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Summary
Introduction:  The  three  prerequisites  for  a  successful  meniscal  allograft  are  fixation,  graft
sizing and  precise  positioning.  The  goal  of  this  study  was  to  demonstrate  that  lateral  meniscal
allografts  can  be  reliably  positioned  using  a  fully  arthroscopic  technique.
Hypothesis:  This  surgical  technique  is  feasible  and  results  in  good  positioning  of  the  meniscal
graft.
Material  and  methods:  Twelve  fresh  cadavers  were  used  in  the  study.  The  meniscal  graft  implan-
tation procedure  was  performed  entirely  by  arthroscopy.  The  meniscal  horns  were  fixed  with
screw-in  suture  anchors  and  the  meniscal  border  was  fixed  to  the  capsule  by  arthroscopic
meniscus-capsule  sutures.  The  main  outcome  measure  of  good  implant  positioning  was  based
on the  distance  between  the  implanted  location  of  the  posterior  horn  of  the  lateral  meniscus
(PHLM) and  its  original  location.  To  accomplish  this,  aerial  photographs  of  the  tibial  plateau
were used  to  compare  the  insertion  zones  and  to  calculate  the  distance  between  them.  These
measurements  were  performed  by  two  surgeons  and  then  compared.
Results:  Eleven  of  the  12  procedures  (92%)  were  performed  successfully.  The  posterior  horn
of the  lateral  meniscus  was  positioned  an  average  of  4.3  mm  in  the  medial—lateral  axis  and
1.7 mm  in  the  anterior—posterior  axis  away  from  its  original  location.  Thus  the  position  of  the
implanted PHLM  was  on  average  4.6  mm  away  from  its  original  location.
Discussion:  This  fully  arthroscopic  technique  is  feasible.  It  offers  the  advantages  associated  with
minimally-invasive  surgery  and  results  in  good  positioning  of  the  posterior  horn  of  the  allograft.
Two limitations  of  this  study  are  that  the  size  of  the  implant  was  not  matched  and  the  chosen
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fixation method  was  not  subjected  to  biomechanical  evaluation.  The  lack  of  a  tibial  tunnel
will make  it  easier  to  combine  this  procedure  with  ACL  reconstruction.  In  these  conditions,  the
clinical application  of  this  techn
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he  structure  and  biomechanical  properties  of  the  menis-
us  have  been  thoroughly  studied  [1—4]. Meniscal  injuries
equire  various  treatments  aimed  at  preserving  the  bulk  of
he  meniscal  tissue,  either  by  leaving  the  injured  tissue  as  is
r  by  repair  it.  When  this  is  not  possible,  partial  meniscec-
omy  is  inevitable.  Meniscal  allograft  transplantation  may
e  a  treatment  alternative  to  partial  or  total  meniscec-
omy,  which  has  a  poor  prognosis.  Meniscal  replacement  is
sed  for  very  specific  indications:  patient  below  40  years  of
ge,  normal  alignment,  stable  knee,  maximum  Grade  3  car-
ilage  injury.  It  provides  satisfactory  clinical  and  functional
esults,  but  does  not  ensure  the  cartilage  is  protected  over
he  long-term  [5,6].

Numerous  open  and  arthroscopic  techniques  have  been
escribed.  Many  agree  on  the  importance  of  anatomical
osition  and  appropriate  sizing  of  the  graft,  which  are  essen-
ial  criteria  for  restoring  the  mechanical  properties  of  the
eniscus  [7—10].  One  controversial  but  crucial  aspect  is  the
xation  of  the  meniscal  horns  of  the  graft  to  make  sure
hey  can  withstand  loading  [11,12].  Bone  anchoring  of  the
eniscal  horns  provides  greater  biomechanical  properties

nd  better  stability  than  fixation  to  soft  tissues  [7,11].  The
ost  common  methods  involve  the  use  of  bone  plugs  or  bone
ridges  into  the  tibial  plateau.  Thus  the  three  prerequisites
or  a  meniscal  allograft  are  precise  positioning,  graft  sizing
nd  fixation.

