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Abstract
Purpose  Severe cartilage damage and advanced knee osteoarthritis (OA) might be associated with poor outcomes of menis-
cal allograft transplantation (MAT). The purpose of this prospective follow-up study was to explore MAT survivorship and 
patient satisfaction among young patients with symptomatic meniscal deficiency and radiological OA of different Kellgren–
Lawrence (K–L) grades.
Methods  Thirty-five consecutive MAT patients were prospectively followed up for 2 years. The lateral meniscus was replaced 
in 29 patients and the medial meniscus in 6 patients. Outcomes were assessed using the KOOS4 composite score, KOOS sub-
scales, Lysholm knee score, and OA K–L grade progression from weight-bearing knee radiographs. For the outcome analysis, 
patients were categorized into two groups: 19 in Group A (K–L classification 0–1) and 16 in Group B (K–L classification 2).
Results  In terms of KOOS4 and Lysholm scores, the patients showed a clinically significant improvement from baseline to 
the 1-year follow-up (22.2 points, 95% CI 16.6–27.8 for KOOS4 and 16.8 points, 95% CI 8.9–24.6 for Lysholm), and the 
improvement remained at 2 years (20.6 points, 95% CI 13.2–28.1 for KOOS4 and 21.5, 95% CI 12.5–30.7 for Lysholm). 
At the 6-month follow-up, this improvement was not yet observed. Minor between-group differences were observed in the 
KOOS4 and Lysholm scores for the K–L 0–1 and K–L 2 OA groups, but the estimates were imprecise with wide confidence 
intervals. A clinically relevant difference between these two study groups could not be found at any timepoint. The reopera-
tion rate was higher in the K–L 2 group than in the K–L 0–1 group (31% vs. 11%).
Conclusions  MAT yielded improved patient-reported outcomes and subjective satisfaction at 1 and 2 years postoperatively. 
The differences from baseline exceeded the minimal clinically important difference (MCID) at all timepoints. The severity 
of cartilage damage and knee OA in terms of the K–L grade at the time of surgery did not affect the KOOS and Lysholm 
scores after the MAT procedure. Knee OA progression in terms of K–L grade worsening was not observed in any patients.
Level of evidence  III.
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Introduction

Understanding of the importance of the meniscus for knee 
joint biomechanics and biology has changed during the 
last 5 decades [8, 27]. Until the 1980s, arthroscopic partial 
meniscectomy (APM) was an accepted surgical procedure 
to treat meniscal tears in a painful knee joint. Currently, 
APM should be carefully considered for the treatment of 
knee pain, since studies have shown that while APM may 
offer short-term pain relief in the long term, it is associated 
with an increased risk of progression of knee osteoarthritis 
(OA) [25, 26].
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Traumatic meniscal tears are thought to occur due to 
excessive forces in an otherwise healthy knee. Discoid 
menisci have a higher rate of tears requiring resection [3]. 
Today, the first-line treatment for traumatic vertical longi-
tudinal and deep radial meniscal tears is repair whenever 
possible [1]. However, there is still a group of patients whose 
meniscal tears are complex and difficult to repair or whose 
previous surgical repairs have failed. For this group, menis-
cal allograft transplantation (MAT) may be the treatment of 
choice. The first human MAT operation was performed in 
the 1980s [27]. Long-term outcome studies have shown that 
MAT seems to improve pain and function in young patients 
with symptomatic meniscal deficiency [7, 10, 21, 28].

Candidates for MAT are young, healthy, and active 
patients who are symptomatic after undergoing meniscec-
tomy and have not had satisfactory results with further non-
operative management. Evidence of severe knee OA with 
deep cartilage damage has generally been reported by most 
publications as a contraindication for MAT grafts, as graft 
survivorship may be compromised [5]. In most publications, 
radiographic OA Kellgren–Lawrence (K–L) ≥ 3 has been 
considered a contraindication for MAT [27].

According to the International Meniscus Reconstruction 
Forum statement regarding a selected group of younger 
arthritic patients in whom operative treatments have failed 
and no other surgical option exists, MAT can be thought of 
as a bridging solution. In addition, MAT can be performed 
as a concomitant procedure to correct alignment with distal 
femoral osteotomy (DFO) or high tibial osteotomy (HTO) 
and/or articular cartilage repair (ACR) in a meniscus-defi-
cient compartment [10, 40]. Currently, the most discussed 
issue is whether MAT can provide long-term prevention or 
delay of articular cartilage degeneration and OA [20, 28].

