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Background: Magnetic resonance imaging (MRI) is an effective tool for objective evaluation after meniscal allograft transplant
(MAT). Little is known about the association between MRI features of allograft and clinical outcomes.

Purpose/Hypothesis: To assess the degree and location of signal intensity (Sl) as well as the morphology of allografts on MRI after
MAT and evaluate the association between clinical outcomes and MRI features in the midterm period. It was hypothesized that a
high SI accompanied by a deformed allograft in specific locations on MRI would be associated with inferior clinical outcomes.

Study Design: Cohort study; Level of evidence, 3.

Methods: Included were patients who underwent MAT with fresh-frozen allografts and had >3 years of follow-up with 3.0-T MRI
scans. Allograft status was assessed by Sl on MRI as grade 0 (normal), grade 1 (globular increased Sl not adjacent to the articular
surface), grade 2 (linear Sl within the meniscus), or grade 3 (increased Sl extended to the articular surface). Allograft morphology
was assessed by the presence of distorted contours. Clinical outcomes were evaluated using the Lysholm score. The association
between clinical outcomes and MRI findings was assessed by multiple linear regression analysis.

Results: A total of 138 patients (156 MAT procedures: 132 lateral, 24 medial) with a mean follow-up period of 55.4 + 19.9 months
(range, 36-110 months) were enrolled in this study. Grade 3 Sl was observed in the posterior meniscus root and posterior third of
the allograft in 39 (25%) and 62 (39.7%) MATSs, respectively. Among the 62 MATs with grade 3 Sl in the posterior third of the
allograft, 34 (54.8%) were accompanied by distorted allograft contour. The presence of grade 3 Sl with distorted contour in the
posterior third of the allograft was significantly associated with inferior outcomes ( = —6.5 [95% CI, —-12.5 to -0.5]; P < .035), as
was the presence of grade 3 Sl in the posterior meniscus root (B = -5.5 [95% CI, -10.5 to —-0.4]; P < .034).

Conclusion: On MRI evaluation in the midterm period after MAT, grade 3 Sls of the meniscal allograft were observed in about a
third of the cases, and the association with clinical outcomes was dependent on the specific location and morphology of the
allograft on MRI.
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Meniscal allograft transplant (MAT) is an effective
treatment to provide pain relief and improve knee joint func-
tion of the patient with a symptomatic meniscus-deficient
knee.? Satisfactory long-term clinical results have been
reported with proper indication and advances in surgical
techniques.®®!° To analyze long-term outcomes after MAT,
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an appropriate post-MAT evaluation, which incorporates
clinical and objective aspects, should be conducted.*3° The
clinical outcomes are mainly assessed by patient-reported
outcome measurements, and the objective outcomes are
evaluated by second-look arthroscopy or magnetic resonance
imaging (MRI).}* An MRI has 2 advantages over second-look
arthroscopy: MRI is a noninvasive procedure that can be
performed repeatedly, and it provides a comprehensive eval-
uation of the knee joint, including the meniscus, articular
cartilage, ligaments, bone, and soft tissue.
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The diagnostic accuracy of MRI in the pathology of the
native meniscus is well-established.?* According to the
grading system described by Stoller,?® grade 3 signal inten-
sity (SI; linear high SI communication with the joint) in the
native meniscus indicates a meniscal tear, and this grading
system has demonstrated the ability to provide high sensi-
tivity and specificity.>” However, the accuracy of MRI in
the postoperative meniscus is relatively low. After meniscal
repair, high SI at the repair site due to fibrocartilaginous
scar tissue is often observed, which may lead to confusing
results during an evaluation to determine the possibility of
retear. 28253135 Similar findings have been observed in
the transplanted meniscal allograft.!?1316:33 After MAT,
incorporation of the meniscal allograft into the capsule
occurs with revascularization and repopulation, and it
often results in high SI on early postoperative MRI.?*

A previous study has reported that this high SI in the
early postoperative phase does not correlate with clinical
outcomes.'® However, the characteristics of the SI of an
allograft on MRI after the incorporation process are
unknown. In a study of long-term outcomes of MAT, Ver-
donk et al®2 reported that grade 3 SI of allograft on MRI
was not an uncommon finding and was not correlated with
clinical outcome. However, because this finding was based
on only 17 MRI scans of early experimental MAT proce-
dures, the evaluation of clinical associations might be lim-
ited. In contrast, recent studies that analyzed the results of
MAT have defined grade 3 SI of allograft as one of the
criteria indicating poor graft status.'**° Thus, there is con-
flicting evidence regarding whether grade 3 SI of the allo-
graft is associated with inferior outcomes and whether it
should be considered as an indicator of poor outcomes after
MAT.

