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ACL failures & revisions
Dramatic event for all parties involved

To manage ACL failures, a surgeon
should be a sensitive communicator,
an astute clinician, a skilled surgeon
familiar with different grafts and
fixation techniques as well as being
able to instil in his patients realistic
expectations.

Neil P. Thomas,
Basingstoke, UK
ESSKA president 2004-2006
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ACL failure epidemiology

Age distribution

h Anterior Cruciate Ligament Reconstruction Registry
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f primary ACL reconstruction, medial PCL combined with collateral reconstruction in

esions requiring surgical treatment
n 18 % of patients, lateral meniscus
iring surgical treatment were seen in
tients, and both lateral and medical
sions were seen in 6 % of patients.
used in 25 and 20 % of patients with
lateral meniscus lesions,
respectively.
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12 % of patients.
Meniscus lesions were seen and treated surgically in 31 % of cases. Cartilage lesions were
reported in 16 % of cases, of which 41 % received
surgical treatment.

Salmon L, Arthroscopy 2006

3

chl.lu

ACL failure epidemiology
The Swedish National
Anterior Cruciate Ligament Register
A Report on Baseline Variables and Outcomes of
Surgery for Almost 18,000 Patients
Mattias Ahldén,*y MD, Kristian Samuelsson,y MD, PhD, Ninni Sernert,z RPT, PhD,
Magnus Forssblad,§|| MD, PhD, Jón Karlsson,y MD, PhD, and Jüri Kartus,z{ MD, PhD
Investigation performed at the Department of Orthopaedics, Sahlgrenska Academy,
University of Gothenburg, Sahlgrenska University Hospital/Mölndal, Mölndal, Sweden
Background: The Swedish National Anterior Cruciate Ligament Register provides an opportunity for quality surveillance and
research.
Purpose: The primary objective was to recognize factors associated with a poorer outcome at an early stage.
Study Design: Case series; Level of evidence, 4.

Revision rates:

Methods: Registrations are made using a web-based protocol with 2 parts: a patient-based section with self-reported outcome
scores and a surgeon-based section, where factors such as cause of injury, previous surgery, time between injury and reconstruction, graft selection, fixation technique, and concomitant injuries are reported. The self-reported outcome scores are registered preoperatively and at 1, 2, and 5 years.
Results: Approximately 90% of all anterior cruciate ligament (ACL) reconstructions performed annually in Sweden are reported in
the register. Registrations during the period 2005-2010 were included (n = 17,794). After excluding multiligament reconstructions
and reoperations, the male:female ratio was 57.5:42.5 for both primary (n = 15,387) and revision (n = 964) surgery. The cause of
injury was soccer in approximately half the male patients and in one third of the female patients. All subscales of the Knee injury
and Osteoarthritis Outcome Score (KOOS) were significantly improved 1, 2, and 5 years postoperatively in patients undergoing
primary reconstructions. In terms of the KOOS, revisions did significantly less well than primary reconstructions on all follow-up
occasions, and smokers fared significantly less well than nonsmokers both preoperatively and at 2 years. Patients who had concomitant meniscal or chondral injuries at reconstruction did significantly less well preoperatively and at 1 year in terms of most
KOOS subscales compared with patients with no such injuries. At 5 years, a significant difference was only found in terms of the
sport/recreation subscale. Double-bundle reconstructions revealed no significant differences in terms of all the KOOS subscales
at 2 years compared with single-bundle reconstructions (114 double-bundle vs 5109 single-bundle). During a 5-year period, 9.1%
(contralateral, 5.0%; revision, 4.1%) of the patients underwent a contralateral ACL reconstruction or revision reconstruction of the
index knee. The corresponding figure for 15- to 18-year-old female soccer players was 22.0%.

" Overall rate: 9,1 %
" Contralateral: 5%
" Ipsilateral 4,1%

Conclusion: Primary ACL reconstruction significantly improves all the subscales of the KOOS. Young female soccer players run
a major risk of reinjuring their ACL or injuring the contralateral ACL; revision ACL reconstructions do less well than primary reconstructions, and smokers do less well than nonsmokers.

