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Abstract

Introduction Clinical assessments do not accurately
reflect the status of meniscal transplants and cannot eval-
uate the graft condition itself and joint preservation effects
of meniscal allograft transplantation correctly. The purpose
of this review was to assess the need and to ascertain the
indication and the role of second-look arthroscopy for
objective evaluation after MAT.

Materials and methods We performed a literature search
to identify all published clinical studies on MAT with the
following medical subject heading (MeSH) terms:
“meniscus,” “meniscal transplant,” “transplantation and
allograft,” “meniscal and transplant.” Include in the
review are studies with at least 6 months clinical, radio-
logical, and/or histological follow-up in human subjects.
Evaluation method of MAT was reviewed with an aim to
describe the frequency of second-look arthroscopy, its
feasibility, patient compliance, purposes, and results.
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Results We identified 15 clinical studies that satisfied our
inclusion and exclusion criteria. Only two studies always
performed second-look arthroscopies. Most of the second-
look arthroscopy was conducted mainly for the objective
evaluation of meniscal allograft transplantation but, in
several studies, arthroscopy was performed to treatment of
other knee problem.

Conclusions Although second-look arthroscopy has
inevitably ethical issues, especially for asymptomatic and
well-functioning knees, in this review, it could be a more
dependable method available to detect meniscal healing if
performed for certain indications such as a symptomatic
patient with a magnetic resonance image indicating
abnormalities.
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evaluation - Second-look arthroscopy

Introduction

In the late 1980s, Milachowski et al. [1] reported on the
experimental and short-term clinical results of meniscus
allograft transplantation (MAT). Since then, numerous
reports on MAT have been published. Most of the reported
results have demonstrated a significant improvement in
function and pain relief after MAT [2—4]. However, there
have been limitations in evaluating the status of MAT, such
as meniscal extrusion and shrinkage. In addition, because
of a lack of consensus regarding many variables, such as
preservation techniques, associated procedures, graft fixa-
tion methods, and follow-up duration, effectively compar-
ing the results of MAT remains an area of concern. So far,
with respect to evaluation methods, in most studies, the
MAT evaluation only involved clinical parameters [5, 6]
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such as the Lysholm score, International Knee Documen-
tation Committee score, and visual analog scale. However,
few studies have used objective methods to evaluate, such
as MRI or second-look arthroscopy [4, 7, 8].

Clinical assessments do not accurately reflect the status
of meniscal transplants and cannot correctly evaluate the
graft condition itself or the joint preservation effects of
MAT. In addition, it is difficult to compare outcomes
among studies. Accordingly, objective methods such as
plain radiographs, ultrasound, MRI, or second-look
arthroscopy have been suggested [8]. MRI has been most
commonly used as a relatively accurate and reliable eval-
uation method for MAT.

Although second-look arthroscopy is an invasive pro-
cedure, it has several advantages for evaluating the results
of MAT. It could provide the dynamic status of the allo-
graft by allowing the performance of range of motion
during arthroscopy, and it could show the actual graft
appearance, such as shrinkage, capsular healing, allograft
detachment, tears, and extrusion.

The purpose of this review was to assess the need and to
ascertain the indication and the role of second-look
arthroscopy for objective evaluation after MAT.

The hypothesis of our literature review was that there
would be no definite indication for second-look arthro-
scopy after MAT.

Materials and methods

In January 2014, we performed a literature search using
Embase and PubMed to identify all published clinical
studies on MAT with the following medical subject head-
ing (MeSH) terms: “meniscus,” “meniscal transplant,”
and “transplantation and allograft.” We found that the
combination of “meniscal and transplant” yielded the lar-
gest number of results. We meticulously reviewed every
single abstract. Our inclusion criteria were as follows:
studies involving human subjects who had more than
6 months of follow-up after MAT including clinical,
radiological, arthroscopic, histological examinations, or
any combination of these, as well as articles written in
English. Exclusion criteria included duplicate data of
patients reviewed at multiple intervals or from different
perspectives; a mean follow-up of less than 6 months; case
reports; and a MAT assessment with clinical scores, MRI,
and other subjective methods. All inclusion and exclusion
criteria were defined before the literature search. The initial
search identified 473 citations. Of these 473 studies, 126
were excluded because of duplication. Then, 236 were
excluded because they were not directly related to MAT.
After exclusion, 15 papers were reviewed to assess the role
of second-look arthroscopies after MAT (Fig. 1). The
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Fig. 1 A flow diagram showing the search strategy used to identify
studies

MAT evaluation method was reviewed with an aim to
describe the frequency of second-look arthroscopy, as well
as its feasibility, patient compliance, purposes, and results.
The frequency of performing second-look arthroscopy was
recorded for each study.

