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Summary
Introduction:  In  France,  approximately  36,000  anterior  cruciate  ligament  (ACL)  reconstruction
surgical procedures  are  performed  every  year.  Technical  progress,  in  particular  arthroscopy,
has made  surgery  more  precise,  but  more  expensive.  In  a  context  of  healthcare  cost  contain-
ment, the  increase  in  the  cost  of  technology  must  be  compared  to  the  improved  outcome  for
the patients.  The  main  aim  of  this  study  was  to  determine  all  material  costs  related  to  ACL
reconstruction  using  hamstring  tendons.  This  study  also  compared  the  material  costs  between
the two  arthroscopic  techniques:  standard  or  ‘‘all-inside’’.
Materials  and  methods:  A  retrospective  study  of  material  costs  was  performed  in  2011.  With
the standard  technique,  the  tibial  tunnel  was  drilled  from  outside  to  inside,  while  with  the  all-
inside technique  two  tunnels  were  drilled  from  inside  to  outside.  All  of  the  material  used  from
the first  swab  to  the  final  bandage  was  reported.  It  was  classified  into  three  categories:  reusable
arthroscopy  material,  disposable  arthroscopic  material,  and  disposable  surgical  supplies.  The
costs were  those  of  our  supplier  in  2011  (ArthrexTM)  and  based  on  Public  Hospitals  of  Paris
(AP—HP) public  contract  tariffs.
Results:  Standard  ligament  reconstruction  was  less  expensive  than  the  all-inside  technique:
791.59 D  versus  931.06  D  excluding  taxes  (hors  taxes  [HT]),  respectively.  The  largest  percentage
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of expenses  was  allocated  to  disposable  material  use  (81  and  84%).
Discussion:  Possible  avenues  of  savings  are  limited:  all  the  material  used  was  necessary.  To  con-
trol costs,  correct  use  and  good  maintenance  of  instruments  are  the  most  important  elements.
Level of  evidence:  Level  IV.  Eco
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igament  reconstruction  of  the  anterior  cruciate  ligament
ACL)  is  one  of  the  most  frequent  arthroscopic  proce-
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Material  costs  of  anterior  cruciate  ligament  reconstruction  w

on  Hospitalizations  (ATIH)  36,675  ligament  reconstructions
were  performed  in  France  in  2010  [1]  corresponding  to  a
Homogenous  Group  of  Patients  (HGP)  (Groupe  homogène  de
malades  [GHM])  for  act  08C34  ‘‘arthroscopic  surgical  proce-
dures  of  the  cruciate  ligaments’’.  The  aim  of  this  surgical
treatment  is  threefold:  to  stabilize  the  knee,  to  protect
the  meniscus  and  to  prevent  osteoarthritic  degeneration  of
the  joint  [2—4]. Since  1970  greater  understanding  of  the
anatomy  of  the  ACL  and  the  natural  history  of  ligament
tears  have  resulted  in  advances  in  surgery  by  gradually  shif-
ting  from  extraarticular  isolated  lateral  tenodesis  [5],  to
anatomical  ligament  reconstructions  with  autografts  (patel-
lar  tendon,  hamstrings)  initially  by  open  surgery  and  then  by
arthroscopy  [6].  These  techniques  have  gradually  improved,
in  particular  by  the  use  of  more  effective  graft  fixation  sys-
tems  to  obtain  stable  fixation  and  improved  positioning  of
the  implant.  Arthoscopic  ACL  reconstruction  is  now  a  reli-
able,  reproducible  technique  with  good  results  of  between
75  and  90%.  Techniques  have  also  become  increasingly  less
invasive.  Today,  so-called  ‘‘all-inside’’  techniques  have  been
developed  in  which  semi-tunnels  are  drilled,  and  all  of  the
cortices  are  left  intact.