The  goal  of  this  study  was  to  demonstrate  that  lateral
eniscal  allografts  can  be  reliably  positioned  using  a  fully

rthroscopic  technique  where  the  anterior  and  posterior
orns  are  fixed  to  bone  using  interference  anchors,  with-
ut  the  need  for  a  tibial  tunnel.  The  purpose  of  the  study
as  to  validate  the  feasibility  of  this  technique,  but  not  to
alidate  the  mechanical  quality  of  the  fixation  or  the  sizing
f  the  graft.

aterials and methods

welve  fresh  cadavers  were  used.  Knees  had  to  be  injury-
ree  to  be  included.  Knees  were  excluded  if  a  scar  was  visible
r  the  knee  was  too  stiff  to  allow  the  procedures  to  be  per-
ormed.  The  subjects  were  paired  into  Subjects  A-B  based  on
omparable  morphological  criteria  (in-seam  length  and  knee
idth)  to  obtain  appropriate  graft  sizes  from  Subject  A  to
ubject  B,  and  vice-versa  from  Subject  B  to  Subject  A  for  the
ontralateral  knee.  Thus  for  the  right  knee,  if  the  recipient
as  subject  A  (RA),  the  donor  was  subject  B  (DB).  The  right

ecipient  knee,  RA,  was  prepared  arthroscopically  to  remove
ll  meniscal  tissue  from  the  lateral  tibiofemoral  compart-
ent.  The  right  donor  knee,  DB,  was  disarticulated  so  the

ateral  meniscus  could  be  collected  as  a  whole  (Fig.  1a).
mmediately  before  the  collection,  an  aerial  view  photo-
raph  of  the  tibial  plateau  with  the  menisci  intact  in  DB  was
erformed  as  a  control  for  the  position  of  the  posterior  horn
f  the  lateral  meniscus  (PHLM)  of  Subject  B  (Fig.  1a  and

).  The  allograft  collected  from  the  right  knee  of  DB  was
mplanted  into  the  right  knee  of  RA  (Fig.  1c).  This  sequence
as  inverted  for  the  left  knee.  In  all,  each  subject  acted  as

he  donor  for  one  knee  and  as  the  recipient  for  the  other.
•
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urgical  technique

he  two  meniscal  horns  and  the  popliteal  hiatus  were
ocated  and  marked  on  the  lateral  meniscal  allograft  col-
ected  from  the  donor  subject.  The  two  meniscal  horns  were
repared  in  an  identical  manner  with  two  FiberWire  sutures
Arthrex,  Naples,  FL,  USA)  of  different  colors.  On  each  horn,

 ‘‘hemi-Kessler’’  suture  pattern  was  performed  with  the
utures  coming  out  on  the  tibial  side  of  the  allograft.  A
orizontal  mattress  suture  was  placed  at  the  popliteal  hia-
us  with  the  suture  ends  coming  out  of  the  meniscus  wall
Fig.  2).  For  the  implantation,  each  subject  was  placed  in
orsal  decubitus  with  the  knee  flexed  and  the  extremity
ree  of  any  movement.  Two  standard  anteromedial  (AM)
nd  anterolateral  (AL)  arthroscopy  portals  were  made.  The
raft  was  introduced  through  the  AL  portal  into  the  previ-
usly  prepared  lateral  tibiofemoral  compartment.  The  graft
as  inserted  with  grasping  forceps  and  positioned  into  the

ateral  tibiofemoral  compartment.  The  sutures  facing  the
opliteal  hiatus  were  retrieved  using  a  relay  suture  that
ad  been  introduced  with  a  highly  curved  needle  (Banana
utureLassoTM,  Arthrex,  Naples,  FL,  USA)  and  went  outside-
n  through  the  popliteal  hiatus  of  the  recipient  subject.  This
raction  suture  was  used  to  temporarily  stabilize  the  graft
hile  the  PHLM  was  being  fixed.  The  PHLM  position  was
etermined  by  using  the  residual  meniscal  tissue  and  the
ateral  tibial  spine  as  guides.  A  third  portal  located  about

