ever, the survival rate decreased to 58.2% in patients who
underwent surgery .10 years after meniscectomy.

A comparison of complex cases versus standard cases
revealed that the first group of patients had an increased
risk of surgical failure (HR, 4.0; P = .004) and combined
clinical or surgical failure (HR, 2.4; P = .005). The overall
rate of surgical failure in the complex cases was 38.1%
(Table 5; Figure 4).

DISCUSSION

The most important finding of the present study was that
CMI for partial meniscal defects provided good long-term
survivorship, with 87.8% of patients still having the
implant in situ after a mean 10.9 years of follow-up.

TABLE 2
Details of CMI Surgical Failuresa

Patient Characteristics Failure

Patient

Age at

Surgery, y Sex Laterality

Time from

Meniscectomy

Intraoperative

Cartilage

Injury, n

Associated

Procedures

Type of

Failure

Cause of

Failure

Timing of

Failure

1 42.8 M Lateral 15 y 3 Microfracture CMI removal Infection 2 mo

2 44.5 F Lateral 0 (acute) 0 No CMI removal Infection 2 mo

3 43.3 F Lateral 1 y 1 DFO CMI removal Scaffold fragmentation 3 mo

4 36.1 M Lateral 14 y 3 Medial meniscal suture MAT Scaffold removal 2 y

5 53.3 M Lateral 12 y 3 No MAT Increasing pain 2.5 y

6 33.9 M Lateral 10 y 4 Microfracture 1 ACI UKA OA progression 13 y

7 52.7 F Lateral 6 y 4 Microfracture TKA OA progression 2 y

8 40.0 M Medial 10 y 3 HTO 1 cartilage scaffold CMI removal Infection 2 mo

9 47.2 M Medial 25 y 3 HTO 1 revision ACL MAT Scaffold removal 6 mo

10 37.3 M Medial 18 y 3 Revision ACL MAT Scaffold removal 1 y

11 43.8 F Medial 27 y 3 ACL reconstruction MAT Scaffold removal 4 y

12 61.4 M Medial 0 (acute) 3 No UKA Symptomatic OA 1 y

13 50.4 M Medial 5 y 3 HTO UKA Symptomatic OA 6 y

14 34.1 M Medial 5 y 4 Mosaicplasty UKA Symptomatic OA 7 y

15 39.4 M Medial 9 y 3 No UKA Symptomatic OA 7 y

16 51.9 M Medial 8 y 4 Microfracture UKA Symptomatic OA 9 y

17 33.2 M Medial 14 y 4 Microfracture TKA Symptomatic OA 5 y

18 35.3 M Medial 14 y 4 Microfracture 1 revision ACL TKA Symptomatic OA 9 y

19 51.4 M Medial 10 y 3 No TKA Symptomatic OA 13 y

aACI, autologous chondrocyte implantation; ACL, anterior cruciate ligament; CMI, collagen meniscal implant; DFO, distal femoral osteotomy; F, female;

HTO, high tibial osteotomy; M, male; MAT, meniscal allograft transplant; OA, osteoarthritis; TKA, total knee arthroplasty; UKA, unicompartmental knee

arthroplasty.
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Moreover, 85% of the patients were completely or partially
satisfied with the surgical intervention. However, we
found an overall significant difference in survival between
the medial and lateral implants, with the latter showing
a higher rate of surgical failure. We also identified
advanced cartilage damage, time from previous meniscec-
tomy .10 years, and complex cases as risk factors for clin-
ical or surgical failure. The results of the present study
provide novel insights into the current meniscal substitu-
tion literature for different reasons: the large number of
patients treated, the single-center location of the study,
the high response rate, and the long-term follow-up.