" 15-18 y.old female football players: 22 %

Keywords: anterior cruciate ligament; reconstruction; revision; register; KOOS; smokers

Today, national quality registers are being used in a number of medical specialties. This applies in particular in
Scandinavia, where the Hip and Knee Arthroplasty Registers are 2 examples.6,16 The purpose of the hip and knee
replacement registers is primarily to detect inferior
implants at an early stage in order to abandon them.
This is best accomplished through register studies

crp-sante.lu

The American Journal of Sports Medicine, Vol. 40, No. 10
DOI: 10.1177/0363546512457348
! 2012 The Author(s)

involving a large number of patients. Until recently, there
were no national registers for monitoring the functional
outcome of knee ligament surgery, especially anterior cruciate ligament (ACL) reconstructions. Based on the evidence from the joint replacement registers, it can be
presumed that a nationwide ACL register is of value. The
primary goal should always be to try to answer questions
using randomized controlled trials; however, this is not
always possible.1 Large cohorts are valuable for the early
identification of procedures and devices that result in early
failure and thereby inferior functional outcome. Moreover,
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ACL failure epidemiology
Women
Women with previous ACL injury
Men
Men with previous ACL injury

Percentage of the population
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Previous ACL injuries in females
History of ACL on both knees
Contralateral ACL
ACL rerupture
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ACL retear epidemiology

66 ACL revisions:
! mean time ACL-R to ACL-REV 62 mo.
! 40 % reruptures in first year
! 126 surgical procedures in same knee (2.52)

Denti M, Am J Sports Med 2008
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ACL retear epidemiology

Repair the meniscus !

ACL survival:
! 95 % if intact menisci
! 68 % if deficient meniscus
! 4.9 times higher failure risk with meniscal loss

Robb C, KSSTA 2014
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Causes of failure

! Technical errors

! New trauma

nonanatomic tunnel placement

early (before biological integration)

improper tensioning

late (after integration)

failure of fixation

failure ! trauma or trauma! failure

insufficient graft material
! Biological failure

! Secondary to associated instability

failed ligamentization

multiligament instability

infection
arthrofibrosis

crp-sante.lu
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Causes of failure
Retrospective study
n = 186

Anterior femoral tunnel

38%

Traumatic origin

27%

Tibial tunnel malposition

10%

Impingement

11%

Fixation failure
Ignored laxity
Hyperlaxity
Infection
No obvious cause

18 %

Participating centres: Bordeaux, Brest, Caen, Lyon, Nice, Paris, Versailles, Toulouse
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Causes of failure
Prospective study
n = 104

Anterior femoral tunnel

36%

Trauma

35%

Tibial tunnel malposition

15%

Fixation failure

7%

Hyperlaxity

5%

Ignored laxity

5%

No obvious cause

10%

Participating centres: Bordeaux, Brest, Caen, Lyon, Nice, Paris, Versailles, Toulouse
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Causes of failure
Failure of fixation
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Populations at risk
Adolescents

crp-sante.lu

12

chl.lu

Populations at risk
Adolescents

" Knee growth & maturation
" Lower IKDC scores

• ♀ ACL tear + reconstruction @ 13;
• Retear and 2nd reconstruction @ 16;
• Re-retear and 3d reconstruction @ 17

crp-sante.lu
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Populations at risk
Boys

Growth velocity lower limb
Growth speed

Girls

Gicquel P, 2007
6

Knee laxity (mm)

AP laxity (mm)

5
4
3
2

Baxter MP, 1998

ACL reconstructions

Number of surgeries / year
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10 11 12 13 14 15 16 17 18 19 20 21 Swedish ACL registry 2010
Age (years)
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Populations at risk
Females

" Anatomic factors
" Hormonal factors
" Neuromuscular factors

crp-sante.lu
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Populations at risk
Females: anatomic factors

Men (n=35) Women (n=25) Δ (%)
TR5 Nm (°)

41.8 + 8.9

58.8 + 8.8

- Hyperextension

40.1

- Valgus
- Smaller ACL, smaller notch
Women have a 40% increased rotational laxity

- Increased rotation

(Park, JOR 2008; Shultz, JOR 2007; Mouton, KSSTA, 2012)
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Populations at risk
Females: neuromuscular factors

- Increased quadriceps contraction &
lesser flexor muscle activation than
males
- ! increased strain on ACL

crp-sante.lu
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Graft remodeling
Fate of the graft ?

mm

# Ovine model
# Intraarticular model.
# Direct, aperture fixation
# Graft weakness highest
at 6 and 9 weeks
Anterior tibial displacement at 50 N