This  technical  progress  is  associated  with  technological
changes.  Arthroscopic  material  has  changed:  high  definition
cameras,  sterilizable  arthroscopes,  arthropumps,  efficient
arthroscopic  instruments  and  medical  devices  that  can  be
implanted  and  are  absorbable.  The  cost  of  this  intervention
has  increased  considerably.  This  increase  must  be  compared
to  the  offset  of  a  reduction  in  hospital  stay,  faster  return  to
daily  activities  and  especially  improved  functional  results
for  the  patient.  An  evaluation  of  our  clinical  and  medico-
economic  practices  is  essential.  In  this  era  of  tarification
by  act  (T2A)  and  fixed  tariffs  for  a  Homogonous  Diagnosis-
related  group  (DRG)  (Groupe  homogène  de  séjour  [GHS]),
the  price  of  the  materials  used  must  be  determined.  The
average  cost  of  a  DRG/GHS  in  public  hospitals  corresponding
to  the  HGP/GHM  for  the  act  08C34  is  3726  D  [1].  A  detailed
analysis  of  real  costs  would  help  identify  the  areas  where
costs  could  be  saved.

The  main  goal  of  this  study  was  to  identify  the  cost  of  all
material  necessary  for  an  ACL  reconstruction  with  the  ham-
string  tendons.  The  secondary  goal  was  to  compare  the  cost
of  material  depending  upon  the  surgical  procedure  chosen:
standard  or  ‘‘all-inside’’.  This  is  an  analysis  of  costs,  and
not  a  ‘‘cost-effective’’  analysis  performed  in  a  University
Hospital  Center.  The  hypothesis  was  that  disposable  materi-
als  would  represent  the  greatest  proportion  of  costs  for  this
procedure.

Materials and methods

A  retrospective  study  of  material  costs  was  performed
in  2011.  This  included  patients  undergoing  single  bundle
arthroscopic  ACL  reconstruction  with  the  hamstring  tendons
using  two  techniques.

Surgical  technique
For  the  standard  technique  a  separate  femoral  tunnel  was
drilled  from  inside  to  outside,  using  a  femoral  guide.  The
tibial  tunnel  was  drilled  from  outside  to  inside.  The  graft

S
e
s
o

hamstring  tendons  197

as  prepared  with  four  PolysorbTM 0  (Covidien,  Massachus-
etts,  USA)  traction  sutures.  A  beath  pin  and  a  guide  pin
ere  necessary  to  pass  the  grafts  into  the  tunnels.  Tibial
nd  femoral  fixations  were  obtained  by  absorbable  inter-
erence  screws,  screwed  onto  a guide  (Interference  Screw
ioresorbable,  ArthrexTM, Lezennes,  France).

The  all-inside  technique  also  used  a  hamstring  graft.  Spe-
ific  arthroscopic  instruments  were  used.  The  two  tibial  and
emoral  tunnels  were  performed  from  inside  to  outside.  The
emoral  tunnel  was  drilled  with  traditional  material,  while
he  tibial  tunnel  was  drilled  with  a  FlipCutter® (ArthrexTM,
ezennes,  France)  which  is  an  ‘‘all  in  one’’  disposable  sys-
em.  This  includes  a  pin  with  a distal  system  for  retrograde
rilling  once  the  pin  is  in  the  joint.  Drilling  of  tunnels
equires  a  specific  RetroDrill® beath  pin.  To  pass  the  graft
nto  the  tunnels,  we  used  a  suture  passer  loop.  Femoral
xation  was  obtained  by  a  TightRopeTM implant  and  tibial  fix-
tion  by  cortical  button  fixation  attached  to  the  graft  with  a
iberWire® 2.  The  TightRopeTM provides  a  double  system  for
raft  tension.

ethod  of  analysis  of  material  costs

his  study  analyzed  material  costs  only.  The  costs  of  the
perating  room,  the  surgeon,  the  anesthesiologist,  hospital-
zation  costs  and  secondary  costs  (medication,  sick  leave,
andages,  rehabilitation,  follow-up  consultation)  were  not
aken  into  account.  Management  of  any  associated  lesions
as  not  included  either:  meniscal  repair,  meniscectomies,
hondral  repair,  osteotomies.