The current study aimed to assess the degree and loca-
tion of the SI as well as the morphology of allografts on MRI
after MAT and evaluate the association between clinical
outcomes and features seen on MRI in the midterm period.
It was hypothesized that a high SI accompanied by a
deformed allograft in specific locations on MRI would be
associated with inferior clinical outcomes.

METHODS

The medical records of 291 MATSs of 246 patients who
underwent MAT between January 2010 and September
2016 were retrospectively reviewed. All the procedures
were performed by a senior orthopaedic surgeon at a single
center (S-I.B.). MAT was indicated for patients who had
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persistent pain and swelling on the affected knee after sub-
total or total meniscectomy despite nonoperative treat-
ment. Any correctable malalignment or ligament
instability was addressed before MAT or during MAT. A
preserved joint space width of at least 2 mm was confirmed
on standing posteroanterior knee radiographs with the
knee in 45° of flexion (Rosenberg view).®'12% Conversely,
advanced arthrosis, which includes generalized grade 4
cartilage defects determined by the International Cartilage
Repair Society (ICRS) grading system,® was a contraindi-
cation for MAT. However, MAT was performed as a salvage
procedure in cases of localized grade 3 or 4 articular carti-
lage lesions in which coverage by the meniscal allograft
could be expected.?? This study included patients who were
followed for a minimum of 3 years postoperatively with
both 3.0-T MRI and patient-report outcome measurements.
This study was approved by the ethical board of our
institute.

Surgical Technique and Rehabilitation

Lateral MAT was performed using the keyhole technique,
whereas medial MAT was performed using the separate
bone-plug technique. Fresh-frozen allograft was used in all
cases. The methods described by Pollard et al?® were used to
determine the size of the allograft. After an arthroscopic
examination to evaluate the status of meniscus, ligament,
and articular cartilage, the remnant native meniscus was
resected. After the tibial tunnel was prepared for a keyhole
of the lateral MAT or separate bone-plug of the medial
MAT, the allograft was transplanted through a mini-open
arthrotomy. An arthroscopic examination was conducted to
confirm that the allograft was in an optimal position, and it
was then repaired using traditional inside-out sutures.

Isometric muscle exercises were initiated immediately
after surgery. Partial-weightbearing walking was permit-
ted during the first 2 weeks, followed by gradual full
weightbearing at postoperative weeks 6 to 8. The range of
motion goal was to achieve 90° of flexion within 4 weeks and
full range of motion within 6 to 8 weeks.

Evaluation of Graft Status and Extrusion on MRI

MRI was performed on a 3.0-T MRI scanner (Achieva or
Ingenia; Philips Healthcare) with a 16-channel knee coil.
The standard knee imaging protocols consisted of non—fat-
suppressed T1-weighted, non—fat-suppressed T2-weighted,
and fat-suppressed intermediate-weighted 3D fast spin-
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Figure 1. Magnetic resonance image showing grade 3 signal
intensity in the posterior third of the allograft (A) without and
(B) with distorted contour.

echo (FSE) proton-density (PD) sequences. Sagittal and
coronal images were acquired with 1.5- and 2.5-mm slice
thickness, respectively. The SI and morphology of allo-
grafts were evaluated on the FSE PD sequences. The
matrix of the FSE PD sequence was 512 x 512. The repeti-
tion time ranged from 2403 to 4805 ms, and the echo time
was 20 ms.