Results

For this review, 15 studies [4, 6, 9-21] reported their
observations from second-look arthroscopies (Tables 1, 2).
However, there was no mention of clear recommendations
regarding “when second-look arthroscopy should be per-
formed” and “why second-look arthroscopy should be
performed.” All studies were performed using a clinical
scoring system to allow for subjective evaluation; however,
the type of scoring system was different in the studies.

In all studies, MAT was performed in 541 patients who
were under the age of 60 years (15-57 years) with dis-
abling compartmental osteoarthritis after a meniscectomy.
It was difficult to determine the average time interval
between MAT and second-look arthroscopy because sev-
eral studies did not indicate these details, and their range of
duration was wide. In many studies, second-look arthro-
scopy was performed an average of 12 months (minimum)
after MAT [9, 11-13, 21].

There were two studies in which second-look arthro-
scopy was performed alone, without any tools for the
objective evaluation of MAT [10, 20]. In all the other
studies, second-look arthroscopy was performed along with
MRI or other radiographic studies. Garrett [10] subjec-
tively evaluated the symptoms only and performed second-
look arthroscopy alone as an objective evaluation tool for
symptomatic patients. Veltri et al. [20] also objectively
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Table 1 Review of studies that performed second-look arthroscopy after MAT (basic data)

References Year No. of patients Post-operative Interval between MAT
published with MAT MRI assessed and SLA (range)®

Wirth et al. [21] 2002 23 Yes 3.8 years (0.6-4.8), 14 years

Garrett [10] 1993 43 No 2-24

Veltri et al. [20] 1994 11 Yes After 6 months

van Arkel and de Boer [17] 1995 23 Yes 640

van Arkel et al. [19] 2000 16 Yes Not mentioned

van Arkel and de Boer [18] 2002 57 Yes Not mentioned

Potter et al. [13] 1996 24 Yes 12.9 (3-41)

Verdonk et al. [6] 2005 96 Yes Not mentioned

Rodeo et al. [15] 2000 41 Yes 16 (4-47)

Rath et al. [14] 2001 18 No Not mentioned

Ryu et al. [16] 2002 25 Yes Not mentioned

Kim and Bin [12] 2006 14 Yes 13.7 (8-18)

Bhosale et al. [9] 2007 8 Yes 16.3 (12-43)

Ha et al. [11] 2010 36 Yes 26.3

Kim et al. [4] 2012 106 Yes 20.5 (9-102)

MAT meniscal allograft transplantation, SLA second-look arthroscopy
 Interval refers to the months except Wirth et al. study

evaluated meniscal allografts using second-look arthro-
scopy only for patients with symptoms.

Based on a literature review, only two studies always
performed second-look arthroscopies after MAT [9, 19]. The
rest of the authors performed second-look arthroscopies, on
average, for approximately 46 % of the patients undergoing
MAT (except for a study by Verdonk et al. [6] that did not
mention the number of patients who underwent second-look
arthroscopy). van Arkel et al. [19] performed an arthroscopic
evaluation for all 16 consecutive patients who underwent
MAT. Voluntary participation and informed consent were
obtained for all patients. There were 13 men and three
women, with an average age of 40 years (range
30-54 years). The medial meniscus was transplanted in
three patients, while the lateral meniscus was transplanted in
10 patients and both menisci were transplanted in three
patients. Upon examination, 15 allografts were completely
healed to the capsule, while three were partially detached and
one was totally detached. According to the author’s failure
criteria, four patients were considered an arthroscopic fail-
ure. They concluded that the arthroscopic results correlated
better with the clinical outcomes than MRI. Bhosale et al. [9]
reported on eight patients who underwent MAT with autol-
ogous chondrocyte implantation (ACI). Second-look
arthroscopy was performed as a routine procedure for the
objective evaluation of all patients, and a biopsy of the new
tissue was obtained. Seven patients who had second-look
arthroscopy demonstrated a stable meniscal allograft with
healed peripheral margins. One patient had meniscal thin-
ning, but with no evidence of rejection.