 cm  outside  and  above  the  AL  portal  was  made  to  allow
he  anchor  to  be  inserted  while  aiming  at  the  PHLM  with  an
ttack  angle  to  the  tibial  surface  of  at  least  30◦ (Fig.  3).
he  PHLM  sutures  were  retrieved  through  this  accessory
L  portal  and  armed  onto  a  knotless  suture  anchor  (Swive-
ock  FT,  4.75  ×  19  mm,  Arthrex),  which  was  used  to  anchor
he  sutures  to  the  tibial  plateau  (Fig.  4).  Once  the  PHLM
ad  been  fixed,  ‘‘all-inside’’  suturing  was  performed  on  the
osterior  segment  using  four  or  five  dedicated  arthroscopic
utures  (Meniscal  Cinch,  Arthrex).  The  viewing  camera  was
hen  introduced  by  the  accessory  AL  portal.  The  sutures
n  the  anterior  horn  of  the  graft  were  retrieved  by  the
M  portal  and  then  also  armed  onto  a  second  knotless
uture  anchor  that  was  used  to  attach  this  horn  to  the  tib-
al  plateau  (Fig.  5).  In  some  cases,  the  anterior  segment
equired  outside-in  suturing  for  final  stabilization.

easurements

he  innovative  aspect  of  this  technique  is  the  PHLM
mplantation.  A  successful  outcome  was  defined  as  the
chievement  of  a  relevant  PHLM  position.

Once  the  procedure  was  completed,  the  recipient  knee
as  disarticulated  to  take  an  aerial  view  photograph  of  the

ibial  plateau  with  the  graft  in  place.  Thus  for  one  subject,
e  had  two  aerial  view  photographs  of  the  tibial  plateau

Fig.  6):

 one  photograph  that  was  flipped  horizontally  of  the  Donor
knee  with  the  original  lateral  meniscus  (control  photo-

graph)  (equivalent  to  the  horizontally  flipped  photograph
of  DB  on  Fig.  1d);

 one  photograph  of  the  recipient  knee  with  the  allograft
in  place  (equivalent  to  the  RB  photograph  on  Fig.  1d).
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Figure  1  Methodology  for  implanting  and  evaluating  the  positioning  of  the  lateral  meniscus  allograft:  a:  the  recipient  knees  (RA
and RB)  were  prepared  under  arthroscopy  so  that  the  lateral  tibiofemoral  (LFT)  compartment  is  free  of  meniscal  tissue;  donor
knees (DA  and  DB)  are  dislocated  to  take  an  aerial  photograph  of  the  tibial  plateau  and  obtain  a  control  photograph  of  the  menisci
position; b:  after  taking  the  photograph,  lateral  menisci  were  dissected  from  donor  knees  (DA  and  DB);  c:  the  recipient  knees  (RA
and RB)  were  grafted  with  the  corresponding  lateral  meniscal  allograft;  d:  aerial  photographs  of  the  recipient  knees  (RA  and  RB)
were taken  after  meniscal  transplantation  and  compared  with  the  control  photographs  of  the  donor  knees  (DA  and  DB)to  analyze

.

a
s
e

the positioning  of  the  posterior  horn  of  lateral  meniscus  (PHLM)

The  photographs  of  a  subject’s  two  knees  could  then
be  compared  with  imaging  software  (Photoshop  CS3)  on  a
comparable  and  standardized  scale  after  being  horizontally

flipped.  Our  hypothesis  was  that  a  subject’s  left  and  right
knees  were  symmetric  and  comparable.  Nevertheless,  if  a
small  difference  was  found,  it  was  corrected  using  the  imag-
ing  software.  When  the  two  photographs  were  comparable

b
l
o
i

nd  ready  to  be  analyzed,  a  plane  Cartesian  coordinate
ystem  was  applied  to  all  the  photographs  so  that  the  differ-
nces  in  the  position  of  the  original  and  grafted  PHLM  could

e  measured  in  mm.  Since  the  knees  had  been  disarticu-
ated,  we  considered  the  meniscus  as  being  free  of  loading
n  the  tibial  plateaus.  Thus  assuming  that  the  anatom-
cal  structures  were  stable,  we  established  a  reference
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igure  2  Preparation  of  the  meniscal  transplant  with  three
utures.

oordinate  system  where  the  x-axis  was  tangent  to  the  pos-
erior  segment  of  the  medial  meniscus  and  the  y-axis  was
erpendicular  to  the  latter,  and  tangent  to  the  middle  seg-
ent  of  the  medial  meniscus.  From  this  landmark,  the  PHLM
osition  could  be  established  to  calculate  the  percent  vari-
tion  in  the  distance  separating  the  original  horn  from  the
mplanted  horn.  These  differences  were  projected  onto  a
tandard  75  ×  40  mm  tibial  plateau  so  that  the  average  gap
ize  (in  mm)  could  be  calculated.  All  the  PHLM  position  mea-
urements  were  performed  by  two  independent,  blinded
bservers.

