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Viable versus frozen meniscus allografts.
A clinical and imaging short term evaluation

Viabilni i smrznuti transplantat meniska. Rana klinicka i radioloska

evaluacija

Jaap van der Maas?, Pieter Vansintjan', Rene Verdonk?’, Peter Verdonk?

Abstract. Aim: To perform a clinical and imaging short term evaluation of viable and frozen
meniscus allografts. Methods and materials: Between 2005 and 2006, 12 meniscal allograft
transplantations were performed in our institution. The study population consisted of 5 men
and 7 women with a mean age of 36.4 years (range 17.1-42.5). Six patients received a viable
allograft and six a deep-frozen one. All allografts were harvested from donors who died after
a short disease. All patients were operated with an open surgical technique (medial or lateral
arthrotomy) and soft tissue fixation with secure anterior and posterior horn fixation, per-
formed by one senior surgeon. All patients were scored pre-operatively, at 6 weeks, 3
months, 6 months, 1 and 2 years postoperatively. Three questionnaires were used to score
the patients clinically (KOOS, modified HSS and SF-36 questionnaire). Every patient received
radiographs pre-operatively and at 6 months and 1 year. Results: Clinically, there was no dif-
ference in patient self-reported results through questionnaires or in a questionnaire based
on clinical examination. There was no significant progress in joint space narrowing on weight
bearing and Rosenberg view radiographs. Conclusion: Our results suggest that there are no
clinical significant differences between the viable and the deep frozen subgroup after two
years.
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Sazetak. Cilj: UCiniti ranu klini¢ku i radiolosku evaluaciju vijabilnog i smrznutog transplantata
meniska. Metoda i materijali: Tijekom 2005. i 2006. godine, u nasoj ustanovi izvedeno je 12
alotransplantacija meniska. U studiju je bilo ukljuéeno 5 muskaraca i 7 Zena, s prosjecnom
dobi od 36,4 godina (raspon od 17,1 do 42,5). U Sest pacijenata presaden je vijabilni trans-
plantat, a u Sest duboko smrznuti transplantat. Svi transplantati su dobiveni od davatelja koji
su umrli nakon kratke bolesti. Svi pacijenti operirani su otvorenim kirurskim zahvatom (medi-
jalna ili lateralna artrotomija), uz fiksaciju mekih tkiva i fiksaciju prednjeg i straznjeg roga. Svi
pacijenti su evaluirani preoperativno, te 6 tjedana, 3 mjeseca, 6 mjeseci, jednu i dvije godine
nakon operacije. Za klinicku evaluaciju bolesnika koristena su tri upitnika (KOOS, adaptirani
HSS i SF-36 upitnik). Svakom pacijentu je ucinjena rendgenska slika preoperativno, nakon 6
mjeseci i nakon jedne godine. Rezultati: Klinicki, nije bilo razlika izmedu rezultata koje su bo-
lesnici samostalno naveli u upitnicima i onih dobivenih temeljem klinickog pregleda. Rend-
genska slika po Rosenbergu nije pokazala znacajni pomak u suZenju zglobne pukotine pod
opterecenjem. Zakljucak: Nasi rezultati ukazuju na to da nakon dvije godine ne postoje
klinicki znacajne razlike izmedu transplantacije vijabilnog i duboko smrznutog transplantata.

Kljucne rijeci: hrskavica; menisci; transplantat; vijabilni; zamrznuti
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INTRODUCTION

Ever since Fairbank described the radiographic de-

Study population

The study population consisted of 5 men and 7
women with a mean age of 36.4 years (range
17.1 to 42.5). Six patients received a viable and
six a deep-frozen allograft. There were eight lat-

generative evolution of the post-meniscectomized
knee in 1948, the functional importance of the
meniscus has been more appreciated. Locht et al.
performed the first work in meniscal allograft
transplantation in the beginning of the eighties

eral allografts (5 deep-frozen and 3 viable) and
four medial allografts (1 deep-frozen and 3 via-

. . . - ble). Seven patients received a concomitant pro-
with the transplantation of proximal tibial osteo-

. N . . cedure with the meniscal transplantation (micro-
chondral grafts in combination with meniscal allo- P (

fracture in 5, and ti I high tibial
graft?. In 1948 it was Milachowski who performed racture In >, and a corrective valgus hig '

osteotomy in 3 patients).