Allograft status was assessed by evaluating the SI and
morphology on MRI. The allograft SI was graded according
to the method described by Stoller®®: grade 0 (normal),
grade 1 (globular increased SI not adjacent to the articular
surface), grade 2 (linear SI within the meniscus), or grade 3
(increased SI extended or communicated to the articular
surface). The allograft morphology was assessed by the
presence of distorted contour of the meniscal allograft to
determine its structural integrity (Figure 1). MRI evalua-
tion was performed by dividing the graft into 5 sections:
anterior meniscus root, anterior third of the allograft, mid-
body, posterior third of the allograft, and posterior menis-
cus root. For the anterior and posterior meniscus roots, it
was not possible to define the contour of the allograft on the
MRI scan; therefore, only the SI was evaluated. Meniscal
extrusion was measured on the same FSE PD sequence and
assessed with the width between 2 vertical lines: the menis-
cus outer edge and the outer edge of the articular surface of
the tibial plateau in the midcoronal section. Meniscal extru-
sion was defined as subluxation >3 mm.!517:27:29

The MRI evaluation was independently performed by 2
experienced orthopaedic surgeons (S-M.L. and J-H.S.). The
interobserver reliability between the 2 observers was
assessed. In the case of different results between the 2
observers, the results were determined based on consensus
between them.

Evaluation of Cartilage Status on MRI

Cartilage status of the femoral and tibial sides was assessed
with ICRS grade on MRI: grade 0, normal; grade 1, soften-
ing or fissure on the cartilage; grade 2, cartilage defect
<50% of the entire cartilage thickness; grade 3, cartilage
defect >50% of the entire cartilage thickness; and grade 4,
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exposure of the subchondral bone.>® The worst grade was
assumed to represent the whole cartilage status of the
affected compartment. The patients were categorized into
3 groups according to the grade of cartilage degeneration on
the femoral and tibial sides: low-grade chondral lesions
(ICRS grade <2) on both the femoral and tibial sides,
high-grade lesions (ICRS grade 3 or 4) on either femoral
or tibial side, and high-grade lesions on both femoral and
tibial sides.

Clinical Evaluation

The clinical outcomes were evaluated by Lysholm score
within 1 week of the MRI scan. The Lysholm score was
compared according to the grade of SI and morphology of
the allograft in each of the 5 sections of the allograft.

Statistical Analysis

The agreement in the evaluation of graft status on MRI
between the 2 independent observers was assessed using
the weighted Cohen kappa coefficient, in which kappa
<0.20 indicated poor, 0.21 to 0.40 fair, 0.41 to 0.60 mod-
erate, 0.61 to 0.80 substantial, and >0.80 almost-perfect
agreement.'? The Student ¢ test or Mann-Whitney U test
was used to compare the Lysholm scores between the
groups according to the degree and location of allograft
SI, the morphology of allograft, and cartilage status. The
clinical outcomes of grade 3 SI with or without distorted
contour were compared with those of grades 0, 1, and 2 SI.
The distribution of SI was analyzed using the Pearson
chi-square test. Multiple linear regression analysis using
the enter method was performed to assess the specific
location and allograft SI features associated with the
Lysholm score while adjusting for cartilage status. All
statistical analyses were performed using SPSS v 21.0
(IBM Corp). P values <.05 were considered statistically
significant.

A post hoc power analysis for detecting significant factors
in the multiple linear regression analysis was performed
using G*Power 3.1 (Heinrich-Heine-Universitat Dussel-
dorf) with .05 alpha error.

RESULTS

We identified a total of 156 MATs (132 lateral and 24
medial MATSs) in 138 patients with a mean follow-up of
55.4 + 19.9 months (range, 36-110 months). Of 156 cases
of primary MAT, 95 were in men and 61 in women; the
mean patient age was 32.6 + 10.6 years (range, 15-54 years)
(Table 1). The Lysholm score was 88.4 = 11.7 at the mean
follow-up of 55.4 + 19.9 months (Table 2).

Sl and Morphology of Allograft on MRI

The weighted Cohen kappa coefficient for interobserver
reliability on MRI evaluation was 0.73, indicating substan-
tial agreement. The overall distribution of SI of allografts is
presented in Table 3. Each part of the allograft showed a



4 Park et al

TABLE 1
Patient Characteristics (N = 156 Knees)*
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TABLE 3
Graft Status on MRI According to Stoller®

Variable Value

Age at surgery, y 32.6 + 10.6 (15-54)
Sex, male/female, n 95/61
Follow-up period, mo 55.4 +19.9 (36-110)
Preoperative mechanical alignment, deg” 1.1+24(-5to05)
Affected side, n (%)

Right 79 (50.6)

Left 77 (49.3)
Affected compartment, n (%)

Lateral 132 (84.6)

Medial 24 (15.4)

“Data are reported as mean + SD (range) unless otherwise indi-
cated.