tatistics
 non-parametric  Wilcoxon  test  was  used  to  compare  the
istance  gap  between  the  original  and  implanted  PHLM.  The
ignificance  threshold  was  set  at  P  <  0.05.  The  analysis  was

igure  3  Arthroscopic  view  showing  the  placement  of  the
uture anchor  through  the  lateral  accessory  portal  in  order  to
ttain an  angle  >  30◦ relative  to  the  lateral  tibial  plateau  (right
nee).

P
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igure  4  Placement  of  the  posterior  horn  of  lateral  meniscus
PHLM).  Arthroscopy  and  Sawbone  views  (right  knee).

erformed  using  the  ‘‘R  project  for  Statistical  Computing’’
oftware.

esults

osterior  horn  of  lateral  meniscus  implantation

he  PHLM  implantation  was  successful  in  11  of  12
92%)  cadaver  subjects.  Despite  matching,  the  one  failure
ccurred  because  the  graft  was  too  small,  which  did  not
llow  the  desired  position  to  be  obtained.  All  of  the  periph-
ral  sutures  were  completed  in  nine  of  11  cases.  For  the  two
enisci  that  were  too  small,  the  anterior  segment  could  not
e  sutured  since  it  was  too  short.

osterior  horn  of  lateral  meniscus  positioning
he  difference  in  the  position  of  the  original  and  implanted
orn  was  5.7%  (P  =  0.83)  in  the  medial-lateral  direction  (x-
xis)  and  4.2%  (P  =  0.96)  in  the  anterior—posterior  direction

igure  5  Arthroscopic  view  showing  the  placement  of  the
nchor for  the  anterior  horn  of  lateral  meniscus  (right  knee).



Cadaver  feasibility  study  of  arthroscopic  lateral  meniscal  allograft  transplantation  303

Figure  6  Final  view  with  the  control  photograph  (right  knee  equivalent  to  DB  on  Fig.  1)  and  the  photograph  with  theplacementof
the lateral  meniscal  transplant  of  recipient  knee  (left  knee  equivalent  to  RB  on  Fig.  1).  A  Cartesian  coordinate  system  was  applied
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on the  same  photographs  to  analyze  the  position  of  the  posterio

(y-axis).  If  these  variations  are  projected  onto  a  standard
(75  ×  40  mm)  tibial  plateau,  the  variation  in  medial-
lateral  distance  would  be  4.3  mm  and  1.7  mm  in  the
anterior—posterior  distance.  The  average  variation  in  dis-
tance  between  the  original  and  implanted  PHLM  was
calculated  based  on  the  Pythagorean  Theorem  and  found
to  be  4.6  mm.

Discussion

A  fully  arthroscopic  implantation  technique  with  suture
anchor  fixation  of  the  posterior  horn  is  technically  feasible
and  allows  the  posterior  horn  of  the  meniscal  graft  to  be
correctly  positioned.

Many  allograft  techniques  have  been  put  forward:  first
open  techniques  [13]  and  then  arthroscopic  techniques,
since  these  have  lower  morbidity  and  better  exposure.  The
fixation  of  the  meniscal  allograft  is  crucial,  but  was  not
evaluated  in  this  study.  Soft  tissue  fixation  [14,15], bone
plugs  [16]  and  bone  bridges  [17]  have  been  described.  Var-
ious  clinical  and  biomechanical  studies  suggest  that  bone
fixation  of  the  meniscal  horns  is  superior  to  soft  tissue  fix-
ation  [7,9,11,16,18],  however  Verdonk  et  al.  have  reported
satisfactory  results  in  a  patient  series  were  only  soft  tis-
sue  fixation  was  used  [14].  More  recently,  fixation  with  bone
plugs  was  compared  to  fixation  of  the  horns  directly  to  the
tibial  plateau  (equivalent  fixation  method  to  our  technique)
[19].  No  differences  in  the  functional  and  radiographic
results  were  found  at  the  mid-term  follow-up.  Furthermore,
bone  plugs  are  technically  more  difficult  to  use  and  require
anatomical  graft  placement.  Bone  bridge  fixation  requires
significant  bone  resection  in  the  tibia,  which  leads  to  a
notable  risk  of  complications  that  can  affect  the  integrity
of  the  tibial  intercondylar  eminence  [20].  The  technique
proposed  in  the  current  study  provides  the  advantage  associ-
ated  with  an  arthroscopy  technique  and  with  direct  meniscal
horn  fixation  to  bone,  which  seems  to  be  equivalent  to  bone
plugs  [19].  Also,  this  technique  completely  spares  the  tibia,
since  no  bone  tunnel  or  bone  trough  is  made.  This  is  an