All  of  the  material  used  from  the  first  swab  by  the
aramedical  team  to  the  final  bandage  was  reported.
he  material  was  divided  into  three  groups:  reusable
rthroscopic  material,  disposable  arthroscopic  material  and
urgical  supplies.

eusable  arthroscopic  material
his  material  was  divided  into  two  groups:  long  lifespan,
on-sterilizable  material  and  short-lifespan  material  that
ould  usually  be  sterilized  (Tables  1  and  2).  After  mate-
ial  is  purchased  it  is  used  several  times  for  different  types
f  arthroscopy:  knee  ligament  reconstruction,  shoulder
rthroscopy.  .  . To  evaluate  the  relative  cost  of  this  mate-
ial  for  ligament  reconstruction,  we  studied  the  lifespan  of
he  product  in  relation  to  operating  room  purchases  and  the
ata  from  our  supplier  (ArthrexTM,  Lezennes,  France).  Based
n  the  evaluation  of  the  number  of  arthroscopies  per  year
nd  the  mean  duration  of  a  procedure,  we  determined  the
osts  per  procedure.

Ancillary  instruments  (clamps,  tibial  and  femoral  guides,
annulated  drills,  tibial  dilators,  screw  driver,  calibration
aterial.  . .) were  separate.  A  list  of  material  for  traditional

rthroscopy  and  an  annex  for  material  for  the  all-inside
echnique  were  available  in  our  unit.  This  material  was  pro-
ided  by  our  supplier.

isposable  arthroscopic  material

ome  of  the  material  is  the  same  for  both  techniques,  oth-
rs  are  more  specific  (Table  3).  Costs  of  this  material  are
ubject  to  the  tariffs  in  public  contracts  in  particular  that
f  the  Agence  générale  des  équipements  et  produits  de
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Table  1  Arthroscopic  material  with  a  long  lifespan  (arthroscopy  column).

Element  Reference  Price  in  euros
HT

Price/arthroscopy
HT

Lifespan

Wide  tray AR-5995-20STI  5450  2.795  1950  arthroscopies
Shaver Console  APSII  AR-8300  5775  2.96
Multifunction  footpedal  Shaver  APS  II AR-8310  1050  0.54
HD camera  console IR8101-1512 12,890 6.61
Keyboard IR8100-KBF 150 0.075
Xenon  cold  light  source IR8200 5370 2.75
Digital  color  printer  AR-5969D  6000  3.075
Arthropump  AR-6475  5000  2.565
HD 26  inch  screen  IR8300  6900  3.54

Total (D)  48,585  24.915

HT: excluding taxes (hors taxes).

Table  2  Arthroscopic  material  with  a  short  lifespan.

Element  Reference  Price  in  euros
HT

Price/arthroscopy
HT

Lifespan

Triple  CCD  Camera  head  IR8001  12,890  33.05  1  year
Cold light  cable  IR8221  350  0.90  1  year
Arthroscope IR0030  1995  19.95  100  arthroscopies
Arthroscope  sleeve  IR0100  390  1  1  year
Mandrin IR0200  70  0.18  1  year
Hand piece  for  shaver AR-8330F 5000  5  100  arthroscopies
Bulb 20133027  860  1.72  500  hours
Ancillary instruments  for  standard  technique  Deposit  Deposit
Ancillary  annex  ‘‘all-inside’’ Deposit  Deposit

Total (D)  21,555  61.8

HT: excluding taxes (hors taxes).

Table  3  Disposable  arthroscopic  material.