In the present research, the implant of a lateral scaffold
was identified as a risk factor for surgical failure, with
a 10-year survival rate of 77.4% for lateral CMI versus
90.4% for medial CMI. In the literature, only 3 case reports
have evaluated the long-term outcomes of medial CMI (59
patients in total),21,24,38 and 1 study reported the results of
lateral CMI.11 Regarding the medial scaffold, Zaffagnini
et al38 reported no failures in a series of 17 patients at 10
years of follow-up, whereas another study reported that 2
of 25 patients required medial MAT because of increasing
knee pain several years after surgery.24 Similar to the
present study results, the long-term outcomes of lateral

Figure 2. Kaplan-Meier curves describing the survivorship of collagen meniscal implant considering only surgical failures (defined
as reoperations that required a partial or total scaffold removal). Outerbridge grade of 3-4 (HR, 3.8; P = .004) and lateral scaffold
(HR, 3.2; P = .048) were identified as risk factors for surgical failures. HR, hazard ratio.

TABLE 3
Risk Factors for Surgical Failure

No. of Events/Total Cases

Survival Rate, %

P Value Hazard Ratio (95% CI)2 y 5 y 10 y 15 y Overall

Overall 19/156 95.5 92.2 88.2 83.6 87.8
Outerbridge grade

0-2 4/80 97.5 97.5 96.0 92.5 95
3-4 15/76 93.4 86.7 80.3 73.6 80.3 .004 3.8 (1.5-9.4)

Laterality
Medial 12/125 96.8 95.1 90.1 87.2 90.4
Lateral 7/31 87.1 80.6 80.6 67.2 77.4 .048 3.2 (1.0-10.0)
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CMI have been reported to be less favorable, with a 64%
survival rate at 12.5 years.11 The only study with a compa-
rable sample size investigated the outcomes of the Actifit,
a polyurethane scaffold. In that research, the authors did
not detect any differences in terms of survival rate between
the medial and the lateral scaffolds.32 However, that study
was limited to 5 years of follow-up, and although the sur-
vival rate of the medial scaffold was stable between 2
and 5 years of follow-up, the lateral implants demonstrated
an increased failure rate over time.32

The worse results of the lateral scaffold compared with
the medial scaffold could be related to several factors,
including different mobility of the menisci, bony morphol-
ogy, and load distribution across these 2 compartments.2,7

Studies of meniscal kinematics have shown that the lateral
meniscus is markedly more mobile than the medial menis-
cus is.8 Moreover, these menisci have notable differences in
segmental motion: Because of the reduced anteroposterior
ratio, the lateral meniscus moves more as a single unit
compared with the medial meniscus.31 Therefore, it is

Figure 3. Kaplan-Meier curves describing the survivorship of collagen meniscal implants (CMIs) considering both clinical and sur-
gical failures. Outerbridge grade of 3-4 (HR, 2.8; P\ .001) and time from meniscectomy (Men.) to scaffold .10 years (HR, 2.8; P =
.020) were identified as risk factors for implant failure. HR, hazard ratio.

TABLE 4
Risk Factors for Clinical or Surgical Failurea

No. of Events/Total Cases

Survival Rate, %

P Value Hazard Ratio (95% CI)2 y 5 y 10 y 15 y Overall

Overall 47/156 95.5 91.6 77.2 60.1 69.9
Outerbridge grade

0-2 16/80 97.5 97.5 85.6 77.9 80.0
3-4 31/76 93.4 85.4 68.5 38.5 59.2 .000 2.8 (1.5-4.9)

Time from meniscectomy to CMI
� 1 y 9/41 92.7 92.7 89.6 80.8 78.0
1-10 y 15/60 98.3 96.6 75.2 63.7 75.0 1.7 (0.9-3.5)
.10 y 23/55 92.7 87.3 69.1 41.6 58.2 .020 2.8 (1.4-5.6)

aCMI, collagen meniscal implant.
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possible that after CMI surgery, it is more difficult for the
lateral meniscus to articulate with the tibia and the femur
throughout flexion. Moreover, the reduced mobility of the
lateral meniscus may increase the risk of further injury.31

In addition, because of bony morphology, the lateral com-
partment is more dependent on meniscal function than is
the medial compartment. The meniscus transfers a higher
percentage of the load on the lateral side because of the
more concave tibial plateau. In contrast, on the medial
side, a relevant amount of load is transferred directly by
the cartilage.22,29,34