Meniscal allograft transplantation is a good option in a Meniscal allograft preservation

young, symptomatic, post-meniscectomized knee for
pain relief and improvement of function.

All allografts were harvested from donors who
died after a short disease. The maximum age for

the first meniscal allograft transplantation in a hu-
man being®. Now there is more and more growing
evidence in literature that a meniscal allograft
transplantation, given the right indications, results
in significant improvements in knee function and
pain relief, in the short- as well as in the long term*
°. Many variables contribute to the result, such as
surgical technique and sizing of the allograft, but
also the preservation technique of the allografts.
The hypothesis was that by keeping the cells via-
ble, they could maintain the extracellular matrix
and so the mechanical integrity of the meniscus.

METHODS AND MATERIALS

Between 2005 and 2006, 12 meniscal allograft
transplantations were performed in our institu-
tion. The indications for the surgery were: a
young, active patient (< 50 years) who sustained
a previous total meniscectomy, presenting with
(medial or lateral) pain and swelling and unable
to perform daily professional activities. The knee
should be normally aligned and stable.

The contra-indications included progressed artic-
ular cartilage damage (> grade Il ICRS), degener-
ative changes on radiographs, malalignment, in-
stability, a history of septic arthritis in the knee
and other inflammatory diseases.

In case of malalignment or focal cartilage dam-
age, a concomitant procedure was performed
(corrective valgus high tibial osteotomy or focal
cartilage repair).

http://hrcak.srce.hr/medicina

the donors was set at 45 years. None had received
corticosteroids or cytostatic drugs. All grafts were
obtained within 24 hours postmortem.

The deep-frozen allografts were obtained from
the tissue bank of the University Hospital of
Ghent after comparative sizing with the acceptor.
Sizing was done through radiographs. After graft
prelevation in the sterile operating room, it was
immediately transported to the tissue bank and
conserved at -80 °C. After screening for transmit-
table diseases, the grafts were released from the
tissue bank for transplantation.

Viable allografts were harvested likewise and im-
mediately conserved in a solution of Dulbecco’s
Modified Eagle Medium (D-MEM; Gibco Invitro-
gen, Merelbeke, Belgium) enriched with 20 % of
autologous serum from the acceptor which had
been obtained before and stored at min 80 °C.
The graft stayed in this medium for a period of 14
days at 37 °C and the medium was replaced eve-
ry three days in a sterile fashion. During this con-
servation time, the donor was screened for trans-
mittable diseases™.

Surgical technique

All patients were operated with an open surgical
technique (medial or lateral arthrotomy) and soft
tissue fixation with secure anterior and posterior
horn fixation by one senior surgeon (RV). The
lateral allograft transplantation was performed
through a classic lateral parapatellar arthrotomy
(Figure 1). Proximal insertion of the lateral collat-
eral ligament and popliteus tendon were re-
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leased by creating an osteotomy with a curved
osteotome (Figure 2).

The bone block was fixated with a screw after the
transplantation was performed. For the fixation
of the graft, first the remaining rim and posterior
and anterior horns were trimmed to fit the donor
meniscus. This was fixed with non-resorbable
Prolene 2/0 sutures every 3 mm from posterior
to anterior, and extra horizontal sutures to fixate
the posterior and anterior horns (Figure 3). Sub-
sequently, the bone block from the osteotomy
was fixated and the arthrotomy closed.