A positive value indicates varus alignment, whereas a nega-
tive value indicates valgus alignment.

TABLE 2
Clinical Outcomes and Cartilage Status

Postoperative
Preoperative (Last Follow-up) P

Lysholm score® 63.4+14.9 88.4 +11.7 <.001
Cartilage status, n®

Low grade on both sides — 69

High grade on either side — 40

High grade on both sides — 47

“Values are presented as mean + SD. MRI, magnetic resonance
imaging.

bGrading of the cartilage status on MRI was based on the cri-
teria of International Cartilage Repair Society (ICRS)?; low grade
= ICRS grade 0, 1, or 2; high grade = ICRS grade 3 or 4.

different distribution of grade 3 SI. More grade 3 SIs were
observed in the posterior third of the allograft than in the
other parts (P < .001). However, the distribution of grade 3
SI in the posterior third of allograft did not show a statis-
tically significant difference between medial and lateral
MATSs (P = .485). Grade 3 SI in the posterior meniscus root
and posterior third of the allograft on MRI was observed in
39 of 156 (25%) and 62 of 156 (39.7%) MATS, respectively,
and 32 of them were observed in both parts. Among the
grade 3 Sls in the posterior one-third of allografts, 34 of
62 (54.8%) MATSs exhibited a distorted contour (Figure 2).
The meniscal extrusions were more often accompanied by
distorted contour in the cases of grade 3 SI in the posterior
meniscus root and grade 3 SI in the posterior third of the
allograft than in the other parts (Table 4).

Graft Status on MRI and Clinical Correlation

The Lysholm score showed a significant difference accord-
ing to the SI and morphology of the allograft in the posterior
meniscus root and posterior third of the allograft. Patients
with grade 3 SI in the posterior meniscus root reported an
inferior Lysholm score compared to those without grade 3

Graft Status, 0/1/2/3
(3 With Distorted Contour), n

Medial MAT Lateral MAT
(n=24) (n = 132)
Anterior root attachment 3/13/0/8 45/72/0/15
Anterior one-third 6/13/0/5 (1) 40/46/20/26 (18)
Midbody 8/11/2/3 (3) 49/22/12/49 (28)
Posterior one-third 9/6/1/8 (3) 46/26/6/54 (31)
Posterior root attachment 6/10/0/8 46/52/3/31

“Grading of the graft status on MRI was based on the criteria by
Stoller.2® MAT, meniscal allograft transplant; MRI, magnetic res-
onance imaging.

Anterior

21%(4%)

@

Lateral (N=132)

S

Medial (N=24)

33%(13%)

Posterior 0% 100%

% of Gr. 3 Signal intensity

Figure 2. Distribution of grade 3 signal intensity (increased
signal intensity extended to articular surface) on MRI. The
percentage of each section indicates the proportion of grade
3 signal intensity in the entire allograft. The number in paren-
theses indicates the proportion of grade 3 signal intensity with
distorted allograft contour in the entire allograft. MRI, mag-
netic resonance imaging.

SI (82.5 + 12.1 vs 90.1 = 10.9; P < .001). Likewise, the
Lysholm score of patients with grade 3 SI with a distorted
contour in the posterior third was inferior to that of
patients with less than grade 3 and grade 3 without dis-
torted contour (81.2 + 11.5 vs 89.6 + 12.0 vs 91.7 + 6.62,
respectively; P < .001) (Figure 3). Significant associations
with inferior clinical outcomes were found for grade 3 SI
with distorted contour in the posterior third of the allograft
(B=-6.5[95% CI, -12.5 to —0.5]; P < .035) and grade 3 SI in
the posterior meniscus root (B = -5.5 [95% CI, -10.5
to—0.4]; P < .034) (Table 5, Figure 4). On the post hoc power
analysis, the sample size of 156 showed a power (1 — ) of
0.92 to detect the status of allografts associated with infe-
rior clinical outcomes.
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TABLE 4
Meniscal Extrusion According to Signal Intensity and
Morphology of Allograft on MRI*