In line with other clinical studies,15,28,37 we found few
device-related complications, with 3 patients having
a deep infection and 1 patient experiencing scaffold frag-
mentation in the early postoperative period. Moreover, no
device-related complications such as late infections, syno-
vitis, or immunological reactions were reported even at
long-term assessment. These results demonstrate the
safety of the CMI and the higher biocompatibility of this
meniscal scaffold compared with other nonbiodegradable
devices such as synthetic ligaments.10,20,33

Contrary to our primary hypothesis, patient age and
BMI were not associated with clinical or surgical failure.
However, we cannot compare our results with the litera-
ture because the long-term effect of these 2 variables on

survivorship of the meniscal scaffold has never been inves-
tigated. Patient age and BMI have been extensively stud-
ied with respect to the outcomes of MAT, which has
similar indications and patient characteristics. However,
the evidence is inconclusive; some investigators have
reported that patient age and BMI are independent risk
factors for failure, whereas others have reported that these
parameters did not contribute to graft failure after
MAT.17,18,25,36

An interesting analysis of the effect of age on MAT was
performed by Kim et al18 in a large group of consecutive
patients. Older age was associated with a lower survival
rate, but after matching patients for cartilage status and
time from the previous meniscectomy, the investigators
found no significant difference in MAT survivorship
between younger and older patients. Thus, similar to our
study, Kim et al concluded that MAT survivorship was pre-
dominantly affected by age-related prognostic factors, such
as cartilage damage and time from meniscectomy, rather
than age itself.

Regarding meniscal substitution surgery, one contro-
versial topic is the ideal time between meniscectomy and
the surgical implant of the scaffold. In the present
research, the survival rate of the scaffold dropped from
75% to 58.2% when CMI surgery was performed .10 years

Figure 4. Kaplan-Meier curves reporting the survivorship of collagen meniscal implants in complex cases (defined as collagen
meniscal implant plus Outerbridge grade at least 3 plus 1 other surgical procedure) and survivorship in standard cases. Note
that complex cases had a worse prognosis.

TABLE 5
Survival Rate in Complex Cases

No. of Events/Total Cases

Survival Rate, %

P Value Hazard Ratio (95% CI)2 y 5 y 10 y 15 y Overall

Surgical failure
No 6/93 97.8 96.8 94.3 91.2 93.5
Yes 13/63 92.1 85.6 79.6 69.6 79.4 .004 4.0 (1.6-10.3)

Clinical or surgical failure
No 23/93 97.8 95.6 83.1 72.2 75.3
Yes 24/63 92.1 85.6 68.2 36.2 61.9 .005 2.4 (1.3-4.5)

2906 Lucidi et al The American Journal of Sports Medicine



after meniscectomy (Figure 3; Table 4). Even though the
use of CMI has been advocated only in a chronic setting,
recent studies have supported the indication of CMI even
after a recent meniscectomy.4,21,28 Rodkey et al28 compared
the outcomes of 311 patients who underwent CMI in an
acute or chronic setting versus patients who underwent
isolated meniscectomy: Only in the chronic group did
CMI show superior results in terms of subjective scores
and patient satisfaction compared with meniscectomy.
Nonetheless, because the development of symptomatic car-
tilage damage after meniscectomy takes many years,26 it is
possible that the follow-up time of 5 years in the study of
Rodkey et al was insufficient to detect significant changes.
The need for a more aggressive approach when dealing
with meniscectomy has been advocated by Condello
et al.4 Their results suggested that delayed scaffold
implantation of .6 months correlates with lower clinical
outcomes at 3 years of follow-up. These findings are in
line with the outcomes of our research and seem to suggest
a window of opportunity in which the use of a meniscal
scaffold could result in a greater benefit.

In the present study, a subgroup of patients with com-
plex cases was analyzed separately; those patients had
advanced cartilage lesions, meniscal defects, and other con-
comitant knee pathologies requiring surgical management.
Even though those patients had worse clinical results and
higher failure rates when compared with the patients
with standard cases, the overall survival of 69.9% at
a mean 10.9 years of follow-up could be considered satisfac-
tory, considering the preoperative condition and the limited
possible treatment options for this subgroup of patients.