The medial allograft transplantation was per-
formed through a classic medial parapatellar ar-
throtomy of approximately 8 cm (Figure 4). This
incision can easily be extended if a concomitant

N

Figure 1. Lateral incision of approximately 8 cm is performed with the
knee in 90° of flexion.

Figure 2. Curvilinear osteotomy of the proximal insertion of the lateral collateral ligament and popliteus tendon to

get better access to the lateral compartment.

Figure 3. The allograft is tightly fixed with horizontal, non-resorbable sutures every 3 mm.
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-

Figure 4. Medial parapatellar incision of approximately 8 cm, made with
the knee in 90° flexion.

178

procedure has to be performed, such as a correc-
tive valgus high tibial osteotomy or an ACL recon-
struction. To further open the arthrotomy, a flake
osteotomy of the femoral attachment of the me-
dial collateral ligament was performed at the lev-
el of the medial femoral epicondyle. Fixation of
the allograft was performed in the same fashion
as described above for the lateral allograft.

The postoperative rehabilitation program consist-
ed of a non-weight-bearing and restricted flexion
until 60° for the first three weeks. After that, pro-
gressive weight bearing and flexion until 90° was
allowed. After six weeks the crutches were pro-
gressively removed and full flexion was allowed.

Clinical evaluation and follow up

All patients were scored pre-operatively, at 6
weeks, 3 months, 6 months, 1 and 2 years post-
operatively. Three questionnaires were used to
score the patients clinically: the KOOS, the modi-
fied HSS and SF-36 questionnaire. The KOOS

Table 1. IKDC classification of joint-space narrowing

questionnaire is validated in Dutch for the follow-
up of meniscal allograft transplantation. KOOS
and SF-36 were filled out by the patient and the
modified HSS questionnaire was filled out by an
independent orthopedic surgeon after conduct-
ing clinical examination in a standardized fashion.

Radiological evaluation

Every patient received radiographs (AP, PA and
full leg) pre-operatively and at 6 months and 1
year. Joint-space narrowing was scored according
to the IKDC-classification (Table 1).

Each patient also had consecutive MRI’'son a 1.5T
scanner (Magnetom Symphony or Avanto; Sie-
mens Medical Solutions, Erlangen, Germany) at 6
weeks and 1 year.

All examinations were done in 3 mm sagittal slic-
es with proton density and T2 weighted fast spin
echo images, followed by 2 mm coronal slices
and 3 mm axial slices according to a 3D dual echo
steady state sequence for optimal visualization of
the menisci and the articular cartilage.

Each allograft was scored according to following
parameters: signal intensity, ruptures and extru-
sion*2. The articular cartilage of the femur condyle
as well as on the tibial plateau was graded accord-
ing to Yulish with minor adjustments (Table 2)%.

Statistical analysis

Statistical analysis was performed with SPSS
v13.0 for Windows XP. First the population was
checked with the Shapiro-Wilk test, but this
showed no normal distribution. Therefore, fur-
ther statistical analysis was performed using non-
parametric tests. The Mann-Whitney U test was
used to show significant differences between the
deep frozen and viable group. Comparison of the
pre-operative data and the post-operative data
was performed using the Wilcoxon Signed Ranks
test. Statistical significance was set at P < 0.05.

IKDC classification
Grade 0 No narrowing of the joint-space
Grade 1 < 50 % narrowing
Grade 2 > 50 % narrowing
Grade 3 Joint space obliteration

http://hrcak.srce.hr/medicina
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Table 2. Yulish MRI classification of articular cartilage damage

MRI Classification of articular cartilage

Grade 0 Normal

Grade 1

Normal contour + abnormal signal

Grade 2 Superficial fraying: erosion or ulceration of less than 50 %
Grade 3 Partial thickness defect of more than 50 % but less than 100 %
Grade 4 Full-thickness cartilage loss

RESULTS

Clinical outcome

At first, the deep-frozen and viable subgroup
were compared for all the clinical parameters at
6 weeks, 3 months, 6 months, 1 and 2 year post-
operatively. Out of a total of 82 parameters,
there were 9 statistically significant differences
between the two groups at different follow-up
times. Because there was no obvious relation be-
tween the significantly different parameters, the

two groups were considered clinically equal,
none of them being superior to the other.
Therefore, the entire population was studied as
one group for further analysis.