advantage  since  an  ACL  reconstruction  could  be  performed
at  the  same  time  as  the  allograft  is  being  implanted.

The  distance  between  the  two  edges  of  the  anterior  and
posterior  horns  of  the  lateral  meniscus  has  been  shown  to

P
i
n

rn  of  lateral  meniscus  (PHLM).

e  between  6  and  10  mm.  If  the  allograft  position  is  off  by
ore  than  5  to  6  mm,  the  biomechanical  properties  of  the

mplant  could  be  altered,  with  a loss  of  function  and  early
ailure  [21].  Furthermore,  viewing  the  PHLM  can  be  prob-
ematic,  even  when  a  posterolateral  approach  is  used.  In  our
tudy,  the  position  of  the  posterior  horn,  which  is  the  most
hallenging  aspect  of  this  technique,  was  satisfactory  since
he  implanted  horn  was  at  less  than  5  mm  from  the  posi-
ion  of  the  original  horn.  By  using  a  superolateral  accessory
ortal  on  a  knee  in  forced  varus-flexion,  the  anchor  could
e  positioned  close  to  the  anatomical  insertion  point  of  the
osterior  horn.  Our  measurements  are  relevant  since  two
ight  and  left  knees  can  be  legitimately  compared,  given  the
ood  correlation  in  the  morphometric  knee  joint  dimensions
etween  the  right  and  the  left  knee  [22].

One  of  the  limitations  of  this  study  was  the  choice  of
eniscal  allograft.  No  X-ray,  MRI,  or  CT-scan  planning  was
ossible.  The  choice  was  based  on  the  assessment  of  simi-
ar  morphotypes  of  the  cadaver  subjects  in  order  to  match
hem.  We  believe  that  a  better  planning  of  the  allograft  size
ould  not  improve  the  PHLM  positioning,  as  it  is  solely  based
n  technical  requirements  and  this  fixation  is  performed
rst.

onclusion

his  study  demonstrates  that  our  arthroscopic  technique  for
ateral  meniscal  transplantation  is  reliable  in  terms  of  the
HLM  positioning  and  the  peripheral  sutures.  The  mechan-
cal  properties  of  the  horn  fixation  and  the  consequences
f  faulty  meniscus  sizing  were  not  evaluated.  The  relative
implicity  of  this  technique,  especially  in  cases  of  ACL  recon-
truction  since  no  additional  bone  tunnel  is  required,  has  led
s  to  start  using  this  technique  in  our  clinical  practice.

isclosure of interest
.  Hardy:  Ad-hoc  work:  expert  reports  and  consulting  activ-
ties  for  Arthrex  without  royalties.  The  other  authors  have
ot  conflict  of  interest  to  disclose  relative  to  this  article.



3

A

T
s
a

R

[

[

[

[

[

[

[

[

[

[

[

[

04  

cknowledgements

he  authors  wish  to  thank  Dr.  David  J.  Biau  for  help  with  the
tatistics  and  the  logistics  team  in  the  Anatomy  laboratory
t  the  Surgery  School  for  their  diligence.

eferences

[1] Walker PS, Erkman MJ. The role of the menisci in force trans-
mission across the knee. Clin Orthop 1975;109:184—92.

[2] Seedhom BB, Hargreaves DJ. Transmission of the load in the
knee joint with special reference to the role of the menisci:
part II. Experimental results, discussions, and conclusions. Eng
Med Biol 1979;8:220—8.

[3] Fithian DC, Kelly MA, Mow VC. Material properties and
structure function relationships in the menisci. Clin Orthop
1990;252:19—31.