Elements  Reference  Price  in  euros
HT/unit

Quantity  standard  technique  Quantity  all-in-one

Tubing  AR-6415  37.6  1  1
Shaver knife  AR-8380BC  85.54  1  1
Vacuum cable  ta7271I  0.8  1  1
Camera cover  1.59  1  1
Terylene 22017  0.82  1  1
Guide pin  AR-1250L  13.16  1  0
TightRopeTM LCAa AR-1588RT  117.91  0  1
Suture Buttona AR-8922  110.84  0  1
FiberWire® 2  needlea AR-7200  61.31  0  1
FiberTapeTMa AR-7237  121.2  0  1
Elexible cable  relay  AR-1255-18  86.48  0  1
FlipCutterTM AR-1204F  112.8  0  1
Retro beath  pin  AR-1595  57.34  0  1
Interference  screwa AR-1390B  208.633  2  0
PolysorbTM 0  suture  CL-917  1.53  4  0
Standard beath  pin  AR-1297L  46.06  1  0
Screw guide  AR-1249  35.72  1  0

Total (D)  644.676  784.23

HT: excluding taxes (hors taxes).
a Not included in the GHS.
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Table  4  Surgical  supplies.

Element  Reference  Price  in  euros
HT/unit

Quantity

Betadine  125  cm3 1.26  2
Swab 401061  CZ  1.41  2
Surgical brush  371607  0.28  4
Brush 1st brush  4451GL  0.24  1
500 cm3 saline  B230551  0.44  2
Jersey 421515PH  0.93  1
Gowns 660108 2.689  4
Gloves 0.33  12
Surgical drape 29173CEA 8.75  1
Mayo cover 8339CEC 0.74  1
Scalpel blades  11  et  23  0.252  2
Electric scalpel  VSUC1  1.68  1
BE plate  305300001  0.44  1
Saline pouch  101166  6  2
PolysorbTM 2/0  SL  622  1.555  1
PolysorbTM 0  CL-917  1.53  1
Vicryl® rapid  2/0  VR2253  3.311  1
Redon drain  5523648  1.34  1
Redon bottle  94625  0.22  1
Compresses  (x10)  01172T1  0.369  3
Mepore® 670800  0.037  4
Velpeau Bandage 135705  0.814  3
Steri-StripTM R1546 0.29  1
1 printed  photo 0.8  1

Total 60.12
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HT: excluding taxes (hors taxes).

santé  (AGEPS)  (General  Agency  for  Healthcare  Equipment
and  Products)  making  it  possible  to  obtain  the  various  prices.

General  surgical  supplies
This  included  all  material  necessary  to  prepare  the  patient
by  the  paramedical  then  surgical  teams,  material  necessary
to  maintain  a  sterile  environment  for  four  healthcare  practi-
tioners  during  the  procedure  (the  senior  surgeon,  the  fellow,
the  resident  and  the  operating  room  nurse)  as  well  as  tra-
ditional  instruments  such  as  the  scalpel,  saline  solution  to
irrigate  the  joint,  and  equipment  necessary  to  close  and
bandage  the  wound  (Table  4).  The  public  contract  tariffs
(AGEPS)  determined  the  price  of  this  material.

Number  of  arthroscopies

Between  January  1,  2009  and  December  31,  2010,
780  arthroscopies  were  performed  in  our  unit,  or  390
per  year.  The  indication  for  most  of  these  procedures  was
repair  of  rotator  cuff  tears  and  Bankart  type  stabilization  of
the  shoulder.  Sixty-five  ACL  ligament  reconstructions  were
performed  per  year.  The  mean  duration  of  a  procedure  was
one  hour.
Lifespan  of  the  material

An  arthroscopy  column  was  replaced  every  5  years  or  after
1950  arthroscopies.  The  arthroscope  and  the  manual  part  of

e
n
m
2

he Shaver  were  replaced  after  100  arthroscopies.  The  inser-
ion  cannula,  the  obturator  and  the  camera  head  lasted  for
ne  year.  The  bulb  for  the  light  source  was  changed  approx-
mately  every  500  hours.

esults

he  overall  cost  of  material  for  standard  ligament  recon-
truction  was  791.59  D  excluding  taxes  (hors  taxes  [HT])
hile  the  all-inside  technique  cost  931.06  D  HT.  The  VAT

or  the  material  was  19.6%  for  most  material  and  5.5%  for
mplanted  medical  devices.

