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Abstract

Purpose The aims of this article were to report the
objective results of revision ACL reconstruction and to
assess the influence of an associated lateral extra-articular
tenodesis on knee stability and IKDC score.

Methods This study focused on revision ACL recon-
struction and was conducted over a 10-year period, from
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1994 to 2003 with ten French orthopedic centers partici-
pating. The minimum follow-up required was 2 years. To
be included, patients had to be evaluated at follow-up with
the objective International Knee Documenting Committee
(IKDC) scoring system. In 2006, 163 patients met the
inclusion criteria.
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Results The objective IKDC knee score improved sig-
nificantly after revision ACL reconstruction, with 72%
IKDC A + B (26% A). When a lateral tenodesis was per-
formed, 80% had a negative pivot shift, versus 63%
without (P = 0.03), but there was no significant difference
in the IKDC score.

Conclusion This study shows a significant improvement
in the IKDC score after revision ACL reconstruction.
The association of a lateral extra-articular tenodesis with
the intra-articular graft increases knee stability after
revision ACL reconstruction; however, this additional
procedure does not significantly alter the IKDC score at
follow-up.

Level of evidence Retrospective case series, Level IV.
Keywords ACL reconstruction - Revision -

Lateral tenodesis

Introduction

Due to failure of primary ACL reconstruction, some
patients need revision surgery. Authors have reported their
experience in revision ACL reconstruction using bone-
patellar tendon-bone (BTB) autograft [6, 9, 22, 28, 34, 41],
allografts [14], and different graft types [5, 18, 31]. There
are concerns regarding the objective results of revision
ACL reconstruction, generally considered as inferior to
those of primary reconstruction [1, 5, 6, 10-15, 17, 18,
20-22, 26-28, 30-34, 37-39, 41], and regarding knee
stability after revision. Few studies [3, 8, 9, 13, 25, 31, 40,
43] advocate the use of a lateral extra-articular tenodesis
associated with the intra-articular graft in these revisions.
Furthermore, while Ferretti et al. [13] reported 90% of
patients IKDC A + B with a 10% failure rate by using
hamstrings graft and lateral extra-articular tenodesis,
Salmon et al. [32] reported 50% of patients IKDC A + B
with the same failure rate by using isolated hamstrings
graft. However, no study as yet compared the two fol-
lowing groups: isolated revision ACL reconstruction versus
revision ACL reconstruction associated with a lateral
tenodesis.

Therefore, on the basis of a multicenter retrospective
series of revision ACL reconstruction conducted by the
French Arthroscopic Society [7], this study was designed
to assess the objective IKDC results of revision ACL
reconstruction in a large cohort of patients and the
influence of an associated lateral extra-articular tenodesis
with the intra-articular graft on knee stability and IKDC
score. The hypothesis was that the association of a lat-
eral extra-articular tenodesis with the intra-articular graft
used for revision ACL reconstruction increases knee
stability.

@ Springer

Materials and methods

Patients included in this retrospective multicenter study
were operated over a ten-year period, between 1994 and
2003 with ten French orthopedic centers participating.
Inclusion criteria were failure of a primary autogenous
anterior cruciate ligament reconstruction, an intact poster-
ior cruciate ligament, an uninjured contralateral knee, and
revision ACL reconstruction performed with an autogenous
ipsilateral or contralateral graft. ACL reconstruction is
commonly considered a failure for one of the two follow-
ing reasons: loss of knee motion due to the development of
progressive arthrofibrosis or loss of stability secondary to
recurrent pathological laxity [36]. In this study, only the
primary ACL reconstruction that led to the recurrence of
knee instability and to revision ACL reconstruction was
considered a failure. Injuries to the collateral ligaments,
medial and lateral, and failure of synthetic grafts were
excluded to render the patient group as homogenous as
possible. The minimum follow-up required was 2 years. To
be included in the study, patients had to be evaluated with
the objective International Knee Documenting Committee
(IKDC) scoring system [19]. The objective IKDC form
includes ligament, mobility, and radiographic assessment.
Ligament stability was measured by the Lachman [35] and
pivot shift [16] tests graded as recommended by the IKDC
form. Instrumented knee testing was performed with the
KT-1000 arthrometer using the manual maximum test and/
or with the TELOS using 250 Newtons of anterior drawing.
Mobility was assessed comparatively and was graded as
recommended by the IKDC form. According to the IKDC,
radiologic evaluation of the knees included bilateral full-
extension AP and lateral mono weight-bearing views,
comparative 30° flexion AP, and skyline views. Data for
each patient were collected in a database edited on File
Maker Pro 6. Data were collected on both the primary and
the revision ACL reconstruction, the postoperative reha-
bilitation, the complications and reoperations, the objective
IKDC score before and after the revision ACL recon-
struction, and the radiological status before and after the
revision surgery.