The purpose of the prospective follow-up study was 
exploring of MAT survivorship and patient satisfaction 
among a sample of young patients with symptomatic menis-
cal deficiency, cartilage damage, and radiological OA of dif-
ferent K–L grades. In addition, the trends of progression 
of knee OA among young MAT patients during follow-up 
were evaluated.

Materials and methods

Approval for the study (HUS/234/2020) was obtained from 
the Research Board of the Department of Musculoskeletal 
and Plastic Surgery, Helsinki University Hospital, Helsinki, 
Finland.

Study subjects

Orthopaedic surgeons identified potential patients for MAT 
among those referred to the outpatient clinic. Patients 

eligible for the study were those with disabling unicompart-
mental knee pain after a (sub)total meniscectomy and with 
knee OA K–L 0–2. The patients were invited to an outpatient 
clinic visit, and they were diagnosed according to clinical 
and radiologic examinations, including MRI and weight-
bearing knee and mechanical axis radiographs. Exclusion 
criteria were patients older than 45 years, body mass index 
(BMI, calculated weight in kilograms divided by the square 
of the height in metres) more than 40, and poor cooperation 
(drug or alcohol abuse or inability to follow the postopera-
tive rehabilitation protocol). All patients had undergone sev-
eral knee operations before the current operation. Patients 
were informed about the prospective follow-up protocol.

Baseline data

The OA K–L grade was diagnosed from weight-bearing 
radiographs of the affected knee. The severity of cartilage 
degeneration was determined from knee MRI and during 
arthroscopy using the International Cartilage Repair Society 
(ICRS) score [23]: grade 0, normal; grade 1, nearly nor-
mal (superficial softening and/or superficial fissures and 
cracks); grade 2, abnormal (lesions extending to < 50% of 
the cartilage depth); grade 3, severely abnormal (cartilage 
defects extending to > 50% of the cartilage depth and down 
to the subchondral bone); and grade 4, severely abnormal 
(complete defect). The mechanical axis was measured from 
weight-bearing mechanical axis radiographs.

Surgical technique

The arthroscopically assisted MAT technique was used with-
out a tourniquet under general anaesthesia. Routine diagnos-
tic arthroscopy and cartilage injury evaluation (ICRS) were 
first performed, followed by the MAT procedure. Meniscal 
allografts were frozen and nonirradiated from the Helsinki 
University Hospital Bone and Soft Tissue Bank. Initially, 
soft tissue meniscal allografts (11 patients) were used, and 
double bone plug meniscal allografts were used later.

The bone plugs were prepared to fit a diameter of 8 mm 
and a length of 10 mm. Meniscal allografts were fixed with 
loop sutures (#2FiberLoop®, Arthrex, Naples, Florida, 
USA) to the horns. Tunnels were drilled from the antero-
medial or anterolateral tibia and the horn sockets with the 
retro drill technique. The loop sutures were passed through 
the tunnels and tied over suture buttons in the tibia. The allo-
grafts were also fixed to the capsule with vertical inside–out 
and all-inside sutures. Valgus deformities of the distal 
femur (≥ 3°) were corrected with lateral opening wedge 
distal femoral osteotomy (DFO), and tibial varus (≥ 3°) was 
corrected with a medial opening wedge high tibial osteot-
omy (HTO). Local deep cartilage lesions (ICRS grade 4) 
were treated with microfracture if it was deemed clinically 
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relevant during the first half of the study period. In addition, 
failed anterior cruciate ligament (ACL) reconstructions were 
treated simultaneously with ACL revision reconstruction. 
The operations were performed by the last author.

Postoperatively, rehabilitation included a hinged knee 
brace, crutches, and partial weight-bearing for 6–8 weeks. 
Toe touch weight-bearing was allowed for the first 4 weeks, 
followed by 2–4 weeks of half weight-bearing. Knee flexion 
was limited to 60° for the first 4 weeks and to 90° for the 
next 2 weeks. Full range of motion (ROM) was allowed after 
6 weeks. Cycling exercises began after 8 weeks. Running 
was allowed after 6 months.