After tendon-bone healing it is the intraarticular portion of the graft
which is the weakest link in the bone-graft-bone construct.
Weiler A, Arthroscopy, 2002
crp-sante.lu
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Longitudinal follow-up
Low failure risk case
14
46 y.o. woman, ski, 4xSTG graft

Displacement (mm)

12

2. Injured knee (02/2013)

10
1. Injured knee (04/2011)

8

3. Operated knee (07/2013)
Healthy knee (∆ 1.2 mm)
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Longitudinal follow-up
High failure risk case
9
15 y.o. girl, handball, 4xSTG + ALL graft

Displacement (mm)

8

1. Injured knee (03/2014)
4. FU 12 mo.

7
2. FU 6 mo.

6
5

Healthy knee (∆ 1.1 mm)

4

3. FU 9 mo.

3
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Longitudinal follow-up
High failure risk case
9
28 y.o. woman, handball, 1. 4xSTG; 2. BPTB

8

4. FU 6 mo.

Displacement (mm)

3. Second injury (07/2013)

7

1. FU 6 mo. (11/2012)

6

2. FU 9 mo.
Healthy knee (∆ 0.6 mm)
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Force (N)
crp-sante.lu

21

200

22

Results
Lower Risk of Revision With Patellar
Tendon Autografts Compared With
Hamstring Autografts
A Registry Study Based on 45,998
Primary ACL Reconstructions in Scandinavia
Tone Gifstad,*yz MD, PhD, Olav A. Foss,yz MD, PhD, Lars Engebretsen,§ MD, PhD,
Martin Lind,k MD, PhD, Magnus Forssblad,{ MD, PhD, Grethe Albrektsen,z PhD,
and Jon Olav Drogset,yz MD, PhD
Investigation performed at Trondheim
University
Hospital,
Trondheim,
The American
Journal
of Sports
MedicineNorway

Gifstad et al

Background:A number of studies have found comparable results after anterior cruciate ligament (ACL) reconstruction with patel-

lar tendon autografts and hamstring autografts; however, few studies have been large enough to reveal differences in risk of reviTABLE 2
sion with regard to clinical and demographic factors.
Distribution of Clinical and Demographic Factors
Purpose:To present the distribution of grafts for ACL reconstruction based on data in the Scandinavian ACL registries and to
at Primary ACL Reconstruction in Patients Receivingcompare the risk of revision between patellar tendon autografts and hamstring autografts. Potential associations with other clina
atellar Tendon or Hamstring Autografts (N = 45,402)ical
and demographic factors were also explored.

e at surgery, y
\15
15-19
20-24
25-29
30-34
35-39
40-44
!45
x
Male
Female
nee
Right
Left
Unknown
tivity
Soccer
Handball

Patellar Tendon
Autograft
(n = 6736)

Study design:Cohort study; Level of evidence, 2.

Hamstring
Methods:A total of 45,998 primary ACL reconstructions, including 6736 patellar tendon autografts and 38,666 hamstring autoAutograft
grafts, were identified in the Scandinavian ACL registries. The overall median follow-up time was 3 years (range, 0-8 years). To
(n = 38,666)
compare the risk of revision between groups of patients, univariate Kaplan-Meier analysis (with log-rank test) and the Cox pro-

HST: 4,2%

portional hazard regression model were applied. The hazard rate ratio with 95% CI was reported as a measure of effect.

57
1378
1226
1084
903
854
643
591

(\1.0)
(20.5)
(18.2)
(16.1)
(13.4)
(12.7)
(9.5)
(8.8)

1141
9569
7292
5618
4568
4239
3430
2809

Results:Patellar tendon and hamstring autografts were used in 14.6% and 84.1% of the patients, respectively. The remaining

(3.0)
patients received allografts, direct sutures, or other graft types (1.3%). The primary ACL injury occurred during soccer, team
(24.7)
handball, or alpine activities in 67.5% of the patients in the patellar tendon group and 66.2% in the hamstring group. A total
of 156 patients in the patellar tendon group and 1042 patients in the hamstring group underwent revision. The overall risk of revi(18.9)
sion was significantly lower in the patellar tendon group versus the hamstring group (hazard rate ratio = 0.63; 95% CI, 0.53-0.74),
(14.5)
and it decreased with increasing age at surgery, although not strictly linearly. The lower risk of revision in the patellar tendon group
(11.8)
was consistently observed across subgroups of patient sex, age, and concomitant cartilage injury (P . .05, test for interaction)
(11.0)
but seemed to be slightly more pronounced for patients injured during certain pivoting activities (soccer, team handball, and
(8.9)
alpine activities) compared with other activities (hazard rate ratio = 0.57 vs 0.81; P = .058, test for interaction).
(7.3)
Conclusion:The majority of primary ACL reconstructions in Scandinavia are performed with hamstring autografts. Results from