At a minimum of 2-year follow-up, 189 patients were
available for the study. There were 127 men and 123 right
knees. The median age at the time of primary ACL
reconstruction was 22.7 years (13-57), the interval
between primary and revision surgery was 5 years
(5 months to 15 years), and the median age at revision was
27.6 (14-63). The median follow-up was 44 months
(24-120). The primary ACL reconstruction was a BTB
graft in 72% (136 patients), a semitendinosus and gracilis
(ST/G) in 25% (47 patients), and a quadriceps tendon graft
(QTG) in 3% (n = 6) of the patients. A lateral teno-
desis was associated with the intra-articular graft in
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14% (26 patients), a concomitant medial meniscectomy in
25% (64 patients), and a lateral meniscectomy in 8% (22
patients). To render the group of patients as uniform as pos-
sible, the 26 patients for whom a lateral tenodesis was per-
formed during the primary ACL reconstruction were excluded
from statistical analysis, leaving 163 patients in the study.

Statistical analysis

After inclusion and complete review of the data, datafiles
were centralized for correction and statistical analysis. In a
univariate analysis, the statistical tests used were the chi-
square test and the Student’s r test, when required
(Symantec Inc.). The level of significance was setat P < 0.05.

Results

The revision ACL reconstruction graft was a BTB in 50%
(n = 83), a ST/G in 40% (n = 64), and a QTG in 10% of
the patients (n = 16). A medial and a lateral meniscectomy
was performed in 40 and 10% of the patients, respectively
(n = 65 and 16). An associated lateral tenodesis was per-
formed in 51% of the patients (n = 84), according to the
surgeon’s preference, on a routine basis. After revision, the
complication and reoperation rates were, respectively, 8%
and 12%. Primary BTB (117 patients) was revised by a
BTB, ipsilateral, or contralateral in 45% (52 patients), by
an ipsilateral ST/G in 45% (53 patients), and by a QTG in
10% (12 patients). Primary ST/G (43 patients) was revised
by an ipsilateral BTB in 67% (28 patients), a contralateral
ST/G in 24% (11 patients), and a QTG in 9% (4 patients).
Primary QTG (3 patients) was revised by a BTB. The
contralateral nonoperated knee was harvested in 25% of the
patients (40 out of 163).

Failure was defined as a grade 2 or 3 pivot shift test and
a KT-1000 test showing a difference >5 mm, in accor-
dance with the literature [28, 33]. With these criteria, the
failure rate was 11% (18 patients). Eight of the failures
were BTB grafts, 8§ were ST/G, and 2 were QTG. In 12
cases of failure, the revision was performed with an iso-
lated ACL graft versus 6 failures when a lateral extra-
articular tenodesis was added. These results lead to a 15%
failure rate for revision with isolated ACL reconstruction
(12/79) versus 7% for revision with ACL reconstruction
associated with lateral extra-articular tenodesis (6/84).
However, this difference is not significant (P = n.s.). Of
these failures, 3 patients had a second revision, and the
other 15 did not consider further surgery.