Follow‑up protocol

Patients were seen at follow-up visits conducted at 3 and 
6 months and at 1 and 2 years after the operation. Weight-
bearing knee radiographs were taken at these timepoints. 
MRI examination was conducted when deemed clinically 
relevant. At the follow-up visit, an interview concerning 
symptoms and a clinical examination were performed by 
the operating surgeon. Patient-reported outcome meas-
ures (PROMs) were collected before the surgery, at 6 and 
12 months, and thereafter once a year.

Outcomes

The outcomes of this study consisted of objective and 
patient-reported outcomes.

Primary outcome measure

The Knee Injury and Osteoarthritis Outcome Score, KOOS4 
composite score was used as the primary outcome measure 
[29]. For the analysis, the composite KOOS4 score was cal-
culated with a mean score for symptoms, pain, sport and 
quality of life subscales for each patient [9]. Scores were 
presented as 0–100, with 100 being the best possible score. 
A minimal clinically important difference (MCID) of 10 
points was used [2].

Secondary outcome measures

Secondary outcome measures were divided into radio-
graphic (K–L and OA progression), patient-reported out-
comes (KOOS subscales, Lysholm knee score), subjective 
satisfaction, and adverse events (need for revision surgery, 
complications). OA progression was monitored at the fol-
low-up visits using weight-bearing radiographs of the knee. 
For the Lysholm score, a minimal clinically important dif-
ference (MCID) of 4.2 points was used [25].

Data on adverse surgical complications (deep wound 
infection, deep venous thrombosis, meniscal allograft fail-
ure, neurological complication) and minor complications 
(superficial wound infection, pain) were collected. Meniscal 
allograft failure was defined as the removal of the complete 
allograft or a revision MAT procedure.

Study groups

The study population comprised 35 consecutive patients (20 
women, 15 men). The median age of the patients was 27 
years (range 17–43 years). The first patient was 43 years; 
all others were below 40 years of age. The baseline charac-
teristics of the study population are given in Table 1. MAT 
surgeries were performed between 2011 and 2021.

For the outcome analysis, patients were divided into 
two groups according to the degree of OA in preoperative 
weight-bearing knee radiographs: Group A K–L classifica-
tion 0–1 (19 patients) and Group B K–L classification 2 (16 
patients). The ICRS scores of cartilage damage in Group B 
were greater than those in Group A, such that grade 4 carti-
lage damage was seen in 62% of patients in Group B and in 
26% of patients in Group A (Table 2). The main follow-up 
point was at 2 years.

Prior to the MAT procedure, 1–5 knee operations were 
performed (median: 3 operations/patient). The aetiology of 
meniscal disease was trauma for 26 participants, discoid 
meniscus for 6 participants, and other causes for 3 partici-
pants. Eight of the patients had a combined ACL and menis-
cus rupture (23%). A total of 33 patients (94.3%) answered 
the PROM questionnaires at least once.

Table 1   Baseline characteristics of MAT population (N = 35)

K–L Group A (N = 19) K–L Group B (N = 16)

Gender female/male—n (%) 11 (57.8%)/8 (42.1%) 9 (56.2%)/7 (43.8%)
Age (years)—median (range) 27 (19 –43) 27 (17–43)
Lateral compartment/medial compartment—n (%) 16 (84.2%)/3 (15.8%) 13 (81.3%)/3 (18.8%)
Etiology; post traumatic/discoid meniscus/other—n (%) 13 (68.4%)/5 (26.3%)/1 (5.3%) 15 (93.8%)/1 (6.3%)/0
No. of previous surgeries—median (range) 3 (0 –5) 3 (1 –5)
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Statistical analysis

Continuous variables are herein described using means and 
the associated confidence intervals. Parametric tests were 
used to examine within- and between-group differences. A 
paired t test was applied to investigate differences between 
baseline and the follow-up point. A linear mixed model 
was used to investigate differences between patients with 
K–L 0–1 and K–L 2 OA. Repeated measures from base-
line and follow-up timepoints were used as the outcome, 
and the group difference was interpreted as the interaction 
between the K–L group and the timepoint. The given patient 
was included as a random factor. RStudio v2021.09.1 (Posit 
PBC, USA) was used for the analysis.