BTB: 2,8 %

the present large prospective study show that patients receiving patellar tendon autografts have a statistically significantly lower

4239 (62.9)
2497 (37.1)

risk of revision compared with patients receiving hamstring autografts.
22,132 (57.2)
16,534 (42.8)
Keywords:anterior cruciate ligament reconstruction; registry; graft; revision

3507 (52.1)
3216 (47.8)
10 (\1.0)

19,653 (50.8)
18,942 (49.0)
The Norwegian National Knee Ligament Registry (NKLR)
71 (\1.0)
was officially established in June 2004. Sweden and Den-

2825 (41.9)
crp-sante.lu
859 (12.8)

July 2005. The 3 main purposes of the registries are to
identify procedures and devices that are inferior to others,
to improve
results through
mark based their
registries
on the Norwegian
model of
and
Figure
2. Expected
proportion
revisions
(%), estimated
as feedback to surgeons, and to
identify various prognostic factors.3,9 Close to 100% comstarted the registration of patients in January 2005 and
15,985(41.3)
1 minus the Kaplan-Meier survival probabilities.
pliance has been found when comparing the reported cases
4401 (11.4)
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Number
Revisions (n)
Crude revision rate (%)
Years
KNEEof observation
KNEE
Revision rate per 100 observation-years

Total sample

BPTB* autograft

9817
150
1.53
14 948
1.00

2791
33
1.18
4970
0.66

Reconstruction
of
the anterior cruciate
* BPTB, bone–patellar
tendon–bone
Reconstruction
of the
anterior cruciate
†
chi-squared
test
ligament
ligament
‡ Poisson regression model with likelihood ratio test

Hamstring a

Results
3012
47
1.56
4291
1.10

ASSOCIATION OF GRAFT CHOICE WITH INCREASED RISK OF
ASSOCIATION
OF GRAFT CHOICE WITH INCREASED RISK OF
EARLY REVISION
EARLY REVISION
G. B. Maletis,
G. B. Maletis,
M. C. S. Inacio,
M. C. J.S.L.
Inacio,
Desmond,
J. L. Desmond,
T. T. Funahashi
T. T. Funahashi

We examined the association of graft type with the risk of early revision of primary anterior
We examined
association
of graft type
withinthe
risk of early revision
of primary
anterior
cruciate the
ligament
reconstruction
(ACLR)
a community-based
sample.
A retrospective
cruciate
ligament
a community-based
sample. was
A retrospective
analysis
of areconstruction
cohort of 9817(ACLR)
ACLRsinrecorded
in an ACLR Registry
performed. Patients
1cohort ofif 9817
analysis
of aincluded
ACLRs recorded
in an
ACLR
Registry
was performed.
Patients
were
they underwent
primary
ACLR
with
bone–patellar
tendon–bone
autograft,
were included
if they
underwent
ACLRtissue.
with bone–patellar
hamstring
tendon
autograftprimary
or allograft
Aseptic failuretendon–bone
was the mainautograft,
endpoint of the
hamstring
tendon
autograft or
tissue.
Asepticand
failure
was
the index,
main endpoint
thea
study.
After adjusting
forallograft
age, gender,
ethnicity,
body
mass
allograftsofhad
From Kaiser
0.98
After
adjusting
age, gender,
ethnicity,
andtobody
index,
allografts
a than
From Kaiser
times
(95%for
confidence
interval
(CI) 1.93
4.72)mass
higher
risk of
aseptic had
revision
Permanente, San study. 3.02
BTB
bone–patellar
tendon–bone
(p4.72)
< 0.001).
Hamstring
tendonrevision
autografts
Diego,San
California,3.02 times
(95% confidence
intervalautografts
(CI) 1.93 to
higher
risk of aseptic
thanhad a 1.82
Permanente,
times (95%
CI 1.10 to 3.00)
higher(p
risk
of revision
compared
withautografts
bone–patellar
States
bone–patellar
tendon–bone
autografts
< 0.001).
Hamstring
tendon
had atendon–bone
1.82
Diego,United
California,
HST Autograft
autografts
(p
=
0.019).
For
each
year
increase
in
age,
the
risk
of
revision
decreased
by 7%
times (95%
CI
1.10
to
3.00)
higher
risk
of
revision
compared
with
bone–patellar
tendon–bone
United States
0.96
(95%(p
CI=50.019).
to 9). In
gender-specific
analyses
a 2.26
(95%
CI 1.15
to 4.44) increased
risk of
autografts
For
each year increase
in age,
thetimes
risk of
revision
decreased
by 7%
Allograft
hamstring
autograftanalyses
revisionain2.26
females
observed
compared
with bone–patellar
(95% CI
5 to 9). Intendon
gender-specific
timeswas
(95%
CI 1.15 to
4.44) increased
risk of
tendon–bone
autograft.
We conclude
thatwas
allograft
tissue,
hamstring
tendon
autografts, and
hamstring
tendon autograft
revision
in females
observed
compared
with
bone–patellar
0.94
youngerautograft.
age may We
all increase
risk
of earlytissue,
revision
surgery tendon
after ACLR.
tendon–bone
concludethe
that
allograft
hamstring
autografts, and
younger age may all increase the risk of early revision surgery after ACLR.
Cite this article: Bone Joint J 2013;95-B:623–8.
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Risk factors
Summary
risk