The current study’s findings represent an important
message to share with the orthopaedic community. A com-
bined biological and mechanical approach could result in
satisfactory results for relatively young patients affected
by multiple knee problems who are eligible for total knee
replacement. In addition, studies investigating the out-
comes of total knee replacement performed in younger
patients have found lower survivorship, a higher reopera-
tion rate, and a higher incidence of infections and extensor
mechanism complications when compared with an older
population.3,35

The present study has several limitations. It was a retro-
spective study. Moreover, we did not include a control
group of patients who underwent isolated meniscectomy,
and magnetic resonance imaging was not performed at
the last follow-up. Therefore, it was impossible to prove
whether the scaffold implant could provide a real benefit
in terms of chondroprotection or symptom relief compared
with isolated meniscectomy. It was not possible to analyze
whether the location of the meniscal lesion, the degree of
meniscectomy, and the size of the CMI were risk factors
for failure.

Another limitation is that a considerable percentage of
patients underwent an associated surgical procedure dur-
ing the CMI surgery. However, this heterogeneous popula-
tion represented the typical patient profile referred to
high-level knee surgery centers. No objective evaluation
was performed, and the patients were contacted via tele-
phone. However, a previous study demonstrated that the

Lysholm score could be reliably completed through tele-
phone interview19 and the patients could easily recall
data such as surgical failures even without an in-office
evaluation. The last limitation of the study entails the
assessment of clinical failure in survivorship analysis.
The exact time the Lysholm dropped under 65 points was
underestimated; however, the data added relevant infor-
mation because not all of the patients with unsatisfactory
outcomes decided to undergo a subsequent arthroscopy to
remove or revise the implant.

This study has several strengths that are important to
highlight. This study was the first to investigate clinical
and surgical failures in a large population of patients
who received CMI for partial meniscal defects at a mean
of 10.9 years of follow-up. Moreover, the follow-up rate
was excellent (84%), and a secondary statistical analysis
confirmed that there were no differences in patient charac-
teristics and surgical parameters between the patients
included in the study and the patients who dropped out.

The good long-term survival rate and the high patient
satisfaction reported in the present study confirm that
CMI is a safe and valuable procedure for treating symp-
tomatic meniscal defects. Patients with a lateral meniscal
defect, high-grade cartilage lesion, and time from previous
meniscectomy .10 years should be informed of this treat-
ment’s higher failure rate.

On the basis of the present study results, we recom-
mend using a meniscal scaffold to treat symptomatic
meniscal deficit even in a chronic setting. However, to
achieve a satisfactory survival rate, it is crucial to address
ligament instability and axial malalignment at the index
surgery and to perform meniscal replacement surgery
\10 years after meniscectomy.

CONCLUSION

Collagen meniscal implant for partial meniscal deficiency
provided good long-term results, with 87.8% of the
implants still in situ at a mean 10.9 years of follow-up.
Outerbridge grade 3-4, lateral meniscal implants, and lon-
ger time from meniscectomy to CMI were identified as risk
factors for clinical and surgical failures.

REFERENCES

1. Abram SGF, Judge A, Beard DJ, Carr AJ, Price AJ. Long-term rates

of knee arthroplasty in a cohort of 834 393 patients with a history of

arthroscopic partial meniscectomy. Bone Joint J. 2019;101(9):1071-

1080.

2. Baratz ME, Fu FH, Mengato R. Meniscal tears: the effect of menis-

cectomy and of repair on intraarticular contact areas and stress in

the human knee: a preliminary report. Am J Sports Med.

1986;14(4):270-275.

3. Chalmers BP, Pallante GD, Sierra RJ, Lewallen DG, Pagnano MW,

Trousdale RT. Contemporary revision total knee arthroplasty in

patients younger than 50 years: 1 in 3 risk of re-revision by 10 years.

J Arthroplasty. 2019;34(7)(suppl):S266-S270.

4. Condello V, Dei Giudici L, Perdisa F, et al. Polyurethane scaffold

implants for partial meniscus lesions: delayed intervention leads to

AJSM Vol. 50, No. 11, 2022 Survivorship of Collagen Meniscal Implant 2907



an inferior outcome. Knee Surg Sports Traumatol Arthrosc.

2021;29(1):109-116.
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