Results

The numbers of lateral (LMAT) and medial meniscus trans-
plants (MMAT) were 29 and 6, respectively. No bilateral 
transplantations were performed. As a concomitant pro-
cedure to MAT, distal femoral osteotomy (DFO) was per-
formed for 6 patients (17%), high tibial osteotomy (HTO) 
for one patient (3%), revision ACL surgery for 6 patients 
(17%), and microfracture of local ICRS grade 4 cartilage 
lesions for 8 patients (3, tibia condyle; 2, femur condyle; and 
3, trochlea). In five of these patients (14%) microfracturing 
was the only concomitant procedure, while the three others 
underwent both DFO and microfracturing.

Patient‑reported outcomes

In terms of KOOS4 and Lysholm scores, the patients had 
a clinically significant improvement from baseline to the 
1-year follow-up; the improvement remained at 2 years 
(Figs. 1 and 2). However, at the 6-month follow-up, this 
improvement was not yet observed. Similar findings were 
seen in the KOOS4 subdomains (Table 3).

Minor between-group differences in the KOOS4 and 
Lysholm scores were observed for K–L Group A and 
K–L Group B, but the estimates were imprecise with wide 

confidence intervals (Figs. 3 and 4). A clinically relevant 
between-group difference could not be found at any time-
point (Table 4).

Osteoarthritis progression

Between the preoperative assessment and the final follow-up 
at 2 years, the K–L grade assessed in weight-bearing radio-
graphs did not deteriorate in any patient.

Complications/adverse effects

No serious adverse effects or postoperative infections were 
observed during the follow-up. Reoperations were conducted 
for 7 patients (20%). Five patients had MAT tears either of 

Table 2   Grade of cartilage damage related to the OA K–L grade in 
MAT patients (N = 35)

Osteoarthritis 
K–L group 
(grade)

Cartilage damage ICRS grade 
(maximum)

Total patients

1 2 3 4

Group A (0–1) 0 5 (26%) 9 (48%) 5 (26%) 19
Group B (2) 0 2 (13%) 4 (25%) 10 (62%) 16

Fig. 1   Mean change of KOOS4 scores from baseline to follow-up at 
2 years in all MAT patients

Fig. 2   Mean change of Lysholm scores from baseline to follow-up at 
2 years in all MAT patients
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the body or at root fixation requiring repair (n = 4) or par-
tial resection (n = 1). Two patients had limitations of knee 
motion requiring debridement arthroscopy. Reoperations 
were performed for two patients in K–L Group A (11% of 
patients in Group A) and five patients in K–L Group B (31% 
of patients in Group B).

Discussion

The most important finding of the present study was that 
MAT increased patient satisfaction and patient-related out-
come measures in both K–L grades 0–1 and K–L grade 2 
knee OA groups in a 2-year follow-up. Patients in both study 
groups had clinically significant improvement in KOOS4 and 
Lysholm knee scores from baseline to the 1-year follow-up, 
and the improvement remained at 2 years. In addition, knee 
OA progression in terms of K–L grade worsening was not 
observed in any patients.

Since the 1980s, many studies have been published con-
cerning MAT survivorship and patient satisfaction after the 
procedure. Equally improved clinical outcomes have been 
generally reported after MMAT and LMAT [15, 32, 37]. A 
recent systematic review found no significant risk for graft 
failure between patients receiving either MMAT or LMAT 
[17]. In most studies, MAT seems to decrease pain in the 
affected compartment and provides subjective improvement 
in up to 70% of patients [11, 30, 38]. Patient satisfaction 
seems to be also high at long-term follow-up, though revi-
sion and conversion to arthroplasty rates increase by time 
[35].

Significant improvements in PROMs (KOOS and 
Lysholm scores) have also been reported [13, 31, 34, 36, 
39] which is similar to our results, as clinically significant 
increases were seen in the KOOS4 score, most KOOS4 sub-
scale scores, and the Lysholm score at the 2-year follow-up.

Only a few studies have reported changes in the OA K–L 
score after MAT. In one study a worsening of the K–L clas-
sification by one point was seen in 14 of 33 patients (42%) in 
a mean 8.8-year follow-up [33] and in another study with a 
shorter follow-up (mean 2.6 years), a worsening of knee OA 
was seen in 8 of 36 patients (22%) [12]. A study conducted 
with young athletes with a mean follow-up of 3.3 years 
reported that worsening of the K–L stage by one or more 
points was seen in 5 of 10 patients (50%) [6]. No worsening 
of knee osteoarthritis according to the K–L classification 
was observed in our study at the 2-year follow-up.