! Age (young)
! Gender (female)
! Laxity (recurvatum knee)
! Graft type (hamstring tendon autograft, allograft)
! Sports type (football)
! Meniscus deficiency

risk

! Metal IF screw + hamstring tibia
! Extraarticular procedure (ALL) (?)
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24

Kim SJ, CORR 2010
Maletis GM, BJJ 2013
Andernord D, AJSM 2014
Robb C, KSSTA 2014
Sonnery-Cottet B, AJSM 2015
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ACL revisions

! Indications:
! Functional instability (rotation)
! Pain
! Pain & instability
! Limited ROM
! Infections

crp-sante.lu
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Revision strategy
Revision surgery depends on primary surgery
Preoperative planning
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Revision strategy
Preoperative planning
Mandatory to get the full picture !

Don’t get fooled by first impression !
crp-sante.lu
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Revision strategy
Preoperative planning
Clinical examination
" ROM

" Frontal plane

" Sagittal plane

" Rotational
crp-sante.lu
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Revision strategy
Preoperative planning
Clinical examination: gait
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Revision strategy
Preoperative planning
Clinical examination: instrumented laxity measurements
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Revision strategy
Preoperative planning
Clinical examination: functional evaluation

"
"
"
"
crp-sante.lu

neuromuscular control
force (isokinetics) (LSI)
Hop tests (LSI)
Scores (IKDC, KOOS)
31
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Revision strategy
Preoperative planning
Imaging: standard radiographs

" AP, lateral, skyline, schuss
" Long leg standing radiograph
"
"
"
"
"
"

crp-sante.lu
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Graft type
Hardware
Tunnel placement & widening
Patellar height
Bone quality
OA & alignment

chl.lu

Revision strategy
Preoperative planning
Imaging: stress radiographs
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Revision strategy
Preoperative planning
Imaging: MRI

"
"
"
"
"
"

crp-sante.lu
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Graft type & integrity
Fixation devices
Tunnel placement & widening
Bone marrow edema
Cartilage
Meniscus

chl.lu

Revision strategy
Preoperative planning
Imaging: CT scan

" Bone defects
" Ossifications
" Cartilage (arthro CT)

Courtesy of Prof. G. Camillieri, Rome, Italy
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Revision strategy
Preoperative planning
Imaging: bone scan (scintigraphy) / SPECT CT

" Compartment overload
" OA
" Infection
" CRPS

crp-sante.lu
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Revision strategy
Preoperative planning
1 vs. 2-stage revision ?