Second-look arthroscopy was conducted mainly for the
objective evaluation of MAT, but in several studies,
arthroscopy was performed to treat other knee problems
[14, 15] and to assess failure cases [6, 18]. Verdonk et al.
[6] evaluated 100 meniscal transplantations that were per-
formed for 96 patients. At the time of the MAT, their mean
age was 35 £ 6.7 years (range 16-50 years). Thirty-nine
medial allografts and 61 lateral allografts were implanted
into 70 men and 26 women. Second-look arthroscopy was
performed for failure cases or evaluation purposes. During
second-look arthroscopy, there were a total of 21 failed
allografts: eight demonstrated severe degeneration, 12
demonstrated only minor degenerative changes, and one
had a normal meniscal allograft. van Arkel and de Boer
[18] also performed second-look arthroscopy only for
failure cases with persistent pain, a poor Lysholm score, or
an unsuccessful knee assessment scoring system (KASS)
result. Some studies described that meniscal biopsies were
obtained during second-look arthroscopies to document the
histological features of the meniscal allograft [9, 13, 15,
17].

Two studies indicated that second-look arthroscopies
were performed more than once to assess the meniscal
allograft objectively over time and to treat other knee
problems [17, 21]. Wirth et al. [21] reported on 23 medial
meniscus transplantations combined with an anterior cru-
ciate ligament reconstruction. The first follow-up second-
look arthroscopy was performed an average of 3.8 years
after MAT for 19 patients. Complete healing was con-
firmed in 17 patients. Just two patients had incomplete
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Table 2 Review of studies that performed second-look arthroscopy after MAT (SLA data)

References No. of patients Indication Main purpose No. of Associated procedure
evaluated with of SLA of SLA times SLA  with SLA
SLA (%)
Wirth et al. [21] 19 (82.6), 2 Not mentioned Objective evaluation Twice 23 ACLR, 19 MCL advancement
8.7)
Garrett [10] 28 (65.1) Clinical symptoms  Objective evaluation Once 24 ACLR, 13 osteotomy, 11
osteochondral allograft
Veltri et al. [20] 7 (63.6) Not mentioned Objective evaluation Once 10 ACLR, 1 PCLR, 1 ACLR,
and PCLR
van Arkel and de 12 (52.2), 4 Not mentioned Objective evaluation, Bx Thrice 1 ACLR, 1 ACLR, and PCLR
Boer [17] a7n, 1 4
van Arkel et al. 16 (100) Not mentioned Objective evaluation Once Not mentioned
[19]
van Arkel and de 16 (28.1) Failure cases Assess failure cases, objective Once 2 ACLR
Boer [18] evaluation
Potter et al. [13] 19 (79.2) Not mentioned Objective evaluation, Bx Once 16 ACLR, 1 MCL repair, | HTO
Verdonk et al. Not mentioned Failure cases Assess failures cases, objective Once 17 osteotomy, 3 ACLR, 4 OATS,
[6] evaluation 3 microfracture
Rodeo et al. [15] 28 (68.3) Routine evaluation,  Bx, treatment of knee problem Once 19 ACLR
knee problem
Rath et al. [14] 10 (55.6) Knee problem Treatment of knee problem Once 11 ACLR, 3 meniscectomy, 1
meniscal repair, | TTT
Ryu et al. [16] 10 (38.5) Not mentioned Objective evaluation Once 12 ACLR
Kim and Bin 6 (42.9) Not mentioned Objective evaluation Once 3 OATS
[12]
Bhosale et al. [9] 8 (100) Not mentioned Objective evaluation, Bx, assess Once 8 ACI
concomitant procedures
Ha et al. [11] 18 (50) Not mentioned Objective evaluation Once 11 ACLR, 3 PLCR, 2 PCLR, 2
microfracture, 2 ACI
Kim et al. [4] 20 (18.2) Not mentioned Objective evaluation Once 22 ACLR, 4 OCD, 1 PCLR, 1