Objective results before and after revision ACL recon-
struction show no significant improvement in the mobility
and no decrease in the radiological status (Table 1).
Improvement was due to the anterior tibial translation:
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Table 1 Objective results at 44-month follow-up
Objective IKDC 2000 score (n = 163)
FU 44 months Before ACL After ACL P

revision (%) revision (%)
Mobility 90 95 n.s.
Laxity 4 82 0.0001
Radiographs 94 91 n.s.
Global 4 72 0.0001

(A: 26%; B: 46%)

Mobility, laxity, radiographic, and global IKDC 2000 score. Percent
of patients A + B before and after revision ACL reconstruction

FU follow-up

Table 2 Graft used for revision ACL reconstruction

Type of graft for revision n IKDC A (%) IKDC B (%)
BTB 83 25 47
ST/G 64 30 44
QTG 16 28 45
Total 163 26 46
P n.s. n.s.

No difference for objective IKDC score between BTB (bone-patellar
tendon-bone), ST/G (semitendinosus and gracilis), and QTG (quad-
riceps tendon graft)

After revision, laxity decreased significantly (Table 1) with
the KT 1000 from 7.1 mm (mm) to 2.5 mm (89 patients)
and with the TELOS from 9.5 mm to 4.9 mm (74 patients).
At 44-month follow-up, 25% of the patients were IKDC C,
and 3% D.

Three different grafts (BTB, ST/G, and QTG) were used
for revision. Whatever the graft, there was no difference in
the objective IKDC score (Table 2). The different graft
harvesting strategies are summarized in Table 3: In the
case of primary BTB, an ipsilateral or contralateral BTB or
an ipsilateral ST/G was performed, whereas in the case of
primary ST/G, the surgeons used an ipsilateral BTB or a

Table 3 Surgical strategy for revision ACL reconstruction

Type of revision n =163 IKDC A (%)
BTB revised by BTB 52 25

BTB revised by ST/G 53 27

STG revised by BTB 28 26

STG revised by ST/G 11 29

BTB revised by QTG 12 25

STG revised by QTG

QTG revised by BTB

P n.s.

No difference between the 3 groups for the objective IKDC score

@ Springer
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Table 4 Influence of a lateral tenodesis associated with the intra-
articular graft for revision ACL reconstruction on knee stability and
objective IKDC score

Type of surgery Intra- + extra- Intra-articular P

(n = 163) articular graft (%) graft (%)

Negative pivot shift 80 63 0.03
IKDC A 25 27 n.s.
IKDC B 48 45 n.s.

contralateral ST/G. We found no difference whichever
strategy was used.

Table 4 demonstrates that a lateral tenodesis associated
with the intra-articular graft for revision ACL reconstruc-
tion increased knee stability significantly with a 80%
negative pivot shift versus 63% without tenodesis. Sec-
ondly, the data illustrate that this additional procedure does
not influence the IKDC score at follow-up.

Discussion

The main finding of this study is that the association of a
lateral tenodesis with the intra-articular graft, initially
described by Lemaire [23] and then by Mac Intosh and
Darby [24] and recently revisited by Colombet [8, 9],
increases the knee stability after revision ACL reconstruc-
tion. However, this extra-articular graft does not improve
the global IKDC score and is therefore questionable, as
proven by two recent retrospective studies on revision ACL
reconstruction: While Ferretti et al. report the systematic
association of a lateral tenodesis with ST/G graft on 30
patients [13], Salmon et al. report on 50 patients operated
with an isolated ST/G graft [32] with the same failure rate.
The present study demonstrates for the first time that the
residual rate of positive pivot shift is significantly lower if a
lateral tenodesis is associated with the intra-articular graft.
This “belt and suspenders” procedure, that is, lateral extra-
articular tenodesis associated with an intra-articular ACL
autograft, is not commonly used nowadays but is advocated
by short- and long-term studies for ACL reconstruction to
control both anterior laxity and rotational instability [3, 29].
The use of navigation in a recent study demonstrated that
this additional procedure improves internal tibial rotation
control [9]. In the present study, the lateral extra-articular
tenodesis is of significant influence as patients with this
additional procedure have a tendency to a lower failure rate
and a significantly higher percentage of negative pivot shift.
Furthermore, this extra-articular procedure does not
increase long-term osteoarthritis [25].