" > 90% 1-stage revision surgery
" 2-stage if:
- Tunnel enlargement
- Bone loss
- Artificial ligament
- Technical problems
- Limited ROM

crp-sante.lu
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Revision strategy
Preoperative planning
2-stage revision
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Revision strategy
Preoperative planning
2-stage revision
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Surgical technique

! Graft selection
! Skin incision
! Hardware removal
! Notchplasty
! Tunnel placement
! Graft fixation

crp-sante.lu
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Surgical technique
Strategy

Thumbrule surgical strategy

Revision ACL-reconstruction:
1. Confirmation of diagnosis

" Plan hardware

2. Hardware removal

removal

3. Repair of associated injuries

" Tunnel management

4. Tunnel management

before

5. Graft harvesting

graft harvesting

6. Graft fixation

crp-sante.lu
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Surgical technique
Graft type
Thumbrule graft sequence

Hamstrings

! BPTB
! ST/G
! Quadriceps

Patellar tendon

! Allograft
! Contralateral grafts

Quadriceps

crp-sante.lu
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Surgical technique
Strategy: hardware removal

" Specific instruments (screwdrivers)
" Sometimes removal not required

! better tunnel stability

! no interference

Beware metal debris

crp-sante.lu
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Surgical technique
Strategy: tunnel management
If previously correct ! use the same !
Wrong

Correct
W.G. 18 y
ACL-RR 2012

W.G. 16 y
ACL-R 2010

43 %

Tibia: Stäubli HU, Rauschning W, KSSTA 1994
Femur: Bernard M, Hertel P, Am J Knee Surg 1997

crp-sante.lu
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Surgical technique
Strategy: tunnel management
If previously uncorrect ! the worse the tunnel
placement, the easier the revision

Check bone quality (bone bridges)
If too wide

! bigger bone block
! bone grafting
! 2-step
! change technique

(hardware, 2 incision, over the top)

crp-sante.lu
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Surgical technique
Strategy: tunnel management
Evaluate bone healing capacity & tunnel stability

crp-sante.lu
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Surgical technique
Strategy: tunnel management
Tibia: too posterior ! new anterior or bone grafting

43 %

crp-sante.lu
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Surgical technique
Strategy: tunnel management
Tibia: too medial ! consider lateral

crp-sante.lu

Van der Bracht H, Arthroscopy 2012; Acta Orthop Belg 2012
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Surgical technique
Strategy: tunnel management
Femur: too posterior ! out-in tunnel or extracortical

Out-in drill guide

" Fractures of posterior wall
(posterior blow out)
(1,2 % Almazan A, Arthroscopy 2006)

" Alternatives: Out-in drill guide
Extracortical fixation
techniques

crp-sante.lu
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Surgical technique
Strategy: tunnel management
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Surgical technique
Strategy: notchplasty
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Surgical technique
Strategy: graft fixation

" Usually similar to primary procedures
" Several solutions available (IF screws, extracortical fixations with
buttons, lag screws, …)

crp-sante.lu
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Surgical technique
Strategy: associated procedures

" Meniscus
" EAP
" Cartilage
" Osteotomy
" Other ligaments

crp-sante.lu

53

chl.lu

Rehabilitation
1-stage revision
!
Société Luxembourgeoise de Recherche en Orthopédie et en Médecine du Sport a.s.b.l.

" Free ROM

1st Return-to-Sports Group Luxembourg

" Full weightbearing as tolerated

Background:

(except massive bone graft)

To allow a safe return to the sports, there is consensus that athletes need to perform
adapted functional and sport-specific exercises. In other words, after a successful
rehabilitation with mobility, strength, proprioceptive and coordination exercises, the
athlete needs to train these skills in increasingly sports-like situations and conditions.
Due to the lack of structures permitting to do a secure „re-athletisation“, the
physiotherapists and the doctors of the CHL-Sports Clinic created the „1st Return-toSports Group Luxembourg“.

" Brace only if associated meniscal
repair
" Jogging at 3 months

Objectives:
•
•
•
•

" Sports at 6-9 months

Get athletes back to the playground on the previous level of performance
Restore complete function of the injured limb
Minimize the risk of re-injury
Education of injury prevention exercises

Training content:
•
•
•
•
•
•

Running, sprinting and cutting
Coordination exercises
Jumping and Plyometrics
Neuro-muscular control
Sport-specific exercises
Agility Test performed the 1st and last session

crp-sante.lu
Inclusion criteria:
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Outcome
3 categories

60 % " Similar to primary ACL-R
(correct anatomic position, good quality bone, limited associated injuries)

30 % " More limited but still encouraging

(complex multiligament instabilities, major cartilage lesions, limited quality bone stock,
long standing symptoms of instability and pain)

10 % " Salvage procedure, limited-goal surgery

(associated osteotomies or meniscus transplantations may be required)