Graft Extrusion

Graft Status® on MRI, n (%) P

Anterior meniscus root .780
Grade 0/1/2 62/133 (46.6)

Grade 3 10/23 (43.4)

Anterior horn .530
Grade 0/1/2 55/125 (43.7)
Grade 3 without distorted contour 7/12 (53.8)

Grade 3 with distorted contour® 10/19 (50.0)
Midbody .101
Grade 0/1/2 42/104 (40.0)
Grade 3 without distorted contour 11/21 (50.0)
Grade 3 with distorted contour® 19/31 (59.4)
Posterior horn 015
Grade 0/1/2 35/94 (36.8)
Grade 3 without distorted contour 15/28 (51.7)
Grade 3 with distorted contour® 22/34 (62.9)

Posterior meniscus root .009
Grade 0/1/2 47/117 (39.8)
Grade 3 25/39 (62.5)

“Bolded P values indicate statistically significant difference
between signal intensity grades. MRI, magnetic resonance imaging.

bGrading of the graft status on MRI was based on the criteria by
Stoller.2®

‘Presence of grade 3 signal intensity of meniscal allograft with
distorted meniscal contour on MRI.

DISCUSSION

The present study shows that the clinical relevance of
increased SI of an allograft on an MRI scan depends on the
location of the SI and the structural integrity of the allo-
graft. Specifically, the grade 3 SIs of the posterior meniscus
root and posterior third with distorted contour were asso-
ciated with inferior clinical outcomes. Although there were
differences in the distribution of grade 3 SI in accordance
with location, overall grade 3 SI was observed in approxi-
mately 30% of the allografts, and it was most evident in the
posterior third of these allografts.

Previous studies have reported increased allograft SI
after MAT.1116:21.24 Potter et al?* investigated 29 fresh-
frozen allografts after MAT using 1.5-T MRI at a mean
follow-up of 1 year; 15 of 29 allografts showed increased
SI in the posterior horn, which confirmed chondromucoid
degeneration and peripheral cellular repopulation on his-
tologic examination.?* In an evaluation of 108 MATSs using
MRI at a mean follow-up of 28.8 months (range, 6-151
months) by Kim et al,!! only 8 allografts showed normal
SI, and the remaining allografts showed various SIs on
MRI. Mild degeneration was observed more frequently at
the anterior horn of the allografts; however, grade 3 SI was
observed more frequently at the posterior horn in 15% of
the allografts.!! Noyes et al?! evaluated 29 MATs using
MRI with a mean follow-up of 35 months and found grade
3 SI in 10.3% of these allografts. Lee et al'® evaluated
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quantitative changes in the SI of allografts after MAT
within 1 postoperative year using 1.5-T MRI in 43 patients.
The mean SI of allografts in the region of interest was
higher in the anterior horn than in the posterior horn, and
the increased SI of allografts persisted within 1 postopera-
tive year. However, the clinical outcomes were not corre-
lated with the SI of allografts.

As published in previous studies, the high SI of allograft
on MRI after MAT is not an uncommon finding, and the
present study showed similar results but a slightly higher
incidence than the previous results. There are 2 possible
explanations for the differences between the current and
previous results. First, the current study included only
midterm follow-up results, and the degeneration of allo-
grafts might be more pronounced with longer follow-up per-
iods. Second, all MRI evaluations in the present study were
conducted with 3.0-T scanners. The high resolution may
have allowed us to distinguish ambiguous and complicated
cases more readily than previous investigations that used
less than 3.0-T MRI.