The modified HSS score improved for pain, func-
tion and range of motion applied after 6 months
gave results that were statistically significantly bet-
ter compared to those at 6 weeks postoperatively.
This continued to improve up to year 2, but there
was no statistically significant improvement com-
pared to 6 months postop (Table 3, Figure 5).

Table 3. Overview of modified HSS scores 6 weeks postoperative compared to 6 months postoperative

Modified HSS score (Mean + SD)
p-value
6 weeks 1 year
Pain 27.3+133 44.0+6.1 0.02
ROM 17.3+£3.7 24.0+£2.3 0.02
function 33.5+27.0 91.1+12.7 0.02
120
a
+ 100 F
c
s v
2 / »
E 80
.
@ 60 +— pain
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Figure 5. Evolution of modified HSS scores, comparing 6 weeks post-op to 2 years post-op.
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In the KOOS questionnaire, there was also a statis-
tically significant improvement in the ‘pain’ and
‘function’ subscores obtained at 6 months when
compared to those measured preoperatively. Af-
ter one vyear, the ‘ADL, ‘sport & recreation’ and
‘quality of life’-scores, also improved statistically

significantly. After another one year, there was no
statistically significant improvement anymore in
any of the subscores (Table 4, Figure 6).

The SF-36 parameters all improved over time but
did not all reach statistically significant improved
results after 2 years. There was a trend of declin-

100

90

80 N/&
,0 TN
50
40 i

: N

10

=4 pre-operative

KOOS score (Mean £ SD)
(=2]
o
-l

—— 1year

—i— 2 year

pain symptoms ADL S&R QoL

Figure 6. Evolution of modHSS scores, comparing pre-operative post-op to 1 and 2 years post-op.
ADL = activities of daily live, S&R = sports and recreation, QoL = quality of life

Table 4. KOOS scores compared preoperative to 1 year post-op.

KOOS score (Mean + SD)
pre-operative 1 year p-value
pain 52.8+23.5 78.6 £13.8 0.02
symptoms 47.3+£18.9 73.8+14.2 0.04
ADL 63.4+26.4 88.1+11.8 0.05
S&R 17.3+15.9 459+ 20.0 0.02
QoL 31.3+19.0 53.0+£23.8 0.02

ADL = activities of daily live, S&R = sports and recreation, QoL = quality of life

Table 5. SF-36 scores compared preoperative to 1 year post-op.

SF-36 scores (MeanSD)
pre-operative 1 year p-value
PF (physical functioning) 45.1 +28.6 64.5 £ 24.0 0.14
RP (role physical) 18.2 +33.7 59.1+42.2 0.02
BP (bodily pain) 39.3+23.3 60.1 +20.1 0.09
SF (social functioning) 67.2+34.1 83.1+20.2 0.20
MH (mental health) 67.6 £ 14.7 81.8+14.0 0.03
RE (role emotional) 54.5+52.2 94.0+13.3 0.04
VT (vitality) 55.5+22.2 70.9 +20.3 0.24
GH (general health) 68.6 + 16.1 70.5+15.1 0.57
HCLY (health compared to last year) 45.5+24.5 63.6 +34.2 0.10

180 http://hrcak.srce.hr/medicina
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ing scores after 6 weeks, after which they im-
proved (Table 5).

Radiological outcome

There was no significant decline in the grading of
the joint space in all study subjects. In the short
term, there was no progressive joint-space nar-
rowing either in the viable or in the deep-frozen
group.