Feucht MJ, KSSTA 2014
Shelbourne KD, AJSM 2014
Sonnery-Cottet B, AJSM 2014
crp-sante.lu
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Outcome
5-in-5

Proximal Tibial Anterior Closing Wedge
Osteotomy in Repeat Revision of Anterior
Cruciate Ligament Reconstruction

-Cottet et al

g

The American Journal of Sports Medicine

Bertrand Sonnery-Cottet,*y MD, Stefan Mogos,y MD, Mathieu Thaunat,y MD,
Pooler Archbold,z MD, Jean-Marie Fayard,y MD, Benjamin Freychet,y MD,
Julien Clechet,y MD, and Pierre Chambat,y MD
Investigation performed at the Centre Orthopédique Santy
wedgeand
osteotomy
ACL reconHôpital Privé in
Jeanre-revision
Mermoz, Lyon, France

an increased tibial slope, after excluding
Physicians should consider an increased posterior tibial slope (PTS) as a risk factor for graft failure when proposing
causes Background:
of ACL
failure.
The purpose of this
anterior
cruciate ligament
(ACL) re-revision.
Purpose:
To describe the surgical
technique of combined
and proximal tibial anterior closing wedge osteotomy and
escribe the
surgical
technique
and ACL
to revision
evaluto evaluate its clinical outcome in cases of recurrent graft failure with associated increased tibial slope.
inical outcome.
Study Design: Case series; Level of evidence, 4.
Methods: Between 2008 and 2010, 5 combined ACL re-revisions with proximal tibial anterior closing wedge osteotomy were retrospectively evaluated after a mean 31.6 months’ follow-up (range, 23-45 months). All patients reported subjective knee instability
preoperatively and demonstrated increased laxity on physical examination. Intrinsic risk factors for graft failure (excessive tibial
slope) were identified in all cases. Preoperative and postoperative functional assessments included the International Knee Documentation Committee (IKDC) score along with the Lysholm score and Tegner activity scale.

AND METHODS

Results: The mean Lysholm score was 46.2 preoperatively (range, 26-69) and 87.8 (range, 60-100) postoperatively. The mean
IKDC subjective score was 39.5 (range, 21.8-64.4) before surgery and 79.1 (range, 48.3-98.9) at the last follow-up. The
mean Tegner activity score was 7.4 (range, 5-9) before the latest ACL injury and 7.2 (range, 5-9) at the last follow-up. The
mean PTS was 13.6! (range, 13!-14!) preoperatively and 9.2! (range, 8!-10!) postoperatively (P = .0005). The mean differential
anterior laxity was 10.4 mm (range, 8-14 mm), and this significantly decreased to 2.8 mm (range, 2-4 mm) at the last followup. Using the Kellgren-Lawrence classification to evaluate the presence of arthritis, 1 patient was grade 1, 3 patients were grade
2, and 1 patient was grade 3.