ACLR, and PLCR

MAT meniscal allograft transplantation, SLA second-look arthroscopy, ACLR anterior cruciate ligament reconstruction, MCL medial collateral
ligament, PCLR posterior cruciate ligament reconstruction, H7O high tibial osteotomy, OATS osteochondral autograft transfer system, Bx biopsy,
TTT tibial tubercle transfer, ACI autologous chondrocyte implantation, PLCR posterolateral corner reconstruction, OCD osteochondritis

dissecans

healing or allograft detachment. Most patients refused
further arthroscopic evaluation at a long-term follow-up;
only two patients had a second arthroscopy 14 years after
MAT. van Arkel and de Boer [17] performed post-MAT
arthroscopy in 12 patients. Seven had one arthroscopy,
while four had two, and one had three arthroscopies at
different time intervals; these arthroscopies occurred
6—40 months after MAT. The first arthroscopy was per-
formed for investigational purposes. Then, second and third
arthroscopy was performed to confirm the meniscal status
after a previous arthroscopy.

Discussion
With improved knowledge regarding the need to preserve

as much meniscal tissue as possible, meniscal repair is now
a preferred treatment over meniscectomy; however, a
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meniscectomy may be inevitable depending upon the
severity of damage [2, 3, 22-24]. In such instances, MAT
is regarded as a promising approach [1, 4] for the recon-
struction of meniscal biomechanical properties in knees
with meniscal deficits and is aided by advanced arthro-
scopic equipment, instruments, and techniques [25, 26].

As the benefits of MAT, including pain relief and
functional improvement, have been demonstrated, many
methods have been performed to evaluate the clinical
outcomes of MAT. However, any proper guidelines remain
unclear regarding second-look arthroscopy, as well as the
interpretation of the outcomes.

We reviewed 15 articles regarding second-look arthro-
scopy to evaluate post-MAT outcomes. In most studies,
second-look arthroscopy was performed for objective
evaluation, without any consistent standards. In two studies
[10, 20], second-look arthroscopy was conducted based on
clinical symptoms only.
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Fig. 2 MRI and second-look
arthroscopic findings of a
38-year-old patient who
received a lateral meniscal
allograft 2 years ago. a, b The
MRI scan indicates extrusion of
the lateral meniscus allograft
and a high signal intensity
(white circle) as demonstrated
by a gap between the graft and
capsule. ¢ By testing with a
probe, separation of the
allograft and capsule was
detected, indicating that the
peripheral aspect of the
meniscus was not healed. d The
meniscal tear and separation
were repaired with sutures
during the same visit

(1.0/f/5)
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In our review, second-look arthroscopies were usually
performed with a mean of 48.8 % per study group. This
result is because of the invasiveness of arthroscopy. van
Arkel et al. [19] and Bhosale et al. [9] always performed
second-look arthroscopy after MAT. Although it is difficult
to quantify accurately, second-look arthroscopy was mostly
performed for the objective evaluation of MAT, and the
minimum average duration was greater than 12 months
from MAT to second-look arthroscopy.

In a review of previous studies, Rodeo [27] reported that
more than 90 % of MAT was accompanied by other pro-
cedures. In our review, MAT was mostly performed with a
concomitant procedure such as a ligament reconstruction or
an articular cartilage treatment. In such cases, however, it
is difficult to compare their MAT results to other studies.

In addition, a variable scoring system and MRI were
used as evaluation tools, and the criteria of success and

y: 2 (D,7:1/=)%
25733
Ls(a] (1[3[E W=

failure were different. Thus, a direct comparison is
difficult.

Clinical scoring systems are simple and easy evaluation
tools for MAT. However, for MAT, success cannot be
measured with a clinical scoring system only. Clinical
scoring systems are based on subjective evaluation, and
there is no specific scoring system for MAT. Rath et al.
[14] evaluated 10 of their 18 MAT patients with arthro-
scopy and found eight allograft tears. However, the
majority of patients experienced a significant improvement
in their SF-36 score.

Thus, a more accurate and objective evaluation method
for MAT is necessary.