Secondly, this study shows that the objective results of
revision ACL reconstruction in a large number of patients
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are acceptable, with a 72% rate of IKDC A + Band a 11%
failure rate. This study presents the objective results of a
mid-term follow-up retrospective series of 163 patients. To
our knowledge, this is the largest series published in the
medical literature on this topic, as the MARS cohort [4, 42]
is a descriptive epidemiologic prospective study. Objective
assessment was performed in the study with the IKDC
scoring system. Evaluations show a significant improve-
ment after revision. However, although the rate of IKDC
A + B is 72%, we report 26% of patients IKDC A, solely
which can be considered as normal knees. These results are
consistent with those reported by Salmon et al. [32], Rollier
et al. [31], and Denti et al. [11] but do not compare
favorably with those reported by Ferretti et al. [13]. Pre-
vious studies reported a global IKDC A + B rate between
12 and 83% [14, 15, 17, 22, 27, 30, 41]. Considering the
same criteria for failure previously used in the literature,
the 11% failure rate reported in this study is consistent with
that reported recently by Ferretti et al. [13], Salmon et al.
[32], Denti et al. [11], and Muneta et al. [26]. These results
challenge the generally accepted belief that the failure rate
of revision ACL reconstruction is two to three times that of
primary ACL reconstruction [2]. Furthermore, the failure
rate is higher in the group of patients revised with an iso-
lated ACL graft, which leads to consider that the associa-
tion of a lateral extra-articular tenodesis with the intra-
articular graft may decrease the failure rate of revision
ACL reconstruction.

Thirdly, this study shows that BTB and ST/G are
valuable grafts for revision ACL reconstruction and that
the graft used for revision surgery may be harvested from
the same source for BTB as for primary surgery or that
surgeons can switch to the non-harvested graft. This is in
accordance with the results recently published in two
studies that recommend that when available, hamstring
tendon autografts should be considered for revision ACL
reconstruction [13, 32]. Nonetheless, patellar tendon yields
comparable results and is also validated by previous studies
[10, 22, 41]. Therefore, one logical strategy could be to use
ipsilateral BTB for revision of previous ST/G and ipsilat-
eral ST/G for revision of previous BTB: The surgical
knowledge of these two grafts may be necessary for the
knee surgeon to solve revision ACL reconstruction prob-
lems. However, in this study, this “switched graft strategy”
is not superior to the use of a contralateral BTB for revision
of a previous BTB or to using a contralateral ST/G for
revision of a previous ST/G.

Finally, this study has some limitations. First, it is a
retrospective study, but no prospective or randomized
study has yet been published on revision ACL recon-
struction. Secondly, the follow-up is short. Thirdly, the use
of a lateral extra-articular tenodesis depended on the sur-
geon’s decision. Fourth, an objective way of measuring the
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rotational stability is missing, only the pivot shift test gives
the information on rotation, and finally, three different
grafts are used for revision. Despite this lack of evidence,
these results should be considered as those of other retro-
spective studies because of the large patient population, the
inclusion criteria, and the methods of analysis.

The clinical relevance of this study is that the associa-
tion of a lateral extra-articular tenodesis with the intra-
articular graft increases knee stability after revision ACL
reconstruction.

Conclusion

This study shows a significant improvement after revision
ACL reconstruction, with good IKDC score and acceptable
failure rate. Association of a lateral extra-articular teno-
desis with the intra-articular graft decreases the failure rate
and increases knee stability but not IKDC score at follow-

up.
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