A systematic review by Harris et al. [14] found that clini-
cal outcomes were similar between those who underwent 
MAT with or without concomitant cartilage repair/restora-
tion procedures. Another systematic review and meta-anal-
ysis stated that there seemed to be no significant difference 

Table 3   Mean and SD values in KOOS subgroups among both study groups

Symptoms Pain ADL Sport QOL

K–L(A) K–L(B) K–L(A) K–L(B) K–L(A) K–L(B) K–L(A) K–L(B) K–L(A) K–L(B)

Preop (SD) 51.8 (16.1) 56.6 (13.) 73.6 (19.3) 66.9 (22.0) 86.6 (12.5) 78.9 (22.0) 50.9 (28.2) 37.7 (29.8) 43.0 (21.0) 31.8 (21.9)
1 year postop 76.6 (10.7) 64.1 (23.5) 83.7 (11.5) 84.7 (17.7) 83.4 (12.9) 92.0 (12.9) 64.2 (19.7) 74.0 (21.5) 66.3 (11.6) 68.8 (19.5)
2 years 74.7 (16.6) 82.9 (16.1) 81.2 (17.5) 89.5 (8.8) 90.1 (10.6) 96.2 (4.2) 60.4 (21.7) 77.2 (16.2) 58.0 (22.7) 66.0 (16.9)

Fig. 3   Mean KOOS4 scores in Group A (K–L 0–1) and Group B 
(K–L 2) from baseline to follow-up at 2 years

Fig. 4   Mean Lysholm scores in Group A (K–L 0–1) and Group B 
(K–L 2) from baseline to follow-up at 2 years
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between the postoperative PROMs in terms of isolated MAT 
and MAT combined with other procedures, including carti-
lage procedures. They could not draw conclusions about the 
differences in complication, reoperation, survivorship, and 
failure rates between the two groups because of insufficient 
data [18]. In our study, microfractures were performed on 
eight patients with local ICRS grade IV cartilage damage as 
an associated procedure, but no other cartilage procedures 
were conducted despite the preoperative cartilage state. 
According to current knowledge, cartilage procedures used 
in combination with MAT may not be clinically effective 
[14, 18].

It has been questioned whether MAT is a meaningful 
procedure when osteotomy is performed on a malaligned 
knee with advanced chondral damage and knee OA or when 
ACL reconstruction is performed on an unstable knee. Bloch 
et al. assessed the impact of concomitant operations and the 
influence of articular cartilage lesions on outcomes [4]. They 
found that the addition of osteotomy or ACL reconstruction 
led to results similar to those in patients with MAT as the 
only procedure conducted on normally aligned and stable 
knees. Kempshall et al. [16] evaluated the concomitant use 
of osteotomy on patient-reported outcomes with multivariate 
analysis. They found a negative association between con-
comitant osteotomy and changes in delta KOOS, Lysholm 
and IKDC scores, supporting the theory that osteotomy 
alone is not responsible for patients’ improvement in symp-
toms. A recent study by Lee et al. clarified the biomechani-
cal effects of the realignment procedure with LMAT [20]. 
Their results showed that isolated distal femoral osteotomy 
was inadequate to restore load distribution in meniscus-
deficient knees, while concomitant LMAT restored near 
normal forces and improved the lateral compartment bio-
mechanical profile. Conversely, it is unlikely to achieve as 
good results with MAT surgery alone as with concomitant 
corrective osteotomy in the presence of malaligment of the 
lower extremity, and concomitant ACL reconstruction in the 
presence of knee instability. In our study the outcomes of 
isolated MAT and combined MAT and osteotomy (20%), 
and MAT and ACL reconstruction (17%) were evaluated 
as a whole, which limits the interpretation of the results. 
More studies with similar outcome measures are required 

specially to verify the effect of osteotomy on the clinical 
outcomes of MAT.