Several authors performed an MRI evaluation during
MAT follow-up visits [3, 19, 28] and believe that MRI
could be a gold standard to evaluate meniscal allograft
status [29]. It has been demonstrated that it is worthwhile
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Fig. 3 A flow diagram of the
clinical application of second-
look arthroscopy after meniscal
allograft transplantation
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to assess the graft and joint preservation effect thoroughly
with high-level evidence. However, the role of MRI in the
post-operative evaluation of MAT is unclear, and no sig-
nificant correlation was reported between MRI and clinical
outcomes in a recent study [30]. There are several short-
comings with the use of MRI for objective evaluation.
First, MRI has variable signal intensities and artifacts that
could affect the interpretation of the results. Increased
signal intensities were mostly considered attributable to
scar response, revascularization, or host-cell repopulation.
MRI was unable to distinguish the intensity of meniscal
tears [19]. Another drawback is that intra-substance
degeneration could be seen with MRI. Intra-substance
degeneration could be seen in the normal menisci of older
patients, so it could be difficult to distinguish from normal
findings. Finally, MRI could not be employed for the
dynamic evaluation of meniscal allografts utilizing range
of motion [21, 31, 32]. Therefore, this study intended to
report the need and role of second-look arthroscopy as an
objective evaluation method after MAT.

As previously mentioned, even though MRI and clinical
scoring systems have been extensively used to evaluate
MAT, more detailed and objective methods for the inves-
tigation and description of meniscus allografts, as well as
the adjacent cartilage, are necessary.

Second-look arthroscopy is the most accurate objective
evaluation method. It can provide the dynamic status of the
meniscus, and it is possible to analyze the histological
status through biopsy. Additionally, arthroscopy shows the
actual status of the allograft, as well as the status of the
other intraarticular structures. van Arkel et al. [19]
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evaluated meniscal allografts with MRI and second-look
arthroscopy and concluded that the arthroscopic results
correlated better with the clinical results than MRI. In
addition, they reported that sensitivity, positive predictive
value, negative predictive value, and the likelihood ratio
for a positive test were better for arthroscopy than MRI.
Moreover, during second-look arthroscopy, the healing of
the meniscal transplant to the joint capsule could be
inspected and tested directly with a probe (Fig. 2).

However, it was not always feasible because some
patients without disabling discomfort were unwilling to
undergo invasive and expensive second-look arthroscopy.
In this case, an invasive arthroscopic procedure could cause
ethical issues. Additionally, it could not be used as a
weight-bearing evaluation method for an allograft, and
conflicting bias concerning interpretation of arthroscopic
observations exists [31].

Therefore, it is important to determine whether second-
look arthroscopy is necessary considering patients’ symp-
toms and MRI findings (Fig. 3). An MRI scan should be
performed as a first-line evaluation; however, for a symp-
tomatic patient with positive MRI findings, go for second-
look arthroscopy. Similarly, for symptomatic patients with
negative MRI findings, the role of second-look arthroscopy
may be valuable for further evaluation. However, if you are
in doubt, go for second-look arthroscopy. For asymp-
tomatic patients with positive MRI findings, the role of
second-look arthroscopy is questionable.

A potential limitation of this review includes the
heterogeneity of studies that we reviewed. All the studies
had their own criteria and purpose, as well as definitions of
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failure of MAT on second-look arthroscopy, frequency of
performing second-look arthroscopy, follow-up period, and
number of patients.

Another limitation of this review is that second-look
arthroscopy has not yet been definitively established as an
evaluation method for MAT.

Finally, not all studies provided the data necessary for
our review.

Conclusion

In conclusion, if patients have pain or other problems on
knee following MAT, the objective evaluation such as MRI
or second-look arthroscopy are necessary. However, until
now, many methods have been performed to evaluate the
only clinical outcomes of MAT, and second-look arthro-
scopy was performed without any proper guidelines. In this
review, there was no clear mention of indication for sec-
ond-look arthroscopy after MAT. Thus, we assessed the
need and role of second-look arthroscopy for objective
evaluation after MAT.

Although second-look arthroscopy has inevitably ethical
issues, especially for asymptomatic and well-functioning
knees, in this review, it could be a more dependable
method available to detect meniscal healing if performed
for certain indications such as a symptomatic patient with
an MRI indicating abnormalities.
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