The images from the MRI were also compared for
the viable and deep-frozen subgroups. There was
hardly any difference in the signal intensity of all
menisci at six weeks post-op and one year post-
op. There were more tears in the posterior root of
the viable menisci (50 %), in contrast to no tears in
the deep-frozen subgroup. Meniscal body extru-
sion was seen in all allografts after one year. After
one year, five viable and four deep-frozen allo-
grafts presented complete extrusion, and one via-
ble and two deep-frozen were partially extruded.
The status of the articular cartilage remained
constant over 1 year in both subgroups.

DISCUSSION

Since the first meniscal allograft transplantation
in 1984 by Milachowski?, there have been numer-
ous studies in search of the perfect conservation
technique. At the end of the eighties, the philos-
ophy to start using viable allografts emerged in
the University Hospital of Ghent. The hypothesis
was that by keeping the cells viable, they could
maintain the extracellular matrix and so the me-
chanical integrity of the meniscus. Earlier studies
showed that long-term survival of the viable me-
niscal allograft transplants was excellent with
good results in 70 % of cases after 10 years®. This
is comparable to other published data using
deep-frozen and cryopreserved allografts®7”=,

This study was conducted to see if these results
would be noticed also in the short term because
this had not been investigated before.

After two years, no group proved to be superior
to the other clinically or radiologically.

This was expected, given the small population
and the short-term follow-up. Because there is
not enough weight in this study, the results need
to be interpreted with caution. A second remark
refers to the interpretation of the incorporation
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and survival of the graft with MRI. Evaluation
with arthroscopy and biopsies with histological
analysis of the cellularity and ingrowth would be
more ideal, but are not easy to obtain.

In a recent study** comparing both viable and
fresh frozen meniscal allografts, evidence of both
fibroblasts and fibrochondrocytes was found in all
specimen types. Specifically, the main cell type
seen was a fibrochondroblast in both allograft ty-
pes. However, it has been noted that there is no
unique cell-specific marker for meniscal cells.

In the short term, there are no statistical differences in
clinical or radiological outcomes between viable or

deep-frozen allografts.

Identifying the exact phenotype of the re-popula-
ting cells requires analysis of the RNA produced by
these cells in comparison with the RNA produced
by normal meniscal fibrochondrocytes®.

In the same study, when cell density is conside-
red, the density seen in the central area of biop-
sies from deep-frozen allografts was significantly
lower than that seen in viable allografts. This re-
sult is reflected in the data from previous reports
on deep-frozen allografts, where repopulation
was limited to the superficial zone, while the
core of the transplant remained acellular®®. This
may relate to the processing of the deep frozen
allografts, with the resulting loss of cells.

CONCLUSION

In conclusion, these results suggest that there
are no clinical significant differences between the
viable and the deep-frozen subgroups after two
years.

Clinically, there was no difference between the
results self-reported by patients in question-
naires and those based on clinical examination.
The results for both groups after two years
showed a statistically significant improvement in
pain scores and function, as well as in the range
of motion.

This finding is in positive contrast with micro-
scopic evidence suggesting obvious depletion of
viable cells in the core of the meniscal body in
case of deep-freezing preservation.

http://hrcak.srce.hr/medicina
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However this does not seem to be illustrated in
clinical findings in the short term (min 2 y FU).
There was no significant progress in the joint
space narrowing on weight bearing or on Rosen-
berg view radiographs. MRI also showed some
extrusion of all allografts after 2 years, but no dif-
ference between the two subgroups. Articular
cartilage in the affected compartment minimally
declined on MRI in both groups after two years.
The higher tearing rate in the viable subgroup
should be interpreted with caution because of
the small size of the subgroups, and the fact that
it was not reflected in the clinical outcome.

In the future, further studies with biopsies are
needed to elucidate the biological histological
fate of both viable and deep-frozen allografts.
Standardized, longer-term follow-up is mandato-
ry if clinical or radiological differences appear in
the long term.

Conflicts of interest statement: The authors report no
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