The  all-inside  technique  was  18%  more  expensive  than
he  standard  technique.  The  excess  cost  was  due  to  dispos-
ble  material.  The  use  of  the  FlipCutter® and  the  RetroDrill®

eath  pin  as  well  as  the  suture  pass  cost  197.4  D  more  than
he  standard  pin  guide  and  beath  pin.  However  TightRopeTM

nd  cortical  button  fixation  cost  41.70  D  less  than  the  two
nterference  screws  (Tables  1—4).

Disposable  material  represented  the  highest  proportion
f  the  total  cost:  81%  for  the  standard  technique,  84%  for
he  all-inside  technique.  The  costs  of  ‘‘short  lifespan  arthro-
copic  material’’  and  ‘‘general  surgical  supplies’’  were

quivalent  for  both  techniques  (7.7%  for  the  standard  tech-
ique,  6.5%  for  ‘‘all-inside’’).  ‘‘Long  lifespan  arthroscopic
aterial’’  represented  the  lowest  proportion  of  costs  (3  and

.6%)  (Figs.  1  and  2).
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Figure  1  Cost  of  standard  ligament  reconstruction  for  a
standard hamstrings  technique.

Figure  2  Cost  of  all  inside  STG  ligament  reconstruction.

Table  5  Costs  for  the  different  items  of  expenditure  for  the
Diagnosis  Related  Group  (GHS)  corresponding  to  the  Homoge-
nous  Group  of  Patients  (GHM)  08C34  on  the  National  Scale  of
Costs,  reference  2010  [1].

Items  of  Expenditure  Amount  (euros)

Clinical  activities  Medicine,  Surgery,
Obstetry  (MCO)

884.2

Medicotechnical  activities  1183.7
General  logistics  532.6
Medical  logistics  (pharmacy.

sterilization.  biomedical  engineering)
222.2

Direct costs  903.2
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ple).  Moreover,  this  material  is  produced  for  the  American
GHS 3726

Only  the  cost  of  the  implants  (screw,  button
ightRopeTM),  were  not  included  in  the  DRG  but  were
eimbursed  in  addition  (Tables  3  and  5):  411.30  D  for  the
ll-inside  technique  and  417.20  D  for  the  standard  tech-
ique  to  which  the  cost  of  the  arthroscope  column  must  be
dded.

iscussion

o  our  knowledge  this  is  the  first  French  study  to  analyze  the
ost  of  material  for  arthroscopic  ACL  ligament  reconstruc-

ion.

Studies  on  the  cost  of  arthroscopic  surgery  are  rare  [7].
ost  of  the  studies  of  ACL  reconstruction  have  focused  upon

he  overall  cost  to  the  healthcare  system,  and  they  involve
J.  Cournapeau  et  al.

he North  American  market.  In  the  United  States,  approx-
mately  100,000  ligament  reconstructions  are  performed
ach  year  [8].  Their  estimated  overall  cost:  (material,  use
f  the  operating  room,  rehabilitation,  fees)  is  an  estimated

 billion  dollars  per  year  [9]  or  10,000  $  per  reconstruction.
t  is  impossible  to  compare  this  cost  with  ligament  recons-
ructions  in  France.  There  are  numerous  differences  in
anagement  of  this  procedure  between  the  two  countries:
rst,  this  surgery  is  often  performed  on  an  outpatient  basis

n  the  US  and  on  the  other  hand  allografts  (20%  more  expen-
ive)  are  used  quite  often  in  the  US  while  in  France  this  is
ery  rare  [10,11].

To  our  knowledge  only  one  European  study  has  evaluated
he  overall  cost  of  ligament  reconstruction  (operating  room,
nesthesia,  surgical  supplies,  personnel  staff  or  team,  addi-
ional  tests,  rehabilitation,  medication).  [12]. This  study
nly  evaluated  the  standard  hamstring  technique,  and  the
ost  of  material  only  took  into  account  disposable  material.
he  authors  estimated  the  overall  cost  to  be  2300  D. The
ost  of  disposable  material  was  607  D (644  D in  our  study).
ur  study  provided  a  more  detailed  inventory  of  materi-
ls.