The evidence whether MAT procedures are chondropro-
tective has been scarce. A recent quantitative 3-T magnetic 
resonance imaging T2 mapping study by Lee et al. found 
that lateral MAT without cartilage procedures seems to have 
a chondroprotective effect on the weight-bearing cartilage 
[19]. In their study patients with full-thickness cartilage 
defects were excluded. In addition, patients who underwent 
concomitant cartilage repair procedures, realignment oste-
otomies or ligament reconstruction were excluded to be able 
to investigate the chondroprotective effect of isolated LMAT. 
Future short- and mid-term advanced imaging studies with 
quantitative MRI may improve noninvasive evaluation of 
the chondroprotective effect of MAT on the weight-bearing 
cartilage surfaces.

Interestingly, MCID was reached between the preop-
erative state and the 2-year follow-up more often among 
patients in K–L Group B than among those in K–L Group 
A, as assessed on the KOOS4 subgroup scales. On the pain 
subscale, this can be explained by decreased load to the car-
tilage after the procedure. The greatest increase in subscale 
scores was seen in sports, where the increase between the 
preoperative state and the 2-year follow-up was 39.6 points 
(Table 3). A retrospective case series of young high-level 
athletes experiencing postmeniscectomy syndrome and K–L 
0–3 degeneration treated with MAT reported that in a mean 
follow-up of 3.3 years, significant improvements were seen 
in most outcome measures, and 77% of patients returned to 
their desired level of play after MAT [6]. According to these 
results, it may be assumed that MAT is also beneficial to 
young athletic patients with moderate cartilage degeneration.

The reoperation rate was higher among patients with 
moderate K–L 2 knee OA (31%) than in patients with mini-
mal K–L 0–1 OA (11%), with an overall reoperation rate of 
20%. Similar results have been reported in previous studies 
[4, 16, 22, 24, 30], which might indicate that a higher degree 
of knee OA in terms of K–L classification and ICRS grade 
increases the incidence of degenerative tears of MATs.

This study has several limitations. First, the sample size 
was limited in this one-centre prospective follow-up study. 
Second, it was not possible to obtain data from all patients 

Table 4   Mean and SD values of KOOS4 and Lysholm scores in all patients and between K–L groups A and B (within group difference)

KOOS4 Lysholm KOOS4 Lysholm
Within group change for 
baseline all patients

Within Between group difference for KL Between

Baseline 6.1 (− 7.0 to 19.2) − 2.4 (− 18.1 to 13.3)
6 months 6.9 (− 0.19 to 14.0) 6.6 (− 1.4 to 14.6) − 3.8 (− 18.7 to 11.1) − 8.3 (− 25.8 to 9.3)
1 year 22.2 (16.6 to 27.8) 16.8 (8.9 to 24.6) 4.3 (− 10.1 to 18.7) − 2.5 (− 19.4 to 14.3)
2 years 20.6 (13.2 to 28.1) 21.6 (12.5 to 30.6) − 1.7 (− 16.4 to 12.9) 5.2 (− 12.0 to 22.4)
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at all follow-up timepoints. In addition, as there was not a 
control group for comparison, what would have been the 
natural course of the patients´ disease without surgery can 
only be speculated. It can be assumed that MAT patients´ 
clinical outcomes after surgery were at a higher level, as 
full-thickness cartilage defects and knee osteoarthritis are 
irreversible and often progressive. MAT combined with cor-
rective osteotomy or ACL reconstruction was performed for 
37% of the patients, which make the patient material more 
heterogenous, and the obtained results should be evaluated 
with a certain caution.

The main strengths of our study were the systematic 
prospective follow-up protocol, including PROMs at 6 and 
12 months and thereafter once a year, and the high follow-
up percentage.

The results of the current study support for the treat-
ment of young symptomatic patients after meniscectomy 
and failed further nonoperative management with MAT as 
it seems to result in pain relief and improved subjective sat-
isfaction and function both in minimal and moderate knee 
OA. However, more data are required to evaluate the effect 
of concomitant procedures on the outcomes of MAT.

Conclusion

MAT seems to increase patient satisfaction and patient out-
come measures in patients with both K–L 0–1 and K–L 2 
knee OA. No difference emerged in MAT survival at the 
2-year follow-up between patients with low and moderate 
degrees of knee OA. The reoperation rate was higher among 
patients with moderate knee OA, but both groups benefited 
from MAT clinically. Knee OA progression in terms of K–L 
grade worsening was not observed in any patients.
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