and 2010, there were 5 ACL re-revisions with
imal tibial anterior closing wedge osteotomy
our institution.
All patients had undergone
Conclusion: Combined ACL re-revision with proximal tibial anterior closing wedge osteotomy restores knee stability and function
with satisfactory clinical outcomes in patients who experience recurrent ACL ruptures with an associated increased PTS.
ous ACL reconstructions and were identified
Keywords: ACL; anterior cruciate ligament; ACL revision; intrinsic risk factors; proximal tibial anterior closing wedge osteotomy
new ACL failure. Trauma was the cause of
increasing
incidence
of anteriorsymptoms
cruciate ligament (ACL)
reconstructive procedures are not commonly performed.
ases. AllAn
had
the
typical
and signs
reconstructions across the world is reported.
This is for multiple reasons including decreased patient activAs a result
ity and expectations and concerns of undergoing a further
of failed primary surgeries, there is an increasing number
ure, which
was associated
with a pathological
surgical procedure after 2 previous failed occasions. It is
of ACL revisions.
Despite a relatively high
22 critical to identify and address the factors that
therefore
failure rate of revision ACL reconstructions, additional
ording to
the technique of Julliard et al
).
may have contributed to graft failure.
Excluding technical mistakes, including poor tunnel
evaluation*Address
showed
ACL-deficient
knee,
correspondence an
to Bertrand
Sonnery-Cottet, MD, Centre
placement, numerous factors have been implicated to
Orthopédique Santy, 24 Avenue Paul Santy, 69008 Lyon, France
risk of failure of ACL reconstruction. These
(e-mail: sonnerycottet@aol.com).
Lachman
and pivot-shift test results, increase
con-aretheclassified
factors
as extrinsic or intrinsic. Although
Centre Orthopédique Santy and Hôpital Privé Jean Mermoz, Lyon,
France.
strategies have been developed to optimize extrinsic facnetic resonance
The exclusion criteMusgrave Park imaging.
Hospital, Belfast, Ireland.
tors (eg, physical conditioning, proprioception), intrinsic
One or more of the authors has declared the following potential confactors such as an increased posterior tibial slope (PTS)
flict of interest
of funding:ACL
B.S.-C., M.T.,
and J.-M.F. are paid
dy were first
oror source
second
failure,
identified
or a narrow intercondylar notch are not routinely
consultants for, receive research support from, and have made presentaaddressed during ACL revision surgery.
for Arthrex.
failure tions
such
as surgical technical errors
Asor
we believe that these factors can be identified as the
1. Radiograph
showing
the method
of measuring
The American Journal of Sports Medicine, Vol. 42, No. 8
" for failure
5Figure
patients,
2 ACLs;
all tibial
slope the
> 12°
potential cause
of a previous ACL revision,min.
we
DOI: 10.1177/0363546514534938
lateral laxity,
normal
tibial
slope,
multiligaperformed combined ACL revision with proximal tibial
" 2014 The Author(s)
posterior tibial slope as the angle formed by the tangent to
injuries, and the presence of radiological
" IKDC
(subj.):
40 !and
80perpendicular to the lateral
1873
the medial
tibial plateau
is on plain radiographs of the knee according
mechanical
axis through
" Laxity:
10,4
! 2,8the middle of the medial tibial plan-Lawrence classification.24
teau and center of the talus. Patient 4: (A, B) Preoperative
were reviewed, and their clinical data were
asymmetric tibial slope. (C) Postoperative corrected tibial
y analyzed. Preoperative and postoperative
slope.
Sonnery-Cottet
essments included the International Knee
n Committee (IKDC)
score along with the
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Outcome
Laxity

STG primary
BPTB primary
STG revision
BPTB revison
0

25

50

< 3mm

3-5 mm

75

100

6-10 mm
Denti M, AJSM 2008
Denti M, KSSTA 2006
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Outcome
Function: IKDC
100
91 (Normal subjects; Anderson, AJSM, 2006)

88

80

60

77 (MARS Revision group – 2 years postop; AJSM, 2014)
72 (Primary group; Thomas NP, AJSM, 2005)

78

71

66group; Thomas NP, AJSM, 2005)
61 (Revision

74

65

52 (MARS Revision group preop;56
AJSM, 2014)
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50
41

40

20

0
AvantPreop.
chirurgie 6/86 semaines
weeks
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3/4
mois
3 months

mois
66months

12 months
mois
12

Primary ACL-R group Luxembourg, unpublished data
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Conclusions
ACL revisions

" Can be challenging
" Understand symptoms & failure causes
" Preoperative planning
" Always consider plan B (2-stage procedure)
" Normal knee function can be expected in majority of cases
" Prognosis depends on associated lesions
" Some cases with salvage procedure

crp-sante.lu
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Surgical technique
Strategy: hardware removal
♂, 12 y.

Revision surgery should be considered
during the development phase
of primary ACL-R techniques

crp-sante.lu
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Surgical technique
Strategy: tunnel management
Tibia: too anterior ! new posterior

crp-sante.lu
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Some cases
ACL-retear
34 y. old man

Rotational instability

crp-sante.lu
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Some cases
ACL-retear
34 y. old man

Quadriceps tendon graft
crp-sante.lu
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Some cases
ACL-retear + PCL/PLC-injury

D.S.M.A., 35 y.
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Some cases
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Some cases
ACL revision, PCL, LCL, posterolateral
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Some cases
♀, 42 y., painful instability; ACL retear
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68

chl.lu

Some cases
ACL-retear +
medial compartment overload
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Some cases
Valgus HTO (no slope change)+ R-ACL
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Surgical technique
Strategy: tunnel management
Femur: too anterior / vertical ! new posterior / horizontal

crp-sante.lu
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ACL revisions
Subjective

Objective

Pain

Stiffness

Instability

Laxity

Harner CD, 1996
crp-sante.lu
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