In our  study  the  cost  of  material  was  slightly  higher  for
he  ‘‘all-inside’’  technique  because  it  uses  more  disposable
aterial,  while  the  cost  of  implanted  material  (reimbursed

n  addition  to  the  GHS)  were  equivalent.  This  additional  cost
ust  be  evaluated  in  relation  to  the  value  of  this  tech-

ique.  For  certain  authors  the  ‘‘all-inside’’  technique  is
ess  invasive,  results  in  less  bone  loss,  allows  better  osteo-
ntegration  of  the  graft  and  results  in  less  postoperative  pain
13,14].  Other  studies  are  needed  to  confirm  these  benefits
15].

The  interest  of  a  cost  analysis  study  is  also  to  identify
reas  where  cost  savings  are  possible.  Disposable  material
s  subject  to  very  strict  rules  of  traceability  and  preparation,
hich  explains  its  high  cost.  However,  certain  savings  can  be
onsidered:

general  use  of  tubing  systems  in  which  only  the  connec-
tion  with  the  arthroscope  sleeve  is  changed  after  each
procedure,  provides  savings  after  the  second  arthroscopic
procedure  (savings  of  26.32  D,  52.64  D  and  78.96  D  for
two,  three  or  four  arthroscopies  per  day);

 the  use  of  an  arthropump  is  not  necessary  for  ligament
reconstruction;
another  source  of  savings  would  be  to  increase  the  amount
of  material  that  can  be  sterilized,  the  Shaver  knife,  for
example,  but  the  price  of  storing  and  sterilizing  must  be
evaluated;
although  the  cost  of  the  arthroscopy  column  is  significant,
this  is  offset  if  the  arthroscope  is  used  regularly;

 the  arthroscopic  material  with  a  short  lifespan  is  the
most  fragile:  it  is  essential  to  be  careful  and  avoid  sud-
den  movements  that  could  cause  damage  (shaver  against
the  arthroscope;  poor  position  of  the  arthroscope  when
changing  position  during  the  Cabot  manoeuvre  for  exam-
market  where  sterilization  norms  are  less  strict  (possibil-
ity  of  ‘‘flash’’  sterilization)  which  makes  it  more  fragile
during  sterilization  by  French  standards  (sterilization  at
134◦ for  at  least  18  minutes);
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•  it  is  also  necessary  to  avoid  any  avoidable  losses  such
as  inadvertently  contaminating  a  sterilized  interference
screw.

This  study  is  limited  because  it  was  performed  in  one
university  hospital  for  a  certain  period.  The  possibility  of
negotiating  with  suppliers,  which  depends  for  example,  on
the  size  of  the  facility  means  that  estimated  costs  cannot  be
compared  to  those  of  other  public  or  private  health  facili-
ties,  although  the  proportion  of  costs  in  each  area  probably
varies  very  little  from  one  hospital  unit  to  another.  Further-
more,  one  element  could  not  be  taken  into  account:  the
motor.  This  material  has  a  short  lifespan.  The  role  of  wear
associated  with  ligament  reconstructions  is  difficult  to  eval-
uate  in  a  traumatology  department.  Moreover,  we  did  not
take  into  account  the  direct  cost  of  sterilizable  material,
or  the  secondary  costs  of  sterilization  and  storage,  making
it  impossible  to  evaluate  the  real  cost  of  this  disposable
material.  Final  the  global  cost  did  not  take  into  account
unforeseen  additional  costs  (example,  a  new  screw  if  one
was  inadvertently  contaminated).

Conclusion

This  study  has  shown  that  the  largest  portion  of  the  cost
of  ACL  ligament  reconstruction  is  associated  with  dispos-
able  arthroscopic  material  and  implants.  The  ‘‘all-inside’’
technique  was  18%  more  expensive  than  the  standard  tech-
nique.  The  GHS  does  not  cover  all  the  costs  of  material,  in
particular  implants,  which  are  reimbursed  in  addition.
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