The grading system described by Stoller?® showed high
sensitivity and specificity for meniscal pathology in the
native meniscus; however, the diagnostic accuracy of this
grading system is relatively low in the postoperative menis-
cus, especially for meniscal repair. Further, it is challeng-
ing to clearly distinguish scar tissue, tears, and healing
states after MAT among allografts with abnormal SI.
Therefore, there is concern about whether all high SIs
should be considered as yielding unsatisfactory results
after MAT. Although the definite failure criteria of MAT
are still debatable, several previous studies defined grade
3 SI of an allograft as an unsuccessful result of MAT in
terms of objective evaluation. However, good clinical out-
comes even in cases of grade 3 SI of allografts have been
reported in other studies.'2%-3°

In a long-term survival analysis of 58 MATs with a mean
follow-up of 11.9 + 3.2 years, Noyes and Barber-WestinZ°
defined the survival endpoints as reoperations, MRI failure
(grade 3 SI, extrusion >50% of meniscal width), meniscal
tear on examination, and radiographic loss of the joint
space. Among 29 MATSs that were evaluated with MRI, 21
MATSs were classified as failures in accordance with MRI or
radiographic criteria. However, 16 of 21 MATs showed good
to normal clinical outcomes, representing a 10% difference
with surgical failure in terms of the survival rate at the
fifth postoperative year.?° In a long-term study of MAT by
Verdonk et al,32 grade 3 SI of allografts was observed in 10
of 17 (59%) patients who underwent MRI scan. The inves-
tigators reported that grade 3 SI did not correlate with
clinical outcomes. However, the specific location of SI or
morphology of the allografts was not considered in these 2
studies.

The present study showed that grade 3 SI with distorted
contour in the posterior third of allografts and grade 3 SI in
the posterior root were associated with inferior clinical out-
comes. This finding implies that some grade 3 SI lesions
may be benign lesions such as fibrous scar healing rather
than a tear. Verdonk et al®? suggested that unlike the gen-
eral description of grade 3 SI in the native meniscus, the
feature of grade 3 SI of allografts was a nonuniform patchy



6 Parketal

The Orthopaedic Journal of Sports Medicine

Anterior meniscal root Anterior horn Mid-body
a =3
S 7 10 2 o
: : % :
3 g s
° S 8
E 80 ® B o
- = L
= o
] - e H
@ E [ 8
g el s o - g o
o ° o Q
@ @ @
E o E o E o
= s S
2 . o £ ° £ °
@ g o g °
a @ a )
207 20
bl T T T T T T
T T Gr.o/1iz Gr. 3 without Gr. 3 with Gr.0l112 Gr. 3 without Gr. 3 with
Gr.0i112 Gr.3 distorted contour distorted contour distorted contour distorted contour
Signal intensity of allograft on MRI Signal intensity of allograft on MRI Signal intensity of allograft on MRI
Posterior meniscal root Posterior horn Cartilage status
*
e — ; PR : - |
a - ——— o
? 100 ? 1007 = 1o
z H z
2 = =2
8 e 2
- % o -
g 80 E N E L
® f ®
2 5 o £ of :
< 8 o o
@ L
5 o £ y E o
2 wl N P ° 2 4 @
W [ ° @
a ° O > .
201
] T T T 2&»
T T i T T T
Gr.oi1/2 6r.3 i atred samor | disierad contonr Low grade Unipolar high grade  Bipolar high grade

Signal intensity of allograft on MRI

Signal intensity of allograft on MRI

Cartilage grade on MRI

Figure 3. Association between high signal intensities of meniscal allograft and clinical outcomes according to the location and
morphology. *Statistically significant difference between the values compared.

gray appearance and was not linear. The investigators
interpreted these features as changes of the extracellular
matrix rather than tears.>? This phenomenon was also
noted by Kim et al'® in their study of the correlation
between the arthroscopic examination and MRI findings
after MAT. Those investigators compared the MRI findings
of 20 knees with arthroscopy and evaluated the diagnostic
efficacy of MRI for assessing grade 3 SI lesions. Grade 3 SI
on the anterior third of allografts showed lower diagnostic
accuracy than grade 3 SI on the midbody and posterior one-
third of allografts.!® Overall, these findings suggest that
some proportion of the grade 3 SI lesions of allografts in
the midterm period are due to changes in the extracellular
matrix rather than tears, and, in this case, grade 3 SI may
not correlate with clinical outcomes. In contrast, the
present study demonstrated that among the grade 3 Sls
on the posterior third of allografts, those with distorted
contours were associated with significantly inferior out-
comes. Thus, distorted contours should be considered a clin-
ically significant finding. This may be due to the
importance of the posterior horn and posterior root in main-
taining load distribution, which is a primary function of the
meniscus.! Moreover, considering that meniscal extrusion
was observed more often in these 2 parts than in the others,
it may be that disruption of the posterior part of the allo-
graft affects meniscal extrusion and thus results in inferior
clinical outcomes.