[4] Papageorgiou CD, Gil JE, Kanamori A, et al. The biomechan-
ical interdependence between the anterior cruciate ligament
replacement graft and the medial meniscus. Am J Sports Med
2001;29:226—31.

[5] Verdonk R, Almqvist K, Huysse W,  Verdonk P. Meniscal allo-
grafts: indications and outcomes. Sports Med Arthrosc Rev
2007;15:121—5.

[6] Crook TB, Ardolino A, Williams LA, Barlow IW. Meniscal allograft
transplantation: a review of the current literature. Ann R Coll
Surg Engl 2009;91:361—5.

[7] Alhalki MM, Howell SM, Hull ML. How three methods forfixing a
medial meniscal autograft affect tibial contact mechanics. Am
J Sports Med 1999;27:320—8.

[8] Huang A, Hull ML, Howell SM. The level of compressive
loadaffects conclusions from statistical analyses to deter-
minewhether a lateral meniscal autograft restores tibial
contactpressure to normal: A study in human cadaveric knees.
J Orthop Res 2003;21:459—64.
[9] Paletta Jr GA, Manning T, Snell E, Parker R, Bergfeld J. The
effect of allograft meniscal replacement on intraarticular
contactarea and pressures in the human knee. A biomechani-
calstudy. Am J Sports Med 1997;25:692—8.

[

A.  Wajsfisz  et  al.

10] Kang RW, Lattermann C, Cole BJ. Allograft meniscus transplan-
tation: background, indications, techniques, and outcomes. J
Knee Surg 2006;19:220—30.

11] Chen MI, Branch TP, Hutton WC.  Is it important to secure
the horns during lateral meniscal transplantation? A cadaveric
study. Arthroscopy 1996;12:174—81.

12] Messner K, Verdonk R. It is necessary to anchor the meniscal
transplants with bone plugs? A mini-battle. Scand J Med Sci
Sports 1999;9:186—7.

13] Milachowski KA, Weismeier K, Wirth CJ. Homologous meniscus
transplantation, experimental and clinical results. Int Orthop
1989;13:1—11.

14] Verdonk PC, Demurie A, Almqvist KF, Veys EM, Verbruggen G,
Verdonk R. Transplantation of viable meniscal allograft: sur-
vivorship analysis and clinical outcome of one hundred cases.
J Bone Joint Surg Am 2005;87:715—24.

15] Garrett JC. Meniscal transplantation: a review of 43 cases
with 2- to 7-year follow-up. Sports Med Arthrosc Rev 1993;1:
164—7.

16] Shelton WR, Dukes AD. Meniscus replacement with bone
anchors: A surgical technique. Arthroscopy 1994;10:
324—7.

17] Cole BJ, Carter TR, Rodeo SA. Allograft meniscal transplanta-
tion: Background, techniques, and results. Instr Course Lect
2003;52:383—96.

18] Sekiya JK, Ellingson CI. Meniscal allograft transplantation. J
Am Acad Orthop Surg 2006;14:164—74.

19] Abat F, Gelber PE, Erquicia JI, Tey M, Gonzalez-Lucena G, Mon-
llau JC. Prospective comparative study between two different
fixation techniques in meniscal allograft transplantation. Knee
Surg Sports Traumatol Arthrosc 2012. Epub ahead of print.

20] Sohn D, Toth A. Meniscus transplantation: current concept. J
Knee Surg 2008;21:163—72.

21] Jonhson DL, Swenson TM, Livesay GA, Aizawa H, Fu FH, Harner
CD. Insertion-site anatomy of the human menisci: gross, arthro-
scopic, and topographical anatomy as a basis for meniscal

transplantation. Arthroscopy 1995;11:386—94.

22] Dargel J, Feiser J, Gotter M, Pennig D, Koebke J. Side differ-
ences in the anatomy of human knee joints. Knee Surg Sports
Traumatol Arthrosc 2009;17:1368—76.


	A new arthroscopic technique for lateral meniscal allograft transplantation: Cadaver feasibility study
	Introduction
	Materials and methods
	Surgical technique
	Measurements
	Statistics

	Results
	Posterior horn of lateral meniscus implantation
	Posterior horn of lateral meniscus positioning

	Discussion
	Conclusion
	Disclosure of interest
	Acknowledgements
	References