The present study suggests that when clinicians inter-
pret high SI of an allograft on MRI after MAT, they should
consider not only the presence of high SI but also its loca-
tion and structural integrity on the MRI scan. This
approach may help determine the need for further surgical
intervention for an allograft with high SI if the clinical
features are inconclusive.

The present study had several limitations. First, a poten-
tial selection bias could have existed due to the retrospec-
tive study design. However, because we evaluated the
association between MRI findings and clinical outcomes
at a single time point, using a cross-sectional study design,
the influence of selection bias may be low. Second, we did
not match MRI findings with arthroscopy and therefore
could not conclude that a grade 3 SI with distorted contour
is a definite tear. Third, the cartilage status was evaluated
using the ICRS grading system, which is mainly used in
macroscopic examination under arthroscopy. Therefore,
cartilage status could have been under- or overestimated.
Fourth, the clinical outcomes were evaluated only with the
Lysholm score. Although the Lysholm score is a validated
and widely accepted scoring system for the clinical evalua-
tion of meniscal and ligament pathologies, clinical evalua-
tion using a single form may be limited in terms of
providing detailed information. Fifth, although extrusion
was accompanied by grade 3 SI lesions more often on the
posterior root and distorted posterior horn, the relationship
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TABLE 5
Multiple Linear Regression Analysis of Morphologic
Characteristics of the Allograft and Cartilage Status
Correlated With the Lysholm Score®

Multivariable Analysis

Variable? B 95% CI P

Allograft status®®

Anterior meniscus root 4.6
Anterior horn

Grade 3 without distorted contour -2.8 -10.2 to 4.6 458

-1.1t010.4 .115

Grade 3 with distorted contour? -4.4 -10.6 to 1.7 154
Midbody
Grade 3 without distorted contour 3.5 -2.21t09.1 .226

Grade 3 with distorted contour® 2.8
Posterior horn
Grade 3 without distorted contour 4.0

—-2.8t083  .324

-1.3t094  .137

Grade 3 with distorted contour? -6.5 -125t0-0.5 .035
Posterior meniscus root -5.5 -10.5t0-0.4 .034
Cartilage status®

Unipolar high grade -3.3 -7.8t01.2 .149

Bipolar high grade -24 -7.0t02.2 .303

“The variables statistically associated with the Lysholm score
were determined using multiple linear regression analysis with an
enter method. Bolded P values indicate statistical significance.

bGrading of signal intensity of meniscal allograft on MRI was
based on the criteria by Stoller.2®

“The reference group was signal intensity of grade <3.

9The presence of grade 3 signal intensity of meniscal allograft
with distorted meniscal contour on MRI.

°The reference group was low-grade cartilage lesion.

Figure 4. (A) MRI of a 48-year-old male patient who under-
went lateral meniscal allograft transplant. The posterior third
of the allograft on MRI at postoperative 6.4 years showed a
grade 3 signal intensity (increased signal intensity extended
to the articular surface) without distorted contour. The
patient’s Lysholm score was 95. (B) MRI of a 43-year-old male
patient who underwent lateral meniscal allograft transplant.
The posterior third of the allograft on MRI at postoperative 3
years showed a grade 3 signal intensity with distorted con-
tour. The patient’s Lysholm score was 82. MRI, magnetic
resonance imaging.
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between extrusion and degeneration in these 2 parts could
not be determined. A previous study showed that extrusion
does not affect SI of allografts after MAT.2” However, con-
sidering that extrusion results from the degeneration of the
posterior root in the native meniscus,* a longitudinal cohort
study analyzing the changes in extrusion and allograft SI
on MRI will be needed to reveal which one is a precursor
lesion in MAT.

CONCLUSION

On MRI evaluation in the midterm period after MAT, grade
3 SI of the meniscal allograft was observed in about one-
third of cases, and the clinical associations were dependent
on the specific locations of grade 3 SI and morphology of
the allograft on MRI. Grade 3 SI with a distorted contour in
the posterior third of an allograft and grade 3 SI in the
posterior root were associated with inferior clinical out-
comes, but grade 3 SI of other sections was not.
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